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T Pb* Zn* XHR R A KA EIEE I Cu® A Cd R B R I HIMERT 5 (3) 4bFE 10d J&, B85 & 401 LT PhY 2
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Seed germination and metal accumulation of Moso bamboo ( Phyllostachys

pubescens) under heavy metal exposure

CHEN Junren, LIU Dan” , WU Jiasen, LI Song, YAN Wenbo, PENG Danli, YE Zhenggian, WANG Hailong
Zhejiang Province Key Laboratory of Carbon Cycling in Forest Ecosystems and Carbon Sequestration, Zhejiang A & F University, Lin'an 311300, China

Abstract; Along with the increase of economics, heavy metal pollution in soil directly threatens food production security,
and the toxicity affects humans because of their longevity and accumulation in organs. Phytoremediation is a new technology
that usually employ hyperaccumulator plants to remove pollutants from environment or to render them harmless. The biomass
of hyper-accumulators discovered before are less, and as a result in actual applications the hyper-accumulators are restricted
significantly. Moso bamboo ( Phyllostachy pubescens) is not hyperacculator specie, but it has several advantages compared
with hyperaccumulators. Moso bambo grows quickly, reaching maximum size within two months with an average height of
15m. In present paper the seeds of Moso bamboo are taken as test materials, the toxicity effects of four heavy metals
involving Pb** | Zn**, Cu®* and Cd* on seed germination and its accumulation of heavy metals were studied. The results
indicated that; (1) The addition of Pb** and Cd** inhibited the germination rate, germination energy, germination index
and vigor index of Moso bamboo seed significantly. For the low treatment level of Cu’* and Zn*", the germination rate,
germination energy, germination index and vigor index increase significantly, while the results were on the contrary for the
high treatment level. When the treatment dosage reached to 1600 wmol/L, the Cd*" addition has strong inhibition on seed
germination than other three heavy metals. (2) The addition of low levle of Pb*" and Zn** would promote the root growth

significantly , while with the stress of Cu®* and Cd** the root morphology are inhibited. (3) The concentration of Pb*", Zn*",
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Cu® and Cd*" in shoots of Moso bamboo reached 6810.51, 1387.77, 951.77 and 429.33mg/kg respectively after treating for
10 d. The translocation factor dimension is Zn**>Cd* >Pb* >Cu’", and the tolerance order of bamboo seedlings to heavy

metal is; Zn**>Pb* > Cu®*>Cd*". In summary, the results of above all would provide useful reference for soil test in future,

and it also opens a new perspective for the study of phytoremediation species selection.

Key Words: Phyllostachys pubescens; heavy metal; seed germination; phytoremediation
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2.1 EEJRWE T BRI KB

Zn* Cu® Fl Pb>  Cd™ 43 HIAE SF AH 4 1 o246 55 11
EATICE BT KA G B E N2 50,
Sh& SRR S, 1 Al LA HAE PRI Cd* ki
T, Bl T A VR B T R ZE SRR A, T Zn®
A Cu™ DRI “IRAE i (9IRS, eIV 3 Ab 7
T,Pb* Zn* [Cu® 3 FhITER AL H -1 & 00 W
FEXH(P>0.05), Pb* Zn* Cu* .Cd* 4 FhocE W
AR 2R = 4 R 69.33% .69.33% .68% |

65.33%, [F] CK A8 bt & 27 2 U 31 iR B e KABL 43 ) Ry
18.67% .16% . 10.66% . 72% , TF ¥ J& 3 2400 wmol/L
if, % 2E FAUN 5.33%, 1 [7] — #e J&E R Pb™ | Zn™" |
Cu” 1Y % 2E 50 ) R 60% .49.33% .50.67% , A 1E i
FME2S(P<0.05) , 7] UL Cd™ XF BAT R & 15
Mt K, SRR 800wmol/ L, Cd™ X FpF A9 H5 &
PR E M RIRCR . R ZFHANE T8 BUR , R
U T & ZE 3 2Rl B | [RI s il L& B P A
Zn™ 0N BATR T R ZEREBUEAR LA T Cu® M
Cd™ W . 16 138 BORFh 7 1 & & 138 b, 25
A TR R ZF BRI A K i R RR AT ) R AR T
S BN T X BATRF R RN, 7E PhY Cu™ |
Cd* 3 MELE IR TTEWA T, M 7% e i % &
4 JE R P 1 T v T R AT, Zn™ DU 222 5 T v 0 R ARG 1)
B, Y Cu™ | Cd™ R T 200pwmol/L, Ph** ¥ i
L 400mol/ L J5 JCE IR A5 1% 148 B , I [
FE TR L TR B O JC 7R e AR, BEBH 7E VR B T
A A O 458 432 B H & @ 19, i Zn® W 7E
2400pmol/L iR BEME MRS , B Zn™ X BAT R TR
)& B IHIE S, e R — R B R R 5 4 Ja
RGBS —  BARR BN Zn® >PH™
>Cu’*>Cd* .,

T B AR PRI 2 R T Zn® XFBAT
T & B0 4 T B 55, Cd™ DU 3 30 e ik A9 10
AR, 2 4 Aok — v A 2 B — A
T 07 46 B 3 B AR A AL, PhY R Zn® A
400wmol/ L B 1% 7748 £ 3 ) Ry i — Mk FE 119 38.7% |
44.93% , 1M Cu™ 1 Cd* 7E 25wmol/L B Hi FHL

®1 ESEMETHENMFHREZM

Table 1 Seed germination of bamboo under heavy metal stress

b3 g/ (pmol/L) R % KR/ % FEFHREL % IPAE S
Treatment Concentration Germination energy Germination rate Germination index Vigor index
Pb2* 0(CK) 64.00+£6.93a 70.67+4.62a 5.93+0.61a 37.00+3.49a
10 53.33+2.31abc 58.00+6.9¢d 4.72+0.30b 26.38+1.15b
25 62.67+8.33ab 69.33+2.31ab 5.27+0.59ab 34.72+9.05a
50 53.33+8.33abc 64.00+4.00abc 4.75+0.48b 24.76+2.67h
100 49.33+4.62¢ 64.00+6.93abc 4.48+0.32b 23.92+2.64h
200 53.33+6.11abc 60.00+6.93bcd 4.52+0.15b 21.19+4.13b
400 56.00+12.00abc 52.00+8.00d 5.25+1.31ab 9.52+4.68¢
800 61.33+£6.11abc 65.33+6.11abe 5.34+0.92ab —
1600 54.67+2.31abc 61.33+9.24abced 5.51+£0.37ab —
2400 50.67+8.33¢ 60.00+4.00bed 5.01+£0.30ab —
Zn% 0(CK) 58.67+2.31a 65.33+6.11bcde 5.73+0.27ab 43.25+2.24a
10 60.00+4.00a 66.67+2.31abed 6.01+£0.17a 45.35+4.46a
25 48.00+0.00b 61.33+2.31bcde 5.02+0.15be 34.83+0.26h
50 45.33+2.3b 68.00+4.00abc 4.52+0.60cd 31.18+3.66bc
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s
b e/ (pmol/L) R % KRR/ % KRB % AE S
Treatment Concentration Germination energy Germination rate Germination index Vigor index
100 45.33+£9.24b 57.33+6.11ef 4.59+1.11cd 28.44+4.82¢
200 48.00+£6.93b 60.00+10.58cde 4.78+0.57cd 19.11+4.43d
400 51.00+8.87ab 58.67+4.62de 5.15£0.65abc 7.40+2.86¢
800 58.67+6.11a 69.33+2.31ab 5.31+0.18abc 3.83+0.50ef
1600 60.00+4.00a 74.67+£2.31a 5.71+0.34ab 2.45+0.18f
2400 44.00+4.00b 49.33£2.31f 3.95+0.51d 1.74+0.29¢
Cu** 0(CK) 61.33+2.31ab 61.33+2.31a 5.22+0.63ab 42.33+1.62a
10 62.67+8.33a 66.67+4.62a 5.13x1.13abc 26.66+7.78b
25 49.33+6.11abed 61.33+2.31a 4.47+0.48abed 10.71£2.22¢
50 46.67+11.55¢d 68.00+6.93a 5.07+1.15abed 7.44+2.47cd
100 56.00+4.00abc 68.00+4.00a 5.35+0.63ab 3.21x1.21de
200 57.33+2.31abc 66.67+4.62a 5.70+0.17a 1.33+0.13e
400 45.33£6.11cd 62.67+6.11a 3.71+0.22d —
800 48.00+6.93bed 60.00+10.58ab 3.99+0.95bed —
1600 44.00£4.00cd 50.67+6.11b 3.73+0.75¢cd —
2400 38.67+18.48d 50.67+6.11b 3.82+1.37cd —
Cd* 0(CK) 52.00+8.00a 77.33£10.07a 4.89+0.73ab 33.32+3.92a
10 50.67+6.11a 62.68+9.24bc 3.81+0.91¢ 24.14+4.94b
25 46.67+8.33ab 65.33+£8.33b 3.92+0.68¢ 9.04£1.35¢
50 38.67+4.62bc 52.00£6.93cd 4.05+0.27bc 6.73+0.28¢
100 41.33+6.11ab 50.67+8.33d 3.85+0.27¢ 2.19+0.75d
200 28.00+6.93¢ 48.00+8.00d 3.18+0.50¢ 0.83+0.25d
400 37.33+6.11bc 52.00£4.00cd 3.55+0.13¢ —
800 42.67+9.24ab 65.33+£2.31b 5.09+0.80a —
1600 9.33+2.31d 17.33+£2.31e 1.52+0.28d —
2400 5.33+2.31d 5.33+2.31f 0.44£0.27e —

INEFRFIR R E 2R (P<0.05)  BAMIFE TR TR 225, AR TR 28 53 B3 BUE =PI E AR 22

2.2 HLE W X AR R B R A 3 R

X TR 2R R 4 e, BT AR KR
I SRS [R) A o 7, L o 5 9 1) T g S o B
EMN S WLEE AT, T4 JE T 2 Y b 7R
B R TR A G |, 2 Cu™  CA™ MR ETE 400wmol/
L P> kb 324 e B 7E 800wmol/L 1 & TG ¥ & 41 v
MR, BERT L B JEAR B B4R i X T 2E 4 ) 2
Cu® .Cd* Y&l 1600mmol/L I} £ TG ¥k I 45 K i |
Pb> 1 Zn™ 7E 2400pmmol/L B} iR BEMM & e 2F K, 25

RAG AR i 3R A [0 )5 77 P W], B 4 Jm ok A5 400
i AR EAR G (H SRR G MR 22, I N AE T
W JEE T A5 T L AL il AR A i, TR 1 R AT, 7
P> Zn® AT, AT A 2 SRR AR B T e
HEZEAR B R, T Cu | Cd™ U i 7 v vk JiE
H A M T AR 5 2R A O B R,
FURXIARAYM0 4 FhOTE P Zn® X 25 B ] fr 55
(E 1)

£2 RREFKMHEEAFGE

Table 2 The inhibition regression equation of root and shoot

e HE® Wiy HY&E HEJR (] =15
i Heavy Regression R? Plant Heavy Regression R?
Plant organ . R
metal equation organ metal equation
2 Root Ph>* Y=0.132X-0.221 0.797 2§ Shoot Ph2* Y=0.107X-0.315 0.910
Zn?* Y=0.141X-0.205 0.902 Zn** Y=0.043X-0.095 0.921
Cu** Y=0.156X+0.266 0.884 Cu® Y=0.097X+0.048 0.860
Cd* Y=0.173X+0.198 0.849 cd* Y=0.121X-0.006 0.916

TEEEEMNNA T, W EE S M HAR S 220 L F , IR B =8 5 2 MK . Cu, Cd AR B #6450, 10, 25,50, 100,200 mol/
LR BE T I3 )5 72 s Ph AR HZH ¥4 0,10,25,50, 100,200, 400pmol /L & B 81T A 7 B s Zn AR FRZH ) 450k 3 5 2F 4K 1% Cu Cd AR FEEFE O,
10,25,50,100,200,400,800, wmol/L ¥ N [al 975 F2 ; Pb . Zn AbFHLH I 45 4o 0k F
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Fig.1 Relationships between inhibition rate of bamboo seed germination and the concentration of heavy metals on root and shoot
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Fig.2 Effects of heavy metal on root morphology of bamboo
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Joip i AR FRUAR Ak e B2 e /NI Cd™ A8 Ab I B2 e
Vi B 7E X 70 LY P2 S AR AR B o 4 4 85
Cd™ T 22 L1 B S A 0 4 R, T Zn®* B0 SR B A —
FEMPRIERCR . X FARREL 52 0, Ph> Al Zn™ &
TR L [FIRE B AR S 7 A 35, T Cu™ AT Cd™
WUVt 2 e B %) g o 20, 24 ¥k B2 R 25 wmol/ L B
Cu™ B — A~ BB ARk, MR AR B8 BAIG, 1k i
—WREE 40.5%

WS HMRAES, KBS ICE (Cd® Al
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EEMHE T HAM RSO 22 A K
2.4 EATHH NS S I

ENHEESRAIE T 35RO E SR &5
W3, RPMWAT YR EBEFEKRTF 0.01g, BlLh
FHK- B 358 o Hby 138 0% 5 4 R A BB (Cd BR
A1), 4l s BT P> M RE 0 T LAY 3 MR
408 B Ik 6810.51mg/ kg, XF Cd* FIM I fiE
F18e 55, 16 400wmol/ L I W RE J1 35 Bl f i, b 13
i N 429.33 mg/kg; YUK KT 800pmol/L A,
Cu” [ Cd™ it N BATRNFHb_ 5B & & 56 452 20
il TR FEkEN SR E Tl T BTN
B 2T e ST, AR ARG PE , 30 T 2E R &, AR
PO AT R B, AE ARk B AL B R Ph™ (10—400mmol/
L) . Zn* (10—25pumol/L) , Cu** ( 10—200mmol/L) |
Cd* (10—50wmol/L) AbF 2 M | & 2 F AR
| [R)I  PRAE Bk B Zn® (1600 2400 wmol/ L) &b i
i) 25 S AN W 3, PT R JR RL 2 B W BE B Zn® IR T %)
B AT ) 36 1 R AR Zn™ RSB e Sy, X
HRWZ ST 55, &l BT AR AT Zn™ A7 3058 () ZL TR RE 77, 24 Zn
b B 1K B 2400 umol /L ZEFRIFR IR RE K AR,
XF Ph* i R 22, 2 e BE R 2k 400 pmol /L = D47 ]
TR, Cd™  Co™ BT IE RS, 24 e Bt
200pwmol/ L A g 56 A4 il AR A Az Jli . X AR 71 b
AR A R R AR EE AL R AR ]
o T H B B, PhY AL T R B AR VR )
BN AR R A% i 2 b AR AR 108, Mk A
400 wmol/ LIt A B 43 J& 1% i /2 Hb AR 17.224% ,
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Table 3 The concentration of heavy metals in shoot and root with

the metals stress

PN 3
oy B et
metal Treatment (mg/kg) (mg/kg) factor
Pb* CK 5.16+1.81d 6.26+1.65d —
10 32.44x4.68d 73.63+3.34d 0.44
25 68.14+14.47d  223.99+35.72d 0.30
50 96.96+15.53d  463.27+136.07¢d 0.21
100 144.77+15.28d 1081.61+113.12¢ 0.11
200 168.33+£25.26d 2462.40+666.80b 0.07
400  346.83+107.49d 5972.23+676.02a 0.06
800 2141.91+470.71¢ — —
1600 3543.40+1456.43b — —
2400 6810.51+842.83a — —
Zn** CK 151.96+3.77f 242.61+30.60c¢ —
10 199.78+9.79f 373.16+32.50¢ 0.54
25 259.02+£9.89¢f  525.24£29.32¢ 0.49
50 399.31+21.19de  789.76+161.99bc 0.51
100 490.50+49.21d  989.14+77.59bc 0.50
200  792.44+31.63c¢ 2033.35:445.19b 0.39
400 1105.75+132.94b 5148.35+1921.98a 0.21
800 1145.60+156.51b — —
1600 1325.40+154.36a — —
2400 1387.77+14.10a — —
Cu* CK 33.33+1.07¢ 37.40+2.13d —
10 39.82+1.96¢ 112.42+10.84¢ 0.35
25 41.00+2.81¢ 276.24+11.29h 0.15
50 57.65+3.00c 391.19+53.80a 0.15
100 70.05+3.48¢ — —
200 122.74+21.37¢ — —
400 501.75+99.20b — —
800  951.77+256.62a — —
cd* CK 0.13+0.02d 0.41+0.1d —
10 20.05+4.19d 36.35+£4.80c 0.55
25 49.97+4.65cd  103.72+3.87b 0.48
50 41.41+£3.65cd  194.97+26.46a 0.21
100 84.18+11.36¢ — —
200 237.08+29.47h — —
400  429.33+93.48a — —
800 245.52+32.51b — —

INEFRFRIRE S BE(P<0.05) , A MHEFRERTBES
5 RRFRERRA BEES AR TP 0.01g DL BTt i =
Y AR O 22

BB, X T Ph* BUR A FZ RE T, G Al e 2
1T Pb* ARE A, XA 400 40 JBE 5 48 3 At
PTIRARAN M5 JE P a2 1, (oA 40 A AR T A B AR
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J7 e S Ph> FEOR & Ph™ R TR ERA A,
IR 7E A 2R 4t i L A7 72 B X 2 22 DL PbCO, , Pb
(PO,), SFUTTE LA sl 4 & AL, T T Pb* 1)
H 3Rk A X Zn® (%5 2 RE 158 T HoA
3FhE 4R, e i W E 400wmol /L AR AR S5 |
PR R o B 25 4.6 % 2K B BATX B R A
B RE SR EIF K Zn™ >Cd* >Ph* >Cu™

3 #R51TR

T E A DECE R G R A T AN FAT
A B AT RS AEAUER XS AT 2 D0 Rl
FE & 4 W B2 19 3 N, Phyllostachys Auresulcata
(Spectabilis) M Pleioblastus Chino ( Hisauchii) P 47T
FRAN MDA &5 b Fmim il 7 it g 2 00 5 s AE
MRESEEVER , Pleioblastus Chino ( Hisauchii ) 14 PN 4fi
AT IE 2000mg/ kg 5 E AR SRR RE AT T
[IREUESE 1 8 4 Jm a2 T 7 88 BAT AN MDA &
AT SRR A R, (R 0 T 4 i Y i
P Collin ZEH K EHRIGUESL T Gigantocloa sp.
“Malay Dwarf " X4 ELA 1R @ B0 Fe# i aa
FIBIESE T, JE TIPS B 5 5 A B e IR, G
& Na' /K" (0 P9l T i 5 3 00 E 22 IR AR
P4 & BEAT K 821 1mg/kg! '™ o TR T & AAN I AE
T AR X PR A5 a6 Ay SRR A A1 P b
T WFFER T LE I Z AT T & 5 ) AR K BRI
A RLTE — 22 R B L S AR 9 k38 i e
Pb*" CA* VE R AE K MR TR JC R, o A R %
WCHEAE RN ER R S A1, () IR RS DR 40 i 4
14y, BEARAE ) 0 & A T, AT 52 el A 40 14 2E K Kk
B, G 2o ME MY TE TCR T R
T NS AW 7 A A 4 B VE D BDTEAIMR 32 T 7
AR FEVE P (EL R Ao > I 8 91 T D) 7 i 5 AR
AR EE ",

TEA SR b B AT Rl 7 1 K 4 R AR VO Fh 42 R
ANTRIVE BE p 301 T 2 MR A R 22 S M, Zn® X
RS g5 55, 10T Cd™ A VR 5o, [m) B BRAE
[ R B L N L B T S (17 - A
P HCAT AR R 7 T 4 e RN W] S B AT A
TR BT VIR OC, Bl 7 ] & R HE Horh— 1 e
A S S ER AUl PR 1 3 o N TR DA 544
MREEG R T 54 8 38 6 Fh - i & 1 52

T AR, IR BT &, 7E Pb™  Cd™ 1Y
JRE TR BATRN T R A R R RO TE )
8 H0AF A TR b Bl R 4 Tk R Y R T R AR
Cu™ Zn* il FEBATRF IR 2F5% R FH L
HACHIS S5 300 i 4 e e R o R S G S e N P R
(AR BE AL 2 8] 22 57 R 1 35 (P>0.05) 1T PR
(A3 16 00 22 30 HH O [R] A 25 2, 2R BH Cu® X A+
MREVERE T Zn” X R PR S, X542 e
B g N g R R SR T kA R
Fl,

FEIR PR AR/ INAZ B 9 v R B, 1 4 I X 4
AR I AR X SRR T RE R R TR
TAEYR R B 5 48 BTl Wb 13 L 4%
MR AR I3 B 4 R 0 3 () I PR AR T 40 i B |-
FEXEA RS Rt [ 35 4 i 2 F 1Y 384 o o, 2
& B BRI WS 5 A H ™ A F 2, Y H R
A A SR R BRI BRBE I B, 2R A
P F 2 10 T AR 2 AR b A 3R R T A 4, AR &R
TR, A 7 E A JE AR R A
B2 fem A EEGA T, BT A KRB
FIRERY LS, 4 B A TR0 & 8, X 2ZE
IR RN, I B TEAR " A, X FANF &
G IaE AR R AL RS 5 P> A TR BR T XF
FRARFR A 77 A AR AR A1, X B AR A 2 1T Y
HRASELAE A AR 32 Ak F0 T A5 8 4V T, i 7 e e 3 A
BN 3 0 400 1 5 Zn™* Foih 200 D000 S TR 2 e AR T
X R AR AR S 0 2 B IR e 417 B4, X B AR K
DR R AN A S5 Cu™  Cd™ S AR K AR A3
TR MR AR B AR ARE™ A= IR

EAFES S T Y& ELSRTER
AT, Cu®™ Zn* fE AP AE KO
EFRICER (D AE A M P 0 3 B B KA 22 Sk
Cu* 7E 50pmol/L i, MM B LA 391.19mg/ kg, i
Zn™ TE[R % 25 T 21 REIL F] 789.76 me/kg, [F] CK A
FLg N 547.15 mg/ke, T4 JE 28 T 353.79
me/ kg, [F] IS0 43 & 1 4% 7 22X Cu™ HAF 0.15,7Zn
IRE T 0.21; 49K BB T 200wmol/L 5 Cu™ & Tk
I AR T Zn® 7F 2400 wmol/L Hk B T 38 A I o
R, H Co™ ¥R 3 SOpmol/L ., Zn® ¥ & 8 1
400pmol/L J5 R T ¥ it 5 & /N T 0.01g, X EK W FE
Cu™ Zn™ PIE &R WE T, Co™ WEEHE KT
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34 4

Zn*, [A] Ph HE A B+ I+ Zn MR R ALY
Krg e R cd MR EMY 50 E R Cu B
SR AR E O A, R N R 4 R A X A
%, EaJm R R A /N T 1 (B A=Y A B2 L
B BTRA TR E AT 116.5¢7) | it i TR AR
FHY), HZE S Z BRI R R, M BB EE
SEGRTIEAARRKNE ), GO ESESE
BIRESE P 30, o 1358 Ph A& i i T HiAt 3 Ah
TG, SRR ] 68 AN R 4 Jm X AR Y B 22
PEF B W 512 RTR], PR b b3 R
225, TR AE 3 4w b ae R B AR B4,
Pb¥ ¥ KT 400pmol/L 2 Cu®™ 5 Cd* ¥ JE KT
200pmol/L ARFER | A A & i WRAR | 2F 38 2o AR
B S A U R il T R R AR MR ) B 4 B
T EAER R B M B, B AR A
T Zn W H AR AL, ] T Zn™ 1) H
s,

AR R F 4 Fh BT BATR T A8 & AT
HIVER R 3, bt 1 4 R W B s AR T 4
&SRk, Hoh A X BATR & K g A
KB F I R, Cu™ W2, Ph™ Fl Zn™ £ 55 , % H
SRR RE I R I Zn> >Cd™ >Pb™ >Cu™ i
HIEATXT Ph™ Zn® A ARGF A i1, X Cd> Ak
Mia e IR

LG ARG T B TR E LR ME
TR EIEO, B ATE R W 18 B AR
NG TR IR, 405, B D5 0 A
TR, A7 WA I\ A B2 1 X6 B AT Y 5 4 i T R AT
A R H & B TE AT IR N A RS HLE, 5T
TN ES ML, XX TAEE—2FE T
HYME 2 R F B H A 52 A58 o 18 A S
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