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ABSTRACT,



i}

& biogecchemical survey of Indenesia was undertaken analyzing
herbarium samples by atomic absorption., (Indonesis was chosen because

it has been well surveyed botanieully, bul poorly supveyed geologicallyJ
Background concentrations of copper, nickel and zinec were
determined using various species, predominantly members of the families

Flacourtiaceae and Violaceae,

Rinorea bengalensis (WWall,) 0.K. (Violae,) was discovered as a

hyperaccumulator of nickel (Brecks et al., 1977) and this led to an
in depth study of R, bengalensis and other species of the genus,

Prope this study twe areas of doubtful geology were predicted as

6]

A

containing ultrabasic rocks, 2. Jjovanica (Bl) 0.K, was shown to
a hyperaccumnilator of niekel &nd R. albhersii En

S =
(R -
5

]

el

gl, was found to
a very high cobalt/nickel concentration ratio,

Three hyperaccunultitors of niekel were discovered after analysis
of & selecticn of herbarium sanples collected on Obi Island by Dr,
Z, de Vogel. (They were: !lyristica laurifolia Spruce ex DC var,
pifurcata (Myrist.); Planchonells oxyedra Dubard (Sapotse.);

Trichospermum kjellbepgii Burret (Tiliac.).)

Ambon Island was predicted as consisting of ultrsbasic substrates,

Plants c¢ollected from Salasjar Isiand were shown to contain
ancmalously high concentrations of copper possibly due to ancmalous

cecpper concentrations in the soil.
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GENERAL INTRODUCDION.



With approximately 200,000,000 plant specimens stored in the
world's herbaria, it at first seems curious that few attempts have
peen made to analyse this material chewically. However, when the
size of sample required for some classical analytical techniques is
cunsidered, the reluctancs of herbaria to donate samples becomes very
casy to uncerstand, In fact, because of the size cof the samples
requireé for analysie of dried material, much of the early use of
nerbaria by gecchemists relicd on the use of information stored in
the co-operating herbarium rother than the use of plant material
itself., (e.g.2ersson, (1956) used nerbarium data sheets to find the
collection localities of "copper mcases"and thereby was uble to pin-
peint copper anomalies in the substrate), Cheneﬁj (1945) however,
did use dried herparium plant samples for analysing aluminium concen-|
trations in plant tissues. |

Now that anslysis can be carried cut with very small samples,
particularly using the techniques of flame (walsh,1955) and flameless‘
(Kirkbright, 1271) atomic absorption spectrophotometry, chemical ‘
anal ysis of herbarium muterial now secuomes feasible, Potential uses
of this material nuw fall into three najor categories: -

Taxonomic -~ species dif't'erentiastiocon un the basis of trace element
concentriation as in the work of Brooks, McCleave and Schofield (19??)
witn the g enus Nyssa.

Phytochemical = studying accumulaticen of elements by certain plant

species e.pg. the study of nickel acecumul ators and hypersccumul stors

(more than 1000 pg/¢ nickel) oy Brooks et al. (1977).

Geological - the use of plant samples {'or biogeochemical work and

mapping cof peological anumalies., Although this field was touched on
by Brooks et al. (1977), much remains still to be done. 'Work of this

nature can fall intc twu categories : geovotanical, where the visual

appearance o0 the species present or the generdl presence oOr aosence
of certain species can be related to the availability of trace element
in the soil; and biogeochemical where plant materiasl is analysed for
its elemental content, (The work of Peps&x1(1956) could be described
as geobotanical and that of Chenery (1948) as biogeochemical.)

The aim of this stuydy was to carry out a biogeochemical study

covering a limited area of the world's surface. The desirable
characteristies for the study area were that it would have to be
poorly mapped geologicelly (or else there would be little point in
attempting to carry out mapping) but relatively well surveyed



botanically, so that a large volume and variety of specimens could
be called upon, The area itself must contain & rich flora, (zn ares
of desert would be most unsuitable for any biogecchemical studies).
Finally, it would be desirsble if those parts of the area that were
geologically mapped were known to contain ultrabasic rocks (associated
with high nickel, cobalt, chromium, varadium and mangénese concen-
trations), since the biogeochemical methed must first be teited in
areas of known gegelegy. Twe areas cume to mind as being suituble far
a study of this nature: South Zast Asia (particularly in the region
of Indonesia) and South America. As this laboratory already contained
a large number of samples of the genera Homslium and Hybanthus
cellected from Malesia (Indonesia, Maliysia and the Philippinus)l
South East Asia was picked as a general area for the study with
particular attention to ve paid to Indunesia. (See Figure 0-1.)

The aims of the project were as follows: Firstly, it was hoped
to prediet the geology of certain areas and fill in gaps in the geo-
loegicdl mapping of" the area, Unfortunately any uapping done, could
only be guesswork as the cnly way to know the precise mineral compos-
ition of the soil wculd be to analyse the soil, The second aim was
to discover previcusly unknown sites of mineralization., Again these
predictions weuld huve to be checked with scil and rock anslyses in
the area. Finally, it was hoped thut new mineral accumulating species
could be discovered, particularly further hyperaccumulators of nickel
(Brooks et al., 1977). Such species are of great interest to
phyteochemists, and even to chemical engineers because of the cbvious

potential of being able to imitate technologically, the low enerpy

methods of extraction by plants of heavy metals from their ores.

Although this project had the disadvantage that soil and rock
types could only pe predicted and checks would have to be made on thne
site, it did have the advantage of cheapness compared with the enorm-
vus cost of field work, 1t was expected that pinpointing favourable
sites for subsequent in situ investigation would be the major benefit
of this work.

The results of this survey are presented in this thesis.
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SECTION I,
GEOGRAFHY AND BOTANY OF THE MALAY
ARCHIPELAGO,



Although this section deals in general with the chain of
islands known as the Malay Archipelago, (lMalesia) specific reference
will also be made to those islands thut make up the Republic of
Indonesia, as the majority of the samnples studied were ceollected
originally in that area,

A, GEOGRAPHY

The Malay Archipelago comprises many islands of greatly varying
shapes and arecas, situsated near the equator, and f'orms a broken chain
f'rom South East Asia in its northwest extremity to just north of

eastern Australia in the south western extremity (See Figure I-1.)

1. Indonesia,.

Indonesia is made up of a large portion of the Malay Archipel«go
and has been described by Woodman (1955) as follows:

"-—~ 3000 islands strung along the Xguator for 3000 miles ---
all sizes and shapes; small atolls built up by millions of coral
polyps: island volcanoces: islands of undisturbed green Jjungle:
islends where no foreigner has wanderea and unknown to mocst Indonesians;
islends that hug the ccast of thickly populsted Java; a string of
islands appearing like a row of distant steamers along the coast of
Sumatra: hundreds of islands in the Moluccas famous for the spices and
cloves and pepper which first attracted visitors from the western
world:; islands that are rich in tini islands thickly covered with
rubber trees:; islands rich in o©il. Throughout these islands and
islets the sun always shines; there is nc winter, nc spring, nc sutumn,
only a wet seascn anag a dry.,"

The land surface area of Indcnesia is 736,469 syuare miles
(1,885,361 square kilometres) (making it the fifteenth largest
territorial unit in the world). This land supported a population of
118,460,000 in 1971 (Anon,1975).

One of the problems arising from the dispersed nature of the
country is that it is hard to unify the people. When the republic was
fermed in 1949 it contained many differing groups of people and this
was one of the problems the new government set out to remedy. (Woodman)

1955).
2, Effect of the Sea Floor.

A study of ocean depths in the vicinity of the Malay Archipelago
reveals three zones., At either end of the chain, shallow waters are



found and deeper walers occur in the central region.

Java, Bali, Sumatra and Borneo arise out of a_continental shelf
called the Sunda shelf which is believed to have once been part of
the Asian mainland.

Similarly the Sahul shelf runs from the Australian coast,

New Guinea and Aru are part of this.

When Alfred Russel Wallace visited the area over a century ago
(wallace 1869) he noticed that the western islands of the Archipelago
cocntained species of plants and animals similar to those found in Asia,
whereas those found in the eastern islands were more like the Aust-
ralian species., In the central regions (the Celebes and the Moluccas)
a mixture of Asian and Australian species was found., On the basis of

",
'

these species differences he drew "Wallace's line" (shown on Figure
I-1), which marked the eastern boundary cf the zone which contained
only Asian species. ‘When the Sunda shelf was later mapped it was

found that the outer edge approximsted "Wallace's line" (Good41974).



FIGURE I-1,
Area of studies (enc!used by solid line),

"Wallace's line" shown as dotted line.
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3. Indonesian Natural Resources,

Indonesia has long been known for its natural resources as
shown by the following statisties (Ancon, 1975).

(i) Mining - Minerals mined in the Republic of Indonesia in 1973 were:-

Bauxite 1,229,375 tonnes
Gold 52,1 XEg.
Silver R,832 kg.
Nickel 867,046 tonnes™
Ti 22,204 tonnes

®¥Nickel production has now greatly increased as a

result of exploration of vast lateritic reserves
in the Malili - Sorcako area of South-central Celebes.

(ii) Exports in the year 1973 comprised mainly fish, coffee, tea,
pepper, tobacco, lumber, palm oil, tin, nickel ore, crude oil and

petroleum products.

B CLIMATE AND VEGETATION.

1. Climate.

Generally the climate could be described as maritime equatorial
(high temperatures, except at high altitudes, and heavy rainfall all
year round). However, parts of western Indcnesia experience periocds
of exceptionally heavy rain coinciding with the north east or south
west monsoons,

The eastern half of Java, Bali, scuthern Celebes and Nusa
Tenggara have clearly marked dry seasons caused by the southeast
mensoon (which changes direction to become the southwest monsoon over
westem Indcnesia) in the months June, July, September and October,
An example of these effects is cited in "The Far East and Australasia"
(fnen 1975).

"Thus whereas in Pontianak, situated almost exactly on the
equator on the west coast of Kalimantan (originally Borneo) the
menthly mean temperature varies from only 25.600 in December to
26.7°C in July, and no month contributes less than 160 mm (July)
or more than 399 mm (December) to the total annual rainfall of
3200 mm, Surabsya in eastern Java , while showing even less variation
in mean monthly temperature, which fluctuates between 26.100 through-



out the year, has four months (Decemober - March) each year with
over 241 mm of rain, and four others (Jduly - October) with less
than 51 mm e&ch out of an annual total of 2735 mm."

2. Vegetation,

In Sumatra and Jdava the northern slopes of the high ranges are
comparatively dry. Jdava is also moister in the west than the east
and these dirft'erences have an effect vn the vegetation types. The
moister side consists of evergreen, teuwperste painforests usually
overgrown with hanging mosses. The drier side has a middle zoune of
grasslands and wouods with swmall bushes with leathery foliage further
down the mountains and cnly poor grasslands near the summits.

Borneo has wide coastal pluins, with those on the Asiatic side
covered with fields and fallow lands. The central highlands are
densely wooded, thinning out to secrub at high altitudes. The narrow
plateaus of the backbone of the Celebes display typlcal savannahs.

For a discussion of the eflects uf climate upon vegetaticn see
Hardy (1920) and Anon (1975).

€. PLANT SPLCIES O THE MALAY ARCHIPELAGO,

The flora cf" the Malay Archipelago is one of the richest in the
werld; comprising well over 10,000 species of wnich a significant
percentage are endemic., With such an enormous flora, a "blanket
programme" was scarcely feasible and initial attention was paid to
three genera known to favour or tolerate nickeliferous substrates.
3rooks et al. (1977) have shown thut many hyperaccumulators
(> 1000 ug/g dry weight) of nickel are found in the families Flacour-
tiaceae and Violaceae, particularly in the genera Homalium and
HHybanthus.

The families Flacourtiacese and Violaceae were therefore given
special attention in this survey and are described below.

Following the discovery of hyperaccumulation of nickel by
Sebertia acuminata (Jaffrefet al. 1976) it was also decided to
lhelude the Sapotaceae,

1. Macourtiacesae.

.

This family has been described by Sleumer (1954) and his notes
were a valuable guide in this work.

The family contains nineteen genera that are found in the area



under study. (See Table I-1.)
(i) Ahernia.

One species is found in the Philippines and the Moluccas but it
was not used in this study.

(ii) Erythrospermumn.

One species grows throughout the arca but was not studied.
(iii) Scolopia.
Sleumer (1954) recognizes seven species found throughout the

region and two of these were studlied,

8. luzonensis, shrub or a small tree, grows in Borneo, the

Philippines and the Celebes in dry thickets and secondary forests up
to an altitude of 680 m. It will grow in clayey soils, on sandy
beaches or limestcne rocks,

§. spinosa, tree, grows in primary and seconudary subforest, up
to an altitude of 1100 m, in Sumutra, 3angka, the Kalay Peninsula,
Java, 3orneo, Palawan anc Tolmad Island. The wood is used for fencing
and home building and the f'ruit is edibdle.
(iv) Itoa.

One species grows in the area and it was studied. I. stapfii,
tree (25-40 m), grows in the Celebes, the Moluceas and on Japen

Island (West Irian) in o¢ld primary and sec.ndary subforest. The
heart-wood is used for house constructicn,



TABLEE I=1, I=2, I=3.

A

VIOLACEAR (1I<2) 2D BADPCTACH2ZE (I-3).

MALESTIAN GEM<RA OF THE PAUILES PLACOURTIACEAZE (I-1)

Genera, numbers of Malesiun species in each genus and the

distribution of the genus ure listed,
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TABLE I1-14.

Genus No. of Species. Distribution.
Ahernia 1 Philippines, Halmahera,
Erythrospermum 1 Throughout Malesia.
Scolopia ki Throughout Malesia.

Itoa 1 Celebes, Moluccas, West Irian.
Paropsia 1 Sumatra, Malay Peninsula.
Hydnocarpus X9 Throughout Western Indonesia.
Scaphocalyx & llalay Peninsula.

Pangium 1 Thrcocughout Malesia.
Trichadenia 1 rast Malesia,

Ryparosa 16 New Guinea,

Eleutherandra 1 Sumatra, Borneo,

Homalium 23 Throughout Malesia.
Bennettiocuendron 1 Sumatra, Java,

Hemiscolopia 1 Sumatra, Bangka, Java,
Xylosma 1y Throughout lalesisa.

smell 3 Throughout Malesia.
Flacourtia 7, Througncut Malesia,
Pseudosmelia 1 lioluccas,

Casearia &0 Throughout Kalesisa,




TABLE I-2.

12

Genus No. of Species. Distribution.
Rincrea 12 = 13 Throughout Malesia.
Agatea 1 New Guinea,

Hybanthus 1 Throughout Malesia,
Vicla 18 Throughout Malesia.
TABLE I1-3,
Genus. Ne, of Species. Distribution.

Planchonella

Chrysophyllum

Manilkara

Mimusops
Madhuca

34

L

New Guinea, Java, Sumatra
Moluccas, Borneo,
Mew Guinea,

New Guinea, Bumatra, Jave, Celebes|
Throughout Malesia,

Throughout Malesia,

From.Van Royen (1957) and Vink (1958)
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(v) Paropsia.
One species is known to grow in Cumatra and the Malay Peninsula

but it was not studied.

(vi) Hydnoearpus,

Thirty one species grow throughout Western Indonesia. Two
species were studied.

H. beterophylla philippinensis, tree, grows in the low altitude

forest of Borneo, the Philippines and the Celebes.

H., sumatrana, tree, grows in the rain forests of Sumatra,
Java, Borneo, the Celebes and the Philippines on ground that is never
inundated, usually at altitudes of 30 to 200 m.

(vii) Scaphocalyx.

Two species of this genera are found on the Malay Peninsula but
neither were studied.

(viii) Pangiup
One species grows in the area and it was studied.

P, edule, tree, grows in isolated clumps throughout the Malay
Archipelago on all types of ground, generally at an altitude of less
than 300 m. The fruit is edible and the wood used for construction

purposes,

(ix) Trichadenia.

One speclies grows in the east of the region and it was used in
this project.

T. philippinesis, tree, grows in the Philippines, the Celebes,

the Moluccas and New Guinea, It is found in primary or o0ld secondary
forest usually at an altitude of 5 to 100 m.

(x) Ryparosa,

There are sixteen species of this genera found in New Guinea but

none were studied.

(xi) ZEleutherandra,

One species grows in Sumatra and Borneo, but wasn't studied.
(xii) Homalium.

Twenty three of the species of this genera are listed as commonly

found in various parts of the Malay Archipelago and of these twenty
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three, eleven were studied and they are listed below,

H. tomentosum, treeygrows in mixed and teak forests in Sumatra,

Jaeva, Madura, the Kangean Archipelago and the Lesser Sunda Islands.
It is often found growing at low altitudes on periodically dry ground.

The wood is used for match manufacture.

H. barandae, treejgrows at low and medium al titudes in the

forests of the Philippines.

H. foetidum, tree, is a very common species that grows over a
wide area including Sumatra, the Malay Peninsula, Borneo, the
Philippines, the Celebes, the Moluccas and New GuinekR. It often grows
along river banks, in thickets or rain forests, at an altitude of
20 to 200 m, The tree produces a hard, dense timber that is used for
constructing houses and bridges, and making combs.

H. caryophyllaceum, small tree, grows in humid forests or brush-

wood vegetation in the Malay Peninsula, Sumatra, Bangka,dava, Borneo
und the Celebes, In dava it is sometimes seen as a nedge plant.

-

H. villarianum, tree up to & m in height, grows in the forest of

the Philippines up to an altitude of LOO m.

H. undulatumj,tree, 10 - 20 m, grows on the Malay Peninsula in

b
evergreen forests, It is often found on rocky limestone hills up to
an altitude of 300 m.,

H, bracteatum, tree, grows in the low altitude primary forests of

the Philippines.,

H, celebicum, tree, grows in the Celebes and Buton Island in
primary mixed forests at an altitude of 30 to 550 m, The wood is
excellent for home building.

ﬂ; grandif]l orum, tree 10 - 30 m, is found in the lowland forests
of Sumatra, the Malay Peninsula and Borneo. The wood is hard and
difficult to work.

H. minahassae, tree up to 35 m, grows on lowlying, level ground

in the primary forest of the Celebes and the Moluccas, The timber is
used for house construction,
(xiii) Bennettiodendron.

One species grows in Sumatra and Java but it was not analysed.
(xiv) Hemiscolopia.

One species is faund in Sumatra, Bangka and Java and it was
not studied.
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(xv) Xylosma,

Four species are known throughout the Malay Archipelago and
two were analys=d.

X. papuanum, tree up to & m, found in the Moluccas and New
Guinea growing at an altitude of 400 - 1600 m. in the forests., The
wood is very tough,

X. luzonengse, large shrub or tree (10m)e a rare species put it
is fecund in individual specimens or small clumps scattered over a
wide area comprising the Philippines, the Celebes, the Moluccas and
New Guinea,

(xvi) Flacourtia,

This genus contains seven species that grow throughout the area
and four were analysed.

?. inermis, unarmed tree, is cultivated as a fruit tree in
Sumatra, the Malay Peninsula, Java, Borneo, the (Celebes, the lolucvas
and New Guinea, It grows up to an altitude of 1300 m,

P, zippelii, slender tree, grows in moist ground and clayey soil

in the primary snd secondary rain forests of the Phillppiness the

Celebes, the HMoluccas and New Guinea.

F. rukam, small tree, is widely distributed but scattered.

It can be found inevergreen primary or secondary forest, often slong
the bank of a river. The fruit is edible and the roots and the Jjuice
of the young fruit are used for medicinal purposes.

F. indica, small tree up to 15 m,, grows in mo®t apreas but is
not known in Sumatra, Usually it grows in open places that have a
definite dry season, It is cultivated for its fruit and the medicines
extracted from it.

(xvii) Osmelia.

Three species grow throughout the lalay Archipelago but only
one was studied,

O. philippina, shrub or tree 5-8 m., grows in the primary
forests of Sumatra, the Malay Peninsula, Borneo, the Philippines, the
Celebes, the Moluccas and New Guinea, Tue wood is hard, odourless
and tasteless and used in the North Celebes for house construction.
(xviii) Pseudosmelia.

One species is known to grow in the Moluccas and it was
analysed.

P, moluccana, shrub or treelet 2% - 3 m,, is common in the
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forests of the Moluccas at an altitude c¢f 200 to 800 m.
(xix) Caseeria,
Approximately sixty species of this genus are known to grow
throughout the Malay Archipelago and four of them were studied.
C. papuana, shrub 1 = 13 m,, grows in New Guinea in rain forests
or fringing forests on rocky slopes at an altitude of 100 to 500 m,
C. hosei, tree or shrub 3 - 5 m., grows in primary forests in
Borneo and the Celebes up to an altitude of 1500 m,

C. grewiasefolia var deglab¥ata, shrub or tree, grows in most

areas or open spaces in primary and secondary forests, preferably in
a nonshaded locality. It will grow in all regions.

C. halmaherensis, treelet or tree, scattered through the young

forests of the Moluccas.

2. VIOLACEAE,

This family contains the genus liybanthus which has provided three
hyperaccumulators of nickel. The family is described by Jacobs and
Moore (1971).

Four genera are commenly f'ound in the Malsy Archipelago and

each will be dealt with in turn. (See Table I-2.)

(i) Rinores.

A genus with twelve or thirteen species in the vicinity of the
Malay Arcnipelago. Many species of Rinorea were analysed, including
some from Africa (where they are more common) and this section of the
project is deslt with in SBection IV where the characteristics of thne
genus will be discussed.

(ii) Agatea.

One species is known to grow in lew Guinea but it was not

analysed,
(iii) Hybenthus.
One species grows throughout the region and it was studied.

H. enneaspermus, herb 15 - 60 cm, tall, does not grow in the

Celebes but is found in most other regions. It will grow in monsoon
areas, on roadsides, in grasslands and pastures and will tolerate
open or shaded sites,
(iv) Viola.

Eighteen species of this genus grow throughout the area and four
vere studied.
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V. betonicifolia, herb, grows in the grasslands or open montane

woodlands of Sumatra, Java, the lesser GHunda Islands, the Celebes,
the Philippines and New Guinea,

V. mearnsii, herb, grows along streams and in montane forests in
the Philippines and the Celebes,

V. pilosa herb, fcund in Sumatra, Java, the Lesser Sunda Islands,
the Celebes and the Moluccas. It grows at en altitude of 1100 to
3300 m., in grasslands and &alpine woods,

V. kjellbergii, herb, found at high altitudes (2000 to 3540 m)
in the salpine heath and grasslands of the Celebes and New Guinea.

P SAPOTACEAE,
There are {ive genera of Sapotaceae that will be dealt with
here (See Table I1-3),

(i) Planchonells.

There are thirty four species of this genus that grow in New

Guinea, Sumatra, the Philippines, Borneou, Java and the Moluccas.,

f these thirty four species, twenty-nine grow in MNew Guinea, (The
pecies is also well represented in New Caledonia, )
i

ii) Chrysophyllumn.

This genus has four specles that groew in New Guinea but Cnryso-
phyllum species are rare in other apeas of the Malay Archipelago,
(1ii) Manilkara.

Species of this genus grow in Centrel and Southern America,
Central Africa, India, Indochina, Sumatra, Java, the Celebes, New
Guinea and New Caledunia,

(iv) lsdhucsa.

This genus is confined in area to India, Indochina, mostof the
lalay Archipelago and New Caledonia.

(v) Mimusops.,
This genus has four species in Central and Southern America,

thirteen in Central Africa, two in India, one in the Malay Archipelago
and four on the Islands of the Pacific Ocean,



SECTICHN II.

ANALYTICAL T=CHNIQUES.
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A, INTRODUCTI ON,

For the purposes of this study, analytical techniques were
required that could detect trace metal concentrations in minute
samples. (The samples required by the techniques used, must, of
necessity, be small due to the rare and valusasble nature of some of
the botanical specimens investigated).

However, for analysis of the samples, a delicate balance had
to be struck between a volume sufficiently large for multielement
analysis, and a small enough dilution factor to allow easy detection.

It was decided to ash samples with a dry weight between 0.02g
and 0,05g and dissolve the ash in 1 ml. of acid, (This gives a
dilution factor of between fifty and twenty.)

It was hoped to investigate concentrations of the four elements
cobalt, copper, nickel and zinc. Brooks (1972) lists the following
typical backgrcund values of these and other elements in plant ash,

(dry weight values are cotained oy dividing values for ash by fifteen):

Cobalt :- 9 ng/g ash weight (~ 0.5 pg/eg dry weight)
Copper :- 180 ng/g ash weight (~10 ng/g dry weight)
Nickel :- 65 ng/g ash weight ( ~ 4 ug/g dry weight)

Zinc :=-1400 ng/g ash weight (~ 90 pg/g dry weight)

Assuming a dilution factor of twenty to fifty, the following elemental

concentrations could be expected from typical samples:
Co, 0.01 - 0,03 pg/ml.
Cu, 0.24 - 0,60 pg/ml.
Ni, 0,07 - 0.23 pg/ml.
n, 1.87 - L4L.67 png/ml.
The desired analytical technigque must therefore be capable of
detecting concentrations in ‘the range 0.01 to 5 pg/ml,

B. SAMPLE PREPARATION,

Dried, preserved leaf samples were received from herbaria through-
out the world (see acknowledgements) and from these, small samples
(approximately 0,02 to 0.05g) were accurately weighed out on a
Mettler H6 balance (capable of weighing to 0.0001 g) and placed in
12 mm X 75 mm poresilicate test-tubes (care must be taken at this
stage so that any implements such as scissors or tweezers that come
into contact with the samples do not contain any of the element to

be analyzed so as to minimize possible sources of contamination,)
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Samples were ashed in a- fuf'ile furnace at 50000 and the ash
wag dissolved in 1 ml, of 2M redistilled hydrochloric acid.

C. FLAME ATOMIC ABSORPTICON SFHCTROPHOTOMETRY.

This technigue was first used vy Walsh (1955) and involves
shining an intense spectrum of the element under Investigstion into
an atom cloud produced by aspirating a solution into a flame,
Flames have certain desirable properties as an atomization source.
(Kirkbright, 1971).

(%) They are relatively free from memory effects, nolsefree and
simple to operate.

(ii) Burner systems are predominantly small, durable and
inexpensive,

(iii) There is a variety of available flame gas mixtures : C2H2/air
(the most common flame, used for e, Mn, Cu, 2Zn, Co, Ni, Pb and uany
other elements): propane/air (used for Na and K); C?“E/NEO (for V and
Al): Ar/H; (for Se and As).

(iv) Flame chemistry sand atomizution processes are fairly well unier-

stooed.

However flames are inefficient in that approximately 9% of tne
solution that is nebulized is wasted and never gets to the flame.
Ccnseyuently 1 ml of solution would cnly Jjust be sufficient for five
analyses,

It was hoped that the volume regyuired for each analysis could be
reduced by slowing down the rete of nebulization. However, when a
standard solution.containing 1 ug/ml zine was nebulized into an
air/acetylene flame and the absorbance was measured at 213.9 nm at
varying flow rates, the absorbance was found to decrease with
decreasing nebulization rate (Figure II-1). Therefore if the flow
rate was decreased, lack of sensitivity would become a problem.

It was then decided to nebulize solutions into the flame at a
rate of 3.8 ml/min. At this rate, minimum detection limits of about
0.1 pg/ml could be reasonably expected for all four elements (0.05 ug/
ml under good conditions) which meant that copper and zinc could be
analyzed by flame atomic abscrption but only scme nickel values would
be detectable and only anomalous cobalt values. Therefore samples

were analyzed for copper, nickel and zinec by this technique and a more



FIGURE 1I-1.
GRAPH SHOWING HEFFECT ON SENSITIVITY

OF REDUCING ASPIRATION RATE.
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sensitive technique was required for low nickel concentrations and
the detection of cobalt,

D. FLAMELESS £TCLIC A3GORTTION S2:C0H0010TOETRY,

As mentioned in the previcus section, the flame as an atuniz-
ation source is easteful of sanple and not sensitive enougn for low

nickel and cobalt walues, & techunigue that used less sample and

‘..—I

was more sensitive, wou L refore he wdvantageous, Such 8 systoem
is flameless atomic absorpticn spectrophotometry which uses electric
power of low voltage (0O to 10 volts) and high current (200 to 300 aups)
to heat a minute sample., These electrotherms]l atomizers fall into two
categories : (i) reds and filaments using techniques based on the

work of West and Williams (1969), (1i) tubular furnaces based lapgely
on the picneering work cearried out by L'vov in the period 1959-1970.
(See L'vov, 1961 and 19€0),

1a Carbpon rod atomiser,

Zarly investigations were carpied out by plaecing D yul samples
in & drilled ecavity in a carben rod prepared, in the lagopratory, from

FX9I grade Poco=Cpsctroscopie egleesroue praphite, Unforstunately
these were Tound to have @ short lifespun snd tended tou break inm half
after thirty to Fifty flrings, making inalysis a tedioas and expehsgive

process, for thls reasen the cuarpon furnace was used.

2 Carbon furnace,

Tubular furnaces trested with a coating of pyrolytic carbun were
supported in the working head of the cvarpon rod atomizer vy two shaped
graphite support rods. This systen was f'ound to be more durapble than
the carbon rod.

E. IKSTRUMENTAL PARAMETERS.,

1a Flame Atomic Absorption.

Solutions were analyved by flame atomic absorption using a Varian
Techtron AAS Atomic Absorption Spectrophotometer fitted with a model
BC6 Background Corrector using a Hydrogen continuum lamp.

& Flameless Atomic Absorption,

Study of absorption using varicus parameters gave identical
optimum conditions for nickel and cobalt as follows:

Dry 3.6 volts 22 seconds
Ash 5.2 volts 10 secounds
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Atomize 6.2 volts 2.6 seconds.

5 Analysis lines.

Samples were analyzed at the following absorption lines:

Cobalt 240.7 nm.

Copper 324.7 nm,

Nickel 232.0 nn,

Zinc 213.9 nm.

All concentrations were expressed on a dry weight basis using
micrograms of the element per gram of leaf as the unit (npg/g).

F. PRECISION OF THE EXPERIMENTAL TECHNIQUE,

An investigation was made intc the precision cr reproducibility
of a technique that relied oun the analysis of a small section of
the leaf of & plant.

An electron prebe analysis was made of a leaf of Rinorea

bengalensis which had been found to contain a high nickel concen-

tration. The cbject of this analysis was to determine if the nicxel

concentration wus uniform scruss the leaf, TFlate II-1 is a micro-
P < ] .

graph of 0.2 mm~ of the leaf, the lighter coloured area is a

secondary vein. The dark line across the photo delineates the path
of the electron probe and the Jagged white line is a graph of the
relative nickel concentration across the analysis line, It can be
seen thet the nickel concentration varies across the leaf with the
greatest concentrations in this case just beside the secondary vein.
From this photo it is obvious that if & small section of the leaf is
taken the absclute amount of nickel in that section and therefore,
the concentration value derived, will depend upon the part of the
leaf that the segment came from.

Small circles were punched out of plant leaves with a paper
punch and analyzed for nickel concentration, The mean concentration
and standard deviation were calculated for each leaf. Four separate
determinations were made with leaves 1-3 coming from the same
specimen,

Leaf 1. - Twenty sections were placed in test tubes, 1 section per
tube. Average sample weight 0,006g. Nickel concentration 552% 12
(2.2%) pg/g dry weight,

Leaf" 2, - Thirty sections were placed in test tubes, 2 sections
per tube. Average sample weight 0,012g. Nickel concentration
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536 + 20(3.8%) pg/g dry weight,

Leaf 3. - Thirty sections were placed in test tubes, 3 sections per
tube. Average sample weight 0.019g. Nickel concentration 518 + 27
(5.2%) pg/e dry weight.

Leaf 4. - Twenty eight sections were placed in test tubes, !} sections
per tube. Average sample weight 0,025g. Nickel concentraticn 125 =+
5(U4) pg/g dry weight,

From these analyses it would appear that there is a 2-95% relative
standard deviation in the concentration of a trace element depending
cn the part of the leaf analysed.

The total error is of course a {unction partly of the analytical
method and partly of the natural variation of the nickel ccentent within
the leaf itself. Since the reproducibility of the analytical technigue
was of the order of + 2-3%, it would appear that for samples weighing
at least 6 mg (20 mmz), the within-leaf error is negligible., This at
first sight seems to coentradict the finding of' the electron probe.
However that survey was carcsied out cn an area cf 0.2 mmz compared
with an area of 20 mm2 for the smallest leaf samples tested chemiecally.
Provided that major veins are ignored in taking leaf samples, reprod-
ucibility should be satisfactory for replicates taken from the same
leaf. Leaf-to-leaf variability is ancther factor for consideration,

but was not evaluated because of the lack of sufficient sample material.



SECTTON I17.
A BIVGEOCHEMICAL SURVEY OF

THE MALAY ARCHIPELAGO,
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A, INTRODUCTION.

Leaf samples were analysed for three elements(Copper, nickel and
zine) in order to assess background and ancmilous concentrations of
these three eleménts in common species. The majority of the plant
species studied were from the families Flacourtiaceae and Vioclaceae
which were studied because they were known to include hyperaccumulators
of nickel., The genus Albizia, was also studied due to the discover
of Albizia sp ncov. growing over the porphyry copper deposit at
Bougainville, (Cole, 1371).

When a concentration was found that was considered to be high,
one of two steps was taken:-

() If the high value seemed to be characteristic of the species,

the species was further investigated,

(ii) If the high concentration appeared to be a site anomaly, the
geology of the location was investigated by the use of geological mups
(where availsble) and by analysing further samples collected from the

=)

area, if these could ve obtained.

B. THEORY OF TISTRIBUTIONS OF TRACH FLEMENT DATA.

Liebscher and Smith (1968) found that distributions of trace
elements in animal tissues could ve divided into two categories:
normial (symmetric about the arithmetic mean) and lognormal (symuetric
abcut the geometric mean). MNormal distributions were associated with
those elements that were known to be essential to the growth or
nutrition of the organism and lognormal distributions were associated
with non-essential and mildly toxicec elements. On the basis of these
results Liebscher and Smith proposed that the type of distribution
could be used as a guide tc whether an element was essential or
non-essential.

Timperley et al. (1970) investigated elemental concentraticn
distributiocns in plant species in order to discover which elements
were normally distributed and winich were lognomally distributed.
Their method of determining the distribution type was to calculate
the median, the arithmetic mean, and the geometric mean and to compare
the median with the two means. When the median was a better approx-
imation to the arithmetic mean than the geometric mean, the distrib-
ution was considered to be normal. When the reverse was true, the

distribution was counsidered to be lognormal.



TABLE III-1,
TRACE ELEMENT CONCENTRATIONS
(pg/g dry weight) IN EIGHT
MALESIAN SPECIES,



TABLE I1I-1.
SPECIES.

No.

SPECIMENS

m

Range .

a,M.

Albizia saponaria

Blume

Homalium caryophyllaceum

(Z et. M) Benth

Homalium celebicum

(Roxb.) Benth

Homalium foetidum

Benth

Homalium grandifolium

Benth

Homalium minahassae

kds

Homal ium ¢.omentosum

Benth

Hybanthus enneaspermus

(L) Fevls

12

57

14

51

29

-6

n

=60

208

4=19

15~
177

17~
310
11=
2479
Ti=
1546

|
J

o~

N

e |

N

74.90

121.05

295.45 |1

100. 70

9%68.9

14653

768,83

L2
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Unlike Liebscher and Smith (1968), Timperley et al. (1970) could
not find a relationship between the type of distribution and the
ecssentiality of the element concerned.

Timperley et al. (1970) investigated elemental concentrations
in seven New Zealand species., Copper, molybdenum and zinec are
considered to be essential for plant nutrition (Bowen, 1966) and lead,
nickel and uranium are ccnsidered neon-essential. Therefore the seven
copper, cone molybdenum and six zinc populutions investigated by these
authers would be expected to be normally distributed and have an
arithmetic mean close to the median., However this occurred [or only

two distributions, copper in Nothofagus menziesii and zinc in guintinia

acutifeclia and in ovoth these cases tiy difference between the arith-

metic and geometric means was small.,

G RESULTS AND DISCUSSION.

Seventy-five species were analyzed and of these, eight were
suf'ficiently well represented (ten or more specimens) to be statis-
tically analysed and they will oe discussed as '"ubiquitous species”
and the remaining sixty-seven species are treated as "non-ubiguitous
species.”

1. Ubiguitous Species.

As described in Timperley et al. (1970), the criterion for
deciding whether a distribution was normal or lognormal was the
relationship between the median and cne or other of the means, If
there is a link between essentiality and normality of distributiocn,
copper and zinc would be expected to be normally distributed in the
elight ubiguitous species as they are essential elements in plants and,
as a non-essential element, nickel would be expected to be lognormally
distributed.

The eight species analysed for the three elements copper, nickel
and zinc were:- Albizzia saponaria Blume (Legumin), Homalium
caryophyllaceum (2 et M.) Benth (Flacourtiac), Homalium celebicum
Kds, Howalium foetidum (Roxb.) Benth, Homalium grandiflorium Benth,
Homalium minahassae Kds, Homalium tomentosum Benth and Hybanthus
enneaspermus (L) F.v.M (Violac). Table III-1 lists each species with
the number of specimens analysed and the range, median and arithmetic
and geometric means of the concentrations of each element,

Upon statistically analysing the twenty four data populations it
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was discovered that uvnly three were ncormally distributed and they

were copper and zinc in Homalium celeoicun and copper in Homalium

minahassae. It shiould be noted that in the case of the two normally

distributed populations in Homalium celebicum, the arithmetic mean

and the geometric mean are relatively similar and the median lies
between the two, out is closer to the sarithmetic mean, In the case

of copper in Homalium mipahassae the median is definitely closer to

the arithmetic mesn,

Liebscher and Smith postulsated that a normal distribution arose
in the concentration values of an essential trace constituent because
the uptake of the element was controlled by the organism so that the
concentration fell in a narrow optimum range. For non-essential
elements’an crganism has no control over uptake and the toxic thres-
hold is the upper limit of accumulaticn. Counsequently essential
elements tend to bpe distributed with small ranges and standard
deviations and non-essential elemental distributions tend tc have
large renges and definite positive skews thst tend to disappear when
logarithmic transformutions are made,

Ahrens (1954) gave a method of measuring the spresd of & ran;e
of values when he stated, "The apundance of an element in an ignecus
rock is always greater than its most prevalent concentration; the
differcnce may be immeasuraebly small ¢or very large and is determined
solely by the magnitude of the diespersion of its concentration.”

When Ahrens mentions "the apundance” he is referring to the aprithaetic
mean snd the geometric mean when he speaks of the "most prevalent
concentrstion." He demcnstrated thnt standard deviations greater than
O.4 are proportional to a,m./g.m. Using this information the predic-
tion can be made tin t essential elements will have a smaller ratic of
the arithmetic mean to the geometric mean then non-essential elements,
(the ratios of arithmetic means to geometric means are shown in Table
I111-2). Table III-2 shows that the lowest values of the ratio exist
for copper. Values for nickel are all higher than the copper values
and the zinc values cover a wide range. The low values (less than
1.50) contain the three normal populations (copper and zinc in Homalium
celebicum =-1,21 and 1.40 respectively and copper in Homalium minahas-

sae (1.28) but they also contain some lognormal populations, copper

(1.12) and zinc (1.24) in Homalium grandifolium and copper in Homalium
tomentosum (1.12). In the case of Homalium grandifolium the value of
the ratio of nickel values was also low (1,78 the lowest of the nickel

values) so elther the plants that supplied the specimens were growing




TABLE III-2.
RELATIONSHIP BET./EN ARITHMETIC
AND GEOMETRIC MEANS IN ELEMENTAL

CONCENRTRATION DAT



TABLE: II1I-2

SPECIES. NICKEL COPPER ZINC

a,m, g.Mm, a.m, a,m, g.m, a.m, a.m. a.m, E.m,

(pe/g) (ne/e) g.m. (ng/eg) (neg/e) 411- (pe/e) (ne/g) 41.
Albizia saponaria 2.23 0.94 2,38 7.07 4,91 1.48 74.90 46.97 1,59
Homalium caryophyllaceum| 3,28 1.63 2,02 9.98 6.54 1:55 | 184.0% 52,04 2.31
Homalium celebicum 5.46 2,09 2,62 32.00 25. 71 Lad 565.86 1,02.00 1.40
Homalium foetidum 6.45 265 25 18 2h s 21 17.85 .58 295,45 1 50 2.58
Homalium grandifolium 2,02 1.10 1.87 9.30 8.39 1.12 100.70 81.36 T.24
Horalium minahassae 6.23 3,24 1.9 68.55 53,02 1.28 | 968.9 31,6 2.8
Homalium tomentosum 1.86 0.91 2.05 .59 6.63 1.12 | 146,33 95.21 1.54
Hybanthus enneaspermus 8.07 1 .53 5.29 19,90 115 170 768,83 152.20 5.04

1e
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on very similar substrates, or this species has greater control over
trace element uptake than some other species, The very low value
for the ratico ¢of the srithmetic mean to the geometric mean for copper

in Homalium tomentosum could be 8 sign that the distribution tends

toward normality.

Anomalous elemental concentrations were determined by plotting the
data on probasbility paper (Tennsnt and White, 1959). The values for
each of the twenty four distributions were ranked and the ccncentrations
(ug/g) were plotted (on a linear scale for normal populations or a
logarithmic scale for lognormal populations) against the cumulative
percentage of values less than or equal to the particular concentration.
On these graphs each population is represented by a straight line.
Where two straight lines occur, two populations are indicated and tneir
point of intersection is the threshold value that forme the boundary
between the two populations. (See FPigures I1I-1, III-2, III-3, TII-4
for representative graphs). Where two populations were present, the
specimens that fell in the upper population were considered anomalous
and these anomalous values could be indicative of mineralization, ur

of rock types with elevated levels of the elements concerned.

25 Non-ubiguitous species,

As well as the eight species previously mentioned, sixty seven
were analysed which had fewer than ten specimens, Table III-3 lists
the se species family by family and notes the nunber of specimens and
the mean B8nd range or each of the three elements eopper, nHickel and
zinc., Due to the small sizes of the populations it was not possible
to distinguish low and high populations within a species and so
identification of anocmalies must be on an arbitrary basis, Anomalcus
values were predicted using the criteria of copper and nickel ccncecen-
trations 2 50 pg/g and zinc levels 21000 ng/g. These levels were
set deliberately high in order that errors of prediction should be

minimized.

B e Sites of particular interest.

(1) Nickel.

Listed in Table ITII-~4 are sites for all the specimens that were
considered to contain an anomalous concentration of nickel either
because a cumulative frequency graph showed them to fall in an upper

population or because they exceeded an arbitrary value of nickel



FIGURES I11-1, I1I-2, 111~-3, III-i.

CUMULATIVE FREQUENCY GRAPHS SHOWING

TRACE HLEMENT CONCENTRATIONS.

Species are:

Homalium caryophyllaceun I11-1
Homalium foetidum I1I-2

Homalium tomentosum I11I-3

Hybanthus enneaspermus II1I-4
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TABLE III-3.
TRACE ELEMENT CONCENTRATION (mng/g dry weight)

IN NON-UBIQUITOUS MAL=SIAN SPECIES,



TABLE I1II-3

N.B. In celculating means <1 is equated with 0,5,

SPECIES T |Ne. l‘ ‘Nickel Copper | Zinc. ]
Range liean Range Mean Range Mean
Family: - Caryophyllaceae
Cerastium indicum Wright & Arn. 2 k1=<1 0.5 33-33 | 33 6E7-2L1 154
Family: - Cornacesae
Alangium griffithi Haruas 2 [<1=-<1 0.5 11-14 12.5 19=-145 &2
Alangium javanicum Wengerin 3o <1=7 2:3 622 | 12,7 19=276 191 .7
Family: - Flacourtiaceae
Casearia glabra Roxb. 2 |¢1=¢1 0.5 6-12 9 | Lo-11Z 76
Casearia grewiaefclia var 7 |€1=50 15:4 4=21 9.7 19-1000 311.,9
deglabrata Koord & Val. |
Casearia halmeherensis v Sloot 2 |<1=3 108 5-8 ‘ 6.5 | LL=-4L6 45
Casearis hosei Merr. 1 2.6 F 15 | 178
Casearia pspuana Sleum. 1 0.5 | , 8 60
Flacourtia indica Merr. 2 |€1=3 1—= 10—19! 1.5 102-276 182
Flacourtia inermis Mig. 5 li=L7 | 11.2 3-12| 7.0 98-357 22l 4y
Placourtia rukam Zoll & Mor. 5 E<1-35 8.6 5-14 | 8.0| 66-165 110.0
Flacourtia zippelii v Sloot. k [<9=9 2.6 L=-16 10.8 23-130 155
Homalium barandae Vid., 2 1= 0:5 10-11 10.5 60-102 81
Homalium bracteatum Benth. 1 1 5 167
Homalium cochinensis L K1=-13 3.6 10-23 17.0 100-162 119.8
(Lour.) Douce continued...
| H ¢ !

¥e




Table III-3 continued,..

¥

Species No Nickel Coppéer Zinc

Range Mean Range Mean Range Mean
Homal ium dasyanthum Wa'b, 3 <= <& 0.5 4=-8 Bl 20-L6 55.%
Homalium dictyoneumm Hance 1 27 £ 20
Homalium fagifolium Benth 1 0.5 11 118
Homalium fallax v Slcot. 6 -4 2.4 L4=16 23 23-5107 1054.7
Homalium frutescens King. 1 1€ 15 71
Homalium glabrifolium Geddes, 1 'S 2 11
Homal ium griffithianum Xuz. X <1=<1 0.5 5=10 8.3 HE-09 6£3.3
Homalium hainanense Gagnep. 1 3 3 29
Homalium hoheri Merr, 1 B 5 5 a5
Homalium myriandeum Merr, 1 0, 5 12
Homalium propinguium Clarke. 1 05 14 34
Homalium undulatum King 2 | a.5 A=l %5 12-56 34.0
Homalium villarianum Vid. 3 2=7 2.0 3~31 14.3 2li.53% 36.0
Hydnocarpus heterophylla Var, 1 127 8 128
philippinensis Sleumer
Hydnocarpus sumatrasna (Miq) Kocord. 3 <1-168 59,2 6-10 Tl 17-1370 565,05
Itoa stapfii (Koord) Sleum. 1 0.5 30 27
Osmelia philippina (Turcz) Benth.| 3 <=9 G P 11-19 15 66-371 185.3
Osmelia sp. 2 1-3 2.0 &-13 10.5 202-391 296,5
Pangium edule Reinw, 5 <1-104 24.0 13=-70 32.6 26=-267 148, 2
Pseudosmelia moluccana Sleum, 2 <= < Ba5 8-13 10,5 £5-104 94,5
Scolopia erenata Clos, 1 21 7 &0

Se



Table III-3 continued...

Species No Nickel Copper Zinc
Range Mean Range Mean Range Mean
Scolopia luzomensis. yarp, 1 36 11 28
Scolopia spinosa Warb. i L g 251
Trichadepnia philippinensis Merr. & <1-12 3,6 3-20 8.8 28608 198.4
Trichadenia sp. 2 1-3 2.0 3-18 10.5 122-210 166.0
Xylosma papuanum Gilg. 1 ! 0.5 54
Xylosma luzonense Clos. 2 |<1-5 | 2.8 | 542 | 9.5 24-279 150.5
Family: - Labiateae j

Ajuga bractecss Wall. !

Plectranthus Scutelleroides Blume | 1 | , 66 27 519
Plectranthus teysmanii Miq. 2 ;<1-5 ’ 1.8 10-11 :10.5 H8-70 N
Plectranthus sp. . | 52 | - 26 690

Family: - Leguminosae i | i
Albizzia chinensis Merr. 1 ' 0.5 j |3 27
Albizzia falcata Backer | 0.5 ? ‘ 5 L3
Albizzia lebbegk Benth. 3 <1=3 1.5 | L=6 | L.7 13-121 Tl O
Albizzia libbechoides Benth. 1 s L 616
Albizzia minahassae Koord. 2 L=~8 6.0 | 8-10 | 9.0 206-275 240.5
Albizzia odoratissima Benth. 1 | 0.5 Z 1 17
Albizzia procera Benth. 5 141-5 | 2.7 | u-11 | 7.6 13-769 256.4
Albizzia retusa Benth. 3 | 16 | 2.7 3-14 | 7.3 100-308 172.7
Albizzia rotundata Blume 1 | ? 13 | 10 518
Albizzia tomentella Mig. 3 1 £1=% 0.7 2-8 B 21-374 220.7
l continued. ...
|

la¥al



Table III-3 continued...

Species No. Nickéiu Copper Zinc
Mean Range Mean

Family:- Sapotaceae

Palaquium amboinense Burck 5 T8 14-133 66.8

Palagquium bataanense Merr. L 5.0 2(=-2L2 110.5

Palaguium luzoniense Vidal 5 Tl &-436 153,68

Planchonella moluccana n BT 36=-254 135.7

Burck (H.J. Lam)

Planchonella oboyvoida Lam z 3:5 134-150 142
Family: - Violaceae

Rinorea bengalensis (Wall) O.K. 2 145 97=992 594.5

Viola betonicifolia J.E. Smith 1 10 88

Viola kjellbergii Melchior 1 7 130

Viola mearnsii Merr, i 23 L60

Viola pilosa Blume 1 L 95

2¢
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concentration. Also included in the table is one specimen of
Hybanthus enneaspermus which had more than ten times the concentration

of nickel of any other specimen of that species., When the sites of
the specimens listed in Table III-4 are plotted on a map (Figure 11I-5)
certain areas appear that could contain high levels of nickel in the
soil, It is satisfying to note that (ive of these specimens were
collected at Oesu, Malili & centre of nickel mining. The other sites
marked on the map may or may not represent nickeliferous substrates

and only a detailed geclogical survey could discover the exact nickel
levels, However these anomalous results may be a guide to suitable

sites for geological exploration.

(ii) Copper and zinc.

Biogeochemical surveys have been shown to be less reliable for
essential elements than non-essential ones (Timperley et al. 1970)
and as copper and zinc are both essential elements in plants it was
decided that more reliable predictions about substrate could ve made
if copper and zinc wereconsidered jointly. Table III-5, therefore
lists specimens that appear to have ancmalous concentrations of both
copper and zinc, The sites of these ancmalies are shown on Figure
III-6. PFrom this map it appears possible that there could be copper
zinc mineralization in scme parts of Indonesia and the islands in the
vicinity of Halmahera could prove particularly interesting.

D, CONCLUSIONS,

Although Liebscher and Smith found that normality and lognormality
could pe used to determine whether an element was essential or not in
human tissues, there appears tc be no definite method of determining
essentiality in plant tissues, However, normality of distribution
and/or a low value of the ratio of the arithmetic mean to the geometric
mean could indicate an essential element,

This study has pinpointed various regions in South East Asia that
may contain higher than normal levels of various metals., However this
study can do no mcre than predict areas likely to contain mineraliz-
ation to some extent. Predictions can also be made about geology but
in both cases, final proof can only be made by in situ inspections.



TABLE III-4
SAMPLES CUNTAINING ANCMALOUSLY HIGH

CONCENTRATIONS OF NICKEL,



TABLE: III-L.

Species Site me/g Ni
Homalium caryophyllaceum Sandakan, North Borneo, )
Sandakan, North Borneo, F
Kinabstanpan River, North Borneo, 10
Butong, Borneo, 8
Bosell S8el Besor, S.E. Borneo, L5
Homalium celebicum Tuntans, 3anggai, Celebes Vi
Tomohen, Celebes, 8
Kayu wutu, Minahassa, Celebes, L5
Homalium foetidum Oesu, Malili, Celebes, &8
Qesu, MNalili, Celebes, 31
Ambon, Moluccas, 32
South Zast Borneo, 30
South Zast Borneo, L4
Homalium minahasssae Tual, Kei Island, South Moluccas 17
Tanimbar Island, South Moluccas 18
Otimmer, Tanimbar Island, South Moluccas 11
P, Jamdera, Tanimbar Island, South Moluccas 12
Hybanthus enneaspermus var Golo, Philippines 138
deglabra ta Kabaena Island, Celebes 50
Hydnocarpus heteroplylla
philippinensis Boeta, Banggsi, Menado, Celebes, 127
Hydnocarpus sumatrana Latooe, Kolaka, Celebes 168
Panguim edule Bone Moena Island, Celebes 108

&
continned. . «« %)



Table III-4 continued...

Plectranthus scutellurocides

Palagquium bataanense

Palaquium luzoniense

Rinorea bengalensis

Kolonedale, Celebes
Qesu, Malili, Celebes
QOesu, Malili, Celebes

Kolaka, Latace, Celebe

o
w

Kawata, Malili, Celebes

66
387

5750

ov



TABLE III-5.
SAMPLES CONTAINING ANOMALOUSLY HIGH

CONCENTRATIONS COF COPPER AND ZINC



Table III-5.

Species Site pe/e Cu neg/g Zn
Homalium foetidum Lagandi, Butung Island,
Celebes 92 2847
Pandu, Minshassa, Celebes 112 1570
Tobelo, Halmahera 88 976
Ambon, S. loluccas 102 L57
Hybanthus enneaspermus Ternate, Halmahera 71 7500
Ternate, Halmahera 29 2u6L
Kai Island 154 989
Kai Island =7 679
Lombok Island Ll 581

v




FIGURE I1I-5.

COLLECTION SITXZS OF PLANT SPECIMENS

L

CONTALINING #ROMALOUSLY HIGH NICKEL

CONCINTRATIONS .,
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FIGURE III-6

COLLECTION SITES OF PLANT SPECIMENS
COUNTAINING ANOMALOUSLY HIGH COPPER
AND ZINC CONCENTRATIONS.
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SECTION 1V.
ACCUMULATI ON OF COBALT AND NICKEL BY SPECILS OF

THE GENUS RINORMA.
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A, INTRODUCTION

As mentioned in Table I1I-3 two specimens of Rinorea bengalensis

(Wall.) O.X., both f'rom the Celebes, were found tu contain over 5000
pe/g Nickel on a dry weight basis:~ (5350 pg/g for a sawple from
Lataoeg, ¥claka and 5?50‘pg/g from a sample from Kawata, Malili).
This clearly quslifies R. bengalensis for classification as hyper-

accumulator of nickel (Brooks et @l 19377) and, therefore a study
of all available specimens of the genus Rinorea was underta<en with

particular emphasis upon the species R.bengalensis.

For the purposes of this study all samples were analysed for

cobalt and nickel by flame atomic absorption spectrophotometry.

B. TAXONOMY OF THE GENUS RINOREA |

Jacobs and Moore (1971) deseribe the genus Rinorea as comprising |

approximately two hundred species, mostly small shrubs or small trees,
These species grow mainly in tropical regions with over half the species
being endemic to Africa, The plants sre found predominantly in the |
understorey of primary rainforests, at very low altitude, occasionally

up to 1000 m., c©n various soils including limestcne. Unfortunately a
satisfactory subdivision of the entire guenus has not yet been made,

(Jacobs and Moore, 1971),

C. RINOREA BENGALERSIS - A HYPRERACCUMULATOR OF NICKEL.,

The discovery of two specimens of R. bengalensis from the Celebes

containing in excess of 5000 pg/g nickel guarentees tnis species a

place in the growing list of hyperaccumulators of nickel. (Brooks et Bl
1977). A further eighty nine samples of' this species were analysed for
calcium, cobalt and nickel,

The plant is found in the understorey of mixed rainfcrest, as a
shrub or tree (up to 20 m high) in Ceylon, Southern India, Burma, the
Indochinese Peninsula, Hainan, the Andaman Islands, Malesia except
Southern Sumatra and Java, Northern wueensland, Melanesia and the
Carcline Islands.,



FIGURE TV-1
CUMULATIVE PREQUENCY GRAPH FOR NICKEL

IN RINORFA BENGALENSIS.
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NICKEL VALUES (74000 pg/g) IN

RINORXA BENGALSNSIS,




Collection Locality:

Known
Ul tra

~-basgics
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pg/g Ni

Dalman, Nabire, West Irian

Paracale, Camarines Province, Luzon Philippines
Paracale, Camarines Province, Luzon, Philippines
Mt. Kinabalu, British North Borneo

Mt. Kinabalu,
Cycloop Mts,

Mt., Kinabalu,
Mt. Kinabalu,

Tapul, Paragua I., Palawan,

British North Borneo
Tanah lerah Bay, Hollandia,
British North Borneo
British North Borneo
2hilippines
Mt. Giting-Giting Philippines
¥indoro,

Paluan, Philippines

rRoad to Klamene, Sorenyg Dist., New Guinea

Lataoe, Kolaka, The Celebes

Kawata, Nalili, The Celebes

New Guinea

No

yes
yes
yes
yes
yes
yes

yes

yes
No

yes

yes X

*

110
13750
10500
5650
L750
Q000
7150
8715
5500
8000
&000
12000
5350
5750

Near nickel mining areas.
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: Population Studies,

Ninety-cne samples of this species were available for analysis and
the nickel concentrations for these ninety-one samples were ranked and
plotted on cumulative frequency paper as described in Section III.

The resultant grapn (figure IV-1) appears tc indicate the presence of
three populations., The lower population comprises approximately 269
f the total samples and contains values below 6.8 ug/g. The upper
population (which is the population of most interest) contains only
17% of the specimens and refers to individuals ccntaining over L4400
pg/g of nickel (dry weight). (See table IV-1 and figure IV-2 for
collection localities of these specimens.)

25 Determination of ultrabasic aress,

As ultrabasic areas are, potentially, very valuable it would
be desirable if we could decide upon certain criteria that distinguish
specimens of R. bengalensis growing cn ultrabasic substrates from cther

specimens of the species.
Of the fourteen specimens listed in Table IV-1, twelve were
cecllected from known ultrabasic areas ang the remaining two samples
came from arcas of uncertain geolcgy. The first criterion decided upon
was that samples containing more than JOUO ug/g nickel can pe cunsidered
to have pbeen collected in ultrabasic areas. Prom the study of collect-—
ion localities of known geoloyy, it was clear that nearly all specimens
containing over 2000 pg/pg nickel were also found on ul trabasic sub-
strates, This cut off point of 4000 ug/g is therefore conservative,
Cobalt/nickel ratios were calculated for all samples of R.

bengalensis and these can be found (grouped on a substrate basis) in

Table IV-2, TFor ultrabasic substratesas & very low cobalt/nickel ratio
was found and this led to the second criterion for determining samples

of R. bengalensis growing on ultrabasic substrates I,e a cocbalt/nickel

ratio of 0.01 or less. Therefcre for the purposes of this study any
specimen from an area of unknown or dabtful geology containing more
than L0O0O pg/g nickel (dry weight) and with a cobalt/nickel ratio of
0.01 or less was considered to have been collected from an ultrabasic
area, Two samples fall into this category, one from Dalman, Nabire,
West Irian and one from the road to Klamono in the Sorong district,
New Guinea.

Reference to the Indonesian Geological Survey (G.S.I.) Bandung
was made in both these cases. G,S5.I, had no information on ultrabasics



FIGURE TV=2
COLL#CTION LOCALITIES OF SANPLES

OF RINORWA BuNGALRNSIS.

(Concentration ranges shown.)
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TABLE IV-2,
NICKEL AND COBALT CONCENTRATION (ug/g dry weight)

IN RINORKA BENGALENSIS,




TABLE IV-2.

4%

Cobalt Nickel

No, of

Samples |lean Range Mean  Range Co/N«
Ultrabasic rocks 21 87 £ 6857 836-17,500 | 0,01
Limestones 12 12 1= 143 2-560 011
Other Sedimentary Rocks 14 75 3= 674 3=3000 0,319
Basic Rocks 11 27 1= 103 1-550 0,28
Acid Rocks 5 16 =2k 20 2-56 0.80
Unknown 28 38 2, YEL 1-2000 G214
Overall 91 51 0.5 1810 1-17,500 0.03
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in the Nabire area. The ecnly regicnal map availlable at this institute
was incomplete. However, gross extrapoclaticn of a belt of ultrabasic
intrusives in northwest West Irian indliecsztes the 1likelihood of ul tra-
basic rocks under the alluvial basin (near lNabire) adjacent to Japen
Island.

There is also some doubt as to whether ultrabasic rocks are known

iR

at the precise loeality in the Sorong area of northwest "Vest Irian.

1t would appear therefore, that the R. bengalensis survey has

resulted in the discovery of at least one, and possibly two, previously
unrecorded areas of ultrabasic rocks.

The final proof as to whether or not these collection loecalities
are ultrabasic, will of course depend on in situ examination of the
sites, and even 1f they do contain ultrabasiec rocks, there will not
necessarily be nickel mineralization within them. It is, however, note-

worthy that the sample of R. bengalensis from Nabire contained the

highest nickel content (1.750 dry weight) so far recorded for this

species.

5. Helationship between Nickel and Caleilum.

Unlike nickel, calcium is not a trace element and is found in
large guantities in plants. The yuesticn arose as t¢c whetner extra-
ordinarily high nickel concentration would cause a lowering of the
céncentrations of major elements like ecaleium, Figure IV-3 is a plot
of pg/g nickel against ¢ caleium., There is a very highly significant
relationship (p € 0.001) between the twe variables (2 = 0,55 for 99
degrees of freedom). It would appear then that increasing concentra-
tions ©of nickel have a depressant effect on the concentration of the
major element calcium,

From figure IV-3 it csn be seen that when different symbols are
used to denote different substrates for the various specimens, those
growing on ultrabasics are grouped together (as are others such as on
limestcne) and so high nickel and low calcium concentrations in a

specimen of R. bengalensis could provide additional evidence that

suggests that the specimen was growing on an ultrabasic substrate,

D. OTHER RINOREA SPECIES.

After studying the species R. bengalensis a study of some of the

remaining species of the genus Rinorea was made, Specimens were
analysed for cobalt and nickel only, and flame atomic absorption was



FIGURE IV-3,
NICKFL CONCENTRATIONS IN SPICIMENS OF

RINOREA BENGALENSIS HXPRESGED AS A FUNCTION

OF THE CALCIUY CCNTENT.

The inverse relationship is very highly
significant (p <0.001, r = =-0.53).
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used for the analyses. Table IV-3 list all species analysed.

% Rinorea javanica - & hyperaccumulator of nickel.

Of the four samples cof R. Javanica analysed, the one from Kinabalu
National Park in Borneo had extremely high concentrations of both
nickel and cobalt.

A nickel cencentration of 2170 pg/pg places this species in the

hyperaccumulator class usiug the arbitrary standard set by 3Brooks et al,

(1977) of a nickel cencentruation of greater than 1000 pg/g. This means
that R. javanica joins R. bengalensis as the seccnd hyperaccumulator of
nickel in the genus,

The same specimen contained 670 pg/g of cobalt which is an
extremely high concentration. (0.6 pg/& wculd be a typical value =
Brooks, 1972). Only two species have previously been found to contain

a higher ccneentration off cobalt than this and they are:-

Haumaniastrum robertii 10,222 ug/g Brooks (1977)

Nyssa sylvatica var., biflera 845 /g Kubota et als (1360)

2 Hiph cobalt levels from Tangzania.

Samples of the two closely related species R. albersii and
R. albersii var puberula that had been collected in Tanzanla were
analysed and found to contain mere cobalt than nickel. Normally the
reverse is the ecase and it can be seen from Table IV-3 that the
cobalt/nickel ratio is usually very low but in the case of R. albersii
var puberula the ratio hits a& very high value of 200,

Although cobalt deposits are not recorded for Tanzania, cobalt
cres are known in nearby ¥atanga (Duvigneaud, 1959) and in Southern
liganda, Jjust to the north of Tanzania (JonesJ1972). It is therefore
possible that these Tanzanian Rinorea species were growing in soils
rich in cobalt,

E, Conclusion,

The discovery of two specimens of R, bengalensis from the Celebes with
over 5000 pg/g nickel, has lead to;thc discovery of two hyperaccumulat-
ors of nickel (R. bengalensis and R. Jjavanica), criteria for identify-
ing ultrabasic substrates, two possible new ultrabasic areas (Dalman,
Nabire and Sorong) and a possible source c¢f cobalt and a new ccbalt
indicator in Tanzania.




TABLE 1IV-3,
COBALT AND NICKEL CONCENTRATIONS

(pg/g dry weight) IN RINOREA SPECIES,



TABLE IV-3.

53

Cobal# Niclkael '

Species No., Locations Mean Range Mean Range Co/Ni
sccommanthera Gagnep 1 Vietnam 3 0.5 6.00
1fzelii Engl. 1 Cameroun 1 4 0,25
albersii Engl. 18 Tanzania 24 0.5-96 6 Q5-19 4,00
albersii Eng. var.
puberula Engl. 1 Tanzania 100 0.5 200,00
amaniensis Engl. ex
Brandt Tanzania 77 56 1,38
anguifera (Lour.) O.K. 9 Malaya,

Cambodia,

Sumatra,

Sabah 9 C.5~-72 3 1ot 3.00
ardisiiflora (Jelw.) C.K.1 Tanzania 5% 74 0.71
aruwinensis Engl. 2 [RZaire Gis3 0.5=-0.5 6 0.5=12 0.08
australica C.T.W. 2 Australia 1 0.5-20 22 0.5=-43% 0,05
bengalensis (wWall.) 0.%X.91 S.E. Asia 51 0.5-545 1810 1-17,500 0.03%
bipindensis Engl. 1 Cameroun 0.5 13 0.04
brachypetala (Turex.)0.K.2 Nigeria,

Liberia Q.5 0.5-0.5 0.7 0.5-1 0.71
ﬁreviges (Benth.) Blake 1 Guyana 4 = 0.6C
castaneifolia Bondar 1 Brazil 15 2 750
castilloi Merr. 1 Philippines 0.5 0.5 1.00
comosa (King) Merr. 1 Laos 0.5 0.5 1.00
convallariiflora Brandt 1 Kenya 0.5 OB 1.00
crenata Blake 1 Costa Rica Y " 1.00
dasyadena Robyns 1 Panama 2 b 0.50
densiflora Bartlett Brit.Honduras 2 3 0.25
dentata 5 Angola,

Cameroun, '

Liberia 6 0.5-25 7 0.5-28 0.86
elliotii De Wild Sierra Leone 0.5 Q.5 1.00
elliptica (0liv.)C.K. 9 Kenya,

Tanzania 1 0.5"‘2 1 005-2 1 .OO
falcata (Mart.) Ktze 1 Peru 1 6 0.17
fasciculata (Turcz.) '

Merr. 1 Solomons 5 0.86
ferruginea Engl. Tanzania 0.5 0.25
flavescens (Aubl.) Ktze 2 Brazil 1 0.5-2 L-8 0.17



TABL® IV=3 continugd...

gazensis (Bak.J.)Brandt

—glandudosa (Elm.) Merr.
gracilipes Engl.

guatemalensis (Watts.)
Eartl.

guianensis Aubl.
horneri (Korth.) 0.K.

hummelli Sprague

jlicifolia (Welw. ex
Olive) G.K.

ilispaiei Jacobs
javanica (Bl.) 0.K.

kamerunensis Engl.

kibbiensis Chipp.

lanceolata (Wallich) QK.

liberica Engl.

lindeniana (Tul.) 0.%.

longicuspis Engl.

longirgcemosa (Kurz.)
Craib

longisepala Engl.
macrocarpa (Mart.) Ktze
macrophylla (Decne) 2.K.

marginata (Tr. ¢ Pl.)
Rusby

melanodonta Blake

microdon Brandt

multinervis Brandt

oblanceolata Chipp

oblongifolia (Wright)
Marq. ex Chipp

Eaniculata
passoura Ktze

physiphora (Mart.)
Baillon

prasina Stapf.

8

1
2

L

438

48]

-

. “ERET. W (. G §

-

S, . ¥

Kenya,

Tanzania 0.5
Hainan 0.5
Cameroun 7
Mexico 1
Brazil 1
S.E. Asia 3
Mexico 2
Kenya 0.5
Sabah 0.5
Malaya,

Sumatra,

Java,

Borneo 172
Cameroun Qb
Ghana 0.5
Malaya,

Java,

Sumatra Q7
Liberia 20
Colombia,
Guyana,

Surinam

Cameroun

Java,

Sabah,

Hainan Qad
Cameroun 7
Brazil 7
Sumatra

Columbia 1
Columbia 1
Liberia 22
Zaire 1
Sierra Leone 11
Sierra Leone,
Ghana 18
Brazil 1
Peru %
Brazil

Liberia 2

=11

0. 5""1
0.5-2
OI 5-L;“1

3-670

17-19

545

-~ O

o oo

0.5
0.6
12

15

o

C. 5-3

8-8

2-18
1-6
0.5=-60

2-2170

1-15
211

0.5-18
1-2
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0.50
0.02
0.87

0.10
0.66
0.50
0.10

1.00
0.25

0.32
0.07
0.25

0,11
2.86

0.25
2,00

0.13
3,08
3.50
0.50

2.00
1067
1.83
0.07
2.75

2.25
1.00
3.75

2e22
2.00



'ABLE 1V-3 continued...

pubiflora (Benth.)
Sprague ¢ Sandw.

pubipes Blake

quangtriensis Gagnep

racemosa (Mart.) Ktze

riana (DC) Ktze

sclerocarpa (Burgesd.)

sessilis (Lour.) Ktze

solomonensis (Rech,)

Melch.

sprucei (Eichl.) Ktze

squamata Blake
subintegrifolia (C.B.)9.K 1

subumbellata (Brandt

sylvatica (Seem.) Ktze

virgata (Thw.) Ktze
viridifolia Rusby
welwitschii (Qliv.) O.K.

zenkeri Engl.
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1
1

1
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Guyana
Brazil,

Costa Rica
Vietnam
Brazil

Surinam,
Guyana

Sumatra
Hainan

Solomons

Guyana
Panama
Cameroun
Tanzania

Panama,
Colombia

Hainan
FPeruv

Cameroun,
Zaire

Cameroun

=

oo N -5 R

na

0.5=3 2
14

a7

0.5-1

AT S 0% S |

14
12

6-12 b

0.5-k

O- 5_21

0-5"‘10

585

0.50
0.36
6.00
0,15

0.05
0.50
2.00
4,00

0.50
0.21
0.17
0.17

3.00
6425
0.75

0.10
0.09




SECTION V.

THE FLORA OF OBI ISLAN
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A, INTRODUCTION,

A series of dried leaf samples th:ut were from a collection made
by Dr. E. de Vogel in a known ultrabasic region in the wvieinity of
Jikodolong on Obi Island in the North lloluccas was suppllied for this
project. (The ccllection site is located at approximately 1.250 S. and
128.15° £.)

As the collection area contains msinly ultrabasic rocks, any
species ccllected there that had the ability to accumulate nickel would
be expected to have amassed ccnsiderable yuantities of nickel. Because
of this, any potential hyperaccumulatcrs would show up in the analysis
of these samples,

The intention was to analyse all the supplied material and then
analyse further samples from elsewhere in South East Asia, of any genus
that contained a new hyperaccumulator of nickel in order to confirm
that the species was, in fact, a hyperaccumulator, to identify
previously unrecorded ultrabasic areas, and to check whether any other

species in the genus guslified as hyperaccumulators of nickel.

B, THE DE VOGEL COLLECTION,

Sixty seven samples representing sixty different species were
ashed and the ash was dissolved in 2 ml. of 2M redistilled hydrochloric
acid, The solutions were then analysed for cobalt, chromium, nickel
and manganese by flame atomic absorption, As chromium uptake is very
slight in plants because of its toxicity (3rooks, 1972), the chromiun
concentration was useful as a guide to possible contamination of the
samples by soil. Any sample that contained more than 10 ug/g chromium
was considered to be contaminated and values for the other elements for
those samples were considered to be unreliable. There were three
samples with more than 10 pg/g chromium:-

Number 4289 Machaerina glomerata
Number 4265 HydRophytum formicarum
Number L4230 Schizomeria serrata

Table V-1 lists, on a family-by-family basis, the sixty seven
specimens along with their concentrations of cobalt, nickel and
manganese in ug/g. (Chromium is omitted because most specimens had
undetectably low chromium concentrations,) Inspection of Table V-1
shows three specimens with more than 1000 ug/g nickel this placing them
in the hyperaccumulator of nickel category.
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T Myrigstica laurifolia var bifurcata.

This specimen contained 1110 pg/g nickel. As this only Jjust
gxceeds 1000 pg/g nickel, it was decided that on any substrate except

an extremely nickel-rich one this species would not pe likely to fall

into the hyperaccumulator of nickel ecategury. For this reason it was
censidered that an in depth study ot the penus Myristica waus not

warranted.

. ; chonell: xvedra,
2 Planchonella oxved:

A specimen of this sample ccntained 19,600 Pg/g (1.96%5) nickel

and as this was even higher than the levels found in Rinorea bengalensis

(see section IV) & study of the genus Planchonella was carried out in

the hope of discovering further nickel accumulators.

g Trichospermum kjellbergii

There were two spevimens of this species analysed, one contained
657 Pg/g nickel which is high but not in the hypersccumul:itor class
4

and one containing 3770 pg/g nicxel. The genus Tplchospermum?@s also

investigated more fully.

o

C. COBALT AND MAYGANESE LEVILES 1IN OPHCIMENS FROM O3 ISLAND,
1. Cobalt,

There were two specimens with more than 100 pg/g cobalt. (Such

levels are extremely rare in vegetation — see discussion on R. alversii

in Section IV). The twe specimens in yuestion are:-—

Number 4230 Schizoueria serrats containing 262 Pg/g cobalt,
but this sample could ve contaminated by scil as it contains

59 pg/g chromiun,

Number 4233 Trichospermum kjellbergii containing 350 Pg/g
cobalt., This is the same sample that contained the very high
levels of nickel. The high nickel and high cobalt could be

indicative of a lateritic substrate.

2. Manganese,

A typical manganese concentration in plant samples is about 300
pg/g cn a dry weight basis (Brooks, 1972), but our values showed an
extremely scattered range (3 pg/g - 2620 pg/g). Two samples contained



TABLE V-1.
ELENENTAL CONCENTRATIONS (pg/g) IN PLANTS

(de Vogel collection) FROM OBI ISLAND.




TABLE V-1,

Concentrations

Species Ref., Co Ni Mn
Anacardiaceae

Buchanania amboinensis Miqe. 4295 <1 15 25
Annonfceae

Cyathocalyx biovulatus Boerl. 4310 <1 <1 29

Mezzetia leptopoda Hook.f. et Thoms. 4250 <1 25 295

4200 =1 2 71

Apocynacese

Alyxia stellata Roem.et Schult. 4239 3 29 910

Cerbera manghas L. 251 1 6 34
Araliaceae

Gastonia papuana Miq., 4229 31 Lo 1225
Araucariaceae

Agathis alba Foxworthy s.sp. corneensis 4226 <1 5 33
Cyperaceae

Gahnia aspera Spreng. 4320 <1 9 149

Machserina glemercta (Gaudich.) Xoyama 4271 5 g5 95

4289 26 276 345

Dilleniaceae

Dillenia ovalifolia Hoogl. var. sericea 4,236 2 L23 690
Dipterocuarpaceae

Vatica papuana Dyer 4307 A 5 224
Epacridaceae

Styphelia abnormis J.J.Smith 4276 6 63 108
Gnetaceae

Gnetum gnemon L. var.domesticum 4235 2 113 415
Goodeniaceae

Scaevola opvositifolia Roxb. 4274 95 121 1790
Guttiferae

Garcinia microphylla Merr. 4337 <1 8 133
Leguminaceae

Desmodium umbellatum DC 4223 <1 5 60

Intsia palembanica Mig. 4254 Z1 6 8
Liliaceae

Dianella nemorosa Lam., 4321 1 2 438

Smilax australis A.Cunn. ex DC L262 2 57 53




TARLE V-1 continued...
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Species Ref. Co Ni ¥n
Melast omataceae
Melastoma polyanthum Blume L2738 <1 23 820
Monimiaceae
Kibara macrophylla Benth. 4243 < 1 18 286
Myristicaceae
Horsefieldia glabra W¥arb, 4240 & 20 136
k253 £ 31 3
Hor se:fieldia roxburghii W¥arb. 4298 %3 3 79
4303 3 3 68
Knema tomentella Warb. 4306 " 1 111
Myristica laurifolia Spruce ex DC 4325 56 1110 889
Myrsinaceas Bifurgata
Rapanea densiflora Mez., 4279 st 10 122
Myrtaceae
Decaspermum fruticosum Forst, 4241 2 95 34
4275 1 197 33
Eugenia acutangula L. L2gh 6 28 111
Leptospermum flavescens Sm. L283 1 11 1310
Rhodamnia cinerea Jack., 4238 3 66 §7
Nepenthaceae
Nepenthes maxima Reinw. 4286 7 65 191
Nepenthes mirabilis Druce. 4235 1 17 290
Nepenthes cf. reinwardtiana Miq. L4285 o] 66 380
Olacaceae
Gomphandra mappiodes Valeton 4301 <1 6 L3
Orchidacease
Pseuderia foliosa Schlecht. 4a72 b 109 15
Piperaceae
Piper caninum Blume 4318 2 b 50
Pittosporaceae
Pittosporum ferrugineum Dryand. in Ait. L266a 1 100 133
Rhamnaceae
Alphitonia incana Roxb.Teijsm. et Binn. 4280 2 &5 71e
Colubrina asiatica Brongn. 4350 <1 3 35
Ventilago oblongifolia Blume 4258 o 2 b




TaBLE V-1 continued...
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Species Ref,

Co Ni Mn

Rhirophoraceas

Bruguiera gymnorrhize Lan. 4299 <1 3 168
Rosaceae

Parastemon versteeghii Merr. et Perry Lzl L e 13
Rubiaceae

Guettarda speciosa van Eeden ex Steud, 261 3 19 32

Hydnophytum formicarum Kuraz. 4265 19 412 118

Peyshotria longicauda Valetron 4339 1 12 2620
Rutaceae

Tetractomia obovata Merr. | 4346 2 59 520
Santalaceae

Casearia glabra Roxb. ho2s <1 36 81

Dendrotrophe varians Migq. L3kh 5 34 4o7
Sapindaceae i

Guioa patentinervis Radlk. 228 3 (3 960
Sapotacoeae

Palaquium ridleyl King et Gambloe 4733 1 2 2l

Lit2 1 3 29

Planchonella firma Dubard 332 <1 3 2200

Planchonella oxyedra Dubard 5268 34 19.600 110
Saxifragaceae

Schizomeria serrata ilochr. ' 4230 262 590 1900
Sterculiacaas

Commersonia bartramia Merr. 4,277 <1 26 621

Heritiera littoralis Dryand. in Ait. L260 1 7 12
Tiliaceae

Elaeocarpus cf gjellerupi Pulle in Lorentz 4227 3 16 295

Trichospermum kjellbergii Burret 4233 350 3770 1600

k259 2% B27? 257

Urticaceae

Celtis paniculata Planch. 4263 1 b 8

Gironniera subaegualis Planch. 4228 <1 50 L6
Verbenaceae

Gmelina lepidcta Scheff, 4338 <1 € 720
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in excess of 2000 Pg/g manganese and these were:-

Psychotria longlcauda 2620 pg/g nanganese,

Planchonella firma 2200 pg/g manganese.

Such concentrations of manganese are rare as Jaffrd (1377)
pointed out. He discovered that in scilse of pH <6.5 only 6.41% of
plant specimens contained manpganese concentraticns in excess of 2000

Pg/g manganese,

D. THE GENUS PLANCHCONELLA,

The genus Planchonella is unfortunately less ubiquitous than the
genus Rinorea and this study could not cover such a wide area as that
of' the genus Rinorea, previously described. We were however supplied |
with a further eighteen specimens of P. oxyedra and fourteen samples
representing five other species of the genus (see Table V-2). The
study confirmed 2, gxyedra as a hyperaccumulator of nickel with two
more samples falling into this category (a sample from Sukarnapura,

|

I

|
West Irian containing L8800 P&/g and another from Hoetoemoeri Ambon
containing 6700 }15/’g). As can be scen from Pigure V-1, sauples of
this species either contained less Lthan 100 pL/g nickel or more thun
1000 pg/g. If this trend ceould be Touna to exist throughout the sywcieﬁ
no metter how many more samples are eventually snalysed, it would be an
extremely useful characteristic as it would facilitate instant
identificsation of highly nickelifercus substrates.

The other five species of the genus Planchdnella that were analyses

(2. aneityensis, P, firma, B, Rittos if 3y 2. pyrulifera, and

P, viticnsis) showed no tendency whatever to accumulate nickel, Althoug!
this m:y indicate that only one species in the genus (2. oxyedra) has
the ability to accumulate nickel, the number of species analysed is too
small to eliminate the possibility that other hyperaccumulation might
be found in this genus,

E. THE GENUS TRICHOSPERNMUM.

Like the genus Planchonella, the genus Trichospermum proved to be

extremely rare and only seventeen samples representing five species
were available for this study. (See Table V-2). The specimen of
Trichospermum kjellbergii from Obi Island was the only species from

the genus Trichospermum which was a hyperaccumulator.




TABLE V-2
HLEMENTAL CONCENTRATIONS (pg/g) IN SPECIES
OF PLANCHOMELLA AND TRICHOSPERMUM FROM

SOUTHEAST ASIA AND OCHEANIA,



TABL% V-2,
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Co concn Ni conen
jpecies Ne. Location Mean Kange Mean Range =
Planchonella aneityensis(Guill,)Lam 1 New Hebrides 0.4 0.7
‘lanchonellas firma Dubard 1 0bi 1 5
’lanchonella oxyedra Dubard 19 S.H.Agia 15  0.2=240 1640 0.5-19,600
lanchonella pittosporifolia Elmer 6 Philippines 1.1 0.,3-1.8 5 0.4-18
lanchonella pyrulifera (Gray) Lam 2 Fiji 1 0.3-1.5 3 1-5
{tanchonella vitiensis Gillespie 4 Fiji 0.5 0.,1-1.6 4 2~6
|
‘Lichosoermum Javanicum Blume 9 Borneo 0.8 0.2-2.9 2 0.8-8
_ﬁ((‘ichosmrmum kiellbersii Burret 4 Indoneaia 94  0,5=550 12497 16=-3770
;ichospermum kursii 1 Malaya 0P 0.4
richospermun psilocladum Merr.d Pory i Serawak 1.6 2
richogspermum guadrivalve Merr, 2 Hew Guinea 2 1.5=2.T 8.5 4-17%




FIGURE V-=1.
COLLECTION LOCALITIZS FOR PLANCHONELLA

OXYED A AVD TRICHOSPERMUM KJELLBHRGII,




Jikodolong

PHILIPINNES

U osl
NOT TO SCALE
PLANCHONELLA TRICHOSPERMUM i:j
. >1000 pgjg Ni A FIJ!
100-1000 pglg Ni 4 |
® <100 pglg Ni o
NOT TO SCALE
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'y ACCUMULATION OF NICKEL = A PRIMITIVE FEATURE?

Using the advancement index of Sporne (1369), Chenery and
Sporne (1976) postulated that the plant accumulators of asluminium were
predominantly from the more primitive lamilies, An investigation was
undertaken to see if the sanc was true for nickel accumulators.

Table V-3 lists the nirencn-contaminated species, that contained
more than 100 ug/g nickel along witnh the advancement index of their
families, Sporne(1970) stuates that the average advancement index for
families in the Malay Peninsula and Java is 56.7. From Table V-3 it
can be seen that five of the specimens are from families more primit-
ive than the average. Two of' the families are relatively advanced and
two are not listed in Spome's (1969) paper. It would appear, then,
nickel accumulation is not solely a characteristic of primitive species

but it may be more prevalent in the more primitive specles.

G. THE FANILY SAPOTACEAR.

Planchonella oxyedra, uovne of the two nickel hyperaccumulators

discovered at Jikodolong, Obi Island, ls a member of the family

Sapotaceae as is Depertia scuminato, & hyperaccumulstor discovered

by Jaffre” and his ecc-workers (1976). HBecause of the occurrence of
two hyperaccumulators in this single family, a biogecchemical study
was undertaken on the family Sapotaceae, £g they are most common in
the regicn of New Caledonia (van Royen 1957 and Vink 1958) most of our
samples are from the island of New Caledonia.

The {amily Sapotaceae is known for the milky sap contained in many

genera and species. In the case of Sebertia acuminata the sap contains

extraordinarily high concentrations of nickel (11.2% wet weight - Jaffre
et al., 1976). The sap of 2. oxyedra was not analysed but it is possib-
le that, that too contains extraordinary concentrations of nickel.

A further seventy specimens were analysed representing forty-five
species from fourteen different genera, The result of this study are
listed in Table V-4. None c¢f these seventy specimens had a nickel
content exceeding the arbitrary 1000 pg/g limit set by Brooks et al.,
(1977). There were however, ten samples, representing eight species,
centaining more than 100 Pg/g nickel. These eight species, though not
hyperaccumulators, definitely have the ability to accumulate nickel and
are as fcllows:



TABLE V=3
THE ADNVEANCENENT INDEX O PANILIES
WITH N1CKEL CONCENTRATIONS

IN EXCESS OF 100 pg/g.



TABLE V-3,

o *
ADVANCENENT INDEX

SPECIES FAMILY pe/g NICKSL

Gnetum gnémon var, domesticum Gnetaceae 1S not listed
Scaevola oppositifolia Goodeniaceae 121 76
Myristice laurifolia var bifurcata lyristicsceae 1110 30
Decaspermum fruticosum Lyrtaceuae 197 2r
Pgeuderia foliosa !Orchidzbceae 109 not listed
Pittosporum ferrugineum ‘Pittusporhceae 100 2
Planchonella oxyedra | Sapotaceae 19, 600 Le
Trichospermum kjellbergii Tiliscene 2 270 LO
Trichospermum kjellbergii Tiliacesae €57 1L O

*EFrom Sporne (1969)

89



TABLE V-,
NICKEL CONCENTRATIONS (pg/g dry weight)

IN SPECIES OF THE FAMILY SAPOTACEAER.



TABLE V=4,

- = 1g/g Ni.
SPECIES. Number. COLLECTION SITE Ran;é% ) Mean.
Bureavella endlicheri 1 Riviere Bleue, New Caledonias 23
Bureavella wakere 1 Toneaman, New Caledonia 3
Chrysophyllum lanceolatum 5 Sumbawa, lew Guinea 2-9 5
Chrysophyllum roxburghii 3 Palawan, The Celebes L=7 Sad
Coroassona deplanchei 3 lew Caledonisa 23-36 5 A
Gymnanthera paniculata 1 Luzecn, Philippines L
Iteiluma leptostylidifolia 1 Voh, Yew Caledonia %
Iteiluma pimfolia 1 Paggaunevi, ew Caledonia L
Iteiluma rheophytopsis ( sory, ew Caledonia £0
Leptostylis filipes 1 Boulinda, Lew Caledonia 30
Leptostylis goroensis 1 Gorec, New Caledonia 16
Leptostylis grandiflora 1 Petchicara, Wew Caledonia 13
Leptostylis micrantha 2 Kopeto, New Caledonia 33=37 l 35
Leptostylis petiolata 3 New Galedonia 2L4=-259 ' 142..7
Niemeyra calausce 1 Valle' de 1la Thy, New Caledonia 3
Ochrothallus blanchonii 1 Kaala, lew Caledonia 3
Qchrothallus francii 1 Curone, New Caledonia 3
Ochrothallus litsuflorus 1 Mt Kaala, New Caledonia 13
Ochrothallus sarlinii 1 Petchicara, New Caledonia o
Qchrothallus schmidii 1 Mt. Naoya, New Caledonia 164
Qchrothallus wagopensis 1 Mas;if Ton-Nom, New Caledonia 3
Planchonella cinerea 1 Nefaui, New Caledonia 7
Planchonella contermina 2 Voh, New Caledonia £—-11 9.5

continued, .

m
(o]



TABLE V-4 continuegd...
"""" pe/g Ni.

SPECIES. Number. COLLECTION SITE Range Mean

Planchonella crassinervia 2 New Caledonia 7-436 221.5
Planchonella danikeri 2 New Caledcnia 146-247 197.5
Planchonella dictyoneura 2 New Caledonia 3-6 4.5
Plancholtnella kuebiniensis 5 New Caledcnia h-2u2 78.6
Planchonella microphylls 1 Rivigre Bleue, 'lew Caledonia 3
Planchonella proyensis 1 Yate, New Caledonia 71
Planchonella reticulsata Z New Csledonisa 3-19 11
Planchonella vieillardii 2 Katepenie, New Caledonia 5-6 5.5
Pycenandra carinicostata B NHew Caledonia 3=-21 9,7
Pycnandru Chartaceci 1 Plaine des Lacs, New Caledonis 3
Pycnandra c¢f, linti vens 1 Riviérc 3leue, New Caledonia 8
Dycnandra comptonii 1 cntagne des Sources, New Caledonia i [ i
Pycnandra decandra 1 Taem, New Caledonia 23
Pycnandra. grisecsepala New Caledonia L7
Pycnandra kaalénsis 1 Voh, New Caledonia 2
Rhamnoluma lecomtei 1 Tontouta, New Caledonia 102
Sarcosperma paniculatum 4 Celebes, New Guinea, Borneo 2-8 L.3
Sarcosperma Sp. 1 New Guinea 4
Sarcosperma uittienii 1 Sumatra 5
Sebertia gatopensis 2 New Czledonia 137-754 Lh5.5
Trouettea heteromera 1 Riviére Bleue, New Caledonia Iy
Trouettea lisscphylla 1 Kaala, New Caledonia L

0L
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Leptostylis petiolatg collected at Voh, New Caledonia
(259 pe/g Ni)
Ochrothallus schmidii cocllected at Mt. Maoya, New Caledonia

(164 ug/g i)

Planchonella cragsmeria collected at lMassif du Humboldt, New
Caledonia (436 Pg/g Ni)

Planchonella danikeri collected at lit. Koala, lNew Caledonia
(148 pg/g 1)

Planchonella danikeri collected at Mt, de Poum, New Caledonia
(247 pe/g Ni)

Planchonella kuebiniensis collected at Mt. Dore’, New Caledonia
(242 pe/g Ni)

Pycnandra comptonii collected at ht, des Sources, New Caledonia |
(177 pe/g Ni) |

Rhamnoluma lecomtel collected at Tontouta, New Celedonia
(102 pg/e Ni)

Sebertia gatopensigs collected at e Qri, New Caledonia
(754 pa/g Ni)

Sebertia gatopensis collected on the {oute de Yatéﬁ New Caledonia
(137 pg/g Ni)

The above eight species, could, therefore be ccnsidered as

(%

accumulators of nickel even though they are not hyperaccumulators since
"normal" plants even if growing over ultrabasic substrates do not
usually have a nickel content exceeding 50 pg/g.

This study did nct find further hyperaccumulators of nickel in
the family Sapotaceae, but it would appear that the ability to tolerate
nickeliferous substrates and te accumulate nickel is found in various
species of the family and there may be more hyperaccumulators of nickel
still to oe discovered.

H. CONCLUSION.

On receipt of Dr, de Vogel's collection of specimens from Obi
Island, an attempt was made to discover new hyperaccumulators, After the
original analysis, further anslysis of the genera Planchon @ila and

Trichospermum and a study of the family Sapotaceae, three hyperaccumu-

lator species have been identified (Myriatica laurifolia var. bifurcata,
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Planchonella oxyedra and Trichospernun kjellberpii), Also ncted are

thirteen species that have the ability to accumulate in excess of 100

pg/g nickel on a dry weight basis:- C(netum gnemon var, domesticum;

Scaevola oppositifeolia; Decaspermum {'ruticosum; Pseuderia folilosa;

Pittosporum ferrugineum; Leptostylis petiolata; Ochrothallys gehmidii;
Planchenella crassinervia; Planchonella danikeri; Planchcenella

kuebinensis; Pyensndra comptcecnii: Rhamnoluma leccomtii and Eebertia

gatopensis.

Sporne's (1969) advancement index was used to study the relation-
ship between primitiveness and the ability to accumulate nickel. Most
of the species that tended to accumulate nickel were from the more
primitive families.
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O# SALAJAR ISLAND,
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A, INTRODUCTION,

It has been established, mainly from work in Central Africa,

that species of the Labiatae are tolerant to copper mineralization.

Such examples are the "copper flower," of Zaire - Haumaniastrum

robertii (Durvigneaud : 7nd Denseyer-de-Smet, 1903) and the "copper
flower" of Zaire, Zambia and the Rhodesia - Becium homblei (Howard-

Williams, 1970). The latter has been used to detect copper mineral-
ization in the "Copper Belt" (Anon, 1959) and is a good example of the
use of a specific species for geobotanical prospecting.

Because of the usefulness of the Labiatae in prospecting for
copper in Central Africa, the heavy metal content of species frecm this
family growing in Indonesia was established, in order to see whether
this might indicate the presence of copper (or other metals) in the
substrate.

Sing

When W.K. Docteurs van Leeuwen visited the Island of Salajar in
May 1913 he discovered speecies from this femily growing there,
These were deposited st the Utrecht nerbarium. Specimens of each of

Coleus atropurpureus and Cymaria acuminsata obtained from this herbarium

contained anomalous concentrations of copper and zine, Samples of
these same species from other loealities outside of Salajar did not
ccntain the high levels of copper and zince found in that Island and

so0 a study of samples of other species collected on Salajsr was under-
taken. However, the island of Salajar has nct been botanically
surveyed to any great extent. The largest collection of specimens

is the one collected by Docteurs van Leeuwen which is stored at the
Utrecht herbarium and this is the collection that provided the samples
for analysis. The other major ccllection is that of Teijsmann which
is smaller in number and to be found at Bogor and at Leiden.,



TABLE VI-1
NICKEL, COPP=R AND ZINC CONCENTRATIONS

IN PLANTS COLLZCTED 3Y W.M, DOCTZURS VAN LEEUWEN.



TABLE VI-1

SPECIES SPECIMEN NUWMBER ug i Pg/g Cu, /%
Pamily: - Compositae
Vernonia actaea Kost. VL 4320 1 14 238
Vernonia actaea Kost. VI, 442 7 7 15
Verncnia actaea Kost. DVL 1456 I L 17
Vernonia actaea Kost, DVL 41937 1 300 ' 6380
Family:- Labiatae
Coleus atropurpureus Benth, WL Tlil 38 16 95
Coleus atropurpureus Benth. VL 1651 16 105 506
Coleus atropurpureus Benth, I 1888 4 500 1700
Cymaria acuminata Decne. WL 1883 250 275 13500
Hyptis capitata Jacgqg. DVL 1554 1 14 27
Hyptis capitata Jacq. oV 1644 42 146 267
Hyptis capitata Jacq. DVL, 1762 100 80 | 1505
|
Hyptis suaveoleus Poit, WL 1647 34 L5 ' 227
Family:- Leguminosae
Albizzia saponaria Blume. DVL 1357 1 Fd 15
Albizzia saponaria Blume, WL 1447 12 12 60

9L



77

Biographical infcormation upocn the life of Docteurs van Leeuwen
£

can be found in Tlora Malesisna (Series 1 Volume 1) anl is as follows:

"ar

Willem Marius Docteurs van Leeuwen was born at Batavia in Java in
1880, He was educated at Amsterdsn University where he took his Ph
nr's depgree in 1907. During 1208 and 1909 he was an entomologist at
the General EZxperiment Statlon at Jalatiga in Central Java, lie then
taught Natural History in Semarang (1909-1915) and Bandung (1915-1318).
He was Director of the Botanic Gardens at Buitenzorg from 1918 until
1832 and also Extracrdinary Profsssor at the Medieal College, Batavia
Prom 1926 to 1932. Upon returning to Holland in 1932 he became a
Lecturer at Amsterdam and a Professor in 1942,

During his term of office in Java, his studies especially covered

the field of general biology, symbiosis of ants and plants, flower

8

bioclogy, seed dispersal, investigoticns on the mountain flora and the

succession in the new vegetation of the isle of Krakatau,

B, THE ISLAND JF SALAJAR.

The island c¢f Salajarp weasures 71 km long and 11 xm wide (at the
widest point) (£nonei944). It is located approximately between
longitudes 12002&‘3 and 120“3&'& and between latitudes Sch?'ﬁ and
6030‘8. & terraced mountain chain travepses the igland and descends
steeply to a8 rock coral=fringed coast un the gast side bul descends
more gradually to the west coast,

Docteurs van Leeuwen (1937) described the geology «f Talajar as
consisting of a kernel of sandstones and marls covered by very young
coral, Once the soll has been cultivated it often becomgs denuded of

its humus.

O THE FIRST SAMPLES FROM THE TDOCTEURS VAN LEEUWEN COLLECTION,

The first fourteen samples tc arrive from the Docteurs van
Leeuwen collection arrived in answer tc a general request for samples
ffcm families and genera that had previously been discovered to contain
accumulators cof various metals, Those samples that arrived were
studied for three different reasons:-
15 Four samples of Vernonia actaea were studied beacuse

they belong to the family Coumpositae which includes the
nickel accumulating species Dicoma niccolifera (Wild 1970
and 1971).




TABLE VI-2.
NICKEL, COPPZR AND ZINC CONCENTRATIONS IN

SPHCIKS OF THX GENUS: COLIUS.



TABLE VI-2,

SPECIES COLLECTION LOCALITY r N pe/g Cu pg/g Zn
C. atrovurpureus Indochina 1 15 175
C. atropurpureus New Guinea 1 V2 25
C. atropurpureus Philippines 3 9 oy
C. atropurpureus Nalaysia 15 Fy 1053
C. atropurpureus Singapore 9 g 130
C. atropurpureus Singapore 2 7 77
C. atropurpureus Malaysia L 15 75
C. scutellgriogzdes Java 67 67 8l
C. scutellzrigides Sumatra 15 15 59
C. scutellariodides Java g A 96
C. scutellariosdes Sumatra 17 3 L1
C. scutellariojies Ceram 3 10 151
C. scutelldriojdes Philippines 1 2b 50
C. scutellariozdes Sumatra 1 9 53

6L
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SPECIES

[ COLLECTION
LOCALITY

!JE./H Ni

ng/g 2n

acuminata

acuminata

acuminata

acuminata
acuminata

acuminata

acuminata

elongata

o el e 6 oo

acuminata

8p,
dichotoma

dichotoma

acuminata

acuminata

acuminata

acuminata

acuminata

acuminsta

acuminata

acuminata

clolclailc o lailala la o ja la

acuminsta

Philippines
Philippines
PhHilippines
Philippines
Papua
Papua
India

Niccbar Island,
Bay of Bengal

Bali

Hainan
Hainan
Hainan

liainan

]

5 = @

’hilippines

tr

3ali
iloluccas
Philippines
Philippines
Java
Philippines

Java

«
<1
<]
<
<1
<l
<l
<1

<1
<1
<
<
<1

3
10
13
12

14
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2l
L&l
14
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S Eight samples from the Labiatae were analysed because
this family emtains & number of species tolerant to

copper (see above).

§: 1 The genus Albizzias was requested because of the
discovery of Albizzia sSp noyv ;rowiag over the
Bougainville porphyry copper deposit (Cole, 1971).
This loecal species was  mrely found in areas where
scil ccpper wvalues were not anocmal cus,
Concentrations of copper, nickel and =zinc are listed 1in Table VI-1
for the fourteen specimens analysed in an initial collection. Of
particular interest because of thelr anomalous copper and zinc levels

are; DVL 1937, Vernonia actaea; DVL 1868, Coleus atropurpureus; DVL

1883, Cymaria acuminsata. TFor the purposes of this study Coleus

atropurpureus and Cyuaria gcuninata were considered to be of the great-

est Ainterest @s 1t was though copper accumulation may be a8 chardcter-
istiec of several genera and species of the family Labiatae., Therefore
a request was made Tor further samples of specimens from these two
genera which had been ¢ollected from other areas Qutside of the Sala jar

group.

B THE GENERA GOLEUS AND CYMARIA,

Fourteen samples of the genus Coleus and twentyone of the
genus Cymaria were supplied for this investigation. Copper, nickel
and zine eenmeentrations ars ligtes 180 tahles VI-2 (legus)and Vi=-3
(Cymaria). The extremely nigh copper levels found in the samples from
Salajar Island were not repeated. Only three specimens of the thirty-
five could be considerczt to contain anomalous levels of copper: two
samples cf' (oleus scutellaricides from Java (67 and 71 mg/g copper) and
one sample of Cymaria acuminata from 3ali (51 pg/g copper). Although
these three specimens do eontain anomalous copper values they are only
slightly anomalcus and the plants wculd not be considered to be

accumulating excessive amounts of copper, in contrast to the samples
from Salajar,

None of the thirty-five samples could be considered to contain
zinc levels that were in any way anomalous, In fact, the zinc levels
were generally 1low.

Because of the uniqueness of high copper and/or zinc concentrations
in these two species from Salajar, it was decided to investigate copper
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and zinc concentrations in other species that Docteurs van Leeuwen
had collected on Salajar Island.

E. COPPER AND ZINC CONCENTRATIONS IN SAMPLES TROM SALAJAR ISLAND,

———

A further seventy-six samples of plunts collected by Docteurs
van Leeuwen were received and analyzed for copper and zinc by Clame
atomic abscrption in a menner similar to that previously described,
Attention was paidé more tuv concentration levels of copper than zinc as
zinc concentrations in plants tenyd tc cover & wide range of values,
The concentration of copper and zinc in each sample (in pd/g on a dry
weight basis) is listed in Table VI-L,

The seventy-six samples Jjust mentioned took the total number
of specimens from the Docteurs van Leeuwen collection analysed to
ninety of wnich eighty were ccllected on the Island of Calajar.

(Of the original fourteen samples cnly feur; DvL 1888 Coleus atropur-—

sureus DvL 1883 Cymaria acuminata, DvL 1762 Hyptis capitata nnd vl

1937 Vernonia setaca, were Cprom that 1sland). “When the copper concent-

rations of the =signty samples Clros the Island of Salajar are plotteu
on a histogram (Pigure VI-1) &n srbitrery division inte three suo-

populutions can be mude.

3 ~ . 1 My = i
Ta Subpopulation 1 -~ "Noemal" cuncentrutions.

On this island it would appear thol concentrations of copper of
less than 200 pg/¢ cuan Ye considered sas normal for the local flors.
Previously in these studics,; ccpper conventrstlions in exzcess of 50 pb/g
have not been encounteéred. Therelore by the standard of other darean
in the region of Indonesia even mnny of these "normal" concentration
values are in themselves abocve average, Thir would seem to indicate
thnt coprer is either more prevalent in the soil or more easily avail-
able to the Tlora on the Island of Salajar than in many sites in
Indonesia,

2. Subpopulation 2 - "Accumulators" of copper.

Samples with 200-500 ung/g copper could be considered to accumulate
anomalously high eoncentrations of copper in their foliage. Therefore
the suggestion is made that specles thut can be found to contain copper
concentrations in this range should be called accumulators of copper,

See Table VI-5).



TABLE VI-i.
COTPHR #ND ZINC CONCENTRATIONS IN

PLANTE COLLNCTED ON RALAJAR ISLARD,.



TABLE VI-4

SPECIES NUMBER (DvL) Cu, pg/e 2n,
Family:- Amaranthaceae, -
Aerva scandens 1Jall, 1873 395 5526
Allmania nodiflcra R.Br. 1862 178 ali7
Cyathula prostrata Blume, 1642 kg 17475
Family:~- Annonacese,
Artabotrys odoratissimus x.3r. ! 13904 31 563
Uvaria littoralis Blume, 16590 L& a2
Family:- Aristolochiaceae, |
Aristolochla tagala Cham. 1817 b 2030
Family:~ Begoniaceae
Begonia sp. 1746 ob 68000
Family:- Euphorbiaceae.
Acalypha caturus 3lume. 1765 £6 221
Alchornea rugosa Muell - Arg. . 1654 28 640
Alchornes rugosa Muell - Arg. i 1850 L7 314
Breynia sp. f 1877 160 L27
Bridelia lanceifolia lNerr, P 1835 o8 75
Claoxylon sp. % 1694 34 60
Codiaeum variegatum Blume. | 1764 23 205
Euphorbia plumerioides Teysm. 1894 185 5770
Excoecaria agallocha L. 1856 34 Nele
Excoecaria agallocha L. 19351 23 205
Glochidion molle Blume, 1816 Lb 147
gontinued, ..
|

14°]



Table VI-4 continued...

SPECIES NUNMBZR. (DvL) ' pe/g Cu, peg/g Zn.,
Glochidion rubrum Blume. 1827 18 245
Glochidion zeylanicum Juss, 1727 22 265
Homalanthus populneus 0.K. 1716 35 70
Macaranga hispida Muell-Arg. 1754 36 11860
Macaranga hispida Muell-Arg, 1755 150 £75
Strophioblachia fimbricalyx Boerl. 1879 14 512

Family:- Guttiferae.

Calophyllum inophyllum L. 1848 & 328

Family:- Loranthaceae
Amylotheca stencpetala Dans, 1822 61 1220
Ginalloa srnottiana Korth, 1712 & 74
Scurrula fusea G. Don. 17GS 16 Frds

Family:- Menispermaceae
Stephania forsteri A, Gray. 1792 79 316

Family:- Mimosaceae
Pithecolcbium Jjunghuhnianum BRBenth 1805 19 260
Pithecolobium umbellatum Benth 1933 134 L2865

Family: - Moracesae
Fatoua japoniea Blume, 1828 180 12000
Ficus benjamina L, 1886 7 1640
Ficus hispida L.F. 1889 4 200
Ficus retusa L. 1757 5 41
Ficus superba Mig, 17725 12 470

o -

Streblus asper Lour.

o

continued. ..

se



Table VI-4 continued,..

SPECIES NUNBER (DVL) ng/g Cu, ne/g In.

Family:-~ Moringaceae

Meoringa oleifera Lamk. 1865 183 7120
Family:- Nyctaginaceae
Pisonia aculeata 1L, 12869 258 430
Family:- Papilonaceae - Caesalpinicideae
Bauhinia binata Blanco. 1952 L8 2250
Cassia alata L. 1852 55 g7
Cassia sophora L. 1662 151 153
Cassia sophora L. 1826 333 1530
Caessia tora L. 1708 ! : 83
Family:- Papilionaceae-Papilicnatae } |
Abrus precatcrius L. f 1586 167 : 21 7¢
Crotolaria ferruginea @Grah. i 1800 21 1150
Derris scandens 3enth. | 1750 49 L2770
Derris scandens Benth. 1622 96 2280C
Desmodium laxiflorum DC. 1655a 167 153
Desmodium umbellsatum DC, 1240 2z ; 227
Desmodium zonatum Mig. 179 20 | 564
Dioclea umbrina 3SBenth, : 1775 22 76
Dolichos falcatus Klein. ] 1802 276 1390
Flemingia strobilifera 2.3r. | 182y 30 | 6800
Mucuna pruriens DC, 1776 L6 | 11540
Phylaceum bractecsum_Benn. 1756 102 307
Pongamia pinnata llerr, 12141 | 132 ] 790

ccntinued, ..
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Table VI-4 ccntinued...

Pilea s8p.

SPECIES o Humoar (OVL) pg/ g Cu. ugf& 4n
Pscphocarpus tetragonclobus 0C, 1788 103 12410
Rhynchosia acuminatissima MNig. 1795 82 8CO
Sesbania grandiflora Pers, 1926 158 2370
Tephrosia zollingeri Pers. 16604 28 2770
Teramnus labialus Spreng. 16351 70 256
Uraria lagecpotiodes Desv, A e 52 [ (23
Uraria Sp. 1 129 | 1650

FPamily:~- Piperaceae ;
Pepepomia pellucida H,B,¥. 1AL 300 j 257
Peperomia Sp. (o e 5 F i
Piper betle L. 17454 65 i 4W5E
Piper caninum  3lume, AFte . 1 2750
Piper caninum 3lune. 1745 2e | 161
Piper caninum. 3lune. 127 <190 ? 325

Pamily:-Pittosporaceae
Pittosporum moluccunum Blume, 199 14 : 360

Mamily:- Rosaceae |
Rubus alcaefolius Poir, 1732 27 5 870
Rubug rosaefolius Sm. 1735 1 70 ' 5680

Mamily:- Santalaceae
Exocarpus latifolius R.Br. 1528 12 ! 33

Family:- Urticaceae
Laportea ruderalis Gaud, 1897 600 LEZ0

1697 21 ' 300




FIGURE VI-1,

HISTOGRAM SHOWING COPP:R VALUES FROM
TLANT SPECIMENS COLLECTFD ON SALAJAR ISLAND,

A, All plants from Salajar Island are shown.

B, Plants from Salajar Island are shown (E2)
with plants of the same species from other
species also shown for comparison.
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3. Subpopulation 3 - "Hyperaccumulators" of copper.

Folleowing the exapple o1 Brooks et al., (1977) in calling a
plant species with dried leaf samples cuntaining in excess of 1000 jig/g
nickel a hyperaccumulator of nickel it is suggested that any species
founé to contain in excess of 500 pg/g copper in its foliage should be

termed a "hyperaccumulator cf copper."” (See table VI-6).

L. Comparison with the African Copper Belt.

Arplying the suggested divisions to results reported by Duvipgneaud
& k

and Denaeyer-de-Smet (1963) brings to light the rarity of accumulators
and hyperaccumulsators of copper. These two workers undertook a biogeo-
chemical survey in Katanga (in the African Copper Belt). Only five

of their species (growing in extremely copper rich areas) would fall
into one of the two upper subporulaticns:~ Becium sureoviride ssp.
lupotense 210 ug/g Cu (accumulator) Pandiska metallorum 740 mg/g Cu
(hyperaccumul stor) Ascolepis metallorum 1200 pg/e Cu (hyperaccumulsator)

Silene ccobalticcla 1660 uz/g Cu (hypersccumulntor) Haumaniastrum

. w1 . 7 . . 5
robertii 1960 ug/e Cu (hyperasccumulator)

Again the evidence strongly suggests that the ccneentrstions of

copper in the fleora o felajar represents a definite anomaly.

F. EANPLES OF SPECIES THAT CONTAINED COPPER ANOMALIES CULLrCTED

THY &2 . . OV TR

(N TN T 1N T AT /
QUESTINE ¢ weilaid it wlat iy

As was done aflter the discovery of high copper concentrations in
Coleus atropurpureus &nd Cymapris scuminsata further samples of the
r |

species with high copper cconcentrations were reguested f'rom regions

other than Salajar TIsland. Again the anomalous copper concentraticns
that were founéd on Salajar Island were not repeated in samples from
other collection sites, (See table VI-7).

It is therefore cobvious that copper uptake by plants growing on
Salajar Island was higher than copper uptake by the same species growing
elsewhere, There are three possible explanations for this higher
uptake of copper:

(1) Pollution of the soil of Salajar Island by copper at the time of
collection,or pollution of the specimens since collection. These two
suggestions can be discounted as there was no industry or any other
likely pollution source on Salajar Island back in 1913 and the handling
and storage of samples by the herbarium at Utrecht in no way involves

copper. 'hen the herbarium shects for some of these samples with high



TLBLES VI-S5 and VI-6,
COPPER ACCUMBLATING (VI=5) 2AND HYPURACCUMULATING

(8 & e

AND THEIR COLLECTICN LCCALITIES.
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TABLE VI-
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NUMBER

o

SPECIXES

pg/g Cu

COLLECTION

™A m
JATE

COLLECTION LOCALITY

Verncnis actaen 1957

Cymaria acuminata 1823
A ST 3 W oo vl b
Aerva scandens 1873
Pisonia aculeatsa 1860

Cassia sophora 1826

Dolicheos falcatus 1802

Peperomia pellucida 1841

300

29/5/1913
28/5/1913
28/5/1913
2B8/5/1913
25/5/1913
2L/5/1913

25/5/1913

South Salajar
South Salajar
South Galajar
South Balajar
Near Bernteng
Near Benteng

Ilear Benteng

TABLE VI-G

e

AT e Nt Ty
e St SIF o | In.J O 4

i LAY o "
Wil -\J-l.lOJl
mes

Jira
2% A ol

COLLECTION LOCALITY

Coleus atropurpureus 1848

Cyathula prostrata 1842
1697

Laportea ruderalis

28/5/1913
25/5/1913

28/5/1913

South SBalajar
Near Benteng
South Salajar
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copper concentrations were analysed they contained 4-18 pg/g Cu,

If the samples haa been contaminated, contamination of the sheets
should have ocurred too,

(ii) Copper is more nvailable to plants growing on Salajar Island than
elsewhere. This is unlikely because Jalajar Island contains predomin=
antly limestone substrates (Docteurs van Leeuwen, 1937) Wwhich are pH-
basic and copper has an extremely low mobility in basice substrates
(Andrews-dones, 1968) which depress rather enhance its availability

to the flora growing on the substrate.

(iii) The concentration of copper in the soil is anomalously high and
the anomalies in plant copper levels are a reflection of this, This
appears tc be the most plausible explanation and so the collection
localities of the specimens with anomalously high copper concentrations
should be investigated in situ for soil copper concentrations,

G. COLLECTTON LOCALITINS,

he precise eoclluedtion dates of these samples

o+

With the aid of
and the report of Docteurs van Leeuwen's collection trip (Doeteurs van
Leeuwen, 1%937) it was porsible to determine collection localities for
the specimens with copper concentrations in exeess of 200 pg/g. (These
collection localities are listed in Tables VI-5 and VI-6). The
information on Docteurs van Leeuwen's trip is contained in the follow-
ing report (Docteurs van Leeuwen, 1937):

"May 17th. Overnight the ship sails back to Salajar, where we
arrive at 5 o'cleek in the afternoon,

"The next few days ure spent with srranging the collections and
making preparations for an excursion to the mountains of 8alajar.

"WMay 20th. With many coolies we leave early in the morning; the
way first leads through coco plantations and mangrove forests, and
along shaded roads into the hills, The vegetation gradually becomes
richer but yet it is a poor remnant of what formerly it must have been,
By 12 o'clock we arrive ut the pasanggrahan (Government resthouse for
visitors), where we stay a few days in order to collect plants in the
neighbourhood. The pasanggrahan is situated at an altitude of about
300 m, Jjust above a campong 3Bitombang, so that the surroundings are
cultivated for the greater part, At the back of the house we have a
view of the highest mountain of the Islanc, the Bontanoharge.,

"May 22nd., 'We continue our way upwards, after a few hours climb-

ing along steep piths we reach the top of the Aontanoharoe about 600 m



ABLE VI-T7.
COLZARISON F COPPER CORCENTRATIONS FROM
FALAJAR IELAND WITH COPPLR CONCENTRATIONS

IN THE SAME SPECIES COLLECTED ELSEWHERE,



TABLE VI-7.

Sala

ng/e

Jar

Uther

Hegions
Range (pg/g Cu)

iean (pg/g Cu)

Lbrus precatorius

Aerva scandens
Allmania

nodiflaera

assia sophors 1

L

C
Cyathula prostrats

Bl

Desmodium laxiflerum

Dolichos faleatus

Yuphorbia plumerioldes

Fatoua juponica

Hyptis capituta

-

Laportes ruceralis

racaranya plspica 36;

Morinza oleif'ira

Peperomia pellucida

Pisonis saculesta

Rubus rcsaefolius

CSesbania prandiflcora

Vernonia

oty e
dgLaed

10-11

12.0
T8
23,5
1.7
11,7
17.0

7.3

15.5
= A
285

¥
1 %
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PIGURE VI=2,
MAP OF SALAJAR ISLAND, SHOWING THE ROUTE

OF W.N. DOCTEURS VAN LEZUVEN,
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above sea-=level, ©On a ridge, covered with grass, between remnants of
the virgin forest, is a swall hut, from where we have a beautiful view
of the west side of the 1island., The top itself is flat, and coverea

with wood, with alternate grass snd shrub wilderness, Psidium pun _niva

has run wila everywhere and is fructifying amply. In the evenin, the
wild boars feast upon the fallen fruits, Towards the east coasti Lhe

country goes down steeply, and the slopes bear but 1little vegeta‘ic

=)
.

This part of the Island is richer in plants than any cother visitea so
far., For several days we make excursions and collect as many plints
as possible.,

"May 25th. ‘e go back to Benteng along a ridge running in &
northwestern direction; at first the way leads down gradually, but
nearer tc the plain the slope beccmes steeper. The ridge is very
narrow, with on both sides perpendicular walls; everything is guite
white owing to the limestcone; the growth of plants is extremely poor.

"May 26th. The day is spent with preparing an excursion to the
southern point of Salajar; the chief of & cumpong there, of 3aranp -
barang, poes home tenorrow oy bhroah, sand I iqay Join him.

"way 27th. In o sawnll heavily laden flying proah we leave
Benteng early in the morning, wt Lirst rowving, later on by sail. e

sail close under the w

¢4

st coast, which cunsists of steep limestone
rocks bearing may Pandanus and Cycdas. Tne sea undermines the coas:,
everywhere are caves, and large blocks of rock lie spread in the sea,
Halfway, at Cuampeng Tiele - Tiele, we take a heavier proah and nefore
long we are sailing again southwards over a rough sea. At half past six
we reach the Campong ?onk;~T0nKG f'rom where we reach Barang-Barang
alter a quarter of &an hours walk, e _ut up our campbeds in the house
of the chief of this Campong, and soon retire benind the mcesquito
curtain, ror this part is known for its many mosquitos and malaria,

"The next few days we make excursions in the neighbourhood, and
amongst the othersright across the Island towards the east side where
a few small campongs are situated, Bonesela and Pinang. The greater
part of the south point is covered with thin wood and along the coast
here and there with mangrove forests.

"May 30th. We leave at 8 o'clock in the morning sailing before
a stiff breeze, and thus we reach BSenteng at half past two,"

Those plant semples containing more than 2001ug/g copper can
be divided into two groups on a locality basis. The larger group

contains the species Vernonia sctaea, Cymaria scuminata, fery scandens,
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Pisonia aculeata, Coleus atropurpureus and Laportea ruderalis which

were all collected in the south of the isgland in the region of Bararng-
barang and Pinang (See Figure VI-2)., The other group contains: Cassia

sophora, Dolichos fagleatus and Cyathuls prostrata and these three

speecies were dll eolleeted on the trip from Bontanocharoe to Benteng.
(See figure VI-2). It would agpear, therelore, that suitiapls arealy

for carrying out an investigdation of soil copper levels in the hope

of finding copper mineralization would be an area east of 3enteng
heading slightly south inte the wmountains or on a8 west to east transect

of* the south of the island in the wicinity of Barangbarang.

H. CONCLUSION,

Extremely high levels of c¢opper have been found in various plant
species growing on falajsr Island but the values were not repeated in
the same species ¢Gliected elsewhere,. The anomalies appear to be
probably due to wineralization as no knewn eopper pollutiocn exists and
the predominant substrates apre litestonds in which copper mobllity is
low, Two areas seem to be werthy of an In gitu iavestigstion for
eQpper; ne&sr Jenteng in ventreal falsjae and near Barangbarang o Jeuth

Salajar.
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When the resultsof this thesis are studied in the light of the
opriginal aims it can be seen that these have largely been fulfilled.
Many of the results that it was hoped to attsin nave been achieved
in some form or andolher. Jorecver, ithe work on the Doclteurs van
Leeuwen colleetion frem Salajar Island hes supplied the unexpectea
resclt of the possible discovery of cepper anomal ies on the island,

The first aim ¢f the project was to prediet geclogy in wvarlious
regions cof Southeast Asia, Predictions were indeed made (although
they will need confirmution by in situ inspection) and were as
follows:

£5) Areas of possibly anocmalous nickel, copper and zinc concentrations
in the substrate were delineated as a result of the data obtained

during the routine biogeochemical survey involving seventy-five
llalesian species (chiefly from the families Flacourtiaceae and Violac-
eae).

(1i) It was discovercda thit elemental snnlysis of Rinorea pengalensis

could be used to dirferentiate the substrutes that the specimens had
e + e SRR A Te ) 3 . - el B 5 ~ - 33 e = s
been ecollected frop end it was even porsible to prediet the presence

C

> ultravasics 1in areas whete such rocks were not known previously

Nahire and Sorong in \West Irian).

—~

iii) With the aid of Tlanchonella oxyedra it was possible to predict

the presence of previocusly unrecorded ultrabaslc roexs on Ambon
Island (South el

uecas ).

(iv) Analysis of the Docteus vun Leeuwen collection frum Sa

l_J

to the prediction thut the island might contain copper anomalies in

<

rocks of specific localities.

The discevery of ultrabasics wus the second aim of the project
and as just mentioned )thrmc specimens that were collected from areas
of doubtful geology yielded results suggesting that they were collected
off ultrabasics.,

It was hoped this study would lead to the discovery of new metal
accumulating plant species, particularly hyperaccumulators of nickel
(Brooks et al., 1377). DNot cnly did this project bring to light five
previously unknown hyperaccumulators of nickel (Brooks et sl., 1977)
but it also led tc the discovery of three hyperaccumulsators of copper.
The hyperaccumulators of nickel are Rinorea bengalensis Wall. (0.X.),

R. javanica (Blume) 0.¥,, Myristica laurifolia Spruce ex DC var.

bifurcata, Planchonella oxyedrs Dubard and Trichospermum kjellbergiil




Burret., The hyperaccumulators of copper are (oleus atropurpureus

Benth, Cyathula prostrata Blume nnd La-ortes ruderalis Gaud,

3iogecchemical prospecting using nerbarium specimens has there=
fore vroved successful in & repion that is botanically well surveyed
but poorly surveyed geologically, llopefully in the years to come
the technigque will fulfill its potentiasl as a useful biogeochemical
methed and will prove equally successful in some other region -

s e N s o 3a = = i
VEsEoe ocuth Ameriga,
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