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Drought resistance of native pioneer species indicates
potential suitability for restoration of post-mining areas
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Abstract. In order to test whether invasive exotic species, predominantly used for restoring post-mining areas
in north-eastern Vietnam, may be replaced by ecologically superior native pioneer species, we conducted a
drought stress experiment in a greenhouse. We hypothesized that juvenile individuals of four native pioneer tree
and two native pioneer grass species have a drought resistance comparable to two exotic reference species. Ou
results confirm this hypothesis: even under drought, native trees had a higher biomass and root : shoot ratio than
exotic trees, although their maximum relative elongation rate and biomass were reduced more strongly than
for exotic trees with respect to well-watered conditions. Native grasses had a higher root length density and a
similar drought-induced reduction of stomatal conductance compared to exotic trees. In spite of a higher biomass
reduction, native grasses produced more biomass under drought in absolute terms. Notwithstanding that further
investigations of other adverse environmental factors need to be performed, our results indicate with respect
to drought resistance that native pioneer species are a potential alternative to exotic species for the ecological
restoration of subtropical post-mining areas, which may accelerate secondary succession.

=

1 Introduction cia, Casuarina Eucalyptus and Pinus (Richardson, 1998).
Due to their morphological and ecophysiological traits, these
species are well adapted to the harsh conditions in mining

Open-cast coal mining is associated with the removal of soilareas Acaciaspecies, for example, develop a deep and ex:

and vegetation of vast areas. Especially the current econominsive root network and are able to fix nitrogen (Morris et

growth in Asian countries results in the expansion of mining al., 2011). However, when plant species are used for restora-
sites (US Energy Information Administration, 2011). The re- tion outside their native range, they might become invasive,
maining post-mining areas are devastated areas of waste roegany of them are able to spread from plantations and are
dumps which need to be replanted to reduce erosion risks anflighly invasive all over the world. Examples for invasive
to restore viable ecosystems. Beside the deficiency of nutrispecies arécacia auriculiformisand Casuarina equisetifo-
ents, waste rock dumps are often characterized by coarseia, which have already become invasive inAcécia auri-
grained substrates with a low water storage capacity and higguliformis) and 9 Casuarina equisetifoljpout of 15 global
surface run-off on steep slopes. Therefore, in subtropical argeographical regions, including Asia (Richardson and Ref
eas, especially during the dry season, plants may suffer fronmanek, 2011). The invasion of exotic species can lead to

drought. Consequently, species’ drought resistance is highlyhe degradation of native habitats and species decline (Vi

relevant for the successful restoration of subtropical posttousek et al., 1997), e.g. by inhibiting germination and ini-

mining areas. tial growth of other species through their allelopathic prop-
Plant species which are used worldwide for large-scaleerties (Ekka and Behera, 2011) or by accumulating litter, as

restoration of post-mining areas in the tropics and subtropicgeported forCasuarina equisetifoligHata et al., 2010). Fur-
are predominantly fast-growing species of the gerfsra-
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thermore, litter accumulation of the abovementioned speciesised as a suitable alternative for the restoration of post-
may increase fire hazard in post-mining areas (Saharjo anchining areas.
Watanabe, 2000).

The use of native species instead of or in addition to ex-
otic species may reduce these risks and provide additiona
ecological and social benefits by restoring native biodiver—zll Study site
sity (Lamb, 1998). However, native species, especially those
of later successional stages, often grow slowly, are less suitThe project area is situated on waste rock dumps of the
able for degraded sites due to low tolerance of adverse habitaipen-cast hard coal mine Nui Beo, which is part of the
conditions, and the knowledge about their ecology and culti-Quang Ninh coal basin. The waste rock dumps are charac-
vation is often limited (Lamb, 1998). terized by a coarse-grained substrate and steep slopes (Bui

The use of native pioneer species in revegetation mayand Nguyen, 2007) with angles up to 30=40rhey are lo-
compensate for the morphological and ecophysiological discated near the UNESCO World Natural Heritage Ha Long
advantages typical for native species of later successionday in north-eastern Vietnam (lat 289’ N, lon 10708 E,
stages. Pioneer species are often the first to establish in di%$0-250m a.s.l.).
turbed areas because they have low demands on habitat qual-In contrast to tropical central and southern Vietnam, sub-
ity, grow fast, and reach fertility early (Goosem and Tucker, tropical north-eastern Vietnam is characterized by dry win-
1995). As ecosystem engineers (Jones et al.,, 1994) theders and hot summers (Peel et al. 2007). The dry and cool
pioneer species create habitats for later successional stageason lasts from October to March (monthly precipitation:
plants, e.g. by providing shelter from the sun and by con-14.3 to 169.1 mm, average 53.2 mm) and the hot and rainy
tributing to soil formation by litter decomposition. Further- season lasts from April to September (monthly precipitation:
more, they can provide habitat structure and food for animals81.0 to 444.5 mm, average 258.5 mm). The average temper-
(Castro et al., 2006; Goosem and Tucker, 1995). ature is 22 C, the annual precipitation is 2000 mm, and the

However, so far little is known about tropical and subtrop- average humidity is 82 % (Thu, 2000).
ical pioneer specie#ter alia, regarding their drought resis-
tance. _Although there_are some stu_dies on pione_er speciezﬁ_2 Plant species
regarding drought resistance in their natural environments
such as Markesteijn et al. (2011), until now the focus of stud-In our experiment we used saplings of native and exotic tree
ies has not been set on pioneer species in post-mining areaspecies and juvenile plants of native grass species. Based on
Therefore, since the success of restoration projects using na previous vegetation survey, we selected out of a species
tive pioneer species is hardly predictable, well-studied exoticpool of 192 species 6 native pioneer species (four tree

Methods

species of the genefecacig Casuaring EucalyptusandPi- speciesCommersonia bartramijaMallotus barbatusMelia
nusare preferably used around the world (Hau and Corlett,azedarachand Rhus chinensjswo grass speciesSaccha-
2003; Lamb, 1998). rum spontaneurandThysanolaena maximahat frequently

In order to enhance knowledge on the suitability of native occur in more-than-10-year-old successional areas of the
pioneer species for a restoration project in post-mining ar-study site. According to the vegetation survey the four pio-
eas in subtropical north-eastern Vietnam, we studied droughmheer tree species chosen for analysis occurred on 3 to 10 and
resistance in a greenhouse experiment under controlled corthe two pioneer grass species on 9 and 10 out of 17 surveyed
ditions. We investigated functional traits associated withplots (Finkenbein et al., unpublished data). The species were
drought resistance of four native pioneer tree and two perenehosen by their high frequency of occurrence since we ex-
nial grass species which occur frequently in Viethamese postpect this is an indication of the species’ general adaptation to
mining areas and compared them to two exotic tree speciethe conditions at the study site. The two exotic tree species
which are currently planted in monoculture on these areas(Acacia auriculiformis Casuarina equisetifollachosen for
We used saplings and juvenile grasses of age and size aphalysis are currently planted in monocultures at the study
propriate for planting in ecological restoration programmes.site.

Due to their shallow root system (Condit et al., 1995; Poorter The description of all studied plant species and their sur-
and Hayashida-Oliver, 2000) juvenile plants are particularlyveyed natural occurrence at the study site are shown in Ta-
vulnerable to drought stress (Engelbrecht et al., 2006; Turnemle 1. For simplicity, hereafter we will refer to the species by
1990; Veenendaal et al., 1996). Moreover, the establishmertheir genus name only.

of juvenile plants is the first critical step in the establishment

of a stable veggtatlon cover. . . . 2.3 Experimental design and treatments

We hypothesized that both saplings of native pioneer trees
and juvenile pioneer grasses show similar traits and re-The drought stress experiment was carried out in a green-
sponses to drought compared to saplings of currently usetiouse at the experimental station of the UFZ — Helmholtz
exotic trees, and that these native species can therefore gentre for Environmental Research in Bad Lauchstadt, Ger-
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Table 1. Description of studied plant species and their surveyed natural occurrence in post-mining areas in north-eastern Vietnam (occurrence
data base on Finkenbein et al., unpublished data).

Plant species Family Growth form Leaf anatomy  Origin  Occurrence
Acacia auriculiformisA. Cunn. ex Benth. Fabaceae Tree Sclerophyllous  Exotic  Planted
Casuarina equisetifolid. R. Forst. & G. Forst. Casuarinaceae  Tree Sclerophyllous  Exotic  Planted
Commersonia bartramié_.) Merr. Malvaceae Tree Mesophyllous  Native 6/17 plots
Mallotus barbatugWall.) Mill. Arg. Euphorbiaceae Tree Mesophyllous  Native  4/17 plots
Melia azedarach.. Meliaceae Tree Mesophyllous  Native  3/17 plots
Rhus chinensiMill. Anacardiaceae Tree Mesophyllous ~ Native 10/17 plots
Saccharum spontaneum Poaceae Perennial grass  Sclerophyllous Native 10/17 plots
Thysanolaena maxim@oxb.) Kuntze Poaceae Perennial grass Mesophyllous  Native  9/17 plots

many, in 2010. Seeds for each species were collected at theable 2. List of studied functional traits with abbreviations and

study site in Vietnam in 2009 according to their ripeness atunits.

different times of the year.

Since our aim was to study the species’ response to Abbreviation  Trait Unit

drought stress under controlled conditions, our study did not g Total dry biomass g

claim to use a substrate chemically identical to those of the Bg Shoot dry biomass g

study site in Vietnam. Therefore, we germinated the collected Br Root dry biomass g

seeds in a soil-sand mixture (3) and transplanted the = RERmax Maximum relative per week

same-aged tree saplings and juvenile grasses after 3 months elongation rate

to pots containing 5 dAof a coarse-grained model substrate  R*S Root: shoot ratio -

(9: 1 mixture of waste rock pile material and compost) with ~ SRL Specific root length mgt

a low maximum water storage capacity of 25.5%. The waste RLD Root length density m dmi

rock pile material originated from a hard coal mine near Oel- Specific leaf area ofry™ 1

snitz/Erzgebirge, Germany. It was sieved to pass 25 mm. The AR Leaf area ratio _ kg™ 1

compost was provided by a composting facility in Teutschen- A RL Leaf area: root length raio  frkm~ L

thal, Germany. gs Stomatal con_ductance mmolras™
Water potential MPa

One month after transplanting we started the experiment_"'eaf
with two treatments of water supply. In the control treat-
ment, the plants were watered three times a week. In the
drought treatment, the plants were watered once a week t¥Vith 400 W lamps, we achieved a light intensity (photo-
cause moderate drought stress. At each watering, the pogynthetically active photon flux density) between 150 and
were weighed and filled with water to reach a gravimetric 300 pmolnr? s71.
soil water content of 20.6 %.

Th_e e_x_perlment was set upina randomized blpck_de5|gn'2.4 Measurements
one individual of each species x treatment combination was
randomly placed on each of five greenhouse tables, whiclDver a period of 7 weeks, morphological and ecophysiolog
represented the blocks. Three additional individuals of eactical traits (“functional traits”) related to drought resistance
species and treatment were placed on the tables for destrugrere measured or derived from the measured parameters (Tja-
tive measurements and to replace dying plants before the staille 2).
of the experiment. Every week, the pots were newly random- Functional traits were measured per individual plant at
ized within the five tables. the final harvest, except for plant height, which was mea

For comparative purposes we used standardized climatisured weekly. For the determination of plant height we meaf
conditions based on mean values with the aim of fitting sured the length of the trees’ main shoot axis and the lengt
the average conditions of the study site in Vietnam. Tak-of the grasses’ longest leaf. Using these data we calculate
ing into account the technical constraints of a greenhouse itaximum relative elongation rate (RER) as the maxi-
central Europe, these conditions were simulated as closelynum slope of the regression line of the logarithmically trans-
possible to those in Vietham. We set a day:night cycleformed height data against time. Biomass was measured
tod:n=12h:12h and 25C:18°C and adjusted the air after drying at 60C for 48 h separately for leaves, shoot
humidity between 60% (day) and 80% (night). Temper- axes, fine roots (absorptive organs for water and nutrients,
ature and humidity were measured by hygrothermographgg <0.5mm), and coarse roots (storage and anchoring o
(Hygro-Thermograph, Thies Clima, Goéttingen, Germany).gans, @>0.5mm). Shoot biomasBsj and root biomass

o -
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(BRr) were calculated as the sum of all aboveground and beformed ANOVAs (Im function in stats package of R; R De-
lowground parts of plants respectively. Total biomaBs)(  velopment Core Team, 201F; test atp < 0.05) with block
was calculated as the sum 8§ and Br. Root: shoot ratio  and origin as fixed factorsBlock represents the five (ex-
(R : S) was calculated as the ratio Bk to Bs. cept three for SRL, RLD, and LA : RL) experimental tables
We calculated specific root length (SRL) as the ratio of fine (replicates), andrigin is the distinction of native and exotic
root length to fine root dry biomass, and root length densityspecies. We considerexspeciesnested inorigin as a fixed
(RLD) as the ratio of total root length (sum of fine and coarsefactor, too, because the studied species were deliberately se-
root length) to the volume of the root-permeated substratdected according to their high abundance on the post-mining
(5dn). For this purpose, we determined the root length ofareas rather than representing a random sample out of the
fine roots and coarse roots by analysing photographs of roo$pecies pool. Since differences between native grasses and
subsamples with the software WinRHIZO(Regent Instru-  trees were expected a priori, for each trait, we conducted two
ments, Montreal, Canada) and measured the dry biomass #&NOVAs: one model contrasting native trees versus exotic
these samples. trees, and one model contrasting native grasses versus exotic
For the calculation of specific leaf area (SLA) as the ratiotrees because our aim was to investigate the suitability of na-
of leaf area to leaf dry biomass we determined the leaf area ofive species for restoration as an alternative to exotic species.
leaf subsamples with an area meter (LI-3100, LI-COR Bio- To approach normal distribution of residuals and homo-
sciences, Lincoln, USA) and measured the dry biomass ofjeneity of variances, data &, Bs, Br, R: S, SRL, RLD,
these samples. Fatasuarina we used photosynthetically SLA, LA:RL, gs, andear Were log-transformed and data
active small twigs instead of leaves, and faraciawe used  of LAR were square-root-transformed prior to analyses. No
photosynthetically active flattened petioles (phyllodes) to de-transformation was needed for RRE
termine leaf area. For the calculation of leaf area ratio (LAR)
as the ratio of total leaf area #®r, we calculated total leaf 3 Roq s
area by multiplying total leaf biomass and SLA. For the cal-

culation of leaf area: root length ratio (LA:RL) as the ratio The comparison of native trees and grasses each with exotic
of total leaf area to total fine root length, we calculated totaltrees revealed differences in most of the functional traits and
fine root length by multiplying total fine root biomass and their response to drought (Fig. 1a—I; Table 3a and b).
SRL. Both native trees and native grasses had significantly
Stomatal conductancegd) was measured with a leaf higher By, Bs, and B than exotic trees. Under droughy
porometer (SC-1, Decagon Devices Inc., Pullman, USA). Towas reduced on average by 41 % for native trees and by 35 %
measure water potentialar), we used a Scholander pres- for native grasses, whereas it was reduced by 21 % for the
sure chamber (SKPM 1400/80, Skye Instruments Ltd, Llan-exotic Acaciaand even increased by 38 % for the exdia-
drindod Wells, UK). Due to the experimental design with the syarina For RERhax both native groups did not significantly
high number of individuals and species, the aim of measurdiffer from exotic trees. Under drought, native trees had a
ing gs andy/iear Was to get information about differences be- higher reduction of RERax than exotic trees, whereas na-
tween the species but not to analyse the responses of eagiie grasses and exotic trees did not differ significantly in the
species to varying climatic conditions and plant water statuseduction of RERyax.
during a daily course in detail. To reduce systematical errors  According to their higherr : S, native trees and native
on the days of measurement, all recordings were randomizegrasses invest more resources in root compared to shoot
for Species and treatment individuals during the course of diomass than exotic trees. However, the Comparison of na-
day, and daily means are shown in the graphs (Fig. 1k and I)}ive trees and exotic trees showed no significantly different
Because of the destructive method for measutigr, we  response ofR : S to drought. In contrastR : § was signifi-
used the available additional individuals (two or three percantly reduced for native grasses, whereas for exotic trees it
species). For the determination of SL&, andyieatwe used  was significantly increased under drought. Native trees dis-
the youngest mature leaf of each individual plant for sam-pjayed a significantly lower SRL than exotic trees, whereas
ples. ForCasuarinags andyear could not be measured since  SRL of native grasses was similar to SRL of exotic trees.
leaves were too small. For reasons of time we determined fingor SRL, no significant drought response could be observed
and coarse root length only for three of the five experimentalor any of the functional groups. Regarding RLD, both na-
blocks, which were used for the calculation of SRL, RLD, tive groups, in particu|ar native grasses, d|Sp|ayed S|gn|f|_
and LA: RL. ForThysanolaenggs, SRL, RLD, and LA:RL  cantly higher values than exotic trees. In response to drought,

data of one individual were missing. RLD was reduced for native trees, whereas for native grasses
and exotic trees no difference in their response to drought
2.5 Data analysis could be observed. Rather, species’ response to drought var-

ied within both native grasses and exotic trees.
In order to look for significant differences on the perfor-

mance of native and exotic species under drought, we per-
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Figure 1. Functional traits related to drought resistance of two exotic tree spea@ed¢acia auriculiformis Ce Casuarina equisetifolip
four native tree specie€p, Commersonia bartramiaMb, Mallotus barbatusMa, Melia azedarachR¢ Rhus chinensjs and two native
grass speciesS§ Saccharum spontaneymm, Thysanolaena maximaneasured in a control and a dry treatment. All values are individua
based meansH SE).
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Table 3. ANOVA tables showing the effects of origin (native/exotic) and treatment (control/dry) on the functional traits: total biBmad®ot biomasss, root biomassBR,
maximum relative elongation rate Ry, root: shoot ratiar : S, specific root length SRL, root length density RLD, specific leaf area SLA, leaf area ratio LAR, leaf area: root _m:mﬁ:

ratio LA : RL, stomatal conductances, and water potentiaeas (p <0.1%), p<0.05", p <0.0T**, p <0.002**); the degree of freedondf differed between the functional traits

(superscripted letter | — V) since for calculation different numbers of individuals were used (for more information see Sect. 2, Methods).

(a) Native trees versus exotic trees

df F values

I O Im Iv B © By @ Br® RER,® R:SO SRL®™  RLD ™ SLA® LAR® TLA:RLW® g D Viear "
Block 4 2 4 4 2.90% 1.53 6.11%%% (.59 2.99% 1.68 5.53% 3.16% 5.30%* 4.88* 0.88 0.98
Origin 11 1 1 707.34%5%%  509.20%F% 1013.36%%% 34300 13720%k  11.72%%  132.38%F%  §04.19%F  107.66%FF  22.54%% 0,00 10.95%*
Origin (species) 4 4 3 3 25.50% % 1923wk 37 3GwkE 4652wk ]6,63%E 48T 7.88% % 4083wk D9ARwHE  508%k 24770k F] 2]k
Treatment 11 1 1 20.07%F  17.43%%6  11.96%%  21.67%%*  1.10 0.33 0.05 7.41%% 2.89% 4.89%  150.37%%%  10.51%*
Origin x treatment [ S | 15.36%%%  ]1.13%* 21.44%8%  621% 2.66 0.06 4.30% 0.63 0.78 0.10 8.33% 1.20
Origin (species) x treatment 4 4 3 3 1.95 1.54 3.00%* 4.77%* 1.89 1.24 2.08 0.21 1.98 0.84 2.05 0.83
Residuals 44 22 36 13
Model R? 0.94 0.91 0.95 0.79 0.78 0.43 0.83 0.94 0.80 0.58 0.82 0.81
(b) Native grasses versus exotic trees

daf F values

I O I Iv B:® Bs® By © RER,, " R:5® SRL™  RLDW SLA® LAR® LA:RL® g (D Viear V)
Block 4 2 4 4 3.46% 3.04% 2.67% 1.19 0.52 0.87 3.15% 1.44 1.56 2.98% 0.65 7.90%
Origin [ S | 508.85%#%  374.51%% 59774k 0,00 73.87#%% 0.0l 141.51%%%  212.48%+ 1,68 0.10 10.41%* 4.06%
Origin (species) 2 2 1 1 43746 3D 8wk S| AR ]290%kx  ]237Fk% 209 11.86%%  79.11%%%  31,09%%x  520% 16.01%%%  13.11%*
Treatment [ S | 3.91% 2.74 3.880% 6.14% 0.32 0.60 0.21 2.58 0.54 0.72 37.07%%% 31,96+
Origin X treatment 11 11 7.81%% 431% 17,175 32000 8.55% 0.00 3.07 1.61 3.4209 2.13 2.66 17927
Origin (species) x treatment 2 2 1 1 2,750 225 3.50% 0.01 1.54 2.68 4,34 0.20 0.09 1.57 0.31 1.42
Residuals 28 13 19 6
Model R? 0.94 0.92 0.95 0.43 0.72 0.13 0.89 0.90 0.62 0.38 0.68 0.86
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Concerning SLA, both native trees and native grassesponse to drought this species reduces the number and leng
showed significantly higher values than exotic trees. More-of stomata per unit leaf area and the number and width o
over, native trees had significantly higher LAR and LA :RL open stomata per unit leaf area significantly. We assume th
than exotic trees. In contrast, native grasses did not difthe stronger drought-induced reductionggfin combination
fer from exotic trees concerning LAR and LA: RL. Under with the reduction of LA : RL and SLA of the native trees are
drought, SLA and LA:RL were significantly reduced for responsible for their stronger drought-induced reduction o
both native trees and exotic trees. However, in contrast t(RERnax and biomass.
that, the comparison of native grasses and exotic trees did The highR: S of the native tree saplings can be seen as
not reveal a significant response of SLA, LAR, and LA: RL a major morphological adaptation to drought since a study

to drought for any of these groups. with Mediterranean shrub species found a positive relation

Stomatal conductanced) varied highly within both native  between biomass allocation to roots and seedling surviva
groups, especially within native trees. This might be the rea-{Lloret et al., 1999). However, a shift @t: S in favour of
son that forgs no significant differences between native treesroot during water deficit as a mechanism maintaining func-
and the exotic treécaciacould be verified. Native grasses tional balance between root and shoot (Ericsson et al., 199¢
had in general a lowegs than Acacia Under droughtgs could be verified neither for native trees nor for exotic trees.
was reduced for each of the three groups. This reduction was The generally lower SRL (thicker roots) of the native
significantly higher for native trees (froRhusby 66 % to  trees, except foRhus compared to the exotic trees sug-
Melia by 86 %) than forAcacia(by 58 %). For all groups, gests a lower effectiveness of the water uptake system. How
drought decreaseflesr. This indicates that our drought treat- ever, thicker fine roots are able to penetrate soil more easil
ment was severe enough to create drought stress. Particularlgnd anchor plants more effectively, which is particularly ad-
native grasses responded to drought with a stronger decreasantageous for the restoration of coarse-grained waste roc
of Yjeaf thanAcacia dumps. Moreover, through the greater diameter of the vascu
lar bundle, thicker roots have a higher water (and nutrient
transport capacity than thinner roots (Hutchings and Johr
2003). Therefore, and since the exotic trees also showed 1
significant response to drought for bait S and SRL, the
native trees displayed a similar suitability to drought condi-
tions to the exatic trees regarding these root parameters.
Overall, regarding drought resistance, the results of the com- In combination with an RLD which was, despite a
parison of functional traits and their response to drought in-drought-induced reduction, still higher than for the ex-
dicate that the studied native trees and native grasses areddic trees, the native trees can be characterized by a wel
suitable alternative to the currently planted drought-resistantieveloped root system, mostly due to their highs.

4 Discussion

4.1 Drought resistance of native pioneer species in
comparison to exotic species

exotic tree species. However, native trees and native grasses For the native grasses, our hypothesis of a drought resis

differed positively or negatively in several traits from the ex- tance comparable to the resistance of the exotic tree saplin
otic trees. was confirmed by their similar RERx and by their similar
At first sight, a lower drought resistance of the native treesdrought-induced reduction of RERx and gs. In addition,
compared to exotic trees is indicated by the higher whole-their SRL, SLA, LAR, and LA: RL did not change signifi-
plant indicator LA : RL, which represents the proportion of cantly under drought, similar to the exotic trees.
transpiring surface area (water demand) to absorbing surface The stronger decreaseneas Of the native grasses may be

(water supply) (Heilmeier et al., 2001; Rhodenbaugh andrelated to their high SLA and indicates drought stress. Nevt

Pallardy, 1993), as well as by the higher leaf parameters SLAertheless, the ability to redugg under drought similar to
and LAR (Liu et al., 2011). But the similar drought-induced the exoticAcaciaand the rolling of leaves observed for both
reduction of LA : RL and SLA of native and exotic trees, as grass species, a mechanism to avoid water loss (O’'Toole an
a mechanism usually related to drought resistance (Costa €hang, 1978), indicate the acclimatization of the grass leave
Silva et al., 2004), proved the plastic response of the nativeo drought.
trees to drought. Still, low gs also entails low C@uptake available for pho-
Another piece of evidence of the native trees’ acclimatiza-tosynthesis, which seems to explain the stronger reduction ¢
tion to drought is their ability to reducgs even more than  biomass under drought. However, a reason for the still con
the exoticAcaciatrees as primary regulation of water bal- siderably high biomass of our studied native grasses, eve
ance. This means that both native and exotic trees tend to admder drought, might be their high water-use efficiency. Cer
just water loss by stomatal closure, which was also reportedhusak et al. (2007) found that the; @rassSaccharunhad
by Brodribb and Holbrook (2003), rather than by reducing the highest water-use efficiency in comparison to seven C
photosynthetically active leaf or phyllode area with respecttree species, and, in spite of being gaflant, Thysanolaena
to total biomass. For the native tré&elia the reduction of  showed a water-use efficiency within the value range pof C
gs has also been reported by Nautiyal et al. (1994): as a replants (Bhuchar, 2001; Lambers et al., 2008). Therefore, an
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due to their well-developed root system, illustrated by their2009). Still, the awareness of the importance of ecological
RLD being significantly higher than for exotic trees, the stud- restoration in Vietham seems to be increasing as the Forest
ied native grasses are well adapted to arid-hot climates.  Science Institute of Vietham (FSIV) has evaluated native tree
species of later successional stages for reforestation (Sam
and Nghia, 2002). In this context, our study showed that there
are drought-resistant native pioneer species, which might be
used to accelerate secondary succession by facilitating the
Although exotic monocultures may provide an economically establishment of such targeted higher-value native species
and technically attractive solution for a fast restoration of of later successional stages. Nevertheless, although we are
post-mining areas, an ecological restoration using mixturesaware of the need for further studies on other adverse envi-
of native species is expected to provide higher benefits reronmental factors such as nutrient limitation or toxic chem-
garding ecosystem services and biodiversity, and a higher reicals, our results indicate the potential suitability of native
sistance to various environmental stresses (Benayas et apjoneer species for restoration of post-mining areas.

2009; McNamara et al., 2006). Drought is a stress factor

highly important to plants growing in post-mining areas be-

cause, due to the high surface run-off on the steep slopes anft-knowledgements.  We thank the team of the experimental sta-
the low water storage capacity of the coarse-grained suybtion in Bad Lauchstadt for assistance with the implementation and
strate, water availability during dry season is limited. Our the harvest of the experiment. Furthermore, we thank Dr. Sonja

study showed that native pioneer species are resistant to modf"2PP for helpful comments and suggestions on the manuscript.
erate drought stress. This work was framed within the project RAME — Research

. Association Mining and Environment (02WB0957) — and funded
Moreover, through their well-developed root system

. . o - by the German Ministry for Education and Research (BMBF). The
they are well suited for soil stabilization. Other studies rgsponsibility for the contents of this contribution lies with the

have already recommended the studied perennial grassesihors.

Thysanolaenaand Saccharumfor planting in hedgerows

to stabilize steep landslide-prone slopes or to reduce soiEdited by: D. Montesinos

erosion in agriculture (Khisa et al., 2004; Sharma, 2004).Reviewed by: two anonymous referees
Thysanolaenaan also tolerate high lead concentrations in
soil and accumulates lead mostly in roots. Therefore, it is
well suited for phytostabilization in mining areas with high

lead concentrations (Rotkittikhun et al., 2007).

For these reasons we consider native grasses as an imp@enayas, J. M. R., Newton, A. C., Diaz, A., and Bullock, J. M.: En-
tant component of soil bioengineering restoration of post- hancement of biodiversity and ecosystem services by ecological
mining areas, but not as a pioneer vegetation for following restoration: A meta-analysis, Science, 325, 1121-1124, 2009.
forests, since due to the high competitiveness of perenniaBhuchar, S. K.: An eco-physiological evaluation Tiysanolaena
grasses such &accharum spontaneuthey also have the maxima(Broom grass): A multipurpose, perennial grass of high
potential to hamper further succession (Hammond, 1999). fodder value, Ph.D. thesis, Kumaun University, Nainital, India,
However, on the landscape scale, they increase biodiversity. 001. _

Furthermore, as shown in our study, the native pioneef>r°dribb, T. J.:and Holbrook, N. M.: Stomatal closure during leaf

. . ; . - dehydration, correlation with other leaf physiological traits, Plant
species are characterized by a considerably high biomass

. h hich facili h | Physiol., 132, 2166-2173, 2003.
production, even under drought, which facilitates the deve “Bui, X. N. and Nguyen, P. V.: Surface coal mining in Quang Ninh

opment of a dense vegetation cover in a short time. In ad- anq environmental problems need caring, in: International work-

dition, the high SLA of the native pioneer species indicates shop 25-27 October 2007: Geoecology and Environmental Tech-
a fast decomposability of their leaf litter, which has a pos- nology, edited by: Bui, H., Werner, P., Dang, K. C., Tsuiji, K.,

itive influence on soil formation (Santiago, 2010) and re- Dinh, T. H., Le, H. A., and Bui X. N., Labour Publishing House,
duces fire hazard. Overall, the responses of functional traits Hanoi, Vietham, 224-234, 2007.
of native trees and grasses studied in this experiment makgastro, J., Zamora, R., and Hodar, J. A.: Resto@ugrcus pyre-
them promising species for an ecological restoration of post- haica forests using pioneer shrubs as nurse plants, Appl. Veg.
mining areas in Vietnam. Sci., 9, 137-142, 2006. _

Ecologically restored post-mining areas have a po,[en_Cernusak, L. A., Aranda, J., Marshall, J. D., and Winter, K.: Large

tial for long-term reaeneration of forest and biodiversity as variation in whole-plant water-use efficiency among tropical tree
9 9 Y species, New Phytol., 173, 294-305, 2007.

these marginal areas usually do not compete with angCUI'Condit, R., Hubbell, S. P., and Foster, R. B.: Mortality rates of 205

tural crop cultivation. This is important since biodiversity neotropical tree and shrub species and the impact of a severe
is endangered in Vietnam as species-rich and closed-canopy drought, Ecol. Monogr., 65, 419-439, 1995.

forests constitute only 4.6 % (in 2004) of total natural forestsCosta e Silva, F., Shvaleva, A., Maroco, J. P., Almeida, M. H.,
(Socialist Republic of Vietham & UN-REDD Programme,  Chaves, M. M., and Pereira, J. S.: Responses to water stress in

4.2 Use of native pioneer species for the restoration of
post-mining areas
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