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Physiological Responses of Pennisetum spp. to Cadmium Stress in Three Types of Soils
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Abstract: Pennisetum spp is an adversity —resistant perennial energy plant. However, there is little information available about its physical
responses to cadmium(Cd ) stresses. A pot experiment was designed to study the effects of Cd at different concentrations (0, 20, 50 and 100
mg +kg™) on the growth and physiological indexes, including antioxidant enzyme activity, and MDA, soluble sugar, soluble protein and
chlorophyll content of Pennisetum spp grown in three types of soils(alluvial soil, purple soil and yellow soil ). Results showed that the growth
of Pennisetum spp was not significantly influenced by Cd up to 20 mg-kg™, but it was significantly inhibited at higher Cd concentrations in
all three soils. The belowground and aboveground biomass of Pennisetum spp decreased with increasing Cd concentrations. Such reduction
was in order of yellow soil>purple soil>alluvial soil. The content of Cd in Pennisetum spp increased with increasing Cd concentrations, with
increment being yellow soil>purple soil>alluvial soil. The activities of superoxide dismutase (SOD ), peroxidase (POD) and catalase (CAT)
increased at low Cd but decreased at high Cd concentrations. As Cd concentrations increased, soluble protein decreased whereas soluble
sugar and malondialdehyde (MDA ) increased. Overall, Pennisetum spp had certain tolerance to and absorption and bioaccumulation of
Cd in contaminated soils. The physiological responses of Pennisetum spp to Cd were different among three soils. Antioxidant enzyme activity
and MDA content were lower, but soluble protein and chlorophyll content was higher in alluvial soil than in other two soils.
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Table 1 Basic physical and chemical properties of three soils

357 Soil type pH

AU & ARG
Organic matter content/g-kg™ Total nitrogen content/g+-kg™ Total potassium content/g-kg™ Total phosphorous content/g+kg™

A4 Alluvial soil 7.1 18.88 0.24
244+ Purple soil 5.6 19.69 0.35
W Yellow soil 4.7 23.48 0.18

Ex e
28.53 1.53
30.89 0.80
15.17 0.62




2254

YISty 53455 121

360G RE Y, o AL Wy I (POD ) i MR F A gk
Py 320 P R (MDA ) SR B A B L Z 82 (TBA) fin
AP, R TN - S BER A PR, 700606
JEEP, AR A R T Eh e i G-250 Je(a ik,
AT M R ORI L 5,3 20 R R A i
HNO,-HCIO, {5 BR(5:1)IHAL) , 1 &= HE AA-7000
KIANFEF WO ETREIE Cd 55
1.4 #HEsbEE

SERRAE AN 3 YO 1 I R E R 25 o SR
Excel 2010 4 # FRE 4 , Sigmaplot 10.0 2 il [ 32,
SPSS 20.0 ZE it 43 B AR Bt 4 7 B 3R 25 40 A
(One-way ANOVA), 3 F & /N ik 2 2% ¥ (LSD ¥ ) uF
GEZ a8

2 ER5HMH

2.1 Cd REMEREEYERN M

AT A, 3 Rl RN S Cd b3V
BRI, D S R 3R A E A AR R R
%, 50,100 mg-kg™ 1 Cd AbFE & EREAL T B
BRI A A ) (P<0.05) . 24 Cd AR FR YK BE R 100
mg- kg™ BF, A KR MR A SR RN R Y R
i ESAE YR B T 9.51% .22.81%F11 38.16% ;
T AR A o > T 28.28% ,43.19% F
64.15% ; ¥ HE P TR B A P e R IR R R, SR A Rz, o
RN A — AT, Bl A R 1%
H ) TR R SR A R R > S A > B
22 EWEEKAN Cd WS

F 2 AT, 3 R R ERAR B AE Cd AV B
BTN, B R SR R A Cd 5 d 2
J(P<0.05), 4 Cd ¥y 100 mg-kg™ B, ppf 1 %€
o 1 A p B R R Cd i A il ik E
11.51.25.48.39.30 mg kg™, % MR 15.85.24.05
26.60 15 ; b T 7 Cd % 14318 5] 147.37 .188.52
213.76 mg-kg™, JpXF HE A 69.48 .44.71 .35.91 1%, E
FLATRAN ) Cd 5 o A AU S M B3R A3 <M R
G%e F—WAACE TN ERE Cd & e A L3k
R A0 AT B R B> 28 e > LA
23 CdMBE TEREMFXERENTHK

FHE% 2 AT, 3 -3 H 20 mg-kg™ i Cd AL BR{H
M2k E a 15 1A TR, B IR B 2K F-(P>0.05)
BV EER) Cd 4K a M4 b DL SR R
R E T RE(P<0.05), iRt R i B
FLI 2R AR 100 mg kg™ AR BRI 2355 R BT

207

TR iR g

A+ HERIZE Soil type

80
| a
TL a
| a a
1 1 LI
60 | ]
O £
H | | b
B k:
= i
2w} | 3
| i
! i

S
+ 5EFPZ Soil type
1 0mg-kg' EE20 mg-kg™ [150 mg-kg™ [F 100 mg-kg™

PR N 5 5 R A B 22 52825 (P<0.05 )., I
Different letters indicate significant differences(P<0.05)

between different treatments. The same below
1 3 FEEARE Cd AEXE R & T334
M FERS EHE R RN
Figure 1 Belowground and aboveground biomass of Pennisetum

spp under different Cd treatments in three soils
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Figure 2 Cadmium content of Pennisetum spp in aboveground and belewground parts under different Cd treatments in three soils
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Table 2 Chlorophyll content of Pennisetum spp under different Cd treatments in three soils

Sk e S 3 243 % a 2% b S5 E a+b 2% %K a/b
>
AHERNSR Soil type Treatment/mg - kg™ Chl a/mg-g™ Chl b/mg-g™ Chl a+b/mg-g™ Chl a/b
0 1.43+0.01a 0.50+0.01a 1.93+0.02a 2.88+0.03d
20 1.41+0.01a 0.40+0.02b 1.82+0.01b 3.49+0.05¢
HFL 4 Alluvial soil
50 1.30+0.02b 0.28+001¢ 1.58+0.01c¢ 4.65+0.17b
100 1.270.01¢ 0.24:0.00d 1.51=0.01d 5.20+0.09a
0 1.39+£0.06a 0.27+0.02a 1.66=0.04a 5.13+0.34b
20 1.34+0.02a 0.24+0.01a 1.58+0.01b 5.52+0.05a
2846, + Purple soil
50 1.29+0.01b 0.25+0.01a 1.54+0.01¢ 5.15+0.20ab
100 1.25:0.02¢ 0.22+0.03b 1.47=0.02d 5.84+0.41a
0 1.36£0.01a 0.31=0.04a 1.67+0.03a 4.3120.20¢
e 20 1.33+0.09 0.28=0.05ab 1.62+0.05a 4.85+0.25h
Yellow soil 50 1.19+0.01b 0.23+0.01b 1.4120.01b 5.28+0.29h
100 1.10:0.01¢ 0.17+0.01¢ 1.27+0.02¢ 6.46+0.28a

T R BAE I P EAREDR 22 5 [ 81 rhAS ) - B R AR B 2 1) 22 e 1 35 (P<0.05)

Note : Data are means+SE. Different letters within a column under a soil type indicate significant difference between treatments.
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Figure 4 Soluble protein and soluble sugar content of Pennisetum spp under different Cd treatments in three soils
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