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Thlaspi goesingense Halacsy root plasticity in serpentine soils
contradicts the metal foraging behavior

Ingrid Langer', Paul Riedmann', Markus Puschenreiter' und Walter W. Wenzel'

Zusammenfassung

Der Ni Hyperakkumulator Thlaspi goesingense Halacsy
ist auf den Serpentinbdden des siidlichen Burgenlandes
heimisch und speichert bis zu 12000 mg Ni kg in der
oberirdischen Biomasse. Mechanismen die zu diesem
auflerordentlichen Aufnahme- und Speicherverhalten
fiihren sind noch nicht zur Génze geklart. Aktuelle Studi-
en rdumen dem ,,metal foraging*, einer metallorientierten
Waurzelplastizitét, eine wesentliche Bedeutung bei der
Zn-Hyperakkumulation von Thlaspi caerulescens ein.

Die vorliegende Studie untersucht (1) die Bodenhe-
terogenitdt von Serpentinbdden als Voraussetzung fiir
morphologische Wurzelplastizitit sowie (2) das Wurzel-
wachstum von T. goesingense hinsichtlich verdnderter
morphologischer Eigenschaften als Antwort auf eine
unregelmiBige Verteilung von Ni und Cr. Dazu wer-
den eine Reihe von T. goesingense Pflanzen auf zwei
unterschiedlichen Serpentinstandorten ausgewahlt und
jeweils durch vier systematisch gezogene Boden- und
Waurzelproben charakterisiert.

Die bodenchemische Untersuchung zeigt eine deutliche
Heterogenitét in Bezug auf die Verteilung von Ni und
Cr, sowohl zwischen den Standorten als auch innerhalb
einzelner Wurzelsysteme. T. goesingense reagiert deut-
lich auf unterschiedliche Ni Konzentrationen vor allem
durch eine Anpassung der Wurzelldnge, wéahrend der
durchschnittliche Wurzeldurchmesser keine signifikante
Verdnderung aufweist. Diese morphologische Wurzel-
plastizitdt belegt jedoch eine Strategie der Vermeidung
hochkontaminierten Bodenregionen und widerspricht da-
mit der Hypothese dass diese Form der Wurzelplastizitét
grundlegend zur Hyperakkumulation von Ni beitragt.

Schlagworter: Bodenheterogenitét, Ni Hyperakkumula-
tion, Thlaspi goesingense, Wurzelmorphologie, metall-
orientierte Wurzelplastizitat

Introduction

Soil pollution by toxic levels of trace metals (heavy metals)
and metalloids may derive from anthropogenic inputs such as
atmospheric deposits and waste disposal from metal mining
and processing industries as well as from geogenic sources,
metalliferous parent material such as calamine ores (Cd, Pb,
and Zn) or ultramafic rocks (Co, Cr, and Ni) (BAKER et al.
2000). These habitats are known to host a variety of metal
hyperaccumulating plant species that characteristically accu-

Summary

Thlaspi goesingense Halacsy indigenous to a serpentine
habitat in Redlschlag is known to hyper-accumulate Ni
up to 12000 mg kg'. Recently root metal foraging has
been proposed as one key mechanism involved in the
hyperaccumulation of Thlaspi caerulescens expressing
metallophilic root proliferation associated with increased
Zn capture. This phenomenon is closely related to the
heterogeneous distribution of metals typically found in
natural field soils.

We aimed to verify the metal heterogeneity of serpen-
tine soils postulated for plant foraging response and to
assess T. goesingense root growth potentially indicating
metallophilic root proliferation and morphological res-
ponse. Two locations of a serpentine site in Redlschlag
were selected differing in plant vegetation and soil cha-
racteristics. Soil cores containing root subsamples of T.
goesingense were systematically taken at the edge of the
plant rosettes. Ni (Cr) concentrations were examined and
root growth and morphology assessed in the context of
soil metal properties.

The evaluation of soil metal concentrations indicated
variability of Ni and Cr concentrations, both between
plots and within individual root systems. However metal
variability was more stressed in scarcely vegetated soil
on top of the quarry than in the woody sampling area.
Morphological root characteristics of T. goesingense
reflected soil metal heterogeneity particularly adapt-
ing root length. T. goesingense exhibited the ability to
discriminate between soil patches of different metal
concentrations by mechanisms of avoidance. Thus
nickelphilic root foraging could not be observed in the
current field study.

Keywords: heterogeneous soil, Ni hyperaccumulation,
Thlaspi goesingense, root morphology, metal foraging

mulate metals more than 100 times larger than background
concentrations in normal plant species (BAKER et al. 2000).
Most common hyperaccumulator species belong to the Bras-
sicaceae family including 23 Thlaspi species. For instance
Thlaspi goesingense Halacsy indigenous to serpentine soils
in the area of Redlschlag is known to hyperaccumulate Ni
concentrating up to 12000 mg kg'! in shoot tissues.

Recently root foraging for Zn and Cd has been proposed
as one key mechanism involved in the hyperaccumulation
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of Thlaspi caerulescens (HAINES 2002, WHITING et al.
2000) and Sedum alfredii (LIU et al. 2010). Root foraging
is defined as “the process whereby an organism searches, or
ramifies within its habitat, which enhances its acquisition of
essential resources” (HUTCHINGS and JOHN 2003) and
presupposes the ability of plants to discriminate between
soil patches of different element concentrations. This trait
is closely related to the heterogeneous distribution of metals
typically found in natural field soils (DICKINSON and
PULFORD 2005).

Hyperaccumulating plant species have initially inspired sci-
entists to develop non-destructive in-situ phytoremediation
technologies and to clean up metal affected soils by means
of a phytoextraction approach (SALT et al. 1998, WENZEL
et al. 1999). The metal extraction efficiency particularly
depends on the accumulation potential and the biomass
yield of the involved plant species. Moreover non-uniform
pollutant distribution is known to affect the availability of
metals to plant roots and thus alters the phytoextraction
efficiency (KELLER et al. 2003). The ability of metal ac-
cumulators to discriminate between soil patches of different
metal concentration levels and to express metallophilic root
growth would reappraise their suitability for metalextraction
processes.

In this study we aim to verify (1) metal heterogeneity of
serpentine soils generally postulated for plant foraging
response and (2) root growth and morphology of the hy-
peraccumulating Thlaspi species T. goesingense Halacsy
potentially indicating nickelphilic root proliferation. Soil
Ni concentration levels will be examined in the root area
of individual plants and root growth and morphology as-
sessed in the context of total and extractable soil Ni (Cr)
concentrations.

Materials and Methods

To this end a serpentine quarry in Redlschlag (WENZEL
and JOCKWER 1999) naturally hosting Thlaspi goesin-
gense Halacsy was sampled selecting two plots obviously
differing in soil vegetation. The first plot (Quarry, Q) on
top of the quarry showed poor additional vegetation due to
anthropogenic disturbance whereas the second one (Wood,

W) was loosely wooded with pines and oaks. Soil was
generally characterized as an Eutric Leptosole due to the
ultramafic parent material.

End of May overall 20 T. goesingense plants were sampled,
systematically taking four soil cores at the edge of each plant
rosette (depth 25 cm; section 5 cm). Roots were carefully
removed from the excavated soil cores, weighed and stai-
ned for root scanning according to HIMMELBAUER et al.
(2005). Data were finally processed with the WinRhizo (Re-
gents Instruments; Canada) program to evaluate root length
(RL) and the average root diameter (avgRD). Soil samples
were sieved to <2 mm and further processed to evaluate total
(HCI:HNO,-digest) and extractable (1 M NH,NO,-extract)
Ni and Cr concentrations. Analytes were measured by means
of ICP-MS (Elan 9000 DRCe, Perkin Elmer).

Statistical analyses based on t-Tests to evaluate significant
differences between means (p <0.05) particularly in respect
to differences between the sample plots Quarry and Wood.
To verify the variance of root parameters of individual plants
and soil metal concentrations within root systems coeffici-
ents of variation (CV %) were calculated. The whole data
set was further examined using a basic correlation matrix
(Statistica 6).

Results and Discussion

Soil Ni concentrations considerably differed between the
sampled plots and generally higher concentrations were
found for the Quarry (Q) compared to Wood (W) (Figure 1).
Similar to Ni, serpentine soil in Redelschlag concentrated
high levels of Cr (total concentration values of 2033 (Q)
and 2642 mg kg' (W) and 0.012 (Q) and 0.032 mg kg!
(W) in soil extracts). However Cr concentrations in Wood
soils significantly exceeded soil concentration values of the
Quarry (Q) soil samples. These differences were particularly
shown for the NH,NO, extractable Cr concentrations (data
not shown).

Mean coefficients of variance (CV %) calculated for Quarry
and Wood soils did not differ remarkably (Table 1). How-
ever, the variability of metal concentrations within individu-
al root systems was more pronounced on top of the quarry
compared to the woody sampling plot.
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Figure 1: Boxplots of total and extractable soil Ni concentrations of the sampling plots Quarry and Wood.
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Table 1: Mean CV % values (coefficient of variance) of soil metal concentrations and root properties calculated for the experi-
mental plots ""Quarry" and ""Wood"" based on CVs (%) of individual plants.

Soil metal concentrations

Root properties

Ccv
[%] Ni Cr BM RL avgRD
root average root
total extractable total extractable biomass length diameter
Quarry 5.11 23.04 6.17 29.13 113.70 78.72 40.09
Wood 3.75 11.73 5.92 15.41 107.79 47.50 59.07
BOO 0B
600 - “' 06
= 400 1 E
5 E 041
w 200 2
l " o2
L — | =
|:| -
00 4
Q (Quarry) W (Wood) Q (Quarry) W [Wood)

Figure 2: Boxplots of root length (RL) and average root diameter (avgRD) of the sampling plots Quarry and Wood.

Data on root biomass removed from soil cores (data not
shown) and respective morphological characteristics did not
significantly differ between sample plots (Figure 2) even
so root characteristics were more variable within individual
root systems than chemical soil properties (Table 1).

The variability of root morphological parameters may have
been induced by the genetic diversity of T. goesingense or
the heterogeneity of various parameters in natural field situ-
ation. However our experimental data suggest non-uniform
distribution of Ni and Cr that affected root morphological
variability. Statistical analyses significantly revealed corre-
lations between plant parameters dry weight and root length
with soil Ni and Cr concentrations. Correlations were parti-
cularly stressed for RL in regard of total Ni (R>=-0.52; R*=
-0.46) and extractable Ni (R*=-0.53; R?= -0.53) indicating
T. goesingense to reduce root proliferation towards highly
Ni enriched soils patches.

The comparison of root lengths and Ni concentrations obser-
ved in soil cores of individual plants revealed highest root
lengths in soil cores with lowest Ni concentration levels.
These data suggest T. goesingense to discriminate between
soil patches of different Ni concentrations, however, ex-
pressing an avoidance mechanism. Thus root morphology
obviously contradicts the metallophilic foraging behavior
as observed for T. caerulescens in response to non-uniform
Zn distribution (HAINES 2002).

Plant root parameters were occasionally correlated with Cr
indicating increased root length with reduced metal con-
centrations (+0.41<R2<+0.50). Statistical analyses further
proved the significance of correlations between root biomass

and soil metal concentrations. However coefficient values
were below those observed for root length. Moreover T.
goesingense average root diameter was hardly correlated
with soil metal concentrations.

Conclusions

The evaluation of soil metal concentrations of a serpentine
habitat in Redlschlag indicated variability of Ni and Cr
concentrations, both between plots (Quarry and Wood)
and within individual root systems. Metal variability was
more stressed in scarcely vegetated soil on top of the
quarry (Quarry) than in forest soil (Wood). Morphological
root properties of the Ni hyperaccumulator T. goesingense
indigenous to this sampling site reflected soil metal hete-
rogeneity particularly adapting root length. T. goesingense
showed discrimination properties between soil patches of
different metal concentrations but expressed mechanisms
of avoidance. Thus nickelphilic root foraging could not be
observed in the current field study.
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