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B E LDOKFELRBCHIR R (0.2% ,0.5%F1 1% ) BI7SNIRIR -+ ke i5 e 138 R U2t iR FIBERR R — 40 1L
N R 8 v A SRl A 1100355 A, W S0 /S TR PR b 0 e S TG A (e R U L BRI ) 1Y
W], 368 3ok T T A ] B2 B FEE A 7SR BR - e BRI, W ST /R TR R e IO oK S ST S T
S ZF R IR 2 ). 45 SRR W, M a0 SIS PR Bt 7S IR T e ok A 084 DR 2 B Y fie s 40 1 7y
35,0.290 400 BRI PR AR AV FH R 5 T SR TR 14 075 P B 7S B ot e B2 A T R /SR B —
BERT ST R 2F R I S G A HE A SR R TR R A B B MR TR 2N
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Effect of hexabromocyclododecane ( HBCDs) on soil enzyme activity,
seed germination rate and root elongation

ZHOU Yaohong MA Xiaojing LYU Huixiong ™"
(College of Resources and Environment, South China Agricultural University, Guangzhou, 510642, China)

Abstract; Polluted paddy soil samples were prepared by adding hxabromocyclododecane at different
concentrations (0.2%, 0.5% and 1% ). The activity of catalase and phosphatase in soil was
determined by volumetric method and disodium phenyl phosphate colorimetric method respectively to
study the effects of HBCDs on soil enzyme activities ( catalase, phosphatase). At the same time, the
different concentration gradient culture medium of HBCDs was prepared to study the effect of HBCDs
on seed germination rate and root length of Zea mays 1., Brassica parachinensis, Chinese cabbage
and Raphanus sativus 1. The results indicated that activity of catalase in soil showed an initially
enhancing and then inhibiting trend with the increasing concentration of HBCDs, and 0.2%
treatment was of the largest effect on activity promotion, while the activity of soil phosphatase was
boosting with the increase of HBCDs. The germination effect of HBCDs on Brassica parachinensis
seed prohibited at first and then promoted. The difference of seed germination rate of Zea mays L was
not significant and HBCDs had little effect on the germination of Raphanus sativus L seeds. HBCDs
had obvious inhibitory impact on Chinese cabbage seed germination. When the treatment

concentration was higher than 90 mg- L™, compared with the control treatment, HBCDs showed
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evident promoting effect on root elongation of 4 seeds in question. In a word, the germination and
root elongation of Chinese cabbage were the most sensitive to HBCDs, and the degree of inhibition
was higher. Although the high concentration of HBCDs stimulated Raphanus sativus 1. and Brassica
parachinensis seed germination, but its root elongation was suppressed. The activity of soil
phosphatase

Keywords : HBCDs, enzyme activity, seed germination, root elongation, soil ecological quality.

FSIRI T ¢ ( Hexabromocyclododecanes , HBCDs ) R EAG KL 4 (1) #4Ea 7 14 , 5 1 S 05 Jin 284 BELER 751 FH
T RNIEIER R IR YR BT, Ry 2 P2 25 205 RN 7 7= i A BELER . HBC Ds 1 A —
Tl BELAR ), AT LA 1o 22 g A 00 7 i 0 2 7 D R A R 5 5 AR i 29 ] B B 5% v 2. 7 AR AL Y HBCDs
i 3 FhIEXT LAY 1K o-HBCDs B-HBCDs ,y-HBCDs 4 i, Horf y-HBCDs Bt £, A4 IR &Y HER
78%"" AW LI, MR R Z VIR y-HBCDs (5§ HBCDs SRS & 1 = S b 2 2B b &
J& TR AL G Y, e I TIREE v ARMERE B A | 2 R AR R Ak, W3R8 AR BT — i
EMEHP 2009 4F 10 A 7SS+ H N ELAE4THY POPs A 298 A B i3 T HBCDs ¢ T AW D &
BN 2013 455 HBCDs #8ACOETFHEAMA HLIG Y1 (POPs ) (3T FE 5T IR BE N 24y 2 il W T 44 5%
{EAE 2019 4T, S TRIA - ZeqTh il F 7 550 SR 2 M40k

HBCDs 7EAEA 48 KRR 2 SAERRBE AN R BA K A2 5 R8T HBCDs (13 B
FH AR AR FR B S o ) B A OE HBCDs Ko 32 1% 1 FAR 4 530 A K Y S mi S e 4
TE PP & AR R A 7 T P WA ) RO U HE bR, 3 TS Y ) S S AR ) R I R
FRARES | 3 T e ma AR R AE AR A WA A HLA 0% 2B AR S I T 25 7 A — 2 et 1 i S fb & JE
Hoa RN SRS XA B 49 A R AR AR A AR 32 B35 e il s 2 7 A ol AU A U, T 0o 4
TR R SRR, T it S AL A A B R R R e W IR B T LA b i Ay
MUBE , FE A A 4 AH B AT A AT T HBCDs X - SR 15 1 52 M R 40 b 17401 A K i G

ASCUIANFVEY) (s SR EORFNE M) Fp 0 42 B AN Rk BE ) HBCDs ¥ 6P+ &
2 R MR AR A K 0 2 0 ) I U AS )96 A HBCD's 75 4% 1338 | WIS O SR I% 14 A 520, > HBCDs
T Yo - A AU A S LR 2 A s

1 #8577 ( Materials and methods)

1.1 SEgbrkl
56 P A HBCDs I H Adamas Reagent /7 FRA ], 45 > 99% , g5 #g=Can T .
Br Br
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AR T 38 oK SO0 AE MR T4 B0 7 M4 Rl 7 BROS R L 25 AR A R b 4 1
A B TR AT KK TSR
1.2 S A
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1.3 FhF & 2ER KA S50

PRI 0 Ab B A5 2 IR R AN A5 0V AR B 5 92, ELAE LA b AH0E 24 A 5 2.

VR /NS RIARARLHE 1 30 (B N L R AT SR T, B 75% 0 G T 75, S8 I 2848 K8 Uk
3—4 K, ZJE B ARF 7 (RO R 7 8 PP RIS TR 1 h FOKIZH 12 h) Gl il WL
B e 5 T M BE B 9 10,30,90 270 mg- L' ) HBCDs B5 359K , LAZEIE K R %t B

BHEI R FIABIA IR AR RE R LA AL B B 3 AT, B RESR LI 20 Hifh—+, 435 n
AT FE Y HBCDs 55588 /K. F KA 15 mL, AR FIIA 7 mL K538 sz 18K , HRSIE
T~ F8 /T I Y 35 11 SO S8 A B LR 3R M A S F A6 B R (28 °C ) DG (5 5) 1535 48 h.

B RMEEFPF- B A& 00 38 M PR R A T RS R L A & R R POk R s .2 d )5
THRRF R 2E2 5 d 5l AR . R HRUAS [F] v BE A HBCDs X AR - R 4 i) S i & 28 % 1l
il % = (A-B)/Ax100% , H:Hr . A AxF A FRAR K | B A {5 Y Ab BEAR S | 5007 35958 mm.

1.4 Bl Hr

ASCIEERE R 3 A FATHEIME, SR SPSS19 #4174 M 73 #T ( Person, Two-tailed ) £ 22 5 HL A K

55 b 3R] 22 S AR BE , 1 Microsoft Excel HUSE 55 B 1) fa] S AL 3 R 4Pk Bl IH 5], & 7K P 2 0.05.

2 R 5118 (Results and discussion)

2.1 NTRIR et - SRS 2 (1) B
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Fig.1 Relationship between the concentration Fig.2 Relationship between the concentration

of HBCDs and the activity of catalase of HBCDs and the phosphatase activity
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AE PR FE A 0.5% B, Hh P LU 2s A 3E5R 3.4% ; 2GR0 Bk BE SR 1) 1%, 15 PR 3E58 8.3% A 4
B W], HBCDs X -+ el I Bl 1) 5 el 4 FH 522 S 3 AH DG (P =0.01) , AH G R B R* = 0.999. 25U, =5 75 1l
ARG S I, B R I A A R B 0 B I T S S e T R 2 R
A R R A S (v B T REATAE — S B FE ARSI SE o, /S T e F - S I il 06 M L
b 2 BT 50 TT RE B R 2 3N A HBCDs J& , H 3R Y %2 83 1 L e s v sz 203, 33
T HHEA PR AT WG K T - S iR i 1.

2.2 HBCDs XFFfF % 255 S AR 1 5% 1

LR, bt HBCDs AbBRME LAY, 30 | TRFIF 1 K& 25 R A BL T T A 55 8 5, 5 mm
AN E T NFP R ZE AR M AN B G EOGT SRR A SR B G R A (L 3) A B
90 mg- L™ W}, 3200 1 38 Fh 7 59 & 28 S HE X HR A B 43 5] K& 24. 4% A1 28. 19%. 4 4b Pk 7 35
270 mg- L' HF, T KRR T & 2 R A/, & 28 R H 0 IR AL R AR 26.7%. 38 D Fh T R ZERAM BT

3.0 Brassica parachinensis 43§ Brassica chinensis
10 a N E K Zea mays L % N Raphanus sativas L
. a
a
09F m 3 ] ab ab ab ab ab
oA s A T
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0.3 A M NN A4 N\ RA RAY
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2 MIENRA =ENW =N =NM =N
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HBCDs/(mg-L™1)

3 HBCDs #RIEEX I % 25 4 0]
TE « B AN TR] /NG S 200 A ) ol A [+ e 52 i) 5% Ak ) 1) 22 e W8 25 (P<0.05) .
Fig.3 Effect of HBCDs on seed germination rate

W 1 PR, HBCDs X 3.0 FE N AR A EA — 2 AR HE VR F, 0% 2 K A S 0 3%
IR AR e R v e R O A S AL LA 2 A B B SR 10—30 mg - L7 B, HBCDs i (4 32 A1 HR K
ARARIVE XS0 S N R AR A A B AR HEAE . S AR B 90 mg - LB, ISR F AR AR I 1R
IR HEAE T, £ 3 323K 62% , 1M B KR B AR A A 40 1] 323K 319%. AL BV BE IR 3 270 mg- LB,
HBCDs X FERFPFHPK I T2 AR SR HERRGE 7% S0 F P IMRME N 1.63 em, B ERK T
FALEL(0) e HERRIE 55% ; 8 NFPF-F- IR 4.83 em, fE#FRIK 34%.

R 1 HBCDs X} Fp-FARH K B9 52

Table 1 Relationship between the concentration of HBCDs and the root elongation of seed

HBCDs/ H A Root elongation ( HRAH AR 1E 3 Promote rate of root elongation)
(mg-L™") B3N EES Fok BN
0 1.0520.06b(0) 1.5320.34b(0) 1.800.13a(0) 3.61£0.23a(0)
10 1.20+0.07b(0.14) 1.43+0.15b(-0.07) 1.85+£0.26a(0.03) 3.74+0.24a(0.04)
30 1.10+0.06b(0.05) 1.38+0.21b(-0.10) 1.54£0.19a(-0.14) 4.75£0.77a(0.32)
90 1.14+0.08b(0.09) 2.48+0.09a(0.62) 1.24+0.11a(-0.31) 4.76+2.23a(0.32)
270 1.63+0.07a(0.55) 2.29+0.18ac(0.50) 1.92+0.23a(0.07) 4.83+0.66a(0.34)

FE AR I AR ERR 22 (n=3) , B4 om AR A HE R AP =7 ORI M 25 MRAH AR 1B 3 S ML, 50037 D % , b e
FNTF 0.1 [RAT B o 5 A H R T hE 3 B8 257 A 8.3 (P>0.05).

Note: the root elongation was the mean +standard error (n=3), “~=" in root elongation promotion rate showed inhibition rate of root
elongation ; root elongation promotion rate was the average value and standard error was less than 0.1; data in the same line with the same letter

showed there was no significant difference (P > 0.05).

SR  HBCDs X} 4 MRl 7% 2 A (M /R HT s B S5 AR YO ToK > B2 > B b > Sl H Rl
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T K2R HBCDs W S MG, b HBCDs 1R B38 A M R AR (H 2 A0 B B R 30—270 mg- L'
I, 22 S 35 A5 BRAL A 1 35 25 5 (P<0.05) .HBCDs Xf E KM T & 2F HIE 10—270 mg- L™ ¥
PR B R B B R P, 35 R 2 0T (R AR 5 245 SR AR RN AEL AR I 5 o AS Ti) Ak B e 8 5 % R ] i) 2
PEARRZE(BRT 30 mg-L A8 | AT LA H HXF HBCDs #é B A28 AL AN K A58 HBCDs X 8 M Fp 1~ & 2
SN, HARA R L B0 AR R G o B, il TR IR N B 22 2 AR 1 ) TR RS AETE, —
FEUE () HBCDs 23 il A Fh - (5 157 R 15 BE 7, Wk Aol Attt JE A B P27 D S B0 1S ) 53200 i
TEAL PR FE R 90—270 mg- L' I A 25 48 S st , AR K52 1) HBCDs i v B2 AU 1T R B AL — 2 1Y
PEHEAEFH.IX AT BB S5 30 A3 A7 X HBCDs TR 52 445 6.

WA R R AT AR K R A K R REAS L UEAN I A A 1 A 4, M X AR 9 4 BE 6 6 IR
HH A S A R 5 TRDEE , A A K 38 S ELAT LRGN, IR RE RS A b A K, T e B DU o A 2[R
B A K R I A R Z 45 RO VE T S R R 4 28 B 6 AR K R TRk B A SRR M A AR K 22 57, ARkt
Az R AR ORIV B T R AT AR A K AE A R VR R A2 AR AR AR Y v, 2 Ak B R G i
90 mg- L™, 55 FEALERAR EE , 7S RER T e Xt 4 R 1 AR X 6 B0 B B AR VR I (26 1) X
A RE A A f A B A A A0 WIS &, EA A 2 B R AR i, AR =B B R 2 K R %
HBCDs 75 4L (b B | K ZE 7 AOAR IE 8 AR 1 s (0 S 7S VR e B R 31— vk 3, gt s 31 4=
E W e 3R R YN TTE: ! ic I 1 W i S £ A 3 e 51 9 s 7 o L (A N [ s S R eE =
W FE i HBCDs {2 pERh AR K.

g b, IR VR FE 1 HBCDs X T K AR A4 A — s 410 il 4 P, T s e Ak 80 22 B0 4 . oo Wk
HBCDs X300 F S NFhF- & 25 5 IR /5 F. HBCDs o - 58 Wl 192 i 0 P 522 900805 VE ), o ik 8 Ak & 1t
T A S B IVE . TR BS HBCDs 0 (S8R F oK IR 7 & 2855 IR0 RS D AR X i
] HBCDs XA [R) 4 HEREG M SO R Fh T O R RSO0 A7 76 25 57 .4 FpRhFAI L, BV L&, FSERhF
J AR T HBCDs ek , 32 il R B 4 . BB AR W W HBCDs (R E 3.0 F 8 N Rl & 25, (HH:
M SZ ML BT LA, 28 SE0ME N AE HBCDs 15 Y i 3. R AR K sz ) AL BE /N 3.
Pl & 250 HBCDs B8R L, 575 22 E— 20 58 HBCDs it Ho Al 4 F0 - S8 a5 1k A 52 iy, S ¥ e
RS TR PPN SR AL O A T B AR

3 4512 ( Conclusion)

TEAR R BEFE T 7S TRER 0 1 e RS PR A2, SE SR 45 R 2 78 HBCDs X - e Wi R I
PSR BRGS0 2o S A S T 1 22 AT 4 P, RT AR AR 7R 852 75 IR B+ —be 195 e A 2, T
PP HIRA S R G TR SRR, M1 AZF RIAR R X HBCDs SRAfUs , sz HAMHI AR B A . AR
R HBCDs fedE S A SRl 28  (H AR S2 M. BT L, F 3¢ S0 A e b ANELRFI/E HBCDs
T5 A L8 T K B AR A 32 00 i A 2 /0N {ELRD T 2 250 HBCDs B BURR. DR ik, AT 5 228 ok — 2D iF 52
HBCDs X HAbVEY) 1+ HERHE L5200, S HBCDs 15 % 38 19 4 A5 5 BT A $12 1m0 5 2 T )RR 22 A 4.
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