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Abstract: A greenhouse experiment was conducted to elucidate the growth changes and tissues anatomical characteristics of giant
reed (Arundo donax L.), a perennial rhizomatous grass, which was cultivated for 70 d in soils contaminated with As, Cd and Pb. The
results show that giant reed rapidly grows with big biomass of shoots in contaminated soil, possessing strong metal-tolerance with
limited metal translocation from roots to shoots. When As, Cd and Pb concentrations in the soil are less than 254, 76.1 and
1 552 mg/kg, respectively, plant height and dried biomass are slightly reduced, the accumulation of As, Cd and Pb in shoots of giant
reed is low while metal concentration in roots is high, and the anatomical characteristics of stem tissues are thick and homogeneous
according to SEM images. However, plant height and dried biomass are significantly reduced and metal concentration in plant shoots
and roots are significantly increased (P＜0.05), the stems images become heterogeneous and the secretion in vascular bundles
increases significantly when As, Cd and Pb concentrations in the soil exceed 334, 101 and 2 052 mg/kg, respectively. The giant reed
is a promising, naturally occurring plant with strong metal-tolerance, which can be cultivated in soils contaminated with multiple
metals for ecoremediation purposes.
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1 Introduction
Heavy metal pollution of the biosphere has
accelerated rapidly since the onset of the industrial
revolution and the toxicity of metal elements now poses
a major environmental problem. Non-ferrous industrial
activities, especially from the mining, mineral processing
and smelting activities for non-ferrous metal ores,
generate a large amount of waste materials that are
deposited on the terrestrial surface, contributing to the
enhanced soil concentrations of toxic elements, such as
As, Cd and Pb. As and Cd are concomitant elements and
Pb is an ore element in Pb/Zn ores. They can penetrate
water and soil, reduce the crop quality through the
adsorption by plant roots, directly enter the body by
inhalation or ingestion of contaminated soil, plant or
water [1−2], and result in a potential hazard for human
health via the polluted food chain [3]. So, it is imperative
to develop an environmentally friendly remediation
technology for non-ferrous industrial contaminated soils
in order to reduce the potential hazard of toxic metals for
soil quality, environmental safety and human health. The
immediate goals of soil remediation, however, are
principally to restore a vegetative cover, minimize soil
erosion and pollution spreading, and remove toxic metals

from cultivated land by means of plants [4].
Phytoremediation is reported to be a quite efficient
and environmentally friendly means for cleaning up
metals and metalloids contaminated soils. The use of low
cost, fast growing plants with efficient biomass
producing plant species has been highly desired for
metal-contaminated soils [5−6]. In particular, plants with
multiple tolerances to heavy metals such as cattail
(Typha latifolia) and common reed (Phragmites australis)
are used successfully for Pb-Zn mine tailings
stabilization [7−8], fibre crops such as flax (Linum
usitatissimum L.) and hemp (Cannabis sativa L.) are
suitable for growing in industrially polluted regions for
the removal of heavy metals from soil [9], and giant reed
(Arundo donax L.) can thrive in soils heavily
contaminated with Cd and Ni [10−11] and in wastewater
contaminated with As [12]. All of these plants show the
strong metal tolerance and are potential of economic
value after harvesting [13].
The giant reed, belonging to the Graminae family, is
a tall perennial rhizomatous grass and is among the
fastest growing terrestrial plants in the world. It is native
to the freshwater regions of Eastern Asia and widely
planted in other temperate and subtropical regions of the
world, such as Southern Europe, Northern Africa,
Australia, America, and can reproduce by spreading
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outwards or by clumps broken off from the adult plant.
The giant reed has a variety of uses, such as for music
tools with stem, for medicine with roots and for soil
erosion control as revegetation. When being cultivated
this fast-growing introduced crop attains a potentially
high yielding non-food crop [10] that can meet
requirements for energy, paper pulp production, biofuels
and construction of building materials [14−16]. Giant
reed may also act as chemically activated carbon [17] or
biofiltering systems to treat wastewater [17−18], thus
recycling nutrients and water, and produce value added
products [18]. The high annual growth and cellulose
content make the giant reed a potential crop for
converting solar energy to industrial fibre or biofuels
[14]. Although the giant reed is interesting for many
scientists to use all kinds of objectives, there is limited
information on the metal-tolerant capacity [10−11], the
stress-related growth changes and tissues anatomical
characteristics of the giant reed used for the ecological
remediation of multiple-metal contaminated soils,
especially for metal-contaminated soils from the mining
and smelting areas [19].
In this work, the giant reed was found, which grew
on multiple-metals contaminated soils from the nonferrous mining and smelting areas of Hunan Province,
China, in late 2002. It accumulated low concentrations of
metals in the plant and had strong metal-tolerant capacity
according to the field investigation and preliminary
gravel hydroponic cultures utilizing half-strength
Hoagland’s nutrient solution containing As, Cd or Pb.
Based on the preliminary results, the objectives of this
work were to: (1) study the metal-tolerant capacity and
accumulation levels of the giant reed for As, Cd and Pb
in spiked soils, (2) identify stress response of the giant
reed in controlled environments by determining plant
height and biomass yields, and stem anatomical
characteristics using scanning electron microscopy
(SEM) with energy dispersive X-ray (EDX), and (3)
assess the potential of the giant reed to perform
ecological remediation for metal-contaminated soils from
industrially polluted areas, especially from the vicinity of
non-ferrous metals mining and smelting areas.

2 Materials and methods
2.1 Test soil
The tested soil belongs to allitic udic ferrisols,
which developed from the typical quaternary red clay.
Surface soil (0−20 cm) sample was collected from the
vicinity of the Yuelu Campus of Central South
University and the basic physiochemical properties were
analyzed (Table 1). Tested soil (5 kg) was potted in each
plastic tackle, of which the diameter was 32 cm and the
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height was 26 cm. The soil was homogeneously sprayed
with aqueous solutions of test elements, which were
prepared by dissolving salts Na3AsO4·12H2O,
CdCl2·2½H2O and PbCl2·2H2O into deionized water, at
seven contamination levels (hereafter termed treatments
G2 to G8, see Table 2), respectively. The mole ratios of
As, Cd and Pb in soils are based on the average ratio of
As, Cd and Pb in contaminated soils, which are heavily
contaminated by non-ferrous mining and smelting
activities, from the vicinity of nonferrous industrial areas
in Hunan Province of China. The spiked soils were
stored in the dark for 15 d prior to planting. Treatment
G1 was applied using deionized water without external
As, Cd or Pb (Table 2). All treatments were applied to
four replicates.
Table 1 Basic physiochemical properties of tested soil
pH

Total N

Total P

Total K

OM

Available N

6.48

2.04

0.77

4.13

54.3

76.8

Available P

Available K

Total Cd

14.6

48.4

1.10

Total Pb Total As
52.4

13.7

Note: Unit of total N, P and K, and organic matter (OM), is g/kg; and that of
available N, P and K, and total As, Cd and Pb is mg/kg, respectively.

Table 2 Total concentrations of As, Cd and Pb in treated soils
(mg/kg)
Treatment

As

Cd

Pb

G1

13.7

1.10

52.4

G2

33.7

7.35

177

G3

53.7

13.6

302

G4

93.7

26.1

552

G5

174

51.1

1 052

G6

254

76.1

1 552

G7

334

101

2 052

G8

414

126

2 552

2.2 Culture and harvest for plant
Root systems (roots and rhizomes) of the giant reed,
which had begun to sprout, were collected from the
uncontaminated areas in the vicinity of mining and
smelting areas of Hunan Province, China. The
concentrations of total As, Cd and Pb in uniform size
rhizome cuttings were 0.03, 0.01 and 0.07 mg/kg,
respectively. Uniform size root systems cutting per pot
was cultivated for the duration of the greenhouse
experiment with a daily 14 h photoperiod (photosynthetic
photon flux 260−350 mmol/(m2·s) provided by Phillips
400 W high-pressure sodium lamps) and a 10 h dark
period, with temperature maintained at (22±3) ℃
during the photoperiod and (18±2) ℃ during the dark
period.
During the growing period of giant reed, fertilizers
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containing 0.5 g CO(NH2)2, 1.5 g KH2PO4 and 1.6 g
KNO3 were mixed to each pot before being transplanted
and irrigating to each pot after being planted for 30 d,
respectively. The plants were harvested after being
cultivated for 70 d and carefully washed with tap water
and deionized water. Shoots and roots were then
separated and cut with stainless steel scissor, and dried at
60 ℃ for 48 h for elemental analysis.
2.3 Analysis
Basic physiochemical soil properties were
determined using the following procedures [20].
Specifically, pH was determined using a soil to water
solution (1׃2.5, g:mL). The soil organic matter was
oxidized with K2Cr2O7. Available N was extracted with
1.0 mol/L NaOH by a micro-diffusion technique and
titrated with 0.01 mol/L H2SO4; available P (Olsen-P)
was extracted using 0.5 mol/L NaHCO3 with pH 8.5,
while
P
in
the
extract
was
determined
spectrophotometrically; and available K was extracted
with 1.0 mol/L NH4OAc, pH 7.0 and determined with
atomic absorption spectrometry (AA−6800, Shimadzu,
Japan).
The soil and plant samples (including uniform size
rhizome cuttings samples) were ground and passed
through 0.25 mm sieve, then digested with HF-HNO3HClO4 and HNO3-HClO4, respectively [20]. Dried soil
sample about 0.20 g was accurately weighed into clean,
dry digestion poly-tetrafluoro-ethylene crucible (50 mL)
and firstly digested with a solution of HF (10 mL) and
concentrated HNO3 (2 mL) to near dryness at 140 ℃.
Subsequently, a second addition of HF (5 mL) was made
and again the mixture was evaporated to near dryness.
Finally, HClO4 (2 mL) alone was added and evaporated
until the appearance of white fumes. The residue was
dissolved in 1:1 HNO3 (2 mL) and diluted to 50 mL. The
dried plant sample about 1.0 g was accurately weighed
into clean, dry digestion poly-tetrafluoro-ethylene
crucibles (50 mL). Concentrated HNO3 (5 mL) was
added and allowed to stand overnight. On the following
day, HClO4 (2 mL) was added and the crucibles were
placed on a heating oven and the temperature was raised
to 140 ℃ for digestion until the solution was nearly
drying. After digestion the solutions were cooled, 2 mL
1:1 HNO3 was added and diluted to 50 mL with
deionized water and filtered into acid-washed plastic
bottles. The concentrations of metals in the solutions
were determined using an inductively coupled plasma
optical emission spectrometer (ICP-OES, IRIS Intrepid II
XSP, USA). Quality assurance of metal analysis was
assessed using duplicates, standard reference materials
(soil of GBW 08303 and tea plant of GBW 08513) and
standard reference solution in the process of analysis in
order to verify the accuracy and precision of the
digestion procedure and subsequent analysis. To

determine the significance (P ＜ 0.05) of differences
between treatments, the data were analyzed using
software of SPSS 11.0.
2.4 Scanning electron microscopy
The anatomical structures of stems of plants in
treatments G1 (control), G2 (slightly contaminated
treatment), G4 (moderately contaminated treatment) and
G7 (heavily contaminated treatment) was examined by
means of scanning electron microscopy (SEM). The
transversal section samples (about 5 mm×5 mm×3 mm)
of the internodes of giant reed stems were fixed using a
low-temperature freeze-drying method [21], which
involved plunging specimens into 2.5% (volume fraction)
glutaraldehyde for more than 2 h, then 1% osmium acid
for 2 h, followed by three washes with 0.1 mol/L H3PO4
buffer solution. The samples were dehydrated in a
tert-butanol dilution series of 50%, 70%, 80%, 90% and
95% (15 min in each solution). Finally, the stem samples
were placed in a vacuum-freeze-drier and each specimen
after Au coated was examined with a scanning electron
microscope-energy dispersive X-ray (KYKY2800 SEMEDX, Shimadzu, Japan).

3 Results
3.1 Giant reed’s height and biomass
After cultivation for 70 d, the shoot heights of
plants in treatments G1 to G6 were similar and
significantly (P ＜ 0.05) greater than those of plants
growing in treatments G7 and G8 (Table 3). The shoot
heights of plants in treatments G2 to G6 were slightly
different by the presence of heavy metals in the soil, as
compared with the control (treatment G1) (Table 3). The
results showed that the shoot height was slightly affected
under the light and moderate contamination of As, Cd
and Pb in soils, where the metal contamination was less
Table 3 Shoot height and dried biomass of giant reed plants
after 70 d cultivation
Shoot
Dried biomass of Dried biomass of
Treatment
height/m
shoots/g
roots/g
G1

1.72±0.02a

19.7±0.44a

25.2±0.35a

G2

1.78±0.10a

19.0±1.15a

24.7±1.13a

G3

1.70±0.02a

18.8±1.25a

22.8±0.71b

G4

1.70±0.00a

14.2±0.23b

22.8±0.71b

G5

1.72±0.05a

14.8±0.74b

21.1±1.27b

G6

1.66±0.14a

15.8±0.00b

20.1±0.78b

G7

1.42±0.08b

14.3±1.32b

21.4±2.55b

G8

1.08±0.11c

8.29±2.67c

20.2±0.85b

Note: Data represent average value from four repetitions and standard
deviation, respectively. Different letters denote statistically stand for
significant differences at P＜0.05 level.
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higher than those from treatment G2. According to Table
4, the concentrations of As, Cd and Pb in plant shoots
from treatments G1, G2 and G3 were very low. With the
increase of concentrations of As, Cd and Pb in soils from
treatments G4 to G7, the concentrations of As, Cd and Pb
in plant shoots were significantly (P＜0.05) increased
compared to those from treatments G1 to G3, but, it was
slight difference among treatments G5, G6 and G7, the
concentrations of As, Cd and Pb in plant shoots from
treatments G4 to G7 were still low. In treatments G4 to
G7, the concentrations of As, Cd and Pb in plant shoots
were increased from 1.51, 2.80 and 1.33 mg/kg to 1.76,
3.82 and 1.44 mg/kg, respectively. The accumulation of
As, Cd and Pb in giant reed shoots was low in treatments
G1 to G7 (Table 4). When the concentrations of As, Cd
and Pb in soils arrived at those in treatment G8, the
concentrations of As, Cd and Pb in plant shoots were
extensively (P＜0.05) increased compared to those from
treatments G1 to G7, and arrived to 5.71, 4.96 and 1.65
mg/kg, respectively. The concentrations of As, Cd and Pb
in plant roots, however, were obviously higher than those
in plant shoot. The results showed that the accumulations
of As, Cd and Pb in giant reed were mainly accumulated
in the roots. The concentrations of As, Cd and Pb in giant
reed roots in treatments G1 to G3 were only from 2.34,
1.46, 1.56 mg/kg to 8.14, 4.52, 34.45 mg/kg, respectively,
but, the concentrations of As, Cd and Pb in plant roots
from treatments G4 to G6 were very high and
significantly increased from 24.96, 16.61 and 99.42
mg/kg in G4 plant roots to 30.61, 26.83 and 139.88
mg/kg in G6 plant roots (Table 4). The results showed
that the giant reed accumulated high concentrations of As,
Cd and Pb in plant roots with a limited ability to
translocate metals from roots to shoots. The giant reed
had strong metal tolerance in lightly or moderately
contaminated soils, and could adjust to the high-stress
environment when heavy metals were present, in which
the metal concentrations of As, Cd and Pb in
contaminated soil were less than 254, 76.1 and
1 552 mg/kg, respectively.

than 254, 76.1 and 1 552 mg/kg, respectively. However,
the length of roots, which randomly changed from 0.23
to 0.29 m, was slightly different among different
treatments as uniform size root systems were planted at
the beginning of cultivation.
The dry weights of the shoots that included the
stems and leaves and roots of the giant reed in the
contaminated soils were obtained (Table 3). The dried
biomass of shoots from treatments G1 to G3 was
significantly higher (P ＜ 0.05) than that of plants
growing in soils containing at least 93.7 mg/kg As,
26.1 mg/kg Cd and 552 mg/kg Pb. Although the
concentrations of As, Cd and Pb in the soil increased
sequentially from treatment G4 to G7, the dried biomass
of plant shoots in these four treatments was still high and
the plants were still able to grow with big biomass.
However, the dried biomass of plant shoots in treatment
G8 was significantly (P＜0.05) reduced compared to that
of plant shoots in treatments G1 to G7. Thus, extreme
concentrations of As, Cd and Pb in contaminated soils
reaching or exceeding 414, 126 and 2 552 mg/kg,
respectively, were unsuitable for the growth of the giant
reed. The dried biomass of plant roots in treatments G1
and G2 was also significantly (P＜0.05) higher than that
of plant roots in other treatments, respectively (Table 3).
The dried biomass of plant roots in other treatments,
however, was very similar and suitable for growing up
with the increase of As, Cd and Pb concentrations in
soils.
3.2 Metals accumulation and stress symptoms of giant
reed
The concentrations of As, Cd and Pb in giant reed
shoots from treatment G1 were significantly (P＜0.05)
less than those from treatment G2, however, the
concentrations of As and Cd in plant shoots from
treatment G3 were slightly higher than those from
treatment G2 while the concentrations of Pb in plant
shoots from treatment G3 were significantly (P＜0.05)

Table 4 Concentrations of As, Cd and Pb in dry giant reed plants after 70 d cultivation (mg/kg)
Treatment

Shoots
As

Roots

Cd
a

a

a

1.56±0.49a

0.48±0.10b

1.42±0.24b

0.58±0.11b

5.50±1.10a

4.52±1.01a

34.45±4.08b

G3

0.69±0.12b

1.54±0.23b

0.94±0.71c

8.14±1.17b

4.74±0.30a

51.29±8.55c

G4

1.51±0.13c

2.91±0.10c

1.34±0.33d

24.96±5.45c

16.61±2.46b

99.42±11.39d

G5

1.59±0.24d

2.80±0.24c, d

1.44±0.11d

27.53±2.03c

18.40±1.85b

137.51±5.80e

G6

1.76±0.79d

3.82±0.58d

1.40±0.16d

30.61±3.11c

26.83±5.64c

139.88±11.03e

G7

1.59±0.09d

3.55±0.33d

1.33±0.11d

55.35±9.77d

57.54±3.38d

160.28±16.14f

G8

e

e

e

e

e

177.23±19.09g

61.96±8.40

1.46±0.32

Pb
a

G2

1.65±0.10

2.34±0.32

Cd
a

0.21±0.08

4.96±0.78

0.22±0.06

As

G1

5.71±0.57

0.57±0.13

Pb

64.12±9.09

Note: Data represent average mean from four repetitions and standard deviation, respectively. Different letters denote statistically stand for significant
differences at P＜0.05 level.
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The concentrations of As, Cd and Pb in plant shoots
in treatment G7, however, were not only higher than
those in treatments G4 to G6, the concentrations of As,
Cd and Pb in plant roots in treatments G7 and G8 were
also significantly (P ＜ 0.05) higher than those in
treatments G4 to G6 (Table 4). With the contamination
increase of As, Cd and Pb in soils, the shoot height and
dried biomass of shoots were significantly (P＜0.05)
reduced in treatments G7 and G8 (Table 3). The toxicity
symptoms of plants in treatment G7 were also shown by
a reduction in sprout amount compared to treatments G1
to G6. New shoots (ramets) of 2 or 3 emerging from
rhizome sections in treatments G1 to G6 rapidly sprouted
after a week, but those of 1 or 2 emerging from rhizome
sections in heavily contaminated treatments (G7 and G8)
were slow. At the same time, strong toxicity symptoms
were deeply shown by plants in treatment G8, which
were expressed by the slow growth of shoots and leaves,
and the leaves became yellow and wrinkled, especially
withering at the tip. The main roots in treatments G7 and
G8, in which the concentrations of As, Cd and Pb in the
soil exceeded 334, 101 and 2 052 mg/kg, respectively,
were significantly aged compared to treatments G1 to G6.
The stress growth responses of giant reed in treatments
G7 and G8 showed that it was no more suitable for giant
reed when the concentrations of As, Cd and Pb in soils
were more than 334, 101 and 2 052 mg/kg, respectively.
3.3 Stem anatomical characteristics of metal-stressed
giant reed
Botanically distinct parts could have different
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responses to physiological mechanisms of metal
tolerance [22]. Typical SEM images of the transversal
section for the giant reed stem in different contamination
conditions were illustrated and the anatomy
characteristics differed significantly among treatments
G1, G2, G4 and G7. The images of transversal sections
of the internode revealed the prevalence of three tissue
systems in Fig.1, including epidermal (or cortical
parenchyma), fundamental (or ground parenchyma) and
vascular (composed of fibro-vascular bundles). The
images of epidermis and the cortical parenchyma of the
transversal sections of the giant reed stem from
treatments G1 and G2 were thick and the fibre rings
between epidermis and inner cortex, and vascular tissues
(ground parenchyma) were homogeneous (Figs.1(a)−(b)).
The epidermis of the stem was circular with a large
stoma, leaving a sharp margin between inner cortex and
ground parenchyma in stem tissue. The cortical
parenchyma was constituted by outer layers of
thick-walled cells and thin-walled cells in the inner
region arranged in a regular directional pattern. They
comprised concentric rings of hard waxy epidermis and
outer cortical cells, a thick sclerified fibre band and a
thick inner cortex. The fibre band included small
vascular bundles evenly distributed along its outer edge.
The inner cortex comprised the bulk of the stem tissue
and was made up of a mixture of vascular bundles and
parenchyma cells. The reeds grown in treatments G1 and
G2 had an obviously higher proportion of cortical
vascular bundles with a continuous fibre and a lower
proportion of xylem. All these tissue types were

Fig.1 SEM images for transversal sections of internode of giant reed stems after 70 d cultivation (C, inner cortex; CFR, vascular
bundles with continuous fibre rings; Cp, cortical parenchyma; DFR, vascular bundles with discontinuous fibre rings; E, epidermis
and outer cortical cells; Fb, fibre band; S, stoma): (a) Treatment G1; (b) Treatment G2; (c) Treatment G4; (d) Treatment G7
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recognizable in a transversal section of the internode of
the giant reed stem while all of these appearances in
treatment G4 were similar (Fig.1(c)). By comparing the
transversal section structures with those of treatments G4
and G7 (Figs.1(c)−(d)), the epidermis in treatments G4
and G7 was thin. The sizes of stoma between epidermis
and inner cortex in treatment G4 became small and the
margin between inner cortex and ground parenchyma in
stem tissue became ambiguous, and in treatment G7,
however, was dismissed. The images of the fibre rings
and vascular tissues were multiplex, and the thickness of
the cortical parenchyma was thin in treatment G7. The
average content of the parenchyma in the giant reed was
significantly higher while the proportion of vascular
tissue and fibers was less compared to those in
treatments G1 and G2. The images of epidermis and
inner cortex became strongly sclerified and directly
combined with the cortical parenchyma in treatment G7.
The substantial changes in the transversal section of the
internode appeared to depend on the conditions
employed, such as the concentrations of As, Cd and Pb in
soils, and in agreement with results inferred from
transversal section properties.
The vascular bundle characteristics in the inner
cortex of stem tissues of the giant reed in treatments G1,
G2 and G4 were significantly different compared to
those in treatment G7 (Fig.2). Under treatments G1 and
G2, each vascular bundle consisted of three tissue types,
including xylem, phloem and a larger fibre area, and a
higher proportion of vascular bundles with a continuous
fibre ring as reported by KOLESIK et al [23]. In
treatments G1 and G2, the vascular bundles in the stem
with continuous fibre rings regularly distributed and the
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cellular structure of the stems was homogeneous
(Figs.2(a)−(b)), and the sizes of vascular bundles mostly
were about 4.5 µm. With the moderately contaminated
treatment G4, the vascular bundles and cellular structure
of the stems with fibre rings became discontinuous and
distortion increased (Fig.2(c)). Vascular bundles became
heterogeneous and disordered, with sizes ranging from
about 4 to 2.5 µm. The images of vascular tissues in
treatment G4 still did not notably change compared to
those in treatments G1 and G2, illustrating that the stress
physiological response of giant reed stems was slight
when grown in moderately contaminated soils. Vascular
bundles in the stems from treatment G7, however,
distributed more irregularly than those observed in
treatment G4, and the sizes of vascular bundles were
mostly from 2 to 3 µm (Figs.2(c)−(d)). Vascular cells
were even more distorted and contained an increased
amount of secretion in vascular bundles compared to
those in treatments G1, G2 and G4. The secretion in
vascular bundles in treatment G7 was significantly
increased, and resembled small balls whose sizes were
from about 0.1 to 0.5 µm and mainly comprised of
carbon and oxygen (67% and 24%, respectively)
according to the analysis of SEM with EDX.

4 Discussion
The giant reed is an emergent-rooted wetland plant
species with both the stems and the roots having the
ability to propagate easily. In this work, there were no
significant differences in the quantity of biomass
produced in control and slightly contaminated treatments
G1 to G3, in which the concentrations of As, Cd and Pb

Fig.2 SEM images for vascular bundles of internode of giant reed stems after 70 d cultivation (P, phloem; Se, secretion; Vb, vascular
bundle; X, xylem): (a) Treatment G1; (b) Treatment G2; (c) Treatment G4; (d) Treatment G7
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in soils were less than 53.7, 7.35 and 177 mg/kg,
respectively and the giant reed was still suitable for
growing in moderately contaminated treatments G4 to
G6 with a big biomass yield and a low metalaccumulation, in which the concentrations of As, Cd and
Pb in soils were less than 254, 76.1 and 1 552 mg/kg,
respectively. The experimental results showed that the
giant reed had high tolerance to As, Cd and Pb in soils,
which could not be utilized for food production, and the
ecoremediation using giant reed should be met the
complex valuable use for both contaminated soils and
plant biomass after harvesting.
The stem tissues anatomical characteristics of
transversal sections of the giant reed also illustrated the
low metal-accumulation and high tolerance to As, Cd and
Pb in soil. The differences in the images for the
transverse sections and anatomical characteristics of
vascular bundles in the internode of giant reed stem
tissues showed that the tissue constitution varied
significantly between reeds of different quality, similar
to the stress physiological mechanism of Viola principis
H. de Boiss. to As and Pb [22]. Our finding demonstrated
that vascular bundles in stem tissues with large,
continuous fibre rings occurred as a response to slightly
or moderately contaminated soil condition (treatments
G1, G2 and G4) corresponding with small, semicontinuous fibre rings of stem tissues in the heavily
contaminated soils (treatment G7), suggesting internal
mechanisms inside plant cells limited As, Cd and Pb in
soils to transfer from the plant roots to plant shoots.
Although the results obtained with plants grown in pots
could not be directly compared to those in field
conditions, they were crucial to highlight the response of
plants in controlled conditions. Nevertheless, more
research regarding the giant reed would be performed
under field conditions for multi-metal contaminated soils
in the vicinity of non-ferrous metal mining and smelting
areas in order to determine the utility of the giant reed for
ecological remediation engineering.

metal concentrations in the soil reach or exceed 334, 101
and 2 052 mg/kg, respectively.
(2) The anatomical characteristics of the transversal
section of the stem tissues in treatments G1, G2 and G4
are thick and the images of the fibre rings and vascular
tissues are homogeneous according to images from SEM
analysis with EDX. But, the images of stem tissues
become strongly sclerified and the vascular bundles
become heterogeneous while the secretion in vascular
bundles significantly increases when As, Cd and Pb
concentrations in the soil approximately exceed 334, 101
and 2 052 mg/kg, respectively.
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