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P. biogeoch err.ical sL.:.rves· o:· Indunt:sia v:as uncertaken MWlyzing 

1·1crba!:iur:-; sar:,ples b.;· <,h;rr.ic absorrti.or:. (Indonesia ':J8S chosen because 

il has been welJ sucve,yco tJOt<inic.::d.ly, bt1'., poorly surveyed ceolotJicolly .) 

Background concentrations o:""' copper , nickel and zinc were 

det~rmined using vurious species, predominantly members of the families 

Flncourtiaceae nnd Viol:1ceri.e. 

Rinorea bengalensis ( ~all .) O.K. (Violac.) was discovere~ as a 

hypernccumulotor of nickel (Brocks et al ., 1977) Find this led to an 

in depth study of ~. benr;nlensjs ::.n<l other species of the L'.t:nus . 

-:;irorn this study L·:c nren:; C1 f c3oubU\1l cco1ogy were pY-edicted as 

containin[; ul traba~>ic rocks, ?. . _2v:mi_ca (31.) O. Y. . 'NLlS nhown to be 

;, hy:;;:ier1Jccu11:ulato!' u:· nic: <t;l ~1;-ij :<. tll:)ersii Jngl . ::c:s founc: to yield 

:J very hich cob<i:!..t/nickel co1.c{"i!t1",ti:.J11 r·atio . 

'l'hree hyperaccu:r.ul<d.o cc~ u~· nickel ':.cr·e discovered after E-1nolysis 

uf e selection of h1::·eba .c'L.in , s:nnples coUecled on Obi Islnnd by ~)r . 

( r·'l'"Y· ., .. ,-.. .. . 
.L. J.1,,.,. Tf C,.. _., ...._ .. " 

bifu-rcatR ox.yrc~1 rn Dubard 

':'richosperrnum kjellJ2er1;~i '.3u1·rt:t (TiJ inc .).) 

/.rnbon Island was i-'!·edic.:ted Df-~ c0nsiGtinE or ultrabasic substrut.e~3. 

Plants collected f1 ·om Salajar Isl.:rnd ;;ere shown to cont..uin 

anomalously high concentrot ions of copper possibly due to anc;nalous 

copper concentrntions in the soil. 
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'.'Ji th 1:1.~proxlma t ely 200 , 000 , 000 pl<m t specimens stored in the 

world's herbElriu, it at first seems <.:UI'ious t hnt few attempts hC.tve 

:Jeen mi::lde to G1nalJse this rnC1teri11l chernicallJ. However, when the 

2 

size of sal!i t)le I'equired fur sume clussical unC1lytical teL:hniques is 

c0nsidered , Lile reluct·ir1 cr· of herb c-i r-i3 to donate samples be c omes very 

:;asy to unaer-s:_Hnd. In l't1ct, ot:cuusc of the size cf the samples 

:·equi red for ant1lysif-' of or'it..u nwtcrL:il , much of' the early use of 

h('rbarin by geccherr.ists rvlL-d un t.l1t~ use uf infurnation stored in 

the co-oper6 t.i n s herbar·lum rut!wr tlwn th<:: use uf plo.nt material 

itself . (e.g. ?ers-:;on, (1 95G ) used her·.wrjum data sheets to find the 

collecti on local .i ties of "cop;;ic-r rnv;ser:"anu there'y was (ib le to pin­

point copper anomalies in the sul1~1tl'<Jte) . Chene rJ (194b) however, 

did use dried herbariurn pl11nL sa1Hfles for analysinc a luminium concen- 1 

trations in plant tissues. 

Now L!wt analysis cnn be carried out with very srnull samples, 

particulbrlJ using the techniqu es of flnme ('Ual sh, 1955) and flameless 

( Kir1<bI'iDht , 1·'.)71) ;1t.u11.ic nbsorption !>pt·ctrophotomet ry, che~r;ical 

analysis o:· rh·rDnriurn lilc• ter•i:1l nuv'1 :wc~:rnes feasi bl e . Potential uses 

o!' this 1:;11terL1l nl:: r,,Ll into thI'L'e 1nn.;or cotcgories:-

'I'axcmo1!lic - species dit':"t.:rentic1t.i.cn un the basis of tract: element 

cuncentr:ition as in thL' wur-k of 3r·coks , h1cClP.ave and ~chofleld ( 19-17) 

wit n t ll e L en us ;-; y s SR • 

?hytochemicHl - studyinL c1ccu111ul:1 tit:n uf' elements by L:ertain plant 

species e . L'.· UH stuJy uf nlckel nccumul<1tors and h,ype:r<1c:cu11.ulators 

(1!io r e than 1000 }JL/i, nicK t:l) OJ Jr0uks tl al. (1977). 

Ge ological - Le use or pl~1nt sC.Jnples i."ur oiot,eocheu.ical worK and 

mo.ppintS uf Geological urw1r1alit:s. 1\1 thout;h this field wos touched on 

by BrooKs et Q.l_. (1 9?7 ), much re1wins still to be done . '.'.'ork of thi~ 

n ature can fall into twu catego!'ies : geoootanical , wh~re the visual 

appearance of the species present or the genero.l presence or aosence 

of c.;ertain species can be relnt e d to the availability of trace element 

in the soil; and biogeocherniL:al 

its elemental content. (7he work 

wher·e plant material is analysed for 

of Persson (1 956 ) could be described 

as ge obo tanil:al and that of Che nerv· 
,J 

( 1948) as bi oge ochemical.) 

The aim of this st udy was to carry out a biogeochemical study 

covering a lirni ted area of the world ' s surface . The desirable 

c haracteristics for the study area were that it would have to be 

poorly mapped geologica lly (or else there would be little point in 

attempti n g to carry out mElpping) but relatively well surveyed 



botanically, so that a l a rge volume and vciriety of specimens could 

be called upon. The area itself r.1ust contain a rich flora, (an area 

of desert would oe most unsuitable for any biogeochemical studies). 

Finally, it would b~ desirable i f those pnrts of the area that were 

geologicall.Y mappc--d were lrnovm to contuin ultrabasic rocks (associnted 

witl1 high nlckel, cobe.lt, chrorniu1:1, v[1r:-1diurn cind mAnr:anese concen­

trutions), since the bj.oe:,eoche!llical method munt fir·st be te :_;ted in 

arcss of known Eeclor:;,y. T.vl; areas Cl.I::e tc, mind as being suit·ible fu r 

a stud.]" of this nature: South ~ast Asiei (paPticularly in the region 

of' Indonesia) and South J,rnerica. As tt,is laboratory alre<Jdy contained 

a lHrge nurnoer of s<-imples of the gene2a Homalium and Hybanthus 

collected from !1'.ci lesia (Indonesia, rt.alilysia and the Philippin c; s) I 

South East Asia wss picked as a general area for the study with 

particula r attention to oe puid to Indunesia. (See Figure 0-1.) 

The aims of the project were as follows: Firstly, it was hoped 

tu predict the geoluEY or certain areas and fill in gaps in trie geo­

logical mappine; of' tne ar·ea . Un~·0rtur,E1:..cly nn;1• i:.appinB dont:, c ould 

on ly be guess-.\ork flS the cnly "vr1y to Kno\·/ tne prc;c.:ise rnine rul co:npos­

i tion o:.' the soLl ·scul,i bt' to anal:1se Lile soil. The second aim we~:; 

to discov er p:-eviously unknuwn sites of :dneralization. /\g<,in tn·:~> e 

predictions we:uld h:,ve to be checked with soil and rock analyses in 

the area . Finally, it was hoped Uwt new min e ral accumulfltint; spt.'Cies 

could be discovered, pRrticul<jrly f'urtl1er hyp•..; I'Rccumulators of nickel 

(Brooks et al., 1977). Such species nr· ~~ of grent interest tu 

phytochemists, and eve n to chernicul engineers bec<n.lSe of the obvious 

potenti a l of being uole to imitate technologically, the low er.er1~.Y 

methods of extrnction by plnnts uf henv,y metals from their ores. 

Although this project hRd the disadvantage that soil and roc k 

types could only oe predicted and checks would have to be made on the 

site, it did ha ve the advantage of cheapr.ess compared with the enc,rm­

uus cost of field work. It was expected that pinpointing favourable 

.i tes 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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SEC'I' '.ON 1. 

GEOGRA?l!Y ./H:D 5Cfl.t-.rrt o:;i '..'.'HE MALAY 

ARCHIPELAGO, 
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Al though this s ec tion deals in general with the chain of 

is l ands known as the Malay Archipelago , ( Mal esia) specific reference 

will also be made to those islands thut ma~e up the Republic of 

Indonesia , as the majority of the samples studied were collecteo 

originally in that area. 

A. GEOGI.~}.PHY 

The Malay Archipelago c ompri s e s mun y islanos of g reatly varying 

shupe s anJ a1·eas , situiited n ea r the ey_ua tor, and forms a broke n chain 

f r om South East As .i a in its n orthwe st extremity to just north of 

eastern Australia in the south western ext remity (See Fi g ure I-1 . ) 

1 • Indon e sia. 

Indon esia is made up of a large portion of the Malay ArchipelHgo 

and has been described by ~oodman (1 955) as follows: 

" 3000 isl a nds strung a l ong the ;~qua tor for 3000 miles ---

all s izes and sha p es ; smal l a t olls built up by mill ions of c orHl 

polyps: island volcanoes; islands 0f undist urb ed green jungle; 

isl anJs where n o for-eignc:r hns wa n.iercd and unknown to most IndonC:sians; 

islands th a t hu g the coast of' thickly populri te Jnva: a s tring of 

islands a ppeari ng like a ro~ of distant steaffie rs along the coast of 

Su matra : hundreds of i slHnds in the Moluccas famous for the spices nnd 

cloves and pepp e r which first att r acted visi tors from the western 

world: islands thn t are r·ic h in tin: islands thickly covered with 

rubber tree s: i s l ands rich in oil . Throughout these islan ds Rnd 

islets the sun nlways shines ; there is nc winter , no spring, no H,1tumn, 

onJ.y a wet sea s on ano a dry ,'' 

The land surface a r ea of Indonesia is 736 , 469 square miles 

(1, 885 ,361 square kilometres) (making it the fifteent h l argest 

territorial unit in the world). This land supported a population of 

118 , 460 , 000 in 1971 (An on'l1 975). 

One of the problems a ri sin~ fro m the d ispersed n a ture of the 

country is tha t it is hard to unify the people. When the republic was 

formed in 1949 it contained many differing g roups of pe ople and t hi s 

was one of t he problems the new government set out to remedy. ( Woodma n) 

1 955) . 

2. Effe ct of the Sea Floor. 

A s tudy of oc ean depths in the vicinity of th e Malay Archi pela g o 

reveals three zon e s . At ei th e r end of the chain, shallow waters are 
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found and deeper wa:ers 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 f ro m the Aus tralian coast. 

New Guinea and Aru are part of this. 

\Vh •.:m Alfred Hussel V/a llace visited the ar·ea over a c e ntury ago 

( '.'/allace 1869) he noticed th8 t the western islands of the Archipe13t:;O 

c e;ntained specie s of plants an d animals si.milRr to those found Ln 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 mi xture of Asian and Australian spe cie s was found . On the basis of 

these species differences he drew 11 '.'JaJ. lac e 's line" (shown on Figure 

I-1), which marked th e e astern b ounda r:; of the zcme which contained 

only Asian species. ~hen th e Gun da shelf was l ate r mapped it was 

found that the outer edge approxinw te d " Wa llace's line" (G ood,1 974). 



?IGlJ!rn I-1. 

Area of stud ies (enL·!u:>ed by solio line ). 

"1.Val l ace ' s li n e" shown ns dot ted llne. 





3. Indonesian Natural Resources. 

Ind onesi a hfls lone been known for its natural resources as 

shown by the follcwinl, stRtistics (J' n ,ri , 1975). 

7 

(i) Mining - ~iHner·'"'lls mined in the Iiepub~ic of Indonesia in 1':"73 rere: -

Bauxite 

Gold 

Silver 

Nickel 

Tin 

1, 229 ,.575 

3 '.).::: . 1 

f. ' 8j2 

bt. ·1 , 046 

22 , 204 

tonnes 

kg . 

kg . 
t onnes~ 

tonnes 

*Nickel production has now greutly increased ns a 

result of cxplorution of vast 1:1tL·r·itic reservcf' 

in the !Aulili - S o ronko nrea v!' South-central Cel~bes. 

(ii) Expor·ts in the year ·t <_.-i(j co!i.pl'ised mainly fish , coffee, tea, 

!Jepper, tobucco, luru>1.:I', plilr .. oil, tin, nickel ore , crude oil nnd 

petroleum produ c..: ts. 

1. Climate . 

Generally the clim• te could be descl'ioed us maritime equatori<1l 

(high temperatures , except at high altituues , and heavy rainfall all 

y1'ar round). HO'.\ ,'Ver, parts of western In·1~nesifl experience veriods 

of exceptionally heuvy rni.r. cGincioinE ·:::th tht: nvrth east or south 

west monsoons . 

The eastern h3lf of Javh , 3nli, southern Celebes and r~uf;D 

Tenggara have clearly rnn rkcd dry sensous cnused by the sou thE.nst 

monsoon (which chanBes direction to become the southwest nonsoon ov~r 

western Indcnesia) in the months Jur..e , July , September and Octobe r. 

An example of these effects is cited in "The Far :Sast and Australasia" 

( : n en 1 9 7 5 ) • 
"Thus whereas in Pontianak, si tuu te<J almost exactly on the 

equa tor on the west coast of Kalirnnntan (originally Borneo) the 

monthly mean temperature varies from only 25 . 6°c in December to 

26 . 7°c in July , and no month ~ontribu tes less than 160 mm (July) 

or more than 399 m~ (December) to the total annual rainfall of 

3200mrn. Su1•abu.1a in eastern Java , while showing even less variation 

in mean monthly tempt..rutur·e , \\llid1 fluctu ·itt:s between 26 . 1°c throut'.>h-



out the y·ear, has four months ( "1t:cer:1iJ1jr - ~~larch) each .vear with 

over 241 nim of rain, and four others (July - 0<.:tuber) with less 

than 51 mm each out o.f an c.innu1::1l totnl of 2735 mm. " 

2. Vegetation. 

In Sun.Cl t ru and J a vci t ht~ nu rt ht; i•n sJ opes of' the high r·ang es are 

coH,par·stively ory . J<.1Vtt is also 11.cister in the west than the east 

and the~e dii'i'e.r-erH.:es hnvt:: Girl ef'1'ect c..,n the veg<::tc·1tion type:s. ':'he 

n:oiste:::' side consists c._,f e"vert reen, tf':i.1H.:1·bte r•1:1inforests usu<1lly 

over•grc._,1vn \•,ith h11nGing 1~1osses. '.i.':-1e: orier side hRs a middle zune of 

grusslnnds anJ ,vuodr-> with su.cill busht:s v:i th leathery fol i age further 

down the mountains and vnly poor tsi·esslands near the swnrni ts. 

Borneo hcis wide coastal pl;1ins, with those on the /l.siatic side 

covered with fields and fallow lands . The central highlands are 

densely wooded, thinning out to scrub at high altitudes. The narruw 

plateaus of the bnckbone of' the Cele-bes di.splay typical savannohs • 

.S'or a discuspion of tht· eC'ccts uf cli:nnte upon vegetntion see 

:l'~rdy (1920) nnci Anon (1 .::f7':.)) . 

c. 

The f'lo.:>u. c~· the t.'.ulay f.I'i::hipelneu is cne of the ricl.est in the 

world; c0i:1;.risjnt; Vicll uver 10,0L/J ::>I_wcies of which a significant 

percentage are ende111ic. '.\"i t.h such <:H1 enormous flora, a "olanket 

~rogl'arnn:e" was scarcely feasible and initial attention was paid to 

three gener1-.1 known to fE.Jvour· or tolerHte nickeliferous substrates. 

3rooks et al . ( 1 077) have sn01rn thn t :-i:G1ny hyperaccumulotors 

( > 1000 ug/g dry wei~ht) of nic,<t.:l are i'ouno in the families Flacour­

tiaceae and Violoceae , particularly in the ient.:rrJ Hornalium and 

Hy ban t rrn s. 

The families Flacourtiaceae and Violoceae were therefore given 

special attention in tnis survey and tH·e described below . 

Following the discovery of' hyperaccumulation of nickel by 

Seb~ rti a acumina ta, ( Jaff re' et al. 1 976) it was al so decided to 

in clude the Sapotaceae . 

1. ~.acourtiaceae. 

This family has been described by Sleumer (1954) and his notes 

were a va luable guide in this work. 

The family contains nineteen genera thHt are found in the area 
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under study. (See Table I-1 .) 

( i) Ahernia . 

One s pecies is found in the Philippi nes and the Moluccas but it 

was not used in t his study . 

(ii) E r ythrospermum. 

One s pecies grow2 throut,hout the ar·t~a but '>.as not studied . 

( iii) Scol opiA. 

Sleume r (1 954) recognizes seven Bper..:ies found thro\Jghout the 

r egion and two of thes e were studied. 

~· l uzonens ls , shrub or n small tree, gcows in Born eo , the 

Philip;;iines and the Celebes in dry thickets and secondary f'o2es ts up 

to an a l titude of 680 m. It will grow in cl syey soils, on sandy 

beaches or limestone rocks. 

S . Sp i n osa , tree , brows in primnr.1 und seconuacy subfcJcest , up 

to an altitude of 1100 rn, i n Sur..utru , :for1gkn , the 1''.Hlay :?eninsula, 

Ja va , 3orne:o , Fcilawan Hr.: T ·:: u 1: 1~1lund . 

Dnd home bu ildinc a n d the l'rui'L is ediole . 

(iv) I t oa . 

'lie wood is useo for .Cenc ine., 

One specit:s grows in the erea and it was studied . I. stapfii , 

tree ( 25-40 m), grows in the Cele bes, the ;.:oluccRs and on Japen 

islcind ('i'ie st J riA n) in olo primnry and sec~ndary subforest. The 

heaI't - wood is used for house constructicn . 



L, 3L.;.:. '..- l - l , I - ? , I - 3 . 

!.:1' L .. i~SI1~ ~; ( ' i<4"''\l ;ii !'i 
~1 ... ... ' .• - - ( 1-1 ) 

VIOL/.C'.<:1\l~ (1-2) / ~ - ':~1.nc ':C·:.'.:;; (I-3). 

d istributi on of t.he genus :ir•e li[ited . 



TABLE I-1. 

Genu s 

.A he r nia 

Er>,ythrosoer1aum 

Scol O;?i a 

I toa 

Paro psi a 

H.vdnoca rous 

Sea -:Jhocalyx 

Pangiurn 

Trichadenio 

H,ypa rosa 

~l t' u L he rH n --; r::> 

~iom1lium 

B<·nne t ti oui.=nc rcn 

Lerr.i scol ot.-i l 

Xylosmo 

OS!ll!,_ 1 i u 

Fl flC: OU!' ti u 

.:-s~udosmel in 

Cbsearia 

tlo. of Specie:J . 

1 

1 

7 

1 

1 

31 

2 

1 

1 

16 

1 

7 
1 

11 

Distrioution . 

I'llil i ppines, Halmahera . 

~hroughout kalcsia . 

C~lebes , Moluccas , ~est Irion . 

Sumatra , ~alay Peninsula . 

'l'hr'Oughout .'lestern Indoncsin. 

!.'.al ny !?en i nsulu . 

Thr...:ughout Malesia . 

:.:Hst ;,;alesia . 

~-:u111a tr·u, 3orneo. 

'.'..'!i1·ou~J1011t !.:alesin . 

~.Ju1.~1t:·a , Jnvn . 

':'ii 1·out'.ll uu t ~ •. al~ si a . 

... 1JlUCi.::1s. 

'~'hr·ouc.:nuu t /.:alt sia . 
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TABLE I- 2 . 

Genus No . of S2ecies . Distribution. 

~Un ere a 1 2 - 13 :'h roughO\l t J,1alesia. 

Ag a tea 1 ~:-;;;v.r Guinea . 

H,'ibanthus 1 'l'hroughou t · .. Hles ia. 

Vi cl a 1 .s 'I'hl'UUt,hOU t : •. a l es i a . 

'l'Id:L.,!: I - 3 . 

Genus. Ne. o~· S.Qecies. Distr'ibution . 

Planchonel la 34 Nev. GuineR , J!:iva , Suma trci 

I ~.:olucca s , Borneo. 

Chr;Lsoph,'il 1 u n. l~ ::: c·\·1 Uui.nea . 

'.'.anilkara New Guinea , Sumatra , J a vH, Celebes 
,. . ... 1musops Th r uu ghou t i·,J a 1 e s i a • 

Mndhuca 1 Throughout ?.\alesia . 

From.Vnn :~oyen (1957) 'ir1d VinK (1958) 
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(v) Paropsia. 

One species is known to erow in ~umatra and the Malay Peninsula 

but it was not studied. 

(vi) Hydnocarpus. 

Thirty one spLcies grow throurhout ~estern Indonesia. Two 

species were studied . 

.£.!. heteroph.1lla phili!:iner.sis, tree , grows in the low altit.uoe 

forest of Borneo , the Philippines <mt.I the Celebes • 

.!:i.· sun,atrana , tree , grows in the rain forusts of Sumatra , 

Java , Borneo, the Celebes and the Philippines on ground that is nevLr 

inundated , usually ut altitudes of jO to .coo 111 . 

(vii) Scaphocalyx . 

Two species 01 tnis genL!r ~J nre found on the tl'!alay Peninsula out 

neither were studied . 

(viii) Pangium 

One species ~ro.s in the ar·ea [Jl1 (1 it was stuciied . 

E· edule, tre~, 6 rm'>'•> in isoLiteJ clu 'r.t)S throughout the ;.:olay 

Archipelago on all types of ground, genv rnlly at an altitude of less 

Uwn 300 rn. The l'rui t is edible !:lnd the wood used for construction 

purposes. 

(ix) ~richadenia. 

One species gro~s 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 old secondary 

forest u sually at an altitude of 5 to 100 m. 

(x) Ryparosa . 

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

n one were studied . 

(xi) Eleu the r andra . 

One species g rows in Sumatra and Borneo, but wasn 't studied . 

(xii) Homali um. 

Twenty thr~e of the s~ecies of this eenera ere listed as commonly 

found in various purts of the Malay Archi~ulaio and of th~se twenty 
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t h r ee , eleven ;.er•e studied and tht:y are listed below . 

!!_ . tome nto.sum , tree,grows in mixed c..nd teak forests in Sumatra , 

Java , ~ndura , tne Kangean Archipelago and the Lesser Sunda Islands . 

It is often found grO\~ini, at low altitudes on periodically dry t-rourid . 

The wood is used for match ::wnuf'octure . 

l!· b<l r•andae , tree1 £ro·:.s at low and medium altitudes in the 

forests uf the PhilippineB • 

.!i, . foetidurr. , tree , is a very comr:.on species th<1t growr over n 

wide nren including ~urr:atra , the ?"alay ne ninsula , Borneo , the 

Philippines, the Celeoes, the Moluccas and New GuinQl. It often t;rmvs 

nlcn g river bBnks , in thickets or rain forests , at an altitude of 

~O to 200 m. The tree producer a hard , dense timber thut is used for 

constructing houses and b!'id[lt...S, and makint, combs . 

H. caryophyll<-tceu:n , s.uall tr1!e , urows l.n humid foref'ts o r b!'ush­

•:;t:o<i veget·1tion in the : .. HlHy Peninsula , ~) um:itra , 13a.r.gka,Juv<1 , Borneo 

:ind tne Celebt.!s . In ...iavri it ir' S01Ul!Lilll1;s seer, &s a necli_;{.. t·l t.. nt. 

ll, . villn!•in1!Ul~i , tree up to£:::;: in hei;.;h t, gr·o-.•s in UH.: :·or·t;st o:' 

tntj ~)hil i :JL)in~ s up to u n [ll tit l{, 01' 400 ·1.. 

h . undulutu:!,!7 t ree, 10 - 1-u :n, i:. ·cw n un th~ !.i~1luy Pcnins:..:l:. ic 

ever~reen foct:::;· lt is 01ten l'ounu un rocKy limestone hill::; up tu 

an al ti tuce of 300 n • 

ii. bracteatum , tree , c.,ro,.,s in the low altitude prim'iry fcr•ests of 

the ?hil ip pint-s . 

ll· ce]t·bicum, tree, l.rows in th€. Ccleoes and Buton Isl[md in 

~rimary ruixed 1'01~es ts 1:t t un altitude or 30 to ))0 m. The wood is 

excellent for home building. 

H. grnndiflorum , tree 10 jO m, is found in the lowland forests 

of Sumatra , the r.:alay Peninsula and Borneo. The wood is hard and 

difficult to work . 

H . minahassae , tree up to 35 rn , erows on lowlying , level ground 

in the p r imary forest of the Celebes and the Moluccas . The timb e r is 

used for house construction . 

(xi i i ) Bennettiodendron. 

One species gro·Ns in Sumatra and Java but it was not analysed. 

( xiv) Hemi scol opia . 

One species is famd in Sumatra , Bongkn and Java and it was 

not studied . 



( xv) Xyl osma. 

Four species are known throughout the Malay Archipelago and 

two were analysed . 
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!· papuanum, tree up to 6 m, found in the Moluccas and New 

Guinea growing Rt an altitude of 400 - 1600 m. in the forests. The 

wood is very tough . 

!· luzonense, large shrub or tree (10m), a rare species but it 

is found in individusl specimens or srnall clumps scattered over a 

wide area comprising the Philippines , the Celebes, the Moluccas and 

I\ew Guinea. 

(xvi) Flacourtia . 

This genus contains seven species that grow throughout the area 

and four were analyse d . 

1:_ . inermis, unarmed tree, is cultivated as a fruit tree in 

Sumatra, the hialay Peninsul<1., Java, Borneo, the Celebes, the !1loluccns 

and New Guinea. It grows up to an altitude of 1300 m. 

!<,. zinpelii, slender t1,ee , gro.,·s in r:1oist ground and cl < /ey soil 

in the primflry and secunuo1·y ruin fL, f't..:sts of the ?hi.li' opines,, the 

Celebes, the ~oluccas und ~cw Guinea . 

F. rukam, smsll tree, is widely dist ributed but scattered . 

It can oe found iri evergreen primnr.1 or secondary forest , often along 

the bank of a river·. ':'he fruit is ediole and the roots and the juice 

of the young fruit are used for med icinal purposes. 

f . indica, small 

not knovm in Sumatra. 

definite dry season. 

extracted from it. 

(xvii) Osmelia. 

tree up to 1'.::> u, ., grows in mo!t areas out is 

Usually it ~5rows in open places that have a 

It is cultivated for its fruit and the medicines 

Three species grow throughout the Malay /"'rchipelago but only 

one was studied • 

.Q. phili32gina, shrub or tree 5-8 m., grows in the primary 

fores ts of Sumatra, the ti.al ay Peninsula, Borneo, the Philippines, the 

Celebes, the Moluccas and New Guinea. Tr1e wood is hard, odourles s 

and tasteless and used in the North Cel ebes for house construction. 

(xviii) Pseudosmelia. 

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

analysed. 

f. moluccana , shrub or treelet 2~ - 3 m., is common in the 



fores ts of the Moluccas at an altitude of 200 to 800 m. 

( xix) Casearia. 

Approximately sixty species of this genus are known to grow 

throughout the Malay Archipelago and four of them were studied. 
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C. papuana, shrub 1 - 1; m., grows in New Guinea in rain forests 

or fringi n g fores ts on rocky slope s at an a 1 ti tu de of 100 to 500 r:1. 

C. hosei, tre e or shrub 3 - 5 m., grows in primary forests in 

Borneo and the Cel ebe s up to an al tl tU<Je of 1500 m. 

c. erewiaefolia ~ deglabrata, shrub or tree, grows in most 

areas or open spaces in prire8ry and secondary forests, preferably in 

a nonshaded locality . It will grow in all regions . 

C. halmaherensis, treelet or· tree, scatLered through the young 

forests of t he Moluccas. 

2. VI OLJ\CEP.E . 

This family contains the genus Hybflnthus which has provided three 

hy peraccumulators of nickel. The family is describ~d by Jacobs ano 

M o ore ( 1 9 71 ) • 

Four genera are commonly 1·ound ln the r.~nlay Archipelflgo and 

each will be dealt with in Lurn. (S ee '_'nble I-2.) 

( i ) R i n ore a . 

A genus with twelve or thirteen species in the vicinity of the 

Malay Archipelago . l;lan,y species of :<inorea Wt.~ re analysed, includinE 

some frorr. t.frica (where they are 11,ore com mon) und this section of the 

proJect is dealt wi Lh in Section lV where the chnracteristics of trie 

genus will be discussed. 

(ii) Agatea . 

One species is known to grow in new Guinea but it wns not 

analysed . 

(iii) Hybanthus . 

One species grows throughout the region and it was studied. 

,!i. 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 wi 11 tolerate 

open or shaded sites. 

(iv) Viola. 

Eigh teen species of this genus grow throughout the area and four 

Nere studie d . 
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y_. be toni c i fol i a. , ht:rb , grows in the gras slanos or open mon ta ne 

woodlands of S umatra , Java , tht.: lesst·r :-iuncia Islsnds , the Celebes , 

the Phili pp ines 8nd New Guinea . 

y_ . meR rnsii, hero , 1...r·u;,s ul onL sc,rem:is and in n.ontane forests in 

the Phil ipp ines nnd the Celebes . 

y_. pi losa he!,b , found in ::ui.1at:r·n , ,Jnv< , the Lesser 3undR Islanos, 

t!1e Celebes m1d Pie l..oluccas . It e_ru::s 'lt en nltit.ude of 1100 to 

3300 m., in grasslands :H;d Rlpin t! wooJs , 

'.!_. k1ellbeq·ii , hc:rb , .!.,ouncl nt hjgh <-Jltitudes (2000 to YJL+O rn ) 

in the Eilpine heath nnd [I'Gsslnnd:::. 01· the Celebes nnd ~;ew Guinea . 

There are five ~enern of S[1pOtHcene th3 t will be de<i l t with 

here (~ ee ?able I-3 ). 

(i) Pla n chonella . 

There Rl'e U1ir ty four species or this t,enus thFlt t!,rOVi in ~:ew 

Guinea , :-3umntrn , the Philippin1;s, Borneo, Jciva and th e I.1oluccas . 

Of tht"st: thirtJ four Sl_:hCLL~s , t:.enty-niiit~ 1_, I'UW in !Jew Guint:a , 

spec ies is nlso lie11 r ·eill'l'SL"lt.t'd in ;:._·,v Cule·3oniR.) 

(ii) Chrysophyllur~. 

('.:'he 

rhyllum spec.:ies are rare in otllt.:I' 11.ceci~:; lf the ~.:alay i\rchipelat.,o . 

( iii) !1'.[;nilkara , 

Centrc1l /d'ric.:n , In 2'.3-n , Indochina, Su1:nL:r><1 , Jav'.l , the Celebes, :~ew 

Gui n ea b n a :~ e ,., Ca 1eCl1.1n i a . 

( i v) r.: ad h u ca • 

7his tenus is confined in aPeFl to India , Indochina, rnostof the 

~alay Archipel ago and New Caledonia. 

( v) !Umusops. 

This ge nus has four species in Central and Southern America , 

thir t een in Central Africa , two in India , one in the Malay Archipelago 

and four on the Islands of the Pacific Ocean . 



SECT IO~: I I. 

At-~/.LYTICAL 'I':~Cl!!H <tll:ES . 



A. I NTRODUCTI Ol'T. 

For the purposes of this study , nnnlytical techniques vtere 

requ ired t h n t cvuld detect trnce metal concentration s in minute 

san1pl es . (Tne samples resuired by the techniques used , must , of 

necessity , be srr.all due to the rare Rnd valuable nature of some of 

the b otani cal specimens investigated) . 

However, !'or ano.ly:;is of the :=wmt.-l~s , a delicute balance had 
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to be struck bet·:,eer. a volume sufficiently large for mu.Lt i element 

ana lysis , and a small enou gh dilution factor to allow easy detection. 

It was decided to ash samples with a dry weight b etween 0 . 02g 

and O . O~g and d i ssolve the ash in 1 ml . of acid . (This givc:s a 

dilu t ion fac t or of be t ween fifty and twenty . ) 

It was h oped to i nvestigate cuncentrations of the four elements 

cobalt, coppe r, nickel and z i nc.. Brooks ( 1972) lists the followint_; 

t y p ical backgrc.,mci values uf' these ano other elenie.nts in plant ash. 

(d r y weight valut..s are o:.>taineu oy cJividine:: Vtlluer. for· ash by fifteen) : 

Cobalt 

Copper 

Nickel 

Zi n c 

9 pg/£ 
- 180 µg/g 

: - 65 J.Ji;;./g 

: - 1400 µg/ ~ 

anh \'ieiEht 

3Sh weier.t 

HGh Wt.:iLht 

ash Wei[,ht 

(rv U . · µ5/~ ary weight) 

( :v 1 i.J J.ltj g ory weit:ht) 

( rv li µg/g dry weight) 

( I\/ 90 µ~jg dry weitht) 

As suminE a dilution factor of twc.:nty to f'ifty , the following elemental 

concentrations could be expected frurr. tJpical samples : 

Co , 0 . 01 - 0 . 03 pg/nl. 

Cu , 0 . 24 - o. Go pg/ml. 

Ni, 0 . 07 - 0 . 23 µg/ml . 

Zn , 1. 87 - Lt . 6 7 ,ug/rnl . 

The desired anal ytical technique must therefore be capable of 

de t ec ting concen t rn t i ons in 'the range O. 01 to 5 pg/ml . 

B. SAMPLE PrtEPARA TI ON . 

Dr ied , preserved leaf samples were rece ived from herbari a through­

out t he world (see ackncm l edgements ) and from these , small sampl es 

(approxima t ely 0 . 02 to 0 . 05g) were accurately weighed ou t un a 

!t'.e ttl er Ji6 balance (capable of weighing to 0 . 0001 g) and placed i n 

12 mm x 75 mm oorosilicate test-tubes (care must be taken ut this 

s t age so that any implemen ts such as scissors or tweezers that c ome 

i n to con tact with the samples du not contain any of the element to 

be analyzed so as to minimize poGRiolt: suur·c.;es cf c0ntnmini.J tl0n . ) 



Samples •·.ere asheu in c.- (l\u1:'le furnace at '.)00°c anu the ash 

was aissolvt:d in 1 ml . 01' 2:.-. reuistilled hydrochloric nciu . 
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Ti1is tec:hnil{u e 1:,uf: first USt:U 'JY '.'/alsh (1 9:)5 ) and in volves 

shining a n in tense spcctru111 of tht.' ell·mt:nt unde!' lnvesti~<,tion intu 

an utc1r; cloud pl'oduced oy <ispir•utintr fl solution into ri flarr.e . 

Plumes huve ce rtHin ...:es i ruble prop1:Ptits as an aton.ization source. 

(Kirkori ght , 1971) . 

( i) They are relntively fpee from u.emory effects, noisefree and 

simple t o op ~ ra t e . 

(ii) Burner systems nre pr•edorr.inuntly sr:ioll, durable and 

in e xpensive . 

(iii) There is a varie:t:f or nvailablt.; flame gas mixtures : C~H 2/ni.r 
(the most ccm1i1on f'lame , ..ired f\n · ~'e , i.~n , Cu, Zn , Co, Ni , Pb and r.Hr.;/ 

otlwr eler:ients): ~H'Oi.,1ir.t·/t1ir· (uf'>l:d 1'0r· ~111 ;ind K): C,...Ji,/~L10 (:'or 'J '1nd c .: c. 

.'\1) : J.. 1•/H2 (:'op St:: ti11u ;,3) . 

' iv) 
stood . 

,,,.., ,. ~­

"-"• ~ ....... 

lio•\t.Vt!' l'lnmes c1I'e ind, l'ide!Lt in thfJt bi.Ji)roxirnately 9'./~ of' tne 

svl ution thn t is nt:oul izec, i~; ·.wsted ;1nd n:::ver t::t:: ts to tile fluH.e . 

Ccn se:1ucntly 1 ::.1 c : · soll.ltic;n woulll l-nly just Ot sul'fici~nt f or five 

a1wl y se s . 

It w11F hopeu that tht· volu11.e J'l! ,1ui1'~d for encll an1:3lysis e;oulo Ot; 

re u uceu by slowini, c:own the rute l-1' nebul izativn . Howeve r , when fl 

standnrd solution· c ont a inine 1 Pi,/r:.l zinc was neoulized into cm 

air/a cetyle ne flame a n d the !'lbsorbnnce was measu1'ed at 215 . 9 nir. at 

vuryinL flow rates , the tibsorbance wus found to decrease with 

decreasing nebulization rate ( F i gure II-1) . Therefort:: if the flow 

r nte wa s oecreased, lack of sensitivity would become a problem . 

It ~u s then de ci ded t o nebulize solutions into the f l ame at a 

r ut e of 3 . 8 ml/min . At thi s rate, mi ni mum detection limits of about 

0 . 1 µg/ ml could be reasornJbly expec.:'.-ed fo r all four elements (0 . 05 µg/ 

1111 under good conditions) whic..:h meant th:1t copper a nd zinc could oe 

anHlyzed by f lame atomic aosorption but only some nic~el values would 

be detectable ard only a n omalous cobalt values . Th e refore samples 

Wt:I'e analyzed for copper , ni ckel IHh zinc b,1 this technique and a rr:ore 
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st:nsi ti ve tL·clmi que ~'or nlcri.el ecncentrntions 11:.0 

the detection ur cubalt . 

:'. :::ci:r.i.quv . ~ . ~ 
.... ·•lo. • v 

if. fJ c.;f!el c-S ~~ u :c: .. i ,' :1 o ,-or i)t i .... n s~,~c.: ~!'vi.ihotor:-.t. t!•y \".hi L h u r:;es el t: et r· i c: 

pc\'/eY' vf lo\·: vol tacf' \C to ~O vol ts) n?~n hiG!1 cur'I'-:.:nt (2 )0 to j ~)O ~1 .. 1 ~) 

':'ht:f;L clt:ct1·c.Jtht.!'il'.ll ntumizers fall into t:.o 

·;/t,.'.-< of :.t.st und ''.'il1irirr.s (1':(,•) , 

1.m tht: piont~t:!·inc ·:;0;-!{ e··r·r:t•d 

( f'e~ ~. I VOV ' 1 '"':01 litiL; 1 (} ) • 

Pl' OCt. Sf; . 

th~ ca!·o0n ruo . 

1. Flarr.e At omic 1iosorption . 

' . 
v....i' 

..·-f~ ... 1 .. • , tn ~ ... :.·~ 1 .... v-l""tt .. "-,~·J , 1 ·1"\ ~.:, 

Solutionn -.·.ere •1nnlyzct'l Dy flame ut0111it: absorption using o V~H'iun 

':'tchtron .~_;5 ~;to:nic /.bsorption ~pcctrophotomr ter fitted with a model 

!3C6 Background Corrector usi nt,; a Hydi·cg(;n continuum la::itl . 

2 . Fl nrr;el e ss .'H L/".1ic !.b sornti on . 

Study of' nbsorptiun usint~ various parnraetcrs ga ve identicel 

up timum conditions for nickel nnd co:JBlt as follows : 

Dry j . 6 vol ts ;?2 secunds 

/..sh '.) . 2 volts 1 0 St:Cund s 



Atomize 6. 2 volts 2.6 seconds. 

3. Analysis lines. 

SarrJples ·.1.ere annlyzed st the fo1lov:ing absorption lines: 

Cabal t 240.7 nm. 

Copper 324.7 nin. 

Ni c;ze1 232 . 0 n:n. 

Zinc 213.9 nn1 . 

All concentrotions were expressed on a dry weight basis using 

micrograms of the element per gra~ of leaf as the unit (µ g/g ). 

F . PRECISION OF' THE EXPF::·HMY~~~'AL Ti~Cll!UQUE. 
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An investigation wos made into the precision or repror1 llcib:ility 

of a technique th11t relied on the analysis of a small section of 

the leaf of a pl ant. 

An electron probe rinalysis ;,[is mnue of a leaf of Hinoeen 

bengalensis wt1Lch hnd been fcund to contciin a hie;h nickel concen­

tration. ?he C..;b~ect o:' t:j:s :>n1:ilysi~ . ·:::is to ueten:iine if the nic,<•,;l 

concentration ,,,,s unii'orr.1 acruss the lt..:af. !>1:-tte II-1 in ~1 rrd.cro-

l f' 0 .-, 2 f +h 1 f t i· ht 1 . grap1 o .c.. 111;ri o ..,,e eu , ne 18 er co oueeo c-11•ea i s <J 

secondary vein. The dark line across the photo de1inen tes the path 

of the electron probe ano the jagged 1\hi te 1 inc: is a t.;ral.)h of the 

relative nicKel concentration across th~ analysis line. It can be 

seen trot the nic.:Kel concentrution var·ies 3cr:oss tt1e lenf with the 

greatest concentrations tn this case just beside the secondary vein. 

From this photo it is obvious thnt if l:l small section of the leaf is 

taken the absolute amount of nickel in th<1 t section and therefore, 

the concent ration value derived, will depend upon the part of the 

leaf tha t the segment came from. 

Small circles were punched out of plant leaves with a puper 

punch and analyzed for nickel concentration. The mean concentration 

and standard de v iation 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%) µg/g dry weight. 

Leaf 2. Thirty sections were placed in test tubes, 2 sections 

per tube. P.verugc sample weight 0,012g . Nickel concentration 
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536 !_ 20(3 . 8~;) pg/g dry weight. 

Leaf .). - Thirty sections \'.e!.'e plsced in test tubes , 3 sections pt:·r 

tube . l1..verage san1ple weight 0 . 019e::,. ~·:ici<el concentration 5H3 !.. 27 

( ,- 2'() J. -, 0 µ g/e; dr.:,: weight . 

Lenf 4 . - ~wenty eight sections we1·e ~ilaced in test tubes , 1~ secti0ns 

per tube . Average sample weicht 0 . 025g. Nickel cuncentraticn 125 ~ 

5( 4;~) µ g/ G dry weight . 

Prom these analyses it would aJ:Jpear tha t there is a 2-'.:/~ rele:itive 

standard deviation in the concentration of a trace element depend int, 

on the part of the l eaf analysed . 

The total error' is of course a function partly of the a nalytical 

method and partly of the natural variation of the nickel content within 

the lea f itself . Since the reproducibility of the analytical technique 

was of the order of~ 2-Y~ , it would app~ar that for samples weighinc 

at least 6 mi:s (20 rum
2 ), the within-leaf error is negligible. 'l'his nt 

first sight s~ems to contradict Ll1~ findinc of the electron probe. 
2 Howr.:ver thnt surve:,: was L'<H'~~ied out 011 <-HI ar·ea cf 0.2 mn! compH.reJ 

.vi th CJD DI'l~8 Uf 20 r:d'l;::: fur· tht• ~~1L:lllef;t lCLlf SHl!;ples tested chemical l J . 

Pruvlded Lhnt major~ veins <lI'c ignored in takine leaf samples , reprod­

ucibility should be sutisf'actory foe replicates taken from the same 

leaf. Leaf-t o-leaf variability is another f1:1ctor for· consideration, 

but was not evnlunted because of the lucK of sufficient scirnple material. 
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A. I NTRODUCTI O~. 

Leaf sn:rples \-..ere ! nal;,rt1e <! fo!~ three t.:lerr.!.:!nts(Copper , nicKt.l ,_,:, 1 

zinc) in O!'der to assess bnciq:round ~Jnd tinv •.• <•lous concentr<1tiuns cf 

these three t.len1ents in cof!;mc.,n specie:-;. "1'ne rnu~ority of the r-lmt 

s~ecles stud i ed were frc::i ':.he: fnrr.1lic •s "i•'1:1cuur-ti<1ceae and './iol<iceae 

;;!1ich we::.'e ."Lt.Uit . .J t.JeCllUS~ e.eJ ;.~'::'(' knosn tu incluck hypt:I'3CClltnJ1:1tors 

of nic.<:el . The t·.ern1s ~\lbizia, •::<-ts nlso stuoil>d due to the djscovcry 

of Jlbizia s p ncv . l'.rowin~ over the ~)O.'.'phyry copper deposit ut 

13ougainville . (Cole , 1171) , 

·,·:hen a concentrat~on w&s :'cund thnt w0s considered to be high , 

one of two steps wns tuken : -

( i ) If the high value see:ned to oe charuct~ristic of the si-'t:cies, 

the specit;S was furt.ht:r i n vestig<1ted . 

(ii) If Li1e nihh concL:ntrution appt'fll'hJ lo oe u site uno::;Dly , tne 

5eolug.1 of' tne loc<1tiun .'.:1s inve~:;tiL:1t•d J,"/ the u:~e u f' L'.evlv'--ic.;al 1 .. :. ps 

Liebscller nnd ~:r .. ith ( 19Gb) :·0und trw~ ol2t!'ibutions of t:-c1ce 

elements in ~mirr!nl tiGSJt.:S coul 1J UL divided into two catt:eor'ies: 

nor-;r.<11 (sJ11.ruetric novut tilt. aI'lt:rn:etic l'!t•an) <1r.d lulr:or;nal (s.;H.rr,etr·ic 

<>bcut the t:eo:1ietr·ic :r.ean) . ::o!•rr.:11 ui.. BLdo.ltions ,·;e,-e assoc in Led ·;:i Lh 

L~1ose eleu.ents th·1t wer·e ,rnu·.•n t.o be esst-:ntial to trie rruwth or 

n u t r ition of the or·cnnis:r. nnd lo!!.normnl aiBtributions were assocln:,ud 

wi t h non- r:::ssential nnd mildly toxic eler:.unts. On the basis of thef't' 

results L iebscher and Srni th r;ropose,1 lhnt tht..! type of distrlbution 

could be used as a guide tc whether un element was essential or 

non - essen tiHl . 

Timperley et al . (i970) investignteo E'lemental concentratic.m 

dist r i bution s i n pl nnt species in order to discover wnich elements 

weI'e normnlly dist r ibuted and w.1ich \\ere lot,nonnally distributed . 

~heir method of determining th~ distributiun type was to calculate 

the median , the a ri thmetic n1ean , and the geome t ric mean and to canpor·e 

the median v.ith the twv means . ",hen the 11.edian was a better approx­

i mat i on to the ari t hrnetic mea n than the geome;tric mea n, the distrio ­

u ti on was con s i dered to be nor1.iul . ·:1hen the reverse was true , the 

d istr i b uti on was cvns i oered lo be lot.normal . 
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(pg/g dry weight ) IN EIGHT 

MALES I AN SPECIES. 



TABLE III-1. 

SPECI ES . No. of Ni 
SPECI MENS Ra nge. 11. ed a . m. g .rn. Rnna:e 

Albizia saponaria 12 <1-
( ·1 2. 23 0 . 94 1-18 

Blume 15 

<1-Homalium carvoohyllaceum 57 2 3. ~6 1 . 63 1-G8 
(_z et . M) Benth 45 

Homalium celebicum 14 <1- 1 5. 46 ~ . 09 4- Go 
(Roxb.) Benth 45 

Homalium foetidum 11 2 <. 1 -
3 6. 45 ..l r,,... 2-a:A5 J • VJ 

Ben th bb 

Homalium grandifolium 23 (i- b < 1 2. 02 1. 10 4 -1 9 
Ben th 

Homalium minahassae 11 .(1-1 t 3 c. 2.3 .) . ~ ..... 
1j-

kas 177 
I 

Homal ium t '. omentoswn 51 < 1- 26 <:1 1. E6 0 . 91 4- 29 
Ben th 

Hybanthus enneaspermus 29 .(1-13 6 .(1 8 . 07 1. 53 3-
(L) F . v.M . 154 

Cu 

Med. a . m. ~ Range. 

5 . 5 7.07 4. 91 17-
310 

5 9. 98 6 . 54 11 -

2479 

30 32. 00 25.71 74-
1546 

18 28 . 21 1 7. b3 5-3312 

8 9 .30 8 .3 9 
1 2 -

j 6':;1 

G9 68 . 55 53.02 11 (; -

7586 

8 9.59 8 . 63 8-

'1 522 

8 19 . 90 11. 13 17-
78 57 

Zn 
Med . a . m. 

51.5 7Li. 90 

47 121 • 05 

J.83. 5 565 . 86 

'j 27 295.45 

69 1CO. 70 

3'1 3 958. . 9 

72 146.33 

98 768. 83 

~ 

46. 97 

~ .. 

' 52.04 

402.00 

11 4 . 50 

81.j6 

341. 6 

95 . 21 

152. 20 

{\) 
....;] 



Unlike Liebscher and Smith (1968), 'l'iruperley .:::.! al. (1970) could 

not find a relationship between the type of distribution and the 

essentiality of the element conc.;er·ned. 
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Timperley .s:_! al. ( 1970) investi 2a ted elemental concentrations 

in seven New Zea land species. Coppc r, 111olybdenum and zinc a re 

consi dered to be essential for plant nutrition (Bowen, 1966) und : e ad, 

nickel and uranium are considered n~m-essential . Therefore the seven 

copper, one molybdenum and s"ix zinc p opulutions lnvt::::stigated oy t!J ~_:._.;e 

authors would be expected to be normallJ distributed and have sn 

arithmetic mean close to the median . However this occurred fop only 

two distrioutions, copper in NothofHgus menziesii and zinc in '3'.,uintinia 

acutifolia a nd in oath these coses the diff'erence between the arith­

metic and geometric means was small. 

C. RESULTS AND DISCUSSION. 

Seventy-five species were analyzed and of these, eight were 

sufficiently well represented (ten or E:or·e specimens) to be statis­

tically analysed and they will .)e di r> cussed as "ubiquitous specie s " 

anu the remaininr; sixty- seven species c-n·c trented as "non-ubiy_uitous 
• II species. 

1. Ubiquitous Species . 

As described in Tirnperley et al. (1 ::170), the criterion for 

deciding whether a distribution was nor-rn:11 or lognormal was the 

relstionship between the median and one or other of the means . If 

there is a link between essentiality and normality of distribution, 

copper and zinc would be expected to be normally distributed in the 

eight ubiquitous species as they are essential elements in plants and, 

as a non-essential element , nickel would be expected to be lognormally 

di st ri but e d . 

The eight species analysed for the three elements copper, nickel 

and zinc wer-e:- Albizzia saponaria Blume (Legumin) , Homalium 

caryophyllacewn (Z et M.) Benth (Flacourtiac), Homalium celebicum 

Kd s, Homali um foetid um ( Hoxb.) I3en th, Ii omal i um grandi fl ori um Ben th, 

Homalium rninahassae Kds , Homalium tomentosum Benth and Hybanthus 

enneaspermus (L) F.v.M (Viol a c). Tabl e 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 s ta tis ti cal ly analysing the tv1en t y four data ~ 1 opul<1 ti on s it 
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•1.a s discovt!rcd thuL unly three v.~r·e f1t.,;1•1;:ally dist ributed and they 

Vler>e copper and zinc in Humalium cel ~o icu :-:. und copper in HomHliUf!1 

mina hassae . It s·.oulu be note ,j thnt in the case of the two n or .. ei .. ly 

d istribu t ed ;>vp ilt1 ti uns in Hurn:1lium cc:lebicu111 , the arithmetic rnenn 

Bn d the ~eometric llit.Dn ;1: 't' rt .. l.i t ivdJ sirnil~i!' ano the 111ec.iia n lies 

bet:·een tht- t.vo , ut i~; closer to the urithme tic mean . In tht: case 

o<' copper in Ho::~rll iur:1 111i f)<'h<1sfwe t.m· rn-c>di·in is defini t.e ly cl oser to 

Li ebschcr :.1n.~ S1::ith !:)O!lt.ul 11'.ed th~1t n nor·mal dis tri buL iun aro~H;' 

in t he- c1...neer.tr<• ti on V81UL'S u:.' an essentinl trace consti tuent lieca'-"se 

the uptakt 0f tt:e elen;vnt ":a!> cunt rollec by the organi sn1 so thHt tne 

concentruti on feJl in R. ncirpo:. opt.imun1 rcJnt,e. For n on - essential 

elernents , &n crgenisrr. h<is no cuntrol uvcp uptake und the toxic thres­

hold i s t lw uppe r limit of' nccrn:ul<1t.icn . Con ~equent ly essential 

elements tend toot: distrioutc0 Nith r~:i.all rHnge~ anJ s t anuard 

devit1tion ~ ana non - esstmtiul element<il J:,;tr•ibutions tend tc have 

l Rrtt: :'tHl£t!i ; an,i de!'initt' po~·itive s:.:t•\\~; t.fi-,t tend t 0 di1·nppu1r when 

Ahren~ ( 1 :J'_J .) 1:<.ve 11 '.:;~.:t:1ou 01 ?:.t.::1su r·intc. tht! 1;pret1d cf ~ 1 ro.r: 1 ~ 

cf vulues .vhen he ~L11tt:1..~ , "·_'t!e no.Jnu~1rH·e "t' an elen.t nt in fJO itn<.: •. Js 

r uci< i s ljl.,uys !:reuter U1b:. ~t$ r::c~'... pre\~1lt.nt concent1·ation; tht.· 

oiffert.nce rn~iJ oe i11i1 .. t~nsu!'~tbly srnull L)r• very l nrt,e ara.l is dt.t1::..rmineu 

solt:ly -.JJ :i1t..: 1:.H(,nit.ude ol' tb~ d iqH:I'f ~on ul its ccrH.:entrcit.i0n . 11 

'';hen Ahrer.s • .. t!:lt~ons " the ~1oun "1rice" ht: L> r•t.::'t:1·rint. tu tne <:1ri tll.:.1.: ic 

rnt:an nn:3 tLt: reomt.tr·ic mefln v.ilt.!n ht: spenkf of tlic " rnost prt..valent 

concen trotion. 11 ht' de1::1.-ns~r,, t.t;,: th·s t f>tan~wrd devi&tions bI'ea t er tr.Rn 

0 . 4 are proportiurwl tu a . 11 . • /L . 1.1 . U~:;int. this info1mation the p reoic­

t ion can be 1:.aoe th1 t t!$Sentic1l c:lenents 11111 have a snoller ratio of 

t ht n ri th111t~tic :.1ean :.o tnt· tSeomet!·ic mean then non-essential elemt-nts . 

(':.'he rettios of arithri.etic means to geon:etr·ic mean s are shown i n Table 

III-2) . Tnbl e II"!.-2 shu.rn th;.t tht~ lm\est values of th e ratio exiat 

fo r copper . Values for nickel are all higher than the coppe r values 

a n d the z in c values cover a wide r<inte . '.:'he low val ues (less than 

1 . 50) contain the thr ee noPmHl ropulntions (copper and zinc in Homnlium 

celebi cum -1 . 21 and 1 • 40 r es pe c t i vel y and copper in Homali u m rni n ahas­

sae (1 . 28) ou t they also contni n some lobnormal populations , copper 

( 1 . 12) and zinc (1 . 24) in Homnl ium grandifolium and copp e r in Homalium 

t ome ntosum ( 1 . 12) . In the cnse of Homnlium grandifolium tht: value of 

the ratio of n ickel vAlues was also low (1 . 78 the lowest of the nic~el 

vulut:s) so either tr1e pl ants thnt supplieo the specirr.e n s ·::e re t.:row1n g 
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RELATIOtffiHI F BErr :·:·:.Eil A~HTH!.!ETIC 

CONCEN''l'H/,TI ON DATA . 



TABLE: III-2 - - ---

SPECI ES. NICKEL 

I 

a . m. g . m. a~ . m. 
(pg/g) (µg/g) (µ1;/g) g . m. 

Albizia s a ponaria 2 . 23 0 . 94 2 . j8 7. 07 

Ho:-:.a l i um ca r,y o2h,yl l a ceum .5 . 28 1 . G3 d . 02 9 . J6 

Ho•na l ium celeb i cum :;, . 46 2 . 09 2 . 62 32.00 

H orrial i um foe t idum 6 . 45 j . 05 2. 12 ;;;b . 21 

Homali um g r a nd ifol iurn 2 . 02 1 • 10 1 • 8 7 9 . jO 

Ho~alium minahassae 6 . 23 3 . 24 1.94 6c .55 

Hor;.ali um t omen tosum 1. 86 () . )1 2.05 :3 . 59 

H~ banthus e nneas2e r mus 8 . 07 1 . 53 5 . 29 19 . ]0 

COPPER 

g . m. a :% 
a . m. 

(µg/g) (p.g/g) g . m. 

4 . 91 1. 48 7h . ')0 

6 . 54 1. ?5 121 . 0.5 

25 . 71 1 • 21 565 .86 

17 . 83 1. 58 c:'.95 . 45 

8 . 39 1 • 1 2 I 00 . 70 

53 . 02 1 . 28 (jG5 . 9 

b. 63 1. 12 146 . jj 

11 . 13 1. 78 766 . 83 

ZINC 

a . m. 

(µr,/g) 

46 . 97 

52 . 04 

402 . 00 

114. 50 

81 . 36 

_341 . 6 

95 . 21 

152 . 20 

G;?: 
g . m. 

1.59 

2 . 31 

1.40 

2 . 58 

1 . 24 

2 . 84 

1 . 54 

5 . 04 

VI 
..... 
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en very similar substrates, or this species has g reater control over 

trace element uptaKe th:~n some other species . The very low value 

for the ratio of the urithrr.etic mean to the geometric mean l'or copper 

in Homaliurn tor:.entosum could be n sitsn th:1t the distribution tends 

toward norniali ty • 

.Anouialous elementul ct...ncentr·cit Lens wer•t:. determined DY plo ttin 1;-; the 

data on prooability paper (Tenr1&nt und ·,'/hite , 19~)9). Tne values fur 

ec..ich of the twentJ fvL.t' ~istT'ioutions \'.t::re rani<~d and tne ccncent:r·~itiors 

(µg/g ) Viere plotted (on a lintar scHle t'or normEtl populfl tions or ~1 

logarithmic scale for lognorm<Jl populations) Hgainst the cwnulative 

percentage of values l ess than or equal to the particular concentrMtion . 

On these g raphs each populat ion is represented by a straight line. 

\'ihere tw o s trai ght lines occur , two populations are ind icated and tr1eir 

point of intersection is the threshold value that fonns the boundary 

between tr-e two populations. (See p;gures III-1, III-2 , III - 3, TII - 4 

for representative graphs) . ·::here two po_pulations were presen t, the 

specimen s th'lt fell in t he upper popul<:tion ·::erie considered ano1r.alous 

< nd these Hnomalcus values coulJ be indica..,ive o!.' mineralization, 1..r' 

c:!. rock. types with elev<1tt·d ltvt·ls uf '~ht' t:len.L~nts concerned. 

2. non- ubiquitous species. 

As well as the eit_;ht species pr·cviously mentioned , sixty seven 

were analysed ~hich had fewer than tPn sp~cimens . Table IIl-3 listn 

these species family by fa111ily <ind notes the nun.ber of speci:nens unc 

the mean and range for each of the three elen.ents copper, nicKel anu 

zinc . Due t o tr1e sn.Hll sizes of the populat i ons it was not possible 

to distingui sh low and high populations within a species and so 

identific<.,Lion of a norm1lies must be on an arbit rary basis. Anorr.alcus 

values were ~red icted using the criteria of copper and nickel conc~n­

tra ti ons ~ 50 µ g/g and zinc levels 7,..1 000 pg/g. These levels were 

set deliberately high in order tlH1t errors of prediction should be 

minimized . 

3 . Sites of particular interest . 

(i) Nickel . 

Listed in Table III-4 are sites for• all the specimens that were 

c onsidered to c ontain an anomalous concentration of nickel either 

because a cumulative frequency graph showed them to fall in an upper 

population or because they exceeded nn nrb itrary VE'llue of nickel 



FIGU RES III-1, III-2, III-3, III-4. 

CUMULA ':'I VE FREC2Ul~NCY CJJ<.APHS SHOWING 

TRACE L·LEMEWI' CONCr~NTH.P.'l'I ONS . 

Species Hre ; 

Homaliurr. caryophyllaceum 

Homalium foetidum 

Homalium tomentosum 

Hybanthus enneaspermus 

III-1 
III-2 
III-3 
III-4 



1000-----.---------...----------------
Homalium cary9Qhy:llaceum 

100 

II 

10 Ni 

1 2 5 10 50 90 95 9899 

Cumulative 0/o 



10,000 
Homalium foetidum 

1000 

100 

10 

1 2 5 10 50 90 95 99 

Cumulative o/o 



Homalium tomentosum 

100 

10 .. 

1 2 5 10 50 90 959899 

Cumulative 0/o 



10,000 
Hybanthus enneasRermus 

1000 

100 

10 

1 2 5 10 50 90 95 9899 

Cumulative 0/o 



TABLE I I I - 3 . 

TH.i\CE ELEMENT CJNCE!i'l'Rl'l'lOH (µu,/g dry weight) 

IN NON-UB1QlJ1 TOlIS ~U .. L'·:~;I/1N SPECIES . 



TABLE III-3 

N.B. In calculating means <1 j s equated with 0. 5. 
- --- r -

SPECIES No. Nicke l 
I 
Ran g e l Mea n 

Family~ - Caryophyllac eae I 
Cerastitim indi cum Wri ght & Arn. 2 < 1-< 1 0 . 5 

Family: - Cornaceae 

Alangium griffithi Harms 2 < 1- "1 0 . 5 

Alangi um javani cwn \'iange rin I 3 
<1- 7 2 . 3 

Family: - Fla c ourtiac eae 

Casearia gla bra Roxb. I 2 < 1-<1 o. s I 
Casearia grewiaefolia var I 7 <1-50 1s . 4 I I 

deglabrata Koo rd & Val. 

I< 1-3 Casearia halma herensis v Sloot 2 1. 6 

I Casearia hosei Merr. 1 i 2 . 6 ' 

Casearia papua na Sleum. 1 0 c; 1: . ~ 
Fl a courtia indica Merr. 2 < 1- 3 1- 8 

Flacourtia in e r mis Mi q . 5 i< 1- 47 11 . 2 

Flacourtia ru kam Zoll & Mo r . h l<-1-3 5 8 . 6 ../ 

Flacourtia zippelii v Sloo t . 4 <1-9 2 . 6 

Homalium barand a e Vid . 2 < 1-<:1 ! 0 . 5 

Homalium bracteatum Ben th. 1 1 

Homalium cochinensis 4 <1-13 3 . 6 
(Lour.) Douce 

I 
I 
l 

' ,, 

- -
Copper 

Range Me a n Ra n ge 

33-33 1 33 6 7- 2L~ 1 

11-14 I 
i 

12 . 5 19-1 45 

G- 22 I 12 .7 1 9- ~06 
I 

I 
6 -1 2 I 9 I 40-1 1~ 

4- 21 
9 . 7 I 19-1 000 

I 

5- 8 
I 

6 . 5 i 44- 46 
I 

I 

1 5 ; 
8 

10-1 9 14 . 5 102 - 276 

3-1 2 7. 0 . 98-3 57 

5-14 8 .0 66- 165 

4-16 1 0. 8 23-1 30 
1 0-1 1 10.5 60- 102 

5 
10-23 1 7. 0 100-1 62 

-

Zinc. 

I 
I 
I 

1 

I 
I 

I 

--- - -----·- -

Mean 

154 
I 

I 
I 

82 I 
I 

11 1 . 7 I 
I 

76 

3 11 • 9 I 
I 

I 
45 I 

I 

172 

60 

189 

224.4 

11 0 . 0 

75. 5 
81 

I 167 I 

119. 8 

cont i nu ed ..• 

1 
' ' 
l 

C,J .... 



Table III-3 continued • •• 

Species No Nickel 

Range Mean 

Homalium dasyanthum W<r 'b • 3 <I- L::1 0 c:. . .,/ 
Homaliurn dictyoneuit>J~ Hance 1 27 

Homalium fagifolium Ben th 1 0 . 5 

Homalium fallax v Sl oot . G "-1-4 2 . 4 I 

Iiomali um f ru te seen s King . 1 10 I 
Hornalium glabrifoliurn Geddes . 1 0. 5 I Homalium griffithianum Kuz . 3 <1-\1 0 ~-. '.) I 
Homalium hainanense Gagn ep. I 3 I 
Homal ium hoheri h~e rr. 1 (_,' . j I 

I 

Homalium m,yriandeum Uerr. 1 '"' r 
I 

1..) • _ ) I 
Homolium propinquiu~ Clarke . 1 ,, '" I 

L • ..,..' I 
Ho~alium undul atum Kine 2 <i-<1 0 . 5 

Homalium vill arianu~ Vid. 7 2- 2 2 . 0 _; 

Hydnocarpus heterophylla VRr . 1 127 I 

I ~ 'hi 1 i .!2l2 in ens i s Sleumer 
Hydnocarpus sumatrana (!.liq ) Koord. -z, <.1-16 E .:,o ? I 

J _.1 _./ e -.. I 

I toa s ta pf ii ( Koord) Sleum. 1 0 c:. 
~ . -· 

Osmelia phili£pina (Turcz) Benth . 3 <1-9 3.3 

Osmelia sp. 2 1-3 2 .0 

Pangium edul~ ~e inw. 5 <1-108 24.0 

<1-<1 Pseudosmelia moluccana Sleum . 0 C r, 
L . .,/ 

Scol opia crena ta Clos. 1 21 
I 

i 

copper 

Rrrnge Mean 

4-8 5 .7 
7 

11 

4- 16 9 2 • :J 

15 

2 

6-10 8 .3 

3 
6 

6 

14 
I j - 4 3·. 5 

3-31 14. 3 

8 

6-1 0 7. 7 
30 

11-19 15 

8-13 10 . 5 

13-70 32 . 6 

8-13 10.5 

7 

'L.lnc 

Range 

20-46 

I 
23-5107 I 

I 
I 

:JG- G9 
; 

'12-56 

.:::4 . :)3 

17-1370 

G6-371 

1202-391 
r"),,.. ')6 7 

I ~~=~~4 ' 
' I 

I 

' i 
' I 
I 

I 

Mean 

35 .3 
20 

11 5 

1054.7 

71 

11 

63 .3 
29 

95 
1 2 

34 
34 . 0 
3G . o 

128 

565.05 
27 

185.3 

296 . 5 

148.2 

94 . 5 
60 

I 

I 

I 
I 
I 

I 

Vl 
C.TI 



Table I II-3 continued . •. 
--

Species !~o. Nickel 

:lange 11.ec:n 

Scolopia luz o:lle n s i"B , ;·1arb . 1 36 

Scolopia spinosa ',Varb. 1 4 
Tri chadeo ia philippinensis Uerr . 8 <1 - 12 j . 6 

Trichadeni a sp. 2 1-3 2 . 0 I 
Xylosma papuanum Gilg . 1 O. J I 

Xylosma luzonense Clos . ~ <1-5 I . r. I 
I ,: . 

Family: - Laoiateae I 
Ajuga bracteosa '.Vall . I 
Plectranthus Scutelleroides Blume 1 I 66 I I 

Plectranthus teysmanii Miq . 2 <1-3 I I . 6 

Plectranthus I sp. 1 52 
I 

I 

Family: - Leguminosae I ! 
I I 

Al bizzia chinensis rt.err . 1 I (; . 5 : 

I ' 
Albizzia falcata Backer 1 ) ·~ . -" 

Albizzia lebbeck Benth . 3 <.1-3 I 1. 3 l 
Al bizzia libbechoides 1 3 I Ben th. 

I Albizzia minahassae Kocrd. 2 4- 8 6.o 
Albizzia odoratissima Ben th . 1 I 0 . 5 . 
Albizzia procera Ben th. 5 <.. 1-i:: I 2 . 7 : .../ 

Albizzia retusa Ben th. 3 I 1-6 :? ~ I 
I • f I 

' 
Albizzia rotundata Blume 1 1 .>: I 

r .,I I 

Albizzia tomentella Miq . 3 l <'.1-1 I 
0 .7 

Copper 

:<ange :.:ean 

11 

9 
3- 20 8 . 8 

3-18 10 . 5 

7 
'.) _12 9 . :; 

I 

I 
I I I 

27 I 
I I 

10-11 I ,1v.5 
I 

26 

I 3 
! I 
! 5 I I 4-6 I 4. 7 
I 4 
I 

8- 10 I 9 . 0 
1 

4- 11 7.G 
j - 14 7 . .5 

10 

2-8 4 . 7 I 

Zinc 

Rmge 

28-606 
1~2-210 

~4-279 

'.)b - 70 I 

I 
13- 121 

206- 275 

13- 769 
1 LG-30b 

21 - 374 

J.1ean 

28 

251 
198 . 4 
166 . 0 

54 
1sc . 5 

519 
64 

690 

27 

!~3 

74 . 0 
616 

240 . 5 
17 

25G.4 
172. 7 

518 

220 . 7 

continued ... 
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Tabl e II I-3 continued . .. 
- -·-- - - - - ·------

Species No . 

~amily : - Sapotaceae 

Palaquiurr. amboinense Burck h. 
_,I 

Pa l aguium bataanense Merr . 4 
Palaquium luzoniense Vi Jal J 

I 

?lanchonella moluccana I 1 i 
3urck (H . J . Lam) 

Planchonella oboyoida Lam ~ 

,.,amily : - Violaceae I 
Rinorea bengalensis (~all) O. K. 2 

I 1 Viola betonicifol ia J .E. S:ri th 

Viola kjellbergii ?I.el chi or l I 

Viola mearnsii Merr . I 1 

Viola pilosa Blume •, 
1 

L 

- - --,- Copper Nickel I 
I 

I 
Range · Mean Range Mean 

I 
( 1 - 1 - 0 . 6 6 - 11 7 . 8 

I 
1OS<.6 1<1 -367 j - 7 5 .0 

I 1- :;1 1 l+ . G 6- 8 7.4 
5- 6 I 1-14 S.3 5 .7 

I 

I 

I 

1-1 1 ::::- - .? j . .? 

:;350- I 
5750 )~'.;0 6-1 7 11. 5 

I 

I 
...; . / 10 I 
•..,' . .:..,., 7 i 

I 11 23 I 
I 

0 . 5 4 

I 

-~Tnc--

Runge W.ean 

14- 133 S6 . 8 
2r-~42 11 0 . s 

e- 436 193 . 6 

36-254 135.7 

I 13Lt- 1SO 142 l 
I 

197-992 I 
I 

594 . :; 

88 

130 

460 
93 

~ 
O'> 
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concentration. Also included in the table is one specimen of 

l-Iybanthus enneaspermus which had more than ten times the concentra ti on 

of riickel of any other sp ecimen of that spe cies. When the site s of 

the specimens l isted in Table III - 4 are plotted on a map (Figure I II - 5) 

certa in a reas appear that could contain high l e vel s of nickel in th e 

soil. It is satisfy ing to n o te that l'ive of these specimens were 

coll e cted at Oesu, Malili a centre of nickel mining. The oth e r si te s 

marked on the ma p may or may not represent nickeliferous s ubstrates 

and only a detailed geological survey could discover the exact nicke l 

levels . However th e se anomalous results ma y be a guide to suitable 

sites for geological exploration. 

( ii ) Copper and zinc. 

Biogeochemical surveys ha v e been shown to be less reliable for 

essential elements than non- essenti al ones (Timperley et al. 1970) 

a nd as coppe r and zinc are both cssentLal e l e ment s in plants it was 

decided tha t more reliRble pre •1ictions Hbout substrate c ould oe made 

i f c o pp er and zinc r.rc~r>econsidered jointly . Table III-5, therefore 

li sts spe cimens that Appear to h·1ve a ncrr:alou s concentrations of bot h 

copper a nd zin c. The sit es of these anc:.;1.a l ie s a re shown on ~·'igu re 

I II-6. From this map it a pp es rs pousj bl e tha t there c ould be coppe l' 

zinc mineral i za ti on in some parts of Indonesia a nd the islands in the 

vicinity of Halma hera could prove pa rti cularly interesting. 

D. CONCLUSIONS. 

Al though Lieosche r and s~ni th found thR t n ormality and lognurrnal i ty 

could be used t o dete rmin e ·.vhether fln element was essent:i.nl or not in 

human tissues , there a ppears t o be no definite method of determining 

essentiality in pl ant tissues . Howe v e r, normality of distribution 

and/or a low va lue of the r a tio of the arithmetic mean to the ge ometri c 

mean could indicate an essential e le ment. 

Thi s study has pinpointed various regions in South East Asia that 

may contain higher than normal levels of v a rious metals. However this 

study can do no more than predict areas likel y to contain minerali z ­

ation to some extent . Predicti on s can also b e made about geology but 

in b o th c ase s, f inal proof c an only be made by i n situ inspec t ions. 



T/;BLE I I I-L+ 

SAMPLES C lJN'l'1\INING M~OM.ALOUSLY HIGH 

CONCEU'l'J.t.A'l'IONS O? NICKLL. 



TABLE: III-4. 

Species 

Homalium caryophyllaceum 

Ho~aliu~ celebicum 

Hamal ium foetidur:i 

Homalium minahassHe 

Hybanthus enneaspermus var 

degl ahci,..t'! 

l!ydnoca rpus hete roplylla 

philippinensis 

Hydnocarpus sumatrana 

nanguirn edule 

Site 

Snndak~n, North Borneo , 

Snndakan , north Borneo , 

KinabCJ tn nr ·;n River , North Borneo, 

3u t(J.-,~, _jCrneo , 

3oseli Sei Beser, S.E. Borneo, 

Tuntnns, anpgoi , Celebes 

Tomoho'l , Ct·lebes , 

Knyu J;utu , ;.'.innhnssa, Celebes, 

Oesu , ~nliJ i, Cel ebes, 

Ocsu , ~nlili , Celebcs, 

.·\r:,bon , t.'.ol~c;cas, 

South :·:ast 3or-neo, 

:ou~h ~<ts~ !3orneo , 

?ual, Kai Island, South ~oluccas 

,,Anirnoar Island, South Moluccas 

utim1:it.: r, Tonir:ioar Isla nd, South Molucc.:as 

- • J omr!i: ra, Tanimbar Island, South :.:oluccas 

Golo, : hilip~ines 

Kabaenn Island, Celebes 

3oet~ , 3ancgei , Menado , Celebes , 

Lntooe, Kc lakR, Celebes 

Bone ~oena Island , Celebes 

tJe,/g Ni 

8 

7 
10 

r 

45 
7 
8 

45 
88 

31 

j2 

jO 

44 
11 

18 

1 1 

12 

138 

50 

127 

158 

108 

continued •..• vi 
c.o 



Table III-4 continued •.• 

Plectranthus scutelluroides Kolonedale, Celebes 

?alaquium bataanense Oesu, Malili , Celebes 

Palaquium luzoniense Oesu , Malili , Ce lebes 

Rinorea bengalensis Kola tea, La aoe , Celebes 

Kawata , ; alili, Celebes 

66 

387 

51 

5350 

5750 

~ 
0 



TABLE III-5 . 

SAMPLES cm;'l'i'\INING AllO:v'.1~LOUSLY HIGH 

CONCE1l1'Ri~TIONS OF COPPrJR AND ZINC 



Table III-5. 

Species 

HornAlium foetidum 

Hybanthus enneaspermus 

Sit e 

L~fandi , Butun g Island, 
Cele bes 

?andu , ~innhnssa , Celebes 

7obelo , Halmahera 

.~mb cm , S . :.: cl uc ca s 

Ternate , }i[llr;.<1 hera 

':'erna te , I!almAh ern 

Kai Island 

1:ai Islano 

:...oi::iboi< Islnn!1 

pg/g Cu 

92 

11 2 

88 

102 

71 

29 

1 :;4 

j7 

41-1-

p.e/g Zn 

j 8 17 

1370 
976 
457 

7500 

21.i64 

989 

679 
581 

~ 
{\) 
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CuLL:.:.CTION SI1'iG OF ?L1;wr SPECHENS 
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SLCTION IV • 

.ACCU!.'. ULA'l'l ON OF COJJ\L'_' J,;m '.llCK~'L BY SPECI.:,S 02 

':i.'HE G~r;us HINOJ.J<.:/, . 
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A. INTIWDUCTION 

As mentioned in Tabl t: I I I-j two specimens of Hi nor ea bengalen si §. 

(Wall.) O. L , both from th t: Ct:lebt:s, 

pg/g Nickel on e dry wei[ht basi s :­

Lataoe, Kolaka and 5 750 fl g/g from ri 

\', e r e found to c ontain over 5000 

( jj)O pe/&-. for a sa i11ple f rom 

s:irr.ple from Kawa ta, Mal i l i). 

This clearly qualifies H. bengal en~>i~> for clRssification Rn hypt: r­

a ccumul ator of nickel (Brooks et al., 1 '077) n nd, therefo.rt C1 s tudy 

of all Hvailaol e spe cim ens of the i enus Hino r ea was undertnz<en with 

part icul ar emphasis upon the species E. oengalen s l s . 

For the purposes of this study Hl l sampl es were analysed for 

cobalt and nic ke l by flame atomic Llbsorpti on spe ctrophotometry. 

B. TAXONOMY OF' THE GEl\TlJS RPJO:tI·:1\ 

Jacobs a n d Moore ( 1 971 ) describe the ge nus 1U norea a s comprising 

approx i mately two hundri:::d species, roostly sraull shrubs o r small t rees . 

These species g row mainly in tropicnl regions wi th over hal f the species 

being endemic t o /,f pi ca. The pl8 n ts 11 re fou nd pred om in ant ly in t he 

u nderst orey of p rimary rainforests, nl Vt,;r.J low a l titude , occcu,ionally 

up to 1000 :n ., en vcirious soils incl~dinL; lirnestont: , Unforturn1tely a 

sat isfact or·y suc)oivision uf the ent.ir·c t;L'nus hr-is not yet 'oc·cn n;::ide . 

(Jacobs and Mo ore , 1971). 

C. lUNOHEA BENGALENSI S - /1 HYP~:H.ACCU!.1llL1\ TOH O? NICY.~'L . 

The discovery of t\\O spt ci;r.ens of i · hengalensis f r orr. the Celebes 

containin t:; in excess of 5000 pe/g nicV.el t_;uarantees t his spec:ies a 

place in th e g r owi n i:; li st of hypL'I'acc.:umulcitors of nicKe l. (Brooks et ul , '> 

1977 ). A fur ther eighty nine sl::irnples of' this sp e ci es were analysed fo r 

calcium, cabal t and ni ci1.eJ. . 

The plant is found in the unaerstorey of mi xed rainforest , as a 

shrub or tree (u _p to 20 rn high) in Ceylon, Southern India , Jurma , th e 

I ndochinese Peninsula , Hainan , t he Andc:1rn an Islands , Mal.esi a except 

Southern Sumatra and Java , Northern ~u eensland, Melanesia and the 

Caroline Islands. 



Frou:m rv-1 
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TABLE IV-1. 

Known 
Ultra 
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Collect ion Locality : - bas i cs µe/g Ni 

Dalma n, Nabire , ~est Irian 

Pa r a c a l e , Camarines Province , Luzon Philippines 

Pa r a ca l e, Camarines Province , Luzon, Philippines 

Mt . Ki nabalu , British North Borneo 

hl t. Kinabalu, Br itish North Borneo 

Cy cl oop M ts . TAnEJ.li ;.; e r a h Bay , Iiol 1 and ia , New Guinea 

Mt . Kinabal u, Br itish North Borneo 

Mt. Kinabalu , Br itish North Borneo 

Tapul , Paragua I ., Pala~an , ?hili~pines 

Kt . Giting - Giting Philippines 

Paluan , !.'.ind oro , Phi 1 i pp in es 

i?.oad to Elamono, So rune 'Ji st. ' :~ eVJ Guinea 

La ta oe , }\Ol8K8 , The Celebes 

Kawa ta , !1'.al il i , The Celebes 

Near ni ckel mining areas. 

No ·17750 
yes 13750 
yes 10500 
yes 5650 
yes 4750 
yes 9000 
yes 7150 

yes 8775 
yes 590CJ 

yes 8000 

yes 6'JOO 

No 120CJO 
,yes* 5550 
yes * 5750 



47 

1. Population Studies. 

Ninety- one samples of thi s species were avuiluble for analysis nnd 

the nickel concentrations for these ninety-one sA.mples were ranked and 

plotted on cumulative frequency paper- us described in Section III. 

The resultant graph (fi gure IV-1) app~ars to indicate the presence of 

three populations. '1.'he 1 ow er popul 8 ti on comprises a ppr·oximu tel y 2(/: 

of the totAl samples and contriins value s below 6.8 µg/g. The upper 

population (which is the populrition of most interest) contDins only 

17~~ of the specimens and refers to individuals containing over 440U 

pg/g of nickel ( dry weight). (See table IV-1 and figure IV-2 for 

collection localiti es of these specimens. ) 

2. Determination of ul trRbasic areRs. 

As ultrabasic areas are , potentin1ly, very valuable it would 

be desirable if we could decide upon certain criteriA that distinguish 

specimens of ,R. benp;alensis growing on ul trabasic substr·n tes from othe r 

specimens of the species. 

Of the fourlei..'r. specjmens listeu in Ta8le IV-1, t,1,·1elv{;, .-.ere 

collecteu froi:1 knov:n ult!'abasic <.1ren~. und thi..; rernnining t·:,o snrr;plcs 

c:arne from art:as of uncertnin geolGgJ . '~'h e first criterion ueciJed u;1on 

was that sa11,_ples cuntaininc more Uwn LtCJ00 ~g/g nickel can oe ccnsiaered 

to have oeen collected in ultr·abasie nr·eas . F'rom the study of collect­

ion localities of known geolo1_,y, it wus clear thnt nearly nll specili1ens 

containing over .20UO f.Je/g nickt:l wer·e al Do fcund on ul trabc.;sic sub­

strates . This cut off point of' LtOOO µc;/5 is therefore conservative. 

Cobalt/nickel ratios were calc:ulated for all samples of ,R. 

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

Table IV-2. Fo r ultrabasic substrates as a very low cobalt/nickel ratio 

was found and this led to the second criterion for determining samples 

of R . b enga lensis growing on ultrabasic substrates I.ea cobalt/nickel 

ratio of 0.01 or less. Therefore for the purposes of this study any 

specimen from a n area of unknown or dcubtful geology containing more 

than 4000 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 f rom the road to Klamono in the Saron g district, 

New Guinea. 

Reference to the Indonesian Geolo~ical Survey (G.S.I.) Band ung 

was made in both these cases . G.S.I. had no information on ultrabasics 



COLL~C'i' I ON LOCP.LI TE:s u:11 SJ.,:t.?L3S 
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TABLl~ IV-2. 

NICKEL l1ND COB.fl.LT CONCEN'l'lU\TIOH (µg/g dry weight) 

IN RINO:-d<:JI. BENGJ..LENSIS 1 



T.r\BLE IV-2. 

Coo~11 t Nickel 
!~ •.) . () ! . 
P .l!r t 1 er. '..iean HnnLe ~-:e.:in Range Co/N 

Ul t:-abn sic rocks ~1 87 C- 545 6557 636-17 , 500 0 . 01 

Li me stones 1 2 1 2 1- 33 113 2- 560 0 . 11 

Other Sedirnentnry Hocks 1 lt 75 j-2')0 674 3 - 3000 0 . 11 

Basic Rocks 11 27 1-21 7 103 1- 550 o. 2( 

1 cid i.~ocks 5 16 5- 29 20 2- 56 0 . t)O 

Unkn mm ?8 38 0 . 5-.500 177 1- 2000 0 . 21 

Ove rnll 91 51 0. ?-~45 1810 1- 17 , 500 0 . 03 
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in th e Nab ire area . The en 1 y reg i en-tl rn n p : • v n i 1nb1 e a t t n i s inst i tut e 

was incomplete . Ho· . ..-ever , £,ross extrrt11ol<iticn uf a belt of ultrabasi c 

intrusivt:s in nurthWc:!St ·::est Iriun inoic: ~ tt:s the lixelihoo<..i of ultra ­

b asic r ocks under the alluvi a l basin (ne:-ir· llaojre) adjacent to Japen 

Isla n d . 

The ::-·e is also some douot 8~~ to whether· ultrabc.1Pic rocl."s arc !mown 

at the precise locnlity in the ~orcnE :lf'<:..<. cf northweGt ··.est Irian . 

It would a11pea r the::-c:fore , t.twt tr:t: Ji . be:nw1lcns"i s survey has 

resulted in the disc .... )very 0L' nt J.t:ast _,ne , nnd _possibly two , pr·eviously 

u n reco r ded arens of ultrabosic rocks. 

~he fi n a l p roof as to whether or not these collection localities 

are ultrabasic , wilJ of course derenri en in si tu ex:Hni n ation of the 

sites , and evtn if they do contuin ult1··1b<tsic rocks , there ·.vilJ not 

n ecessn ril y bt::· ni c J<el rr.incr·nlization within them . It is , ho·11ever , note ­

worthy that the sample of :.S · oenr:nlensLs f'r-um :;abir·e contained the 

hiehest nickel con tent ( 1 . 7'J,~ dry ·.veirht) so far recorded fort.his 

spcci es . 

3 . :<elntionshi:1 bet\'.' t't;n ~~~c,;el ur.d C'1lclum. 

Unli l\t.! nickel, l· alciu~;: is n o t u tr·uec: ele:::ent nnd is !'o unci in 

lart;e ~unntitics in i l <.mts . ·~'h e \_!.twstL c n :1ros·2 tis tc •..vh~tner extrt-1 -

o r di naril J hi t'.h ni ckcl concentr·n ti on \·:uuld c<JU8e a lowerine o r' the 

ccncen t rations of r.wjor e l tll.t nts liKP c a lci.m1 . Pigure IV- 3 is~· plot 

of µr;/c ni c.r-el ac~tinst '.~ c~.lciw;, . '~'~it::'L~ is ~1 very hit;hly sit_;nif'icant 

relationship (p <... 0 . 00 1 ) out·.•~en the twc v~11·i..nbles (.£ = - 0.Sj f <n · 89 

det.::rees of f r eedom ). It \·;uuld apl'l'llr· t.ilt' n ttH1t lncrensint; concentrn-

tior.s of nickel have a depr3ssnnt effect on the concentr<ition of the 

major element calcium . 

?rorn figure IV- 3 it can be seen th11t when different symbols ore 

used to denote differ~nt substrntes for th~ various specimens , those 

g r owing on ultrabasic s are grouped toeethLr (as are otherR such as on 

limestone ) a n d so high nickel nnd low cnlcium concent r ations in a 

spe cimen of g. bengalensis could nrovide additional evidence that 

suggests thnt the specimen v.ss erowing on an ul trabasic substrate . 

D. OTHER RINOREA SPEC I ES . 

After studying the species _g . benr;alensis a study of some of the 

rema ining s pecies of the genus Ri n o r ea wHs made . Specimens were 

a nalysed for cobalt and nic kel only, Rnd flame atomic absorption was 
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The inve rse re l Rti on ship is very highly 

significan t (p < 0 . 001, ~ = - 0. 53 ). 
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used for the a nalys es . Table IV-j list 811 species analyned . 

1. Rinoren javanica - n hypernccu1r.uln tor of nickel. 

Of the four sa1r:ples of B· ".avnnica 1malysed , the one from l:inabalu 

'.Jation<il Park in 3orneo had extremely hi[h ccncer!trations of both 

nickel and cooalt. 

f._ nickel concenlrution c,f 21 70 µe/e places this species in the 

hyp e raccun;ulator class usi1 1E t he artli t1·<1rJ stnndclf'd set by Jrooks e t a l , 

(1977) of a nick el conc entr·1. ti on of L_,I't:nter than 1000 )J t!,/g . '.:'his means 

that B· javanica joins B· bengal ensis ns the second hyperaccumulator of 

nickel in the genus . 

The same specimen contained G70 pt.,/i:, uf cobalt which is an 

extremely high c oncentration. (o.G }Jl/[ would be a typical value -

Brooks , 1972) . Only tw o species ha v e vreviously been found to contain 

a higher ccncentration or cobalt thnn this and they are :-

Haumaniastrur.i robertii 10,222 pL,/g 3rooks (1977) 

2 . Hit,h cobalt l evel s frc:n '.:.'nnzani.u. 

Sumples of th e two closely reluLed spt:cies Ji. ulbersii und 

jl. a lbersii va r pub erula th:·it hnd bet:n collected in Tanzrmi:=j were 

ar:a lysed and found to conUiin Ii.Ore cubnlt Lhc-rn nickel. i'Yorru:illy the 

r·everse is the cnse AncJ iL cnn be St..'t:11 from Table IV-3 thnt the 

cobalt/nickel ratio is usually very io-f; !Jut in the csse of~ . nlbe£,§_i i 

va r puberula the rntio hits a very high vnlue of 200 . 

Although cobalt deposits Gre not recorded for Tanzania, cobalt 

ores are known in nearby Katanga ( i)uvigncnud , 1959) and in Southern 

Uga nda , just to th e north of Tnnzania (.Jones) 1972). It is therefore 

possible that these Tan z anian Rin orea species were grow ing in soils 

rich in cobalt . 

E • C on c 1 u s i on • 

The discovery of two specimens of 1 . bengalensis from the Celebes with 

over 5000 µg/g nickel, has lead to;the dis covery of two hyperaccurnulat­

ors of nickel ( R. bengalens1 s nnrl R· ,;avanica), criteria for identify­

ing ul trabasic substrates , Lwo possible new ul trabasic aeeas (Dalman , 

Na bire and Sorong) and a poss ible source of cobalt and a n ew cobalt 

indicator in Tanzania. 



TABLE IV-3 . 

(pg/g dry weight) IN lUNOREP. SPECIES . 
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TABL~ IV-3. 

C o b a l t N i c k e 1 
Species 

~ ccommanthera Ga gnep 

.3. fzelii Engl. 

a lbersii Engl. 

lbersii Eng. va r. 
uberula Engl . 

a maniensis Engl. ex 
Brandt 

anguifera (Lour.) O. K. 

No. Loc a tions 

1 Vietnam 

1 Cdmeroun 

l.8 Tanzania 

1 Tan zania 

1 Tanzania 

9 Malaya, 
Cambodia, 
Suma tra , 
Sa bah 

a rdisiiflora (Je lw.) O.K.1 Tanzani a 

a ruwinensis Engl. 2 

a ustr a lic a C . T . ~ . 2 

benga l ensi s ( wall.) o.~.91 

bipindensi s Engl. 1 

brachypeta l a (Turcx.)O. K. 2 

r evipes (Benth . ) Bl ake 1 

castaneifolia Bonda r 1 

castilloi Mer r. 1 

Za ire 

Australia 

s . .i.:: . i\s i a 

Came roun 

Ni ge r ia , 
Lib e ria 

Guyana 

Br azil 

Phi li ppines 

Mean 

3 
1 

24 

100 

77 

9 

53 
0. 5 

1 

5 1 

0. 5 

0.5 
4 

15 

0. 5 
comosa (King) Merr . 

conva lla riiflora Bra ndt 

crena ta Blake 

1 La os 0. 5 

dasyadena Robyns 

densiflora Bartlett 

den ta ta 

elliotii De Wild 

elliptica (Oliv.)O.K. 

falc a ta (Mart .) Ktze 

fascicula t a ( Turcz.) 
Merr. 

1 Kenya 0.5 
1 Costa Ric a 4 

1 Panama 2 

1 Brit. Honduras 2 

5 An g ola , 
Cameroun, 
Liberia 6 

1 Sierra Leone 0.5 
9 Kenya, 

Tanzania 

1 Pe ru 

1 S olomons 

1 

1 

ferruginea Engl. 1 Tan za nia 

5 

0.5 

1 flavescens (Aubl.) Ktze 2 Brazi l 

Range Mean Range Co/Ni 

0.5 6.oo 

4 0.25 

() . 5-96 6 Q.5-19 4. 00 

0.5- 72 

0. 5- 0. 5 
0. 5- 20 

0. 5- 545 

0.5- 0 . 5 

0.5-25 

0. 5-2 

0.5-2 

0. 5 

56 

3 
74 

6 

22 

1810 

13 

0 . 7 

7 

? 
0. 5 
0 . 5 

0.5 
4 

4 

8 

1. 4 

0.5- 12 

0.5-43 
1-17,500 

0 . 5-1 

7 0.5-28 
0.5 

1 0.5-2 

6 

6 

2 

6 4-8 

200,00 

3.00 

0 .71 

0.08 

0.05 

0 • .0? 

0.04 

0.71 

o.6c 
7 . 50 
1. 00 

1.00 

1. 00 

1 . 00 

O • .'.JO 

0.25 

o.86 
1.00 

1. 00 

0.17 

o.86 

0.2.::; 

0.17 
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gazensis (Bak.J. )Brandt 8 Kenya, 
Tanzania 0.5 0.5-0.5 1 0.5-3 0.50 

glansil.l~Qaa (El m.) Merr. 1 Hai nan 0.5 21 0.02 

gracili,EeS Engl. 2 Cameroun 7 4-11 8 8-8 o.8'! 

5uatemalensis (Watts.Ji 
Bartl. 2 Mexic o 1 0.5-1 10 2-18 0.10 

guianensis Aubl. 4 Brazil 1 0.5-2 3 1-6 0.66 

horneri (Korth.) O.K. 48 S . E. Asia 3 0.5-41 6 0.5-60 0.50 

hummelli Sprague 1 Mexico 2 20 0.10 

ilicif olia (Welw. ex 
Oli v.) O.K. 1 Kenya 0.5 0.5 1.00 

ilisEaiei Jac obs 1 Sa ba h 0.5 2 0.25 

javanica (Bl .) O.K. 4 Malaya , 
Sumat r a , 
Java , 
Borneo 172 3-670 545 2-2170 0.32 

kamerunensis Engl. 1 Cameroun 0.5 7 0.07 

kibbiensis Chipp . 1 Ghana 0.5 2 0.25 

lanceolata ( VI a 11 i c h ) Cl. K . 3 Malaya , 
Java, 
Suma tra 0 .7 0. 5 -1 6 1-15 0.11 

liberica Engl. 2 Liberia 2 0 0. 5-40 7 2-11 2.86 

lindeniana ( Tul.) 0. :<. . 3 Colombia , 
Guy a na , 
Surinam 2 0 . 5 -2 8 0. 5 -18 0.25 

longicusEis Engl. 2 Cameroun 4 0.5-6 2 1-2 2.00 

longir!cemosa (Kurz.) 3 Jo.va , 
Cr aib Sabah, 

Hai nan 0 . 5 0 . 5-0.5 4 2-5 0.13 

longiseEala Engl. 1 Came roun 37 12 3.08 

macrocarEa (Mar t.) Ktze 1 Brazi l 7 2 3.50 

macroEh;z:lla ( Decne) :i . K . 1 Sumatra 1 2 0.50 

mar5inata (Tr. c Pl.) 
Rusby 1 Columbia 1 0.5 2.00 

melanodonta Blake 1 Co lu mbia 1 o.6 1.67 

microdon Brandt 1 Liberia 22 12 1.83 
.. 

multinervis Brandt 1 Zaire 1 15 0.07 

oblanceolata Chipp 1 Sierra Leone 11 4 2.75 

oblongif olia (Wright) Sierra Leone, 
Marq. ex Chipp 2 Ghana 18 17 -1 9 8 7-10 2.25 

Eaniculata 1 Brazil 1 1 1. 00 

Eassoura Ktze 1 Peru 3 o.8 3.75 

Eh;ysiEhora (Mart.) 
Baillon 1 Brazil 2 0.9 2.22 

Erasina Stapf . 1 Liberia 2 1 2.00 
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,EUbiflora (Benth.) 4 Guyana 
Sprague c Sandw. Brazil, 1 0.5-3 2 0.5-4 0.50 

EubiEes Blake 1 Costa. Rica 5 14 0.36 

9,uangtriensi s Gagnep 1 Viet n am 18 3 6.oo 

racemosa (Mart.) Ktze 1 Brazil 4 27 0.15 

riana (DC) Ktze 4 Surinam, 
Guyana 1 0.5-1 7 0.5-21 0.05 

sclerocar:12a (Burgesd.) 1 Sumat r a 1 2 0.50 

sessilis (Lour.) Ktze 1 Ha i nan 2 1 2.00 

solomonensis (Rech.) 1 So lomons 8 2 4.oo 
Melch. 

s:erucei ( Eichl.) Ktze 1 Guyana 2 4 0.50 

sguamata Blake 1 Pa nama 3 14 0.21 

subint e grifolia (C.B.)0.K.1 Cameroun 2 12 0.17 

subumbellata (Brandt 1 Tanzania 0. 5 3 0.17 

B,Ylvatica (Seem.) Ktze 2 Panama, 
Colombia 8 6- 12 4 2-7 3.00 

virgata ( Thw.) Ktze 1 Hai n a n 5 o.8 6.25 

viridifolia Rusby 1 Pe ru ') 6 8 0.75 

welwitschii (Oliv.) O. K. 3 Caqie roun , 
Zair e 0 . 5 0 . 5-0 . 5 5 0.5-10 0.10 

zenkeri Engl. 1 Camer oun 2 22 o. 09 



SECTION V. 
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A . INT!{ODUCTI ON . 

A series of aried lea:' f;'1r:!;Jles th· t. v:er-e frcrn ci collection rnflde 

by ;r . Z . de Vog~l in E1 knu;;n ul tr<:!b3r-.ic region in the vicinity of 

Jikodol on &; on Obi Islend in t.!'1e ~~orth ::oluccas ,,.,~s supplied for th is 

project . (Th e ccllecti un !~ ite is loc .itt:d at. npr>r·oxim<>telJ 1 . 25° S . rnd 

1 28 . 15 o E . ) 

As the c o1 J ec ti on n:·en ('Ontnins 1:1:1inJy ultrCJbo.sic rocks , ·iny 

spt:c i es ccll t·cteo ~here th:1t lwa the nbiJity to 'iccumulcite nic hel would 

be ~xpcc ted to h3ve umnssed consid~rablc quantitie s of ni ckel . Bec8use 

of this , nny potential hyperaccumulnt. cr~ ~·:cul (j show up in the analy s.'... s 

of these samples . 

The i n tenti on wns to nr.aly se all the s u ppli ed material and then 

analyse f urther snmples from t~lgewher>e in South i:n st Asia , of any £:t nus 1 

the t contc-iined fl n ev; hy i;.e rnccumul a tor ur' nic«.e l in o rder to c onfirm 

that t he species was , in :'act , n hypt:rnccuruulutor, to ident ify 

:i_)rev i ously unreco r c5ed ultr•t>bc1sic Drt.:as , Dr.rl to ct1eck whether Any other 

s;tc~cs in the cenus c;twll fieci ~ · s liYl>er:Jccumulo tors o.!:' n icxc:l . 

asheo und the 1sh wns dissclved in ::.- '!al . ~f 2!.~ r~disti11cd h~,rcr·cct~ori c 

ac id . 'l.'he Rolution~ •::t·r-e then '1n:.1 lyse·1 t'or· cobalt, chromium , nicke l 

t~nd m<J n gri nese by ;'ln;nc a~o::!:ic nosCr'j_)!'..ion. /\S chromiu:i! upt<ike is ver~· 

slit;ht in pl unts bt:c<iuse o!' its tc,.xir·i!..,1 (lr•coks , 1972) , the ch:-orniu·1 

ccn centr·:.tion ·:;as use :'ul :JS ~i 1..:ui le t-.i f1U:: i.bJ (; contri'.:.in'.i ti on of the 

sarr:;_1les by soil . Any sn;!!:'lc thnt contair.ed mor·e thnn 1 0 )J.f!./e chrorniu;n 

was considertd to be cont<i:: inated <1nd vulues for the oth(; r elcmt:nts for I 
those sarnples Wt'T'e con sidered to be un r eliable . There we1·e three 

samples with mor~ thun 10 p l/l: chrumiua.:-

Number 1+289 

Number 4265 
Numb e r 1+230 

Machaerina glome r a ta 

li,ydn op hytum for mica rum 

Schizomeria serrata 

Table V- 1 l ists , vn a fnrnily -by- farnily basis, the sixty sev en 

s~ecimens along with their c0ncentrnt Lons of cobalt , ni ckel Hnd 

manganese in )Jr,/g . (Chromium is omitted because mos t specim-:ms had 

undetectably low chromium concentrations.) Inspection of 'l'able V- 1 

shows three specimen s with more th ~n 1000 p.c/ g nickel this plncine the m 

in the hyperaccumul a tor of nick ~l cDtegory . 
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1. Myristica l aurifolia var bif'urcata . 

This specimen c onta in ed 1110 pE/c nicKel. f,s this only Jus t 

exceeds 1000 pg/g nict<.el, i l w::is cJecid~ri thut on nny substrate exce~)t 

an extremely nickel-rich une > this species ::o ulJ not oe likely to full 

into the hyperaccumulator of nic,\el csteeury . l:•'or this re asu n it was 

ccnsicereu that :in in Jeptil study 0;_' toe :....'_;nus :.'.yristica -.·::is n:Jt 

warranted. 

2. Plnnchonella oxvedra . 

• o. specimen of this sample ccnta l ned 19 , Goo pg/g ( 1. CJ6~0 nickel 

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

(see s e ction IV) a study of the t.;enus PJ anchonel la v1as carried out in 

the hope of discovering further nickel accumulators . 

3 . Trichosperr:ium ls;jellberr;ii 

Ther·e were tw o s~'\·,_:i.rnens of this sp':~ ci es analysed , one ccJntaine d 

65 7 pg/g nickel which is h tch '.)Ut not in Lhc hyp t: rnccum ul•· trH· cl:1t~~ 

Ewa one containint; 3T/CJ puc nic,.ci·l . : 'ht) cenus TrJ~_9o~permum·-;as ril~;o 

investir;:1te d more fully . 

1 . Cabal t. 

The 1·e '.V e re two spe cimen s wi t:1 r:1ore Lh:m 1 00 pt;/ g c oba 1 t . (Sue!: 

l,;ve1s are extremel,y I'rlrt? in V•-'[,etutiun - ~:;ee discussion On H . a l be I'si i 

in Section IV). 'l'he tw c speci r!lt~ns in '.J.LlCs ti on u re:-

Number 42j0 Schizo .• el'ic-1 seri·ntu contHinine 2G2 f-1£/r: cabal t, 

but this sample C GU1u oe conta rninnted by soil ns it contains 

59 µg/ g chromi U!li. 

Number 4233 Trichospermum kjellbergii containing 350 pg/g 

cobalt. This is the same sample that contained the very high 

levels of nickel . The high nick el and high cobalt could be 

indicative of a lateritic sub s trate. 

2. Manganese . 

A typical manganese concentrRtion in plant samples is about 300 

pg/g on a dry weight basis (Brook s , 1972), but our values showed an 

e xtremely scattered range (3 µg/g - 2620 µg/g) . Two samples contained 
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TABLE V-1. 

Species 

Anacardiaccae 

Buchanania ernboinenaia Miq. 

Annona.ceae 

Cyathocalyx biovulatus Boerl. 

Mezzetia leptopoda Hook.f. et Thom3. 

Apocynaceae 

Alyxia stellata Roem.et Schult. 

Cerbera manghaa L. 

Araliaceae 

Gas toni a papuana Miq. 

A.raucariaceae 

Agathis alba Foxworthy s.sp. corneensis 

Cyperaceae 

Gahnia asperu Spreng. 

Macrw.erina _glcrner ct_~ ( Gau dic h . ) \oynr.·.a 

Dlllenioceae 

Dill~nia ovalifolio. lioogl. var. s cri c cn 

Dipterocurpac cae 

Vaticn papu a na Dyer 

Epacrids.ceae 

Styphelia abnormis J.J. Smith 

Gnetaceae 

Gnetum gnemon L. var.dorne sticum 

Goodeniaceae 

Scaevola oppositifolia Roxb. 

Guttiferae 

Garcinia microphylla Herr. 

Leguminaceae 

Desmodium umbellatum DC 

Intsia palembanica Miq. 

Liliaceae 

Dianella nemorosa Lam. 

Smilax australis A. Cunn. ex DC 

Concentr tltions 

Ref . Co 

4239 
1~251 

4229 

4226 

4320 

4271 

4289 

4236 

1+307 

4276 

4235 

4274 

4337 

4223 

4254 

4 3 21 

4262 

< •• 1 

(' 1 

!:'... 1 

3 

1 

31 

<1 

5 

26 

2 

<.. 1 

6 

2 

95 

< 1 

<1 

<1 

1 

2 

Ni 

15 

<(_ 1 

25 
2 

29 
6 

Mn 

25 

29 

295 

71 

910 

39 

40 1 225 

5 

9 

95 
276 

423 

5 

33 

121 

95 

690 

224 

108 

113 41 5 

121 1790 

8 133 

5 
6 

2 

57 

60 
8 

488 

53 

60 
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Species 

Melastomatacea.e 

Melastoma Eolynnthum BluTio 

Monimiaceae 

Kibara macrophylla Benth. 

Myristicaceae 

Horsefieldia glabra Warb. 

Hor s·~,fieldia roxburghii 'l/arb. 

Knema tomentella Warb. 

Myristica laurifolia Spruce ex DC var. 

Myrednaceae 

Rapanea denaiflora Mez. 

Myrtaceae 

Decaspermum fruticosum Forst. 

Eugenia acutangula L. 

Leptospermum flavescens Sm . 

Rhodamnia cinerea Jack. 

Nepenthaceae 

bifurc a ta 

Nepenthes maxima Reinw . 

Nepenthes mirabilis Dru c e. 

Nepenthes cf. r tinwardtiana Miq. 

Olacaceae 

Gomphandra mappiodes Valeton 

Orchidaceae 

Pseude ria foliosa Schlecht. 

Piperaceae 

Piper caninum Blume 

Pittosporaceae 

Pittoaporum ferrugineum Dryand. in Ait. 

Rhamnaceae 

Alphitonia incana Roxb.Teijsm. et Binn. 

Colubrina asiatica Brongn. 

Ventilago oblongifolia Blume 
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Ref. Co Ni t,in 

1~240 

4253 

4298 

4303 

4306 

4325 

4279 

4241 

4275 

4294 

4283 

4238 

4286 

4335 
4285 

4272 

4318 

4266a 

4280 

4350 

4258 

<... 1 

"-.. 1 

~ 1 

3 

23 

18 

20 

31 

3 

3 

820 

286 

< 1 1 

136 

3 

79 
68 

111 

889 56 1110 

:::: 1 10 122 

2 

1 

6 

1 

3 

7 

9 

4 

2 

1 

2 

<' 1 

<:.. 1 

95 34 

197 33 

28 111 

·11 1310 

66 Lt7 

65 
17 

66 

6 

109 

4 

100 

25 

3 
2 

191 

390 
380 

43 

15 

40 

133 

712 

35 

4 
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T~BLE V-1 con tj nued .•• 

Species Rof. Co I\ i Mn 

Rhi~ophoracea~ 

fu:!:!guiera 5ymnorrhize Lam. 4299 < 1 3 168 

Roaaceae 

Parastemon ver5tee5~ii ~err. ct PL•rry '··~ 14 ' 1 ?.. 13 
Rubiaceae 

Guettarda saeciosa vun ~Cd.!n ex ~;t e•.:d. :i2( 1 } 19 )? 

H;i'.dnoEh;z: t um for a icnrum Kurz . '+<;G:; i ') 412 118 

Pez:o hot r i_;; lon~icaud.:i '/lllf'tron 433') 1 12 2620 

Rutaceae 

Tetractomta obovata Her;·. 4346 2 59 520 

Santalac ea e 

Caeearia 5lnbra Roxb . '•225 <1 36 81 

Dendrotropho vnrian e Miq. 4344 5 34 407 
Sapindaceae 

Guioa ,Eatontinervia Had lk. 4?.?8 ) (. 5 960 

Sa pot a.cone 

Palaguiuro ridleil King ct G!lmblo 4333 1 ? ?'• 
4 ;L~2 1 3 ?9 

Plnnchonell& fir:nn !Ju bard 43)2 <1 ) 2200 

Plar.C'honella oxycdru Du~artl Lt268 34 10.Goo 
• t 

110 

S axi!ra ga.c eae 

Schizo:r:eria ~crr'ltu ii o.: ~1r. ~>2)0 c.c 2 ~?O 1900 

S terculiacea~ 

CommerBonia. bc.rtramia Herr. 4277 <1 ?.6 621 

Heritie r a li ttoralia 1'ryDnd . in Ait. 1t260 1 7 12 

Tiliaceae 

Elaeocaq~~us cf 5jcllcruEi Pulle in Lorentz 4227 3 16 295 
TrichoaEermucr. kjellber5ii Burr ct 4233 550 3770 1600 

4259 21 657 257 
Urticaceae 

Celtie Eaniculnta Planch. 4263 1 4 8 
Gironniera s 11bae9ualie Planch. 4328 <1 ;o 46 

Verbenaceae 

Gme lina l eEidota Scheff. 4338 < 1 6 720 



in exc ess of 2000 pg/g manganese nnd these were:-

Psychotria longicaud a 

Planchonella firrna 

2620 pg/g rnnnganese. 

2200 pc/ g :r.a nganese. 
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Sue h con cen tr at ions of mangnne se n re rare CJ s J o ff ref ( 1 J77) 

pointed out . He discovered that in soils of pli < 6.5 only 6.41% of 

plant specimens contctined mancnnese euncentrations "in excess of 20"0 

)1 g/ g man ea ne se . 

D. THE GENU:: ?L/JTCHJ;\~:LLA. 

The genus Planchonella is unfurtunntely less ubiquit~1s than the 

genus Rinorea and this stuay could not cover such a wide area as thst 

of the genus Rinorea, previously described . We were however supplied 

with a fur t her eighteen specimens of _.E. oxyedra and fourteen sampl es 

representing five other species of the £Cnus (se e Table V-2) . The 

study confir'med E· vxyedra c=is a h,:y'peraccumulator of nickel with two 

more samples falling into this catcgorJ (c:1 ssrnple from Sukarnapura, 

West Irian containincS ~800 pe/L ond unot!'H::r from Hoetoemceri Ambon 

contDininc 67uu pE;/e). /,s cnn be ~>ct.:n fr·om :·'ir,ure V-1, s<-rn1ples o~· 

this speci1.:s eitlkr c u rit<dnt~<l Jes :-; L11:1n 100 }-11..,/g nj ekel L)I' !fl02t:! Lh<.n 

1000 pc/g. lf this trend could be round to exist throut,hout the Sl'ecie' 

no mstter how n1any mo:'."'e sulliples are t.::ventually analysed, it would oe an 

extremely useful characteristic as it would facilitate instant 

identification of highly nic~eliferoJs su~strates. 

The other five S.t_)ecies o.:."' the gr·r.us ?lanchcnella Lhst were analyr-ecl 

( ? . ~ityensis, £'.. 1'irrna, _:;.? • . R:.ittosvorifolia , _:. pyrulifera, and 

E· viti <'n sis) showed no tenden°cy v.hatcver to accurr.ulate nici<el. Althoug~ 
this m '.I indicote that unly one species in the genus u~. ox,yedra) has 

the abil ity to accumul Bte nickel, the number of species analysed is too 

small to eliminate the possibility thAt other hyperaccurnulatiun rrriEht 

be found in this genus . 

E. THE GENUS TRICHOSPiRMUM . 

Like the genus Plancho94ella, the genus Trichospermum proved to be 

extremely rare and only seventeen samples representing five species 

were avai l able for this study. (~ee Table V-2). The specimen of 

Tri chospermum kjell be rgi i from Obi Island was the only species frorn 

the genus Trichospermum which was a hyperaccurnulator . 



T.t.BL~ V-2 
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TABL~ V-2. 

Co c.:oncn Hi concn 

3pecies No . Locatio!l Mean fionge Ilfoa..n 

Planchonella anei tyensi s (Guill. ) Lam New Ecbri.lc~ 0.4 O. r{ 

)lanchone lla firm.a Dubard Obi 3 

~1a...r1chone lla OXYedr n Dubard 19 S.E .Asi3. 1 5 0. 2- 240 164-0 0.5-1 9 , 600 

Planchone lle Ei ttosporifolin Elme-r 6 Philippine:; 1.1 0.3-1 .8 5 0.4-1 8 

lanchonella Pyrulifera (Gray) Lam 2 Fiji 0.3-1 • 5 3 1-5 

Janchonel1a vi tiens is Gillespie 4 Fiji 0. 5 0.1-1. 6 4 2-6 

' "'i ch o s pe rmum :iuvnnicum Blume 9 l3or11l~ o 0 . 8 o. ~~ -~ . 9 
,, o.n-8 c. 

~ichospcrmum kjellberr-·.i. i J3u1·1·c t 4 Ind on .Jia 9/lt O. :J-)50 12'3'1 1 G- 3770 

~i ch o s FE' mum kursi i Mu:by:1 0 7 • .J 0.lt 

r ich o s pe mun psilocludum Mcrr.& Perry 1 S l~r:i \ ~ ~L.1..\. 1 • G ') 
<-

r ichospennum guadriva.lve Merr . 2 New Guinen ? • ·1 1 .5-2.7 8 r .J 4-13 



t•'IGU1ti:: V-1 . 

c o::...L~C'l'ION .~OC/1LI'l'E~S ?OR P1_,f,'111CHON£LL/i. 

OXYED (A 1\''D '.::'lHCII0:3Pr:W/iUM Ktl r:LLB,•:iWI I. 
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F. ACCUMULJ\TI ON OF NI CE~·:L - 1~ ·~)i<I:.'.I 'i'IV:S :;'.EA'.rlJi.1~ ? 

Usi ng the advancement index of Sporne (1969), Chenery and 

Sporne (1976 ) postulsted th:-1t the l>-unt nccuraulritors of aluminium ,,.,. .. re 

predominm1tly from the I:lOI'C pr'imitive fa1!1ilif'S . /l.n inVt::Stl [D tion ·;ms 

undertaken to see if the s::i·:, was true for nickel accumulators. 

~able V- 3 lists the nir'.encn-ccntn:11in<tted species , thnt contCiJ.n ed 

more than 100 ug/g nic~el nl0n g ""i tn ihe ad vancement index of their 
I 

families . Sporne(1970) st~Les thut the HverHce advnncen~nt index f or 

fair,ilies in the iv:alay Peninsula nnd Java is 5G.7 . Frum Table V - 3 lt 

can be seen tlwt five of tne specimens are from families rnor·e prin.it­

ive than the averat_;e . Two ol' the families are relatively advanced and 

two are not l i steu in Spome's (1969) paper . It would appear , then , 

nickel a c cumulation is not solely a cliarElc:teristic of prirni tive spec:ief; 

but i t may be more prevalent in the more primitive species . 

G. TrE ~,J,'..'.ILY ,";1\POTPC:.:.A.~; . 

Plnnctionelln oxyedra, one o~· tile Lwo nickel hy;:ier.:1ccumulatorf' 

dis cOVtc're d <1: Jikod olong, Ooi 1~-,}~Jnd, U; '' rner:1ber of th•.:: f-ir;,Lly 

by JElffrE!" ond his cc-workers ( 1 ··17S). Jec<1usc of the occurrence vf 

two hyperaccu mu l 8 tors in thi s sine,le f<·::1il.v, a biot:;eochcmicul stud.1 

',\cJs undertaken en tlw fnrnily ~3npotClc\~[w. Jr:; theJ CJ!°'e moC'.t cor:.:;·un in 

the regi cn of ~;t..-.r Caledonin (van :-toyen 1-1:)7 11nc1 Vink 1r)::;6) 11ost o:· our 

'rhe fwr:ilJ Sa~Jotaceae is Kno.vn for the milky sup cont<dned in HWny 

genera and species. In the C{ise of ~> t:bertia acuminnta the sap curitoins 

e xtraordinarily hit.:h concentr:itions of nickel (11.Z6 wet weieht - JAffre' 

e t al ., 1976) . The sap off. oxyedra 'N8S not analysed but it is possib­

le that , that too contains extraordinury concentrations of ni c'.-:.el . 

A further seventy specimens were analysed representing forty-five 

species from fourteen different genera. The rt:sult of this study are 

listed in Table V- 4 . None of these seventy spe c imens had a nickel 

content exc eed i ng the arbi tr·< 1 r.v 1000 µc:/i:; limit set by Brooks tl al . , 

( 1977) . There were however, ten ~>hmples , representing eight species, 

C'Ontain i ng more than 100 pg/g nickel. '.='hese eight species, though not 

hypera ccumul ators , definitely have the ability to accumulate nickel and 

are a s fel lows : 



TJ\i3LE V-3 

'NITH THCYEL CONCEN'2iU\'1'IONS 

IN EXCESS OF 100 pc/g . 



T.ABLE V-3. 

SPECIBS FAr1:ILY 

Gnetum gnemon var . domesticur.i Gnetocene 

Scaevola oppos.: ti fol i a I G GOue ni<1 c ene 

Myri stica laurifolia var bifurcata :.:;,
1 r·i st i c Ll c e & e 

Decaspermum fruticosum ~' .. /r1 tu. ct.:~t1e 
,...._ 

?seuceria foli osa Cn·chid nc:t:f!~ -
I Pittosporum f~rru~ineum 1--:.i t t Q~> 1' o :'c ~ c eri e 

Planchonella o.xyedra 1 :.Jopi:inc~<Jt: 
I 

Trich ospermum Kjellbergii '~'i liHCf·ae 

Trichospentum kjellbergii i '.:' i 1 i : ; c e ~j t; 

I 

* From Sporne (1969 ) 

-
U £!/Q iiIC}~ r~L 

11 j 

1 21 

111 0 

197 

109 

100 

1 3, Guo 

3 , 770 
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.t".D'Jlr~c.::-: r.'.:.:nT INDEX 

not listed 

76 

30 

27 
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TABLE V-lt. 

NICKl'~L CONC.::::n:t.A~1I O!;S (pc/£ dry weight ) 

IN S?EC I ES OF ';:'H~ 1;i./lfHLY 81\POTf,Cl.<:.t'\E . 



TABLE V-4. ~ .. 
I l 

SPECIES. 

Bureavella endlicheri 
Bureavella wakere 

Chrysoohyllum lanceolatum 

Chrysophyll wn roxbu rghi i 

Coroas sona deplanchei 

Gymnanthera panicula ta 

It e iluma leptostylidifolia 

Iteilurna pimfolia 

Iteiluma rheophytopsis 

Leptostylis filipes 

Leptostylis goroensis 

Leptostylis grandiflora 

Leptostylis micrantha 

Leptostylis petiolata 

Niemeyra calausoe 

Ochrothallus blanchonii 

Ochrothallus frnncii 

Ochrothallus litsuflorus 

Ochrothallus sarlinii 

Ochrothallus schmidii 

Ochrothallus wagopensis 

Planchonella cinerea 

Planchonella con terrnina 

Number . 

1 

1 

3 

3 

3 
1 

1 

1 

I 

1 

1 

1 

2 

3 
1 

1 

1 

1 

1 

1 

1 

1 

2 

COLLECTIO:!'~ SITE 

' Riviere 3leue, New Caledonia 
Tonaarnan, r-;ew Caledonia 

Sumbav;a , :rew Guinea 

Palawan , The Celebes 

r;ew Caledonia 

Luzon, Philippines 

~oh , ~ew C3ledonia 

:--aagau::.c~ ·,,._ , ~ : ew Caledonia 

. G I'G , t ·»'J Caledonia 

3oulinda , ::e\•; Caledonia 

Gore, ~~w Caledonia 

Pc:tchic&r& , ::ew Caledonia 

Kopeto, New Caledonia 

~Tev· r:-11 0 rionia 

'!g:._]f~' c'1e la ':.'hy, New Caledonia 

Y.aala , !iew Caledonia 

Curone, New Caledonia 

~t Kaala , ~ew Caledonia 

~etc hicara , New Caledonia 

Mt . !.:aoya , New Caledonia , 

Massif Ton-~om , New Caledonia 

Nefaui, New Caledonia 

Voh, New Caledonia 



TABLE V- 4 con tinu e d ... 

S PECI ES . I Number. 

Plan c hon ella crassinervia 2 

Plan c honella danikeri 2 

Planchonella dictyoneura 2 

Plancholtnella kuebini ensis 5 
Planchonella microphylla 1 

Planchonella proyensis 1 

Planchonella reticula ta 2 

Planchonella vieillardii 2 

Pycnandra carinicostata 3 

vena 

Pycnandru Chartaceci 

Pycnand r a c_f. lin ti 

Pycnandra comptonii 

Pycnandra decandra 

Py cnand. .ra . griseosepala 

Pycnandra k a alensis 

Rhamnoluma lec~mtei 

Sarcosperma paniculatum 

Sarcosperma ~ 

Sarcosperma uittienii 

Sebertia gatopensis 

Trouettea heteromera 

Trouettea l issophylla 

1 

1 

1 

1 

1 

1 

1 

4 
1 

1 

2 

1 

1 

COLLF.CTTON SITE 

New Cal edon ia 

New Ca l edoni a 

!\ew Caledonia. 

New Ca 1 e d on i a 

' Rivie re 3leue, ~~ew Caledonia 

Yate: ~ew Caledonia 

~'!ew Csledonia 

Katepahi e , New Cal edonia 

~; ew Caledonia 

Plaine des Lacs , New Caledonia 

' Riviere 3leue , Ne~ Caledoni a 

::ontal~ne des Sources , ~ew Caled onia 

':'se~:., ::t.:' \'.' Cnledonia 

Xew Caledonia 

Vo h, ~~e:.•1 Caledonia 

':'ontouta , !'7ew Caledonia 

Celebes, ~ew Guinea , Borneo 

New Guinea 

Sumatra 

New Caledonia 

Rivi~re Bleue , New Caledonia 

Kaala , New Cal edonia 

pg/ g Ni. 
Range Me a n 

-
7-436 221 . 5 

148- 247 197 . 5 
3- 6 4.5 
4- 242 78 . 6 

3 
71 

3- 19 1 1 
S- 6 5 . 5 
3-21 9. 7 

3 
8 

1 77 
23 
47 

9 
102 

2- 8 I 4. 3 
I . 
4 

5 
137-754 I Li-45. 5 

L~ 

4 

....J 
0 



Leptostylis petiolfltE{ collected nt Voh, ::e·:1 Cnledonia 

(259 pg/g Ni) 

Ochroth&llus schl!idii colJecte<l nt l.'. t . J.i<Joyn , ~le·:; Caledonia 

(1 64 Ui/f!. ::i) 

?J anchon ell::i crn~gmeria ,ol1t!l'Lt:d at. !.l<isc;ir' du !iur11holnt , Iiew 

Cal cdor.i[1 (ld( pe/tJ ::i) 

:?lnnchonclJ<• dnniKcri col]~'ct.ed at :..t . Koala, !;ev1 Coledor.i:! 

( 1 4 8 pg/[, l: j ) 

Planchonelln danikeri collectt:d at I.it . de Poum , ~rew Caledonia 

( 247 pg/g :-Ii) 

Pl anchonellR kuebiniensis collcctt:(1 :it t.a . )ore"'(, HcN Calec1oniR 

( ~42 pL/g Ni) 

Pycnandra corn".'"ltcnii CGllectt·d :it r.'. t . <!t:G ~>OlH'C-.3, !':t..:w CHledonia 

( 1 77 pt_/ i :\i) 

~~hr::.rr.n oluJC.a lec:ui:. tt:i collt:vt t.:d ut '~'or.Le uta , ~:1.:·:: C:.:ledoni ~1 
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Sebertia t:atot.c=nsis collc:cter1 on ~he .<out~ oe Yflte~, ::ew C11ledonia 

The nbove eight si_~ee1·~.::> , cuuld , U1 1.:1·cfor-c be· Ci.-n81der-ed ns 

acct.:lllulators o:" nic~el even thOtlt'.h tht:.J· nre nut hyp~r<iccumul:itors sir.ce 
11 n 0rmal " pl n n ts ~ven if' e;rowint: ovGr ultribngic substrates do not 

usually have a nic~cl ccnt~nt ex~e~dinE ~O ~flt . 

Thi s study did n0t find ful'tht·r· hype1•accu1rnlGtors of nict<el in 

the fa:nily S 1rot'1Ct'[Je , but it would nppear th;1t the nbil1ty to toler>ate 

nickeliferuus substr·ates and to accu11,ulBte nicKe1 is found in various 

species of the family P.nd thL·re may be more hypcraccumulntors of nickel 

still to oe discovered . 

H. CONCLUSI ON . 

On receipt of Dr. de Vogel ' s collt-ction of specim1 ns :,rom Obi 

Island, a n attempt was mndc to discover new hyperaccrnn 1l R tors . After the 

original analysis , further analysis of tne genera Planchon. ~la a nd 

Tri chospermum and a s tu dJ of the fnmi ly Sapo taceae , three hyperaccurnu-

la tor species have been identified ( ~1.yriaticn laurifoli[l vnr . nifllrcatn , 
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Pl a n chonell n oxyed rn anJ 'i'r-i c hospe rrnu1r. k j~l l berp;i i) . 1\lso no Lee are 

thirtet:.n species thr:t 1-wv<: the nbil i ty to :1ccumul<lt<: in uxcefH~ of 100 

pg/g nickel on a .::.r·y ·:.eit:ht ov.sit>:- ...:nL :11:11 lQlc'r;on v.:u·. dc::.esticur:i ; 

ScnevolA oppositif'olin; Dt·cusrc1'ri!lli:1 ~·r·ut.ic.:osur:1 ; !)seuueri9 l'o1 ic ::-~1; 

ui ttosporur:; ft'rrugineu:.; :, ..... , tO"'L/l i ,, Pt!tioL1t·i: Ochr~ th«tl l us .&-:h:nidii; 

?lanchcnell<l cr·1ssinervin; :)L·incLvnt 11<i riflni .<t·t'i; f'1 ~1nclicn·~Jl:i 

kuebincnsis: :'vcn:1ndra cor.;.t.:nii: '.~h:111.:-.<1u::.:i l~~ccmti.i <•nG Seb1.:r·tin 

r ·1 t o :w n si s . 

Spornc ' s (1 )(,9) :1 1Jvrmc·cu:t·nt. index \-;a;, ust~d to ntudy Lhe r·clntion­

ship between r·rir:.itiveness <lnd the ability to nccumulate nic,<c;l . !~ost 

of the species thHt tendec1 to 11ccumulnte nie-<el :,ece fr·orn the. mor•e 

primitive farr:il it's . 



SECTI o:; VI. 



A. INTrtO"JUCTIOH . 

It has been est<iblishcr , m<Jinly fr•crn wor;.:: in Centr'":tl Af'ric<..i , 

th nt Spt cies of the.: Labi:itnt. <1 r·c: toler<1nt to co~per rnin{:ralizati.on • .. 
t " f 1 " " z . l 1 • Such exampl es a r·e r1t copper o ·:t·.: r , u! <ll re - ,iaumon1astrum 

robert"ii (~)urvic,nt>aud ·!nd Dt~nat;yer-de - 81'.!t·t , 1J(3) 1nd the " copper 

flov.er" of Z:1ire , .~ci ... bi:1 nnc: the: .-CholesLi - Becium homblci (~io·:;Dra-
'.'/illiams , 1970). The luttl'r hels bt=en ured to detect copper mint~ral-

iza t ion in the "C opper 3el t" (An on , 19'.J9) :ind is a good exa:i1ple of the 

use of a specific species for L~eobot~!nic<tl prospectine:;. 

Because of tht.: u~:efulne!;~; or li1e Labi11tae in prospect ine for 

cor,per in Cen trnl !d'r-ico, the iJe:lVy r!!et:il contl;nt or speci{~S :'f'Gll. this 

_'LJ!:1ily c,ro·:.ins in lndcnt::.:;iu ·.-.n~; establ ish1!<i , in orr:ler to see •,·;he tht:r 

thi;, miLnt .i. nJic:it.e t!lt' p:·cst:11ce u r t:upp1·1 · (02 otht:r r:wtuln) in the 

Coleus n tropurpUl'{'ll R nnd Cyr1nriH rlcurnin 11 tt1 uot:iined Crom thi.s ht:r·bur·ium 

ccntained 'lnomal ous conC'entr:tl. ions 1.'1 copp e r cind zinc . f:an.ples of 

c c..ntain the l1i£:h lc-vr..:ls o:' copp~r m:c :~inl: found in th~ t Islnn<J nnd 

son study u:' sw:.1:les of ot.hr..:r' ~>pt!cien collect:;c1 on Sn1nj ·· r \', :1s under-

tnKc n . However , the isl·1nd of Sulnjar hns net been botonicc1ll.1 

suPveyed to any Lf't:at ex~ent. ':'ht. l:_: 'f •.;~t collection vf specimens 

is the one collt!C'wed by Docteurs wrn Leeuwen ·:1hich is ;,tored at the 

Utrecht herb3ri ua, :md this is the collection thF.1t provided the samples 

for· nnF.1lysis . ';'"k oLher mnJOr ccllectior. is thnt of 'reijsrnonn which 

is smnller in nur:iber nnd to be foun<l at Bot;or and nt Leiden . 
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TABLE VI-1 

--

SPECIES S?~CIJ.~T~~; !'JlJl,'.BE.i{ ug/g Hi 

Family : - Composi tae 

Vernonia actaea Kost . ~VL 1320 1 
Vernonia a c taea Kost . .,....:1 r-

.) \/ _, 1423 7 
Vernonia a c taea Kost. "':J'r.J.. ... 1466 4 
Vernonia actaea Kost . "':JY ..... i 93 7 ~ 

I 

Family : - Labiatae 

Coleus atropurpureus Benth. ~V':..., 1 Lt44 38 
Coleus atropurpureus Benth. ::::r rT . _, 1 G51 16 
Coleus atropurpureus 3enth. )\i'1 ... 1388 1 
Cy~aria acuminata Decne . CY.p 

j. - -' 1883 250 
Hyptis capitata Jacq . "J"'I~ 1554 1 
Hyptis caoitata Jacq . :JVL 1644 42 
JI,y pt is ca pi ta ta Ja cq . :::NL 1762 100 
Hyntis suaveoleus ?oit . ;JVL 1647 34 

Fami l y :- Leguminosae 

Albizzia saponaria Blume . :J\'L 1357 1 
Albizzia saponaria Blume . ::-NL 1 :.+4 7 12 

pg/r; Cu. 
I 

14 

7 
4 I 

300 I 
I 

19 I 
195 

' 
' 500 i 
! 

275 
14 I 

I 

146 I 
I 80 I 
I 

45 

7 
1 2 

}JgLg Zn . ,-

238 

15 
1 7 

6380 

9::> 
226 

1 700 
19500 

27 
267 

1525 
227 

15 
60 

~ 

• 

..J 
(]) 
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Biograph ical in!.'crmation upon the J. ife of Jocteurs van Leeuwen 

con be foun d in ':·'l ors. :.:alesi anc.l ( Serie~~• 1 Voluf'.le 1) a·, 1 is ar; follows: 

\\" ill err. :.:ari11s "'."°Jo c teur·s v::m Le euwen "''Bf> :.)orn at B·1tn vin in Jo.va in 

1880 . 

·;r ' s degree in 1907. Dunin!.', FlQP, m:d 1')C'') hi· ':.':ir- 8.n ento:noloList '.1t 

the Cenernl ~xperimer:1 s ·t.:,tion. :1t ;ulci':.ig:, in Cen t r-Fil J ava . :ie then 

taueht ~\a.tu:-nl Eistor . .1 in :'ema!:"'onc (1J0')-1 C)15 ) and Bandunc: (1 915- 1318). 

He was Direc t or of the 3otanic Gardens nt 3uitenzor g fro~ 1 918 until 

1 932 and also 2 xtrao pl1 in nr,y "rofe.;:;or <1t the r.:edlcal College , Batavia 

!.'rorn 1 926 to 1 ~!3 2 . U;:ion !'etu.n>1 1• to llul l o nd in 1932 ht: becurne a 

Lecturer at P.msterdarn n n cl a Professor in 1942. 

Durin t; his terrr: of of fi ce in <;nv:i , his studies especially covered 

the f iel d of ge ner:1l oiol ogy , f~."Jrirbiosis uf nnts nnd plants, flower 

biology, seed d isp t:rPBl , investii._:;;1tionH l.m the :nounLoin flOr'U snd the 

success j on in the nL·w veeeU1licn ci' the Lsle of rrakatau . 

The isJ. n. :-id of' Sula~ur ::.eastir•,;:; -(1 km long and 11 Km wide (ut the 

widest point) (ln ~ n,1':;!4:+) . It ls lcc:itl!u <1pproximately betv:et.:!1 

longitudes 1 20°2C'~ a:Jd 1 20u3l• ' E :m-J oeLwet:n lntituoes ) 0L~7' S ond 

6°3o 'S. f.. t errc1ccd rrJl;tmt:iin ch:1ir: trnvt·r>sc.:: the island 8:1d uer;cenJr> 

more t: rndually to lhe v;est const. 

Docteurs van Leeuwen (1037 ) d•·:cribed the geolOi_'..Y ':· r·~1la jBI' ns 

c onsisting of El kernel of f"><mdstont-'G 'P1d 111nrls covered by ·.;er,; young 

coral . Once the~ soil h<;s been cultiv~1tcd it often beccn:~s denuded of 

its humus . 

C. THE FIRST :'i\M?LES '.-'ROM Tii? OOCTEU=-tS VMT LEEUWEN COLLECTION . 

The first fourteen samples t o n rri ve f rom the Docteurs van 

Leeuwen collection arrived in answe r to a ge n e r a l reque s t for samples 

f rom families a n d genera that hn.d previously been discovered to contain 

accumulators of various metals. Those samples that arrived we re 

studied for three different r easons:-

1. Pour sam ples of Vernonia actaea were studied bea cuse 

they belong to the family Cumposi tae which includes the 

nickel accumulating species Dicoma niccolifera ( '.'ii ld 1970 

and 1 971 ) • 
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TABLE VI - 2 . 

SPECIES c OLL~C':'I on LOG.AL I:'Y ~£Lg ra 

£. atro·urpureus Ind ochinn 1 

£. atropurpureus ~-:ew Guinen 1 

c. a tro2urpu re us ?hil ip_pine s j 

c. at r opu rpureu s ~~~alc1~/sia I 15 

.£. atropurpureus Singnpore q _, 

c . atro2ur2ureus Singapore 2 

c. atropurpureus ::a lays L<i I 
I 
r_ 

c. scu tel l e. rl oi des Jav:J l 67 

f. . scutella.rioi des su~;a tri1 i A .: I , _, 

c. scu tellario:loes Java I 71 

c. scutel la rioidt:: s Surr.a tra I 17 

c. scu tell~ri o :LJe s Ce ram I 3 

c. scutell g ri oi des Philippines 
I 
I 1 

I 

c. scutell a.ri o;ides Sumntra 

I 
A 
j 

µp/g Cu 
:r 

1 r., _, 

1j 

9 

7 

a 
.,' 

7 
I 

13 

,. -· bf 

1? 

71 

3 

10 

25 

Q _, 

I 

I 

pg/g Zn 

1 75 

25 

25 

103 

130 

77 

75 

84 

i:,o _, ./ 

98 

1+ 1 

154 

50 

53 

-..J 
<D 



T;\BL.E VI-j . 

~JICK~L , C:T ,-::i:.;:1. A:~D i'.It:C 1_.:o;JC~~~'l'i<.Nl'IO!: IN 

SP.SCI ES \,)_,' Tlii.'.: c:s;JUS CYIUaIA . 
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I COLL~CTION 
SPr:CI.ES LOCP.LITY µ;.;/g ~~ i Jh/g Cu .ug/g l n 

f. et cur;, i n c. t ti ?hil ippines £1 7 ~4 

c. fl c um i n 1i ta ?h i .1 ippi n t.~ s <i 1 I qb! i. 

c. a cumjnf1tn :->nil i Pt- ine s <1 j 1 l.t 
ro 

~ · HCU11Jin·1tti Ph i J i p !J in c: s <I 10 jc. 

_g_. ncLm i rn.1 ta ?c- poa <1 13 15 
,, 

acurnir..' tel ?a;ua <.1 1 2 40 ~· 
c. a cu11.in'.1 ta Inti~n <I 14 12 

c. elongata ~Iiccbllr Isl ~ind , <1 7 13 
3fl,'/ of 3i::ngal 

c. '1curn in'.1t u 3nli <.1 i:; 53 _,, 

c. Sp . lio i ncin <.1 l 1 1 I 

£. d ich 0to:~.:1 11:1 in 1n <1 G 15 

f. di. (' !10 t 0" d !Li :n"n <1 I .) G 

£. • cu·n i r: l t. J 
I . <.1 1+ 1 :2 .i<· ln~·n I 

I £. :1 CU'rl? fld :..: : ?hi l i l' y j : l t· ~~ :,, 7 j{j 

I f.. 11c..i".'.n 1 tlt 3:1L ,, :, i !tO ' .... ~ · 

c. ·, c .w in ~11 ; .. ol ucc..::1~ <1 I 

,.. ., ... , I 11 G 
I I 

£. <1 c i.: ·w! n :-i t ~ 1 ?!:i l iprir11.:s <1 1 ~t I 1 
c.; • ncu•.in L 'J ?~:;} i;_ik'i n t:s () (~ j 1 

~ . : c~1~ ... n· ~-l .J0vu <. ~ ~-:> 20 

.Q. 3Cl.in t ' l ?r!il i J!: in es 1 it 14 !+1 

.Q . 11 c rnd n , t.u JC!VD ~1 I ,.,~ 10-1 I <:O 

J 
I 



2. Eight sa r:.ples from the Labiatne w~:re analysed because 

this family cmtnl.ns n nuril.)er of species tolerant to 

copper (see a~ove) . 

3 . The £enus /:.lbiz7iu \·:nr~ ----- r·equ·-'~~L1•rJ because of the 

ciscovery o:" !.lbizzia sp fil_Y "v\·,in<, ov•.;")r Lhe 

:Jousainville 1;01·~h .. r'./ coppt:r n·i.Jusit (Cole, 1971 ). 
This locnl species \':Hs mcely fu~nj in areas wh~re 

s.Jil c1.,pi;er values we1·e not an omalous. 
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Concentr11tions uf copper, nickel «nd zinc are listed in 7vble VI-1 

for the fourteen specimens f1nalysed in an initial collection . Of 

particular interest because of their anomal ous copper and zinc levels 

are : DVL 1937, Vernonia actaea; DVL 1888 , Coleus atro9urpureus; DVL 
1883 , Cymaria acumin~ta. ?or the purposes of this study Coleus 

atropurpureus and ~t~fl acun.i.nata wert. c onsi 1ered to be of the rri::nt­

est interest as it""'' t.hough copp.~r nccumula ti on rn"ly be n chHr·acter·-· 

istic of sevcNtl genera and species of' t..l1e far'.lily Labiatne . Therefor>e 

a request \•.:1:: ri:i.Je f or· f11t•ti.i1r sflmples of sp~cimens from these two 

£enerii w!·Jich find Jeen coll1 ct<:>d :"ror c;t~,t:r a!'t:ns outsice vf tr.·~ S<ll".>1r 

croup . 

.?curtt en sn;:;ples uf" L~~t~ t'..r.us Suleus ·1no t\•,en tyom: of ti!e 

Len11s Cy111'1!'j<1 ·,.,•·1't: s..lp1.l1·:.: ~\.,i · tt1i'.i invesLi1::·1tion. Co1l)er, nic.c<t:l 

<J!lll zinc c.:1.,ncenLr·;1ti•:u~• :u·t· li'.;L,:. in L:'tb}t·s Vi-2 (Co}t:1s)1:nrj VI -3 

(Cy•:t[i.!'ia). ·~·n:: t:x:.r·;;;;·.e1 ./ r.ic..ti copp::.r- .cvt:ls l'uund in t1.t: san.plt:s :~ro:ri 

unl y tn I't~e specimens 01' th<.: tbir~y-

five coulJ be cunsider,: LJ C(ntain 3nornHlous levels of copp~r: two 

samples c1' Colt:us scu".:t.ll ar'i0i Jes f'rorr. Java (67 nnd 71 pe,/g cor:,per) und 

one sa11ple of Cyrr11:1ri:1 ::icuuin-i·n 1'rou, Juli (:;1 µ~/L copper) . /,lthou1:,h 

these three specimens do con tn in nn omal ous copper values they a re only 
' 

slightly anorr.al 1.,us Hnu the plD nt s wculd not be con side red to be 

accumulating e1'cessive amounts of copper, in contrast to the samples 

from Sala jar . 

Non e of the thirty-five fH1:n ples cculd be considered to conta:n 

zi n c levels th:1t Wt3t'e in ~my wny tmorr;nlou~ . Jn fDct, the zinc levels 

were Lene r<illy 1 ow . 

Because o~ the uniquenes8 of hieh copper and/or zinc concentrations 

in these two species from rnl<ijHr, it wns decided to investignte copper 
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nnd zinc concen:.r<itions in cth·~r· s~--ecit.:~:; t!1:1t =>octeurs v·m Leet;wen 

A 1'u!·lht·r st."/t•:;:.J-six s'.i:;pl~!~ c.,~ · ~1l·1nLs ccllt:ctt:d o~' •)octc-'u rs 

v'.'!r. Lee,J.'.t!!'1 ·:. t~~c r·~ct'i'H;<j <it~d ;n~·,J..y:'.t:'l :·J!· co~:r• r :ind zinc D:,' .'luu.e 

:; ·~c:ic ;,;::iscr·p':.ivr. ir: n 1:.~1nr.t~r· f;lrnil·1r· tu tn·it pr·eviously tH:.: .. cr·i oed • 

.1\t ten'...i or. v:n~; p.>ld : .01•e tu c1..>n<:t'!lL.'.'"'<1t: on lt:vel'> o2 cup1i1..:r· U1• r. zine; o.s 

zinc (:OT~c.:entr:.ticns in :>lunt.~; Lt;ri.1 tc cuvc:r ,~wide r[l.nt_e o~· 1~.lut;s . 

':'l1e conc.::;n:~·:~~ion r~f cupp: !' ·md z~nc :n t:ach sc-H.1plc (in p1;./t:, on a dry 

.v t:'ieh t bosis) i s listeci in 'i'11ble '11-4 . 

':'he seventy- si:" s:1::.i)lcs ju::;t ;;:r>nti oncd tooi<. U1f"' to • · l r.umbcr 

O:' Si:)t:Ci.1:.t.nS fr<...1:. th~· "."°JOc.;tt:UI'~- V:l?1 ::_,Ct.: l:•;,en collt:<:ticn ci n«lyst;d to 

ni nt: ty o :' ·.viii ch eight.Y .. ·.erL~ cc1 h•(;ted un lh•.: :r sland of ;~::..~1~E1r. 

(Of the Gl'icin:il :"' ou1· t n:r: s<•:r1~·ll~· cnl .)' :·uur•: ~)vl, 16P,6 Ccle'..1;, B'.:.t ·opur·-

pr..;~~luti'--'r"!~ ~: ... !. :.~~" .:~1ce . 

1. 

) 
~ I • • ,.. ~\ '-­
l. I L, l .. .. "' -

hf1Vt' not tJt-cr: ·.:nc:c...:11:.t·:•:: c! . 

c ..... r.r ~ ;'.!!'t:' 

in t.11•-. !'ct:ic.n v.:' Tnd.:..r:epi·: tVt.':1 ;::·n~: ,>~ !..r11se "norr:nl" ccncentr·nt,i,•1 

vn 1 -1... s <> ~·::: in the::.sel ves :1~cve :!VI.! r·nL L . 

Ind en~ sin . 

2 . ~ u 0~0;1ul:1ti.on 2 - "!: ccuiaul -.torn" of copper . 

I~ 
I !:. 

fa!'1ples with 200- 500 Pf./1..., coppt~1 · could be considered to accll!Plll'ite 

:rncr:ialously high ccncentraticns o .. "' copp~r in tl1eir folinge . 'rhere :'ore 

the suecesti on is ir:: •o e thnt spt:cie;, thi•t c <in be found to c.:un';nin cG.:. .1.le r 

concentY'Htion~ in thi~ r<-1nt:;e should be e;allecl accumulntors of coprh~ r . 

(See ~able VI - ~) . 
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TABLE VI - 4 

I r 
SPECIES l NUf!.B:=:R ( 1JvL ) 

Family:- Amaranthaceae . 

Aerva scandens ··.till. 

Allrna nia noJiflc r:i ~L3r . 

C,yathula prostratn Blu.1.e . 

Family: - Annonaceae . 

Artobotr;1s odor~ ti ssir:.us 

Uvuria l.l.ttoralis Blt..:!:it: . 

Family:- Aristolochi~ccae . 

i~r·i s t vl ocr.ia tar~alu c~n::1 . 

Family :- 3egonioce3e 

3 f~g oni a sp . 

Family:- Euph orb i a ceae . 

AcolJpha ca turus 3lurr.e . 

~{ • .5 r . 

Al chornea rup;osa ~.~uel 1 - .Arg . 

Alchornea rugosa Muell - Arg . 
3reynia sp . 

Bridelia lnncei folia ~err. 

Clao.xylon sp. 

Codiaeum variegatum Blume. 

EuphorbiR plumerioides Teyam. 

Excoecaria ngHllocha L . 
Excoecaria agallocha L. 
Gl ochid i on moll e 31 Ul!•e . 

1t7.3 

1 U~2 

1 ~.42 

1904 

16 S•u 

~~17 

'j -/cl6 

1 lC~ 

1654 
1850 

1677 

1 ;: 35 

1694 

1764 

1 891+ 

185S 
1931 

1816 

)lt.;/t, Cu . 

..59:: 
17;: 

)'.:.-3 

ji 

4o:..; 

.::._; 

Uu 

66 
28 

L17 

160 

2c 

31 

2.3 
1 Ar, 

",..I 

34 
23 

41! 

l 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

l 

I 

;_i t;/ i. Zn . 

-, r 

.J.J<:'.O 

r;, ,7 

1 71+ /j 

5t:,3 
~ r, 
-:: c.. 

;::J;,C 

t,Eo:;o 

I 

I 
2~1 

(,;_.o 

3'i4 

'-i27 

7-:J 
60 
205 

5770 
400 

~05 

·: 1 7 I ()) 

~ 

eontinueo ••• 



Tabl e VI - 4 continued • •• 

~-

SPECI:.-;s 

Glochidion rubrum Jl u:· ~ . 

Glochidion zeylnnicum Juss . 

Homalanthus populneus C.. K. 

!.~Pcflrune.a h isuida '.~uell -Arg . 

Macaranga hispiJ3 Muell - /,rG . 

Strophioblachla fimur~cul;x J~cr~ . 

i;i<-mi ly: - Gut ti :'e rae . 

Cn 1 orh.yll ur• in or hy:.. 1 urr! ~ 

I ...., . 
Family:- ~orantha ~Lae I A:rJ,yl othe ca stenc..:Qt tnla jins. 

I Ginall oa b rn o t t i 9 n a r~ c r•t, r1 . 
Scur-rula fusca G. !Jcm . 

Family: - Lenisper:uact:'D.e 

Stephania forsteri ' J !' .. (~~i . .l".. • 

Family : - ~imosaceae 

Pi thecolobium junehuhnianum 3er. th 

Pi thecolobium umbellotu:i. 3enth 

Famil y :- ~oraceae 

Fatoua japoni ca 31 ur.:e . 

Ficus benjamina ~ . 

Ficus hispida L . F . 
I 

Ficus retusa L. I 
I Ficus su12 e rba Miq . 

c-+1••"'blu 0 ~..-p-·Y> .. - ur· ~ l. - .. ., c_ .. J t. ... ....Ju • 

~ 

~:tJ!< 3~:< . ( 1)vL) e c-/r Cu . 

~ f.27 Id 

1 r;7 22 
171G j'.J 

1 7 :Jl! j6 

17j::i I '.:.,O 

l ':. 79 1 1, 
't 

1 e;1~t [; 

it c:.~ G; 
~ i~ .:.:. t..' 
; -, ' ..... , 
I , .......,."':/ 1G 

I 
~ /9~ I -19 

1~05 19 

1933 13L~ 

152F 180 
I 

15~6 I 7 
1-sr.9 <5 
1 7:_;7 j 

1 7?5 12 

I : ~ , r 
~· 

I 
I 

p g/g Zn . 

21+5 

2€5 
70 
i 1 c6C 

G75 
.51 2 

--. r r 
_:-c::::c 

" r;- r:;r• 
I~ ~ ·, I 

7Lt 
7•· . ..... 

316 

260 

1~265 

12000 

1640 
200 

~ 1 

470 
;--

c 0n ti. nuc>d . .. 

O> 
(11 



Table VI-4 continued •.. 

SPECIES 

Family :- Moringaceae 

Moring a oleifera Lamk . 

Family :- Nyctaginaceae 

Pisonia aculeata L . 

Family:- ?apilonaceae - Cacsalpinioidcae 

Bauhinia binata Blanco . 

Cassia alata L . 

Cassia s 02hora 1 . 
Cassia soohora T 

.i... • 

Cassia tora .L. 

Family :- Papilionaceae - ?a.t:ilicnutoe 

Abrus precatcrius L. 
Crotolaria ferruginea GrLlh. 

Derris scandens 3enth . 

Derris scandens Benth . 

Desmodium laxiflorum DC. 

Desmodium umbellatum DC . 

Desmodium zonaturr: Miq . 

Dioclea umbrina Benth. 

Dolichos f alcatus Klein . 

Flemingia strobilifera 2 . 3r . 

Mucuna pruriens DC . 
Phy l a c e um b ra c t e o s urn Benn . 

Pongamia pinnata Llerr . 

NU!.:3ER (IYvL) 

1 P,613 

1 >:Gg 

1 '..)j2 

1 8:J2 
, (6'.::.-1 .J ~-

1626 

1 708 

1 csc 
i b i](J 

~ 7 JO 
1>,92 

1655a 

1 ?l~O 

1794 

1775 

1PC2 

1P24 

1776 

1756 

1941 

I JJ g/g Cu . 

·183 

')-" 
C:..J(, 

48 

55 
1j1 

333 
Lf 1 

1 ' -. I 

21 

49 
96 

167 

22 

20 

22 

276 

30 
46 
1 0 2 

132 

pg/g Zn. 

I 
7120 

I 

I l+30 
i 

2250 

I 97 
I 153 I 

I 1530 I 
I 8j ! 
l 
' 
I 

i :? 1 /() I 

I 

! 
1158 ! 

1;;_770 

2280C 
' I 

153 

227 

564 

7G 
4?0 

I 
I 6800 
I 11540 I 

I 307 

! 790 I m 
O'l 

continued .•. 



Table VI-4 continued •.. 

SPECIES r _•U:'.18 _,I' ~ v._, P£_/ ~ vU. µ~ e;, '.'.:n I 
I 

?sophocarpus tetragonolobus ~c .. 1786 103 12'-~10 

Rhynchosia acuminatissima t~i ~. ~ 7''' P. 2 2ECO I t ':}".) 

I Sesbania grandiflora Pers. 'i ·j2S ~ ~ p I 237c I :Jc, 

I 
I I 

'I'ephrosia zollingeri Pers . 1 S61+ 28 I 2770 

Tern~nus laoialus Spr·eng . 
I 

'1(j~·1 ·10 I 25G I 

I 
Uraria lagcpotiodes .!)e SV. ,,j p 1 .:::' -o 

I 
' ~ <: 

I 
' ' - ../ - • r L_.1 

Uraria Sp . 
,,. . ., - "' ........... 1 (, ~ I I 'I) 1c_; - : ' ..... _,,, ....... 

Family:- ?iperaceae 
I ?e2ero~ia pelluci ja H.3 . Y. #1;:~~1 j~(,1 ~~ 72,··, - I 

?coeromia Sp . 
I 

I ~'·~~7 ' 1 c ,.: :; 

Piper jetle - 1 ;: 11 (-:c, :j.5;::_ ........ "_, 

Piper caninum 31 u me . ' - . , J.7 j ~) l I c.:", +:) I 

p· . 
~lper can1n um 31 u::ie . 17L:5 "' ') L. <- 1 CI 

?iper caninum 31 une. 1 p :17 ( 1'.J j")h 
(".___, 

Family : -Pittosporaceae I Pittosporum moluccunµ m l31 ur:ie. 
-1 ,.., A 1 

1'~ j(i~J I ,.,' l ·~ i 
~amily:- rio sac eae 

~ubus alcaefolius Pair. 1 7.52 ") -.., 
'- I 870 

Rubus rosaefolius Sm. 1 7~j 1 70 )6f~ ) 

Family :- Santalaceae 

~xocarpus ~atifolius H. Br . 1 :)2t 1 2 I ')3 

Family :- Urticaceae I 
Laportea ruder a lis Gaud . 1 s:n 6UO I 4650 

\ 

Pil e a sp . 1697 2·1 
I 

jOO I CD 
-..:) 

-· - . 



1•'1 GU'~~ VI-1. 

3 . ?1~l!1ts rr,)•1 ~):.;lu ... ~.r· °ff;:'md ~·re sho•1tn (~ ) 
\·f·: ti~ i.il~1r. tn <>~ tr. .... su': e sp<!cies f'ror:? '"~~.cr­
speeies ~1lr.o s:1 \r!; !'CJ!' compnrison. 



N 
M 

Q) 
N 

D 
N 

N 
~ 

0 
0 
\.0 

0 
L.() 
L.[) 

D 
0 
L.[) 

0 
L.() 
..._j" 

0 
0 
..._j" 

8 
M 

0 
L.[) 

N 

----18 
N 

0 ..__ ____ L.() 

~ 

0 



0 
.....:t 

L{) 
M 

0 
M 

L{) 

N 
0 
N 

\./) 0 L{) 
..-

0 
0 
l.O 

0 
L{) 
L{) 

8 
L{) 

0 
L{) 

.....:t 

§ 

0 
L{) 

M 

0 
0 
M 

0 
L{) 
N 

0 

:J 
u 
01 

' O'> 
:i.. 
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3 . Subpop ul a ti on 3 - nii;yp~~·occur.ulntors" of co ppe r. 

?oll Ol'vinL tne e.x_·, '.1. : le ul' "Jr·ou~~s t' t ul ., ( 1977) in call inc, a 

plcnt species 'Nlth dried lenf s nmples c0ntnininb in excess of 1000 11 0 /g 
nickel a hyper&ccu::.ul <;tur of nickel/ it i~ SL1L,t:,ested that ar..y spec1t.::c; 

:·0u no to ccn to: n in exces~' cf .:.:,oo flc:..,/e c ..1 ~pfr in its folingc should be 

termed a 11 hyper:1ccu::mlator cf co~1pcr . 11 ( Gee tnb l e VI-6). 

4. Co1:1rnrison \ 'Ji th the _'.:'2icc:in C:orpcr B r:~1 t . 

Applyi n g the sucg~steo di visi ons to results reported by Duv i Lnr~ud 

and Denaeyer- de -Srnet (1 963) brings to 11.t:;ht t h e rnri ty of flccurnulr:tors 

11nd hypertJccurnul [1tors of copper . The:·e two workers undertook a bio~. eo-

c hemi cal survey in K'ltn ngn (in t 11e lfric:nn Co~per Belt ). Only five 

Of th ei. r sp e cies (i~rowi ne jn ext remely copper rich areas ) would fall 

i n to on e of the two upper subpo~ulotions: - Bec i um aure oviride ssp. 

l u11otense 210 p g/g Cu ( accu:r.ulCJtor) -::>nndif1kn metallorum 740 p g/ g Cu 

( hypero cc umulfitcr) AscGle r-1s r:,,·Uillu! ' ll!': 12CO p e,/g Cu (hypt...·raccumulntor) 

Silene co:)nltico1:1 I CGO ;,--jr_; Cu ( 1,ypct '' 1Ccll:Hul:1tor ) llc1umsnic1strurn 

r·cbertii ·1·]CJ jh/1_ .. ~u (l~ .:/l>t·r·~·ccu1;.ul< t ..... r) . 

..-\[.a.:. n the evj(lt:ncc ;-;tr·ur:c,-1-J SU[.t:cc:._; T.h it t:1to ClJncentrbti cns of 

As wos ucnc <1:,:t:r Utl' ui .cuv ·r:; u;' llL[.l i copper concent2nti.ons ~n 

Coleus atrof'..E'ouc-·eus c::-ici C;.r:u:il'i« '1C.J1i.in".Lu .'u~·ther s11:;11le:; of the 
I 

spe cies with hic'.1 copper ccncentr>:1tions ·,er·t: rey_uested from r·egions 

o ther th on Sal8 ~ar Tslnnd . rg<11.n the snorn11lous copper c oncent r a ti c,ns 

thnt r;e.re fou nd on Sal<<<1r Islanl .'.e~'C not repeated in samples f r or,1 

o th er c o 11 e ct i on s i t e s . ( See tab 1 e VI - 7 ) • 
It is there:'ore obvious th<it copper uptake by plants growing en 

Salajar Isl and was hi gher than copper uptake by the same species growing 

elsewhere . There are three possible explanations for this higher 

up t ak e of copper: 

(i) Pollution of the soil of Sala jar Island by coppe r at the time of 

coll e ction, or pollution of the specimen s since collection . These tw o 

suggestions can be discounte d as there was no industry o r a n y other 

likely pollution sou rce on Sn l ajar Island b a ck i n 1913 and the handl ing 

and storage of sampl e s by the herbnriurn a t Utrecht in no way involve s 

c oppe r . ",'hen the herbariun1 shet:ts for sorne of these scimpl es with hie;h 
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T1\BLE VI-5 

C O:L,L.~CTI ON 
SPECIES NUMBER ,P G/g Cu ~)P.TE COLLECTION LOCALITY 

Verncnia actaea 19j 7 300 ?9/5/1913 South Snlajar 

C,ymn ri a :1c1J:Li n :1 L1 1 c ')j 2::0 28/'.:;/1913 South Sc.1lajL-1r 

f.ervn sea ndens 1s73 3 (.., _,, _,/ ::e/5/1913 South ~-lD la jn r 

Pisonia acul enta 1669 ?58 ;,:6/S./1913 South ~c:ilajar 

Cassia sonhora 1f26 333 2)/5/1913 near 3enteng 

Dolichos fn l ca tu s 1802 27G 2l+/S/ 1913 !:ear Benteng 

Pe ;Je r-orni D jellucida 18!f 1 3co c-:;/5/1 913 r:ea r Eenteng 

C ..._ ~:.--.'...; 'l' l ON 
('I ... ~ "("' .... ' ~ t"" 

...,_ ::.vl..:.0 ...--. ,.,-, 
) ~ .L~ CLLLhCTIO~ LOCALI7Y 

Coleus p. tro12urj>Ureus 18 68 jOO ?iV~/1913 South Sal ti jar 
C.y:a thulo 12rostr£1tet 18Li 2 )53 ...''.,,/5/1913 Nenr 3enteng 

La12ortt:n rudero.lis 18 ~7 Gou 28/5/19 13 Sou th Sal ajar 



copper ccncentrations were analysed
1
they containe d 4-18 µ g/e Cu. 

If the sc-:mples h~ 1, bee n contri ~ni1H1ted , cu n tH•ni n a tion of the sheets 

should have ocurred too. 
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(ii) Col1per if~ :·,ore ciV<l Ll U ~)le to 11lnn'..s cI'O\·:ing on ~:a lajar Island than 

elsewhere . This is unlikely ~ecuuse 2ala Jnr Island contains predomin­

'1ntly liru:stone st.;bstr•11Lt'S (.i)uc tcur~~ vnn Leeuwen , 1937) \rihich are pH­

bosic nnJ cop_t!t:r n:1s a n t~.<t.i ·cmely °"l.O'.'i 11.ob llity in basic suostrates 

( ... ~n d re •:1s-J or. es , 1965 ) -.·;hich cJep r es:· rnther enhance Lts a v o.i l ability 

to the f lora gro~in~ on the substrn~e. 

(iii) The concen tN\tion of copp t'r in the soil is nnomalousl y high and 

the anorr.alies in p lant copper levels Uf'e a reflection of this. This 

Appears t o oe the most plausible expl<inntion nnd so the collection 

1 ocal i ties of the spe cirnens with un onu·il ou s ly hi eh copper con cen tra ti on s 

should be investi gr, ted in situ fur• soil copper concentrutions. 

',".'itll the nid o.f' the precise 1,;ollcction dflies of these samples 

anci th e rt..:po::•t '--- ~ · -~·oct··'-1-:-· s vn:: L(·eu.·, ,e;1 ' :> c0llt·c t.L ... n t ri p ( ::Jocteu rs vc.n 

Leeuwen, 1?37 ) it ·::8.[-; .:.•0°:,::L)l~ tc :H·te:'::~i ne col lr. cti.on loc:Dlities £',_,r 

the specir:1enl" wi th c uppt.:r> concent.r·:1tion s in excess o!' 200 µg/g. (Th(~2,e 

collection locHli ties Llf'e l i ~:;tf.;d in ·~Hbles VI-5 nnd VI - G) . ':he 

inf o rm a tion on :)octeurr> v an Le eu\'.IJ!l ' s trip L:-; contained in the foll cY.v­

ing report ( fJoc teur s vun Leeuwen , ·1(}37) : 

"1.·i ay 17t h . 

arriv e ::-it 5 o ' clo c ~: in the a: .... ttcY'noon. 

"'rhe next few cin ys u r·e spent v,ith a rra ng in t_: the coll ec t.Lons nnd 

making preparntions for nn excursion to the mountains of Sa1ajar. 

" l.1 ay 20th . '.'.'ith rn<iny coolies we le<Jve early in t lle morning ; the 

way first leaus throu gh coco plnntations and mangrove forests , and 

along shaded roads into the hills. The v egetation grad ua lly becomes 

richer but yet it is fl poor r ernrnmt of what formerly it must have b ee n . 

3y 12 o'clock we arrive 11t the pasanggra h ;:rn (Government resthouse for 

visitors) , where we stay a few days in order to collect plants in the 

neighbourhood. The pasanggrahHn i s situat ed at an altitude of about 

300 m, j ust above a campong Jitombanc , so thn t the surroundings are 

cultivated for the greuter part. l'.t the iJac k of the house we have a 

view of the hi ghest mountain of the lsl anu , the Bontanoharoe . 

" ?,~ay 22nd. '.Ye continue our {;ay upwards , afte r a few hou rs climb -

ine al on t; st eep h''~' th s 'Ne r·cach the top cf the l onlanoharoeabout 600 m 



TX3LL: VI- 7. 
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TP. BLE VI- 7. 

r nl Cl jar~ Ot. her 'frgions 
pe;,/c Cu Range (psi g Cu) !:lean (p r,/ e Cu) 

J~ bru s 12re ca t ori us 167 8-17 1 2 . 0 

Aerva s c r:nde ns y~~1 7-jj 17. 0 

Al l rna ni u n od i f l o r·a 1 71; I ~ - __ , ~·. 2-· -
,) . '.::' 

Cass i a S O:Jh0I'8 131 
' 333 ~-H3 1 1 . 7 

C,y s t h ul a prost r·a t a 553 8 - 18 1 1 . 7 

Desii1od iu m 1 n x i fl or urn 1G7 G- 39 1 7 . 0 

Dolichos fslcntus 27G 6 - 1 () 7. j 

~'.: u 12 h o rb i a p l ume r ioi Gl3S 1 8 :) !1 - H G. o 
? a tou H ;jc,pon i cn 160 l-t - 23 1j . 3 

lI;,tr.: is ca p i tc, L~ [lO ::::O - jj ,,~ (....-

C:tJ o _) 

LilJ20rte<' r·.L~eI',,l is (,l)() ·-IL) ~o . 
-, 
I 

:,.acHranL,._Q hi s :·ic.n 3(,; 1 ~;O t - - :., !; • j 

l• -· . ol e i :'i r;,. 1 cj l ::::-1 j 1 ,- ?, ;.. 0 l 'lD/ 3 _. . _, 

:'er i:::-romi n pelJ ucida ju\ , 1 ( - ~~ 1 ) • I.) 

P i son i a n cul e~i ~.o. 258 0-51 2~ . 3 

Rub us r osaefoli u s 1 70 7 - 13 10 , 0 

Sesbo.n i o gr<1ndifl er<~ 1 _?f, )~ - 111 ·"· . 0 

Vernonia rictaen juO I 0-11 10 . 5 
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~1b ove sea-1 c vel . On a ridee , covered with Lrass , oetween remna~~3 of 

the virgin forest , is a s1;.Cill but , frurn whe1·e we hn'.e a bt::autif1~ L •ri t;W 

of the west side of the i ~;lnn <: . '~'he top itself is flat , and co v··1 ·::rJ 

hos run wi l d l~verywher-e nnd is fructifyint;; urnply. ln tl1e E:Venir:~ :.. .. •j 

wild boars f eAst upon the fHllen fruitn. '~'ownrJs the east c:oa s'., U:e 

c.:ountry c;oes do1,·.n steeplJ, ant5 the slope,., bea r but little vecev!·~ion . 

This part of th' Islnnd is richer in plants thcin n r.y other visitt:. so 

f!i r . ~·1 or sever~Q days we 1 :1nk t~ ex cursion s <..i nd collect as many pl •nts 

as possible . 

" May 25th . ··:e u;o back to Benteng along a ridge running 'in n 

northwestern dir·ection ; at first the way leads down gradua l ly , but 

nearer to the plain the s l ope becomes steeper. The ridge is ver.v 

narrovv , with on both sides perl)endiculcir walls ; e verything is qui t· 

whi t e owing to the> lirnent~ine ; tlle erov:th o"'." plnnts is extremely poor . 

" .. lay ~>6t h . ':'he dny is spent with p t't.:parinL a n f'Xcurslon to th e 

so utht~ rn point of :_:c:J.nj<:r ; the· chit:.t' uf 11 c<1111pone tht-1•e , of "3a r<H1 1 

3entent: t:~irly in Uit- :11o~·ni l!._'. , ~1t t'i 1· ~~t, : · win1_; , lc1t.er un oy ~;:1il . e 

sRil clo se unl1er t.:w '-"est const , v.!1 i ch cvnsis ts of stt;ep lir:1eRtun(; 

rocks oenrinc m~1y Pnncl ci n "' nnrJ Cycns. Tne sea undermines Lht: coas~, 

t.:verywher>e a1•e ca ve~> , [11111 l:Jq_:e bloel-;:s of Pock lie spr·ead in :ht· s,;~t . 

leilfm·•y , <Jt C<Jwpont: TieJe - '..::'iele, '.V e t~1ke n heavier ;_1 rO'Jh ;mu bt;fure 

.'.t h:d f po st six 
' ..... ·;.e reHch th Crn1.punt, '.1 onke-'.i.'oni<t: J'rvm wr t•re 1.,e re a ch Barang-Barnnt; 

n:~ter a quarter ,f an hours wRlk. ':ie _ut up our campbeds in the h ouse 

of the chi ef of this CRmpong , and soon retire behind the rn c squito 

curtain , for this p ~ rt is kno"n for its mnny mosquitos and mn l a ria . 

" The next few days we mnke excursions in the neighbourhood , snd 

amongst the othersright ncross the Island towards t he east side where 

a few small camponG s nPe situated , 3onesel a and Pinang . The greater 

part of the s ou th poi n t is covered with thin wood and a l ong the coa s t 

here and there with mangrove forests . 

" May 30th . '.'!e lei:1 v e st 8 o ' clock in the morning sailing before 

a s t iff breeze , and thus we reach 3enten£ a t half paRt two~" 

Those plant semple s containing more than 200 pg/ g copper can 

be di v ided into tw o grou:s on a locality b 1:1 sis . '.i'he large r group 

con t ai n s th E: spe cies Vernonio nctoea , Cyrnnria acurninnta , /:er 'j scand~, 
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?isoni n •-ic1leatfl , Coleus ntro:''...lI'l ureus nnd Laportea ruderal i s w~1ich 

were all collected in Uw .'Oil th of t::e i f:lund in the region of 3ar:1n 1 , -

'l'hc: otri- r grour contninn : 

f~O:'hO..'-·« , ~Jo1ictos f:Jlc~nus <n1d f.y.i.J:.tiul<.:.. ~;r0str·1tn nnd these three 

Sl1eeies •;:>::re ,-i::_l cc•l1 ·c.:ted l'll l[.t_· tri;1 f'r1....u 3e;ntnnuh3roe to 3e:ntent. • 

(:.ee fiu1re VI-,) . lt \'.uuld ,;~p·:ir·, L:.t·r•t;i'or•e , th~it :-;uit •Ole c.:·e~ .. -~ 

fer· u1rt·., int-: out ·!n investit,:•ti.0r. ,,_· ,1oil copv~ r lev~lf' ir. the hol_., 

Lt:ading sliglltl./ souLh into th::> : .. uun t:ilns or· on u \•,·est tu eu~~t L!':ir.st~ct 

of the soc.1th of' th,· island in tt1• ' vicini'.-./ of 3nranLbRranL . 

H. co~:CLUSIJ':. 

Extrernel.f hi~h lev els uf cvp~;er· hi1ve buL:n found in vorious l·lunt 

species Lrur.ing on ~':11<• ., : r· ::;-f:;l,1n•; uut ln~ v:illlt:S 'M.:.re not !"e1;c;ntec: in 

:'!'UO:JOlJ \iUe t1... 1:.irH--I'C.liz:itior~ ~1~; nu ,rn,,,-,n l'0l1Iit:I' 1_DlllltL,n t:XiSt'"' :.z1d 

the prt~do.nin:int ~-uo: ·t. :·~itt'!; '!:'• · li::.<~f::,.;r.~·!; in ·:.:1ich coupcr ·:ohilit;; i::> 

C0~~pl.1 1 : r.t·::1r jl.ii1L.~~r:[. ir: \.'e!·~t. :·~tl r·~:l~J~·,~ · :1~.l! 7"~t,. fl!' 3~1rt1:-li!.01-!!"rir1L: irl 
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:.o:·c;ovt.:r , ti.E: .,·,c,1',\ on the )oc tf.:urs var. 

follov.s: 

(i) ,,rt:':L> of pc...1s~•ibly :.11om:1luus nic::\t!l , curipcr nnd zinc concentr«ition::>. 

in the st..ost!'d:..e :. t·r·e !elin1.:1:1t··u fl~> <1 rt:~>ult of' the ci::ita obtained 

.ur· inc U1L rcutine bioi_:eoche:nic:al sul'v~y i11v0lvine, st:venty- f'iv'J 

!'.~lt:si~m f'~t:ciu~ (cr1i~fly f'r•crr. tht l'Ru.ilic~ F'lncourtinct!ae :md Viol·1c -

eae) . 

( 1 i) : t ,·.:1~ t!l. t'O"/t. l'l' 

('l ul ~ bi· , . ; 
' ~ 

.. f'...,; . : n ~ : · 

l l t '. Jl 

· v n 

JO.• 1· •'t S t~1· t 
, 

J • 

o::' ul :.1·:.ib·1~- ir· .- ~r. :·t :1r; • !i ·:··· '.";Uc:. '"'·:. · .. ··..! nc..', Kn ·;.n f"f•'Jl. >u.;1.. ,/ 

~ ~ r·: · I.) . 

1 ' l .. (;,•'--lf'). 

(iv) 

'::.'he 

·iri....: t.s just r::t::i tiunt!CJ tl;r·.:•· f'p• c~:r.ens th·1t .'.e re collected :'ro:n tirens 

or doubtful Li:.,ology yieldeJ !"csults nur,gestlnt thut they •:.:;..re collc-cted 

cff ul tr<:.ba::>ics . 

l t .. c..s hCpt.!.: t.ilin study •;.ould J t.:<1d to the discovery of nc:w metal 

:.ic-:urnulntin0 pl<JI:t vl,.-CCit;S , purticulu1•ly IlYIH.!NJ.Ccumulator·s ur.' nickel 

(3!'ccks tl nl ., 1':;77) . ~·ot cr.2.y dLd V.i~ roject brinu- to lieht five 

previously un,.;.no1~n hy1·rnccui•1uL.tors o!' nic,.;.el (3rooKs et ~l. , 1JT1) 

bt.::t it also led tc.. the d~ .;covery of tlir•el: l1Jpt:rnccumul··tors uf cvp,_•t·r . 

':'he hyperaccumuln to!'s of nickel n:::•e Ri norca ~encilensi s "'nll . ( O. } . • ) , 

R . jav an i ca ( 3lm.e) J . ·· ., f.'.y!"isticn laurifolin crruce ex DC var . 

bi fu rca ta , ...,lu ~£hone l_ ln ox,y ~l!r'1 :; 1b<1 r'rl <· n1: "!'i ci10~L~~'Il.u:~ ~ \:_11 b( !'Li i 
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