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ABSTRACT

The unpleasant effect of serpentine soil on plé@thas been a topic of many studies for severeades.
Infertility and flora selectivity nature of serpamd soils are the features, which made them ofréste
throughout the world. This research includes a heotcal study on two Malaysian serpentine massifs t
introduce their harmful factors concerning vegetatiX-ray fluorescence results on 11 soil samphesved
that serpentine soils comprise large values of &wth magnesium (up to 55 wt and 65 wt% respec)iaiy
high amounts of some heavy metals like chromiurd§128990ug g™, nickel (189-1692:g g*) and cobalt
(95-478ug ¢ ). However, soil extraction by ammonium acetateitsmi revealed that only magnesium is plant
available. Besides, serpentine soils are poor mesmajor plant nutrients such as nitrogen, potassind
phosphorus. This substantial paucity is the mairseaf bareness in these lands. Soils in the stadeas are
moderately acidic and have the adequate catiorirfgptdhpacity. Their Ca/Mg quotient is very low @ablan
1). The latter with the low availability of the calm (0.34 m-equiv 100 §in average) is another challenging
parameter in serpentine soils, which exerts negiatifluence on plant growing.
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1. INTRODUCTION Typical serpentine areas are more barren than their
surroundings and in agricultural areas they are
recognized as infertile (Kim and Shim, 2008). Mo

the selective nature of serpentine-drive soils rmisthe
species of flora communities in these lands. Ulafin
soils support a number of plants that are endemét a
restricted to these substrata. Soils derived from
serpentines are commonly hosts of unusual and yhighl
specialized flora. In the other word, serpentingssare

of interest because of their biodiversity factancg the

Ultramafic rocks cover about 1% of the world
continental surfaces (Garniet al., 2009). They are
located along convergent plate boundaries oftevciated
with obducted oceanic crust (ophiolites). Ultramaficks
are the source of the well-known “Serpentine soils”
Serpentinized ultramafic soils have been of intai@soil
scientists and plant biologists since the lasturgrtecause
they create an unpleasant environment for plamt lif

The ‘serpentine syndrome” term was coined firsetim
by Jenny (1981) to illustrate restricted growth,
physiognomic alterations and element accumulatafis
plant species grown on serpentine soils.
depauperation is an important feature of serpersils
throughout the world, which comes from the inteypdé
their distinctive physical, chemical and biotic tfars.

fertility is limited, the plants are usually endemi
Mostly, serpentine-tolerant species are unable to
survive in non-serpentine environments and the tirow

Floraof plants on non-serpentine origin is usually ineith on

serpentine soils. The morphology of serpentine &ghp
plants distinct slightly from closely related specinot
adapted to serpentine sites. Furthermore, the wiisaa
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factor which controls the number of endemic plant North America, Central Brazil, Middle east and $out
species on serpentine lands; in tropical and spluab East Asia. Regions of Asia are generally the least
regions like New Caledonia and Cuba, they are highexplored and poorly described of such regions ia th
(Dissanayake and Chandrajith, 2009), while in otherworld. The tropical Southeast Asian lands havergela
regions such as some parts of Europe and Newnumber of serpentine bodies including outcrops of
Zealand, they are lower. Peninsular and Sabah Malaysia. This study investiga
Extensive worldwide studies have been conducted orthe above mentioned properties of serpentine sotlso
different aspects of plant life growing on ultramcaf Malaysian massifs. Serpentine outcrops in Malaysia
lands, but in this research the focus is on thatpleic occur as several isolated lenses along Bentong-Raub
characters which inherited from parent rocks and ca suture zone in the Peninsular (Hutchison, 2005)s Th
create an abnormal environment. research has been accomplished on Bukit Rokan and
Serpentines are metal-loaded soils. Weathering ofPetasih outcrops in Peninsular Malaysia and atterapt
serpentine bodies under tropical climate produbeskt show the undesirability of these serpentine lanois f
profiles of reddish to black-brown lateritic soiish of ~ plant life from soil geochemistry point of view.
iron and manganese oxides. Serpentine soils have
excessive amounts of siderophile elements such as 2. MATERIALSAND METHODS
chromium, cobalt and nickel which are partly resiole
for infertility and th_e paucity of vegetation. . 2.1. Study Area
Although certain metals like Cu, Fe, Mn and Ni are
essential macronutrients for plant growth, in some  Soil sampling was conducted at Bukit Rokan and
concentrations they become entirely toxic for pdaad ~ Petasih locations representing serpentine sitexgyatioe
microorganism (Siebecker and Sparks, 2010). Nagy an Bentong-Raub suture zone of Peninsular Malaysia. Th
Proctor (2008) has described that the high soibgity most_acceSS|bIe outcrop is located at B_uk|_t RokaraB
of an ultrabasic soils and its propensity for high housing estate. This body occurs within the chert-
concentrations of elements such as nickel, cobaiper ~ argillite and is in fault contact with the Kepis
might cause toxicity problems for agricultural puots. Formation. The serpentinites of this area are confyno
However, there are certain plants which are geols ~~ Sheared and show yellow and green colors. They are
biochemical indicators and they can tolerate heaegals ~ Strongly weathered and thus the village is surredniy

or even accumulate them. According to Morrissrel, ~ dark brownish-red Laterites arise from them.

(2009) the poor vegetation on serpentine soil istiyo At Petasih in Ne_grl Sembﬂan, the serpentlnes_have
related to Ni toxicity rather than high contents@yfand @ fault contact with the schists. They are highly
Co. The plant uptake of Cr is usually very low whii  foliated, sheared and faulted. Only a small parthes

can be taken up by some native herb and cropevateld massif was accessible and sampling was performed on
amountsAlyssum is an example of these plants that is able the road cut outcrop. _ _ -
to exceptionally enrich Ni. Plants are intermediate =~ The choice of the most suitable sampling sites is
containers of heavy metals which through them rietal Subject to accessibility. A total of 11 sampleslexied
contaminants move from soil to human and animdissT ~ from top soil (less than 10cm thick) after cleaning
studying the effect of heavy metal hyperaccumutaia ~ Superficial debris and vegetations. Sampling |oceti
plant health and growth is of great importance. are depicted ifrig. 1.

In contrast with elevated heavy metal_c;ontents, 2.2. Sample Preparation and Analysis
serpentine soils are characterized by deficiency of
essential plant nutrients such as nitrogen, phasishend The chemical composition of soil samples,
potassium. Calcium and Magnesium imbalance iscomprising 10 major elements and 20 trace elements
another challenge that serpentine poses. It cactafie  were determined by employing the X-Ray Fluorescence
vegetation providing three circumstances; (a) ityiof spectrometer (XRF, Bruker S8 Tiger), house at Fgcul
magnesium, (b) Lacking of calcium and (c) Diminighi  of Science and Technology UKM. The soil samplesewer
Ca/Mg quotient (Chenget al., 2011). Many air-dried, crushed and disaggregated in an agattamo
researchers have described that how a low Ca/MgThe homogenized and pulverized soil samples inertraes
ratio, lack of mineral nutrients and a high contefit  precision of the analysis. Soils were powderedGqu3
metals like Ni and Cr creates a strong infertilitysoils. grain size and were made into 32 mm diameter fused-

Serpentine bodies are scattered in many placd®in t beads for measuring major elements and 32 mm démet
world include New Caledonia, Zimbabwe, Western press-powder pallets for measuring trace elements.
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Fig. 1. The locations of the studied serpentine massiPeininsular Malaysia

The fused beads have been prepared by igniting @5  University Kebangsaan Malaysia (UKM). Exchangeable
sample with 5.0 g of Johnson-Matthey 110 spectkoflu cations and CEC amounts were calculated thereafter.
giving a dilution ratio of 1:10. As for the pressgowder
palettes, the preparation involves applying a pressf 3.RESULTS
20 tonnes for one minute to 1 g of sample againgt 6
of pure boric acid powder. The Loss on Ignitionttes The elemental composition of 11 serpentine soils
was performed to estimate the amount of moisture,from Bukit Rokan and Petasih massifs are outlined i
organic matter and impurities of soil samples. #fg Table 1. The results of X-ray fluorescence analysis
oven dried soil weighed accurately in a platinum approved the strongly enhancement of some heavy
crucible and transferred into an electric furnaoe f metals in serpentine soils relative to other sgikes. As
one hour. After ignition at 1100°C samples were it was expected, among 20 analyzed trace elements,
cooled in desiccators and weighted again accurately  Chromium (Cr), Cobalt (Co) and Nickel (Ni) showed
In order to find the plant-available concentratimis  anomalously elevated concentrations by the follgwin
elements in soils, extraction of soil was conduaisithg observed range; Cr 1248-18999g ", Co 95-478:g g and
saturation test with 0.5 M ammonium acetate exchang Ni 189-1692ug g*. The comparison between heavy metal
as described by ASTM D4319 (ASTM, 1993) 4 g of air- concentration in studied serpentine soils with agersoil
dried and pulverized soil was accurately weighéd mm  compositions of the earth and phytotoxic level of
plastic centrifuge tube. 33 mL of ammonium acetate elements in soils are presentedamble 1.
solution was added and was shaken in a mechanical Major and macronutrient oxides have also been the
shaker for 1 h. Then, the tube was centrifuged cedr subject of XRF analysis. As it is quite apparermtnir
supernatant was decanted into 100 mL volumetregkfla Table 1, FeO; in 64% of samples changes in the
The procedures above were repeated twice on the sanrange of 27.34-55.65 (in weights percentage), while
soil and all supernatants were placed into the samehese samples have only less than 1wt% MgO. In
flask and top-up to the mark with distiled water. contrast, 36% of soil samples are rich of MgO vagyi
Specimens were then analyzed using Inductively dup from 49.16 to 65.88 weights percentage, whereag the
Plasma (ICP) machine, housed in the faculty of Remjing  are depilated from R©j.
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Table 1. The average concentration of Cr, Co and Niuing ™), the means of some major and macronutrient oxjideseight %) and the
percentage losses-on-ignition in 11 soil samples Bukit Rokan and Petasih serpentine outcropsatajia

Cr Fe0s MgO CaO NaO K20 P05 L.O.l

(Mg g") Cay Nig) (%) (%) (Wt%) (%) (%) (%) (%)
BR1 9487 464 1687 0.02 65.88 0.18 0.72 0.12 0.45 .8910
BR2 2133 154 435 53.64 0.37 0.23 0.05 0.22 0.08 4816.
BR3 1248 98 189 23.08 0.30 0.18 0.03 0.18 0.05 3175
BR4 11276 236 483 0.09 53.35 0.19 0.29 0.21 0.31  .4913
BR5 18990 478 1692 0.02 65.88 0.18 0.72 0.12 0.45 5.841
PS1 4164 104 371 0.06 49.16 0.18 0.56 0.21 0.74  7520.
PS2 9297 149 587 44.03 0.50 0.18 0.03 0.14 0.07  3017.
PS3 8128 126 526 37.65 0.33 0.19 0.03 0.14 0.06 9 9.3
PS4 4523 95 342 27.34 0.21 0.18 0.06 0.13 0.06 116.2
PS5 2512 298 1105 45.58 0.54 0.19 0.05 0.16 0.07 .9112
PS6 4089 98 376 55.65 0.60 0.18 0.03 0.21 0.07 614.9
Range 1248-18990 95-478 189-1692
Average 6895+5236 209+144 708537
Average soil composition100 10 40
Phytotoxic level 75-100 100

Table2. The pH values, cation exchange capacity, exchagdda+1, K+1, Ca+2, Mg+2 and Ca/Mg ratio of 11 sainples from
Bukit Rokan and Petasih serpentine outcrops in BaldinMalaysia.

Exchangeable cations Exchangeable trace metals
CEC (m-equiv 100Q) (m-equiv100 @)

pH (m-equiv Ca/Mg

H,0 100 g3 Na'? K*t ca? Mg*? Co Cr Ni
BR1 5.84 22.96 0.18 0.04 0.27 22.46 0.001 0.199 0.1690.01
BR2 5.15 3.23 0.42 0.02 0.35 2.44 0.000 0.019 0.006 .14 0
BR3 5.33 3.05 0.83 0.03 0.32 1.87 0.006 0.018 0.035 .18 0
BR4 5.56 8.31 0.27 0.09 0.84 7.10 0.001 0.050 0.106 .12 0
BR5 5.89 5.47 0.21 0.04 0.35 4.86 0.003 0.022 0.033 .08 0
PS1 5.91 4.67 0.44 0.03 0.33 3.87 0.002 0.089 0.0320.09
pPS2 6.38 1.19 0.15 0.03 0.13 0.90 0.006 0.009 0.0170.15
PS3 5.02 3.67 0.14 0.05 0.44 2.95 0.001 0.013 0.0100.15
PS4 5.27 2.77 0.19 0.13 0.23 2.29 0.006 0.013 0.0210.11
PS5 5.64 8.14 0.14 0.01 0.17 7.81 0.000 0.093 0.0210.02
PS6 6.17 23.72 1.70 0.17 0.43 21.41 0.003 0.013  790.0 0.02

The average amounts of CaO and plant nutrientsCa/Mg as it is summarized ihable 2 is less than 1 m-
such as NgO, K,O and BOs in 11studied soil samples equiv 100 @ for all studied soils. Moreover, the obtained

were detected in the range of 0.18-0.23, 0.03-0.72values of exchangeable Cr, Co and Ni are negligible
0.12-0.22 and 0.05-0.74 (in weights percentage)

respectively Table 1). 4. DISCUSSION

Table 2 provides the revealing data on soil pH of . ) N )
Bukit Rokan and Petasih areas which was modertgely ~Comparing the chemical composition of serpentine
slightly acidic with the range of 5-6 unit. soils with the average soil composition of the leart

; ; +.,showed the overwhelmingly excess of serpentines soll
The maximum amount of Cation Exchange Capacnys . ) i
(CEC) in analyzed soils was observed in sample fS6 fc(:)rr (égrog:ng,z%ok;artllg a&? ll\l;ck_?_lr]l;yr:]h;:olrlgg\gg% fﬁ?hi h
Petasih (22.96 m-equiv 100"yfollow by sample BR1of ’ | g

. : N cobalt and nickel content in serpentine is loniostitution
Bukit Rokan (23.72 m-equiv 100 'y Sample PS2 of _of these elements into a magnesium-rich minerath sisc
Petasih showed the lowest CEC value of 1.19 m-equiVpjivine and pyroxene. Chromium is enriched becatsse
100 g*. As it is seen iTable 2, the values of CEC were  substitution in iron rich minerals readily occurs.

dominated by exchangeable MgSoils are very poor in Base on the nature of the parent rocks the produced

exchangeable cations of Na K", Ca® The rate of  soils would be rich in Fe or Mg. Weathering procaise
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has a key role in the elemental abundance modelNi exchangeability is almost negligible. Thus, & i

Caillaud et al. (2009) believes that the main weathering concluded that even though serpentine soils conin

process in well drained serpentine soil profile is elevated amounts of these harmful metals, the ptiopo

associated the removal of Si and Mg and conceatrati of plant available Cr, Co and Ni is largely low.

of Fe. This phase occurs in wet condition and pcedu

ferralitic soil (oxisols). After measuring majoreahents 5. CONCLUSION

of 11 soil samples, two types of lateritic soilse ar

distinguished in Bukit Rokan and Petasih serpentine Serpentine soils are unfavorable environment for

soils. The type soils rich in Fe and soils rich Ntg plants. Multiple ranges of factors are responsiile

(Table 1) which in both cases the unusual richnessserpentine soil infertility. The deficiency of

makes.hardships to pIar_1t life. _ macronutrient elements such as calcium, potassiuin a
Toxic effect of Mg is exacerbated along with low phosphorus and very low quotient of Ca versus My ca

levels of calcium. Since Mg and Ca ions have sameyg considered as the main harmful factors. HoweMler,

uptake -si.tes in plgn_t roats, high Mg Saturatestoxicity due to the excessively high exchangeable
antagonistically obtaining sites and depresses Ca . .
availability for plants. This condition is happegirn magnesium Igvel remans a pro_bable dangerous cause.
Bukit Rokan with about 66 wt% of Mg (as MgO). The Despite the first thought, chromium and cobalt aog
average amount of CaO in both areas is less thvaigdl controlling factor on serpentine vegetation becaoke
Beside Ca, other nutrient deficiencies are observedheir low exchangeability in soil. Even with the
(Table 1). The mean levels of potassium and extremely high total concentration of Cr, Co andiMi
phosphorous in all measured serpentine soils &g le serpentine soils, their negative effect on pleetis tiny.

than 1 wt% which reveals the nature of their ultafim Author suggests some elemental analyses on rodts an
parent rocks. Lack of nutrient elements shows #istr leaves of plants growing on studied serpentinessoil
rapid lost through weathering and leaching procéhks.
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