ISSN 1000-0933
CN 11-2031/Q

FS5FR

REESFFS
AP E R B A S IR Al
A 4R BB tH Al

P



LA AR

L XX
" (SHENGTAI XUEBAO)
BTSN F£32% ESH 20238 (FAHTH)
H Ve

LG B AT FE G R S AEAE coeeee e BB, E/NF RANE (1355)
BUAARIR IR 48 8 TR HE B A o L oo KALH, KOLE, KR K, % (1363)
B )G S 3e A Bt 1) P AR A AR B A G W EA IR F AR T #, T &, #,% (1370)
R REA DKL TARERMGMIEG L A VAR BN T B IR A ] eevrnvnrnrnrnsarnnnenaneiaieeeanaaananaans

....................................................................................... #¥okE ERH, HEE, % (1378)
79 B4 F mDNA D-loop R 693545 § AR FLIEAE AL ovvvrvmmmnnnnninnnns KRR, R E B A, % (1387)
LT AN B P T IR S AR AR IR R K S A A By B ML AT B AT e F &, BOURR, BRSLET, % (1396)
FE AR TR RRAMDBESE T LE R EAAD LTSI O %, E R, H R, F (1403)
EMNBRAERPEESERDERLBAEDEE TEF, KTA BN (1412)
KA N Ao ad o A R UA Aot B BEIREG ol oo HHZ RELE,RER,F (1419)
A AMF 3T AARAL D Ar JE AR SEF 09 coeeereees KFEZF, B, F % (1428)
A Kt RS Sk R M A NEBETE M SR ROUHE R AR R E £, % (1436)
RBAESEZF T A RGBS AE KRN, B M, BRI & (1442)
AT B3R ANME G A RBURB AT oooveeeeemeeese Hme i, AR w0, HOUK, % (1450)
Wi Sk B R R BTG B S HEPEFERL covveeemeeeeeee e I # FER,BAE (1458)
N A ol o g = ) 2 %;ﬂﬂ%%’ﬁgm’ﬁﬂ%ﬁ’% (1471)
A A B AR F) & F AR M 28 W e BAL B R G v eeeeeeeee JEHEY B NF I e 7R % (1481)
& RIEIB H A1) B BB R T ARAL e K AT ALAL A o e Wark 0 L KIE, % (1490)
LT K A W BT A S A RAR R R AR +oeveeeeneeeenens Tt N M, HE L, E (1502)
KR LI EATHRAKE RN T RAPICIT L weeeeeereeriinnen XUAFUAR, ¥ 2R BB 4 (1510)
ANA BT RMANST L EH RE S IRB A Y FHh FEE C N BALE DM coeeerememeemieiens

....................................................................................... Z B, ETEFER. 4 W,% (1519)
R E R EBIF A GRS A I AR e KA F REH, IE AL, E (1527)
X R B Y - BMAR , ZEXE, ZH, % (1538)
KAGEF B ECAAGH LA RLT AR CATH G H e BT E R HRE,E (1546)
L E AR LI AT TG F] coeeemerree e BET AmES T % (1553)
S RN 5 S B (i 22 g = I T PP ke, EEE, ] E % (1562)
T ERAH AR oo 2 #&, EFALE O (1570)
AL BT R G HE R AT AZAE A A B A ] e BRR, ZHE,REE,F (1578)
A kTR B 4 S R AE M R B & VA AR M K A A e, et xR (1587)
Tt 55R
G ST AR ARG TITE] weee et Aok WL, E L (1596)
TR I A BRI BT RIS e Kk, E B HERBR,% (1606)
AP I RANAZ BE SRR ] 5 BT HE B v eeveeeeeeee e B R, EHA, Tl % (1616)
AR ERTZ SRR A SR TARGIE T E N e T F,.84%W,Z2%0,% (1623)
FHAL Fe( D) 3B RAR A WA THETE covveereee zg;%ﬁ%’ﬁ;ﬁ%ﬁ (1633)
i0) &R i 1%
N B ) £ ) A wr a4 ,E%%iﬁ,Marc Metzger,% (1643)
R EH
FHTE R AN il BT R E T B Y B LR B T oo XA, EHE R, % (1654)

HATFIEARSHCN 11-2031/Q * 1981 = m # 16 * 308 * zh * P = ¥70. 00 * 1510 * 35 % 2012-03

EEECEEECEECEEECEECEECEEEEE

HEE . AR T IRk H M 1978 4F AT AUk ok 35 2047 3 B W I LA K | JUAR UK IE DASEX B4 8. 5% 1A R
SRR/ BEAE 1500 f2 R AL . XA RMAFAE  UKEE 4 /NP R AR R JE 2 BRAR R, U UK SR TH %, 1
R FR TR € 7K 2% 5 L ok, (T 7K A BE 22 K BH AR 4 Bt e SUMMRI VK S5 @ikt TR ok 69 s gk, 6 ok i
RO ML EL 22 AR 21 HEW) ek i B A SRR A A A, DX 5kt i o] LUE B0l oK 2 15 75 7 il 24
IR A AR

FERM, BEFEEER LMol K% E-mail; cites. chenjw@ 163. com




5532 B 5 W S = & il Vol. 32,No. 5
2012 4F3 H ACTA ECOLOGICA SINICA Mar. ,2012

DOI: 10. 5846/stxb201101220112

XUBRAR 17 HH 25, S8 &, B0 o ARIGEAHE , 20 SR AR 5 S T (UK PPN 5 Yo A MU I . A= 35 2 40, 2012,32(5) :1510-1518.
LiuSS, XuTF, WuQ T, Li HR, Lin X Y, Li Y. Selection of vegetable seeds native in China instead of the cress seed for evaluating the maturity of
biosolids. Acta Ecologica Sinica,2012,32(5) :1510-1518.

KARITHEEMFERKEFNTREIIEERE

X gm Fwa R et 8RR Rk F o
(1. TERIR R BIRFREE Bt , A8 AR A lh B T RLSEIR = | 1 AR A8 T 1 RS 5 R W B A ML R FH B S 3, ) 510642
2. REEM MO BIAIF ST BT, ARS8 523106)

FEE . B AEIRGE X T S Ye A MR T BRI Bl FH K SRR AR AL T T PR AL B S A 3 T T e A BILIE AR A T 1
A LAY T, BRI E R WA 5 AFHEY 17 Fgi SR R T R AR A T VR HE T A B 28 A 4 A B0 3 T VS T
7 i R R 2 R R LK B ( Lepidium sativum L. ) T 5 28 RBCIPRUEVE LU . S5 SRR W], X5 T A 275 Ve HENE
M P ILSE L ( Brassica parachinensis Bailey) F5VT.F13% ( Brassica campestris Pekinensis) 50 -F—5 1% ( Brassica oleracea L. ) Z:Fh
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Selection of vegetable seeds native in China instead of the cress seed for evaluating

the maturity of biosolids

LIU Songsong'?, XU Tianfen', WU Qitang"* , LU Haorong’, LIN Xiaoyan', LI Yu'

1 Key Laboratory on Eco-Agriculture of Ministry of Agriculture, Key Laboratory of Soil Environment and Waste Reuse in Agriculture of Guangdong High
Education Institutions , College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China

2 Dongguan Research Institute of Forestry, Dongguan 523106, China

Abstract; Cress ( Lepidium sativum L. ) seed germination test is an internationally recognized method for evaluating the
maturity of biosolids. However the cress seed is not available in China and needs import from foreign countries. In order to
screen out vegetable seeds native in China and sensitive to the phyto-toxicity of treated municipal sewage sludge, 17 species
of vegetable seeds from 5 families were used to test the germination index of composted or phyto-treated sewage sludge in
comparison with the cress seed. The preliminary tests with non-matured sludge composts, which were co-composted with
wood chips for 12, 26 and 40 days, showed that there were significant difference between the seeds of 6 species and the
cress seed towards to the sludge composts according to the paired T-test, while the seeds of Brassica parachinensis Bailey
( Cultivar; Youqing Sijiu) , Brassica campestris Pekinensis and Brassica oleracea 1.. ( Cultivar; Jingfeng-1) were rather
sensitive to the phyto-toxicity, rather similar to the cress seed and classified in a same group according to the cluster
analysis of the germination indexes. Further tests with phyto-treated sludges including matured and non-matured samples

showed that B. campestris and B. oleracea were significantly different to the cress, only B. parachinensis did not exhibit
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significant difference to the cress seed. The germination indexes of B. parachinensis were significantly correlated ( R* =
0.7465) with those of the cress. When the cress seed germination index is 0. 50, which signifies fairly matured of the
compost sample, the corresponding value of B. parachinensis was 0.53, the two values were rather similar. Therefore, this

native vegetable seed can replace the cress seed for evaluating the maturity of the biosolids.

Key Words: municipal sewage sludge; compost; maturity; germination index; vegetable seeds native in China

B 25 T R 3k T 5 e A s U A BRAL B S K S R BB AR R S AT 4 T T e AR A Ak
J& FAT = o TS e JE F AL M BT IR AL 1) 2R 1R 2 — | BB b v s e S K s A5 Jkbe | L
B TG Y S T A R R M A AR B R S A S M AT A 3, X - 4 %
TE a7 e — BRI e BB A A KT R & 2E 4550 germination index , GT) J&—F 1Y
DA HERC G S EE TR br , vT SRRt , X SR A 17 FH A AR 1048 SRR BB L K 8 (Lepidium sativum.
L) FF 1A & ZEHR B0 (0 AR 3 [ T oK Sk 11, oA A, DT 28 HE R S Bt 5% % 26 7 By FH il
K TVFEZ A, A SCLLHERE AL B AR $ b 35 (475 U6 S SEBa X4, o8 FHER 7 WAS L3 51 5K /b7 1E
XTIy | DA ZEHREOVE R IR 0B A b , IR BTk o AT DA i 11 7K 9 vh AR A 1
AT B G- M a3 775 Ve A ATLRE 68 S B AN 5 P, ol 3ok Tl ¥ e B A b o FH AR Ml
1 #HREFZE
1.1 flFhr

SCIS B R IE 5 AR 17 B, i DL L REE SR /NESRE VL AR I AT AR A RO
BleEt e e gh o i HAR I B AR SE T iR R B T K E R I A ik, BARSE 2 PR LR 1,

R1 ZBEMFHER

Table 1 Names of the vegetable seeds tested in the experiments

F AL i FLT 4

Families Number Species Latin names

(1) FF1ERE 9 Rl N=g T Brassicae parachinensis Bailey

Cruciferae FEE M /N Brassica chinensis L.
FHILHZE Brassica campestris ssp. pekinensis
FEREH VLA Brassica campestris ssp. pekinensis
i N=pINSEd Brassica campestris ssp. pekinensis
B 50 K30 E Brassicae parachinensis Bailey
SHAJNE b Rahpanus sativus L.
KBRS (H ) Brassica oleracea L.
RE—S(H#E) Brassica oleracea L.

(2) #HPF} Cucurbitaceae 1 TSR Cucurbita moschata Duch. ex Poir

(3) 2§} Compositae 3 WAL (ZHK) Cucurbita moschata Duch. ex Poir
(ke Lactuca sativa L. var. capitata L.
THI Chysanthemum segetum L.

(4) FnF} Solanaceae 3 T A A 101 Lycopersicon esculentum Mill.
HR— Capsicum annuum L. var. grossum Sendt.
AFEERM Solanum melongena L.

(5) DR} Amaranthaceae 1 ZNE] B 9 T 3 (B Rk IE 356) Amaranthus mangostanus L.

41 Sum 17

1.2 A5 =
1.2.2 JFi5l

15U A ZRZENT T X5 K AL BT, B AP L3 2,
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K2 ZIEFEHNESENFIZERETRR

Table 2 Total heavy metal and nutrient contents and other characteristics of the studied sludge

7 1H Value W 5E A Value
Zn/ (mg/kg) 902.60+27.3 Cu/ (mg/kg) 1621.00+91.3
Cd/ (mg/kg) 2.22+0.41 Pb/ (mg/kg) 128.10+3. 00
N/(g/kg) 26.62+0.75 P/(&/kg) 15.60+0.73
K/ (g/kg) 13.70£1.59 HHUFE OM/ (g/kg) 329.809. 69
pH 5.76+0. 02

AR E A7 MO 2.

1.2.2 {5iRHERE

Y58 . ABE (FVERE Albizia falcataria AKE) FiEHE=3:1 TR A ,3—5 d AT BHME 1 Wk, FEHERE 12 26,
40 d B3 P AR EEAS R 5 YR HERE , T FAE R0 T 4025 0 5 S0 56
1.2.3 5P FE

DIV VR VERIME LT, JEA T F ARG, 33 8 FOR+ IR SR Bk REE SR 3 Rl AE 7 U #EY5 U6, [R] B LA
AFAEAEYIVERS IR BN Ab PR E 3 ANER BN EE SN 10 mx1.4 m, FREMA“SH 457 (Zea
mays var. huidan-4) , i P EFpFERIN G A= FER R4 N ZRIB/K 25 °C TR TE il P oS 38 &0, 1
5 em BHFPAE . RF 5K (Sedum alfredii W) JEH0 & S 4 @AY, BUA BT M B4 8 B E 4R 56T
MOl BF LA ST B B T, R S TR R B AR DR 2, B E R S om w0, HHREGH , HURP R R b B
B ERFIAEARAR 17 28 emx40em (9 Bf/m?) 5 P AR B S5 R st RFPAERLAS S 15 emx15em (45 Hi/m?) ; £k
+ERAL P AR E K SRR R R SR (9 BR+45 Mh/m?) , FELLRAE 2 Y, BRI RE R
2 d R T K B — AR 2 BIFE 120 d A1 360 d Wk Tk, TRIEE45- A0 B 43 5] ) 22 5 BiURE (1) J 2R 48 b 3
JE TG R, BT RS S B S FE 0—4 CUKFARBE & H .
1.3 oWk
1.3.1  FpF R ZFFa 50 &

JEH 100—105 °C 200 2 15 U8 s H AL B 1) K i (85 IR SRS T IR 20ils ) o PR e &
IR TERIFRIBUR 24 T 10. 00 ¢ TEEAIEERE A 100 mL 280K LB 2 h 5, iR T R4 12 h, 18 sk
AL g, WARUEW , FEEAN 9 om R ML AR AIELL, INA 5 mL HEARIEWR , 550 0E 10 Rk fh 7, B4
RIGER 3 K, [FIREXT BRSCEE , B R SR K A HE R e, R L T 25 CEIRAR HmE 1 5% 48 h, Il
ERFIRZER R, BHERBMITRARY.

FFEZERE(CL) = (LA F T & ZR LI K 2E R PR K ) /
(X HRE P %2 25 3R x 0 BR L % 2 T AR K )

1.3.2 {5 E et bt

TR E K E AL 4 N 4 P pH (YR H BAATINE )ik, 2 B8 ik 40 ik )y ™ . 15
THAED A4 A5 448 A4 R HCI-HNO,-HF-HCIO, 1425 - J5 1 W i 2 3 , 2 IR B F bR )5 1 (GB/T
17138—1997) .
1.5 $dEr kB srHr

Hdi F Excel 2003 F2HFIMER SAS 8. 1 #44 XH R HEAT 05 22438 (ANOVA ) | 21 LhA Xt T 4650
(Paired T-test) FISRZE7HT
2 #REITR
2.1 17 A LB A AR R 2T Yo s AT 0 & 2 R B L LA

FH 3 T A J 2805 8 HE AT I8 VRO 7K 2 Je 17 PR B S FhF-DNA5 1 & 2F RECT I LR 3, S5 5L 381 ,3 Fil
TS IRHEAL A /K AN F GI ¥ <0. 50, Zucconi 257 H& H /K B Fh 7 % 2F 2 %X GI( Germination Index) KT 0. 50
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(% 50% ) Bt , MEAEIKSNFREAE R, X UL 3 FRfEAR Y BA TR, 17 PR L8875 A 8 2075 T 3 AR 1 s
NEAHZERA 5 P AR R SR -1 & 2 R B S K B, MihRE 8 M R B SR A T R 2 RERAR, B TR
S 17 PSSR T S OK SR R R BB TSI EE R (P E) , AR TR E R T 3 41K 3) (1) A
RIPER =2 (P>0.50) , 3 4 Al F L o F—5 (HE) GERF LA H LS, B 4 Ffh Xt
HERE B 0 7 5 7K S AR CDmUﬁ&m@wS»bomxhﬁuV%¢@Wm&ﬁmfﬁﬂz@M
50 REFER T NFI IS T R RN R 101 B S S ER B EA RS b KRB0
SLIESE(CHEE) , RBHIX 10 MR T & 25 RS K ER T & 28 RBOHME— B, (3) R4 (P<0.05),
HA 3 APl B 5 EE KA SR (AR B TR LA X 3 R T4 5 e i O A 4 7 1
NS5 K B A RHL,
RS REH(E ), SKEARRZE A KB, B 5 | wE ARe e BN A s R mT 3 h — K
2 K ERAA —E AR I T UL B — S RS VL S S i — 41, 45 G TR Y
BeXS T KB 25 5, BEAE X 3 Fhigh S b AE iE— 25 1B i i .
K
e ]
SERBIT I

/NEREE

B I

ST e i |

e

Y Y
e

KAk
B

T U : 1 1 1 l 1 1 1 l 1 1 l .

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3
% 2% Minimum distance between clusters

E1 SiRHERERLEKER 17 HERMFHELFRBNEXSN

Fig.1 Cluster analysis of the germination indexes of the cress and 17 vegetables in the water—extracts of sludge composts.

2.2 SRAVEPALEE 120 d JE TSR N AE 3 A 5k 2 oK SR 1 & 2F R AL

KA YA IR 120 d J5 AT5 IR 8 LSS PO L o = F— 5 1 BT SR 3 gk =8 KoK SR/ & 2F
ZE(GIUH) (F4), G5REH KERT Gl $<0.50, KX 4 Fis e 4B A B2 E 2, L HILE
SEPRNRN & 28 BB K E A B35 22 5 (P>0.05) , UL IEX 2 Al X0 1 S 8 75 Ve 8 i i) i 1 5 7K G
RS W S K XS 4 B U8 U R R 25 SR B R 3 (P=0.0002) , B 5K EASAHL,
2.3 CRIHYALEE 360 d J5IT5 IRINE 3 ANBE 3 SOK R 10 K 28 R4

KRR EE 360 d J5 5 YR e N A2 Hede Tl & WL it F—5 H il VLA SE 3 ik = MoK E R
B R ZERB(GIE) (F£5) . 4 MISTRIERAY/KEE GI 7E 0. 728—0. 942 Zja] , Horh | oK+ 50 K Je TR AL BRP 4
F 7K GI >0. 80, Ut BHIX P20 75 e ) 245 s i 55t R S TCAE I G BRI G #E 0. 60—0. 80 [R] , FEBHX 4 15 e 5%
R E LR S FE—S H 5K EXT 4 Fhi5 e A BEUE R A me N A B 255 (P>0.05) s (HEF LA
EJKEERS 4 Fhis PR b B I B AT 2 25 5 (P=0.032) , F AT AL, 9T DU LSO 5 5 — 5 i P A
FhFXF 22 360 d AEP A BRI 1975 6 I8 R 19 1 17 5 7K SERO AR, SRTT, T DU LSO X AN [ 4 Ak B AR o
BRI 55 7K S 22 5, 3 =5 T A D 235 SR AR AT, U8 BH [ R i S X6 e A LI 1 s g 57K
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R4 EWLIE120 d FHBRERTPKER 3 HEXMFHEFRY
Table 4 Germination index of different seeds in the sludge water—extracts for different plant treatments after 120 days
LK R
FER+RBERK /S REFR AR Tk 50 P{E
Corn+ Sedum alfredii Corn Sedum alfredii No plants P values of
paired T-test
IKEE Cress 0.435+0.132 0.488+0.225 0.417+0.372 0.337+0.297 —
W VUIL B. parachinensis Sijiu 0.461+0.125 0.507+0. 138 0.423+0.368 0.416+0.371 0.142
HILH B. pekinensis Qingjiang 0.670+0. 143 0.711+0.387 0.575+0.473 0.981+0.695 0.066
LE— B. oleracea Jingfeng- 1 0.685=+0. 130 0.711+0.192 0.629+0.448 0.591=+0. 546 0.0002

S8 28 AR BRI g S AR i 22

x5 HEPLE3I0 d EHTRERFKER I MEXMTHNEFRY

Table 5 Germination index of different seeds in the sludge water extracts for different plant treatments after 360 days

5K ERC T
FR+AR I RR ESP N REFR N L) T-Ri5 1 P
Corn+Sedum alfredii Corn Sedum alfredit No plants P values of
paired T-test
JKHE Cress 0.942+0. 168 0.835+0.200 0.728+0.186 0.743£0. 133
WM PUIL B. parachinensis Sijiu 0.9090. 030 0.734£0. 110 0.849+0.234 0.820+0. 190 0.733
VL3 B. pekinensis Qingjiang 1.165+0.208 0.904+0. 120 1.010+0. 059 1.105 +0.262 0.032
HFE—5 B. oleracea Jingfeng- 1 0.817+0. 161 0.820+0.229 0.762+0.035 0.646+0.075 0.260

S b R 22

T IJEA FELE ], R FEA A BT

2.4 MNWHALHR

SRR T PPN V5 U S A A U Y ST

SRR PR HILEZE S FE—SH W 3 M M FAEAR [R5 IR IER (12 .26 .40 d HEAEJE R S AE

YIALEE 120 d F1360 d J5 0I5 TR i8R ) b & 28 RECS IR K B4 28 REELRPE RN 5 2 (K 22— 4) |, 43 5l A%

F].y=0.8933x+0.0876 ,R*=0. 7465 ;5 =1.0076x+0. 2285, R*=0.6033;y=0.5963x+0.3139, R*=0.5503, X
RUARRUZIUE il i DU L0 >TFIL SRS st B — S H g
1.00
5w
1.00 W o5 080f
3 090 m =y
zﬁégéoo‘sof @§§ 0.60
S g 070} Z% S
Rz 2 0.60¢ HET 040f
252 oS0y 453 ¢ ¥=0.5963x + 0.3139
SES 040F r 2 % 020} . R?*=0.5503
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Table 6 Comparison of the germination index among cress and 3 vegetable seeds in testing the maturity of composts
T & 2E Z %L Germination index( GI)

EN S N B AE
Non-matured Basic matured Relatively matured Mature

JKEE Cress <0.50 0.50—0. 60 0.60—0. 80 >0. 80
WM VUL B. parachinensis Sijiu <0.53 0.53—0.62 0.62—0. 80 >0. 80
FILHZE B. pekinensis Qingjiang <0.73 0.73—0.83 0.83—1.03 >1.03
HE—5 B. oleracea Jingfeng- 1 <0.61 0.61—0.67 0.67—0.79 >0.79
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