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Summary

This study explored the soils and vegetation of four of the five known
ultramafic sites in Sri Lanka. Soil chemical and physical features
were typical of ultramafic substrates. A preliminary taxonomic survey
identified 45 species of angiosperms, none of which is endemic to the
island or restricted to ultramafic soils. However, populations of several
taxa may represent distinct races or ecotypes specific to the substrate.

A thorough taxonomic survey of specimens from on and off this
substrate may expose features unique to these ultramafic populations. -

Plant tissue concentrations of various elements were typical of species
growing on ultramafic substrates. Evolvulus alsinoides (Convolvula-
ceae), Hybanthus enneaspermus (Violaceae), and Crotalaria biflora
(Fabaceae) were shown to hyperaccumulate nickel (>1000 pg/g dry
tissue). An unusual finding was the discovery of five hyperaccumula-
tors of copper: Geniosporum tenuiflorum (Lamiaceae), Clerodendrum
infortunatum (Verbenaceae), Croton bonplandianus (Buphorbiaceae),
Waltheria indica (Sterculiaceae), and Tephrosia villosa (Fabaceae).
Copper hyperaccumulation (>1000 pg/g dry tissue) in ultramafic
substrates is a little known phenomenon and requires further study.
Calotropis gigantea (Asclepiadaceae) accumulated sodium to levels
often seen in halophytic plants. Sodium accumulation in plants growing
on ultramafic substrates is also a rare phenomenon.

Introduction

Ultramafic rocks, such as serpentinite, occur on every major landmass
and can be found as local outcrops or extensive regional displays.
They are found primarily along continental margins and on offshore
islands and are often associated with obducted oceanic crust (ophiolite
suites) and plate boundaries (CoLEMAN and Jove, 1992). Soils derived
from serpentinite rocks are often shallow and coarse, and have ex-
ceptional physical and chemical properties. Iron (Fe), magnesium
" (Mg), and silicon (Si) as well as heavy metals such as nickel (Ni),
cobalt (Co), and chromium (Cr) often occur in large amounts. Charac-
teristically, they have high concentrations of exchangeable magnesium
and exceptionally low concentrations of exchangeable calcium (Ca)
and are usually deficient in nutrients such as nitrogen (N), phosphorus
(P), potassium (K), boron (B), and molybdenum (Mo). The pH values
are often high and can range from 6.1 — 8.8 (KRUCKEBERG, 1984). The
low nutrient status, cation imbalances and high metal concentrations,
along with high surface temperature effects, moisture stress, soil
instability, and resulting biotic conditions, limit plant growth and
survival in serpentine habitats (TApros, 1957; ProcTor and WoODELL,
1975; Baker et al., 1992).
Plants growing on'serpentine substrates are morphologically and
physiologically adapted to deal with their harsh environment. They
are often dwarf and xeromorphic with chlorotic, narrow, and glauces-
cent leaves. They show strong sclerenchymatic development and
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possess enlarged root systems (KRUCKEBERG, 1984). An important
aspect of plants growing in serpentine soils is their capacity to tolerate
high concentrations of heavy metals, By avoiding excessive uptake of
ions, adopting excretory mechanisms, binding metals with organic
acids and proteins, and developing storage devices, metal-tolerant
plants are able to survive in soils toxic to most plant species (VERKLEN
and ScHat, 1990; StranGE and MACNAIR, 1991). Serpentine soils often
support remarkable floras characterized by a paucity of species and
high degree of endemism. New Caledonia provides an exceptional
case with 60% of the island's flora restricted to serpentine outcrops.
Here, two monotypic families, over 30 genera, and 900 species are
found on serpentine soils (MacNAIR and GARDNER, 1998). Continental
areas within South Africa, Zimbabwe, Cuba (Brooks, 1987; ROBERTS
and ProcTor, 1992; REEVES et al., 1999), and California (KRUCKEBERG,
1984) also host a wide variety of species adapted to these extreme
soils.

Until recently, it was not known whether there were occurrences of
ultramafic outcrops in Sri Lanka. Geological explorations in the 1970s
revealed rocks of this type located along a Precambrian suture
zone between two plate boundaries, the Vijayan and Highland Series
(Dissanavake and VAN RigL, 1978; MunasINGHE and DissANAYAKE,
1979,1980; Dissanavake, 1982). Since these outcrops are northerly
spread close to the boundary of these two Series, and are fault-
associated, it is believed that these serpentinites have a deep-seated
origin. The limited work done on the composition of the rocks suggests
that the mineral sequences favor a primarily pyroxene-derived ser-
pentinite (DISSANAYAKE and VAN RIEL, 1978; RANASINGHE, 1987).

The vegetation of these outcrops has not been extensively studied.
Brooks (1987) lists only three species in his account indicating that
the serpentine flora of Sri Lanka (like India) is impoverished with
regard to numbers of species and endemism. He mentions that the
floras do not hold the same potential for future botanical research as
other Asian serpentine floras, particularly those of the Malay Archi-
pelago, where large numbers of endemic species have been recorded
(Brooxks, 1987). The observations made by Brooks (1987, personal
communication 1999) on the serpentine flora of Sri Lanka are intri-
guing since the island has greater biodiversity per unit area than any
other country in Asia (BaLbwiN, 1991). Approximately 30 percent of
the angiosperms (total 3100), 18 percent of the ferns (314), and 35
percent of lichens (110) are endemic to the island. This high level of
biological diversity and endemism, combined with the vulnerability
of the habitats in which these species are found, has attracted the
attention of local and international conservation authorities. Sri
Lanka, together with the Western Ghats of India, has now been declared
one of 25 biodiversity hotspots in need of immediate study (Mygrs
et al., 2000). Most of these conservation efforts are directed at the
highly diverse lowland rainforests of the southwest, however, it is also
important that other habitat types, such as serpentine areas, are also
identified, characterized, and conserved.

The present study describes the nature of the serpentine soils found in
four of the five known ultramafic outcrops of Sri Lanka and explores
the floristic diversity found in these sites. A preliminary analysis of
plant tissues is also conducted to identify species with unusual metal-
accumulating behaviors.



Serpentine and its vegetation 21

Material and Methods

Site information — Four of the five known serpentine sites (Fig. 1)
were visited during February and March, 1999.

Site 1: The Ussangoda (Welipatanwila) outcrop is Jocated in the ex-
treme south overlooking the Indian Ocean. The area of the outcrop is
ca. 3 km? The soil is characterized as hematite-rich clayey sand and
is ca. 40 cm deep, the top 10 cm of which is comprised of very finely
grained (loess-like) particles giving the heavily-laterized site a reddish
hue. Previous geochemical studies (RANASINGHE, 1987) revealed soil
Ni and Cr concentrations of 1000 ppm (ug/g soil) and 7700 ppm,
respectively. The site is almost devoid of vegetation except for a scat-
tering of small herbaceous species. The boundary of the outcrop is
clearly marked by low thom shrubs interspersed with a species of
Opuntia Miller (Cactaceae) found only on the non-serpentine substrate.
Sites 2, 3: The Indikolapelessa and Ginigalpelessa (Udawalawe)
outcrops are located in the south-central part of the island; each
measures ca. 1 km? in area. The soil is dark brown and poorly-
developed. The Ni and Cr concentrations in the Ginigalpelessa site
average 2100 ppm and 10,000 ppm, respectively (RANASINGHE, 1987).
There is no geochemical information available for Indikolapelessa
site; for the Udawalawe site, DISSANAYAKE and VAN RIEL (1978, 1979)
recorded a Ni concentration of 0.8-1,9%. ‘

Site 4: The Yodhagannawa (Yudhaganawa) deposit is located in the
north central part of the island. No geochemical information is available
for this site.

" Field collections — Only plants with identifiable reproductive structures
were collected in order to facilitate identification. Collections,
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Fig.1: A map of Sri Lanka showing the distribution of the five serpentinite
outcrops. Sites {: Ussangoda; 2: Indikolapelessa; 3: Ginigalpelessa;
4: Yodhagannawa; S: Katupotha (unexplored).

however, represent ca. 90% of the flora of each site. For herbaceous
species, whole plants were collected; for shrubs or trees, stems with
leaves and reproductive structures were collected, Plants were cleaned
of adhering soil/dust in the field by vigorous shaking and then dipped
and quickly shaken in three separate containers of tap water to remove
adhering soil particles and dust. Plants were then placed separately
in paper bags and dried at room temperature.

Samples of ca. 300 g of soil from the rooting zone of 20 species were
dug and placed in plastic bags. All soil samples were collected at
0-10 cm depth using a spoon made out of a coconut endocarp. Owing
to time constraints for field work, soil samples were collected for only
about half of the species.

Analytical procedures-Plants — In the laboratory, plants were cleaned
again of any remaining soil particles using a pressurized air. All
specimens- were then cleaned with a soft brush and quickly rinsed
with distilled water. Many species, especially those with a herbaceous
or prostrate growth habit, occasionally required extra-cleaning to rid
samples of fine materials that were deposited on the roots and shoots,
Cleaned samples were then dried for 24 h at 80°C in-a-forced draft
oven. Each sample was then thoroughly ground usifig a Model CG
150 Sunbeam Café Mill followed by digestion using 1 mol/L HNO,
and 2 mol/L HCI (all procedures followed are described in the UBC
Soil Science Laboratory Manual 1981). Samples from 39 species were
analyzed for aluminum (Al), arsenic (As), boron, barium (Ba), Ca,
cadmium (Cd), Cr, copper (Cu), Fe, lead (Pb), Mg, manganese (Mn),
Ni, P, K, selenium (Se), Si, sodium (Na), strontium (Sr), and zinc-
(Zn). Only one sample per species was tested except in those cases
where samples showed apparent metal hyperaccumulation, whereupon
duplicate analyses were conducted. In the case of small herbaceous
species, entire plants were analyzed. For larger plants, additional tissues
from the same plant were used in the analysis,

Analytical procedures-Soils — Soil samples were placed on plastic
trays and air-dried at room temperature for ca. 1 week. Each sample
was then sieved to pass a 2-mm nylon mesh. Gravel was removed
from the remaining aggregate of soils and then crushed usin g a wooden
rolling pin. The resulting material was passed through the sieve, and
the entire process was repeated until all soil aggregates had been
crushed. Crushed soil samples were stored in plastic bags. Only one
soil sample per species was tested. Soil pH was determined using both
water and CaCl, solution. Ten grams of soil from each sample were
mixed with 20 mL water or 20 mL 0.01 mol/L CaCl, solution. The
suspensions were stirred several times over a period of 30 minutes,
then allowed to stand for 1 hour. After the particulate material had
settled, pH was measured using an Orion (Boston, Massachusetts)
Model 420A pH meter (BLack et al., 1965, UBC Soil Science
Laboratory Manual, 1981). Cation exchange capacity (CEC) and
exchangeable cations (Ca?*, K, Mg*, Na*) were determined by the
ammonium acetate method at pH 7.0 using ] mol/L ammonium acetate
and 1 mol/L potassium chloride according to a procedure described
by BLack et al. (1965). Concentrations of exchangeable cations were
measured by atomic absorption spectroscopy using a Perkin Elmer
Corp. (Norwalk, Connecticut) Model 306 instrument. Total CEC was
measured using a Lachat Instruments (Milwaukee, Wisconsin) Quick
Chem automated ion analyzer (Model 2300-000). Al, B, Ba, Cd, Cr,
Co, Cu, Fe, Pb, Mn, Mo, Ni, Si, and Zn were extracted with
dimethylenetriaminepentacetic acid (DTPA) using 0.005 mol/L DTPA,
0.01 mol/L CaCl,, and 0.1 mol/L triethylamine (TEA) adjusted to
pH 7.3 with dilute HCI (LinpsaY and NorvELL, 1978). Concentrations
of extracted elements were measured by inductively coupled
plasmaspectroscopy (ICP) using a Thermo Jarrell Ash (Waltham,
Massachusetts) ICP 61 instrument. Appropriate blanks and standards
were analyzed in parallel with the field samples. All recorded
concentrations were within the detection limits of the analyzers used.
Analyses were carried out at the Department of Soil Science, University
of British Columbia, Vancouver, BC, Canada.
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" Results

The three dominant families found in the four sites were Poaceae,
Asteraceae, and Fabaceae (Tab. 1). The number of species collected
per site were, Ginigalpelassa, 25; Indikolapelassa, 12; Ussangoda, 9;
and Yodhagannawa, 3. The most commonly found species, appearing
in three of the four sites, was Leucas zeylanica. This species is also
found on non-serpentine substrates, where plants were generally larger
with broader leaves and more stems than plants from serpentine sites.
Several species were found to ¢co-occur in the adjacent sites of Ginigal-
pelassa and Indikolapelassa. In addition to Leucas zeylanica, Phoenix
farinifera, Cymbopogan flexuosus, and Eupatorium odoratum were
found at both sites. All herbaceous species found in the Ussangoda
and Yodhagannawa sites exhibited an extreme prostrate growth habit.
Specimens of Hybanthus enneaspermus, Evolvulus alsinoides,
Crotalaria biflora, Desmodium triflorum, Epaltes divaricata, Genio-
sporum tenuiflorum, and Fimbristylis falcata were all smaller than
the specimens from the National Herbarium (Royal Botanic Gardens,
Peradeniya, Sri Lanka) that were used for comparison, all of which
had been collected from non-serpentine substrates. It is not known
whether these size differences are a result of morphological response
to edaphic stress or whether they have a genetic basis.

None of the species identified was endemic to the island. However,
the taxonomy of several taxa is questionable. These include, in addition
to those mentioned above, a species each-of Canthium and Phyllanthus.
The specimens collected lacked a specific feature required in the keying
process making it difficult to determine the exact taxonomic status.
A more detailed study is clearly needed. One of the more interesting
observations made was in the color polymorphism in Evelvulus
alsinoides. While it has been reported that the species has two color
morphs (AusTIN in DAssaNavake and FosBera, 1980), it was observed
that the two morphs were distributed in different parts of the outcrop.
It would be interesting to see if there is a correlation between color
morphs and edaphic differences.

Tab. 2 lists chemical and physical characteristics for soils from the
four sites. The pH, CEC, and heavy metal concentrations were high,
while the Ca/Mg ratios were less than or little higher than 1. The
Ussangoda site differed most from a typical serpentine site in that the
pH and CEC were low and Ca/Mg ratio was high. The heavily laterized
site at Ussangoda also stands out in having much higher concentrations
of extractable Al, Co, and Zn and a high Ca/Mg ratio, while showing
a much lower CEC and pH, and lower concentrations of extractable
Si, Fe, and Mg than in the other three sites.

Tab. 3 lists the plant tissue concentrations of various elements. Several
species stand out in their metal accumulating behavior. Three species,
Hybanthus enneaspermus, Evolvulus alsinoides, and Crotalaria
biflora, all from Ussangoda, hyperaccumulate Ni to concentrations of
1709, 1115, and 1088 ppm (ug/g dry tissue), respectively (the level of
hyperaccumulation for Ni is defined as 1000 ppm in dry tissue). The
results from reanalysis, using separate plants coliected from the vicinity
of the earlier plant, showed similarly high Ni for the three species.
Three additional species accumulated high concentrations of this metal:
Epaltes divaricata with 733 ppm, Aristida setacea with 439 ppm, and
Fimbristylis falcata with 371 ppm.

A noteworthy finding from this study was the discovery of five hyper-
accumulators of Cu. Copper hyperaccumulation (accumulation of
more than 1000 ppm in dry tissue) in a serpentine habitat is a rare
phenomenon. The five are: Geniosporum tenuiflorum, Clerodendrum
infortunatum, Croton bonplandianus, Waltheria indica, and Tephrosia
villosa with total Cu concentrations of 2266, 2278, 2163, 1504, and
1858 ppm, respectively. Reanalysis for Cu reconfirmed these values.
Several additional species accumulated moderately high concentrations
of Cu: Phylanthus sp., Abutilon indicum, and Cassia auriculata (800-
900 ppm), and Carissa spinarum and Calotropis gigantea (500-700
ppm). Calotropis gigantea is also interesting in its capacity to accu-
mulate Na in above-ground tissues to levels over 12,000 ppm, a

concentration often seen in halophytic plants (FLowers, 1986). The
K/Na ratio is also less than 1, the limit known to be toxic to cellular
processes of non-halophytic plants (Maarruis and AMTMANN, 1999).

Discussion

The present study has documented a significantly larger number of
species for the serpentine flora of Sri Lanka than previously recorded
(Brooks, 1987). The floristic composition is typical of serpentine sites
in other parts of the world with Asteraceae, Euphorbiaceae, Fabaceae,
Poaceae, and Rubiaceae well represented. All 21 families identified
in the present work are known to occur on serpentine sites elsewhere
in the world. Further, 17 of the 40 genera identified are known from
serpentine sites elsewhere (Brooks, 1987, 1998; Baker et al., 1992).
Many of these genera, as well as the same species in some cases,
occur in an arc-like distribution that runs between eastern Africa and
western Australia presenting an intriguing phytogeographic pattern.
In comparison to serpentine floras of the islands of southeast Asia, the
Sri Lankan serpentine flora appears to be impoverished with regard
to both number of species as well as percent endemism. It is unclear
why an island as rich in endemics should harbor such an apparently
impoverished serpentine flora. A factor that may have contributed to
this apparent anomaly may be that sampling was limited to those
species that could be identified using floral or reproductive features.
Rare or endemic taxa would have been overlooked if they were not in
flower. Limited sampling also prevented us from observing morpho-
logical characteristics that might indicate taxonomically recognizable
differences. Taxa that might benefit from further observations include
Hybanthus enneaspermus, Evolvulus alsinoides, Crotalaria biflora,
Desmodium triflorum, Epaltes divaricata, Geniosporum tenuiflorum,
Fimbristylis falcata, and Cymbopogan flexuosus. For example, at [east
17 varieties of E. alsinoides have been described globally (AusTIN in
DassaNaYAke and FosBERG, 1980) and the population found at
Ussangoda may represent a variety restricted to the serpentine sub-
strate. Further, Brooks (1987) states that the C. flexuosus of the
serpentine sites in Sri Lanka is a variety endemic to the substrate.
The chemical and physical features of the soil samples are typical of
serpentine substrates from other parts of the world (Brooks, 1987),
with concentrations of extractable heavy metals uniformly high and
Ca/Mg ratios consistently lower than 1. The Ussangoda site differed
the most from a typical serpentine site. This may have resulted from
heavy laterization of soils, which normally results in loss of the divalent
cations of Fe, Mn, Co, and Ni through solubilization and leaching
(Brooks, 1987). The unusually low CEC and low pH for soil at this
site may also have contributed to loss of these ions.

The tissue concentrations of various elements are also typical of those
found in serpentine plants from other parts of the world (Brooks,
1987; BAKER et al., 1992). Our observations suggest that Sri Lankan
serpentine plants accumulate higher than normal concentrations of
various metals: Al, As, Cd, Co, Cu, Cr, Na, Ni, Pb, and Zn. Concen-
trations of all of these were higher than what is generally considered
to be toxic to plants (KABATA-PENDIAS and PENDIAS, 1984; MEHTA and
Faraco, 1994; ErroyMsoN et al., 1997).

Of special interest is the discovery of the three Ni hyperaccumulators
and the five Cu hyperaccumulators. Hyperaccumulators demonstrate
true metal tolerance and are reckoned to be able to accumulate over
100 times the concentration of a metal found in other (non-hyper-
accumulator) plants growing on the same substrate (Brooks, 1998).
Two of the three Ni hyperaccumulators discovered in our survey,
Evolvulus alsinoides and Hybanthus enneaspermus, also occur in
serpentine sites in Queensland, Australia (REEVES, personal com-
munication 2000), but neither accumulate Ni sufficient to qualify as
hyperaccumulators. Since E. alsinoides is known to consist of many
varieties (AusTIN in DassaNAYAKE and FosBerG, 1980), it is tempting






