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Effects of Drought and Cadmium Pollution on the Physiology
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Abstract: Pennisetum sinese has become a prospective material for phytoremediation of heavy metal pollu-
tion, because of its advantages of rapid growth and large biomass. Drought is the main factor that affects
its growth and phytoremediation ability. A pot experiment was conducted to study the effects of drought
treatment (25% FC), Cd treatment (3 mg + kg ') and its interaction treatment on growth, photosynthe-
sis, content of reactive oxygen species, antioxidant enzyme activity, Cd accumulation and distribution
characteristics of P. sinese. Results showed that: (1) the biomass accumulation and photosynthetic activi-

ty of P. sinese were significantly inhibited by drought treatment, Cd treatment and interaction treatment,
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but the tolerance coefficient of P. sinese was relatively high under these treatments when compared to the
controls. The MDA content and the POD and CAT activities in leaves increased to a certain degree under
these treatments, while the activity of APX increased significantly only under interaction treatment. Both
Cd treatment and interaction treatment induced significant reduction of SOD activity. (2) In terms of bio-
mass accumulation and membrane damage caused by reactive oxygen species (represented by MDA) , inter-
action treatment did not cause more serious negative effects than any single treatment. (3) Under the Cd
treatment and interaction treatment, the content of Cd in all the organs of P. sinese increased significantly,
and was mainly distributed and accumulated in roots. Though the interaction treatment significantly re-
duced the Cd concentration in P. sinese, it did not reduce the Cd concentration in shoots significantly. A-
bove results suggested that P. sinese have strong tolerance to drought and Cd pollution, and interaction
treatment would not cause more serious adverse defects, but would significantly reduce the Cd concentra-
tion in roots of P. sinese. Therefore, planting P. sinese in the area affected by both drought and Cd pollu-
tion might obtain a prospective phytoremediation effect.

Key words: Pennisetum sinese ; drought; Cd pollution; physiological response; Cd accumulative character-
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Table 1 Statistical significance of single and interactive effect of drought, Cd on parameters of P. sinese

Z: ¥ Parameter F 2% Drought effect RN Cd effect 28 B Interaction effect
AR ¥ Root biomass 0.007** 0.032" 0.007**
22 Wi Stem biomass 0.002% * 0.016" 0.031%
-4 ¥y & Leaf biomass 0. 29ms 0.281ns 0. 086"
MY Total biomass 0.018* 0.015* 0. 007> *
M Root-shoot ratio 0. 1820 0. 885" 0. 432"
AL G R Py <<0.001" " <£0.001" " <£0.001*
TILRE G, <0.001" "~ 0.178"™ 0.002" *
] CO. W JE C; <<0.001" " <£0.001" " <<0.001*
AR T, <£0.001" " * 0.849™ <<0.001" *
A ALY B L SOD 0. 348" <<0.001* * <<0.001"
T E ALY POD <0.001% *~* 0.316™ 0.028~
AL ER CAT 0.121™ 0.003" * 0.783™
PrIk i 2 o S Y B APX 0.003* " 0.539m 0.014"
WEMAE H 00 <C0. 001" *~* 0.024" 0.003"*
N MDA 0.008" * 0. 340m 0.298m
M 24 Root Cd accumulated amount <0.001* ** <0.001%** <0.001" * *
ZH R E4E Stem Cd accumulated amount 0.02" <0.001* "~ 0. 553"
M- B4 Leaf Cd accumulated amount 0. 897ns <0.001" " * 0. 548"
B ZE Total accumulated amount of Cd <C0.001* ** <0.001* "~ 0.001**
T 4 & Bt Bioaccumulation factor 0.002** <0.001* ** 0.007**
H: ¥ Z 8 Translocation factor 0. 7460 0.036" 0,722
it P4 & %4 Tolerance index 0.033" 0.029" 0.014"

Ho:onsyx % % %o % S RIFEIR P>0.05,0.01<<P<C0. 05,0. 001<<P<C0.01,P=0.001
Note: ns, * , ¥ % , x % % represent for P=>0. 05,0. 01<P<C0. 05,0. 001<CP<C0.01,P=0. 001, respectively

R2 FRLAETEFREEKRENENTN

Table 2 The biomass of P. sinese under various treatments

Ak 3 A=y i AR A W) MY e b
Treatment Root biomass/g Stem biomass/g Leaf biomass/g Total biomass/g Root-shoot ratio
CK 33.3241.58a 57.1741.29a 52.0642. 75a 142. 5642, 85a 0.3140.02a
Ds 19.84+3.13b 33.6940.21b 49,2942, 00a 102. 81+3. 86b 0.2440. 04a
Cd 21.6740.52b 38.9245.30b 41.60+4. 82a 102.1949. 81b 0.2840. 04a
Ds + Cd 21.76+1.23b 32.3243.48b 51.9843.21a 106. 0645. 06b 0.26+0.02a

H s CK. XN oM AR 38 Sk ik 75 90 ) 3K ik (FC) 5 Ds. 2403 R AR INAME A, £ 3EA Kl 25% FC; Cd. fmab 3, 7
JmAMIESR 3 mg « kg™, S KIS 75% FC; Ds+Cd. 38 HANFE, A NSNS 3 mg « kg™, HHEF KIS 25% FC; [F S R A %R [ —
TR AR AL B [F 4E 0. 05 JKF b A#7E B 3 M 25 5 (P<C0. 05, Tukey £ %). T

Note: CK. Control, no exogenous cadmium was added, the soil water content was 75% of the field water holding capacity (FC); Ds.
Drought treatment, no exogenous cadmium was added, 25% FC; Cd. exogenous cadmium 3 mg + kg~ ! was added, 75% FC; Ds+ Cd, interac-

1

tive treatment, exogenous cadmium 3 mg * kg~ ! was added, 25% FC; The different letters in the same column represent that there was signifi-

cant difference among the treatments at the 0. 05 level (P<C 0.05). The same as below
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Fig.

1 The gas exchange parameters of P. sinese under various treatments
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Table 3 ROS content and activities of antioxidant enzymes in leaves of P. sinese under various treatments

b 7w AL it AL Y i AL AU PUIR 1M R i A A P JUR=Rive [ 3
Treatment SOD/ POD/ CAT/ APX/ H, 0,/ MDA/
catme (Ueg!'emin ) (Ueg!'emin ) (pmol + g ' » min ") (pmol » g '+ min ") (pmol * g™") (pmol = g™ ")
CK 0.1740.00b 25.0040. 00b 184.00+13. 86b 0.3340.02b 1.3240.09b 6.5140.66b
Ds 0.1840. 00a 191. 67430. 05a 429.33£106.57 ab 0.3940.02 ab 1.1240. 04b 9.6641. 16a
Cd 0.12+0.00c 50.00+0.00b 725.33+177.83 ab 0.20%0.01b 2.28+0. 24a 6.58+0.27 ab
Ds+Cd 0.1040.00d 133.33+8. 33a 901. 334126. 10a 0.5940. 10a 0.9140.09b 8.2040.04 ab
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Table 4 The difference of the accumulation ability of

Cd under various treatments of P. sinese

s HER R [TREEY:
T Bioaccumulation Translocation Tolerance
reatment )
factor factor index
CK 0.27+0. 06¢c 2.694+1.13b 1.00£0. 14a
Ds 0.14-£0. 03¢ 3.20%1. 35a 0.72%£0.03b
Cd 3.6740. 26a 0.13740.01c 0.7240.15b
DS+Cd 2.52+0.10b 0.20+0.03c 0.74=+0.05b
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