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Combined effects of decabromodiphenyl ether and cadmium on the seed germination and seedling growth of
rice(Oryza sativa L.)

LU Yunqing', ZHOU Changrui’, YANG Yao', PENG Cheng" ™, LIN Kuangfei'"

(1. School of Resource and Environmental Engineering, East China University of Science and Technology, Shanghai 200237, China; 2. School
of Municipal and Environmental Engineering, Henan University of Urban Construction, Pingdingshan 467036, China; 3. Shanghai Institute
of Pollution Control and Ecological Security, Shanghai 200092, China)

Abstract:In order to evaluate the combined phytotoxicity of decabromodiphenyl ether(BDE-209) and cadmium(Cd), hydroponic experiments
were conducted; we specifically evaluated the singular and combined effects of BDE —209 and Cd on the seed germination, seedling
upgrowth, photosynthetic pigments, and antioxidant enzymes activities of Oryza sativa L. The results of this study showed that the singular
effect of Cd and BDE-209 at low concentrations was the promotion of germination and growth of seeds, whereas higher Cd— or BDE-209-
induced stress led to a corresponding decrease in various parameters. The combined effect of BDE-209 and Cd was synergistic at 1 mg- L™

of Cd-induced stress and antagonistic at 50 mg+ ™" of Cd—induced stress. There was a significant dose—response relationship between Cd
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and the growth parameters of O. sativa, among which the root was the most sensitive. Further, there was a dose—response relationship

between BDE-209 and root parameters. The calculated ICso values for root biomass were 5.05 mg+ L™ and 6.09 mg- L™ under Cd-induced

stress and BDE-209-induced stress, respectively. The singular effect of Cd and BDE-209 treatment was the enhancement of antioxidant

enzyme activities in rice seedling leaves. Specifically, SOD was determined to act as an effective biomarker for BDE-209 contamination,

while POD was more sensitive to Cd contamination. Overall, this study demonstrated that BDE-209 could alleviate the toxic effects of high—

concentration Cd on seed germination and seedling growth.

Keywords : BDE-209; Cd; co—contamination; germination; phototoxicity; rice
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Table 1 Single effect of Cd on rice seed germination and growth parameters

cd/ 7;2??%‘ Zi%ﬁ Eﬁ?’éﬁl T 4 *Eﬁf)ﬁi ?ﬂiﬂﬂi‘i LSS EaS
(mg-1") Germlr{ahon Germination Gerr-nmallon Vigor index Root biomass/  Shoot biomass/  Root length/ Shoot length/
potential/% rate/% index mg mg mm mm
CK 86.7+6.7a 93.3+<0.1a 14.7£0.5a 1387+71.2a 100.9+4.2a 104.8+5.5a 74.7+3.7a 25.8+1.6ab
0 82.2+6.9ab 91.1+<0.1a 14.4£0.5a 1 408.6+48.4a 101.8+4.7a 102.243.1a 73.5+0.8a 24.3+0.4ab
1 84.3+3.7a 93.3+3.8a 15.0+0.6a 1 338.6+55.1a 103.4+8.8a 99.6+4.8a 62.4+3.5b 26.9+0.9a
2 80.1+3.7abc 93.3+3.8a 14.4£0.5a 1162.4+36.3¢ 63.2+7.9b 85.2+6.7b 60.5+2.4b 20.0+1.3¢
5 75.9+6.3abc 97.6+<0.1a 15.0+0.8a 1 242.8+70.2b 49.4+4.0c 94.4+2.6ab 60.8+4.2b 22.3+2.0be
10 73.8+3.7bc 91.1+6.5a 13.9+0.8a 928.0+54.9d 43.2+5.4c 94.9+6.2ab 44.7+1.8¢ 22.1+0.2be
20 71.743.7¢ 95.4+3.8a 14.4+0.4a 773.1+22.4e 42.4+79¢ 99.9+3.6a 30.0+1.6d 23.9+1.6b
50 53.6+9.5d 66.6+4.4h 9.9+0.7b 178.8+12.6f 3.4+0.6d 72.9+12.0¢ 4.1+0.5¢ 14.0+1.3d
100 <0.1+<0.1e 4.3+3.8¢ 0.4+0.4c¢ 0.8+0.7g 0.8+0.7d 1.4x1.2d 0.8+0.7e 1.0+0.9¢

T CKFRAHNN DMSO 197 P16 IR TR 4 0 mg- L F/R U N10.5% DMSO (% I AR RV/ING T8 R S ALIRAFE B 522 5 (P<0.05) . T,
Note: CK stands for control group without DMSO and 0 mg - L' stands for control group with 0.5% DMSO. Different lowercase letters in a column

indicate significant differences among treatments at <0.05 level. The same below.

R2 AERE BDE-209 Xk FEFH FAE & FAE KA RN

Table 2 Single effect of BDE-209 on rice seed germination and growth parameters

V&S V&R S REFEE NS A Jo ZFff itk R PR
BDE-209/ o . - EPAEE . ;
o Germination Germination Germination . Root biomass/  Shoot biomass/  Root length/  Shoot length/
(mg-L™") . . Vigor index
potential/% rate/% index mg mg mm mm
CK 86.7+6.7ab 93.3+<0.1a 14.7+0.5ab 1387+71.2bc 100.9+4.2a 104.8+5.5a 74.7+3.7ab 25.8+1.6abc
0 82.2+6.9abc 91.1#<0.1ab ~ 14.4+0.5abc 1 408.6+48.4b 101.8+4.7a 102.2+3.1a 73.5+0.8b 24.3+0.4d
0.1 91.4+4a 95.4+3.8a 15.4+0.4a 1558.1+42.9a 79.1+0.6b 97.4+2.6a 76.6x1.1a 24.4+0.7cd
0.5 89.1+<0.1a 93.3+3.8ab 15.1+0.4a 1551.2+39.9a 66.3+0.7¢ 94.8+0.8a 78.1x1.6a 24.9+0.5cd
1 84.5+4.0ab 93.3+3.8ab 14.8+0.2ab 1 372.6+16.5bc 63.2+2.7cd 94.1+1.9a 67.6+2.2¢ 25.3+0.1be
2 77.7+4.0bed 93.3+3.8ab 14.4+0.8abc  1289.0+72.0cd 61+1.2d 93.3+2.6a 63.6+1.2d 26.2+0.4ab
75.4+6.9bed 93.3+3.8ab 14.3+1.0abe 1261.1+88.0d 59+3.1d 93.9+4.3a 61.2+1.5d 26.8+0.2a
10 73.1+4.0cd 88.9+3.8ab 13.9+0.6bc 895.8+37.0e 26.5+1.3e 93.4+4.1a 38.7+1.2e 25.9+0.4ab
20 68.5+6.9d 86.8+3.8b 13.5+0.5¢ 813.3+29.8e 23.2+2.0e 92.8+11.2a 35.9+1.1f 24.4+0.8cd
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FIE R BER T 93.2%, Bl /0 BDE-209 g% i
HPRAR R CA X AT AE R B E VR X T RE 2
TP 3 B 58 B BRI T 55 4 ) Y A= 4 T R
PEBL DT SO K R A 4 1 B R s . (HLBE
# BDE-209 #% J& 7t , Hoxh Cd A= 4 2 1 2% e/
AW S, PR S Y Bk A B BT 9 . Chen
ST SE A 2% B BDE-209 1] LAY 5% Ph X 5 F- 25 Fh
T AE R A EIE T, Lin S50 & 30 i v B A 80K
1 23 N Cu X SR ZZ B sEMEAE D, iX 5 AW SR 1 25
Rt A —8. RS0, BDE-209 il &= ¥ i Cd
(50 mg- L") B 58 BN T8 AR Y R B HEHU/E T i

R3 BRMRE (O GRBRHFLFHERIMEZEGR)WE RS RKIELZFIRFE

Table 3 Logistic fit for the relationship between index inhibition rate and contaminant concentration

1598 Contaminant F/HR Index [FH 77 Logistic fitting curve KRR ICos/(mg-17") ICso/(mg-L7™")
Cd RS IR =213 089 - 213085 - 0.958 0 28.65 61.65
1+ (C-6.38)""
R IR = 9529 — 98.62 0.9826 49.66 53.89
1+(C-1.73y""
HRAE i IR =266 101 - 266 100 0.9050 1.70 5.05
1+(C =506 577.16 )%
iESN IR=111.17- 95.31 0.984 4 6.80 14.57
1+(C-131)""
2R P IR =98.6] - 91.382 0.9503 49.25 53.47
° l+(C—l.73)62“91
R IR = 9575 — 90.64 0.9142 47.25 51.14
’ 1+(C-1.71)%
BDE-209 R — 0.465 2 >20 >20
KA — 0.2929 >20 >20
HRif 5T 1 IR = - 38.37 0.9855 — 6.09
1+(C-0.84)%
LSS IR=____ 4068 0.978 2 5.97 12.80
1+ ( C-0.82 )11.02
2 fif I i — -0.264 9 >20 >20
HK — 0.4127 >20 >20

P 1%) WHARTY
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%4 BDE-209#1 Cd E B EBXIAFEF FaE & 4 KA 2 00

Table 4 Combined effect of BDE=209 and Cd on rice seed germination and growth parameters

PRI Concentretion/ 4 2545 BHF RERE —— WREEFR R RE Ea
(mg-L7) Germination  Germination ~ Germination Vieor ]_E e Root biomass/  Shoot biomass/ Root length/  Shoot length/
BDE-209 cd potential/% rate/% index ° mg mg mm mm
CK 86.7+6.7a 93.3+<0.1a 14.7+0.5ab 1387.0+71.2a 100.9+4.2a 104.8+5.5¢cd  74.7+3.7a 25.8+1.6a
0 0 82.2+6.9a 91.1+<0.1a  14.4+0.5abc 1408.6+48.4a 101.8+4.7a 102.2+3.1d 73.5+0.8a 24.3+0.4h
0.5 1 75.6+3.8ab 95.6+3.8a 14.4+0.5abe 1 152.1+40.8b 89.1+5.9b 101.2+6d 57.1£6.0be¢ ~ 22.7+0.4cd
10 80+6.7a 97.8+3.8a 15.1+0.6a 1 130.7+44.1be 59.2+2.3e 109.0+8.0bed  51.3£3.8d  23.8+0.7hc
50 77.8+10.2ab 91.1£3.8a  14.1+0.7abed 345.5x18.4e 13.8+3.8¢ 115.7+6.0be 5.1+0.2e 19.4£0.9¢
5 1 66.7+6.7bc 91.1+3.8a 13.5£0.9¢d 1 069.3£67.2¢d 68.1+5.7d 102.5+8.3bed  57+3.1be 21.9+0.2d
10 77.8+3.8ab 95.6+3.8a 14.6+0.7abe 1 156.5+55.4b 46.7+£3.9f 128.8+8.8a  53.1+3.3cd  26.1x0.7a
50 75.6+3.8ab 82.2+3.8b 13.1£0.6d 304.1£14.6e 3.9+0.9h 109.5+7.3bed  4.5+0.4e 18.6+0.6ef
20 1 57.8+3.8¢ 91.1+3.8a 13.0+0.3d 1 092.3+£26.6bcd 76.8+10.6¢ 106.4£5.0bed  61.4x£1.6b  22.5+0.5cd
10 60+6.7¢ 93.3x<0.1a 13.5£0.5¢d 1035.1+£35.7d 44.6+4.2f 117.3£7.0b  53.5+2.3cd  23.3+0.7bed
50 66.7+6.7bc 93.3+6.7a 13.6+0.7bcd 291.3x14.1e 8.4+1.2gh 102+3.6d 3.9+0.1e 17.4+1.0f
&5 CdFIBDE-209 X{7k FE M F & A SFIStRAIZ E1E A
Table 5 Joint effects of BDE-209 and Cd on germination parameters of rice seeds
i H Ttem B0.5C1 B0.5C10 B0.5C50 B5C1 B5C10 B5C50 B20C1 B20C10 B20C50
K 2EH% Germination potential G piliEi it P31 JnFn S0 31 31 ECEN
KA Germination rate i i bt i JinFn bt JinFn Jinn g
HAf R Root biomass ECEA EEN it Hhit ECEN ECEA ECEN EEN ECEN
24 I Shoot biomass T B0 Hhit I ECEN ECEN ECE/ EEA ECE/N
HK Root length Ip1] ECEA EEEA Hhit EEEAN EEA EEEN EEA EEEN
2K Shoot length Ip1] EEA EEA 31 EEE/N EEA 31 EEA ECE
K ZEHEEL Germination index JnFn EEA EEEN 31 JnFn EEA 31 JnFn ECE
16 IR Vigor index p1] SR EEEEA 31 RN SR EEE EEL EEEL

1::B0.5C1 %75 0.5 mg+ L™ BDE-209 I 1 mg- L™ Cd B9 A AL PR, LA kb BR A [R] BE
Note:B0.5C1 stands for the treatment group under the combined stress of 0.5 mg+ L™ BDE-209 and 1 mg-L™" Cd. The others follow the same rule.

Ui W] Cd 5 BDE-209 A4 3 [F] £ I AT RADS 55 2 R B Cd
XPR R F A, S0 24 R — 2
23 B—5 8 AT KB ENTIERA
2.3.1 F— 5 A5 et K R4l A K SRR
FE Cd Bk e R B2 Cd v BE A 3 I, 25 35
P Ao KR DL R AR R B iR T B (P<0.05) , 1l
TR A T 1K 69.2% (&1 1) o {H 40 i AR e i it e
fICHe B Cd (0.5~1 mg« L") M52 T 18 & T 20.0%~
22.9% , 1% 2 W77 A8 Cd AT A2 kK A8 40 i i A K
M7 1o 791 2t 2 1o AR it 1 3 2800, I 45 SR 5 Lu 509
MZER—8, 2 Cd—T5 gt b e
R T R, AR E RSt
Cd(5 mg- L)AL 5 6 5 LA b, 2R RIS & b
F o B MR Cd XK R4 B A K
AR SN (B 2) o
Hl BDE-209 B 38 X 7K 75 41 i AR 4 AR i

iR A A FH B 52 i 34 3R B A4 e B A IR 42 L TE
0.5 mg- L™ BDE-209 fE T , ZE A= ¥ i 15 %) HEAH
F B EHTF T 49.7%(P<0.05) , T 4 e 1 % 10 mg -
LB, ZEM A )d > T 54.2% . E—RF A
HLI5 449, BDE-209 1] BB 2 T Hi i S {4 v i) v 4%
WRE  BERE A ME A EE LR IR — DA
JEFIERER AL , DA T X AR 400 19 A AR B S 30

#£ Cd F1 BDE-209 & & 15 YL AL 20 1, 0.5 mg -
L™ BDE-209 i 2 [A1 45 F B 98 A 0 6 45 Wk Cd
BT KRE 2 B R FEN X SR 2R R
KIHE—3. SR, B2 BDE-209 ¥ & A K i (=5
mg- L), H 5 Cd (G EE MR IR 3 &, 407 = vk B
BDE-209 (=5 mg- L) Al 1 mg-L" CAEAME T, K
A A A Y B E T 1 mg- L' Cd 5k
Jip 36 P A BRAT (P<0.05) o 3 156 BH 78 W 2 1 & 615
T, R R 9 BDE-209 JCVA U8 55 Cd XK FE 40 v 1) 2
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Figure 1 Effects of Cd and BDE-209 on the biomass and length of rice seedlings
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Figure 2 Effects of Cd and BDE-209 on the photosynthesis pigments of rice seedling leaves
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B4R A AR 2 A K ROS™, A5
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Figure 3 Effects of Cd and BDE-209 on the antioxidant enzyme activity of rice seedling leaves
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Figure 4 Correlation analysis of the physiological parameters of rice seedlings under Cd and BDE-209 exposure
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