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heavy-metals, such as cadmium (Cd) and thallium (TI), which have caused a series of problems to
ecosystem functioning and human health. Therefore, how to effectively control the Cd and TI
pollution is one of the most urgent environmental problems. Arundo donax has a strong tolerance
of a variety of heavy metals, and is an ideal choice for phytoremediation, however, there is limited
information on the physiological responses of Arundo donax to Cd and TI stress, regarding its
highly desirable for phytoremediation of metal contaminated sites. Therefore, a potted experiment
was carried out to investigate the effect of different concentrations Cd (50, 100 and 200 mg kg™)
and Tl (4, 10 and 20 mg &g™) stress on height, number of nodes and chlorophyll content of
Arundo donax, photosynthetic characteristics and the accumulation of Cd and Tl in Arundo donax
after four months of cultivation, all these parameters were determined for each treatment. The
results showed that the height, number of nodes and chlorophyll content of Arundo donax were
not significantly affected by exposure to TI (form 4 to 20 mg %g™) or Cd (form 50 to 200 mg kg™)
(P > 0.05). The concentrations of Tl and Cd in Arundo donax increased with the additive
concentration of Tl and Cd, Tl accumulated in the order of root > stem > leaf; while Cd
accumulated in order of stem > leaf > root under 50 mg kg™ Cd concentration treatments and in
order of root > stem > leaf under 100 and 200 mg kg™ Cd concentration treatments, Tl and Cd are
mainly distributed in the root, Arundo donax has certain enrichment ability to Tl and Cd. Although
all Tl treatments significantly decreased intercellular CO, concentration(C;) of Arundo donax, 10
mg kg? TI treatment significantly increased the net photosynthetic rate(P,), Stomatal
conductance(Gs) and transpiration rate(T,). Meanwhile, all Cd treatments significantly decreased
the intercellular CO, concentration and the water use efficiency(WUE), but 50 mg kg™ treatment
significantly increased the net photosynthetic rate, stomatal conductance and transpiration rate.
These results suggest a strong tolerance of Arundo donax to increased Cd or Tl pollution and it
can be used as a reference for the treatment and remediation of Cd or Tl contaminated soil.
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Table 1 Physico-chemical properties of tested soils

AP R HHLA A Jti A
Physico-chemical Organic matter TN TP TK
properties (9 kg™ (9 kg™ (9 kg™ (mg kg™)
4 & Content 10.24 121 0.74 170.25
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AFE A HZE(P,, pmol m? s™) S FL S (G, mol m? s™) g CO, i & (Cj, pmol-mol ™).



ZEEHER (T, mmolm?s™) FLEAREES (PAR, pmolm?s™) , JEHHE F /K23 FI A
#. WUE=P,-T, " (Nijsetal., 1997) .
1.4 TIF Cd SERW =

TI f1 Cd Wi b2 4 NHJE, BOREALELRH . ZZBARR. JeH B RKET
&, B EB K 33, 105°CAF 30min 5, T 80°ClEIRME EIHE, HASBMH YN
PENURERIRE, FRAL 20 BB 0. TIEFERE BT B, Wif/E & . MY
- SERE i 25 SR P A T ARSI AR, R 22448 77006 HLJEHE & 45 B8 A IS4 (7700series
ICP—MS SE[ED WlE R+ TIA Cd & & .
1.5 H¥E ab

iz Excel XJBE g AT B 51, SLIGEE R P E SR HE 2, 124 SPSS 23 T
HRIER T Z 5081 (One-way ANOVA) Flf/MNit#E 2 7% (LSD) #HT =R WEMRLK, &
FEKF B E A P =0.05, iz Sigmaplot 12.5 #47E A

2 R 50Mr

2.1 NEWREE TI A Cd AEST AT K KB

ANFIHRFE T AN Cd AbFE FAT AR K s AR 2. P T ik Cdl bR/, TI2 Ab3ii
K 4rBESL Cd2 WbFiR %, Cd3 AbPRf/D: Mg & TIL Mg s, TI2 K. ME
Cd IR B BIBE R, P RR A4 R & R LA Cd3>Cd2>TIL, 43 BEER I N Cd2>Cd1>TI3,
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Table 2 Effects of different concentrations of thallium and cadmium on the growth of Arundo

donax
b3 TrBEE [ 3
Treatment Number of nodes Height(cm) SPAD

CK 4.00+1.00a 86.72+11.96a 43.11+¥ .41a
Cd1 6.00+1.73ab 72.86+15.18a 43.80+.54a
Cd2 7.67+2.89b 73.85+10.65a 43.5643.67a
Cd3 3.67+1.53a 89.00+10.15a 42.8943.02a
TI1 4.67+1.15ab 83.3345.77a 46.11#+.17a
TI2 4.67+1.15ab 90.0048.66a 40.8948.28a
TI3 5.33+#1.15ab 83.33+15.28a 45.0045.67a

W ANEFEHEANFRGE A2 R 5% (P<0.05) . .
Note: Data with differences letters indicate a significant different at P < 0.05. The same below.
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FIREFEANHIE TUR Cd 75T R & B4k
Table 3 Contents changes of thallium and cadmium in Arundo donax after 4 months of cultivation

Cd & Tl &
QbR Cadmium content(mg %g™) Qb Thallium content(mg kg%
Treatment R 2 IH Treatment R ES -

Roots Stems Leaves Roots Stems Leaves
CK 0.62a 1.35a 1.52a CK 0.94a 0.11a 0.08a
Cdi 1.04a 7.43d 3.51b TI1 0.95a 0.28b 0.14b
Cd2 59.20b 6.21b 6.15d TI2 1.32b 0.24b 0.15¢
Cd3 46.54b 7.06C 5.94c TI3 1.60c 0.55¢ 0.27d
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TI2> TI3>CK>TIL (B 1: A) , JflA] CO, i EERI N CK>TIZSTI>TIL (1. C) , Z&MHE
R ESILSE B IEAR—BEEIN TI2>CKSTI3STIL (K 1: D), FrE T ALK FIH
R TR AL TR, KA TIBSTISTI2>CK (K 1: E) , BEH T1 B A AT H %
K HIEFERD, KO RIS THRE T S 28 TG B TI A3 B
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Fig. 1 Effects of photosynthetic characteristics of Arundo donax under different concentrations of
Thallium stress
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Fig. 2 Effects of photosynthetic characteristics of Arundo donax under different concentrations of
cadmium stress

3 WitH4i

TI A1 Cd AR A KT L TR, EATRIARLE 2o A ) A FERN A K A T
IR (ZU0I04E, 2007 FMEELFAE, 2018) . fF TI A4 (K) HEAHLLHTRIKEE,
QA THHAR TR N ) K, (S0 E 77 e A ], SR i E R 2 B (Gl
BB, 2007) o« ABFAGEREY TG Cd AL T A K0, (2 5% 84
AL ZRAES, X5 Puetal. (2018) FIEEEML (2005) MIFFFLEE—B. M5 TI
A Cd A€ [ B iz a7y, HILXT TUR Cd & 5 AR P ERR A, X2 th T



Wxt 4z & R PE AL, ROREADAR T DARR i) 2 42 8 e AR b b0 e, 49t B R OREF
BARMESEEGE, MMM EESREHEY N EEER.

& B I E BRI i Gl 2 AV 2T STIESE (Kalaji & Lobody, 2007; %k
&, 2009; EHi%E, 2011) o LAERIRE ST SE SR W REATRE M B & Re BRI B S A
FREAWE, PARFLRRMERILH ER . SFLH R R AL 5 S 8O AR S, S
FLERIZR B B P D S Ve T B R BEE LR ® (f 4655, 2006) . Farquhar&Sharkey
(1982) NNy, MulE CO, MEEMI A/ VP FLBR BT ALIR B Ak, Wi &
RIS Q] CO, IREEFI AL ER T, G m) E 2 E B RS
7, Rz, WRFESILFEER. AL RRME, TIE Cd B ITrd G R, 2R
ARFL T BB A M R FE 3G oy ) 205 EFHE R, RS, TR CO, Wk LN
EARE RIS ETHES. RUAE TI 5 Cd BHAZ%E R, M A SR L £
TEE AR SFLEN 2 PR A S, RIGA 28T PR 1 32 2 Ji DR 2 ph v P40 ARG 5 T PR R BRI 2 8
XEZYEE (2016)  FMGEAE (2005) A& (2008) HURFITEE R —3. TR
WEESEMAZA TN, TRFHEHEEEZNGRE, DARENRIEFRE, HEEESE
WREERIIGOR,  FHMRIBE B E AR, i BO6 & R K.

4 @ AT LI e SR S o A R R P AR R, HET RN AE A AR AR, B2
MR AR & T e i 3 L g 3R & R T e AR, T iR
TISAEF AT DA EE I TR, AN HOG S (Puetal, 2018) o IGIKEE Cd i
B RSENN, ZHT Cd MGG IEEY RN 8L Mg, Fe, K, P45
T AR KRR, AR SR S B I T iRk A Cd A BE Al aR i
>, ZHT Cd 2 MAEBICEIHIR, SRR AR F AR S, HEDEE
FIERG MBS B 2R AC, 2me G ER T (BRA5E, 20000 .

KGRI AT DL s ) P s 5 AR E 2RI R, KR B, R AEY)
FEAE A AT K A T FE RO (B, 2014) o TIEE Cd Ba sk, #7r
7 B 7K 53 FH 23 B e 4 B 4 VR B2 ) BG R RIS R RS A& S, B T b ik 4y
I R E TR RAL R, 8 TP E FEAR 1A 7T B K 2RI R, wTRER T T Ekba
TR S FRAR = A 1T Cd WrE K R SRR TR AL 3, Cd e g in 1
Vi K o IR, PTRER T Cd e 380 ) 75 220 FETE 2 1 Re s DA4ERR (A 9 (19 1
WA, Bz, THATCd a2 =T BIG AR BRSO A 52, AR P47 R AR
KAGPRHIFEmIA K, BT TR Cd il ELA s f e 52 14

g LR, WA RE RPN TIA Cd BRARGRIIIN 321, H—, HRTHARE
il TI A0 Cd HARES it F &R 8s; H =, IR TR Cd M xh =47 s &Rt KoK 73 FI
RORFAE T 5, ARSI AT AR K TR IS AN K, &R A AT AT REAZAEXT TI A0 Cd %8
SRR RS, G, JFRE TR Cd Wl N TPt a LB R AR GRFE IR AL, RE TR
AN TR TI A Cd BN, tbah, BT HIT HIBEESRG R N EMESEES
g, FERFSATN TI A Cd EA75 G RIWt 7T Re 584 R T 1 11 7E 38805 8 5 ik
FABLH

S5 3R

ALSHAAL T, ELHAWAT N, EVA DOMOKOS-SZABOLCSY, et al., 2015. Giant Reed ( Arundo
donax L.): A green technology for clean environment[M]// Phytoremediat. Springer
International Publishing, 1: 3-20.

Farquhar GD, Sharkey TD, 1982. Stomatal conductance and photosynthesis[J]. Ann Rev Plant



Physiol, 33 (33): 317-345.

FU SL, ZHOU YB, HE XY, et al., 2006. Effects of drought stress on photosynthesis physiology of
Populus pseudo-simonii[J]. J Appl Ecol, 17(11): 2016-2019. [ +:%, JEAG®, ¥oT, %,
2006. TFrax R & A BRI ]. BH A SR, 17(11): 2016-2019.]

GU JG, ZHOU QX, 2002. Cleaning up through phytoremediation: A review of Cd contaminated
soils[J]. Ecol Sci, 21(4): 352-356. [JEi4% ', J& 5 A&, 2002. 475 43R m a2 A AEE ]
AR, 21(4): 352-356.]

GU XH, JIN CW, WANG YZ, at el., 2008. Effects of heavy metal Pb and Cd on chlorophy Il
contents and photosynthetic characteristics in different apple seedlings[J]. Anhui Agric Sci,
36(24): 10328-10331. [# 253, &40, Tk, %, 2008. H&JE Pb 5 Cd X 3E R4
2R R o A A RIS 0], 2 RUfO RS, 36(24): 10328-10331.]

GUO CH, WANG FY, SONG J, et al., 2011. Leaching and transferring characteristics of arsenic,
cadmium, lead and zinc in contaminated soil-giant reed-water system[J]. J Cent S Univ(Nat Sci
Ed), 42(8): 2184-2192. [FFHANE, TRk, KA, 5, 2011, j5HHIE-FAT-KIERH As,
Cd, Pb 1 Zn 2N STFHEDN]. e K24k (B R RHhR), 42(8): 2184-2192.]

HAN ZP, 2005. A research on restoring wetland polluted by some heavy metals using giantreed[J].
Chin J Environ Eng, 6(8): 30-33. [ %, 2005. FF 116 H E 48 15 41 1 wF 7T [9].
G TFE244), 6(8): 30-33.]

HAN ZP, 2006. Accumulation and distribution of chromium, copper and nickel in Arundo donax
L.[J]. Environ Sci Technol, 29(5): 106-108. [ &3, 2006. #% 4 EAE 74 1) & 45 43 i 9.
Wi 5H A, 29(5): 106-108.]

HAN ZP, HU XB, HU ZH, 2005. Phytoremediation of mercury and cadmium polluted wetland by
Arundo donax[J]. J Appl Ecol, 16(5): 945-950. [#:&5, SHBE, #HIEWE, 2005. AATIEEH
RVG R HL B T[], N AR, 16(5): 945-950.]

HAN ZP, HU ZH, 2005. Tolerance of Arundo donax to heavy metals[J]. J Appl Ecol, 16(1):
161-165. [#hEM, BHIEHE, 2005, AT 0EAS [F) 21 4 J@ i P 0Ot 7T [3]. B AE 2243, 16(1):
161-165.]

HAN ZP, LU CY, WANG CY, 2008. Effects of cadmium stress on the antioxidant enzymes
activities in Arundo donax L.[J]. J Nucl Agric Sci, 22(6):846-850.[# &%, 2&HFH, Fig X,
%, 2008. HAMEX ETHUEALERE MR I]. AR 2EHG, 22(6): 846-850.]

HAN ZP, WANG CY, 2007. Accumulation and distribution of cadmium, lead, mercury, and
copper in Arundo donax of different ecotype[J]. Ecol Environ, 16(4): 1092-1097. [# &5, Eig
X, 2007. REAAESHPEATH Cdy Hg. Pb. Cu IEH£S50M[J]. ESHEER, 16(4):
1092-1097.]

HAN ZP, YANG ZH, WU X, et al., 2010. Effects of lead stress on antioxidant enzymes activities
in Arundo donax L.[J]. J Nucl Agric Sci, 24(4): 846-850. [#h &8, #E4L, =M, %%, 2010.
S IE 0T P BT AR S T s [J]. A2 AR SRk, 24(4): 846-850.]

HU XY, QI SY, LI RL, 2018. Effects of cadmium stress on growth, chlorophyll content and
photosynthetic characteristics of Xanthium italicum[J]. J Shenyang Univ (Nat Sci Ed), 30(1):
18-24. [BI/NHE, SRuHts, ZeHiHT, 2018. 4% M % & AR5 H (Xanthium italicum) K.
gz LOCARFERFZI[I]. JLBHOR 2224k (H 2R FHERR), 30(1): 18-24.]

Kalaji HM, Lobody T, 2007. Photosystem II of barley seedlings under cadmium and lead stress[J].
Plant Soil Environ, 53( 12): 511-516.



LI ML, LI H, WANG KR, et al.,, 2016. Effect of arbuscular mycorrhizae on the growth,
photosynthetic characteristics and cadmium uptake of peanut plant under cadmium stress[J].
Environ Chem, 35(11): 2344-2352. [ZXH5%, 25Xk, FHl%, %, 2016. Cd friE F A HR
XeAEAK a4 & Cd gz [d]. Mk s”, 35(11): 2344-2352.]

LI Z, TAN XF, LU K, et al., 2017. Influence of drought stress on the growth, leaf gas exchange,
and chlorophyll fluorescence in two varieties of tung tree seedlings[J]. J Ecol, 37(5): 1515-1524.
(20, EHER, SR, 55, 2017, TR ax i s g E A SRS e o SRR R
K H ] AR, 37(5): 1515-1524.]

LI HF, ZHU JR, FU J, 2007. Toxicity of thallium and its impacts of human health[J]. Chin J Public
Health Manag, 23(1): 77-79. [Z=0XWL, AN, £, 2007. 8RR 20 AR fa s [3).
W E AR AR, 23(1): 77-79.]

LIU JY, CHANG XY, TU XL, 2007. Thallium pollution and its countermeasures[J]. Soils, 39(4):
528-535. [XIHEE, HIAFH, IRMIAK, 2007. E4EJREG G LPE RO R[], i,
39(4): 528-535.]

LOU AY, 2014. Study on the physiecological characteristics of moso bamboo(Phyllostachys
pubescence) leaf and its response to soil water condition in LiJiang river upstream area[D].
Guilin: Guangxi Normal University. [ % ¥, 2014, JEIL BT F A4 AR 28 244 K -
Xof 35K Gy e SRR FE[D]. AR PRIV OR A ]

LU Y, LI XR, HEMZ, et al., 2011. Photosynthesis and physiological characteristics in Halogeton
glomeratus with heavy metal treatments[J]. Acta Bot Boreal -Occident Sin, 31(2): 370-376. [&
i, ZEEoR, (TEIER, 45, 2011 EEJEX ARG A A KR R[], TEAbiEY)
4R, 31(2): 370-376.]

MA JB, 2014. Research on phytoremediation technology about soil contamination of titanium
mine in panzhihua[D]. Chengdu: Southwest Jiaotong University. [ 4%%, 2014. #9455 X 4
VIXTER ) SRR IS Gz il BB FE[D]. . 78 e A8 K ]

MIAO XF, 2010. Giant reed(Arundo donax L.) remediation with amendments for
metal-contaminated soils from the typical mining and areas[D]. Changsha: Central South
University. [ %, 2010. #AH¥E X E &)@ 15 4 LI IT- I B S 2 B 5L [D]. Kb
TR

Nijs I, Ferris R, Blum H, et al., 1997. Stomatal regulation in a changing climate: a field study
using free air temperature increase (FATI) and free air CO, enrichment (FACE)[J]. Plant Cell
Environ, 20(8): 1041-1050.

PU G, ZHANG D, ZENG D, et al., 2018. Physiological response of Arundo donax L. to thallium
accumulation in a simulated wetland[J]. Mar Freshwater Res, 69 (5): 714-720.

QING TC, RUAN J, WANG LJ, 2000. Effect of Cd on the plant photosynthesis[J]. Environ Sci
Technol, (S1): 33-35+44. [Z= X4, BufE, LREWF, 2000. FExHEYCE1FE R[], ¥
Bl 5K, (S1): 33-35+44.]

SUN GW, ZHU ZJ, FANG XZ, et al., 2005. Effect of cadmium on photosynthesis and chlorophyll
fluorescence of pakchoi[J]. J Plant Nutr Fert Sci, 11(5): 700-703. [#MG[E], K%, J7H,
4%, 2005. XN EZOCETEH M SRS R[], EYE IR SIERAR, 11(5):
700-703.]

SUN JY, LIU YQ, LI BL, et al., 2018. Research progress on mechanism of plant tolerance to



cadmium and remediation of cadmium contaminated soil[J]. Jiangsu Agric Sci, 46(7): 12-19.
[PNGELT, XUHEEK, ZE{EAR, 55, 2018. HEADRTER IR LA KO0 585 G 3548 5 ()
FERE]. Lo AO R, 46(7): 12-19.]

TANG WJ, LI MS, 2008. Heavy Metal Concentrations of Dominant Plants and Bioaccumulation
in Three Manganese Mine Wastelands, Guangxi[J]. J Agric-Environ Sci, 27(5): 1757-1763. [J&
A, ZEHANG, 2008, T PUER X IR FE LAY E R L R AL ] AL IR
2R, 27(5): 1757-1763.]

WANG FY, 2011. Remediation of metal-contaminated soils with gaint reed(Arundo donax L.) and
its comprehensive utilization of harvested plant[D]. Changsha: Central South University.[ £ X
K, 2011, EEJEiREENFTEE LIRS EMMD] Kb hREgREE]

XU DQ, 2002. Photosynthesis efficiency[M]. Shanghai: Shanghai Science and Technology Press:
163-167. [F R4, 2002. WA ERACEIM]. L B#REER AR, 163-167.]

YANG L, GUO HQ, 2018. Advances in plant remediation of heavy metal pollution in soil[J].
Guangdong Chem, 45(6): 118-119. [#%%1], #BJ5/K, 2018. tIEEGJRET5 HIEYEEHT 5T
B[] )T, 45(6): 118-119.]

YAO G, GAO HY, WANG WW, et al.,, 2009. The effects of Pb-stress on functions of
photosystems and photosynthetic rate in maize seedling leaves[J]. J Ecol, 29(3): 1162-1169. [%k
7w, AR, &, 2009. HEMEXT EOKGE M OGRS R KOG AR R ).
AR, 29(3): 1162-1169.]

ZHANG JT, MENG BN, 2018. Effects of Pb*" and Cd** combined stress on photosynthesis of
Morus alba[J]. J BeiJing For Univ, 40(4): 16-23. [# 34, %M, 2018. Pb*. Cd™* & &
B RO EAE R[], JER ARl R 254, 40(4): 16-23]

ZHAO JS, BAI M, CHENG FM, et al., 2008. Physio-ecological characteristics of Phragmites
australis and Arundo donax under two types of constructed wetlands[J]. Wetlands Sci, 6(3):
398-404. [X7EAS, EIMF, FERNG, %5, 2008. PiFP AN TIRHLZ&AE T 35 5P AR B AE AR
PEWTFE]. Wbk, 6(3): 398-404.]

ZHU ZG, ZHOU SB, 2014. Effects of physiolgical and biochemical characteristics, accumulation
of Arundo donax and soil enzyme activities under combined stress of Cu and Zn[J]. J Soil Water
Conserv, 28(1): 276-280. [k &, JE5Fhr, 2014, 4iEE S G Wa st 2 A sAE LR &
& i SR RS M O[], K AR RRER, 28(1): 276-280.]



