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Effects of Cd Polluted Soil on the Modular Growth and Physiological Characteristics of Pennisetum hydridum
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510642, China; 2.Key Laboratory of Agroecology and Rural Environment of Guangdong Regular Higher Education Institutions, Guangzhou
510642, China)

Abstract : Growing energy crops in heavy metals—contaminated soils is a good approach to both environmental and bio—energy issues. In this
experiment, a pot experiment was conducted to examine the effects of Cd on the growth of Pennisetumhydridum with adding different concen—
trations of cadmium of 0 mg-kg™, 1 mg-kg™, 5 mg-kg™ and 10 mg-kg™. The results showed that the growth of P. hydridum was not signifi—
cantly influenced by low Cd, but adding 10 mg-kg™ Cd treatment had a significant inhibitory effects on the plant height and aboveground
biomass after six months of growth. There were significant negative linear relationships between soil Cd concentrations and plant growth pa—
rameters including plant height, fresh leaf biomass, and stem biomass with coefficients(R?) of 0.438 3, 0.403 1 and 0.618 5 respectively. The
maximum photochemical efficiency(Fv/Fm ) and activities of antioxidant enzymes( CAT, POD and SOD ) were stimulated by Cd at low, but in—
hibited at high Cd concentrations. Concentrations of adding Cd in the aboveground parts were 0.39, 2.65, 10.83 and 11.77 mg-kg™ and 0.49,
3.66, 16.04 and 25.82 mg-kg™ in underground parts for the treatments 0, 1, 5, and 10 mg kg™ respectively. Hence, P. hydridum could be
used to reclaim Cd contaminated soil.

Keywords: Cd; Pennisetum hydridum; energy crop; soil contamination
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ERHT, REIRC BCH H 2930 1 28 5 A R i) 322 1A
2L IFROHREIR , JUHIE & e LLRB AR P AR m]
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HEAT RE SRR W) 1) TT 4 2 A e A W T A 15 e [t
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icum virgatum L. ) 3k (Triarrherca sacchariflora( Maxin. )
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Table 1 Chemical properties of tested soil

R il pH fH A HLBg kg

AR /g kg

AW mg kg A7 5 /mg - kg fHi/mg-kg™

21t 6.35 2.39

2.31

73.34 102.3 0.58
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1% 2 A%, Cd Ab3 6 A F e, A ik B s G
t et 2 AT R A KA B RN, CdWEEN0.1.5
mg- kg™ ACERRR R R AE A T AR A 2
SRV AR R AR TS Y 1 i S B 2 A A
Ko BE 13 Cd W EERS N, S AT B2 4 A bk
S, b Cd 10 mg-kg™ AMERTF, AT R KR 5 R
62.83 cm, B F L T2 FIXTHE(99.33 em). [AIEFFE Cd
WE R 0.1.5 mg-ke AUALER, 24T T4
YIEAY 720 104.02.121.08 11042 g, HBEETF Cd
10 mg-kg™' KPR (54.24 ), BRI AT R AN 40 B T]
()RR BRI 1 NI A R I RN

BATE R A Y Fe bR S R HESCER Cd e A G
SIHTILER 3. BRATECRYNIEERNE Cd W b
Z I R R BN AHOCPEAR 2 Mk 5 Cd vk
JE 5 B A AR DG A OC R 0.438 3, 3B Cd
WK 1 mg-kg™, EATHFRR S8 2.562 2
em; BEATRIGEM AL ERAEY S Cd W EE ) R4t
TARIE, FHC RS R 0.403 1 F10.173 9, Horpgg
R ZEERAE Y T Cd MR IA 1 35 A OG s AT R
LAY Cd R B A 28 B A G A

FECR 0.653 35 1M1 AT AL B Sk ARG - A
Y Cd e 38 2 3 pR A 56 , Hodh st ik
ARG

AR A W SRR AR Y S
HESBR Cd MR BEAH DGR /M DL 2 4, ki R A
B AR E S T Cd WA R R L
AN I PR B G, (HIS A R 31 B KT s S
Rl A ZE R A i LR S R Cd R4 2
i R R R BIORH G, FHOC R B R 4o
0.542 3.0.566 6 F1 0.457 8, B3k 3] T B EHHEAE
22 Cd MEMEHEESEMNFMN

M2 2 IS A R 2 L 1) €6, 2 43, 7RG RE A
W A& R o il 5 EELAOVE R R AR R BT
FEAR TR BRI 15 YL W R ) (R S0 AR S -4
R AR b 5 R, big L3 Cd Bk i3
JNZE 5 mg-kg™, BATEMFRIFEEZE a PR b it
LR B TR, Hh 5 mg-kg KRBT SAT R
e R b B E TS AR, SRIMTE 10 mg-
kg ARFRR LR E a b Fra KA B e T
fib b B, HAEE4 5k 18.16.7.72.26.15 mg-ke™, H
PSR b T REEST 1.5 mg kg 40F, M4 E
MEBERT 5me-ke! 4B, TMMTLRER a ST EAES
AR ER R 22 AN K, AT TR 5 i K

R 2 AEIRERMINEG Cd 3 ETEEVIEFREIF N

Table 2 Effects of added cadmium Cd on growth and biomass of Pennisetum hydridum

H: W8 Biomass/g

e B Img - kg™ Ay BEEL Tiller number/4> ¥k Plant height/cm

i |38 Aboveground part bR Underground part

0 3.83+0.33a 99.33+10.42a 104.02+15.41a 38.34+7.07a
1 3.33+0.44a 89.50+12.22ab 121.08+20.72a 40.93+4.22a
5 4.00+0.29a 88.83+10.76ab 110.42+7.58a 35.02+5.24a
10 4.17+0.83a 62.83+4.04b 54.24+5.33b 30.86+6.16a

1 : 4 Duncan £7565(P=0.05) )5 , 2P RISV G AR S , 2R A 8. TR,
3 EMEEWERY)S 11 CdRE (v mg-kg ) BIBRED T

Table 3 Correlation ship between biological parameters of Pennisetum hydridum(Y ) and soil Cd concentrations(x: mg-kg™)

HE W16 4T Biological parameters 75 2 Equation type R? 77 Equation
ABESL Tiller number//> 5l 0.083 2 Y=0.045 9x+3.581 3
B Plant height/cm 2 0.438 3* Y=-2.562 2x+99.194
230t Fresh leaf /g 2 0.403 1* Y=-1.946 1x+40.365
AN Aging leaf/g iy 0.269 3 Y=-0.154x*+1.729 6x+15.927
234 Fresh sheath/g —WiR 0.600 2% Y=-0.434 7x*+5.679 9x+6.666 7
M Aging sheath/g —IR 0.367 7 Y=-0.105 7x*+1.587 9x+3.036 9
2% Stem/g FRAL 0.653 3% V=42 4356007
Hi |3 Aboveground part/g i 0.586 4% Y=-0.681 2x°+ 4.991 8x+107.76
Hi % Underground part/g 2tk 0.173 9 Y=—0.746 2x+40.385

RN A OEME(P<0.05), " F R i ARG (P<0.01) . R,
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R4 EVERSTMEYVELSSEMELE(Y. %) 518 CdiRE (v, mg kg ) BX ST

Table 4 Correlationship between allocation of biomass of Pennisetum hydridum(Y,% ) and soil Cd concentrations(x, mg-kg™)

AR SRR (%) Jr#EE7 Equation type R? Vo
£kt Fresh leaf LEL 0261 6 ¥=23.008x01%

HEHT Aging leaf 534 0.033 8 ¥=0.163 5x+12.097
L4 Fresh sheath it 0.542 3* Y=-0.260 9x*+3.615 9x+4.544 6
Ml Aging sheath —yEay 0.566 6* Y=-0.046 62°+0.948 5x+2.023 6

2% Stem Xtk 0.457 8* Y=-2.625Inx+25.644
B Aboveground part Zui 0.250 9 Y=0.127 12°-1.074 4x+27.135

23 Cd MEMEMZERXASHPIT

M2 DO IR AV E AL PR T, 32 %) 45 R
DS ST AR SO CRER R A5 B,
Hrr Fv/Fm AR IFEVDEREFALRCR , EHOIA NI F B
SV HIREE W A SE 48R . AF Cd Pra b FE T, BLA
FARRRM S Db an gk 6 i . K Cd ik
JEAEAL W UR D EE (Fo ) , e K DEBAE (Fm) Y%A B
FHES BRI BOR (Fv/Fm) 7E 1 mg-kg™ Cd 4b
PR SR 3 AE 0.79, 535 T HAh b 3
24 Cd WEMEMBIMENERNMN

i AL A (CAT ) A- 7 TR T A e 8,
REME It AL B A R AR 44, LS S Y
PR EE M PTsRe A —E X F R WE 1 R, 5
25 ARG, S Cd Y365 T B2 A7 B 5 A Ak S
TEVE, BAE A 50k 19.14% 48.61%F1 1.29% , Horp s
fins mg-keg™ Cd AbFRrp 3 A A A M A,
B TS AL FRZE N 10 mg-kg™ Cd ZbFH

x5 AEIRERMINE Cd 3 ENEMHERESENFIT
Table 5 The effect of added cadmium Cd on chlorophyll

contents of Pennisetum hydridum

FAUEEE /mg kg™ 4R a/mg- L7 M4 b/mg- L7 M4 Bt /mg - L7

0 17.10+0.89a 7.01+0.94ab 24.37+0.07ab
1 18.08+0.80a 5.64+0.31bc 23.99+0.80ab
5 16.02+1.15a 5.15£0.17¢ 21.42+1.18b
10 18.16+1.00a 7.72+0.35a 26.15+1.14a

+® 6 RERERMINE Cd W EMEHFRRASHHIZN
Table 6 The effect of added cadmium Cd on chlorophyll

ﬂuorescence parameters

s/ LR INSH
mg-kg'  RHRYOE Fo  BRPOE Fm BOOBEFEACE FvFm
0 56.22¢137a  260.00+4.70a 0.78+0.00b
1 53.11x1.24a  257.89:5.53a 0.79+0.00a
5 56.67+3.91a  252.22+11.68a 0.770.01b
10 58.44x1.42a  260.1124.73a 0.77:0.00b

i AL P (POD ) SHE AU A F e VE T K
AR R EA A YR  HE T DL et —
IHERE AR A A AR A . ARSZER R, Cd Xt AT
A WL 2, BIRHREE Cd AbFRXT 2 AT
B EA Y TG AT — 2 AR VR S0t A
Et, 1.5 mg-kg' Cd AbFEH, BT 3 S8 A P it v
AR T 10.47%F 9.87%, (HERRE 2, SR
10 mg-kg™ Cd AbFR U0 BEVE 1 L 07 638 12.26%
HE M ECTF 1.5 mg-kg™ Cd 4bH,

A AL W Ak B (SOD ) BT i 48 S8 B 5 7 F Fh 3
RAAC SN HERG OB BR o AEARSEER Y, Cd X R AT
IR S AL 5 TR EE 3% T s i n ] 3 B . S 4R
TR TEEARAL, T /DB Cd, REPH B A UE AT B
I8 SR A B AL i EL TG 7, 5 06 R A L, ELTE T4
BIHRE T 167.53% 94.85%F1 7.22%, Hh 1 mg-kg™
Cd 43 2 = T X BEZH AN 10 mg- kg™ AbBE
25 A EEMESRETHNEE

EATEZ Cd g EAMEAN I 180 d J5, HiAS
AL Cd W WL 7. 728 AR H | AT R4S
[f] Cd S EESALE TE 1 mg-kg™ Cd 4bFp, 24T
TALHEY Cd SR, 15 5.73 mg kg, WL w T4k
- LRy ZEFF A R B AN Cd R
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Figure 1 The effect of added cadmium Cd additions on

catalase( CAT) activity
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Figure 2 The effect of added cadmium Cd additions on
peroxydase(POD ) activity
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Figure 3 The effect of added cadmium Cd additions on
superoxide dismutase(SOD) activity

o, S AT R MR AR R AR AR ORI R, 7 5,10
mg kg WOFRR, BAT R R ER Cd & S5, 00k
16.04.25.82 mg-kg™, 3 & T B ERINACE2Y
W

3 iHe

Cd MHEYHELTCR, FNEATEER AR -
B HFERUAYA RN R R M 5 (RIS 58
HASTFNRRIR £R 255 8 ) IR SAETE , WA TR 56 Ak Nk
ERA G, Y bk B e
Wi ¥ P P A FEG B0, Cd XA 6 At
DIRer A A R, T P A A AR K 2 4 AR
FEARAF R AR . FEASCTR T, BT RObR = Al 3R
W EAE 10 mg kg™ Cd Zb PR g K F 25 (A3

4, Horp AR PR RE 3 Cd Wk AR b A iR 3 R
A (Y=-2.562 2x + 99.194, R?=0.438 3 ) ; [F] i 5L AT 4L
ZEERAE Y A SRR, AR S LT Cd
e B g LR M U G (V=—1.878 3u+ 41.497 ,R*=
0.618 5), FEMLREFE 5F T, L3P A3 1 mg kg™
Cd, BATRLZEFAE Y 5o/ 1.878 3 g, AR LI
Cd AT E2ATRAER, HAR R Cd b FRREXT 247
TR AR o AT RO A e A3
Cd 5 e J3 5 — 101 20 i 25 A0 06, B - 4ECd &
Fhm AR Y e s b, SR IERIRCd &
REAEIE AT R AR YRR R X 5 HOE A )
G ERE Cd W EERS I N B P AR, R A
ASZEGH 10 mg-kg! Cd A FRAE B FAR 2AT A=Y
i, X AR P OREE ST ,1.5.10 mg kg™ 4
A 3R R T AT R A K T AR R LR
20,50 mg- kg™ FHAL AN FI T AT HLHY F A AT E
AP R EIS AT, X 0] RE R B SR AL AR ]
MM A 15 AT REAR R Ml ) A= A Rk Cd A
FIVAR B (RS [ B 38, R B RIS I rh , AT REAR R
A 5K BE 2 A X A AR b AR 5L
GORFLLAN A A, T R S B 4 S T et A
Yy AT AR R
BRI R RS L Cd
FIFISE R IR T B 48 Cd X 24T HAS R #4241
YR VA BCAVRLEE AR 6 N e, AT RSN
S CZERF AT AR R TR Cd B
KARTIA I R BRI G, X UL AT R
HE Cd g, Fopy E AR Wy A Bl A A AR R
A, Hr BAT RIS B AR S etk Y
AR, SREEAE LS Cd ™5,
Forp AR AR SR N ZEFT 5 Cd MR B AR DG
ZH(R?) 45k 0.403 1,0.600 2 1 0.653 3, ik

R EMERIML CISE

Table 7 Cd content in different parts of Pennisetum hydridum

ETRA FEEYE Parts of Pennisetum hydridum

A Cd concentration/mg-kg™!

0 1 5 10
i 35 Aboveground part 231 Fresh leaf 0.56+0.18a 1.26+0.45¢ 5.95+0.99¢ 6.35+1.12¢
M Aging leaf 0.55+0.05a 5.44+0.57a 12.54+0.41ab 12.19+2.50h
258 Fresh sheath 0.15+0.09b 2.32+0.59bc 12.49+2.65ab 14.69+1.32b
A4 Aging sheath 0.30£0.15a 5.73+0.62a 16.33+2.06a 23.66+1.01a
2% Stem 0.23+0.23ab 1.81+0.26¢ 6.89+0.46cd 9.72+2.87bc
JIEL Total 0.39+0.03a 2.65+0.45bc 10.83+0.99he 11.77£1.33b
H#i B Underground part 0.49+0.05a 3.66+0.22b 16.04+0.93a 25.82+1.48a

e BATRHL S Cd EfE=(C s *M st C o *M st Csars M sarst C g M gt C o *M )/ Moy pagmmico
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EAHOCHE , AR RS R TAHHN 248 o A
B 5 G B AR, ZE AT AT R 0 e A, 2R
A AR BE A A 0 SR T 2 L) (2 A ) i R B R Y
ST I S I N B s i | N i B R N B
Yyt R R 2], W8RG R MR A YRR REAR .

O KREMREHS, S ENES RS EE T
MERARAE YA B, B RO A S R AR, B
MERAREE A I SE s M L T2 22 A1 R B o 3
fitlh, FL S O B A B 55 A
BRCHR I I A AR R B 2 AR D AR
W A 0 AR RS A R T 8 R R A
B i EE R Z 25 & SR G 4R
b, 3 A AR R G i . A AL B AL (SOD) |
L E ALY (POD) G AL A (CAT ) S5REA RO IE
Bk A L, R R R G (B R R 50 ) i 24
BRI, FEASE R, iH4g R SPAD {H4 LA 10 mg-
kg™ Cd AbHE K, X 5 KR ZEH A |5 Kt
AR (Fy/Fm)7E 1 mg kg™ Cd ZbHEF , 3k 8 Hc K
{E(0.79), B3 m T HAh Cd ¥k, 20 24T S AE Tk
JETOUEIORE RS, AT A EMM LT, 10
mg-kg™ Cd WIRBAMEIER . 7540, BATRRLUE
HAERIAZ Cd BB 520 AR YA AT SC S PR & 2R
TR AR L . — b 32 B hT A AR S 2 S B B
Cd e el hn e SRRy, AT WAk B 1)
Cd A HF TG ST B AR TS E, XS5 K2
BOS B A A — 222,

ARSI T 58 B AT R AR XS Cd i L 4
SEAEAT IR % AT R Ay B AR Y R A A
FFEPR 5 T8 Cd YR ARG R T30 . Ak
£ PR , AT AR KRS & 10 mg- L' Cd 4b
FRep b FER Cd &l ik 20.73 mg-kg ™ M7EAISE
o, BATHZE 10 mg-keg™ AMIE Cd 40FE 180 d 5, H:
M 1 EBEE CAd VB R 11.77 mg-kg™o 53 AMEHEASE
SR 2H BT A A, BT BRI [ A e X AR
PRFFAE 150~500 t-hm>(fif 5 ) 2 [i] , 76 FRAR A 5L 56 5%
R AT RAIAE] 600 t-hm™, 528 00 5 ARSI A vk i
5 e RO BAT R AR KA BB, 7E Cd YR E
J0.1.5 mg-ke! fOAbERHRRE S ML EERAEYE TR
ERAEY Y 22 AN B X TR AR IX X
& Cd 15 i EH M X IF RA M AR 7 . HAE
YIRS Z e T 4 i A it RN A R 4 T 7, X B
& JE e U M A R R B — e MR R A 4
g FER, MR AAERKAR (R K2 AR

AL IR S (BAHIFGE M Cd X4 B4
AR R KA 5 — B A B R
7, ASII P ST A Cd 1 b e (3K 6 A4
Al R A K SR I Cd X 5 A B
i HE A0 2[RI 5 PR R P A LT AR 2
GHRH ik, AR L AL AT RIS 5
A S A T HCH T AR A5 26 0E C 2 (6 o
AR BT Sy A A R AR R T 0 X1
o O A 22 B Cd 7 ST RO b BB R A

S S 0 R 45 BRI (. A5
P BRI A T 1 6 4T , AR X
S KIE RS %P4 2~3 1 1 Y H X BIR
5D AT — R PR 7 0 32 020 B
ST AR Z 2 YOI X 1 Cd fTH 3 AR )
TR P B B0 T T
(CA) 5 e 1 MR ST JF 2 LA AR AN 76 4
ULV AR 2%

4 g

HA RV B A 75 e - R B A A K R K
TE Cd WA 0.1.5 mg-kg™ AUALERH, BATRIFRR |
o FEAEY R TR R ERRBE, A 10
mg kg™ Cd X} EAT R AL AR Y A
HIRLCR , B AT RRR R S A ) i A2 A ) e 3
548 Cd Ve 5t 1 B AR R UM DG . Cd il 7 — e
JE P RS i AT R R R AP B M, SR O
SRR A R G AL A 2 S i A
SEAL ARG ) BE L2 Cd e SE EIHE TR, &
MR E T Cd MR + ek R T s, 78 4
FPVJEE Cd Wi, 24T EFRVR B 200 0.39
2.65.10.83 .11.77 mg-kg™, Hi N EBH 4514 0.49
3.66.16.04.25.82 mg-kg ™,
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