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ABSTRACT

1'0 mensure nickel (Ni) hioavailability experimenta were
conductcd in the field using ion exchange l'l'sin (1ER) rnethod.
Rcsin bags wcre inserted into the 'upper layer of soils
de vclopcd on ultrnmafic rocks in New Caledonia. Theil' Ni
conlcnls wcrc dctcrmincd artel' four wecks and compared ln

thosc of pianI lcavcs of live species. Significant correlations
wc«: ohtnincd sn Ihal Ihe 1ER appeared ln be successlul for
routine applicutions. l-urthcnnore, the use of chernical reaciants
SIKh as dicthyleucninminepenraacetic acid (DTPA) and KCI
dcmonstrarcd ln he much less reliable for assessing the
hioavailahility of Ni. '
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Ecosyslcms developed on ullram:i1ic rocks han' hcen \Vidcly ill\csti).'atl'd
throughout lhe world. and Iheir Ilorislic. cdaphic and physiologieal l'catmcs

idenlilicd (1.2.1.4.5),
ln New CaledoOa, ontemps or 1I111anialic Illl'Ks l'm'Cr 5500 "III",

accounting l'or about one-thinl of thc Grandc Tenc arca. l'hl' chemic;d causes

or lhe inrertilily or soils dcrived l'rom ultralllalic roc"s :ue nlainly duc 10

deliciencies in major elements, such as phosphoJlls (Pl. pota.s.sium (K). and
calcium (Ca), Olher raclors like the cxeess or Illagnesium «l) orlhe imh:dance or
the Ca/Mg ratio (1,7,8) and excessive contents of metals sllch as nickel (Ni) are
also orten poinled out, bul are not cvidenlly involved in ail cases (l), Nickel
arreets the quantily and the quality or the crops. and ils availahility var)'
according to soi/ types and environmenls (10.11). Ailhough the total metal
content is still ulilized in many cou nI ries as a quality standard of 1he soi 1. its use
l'or the prediction or the ecological impacl or metals is or lilfle value (12l.
Thererore, tools to assess the bioavailahility or metals 10 plants. cspecially Ni in

our case, are or great interest l'or soil management.
The bioavailable l'l'action or soil ITIclals is not only ;1 function of lhe lotal

melal content, but also is very dependent on the edaphic properlies which /!OVCIII

lhe retention, lransfofllwlion and mohilily of loxic mclal.~ in soils (I.ll. Vario\ls
npproaches hnve been developed to determine lhc hioavailahlc !"raction o!" an
element 10 plants. Many chemical reaclants. including ~all~. diluled acids and
organic ligands, have been used !"ollowing dillerent procedurcs. to assess the
bioavailability of metals (14), Correlations between the quanlities or nickel
extracled rroll1 the soils hy variotlS chemical reaclants and ils concentrai ions in
plants are nonelheless not always satisractory (15). AlIlong these reactants.
L'Huillier and Edighorrer (II) demonstrated the ability or diethylenetriamine­
pentanertic ncid (DTPA) to assess bioavailable Ni !"or variou~ ~pl'cic~ cullivated
on New Caledonian ultwmalic soi/s, Onr M KCI al~o allO\v~ to examine lhc

variability or the Ni availability in these type or soils (I(),

Ion exchange resins (1ER) have been used 10 estinwte the availahility or Ihe
major elements l'or plants (16). For tmce elements, SO:lIle and Saunder (17) were
among the firsl ta apply this method l'or cOlllparing the extractability or Ni and
chrolTIium (Cr) from soils developed on Rhodesia serpenline, They conclude thal
Ihe amount of Ni extracted with a resin was c10sely correlated with the Ni content
or lhe leaves of graminacea: whereas this was not the ca~e l'or Cr. Hamilton and
Westermann (18) show that zinc (Zn) uplake by heans is beller correlated with
the Zn extracted by an ion exchange resin than tl1'l'lse eXlnlcted by DTPA, More
recently, Liang and Schoenau (19) used ion exehange membranes. in greenhotlse
experiments, to eva/uate the bioavailahility or l'our melals Icadmium (Cd). Cr. Ni.
and lead (Pb)) previously added to the soil. 1ER plaeed wilhin a soil scemed to
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;Idsorh l'lféclin'/y Ihl' melals presenl in the environlllcnl, and lhereby simulaled
Ihl' aclion oflhl' rools

TIHls. Ihe ailn ollhl' prcsenl work was to lest the possibility orusing 1ER to
assess Ihe ill .\illl availahility or Ni in dirrerenl types or soils derived l'rom
ultramafic rocks, The melal qumllilies <Idsorbed by the 1ER were compared with
Ihl' foli:u cOI1l'l'Ulralions of various plant specics growing nalurally onthesc soils.
and \Vith Ihe rcsults ohtained \Vilh Iwo conventionalreaclants, D.Oa5 M DTPA and
1At KCL

Chemkal Analyses of Soifs and Leaves

The sludy covered 6 stalions represenlative or the main types or soifs and
vegetations on ultramalic rocks or lhe Grand Massif in lhe soulh or New
Caledoni:L The soils are orten deep soils, primarily consisting or goelhite and
displaying acidic plI. Dirrerences in the soifs are essentially related to lheir
lopographic posit ion in lhe landscape, Dirrerent types or sail have been
di~tingui.shed: soils re;lIvenaled hy erosion near lhe crests (I); highly weathered
;111(1 stlOngly dl'salit/all'd ~oil~ onlhe foothill~ (II) ~oll1climes sllbjecl to temporary
Il alerloggillg (III); alillvio-coiltlviai soils on ten'aces subject 10 temporary
walerlo/!/!ing (IV); ~oil.s very rich in rerrllginous gmvels developed from the
break down or ironpan wilh relatively high (Y) or low (YI) levels or Si02 , The
soils were c1a~si'ied (20) as lislic Dystropept (1), Ânionic Acrudox (II, III, IY)
and Âniollic Ânllslox (Y, YI), Soil salllp/es were collecled l'rom lhe upper layers
(2 -- 15 cm) artel' removal or liller and corresponded 10 the part of soil profile
where the rool density was the highest.

Âllho\lgh the vegelation or Ihe dirrerent Iypes or soils corresponded to
dilTerenl piani cOlllmllllities. il displayed a nurnber of common and ubiquitotls
species 1C/o(';ia a/ll'I/.Iis (Myrlacene) (C); Eriaxis rigida (Orchidaceae) (E);
GrcTi/lCII gi//ivrayi fProteaceae) (G); MIJ1Ilrollz.iera sphaeroidea (Guuirerae)
(M): S/III'I'O/1I !I('/kii (Cioodeniaceae) (S)] which were selected l'or the roliar
sanlpling. For each species and l'rom each station, samples for analyses were
prepared l'rom healthy adult leaves displaying no sign or ageing, and taken frol1l
at least live dirrerent individual plants.

The soi 1 s311lplcs were dried at roOITI temperature and sieved at 2 mm
belOTe analysis. The pH was measured in a soi] suspension using 1:2.5 (w/v)

.,.
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1ER Method
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Nickel accumulated by the 1ER in the various stations and Ihe Ni
concentrations of the leaves of the diffe{ent species were submilled to an analysis
of variance (ANOV A) and their mellns were compared by the LSD (Leasl
Signifieant Difference) test of Fisher. Relations between the l'oliar contenls of Ni
and those adsorbed on the 1ER were described hy linear regressions and the
correlation coerrieients were calculated. Ali the calculations were done using
Statistica software (SlaISoft).

Resin bags were prepared by placing 3()cm' or wet calion exchange resin
(Dowex 50W-X4. 16-40 mesh, H+ l'mm. exclwngeable capacily: 150 cn101 L':
Pluka), in a nylon stocking, l3erlllT' use. the 1ER \\'as clcancd \l'ith delnoni/ed
water, placed in a syringe and eluted \l'ith 200 ml oliM IICI for I\\'o holll's tll
saturale the resin with 11+ The 1ER b'lgs werc slored in demoni/cd \l',ltn in a
refrigerator prior to use. The hags \Vere inscrled inlo the 10 cnl upper layers
during the wet season and removed alter l'our wceks. Four replicales of resin hags
were installed in each station. Arter salllpling, the bags were washed with
demoni7.ed water ta remove soil particles, placed in a syringe. and eluted \Vith
20() ml of 1 M HCI for two hours. Preliminary test showed llwl more Ihan95',7,- or
the Ni added la the 1ER bags was rel110ved hy Ihis procedure. The Ni
concentrations of the eluates were detcnnined hy 1\1\5.

Statistical Al1al,vsis

soif to water wtio. Organic carbon was dl'lt'lmincd hy till,ltion usin!! Ihe
Walkley and Black method (21). Calion exchange c:lpal'ily \l'as obtained hy
exchange with f M NI1 4 CI, buffercd al plI 7. Total clcmcnls wCI'e analY/cd
by atomic absorption spectrometry (AI\S) (Varian A1\3(0) alter salllple
digestion by 2% HCI04 . The anlOunls or availahlc Illctals wCl'e evaluatcd hy
1\1\5 alter extraction with 1 M KCI or O.OOS 111 DTI'I\ (diclhylenclriamine­
pentaacetic acid) +0.01 M CaCI 2 buffered to pli S.3 ( 10). The main chemical
properties of the sail samples collected fwm the di fferenl sial ions are slwwn
in Table 1.

The leaf samples were rinsed with distillcd walcr. dried at Hire and
powdered. Then, 2 g or powder was ashed l'or Iwo holll's in a mul'lle lumace at
45ltC and the ash was solubili7.ed in conccntratcd 1ICI. Nickel conccntration s
were analYled by AAS. The Ni concentrations of Ihe plant species selected (rolll
the different stations are given in Table 2.
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Nickel accumulation rates by 1ER varied significanlly between the different

stations (Table 3). The amounts of Ni that were adsorbed onlo the 1ER ranget!
between I.OS and Il.17 J.LM [1ER bag)-I. Stalion IV corresponding to alluvio­

colluvial soil subject to ternporary waterlogging was distinguished from the
others by its highest conlent of Ni. Previous studies (10,11,22) q1l1ducted on
ultrarnafic soils l'rom New Caledonia, nlso show tlwt the quantities of Ni

extracted by KCI and DTPA, as weil as the Ni content of the soil solutions. are

Amounts of Ni Adsorbed on the 1ER
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Ni (Illg kg 1)

712.8 ::+: 7642"
96.0 ::+: 67.4'
16.8::+: 12.5'

43.83 ± 41.!IJ"
92.0 ::+: 76.2'

C
E
G
M
S

Sreeies

,1,45 + 2,4H"
5.4\):,: O.II(,h
6,(,4 + r. 12h

Il.17::+: 27({
1.05 ::+: O.J4"

I.HO 't (UI"

Ni (ILMIIER hagl ')

NH'KEL BIOAVAILAIlIUTY

1
Il
III
IV
V

VI

('OIIlP'" isons of Ihr: llleallS hy the Fisher LSD les!. (Elemenl contents with the same

exponent \Vere nol significanlly diITerenl).

Compllrison of Elements Adsorbed on 1ER and Foliar
Concentrations

l',,!IIc./. r"kan ('onll'nls ,. Sland;ml Deviai ion of Ni 2' Adsorbed on 1ER for Ihe

Ililfell'nl Saillplin/! SI:llions ;111'\ [\-1I:<ln ConcentraI ions ::+: Slall<lard Devialion of Ni in the
I,C;I\'l'S for lhl' Ilillclcill Spr:cir:s

higher in waterlogged 7.Ones than in others. Nickel probably originated l'rom the

soluhili7ation of iron oxides. which are substituted for Ni (23,24), and Illanganese

oxide coalings, whil'h conlained eflsily mobilizable Ni, under redoxic conditions.
The presence of we,llherable silicate minerais related to the high level of Si02
(Tahle Il. coult! hl' alsl1 a source of avail<lble Ni (10). Then, Ni which

al'l'UnlUlales inlhe PlganÎl' hori7.ons (ID) could be ndsorbed by 1ER. Stations l,II.
IIIl'xhihiled intl'nnl'di<lte cPl1ccnlrations 011 the 1ER r<lnging l'rom 4to 7 J.LM [1ER

ha!! 1 '. Stations 1and Il corl'l'sponded 10 highly we<llhered soils or the crest and
ollhe picdnlont. Tlwse soils had l'Clalivcly low SiO] ('onlenls nnd were prohahly
1101 suhjl'l'l 10 Il't!IICil1g condilions. The nvailuhility of Ni WllS Ihererore lill1ited.

Desl'ile the lel11poralY waler tflbles, slation III lhat presented less manganese

oxide cO<ltings and silicflte minerais exhibited lower Ni concenlrations on lhe 1ER
than slalionlY. Ni concl'nlr<llions on the 1ER were significantly lower for gravely

soils (Y. YI). No dilference appeal'ed between these two slations although their
large dilTerence in Si02 conie nt. The very coarse texture of these gravely soils
likely reduccd the l'ontacl belween the soil and the resin bflgS, or favored the
drying of the soil and hence lill1ilcd the diffusion of Ni towards the 1ER.

The Ni concentrations of the plants (Tables 2 and 3) seemed to be specific.
They Weil' nol significanlly different for four species (E, G, M, S) and ranged
l'rom 17 to 92 mg kg- I (Tahle 3). Ni concentrations averaged 713 mg kg -1 for

C/oezill l1rtellSÎs (Cl and reached 1729 mg kg -1 in temporary waterlogged sail
(SI,llion IY). Acconling to Brooks et nI. (2S). this species can be considered as

1

t

1

1
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1

1
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t

Il (,

HO

56
Yi
13

D2
HO
<)0
24
JI

1174
180
170
76
2<)

172<)
1H.~

155
III

7
15
Il

7
4

12
6

Ni IIll/!k/! 'lSreeies

C/rW';,itl Il,.fnn;.\

Sca('l'ola IJeckii
Eriaxi" rigida
Mo//lmllz;cm "plw('midco
Grel'illeo Rillil.,."ri
Cloez;" arlell.';"
Scaevola Beek ii
Erioxi.f rigido
M(}//Imllziera "plU/emidea
Grevillea giflil'rayi
Cloez;a arlell"is
Scaevola Beeki;

Er;axi" rigida
MOl/frOllziem "plU/emidea
Grevillea gillil'myi
Cloezia arle//"i"
Scaevola Bet'kii
Er;axis rigida
MO//lmllziem "I}lJacroidco
Grel'illea Rillil'm.l'i
Scael'ola Bcck;;
f;ria.lÙ dRido
Mo,lfrOllzlera splraemidea

Crevilleo gi/livrayi
Swel'olo Beekii
MmlfTOllziem "p!raemidco

RESULTS AND DISCUSSION

Table 2. Main PianI Spr:cies Occurrr:llces and Ni

Contents of Ihe Leaves for Ihr: Dillcrr:nt Sialions

Stations

1
1
1
1
Il
Il
1\
Il
Il
III
III
III
11\
111
IV
IY
IY
IY
IY
Y
Y
Y
Y
YI
YI
YI
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Comparison of 1ER with Exlmetions by DTJ>A and KU
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0.79
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0.53
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DTPA

0.10
O.5R
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0.65
0.74

0.20
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n Résines

Reactanls
DTPA 6 0.53

KCI 6 0,83"'*

Species

C 4 O,97*'"

E 5 0.86"

G 5 0.86*

M 6 O.95*H

S 6 0.92**'"

In our study, the correlations between the different methods to extract Ni

l'rom the soil were generally non-signif1cant except hetwccn 1ER and KCI (rahle

4), The correlation coefficients between the foliar concentrations of the plants and

the different extraclion melhods were generally lower wilh DT!''' and KCllhan
Ihose oblained wilh the 1ER (Table 4). They were only signifieant for c;"cl'illca
gillivrayi with DTPA. Uren (15) reporls Ihal Ihe correlalion fachlrs hetween Ihe

Ni concenlralion in various planls anu Ihe Ni concentrations obtained hy

mÎscellaneous reaclants are generally low. Hughes and Nohle (27), who lesl ten
reaclants on soils on serpenline l'rom easl TrnllwaaL found th'1t none of Ihe

reactants lesteu is ahle 10 prediel Ihe 4uanlities (If Ni uptake h)' the vcget<llion of
these environmenls. L'IIuillier and Edighorrer (II J. nonethcless, ohtained

Table 4, Correlalion Coefficienls Belweeo Ihe QlIanlilics 01 Ni Fxlntl'lcd Ily lhe Vari(l(I~

Reaclnnts, anu Belween Ihe Reactants and the Foliar Conlenls 01 l'ive PianI Specic~,

Where n is the NUlllber of DaIa Pnirs (ünrelalion Significnnl al l' = 0 1("), l' = (l.().~ ("" "

l' = 0.01 ("' ....»

hyperaccumulatrice plant for Ni as many other endeillic plants of New Cakdonia
(3). Even if Cloezia artel/sis was recogni7.ed at lirst as a Ni hyperacculnulalor in
New Caleuonia, six other species of its family (Illyrlaceae) ha \l' hn'n Il'l'l'nlly

uetermineu as Ni hyperaccumulalor in Ihe serpentine f10ra of ('uha (2(,).

The Ni concentrations of the planls varied greatly with the soil t\'pe They

increased flOm the gravely soils to Ihe lemporary wall'r1o/!l!ed olles as l'or the II~R

contents. The relationships between the contents on Ihe 1ER and lhe loliar

concentrations for the flve plants investigated in these study are presented in

Figure 1. Significant correlations (at P = D.I) were found for eaeh speeies hut the

slope of the linear regressions varied between the species.
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NIMJN AND 1'.1ENTHA SPICATA OIL AS
NJTJUFICATION INHIBITORS FOR

OPTIMUM YIELD OF JAPANESE MINT

D, D, Pal nt,'" 1\1, Anwar, Sukhmal Chand, Usha Kimn,

D. K. Raj"ul. and Sushi! Kumar

ln order 10 il11prove nitrogen ulitization efficiency or crops, which
seldllln exceeds 50"k, nUlllerous synlhelic chemicals have been
e)(amined hy several lVorkers. l'or inhibilion or eüher urea
hydrolysis or nitrificalion in soils. However, for nilrificalion
inhibilors 10 he pllln"ar in developing counlries il musl be cosl
l'ITl'Clive and iJiodegradahle. Field experimenls were conducled
101 Iwo Yl'aIS (1997 --9H) to evaluate Ihe perrormance or lwo
nalur:t1 producls. /111'111//(/ ,Il'icala oil and nilllin (Ielranorlrilerpi­
noids). an a!cohol exllacl or Neem (Azadirachta indica Juss) as
nilrilicalion inhihitors. l'ri lied urea l'las coaled wilh essenlial oil of
M1'I1I1/(/ spiC1l la , nimin and a synlhelic inhibilor dicyandiamide
(control) al Ihe raie or 1% on w/w basis and Iheir erfeCls on herb
and essenlial oil yield and nulrient accumulation in Japanese mint
(/11nI/ha aiTel/.l;S L.) l'las sludied. The nalural products
signilic,\Il1ly increased ihe herb and essenlial ail yield of minl
cOll1parcd to prillcd urea applied wilhoUl any coating malerial.

("01\1 1\ Il IN SOif S("1. l'LA NT ANAL. 13(3&4), 451-460 (2002)
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