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ABITRACT
The accunulations of various nctals by some lndiscaous trecs
growing on the Riwaka Basic Conplox, North-wost Nelson, New Zdecland,
were investigated by the application ot statistical technicues to
biogeochemical data. Particular refercnce was given to nickel and
copper to evaluate the usciulness of plant analysis as a prospeciing

tool.

Preliminary investigations showed that serious errors could
result fron the methods of sanpling plants and soils zul sanmpling
procedures were adopted to ninimise these errors. In addition,
errors arising from atonic absorption analysis were found to be

significant for some metals.

Leaves and twigs fron three Hoethninnus speciecs, #d.rocesa
and J.acutifolia as well as their aosocinted soils, were cooleeted and
analysed for nickel, cobalt, eopic?, zine, chro

manganesc and potassiwi. The plants were also analysed tor iroi.
These results showed that cach species accwrulated diifercnt, but
related, amounts of various umetals and that they distributed these

netals in different ways between their leaves and twigs.

N.truncata and N,fusca which are closely related genetically,
accunulated metals to similar degrees, while N.menziesii which is
not closely related to the other lothofagus species accuaulated

metals to differing degrees.
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Relationships between the actal concentrations in tha plants

5

and in the soils were ecvalu~ted Ty compuuing correlatiocn ccoofiicients.

K =1

Ij_(}_a:jl_m_i 2.us

The best correlations for nickcl were obtained for the
genus although the other specics 2lso showed highly significant
correlations. The Nothorc us menus also showed the best correlation

[

for copper.

In view of the wbove results, a more extensive study oi the
Nothofagus genus was carried out. =~ svcond survey wao uuacet ren in
the sarmz area in which leaf samples of this genus as well «s their
associated soills were collccteds UWhile the metal concentrations in
the scils collected in this survey compared well to those colleccted

previously, the netal concontrations in the plants, in genoral, did

not show good agrsemnent.

Trend analysis was used 7 ¢ smare in detail the niclel and
copper c¢ ntents in the lenves of the Lothwofagus geaus witl ihe
concentrations of' thuse netals i the soilse It wis shioun Uy
comparison of the trend surfaces nnd residuals thot The occueauletion
of nickel was determined prinarily by the concentration of' nickel in
the soil, wherecas for copper tihc accumulation by the plant =as a

function primarily of the specific requirement of the plant for this

metal.

Multiple regression analysis was used to luprove the prediction
of the copper and nickel concentrations in the scil {ro: the concen-
trations of these metals in the leaves of the Nothoragus species,

by making quantitative allowance I'or the processes influencing the
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accumulation of these mctals by the plants. Inprovements of bctween

2%% and 35% were obtained at the 90% conf'idence level,

Inter-metal ratios in the leaves were considered as possible
indicators of nickel and copper concentrations in the soil but the

results were discouraging.

Studies were made of the locations and chemical forms of nickel,
copper, zinc and iron in both freeze-dried and fresh leaves from some
trees growing on the Complex. 4toitic absorption spectrophctonctry
was used to measure the ccnceontraiznns of these netals in both plant

extracts and on the electropheorcsiz and chromatograpiy, »

to separate the metal complexes in the extracts. Resuwlie inaicnted
that the major part of th: nic’n:l nresent in the leovesn oo not
contained in cell organelles ner =5 it Lound to celli woils, but
existed as a positively charged complex in either the cytoplasn and/
or the vacuole. Copper, zinc end iren were distributed diff'ercntly

with varying {ractions, depending on the netal, existing pradeiin-

ately as anionic complexes.

It wes concluded thet the research embodied in this thesis had
illustrated the application of statistical technigques to biogcochenrical
studies, showed that biogeochemical prospecting {'or nic'.wl in Hew
Zealand was feasible and that methods of total analysis for metals
could be applied to the study of microgram amounts of metals in

biological systems,
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SECTION I

GEFERAL T:TRODUCTICH




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 wmore rapidly than his lnowledge

of the way these metals behave in his environment.

Mertz (1970) noted that there are now twentytwo clements
known to be essential to human nutrition and illaway (1963) has
pointed out the exceedingly complex system involved in the cnviron-

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 / soil / 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., In particular,
its needs for minerals, be they fossil fuels for energy or non-
metallic or metallic elements, has grown very rapidly during the

last century.

The vital importance of' new sources of metals to our
material well-being has initiated a vast field of rescarch 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 these techniques that the geochemist has turned to the
natural trace element cycle for assistance and in this respect his
observations are of direct significance to our understanding of trace

element cycling in the environment.

The findings of the scientist studying aspects of mineral
nutrition can assist the geocheiiist in his search for nineral deposits
and the vast volume of knowledge accurnulated by the geochesist can
provide the scientist with valuabtle information relatin_: to the wove-
ment of trace elements in the biosphere. The study of geoche:rical
prospecting methods and the study of th: environmental cyciing of
trace elements, particularly metals, therefore have a comaon found-

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

As already mentioned, the goals of the geochemist are to

locate ore bodies in a large area or under an overburden.

In the f'ormer case, the analysis of stream sediments for
trace metals is the most popular method developed to date. It is
assumed that the sediment represents a composite sample of the soil
and unweathered rock in the area drained by the stream. £ mineralised
zone in the catchment area will be indicated by anomalous concentrations
of the ore metal in the stream sediment. This method has been success-
fully used over very large areas. (Ilichol et al,, 1369; Garrett ~ud

Nichel, 1967.)

Apart from the many geophysical methods such as self
potential, induced polarisation and electromagnetics, the detection

of ore bodies at depth is generally attempted by analysing small
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samples of so0ils taken over the area thought to contain the deposit.
Under suitable weathering and topographical conditions, the ore metal
will be dispersed either chemically or mechanically into the upper
regions of the overlying soil. This secondary dispersion halo, as

it is usually called, may be considerably larger than the actual ore
body, thus forming a larger "target” area in the s0il than in the host
rock. The larger the dimensions of +this hzlo, the easier *the problems
become of locating it. These goochcmical prospeciing seclilgues have

been discussed in detail by Hawkes and Tiebb (1962).

Although soils and strcam sediments are the most common parts
of the trace element cycle being utilized for geochemical prospecting
at present, there is a larger segment of the cycle of potential use
for detecting ore bodies. This segment contains the rock / soil /
plant system. Methods of prospecting based on this system have been
used with success in the past and are again being actively considered

by mining companies.

These methods are geobotanical prospecting and its associated

technique, biogeocheizical prospecting.

The first of these, geobotanical prospecting, depends on the
association of unusual plant comrunities with soils containing high
concentrations of metals. Visual observation of either the cemmunity
as a whole, or the presence or absence of a particular plant species,

can in favourable circumstances, delineate zones of mineralisation.

Investigations of the geobotanical method have been very
extensive, particularly in Russia where it has been developed to a

high degree (Chikishev, 1965; Malyuga, 1964; Viktorov et als, 1964.)
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In the U.S.A., the most impressive results have been obtained
by Cannon and her co-workers of the U.S. Geological Survey in their
studies on the uranium deposits of the Colorado Plateau (Cannon,1952;
1957; 1959; 1960a; 196Cv; Cannon and Starrett, 1956). Many of these
deposits contained 100p.p.m. to 1000p.p.m. sclenium which gave rise
to high concentrations of this metal in the overlying soil. It was
found that some specles of the Astragslus genus grew preferentially
in soils high in selenium and by mapping the distributions of these
species, seleniferous soils were located. Since these soils were
usually derived from uranium ore bodies, these specices were usceful
as "indicator plants” for uraniuzm. #ive ore bodies were discovered

solely on the basis of indicator plant data (Canaon, 1960a).

Nicolls et al, (1965) investigated geobotznical methods 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 cxcessive amounts of zinc in the soil
did not appear to influence the plant community. A copper anomaly
in the surface soil caused by hitherto unknown copper mineralisation

was disclosed by the presence of two species.

One of the most extensive studies of the influence of nickel
mineralisation on plant assemblages was made by Wild (1970) in
Rhodesia. 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 frow the associated serpentine

vegetation. Wild suggested that a form of Dicoma macrocephala

was perhaps the best indicator plant for nickel in Rhodesia but it

occurred on only 7 out of the 28 anomalies studied.
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The associated technique to geobotanical prospecting,
biogeocheiiical prospscting, relics on-the iwovenent of iietals {ru the
parent rock, through the soil and into the plant tissues and the
analysis of these tissues to indicate anomalous concentraticns of
metals in the substrate. Thc development off this tecnialoue has
largely followed the growth of analytical methods for wetals and from
the pioneering work of Brundin (1939) in Sweden and Tkalich (1933)
in Eastern Siberia, biogeochciiical prospscting research hos cxpanded
rapidly until today when fully automatcd analyses and detziled

statistical evaluations by computer are commonplace.

The most outstanding factor in favour of plant analysis to
detect mineralisation, 1s the fact that trees with extensive root
systems obtain their metal nutrients from a large volume of soil.
Therefore, in the absence of any complicating factors, the concen-
tration of a metal in the plant tissue will be a rcpresentative value
for the total soil sampled by the roots, in contrast to the small
soil sample usually collected in a geochemical prospccting survey.
Thus, plant analyses would idecally result in less random error than

is normally associated with geochemical soil samplcs.

In addition to the bulk sample of soil from which the plant
accumulates metal ions, advantage can be taken of the d:sep root
systems of some species to detcct anomalous metal concentrations at
depth. This latter capability has becn utilized with considerable
success by Kleinhampl and Koteff (1960) to detect uraniun mineral-
isation on the Colorado Plateau. These workers recorded that
conifer samples effectively indicated ore deposits at depths as
great as 40 feet in one area and 70 feet in another. Cannon (1960&)

concluded that tree analysis could be used successfully to outline



uranium mineralisation to a maximum depth of 70 feet in this

same areade.

The deep root systems of socue plant species can also
be useful to indicate anomalous netal concentrations undcr a
considerable depth of overburden. xankama (1940) in Finland
obtained positive indications of nickel mineralisation through
ten feet of glacial drift and in C=anada, Warren and Delavault
(1949) detected zinc anomalies in plants over a lead-zinc

deposit when the overburden was at least 30 feect thick.

Keith (1968) by the analysis of the covering vegetation
in the Upper Mississippi Valley district, successfully detected
lead and zinc mineralisation under an overburden of loess
where no soil anomalies were obvious. However, where loess
was absent, he found that soil analysis gave better results

than plant analysis.

Yet another factor in favour of plant analysis
rather than soil analysis to detect imineralisation is the
ability of some plants to contain higher concentrations of
certain metals in the ash of their lcaves and twigs, than in
the underlying soil. This results in the plants being the
more sensitive prospecting tool. JSuch a case is described
by Carlisle and Cleveland (1958) in their studies of the
biogeochunical method for the detection of molyhdenum in regions

of molybdenum mineralisation.

Another example of the use of the molybdenum concen-

tration in plants is given by Warren and Delavault (1945).
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They reported a biogeochemical prospecting survey in which approx-
imately 1,000 tree samples were taken over an area of approxinately
700 acres. The twigs of threc specics of trees, Balsan (éhiﬁﬁ

lasiocarpa), Pine (Pinus contorta), and Spruce (Picea glauca) were

analysed for copper and molybdenun. It was found that althougl the
concentrations of both thesc metals in the twig ash delincated two
areas of ore-bearing potential, the molybdenum anomaly sliovin by

the plant analysis was larger than thc copper anomaly.

Other applications of thc biogeocher:ical method havc been

made with varying degrees of success.

Webb and Millman (1951) in thoir studies on the Tigerian
lead-zinc belt found that the lead, zinc and silver concentrations
in the twigs and leaves of savannah trees increased in the proxiaity
of mineralisation and th:sy concludecd from their results that the
heavy metal content of twigs, could, under favourable circunstances
assist in the location of buried ore deposits. Nicolls et Ei-(1965)
also showed that in the Dugald River area of Australia, plant
analyses for zinc reflected the soil concentrations of this mctal
and that biogeochemical prospecting was an effective tool for the

detection of zinc mineralisation.

More recently, Warren et als (1964; 1968) showed that in

Canada, the Douglas Fir (Pseudotsuga menziesii) can accumulate

from ten to one hundred times more arsenic than any of the trees
or lesser plants associated with it. They suggested the possible
use of this species to detcct arsenic dispersion halos from ore

deposits containing minor amounts of this metal., This case
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illustrates the wider potential of biogeochemical prospecting

that may be realised by further investigations.

Unfortunately however, sone results havec becen obtained,
for copper in particular, which have not been encouraging to a
worker contemplating a biogeochemical survey., Huff (1969) found
that the copper concentrations in mesquite plants in Arizona were
moderately high even when the scil concentrations werc low. He
concluded that these plants wcre not good cxploratory guides ilor
this metal. Also Lovering et 5&,(1950) found tnat in scoidi-arid
areas, plant analyses were not good indications oi cowuper ore

deposits.

In gencral, it can be said that successful results obtained
for a particular metal in onc area do not necessarily imply that
a survey for this metal in another area using a different plant

will also be successful.

Some workers have suggested factors which may influence
biogeochemical prospecting results (Carlisle and Cleveland, 1953;
Fortescue and Hornbrook, 1967; Shacklette, 1962; Webb «nd iillman,

1951) .

These factors may be broadly classified into three groups:

(a) The particular plant species sampled,

(b) the particular part of the plant sampled, and

(¢) the factors which influcnce the movement of metal ions
from the primary source, the bedrock, into the part of the plant

taken for analysise.
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There is ample evidence to illustrate the necessity of
choosing carefully the species and plant part for a particular
sanpling program, (8hacklette, 1962; Warren et al., 1955), but
there has been very little work carried out to understand the

various mechanisms in category c.

Fortescue and Hornbrook (1967) presented a scheme for the
geochemical cycle (Figure I - 2) in which they classified the
system from primary magna through magmatism, crystalline rocks, to
soils, as part of the major geochemical cycle while the tiosphere
was included as part of the minor geochemical cycle. In anilying
the biogeochemical method to prospecting,it is necessary to under-
stand that part of the geochciiical cyclie from crystalline rocks
to the biosphere. This part of thc geochemical cycle contains the
compgnents of the enviromaental trace elcement cycle discussed by
Allaway (1968) and mentioned earlier in this inicoduction. The
segment of this trace clement cycle which is of relevance to |
biogeochemical prospecting contains both geochewrical and bio-
chemical processes, and may appropriately be called the
"Biogeochemical Cycle." The main components of this cycle are

illustrated diagrammatically in Figure I - 3.

A particular metal analysed in some plant tissue will have
followed the c&cle through the processes of weathering, ion
exchange, possible organic chelation, root absorption, translocation
and finally storage to some degrec in the leaves or twigs. Zach
of these processes will have influenced the cycling of the metal
in different ways and to differcnt extents. The net result of
this will be that the concentration of the metal found in the

leaf tissue will be a function not only of the concentration in
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the bedrock, but also of all the processes it has undergone in the

movement around the biogeochcmical cycle.

There are two differcnt approaches to the problei of under-
standing the influences these processes have on the trace metal

balance between plants and their associated soils.

The first approach is to study each factor in turn, by
closely controlling the other factors. This is usually achieved
by growing the plants of interest in a culture media under strictly
controlled conditions. Where this is iwmprectical, plants and their
soils are transferred from thoir natural cenvironment into the
laboratory. This latter method, however, allows cnly nininal control
of the biogeochemical processcs. dortescuc and Horaorook (1967) in
their studies of biogeochciiical wmcthods at the Geclogical Survey of
Canada grew willow saplings in stcrile soil and studied their uptake
of nickel, cobalt, lead, silver and strontium. In another scries
of experiments, young birch trces were transferrcd, along with
their associated soils, from their natural environment in the forecst
back to the laboratory. Anderson and Kurtz (1954) also used this
approach in an attempt to account for the great variability in the
accumulation of uranium by plants growing i the field. They grew
plants by the nutrient-culture method and considcred the factors

which influenced the accumulation of uranium.

An alternative approach to the understanding of the processes
involved in the biogeochemical cycle is relatively new and has
become possible with the advent of large and fast computers. This
is the statistical approach. With this technique, no attemnpt is

made to control any of the environmental conditions. Cbservations



12
are made in the field and thes: rcsults are subjected to statistical
analysis to try and deducc the processes which gave rise to the

observed data,

Multivariate analysis has been applied to a variety of guo-
chemical problems (Agterberg, 1967; Middleton, 1963;
Niohol and Webb, 1967; Nichol et al., 1969). In particular, factor
analysis (Cameron, 1968;1969; Garrett, 1967; Garrett and Nichol,
1969), trend analysis (Allen and Krumbein, 1962; Conuor =nd Iiesch,
1964, Nichol et al., 1969) and multiple regression analysis (Rose

et al., 1970; Sinclair and Percy, 1969) have been widely used.

The use of multivarizte analysis has not, however, becen
reported for biogeochenical studies =z2nd to the author's knowledge

this thesis represents the first such application.

In New Zealand, biogeoche.iical prospecting has been investigated
for molybdenun at Copperstain Creek, North-west Felson {Bro~ks and
Lyon, 1966; Lyon and Brooks, 1969) where it was shown that thc

molybdenum concentrations in the leaf ash of Olearia rani were

useful to indicate anomalous concentrations of this metal in the soil.

Uranium has also received attention and it was shown by
Whitehead and Brooks (1969) that the biogeochemical method could
be used successfully to prospect for this metal in the Buller

Gorge.

Other metals investigated include zinc and lead in the

Te Aroha area (Nicolas and Brooks, 1969).



13
The project described in this thesis was initiated to cvaluate
the feasibility of using plant analysis in the search for nickel and

copper in New Zealand.

No nickel deposits of major economic significance arc known
in New Zealand but a recent discovery in the Riwaka Basic Cormiplex,
North-west Nelson, (Gill and Johnston, 1967) attractcd considerable

attention.

This Corplex, consisting of' a belt of basic and ultrabasic
rocks extending from south of thc Baton River, north to Ramcka Creek,
has intruded the lower Paleczoic scdiments of the licunt Arthur and
Onckaka formations (see Figure I - 4). Pyroxenite. with -viner gabbro
is the most extensive rock type of the Complex while peridofitc

exists as discreet outcrops within the pyroxenite.

The presence of massive copper and nickel sulpnides in the
Graham River arca of the Complex was reported by Gill and Jchnston
(1967) and it was on the basis of this discovery that dMcIntyre iines

(N.Z2.) Ltd. cormenced geocheriical prospecting in the area.

It was with the pcrmission and assistance of McIntyre Mincs
(N.Z.) Ltd. that the project described in this thesis was undertaken
on part of their concession area. The particular rcgion of the
Complex which was chosen for this project was 8 to 10 miles south
of the Graham Valley and was known to contain copper and nickel
mineralisation but the grade or quantity present was not knowm.

(see Figure I - 4).
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The main objectives of this thesis are summarized as follows:
1. To evaluate the errors involved in the analytical and
sampling procedures by which the plant and soil data werc obtained.
This investigation was of vital relevance to the success of the

statistical procedures used.

2. To study the concentrations of a number of metals in
different plant species and to select a particular species for a

more detailed investigation of itis metal content.

3« To select an appropriatc statistical procedure and to
illustrate the way this procedurc cculd bc used te gain inforretion

about the accunulation of metals by plants.

4. To illustrate a mathcuatical approach to the prediction
of metal concentrations in the soil from the meta. concentrations in
the plant tissue when the accunulation of the metal by the plant is

influenced by unknown factors.

5. To develop computer programmes to iiaplement these statis-—

tical techniques on thc available computer.

6. To study statistically the influences of high concen-
trations of nickel and copper in the soil on the metal concentrations
and the inter - metal ratios in the plant tissue. The application
of these ratios as indicators of copper and nickel mineralisation

was also considered.
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7. To investigate the use of atomic absorption spectro-
photometry in assisting the gualitative and quantative study of

microgram amounts of trace metal complexes in plant tissues.

8. To apply the techniques developed in 7. above to a
brief study of the chemical forms of trace metals, particularly

nickel, in the leaves of scme trees on the Riwaka Basic Complex.



SECTION II

ANALYTICAL TECHHISURS
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A.  INSTRUMENTS 4ND CHEi ICALS.

All quantitative analyses [{or metals were carricd out by
atomic absorption spectrophotonctry using an air/acetylenc i'lane
except for potassium which was analyscd by flamcphotomet:y in an
airfboal gas flame. A Techtron Model AA3 was uscd for atoiic
absorption spectrophotometry in the early part of the work. Later
a Varian-Techtron Model AA5 became available and this was used for

the majority of the analyses.

The flame-photcmeter used was a Gallenkamp #lane analyser

FH500.,

Measurcment of soil pH was carried out on a Radiometer

28 pH meter.

Aqueous standards werec made f'rom snalytical Grade or 3nectro-
graphically-pure (Johnson, latthey & Co. Ltd.) resgents and storcd

at a concentration of 1000p.p.n. in 2i. nydrochloric acid. These

were diluted immediately prior to use.
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B. GENSITIVITIES £AND LIROTS OF MEASUREMENT

Sensitivity in atomic absorption analysis is generally
defined as the concentration of a metal in solution necessary to

give a signal of 1% absorption.

Values obtained on the AA5 for the metals measured in this
thesis are given in Table II - 1. These values were obtained atv
the operating parameters of flame position and composition which
were usually achieved under normal routine analysis conditions.
They are not necessarily the maxim:m sensitivities that could be
obtained. Agqueous solutions of 2if hydrochloric acid werc uscd for
~11 metalsexcept cnlcium, manganese, magnesium 2nd potassium which were
determined in a 0.8% strontius nitrate solution (SECTICT Il - E).
All other operating paramcters ware useéd as recowiended by the

manufacturers.

The limit of detection has had a number of definitions
(Barney, 1967) but probably the most uscd is the concentration
corresponding to twice the standard deviation of the noise level.

A reading at this concentration has an approximately 954 chance of
not being due to noise. ¥hile this may be suitable for comparative
purposes, in practice it can be misleading. It was found during
the course of this project that to obtain a reasonable degree of
analytical precision (<5.0%) in routine analysis, it was nccessary
to consider the "1limit of measurement" as about four times the
noise level. These values are given in Table II - 1. NMaximum

scale expansion of approximately 10X was used.
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Under ‘nornal circumstances 2 incasurcinent could boe obtained
on 0.3ml, and from the limit o:! neasure.:cnt this gave the "lowsst

amount measureable" with <5.0% preccision (Table II ~ 1).
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TABLE II - 1

Details of the analytical capabilities of the methods used.

) Limit of Lowest i
letal Wavelength  Sensitivity neasure- neasureable

o PePolic ment asount

: IO - A (1)1 -
nickel 2320.0 Ol 0.112 37
cobalt 2407.3 0.17 0.130 L3
copper 324745 0.10 0.080 26
zinc 2138.6 0.02 0.024 3
chromium 3578.7 0.20 0.160 53
_iron 24,83,3 0.13 0.104 %5
calcium L2267 0.29 0,240 80
magnesium 2852.1 0.01 0.008 3
manganese 2794.8 0. 11 0.080 33
potassiun - - 0.200 67

. o e ——

¥ Concentration to give 1% absorption
+ Concentration = 4 x noise

++ Limit of measurement x O.3ml.
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C. TREATMENT (F PLANT SANPLES.

y £ Preliminary Treatment.

On arrival in the laboratory,
plant samples were removed from their plastic bag containers and

leaves and twigs were dried overnight at 80%C in separate paper bags.

Llthough soil contamination is a possible source of error in
plant analysis (Mitchell, 1960) this was assumed to be of very minor
importance in the area surveyed since there was little exposed soil,
.a dense vegetation canopy and a relatively high rainfall. Ffor these

reasons, plants were not washed before drying.

2. Ashing Techniques.

rfor atomic absorption analysis,
it is necessary for the sample to bc in solution and for plant
samples there are two main ways of achieving thic:
(a9 dry ashing at 450 to SOOOC in e nuffle furnace and
(b) wet ashing with mixtures of concentrated perchloric, nitric

and sulphuric acids at approximately 100%C. (Scharrer and Munk,1956);

The choice between these two methods depends on the following
factors:

1. If volatile metals such as arsenic, selenium, or mercury
are to be determined, it is necessary to use the wet method since
these metals are all vapourised to varying extents at ASOOC. Uther
less volatile metals such as lead, zinc and cadiium can also be

lost during dry ashing. (Mitchell, 1964.)
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2. If low levels of metals are to be determined, then wet
ashing has the disadvantage that the concentrated acids must be of
exceptional purity to avoid excessive contamination of the sauiple.
In the analysis of metals sucnh as iron and zinc this purity is
sometines difficult to achieve. The usual maximum concentrations
quoted for analytical grade concentrated acids are of the order of
1p.p.m. iron and 1p.p.m. heavy metals. Ii, for example, 20.0al
of concentrated acids w=s used to ash a sample of 1gn (of vegetation
or soil), then the sample could be contaminated to the extent of 29#9
of iron and 29%9 of heavy metals. It must be said, however, that
nost analytical-grade acids do not contain these amounts, but even
at lower levels the proble:: is still significant. ..cid blenk sauiples
can be used to correct for tuis contawmination if' the sannle contains

appreciably more metal than the blank,

Any perchloric, nitric or sulphuric acid recaining in the
solution after wet ashing may cause interference “Turingz the atouic

absorption determinations (Maruta ct al., 1970; Govindaraju, 1970).

With dry ashing, on the other hand, the ash is usually
dissolved in 2 ki hydrochloric acid, which, because of the low
amounts of acid present, results in negligible contamination of

the sample.

3, Loss of metals during dry ashing.

(a) Methods.

To evaluate the loss of different
metals at different temperatures, the following procedure was

carried out:
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One circle of Whatman (¥0.541, 7cin)fiit.r paper was added to
] par
each of ten test tubes. 10ug esch of copper, zinc and nicli:l were
. - o) -
added to each tube and the solutions aried at 30 0. Ifhey were then
o On . .
ashed at (a) 450 C and (b) 500°C for 12 hours in two experuicnts.
After coolin hydrochloric acid {2.0:l) was added to eac!: tube and
&> Y \

the solutions analysed. No corrections were necessary for the

filterpaper.

(b) Results and discussion.
The results are shown

in Table II - 2.

From this table it can be seen that at ASOOC, greater than
90% recovery was obtained for all three metals. At SOOOC however,
losses were evident. Since the recovery of zinc (Bot. 90700) was
higher at 500°C than the recoverics of either copper (Bpt. 2595°C)
or nickel (Rpt. 273200) it scemed unlikely that the losses were duc
to volatilisation of the metals. Alternatively the chlorides of
thesec metals which are morc volatile than the netals themsclves nay
have been lost, but by inspcction of the boiling points of Zn(;l2
(732%), cucZ, (decomposes to CuCl which boils at 1490°C),
NiCl2 (sublimes; 9730C), it was 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 soluble in

acid, especially when present in a finely divided statec.



T4BLE II - 2
Percentage recoverics ol' 10wg zach of nickel, copper,
and zinc after ashing at a) 45600 znd b) SOOOC for

12 hours in the presence of filter paper.

Nickel Copper Zinc
450°%  500% | 1450 % 500°% | 450% 500°%
Mean T 91.5  75.8 ! 9.5  86.6 97.5  88.3
Std.Dev. ' T| 2.0 5.0 E 1.0 1.5 3.0 9.0

+ Mean of 12 samples

++ 8 of the 12 samples lay within this deviation from
the mean.
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The most probable reason was that soime nickel and copper was
bonded strongly to the glass surface and could not be redissclved
in acid. This problem ha been encountered in preliminary studies
where it was found that ashing in the absence of filter papecr
resulted in less than 50% recovery for each of the three metals.
The presence of filter paper in the tubes, however, resulted in
recoveries greater than 90% when ashing at ABOOC, "urther co.macnts
on the function of thefilt.r paper will be made in SECTICN V. *With
plant ash, however, no loss by this iiechanism was cxpected to occur
and in view of the negligiblc losses due to volatilisztion of the
netals, the dry ashing method at 450°C to 500°C was adoptcd in
preference to the wet ashing procedure. Dry ashing also had the
advantage that it required no supervision during the period of

ashing.

4o Dissolution and analytical tcchniques adopted

for plant samples.

A flow sheet for the plant
analysis procedure is shown in Figure II - 1., This method resulted
in approximately 9%h dissolution (assuming all carbonaceous material
had been removed by ashing) and the remaining approximately 2/ was
shown to be almost entirely silica (cimission spectrographic analysis)
with traces of calcium, magnesiwn, mangansse, sodiwm and aluminiun

also present.
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D. TREATMENT OF SOIL SAIPLES.

1« Preliminary treatment.

Samples collected in the field
were stored in plastic bag containers for transportation. The soils
were air-dried in the laboratory, lightly crushed and sicved through
a2 20 mesh sieve. For the preliminary survey (S&CTICH III) tote!
soil analyses were performed on the -2C mesh fraction alter comvlete

grinding by hand to =100 nmesh.

2, Dissclution proccdure.

There has been much discussion
over the past years on the methods for dissolving silicate minerals.
Ahrens et Elv(1963) described a detailed procedure based on ion-
exchange and emission spectrographic techniques for the analysis of
silicate rocks. This scheme used a hydrofluoriq/aqua regia/sulphuric
acid attack and gave complete dissolution although successive

treatment was necessary for some samples.,

Suhr and Ingamells (1966) described a solid fusion technique
for the dissolution of silicate rocks using lithium tetraborate
followed by dilute nitric acide Solid fusion methods, however, are
not readily applicable to the preparation of samples to be anzlysed
for trace metals by atomic absorption spectrophotozetry because of

the high salt content arising f'rom the fusion mixturec.

Probably the most efficient method is a high tomperature
attack using concentrated hydrofluoric acid in a Teflon lined boib

(Langmyhr and Paus, 1968). While this method gives complete
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dissolution it is impractical if large numbers of samples arc to be
dissolved in a reasonablc period of time with a mininum of man-hours.
On the other hand, one of the most common acid niixturces uscd oy
mining compzanies for geological samples is that of concentrated
perchloric/nitric acids. This does not, in general, give complete
dissolution, but if the cxtent of the attack is the same for all

sanples, the results will be reasonably reliable.

In our laboratory, a modificaiion of thz proccdure describved
by Brooks (1960) is used. 3o0il samples are attacked +ith concentrated
hydrofluoric/nitric acids (1:1) in polyprepylens beakors suspended

in boiling water. The flow chart for thc complete analysis by this

technique is shown in Figure I1 - 1.

This procedure results in almost conplete (=99%) dissolution
with the remaining metals in the residue being titanium and iron
(presunably from magnetitu and,/or titanomagnetite) with lesser
anounts of aluminium, silicon, calciunm, magnesium, sodiun and
manganese., A very small amount of chromium was also detected
(probably from chromite which is virtually insoluble under thise

acid conditions ).
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E. CHEMICAL aAND SPECTRAL INTERIFERENCES.

The high resolution of modern atomic abscrption spcctro-
photometers makes interferences frou spectral overlap viitualliy a
problen of the past. Serious cheriical interfcrences are also
relatively few (Slavin and Slavin, 1969) with the chief problems
arising in the measurement of thc alkaline earths, celciu. and
nagnesiun (Govindaraju, 4970; Raﬁakrishna.gﬁg}.,(1966)1n »lant gazples
nost of the interference with the determination of these :ctals is
caused by phosphate, while in soil solutions the interfere.ace arises
mainly from aluminiuni and phosphzate. Orgonic complexing reagents
have been used to counteract this vroblesi (Govind&raju, 1970;
Wallace, 1963) but most of the interfercnces can be reggged to an
acceptable level by adding excess strontium nitrate to the soluticn
(Elwell and Gidley, 1967). In the present work, a solution of 0.3%
Sr(N03)2 (0.33%Sr) was uscd. Alkali metals can also cause inter-
ferences in the determination of calciwa and magnesium due tc
ionisation effccts (David, 1959) but these were largely overcore

by using mixed standards of the metals.
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F. THE /iCCURACY 4ND PRECISION OF THE DISSOLUTION

T

THE EFFECTS OF THESE PARAMETERS ON ST.TISTICLL

TECHNIQUES.

1 Introduction.

The validity of any thecry can only

be as good as the validity of the evideice upon which it is base
and in this thesis the validity of +he conclusions and postulates
are directly related to the error associated with the analytical

resultse.

The question of error in geochemical sampling has been
discussed by Miesch (1964). He scparated the error into various
components and comuwented on the effects these components had on

different statistical procedures. His separation was as follows:

1) Bias - is the mean deviation of* analytical results from
their hypothetical "true" values. This cerror can be coansidered as

the "accuracy" of the results.

2) Variable bias - is present if the bias varies with

sampling position.

3) Variable precision - arisecs if the precision of %he

results is dependent on sampling position.

L Precision - includes all veriance due to sasipling and
(o]

analytical error.



In the classification of errors associated with data sets,
No. 4 ray be omitted because it is never zero, whereas tho [irst

three may or may not tend to zero for different sets.

With regard to statisticzail techniques such as trend anzlysis
(see SECTION III E) and enclysis of variance, both bias and varicble
precision can be tolerated in a data scet without scrious conseuiences.
Variable bias, (variable accuracy) on the cother hand, canuot bo
present to any great extent under any circuaastances uvnless a
quantative correction can be mede for the variation. Jiccording to
Miesch: "If type 3 error (varieble bias) is very largc and caiihot

be corrected, the data might ~s well be discarded."

It was concluded from these findings that for the purposes
of the present thesis a reascnably precise knowledge was necessary

of the following two pcints:

1) The precision of the analytical results since th:is can
affect the stability of trend residuals. (Miesch, 196)) (sce SECTION

IVE) and

2) more important than precision, was the accuracy and ths

way in which this accuracy varicd 7ith the different sa:y:les.
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24 Precision.

This was cvnsidered as the overall
reproducibility of the dissclution and analysis schene. To
evaluate this parameter, five sanples of the standard diabasc -1
were interplaced at randon in a batch of approximately 100 soil
sanples. This procedure led to a true estimate of the precision
actually obtained during a nornal dissolution/analytical sequence.

These results are shown in Table II - 3.

For all metals, the precision was good and adequate for this
project since the variation between analyses of the same sanple was

far smaller than the variation observed betwecen different samples.

Similar precision was cbitsined £or plant saiiples.

e £CCUraCcYy.

(a) Introduction.
fLiccuracy is the degrec to which

the true anount of a substance present in a sanple can be deterixined.

Where a set of date is being evaluated on the basis of the
relative magnitudes of each value within the set, as in this thesis,
precision rather than accuracy is inmportant, only if the relative
accuracy for each neasurement is constant (Miesch, 1964). That
this is the case, is of‘ten assumed in routine atonic absorption

analysis, for example, in the analysis of geochemical



JBLE I1 - 3

' Sample
1 Metal [~~~
_ 1 2 I 5 1 dwve
| '
{ Ca 7.25 | .7.25 i 8.00% 7.75 702 750
: |
! Mg 13.65 ! 3.90F 4151 4.00 I 3.70 | 3.83
i : ! ; f i
% ¢ Iin {0.160 0 0.145; 0.160 0.155)  0.145°  0.153
' [ 1 . : :
K 1 0.525§ 0.510, 0.525 0.500)  0.500;  0.512
‘ ‘ : y :
. Fe 18.75 | 10.00 E 9.75 § 12.505 9.50 . 10,10
-,E, = —; _E_ al-._‘-.... - e o E —_ ,-_z,_ Cm AR L. s e wTeet e wEm e e
' N1 1108 101 103 105 | 101t 103.6 (99.1)
| Co 78 75 go | 72 78 F 77.8  (72.7)
p.pom.l Cu 1130 | 130 | 128 {~ 130 125 | 128.6 (i17.9)
j | r
. Zn 110 101 f 105 1 111.8 (97.6)
¢ Cr 133 138 é 15} 133 é 135.5

x Values from blelschcr

1965)

xx Values fror concentration units

¥ From Fletcher (1970) on solutions diluted 0.100gr:

snalysis of the standard diabase W - 1.

e —— i e e e

B A

L]

[ Dev1ut10 .
hecepted frou __ o
Value™ ! uccqztbd Deviation
!— W T T S———
7.80 5 -O 30 ‘3084
|
3.93 E -0.05 -1.27
0.132 ! +0,024 | +15.9
0.523 ? -0,011 i =2.,10
H :
7 91 E +2,19 Y +27.7
e ,;
73 +25.6 1 +32.8
50 +27.8 i +55.6
;
110 ! +13.6 i +16.9
I
32 +29.8 é +3643
; i
120 ﬁ #15.8 | +13.2

to 10.0mi.
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prospecting samples. However, if interpretations (statistical or
otherwise) arc to be made of subtle variations in the data, then the

relative accuracies must be considered,

Fron Table ITI - 3 it can bc seen that the metals calciwi,
magnesium and potassium were all determined with very good accuracy
(>96.0%). This was intcresting because calcium fluoride is only
slightly soluble and it has been suggestecd that boric acid be added
to the solution to retain the calcium in soluble form. (Langayhr and
Paus, 1968). Manganese was found to be slightly higher than the

established value but the error was acceptable.

When, however, the other transition netals were considered,

serious inaccuracies were apparent.

In the case of iron, thz error was causcd aainly by acid
contamination as mentioned previously but this could be corrected for
by subtracting an appropriate acid blank. (This was not donc in this
case to illustrate the possiblc magnitude of the effect. {Lssuaing
the error was entirely duc to contamination, the cuncentration of

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

For zinc, some of the error was also due to this cause. The
remaining error in zinc, and the error in the other netal results was
almost certainly due in large part to the phenonenun: known as

"scattering".

When solutions of high salt concentrations (in the present

case soil and plant solutions contained appraximately 1.5% to 2.0%
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solute) are aspiratcd into the flaac of the atomic zbsorption
spectrophotometer, solid pzrticles forit in the light path. These
particles reflect the incident radiation from the lanp awey from the
slit causing an apparcent absorption., Other workers have studied
this effect in some detail (Billings, 1965; -Koirtychenn ~nd Fickett,
1966). Gidley (1964) studied the degree of scattering as a {unction
of the wavelength X , and showed that it followed an approxinately

X-4 dependence i.e. at short wavelengths the problem is greatest.
That the particles are related tc the major components in solution
secemns to be certain and Fletcher (1970) in his analyscs oi’ o nuwiber
of geological standard rocks found similar errors to those observed
in the present work (see Table II - 3). He made allowance for the
scattering by aspirating artificial solutions containing the same
concentrations of major cations 2s werc in the standard roclz snolutions.

The observed absorption was duc *o scattering.

For double-bean instrunients Xahn (1966) dzscribed a systen
involving a deuterium lasip continuun which autowaticail coupansated

for scattering.

Since both instrunents used in the present work.werc single
beam, it was felt that it was nccessary to kmow how the analytical
accuracy was affected by scattering and how this accuracy varied with
the concentrations of the major components in the plant ash and scil

solutions.

(b) Methods.

For each of the cations present in

high concentrations in normal plant ash and soil solutions, a series
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of pure solutions in 2 } hydrochloric acid were made to cover the
range 0.02% to 2.0% cation concentration. "Specpire' salts were
used for iron (Fezoj), calciun (CaCOB), nagnesiun (¥g0),
potassium (KQSO4) and sodiua (¥aCl), and B.D.H. analytical grade

A1(303)3.9H20 w7as used for 2luniniun.

Rach solution was aspirated at the analytical absorption line
for the analytes lead, zinc, cadmiumscobalt, nickel and gold and the
resulting absorption was coupared with a standard of the analyte
metal, For each of the cations tested for scattering, curves of
cation concentration versus p.p.ni. analyte due to scattering were

constructed. These graphs arc shown in #izure II - 2,

(c) Results and discussion.

It was app-ront fror the
results obtained in this study and from the results obtaincd by
Fletcher (1970) that in the analysis of trace metals in rock sauplcs
by atomic absorption spectrophotonetry, errors of considerable
nagnitude could result. For nickel, cobalt and zinc, conccntrations
approximately 20p.p.m. too high were obtained while for chroniuz and

copper the concentrations were too great by approximately 10pep.ize

From the results presented in Figure II - 2 it can bec scen
that calcium and iron caused the most scattering for all the analyte
metals investigated, although in some cases the other four cations

nade significant contributions also.
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These curves indicate the approximate extent of scattering.
If for example, a plant ash containing 20% calcium is dissolved by
adding 10.0ml of acid to 0.200gn of ash and this solution is
analysed for cobalt, a signal corresponding to at least O.2peDp.ine
would be obtained, corresponging to 10p.p.ri. cobalt in the ori_inal

plant ashe This 10p.peris would be due entirely to scattcring.

In the case of soils or rocks, the error in the cobalt
deternination was shown to be approximetely 20p.p.m. If a soil
apparently contained 50 p.p.ri. cobalt (a2 normal value in thc present
study), 20p.p.n. of this would probably be due to scattering thus
representing an error of +66% in the truc concentration. Since
the scattering was apparently due mainly to iron and colciuwm, ond
since the concentrations of thesc metals could vary by up %o 504
between soil samples, then it is possible to have an error of up to
- 10p.pem. in the 20p.p.m. duec to scattering. This neans a further
¢c:rror of : 3% in the true concentration., The final result would

contain an error from +33 up to +100%

(d) Conclusions.
Fron these results a nwiber of
conclusions were drawn:
1) Interference fron scattering is most important for
analyte metals with low sensitivity, whose absorption lines 1lie

in the wavelength region less than 30002.

2) Out of the six metals tested, calciwm and iron showed
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the most interference but the other metals also contributed to
varying degrees. In a normal plant ash or soil solution, however,
it was not known whether the scattering was caused by each netal
independently or whether binary or higher mixed salt particlces were

involved.

3) Since the major causes of scattering were found to be
calcium and iron, the rclative accuracies for dirforent samplcs were
dependent to a large extent on the way in which their calciu.: and

iron contents varied.

For plant ash solutions, only calciua was cxpected o
contribute significantly to scattering and since the concentirations
of calcium in samples of the sawe species were very constant, then

the relative accuracies were cxpected to be reasonably constant also.

Soil solutions, on the other hand, contained differing amuounts
of iron and calciua and the relative accuracies were expected to

vary considerably.

4) In terms of the accuracy of the analytical data presented
in this thesis, the following corizents can be nade:
(a) Copper and chromiun - negligible interference was
observed. The chromium concentrations in plant ash were very low
but the scattering observed for plant ash solutions caused a signal

equivalent to less than 3p.p.t. chrowium in the plent ash.

(b) Zinc - most of the error observed was apparentliy
due to contamination. The error duc to scattering was considered

to be insignificant.
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(¢) Nickel - errors of up to 25p.p.ii. Werc observed
for rock samples but since both plant ash and soil saaples usually

contained at least 100p.p.ize nickel, the error was able to be ignored.

(d) Cobalt - errors of approximately 30p.pede Worc
observed for rock samples. Plant ash mnd soil sauples containaed
apparent cobalt concentrations of anproximately 20D.De.ile and 7Ip.p.il.
respectively. Taking into account the low levels in the plants and
the variation expected in the rclative accuracics betvcen soll samples,
the measured cobalt concentrations in both pients and soils ivrere not

considered to be reliable, and except in one casc no consideration

is given to cobalt analyses in the following work.

5) iilthough most of the interference observed with
concentrated solutions could undoubtedly be attributed to light
scattering by particles, it seened that other mechanisms, such as

nolecular absorption, night also be presecnt.



G. MEASUREMENT OF SOIL pH.

There are a number of different ways of deteriiining the
pPH of soils (Metson, 1956). Usually the air-dry soil is suspended
either in a potassium chloride solution or in distilled water. In
the present study, a mixture of 1:10 soil to water was used. Sanples
were shaken for six hours, allowed tc settle overnigiht ana then

nmeasured with a separate glass/calor.cl elcctrod: systeis
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H. STATISTIC..L PROCEDURES.

During the course of this project, large amounts of
analytical data were obtained for up to ten metals in both plants
and soils. £ rapid method of detecting and evaluating relationships
between data sets was necessary and resort was made to an IBiI 1620IT
conputer to calculate correclation coefficicnts and for multinle

regression analysis.

Programmes in FORTRAN II-D werc written by the autnor Jor
this computer and a description of thesc programries is included in

the appendix.

Further discussion on thc statistical techniques used will be

presented prior to their use in later chapters.



SECTION_ III

PRELIINARY BIOGEOCHEMICAL _SURVEY
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4. THE SAMPLING GRID.

Two grid arcas of different sizes were used in this project
and are illustrated in Figure III - 1. For the prelimninary survey
(SECTION III), 96 rectangularly distributed sites plus thrcec additional
sites downstreamn from the grid area were usesd, whilc Tor thz major
survey (SECTION IV) this grid was enlarged to contain 147 sites
(see Figure III - 1). Grid coordimates given in this thesis contain
the south coordinatec followed by the east coordinate i.c. (south,

east).

The altitude over thec grid arez ranged fro.. 1500 foet to

2500 feet.

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

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

Rainfall was in the region of 80 to 100 inches per annu.
with the major part falling between March and September (de Lisle and

Kerr, 1965).

The geological ccntact botween the sedimentary rocizc and the
- basic igneous rocks is shown in its approximate position in Figure
IIT - 1. This was established on the basis of field observations

and later soil analyses supported this position,
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PLATE 1I. sderial photograph showing the topography and vegetoticn cover in the vicinity
of the sampling gridi. ipper-wost clearing on the I-cr right is the camp site

(3,1) and lower-mcst clasring is = Arill pei 2% sits (2,5).
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B. MINER/LIS.TION WITHIN THE SnMPLING GRID.

The only exposed nineralisation of note within the grid
was found at site (2,8) (see Figure III - 1). This outcrop consisted
of copper sulphides with ninor nickel and contained approxiiately
1.3h copper and 0.2 nickel. Other similar but very minor arcas of
nineralisation were present near sites (1,4) and (5,7). These
occurrences gave rise to anomalous soil concentrations of copper
and nickel in their immediate vicinities and in their respective
drainage basins. Thus, reasonably wide and well distributed ronges of

nickel and copper concentrations were present in the seoil.



C. VEGETATION COVER.
t.  Introduction.
There were two nein reasons for under-
taldng a comprehensive study of the vegetation cover in the arca to

be prospected.

Firstly, if samplcs were to be collected objectively then the
particular species selected had to be widely distributed over the
area to allow a regular sawpling pattern. Problems of objective
and subjective sampling and the merits of different sampling patterns

have been discussed by Miesch et al.(196L).

Secondly, there was the possibility that geobotanical
prospecting could be useful to indicate areas oi copper or nickel

mineralisation.

Two methods of studying plant distributions are in coriion use:
aerial photography and ground plant wenrping. Both wers used in this

thesis.

2.  herial Photography.
(a) Introduction and methods.
The technique of
measuring the vegetation balance from aerial colour and black and
white photography has been used for nany years, particularly as

a means of evaluating forest reserves (Spurr, 1960).
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In recent years a considerable amount of investigation into
the use of aerial colour infrared photography has been carried out
(Colwell, 1964, 1968; Fritz, 1967; Haack, 1962; Pease and Bowden,
1969). The file used for this type of photography has increascd
sensitivity in the range 7000 to 900C X when used in conjunccion
with a Wratten 12 cr similar filver. 1n this wavelonsth range the
colour differences bhetween dii'f'ercnt species, and a2lso betireen
specinens of the same specics which suiier from some type of stress,

are enhanced relative to the differences in nor:aial colour.

The varying infrared reflectances arising from speciiiens of
plant species suffering fromn stress have been used for many years as
a means of' detecting various typcs of disease in crops or forests,
Bawden (1933) found that potato streak virus damage appears darker
in an infrared photograph than to the eye. Norman and Fritz (1965)
observed that unhecalthy citrus trccs in I"lorida showed infrared
reflectances ranging from magenta through purple to grcen depending
on the particular disease infecting the trees. Healthy trces
produced a reddish photographic rendition. . number of siimilar

exanples are given by Colwell (1956).

Ciesla et al., (1967) an Stellingwerf, (1966) showed that
yellow or orange spots in conifers, visible on coclour infrared
photographs, indicated attaclk on trces Ly the southern pine

beetle or the Douglas fir beetle.

Evidence of stress in plants caused by excessive concentrations

of divalent cations, particularly trace nctals, in their substrates,
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has been available for some time. Forbes (1917) showed that excessive
copper in the soil caused chlorosis in plants such as corn, beans and
squash. DeKock (1956) showed that high concentrations of any of the
cations -~ nickel, copper, cobalt, manganese, zinc and chromium -
caused chlorosis in mustard plants. Hewitt (1943) also observed
that excessive amounts of nickel, copper, cobalt and zinc caused

chlorosis in sugar beet scedlings.

On the other hand, observaticns of' extensive ciilorosis causced
by anomalous concentrations of conper and nickcl in the soil are not
generally observed under natural, undisturbed conditions. @his is
because such areas usually conuain tolerant populations of plants.
Although it is possible tc observe chlorosis in the fiecld wvhere
recent disturbances have occurred such as the redistribution of
mineralised soil, ;uo disturbance of any significance had occurrcd in
the present area. It is not known, howecver, just how much disturbance
in its foliar pigments a plant can tolerate over a long period of tiie.
If different specimens of the same species can survivie with slightly
different ratios of their leaf pigmnents, chlorophyll, carotenoids
and xanthophylls due to above-optinal concentrations of nickel or
copper in the soil, then these differences may well bc apnarent fron

their infrared reflectances.

To look for species differences as well as evidence of stress
due to mineralisation in the vegztation over the grid area, acrial
photography was carried out using colour infrared photography
(Kodak Ektachrome Infrared 4BRO i'ilii, Type 8443) as well as normal

colour photography (Kodachrome II).
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(b) Results and discussion.
The results from both
types of film showed a homogeneous forest cover over the sampling

grid with an approximately constant ratio of species of the

Nothofagus genus to Weinmannia racemosa. The colour infrarcd and

to a much lesser extent thc normal colour photographs showed an
apparent change in the vegetation balance approxinately 800 fcet
uphill (i.e. west) from the sapling grid. Ground observations
showed this change to be causcd by a sharp discontinuaticn in the
presence of W.racemosa and an increasc in the presence of iiothofagus
nenziesii (silver beech) relative to the other beech specics b.fusca
(red beech) and N.truncata (hard becch). fhis wns probably due to
the well known cofrect off altitude on this genus in tew Zoaland

(Cockayne, 1926).

There was no apparent influcence on the vegetation by the areas
of anomalous concentrations of copper and nickel in the soil. .Jny
ninor effects, however, would have been virtually impossible to
distinguish from the influences of topographical features, such as

streams, aspect etc.

5% Ground Survey.

(a) Methods.

Plant nepping on the ground was
undertaken tc confirm the aerial photographic obscrvetions and
also to check on the possibilty oi' understorey vegcctation dist-
ributions being disturbed by anomalous metal concentiations in

the soile.
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There are a large number of difi'erent methods for mcasuring
plant distributions, each suited to a differcnt situation and to a
particular purpose. (Goodall, 1952; Areig=Siith, 1964 ) The
procedure used in the present survey was as {ollows: 4t intervals
of 200 feet along 2 grid linc runaing east~west, wuadrats ci 2C fect
square wcre narked out and 211 the vegetation specics, their trunk
diameters and their frequencies of occurrence were noted for each
quadrat. Two line transects werc used, one from site (2,0) to site

(2,20) and the other from site (7,0) to site (7,20).

(b) Results and discussion.

Apart fro: the
observation that N.menziesii tended to predominate at higher
altitudes and N.truncata at lower altitudes, there were no signif-
icant variations in the vegetation balance over the grid areca. iny
possible influences from geocheirical factors were nasked by the
variation in topography, scil structure, drainage etc. betwoen

quadrats.

The species recorded in this mapping are lissed in .ipoendix I.
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D.  EVALUATION OF FLANT AND SOLL SAMPLING PROCEDURES.
1. Introduction.

From the results of the acrisl photo-
graphic and the plant napping studies it was decided to semple the
three species of the Nothofasus genus, B.fusca (ilook,f.) Uerst.,
N.pnenziesii (Hook.f.) Cerst. and N.truncate (Col.) Clm., in

addition to Weinmannia racenosa Linn,f. and Juintiniz acutifolia

Kirk.

The Nothofagus genus belongs to the Beech family fagaceae and
is the representative of this family in the Southern Henisphere.

Waracemosa and Q.acutifolia belong to the faizilies of Cunoniaceae

and Escalloniaceae respectively and both belong to the order

Cunoniales.

Previous workers (Carlisle and Cleveland, 1958; Warren et al.,
1955) have shown that the concentrations of some metals in the
leaves and twigs at different hecights on a tree can vary markedly
and Barakso (1969) has noted that metal concentrations can iicrease
considerably with depth in the seoil. It was therefore of iuportance
that prior to the biogeocheiical survey, some knoiwledge of the

behaviour of different metals in the systeil was obtained.

There were three sources from which large errors could arise;
the height on the tree and the depth in the soil from which samples
were taken and the varying distances from the plants sampled at
which the corresponding soil was sampled. Xach of these three

sources of error was investigated briefly.
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2.  Leaves, twigs and trunk wood scupled fron
different heights.
(a) Results.

The analyses of these parts are presented

in Table III - 1.

For nost metals, the concentretions were not found to vary
significantly between samples collected from different heights on
the trees. There were, howevcr, sore apparent trends. The iron
content in the leaf and twig ash showed a marked decrecase with
height for the taller of the two specimens but this behaviour was
not evident for the other specinen. The concentration of zinc also
showed a slight decresase with height in the leaves of the taller
specimen., The manganese concentration showed a decrcase /ith height
which was apparent in both specimens while, on the other hand, the
potassium concentration increased with height in both specinens.

These effects were nost pronounced in thc taller of the twe specinens.,

3.  Sanples frou different depths in the soil.
(a) Results.

Two types of soil were present in the
area, one derived from sedimentary rock at the western end of the
sampling grid, and the other derived from the basic rocks of the
complex. Figure III - 2 shows typical profiles from each rock
type and Table III - 2 gives the metal concentrations in the

various horizons from two profiles on each parent rock.
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Metal concentrations in ash of leaves, twigs and trunkwood taken from different heights up to two specimens of

Nothofagus fusca. + A = Sampling height oxprezsed as a fraction of the total height.
- . I O A A e
Total Plant . A PePels % i s et
Height Part A Ash Hi Cu Zn Cr e C= Mg Iin E
80 feet leaves : 0.25 4.93 295 143 250 15 1050 19.0 L.10 1.30 8.10
0.38 L5, | 185 130 235 9 1050 oD 6.00 1.03 8.90
0.50 419 198 143 210 11 890 1765 e 75 1.03 10.00
1.00 4.69 175 115 190 7 730 15«0 Se25 0.63 10.00
twigs | 0.25 | 3.42 106 80 110 - 875 i - e
0.383 324 154 i 120 = 625 = - - -
0.51 ! 2.85 i 106 63 105 - 640 - - - -
1.00 Le 69 E 125 L6 100 = 490 - - - -
4 38 feet leaves 0.26 729 75 -;;“_ 210 13 850 20.5 3.00 1.90 '*i;:;;‘a-%“
0453 6445 75 65 290 13 950 20.0 3.25 1.75 7.70
0.79 | 6.46 35 70 340 15 950 20,0  3.25 1.80 3,60
1.00 645 65 65 310 13 7¢O 19.5 4..0C T35 8.30
trunk 0.26 0.83 133 59 120 - L8U 22,0 3.00 0.86 9.20
wood 0.53 1.24 105 e0 300 - 550 2,0 2.90 0.87 6. 60
0.79 2.06 132 61 175 - o0 el 2.40 0.96 6.00

S



Total metal concentrations at different depths in the soil.

.~ TABLE III - 2

Rock |

Hori- ! - B PeleBe ko % *_____15
type Site | zon pH Ni Cu Zn Cr Fe Ca Mz Mn K i
Sedi- | (6,0) | Oh - 10 __50 35“”““.'55‘*'*i:— - -‘Lﬂ;b 0.65 02;055 ‘-J:jydw’-_'
mentary Ah 4.90 | 50 30 70 140 510 0.30  0.90 0.030  3.30
E L.40 | 20 25 35 75 1440 0.20  0.80 0.040  3.40 i
Bfe L.60 | 100 60 140 160 450 0.40  0.40 0.040  3.30 :
{ CB L.60 | 125 100 175 160 L. 30 0.70  1.20 0.050  3.30 5
(6,1)% Oh - b5 36 40 L5 1 - 0.55 0.50 0.040 0. 60
i é Ah i 3.70 § 30 30 40 110 | 3,10 0.50  0.80 0.030  3.12
! Bh ; 415 | 40 40 60 125 ? 340 U35 0.80  0.025  2.95
Bfe % 4.30 1 95 55 130 135 i L. 30 0.50  0.70 0.035 3412
CB1 4.10 | 135 125 160 180 é 440 0.80  2.15 0.025  3.90
CB2 3.70 {150 115 175 205 | 4.0 1.15  2.40 0.060  3.56
Basic | (2,1) } Oh - 55 35 ‘ZB 110 - "—h1.35 1.25 0.045 1;:56
E Bh 440 {145 100 75 360 5.75 3,20 3.50 0.080  1.22
| Bfe 5.30 1190 230 90 40C £.10 3.05  3.40 0.075  1.22
CB 5.35 3235 410 100 120 5.25 2.65 3.20 0.070 1432
(5,4) T Bh 5.0 | 180 105 400 hui [ 7.50 T 630 T T5.25 0.015  1.62 |
Bfe 5.00 {185 150 110 LO. 8.30 5,20 4.80 0.105  1.62
cB 4.90 | 210 200 190 420 | 8.50 6. B 1105 1.72

y €
i .
PO

C
L]

4]
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The profiles derived from the sedimentary parent rock showed
distinct £ and B horizons and a transitional zone belcw thc 5
horizons which was subdivided into two, nainly on the basis of the

rock content and partly on the colour. In one profile an extensively

leached horizon was recorded.

The two basic proifiles studied showed less devclopment than
those derived from the sedisientary rock, with only threc ain
horizons apparent. No extensively eluviated horizons wcre observed
as was expected with a basic parecnt rock. Both hwws and iron
accumulation werc evident above a horizon of closcly packed rocks
which was classified as 2 transition horizon betvicen the illuviated

horizons and the parent rock.

The most important observation from these studies was tho

most of the plant roots were confined to the upper two feet of the

soil profiles.

For both types of soil, most of the metals analyscd showed a

general increase in concentraticn with depth, by up to a factor of

five in some cases.

L. Variations of thz metal concentratioas in plants

and soils over small distances.

(a) Methods.
4 small area with an approxinate

diameter of 20 feet was studied, in which samples were collccted
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of four soils and five saplings of N.fusca all with trunk diametcrs
0.5 inch to 1 inch (measured 1 foot above ground level) and heights

between 6 feet and 8 fcet.

(b) Results.

Thesc saiiples were analysed for various
metals and the results prescnted by taking an arbitrary origzin and
plotting the concentrations of thcsc metals in the plants and soils
at different distances from this orizin (figure III - 3). (Vote:
filthough there are plant and s0il sanples at similar distances fron
the origin, they were collected at different points of the conpass

fron the origin.)

These results showed that the nickel concentrations in the
plants varied from 50p.p.ile to 150p.p.m. while in the soil the
concentrations ranged from 100p.p.n. to 170p.p.mes The copper
concentrations in the plants were remarkably constant while the
copper concentrations in the soil ranged from 55p.p.2. to 325p.p.n.

over the area,

The variations observed for the other metals were also large.
When the range of variation for a particular metal was expressed
as a percentage of the lowest concentration observed for the netal,
the following results were obtzined for the leaf ash (first value)
and soils (second value); zinec, 1333, 33%; chromium, 50%, 7%;
iron, 200%, ~; calcium, 44%, L41/%; magnesium, 108%, 25%;

manganese, 110/, 1%b; potassiwi, 14%, 12%. The pH of the soil
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Figure 111-3, Variations of the metal concentrations in plants and soils over small distances.
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showed a variation of 17%. For all the netals except copper, the

variation observed was greater in the leaf ash than in the soil.

510 Discussion and conclusions.

It was apparent from the
results obtained that the errors caused by sampling leaves and twigs
from different heights on the trees were relatively small when
conpared with the errors whicii resulted fron sampling soil at

different depths and different distances fro:. the trecs.

Of possible physiclogical interest was the inversc anganese
to potassium ratio which was observed with incressing height. Sven
though these results arc bascd on values from only twoe trocs, the

question raised is worthy of further attention.

From thesc studics it was anparent that over both the scdinents
and the basic rocks, the nickel and copper concentrations cculd
increase by up to four or five times with depth in the soil profile.
As well as this increase, there did not appear to be any fixed
relationship between the nickel and copper concentrations in the
upper horizons, and the concentrations of these metals in the
lower horizons. Different results for thesc metals as well as for °
the other metals studied would thereforc be obtained for soil

samples collected at different depths.

It was noticed, however, that most of the plant roots were

confined to the upper horizons of thc soil profiles in both types
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of soil. This observation was in agreement to that made in Ghana by
Greenland and Kowal (1960) who noted that in one acre of tropical
forest, 85.5% of the roots supporting the vegetation were within one

foot of the soil surface.

It was concluded that under the conditions which existed in
the sanpling area, soils taken from betwcen 6 inches and 12 inches
below the hunmus were reasonablc representations of the plant

substratese.

The variaticns which were apparent anong the sariples taken
srall distances apart were guite large and although thc results
were from only a small area, they were sufficient to indicate two
points:

(1) That soils had to be sampled as close as possible to the
plant roots if any meaningful relationship was to be obtained and

(2) that the data obtained would contain a large random error

caused by the types of close-range variations observed above.

The following sampling procedure was adopted: Sul'iicient
leaves, usually %lb to %1b were collected to give a composite
sample of old and new leaves, Twigs approximately 0.25inch to
O¢5inch in diameter were sampled. approximately 0.51b of soil
from 6 inches to 12 inches below the humus was collected fron as

close to the tree as possible.
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E. STATISTICAL TREATHMENT QF THE DATA.

1. Correlation Cocfficicnts.
as a prelicinary device for

scanning large quantities of data, Pearson Product rioien' correl-
ation coefficients were calculated by computer. This particular
coefficient is quite sensitive to the distributions of the data sets,
requiring normally distributed data for complete wathematical valid-
ity. Norris and Hjelm (1961) have tested the "robustness” of the
coefficient when applied to non-noriial data. They found thet, in
general, if the data distributions 4id not depart toc far iron
normality, then the resulting coeii'icicnt was quitc valid., #ith

badly skewed data, however, ervoneous results were obtained.

With most geochenical data, badly skewed or even i:ulti-niodal
distributions are the rule, rather than the exception. This arises
because the analytical results which indicate iineralisation arc
usually an order of magnitude larger than the bulk of the data from
non-nineralised samples., Thus two populations are present and this

largely invalidates the Pearson Product Moment correlation.

However, in the present work this coefficicnt was calculated
and the reasons were as follows:

(1) Over the particular arca under study there were, for most
netals, no regions of very high concentrations in either the soil
or the plants rglative to thec rest of the sampling grid. This
caused the data distributions to be skewed ratrer than bimodal,

(2) The skewness was readily reduced by transfori:ation of
the data to base ten logarithis.

(3) The correlation cocfficient was used prinmarily as a
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scanning device. Data sets showing good correlation coefficients
were checked either graphically or as contour maps (although only
in specific cases are these shown in this thesis) if further use of
them was to be made. In general, all good relationships gave rise
to good correlation coefficients, but some bad relationships also
gave good coefficients due tc the deate being skewed or bimodal.

The graphing and contouring precedures dstected thesez latter cases.

The programme used was written by the auvthor and isg discussed
in fippendix III. 411 deta sets werc trans:ioraed to basc ten loga-
rithms prior to conputation of the correlation coef'if'icicntse Levels
of significance used in this thesis were tak:n from Pishcr and

Yates (1957).

In addition to the correlation coefficients, the geometric

means, standard deviations and reduced major axes were printed out.

2. The reduced major axis and graphing
techniques.

The reduced major axis has been discussed
by Imbrie (1956) with reference tc its application in palaeontology
for the study of relative growth patterns in populations of fossils.
Its advantages over the linec-of-best-fit, and rogression lines were
swmarised as follows:

(4) It makes no assunptions of independence;
(2) It is invariant under change of scale:

(3) It is simple to coapute;
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(4) Results obtained fraoa its use are intuitively siore
reasonable than corresponding results obtained fro.: regression

analysis.

While this statistic undcubtedly has advantages ror the
applications discussed by lubric, its gecnersli application to pio-
geochemical data is limited for the {'cllowing reason. The slope of
this line is given by the ratio of the stendard deviations ol the
two data sets. It follows froi this, that a reduced .ejor axis
can never attain zero slope unless the standard devistion of one
data set 1is zero, or infinity. OStandard deviations such as these

are rarely encountered in experimental data sets.

A sinple test of the validity of the line, is the consideraticn
of the correlation coefficient for the dats sets. i here this is
very significant (appreaching + or - 1.0), the reduced major axis
is a good representation of the relationsi.ip, but where thc cerrel-
ation coefficient is insignificant, the reduced najor axis is
nisleading, since although the ratios of the standard deviations
nay be near unity there is, in fact, no relationship between the

data sets,

In the cases where good corrclatizns were evident, hovever,
the line was useful to ililustrate, graphicaily tic rclationships
and it was for this reason that its calculation was included in
the programme although no anplications of the line arc given in

this thesis.

Graphs with large numbers of scattered points are presented
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in this thesis without any linesdrawn on them. The author considers
that in the absence of a nathciiatical approach, such == a lcast~
squares-fit, the human eye is, in gencr2l, a better judre of lwc
dimensional trends than the ruler., Corrclotion cocfficicnts are

presented on these graphs to iliustrate the extents of tho overall

linear relationships.
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r. PRELIMINAGRY SAHPLING PROGRAMIE.

1. Metal concentrations in the leaves and twigs

of the specics sampled.

The results of the plant @nalyscs are
presented in Table III - 3 and Fipure III ~ 4. 4t this stage, the
three species of Nothofagus werc considered together. The nost
out standing feature of these results was the dirferences that cxisted
between the concentrations in the different species, not only of the

trace netals but also of thé me jor nutrients.

The mean m2tal concentrations in the soils corresponding to
the plants are also presented in Table III = 3. These rcsults show
that the observed diiferences between species were not due to varying
soil concentrations. The mean percentage ash in the dry tissuc of
each species is shown in the same table. .Jlthough these dilier, the
anount is not great enough to account for the observed variations in
the results. This is illustrated by the dry-weight concentrations

also shown in Table III -~ 3.

(i) Leaves.

It can be seen 'ron this table
and from Figure III - L4, that for the netals nickel, copuer, zinc
and iron, the highest c~ncentrations tcnded to be in the leaves of
the Nothofagus species, while for chroniws: and magnesivm, the lowest

concentrations occurred in the leaves of this genus.

The two species W.racenosa, and Q.acutifolia contained

similar amounts of nickel, copper, zinc and magnesium. On the
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TABLE IIT - %

Mean metal concentrations in the leaves and twigs of the plants sampled.

PeDeiZu A
Species No.of % As Ni Cu Zn Cr fe Ca ug Mn K !
Samples e e [T (T S— vﬂ“%
Leaves - Ash i ! ;
Nothofagus spp 86 © 4.05 166 130 377 9.90 1701 § 19.2 L.65 1.28 6.91 i
Soil 161 83.6  77.5 476 ~ i 5.23  L.417T 0,116 O.huh
W.racemosa W | L.65 113 69.5 218 6644 754+ 22.0 8.8 1.29 8.04 i
Soil : ! 151 76.6 77.1 L62 - bosLil. 4.29 0.114  O.6 |
Q.acutifolia 83 5.50 ; 88.9 72.7 191 20.9 10635 ¢ 19.1 Y 2.07 17.7 4
Jonl i 149 74.5 77.0 L6l - E 5.22 L3k 0.148  0.435 |
! . e NN S - ——
Leaves - Dry Matter i i f
Nothofagus spp 86 4,05 ; 6.72 5.28 15.3 0.402  69.1 i G.700  0.139 0.053 0.281 }
W.racemosa 9l L.65 1 5.25 3.2 10.2 3.09 gom i EE2 T.412 0060 0,374
Q.acutifolia 88 E 5.50 { 4.89 4.00 10.5 1.14 56.9 ! 1.05 0.411 0.116 0.973 i
1 - . AT S [ —
T | 5l
Twigs - Ash ¢ i
ﬁ%ﬁﬁﬁ?&gﬁg spp 84 | 2.16 | 121 83.1 230 - 639
W.racemosa 95 1.46 61.7 156 275 - 787
Qeacutifolia 88 | 1.43 51.8 111 616 ~ L37
Twigs -~ Dry Matter
Nothofagus spp 8.4 2.16 2.62 1.79 4.95 - 14.9
W, racemosa 95 1.46 0.900 2.30 4,01 - 11.5
Q.acutifolia 88 1.43 0.740 1.59 8.80 - 6.25

N.B.

Soil sample locations correspond to the plant

sample locations.

29
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other hand, the leaves of J.acutifolia contained ncurly twice as
much manganese and threec times as much potassiwz as the leaves of

the other species.

Chromium, although present in only sriall anounts, showed
striking differences between the species with concentrations ranging
by a factor of six over the three plant types. The increase in the
chromiun content from the Nothofagus species through Q.acutifolia
to W.racemosa was balanced by an inverse relationship tfor the iron

concentration.

Calcium contents were similar for the leaf ash of all species,
but on a dry weight basis the concentration was lower in the Notho-
fagus genus and in this respect calciun reseabled nagnesiun for this

genus.

Although the twigs were analysed
for only nickel, copper, zinc and iron, some distinct trends were

apparent.

For copper, the concentration was found to be highest in the
twigs of W.racemosa in contrast to the concentration in the leaves

where this species recorded the lowest value.

This behaviour was also evident for zinc, where J.ccutiflolia
contained the lowest concentration in its leaf ash but by far the

highest concentration in its twig ash.



For iron, a similar trend was observed.

Nickel, on the other haznd, showed the same irter--spocics roelation-

ship for the twigs as was observed for the leaves.

(iii) Relative accunmulations.

The results are
presented in a different form in Table III - 4 where the relative
accumulation values (concentration in the plant tissue divided by
the concentration in the soil) arc given. rfron this table che
difference between the species can be scen mors clerrly. The two
nost obvious features arc the greater accuulation by w.acutifolia
of potassium in its leaves and zinc in its twigs, Alsc the eightfold
increase in the accunulation of chromiws by J.raceosa relativo to

the Nothofagus genus is worthy of note,

The accurmlations of copper and zinc in the leaves and twigs
showed an inverse relationship among the three plant types es was

observed for the absolute concentrations.

(b) Discussion.
The results presented above illustrate
two features coneerning the balance of metals in plants. Firstly,
the different relative amounts of metals in the leaves of the various
species and, secondly, the way in which trace mctals arc distributed

between the leaves and the twigs of a2 particular species.



TABLE III - 4

Mean relative accumulations of' the metals in the leaves and twigs of thc plants sampled.

Species No.of % Ash Ni Cu Zn Cr Ca
Samples

T e

Leaves - Ash

Nothofagus spp. 86  4.05 1.03 1.56 L4.86 ¢.0208 3.67
W.racemosa 9 L.65 0.745 0.906 2.83 0144 Le20

Q.acutifolia 88 5450 0.597 0.976 2,48 0.0450 3.66

15.6
18.0

40.6

Leaves - Dry Matter

Nothofagus spp 86  4.05 | 0.0417 0.0631 0.197  0.00084  0.149

W.racemosa 94 465 0.0346 0.0422 0.13%2 0.00670  0.15Y
Q.acutifolia 83 5.50 | 0.0320 ©.052% C.136  G.00248  0.204
Twigs - Ash ’

Nothofagus spp 84  2.16 i 0.672  0.896  2.62

W.racemosa 95 1.46 0.357 1. 70 31l

Q.acutifolia 88 1.43 | 0.306 1.30 7.02

Twigs - Dry Matter
Nothofagus spp 84 2.16 0.0145 0.0194  0.0565
W.racemosa 95 1.46 0.00521 0.0254  0&0458
Qe.acutifolia 83 143 0.00438 0.01836 0.100

- e, T T ————

0. 631
0.836

2.23

)
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The relative amounts of different metals in the leaves of the
dif'ferent species were ost wmarkedly illustrated by the chrom:iunm
and iron concentrations; wherc the iron content was hi;h, thc
chromiwa content was low and vice versa, Iron is kanown to ve
essential to plant nutrition (Bowen, 1966) but although chronium
is now known to perfori a necessary function in the glucosc
tolerance of marmals (Hertz, 1970; Schroeder, 19€3), its essentiality
to plant growth has no*% becen unequiveenlly denonstrated. The inter-
relationship between these two metals ovserved in tix: present study,
althcugh not indicating that chro.:iun is rclated to the metabolic
function of iron, does s:ci: to point to its accuulaticn being, in

some way, linked tc the uptake of iron.

Lpart from the gencrally higher concentrations of nickel,
copper and zinc in the leaves of the Nothofagus species, the other
outstanding finding was thc relatively high level of manganesc and
pctassium in the leaves of Qe.acutifolia. This species had a much
larger lecaf area than the other species and it is possiblec that the
contents of these metals are related in soie way to this factor.

Further comnient on this observation is made in a later scction.

The distributions of copper and zinc between the leaves and
twigs of the different plants were of considerable interest. ‘ihere
the accumulation of either of these metals tended to be low in the
leaves it tended to be high in the twigs and vice versa, This.
finding could indicate that although approxirmately constant contents
of copper and zinc were maintained in the plant tissuc, the actual
distributions of these "pools” of netals varied betwszen the leaves

and the twigs of the different species. G.acutifolia may have less
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storage capacity in its leaves for copper and zinc and nore in its
young twigs relative to the other species. This suggcstion, however,
is quite speculative and it would require = study or the metal

distributiomat a sub-cellular level to confirir or disprove it.

The concentrations of the major nutrient metals calciun,
nagnesiwa and potassiuu in the species studicd in this thesis
are compared in Table III - 5 co the concentrations found in soe
other speciecs.. It nust be poninted out that conparisons with the
netal contents of trecs growing in dilffevent arcas cin only be very

]

approxinate because of the widely dirffercnt soll types usually
involved. Some of the rassults gucted in Tavle III - 5 i{rom other
workers include values for plants growing on soils acficient in
essential metals whereas, to the author's knowledge, none of the

values presented by other iorkers were obtained in basic soills as

was the case in the present thesis.

In general, the values obtained in this thesis are in gcod
agreement with the values reported by Miller (1963) Tor ietruncata

and by Peterson (1962) for Agathis australis.” Comparisons with the

other trees in Table III - 5 indicate that the Nothofagus genus was
more similar to the conifers, (Pinus species) than to the other

deciduous trees Q.acutifolia, W.racemosa and B.verrucosa. Miller

(1963) made a similar conclusion with respect to N.truacata.

The levels of trace metals in thc trees of New Zealand are not
extensively documented. Comparisons can, haviever, be made with the
trace metal contents of trees in other parts of the world if it is

borne in mind that different soils are involved in most cases,
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TABLE III - 5

Mean concentrations and concentration ranges of calciw,

magnesiun and potassiun in the dry leaves of different

trees,
T e T

Species S?mp%ffh ??urce - ..,n.fgi_..bm-,-*_ji_,___
Nothofagus spp. 86 A !O 78 0e13 0.23
Nothofagus truncata 1 | B  0.4-0.8 0.12-0.18 | 0.3-0.6

] \ i
Agethis australis | 35 C  10.43-1.75 - F 0 140,90
W.racemosa ; 9, | A .8 0,41 50.37
Q.acutifolia 8 A 1.05 0.4 { 0.97
Betula verrucosa 8 D V1,57 0.27 61.56
Pinus sylvestris Ly - o 0.4-0.6 0.07-0.16 g 0.5-1.1
P.radiata 3 F i0.12 - 50 90
A — ;
P.resinosa 3 & 043-0.6 0.12-0.16 éo 4=0.9
W SO : s -

A This thesis

B Miller (1963)

C Peterson (1962)

D Ovington and Madgwick (1959)
E Ovington (1959)

F Orman and Will (1960)

G Madgwick (1964)
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Lounamaa (1956) quotes typical figures for deciduous trees and shrubs
growing over soils derived from ultrabasic rocks. In the leaf ash,
nickel ranged up to 3000p.p..2s while the typical valuc for copper was
94p.perie, for zinc 1200p.p.ii., for chromiun 26p.p.it. and for manganese
1.5%. Twig ash contained similar concentrations of nickel, 130p.p.rn,

copper, 2/00 p.p.n. and 1.1/ mangancse in the ash.

The values obtained in this thesis are in good cigreciient with the
values presented by Lounanaa for all netals except zinc. In the
present study zinc concentrations ranged from 200p.pe.n. to 400p.p.ils
in the leaf ash and 200p.p.ite to 600p.pe.ts in the twig ash in contrast
to the much higher values given by Lounamaa. Warren (1962) prescnted
zinc concentrations ranging from: 200p.p.m. to over 4000p.p.i2ze in the
ash of the twigs from a large number of plant speciecs growing in
British Columbia. On the other hand, copper and zinc concentrations
reported by Peterson (1962) for the New Zealand indigenous species
sAgathis australis were within the same concentration ranges observed

for the species studied in this thesis.

The above observations suggest that even in view of the fact that
different soils were involved in the conmparisons, thc New Zesland
indigenous trees studicd in this thesis contained lower coancentrations

of zinc than trees in other parts of the world.

2. The relationships between the metal concentrations in

the plants and in the soil.

(a) Results.

The evaluation of the plantxsoil
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relationships for all the netal/plant spccies/plant part systems was
achieved by computing corrclation coei'iicients on both an ash.and a
dry weight basis. These results are given in Table III - 6.

The Nothofagus specics, W.recenosa and ye.acutificlia all showed
highly significant (<0.001) correlations between the concentration of
nickel in the leavis and the concentration of this netal in the soil,
In the case of copper, however, only the llothofagus specics and

Qe.acutifolia showed a highly significant relationship between the

concentration in the lecaves and the concentration in the soil. For
both these metals sinilar although less significant results were

obtained for the twigs.

In the case of chromiwi in the leaves, highly significant

correlations were observed for W.raccniosa and Qe.acutifolia in both

the ash and the dry leaves and significant (<0.01) correlations

were apparent for the dry lcaves of the Nothofegus specics.

Magnesiun in @

-

acutifolia leaves w-s the only other metal to

show a highly significant plantxsoil relationsiiijp.

(b) Discussion.

If one considers both nickel and
chromiun at the concentrations in these plants to be non-essential
to plant nutrition, then it is unlikely that a mechanism will be
present to regulate the accumulation of these metals unless

potentially toxic levels are present. Therefore, the amounts of



TABLZ III -6

Correlation coefficientsbotrocen tine metal concentrations in the slants and in the soilg,

Leaves R — Twigs
fNo.of No.of !
Species |Sample$ Ni Cu Zn Cr Ca Mz in K Samples! Ni Cu Zn
=¥ @ i sy e e et }'7 ;
39 z ' 1 +
Nothofagus sppé 85 ! 0.562"" 0.375"7 0.138 0.203 -0.199 0.i161  -0.104 0.0341 8 50.412+ 0.2917  -0.051
1 ﬂ ¥
Ash | W.racemosa i 9 {0.427™ 0.054  0.016 0.650"7 0.094 0.253 -0.109 0.242} 95 io.s15++ 0,067 0.013
‘ |
s ++ ++ i ;
9-acutifolis 88 1 0.1 0.355° 0.0007 ¢ g560** 0,205 0.481%* -0.013 0.099! 88 {0.327" 0.338"" o0.082
i
i e
Nothofagus spp. 85 |0.707°% 0.587"% 0.133 0.3,0° 0.002 0.162 -0.109 —0.0341 8l io.aaa** 0.251  -0.024
‘. H
Dry | W.racemosa o, {o0.432%" 0.03,  0.016 0.635%7 0.032 0.253 -0.044 O0.242! 95 §0.457++ 0.127 0.116
: i
Q.acutifolia 83 ! 0.368"" 0.369"" 0.0007 0.539"7 0.076 0.08277 -0.005 0.099] 88 :0.113  0.120  -0.019
: e : |
Levels of significance ++ < 0,001
+ < 0,01

(¥4
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these metals in the plant tissucs would be expected to reflect the
fluctuations in the available contents in the scils  On tho othir
hand, it was apparent that for the reaaining metzls, oxcoot copper
and nmagnesium, the concentraticns i the plant tissue wero regulated

by the plants themselves and not by the sail.

In the case of coyper and magnesiuu, altiougt thesc ctals
are essential for plant nutrition, 1t appeared fraii the results
obtained that thec accuanulation was, in fact, influenced to a suall
extent by the soil. This was nost evident for copper in the

Nothofagus genus and for both copper and nagnesiun in Qe.acutifolia.

In the soils of' the area studied, tht copper concentrations
varied considerably, due to the presence cf' copper nineralisztion,
fagnesium also varied cconsiderably over the arez duz to the varving
concentrations of this metal in the parent rocks., While it was
expected that the plants were capable of accumulating essential
netals to meet thelr requircnents, it was apparent that where tne

sreatly excceded the lovels

available concentrations in the soil
required, the plants could not restric: their accuaulation of these
netals. 1In the extrenme case, althouxh not cbserved in the proesent

study, the concentrations becoie toxic or the plants evolve a

tolerance mechanisn (Peterson, 1971).

The reasons why ".racemosc showed a non-significant plant x

soil relationship for copper in its leaves is not known, but because
the mean scil concentration of' this metal was similar for this

species (77p.p.m.) as for the other species (74p.p.m and 83p.p.n)
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it must be concluded that W.racemcsa has a more strict control of

e

the levels of copper in its leaf tissuc. The conccutrstion of
copper in the leaf tissus of We.racemosa was lower than for ti. other
species. This difference between the species may seem surprising,
but when it is viewed =2longsidc thc vast differences that existed
between the metal accw ulations and distributions in the leaves and

twigs of the different speccics, 1% boeco.es rather mors crodivlc.

)

These findings have iuporiant implications for viogscochomical
prospecting. If the concentraticnseof .i2tals in the oils are to bo
predicted fron the concentrations in plant tissue, then highly

significant correl-tions between these two variables will indicate

a promising plant/aetal systen for prospccting purposcse.

A4s can be ssen fre: Pable III - 6, the Nothofagus geaus showcd
the most potential for the prediction of copper and nickel concen-
trations in the soil. Thesc statistical results were checked in
the case of nickel by plotting the isococncuntration coatour maps
for the leaf ash shown in Figure III - 5, 4, 2, C. The rerits of
the Nothofagus species werc clearly evident. However, all species
gave good correlations for the case of nickel and when the areas of
anonalous concentrations common to all species were considerad,
good agreement with the soil aus.alies wes found. (digure III - 5D)
The use of many plant specics, t: indicate nickel soil ~nomalies,
was of considerable valuc to rcinforce the finlings, but the

additional labour involved nade this technigue anatiractive.

The isoconcentration contour wap for the copper concentration

in the leaf ash of thc Nothofagus species is shown in Figure IIL -6.



Figure III - 5 Iso-concentration contours of nickel in

both the plants and the soils.

A DNothofagus species
B W.racemosa

C Q.acutifolia

D Areas of anomalous nickel concentrations

comon to all species,
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Figure I11-6. Iso-concentration contours of copper in both
the Nothofagus spp.and the soil.
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This plant/metal systen did not show such a good rclaticnship as

that observed for the case of nickel.

#1though the correlation coeriricicnts for the nickel and copper
concentrations between thc twig asi. and the soils were sillar to
those obtained for the leaf =sh, it was dceidcd Lo =wplc lcaves in
preference to twigs because firstly, thoy were casier to collect and
secondly, on ashing, the l:ww.e produced = hisgher pircontage ash

than did the twigs.

The rclative merits of data cxpressed on a dry weight or an ash
weight basis were difficult to cvaluate. The rcesults prescnted
above indicated that dry weight data was prefcrable, but sincc the
differgynces between the results on an ash and a dry weight basis

were not great, it was decided to use ash weight data prefcrentially.

More extensive work (SECTION IV-~D) showed that th. diJfcrences
between the two types of data were not as great as indicated by the

above results,

Although the findings oi' this study showed that the species of
the Nothofagus genus wcere the wost pro-ising to studv further, it
was necessary to know what ct'fect different proportions of the
three species N.fusca, li..icnziesii and N.truncata would have on

the results of a biogcoche.iical prospecting survey.
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5. Ihe three Nothofagus specics.
(a) Introduction.

The samples collectad pirsviously wers
grouped according to spccies and the mean ietal cciacentrations for
gach group were deter:iined., It wos t'ound that the percentage ash
welghts were dif'ferent for each specics, so for coparative ourposes,
concentrations on both 2 dry weight and an ash weisht basis arc

presented.

(b) Results.
The inean concentrations for the iietals
analysed in the leaves of the Nothofagus species ar. prescnted in

Table III - 7.

From these results it can be secn that the leaf ash of Nemenziesii
contained the highest concentrations of' all netals exccpt calciw.

It was noticed, however, that the percentage ash in Nemern:icsii was

o

considerably lower than that for thc other twe othoirazus species
and when the metal concentrations in the dry .~terial were co.ipared
it was found that there wcre only small dift'erences betwoeen the three

species with the exception of the zinc, iron oand caleciwt concentrations.
Since the mean metal concentrations in the soils corresponding
to each species were different, further comparisons of the concen-

trations of the metals between species were difficult,

To partially overcome this difficulty, the relative accumulation



TABLE III - 7

Mean metal concentrations in the leaves oi' the three liothola:us species.

Pepem. %
Species No.of % Ash Ni Cu Zn Cr Fe Ca Mg Mn K
Samples i
t i ?‘ A
ASH !
N.fusca 35 4.99 | 152 113 256 8.1k 1261 | 18.7 4. 63 0.110 0409
? 1
Soil ! 182 107 775 710 - ¢ 5.52 463 0.120 0.424
N.truncata 10 4.96 150 38.8 221 7432 1016 ; 20.7 410 0.976 5.47
Soil 20l 62.5 73.7 Ty = ‘ 6.40 5.4 0.107  0.392
Ne.menziesii 41 3.23 183 161 596 12.6 292 ’ 1943 L.81 1.55 8.15
Soil 137 7%.2 7840 350 - L.75 3.99 0114 0.477
DRY MATTER
N.fusca 35 L.99 7.58 564 12.8 0.406 63.0 0.933 0.231 0.0549  0.304
N.truncata 10 4.96 745 L4 o4O 11.0 0.363 50.4 1.03 0.203 0.048,  0.271
: 5 o 26
N.menziesii L1 3,23 5.91 5.20 19.3 0.407 80.5 0.623 0.155 0.0500 0,263

9L



TABLE III - 8

Mean relative accumulations for the metals in the leoves of the
three Nothofagus species.

ASH
No,of

Species Samples % Ash Ni Cu Zn Cr Ca Mg Mn K
N.fusca o 35 4,99 0.835 1.06 ";.23.— o.o;59 .;:ggww““mgjégj 9.18 ol
N.truncata 10 L.96 0.737 1.42 Rl 0.0036 3.3 3.758 9,11 4.0
N.menziesii 41 3.23 1.40 2.26 7.52 L0316 L0l 1.23 13.5 17.2
;;;;‘;;;;;;;;’ . — e i - —_—
ll.fusca 35 4.99 0.0416  0.052¢  U.163 e UGS Ca159 Ued96 0,453 0.719
N.truncata 10 4496 0.0365  0.0704  0.149 w. 020L 0.1%0 0.0376  0.452 0.692
N.menziesii 41 3.23 0.0454  0.0733  O.244 0.0C10 0.131 0.0397  0.437 0.558

LL
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values werc celculated and are presented in Table III - 5, ‘Thcse
values show that when ash weight data are considered,N.fusca ond
. truncata are more sinilar to each other than to Ne.menziesii. OUn
the other hand, the relative accumrzulations expressed on a dry weight
basis, showed little variation between the species with cxceyption
of the values for chromiw: and zinc. Ii.aenzicsii accuiulated
approximately twice as izuch zinc on a dry weight and an ash weight
bacis than difd citier N.fusca or Ne.truncata. Chromiua was accumulated
to a greater extent in the leaves of H.uenziesii than in the leaves

of N.fusca or N.truncata. [The only marked dirferences that wvere

apparcnt betwecen N.truncata and [l,fusca were in th.ir cu¢pper and

chroniun accurulations. [.truancata accu ulated vore copper ~nd less

chromiwn than N.fusca relative o the total soil conceuntrations.

In Table III - 9, the relative accw.ulations for the various

netals in N.truncate and [M.menziesii are expressed relative to

those for N.fusca. It can be scen from these results that, tnking
all the relative accuwiulations for the various metals in N.fusca as
2 very close to 1.0 on both an ash weight and a dry weight basis
with the exception of copper which was higher and chromium and
nagnesium which were lower than 1.0. . On thc¢ other hand, tle values
for Nemenziesii were all higher than 1.0 on an ash s:ight basis,
and on a dry weight basis the trace metals nickel, copper, zinc and
chromium were also higher than 1.0 but the other metals were lower

than 1.0.



TaBLE III -9

Mean relative accumulations for .. trusc-ia zand

N.menziesii expressed relative to the values

for N.fusca.

Netruncata N.menziesii
Metal ash dry ash dry
_,F nickel 0.831 | o0.878 1.68 1,08
E copper 1.3 1434 2.13 1.39
! zinc ; 0.912 0.915 2.29 1.50
chromium g 0.541 ! 0.503 1.99 ' 1.25
t  calcium 0.953 { ©G.9L8 | 1,19 ' 0.775 |
; magne sium ? 0.764 0.758 1.24 ! 0.800
!
E manganese ; 0.992 : 0,962 v TeL7 ; 0.955
% potassium % 0.972 ‘ 0.964 i 1.19 i 0.755
f " S S G




(c) Discussicn and conclusiomns.

The differences between
the ash percentages for N.truncata and N.fusca on cne hand and
li.menziesii on the other could be related to the physical character-
istics of the species. I,fusca and N,truncata are quite si:.ilar in
appearance whercas N,uenzicsii is distincltly different. (Sce Plate II)

It was also of intercst to not: that the nhysical sicilaritics

between N.fusca and N.truncz2ta werc jparalleled by thuir accie.alations

of' nickel, zinec, calciwi, -mnguncse and sotassiuwi.

Further discussion concurning the :etal concentraticns in these
species and thc occurrence of hybridisation will be presented in a

later section of this thesis.

It was concluded frori the above results that since the relative

accunulations of* nickel by N.fusca and N.truncata were approximately

the same on an ash wecight basis (0.835 and 0.737, rcspectively)

whereas that for N.menziesii was higher (1.40), it w:s prefcrable
to sample N.fusca and Netruncata rather than N.iicnziesii. In the
case of copper, since the three species showed different relative
accutulations, there was no particular advantage in sanpling one

species in preference to another.,



PLATE II.

Leaves from the trees sawpled.

Ao
B.
Ce.
D.
E.

Nothofagus truncata
N, fusca
Ne.menziesii

Weinmannia racemosa

Quintinia acutifolia




SECTION IV

#,.JOR___BIOGEOCHEMICAL SURVEY
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' INTRODUCTIOiN .

The present scction describes the rasulds of o detailed
investigation into the nature of the relationships botucen the metal
concentrations in the leaves oi' tho Nothofagus gonus and the concen-
trations of these netals in the soils, Opecial considcraticn was
given to copper and nickel to cvaluate the usciul oi biogeochcidcal

prospecting for thesc two metels. A nethod for the quantitative

evaluation of' faotors afllecting these rclationships is also described.

The grid area used in the prelininary survey (32C2T6H IiI) was
anlarged from 96 to 147 sites to enconpass nore of the anciialous
areas and to provide a larger nuitber of samples tfor statistical

ovelusticn of the data. (sco Figure IIT - 1)

The bulk of the sanpling orogromme was cacris: out in Novenber,
1969, and additions were rwnac in ieve ber, 197C., It vas considered
that any seasonal diffcrences would be snall rcolative to the differ-
ences between differcut saiples. Nine samplos vrom the dinrch, 1969

survey werc added tc¢ coiplote the datn sct, The specics balonce in

the final data set was N.fusca, 60 saiples, il.ixenziesii, 35 saaples,

- s ————

and N.truncata, 47 sa:iplus. Soils werc taken at the sauc tiic as

N

the corresponding plant sanplcs,
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B. THE PRECISION OF GEOCIEMIC.L [sND BIOGEOCHEMICAL SaMPLING.

1. Introduction.

In SECTION III, the magnitude ol the samp=-
ling error assoclated with different aspects of the¢ saipling proccdure
was investigated. The results obtained for a small number of samples
showed that the errors inhcrent in both plant and soil sampling
techniques were quite largc. .ith a greater nuaber of snugples,

however, the relative mognitudes of the error iny be aquilte dilferent

between plant and soil sa.ipling —wethods.

The resampling or botii th. jlothofazus gonus =2nd the corrcsponding
soils from the grid sanpled nreviously, alloved a corporison of the
presisions of both plant and soil sanpling procedurcs to be nade,
Seventyfour plant sitcs and 86 soil sites were comon to both the
November, 1969 and the March, 1969 saapling progranmes and thcse
were compared by correlation coefficients for all the metals as well

as by graphs for cepper 2nd nickel.

2. Results.
The mean metal concentrations in the plants
and soils are presented in Table IV ~ 1 and the correlation
coefficients betwecen the data decks of the two sa pling survcys

are shown in Table IV - 2.

Nickel, copper, zinc and iron all showed hi:her concentrations
in the ash of the leaves collected in March whereas the other

netals showed higher concentrations in the ash of the leaves



TLBLE IV - 1

i e s e

Mean metal concentrations in the plonts and seils ccllcocted in March, 1969

and November, 1969.

T e ¢ %
LO. Of % ]"‘"‘—' e i e * = e o J - = 2 s e
Pate Set X SUCYey Sanplesj #Ash L Cu n Sr Fe l Ca iig An K
[ J § SO e o e s ~d o Tt SEe— .
: ¢ March { 74 1L4.03 3 159 126 331 10.C 1655 ; 19.3 L4.59 1.35  6.87
Nothofagus spp. :ash f i i : 1
Lenves | Novemberl 74 !L.66! 105 107 41 1131297 1 204 5.00 1.5 10.9
V . : : o T f ’
;dry i March ; 74 [4.03 | 6.4 5.08  15.4  0.403  63.. § 0.778 0.185 0.055 0.277
: ; ; i
. Noveuber| 7% |4.66| 4.90  5.00  15.3  0.527 60.5 | 0.993 0.233 0.068 0.508
‘] — - " : NP
, N
f = o — FIAEE (LA — ——— | SRS -— e
1 §
Soils . March | 86 = 179 33 39 550 5.39 ] 5.3h kA7 0115 0.438
(~20 mesh) ! November| 86 - 17 72 87 576 Dels2 § 585 5.46  0.122 C.654
! T e T S S Ve .

18



and November, 1969

Data set o L s Cu
Sarples
Nothofagus spp.leaf ash 74 0.580++ 0144
1
Soils (-20 mesh) 86 |0.624"" F 0.70177

r

-

TABLE IV - 2

Correlation coefficients between sanples collected in March, 1969

Zn | cro - Fo ! Ca Mg ; n K
S nime b e peiain s 4] i mm—— 4T ¥ ASL W T TH W e .,.j.. S ___g e
0.320" © 0.033 i r.;f»**i 0.072 0.329" 1 0.p19™) 03247
o
’ :
O ‘
S , g
N 1)
C 3 ; ++
0.639""; 0.21877 o.za;::] 0.857""1  0.790")  0.787""1 0.578

Levels of signif'iccuce

&8
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collected in the November survey., Sinilar results were obscrved for

the dry lecaves.

The concentrations of the nctals in the soils {ollowed the sane
trends as shown by the plants bubt in Hi: soile thc ai.loroncos between

the sampling surveys were not o3  roat os the didfsrences dbserved

for the plants.

The cerrclation cocfficients were, in gencral, less si nif'icant
for the plant data than for thc soil data. Only thc nicksl, anganesc
and iron concentrations in tho leai’ ash showed highly signifiicant
(<0.001) correlation cecefficiunts between the two sanpling surveys
whereas all the metal concentraticns in the soill, as well as the i,

were highly correlated bctwecn the surveys.

Because of the relcvance of these results to prospecting for
nickel and copper, graphs of the plant and soil data for the two
surveys arc shown in Figure IV - 1 f'or these two wztals. It can be
seen from these graphs that :lthouzh the soil dota shiov cousidorable
scatter they were more closcly rclated betwzen the twe surveys

were thc plant data.

3. Discussion.
It was evident from the results prcsented
above that the precision of the plant sampling procedure was very

low in the particular area studied.



Figure IV - 1 Relationships between the data collected in the

March, 1969 and November, 1969 sampling prograimes.

A Nickel in soils (=20 mesh fraction)
B Copper in soils (-20 mesh fraction)
C Nickel in Nothofagus spp. leaf ash

B iy

D Copper in Nothofagus spp. leaf ash

N.B. Correlation coefficients (r) are shown on the graphs.
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It should be pointed out that no attempt was made tc resample
the same individual trees nor was any attempt nade to resample soil
from precisely the sanie spot as that previously szipled., It is
probable that the lack of agrocient between plant samples was due te
different trees being sampled in each survey, as well 2g to the natural
variations in the netal contents of the leaves due t:: age, foliar

leaching, changing lizht conditions bencath the fourest conopy cte.

The soil saiiples showed closc agreenent between the surveys
and this is a very definite point in favour of scil sanpling relative

to plant saipling.

One way of improving the precision of plant sampling would be
to sample an area by means of "cells" rather than discrote seuipling
sites. To do this, the area is divided into small rcctangles (cells)
and a number of trees are saipled at random fron each cell. The
sanples from each cell arz analysed and the results averaged to give

a value for the cell as a whole.

This procedure would overccme izuci of the veriability among
individual plant samples and should result in greator sempling
precision. This precision cculd bc increased furticr by L2king a

greater nunber of saiaples fron each cell.
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C. FURTHER COMMENTS ON TUE THREZ NOTHORAGUS SPECIES.

1. Introduction.

In SECTICH III it was showm that the
percentage ash weights and the relative accumulations of imost metals
in N.fusca were more similar to the velues for N,truncata than to
the values for N.menziesii. In view of the possibility that these
observations were related to phrsiological differences between the
species, confirmation of thc previous results (SECTION III-F) was

sought from the present results.

Since the previous samples were collected in March, 1969
whereas the present sanples were collected in November, 1969

seasonal differences were expected to be evident.

2. Results.

The mcan percentage ash weizhts and tlic mean
metal concentration on an ash and 2 dry weizht basis are presented
in Table IV - 3. As was observed previously (SACTICN III-F) the
nean percentage ash weight for H..enziesii was nuch lower than for

either N.fusca or N.truncata. The percentage ash weights of the

latter two species were quite sinilar, in agreement with the previous

resultse.

The concentrations of all the metals were highest in the leaf
ash of N.menziesii, but on a dry weight basis the concentrations of

nickel, copper, zinc, chromium and iron were higher in this species.



LiBLS IV - 3

Mean concentrations of some metals in the leaves of the three fothofagus

species collected in November, 1969.

PeP-R. %
Species No.of % Ash Ni Cu Zn Cr Fe .Ca ''''' ﬁg hn o K
Samplesl . - O T S p—
ASH E ; ; :
N.fusca 35 4.90 i85.6 99.7 309 10.3 1088 319.9 5.2 1,46 11,2 §
Soil 163 95.7  93.h 453 -~ 15,05  4.90  0.122  0.692
N.truncata 30 5.24 | 110 8h.l 261 10.3 1101 § 22,0 427  1.30  9.18
Soil 185 39.7  77.7 909 = 5 £.53  5.90  0.113  0.615 ;
N.menziesii 21 3.4 170 214 652 1641 2273 é 22.7  5.90 1.71 13,4 ?
Soil 178 93.3 90.5 L75 - g 6.37 5.85 0.136  0.667
DRY MATTER i ;
N.fusca 35 4.90 | L4.19 4.8 15.1 0.505  53.5 % U.975  0.257  0.0715 0.549 ;
N.truncata 30 5.24 1576 L.42 13.7  0.540 57.6 é 1.15  0.224 0.0681 0.481 |
N.menziesii 21 344 §5.84 7.36 22,4 0.554  73.0 i C.780 0.20%3 0.0533 0.461 ‘

68
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L bl

IV - L,

Mean relative accumulations of somc metals in the leaves of the threc Hothofagus species
collected in March, 1969, and November, 1969.

Species Survey No.of % Ash RE Cu Zn Cr Ca Nig ¥n K
Samples
ASH S - -~ R
.fusca March 35 4.99 0.835 1.06 3.23 0.0159  3.39 0.993 9.13 1442
ooV, 3D 490  _0.525 Q4 3.3V . 0.0227 3.9k .07 __11.9 __ 1G3
N.truncata March 10 L4.96 0.737 1.2 2.99 U.LU86 3,23 0.756 9.11 e
Nov. 30 5e2k 0.596 2e13 330 eeQiiZ B0 30  Ow72h 11,5 e d
N.menziesii  March 41 3.23 1.40 2,26 752 0.0316  4Cly 1.23 13.5 17.2
llov. 21 3,0y 0.959 2429 7420 0.0339 3,57 1,00 12,6 20.1
DRY MATTER
N.fusca March 35 4499 0.0416  0.052G 04163 5.0008  0.106Y 0.0496  0.45. G719
Nov. 52 4. 90 0.0257 __0.0011  0.163  _0.001 0.i33 _ 0,052k 0.536 __ 0.797 .
N.truncata  March 10 4.96 0.0365  0.07CL  C.149 0.0.0%  C.i6C 0.0376  0.452 0.652
Nov. 30 5420 0.0312 _Colll 0,176 ©.0005  $.176 ___ 0.0379  0.603 0.782
N.menziesii liarch 41 3.23 0.0454  C.073%  0.24 eCOIC  Uei 3 0.0317  0.437 0.558
Nov. 21 3.4 0.0330 0,078 _Cu24)  0U.UUi1 _ 04123  0,0345 0,433 0.691

06



91
Because of the diflercnces that were evident ucetivveen theo izean
netal concentrations in the soils correspending; to cach species, the
relative accwiulation values for some nictals gave a better basis for
coparison between the specles. These values are presented in Table

IV - ) as well as the values obtained in the previous survey.

On an ash weight basis, the relative accunulations obtained
for both sampling surveys were highest for most metals in Neienziesii.

On a dry weight basis, however, only the accunulation oi’ zinc Ly this

speciec was markedly different from either ,fusca or I.trunezta.

When the metal concentrations in the dry leaves are considered,
Table IV < 5, it was appaient that the concentrations of zinc, chroniun,
calciun, magnesium, nanganesc and potassiuwa were hipgher in thie lovenber
saiples whereas nickel was higher in the March saiples. It can also
be seen that as well as zinc, iron showed higher concentrations in the
dry leaves of N.mengiesii then in the dry leaves of the other two
Nothofagus species for both samling surveys.

Differences in both the rclative accuiulations and the metal
concentrations on a dry weight basis between N.truncata and N.i'usca

were very snall,

To test the significances of the differences in the percentage
ash weights and the concentrations in the leaves of zinc and iron
botween the three species, values of Student's "t were calculated
on the geometric means and standard deviations, These valucs are
given in Table IV - 6 from which it can be seen that high values of

t were obtained far the differences hetween Nemenziesii and the other



TABLE IV - 5

ilean metal concentrations in the dry leaves of the three Nothofajgus specics

collected in March, 1969, and November, 1969.

Do Peml. I % E
Survey | Ni Cu Zn iCr Pe ! ca | e Mn ! K '
N.fusca March | 7.58 | 5.6L [ 12.8 '0.406 63.0 | 0.935 | 0.231 | 0.0549] 0.304 ;
Nov. 419 ! 4.8 15.1 30.505 53.3 | 0.975 | 0.257 | 0.0715] 0.549 ;
' SN [ N N |
N.truncata | March | 7.45 | 4.40 {11.0 lo.363 50.5 | 1.05 | 0.203 | o.ou8s!  0.271
Nov. 5.76 | 4.42 [13.7 {o.540 | 57.6 | 1.5 | 0.226 | 0.0631] 0.481
b b -
N.Menziesii | March | 5.91 | 5.20 |19.3 {ov.407 [80.5 | 6.623 | 0.155 | 0.0500{ 0.263
Nov. 5.84 7.36 22.4 0.554 78.0 Ue 750 04203 0.0588 0.461

43



TABLE IV - 6

Values of Student's "t" for the differences in the percentage ash weights and the

dry leaf concentrations of zinc and iron, between the three liothofagus species.

- —— 7 —— —— fn . e s L

N.menziesii : N.fusca a Y.mengiesii @ M. truncata i'«fusca : N.truncata
e ol s, Al b S s
{ March Nov. i larch lov. March Nov.
b i i £ BB o s iy e, R
Percentage ash weights 1O.98++ 9.90++ ; 10,667 10.95%F 0134 1.55 ]
i , ' ;
Zine 12.717F 5.667 4 10,707 v\ 1.55 2.60"
[}
Iren 7.56"" 6.5177 ! 9,007 6ub5T 1.78 2.13
L]
i {
Levels of significance:  ++ < 0.001
+ <0.01

€6
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two species. These were in conteagt, to the much lowew valucs Obtained

betwean N.fusca and N, truncata,

3. Discussion.
The results of both sawpling surveys showed

that the three species of the Hothofagus genus could be divided into

two groups, with N,menziesii in one and N.fusca and I, truncata in the

other, on the basis of' the ixetal contents in their leef ash, their
percentage ash weights and the zinc and iron concentrations in their
dry leaves, It was also shown that the latter three varizbles were

significantly dif'fcrent between the two groups.

In SECTION III it was observed that as the¢ lcaf arca iucrcased
froa the Nothofagus genus through W.racemosa to Qsacutifolia, the
nean percentage ash in the dry leaves also increased in the order
4,05, 4.65, 5,05, Fron the results presented in the present study
it was apparent that the ncan pcrcentage ash in the zualler lcaves
of N.menziesii (scc Plate II), wa.g louer i.e. 3.23 - 3,44 than in the
larger leaves of the othar Hothofszus specics i.c. 4.90 = 5.24. It
seencd thercfore, that there we: a relrtionship between the leaf area

and the percentage inbrganic matcrial in the leaf,

In SECTION III it was suggested that potassiun and nanganese
bore sone relationship to leaf area and when the rclvtive accunuladions of
these metals in the dry lsaves wore comparad to the leaf length a
good relationship was ewident (Table IV - 7). The precise functicns

of potassium and menganese in the leaf tissues have not been clearly



TABLE IV - 7

Leaf length in relation to the ncan relative accumulaticns

. . e +
of potassium and manganese in the dry lceaves.

Species Leaf length (c)++ X(#) -r:(ﬂi)
N.nenziesii 0.8 - 1.2 b V. 602 04135
'N.fusca 2.5 - 4.0 0.753 0.522
} §.truncata 2.5 = 4.0 0.759 | 0.565
| % i 2.5 - 10.0 0.836 | 0.525
O,acutifolia 6.0 - 16.0 2.23 Q.770

+ Values for the Nothofagus species are the means of
all samples from both sampling proxra.uies.

(Soils, =120 nesh).

++ Data from Poole and iidamg (1963).
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cstablished but the present results may be related o an incrcasing

proportion of chloroplasts in the leaf with increzsing leaf arca.

The differences in the zinc anld iron contents of the dry leaves
between N.menziesii on the one hand and N.fusca and H,truncata on the
other, may be of genetic origin. GCockayne (1926) and Cockayne and

Atkinson (1926) indicated that Nefusca and N.truncata must be closely

related genetically because they uadergo hybridisation.whereas
N.menziesii would not be s¢ closely related for they found no evidence
of hybridisation betwecen the latter species and any other. Cockayne
and Atkinson (1926) also showed that the other two Jothofzjus species

N. solandri and N.cliffortioides can form hybrid swarns with

N.truncata and N.fusca but not apparently with Nencnziesii. It

would be of considerable intercst to know how the netal concentrations
in the dry lecaves of N.solandri and N.cliffortioides comparc with

those in the dry leaves of H.fusca and N.truncata. I, as the present
results tend to indicate, li.clifiorticides and 1. solondri have relative
accunulations of nickel sinilar to those of M.fusce and I, iruancata,
then the uscfulness of biogecchc ‘ical prospceting for this actal

could be extended above the wexi i altitude level orf about 7,500 feet
for the latter two species, to cver 4,000 fect where I'.cliffortioides
predoninates (Cockayne, 1926). This is a possibility which could

be considered in future extensions of biogeocheriical prospecting

using the Nothofagus genus.
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D. THE RELATIONSHIPS B.T.iEHN THE METAL CGACNTRALLGHS IN THE

LEAVES OF THE NOTHORAGUS SPECIES AND THE 1STAL CGHOENIRAT-

IONS IN THE SOIL.

1e Introduction.

In the preliminary studies (SECI'ION III)
it was assumed that the coarse fraction (-20 mesh) of the soil was a
good representation of the plant substrate. Before further, :ore
detailed investigations werc nade, however, it was necessary to find

how justified the initial assurption was.

2. Preparation of soil fractions.

(a) DMethods.

Jour soil fractions were considered, and
these were prepared as follows: Three portions of the -20 uesh
fraction were taken, two of which viere furthee sicved to yicld a
~120 raesh fraction and a -400 mash fracticn. The totzl metal concen-
trations in all three r'ractions wers deterniined. Ia adlition, the
extractable metal concentrations in the =20 mesh fraction was

deternined.

It is well known that the apparently simple process of sieving
is in fact quite complicated and the statistics of the process have
been discussed by Griffiths (1967). With respect to the present
study, the fractionation of resistant from non-resistant .iinerals
as a function of sieving time was important. This ¢ffcet, as well
as the possibility of contamination from the brass sieve used, was

studied briefly for the -400 mesh fraction.
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(b) The extents of contanination and fractionation
during sieving.
(i)  Methods.

The following experinent was
carried out: A sanple of soil was passed through the =400 ncsh sieve
four tines. «t each stage the sieve was shakcn for one :ixinutc and the
material which did not pass through the sicve was discarded. 4 siiall
portion (0-200gu) was taken of the material which passed thirough the
sieve at each stage. Each fraction was analysed and the results are

shown in Table IV - 8.

(ii) Results.

Phe results of this cxperinent
showed that of the metals analyscd, nickel, zinc, .iangenesc and
potassium showed no change in concentration with prosressive sievings.
On the other hand copper, chromiuwi, calciwi and magnesium all showed
increases to varying cxtents. The increases were expressed as per-
centages of the concentrations in the first fraction and these values
are also shown in Table IV - 8. The greatest increase cbserved was

for copper.

(iii) Discussion.
Since the composition of
brass is approximately 66% copper and 304 zinc and ii' tho increase

in the copper concentration obscrved with successive sievings was



TABLE IV - 3
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Analyses of a soil fraction at each stage of [our successive

passings through a 400 mesh brass sieve.

No.of times PeP.Me e
sieved Ni Cu Zn Cr ; Ca Iz Mn K
-~ S -

1, 170 17.5 85 325 ! L4L.60 L.30 0.100 0.55 !}
: . '
i 2. 1170 18.8 35 830 ! L.£0 L.35 0.095 0,52 i
% 3. 170 21.0 85 855 480 4.50 0.100 0.55
I i _
; L 1170 22.5 85 880 4490 4.70 0.095 0.55
E
i 9% increase | 0.0 28.6 0.0 6,7 6.5 9,3 0.0 0.0
! between the
! 1st & 4th {
i sievings. i
Il 1
]

L!BRARY
MASSEY UNIVERSITY
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due to centamination, then a small increase in zinc would also have
been observed. No such incrcasc was, in tact, apparent and in view
of' this it was considered that the observed results were probebly

due to :ineral fractionation.

Both primary siliczte (unweathered) and secondar; “incrals
(clays and hydrous oxides) were present in the soil, Thc more nechan-
ically=-resistant prinary silicate mincrals of the Conplex comtained
cnly small amounts of copper vheooces the secondsry .inernls containcd
a considerable amount of exch~ugznble coppur derived ro . the chenical
weathering of small coppoer sulpniidc deposits,  The continueus roeioval

lted ia on oin-

w

of priiary iiinerals during the si.ving jroccss re
creasing proportion oi' scouiii ry mincyols in tho rrocticn pasosing
through the sieve and hience an increasc in the cowper contens of this

fraction. Further coii:ent on this cr'fcet is made in Part 3 of this

section,

(c) BEvaluation of different soil extractants.

(i) liethods.

Preliminary expcriiients showed that
extraction of the soils with water removed very small anounts of the
trace metals fro:: most samples and in the presence of the organic
natter alsc extracted these small anounts could not be accurately

determined.

Approximately 30, -20 mesi: s~il sa.ples were cxtracted with

the following solutions: 1 M a.:ilonium acetatc, 0.5 M acetic acid,
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0.05 M disodiwa: ethylenediauinetetraacetate and 1 I hydrochloric acid.
Four gu of' soil were shaken with 10,0 1l of extractant for 6 hours.
The sawmples were centrit'uged ond the supernatant analysed «Jdircctly

for copper and nickel,

The approximate mcon concentrations extracted by these extract-
ants were (nickel concentration first figure, copper concentration
second figure); hydrochleric 2¢id, 10pepeiie, 13P.waite; cdisofivm
E.D.T.A, 4pip.n, 6p.p.ri.; acetic acid, 1p.p.m., U.kp.p.m.,
ariioniunm acetate, Oo3pep.u., 0.2p.p.m. The dilution fzctor uscd
(weight of solution: weight or s-il) wrs 2.5 vaich .i:ant Zhat the
concentrations in solution vers in the range Spepems be liss thdn

S

Ostpepeiie Levels below 1hereiie o uld net bz Jdetemined acouvrately
in the sclutions duc to intericrence, apparently Jro.. orgnaic aterial.
Since no further purification of the extracts was practical, the
choice rciiained between hydrochloric acid and disodium E.D.T....

There appeared to be little diffcrence between the results obtained
for these two extractants whon coipared to the total concentrations

in the plants and the soils. 1 M hydrochloric acid was thcrefore
chosen because of thc higher concentrations extracted witih this
solution. It was noticed that the extraction of most meials by

hydrochloric acid was time-dependent and a further experiient was

performed to investigate thise

(d) Tine dependoince of the netal concentrations
extracted fro: soil by 1 M hydrochloric acid.
(i) hecthodss

Lfive soil sanples werce crch
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divided into six parts and cach part was extracted for a different
period of time. In each case 104021 o©. 1 i hydrochloric acid was
added to 4.0gm of soil in a 20.0ul glass phiial. fhids phaeil 028
rotated about an axis throuzh its ends with the zxis Reriscui-l,

The speed of' rotation was 1Y) revolutions per nminute, Samples were
renoved =2t intervals of 0.75, 1.5, 3, 6, 12 and 24 hours, ceatriluged
and filtered where necesszry tc ruzove {leating orga:nic ivxitire The
scluti~-as were analysed without Curther dilution for nic<el, o ncr,
zine and chromiwi and after a dilntion of 50X witl C.8% Sr(ﬁoa}g’

for calciwna, magnesiun and potassin:,

(ii) Results.

The results obtained arc
presented in Figures IV - 2 and IV - 3, It was =2pparent that for
nickel, copper, zinc, chroroiium and magnesiwi, the extraction was
time-dependent with a mininwus of six hours to achleve greater than
75/ extraction. For calcium and potassiw: on the other heond, cowiplete

cxtraction was achieved in less than 45 .iinutcs.

(iii) Discussion.

The 1mpid extraction of
calciun and potassium scenicd to indicate a single st-opn nrocess,
whereas the extractions of thc other wmctals iaplied o two step
process. For each metal the first process extract:d diifercnt

e

percentages of the total a.iounts extracted. I, in the first 45



CONCENTRATION (PPM.)

500

250

Calcium

Magnesium

-",.s’—‘* - .
°
1000
® —
[ ] [ ]
°
o
A
500
'
:'S I
" el
= 1 1 | L1 1 | 1 |
Nickel
-

o = 1 Il I} L1 i L 1 I
3 6 12 24 3 6 12 24
TIME (HOURS)
Figure IV-2. Concentrations of metals extracted from soils by cold 1M HCl as a function

of time.



CONCENTRATION (PPM)

500

250

-
(=]

w

[~ Potassium

L]

Chromium

L 1 1 1
Zinc
| 1 1 1 J
3 12 24
11 L 1 1 ]
3 6 12 24
TIME(HOURS)

Figure IV-3, Concentrations of metals extracted from soils by cold 1M HCl as a function

of time.
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iiinutes, the rirst process is assumed to be dozinant over the second
process then the amounts extracted oy this ifirct procsoss xprossced as
a percentage of the total amncunts extracted wore: calebun, 100H;
potassiunm, 100%; chromiun, 70%; copper, 50%; zinc, 50%; nickel,
30%; rnagnesium, 20%. although these values are only approxinate,
they illustrate that dit'ferent t:pes of cheiilcal bonding cccur

between various cations and ctlher coil constituents,.

The process effoctive in tiv: first step wis preboed o sicle

cation exchangc. 'The sccoad sien possivly ravolvad the doconosition
of organic complexes and tho dissclubion ol incrs-nic cromowids sucit

a8 hydrous iron oxides whiich contnined occluded ehals,

i lthoug!. these findings have important implications witih: respect
to the availability of cztions to plants, nc further investig:-tions

<

into this probler were undertaken in this thesise

(e) Conclusionss
It was concluded from the above
results that it was necessary to sieve all the soil samples to
approxinately the same extent to avoid the concentration of' copper
in the soil fraction. This was achicved by sicevint until bleck
mineral grains were obvious in the unsicved portion, 2% ich stage

sieving was stopped.

From the time-dependence studies of the cold iydroci:loric acid

extractions, it was concluded that suf'ficiently complete extraction
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was obtained after 10 heours shi-ising »nd this period vies adunted as

standard procedure.

3. Diffcrences betwoen the metal concentrations in the

(a) Results.
The mean netal concentratious i.. the

various data sets are shown in Table IV - 9.

%ithin the three soil nesh fracticns, the total mectal concen-
trations showed different troends depending on the w=tml. Copper
and zirc both showed incrcasces in concontration ttile crleivey and
nagnesiul showed decreases in councazni eation on going [ror. the -=2C
nesh fraction to the =-400 mcse f'emetion.  The groaitess lucrcensc was
for copper where the conconir:tion in the -400 esh fracticn wis 42%
higher than the concentration in che -20 ~esihi fraction. For zinc,
the increase was approxinmatcly 84e The decrcases for calciw: and

magnesiun were 20% and 144 respectively.

“then the hydrochloric acid=~extractable metal concentrations
are considered, it is apparent that the percentages of the total
concentrations in the =20 mesh fraction that were extractable varied

from 0.1% for potassium up to 20.4% I'or copper.

(b) Discussion.

The :.i0s8t significant findin  tc



Mean metal concentrations

soil fractions.

TABLE IV - 9

in the leaf ash or the :{

othiofagus

Woror ] e .__.._,.wr”-,“-“...,.,ﬁ.
Data sets Sauplesf Ni Cu Zn Cr ;ca lig in K
i t _,; 1 el e ws e e e —— ——
Nothofagus leaves 140 7 109 § 105 1344 2.2 120.4 4.82 129 I 10.3
! i ! ' q
Soil (-20 mesh) 147 4 170 ; 66.5 -85.6 525 439 Le 63 0.712 | 0.60k
: : i ‘ A
! f : S _ i ;
Soil (-120 mesh) L6 4 167 ! 81.5 137.7 H36 k.25 ! r0 i G102 § 130
s : ' a
: i i .
Soil (~-400 mesh) 14 1 168 ¢ 94T 1525 LTS R l 5.9 2 ! 0.5.0
Soil (cold HCI 146 1 9.30F 13.6 [ B.ik RO 0.0k16! ST - 1 0.0101
-2C mesh) : 5 ; : i E f
_%_ i _— ,4‘4 ._4; - TGN ..;.... ~— .l s ._...l IS,
% extractable from E ; 3 i i % ﬁ
the -20 mesh fraction i 5.3 7 20,41 9,5 5.6 Y u.35 et -t 0.10
H I i ‘ ¥
by 0. 4 IS W _m.jl'.«._--,.__l____.._

soccies and in the various

o]
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enmerge fron: these rcesults was the increasce in coppzr concencrstion

=)

which occurred with incrensing proportions of f'ine particlies in the
soil fraction. As mentioned previously, it was likely that a suwo-
stantial part of the copper in the soil was derived from the cheiidcal
weathering of small disscninzted pockets of copper sulphides., This
copper would be associated wninly with the secondary izinerals such

as clays and hydrous iron oxides with whicli the finer scil t'ractions
were enriched. Indecd, in thie =20 ncsh soil iracrvion ap rooioatoly

20% of the total copper was soluble in dilute hydrociloric acid.

This was in contrast to the niclel which in the soils and rocks
was present mainly in the silicric wincral pyrexcnite. The dispersion
of nicksl was thereticre vy wehanic~l 23 well ag caomicnl wmnthoring
with the result that the szeoudney minersls wore nob cnrichicd with
nickel. Tht ncan porcentage o0 solible nleler ia the =20 mesi

Iraction of theé soil was only H.8.

These findings cupinsisce the difricultics in .nking: coiiparisons
between the absolute copper concentrations in plants and scils with-
out very spcciiic knowledge of the soil fraction concerncd. It is
shown in a later part of this scction, however, that although the
concentrations of copper varisd between dif'ferent soil fractiomns,
the distributions of copper over the grid area were the sane for

each fraction.



L. Correlation cocfficients betwuen the .

goncentrations in the plants and in the vari.us
oLl Arautaone
(a) Results.

Zhe correlation coettficients obtained

are shown in Table V - 10,

Highly significant (<0.00%) correlation coeificizncs were
observed between the nicliel concentrations in the leaf asir and the
concentraticn of this :etal in the soil fraction, Coefficients
significant at the 0,01 level wore observed in the case of co, ;cr.
111 other correlations betwoen Lz plant and zoil data sets ere

insignificant,

Little differcnce v apparent betweeu Lhe cor.elaticas on

an ash weight basis and thos. overined n a dry wel it binds or nickel

whereas for copper the corrclations on an ash wei bt L-sis vere

slightly more significant than those cbtained on a dry wei Lit basis.

(b) Discussion,

It was apparent frou the resulos
obtained that all soil fractions were equally usci'ul as revrosiat-
ations of the plant substrates. The -20 nesh soil fraction suc 2d a
slightly lower correlation coefficient for the case of nickel, but
whether this was significantly different from those obtained for the
other soil fractions was d-ubtful. Thc sane conclusions werc drawn
for copper. These findings suggeica that the original deccision to

use the =20 mesh soil fraction wns juatificd.



T4BLE IV - 10

Correlation coefficients betireen the metal concentrations in tlc leaves aznl

the rietal concentrations in the various soil fractions.

. No.of .
3o0il f'raction f Samples . i : Cu
i ; =
Lsh : a T’
-20 mesh © 140 1o.soitt ot o.3077
: Z
-120 mesh i 139 0.546" : 0.296"
~4,00 mesh 4353 0.52,""  0.269"
P S +
Cold HCI extract i 139 0.545 1 0.306
(=20 nesh) i :
Dry | : :
! ; ++ P
-20 mesh 14,0 | 0.533 0.263
_ : |
-120 nesh 139 0.556"" ! o0.261"
-4,00 nesh 138 0.522"" | 0,21
Cold HCI extract| 139 0.5197" | 0.2257"
(-20 mesh)

Levels cf

0216
. 0.159
i ¢
c0.113
i
1 04050
i i
‘L_
‘ t
)
i
: (Ju 1 _;
P L0824
§ 0.0%5 ;

;
l
)
l

~0.050

)
N
e 10 !
0,12
E
0.0.3 ¢
4
0,07

signitricance ++

+

<1 0. 001

< 0,01

|
@]
«
N

—— v o=

-0.018!

—w. 175

S i Mn I
0,097 ¢ =0.119 ! 0.08%
2.s69 t -C.099 } 0.092
i

ColiC y =0.171 | =005

G.173 | = -0.07
f

R L™ WA =
]
§
| {

seizi § =056 | 0.026

I Y =0.175 1 0194,
|
)

G127 | ~U.2us | 0,009
s = 0.199
f L
! {

2ol
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The correlation coefrficlcnts obtained were similar to thise

obtained for the Nothofagus genus in the preliunincry surve (SECIION
III) and supported the decision made in that scction te chese this

genus for further study,

The siight diff'crences observad betieen the cerrelstion
cocfficients based on an ash wol bt =nd those brsed cn 2 dry woilsht

basis supported the preferential uce of ¢ acenteratinns barsed va ash

weights,
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. THE USE OF TR.ID ANALYSIS TC COMP:RE AIND INTERPRoT

4

BIOGEOCHEHIC.LL 40D GEOCHEMICAL DaTis.

1. Introduction.

In provicus discucsicns, plant soil relation-
ships for various netal cuicentrations were cevaluated by cooputing

ccrrelation coefficients. Thsse cocificients g:v: soie idex o the

"strength" of the relationsnips but no ideaz of the processcc involved.

Any attenpt to interpret o dota set in teriis of the processes
involved is usually 1i:ited by the 2xperimental crrors inheccont in
the data. This is particulsrly 3o with the type of data consiacred

in this thesis (%iesch, 1584, The usual w2y of ovarces in: this

Problert iz to utilise a statisticenl bteel:iicua to givienite the dnta
into conponents, sone attributable 4o wpwonnin-l'vl orocesscs 4nd otaers
3 i

to experimental crror.

There are tio statistical proceldures which have buconc pupular
in recent years for dealing with this type of data, tactor nnalysis

and trend analysis.

(a) TFactor analysis.
Factor analysis is & term
applied to a statistical procedure which is used to separate a set
of’ variables into groups (usunlly called "factors"), where cach
factor is a result of a particular process. any datz sct, contrining
more than one variable, witl be a function of a nunmber or differeont

rocecsses., ror exanple, in the case of the uctal concuntbrations
b
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in the leaves of the Notholfagus genus, these processes arc these
depicted in the biogeocheriical cyele discussed in 3ZCTICH 1. To
illustrate the type of inioriwti a lact r analysis could give,
hypothetical result which :dght be producsd by flelter @ualysis of the
Hothofrngus data sct is discuscel bzlow,

If this datz sof goo subjocted to factor nnal qals wlis mathe-

satical procedure would possibly de Crecors 25 Pollows:

(@
'y
i
C
L=
-~
c
L
jae
=
i

nickel and copper

copper, zinc, calcium, nagnesium, nanganese fron ~nl pltassiua

(1)
(2)
(3) zinc and iron
(&)

chromiwi,.

For cach factcer, the relative welshiings of cac vorioble in
the factor would be calculated as wcll as the zowun’ o0 the voriance
in the original data set cxplainced by each of the four factiors. Onco
the factors have been derived, it remnins for them to be interprcted

in terms ot known processes.

In view of the previovus rosuliy obtoined din this thwezis, Freuor
(1) would be interprcted as duc to .dncralisition ia the soil, Factor
(2) to the essentisl maturc of tii: .wtels to tho wlant's nutrition
and Factor (3) tc the differcaces botwosnu s.uensiesii and tho other
two Nothofagus specices. Ilore investigations would be nccessary to
interpret Factor (4). It is, however, very likely that mor. than
four factors would be evolved to explain all the variancc in the

original data but some of the factors would explain only small anounts

of the variance and would therefore be ignored.
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The above example, although entirely hypothetioal, illustrates
the type of informntion factor analysis could give when applied te the
study of retals in plants. Tho general theory of factor ~nalysis has

boen discussed by Cattell (1925) ~nd applications Lo sioel.s dcnl

problens have been describod by Cruiacion <1jﬂu; 1965) e Gameett (1907).

Llthough the abovy exanple illustratzd o poscivle appliention

sdvan—

F_‘,

of faector anzlysis to the w»resent study, the jethod hod one di
tage; it cculd not give = suitabdle basis for copariscn betieon the
netal concentrations in the plants and the metal concentraiions in
the soil.  3ince this coiparison was onc of the prine objectives ol
this study, factor analysis was not used, Trend analysis, howover,
as well as belng 2 very good iicthod for nsking couparisons beticen

diff'erent scts of @y data, czu also give results which nay bo

interpreted in terns of the processes involved, and can tho,uiore
replace tn a smail extent the functions ol factor anal;sis.
(b) Trond =nslyais.
The purposc of this tochninue

is to separate obsepved nap data into various cooponcuts, ¢hich of

A

which may be more easily intcrpreted thon the raw deto in terms of

cnvironmental influences.

This technique involves the fitting of surtaces-oif-best-fit
by regression analysis procedurcs to the obscrved data. Thesc
surfaces are given by a regression equation from which an estiuatc

of the value of the variable measured(called the "dependent" variable)
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nay be made for each point on the zrea samnpled. These estiixzted values
lic con the surface-of -bcst=fit. The rogression eqguuition nxa the form
T = K+ KT L‘T L L LB + I\T_‘lLIl_F o eoc e e
vhere T = the estimated value of the variable b o
(X,Y) on the sampling ar:-,
K = rugression constint
K1 ....Kvl = regroseion coclficicnis
L
L L = teri-s in the co-ordinates X and Y.
T ecee N
These terms are the "independent® variibles and mny boe polynimizl or

non-polyno:.ial,

To obtain the comioneciis of the data set
oi' the environ:iizntal prccesscs (resionni processes
the major part of the aree sre asswazd to b givoen

best-i'it, and the devintions oi the observed drta

Ao

Q I

s a

contain the error cowponcat of the data.s Thus, in

¢nables the behaviour of' the rezionzl processes to
situatio

of' experinental error. In praciico,

but the surface can b influcneed by other eifocts
explained below with referencc to gecciizmical dtia

The application ol trond suadlysis Lo gzolog

~ oo
[SFELS)

nap data has been discu

over thse last

Micsch, 1964: Krumbein, 1956; 1959; 1966; 1liesch 2

Nichol et al., 1969).

In the case of geocherical data, the result

as having three main components:

, the behaviour (trond

) which act ovur

by the nurfzgco-er-
rom UhlS surtace

thcory, the iethod

be exardined (rce

ST B I SR T o
n is 2l ost achieved
mic . Wil bo

iczi and gcocheiiical

d and iilustroted by a4 uwbor of vorkers

two decades (Lgterberg, 1964; Cancoon, 1904; Connor and

nd Connor, 196.;

s may be considered



(a) Regional trends duc tolar e-seals geoloziczl processcs
such as changes in the naturce or the bedrock which noicet {ho = jor
part cf the sampling arca.

(b) Local deviations fre the rogirn~L troende Doviatious of
this kind extend over move thon one saiple site 8L geonornlly  rlse

from small~senle geologsictl anomalics such 78 mineralis

(¢) Rando:r voristicon over the snnpling ~rcs, usunlly cniled
'noise" which is causzd by sampling and ~ntlytical crror (wiosch,1964;

Hiesch 2nd Connor, 1968).

To cobtain these¢ thriee cuiponents froa a trend analysis procedure,
the surface-of-best-1it is consldered to be the regionnal component.

The local and ncise couponcints ore containcd in the devirtions of

[

o
L

the observed data from the rcgional trend. These dnvi
usually called "residusls" ~nd the latter two couzponents :imw he
separated by observing the sign of ~djrcent residunls. ‘Yhere = group

of' ndj=cent residumls ~n1ll h-~ve the seme sign they re shid to be
Py

"~utocorrelated” (Ligterverg, 1966; Connor ~nd iicscl, 1.{4) nd in

this case positive autocorrclrted ros

AN rogions of
anoinnlous loeal influence, If the dependent voriahle ic a etal
concentration in the soil, then th.sc ~nomaicus features may be

nineralised zoness. Residunls whnse signs vary 1. v ranacm - shion,

i.e. are not ~utocorrel~ted, contzin the noisc conponent of the dnta,

Although in nost prospecting applications, it is the auteo-
correlated positive residunls which are of the most interest, thc
actual trend surfzce may alsc be usetful to indicate the regular

behaviour of the data over the arca concerned.
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The method of trend analysis uscd in this thesis was thot of

Miesch and Connor (1968) who suggested = stepwise multiple regression
procedure using non-polynonial =3 well z2s polynciiial tecriis to the
fifth degree. Thelr method w~s brsed minly on ths method of
Efroynson (1960) and ennbled indciuenl.nt terns toe be individo~lly
added to or delected from the regression couttion doncnding on the
degree of improvement they node to the cguntion.  Thc luwel of
significance f'or the degrie of improvoncent was speeificd witlhi the

input dnta.
For use in this thesis a prograrme based on their mcthod was

written by the author in FORTRAN II - D and a discussion of this

prograime is given in the appendix.

220 Data distributions.

Since regression ~2nalysis is
based on the assumptions of normal lew, it is necessary that the
distribution of the dependent varizble be normel or at lcast

symmetrical (Garrctt, 1968; . iescl, 196L; Middlecton, 1963),

It was found that alrost all the date sets used in this
thesis were positively skewed and because ol this, 2 basc ten
logarithmic transformetion was made standard procedure prior to

the calculation of correlation coefficients.

For multiple regression analysis, however, the distributions

of the data were more critical and histograms were constructed
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for both the raw dota and the logarithiic dnta scts. Insgectien of
thesc histograms or the nickel and copper concentrations i ths leaf
ash of the Nothofagus spccies and the -20 nesh soil [raction showed
that the p~; data in all cases were positively skewed. By transforn-
ation to base ten logarithns this skewncss was roduced., Thoe rosulting
distributions were approxinately symmoetrieal nd chogzd only ainor
kurtosis. Since the other scil Crretions siowed sindlor disteibutions

for their copper and njckel councentritions 5o the =20 mozh froctlon,

they were alsc transicrcd to bose ten Logaritims

3. The epplic-ticn of trend analysis to the prescnt

; 1T

study.
(a) Intrcduction,
The two primary objcctives o
this part of the thesis are suicarised as {ollows:
(1) To cumpzre ths plant and soil concentrzticis of Loth
nickel and coppcr on the basis oi regional trends and lcecol deviations,
and
(2) to interpret the trends and deviations in terns of hio=-

geochemical processes.

The first of thesc aims vas achieved by computiag the surfaccs-
of-best~-fit at the 0,05 level of significance rfor caca data set and
comparing thesc surfaccs and the positive nutocorreiated resiiuals
while neglecting the renaining residuals which contained the errer

conponents,
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(b) Results.

Iso-concentration cont ours wers
plotted to encompass the top 30% of each data set., Those contours
for both the raw data and the positive autocorrelated residuals
as well as the trend surfeces are shown in Figure IV -4 for
nickel and Figure IV =5 for copper. The trend equations obtained

in each case are shown in Tabie 1V - 11,

(1) rickel.
The results shown in Table IV
-11 and Figure I¥ - B, indicatcd that tor nickel, the =120 iwcsh
and thz =400 nesh soil fractions showed slightly greater similarity
to the plant data than did eitiier the =20 mesh fraction or the cold

hydrochloric acid fraction.

If the trend of the leafl ash data is coiparsd to the trend
for the =120 mesh soil fraction data, it can be scen tnzt as che
nickel concentration in the soil increased, the concentration in
the plant also increascd but at a slower rate. This indicated that
the actual accunulation of nickel by thc plant was decreasing as

the nickel concentration in the soil was increasing.

The autocorrelated positive residuals for ecach set arc
contoured in Figure IV - 4C., It ca:il be secn from this diagran that
the residuals for each set shcw @ greater siilarity with each

other than do the raw data contours. (Figurc IV - 4A).



Figure IV - 4 Trend surfaces and iso-concentration contours of
both the observed data and the positive auto-
correlated residuals for nickel in the plants

and soils,

1 Observed data
2 Trend surfaces

3 Positive autocorrclated residuals

A Nothofagus spp. lcaf ash
B Soil, -20 nesh fraction
C OSoil, =120 wmesh fraction
D Soil, -400 ncsh fraction

E Soil, cold HC1 extract
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Figure IV - 5 Trend surfaces and iso-concentration contours of
both the observed data and the positive auto-
correlated residuals for copper in the plants

and soils.

1 Observed data
2 Trend surfaces

3 Positive autocorrelated residuals

& Nothofagus spp. leaf ash

B Soil, =20 nesh fraction
C Soil, -120 nesh fraction
D Soil, ~400 nesh [raction

E Soil, cold HC1 extract






Trend equations derived ~t thc 0.05 level ol sizniriconce.

Data set

Zqunation

Variance
Explained (%)

Nickel
Nothofagus leaf ash
Soil -20 mesh
-120 mesh
-4 00 mesh

cold HCL

Copper
Nothofagus leaf ash
30il =-20 mesh
-120 mesh
~400 mesh

cold HCL

Log (metal concn.) =

+1.890
+1.883
+1.887
+1.921

+0.720

+2.,020
+1.717
+1.858
+1.800

+0. 651

0. 000008X> 0.166Y
0.363 Log ¥

0.000010%” + 0.402 Log Y

0.000013%” + 0.380 Leg ¢

0.0246 Y

0.00000257* + 0.429(Log X. Log ¥)
3

2 . P B 5
0.00071X7 + C.0015X7Y - 0.0001 677 - U.00LC25%”

2

0.435 (Loz Y)~

0.00000014Y” + 5.997(Log X. Log Y) + 0.4323('1

0.0
16.4

24 1

17.6

gLl
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(ii) Copper.
The trend cquations and suritces
Tor the plant data (Table IV - 11 and Figure IV - 5B) showed that the
leaf ash tended to contair a constant cencentration oi coppor i.c.
105p.p.ms There was nc directional ccaponent to “he trend. (his
result was in contrasi to the trend surfaces obtained Lor LlLc soil

fractions which all tended to a maxinwa at the south side of the

sanple grid.

The autocorrelated prsitico residnals ror the load 2sh dotn
reflected local deviations ol tho lorf sh contevnt ~vove the optinus
value of 105p.p.in. These deviationg wors peotly Jdue to ~noialous
copper concentrations in the sell, bub oy visucl inspoction of the

residual contours (Figure IV - 5¢) it was o pirent that the seil

copper content was not the sole factor inf'luencing these dzviuztions,

(¢) Discussiocn.
Some comicnt must be meode at this
point concerning the validity of the trend surraces obtaincde 4
neasure of the "goodness-of'-fit" of a trend surrface is efiordced by
the percentage of the variance in the original data which is explained
by the trend equation. This percentage variance explained by each

equation is given in Table IV - 11,

Howarth (1967) has shown that linear, linear plus cuadratic
and linear plus quadratic plus cubic surfaccs which explsin less

than 6.0%, 12.0% and 16.2/5 resnectivcly ol the total variance of the
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dependent variable, have 2 9% chancc of being derived from random
data, Nichol EE g&. (1969) used troend surfaces with similar levels
of explanation to coipare the nickel contents of strearn sediicnts,
soils and rocks. In the resulting discussion (Parslcy and Dovoten,
1969; Wichol et al,,1970), iiichol et al, pointed out that the surfaces
were highly significant (>99.9%) and that they had considered the
validity of them to be illustrated by the degree of correlation
between the surfaces and with rolling mean anclysis. aucnbtt (1263)
and Tinkler (1969) showed thot cven vhere the explan~tions of
surfaces fell within the liiiits provesed by Hewarth (1967), =n
asgessnent of their validity could bo made in ter.s off the Miown

g201l0ogy.

In the present study, souae surfaces up to quintic dzgroo were
derived which showed low explanations {Table IV - 11). Thesc
surfaces werc, however, cunsidered to be valid because of the
agrecnent shown betwcen the different data sets. c.gp in Table IV -11
and figures IV - . and IV - 5. The corrclation coefficients between
the data sets obtained in 3ECTION IV-D supported this conclusiocn,

The results for each metal are discussed in turn.

(i) Nickel.
nlthough the ~greeciicnt between
the trend surface for thc plant data =nd thz trend surfaces fer the
-120 mesh and the <400 mesh soil fractions is sligh*ly better than
for the other soil fractions, the differences betw.en the trend

surfaces for all soil fractions was not great. as the ~20 mesh
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fraction is relatively coarse, it is likely that a larger samnpling
error, causcd by differing ratios of weathered to unweathered materinl
would be present, with the result that the regional trend wculd be
more difficult to detect in =ither the total or the coeld -CL -

extractable analysis of' the coarse fraction.

Fron the similarity that w=s apparent betw.en the trond
surfaces for the plant 2nd soil dato, it was cvideat that the niclel
concentration in the leaf asii w-a datecadined yriarily by the
concentration of this met2l in thoe soil. It was ~1ls okosorved that
the relative accwiulation of nic! ;i in the lecar ash dzereascd s
the snil concentration increased, This cobseevation iy be duc to
a nmetabolic process which tho plant operated to exelwic nickel from
its tissues as the concentrotion of this metal tendced to becouc

potentially toxic.

There is another possible process which may have led tc thc
exclusion of nickel. “hnere there were high concentrations of nickel |
in the seil, the HCl-extractable nickel concentraticns were also
high., In addition to nickel hoiever, ail the otner wetals “naiysed
in the HCl-extracts, i.e. copper, zinc, chraziur, calciuw:, wngnesiu
and potassium showed high concentrations in the soils containing
high concentrations of extractable nlokel. This was apparent even
if the total concentrations of these other metals in the s0ils werc
relatively low. It was observed that these high concecatraticns cof
HCl-extractable metals occurred in the m~in drninagze basin of *the
grid area and this indicated that these lorge extract~ble 2 :cunts
had arisen from downhill lezching ol soluble .ietal coopounds. 1t

therefore seemed likely that the exclusion oi' nickel fron the lear
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was due to competition betwzen the nctal ions rfor root »osorption
sites. This competition mey als. hive arisen ia the translec tion
processes in the plants i thse uwtal ions ove in the vascular
systems as complexes. Tiiis srgutent i.uplies that sinilar decr.nses
in the relative accwiulations of the other netals must occur also,

and, in fact, this was obscrved (see SECTION IV - H).

The agrcement shown botween the autocorrelated residuals for
the plant data and those fvr the scil data, further supported the
conclusion that the nickel conccntration in the plant was deter dned
prizarily by thc scil concentration ot nickel. Ifhcse resulca clso
showed that the anomalous areas of nickel concentration as shown
by the plants werc a reliablc guide to the areas of ancralous
concentrations in the soil and in this respect bicgeochenical

prospecting for nickel using thu :octhofagus genus is fensible.

(1i) Couper.
The correlrtion coelf'icicnts
for the copper dats (SECTION IV - D) showed that there was not o
strong plantxsoil relationship for this metal. Froaa the results
presented in Table IV - 11 and Figure IV - 5 the reasons for this

poor reclationship were apparent.

The trend towards a constant copper content in the leaf
tissue suggested the existence of some metabolic process in the
plant which was regulating the accumulation of this metal. It has

been established that copper is essential for normal growth (Bowen,
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1966) and in view of this, the proesent tJinding wos net surped sing.
%hat was rather surprising wrs thot the level iaintniiaed by tac
plants was so high i.e¢, for the Hothofagus genus, o roxioatoely
5pepaii. copper on a dry weight basis. It is generally acknowlodged
that the specific requircnient of plants for copper is very iwch
lower than the actual ajwunt prescat .i,. their tissues and for
this reason it might be assuized that the plant would exert control
only over the accumulation of the required awiount. The present
results, however, show that the plant controls the accunulatica of
much more copper than it requires for its i ediate usc. Chis
suggests that the extra copper does forii some, as yeb un'mown,

function or that the plant nzintains "pools" of copper from which

it draws its requirenents.

The autocorrelated pasitive rosiduals or the plont data
when conparcd te the autocorrels‘cd prsitive rosilonls Vo2 the scil
data indicnted that althougin hir o cooper conconreniicons ia the soll
tended to induce high c-necatraticns In the lond 2isa, here word
some other more influentinl factors which chused the devietion of
the copper concentrations in the ash nway from the optinus level of
105p.perte  The nature of these unknmown factors was not understood
but a technique of estimating their effects is presented in the next

section.

(d) Conclusions.
By using trend analysis, two

different sets of data, namely the metal contents of plant tissues



and the etal contents of soils, wore cuopnred ®, scprrating the
sanpling error irom cach d~t2 s_t. {Che roocining deots scis which
contained components attributable to repional »nd loenl inf'lucnces
were interpreted in terias of the factors invoelved in thoe bicgeo-

chenical cycling of netzls.

It was shown thet the cancentration of' nickel in the lear asn
was deteruwined to a large cxtent by the concentration off this wwtal
in the soil, whereas for copper the concentration in the lcal ash

was a function of the plant's specific reequireients ior this octal,

In the case of nickel it was shown that when the regional
influences were reioved from the plant and soil dats sets, the
remaining positive autocorrcloted residuals for the plant datn

showed very good agrcement with those i'or the sciils.

It was concluded from these Uindings thet the losves off the

Nothofagus genus were potentinltis uselul ~s agents ror bioguochemical

prospecting for nickel in lew Zenland.
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1. Introducticn.

In SECTION IV -~ ¥ it was shown that
the concentration of nickel in the leaf ash was determined jriarily
by the concentration of this etal in the scoil and partly by so
other facters, while for copper, the concentration in the leaf ash
was regulated mainly by the plant obut was alsc affected by somce
other processes. If some measur.: ..f the eficcts oi' these unkuown
factors on the relative accwwlations could be .und, then correct-
ions could be made for then, with the result thzt the wetal concen-
trations in the soil could be predicted izuch niorc accurately from

the concentrations in the lezf' ash.

2.  iultiple regressi zimalysis.

The most coaveaiont
way to allow for these factors wos to derive o rogression eqﬁation
containing the influentinl factors as the indcpendent varianice,
and the rclative accuaulation as the dependent variable. Mulitijlc
regression analysis has begn discussed briefly as applied to trend
analysis in SECTION IV - £ but a further coament will be made hecre

about the form of the equation.s The cquation is:

M = K+ K1 X, * K2 Xy ¥ eeeesen Kn X o+ oeeeees

where M = relative accumulation of the uetal (dependent variable)
K = regression constant

K1 ""Kn = regression coeff'icients

Xy eeeeX factors influencing the accumulation of the metal

(independent variables)
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From this equation, at any point on the grid area, thc
relative accumulation could be predicted simply by neasuring the
factors Xy veee X and carrying out the necessary computation.
By dividing the concentration of the metal in the plant tissue by

the relative accunulation, the concentration of the nmetal in the

soil could be found.

3. The independent variables selected for regression

analysis.

In selcciing the independeant variables
to be tested by the regrecssicn an2lysis, it was borne in ::ind that
the factors finally appearing in an =zouaticn would have t- be
measured during a prospecting survey either in the icld or in the
leboratory., This ruled out vari=blcs such a2s mctal cencentrations
in the soil, pH etc. since thesc weuld involve the collection of

80il sanples which was to be avoided.

The independent variables chosen for the regression analysis
included the concentrations of all the metals analysed in the leaf
ash as well as thc estimated height and measured diameter of each
tree sampled. Also included were; the height at which leaves were
saiapled from each tree, expressed as a fraction of the total height;
the slope at each sampling site measured with a protracter and
plumb line and the altitude at each site measured from a survey

rap contoured at 50 feet intervals.
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4. Distribution of the independent variables.

It was
nentioned previously (SECTION IV - E) that variables used in
regression analysis rmust have near normal distributions. However,
it was shown in SECTION III - F that for nickel the relative
accunulation values fell into two groups with N.fusca and N,truncata
in one and N.menziesii in thc other, and for copper the values were
different for all three species. This implied bimodal and trinodal
frequency distributions for the relative accunulations of nickel
and copper respectively due to species differences. Since these
distributions were not suitable for regression analysis, the
relative accumulation valucs for each species and each metal were
transforned to give then a geouetric mean of 1.0, This rciioved
the variancce due to different specics but lost none of the variance

due to other biogeochemical factors.

Frequency histograms of the resulting relative accu:ulation
values (approximately 140) were constructed for each netal, +rom
these it was noticed that there were a few values for each netal
which lay well above the bulk of the data and that these values
corresponded to samples from mineralised sites. These values were
renoved from the sample population for the following reasons:

(1) The distributions with the high values present were
multimodal and as such would have adversely affected thec regression
results.

(2) The main ain of this study was to evaluate the effects
of factors other than mineralisation which may have influenced the
results. Values which were very largely influenced by wineralisation

were therefore not applicable to the regression analysis.
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The above independent variables corresponding to tht relative
accunulation values were also checked for distrtbution by plotting
frequency histogranms. The distributions of some of the variablcs
showed lognormal tendencies, so they, ac well as the relative
accuaulation values, were transformed to base ten logarithns. (3ee

Table IV - 12),

The frequency histograns for the dependent and indcpendent

variables used are shown in Appendix IT.

5. Procedurec.

The wltiple rogression onalysis s
carried out by the same proccdurs ag used previsusly Jor btrsad
analysis. The prograniie weitien Jor the trend analyusis work wos
modified to accept the approprinte dependent 2nd independont
variables selected for the present study. (3ee Lppendix IV). The
derivation of thc regression cquation was carried out at twe lovels
of significance, 1,0 and 0.10. a4t a significance level of 1.0, all
the independent variables tested were inserted into the equation
and at the 0.10 level of significance only those variables with a

90% probability of explaining some of the variance of the dopendent

variable were retained in the regression cquation.

6. Results.
The equations and the percent of the

varianee of the relative accumulations which they cxplain arc
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given in Table IV - 12.

The regressicn equations containing 21l the indcependent
variables were found to cxplain 34,0% and 35.0% of the variance
observed in thc relative accunulations of nickel and copper
respectively. However, it can be scen from the table that most
of the regrcssion coeffioicnts contained a large error and were
thus expected to be unstable with respect to slight changes in the
data. On the other hand, at the 0.10 level of si.nificance, only
two independent variables were retained in the regression equation
for nickel and seven for copper, Thcse variables were those
containing the least error. It should be noted that while the
equations at the 0.10 level of significance cxplrincd rother lcss
of the variance observed in th:s dependent varisLle, thosc oouatilons
were expected to be less susceptible to siinll dutt choanges and

therefore to have wider applicntion to othuer data scts.

In the case of nicliel, the cnly independent variables which
were significant at the 0410 lcvel, were the logarithii of the nickel

concentration in the 1lsaf ash and the altitude at each saupling sitec.

For copper, on the other hand, seven independent variables,
two physical variables and five metal concentrations, were retained

in the regression equation at the 0,01 signifiicance level.



TABLE _IV - 12

Results of regression analysis,
Copper Nickel .
Level of si;. 1.00 ELavul of sig. 0.1C Levcl ~f sig. 1.00 Level of sig.0.10
Independent variables Means A B C i A B C A B C A B
Log Ni concn. in plant 2.228 -0.405 0.1i9 =0.902 I—O.h&? 0.165 =0.996 | 0.523 0.119 1.165 {0.501 0,090
Log Co conen. in plant 1} 1.793 1 -0,517 0.433 -0,927 ! - - - 0.008 0.266 0.014 i - -
Log Cu concn. in plant 1 1.904 4 0.539 0.215 1,026 ! 0.499 0.178 ©.950 | 0.112 0.102 0.213 ¢ - -
Log Zn concn. in plant § 1.943 § 0.185 0.311 0.359 | - - - 0.159 0.184, 0,309 | = -
Log Cr concn. in plant | 2.633 ! 0.929 0.319  2.451 C.301 0.242 2.113 | 0.205 0.193  0.541 i - -
Log Fe concn. in plant 3.091 -0.127 0.253 -0.393 - - - -0.115 0.160 0.355 - -
Ca roncn. in plant Le& 31 -0.057 0.045 =-0.253 [|-0.U%56 Q.04U -U.243 | 0,028 0,027 0,124 | = =
Log Mg concn. in plant 0.617 1 0.997 0.444  0.615 1,019 0.386 0.629 [-0.277 0.260 =0.140 - -
Log Mn concn. in plant 0.098 i 0.107 0.23° 0.010 - - - 0.061 0.139 0.006 | = -
K concn. in plant 1.447 { -0,014 0.016 =-0.020 - - - 0.003 0,009 0.004 - -
Ash as % of dry weight | 4.895 |-0.002 0.047 0.010 = = - |-0.001 0.027 -0.005 | - -
Slope of terrain 3351 -0.005 0.004 =-0.167 -0,006 0,004 =0.201 0.001 0,003 0.034 | - -
Altitude of sample site | 210.0%{0.0002 0.002 0.042 - - - 0.003 0.001 0.630 [0.003 0.001 0.630
Log of tree height 1.257 0.052 0.321 0.065 - - - O0.141 0.200 0.177 - -
Log of tree diameter 0.255 0.204 0.255 0.052 0.219 0.097 0.056 [-0.070 0.155 =-0.018 - -
Sampling height as : {
fraction of tree ht. j 0.563 | -0.005 ©.176 -0.003 - - - .i 0.103 ©.106 0.062 ; - ~
Value of regression constant -1.678 -2.332 -2.627 -1.701
% of variance in relative
accumulation explained by 35.0 32.5 34.0 2645
regression equation.
- value of regression coeificient "
- error in regression coefficient O

+ QW >

- Mean of independent variable multiplicd by regression coerficient

- altitude reduced by factor of 10 to aid computation.
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7. Discussion.
(a) WNickel.

Since the total varisnce of tihwe
relative accumulation values is a function of the variances of the
concentrations of nickel in both the leaf ash and the soils, it was
expected that the concentration of nickel in the leaf ash would
appear as a tern in the regression equation. It was noticed in the
trend analysis results (SECTION IV - E) that the relative accuaulat-
ion of pickel tended tc decreasec as the concentration of this netal
in the soil increased. The trend equations also showed that thc
higher concentrations of nickel in the soil were in the Laover
altitude region of the sampling grid. This was probably due to
downhill leaching of soluble niekel. In the regression equation
derived in this section for nickel, the altitude term was inserted
to allow for the decrease in thc accuiulation of this aetal with
increasing nickel concentration in the soil. This cquation was
considered likely to have gencral applichtion te the arca in the
vicinity of the study region since in any steep terrnin a siailar
drainage basin accunulation oI’ nickel weuld be expected, with the
resulting relationship betwcen the accunulation of nickel by the

plant and the altitude.

(b) Copper.
Of the seven independent variables
retained in the regression equation for copper, the most influential
were the concentrations of chromium, nicksl and copper in the leaf

eshs (see column C in Table IV = 12)., The relative accumulation



increased with increasing concentrations of chroniw: and copper and
decreased with increascd concentrations of’ nickei. The presence of
copper in the regression cquation wags expected as oxplzined awove
for nickel. The fact that the rclative accusulaiion increased with
increasing chronium concentration irn the leaf sceaed to indicate
son¢ type of mutual stimulation of acounulation between copper and
chronium, while in the case of nickel the effect seemed to be

antagonistic.

The other independent variables retainse in the regression
equation were all less inportant. IFor the other metzls, calciw:
and magnesium, the reasons for their effects were probavly very

conplex and associated with the eifects of nickel and chromium,

The slope of the terrain iade a significant contribution
with the relative accunulation increasing with decreasing slare.
This nay be interpreted as a function of drainnge with a greatoer
accunulation in areas of poor drainage. [hiis offect was alsc
observed by Mitchell HE gi. (1957) who noted an increasing
accunulation of some netalsg by plants in areas of pour drainage
relative to well drained seils. I[le attributed this observation to

an increase in the "awvailable" concentrations of these metals in

poor}y-drained soils.

The last and least significant variable was the tree dianeter;
with the relative accumulation increasing with increasing tree size,
However, the contribution this term made to the regression cquation

was negligible.
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To evaluate the us:sfuluecss of the equations derived av the

L

0.10 level of significance, they wvere usced to predict the il

(6o

concentrations of covper and niclel fro: the corcentrations of these

netals in the leaf ash and the vaiucs i the influcntial {cctors.

Table IV - 13 lists the corrclation coefTicicnts of the
observed concentrations in the soil with both the plant data and
the predicted seil data. For both mctals, the correlatiens arc
higher for the predicted soil data than for the plant data. For
nickel, the inmprovement is not great because the plant data alréady
correclated well with the soil dnta but {for copper the inproveicnt

due to the regression equation is considerable.

Graphs of the plant versus the observed soil and thc
predicted soil versus the observed soil data sets arc presented

in Figure IV - 6. The sane gecneral luprovenent can be seoite

The predicted concen*r~Sirne in tho soil were sibjechted %o
trend analysis and the trend surinces derived oo the 0,05 level
of significance are comparcd with those {or the lant data and {or

the observed soil date. (Figure IV - 7).

In the case of nickel, it can be seen that the trend surface
of the predicted soil concentrations was a slightly different shape
to either the surface for the plant data, or the surface for the
observed soil data. However, the actual concentration contours
of the surface for the predicted data corresponded very closely in
position to those of the surface for the observed soil data with

the exception of the lower concentration regions. Fromu the observed



Figure IV - 6 Concentrations in the Nothofagus spp. leaf ash

and predicted concentrations in the soil (0.10

level of significauce) plotted against the

observed cuncentrations in the soil for nickel

and copper.

L

Nickel in the plant

in the soil,

Predicted nickel in

nickel in the soil.

Copper in the plant

in the soil.

Predicted copper in

copper in the soil.

versus observed

the soil versus

versus observed

the 30il versus

nickel

observed

copper

observed

N.B. Correlation coefficients (r) are shown on tho granhs,
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Figure IV = 7 Trend surfaces (0.05 lcvel of significance) of

the observed and predict.ed data.

£ Nickel concenurations in the Naothod

101470
Loblos o, 1us

spp. lesf ash.
B Predicted nickel concentrations in the scil.
C Obscrved nickel concentrations in the soil,

D  Copper concentrations in the Nothofagus
spp. leaf’ ash,

E  Predicted copper concentrations in the soil.

F Observed copper concentrations in the soil.

N.B. Concentrations in pep..
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TABLE IV - 13

Correlation coefficients for nickel and copoer betweecn the observed concentrations

in the soil and both the predicted concentrations in the soil and the concentrations

in the leaf ash.

First variable

e 02 P

Second variable

Copper

Nickel

Copper

Nickel

in leaf ash

in leaf ash

in soils (predicted)

in soils (predicted)

g = |

W TR L B

ey e e e T

Copper in soils (observed)

fickel in soils (obsorved)

Copper in soils (observed)

Nickel in soils (observed)

———— -

-

L S ]

No.of gamples Correlation
Coef'ficients
124 0.352
121 0.630
| Signif.0.10 |signifa.00
124 0.617 0.635
121 0.664 0.705

el
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soil trend it can be scen that there was a rapid increase in nickel
concentration over a relatively short distance in the vicinitcy of
the sediment/basic rock contact (SECTION III - 4) at the west side
of the grid. Thec plant analys:s did not detect thilc contact with
the same degrece of precision, "ni s 2 rcsult the centzcet was not
apparent in the prediected data. IHowever, the gencral agreci:ent

of the predicted with the observed soil data was very good.

The copper concentration in the leaf ash was found to have
no directional trend but a constant content of copper over the
whole area. On the other hand, the trend surface for the predicted
concentrations of' copper in the soil showed considerable similarity
to the trend surface for the observed concentrations oi this rictal

in the soil.

Although differences werc apparent between the latter two

surfaces, the essential features of both were the same.

8. Conclusions.

It was agparent f'ron the results
cbtained for copper that the interactions between clements in
plants are extremely complicated. It is also quite probable that
most of the less significant factors in the equations would be
absent or changed in an area of different geology or topography.
However within the same geological-ecological province only the in-
dependent variables which made small contributions to the variance

of the relative accumulations would be expected to change, and



136

the most important variables should.remain essentially unchanged.

The results obtained in this survey denonstrate the possibility
of using nultiple regression techniques in the inprovenent of bio-
geochenical data, It is of'ten difficult to explain the variables
retained in the regressicn e¢uation and in all probability, different
variables will have different weishtings in diff'erant envircinents.
However in most biogcochenical and geochentical surveys it is
necessary to undertake an orientation survey and if regression
equations are derived for this survey it is probable that they will
be valid for the renainder of the prospecting area. In .any explor-
ation progratuies thc analytical data are stored on punched cards
and with easy access to modern fast computers a nultiple regression

analysis of the data would be quite feasible.

In the present study only a small amount of the total
variance in the observed relativc accumulation values was explained
by the terms inserted into the regression equations. The reiaining
unexplained variance was due to the influences of soil factors and
to the sampling error associated with the data. By allowing the
regression procedure to test other measured variables which rould
concievably influence the reclative accunulation, an increasing
anount of the variance in the relative accunulation would be explained
by the regression equaticn. Ultimately, all the influcntial variables
would be allowed for by the regression equation and the only variance
left unexplained in the relative accuaulation would be duc to
sampling error. The chances of =achieving this situation are, however,

extremely remote.
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The use of this techniquc in plant nutrition studies coull

be of considerable valuc. The nain difficulty, ncwover; lics 1a

the fact that the indcpendent variables inserted into tiiz rciression
equation may not be the factors which are dircctly influcncing the
dependent variable. Instead, they nay be indirectly related factors
such as the altitude ter:: inserted into thoe regression cauation {for

an indiircet

the relative accumulation of nickel. The altitude was
factor related to the concentrabtion of nickel in the o il wideh was
the direct factor.

Iven in view of this couplice~tion, wvultipls regrossion
analysis has many attroctive featurcs whicn ceuld be atiliscd it
success by application to data siiailar to that described in this

section,
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G. THE EFFECTS OF HIGH CONCENTIATICNS OF UICKEL AND COPPER

IN THE SOIL ON THI METab CCUCENTIATIONS [ HLL LEAVES

OF_THE NOTHOF4GUS SPECIES.

-

1. Introduction.

Jiibalances in the netal concentrations
in plants can result fromn exccssive concentrations of other cations,
particularly transition metal cations, in the substrates Tor exaiiple,
iron and manganese have been shown to exhibit a relationship where
high concentrations of one metal in the soil or nutrient solution
reduced the concentration of the other in the plant. (DeKoclk, 1955;
0'Sullivan, 1969; Somers and Shive, 1942; Twyman, 1951). It has also
been observed that decreasing the concentration of iron in the sand
culture medium increased the content of copper and decreased the
lanatus (0'Sullivan, 1969). Mangancsc at high concentrations in the
nutrient solution was shown to reducc the accamulation of zinc, and
nolybdenua and cadmiun were found ko have a similar ciTect (ralavolta

et al., 1956; Hawf and Schmid, 1967).

The effects of high concentrations of coupper in the substrate
on the accunulation of other metals by plants is well knowne. IFor
exanple, high concentrations of this metal in the soil or nutrient
solution were shown to decrease the accwaulation of zinc by a number
of different plants (Dunne, 1956; Hawf and Schmid, 1967; Malavolta

et al., 1956).

Nickel has been shown to have a similar eifect. As the
concentration of nickel in the nutrient solution was increased the

concentrations of iron and potassium decreased, while the concen-
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trations of calcium and magnesium increased in the tous ol oat and

tomato plants. (Crocke and Knight, 1955)

In view of these findings, it was of interest to investigate
the possibility of metal iubalances occurring in the trews groving
in the sampling area, duc to tho hih concentrations of coprer and

nickel in the soil.

Before studying the eiiccts of nickel and conver in the soil

on the netals in the plants, the rclationships betucen thoe ..ctals

in the leaves were considered.

2. Inter-ietal relationships within the leaves.,

(a) Introduction.

To give maxinu: valialsy to the
investigation, all the available sanplcs of the Nothofn-us gonus
were separated according to the three different species to give a
total of 57 samples of N.truncata, 89 samples of N.fugca and 70

sarples of N.,menziesii. The relationships were evaluated by

conputing correlation coefficicnts.

(b) Rosults.
The highly- significant corvelation

coefficients (<0.001) for each species are presented in Table IV-1k.



Significant (<0.001) correlation coefiicicnts (r) between metal

N, Trunecata

57 samples

Ash

Dry

Variables r

Variables r

Variables r

SRR TR St s

———— -..‘-..?.......-..4!....-. -

NixCu  0.490 NixCu 0.512 MixCu
CuxZn 0.504 CuxZn 0.518 5 CrxZn
CuxFe 0.5 CuxFe 0.545 ; CuxFe
znxFe  0.496 ZnxCr  0.43L4 é CrxFe
CrxK 0.415 ZnxFe 0.490 g ZnxMn
CrxFe O.411 é ZnxK

CrxK 0.582 NixCa

CaxMn 0.530 Nixkin

CrxK

" As)

TABLE IV - 14

in the leaves of the three Nothofagus species.

" T89 samples T

0.342 | NixMn =-0.552
0.366 | Cuzfe 0.435
0.467 E ZnxCr  0.443
0.492 L zmxCa 0.389
0.349 | “nxdin  0.408
0.416 | Znxk  0.42,
-0.366 | Crxl'e 0.535
-0.572 | CrxK  0.415
0.343 Caxkin  0.387

S

“V'Variables r

B R R T .

S

conccntrations

fenenziesii

TS SERPIES
Ash ) Dry
Vairizbles r . Variables r

HixCu  0.395 NixCu  0.381

NixMg 0.543 Nixhig 0.450
Nixhn -0.3¢5 Cuxdig 0.300
Znxkin 0.390 ZnxMn  O0.47%
CrxMg 0.518 Crxilg 0.512

Caxkn  0.403

——— e o i s S . | e s a4 e s & ey

s - e - o ——

o'l
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The large number of highly significant corrolations whiclh
werc apparent for one species only, suggcstzd that the correlation
coefficients were influenced to sonc oxtent by the distrioutions of
the data., 1In view of this, it w2, considered th:t only those
relationships which were ovident for at least two specicsn werce
likely to be valid. By this critcrion, there ucre four inter-setal
relationships which were highly significant on both an a2sh and =
dry weight basis, nickel x coppcr, copper x iron, chromiun x
potassiunm and manganese x zinc. In addition, there was one highly
significant relationship on an ash weight basis only, manganese x
nickel, and a further three on a dry weight basis only, calciuwn x

mangansse, chromlum x iron and chronium x zinc.

(¢) Discussion,

Since highl, signiiicant plant x
s0il correlation coefficivnts £or both nickel Aand conper wore
obtained for the Nothofagus genus (SECTICN IV - D) =1d since these
two metals were highly significently corrclated in the scil
(r = 0.430, =120 mesh fraction, 146 samples) the relationship
observed between the nickel and copper concentratieons in tho plants

was expected.

The inverse relationship between nickel and manganese was
difficult to explain but it may be a function of the nickel concen-
tration in the soil since the nickel in the plant was highly

correlated with the nickel in the soil.
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Chromium was observed k- bo related to potassium, iron ond
zine. It had previously been notced that vhon a plant zyccics
contained high amounts of chro dw. it coutainzd relatively 1w
anounts of iron. However, the prosent results indic~tod wLinad
within sanples ¢of the snwme sgpeeies, chrocium was related t0 iron,

The reasons ror the other relationships with chromiun werce not

known.

The other three relationships obscrved, copper x iron, zinc
x manganese and calciur x nanganese were alse difficult to interpret
but since all the netals are essential to plant nutrition tho

relationships may well have sone physiological borsis.

3. The influences of high nickel and copper concen~
trations in thc soil on ths metal concentraticns

e -

in the leaves.
(a) Results.
Th. corsclation cocriicicnts betwicn

the nickel and copper concen“rations in the soil ~nd thoe oetal

concentrations in the leaf ash ar. shown in Table IV - 15,

High nickel concentrations in the soil decreased the iianganesc
concentrations and increased the magnesium concentrations in the
leaves to a significant extent. On the other hand, high copper
concentrations in the soil decreased the chromium concentrations

in the leaves.



TABLE IV - 15

N e

Correlation coefficients between the metal concentrations in ihe leaf ash

and the nickel and copper concentrations in the soil (=120 mcsh).

! - e e e )
1st correlating ; foe of _?-lﬁ_r:gz‘_u_{c:tlna_\farl ables .-...-..,..__E
variable | samples Concentrations in the leaf ash )
J ey - St i S
! Concentrations : HE A o} Cr Fe | Ca g ; n 'K i
§ . - ‘ : ' v .
! in the soil + VAU DN N S _4'_ S .%- 1 :
: 4 , :
Nickel | 138 1-0w176] 0.177 | 0,075} 0.0 0.313" [-0.439"" ! 0.078 i
- i —-!—----«-—-—-~~—~--~-f-~ T : i
Copper 138 ! 0,065} -0.316"} o0.104 ! 134 |-0.165 -0.071 i 0.226
! i i : :
Levels of significance ++  <0.001

+  <<0.01

¢l
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(b)  Discussion.

The inverse relationship between
the nickel in the soil and thc manganese in the plant suggested that
some process was involved in which high concentrations of nickel in
the soil werc preventing either the absorption and/or the trans-
location of nianganese. It was unlikely that cowpetition on the
basis of ion exchange at the root surtace wzs responsible boceuse
if this was the case, other metals would also heve showi iavirse
relationships to the nickel in the soil. In the previous part of
this section an inverse relationship was observed between the nickel
in the plant and the manganese in the plant. However, because there
was a highly significant plant x s0il correlation for nicici it was
impossible to establish whether tha aickel in thz s0il or in the plan

was causing the observed inversc reiatiousiiin with mencenc in the
& i i3

plant.

The less signif'icant relationships betvw.en nickel anad

nagnesiuwn, and copper and chrounium were not understocd.

The results observed in this study are in contrast to those
reported by other -wrkers. Crooke and Knight (1955) recported an
increase in the accunulation of manganese with increasing nutrient
concentrations of nickel. /41lso the decrease in the accuaulation of
zinc as the copper concentration in the substrate was increased
which had been observed by other workers, was not apparent in the

present study.

Most of the previous work, however, was carried out in

nutrient solution in which the diverse effects of thc scil were

2
9
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absent and this may be one of the reasons for the dilffercnces
between the reported effects and those observed in the present

study.

Le The influences of high nickel and copper concen-

trations in the soil on the ratios of the metal

concentrations in the leaves.

(a) Introduction.

It is known that the absolute
concentration of a metal in a plant can vary slightly due to the
age, position on the tree, etc. of the leaves sampled. However,
the ratio of the concentrationa of two metals in the leaves of
a particular species should be aprrexinately constant in all lcaf
samples, if the accumulations of both rictals are rcgulated by the
plant. Where some external influcnce is present the ratio could

deviate from normal.

Such a concept has been used in the past for biogeochcirical
prospecting. Warren and Delavault (1948) suggested the use of the
ratio of copper to zinc concentrations in plant tissues as a nmecans
of detecting anomalous concentrations of these two metals in the
s0il. These authors reported values of this ratio for a number of
trees in British Columbie growing over both non-mineralised and
mineralised rocks. They considered that any ratio of copper to
zinc in the second year twigs greater than 0.20 to 0,25, dencnding
on the speci@s, could possibly be indicative of copper mineral-~

isation. The authors pointed out that although the absolute
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concentrations of copper and zinc varied considerably botween samples
of the same species, the copper to zinc ratio was much more ccnstant.
Since that time, these workers have compiled a very comprehcansive
list of the mean copper and zinoc concentrations, as well as the copper
to zinc ratios, for a large number of different species growing over
both nmineralised and non-nineralised rocks. (Warren, 1962; Warren

and Delavault, 1949; 1955; Warren et al., 1949; 1951; 1952; 1966)

White (1950) investigated some British Colu.bia copper
deposits. He found that although the copper and zine concentrations
in the plants growing in the vicinity of the ore varied considerably,
the ratio of copper to zinec, when greater than 0,30, was successt'ul

in finding the ore body.

Worthington (1955) used thiis rotic in the vicinity ¢ a lead/
zinc deposit and found that copper to zine ratios in the plant tissues,

less than 0,05, succecssfully delinezted the ore body.

Nicolls et al, (1965) also considered the copper to zinc
ratio in their study of botanical and geochemical prospecting
methods in the Dugald River area, sustralia. These authors
apparently did not consider the ratio useful in their particular

Qrea.

In the present study all possible ratios betwcen the metals
analysed in the plants were correlated against the copper and

nickel concentrations in the =120 mesh fraction of the soil.



147
(b)  Results.

The correlation coefficients which
were significant are shown in Table IV - 16, The plant x soil
correlation coefficients for nickel and copper are also shown for
comparison. No ratio of metal concentrations in the leaf ash gave
a better correlation to the nickel content of the soil than did
the nickel concentration in the leaf ash. 38ince the corrcl-ntion
coefficient between the copper concentration in the leaf ash and
the concentration of this metal in the soil was 0.296, any
coefficient in Table IV - 16 higher than this value indicated &
potentially useful indicator of copper in the seil. By inspection
of the values in the table it can be scen that there w:re Tive ratios
whose correlation coeffici:nts with copper in the 8soil cxcoeded

0.296 and a further ten significant at the 0.1 level.

(c) Discussion.
(i) Nickel.

It was observed that all the
metal ratios containing nickel, except one, were significantly
(<0.001) influenced by the nickel concentration in the soil. This
was due to the high correlation which existed betwcen the nickel

concentration in the plant and the nickel concentration in the soil.

In addition to these relationships, it was also apparent
that the ratios of manganese to potassium, to magnesium and to
iron in the plant decreased as the nickel concentration in the

80il increased. These relationships were alriost certainly due to



TABLE IV - 16
Correlation coefficients between the inter-metal ratios in
the leaf ash of the three [lothofagus species and the nickel

and copper concentrations in the soil (=120 mesh).

148

liickel concentration Copper concentration
in the soil in the soil
Ratio Correlation Signi%- Ratio Correlation Signif-
Coefficient icance Coefficient icance
! Ni/Cu 0.428 ++ : Ni/Cu 0.428 ++
§ Ni/zn 0.393 . E Cu/Zn  0.191 I
| Ni/Cr 0.335 ++ i Cu/Cr  0.381 ++ |
Ni/Fe 0.277 + i cu/Fe 0.218 ,
Ni/Ca 0.440 ++ cu/fa 0.361 ++
Ni/Mg 0e 34l ++ Cu/Mg 0.319 +
Ni/¥n 0.480 ++ Cu/¥n 0,322 ++
Ni/K 0.352 ++ Cu/K 0.272 +
Cu/Mn 0.308 + Zn/Fe C.190
Zn/Fe -0.300 + zn/kn 0.185
Cr/MNn 0.307 + Cr/Fe -0.244
Fe/Mn 0.358 +t re/Ca 0.170
Ca/Mn 0.297 + Fe/¥n 0.187
Mg/Mn 0.371 ++ Ca/K -0.206
Mn/K -0.407 ++ Mn/K -0.193
Plant Plant N
concne. concn.,
Ni 04546 ++ Cu 0,296 + ’
Levels of significance ++ < 0,001

+ <0.01
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the fact that the manganese content of the leaves decreased as the

nickel concentration in the soil increased, an observation inde

previously.

The other less significant relationships observed all
contained manganese, except tor one, and could be explained as above.
One ratio was observed to contain ircn and zine, but the roosen for

this was not apparent.

(ii) Coppur.

Four ratios of wmctal concen-
trations in the leaves were found to be influenced significantly
(<0.001) by the copper concentrations in the soil; copper/nickcl,
copper/chroniwa, copper/calciw: and copper/manganese. Since all
these ratios contained copper as one of the metals it was apparent
that the results observed were influenced by the significant plant
x so0il correlation for copper. However, nickel, chromium anl
calciun were inserted into the regression equation developcd in
SECTION IV - F to explain some of the variance in the relative
accumulation of copper and therefore the presence of these iietals
in the inter-metal ratios affected by copper in the soil was not
surprising. Two less significant ratios (<0.01), copper/magncsium
and copper/potassium were observed and could be explained in the

same way.,

Since previous results obtained in this thesis for biocgeo-

chemical prospecting for copper were not encouraging, these intecr-
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metal ratios were evaluatce 2s indicators off aneious conceutrations

of copper in the soil.

5e Ratios of the metal concentrations in the leaves

as indicators of scils contzining high concuntrationus

of copper.
(a)  Introduction.

It was considered that the low
correlation coerficients involved betwecen the inter-metal ratios in
the plants and the copper concentritions in the soil (Tablc IV - 16)
did not givc relisble indications i the usefulness of the ratics to
detect high concentrations oi covrner in the soil. 4An altormztive

technique was used to evaluate the u.elulness of each wvoti,

(b) Method of evaluation.
The procedure involved
the following steps:

(1) The highest 30% (i.e. 4,4 samples) ot the copper concen-
trations in the soil samples were considered to be anomalous and thc
sampling sites corresponding to these anomalous values werc reccrded.

(2) The highest 30% (or lowest, depending on the sign of the
correlation coefficient with the copper in the soil) of the values
for an inter~metal ratio in the plant were noted and the sampling
sites corresponding to these values were recorded.

(3) The degree of overlap between the anomalous sannling
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sites recorded for the soils and those recorded for the inter-retal
ratio in the plants was deteriiined and expressed as a percentoge of
the total number of anomaldus scil sitee. Perfect biogeocheirical

results would require 100% overlap.

Since some overlap could arisc even if therc was nc relation-
ship between the ratios and the copper concentration in the soil,
the probability of each result arising from chance was co.mutcd.

(see Appendix V for method.)

(¢) Results.
The roesults obtained for the ratios

previously shown to be influenced oy the copper coacentr-tion in the

soil are given in Table IV - 17. The particular valuc oi cach ratic,

above or below which included 30/ of the values, is iven in the

table.

The percentage overlap for each ratio showed that no ratio
indicated more than 50% of the anomalous soil sitess There were
four ratios which indicated more anomalous soil sites than the
copper concentration in the plant, copper/iron, copper/calciwn,

copper/chromium and copper/magnesium.

The s80il concentrations of copper which were predicted from
the regression equation (SECTION IV - F) were subjected to the sane
test which showed that these values indicated 61.4% oo the soil

sites corresponding to ancmalous concentrations of copper.
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TABLE IV - 17

The evaluation of inter-metal ratios in the leaf ash for

indicating anomalous concentrations of copper in the soils

Plant Cut-off / Overlap Probability

Variable Value + with anomalous Level ++

soil sites

Ni/Cu > 1450 29.6 0.16
Zn/¥n >18.18 3644 0.033
Zn/Fe > 33,33 i 364l 0.083
Ca/K <1.76 38.6 0.051
Fe/Ca & 74,07 38.6 : 0.051
Cu/zn & 0432 33.6 g 0.051
Cu/K =>0,87 ; 41.0 ‘ 0.027
Fe/dn > 1300.0 i 41,0 ; 0.027 |
Cr/Fe ~ 0.008 : 43,0 | Coui2
Mn/K < 0,105 ' 45.5 3.5043
Cu/ln s 739 45,5 | 0.0043 ;
Cu >112,0 ‘ 4545 0.0048 !
Cu/Fe > 0.009 ; 7.7 0.0016
Cu/Ca >0.448 50.0 0.00049
Cu/Cr >9,00 50.0 0.00049
Cu/kig = 2,00 50.0 0.00049

| Predicted | *>110.0 61.4 0.00000012
soil copper

+ Value of the plant variable above or below which the
values were considered to be anomalous.

++ Probability of the observed overlap occurring by
chance.
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(d) Discussion.

Four ratios of the .etel
concentrations in the leaves were shown to be iore celiable than
the copper concentration in the leaves for prospecting tor coprer.
These ratios were copper/ircn, copper/calcium, copper/chronium

and copper/magnesium. The copper/zinc ratio suggested by Warren

and Delavault (1949) was not includod.

It was shown that thc concoeunirations oi coppor in the s-il
which werc predicted fro: the reg-essiin ¢riusi ion were ore
reliable than the inter-uetal ratics Lor indicating ononlous
concentrations of copper in the seil, It was concluded thot
although the regression procedurc was the wost pronising nethod
for biogeochemical prospecting for cepper, the inter-metal ratios

gave better results than the concentration of' copper in the lcaves.
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H. ESSENTILL AND NON-E33ZNTIAL TR.CE METALS nD 4G

THEIR HATURE AFPECT3 BICGECCTELICAL PROSPICILIG

RESULTS.

1. Introduction.

Probably the imost important gencral
finding from the previocus parts of this thesis, was the diiference
that existed between the accuaulations of nickel and copper by the
Nothofagus species. This wzs shown most markedly by the trend
analysis results (SECTION IV - E) and was interpreted as being duc
to the essential and non-essential natures of copper and nickel
respectively. It seeiicd therefore, that if the degree ol Cscentiality
of a metal for the nutrition of the plant species t» bc sampied could
be inferred from data collected in a prelininary biogcochemical
survey, then some prediction could be made as to whether a netal

would give good or poor results in a larger biogeochenical survey.

There were thus, two aius oi this study:

(1) To estimate the cxtent to which a rarticular netal was
essential to plant nutrition, and

(2) on the besis of this, to predict whether the p-rticular
nmetal/plant system was likely to give successful resulis in a

biogeochenical prospecting survey.

Although both these aims were achieved to a certain extent
by trend analysis, the technique was limited by the need for

computing facilities. Much simpler criteria were needed.

Three different approaches to the problex were made and

these are discussed below.



2. The usc of datz distributions.
(2) Introducti.m.

Liebscher and Smith (1963) in
discussing essential and non-essential elerients in huwusan tissues
suggested that essential elements show normal distributions and
that non-~esscntial elements show log-normal distributions. One of
the criteria these authors used to determine which type of dist-
ribution best fitted the data, was a comparison of the arithmetric
and geometric means with the niedian. Log-noraal distrioutions hiave
the same value for the geometric nean and the nedian, while 1o
normal distributions, the arithmetric mean and the nedian are the

3ali€.

To test the postulate of Lichscher and Siith {or the crse of
plants, the two means and the mcdiins wers Jctermimedfor ~11 the
lecaf ash data collected in the course of this thesis. In alldition,
analytical results published by othor workers werc used tco {'urther

test the theory.

(b) Results.
The ratios of both the arithmetric
and the geometric nean to the median are given in Table IV - 18
for all the species and metals considered. It can be seen from
the table that for most metals, whether they are considered
essential or not, the geonetric means were closer than the arith-
metric means to the medianse This implied that nearly all the

data distributions were more log-normal than normal,



(¢) Discussion.

It was apparent troo these results
thot the use of normal and log=normal distributions to distin_uish
essential from non-essential netals, although of use for human
tissues, was not sufficiently reliable to be of any value for the
plant samples considered in the present study. This was probably
duc to the fact that most of the data presented in Table IV - 18
were influenced by anomalous concentr~tions of the netals in the
soils. This caused the distributions of the essential metals ©o
be skewed away from their usual distributions which may, in fact,

be close to normal.

3.  The coefficicnts ol voristion.
(a) Introduction,

It s observed from thoe
frequency histograms of the data sets presented in Tixdle IV - 13,
that the essential netals tended to cover nmuch narrower couincentrat-
ion ranges in the plants than did the non-essential metals. <This
indicated the possibility of using the coefficients of variation
as indicators of essential and non-essential behaviour i.e. a luw
coefficient of variation for the concentration of a particular
metal in a certain species of plant would indicate the essential
nature of the metal and the probable poor results that would be
obtained from a biogeocherical survey for this netal. Hoviever,
it was also possible that a narrow concentration range in the
plants could be the result of a narrow concentration range in the

soil. There were, therefore, a nuuber of possible situations:



ZASLE IV - 13

Raticsof the geometric anwi aritiusetiic mesus to the medizns Cor
various metals in dirferent plant spocies.

Cw——

Species

Ne.fusca

N.menziesii

N.truncata

We.racemosa

Q.acutifolia

Oleariz rani

Scheffleradigitata

Beilschemedia tawa

Triodia pungens

89
26
70
57
Pl
20
&8
22
71
36
35
30

Data +
Source _
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this thesis (includes all samplcs colicceied)
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Micolas and Brooks (1969)
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ovdthmatric mean/median
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(1) 4 narrow concentration range in the »lants rcelotive to
the concentration range in the soil, would indichte an sosontial
metal and imply poor biogeoche:i:ic«l results.

(2) 4 wide concentration range in the plants relntive to
the concentration range in the scil wculd indicate a non-cssential
metal and imply good bicgeochemical results.

(3) Similar concentration ranges in both the plants and

the soil could indicate either an essential or non-essential metal

but could not indicate the outcome of a biogeochenical survey.

It was theref'ore necessary to select a value for the ratie
of the coefficients of variation of the plant data tc the soil data,
which would result in an accurate prediction of the successfulness
of a biogeocherical prospecting survey. The arithmetric goeff'icients
of variation of the plant and soil data as well ns thic rotio of e

to the other are given in Table IV - 19,

(b) Results.

If a value of 0.70 for the ratio of
the coefficients of variation was selected, above which non-essential
rietals were involved and below which essential metals were involved,
then the prediction of non-essentiality was correct in eight out
of ten cases. Due to the very small concentrations of molybdenun
actually necessary for plant nutrition it was considered non-
essential in the concentration ranges being considered. The
prediction of essentiality was however correct in only eight out

of sixteen cases.



TABLE IV - 12
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Coefficients of variation for somc metal concecatrations
in the leaf ash of various plant specizs and thair
assoclated soils.

, mi b i Goelficients éCorrclation
+ O G4 o " Variatio Coefficients
Metal Species IS 8 & @ Serta - . H --.i:l.
ld 5| S & .. | Plant/ | Plant
L
- -
Nickel W.racemosa r; 9 62 L3 14 ' 0.43::
Q.acutifolid b 83 ! 41 by 10,95 1 0.7
| 3. Pusca 12 | &9 [ 95 52 1 1.83 , 0.6127"
N.truncata . a 57 Sl 28 1.42 ! 0.528++
\.menz13511: a 70 65 60 1.08 ! Col 74
] j H : :
Copper ' W.racemosa ! b . 9% ! 30 3101 © 0,30 0.05++
| Q.acutifoliab | 88 LI ;126 ! 0.38 ; 0.36
' B, tawa e , 35 ' 135 255 ! 0.5L ;-0.05
E qgg;tata fe I 36 62 192 | 0.32 '-5.03
! O.rani ta 7 61 | By f 1.3 § 0.3,
{ Topumgens £ 0 30 . 43 (114 | 0.33 } 0.5377
: . fusca a . 8 127 110 i 1.15 1 0.294+
} Notruncata ~a ' 57 ; 95 1133 ! o.71 ! o.3u
I N.menziesii; a { 70 @ 137 | 78 1.76 1 0,163
] ‘ § :
' 3 y
Zinc ! U.racemosa ;b . 94 ! 30 30 1.00 é 0.02
| S-zcutifoliap | 3 ! 2i 36 | 0.70 l Ge0J
; B.tawa [T G 1o T O 149 Cel3 ;.36+
S.digitata | ¢ @ 35 71 |15 | 0.53 | com
N.fusca Ca 89 ! 25 1.2L : 1,319
N.truncatz : a 57 ¢+ 26 20 1430 l-u.vgﬂ
: N.menziesii, a 70 1 L2 | 31 1,35 § 0.1%5
§ — ; : ! }
' i I !
Lead B.tawa ! P35 1 157 | 240 0,53 0. 51
S.digitata | ¢ j 3t 73 207 C. 38 .28
\ 5 i
i N i e
Molybdenum| O.rani d i 71 1 252 65 387 Go 74
A 1
Uranium | Woracemosa | ¢ 1 201 130 [129 | 1.00 | o. T2
N.fusca ci 26 I 100 | 121 0.82 0.62
| I 1
Levels of significance ++ < 0,001
+ < 0,01

+ Data source as for Table IV - 18
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(c) Discussion.
The poor results obtained above
could be attributed to two factors:

(1) The range of zinc concentrations in the soil woro
sinilar to the range in the plants for five examples, and, as
mentioned earlier, the method was not expected to predict essent-
iality in this case.

(2) In the case of copper, @ few Anomaicusly nigh concen-
trations in the leaf ash were recordcd for the ifothefn, s specics
with the result that the standard deviations were sbnormally lorge,
and hence high ratios o the cocliicients of variztion werce obtained

for copper leading te the incerrect classif'ication.

Overall, the prediction of non-cssential and essential

nature was correct in sixteen cut of twentysix cases.

The second ain of the study was to try and predict the out-
come of a biogeochemical prospecting survey involving a particular
plant and metal system. If the value of 0.70 for the ratic ol the
coefficients of variation was used, then values greater than this
were found to predict significant correlations in seventeen casese.
Out of these seventeen only eleven were correct. :lso this

criterion failed to predict three cases of significant correlations.

In conclusion, it was apparent that the accuracy of the
technique was not sufficiently high to make it a promising tool

to predict the outcome of a biogecchemical prospecting survey.



ns o function

k.  The relative accu ulation of =
of the total concontration ol thy metxl ia the soil.
(a) Introduction.
3ince plants tend t- contain
constant concentrations of netals essential to their nutriticn,
then where the soil concentrations of these metals vary, thc
relative accunulations nust vary inversely to the concentratici
in the soil i.e. this could be readily detected by a negative
correlation coefficient. The appropriate correlation coefficients
were coriputed for all the available data and are shown in Tablc

Iv - 20.

(b) Results.

In every case = nzgative corralstion -

(

was obtained. It was apparcnt fro. these results that for both
copper and nickel, the least ncgrcive corrclations wverc shiowm by

the Nothofagus species which wis also fcund to be the best species
for prospecting purpeses (sce plantxsoil correlation coeificients

in Table IV - 20). This obscrvation was expected however, since a
highly significant negative rclationship ror the rclative accunulation
correlated with the total soil concentration, iuplied a constant
plant concentration and hence a poor plant/metal system for bio-

geochenical prospectinge.



T..BLE IV - 20

Correlation coefficients between the relative accuruletions and

the total metal concentrations in the soil.

+ Correlation cocfficicents in brackets arc

corresponding plantxsoil relationships.

thosz vov

+

Zinc

20.633  (-0.078)

=34 /00
-0.778

-, 655

Spesies No.of N Correlation coefficicats
Samples Wickel Copper i
N. truncata 57 | —0.5479 _(6.528)_‘{ =688 ‘(0.3457"“1'”
N, fusca 89 | -0.339 (0.612) ! -0.841  (0.294) :
l.menziesii 70 | -0.424  (0.47L) ; -0.301  (0.163) ;
Q.acutifolia 88 | -0.731  (0.411) : -~0.92h  (0.353) i
W.racerosa ] 9l g -0.519  (92.427) g “0.9% (DB ;

L,
Vil

ilC

(0.319)

—
(@)

~—

<195

<9



(¢) Discussion.
In SECTION IV - % it was showm
that the accunulation of nickel decreased as the nickel concentration
in the soil increased, which was in agreerient with the correlntions
obtained in this section. This was interpreted as being the result
of an exclusion of nickel f'rcmi the plant in regions of high soluble
nickel concentrations in the soil, possibly due to a iictabolic

exclusion process or to competition with other ietal ions,.

For the case of copper, the accuaulation also decreased as
the concentration of copper in the soil increased. But this was
considered rather as an increcase in relative accuaulation as the
s0il concentration decreasad and wos interpretid ns beln;: duc to
the netabolic accunulation of ceopper froni seils low in eop-er,
to satisfy the requirzments ot the »nlwats for chis netnle 2ince is
also essential for plant nutrition and the rcasens Jor the results

obtained were sinilar to thosc {or copper.

3ince all the data sets were transformed to base ten
logarithos before correlation, the highly- significant negative
relationships observed implied a tendency towards rectangular
hyperbolic behaviour for the untransforned data. This is shown
in Figure IV - 8 where the graphs of the relative accunulations
versus total soll concentrations for copper and zinc in J.acutitolia
leaf ash are presented. The graphs of these metals are in centrast

to that for nickel in N.fusca leaf ash also shown in Figure IV - 8.

For biogeochenical prospecting results to be successful,

the relative accunulation of & metal by e plant iiust be indepen-
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dent of (or proportional to) thec .ietal concentration in the seil.

From ifigure IV - 8 however, it can be seen that for coppore

in the leaves of Q.acutifolia this criterion was not satisfied

until the copper concentration in the soil exceeded 100p.p.ite
Only above this level did the rclative accumulation becoiic

approximately independent of the 5711 conceéntiration.

These observations cen be readily interpreted depending on
the concentrations of copper in the soil. Below approxinately

100p.p.m. copper in the soil, feacutifolia wns nstabolically

o w ———

accunulating copper to satisfy its reguirenents. Por this spoecies,
the level required in the dry losl wias anproxi:niels 2 to Lhp.p.m.
or 40 to 80p.p.w. in the leaf asi. above apopraxioatoly 100p.p.m.
copper in the soil, Qe.acutifolia no leonger ccecumulicbed counor ©O
the same extent and probably started to excluds it.  3ut 14 was
apparent that the exclusion of cowner by the plants was not
entirely efficient since where soils contained ancalous concen=—
trations of copper, sonme lzaf cconcentrations, particularly tor

the Nothofagus species, were considerably higher than norhal.

The same reasoning can be applied to the case of zinc
(Figure IV - 8), although no soil concentrations were observcd
for which the relative accunulation tended to become consuiitte.
This was because there was no zinc mineralisation in the stuly

area,

For the case of nickel however, no narked deviation awvay

from constant relative zaccunulation was observed except f'or
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G.acutifolia which showed a negative correlation of -0.731 (Table

IV - 20). The reasvn for this is not clear but the results
indicated that this species, and to a lesscr extent the other
species, tend to maintzsin a nininuwn 2.ount of nickel in their
tissues., The graph presented in Figurc IV - 3 for nickel in
Ii.fusca contains three points which deviate fra: the _enercl
population. One point at a relative accumulation of 3.3 ~n’: a
soil concentration of 20p.pe.iie was due to a plant containing a
nickel concentration indicative of a basic substratc while the
corresponding soil showed sedimentary characteristics. Cfheore 1s
little doubt that this point c=uscid the ncgative corvelsticon

observed.

The negative correlation coefficient tor the other specices
were also partly duc to points suciy as thils cne. Two otiier points
of high rclative accumulation and high soil concentraticns (5375Depeme)
are worthy of mention bccause of their apparent anomalous bchaviour.
Although it was not investigated further, it was thought that the
sanples corresponding to thesc points were containinated to a small
cxtent by soil. In general, the relative accunulation values tor
nickel showed a less rcgular rclationship to the nickel content of
the soil than was observed betwecen the recletive accunulations of
copper and zinc and the concentrations oi these metals in “hc soils.
This was probably due to the regulation by the plants of the
accunulations of copper and zinc in contrast to the accumulation

of nickel, which was not regulated by the plants.
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(a) Conclusions.

It was concluded froi: these
studies that for metal/plant systeus, a graph of the relative
accunulation versus the total concentration in the soil is of
particular value, for it shows at a glance the lowest metal
concentration in the soil below which biogeocheirical prospecting
results would be unreliable., If this minimun scil cencentration

Jo
(9]

ay

is not signifiicantly below the soil concentration cxpecte
indicate mineralisation, then there is little point in corrying
out a biogeochermical survey. 1In addition, from the relative

accumiulation values lying on thc curved part of the graph sone

indication can be obtained of +thc optimur ai.ount of the inctal

required by the plant. Tor exa:iple, i the case of conper in

Osacutifolia leaf ash, this ~rount is approxirately L0 to 80u.p.::

i
&L

(cef. the result of 105p.p.:i. in the leaf ash of the Kothol- us

species, obtained by trend analysis in 38CTICH IV - 3).



SECTION V

TRACE _METAL COMPLEXES IN _LEAVES




iie INTRODUCTION.

In the introduction t. this thosis it wais nointed out
that there are two appr.aches t» the study of biogecche ical
processes; the direct experiiientel approach wnichi iz the aost
conmon and the statistical approach which has been iliustrated in
the previous sections of this thesis. ..lthough the judicicus
application of statistics to observed data can, in some cascs,
serve tc detect relationships anong tracc metals in plants and

soils, further elucidation oi' the relationships relies heavily

on the experimental approach.

There are, however, a nuaber of probvle.s inherent in the
experinental approach to both plant and animal systenise In the
past, most metals ad:iinistered to organisms contained radioactive
isotopes as tracers (Broda, 1960), fLlthough thc use of radio-
isotopes is a very sensitive .ctiiod, fre: i'ron contamination
problens and usually very convenieut, attcipts to study metals
in tissues at very low concentra-icns arc oi'ten limitcd by the
specific activity of the catiou sclution adninistersd to the
organism. The need for a usciul spzcifiic activits in tho tissues

may require the administration =f pntentially toxic concentrations

of the metal.

There are other disadvantages, particularly with the use of
radioisotopes which emit low energy radiation. For example, the
only useful long-lived isotope of nickel is nickel - 63 which
enits a B particle of energy 0.067Mev. The organism may accunulate
such low concentrations of this metal that measurement oi' the

radiation in the tissues is very difficult,
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Linother well-known probleii arises when cnly short-lived
isotopes are available such as the copper - 64 isntope with a half-
life of 12.9 hours. The short half-life is this isotope is probably
one of the main reasons for the relative lack of literature on the
metabolisn of this metal in plants as compared with iron and, to a

lesser extent, zinc.

In view of the above comments it 1s apparent that whilc
radioactive tracers will continue to play the doiinant rolc in
trace metal studies, there is an urgent need for methods not based
on radioactivity and involving total analysis of metal concentrations

in the submicrogram range.

In addition to the application ol atouidc absorption spectro-
photometry described belcw, other sensitive: nethods of analysis
for trace metals have rccently boen daevelopaed. Thes: metiiods
generally depend on the principles of atoitic abscrpiicin or ~tanic
fluorescence spectrophotemetry. Such systems which have becn
reported include the carbon-rod atonizer (West and illians, 1969;
Amos et al., 1971), the graphite-tube atomizer (Massmann, 1968;
Manning and Fernandez, 1970) and the platinum-loop atomizer
(Bratzel et al., 1970). The absolute detection limits which are
possible with these techniques are very low. For example, the
detection limits obtainable with a Varian-Techtron carbon-rod

- 11gm of nickel and 5 x 10 - 1dgu of

atomizer Model 61 are 10
chromiume. When these values are compared to the detection limits
attained in this thesis for these two metals, 2 x 10 - ng, for

nickel and 3 x 10 - 8gm for chromium (Table II - 1) using conven-

tional atomic absorption spectrophcotometry, it is apparent that the
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new methods offer considerable promise for epplication to biwlozical

systeris.

ilthough the application of such analytical techniques does
not present a great probleaii, thc difficulties of contarninaticn do.
In the use of r~dioactive tr~cers, contaiyincticn fron othor
sources of radiocactivity is uniiltly. On the »thor hnald, in tio
total analysis cf nietals at the sulmicrogra:: l:val, contamination
is very difficult to avaid. Tlowvever, stringent sroeciuticns during
the expcerimental rmanipulaticons con raduce this prodvle.. <o an

acceptable level.,

The present section describes a brief study of the location
and chemical forms of nickel in the f'oliage oif some of the trees
growing in the sampling area, 1he lack of knowledge concerning the
cherd.cal forms of the "available" nickel in the soil of the area
presented a najor obstacle to the setting up of cxperiunents
involving planta grown in nutrient solutions. It was possible
that the conditions existing in the soil of the Complex oy have
been difficult to duplicate in the laboratory. To overcome this
difficulty, leaf tissue collected from trees growing on the Complex
was used in the present study. This tissue contained nickel
accunulated under natural conditions in surf'icient coicentrations to
allow the use of atomic absorption spectrophotomctry for its

detection and measurement.



B, EXPERLIENTAL.

1.  Sample collection.
The leaf sacples used in this
study were collected from two specimens of each of the specics

N.fusca, W.racemosa and C,acutifoliz. In addition, leaves were

taken from one specimen of' Pseudowintera colorata which was greowing

within a few feet of the sulphide outcrop at site (2,8).

The locations at which the saziples were collected are given
in Table V - 1, WValues for the exchangeable concentrations of
nickel and copper in the soils at each location are also given in
Teble V - 1, These values were obtnined by extracting L4.0gm of

soil with 10.0ml1l of various cextractants.

Approxinately 1 to 21bs =i’ laesves were renoved fror arch
tree and transported in plastic bags back to the lavoratory wherc
the leaves were washed gently in tap water, folinwed by distilled
water. The quantitices nccessary for the dii't'ercntial centriflugation
experiments were stored at AQC for approxicately 36 hours, while
the remainder were freeze-dried, ground to less than i in a

hamnmer nill, and stored in air-tight brown glass jars at -1OOC.

2 Chenicals and Glassware.

Since quantitative
neasurements were nade of metals in the microgram concentr=tion

range, all solvents and chemicals had to be exceptionally pures.
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Details of the leaf samples used in the study of the motal cornlexes

in leaves.

lietal concentrations in the scils (jleper:.)

Sa.mpllng ' ~--:- Nickel T E‘hohpper !
Species ISpecimen | Location A 147 B I C e B c 3
! i Uoe | oo | U e | |
N.fusca ! b Po(2,3) 1 uou b 0416 , 2.6 {191 0.17 4.0 |
: i i : ! : !
% .racenosa ! b : i 1 E E :
T i ‘ i i ‘ q
: E | i ; | ' :
.acutifolia b i : : - i
Qeacutifolia 5 1. e : |
: 1 H D 3 1
W.racemosa ; a i (5,7) i 476 0.29 2.2 | 88 0:6% F 12,0 j
] eI SECIRIRP IR P ; :
| l ' 1
N.fusca a i (2,8) 550 6oy 20.1 1300 30.0 | 465.0 |

! i

Q,acutifolia a i 5

!
P.colorata a E i : i

+ A = Total (-120 mesh)
B = 1M ammonium acetzte
C = 0.05M disodiun €.D.T.A.

N.B. Soils were typicz2l oi those in the vicinity cf cach site, they were not

collected immediately beloiwr the trees froo thich lexr sanples were taken.

clt
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Solvents were distilled. concentrated approximately 20 tires and
analysed for nickel, copper, zinc and iron. Distillaticn tos ropeated

until the concentrations of these metals viere below the dztecoion

}
limit of the atomic absorption s; ectrophometer (Table I1I - 1). The
chemicals were all of analytical grade and contributed negligible

anounts of nickel, copper, zinc =ud iron to the solutions i wiich

they werec used,

Decontamination of glassvarc was wost cliecktively achizved by
washing with a commercial doturgent to ro ove crzanic aterial
followed by boiling in dilute, rctal-Iree hydroc.loric acid.
Reabsorption of nickel on to the active glass surfacc doran: the

extractions of leaf tissus was found to be negligible. (c.f.

percentage recoveries in Table V - 2.)



17

C. DIFFERENTIAL CENTRIFUG..TION OF FRESH LE.VE3.

1e Method.

For a preliminary study of the subcellular
disteibution of nickel in the leaves of the plant species used in
this study it was not considered nccessary to undertake extensive
experimnentation to deterniine the optimum conditions for separation.
Instead, a standard procedure was adopted (Stern, 1968). wl:hough
this method was intended priuarily for soft leaves (grasscs ctc.),
it proved to be suitable for the present study with only minor

nodifications to the preparation stage.

The fractions obtained and their .iajor components arc given

in Figure V ~ 1,

The residue obtained nt 1000 for 10 idnutes ¢ nroinced ovoth
cell wall fragments and chlcroplasts but no further scr-zration of

these components was attemnpted.

2. Procedure.

The leafl sauples used were ccllected in the
field, transported to the laboratory, washed and placed in cool
storage within one day. Three samples were used; one eacl of N.fusca,
Qeacutifolia and P.colorata. These samples were all classified as

specimen "a".

For the large leaves of J.acutifolia and P.colorata, it was

necessary to remove the nidribs fro:: the leaf blades before blending.



FRESH LEAF

\

Blend in tris-sucrose
buffer, pH6-8.

\ » RESIDUE (leaf fragments)
HOMOGENATE
Centrifuge
1000g, 10mins.
\ = RESIDUE (chloroplasts A
and cell wall
SUPERNATANT fragments)
Centrifuge
200009 . 20mins.
\ > RESIDUE (mitochondria B
and nucler)
SUPERNATANT
Centrifuge

80,000g,150m ins.
RESIDUE (‘microsomes™)

SUPERNATANT D

Figure V-1. Differential centrifugation scheme (after Stern,b1968)
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Twenty gm of lenf tissue was blended in a2 Waring Blendor at

full speed for 18 x 10 seconds in 200121 of tris-sucrose buffcr,
pH6.8 (0.05M trishydroxyucthylaninoniethane - HC1l, O.54 sucrose, pH
adjusted with acetic acid). £11 nanipulations were carried out at

o - 1.

The resulting pulp was strained through a 125 .icron nylon
mesh and the filtrate separated intc five or six equal portionse. A1l
portions were centrifuged te give fractions .5, B and C + D. The
C + D fractions of two portions were further separated to give
fractions C and D. The results nrosented are the ife:ns of the 4, B,

C and C + D fractions.

3. Lnalytical mothod.

Because of the large quantities of
leaf tissue used, it was .Jound that by drying each fraction at SOOC,
ashing at ABOOC and dissolving in 1M hydrochloric acid, reproducible
results were obtained. The acid solution was analysed directly by

atonic absorption spectrophotoietry.

4, Results.
£11 fractions for each sample werc analysed
for nickel, copper, zinc and iron and the results are prescnted in
Table V - 2. Two samples of f.acutilolia wecre subjected to the

separation scheme to give a measurc of the precision o:” the scparation,
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These results are also shown in Table V - 2.

By ccnsideration of thc values obtained for the two replicates

of Qeacutifolia, the approxinatc errors in precision were, nickal 1,

copper 9%, zinc 3/, and iron L.

Approrimately 90% of the nickel in all semples renained in the
supernatant fraction after centrifuging ot 80,000z for 150 minutes.
For both copper and zinc, 504 to 70/ remained in the supernctent
fraction, while only 10% to 154 cf' the iron was proscut in this froction.
For most samples, less than 206 of esch netal was prasent in Practions

&

B and C.

¥Within the crror linits, all specles siociaed the sane percentage

fractienation of nickel and copper. For zine, P.colox:

cnd der'usca
containcd a higher percentage in their supernatant fraction than did
feacutifiolia. In the casc of iron, the only apparent differcice was

that N,fusca and P.colorata contained a higher ratio in fraction B

relative to fraction .. than was {eund for‘ngputigglia.

5. Discussion.
(a) Nickel.
nlthough the separation of the cell
components was probably not couplete, the results obtained sugcsted
that in all the species studied, approxinatcly 90% of the total nickel
was not contained in the cell org:inellcs., This nickel was ..ost

probably present in the leaf eitiier in the cytoplasi: or in thec vacuole.



T/BLE V - 2

Percentage distributions of some netals in the fractions obtained by dirfcerential

céﬁtrifugation of the fresh leavos. o N
AracTeioud
. Total concn Rdﬁiidﬁ?ér_ ----- T - I A |
notal | Spetes  fug/e0 | T} 4 ° L8] CrP
N.fusca 8.05 l T 3.25 (6) 1 2.05 (6) l 1.2 (2) E 39.0 (4)
Nickel P.colorata W7 1y 800 (5) 1 2.48 (3 P 165 (2) { 89.5 (3)
g.acutifolia:; 6.20 : 1 9.565 (&) 1 0.36 (4] ] 2.53 (2) , 90.0 (4) *
| : 2 10,3 (5 ¢ U.2 (5) - 89,5 (5)
; TR SN W
N.fusca '  5.10 1 33, (6) 1 7.53 (6)§ 5.30 (2) | 59.0 (4) i
Copper P.colorata |  5.10 1 1.0 (5) ¢ 9.70 (5) f 2,70 (2) | 56.2 (3)
Q.acuﬁifolia:f 2.03 1 539.6 (6) 5 0.60 (6) } 2.30 {(2)1 59.7 (&) ‘
' 2 lus2 (5)1 3.38 (5) - 51.3 (5) »
. ,Hﬁ-_--_.n.--l]i-_ 4 . ._,___.,.\..L__’___..___ :
N.fusca 8.56 1 L2342 (6) ; 8.40 (6) | 3.90 (2, 1 625 (&) |
Zinc _ P.colorata 17.9 1 ;21,8 (5)§ 7.4k (5) ] 3.60 (2) ] 70.8 (3)
Qe.acutifclial 7420 1 é39.4 (6); 8.35 (6) ! 6.00 (2) I 52.1 (4) |
! 2 138.6 (51 6.29 (5) - 55.0 (5) |
B e ek (RRTRRTRENS S
N.fusca L1.5 | 1 170.7 (8) ) 138.3 (61 .21 (2) 1 1.0 (&)
Iron P.colorata 28.5 1 577.0 (5) 3 12.6 (53 1.75 (2) 7 10.5 (3)
Q.acutifolial  18.3 1 1800 (8) 1 4.77 (6) | 5.23 (2) ) 15.3 (4)
2 !85.4 (5) ! .10 (5) - i 12.6 (5)
+ A "cell wall fragmcnts/chlcrﬁ;lasts;
B "mitochondria and nuclei"
C M"microsomes"
D supernatant

Lt
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The remaeining 107 of the total nickel was found in thc fraction
containing the cell wall Zragnents and the chloroplasts but since no
further separation of thesc conponents was made, the prccise location
was not known.

3

These rcsults were in reasonnble zagreenent witl the solvent
cxtraction results presented in Prot D of this section, if the 10k

. . . . ~ / 4 . - o
nickel remcining in the cell wall/ chloroplast fraction wos considered

to correspond to the sirdlar asount of nickel rermaining in thc residue

after solvent extraction.

(b) Copper, zinc and iron.
The percentnges ol these
rietals in the chloroplast/ cell wall fraction varied fror: ~hout 255
for zinc to 85% for iron in contrast to the 10% of th: total nickel

observed in this fraction.

The percentage copper in thisfraction was csscntially the sane
for all species with betwcen 30% to 4O% of the total couper pr..sent.
This value is lower than that obscrved by Neish (1939) whe Found
7he & of the total copper in the leaves of Trifoliun pratense to be
in the chloroplastse The low values observed in the present study iay
be due to the fact that the leaf sanples all cane fron trees growing
in relatively high soil concentrations of copper (Table V - 1), This
caused higher concentrations in these trees e.g. approxinately
10 - 15p,pe1e On a dry weight basis, compared to the mean values

in the trees over the grid area of approximately 3 = 5pep.m.(Table III-3»
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The copper accunulated by the plants in excess of that required for

the chloroplasts would be present in the supernatant fraction.

A difference in the distrivcution of zine was obscrved botween

No.fusca and P.colorata on the cnu hend and D.zcutifolia on the other.

The former twio species showed sii;ntly lower councentraiions in the
chloroplast/ cell wall fraction and hi her concentrations in the
supernatant fraction than vos obscoved for J.acutifolia.

Iron was shown to cxist alimost entirely in the cell wnll/
chloroplast fraction of all the species studied. This finding was
in agreement with previous studies by Liebich (1941) who found up

to 82% of the total iron in Spinacia oleracea to be in the chloroplasts,

and Jacobson (1945) who showed thet 61% to 84/ of the total iron in

green tobacco leaves was present in the cioloroplasts.

In the plants studied in this thesis, copper, zinc and iron
were present in only small anounts in the "mitochondria" and
"nicrosome" fractiorms and in view of the possibility of contasination
from the other fractions, the sizniricence of' thesc siiall a:ounts

could not be asscssed,
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D.  SOLVINT EXTRACTION OF ICKEL #ROM FREBZA-DR (ED ILi/S IISSUE.

1. Extraction procedure.
The schene followed in this work

was adapted from the procedure proposed by Bowen et ail. (1962). For

a preliminary cenparison of the chermical naturc of nickel in each

sanple of leaf tissue, the fivo-fre:citlon separation schenic shown in

Figure V - 2 was used.

Trial experinents showed that 1g0 of frecze-dried tissuce could
be readily dealt with by this cxiraction procedure and the analytical
tochnique described below., Sui'ficient quantities of all fractions
were obtained for quantitative antlysis and further separation by

electrophoresis or chronatograyphy.

2. Analytical nmethod.

Zach fraction was taken to dryness
under reduced pressure (BSOC) and redissolved in 5.0ul of the
appropriate solvent. For the analysis of each extract, 3 x 1nl
aliquots were added to three test tubes, each containing one circle
of Whatman (No.541, 7cn) filter pawzer. The contents of the test

. 0 . 0. . .
tubes were dried at 80 C and ashed at 430 € in a nmufirle furnace.

Drying and ashing in thc abscnce of filter paper, rcsulted
in a poor recovery of nickcl, probably due to the residue adhering
to the glass walls of the tube. 'With filter paper present, at SOOC
the solvent evaporated nore rapidly from the filter paper than {ron

the solution surface, with the result that almost all the solution



FREEZE-DRIED
LEAF, 1gm.

\

Boiled with 80°/s ethanol,
80ml ,10mins.

1x \ Extracted
\ *with ether.
RESIDUE

Boiled with water,
80ml ,10mins.

N\
N

RESIDUE

Extracted with 0-2M HCL,

sOml ,10mins.

\

Resiopue E

-
=

EXTRACT

e

ETHANOL
EXTRACT

ETHER

EXTRACT

WATER
EXTRACT

D

C

Figure V-2, Solvent extraction scheme for freeze-dried leaf tissue,

(modified from Bowen etal., 1962)

A
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was absorbed up into the filter paper before drying was copletee On
ashing, a small pellet of ash remained which contained thc metals
from the extract and thosc froii the paper. This ash was dissolved

in 1mnl of 1 M hydrochloric acid and the sclution analysed.

The means of the three dceteriinations for el
, . PRI, S A S —
taken which agreed within -5 and ucvally witnin —2%4. ¢ blanl

correction for the filter poper wis necoissary.

The total quantity of nickel recovercd frou: the Bowen
extraction was expresscd as o percentage of the original anount

present in the quantity of tissuc used (1gm).

3. Results.
Two portions of each sample were subjected
to the extraction procedure and the results for both are presented

in Table V - 3 to illustrate the precision of the nmethod.

These results showed th=zi in 2il saaples, :tost of the nickel
present was soluble in the aqucous cthanol and weter fracticons,
Lipproxinately 85.0% was extracted into thesc fractions fro: the
samples of N.fusca, 75/ fron the saiplc of P.coloraia anc 6% to

70% from the sanples of Q.acutifolia and Weracemosa. Of the nickel

remnaining in the residue after extraction by aqueous ethanol and
water, the ratio of acid soluble to insoluble ranged from approxim-

ately 1.0 for N,fusca and P.colorata saiiples, to 2.0 and 4.0 for the

sanples of W.racenosa and Qe.acutifolia respectivelye.




TiBLE V-

Ry

Percentage distributions of niclz: in the {recze~iricd ic-wvas ~oong:
the various solvent extracts.
; e ‘ !
Species \Specimen E nlchzl % fraction ¥ ' % i
; { concn. ¢ 4 B C L+B+C D E iRecovenyi
| + P ;
W.racemosa a § 11.9 : 48,1 51 143 575 21.1 1o - 97.0
:- Ju.z 0.0 25.2  £5.%  18.0 13,5 | 92,3 |
b1 10,3 | 364 0.0 32,3 68.7  27.3  lud ; 95,2 i
!
i i - -
1 ; 1357 0.0 255 6.2 a5 12,5 | 960 |
N.fusca i b i 5.9 ! 63.0 1.9 1541 85.0 9.5 5.7 ¢ 107.8 i
L " H 1
!65.5 el 17.2 8641 10.3 3.0 | 117.0 |
i a 1.5 157.1 1.4 25.7 Olpe 2 7.2 8.6 E 97.2 .
i y . " 1 . ;
: ! { Shel 4l 26, 8.7 7.0 8.3 | 99.5 .
Q.acutifolia: b 5.0 3.l G.0 27.2 616 31.7 6.8 | 88.5 |
31.2 0.0 26e7 L7l Sho b 8.2 120.0
a 1045 33.2 0.0 33.2 5604 26,2 Tels Ml
o3 0.0 28.6 62.9 2846 8.6 100.0
P.colorata a 29.0 L2.3 143 32.9 7545 12.8 10.7 103.0
43.0 0.0 e 75.2 1ht 10.7 103.C L
¥ Values expresscd as percantage ol the total rcc vorad.
A B80% aqueous ethancl
th
B ether #.8. Two replicates of each sample
C water and two sanples of ecach species
D 0.2 H hydrochloric acid t¢xcent P.colorata are showm.
E residue
#¥ nicrograms/gram of frezze-dricd tissue
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i very small anount of nickel was extracted into the cther
phase for some samples but it is likely to have ariscen because of

incomplcte separation from the aqucous ethanol fraction.

L. Discussion.
The oman constituents of the {ive {ractions
were as follows:
£ - 80% aqueous ethanol - amino =~cids, linids,

moderately polar metal coriplexes,”

B - ether = pignents, high wolecular weight

organic acids.

c = water = ionic and strongly polar compoundsSe

D = 0.2 M hydrochloric acid N pectates, proteins
and cx changeable cations.

E - residue - structural components, z.g. cellulose,

hemicellulose, lignin and some proteins and nucleic

acidse.

The results observed suggested that the major part of the
nickel present in the leaf tissues (60 - 80%) occurrcd as a polar
compound(s), possibly of low molecular weight. Diffcrences cbserved
between the species were not large and may be due to differcnces in

the ease of extraction resulting from varying extents of grinding of
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the leaf samples. 4n additional snaller fraction was found tc¢ be
extractable in 0.2 ¥ hydrochloric acid, which could possibly indicatc
that the nickel was bound to the proteins or pectates extracted with
this solvent. Altcrnatively, the nickel present in the acid extract
was prcsent as the free divalent cation which had dissoclatod iroa
conpounds in the residue under the acid conditionse. or ecxaipls,
Magnus (1958) showed that in the pH range 2.0 to 5.0 no nickel
coordinatcd to the proteins insulin, cali’ thyrnus histonc and kerateine

(a partially degraded product tfron laubs wool).

Unfortunately, there arc no other reveorts in She litorature
on nickel with which to comparc the present obscrvitions. Throaiws,
another apparently non-essential »etal to plant nutrition, has been
studied and Lyon et al. (1}69&) siio.ed thint 15.;% ol' the total
chromiw:. in the shcots of Leptospcraun scopariws was soluble in 30/%
aqucous ethanol and water, whilc a further 78.0% was extracteblie with
0.5 M perchloric acid and 2 ¥ scdiwn hydroxide. This was in ccntrast
to the results for nickel obtained in the present study. Copper and
zinc have received soric attention, primarily because of their esscntial
nature to both plant and human nutrition. Bowen et al. (1962) showed
that in freeze-dried tomato tissues, 9.1, of the total copper and 5.8%
of the total zinc were soluble in BQ% aqueous etlanol, 2nd 75JﬂZ and
84.4% of these metals respectively were extractable into 0.2 II
hydrochloric acid. This author also noted that 6.2% of the copper

occurred in the acids extracted into the ether phasc. Pcterson (1969)

found that in Agrostis tenuis betwcen 52.9%% and 66.%6 of the total

zinc in the shoots, depending on the level of zinc in the nutricnt
solution, could be extracted with boiling 80% aquccus cthanol and

water. Bremner and Knight (1970) observed that 65% ol the total
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zinc in frosh ryegrass was cxtractzble by cold 80% aqueous ctihznol
and water. Dicz-iltares andl Bornctisza (1967) studied the fori. of
zinc in corn sesdlings and i'vund thot approximately 70% ot the total
zinc was cxtractable with 707 aqueous ethanol, molar sodiun chloride
and 0.05 M sudiwa hydroxide.

It is apparesnt that considerabls differences in the sol:bilities
of copper and zinc occur betwoen speciess. This makes useful coipar-
isons diff'icult until the cheiiical foriis of the metals are known.
fiowcver, it sgems that in the plants studied by the workees sweationed
above, most of the copper and mine in {he leal tissues was ia o soluble

or readily-exchangeable forr., [This is in sgrosment with {ho prosent

4

findings for nickel.



E. HIGH-VOLTAGE BLECTRUPICRESIS OF

ETHANOL EXTRACT3 FRUM #RTIZ

e Procedure.
Paper clectrophoresis was carried nut on

a high-voltage apparatus (Milcs Hiveoli) usin~ hat wu

53.5cm, paper.

Since the stabilities o1’ any organo-nickel couplexcs prascent
in the extracts were unknown, it was considered necessary to naintain
the buffer pl at a level similar to that expected to exist in the
leaf tissuce 4 pyridine/’acetic acid bufrer pH 5.3 was used.(iiron,

19€60)

Papers were dipped in puffer, blotted evenly to reiiove surplus
liquid, and placed o:n the bed of the instrument. Ccncentrated extract
(5Qul to 1OQul) was applied with a glass microlitre pipette as a 35cn:

4

streak across the centre of the pzper and a potential of ol

Dlve At &
+ e
current of 380 - 10ma was rint=incd for 1¢ iinutes. Heot vas
L PR

dissipated by circulating water in the prossure plates ruove and

below the paper.

The papers, after reiroval frow the apparatus, werc dricd

rapidly in a stream of warm air.

2. analytical nethod,

The electrophoresis papers were

cut into strips 1cm wide parallel to the origin streak. Dacihi strip
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. . G . .
was placed in a separate test tubc and ashed 2t 430°C, For mucdiu

sensitivity 0.3nl of hydrochloric acid was added to 2ici. tubo.

The nickel in each tube was deterained quantitatively by
atomic absorption spectrophoii:try. This gave the concentration of
nickel on the paper at points 1ciy apart along the direction of

movernient.,

3. Results.
The analyses of the electrophlioretograris are
shown in Figure V - 3, BEBach scan is the average of two electrophoresis
papers.

N

It was found that dus to the high acounts of or-anile »wtarial,

t

compared to the amount of nickel in the extract, *the res_ iutinn of

nickel on the papers was very poor in sost cases. The rosults, hewever,
indicated the presence of a pouitive aickel cowpound 1 th. o ucous

ethanol extracts of all lz2:" srapless The agueous cxirzcts showed
similar electrophoretic patterns.s In addition to the ncbilc nickel
compound some nickel renmained on the origin in every case. 1t was
noticed, however, that the ratio of mobile to imnmobile nickel was
variable and increased as the total quantity of extract applied to

the paper was decreased.

The electrophoretic pattern of the divelent nickcl cation is
also showne This ion migrated further than the nickel caizpounds in

the leaf extractse.



Figure V - 3 Patterns of nickel aftcr electrophoresis at

pH 5.3 of the (0% acueous ethanol leaf extracts.

i N.fusca (a)

B N,tusca (b)

C Q.acutifolia (a)

D Q.acutifolia (b)

2+

E Standard Ni
F  W.racemosa (a)
G  Weracemosa (b)

o r— .

H P.colorata (a)

N.B. All electrophoretograms werc run on separate papers,
hence the small differences in the migration distances

of the nickel compound,
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4. Discussien.
fhe varinvle retic of mosile U immocile
nickel observed when differcnt guantitics of cxtract verce loaded onto
the paper, suggested that only one form of' nickel cuoipound s present

and that the nickel on the origin was retarded by the large <uzntities

of uncharged compounds prescnt in the extract. This possibility ias

supported by later work.

Since the nickel in the cxtract did not nigrate as far =25 the
free divalent cation, it seemed that the nickel conpound hnd =
positive charge less than 2. . likely possibility to satisiy this
criterion would be an anino acid chelate with nickel, in which only
one ligand was coordinated through the carboxylic oxygen and the

anino nitrogen.

Monk (1951) showed that at pl=5.C glycine rorcel 2 1:i conplex
with nickel (pK12:6.O) and at pi=x=6.C 2 2:1 ¢corpiox vos form:d

(pK ~5.0). L similar obscrvation wag oade Por sl-aine £or which the
2

appropriate constants wore pK1::6.L at pi=5.5 2nd plomeh.7 at pi==6.5.
Katzin and Gulyas,(1969) shoved that in mole ratics to nickel of one,
the amino acids, a2lanine, serine, valine, ~rginine, ornithine and
glutanic acid gave 1:1 coizplexes with nickel by coordinating chirough
the carboxyl and <X -aiiino groups. ith mole ratios greater than onc,
evidence for the bis-chelate was apparent at approxinmately pH 7.0.
Datta et al. (1959) also considered that coordination to the nickel
ion was through the carboxyl and eX -a;iino groups of < =a:inc acids.
These observations suggested that a chelate of nickel with an «:ixdne

acid could give rise to the results observed in the present study.

However, this hypothesis was tentative as there were likely to be

.
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other ligands in the leaf tissue which could give similarly charged

chelates.
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F. INVESTIGATINS Ui ¥ SOLUBLE isTAu COLPLEXTS IN

THE FRESH LEAVES O Q.ACULINCLIA

T Introduction.

furth r studies on the soliuble forms of
nickel in the leaves of Q.aculiiolia were undertslwn, Since approx-
irately 9@6 of the totnl nickel wns present in the superast~nt fraction
after diffecrential centrifugntion, this Ifraction was chosen or study

prcforsntially to the 80s agueocus ethanol extract of the freczoc-iried

leaves which contained only 60 t¢ 80% of the total nickel.

The extract used in this study was prepared by blending the
fresh leaves in distilled water, straining, and centrifuging at
20,000g for 30 minutes. A~Analyses of the two fractions obtained were
the sane as for thc corresponding: {racticns obtained in the diiler-
ential centrifugation experiiconts, ~nalysces of which =re shovam 1n

Table V - 2,

24 lectrophoresis of the extract.

=4

The fraction obtained
above was concentrated and subjected to electrophoresis under the

usual conditions.

(a) Results,
The resulting electrophoretogran was

analysed for nickel, copper, zinc and iron and the results are shown
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in Figure V - 4. The appropriate ention standards are also shown. A8
was observed previously for the frecze-dried leai’ tissucs, nickel was
present as both a cation and an iwvmobile form. Copper, zinc and iron
were all present in the extract as anionic conplexes. o cations of
zinc or copper were apparcnt. In addition to the anionic comploxcs

of iron and zinc, iwrzobile foruzs were also evident.

The eleoctrophoretogran was viewed under ultraviolet light
(350nm) and sprayed with a ninhydrin/ cadniw. acetzte roagent (acctone/
water/’acetic acid/’ninhydrin//caduium acetate, 89/8/ 2/ 1/’0.03).

Both ultraviolet-fluorescent =2nd ninhydrin-positive compounds were

evident in the same positions as the copper, zinc and iron coplexes.

It was also observad th-t the copper standnrd did not migrate

as far as either the nickel or the zine standards.

(b) Discussion.
(1) Nickel.

It was apparent from thesc f'indings
that the nickel complex extracted frou the fresh lzaves of Q.acutifolia
was of a similar charge to that extracted from the frecze-dried leaves,
although there was no evidence to indicate that the ligands coordinated
to the nickel ion in each case were the samne. However, unlcss a ligand
with a stronger affinity for nickel occurred in the cell orpganclles
and consequently was present in the freeze-dried tissue but not in
the supernatant fraction, there was a high probability that the ligand

was the same in both extracts.



Figure V - 4 Patterns of sorie metals after electrophorcsis
at pH 5.3 of the agueous extract of fresh

Osacutifolia leaves.

® lMetal in the extract
O Cation standard

A Nickel

B Zinc

C Copper

D Irom

E Standard iron-~citrate complex

N.B. Three separate papers wecre used:
(1) 4,0
(2) B,C

(3) E
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(ii) Copper, zinc and iron.

The occurrence of
soluble copper and zinc couplexes in plant tissues is well knovm,
Bowen et al. (1962) showed that in the aguecus othanol cxtract of
tomato plants, two forms of zinc wers presant; ons modiie ~nd onc
inmobile on paper chrematography with 95% anucous ethennl., Potorson
(1969) observed twe anionic zinc co.iplexes in the 3% aquecus wthancl
shoot extract of a zinc-tclerant spocies figrostis tenuis. sromer
and Knight (1970) working with ryegrass found evidencc for three
anionic zinc complexes and two anionic copper complexes in tho 80k
aqueous ethanol extract ot this plant. The copper accunulating plant

Becium homblei froi: Rhodesia was shown to contain copper ccrmplexes apparently

with amino acids, in the water extract of its leaf tissue. (Reilly et
al., 1970)

In the present study, only one anionic complex oI c..ch .:ctal,
copper and zinc, was observed and both these complcxes had the same
charge. MNo cations of cither netal were evident and this finding

agrees with other work, (Brcmner and Knight, 1970; Peterson, 1969;

Reilly et al., 1970)

Only a small portion of the total iron in the lent tissucs was
extractable and this was showin by electroplioresis tc be as an anlonic
complex. The existence of ccmplexes ou iron in plant tissues is wade
necessary by the fact that the ferric cation preccipates as the
hydroxide at pH values greater than about 3. It was therefore, not
surprising that an iron conplex was observed both in the present

study and in the xylen exudates studied by other workers. (Schuid

and Gerloff, 1961; Tiffin, 1966a; 1966b; Tiffin and Brown, 1962),
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Tif fin and Brown (1962) suggestcd that iron in the cxudate of soya
beans was coordinated to both nnlic acid and rnalonic acid, but in
later work, (Tiffin, 19662, 1960bj the cuthor suggested that the
ligand in soya bean, sunflcever, “omehoe and cucumour 2xUL0 L8 w0s

citrate, This evidence was boscd firshly on the simiiar oleccro-

phoretic nobilities of the natursi compluox and an ortificial coaplex
of iron and citrats, and secomliy on thz presuencs of cior?ic in the
iron~-containing spot on the clectrophouretograi: o thoe oxudsie,

3« Couparisons with chelates of citric acid and

Ooxalic =cid.
(a) Introduction.
In vig: of provious werk by
Tirfin (1966a, 1966b) in which the presesnce of an ircn citivase conplex
in the exudate from varicus plants was postulated and 1l work by Lyon
et al. (1969&, 1969b) ir which the trisoxalatochromiun (III) cooplex

was Shown to exist in the tissuc of Leptosperaw: scopariw:, 1t was

o 4-
|

decided to investigate the cholistes forncd wetween nickel, co opor,

w

zinc and iron and oxalic and cihric acils,

(b)  Mcthod.
Solutions containing (a) 0.05 X citric
acid and (b) 0.05 M oxalic acid were made 0,005 M with respect to
each of the four cations nickel, copper, zinc and iron. These two

solutions as well as standards of each metal were electrophoresed



and the electrophoretograir dried =nd analyscd.

(¢) Results.

For nickel, copper and zinc in both
citric and oxalic acids, only positive comipounds vere prescat oun the
electrophoretogram, whereas for iron an anionic conplox with citric
acid was formed which had a similar mobility to the iron complax
present in the extract (Figure V - AE). No complex of iron with

oxalic acid was formed.

() Conclusions.

Jros. these observetions

I(B

concluded that the naturally-occurring coiplexes of nicl'cl, copper
and zinc documented in this thesis were unlikely to contain cither
oxalate or cltrate ions. On the other hand, it was shown that the

nuaturai complex of iron could be a citrate conplex as suggested by

Tiffin (1966a, 1966b) for piant exudates.

L« Chromatography of the copper, zinc and iron complexes.

(a) Introduction.

It was observed in part 3 above that

the complexes of copper, zinc and iron all occurred in identical

positions on the electrophoretogramns and that ultraviolet-{'luorcscent
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and ninhydrin-positive conpcunds also occurred in the sanc placc,.
To separate the comnpounds present with the complexes, paper chronato-

graphy was resorted to.

(b) Method.

Four electrophoretograns oi the cxtract
were run and 2cn wide strips containing the copper, zinc and iron
comiplexes were eluted with water. The eluate was concentrated under
reduced pressure and applicd as two 2ci1 long streaks, 20cm apart, to

a sheet of Whatman 3 MM chrowtography mnaper.

This paper was developcd hy descending chronacvograclhy oich a

butanol / acetic acid/water (12:3%:5) solvent.

ifter the solvent front had woved approximately 40cii, the
paper was dried and the positicns of' both the U.,V. - fluorescent and

ninhydrin-positive compounds vierc recorded.

The duplicate chrouatograis were analysed for copper, zinc and
iron by the same procedure described earlier for the electrophoret-

ograrms.,

(¢c) Results.
The analyses of the two chromatograns

were averaged and the resulting scan is shown in Figure V - 5. 'The
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positions of the compounds locatcd by ninhydrin and U.V. light are

also shown,

islthough poor resolution of the metal complexes was cbtained,
the results indicated firstly, that at least seven corpounds -icre
present in the 2cun strips eluted of the clectrophorctogrs:.s, sccondly
that the metal complexcs did not apparently correspond to any of the
conpounds visible on the chronatogran and thirdly that the copper
and zinc complexes were very siniilar te each other with respecct te

their mobilities in the solvent uscd,.

The iron complex did not :ove [ra: the oriin.

(d) Discussion.

The sinilar pehaviour of thec cupper
and zinc complexes in both the clectrophoresis and the chronatuography
systems was in agrecement with the observations of Bremner and Knigzht
(1970) for ryegrass. These authors showed that on electrophoresis at
pH 7.5, both the copper and zinc complexes had sinilar mobilitics,
although at pH 5.3 the zinc complex was slightly slover than the
copper complex. In addition, the elution volumes of both coaplexes

from a Sephadex G - 15 colunn were very similar,

The significance of thc apparent sinilarities between the
copper and zinc complexes cannot be fully assessed until the structures
of the complexes are determined and the nechanisns of i'ormation are

elucidated,



5. Partial purification of the extract by Ge!

-

(a) Introductiocii.
Preparative-scale electrophoresis
5 used for the copper, zinc anl iron complexes above, was found to

be unsuitable for niclel because large anounts of other conpounds

occurred in the same place as nickel on the slectropinretogrii,
Procedures to purily the extract by cation exchange using
Dowex 50 - X 8 (Wang, 1960), by colurn chrcmatography on cellulose

and by thin layer chrematograpliy on silica gel all proved to be

unsuitable.

Gel filtration on Sephadex, bscouce of thr mild conditions
under which separation is achicved, won the nost oitractive metiod

: . I I X [N Ty o . = -
cparation by these gels depends primarily on

o Il

Lol

{
]
3

to study in detail.
nolecular size and since the nickel conplex in the oxtrzcl was
suspected to have a low nolecular weight i.e. <500, Sephadex G - 10
with a working range frou r.clecular weight 200 to 700 was the obvious
choicec. Unfortunately, this grzde of gel was not available at the
tine and Sephadex G - 25 - 300 was used. It was found, however, that

satisTactory results werc obtained with this gel.

(b) Procedurs.
rhe gel was allowed to swell in
distilled water for 24 hours before pacliing tc produce a bed Tiem x
10@. This bed was eluted vwith 0.7 M hydrechloric acid nntil Zhe

eluate was free fron metal ions ( by atemic ebsorption anclysis)



and then washed with distilled v=ter until the elunte wna

Half 1l of thc concentrated extract (containing 9‘g“ﬁ nickel)
was applied to the colurm and elut:d with distilled watcr. Ten
drop fractions (0.8ul) were ccliected. The absorbance of each
solution was rmeasured at 550n: and each solution was analysed dircctly
for nickel, copper and ziac. The results are shown in Figurc V - &,
i second column of the seme dinensions was prepared and thne soe
volume or extract was passed through the colwms Froo. the ¢olours of
the fractions it was apparent that the bed volumes of both coluins

were almost identical.

The fractions between the tue «vrows shown in 71 saxe V - Q.

were combined and concentrated.,  fhis ganpic, whieh e s zstinn
contain appreoxivately 6.;uﬂ of nickel, was applizd te o third column

of similar dimensions tc the previous to =and cluced with vater. The
fractions were analys:d for nickel, copper and ziae ~nd the rusults

are shovm in Figure V - 6B.

~n approximate estinatici of the purification obtainca wns

made by repeating the procedure described in the preceding pareagraivh.

b

The same fractions were combined and this sanple as well as O.5ml of

original extract were dried under vacuum over silica gel.

Both the raw extract and the eluate from the colwm iicre
subjected to electrophoresis and the scans of the electrophorctograms

are shown in Figure V - 6 C and D.



Figure V - 6

Gel filtration of the aqueous extract of fresh

Qe.acutif'olia leaves.

4%

First column
Second column

Pattern of nickel after electrophoresis at

pH 5.3 of the aqueous extract.

Pattern of nickel after electrophoresis at
PH 5.3 of the partially purified extract

from the first column.
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(¢) Results.
fro. the results presented in Figure
V - &4, it can be scen thrt all three netal complexaes hixl sinilar

clution volunes.

From the dry weizhts o' the fractions collocted Letw.on the
arrows shown on Figurc V - 6 and of' the 0.501 of the raw cxtract, it
was found that the fraction collected contained 4% of the ..cterial
applied to the column. This sarple also contained 754 of thu nickel

in the original volume of' extract applied to the colunn.

%hen this fraction wes applied to a second celuin, bettzr
resolution waz obtained (Figure V - 6B) but the extra purificotion
gained was less than 2% (relative to the oricinal extract) ziucs

riost of the impurities were eluted with the netals, locoviors of

nickel fron this column was greater than 90%.

High-voltage electrophoresis of the rew extract and the
partially puritied extract (fi~urss V - & and D) sho.cd that
nickel complex of similar char:s existed in both zad thet in +he

partially purified extract, nc nicke!l revained on ths oriin.

(d) Conclusions.
L, separation using one colunn was
adopted as standard procedure for the partial purif'ication of +the
nickel complex. Although the purification was far from complete

(the ratio of nickel to impurities was still approximately 1:2000)

the resulting extract was suitable for use in subsequent studies.



6. High-voltoge eclectrophoresis of the particlly

purified extract.

(a) Introduction.
3ince nickel is asparently non-

essential to plant nutrition at thoe levels being studied, it 1s likely
that this metal is accwiulated into plant tissucs by passive rather
than active processes, unless 1t i5 accumulated in place of =2 siall
portion of some other netals, If the processes are passive then froi
the ligands available, thc most stable nickel chelate will be t'oried.
Under these circumstances there would probably be an excess of free
ligand present in the plant cells since the nianufacture of the ligand
would not be metabolically regulated by the nickel concentration in
the plant, nor would the nickel concentration in the plant be deter-
nined by the availability of' the ligand. To test this hypothesis the

following experiment was carried out.

4
(b) Procedure.
rhree SQ/Al alicguots os the prrtizlly
purified extract, each cont2ining 0.5 to lutg of nickel, werc ..ixed

with different amounts of the divalent nickel cation (iiiCl. in water)

z
in three experiments (a) 1«g (b) 5ug and (c) 10 ¢4g.  after
mixing, the extracts plus the added nickel was subjected to electro-

phoresis. The analyses of the papers are shown in Figure V - 7, i

scan of the extract without nickel added is also shown.



(¢) Results.

If the above hypothesis was incorrect,
then two peaks were anticipated, onec corresponding to the nickel
complex, the other to the faster noving divalent nickel ione Cu the
other hand, if the hypothesis was correct, only onc pcak conteining

both the natural and artificial complex was expezcted.

As can be seen fron Figure V - 7 4, B, C, D, only onec peak
was observed, but as the added a:ount of nickel was incrcased thoe

peak moved further.

The reasons for these obsecirvaticns were not arcparcint 2nd an
experiment was perforued in which airferent auounts of the Jivalent
nickel cation in distilled water were »lectrophorescd. C?igurc v -7,
E, F, G) Thc anounts applicd to the papers are given as loadings
(/Ag of nickel/cm) for both the extracts and the standard nickel
solutions. Thesc values are shown in the key to Figure V - 7, It
can be seen from the scans of the divalent cation (Figure V - 7 §,7,G)
that a sinilar dependence of migration distance on loading was

observed as for the extract mixturcs.

(d) Discussion.

I'ron Figure V - 7 it can be seen
that when the ratio of added nickecl wos increased up to 10:1 and
20:1 (Figures V - 7 C and D) only onc pcak was evident, but this nay
have been due to the poor resolucion of' the analytical :.zthod since

the contribution of nickel from the extract lay within the total



Figure V. - 7 Patterns oi' nickel after electrophoresis at

N.B.

pH 5.3 of both the partielly purified aqueous

extract from fresh Q.acutifolia leaves and

nickel cation standards.

L Extract (0.0200 wig/cry)
B Extract + 1ug NiZ¥ (0.0415 puzy/cin)
C Extract + 5ug NiZ" (04156 urg/cm)
D  Extract + 10 ug Ni2+ (0.254 /Mg/cm)
B ni2t (0.0126 umg/cm)
P NiZt (0.0261 wg/cn)
¢ Nilt (0314 o/ cn)

H Ni%" in NaOF/acetic acid

buffer pH 5.3 (0.011C my/en)
The same quantity of extract wss used in .., 3, C and D.
Figures in parenthesis are the loadings of nickel avoplied
to the paper.
The peak corresponding to the nickel in the exiract (&)
is reproduced on B, C and D at the appropriate scale ior
each pattern.

Separate papers were used for each electrophoretogram.
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peak observed. (sue Fijure V. - 7, ..,B,C and D). If this was the case
then the najor peaks should have been in the norual position of the

divalent nickel cation i.c. 2t approximately ~12cme. This, hocaver,

was not observed,

If pyridine tro: the buifer was coordinating to thc nickel ions
then, although the charge rcmaincd the sane, the nass would increase
and a decrease in migration distance would boe obscrved. #Hlhiza,
however, the divalent niclkel cati:n way clectrophoresed in a soediun
hydroxide / acetic acid buffer {(pi 5.3), & siiilar retention of the

nickel was observed which indicated that pyridine wes nob

(¢
=
S
(b
9
|+
.

the rotenticn.(Figure V - 777)

An alternative explanation is that a susil arcunt of ien
exchange occurred between the cntions and the phenolie and cexruoxylic

acid groups in the papcr,

Pickering (1960) obscrved that on Whatiian No.! paper the cations
lead, zinc, cadiiuwn, copper and nickel were absorbed. This authior
considered the mechanism to be lon exchange and showed thit the
exchange capacity of the paper was approxinately Q/Ag/’gm. Frew and
Pickering (1970) studied the absorption of the copper (I1) ion onto

¥hataan No.41 paper and explained the effect by Donnon aembranc theory.

In view of the findings of these authors it szems 1lilily that
during the electromigration of cotinns througzh napecr, tiers are €wo
processes in competiticn; a reletively labile ion exchauge :nd the
nigration of the cations in the electric ficld. Jherc the concen-

tration of cations on the paper is s.iall, the effects «i irn exchange



203
are signifiicant and the najor part of the cations are retarded.
iowever, when high concentrations of cotions are applied to the paper,
1ost of the cations move under the influence of the clectric ficld
while a small arount of' the cations are retarded by ion ciehange,

resulting in an asymmetrical peak.

Further support for the anbove postulate was that the anionic
complexes in the extracts shovied no retention, regardless of the
loading. In every electrophoretrora . analysoed or conier, zinc and
iron, these metals all occurred in the snue positlon = C.Hcms 41850

these anionic complexes generallv showed higher rescluticn on the

electrophoresis papers than did the nickel couiplexcs.

Although the above results seencd to indicnte that an cxcess
of the nickel chelate 1igand was present in the extract, because of
the poor resoluticn of thc divalent cation from the conplex fiwe rosults
were considered inconclusive. Resort was made to paper chrouatography

to obtain a better separation of the divalent cation from the couplex.

Te Paper chromatography of the partially puriiied extract.

(a) Different solvent systems.
(1) Method.

Chroiatography papers vicre prepared
by applying the partielly purified extract (50ul to 10041) contain-
ing between 0.5 «g and 1.0 g of nickel, and approxiuately the same
anount of' divalent nickel cation in distilled water as two s:parate

streaks onto Whatman 3 MM chromatozraphy paper.
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The papers were developed & distance of 30c to LUci by

descending chromatography with the if'olloving solvents:

Pyridine / acetic acid/ water 10/ 4/ 936 v/v
Butanol/Ethanol / water 2/2/1 v/v
Butanol / acetic acid/ watcer 12/ 3/5 v/
Dioxane/ water 3/2v/v

Methylethyl ketone/acectone/ water 3/ 1/0.6 v/v

Ethanol/ water 5/ 2 v/v

Lfter drying, the chromatograi:s were analysed as described

previously; extracts and standards being analysed separately.

(ii) Azsulis.

{1'elll

ihe scans of szach chromstog
arc shown in Figure V - 8. hoeausce of the uncven movaient of the
solvent in some cases, all distancos were converted to Rf values.,

The extract and standard scgns from the same paper are shown on the

same figure,

The best resolution of tho nickel complex from the divalent

nickel cation was obtained with the ethanol/ water solvent.

(b) Ethanol/ water solvent.
(i) Method.

Two aliquots of the partially



Figure .V - 8 Chromatography of the partially purified

extract from fresh Ge.acutifolia leaves,

Patterns of nickel.

O

A

nickel in extract

Ni%* standard

ethanol /water 3/2

dioxane/water 8/2

butanol/acetic acid/water 12/3/5
pyridine/acetic acid/water 10/4/986
methylethylketone/acetone/water  15/5/3

butanol/ethanol/water 2/2/1

N.B. Standard and extract run on the same paper.
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Figure V-9. Chromatography in ethanol/water 8:2 of the Q. acutifolia leaf extract.

A. extract

B. extract + Ni2+
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purificecd extract were taken, each containing approxinately O.é/ﬂg of
nickel. To one of the aliguots, O.ou4g of divalent nickel caticn was
added, and after mixing, this solution as well as the untreated
aliquot were applied as twc strcaks to one sheet of Wwhatwan 3 B
chromatography paper., This paper was dcveloped with the ethrnnel/

water solvent, dried, and each chromatograi analysed.

The scans of the two chvo ato-
ramns are shown in Figurec V - 9, All thec nickel on cnch echromatogran
g &

moved as a single peak and both pesks showed siudluar Revilues,

(iii) Conclusions.

The above results shuvied
that there werc frec ligands in the extract ablc to chelate to the
added nickel, Whether the artificially formed chelatc was thc saic
as the naturally-occurring chelate was not possible to asccrtain frow
these results but in view of their sinilar wobilitics in this =olvent
and on electrophoresis (Figure V - 9B), it is possiblc that they were

the same,

Conclusive evidence of this, however, must await future srork.
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G. CONCLUSIONS.

The results presented in this section showed that in all
the species studied, the pajor part of the total nickel in the leaf
tissuea was soluble in 8% aqueous ethanol and water and also occurred
in the supernatant fraction after differential centrifugatione. 1t
was also shown that the soluble nickel existed as a positively charged

complex in all the species and that in Q.acutifolis, a complex(s) of

the same charge and chromatographic niobility was formed when divalent
nickel cations were added to the supernatant fraction. 4 smaller
portion of the total nickel in all the leaf sarcples renainced attached
to the residue after solvent cxtracticn and 2 sinilar poriion,
possibly the same portion, was shoun to be associatcd with cither the

cell walls or the chloroplasts.

On the basis of these t'indings it was concluded that iwost of
the nickel in the leaves of thc species studied was present cutside

the cell organclles, cither in the cytoplasn or the vacuole.

These observations were in contrast to those for copper and zinc.
Both these metals were shown to be present in approximately equal
anounts in the cell walls or chloroplasts and the supcrnatant fraction.
Iron, on the other hand, was found to exist predoninantly in the cell

walls or chloroplasts. In the supernatant fraction of Q.acutifolia

leaves, the positive complex of nickel was in contrast to the
negatively charged complexes of copper, zinc and iron. The anionic
complexes of copper and zinc were shown to be electrophorctically
and chromatographically similar. It was also shown that the anionic

corplex of iron could be a chelate with citrate ioas,
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If the marked similarities obscrved in this study between the
locations and forms of nickel in the dii'ferent speecics c¢nan be cxtended
to crops, then the results could have significance i'or hunon ond
animal nutrition. .s nickcl has been suggested as an essential
element for some anirials (Nielsen, 1970), although its inmportance
for human nutrition has yet to be assessced, the occurrence of nickel
in leaves predominantly in 2 soluble rorm, indicntes that it nay be
lost from leaves by, say, boilingz, In arczas with low s50il niclel and
hense low plant nickel, such =z loss could be of profsund dictory
significance. Alternatively, in er:ns with high concemtrations of
nickel in the soil, boiling th. tissues rny decreasc the totnal nickel

to an acceptable level.

If, in the future, nickcl is established as an essential
element ror hunan nutrition, then these observations may be of

considerable inportancc.,



SECTION_VI
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SUMMALRY ND G iMERLL CCHCLUSIONS




The findings of this theosis can by =roupzd ints Jour ctegorics,
which although superi'ici~lly diifferunt, are all fundeooccntally related
to the general study of nctals in our environuent. Thesc catogorics
are:

(n) Sanmpling and analytical error associatcd with geochunical

and piogcocheiiczl dzta.

(b) Biogcocherical prospecting for nickel and copper.

(c) The biogecocheunistry of caleiun., mangnesiur, potassiun

and trace netals.

(d) The plant chemistry of nickel, copper, zinc and iron.

The problems of sampling nnd analytical error were ccnsidered
in detail in SECTIONS II and III bocause ci' the inportance of this
grror tc the validity of' tho results ootained {ro: statistioal
evaluations of the analytical dnta. It was cbscrved tnet not only
did the methods of saupling result in a significent crror but that
the techniques involved in s~uwple preparotion ond zaclysis 2lso
contributed to the overall crror in the datn. Thoese Jindings
enphasised the need for statistical methods capable i separating
the data into components due to environnental processes and components
due to sampling and analytical error., It was shown that trcnd analysis

was a suitable technique to achieve this separation.

The biogeocherical method of prospecting for nickel and copper
was investigated and it was concluded that the method @ould be used
to prospect for nickel by the analysis of the lcaves of ilothof2gus

fusca and/ or Nothofagus truncata., It was also observcd that the

accunulations of most metals were similar flor these two species and
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in view of the fact that these species were genetically sinilar to

each other and to N.clifforticides and N.solandri, it was suggested

that the latter two species nay give biogeochemical prospecting results
similar to those for N.fuscn and N.truncata. 1If future work shows
these suggestions to be correct, then prospecting for niclel using

the Nothofagus genus could be extended rrom the present nliitude

linit of approximately 3500 foeet for Ne.fusca and N.truncata to above

LO0O feet using H.cliffortioides.

Multiple regression snalysis vins used to improve the accuracy
with which the concentrations or nickel and cooper in the soil could
be predicted from the concentratinns ni' these etois in the leat’ ash
of the Nothofagus genus. The regrossion equations deorived, nade
allowances for the various biogooche denl factors, suel as the coacen=-
trations of other wetals in the plants, which influcnced tho zccun-
ulation of nickel and cepper by the plants. It was concluded that
the usc of wmultiple regression analysis offercd the most prosising

tool for prospecting for copper with the bilogeocheuical method.

The ratios of’ thie copper concentrations in the leaves to the
concentrations of some other metals in the leaves, such as the copper/
zinc ratio suggested by Warren and Delavault (1945), wcre investigated
as possible indicators of the soils containing high concentrations of
copper. The reliability, however, was found to be too low to make

these ratios useful for prospecting.

The essential nature of netals for plant nutrition wrs obscrved
to be the main factor influencing biogocchenical nrospeccting rcsults.

It was shown that when the concentration of a metal in the leaf ash
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divided by the¢ total concentration of the metal in the soil was jplotted
against the total concentration ol" the metal in thoe scil, the resulting
graph gave a good indication of the requirenent of the ploat for the
metal and also of the minimum soil concentration at which the biogeo-

chemical method would be useful.

Observations were nade of the bilogeochoen:icali clinractoristics
of some metals. Consideration of th. -nalytic:l dat2 showcd that
different plant species distributed some tietals in differcat ways
between their leaves and twigs and that the conconftrations o sone
nctals were related to the arca ol the leaves. Inlkeractions between
netalg in the leaves and between netals in the leeves and scil, were

observed for the Nothofagus genus and although nmost of these werc

inexplicable, they indicated nany features which warrant closcr study.

Investigations of the rclitionships betwsen the metal cuncen-
trations in the leaves and in the soils showed that, in gencrzi, the
accunulation of' metals essential to the growth of the plants vias

2

regulated by thc plants themselves with little inf'lucnce from the soil.
An exception to this was copper, although the accumulaticn of' this

metal was observed to be influenced to only 2 small extent by the

concentrations of copper in thc soil.

In the final part of this thesis, the quantitics 2nd chorieal
forms of some trace mctals in the extracts of leavcs of ditffecrent
treces were studied. The use of otauic absorption spectrophonetry’
to detect small amounts of metals scparated from plant cxtracts on
chromatography and electrophoresis papers was deuonstrated. ILhese

studies suggested that nickel was distributed differently in the
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leaves froma copper, zinc and iron and that the seoluble porticns of
thesc latter three netals were presont as anionie conplexes in contrast

to a cationic complex ot nickel.

In conclusicn, this thesis hos roanged over wony discip;iines;

from analytical chemistry to goocho dstry, bioacho i ery "ad st tistics.

i

The results reported have inlicoted proailcsing avenues o) future

research. In particular, N.fusca and Ne.truncata should no.s be applied

to the secarch for nickel in New Zealand and an evaluation ol the

necr-

|t

usefulness of N.clit'fortioidcs and N.solandri should be made.

actions between metals in plants and soils were observed which warrant
further investigation under controllied conditions and the application
to biological studies of instruwicntal methods of analysing aicrogran

amnounts cr nmetals, offers a challenging {iell or rescarci.
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APPENDIX I. azy

Plnt speeies recorded.

The following is a list of' the plant species recorded in
the plant mapping survey (SHCTION III) and includes both trees and
shrubs. In general ferns and other small plants were not conciderced

except {'or the fern Blechnw: discolor which was incluled becouvss of

2
its wide distribution. For each line transect, clevein LCOOtT quadrats

were studied and for both transects the total number of each species
is given below as well as the nuuiber of =ach spocles times the mean
trunk dianeter for that species. <{his latter value glves an apirox-
iimate indication of the relutive o ntribution oi' each speceices o the
vegetation cover.

(2,0) = (2,20) (7,0, - {7,20)

A B A B
Blechnum discolor (Forst.h) Iois 122 - i1 -
Carpodetus serratus J.R. et G. Jorst 2 0 O 6
fgggggqgg Dbanksii Petrie )
C. linariifolia Hook i. % 85 51 2 17
G. foetidissima J.R. et G. Forst )
Cyathodes fasciculats (Forst.i's) 11 3 7 3
Elacoegr mshookerianus Raoul 1 1 0 0
Griselinia littoralis Raoul 3 20 2 5
Metrosidercs umbellata Cav. 14 17 & 33
leopanax anomalun (Hook.) Allan 2 2 0 0
i, sioplex (Forst.f.) Allan 0 0 ] 1
ilothofagus fusca (Hook.f.) Oerst 30 272 5 81
N. truncata (Col.) Clm 41 57 L3 103
N, menziesii (Hook.f.) Oerst 2L L7 50 112
Podocarpus ferrugineus G.Benn ex D.Don 1 1 1 0.5
P, hallii Kirk 2 14 7 28
Pseudopanax crassifoliun (30l. cx 6 5 5! 26
A.Cunn,) C. Koch
Pseudowintera colorata (Raoul) Dandy 8 S % 17
Ouintinia acutifolia Kirk 6. 70 Bl 155

Heinmannia racemosa Linn.f. 20 124 LY 237
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Identifications ver =1

aC Uy ‘the Departs:

towent ol Say, hassey
University. Nonenclature aiftor Allan, U.iL., 1961, Jlorz of iiow
Zealand, Vol.

1, Wellington, «<.E. Uren, Govi. Printer.

Mt

ybridisation between spwcles ol the Coprosma genus ig co.:in
where they occur together and ti

sanples subnitted for identif'ication
wid not allow exact distinctions e be made.

&4  No. of specimens recorded

B No. of specimens x iican trunk diameter (incies)
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APPENDIX III.

Correlation coefficient ;. 'rograime.

A. Description of the | rogranne.
The prograime listed in
APPENDIX III B although written specificaliy ror thc applicuaiions

described in this thesis, is readily adaptable to othci scts of data.

All the data for a particular sample e.;3. 10 metal concentrations,
the percentage ash, and the sitc nuwibcer for a plant sample, are punched
onto one card with each vari-Lle occupyinz tho sane coluuns on cach
data card. In preparation for the cciaputstion of the correlacion
coelficients, a data watrix is rcad into disk st-rage. Tlhis "wtrix
may contain up to 13 variables cliliough only the Dirst 12 are
correlateds The nunber & s~aples read in, is lindited oy the asiount
of disk storage availaiic, The varinbles placced in the atrix ey
be read from one or two data declis as follows:

(1) Up to 13 variables nay be read from either the plant data
deck or the soil data decke

(2) Up to 6 variables trcil the plant data deck and up to 5
variables frou the soil dsta deck may be read.s If less variables are
used, the number of soil varialiles :iust be one less than the nuaber

of plant variables.,

All the variables are transformed to base 10 logarithms and
correlation coefficients and the slopes of the reduced major axes are

computed and printed out for all possible cowmbinations of two verilables.,
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Further options allow thie plant variables in the natrix if'ron
(2) above to be replaced by the plant variablec divided by the
corresponding soil varizble {ie.c. relative accunmlation). In
addition, all the metal concentirations in the plants nay he converted
from an ash weight basis to a dry weisht basis. & printout of the
date may also bLe made. Instructions ror the L.pleucnuiiion o Lhese

options, as well as f'or the requirenents of the control cards to

precede the data are given at the head of the prograrme listing in

o

APPENDIX III B.
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APPENDIX IV.

Stepwise regression analysis programme.

’

Ay Description of the jrogramaec.

The statistical nethod
used in this thesis for Loth stepvise regicession analysis (SICTLON IV-F)
and trend analysis (SECTION IV-3) waz adented {row the urocedure
given by Miesch and Connor (195} which was, in turw, basci on the

rniethod proposed by Efroyison (15¢0).

The programme was writtun as five subprograves (LPPIYDIX IV B)
firstly because of liwmited corputer storage and secondly toe increase
the versatility of the progrmuie. The nain loop of the progra.:e
(Main 3) cculd not be further reduced in size and the relatively
small storage of the computer (4OK) limited the prograsmiie to a total
of 35 variables., Conversion betivcen trend analysis and regrescion
analysis applications was achisved by making alterations to the

"read" block of Main 1 and to the "printoul® progra.:.c, i2zin 5. .0

changes to the other prograumes wcre necessary.

The essential functions of each prograrme are summarised in
APPENDIX IV B and a listing of the programmes is _ivon in . [eu_ix

IV C.

The insertion of a particular independent varisblc into the
regression equation depends on that variable making a signif'icant
improvement to the equation, and the level of significance, QF,
of' this improvement is derived fron the variance ratio, F, by the

subroutine PROB. The approximations used in PROB are valid only
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for more than 100 samples and this is a limitation of the prograime
although trend analysis or regression analysis with les. thoo 100

sites was not undertaken in thigc thesis.

Miesch and Connor (1968) wointoel out that sericus ers »rs ia the
regression coe{f{icients can arisc doring atrix coaputaticus, but that
if regularly distributed sawpling sites are usad  and surficicnt
significant figures are carried in the computations, then these errors
can be reduced. The sites used in the present study werc rugularly

spaced and 11 signif'icant figures were carried in the calculations,.

For trend analysis, the smie data decks as described for the
correlation coefficient progra:ie, werc used except that for each
site the coordinates of that site were punched onto a coiw “ihich was
placed immediately behind the data card correspondin: to thoe cite.
The east-west coordinates shown in Figure III - 1 were increased by
one to eliminate the zero coordinate. The particular metal concen-
tration to be read off the data cards was specii'ied on a cuiatrol card
prior to the data. The indepcndent terns in the coordinates X and Y

which werc tested for inclusion in tho regression countions vicre as

follows:
linear £, 7
quadratic XQ, XY, Y2
cubic X3, X2Y, XYZ, Y3
quadratic XA, XBY, X2Y2, XYB, Y4
quintic X5¥ XAY, X?Yz, §2Y3, XYA, Y5
square root X2 (XY) 2 Y?

reciprocal X-2, X-1, (XY)-1, Y-1, Y-z

logarithmic (log x)z, log X, Log Xe Iog ¥, log Y, (log Y)2
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For regression analysis, the reouired variables i'or each site
werce read successively oft' the corrcsponding plant data card, soil

data card and the card containin;; thc physical warisbles.

The control cards io »rececds the datwe aeck ro cxploined at
the beginning of the progra:r:: listing (APFENDIX IV C). Llthough
only disk storage limits the numaber of sample sites used, the
programie requires a rwning tine of two hours for a data deck

containing 150 sanples if 35 variables arc used.,



MAIN 1 MAIN 2

[_START ]

]Reads and prints title.] Computes: averages,
standard deviations,

[ Reads:Q,level of significance, correlation coefficient matrix r. .
II=no. of independent variables + 1. (1gi j=II),
Reads:dependent vanablc,A‘, MAIN 3
coordinates X,(Az)and Y,(A3). =

[

Generates indep. vars. in XandY,
A (3<isll),

Appendix IVB. Summary of the essential procedures involved in each main programme,

17¢



MAIN3

L

No.of degrees of freedom (ADF) = no.of sites--1 |

[

Variance of the dep. var. not

explained bue&reuion (VAR) =1

[

c;=-1 for all indep.var(l<igll) I

@O——-

c:z+1
ri’l-=-000001

indep. var.

Computes variance V: ofeach

L Checks value of c; and IF I

e

Finds minimum ¥;.
k=i
VMIN :Vh

i ]

Computes significance (QF)of VMIN
relative to the unexplained

variance K VAR

arF >Q

Deletes indep,. var, A

from regression equarion

VAR:= VAR+VMIN

ADF= ADF+1

[Transfu rmation of r; .

J

matrix —I

p == |
(2)

®

Y

i =-1
or ci=’1';i'i <0-00001
Finds maximum V..
k=i
VMAX:= Vk
N

Computes significance (QF )of VMAX
relative tothe unexplained

variance VAR

aF<Q |

lpserts
into

indep. var., A

-
regression eq uafion

¥

ADF:-ADF-1

VAR = VAR - VMAX

[Translormatinn of r;,: matrix

J

R
@

242



MAIN 4

Computes and prints out:
regression coefficients,
std.error of regression coefficients,
regression constant,
for all indep. vars.with c;=+1.

MAIN 5

Computes and prints out for each site:

observed dep. var, A_,

estimated dep. var, TR, (trend),
difference,A1 — TR, (residuai).

Y

Computes and prints out:
percent of variance indep. var.

explained by regression equation,

I MAIN 5 I

I S |
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251
4PFENDIX V.

- Y S, Tl R - LR s e | ey
wte thu probability of site overlap.

Programie to cony

4, Description oif' {the prosraue,
The nethod used in
SECTION IV - G to evaluate the rotiog of the metal concontraiions
in the plants as indicators ot high copper concentrations in the
soil, depended on the degruc of overlap betuzen the saupling sites
corresponding to the ano .alous plant values and the anomalcus scil
values,

The essential logic invulved in this technigue was as {f'ollows
(letters in parenthesis correspond to those used in the PrCRS e .
A set of 147 sanpling sites (8) contained 44 sites (R) 2% ihich
anonzlous concentrations of copper occurred. Yortyfour sites L
corresyonding to the anonalous plant values, were selected out of
the set (3) of soil sites. What was the chance that soue (P) of
the sites sclected would be ancrixlous soll sites? Ii' 2 redasimnship
cxisted between the T sitecs colocted frein the set of scil sites (S) and
the R anomalous soil sites, theo the nusber of ancialous scil sites

found in the T sites selccted woold Lo recater than the uuwsbor found

L

if no relationship existed. The probability of finding P 2n0 wlous

. . . . L. . %
soil sites in the T sites sclectod is given by

R! (5-R)! T! (3-T)!
FROB = — T e
P! (R-P)! (T-P)! (S-R-T+P)! St

Values of R, S, T and P are read in with the programme listed
in APPENDIX V B and this will conpute PROB for values of P from the
value read in up to P=T (or until very small numbers are enccuntered).

% The theory behind the derivation of this ecuation is ziven in
Adler,I.,1969,Probability and statistics for every.an, London,

Dennis Dobsone.
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p
ULATION
(415)

NG
0
IN FORMAT

829448*LOGF(T)
43429448%*L0OGF(C)
.0)10,10,8
29448*LOGF (P)
48
13
29448 =*L0OGF (Q)
34 29448%L0OGF (E)
0)164164 14

FOT WwWFOF e
M0 o oANTIIM o oI

J—ol Ol |l I$—~O | +
O el +0OW o) +00NO o | +wm
0000A====ROAR(SOBS(AOCT(AODP(AAOEQ(AUO
nihphwocow it nnpwptpiiwhphpwpdbpnnwbpnepiiwnnpn
A XNFXIIAAdIdy I — DOV DN —OFOF—0 00 —~Quwow—IOWw O

0.43429448%LOGF (A)
3
2

43429448%L0GF (R)
-AB+AE-100)4, 4,3
+43429448*LOGF ()

+0.43429448%L0GF (B)
B=AC+AD=AE=1.0) 7,745

M
L
INPUT DATA CONSISTS OF R,S,Ty,P ON ONE CARD
«43429448*LOGF (U)
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APPENDIX VI
DATA LISTING

NOTHOF AGUS LEAVES

IDENTIFICATION Ne TRUNCATA N, FUSCA N MENZIESII
MARCH 1969 11 21 31

NOVEMBER 1969 12 22 32

NOVEMBER 1970 13 ors 33

N, TRUNCATA

SITE NO, IDENT, NI (o0] Cu ZN CR RiE CA MG MN K ASH
PPM PPM PPM PPM PPM PPM PCENT, PCENT., PCENT., PCENT, PCENT,

18 12 S0 13 S5 240 17 1100 18.5 4,50 1.10 6.9 S. 54
19 12 SIS 15 85 320 10 1300 2045 5.50 1.25 10.5 4,69
110 12 70 14 75 390 10 950 22.0 4450 1.25 8.2 4,40
111 12 S 12 3 260 10 1350 205 3.50 2.25 8.4 4456
111 11 100 2) /S 315 7 1650 21.5 350 1.10 3.3 S5.60
112 12 175 10 145 270 12 1700 16.5 4,00 1.25 9.2 5.00
113 12 140 13 115 250 14 1700 18.5 3. 00 1.25 10.3 6.29
114 12 12) 13 80 260 9 950 20.0 3.25 1.10 7.9 7.63
115 12 365 14 120 275 16 1150 23.0 4400 1.75 10.0 6.16
116 12 95 13 63 2815 13 1250 25,5 4,00 1.90 8.4 6.57
117 12 S0 6 155 220 9 1200 11.5 2. 25 «65 8.7 5S¢ 33
118 13 279 18 80 350 15 1050 16.5 725 «70 8.6 4,61
120 13 155 18 0 315 10 1000 20.0 2. 25 «75 11.2 6.21
29 12 12) 13 70 250 15 1450 21,0 6.00 1.00 7ol 4435
210 12 110 14 68 300 8 1050 25.5 S.75 « S0 9.2 4465
210 11 22) 21 S5 120 8 734 20,0 3.96 1.06 8.6 5.28
211 12 80 14 45 150 7 550 29.5 4450 1.40 7e4 6., 86
211 11 115 19 80 200 7 e A3 S 4,00 «89 444 5.00
212 12 215 16 85 280 10 1650 25.0 4,00 1.50 11.3 5.26
212 11 273 19 85 250 8 1505 20.0 3.75 «82 5.5 4477
213 12 SIS 13 60 260 9 1000 23.5 4,00 1.50 7e4 S.11
213 11 138 15 %S 200 10 890 19.5 3.35 1.23 4.6 4,32
214 12 220 15 80 270 11 1500 21.0 S5.75 1. 50 10.0 4,26
215 12 13) 13 63 290 10 1500 20.5 S5.57 1.40 7.6 4,26
312 11 128 25 85 250 10 1275 26.5 3.75 1.23 4.6 4465
314 12 17) 12 65 250 11 1000 23,0 4.25 1.15 74 5.87
315 12 185 10 95 280 11 1150 15.5 S5.75 1,30 8.7 3.32
316 12 11) 14 4S) 2A© 9 950 26,0 4,75 1.50 9.5 6.20
48 12 70 12 65 280 7 800 23.0 5.00 1.30 7e1 4,80
48 11 11) 19 1390 275 7 890 23.0 4,50 1.03 6¢5 4034
49 12 115 14 70 260 8 850 26.5 4,00 1.75 9.0 5.68
49 11 12) 17 90 200 4 790 21.5 3.50 1.23 4.4 S.78
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S.14
5.02
4,97
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4495
5.88
6.19
S.47
6442
Se54
710
643
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SITE NO, IDENT, NI cO Ccu ZN CR FE CA MG MN K ASH
PPM PPM PPM PPM PPM PPM PCENT, PCENTes PCENT. PCENT., PCENT,

11 22 60 14 95 300 14 1200 18]S 6.00 1.25 11.9 5.25
13 21 3120) 14 17) 3310 6 1505 22e5 6,00 « 42 6.5 3. 84
14 22 109 15 155 550 15 1100 22,5 8. 00 2,00 11.6 4430
15 22 1:3p 15 | 5] 370 19 1800 22.0 6675 2,00 11.9 4429
15 21 109D 18 1sis 3910 3 1180 2445 5475 2.67 Sle' S Sle IS
16 22 45 1) 143D 270 | 5 1650 19,0 6.25 2.25 9.0 5,01
17 22 85 9 10 310 6 850 14.5 S. 00 1,00 9.5 5.06
157 21 161 24 120 280 7 1003 2445 4.25 1.64 446 4450
11) 21 138 292 109 27 6 890 5.0 4,485 1.85 4.4 4,67
112 21 12) 19 85 250 15 2000 18.5 3.25 1.10 446 5640
113 21 157 2D 120 180 9 1450 19.5 3. 15 «89 4.4 S.66
20 28 62 18 109 620 15 1650 21.0 4,50 1.50 11.2 5.61
21 22 120 13 95 440 13 1900 185 Se 25 2.10 12.4 4499
21 21 99 292 13 390 9 L 728) S} 2242 5.00 1.44 5.9 44,40
22 22 65 11 90 440 10 900 20.0 Se. 00 1.85 10.8 44,69
22 21 75 18 90 225 4 925 2145 350 1,30 4.0 6.05
23 22 69 12 93 275 11 1000 19.5 5,50 1.85 12.6 4426
24 22 14) 16 120 450 17 2050 2265 6425 2,00 107e'S 4435
28 21 560 23 660 390 15 4000 13.5 STNAS «50 10,0 4,66
29 21 11) 22 85 2 0@ 12 1275 19,0 8o 25 «75 645 4,75
216 22 115 17 10 650 21 1650 275 550 2.40 9.2 557
216 21 12) 21 90 2815 7 1450 20.5 3.15 1.30 6.3 7637
217 22 229 14 1285 315 13 1600 20,0 575 « 75 11.9 44,86
218 218 2) S 13 130 260 20 1000 13.5 3.00 « 75 10.6 7460
219 23 80 13 95 275 135 1250 14,5 6.50 1,00 IPNRES 4,71
220 23 1w |S 15 90 265 15 1250 17.5 65650 « 70 10,2 5,04
30 23 45 18 95 300 20 1550 22,0 4475 2640 10.8 4499
34 22 24) 11 17238 300 8 750 14,5 4425 1.80 14.5 4450
38 22 35 11 68 250 8 600 17.9 4450 1.75 11,1 6.80
38 21 75 18 11) 250 10 825 20,0 4.80 1.78 6.9 4,91
311 22 2515 19 95 330 8 900 13.5 6.75 «50 11.3 44,48
311 21 185 16 85 SHES 7 760 18.5 S.75 1,37 5.0 SSS)
312 22 135 6 63 160 8 500 7e5 2475 «80 10.5 4450
314 21 157 21 85 275 13 890 25,0 4415 2.74 5.0 4,70
316 21 110 18 60 190 5 825 22.0 3. 00 « 75 3.6 S. 86
317 23 12) 29 90 S0 25 2300 2243 5.00 1.40 10.8 S5¢53
31118 28 95 20 80 310 S 1100 2(0]e. S 5. 25 « 95 10,2 S5.71
319 23 625 18 130 260 23 1850 13.0 10.00 « 30 10.9 359
329 28 105 1S 75 285 15 1050 16.0 550 « 70 8.0 Sogg 2
49 28 45 nS 8) 330 10 1450 17.0 5.00 2430 8.9 Se 34
41 21 78 22 115 440 153 2650 22.0 4,10 2454 6.9 S.11
41 22 45 13 99 390 10 1450 21,0 5.00 3.00 14,2 44,13

256



43 22 80 13 110 250 14 1400 225 5., 00 4,00 11.6 3.98
45 21 ) 22 132 360 11 2000 19.5 S5.75 1.71 8.1 4450
46 22 35 12 78 260 9 1200 20.0 5. 00 1.75 9,2 5.65
47 22 SIS 12 88 390 9 1000 23.0 6.00 2440 11.9 3.93
419 21 SN 18 (43 200 =) 760 19,0 3.15 l.44 446 5., 88
413 22 125 12 63 220 10 650 23.5 5.50 1.50 9.5 6.11
413 21 295 14 135 300 8 890 21.5 8.75 «60 10.5 4,14
414 21 185 21 89 2815 11 890 2145 350 1.10 5.9 5.04
416 21 81 18 69 150 5 760 22.5 3. 00 e 8 3.6 6.68
418 23 80 29 90 320 15 1100 19,0 6,00 e 35 9.2 5,48
59 23 30 18 85 340 10 700 21.0 Sls_2i5 370 10.8 4,91
S 22 73 13 88 275 11 1850 235 4,50 200 10,0 4,93
52 22 80 13 95 270 10 1150 20,0 4450 1.50 12.1 4,61
56 21 24) 25 130 3310 10 1650 17,0 550 1.71 7.l 4,77
58 22 135 13 90 220 8 600 16,0 4,00 1.40 1847 7.18
58 21 128 20 119 190 8 1000 18,0 4,65 1.99 9.4 6.57
59 22 90 10 [(/S) 250 8 1200 17.5 44 25 1.25 11.6 5. 35
51) 22 6) 14 8) 300 8 1300 24 45 SHES) 1.00 10.5 S.11
514 22 255 10 259 300 10 1250 19,5 S5.75 « 40 11.1 4485
575 21 295 19 143 250 5 1050 19,0 4410 1,30 8.1 4,93
60 23 40 18 /'S 385 10 700 21.0 4450 1.90 8.0 S.e 70
61 22 25 12 613 260 10 1350 24 45 4,50 1.00 9.2 4485
64 22 45 13 45 280 8 960 26,0 Se25 1.25 11,9 4,19
65 22 S) 13 73 420 9 650 2645 4475 «75 10.5 6,01
65 21 120 20 143 340 9 1575 2240 510 1.51 663 4425
66 22 95 12 68 265 10 950 25.5 6.00 1.50 8¢5 Se 80
68 22 SIS 13 95 390 9 1200 2345 5.50 1e75 12.6 3.63
68 21 65 19 119 300 7 1230 2045 4,10 1.58 6e5 4424
69 21 S 18 60 150 9 600 24,0 9.75 62 3.6 4,13
611 22 9) 19 7 250 8 800 19.5 5,00 2,00 10.8 5. 30
612 22 80 12 68 280 10 1050 21,0 4,75 1.25 10.8 5.71
613 22 8) 12 128 400 9 1200 A2 5,57 1.25 11.6 4,00
613 21 110 16 90 250 7 1230 20.,0 S. 40 1.58 565 4480
614 22 24) 19 13D 210 11 800 15425 6475 1.25 13.2 5. 60
614 21 209 19 143 235 7 NSIOS 175 5.90 1.23 7eb- 4,20
615 21 12) 19 99 140 29 3275 1245 4,00 «68 444 7414
617 21 SOLS 13 119 200 ) 1130 14.0 6.00 o 41 5.9 5.13
618 21 45) 14 115 200 6 825 16,0 6.60 e 41 7ot 4450
619 21 892 12 153 240 7 1400 16,0 4475 «60 11.5 3. 85
620 23 149 18 11) 460 20 2100 18.0 4,00 «H0 10.8 4,60
70 23 140 18 1915 380 15 1300 19,5 5.75 2.20 10.8 4450
71 28 7w 18 95 320 15 1200 19,5 5.50 1.70 9.2 5. 65
72 23 515 20 90 430 12 950 2545 Ble15 0 1,90 9.2 5.04
74 218 95 18 7 225 13 600 19,0 4,25 1.00 83 570
[\ & 23 65 15 65 310 13 700 19,5 4,00 1,35 8e3 6.45
719 23 22) 13 8) 350 15 1000 19,95 5.25 «50 765 5638

257



NeMENZIESII

SITZ NO, IDINT, NI CcO cu ZN CR FE CA MG MN K ASH
PPM PPM PPM PPM PP PPM PCENT., PC=NT, 2CENT, PCENT., PCENT,

19 33 185 29 25 600 1S 1800 19.5 S| ¢ 24D 1,30 14.3 3.03
11 31 343 3D 210 820 16 2650 2040 3475 « 76 5.9 3.02
13 32 295 23 15) 740 13 2500 22D 65650 125 10.0 3.22
14 3 285 23 225 765 v 2340 2] 1§eN0 4425 1.44 10.0 3.28
18 31 175 19 143 650 12 1800 19,0 3.50 1.85 9.6 3.07
19 31 185 23 115 625 16 1900 5.0 370 1.78 6.5 3.49
114 31 32) 24 210 545 26 2825 19,0 675 l1.64 748 279
115 S 532 18 150 625 25 2200 206,0 7465 2440 6.9 3. 04
116 3N 165 23 13) 585 32 1900 24,0 5425 2.26 645 2.98
119 33 1ISES 25 130 650 35 3500 16.5 S5.75 2,00 11.5 2.80
23 3 148 16 199) 960 11 2500 17.> 4.60 1.85 12.5 3.82
24 31 449 29 DD 480 S 1520 15,0 5. 00 2.00 10.0 3.61
25 32 17D 17 135 770 17 1650 24 45 6,00 3.00 10.8 4434
26 31 122 24 143 455 9 2500 24,0 4475 1.92 7ol 3.78
27 3) 57 26 143 670 21 3050 2265 2.70 1.51 7.8 3¢5
214 3N 530 18 150 600 69 4000 13,0 9,50 « 55 78 2.02
215 31 39) 18 165 1100 47 3750 20462 7.50 1.71 9,6 365
31 3 99 22 165 1250 21 3750 22.5 4475 2.16 6e3 2.85
B2 32 65 15 138 850 1S 2000 27.0 5.00 3.50 12.4 3.04
82 3N 218 20 143 510 8 1900 21.5 4,00 1.99 10.5 3.16
34 31 25) 21 | 55) 455 8 2500 1545 375 1.64 10.5 2.98
35 32 2890 19 1600 2150 19 2500 235 550 2.15 13.4 357
TiS) SN 26) 26 165 585 9 2340 25,0 4,00 1.51 8.1 2492
36 32 70 15 )l SIS 5150, 13 1750 23.0 4475 2.00 12.6 310
36 31 57 23 11) 585 i/ 1650 23.5 4,00 2¢33 8.5 3.51
Sy 32 149 19 183 950 12 2150 21.5 550 2425 17.4 3.29
37 31 65 24 95 585 4 1575 2545 4410 1.44 I 4,07
3N 32 419D 21 s 1100 7 2100 22,0 SN 7S 2475 13.7 3.16
43 S| 7) 18 | 55 74 0 10 2340 2149 3.90 2433 8.9 3.20
44 2 170 15 NS 610 11 2450 20.5 5.75 2,00 15,0 3.02
44 31 185 19 23) 440 11 & 275 15.5 5.50 « 96 10.0 3.1
45 32 405 15 I'RS 400 17 3000 23.0 675 1.50 12.6 3.28
46 <) i} 157 25 155 625 10 3500 20.2 4.25 1.71 3.1 3.05
47 31 120 17 165 585 12 3050 18.0 370 2.54 9. 6 3.36
411 31 11D 17 143 455 10 2650 2265 4485 1.33 6.9 3.72
420 33 275 23 165 SBI0 20 1750 20.0 10425 1.00 15.0 2e71
51 31 50) 24 275 720 13 2340 18.0 He50 «80 | 10.5 2671
52 31 175 24 165 390 10 1650 15,0 6,10 2.18 12.5 3.59
53 32 89 21 65) 700 27 6400 21.9 5.00 1.70 12.6 3e41
S8 ) i 120 21 95 545 10 2100 2245 4,00 155K 6e5 4,36
54 3 2) 8 29 165 600 12 2200 2295 5.00 2440 446 3.91
55 32 115 115 19 5 490 16 3151510 2245 4e75 2450 14,2 4,07
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155 625 1o 3500 185 4,10 3.00 8.9 2.91
90 590 8 3100 22,0 4450 2425 14,2 370
159 545 15 3500 2040 5.00 1.92 7.8 3.78
150 455 10 3500 21,0 S5.25 1.50 59 4,03
15) 900 7 1800 18.0 3.10 1.16 8.9 2.90
15725 500 10 1500 18.0 5. 00 1.50 2246 3.59
I/ S) 950 11 2650 1 85 6400 «90 14,8 3. 32
190 470 22 2650 19.5 6485 « 50 10.8 3. 00
143D 570 29 4500 19.5 8.25 «50 15.3 3489
165 490 15 2500 19,0 56 30 1.03 9.6 3. 49
1875 150 70 1250 2542 8.00 «50 11.1 3.91
150 600 11 2650 7 s 4,20 1.85 10.5 2.68
263 490 19 1950 22.0 8455 1.00 13.7 3.2
115 455 18 3500 2040 6. 00 1.58 6&e5 3.66
275 1100 S 2100 2645 6425 2.65 11.9 2473
150 585 10 2340 2445 5650 l1e71 5.9 2e 73
29592 95 0 IS 3150 29,5 5.25 2430 11.1 8155
165 765 7 2000 275 4475 3.08 5.5 2.73
11D 850 18 1200 2542 S J2S5] 3.80 13.4 3e55
310 440 12 2340 16.5 S5e 40 « 96 10.0 2.85
23D 765 13 3500 15.5 5650 « 96 10.8 2.43
83 240 10 1050 21.5 6675 1.00 12.9 3.72
15) 330 1S 2200 2645 565 1.03 S o 5 44,67
85 775 15 1200 13.0 4425 1.70 11.2 4,61
11s 650 15 1500 22.0 4475 1.70 11.2 3.93
145 700 13 950 2065 4450 «6 0 15.7 2482
125 590 115 1200 25,0 44,50 1.20 13.2 2454
85 1350 18 1400 2240 3. 25 2420 12.3 3. 59
S) 300 10 750 18,0 2475 «85 Te7 6e72
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WE INMANNITA RACEMOSA LEAVES

SIT=Z NO, NI cOo Ccu ZN CR =[S CA MG MN K ASH
PPM PPM PPM PPM poM PPM PCENT, PCENT., PCENT, PCENT, PCENT,

11 2) 2 17 81 159 60 SIS 2l. 4 10.00 1.10 7.8 4o b2
12 88 15 63 3E3 10 500 23.4 8. 00 1.40 7.8 44,52
13 105 13 81 188 75 505 23.8 8.50 1.15 8.6 4452
14 145 13 81 25) 35 525 24 o4 8.50 2.05 9.0 S5e42
NS 509 11 68 238 40 780 22.6 7450 1.70 10.5 3. 34
16 1§25 8 124 448 10 965 11.6 4475 «80 644 3449
17 618 14 57 238 20 550 27 4 6.00 1,40 6.4 5. 39
18 70 14 53 283 65 1520 23.8 8e 75 1.85 8.6 3491
19 125 13 31 133 360 750 P2.6 11.00 « 95 9.0 3.89
110 105 7 68 168 175 5195 12.8 7.00 « 40 2.7 3460
gl 96 14 41 216 320 925 23.8 850 1.65 6.0 6,22
112 135 15 46 153 215 480 25,0 7e 75 «95 7e1 6.28
113 145 11 7S 228 200 64 0 22.6 11.50 1.35 6.0 4.81
114 135 12 52 8813 175 410 25,0 10.50 1.25 3.8 5.50
115 3J3) 15 63 25) 250 615 23.2 12,75 1.40 4.5 4e72
116 410 15 57 125 700 525 21 .4 14,75 « 70 5.0 4485
21 125 19 75 4)) 30 570 25.0 9.25 1,25 6.4 5445
22 125 13 68 394 23 780 2240 10,00 1. 45 7e1 4439
23 105 10 75 15) 23 570 2l.4 9.00 1.80 8.6 385
24 199 12 81 198 83 570 2246 10.75 2,00 6.4 5.08
25 105 15 81 216 213 1375 22.0 10.50 o S 8e6 4457
26 41 11 87 228 15 850 20.7 10675 1.45 14,8 5.85
27 41 14 68 2 5Y) 10 640 2444 4475 2405 10.5 S.64
29 125 16 68 178 200 1010 22 .6 9.75 1.20 7e5 3.94
21) 250 29 81 159 SO 850 27+ 4 1075 1,55 6.8 4450
211 1925 11 75 188 100 640 23.2 16.50 1.05 6.8 3.68
212 178 18 13) 15) 110 430 23.2 825 1,40 9.0 4427
213 SEAS 14 63 118 SISO 700 20.7 14,50 «e 90 6o &4 4,18
214 145 18 68 16) 450 750 19,5 16 .25 1,45 7e5 3.95
215 1l 55 14 63 15) 240 425 23.2 11.75 1.10 5.0 4495
216 166 17 52 271 285 1150 25.6 8475 1,20 644 5.04
811 48 12 81 22) 10 8115 23.8 7625 2.60 11.2 4,72
32 19D 5 14 93 238 35 595 18. 3 7400 2.70 16,3 3.28
38 145 14 87 283 45 700 21.3 7450 1. 95 10.8 4469
34 145 16 S)7 26) 40 1150 23.8 8450 1.00 9.0 4,78
SIS 63 12 1 30 271 10 1300 20.7 8. 25 1.00 15,2 4.35
36 63 13 57 216 25 5510 238 7.50 2400 9.0 4,16
37 51 14 63 216 15 850 23.8 10. 25 1.85 6.8 S5.17
38 125 8 46 3D 8 65 500 21,3 9.25 2455 6.0 6. 31
39 190 22 63 238 430 750 22.6 12,00 1.15 Slep3 44,60
31) 96 15 87 2) 7 115 SIZ5 22.6 11.00 1.15 8e2 4,04
311 190 15 75 178 350 500 23.8 11.25 «90 6.4 4440
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225 12 52 178 205 25 18.9 12.25 «90 S5.7 4479
155 11 99 25) 105 640 23.2 10.25 1.15 9.0 6.01
145 16 46 168 2255 750 2642 8.25 1.60 5.3 5.69
96 17 81 216 bl E3(0) 625 23.8 6. 75 1.25 8.9 Sed4
178 16 63 168 510 640 21.9 8475 «60 7ol 5.17
88 11 110 42) 40 1,385 18.3 10.50 2430 14,2 4,27
79 14 87 283 88 1200 19.5 8475 2420 9.3 4453
51 12 87 238 65 665 22.6 6425 2.15 11.5 3.85
135S 1) 75 179 95 925 21.3 6.75 1.50 13.0 4446
145 14 75 25) 23 850 21.3 B¢ 00 170 12.0 3.87
63 12 57 178 10 830 23.2 7425 1.75 8.6 S5.22
79 15 81 385 18 2350 © 2061 8.50 2435 9.3 4443
70 14 124 26) 25 465 23.8 8e75 1.90 9.0 3.93
166 17 46 308 68 400 2342 9,00 1.85 7¢5 1.27
79 13 57 2)7 25 912/ 21.3 10.00 1.20 7e8 4464
105 14 75 143 45 410 2041 8e75 1.00 11.2 4460
166 17 87 283 85 2150 23.8 8475 « 60 5.3 4,13
105 15 SN 198 255 410 22 .6 11.00 «90 6e2 7411
105 16 41 216 265 S2I5 23.2 11.00 1.40 445 4462
250 13 46 159 740 700 23.8 9.50 e 75 11.2 5.08
135 16 68 216 135 700 2149 12.25 1.15 7ol 4428
201 16 68 216 190 640 23.1 7e 25 1.15 9.0 4ab7
105 17 46 178 (& 5] 570 23.8 7425 «90 9.6 Se43
63 13 99 308 S 1250 24 ,4 5450 2.00 2.3 6.04
115 9 63 283 815 570 21.3 7400 1.90 12.6 4,99
63 13 68 207 18 1700 19,5 6.50 1.90 10.7 5. 38
70 14 57 125 58 550 213 10.00 « 75 8.6 4463
51 18 99 207 20 51245 21.9 7450 1.70 11,2 4490
51 16 75 271 40 2350 19.5 9,00 1.10 9.3 8440
178 193 75 178 185 700 20.1 7e25 « 95 12,0 4,40
88 1) 99 271 45 1700 20.1 9.75 2.00 9.6 4420
264 16 124 188 400 965 21.9 8e 25 «e60 8e2 4454
315 13 13) 26) 125 880 21.9 10.50 « 95 8.2 3.83
88 11 68 15) 83 1010 1843 12.75 « Q0 8.6 3.63
70 13 81 143 1215 225 21.9 9.50 « 65 8.6 4470
225 2N Sl 143 390 615 21.3 10475 1.20 6.8 4,88
70 1 75 343 15 S5S, 18. 3 8425 165 155 4445
125 18 &3 216 190 780 22 .6 9. 75 « 75 11.2 5.59
115 19 41 216 90 S5 24 .4 10.25 1.00 De 7 4491
70 10 87 295) 10 1050 18.3 5. 05 1.25 11.5 4 485
88 11 52 237 35 )| BY7/S) 23.2 7e25 1.70 10.0 5.022
48 12 41 159 23 500 23.8 6400 1.50 7.8 6.20
63 12 52 2915 20 665 21.3 6475 1.90 10.8 4480
48 12 68 32) 10 665 2246 7675 2,05 8.2 4.68
48 12 52 228 28 500 2246 9675 « 75 9.3 4495
125 11 93 25) 13 1150 27 7 4475 1.40 10.8 Se45
166 15 52 238 20 780 17,7 11.00 1.90 5.3 4433
48 14 46 198 13 SI50 25 .6 6425 1.05 761 6.03
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SOILS

IDENTIFICATION -2) MESH -120 MESH -400 MEZSH HCLL EXTRACT
MARCH 1969 11 21 31 41
NOV=MBZR 1969 12 22 312 42
NOVEMBER 1970 13 23 8K 43
SOILS -2) MESH
SITE NO. IDENT, NI CcO Cu ZN CR CA MG M N K PH
PPM PPM PPM PPM PPM PCENT, PCENT, PCENT, PCENT,
1D 13 285 125 249 100 925 8.0 8.7 « 155 « B8 5.50
11 11 59 36 45 Sil 205 1.7 1.9 « 053 1.23 4486
11 12 890 36 52 76 301 2.2 2e 4 « 060 «52 5.25
12 11 45 28 24 49 174 1.9 le5 « 0”9 «11 4489
13 11 298 77 194 113 800 6.7 6.8 « 135 « 57 653
13 12 176 67 18) 114 510 640 Sed « 137 «90 S5.75
14 11 180 68 146 131 409 3.9 3.8 « 148 « 37 S5.54
14 12 248 75 251 131 563 6.1 Sigt2 « 161 «60 5480
15 11 114 SH 37 86 396 5.2 3.7 110 e 71 5.32
15 12 146 58 3P 88 632 665 S.7 «123 «69 4,55
16 11 108 67 49 82 304 5.0 3.0 121 « 51 S.46
16 12 117 63 87 113 338 Sed 4.1 « 165 «75 5.85
17 11 142 71 94 107 336 4 .6 33 « 189 « 40 6426
17 12 221 62 50 77 772 Q,2 Te7 . 139 «50 hel5
18 11 219 62 26 69 10638 7.1 642 «115 24 6400
18 12 218 1) S 73 1428 8e3 7.9 « 116 46 550
19 11 161 59 40 75 S512 5.3 4.4 « 087 « 49 5.08
19 12 164 49 41 82 900 6.7 6.1 « 094 «61 5.90
110 11 209 67 23 79 1219 6.9 6.1 . 147 . 34 6402
119 1.2 169 56 24 68 880 7e2 6.0 «116 « 72 5480
111 11 20 4 54 18 63 1305 6.7 6.1 « 094 « 24 5435
111 12 186 47 14 74 1284 77 667 « 105 o 47 5.55
112 11 147 42 34 49 680 4 .6 4,06 « 080 27 4445
112 12 152 44 47 71 809 5.3 5.0 . 084 «61 4.70
113 11 265 56 50 90 1269 77 7.0 112 « 19 S5.76
113 12 285 53 56 73 1290 8.6 749 «113 « 36 56 30
114 11 205 69 149 77 816 6.2 5.6 « 100 41 5.00
114 12 246 27 23D 77 1099 749 843 « 107 «13 4480
115 11 181 51 45 60 728 6.1 Se4 « 094 « 45 5.40
115 12 217 50 68 71 959 6.9 6.7 «103 «50 4470
116 11 196 57 42 74 897 4 48 4 43 « 087 «69 5416
116 12 27 4 55 36 95 946 Sett S.1 « 087 « 76 5.20
117 12 182 S5 29 a5 1105 6.9 She 1S . 104 « 81 5430

z268
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299 75 2) 75 1350 7.8 48 S «120 27 5615
750 185 35 115 1750 5.9 6e5 «275 « 16 6455
285 70 30 80 1100 7.0 7.0 « 115 .28 5.60
50 35 20 75 112 &) 8 1.0 « 050 1.68 4450
133 58 126 71 336 4.8 3.7 « 092 « 31 5.26
198 70 246 118 512 8.8 448 «102 « 51 550
12 69 68 74 290 5.6 4.2 «103 48 4490
159 70 119 Q)] 430 649 S.6 «.1190 «66 S5.55
229 68 4) 220 845 5.3 6.3 « 129 o 42 5. 20
356 78 146 136 1005 5.5 7.1 «123 «52 5.50
257 683 2)5 107 SISk 44,2 4.5 106 « 36 5444
266 m 67 113 96 6 5.8 U o3 « 139 o 47 5430
179 62 67 92 607 663 5.0 « 139 .48 5. 30
146 54 48 86 65683 6.9 6.0 « 149 64 5480
117 SO 84 80 300 446 She/2 «108 .« 34 Se 40
153 69 131 103 456 560 441 « 130 «60 552
385 17 3 962 99 414 640 642 « 170 .« 34 590
236 64 40 62 1448 9.0 6.8 «123 «25 5.80
228 61 14 78 1424 8.9 Te4 « 125 «61 Se 40
199 58 30 75 1139 645 5.2 « 106 « 44 Se32
224 62 24 93 1311 7.7 65 e 117 « 59 5S¢40
193 55 21 65 1092 6.4 5.0 « 085 « 36 Hel6
176 49 13 75 1401 8e1 66D «111 gS)is S5.75
322 62 40 83 897 448 4.1 « 087 . 5¢ 4492
22) 57 4) 94 1202 6.0 5.5 . 087 «H7 5.50
198 53 23 57 1564 649 Se4 « 105 « 34 5.50
2706 49 10 70 2099 8.8 745 «108 «53 5.55
239 93 14 62 1720 7.9 662 . 181 «25 5495
256 77 6 74 2112 9.2 B8e3 « 163 « 82 5450
255 72 64 72 1209 665 Sed «125 « 29 S.73
238 65 14 78 1326 9.1 7ot . 136 « 78 5450
289 74 68 90 1057 447 4,5 112 « 38 Se72
116 39 SI3 85 422 249 Pe83 « 063 « 99 Se. 45
356 102 68 132 1017 5.0 Se4 «163 «92 Se35
259 80 3 85 1150 7.3 62 « 130 « 45 S5.45
- 280 85 25 80 1550 9.7 7.8 « 155 «25 6.10
23) 65 Bi5) 75 1050 77 66D « 105 « 40 5o 33
75 45 45 70 175 1.6 1.7 «060 1.10 4480
64 41 41 73 188 1.1 1.4 « 056 1,30 4485
108 61 122 67 283 3.8 2.6 072 o 77 5.70
97 S19 138 83 294 4 .4 34 « 086 « 97 Se 45
112 5 154 84 8310 4.4 3.0 « 101 « 75 5.50
269 76 82 99 826 S5.6 6.7 « 126 o (1 5443
210 76 115 118 559 5.2 Se2 « 135 « 59 5440 .
178 65 96 92 243 5.0 3.7 « 145 47 5460
109 72 89 109 239 S oS 4.1 « 130 «6 8 5.35
77 68 63 103 162 5.5 3e7 « 140 o 42 5620
138 69 56 125 395 6.0 446 174 «H9 550

269
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=3)) 34 {7 39 87 3.0 le1 « 082 «60 6613
123 69 26 97 388 7ol Sed « 145 «H5 1 44,60
148 70 83 80 369 4,1 460 « 165 « 55 584
181 91 16 110 604 5.5 6.0 «226 « 96 5.60
177 S 88 73 55 6.3 661 « 167 46 4,98
164 76 95 89 400 6.2 Slelo «120 « 56 5.06
213 66 16 70 489 8.6 7.2 «115 « 33 5425
237 84 227 79 542 7.8 669 « 153 « 48 5e10
2) 6 62 37 70 943 6.6 She . 092 « 49 550
258 71 36 96 1063 6.0 6.0 « 111 « 76 5,70
114 42 16 58 567 5.0 3.9 « 109 «58 5.96
136 49 44 73 731 443 8.7 « 093 1,02 5435
239 64 64 87 801 4.4 442 «102 o 71 4,86
192 58 19 72 1154 6.0 Se2 « 111 « 77 5.05
111 44 58 59 4 65 3.2 2e7 « 064 «69 4,80

92 37 28 60 459 27 2e7 « 060 « 83 515
14 45 48 65 3131 3.0 2¢5 « 0S5 « 83 Se.43
125 SI3 53 81 527 3.8 B3 e 077 1.25 5430
16) 69 45 75 850 4.2 36 « 075 « 80 595
259 85 59 90 1200 7ol 6.2 «125 « 40 5.70
65) 139 55 100 16 00 Se.4 6.2 « 165 e« 33 65600
310 80 40 85 1150 4 o4 4.1 « 080 1,05 5435
6) 49 S S 150 «6 1.0 « 050 1,38 4440

83 39 79 79 206 1.5 l.6 «050 1.08 4408

25 39 25 76 126 o7 1.2 « 066 1.87 5.10
S) &4 33 39 57 186 1.6 1.6 « 070 1,07 4,58

48 29 24 40 146 1.3 1.2 « 057 1.06 4,10

24 29 33 67 143 « 9 1.4 « 057 162 4 485
178 76 159 87 422 Sle 1 5.2 « 137 «Hh2 520
115 65 92 74 415 ShegS 446 « 129 o 74 5. 30
132 72 Q7 91 3165 Se5 445 « 150 46 5,06
275 98 177 89 532 5.3 5.7 173 «H 2 5.85
178 59 73 112 279 S.6 442 « 175 « 48 Se 68
159 73 45 113 159 44,9 440 « 159 .68 5415
1)2 65 55 88 287 467 440 « 151 o 44 4,98
139 79 65 97 508 6.0 5.0 « 139 « 7U 5.30
151 80 123 104 450 5.8 5.0 1513 « 38 Se 64
190 71 76 100 476 5.9 447 «143 « 57 5.05
196 71 6)5 92 623 6.0 514 7/ « 133 « 42 4,80
179 72 143 94 672 5.8 5.8 o144 53 5460
173 57 S]1 57 348 Se7 4,1 « 114 « 57 4460

41 75 112 83 621 Sel 5.8 « 136 « 70 5655

49 40 4) 51 136 3.1 2¢0 « 097 «97 4490
199 43 30 Si2 195 34 2 'S « 099 1. 34 5675
266 9S4 22) 87 744 6.7 6.0 « 163 46 6.25
269 122 459 69 887 9.7 7.9 « 232 . 14 6650
289 88 66 66 964 10.9 7.3 « 171 « 35 He 20
229 84 42 88 728 65 6e2 122 « 43 Se76

270
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SOILS -120 MESH

SITZ NO. IDENT, NI CcOo Ccu ZN CR cA MG MiN K
PPM PPM PPM PPM PPM PC=ENT, PCENT, PC=INT. PCENT,

1) 23 265 11) 28) 95 630 8440 8450 «120 1.45
11 22 69 34 62 73 236 1,72 1.93 « 060 3¢ 34
12 21 4) 2) 3P 40 S0 1.50 1,30 « 060 « 89
13 22 199 2 224 B2 456 5.28 5. 06 122 1.60
14 22 278 81 3)7 125 436 44,36 4435 « 141 « 87
15 22 142 SIS 32 85 502 5le 85 4486 <115 1,42
16 22 122 61 92 107 260 4440 5 o SIS) « 159 1.42
17 22 219 66 66 30 658 8. 38 7498 «140 « 84
18 22 221 55 17 (% 1190 7,01 7.23 «123 «81
19 22 171 49 SIS 70 700 4 4 B6 S5.06 . 086 1.01
11) 22 1577 51 35 67 648 5.34 4491 «102 le14
111 22 180 S1 16 63 982 614 5.93 «106 « 78
112 22 146 44 54 63 595 44,22 4,03 « 077 « 99
113 22 SHLES 69 66 69 1201 7 64 76 30 « 109 « 62
114 22 2915 6) 291 76 958 6478 6.58 « 107 e 76
115 22 225 51 79 71 747 5.58 5o &5 «101 1.05
116 22 271 56 47 90 666 4.14 396 « 076 2.12
117 22 175 55 26 80 748 4 4 38 4,02 «088 2.15
118 23 265 7) 2) 75 1000 7470 750 « 100 145
119 23 809 185 1) 110 2000 6450 9,00 « 280 1.12
12) 23 275 6) 4) 80 900 7¢%40 7650 « 105 1. 32
20 23 39 25 2) 55 11O « 65 1.00 « 035 3628
21 22 198 62 278 110 366 4,39 3606 « 088 1.02
22 22 156 62 128 39 515 6604 4479 « 107 1.21
23 22 49 4 78 191 130 830 4433 5.78 « 105 « 94
24 22 254 66 85 108 674 4,81 Se73 127 « 92
25 22 149 5) SK/ 80 514 Se9l Sel4 « 137 le45
27 21 155 70 1l S55) 120 450 4430 4,10 «135 « 60
28 21 559 1pIS 18)) 110 425 5,20 5.60 « 190 «23
29 22 242 64 24 30 1107 7627 6He 75 121 « 87
21) 22 2 5} ! 64 38 102 1019 6.19 5.82 «113 1.24
211 22 171 50 14 78 837 Se70 516 « 099 1.10
212 22 217 61 45 96 801 4445 4427 « 082 1.50
213 22 208 5S4 s 71 1246 6.62 66 32 «104 1.26
214 22 271 78 7 89 1338 6637 6475 e 142 « 99
215 22 259 66 16 83 975 741 6.83 e 129 1.09
216 22 125 46 64 79 339 2.71 2432 « 061 2.03
217 22 SIS 82 76 117 728 4,00 4e 36 «120 1,97
218 23 2815 7) 4) 85 800 65620 5430 « 100 1.92
219 23 255 75 3) 85 1200 9.50 7e 75 « 135 1,32
22) 23 20) 55 3D 65 740 7640 6.00 . 080 2,02
30 23 60 40 7) 80 275 1,10 1.65 « 045 2472

274
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245 85 155 85 725 7430 7.00 «115 1.60
269 85 275 85 600 6480 7400 «120 1.45
319 89 6) 35 950 8620 8.00 . 115 1. 32
185 60 85 85 625 650 5450 « 090 1.95
309 75 8) 80 1000 8620 7400 « 120 1.45
195 65 4) 65 800 8.60 7450 « 095 1.22
2890 7) 7) 90 850 7.10 675 « 105 1.45
25 30 15 85 40 e 85 « 75 .015 4,02
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SOILS =4)) MESH

SITE NO, IDENT. N I co Cu ZN CR CA M G M N K
PPM PP M PPM PPM PPM PCENT, PCENT. PCENT. PCENT,

10 SIS 255 12:5 395 95 725 750 9,00 « 140 « 45
11 32 65 25 55 70 240 1.45 1.50 « 060 1.19
13 32 175 70 205 120 500 44,70 4400 «115 « 76
14 32 29'S 85 285 150 550 4440 4,40 « 135 « 45
15 32 145 55 45 90 655 5460 4,40 «110 « 64
16 32 13) 63 813 120 365 4490 3.96 e 145 « 58
17 32 215 66 65 85 820 8410 8400 «135 « 40
18 32 23D 56 1| 5 85 1400 7410 750 « 125 « 33
19 82 165 45 55 80 23315 4450 44 30 « 090 . 49
11) 32 N6IS! S 73 100 800 5.20 4a45 « 100 « D2
111 32 175 50 S 70 1050 6400 5.50 «100 « 40
112 32 149 45 S) 70 740 4400 3465 « 075 « 49
113 32 319 61 68 75 1210 7425 7670 «105 « 30
114 32 26) 61 28 80 1050 6620 7.00 «110 « 33
115 32 210 50 83 85 850 44,80 5.1 «105 « 52
116 32 295 56 SN 100 800 320 3655 « 100 « 79
117 32 185 58 65 95 850 3.70 3.60 « 080 « 88
118 S8 279 7) 6) 75 950 6,00 740 «110 «50
119 38 556 145 225 115 1500 570 8420 «240 « 30
12) 5} ) 269 6) 55 S 800 5,10 6.40 . 110 « 30
20 33 35 35 2) 55 85 «60 « 95 «. 060 1.60
21 32 235 7) 25) 130 500 4425 3¢50 « 090 e 42
22 32 162 68 12) 95 450 5.80 4450 o NOIS « 45
23 32 43) 86 21) 150 920 44,00 5.10 « 095 « 36
24 32 255 70 ) 125 825 4450 S.65 «105 . S5
25 B2 169 48 6) 95 610 6.05 5.25 « 130 « 61
27 S 145 65 14) 105 440 395 36 75 « 125 « 60
28 31 575 115 24H) 110 S ) 4470 5420 « 170 « 31
29 32 245 71 28 Q0 1 IS ol ©) 7420 « 150 « 40
21) 32 255 7) 3V 120 1025 5430 S5.40 « 120 «58
211 32 165 54 2) 90 870 4490 4450 115 « 52
212 S12) 225 67 48 110 850 S0 US 370 « 100 « 73
213 32 195 S5 29 130 1100 Se 15 5435 «100 « 58
214 32 27D 9) 1) 100 1210 6.00 6 .95 e 155 .« 49
215 32 260 75 2) 90 1040 7. 00 7.00 « 135 « 52
216 32 129 45 53 80 490 3.00 2.50 « 075 «88
217 32 349D 83 93 125 825 3.90 4, 30 «120 «82
218 313 215 65 6) 85 650 4,50 4425 «110 «80
219 33 289 80 11) 90 1050 7440 6670 « 145 « 40
229 S 215 7) e 75 250 650 6.15 « 105 «80
30 S 58 40 6) 70 190 e 95 1. 30 « 060 1.32
S 31 45 3) 5) 75 120 «20 «90 « 055 1. 09

2713
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PHYSICAL VARIABLES

SITE NO. SLOPE ALTITUDE TREE HT., TREE DIAM SAMP, HT.
D= GREZS FEET FEET INCHES FRACTION
10 55 242) 1) 1.5 «50
11 45 2370 12 « 9 1,00
s 55 225) 15 1.5 «50
14 85 2239 3) 3.0 «40
15 25 222) 6 o4 1,00
16 35 21 39 6 o7 «eH0
17 35 212) 12 1.4 «40
18 30 217 3 l. 4 «90
19 20 219) 15 1.1 « 70
11) 20 2229 25 261 «30
111 10 222) 2) 2.0 « 30
112 1) 2219 5) 6.0 «20
113 30 217) 7) 2240 « 40
114 49 2129 15 l. 4 «30
115 25 208) 4) 2.5 « 20
116 =5 ) 39 5) Sg O «20
117 35 1989 3) 3.8 « 30
118 3N 1919 2) 3.0 «80
119 30 186) 3) o O « 30
12) 2) 1779 109 24,0 «20
20 30 243) 25 2.0 « 80
21 50 2399 6 « 5 «B80
22 35 237) 15 1.3 «50
23 30 2359 2) 2.3 ¢S50
24 25 23)) 6 1.0 « 30
25 3 22959 2) 2.1 «40
29 490 20 7) 6 S «e50
21) 49 2109 4) 440 «30
211 45 21 3) 3) 1.8 « 30
212 25 2139 16 1,1 «90
213 25 212) 15 1.4 «40
214 39 20 89 1 1.0 «50
215 40 20 5) 1% 9 1,00
216 19 27 29 4) 3.0 «20
217 40 20 8) 4) 6.0 « 20
218 25 23 39 SP) 4,0 «20
219 25 187) 25 245 « 60
22) 3D 1809 2) 2.0 «90
30 19 254) 8 1.0 1.00
32 S5 2459 I o3 « 70
34 S5 233) 6) 740 «10
315 39 2289 1) 1.0 1.00
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