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Pseudomonadales sp. ,4 strains were Microbacterium sp. ,1 strain was Bacillus spp. and 1 strain was Agrobacterium sp. ,

Pseudomonadales sp. was dominant group. In degraded DDVP experiments, compared with pure DDVP, the degradation

effect of dichlorvos was lower. Mixture the 4 strains with same proportion could enhance the degradation effect of

dichlorvos, which may be due to every strains’ different roles in the complex degrading process of organic phosphorus.

After the dichlorvos degradation,the percentage of each strain of mixture was significantly changed. Pseudomonadales sp.

was still dominant species. This study would provide strong support for further study of degraded mechanism.

Keywords : pear orchard;soil ; biodegradation; DDVP;soil bacteria
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Table 1 The basic physicochemical status of soil
o AR Organic matter  PRfF 2 Available nitrogen 3% Rapidly available phosphorus # %44 Rapidly available potassium ~ 4x4% Total Pb 424 Total Cd
/% /(mg + kg™1) /(mg + kg™1) /(mg+ kg™1) /(mg + kg™ 1) /(g + kg™1)
6. 41 18.2 128 38.8 116 35.2 1.92
L2 Kok ZaBCAHCI>HAENYHE D (OXC, MRk

SRABRIE Y 3,2 kg M AR 20548
B, L3 2 A Pb, Cd 4b 3, ¥k B 4 B R 700,
3 mg/kg, iMEA G FHENE 2 B, UEZNESBIKRER
BHRREYA, ANEFET 5 A 20 HIEF .6 A 20 HIGK,
ARSI 30 d, BAE IKER.

R . SR i 44 9 Cd.Pb ¥5 4 + 4%, 43 5% 5
A RAREIALFE, B A AR b R 2 A AR 4 i S AL
B L) Kt A R A5 AL 3, HOAUIE Bt A & (NDO. 2 g/kg,
T AT R 40 A FH 5 455 0 L0 4 4 A it 2 40 B R PO
0.1 g/kg;K,00.2 g/kg, #AbFE 3 REH .

WAL - R FH il 45 19 Cd.Pb 5 4 4%, 43 51K 4
AL HE , B . K b AE it Bl R — 4% i o W PR 45
Kot-d pyab 38, H s AC G & (P, O;)0. 1 g/kg, AL
PRRB IR R MBRER B AN AL BE FH &4 310 N 0.2 g/kg;
K.00.2 g/kg, &KALPE 3 RER.,

BRRARIRIG - R F 45 1 Cd.Pb ¥5 % - #F, 43 BI1K 4
AR AR AL HE , B . R e 20 A . it A R L it S AL B K it
FELABR R A R — B Ab AL WE FH B 40 31k N 0. 2 g/kg;
P,0O; 0.1 g/kgo %’ﬂ‘iﬂ 3 W\EEQ
L3 IWHWE

SR AR & )5 S B A 22 88 Ko v gk T e
WiEKIG ARG AL AR R 2E 43 IF, 3 BRI L T, )5
HHESRFE 105°CF B8 15 min, H7E 60°C LT R IEE,
BGFE, XNTERE8E 20 BA100 &M, +
EESBSAENEERHA T K- REREZ, ETR
WA HEEBE T 2 s H AR IE AR ] Tessier F
A5 VE SRR IO I 5 5 - S n A L AN R B
SR AR AR LAy H 5 B E
2 HRESW
2.1 fLREXSF Cd.Pb ¥5 4+ 3+ Cd.Pb FHEEESK
A
2.1.1 RIEXF L+ Cd.Pb FEESHEmM A
Xt Cd fFE7ETE A R - t1 F 2 A i 3 55 P
BT5HEESBENIIER, KA &
i 3 PRALE R A BTk s, IV E & R 7E B3R R
A MEHZ AL, AR, BT LAEFREE 6
A, WE 1RTE 4 FPRACHE &4 T, LR 4
B3 Cd S BHRURES Cd & . aEEiks 4
SCARME HFAESCARSETUBE . RES
(RES)Cd> A2 #1725 (EXC) Cd> B 25 (OM) Cd> ¢ iR £h

MELEAE R AT H S CA R IRER G A Cd g R
SRS A EEER . BHLE Cd AsRES Cd 1
FRBG RS AL T R e A Cd BB, MA IS
FBRES Cd W& B R . REGEALEEX Cd
HITFTETE A BT P AR R £ R i ThEA RARJG 3%
) pH KA MAS , JE R T L3 Cd WEREES: 5
SRR EIEEA LR EHEAARE 7, 5H5ELBE T
Z B R A DTTE -V R R - A R, R BT R
AT EL B AR AL , DR AR S 30T VR o 4 IR A ) 22
5o RIEXTFLEEF Pb FETESKE M. WE 2 7T LU
FH L4 PR &4, DR RIS Pb A B
USRS Pb S EHRD RES P HBES, HEE
A Pb B LIEH RES PG EAYER S
Pb>FHHLA Po>IREE 4 A Po>ZZ 4 Pb, HilR
BB AL PR SR ZS Ph BRBR L 45 &7 Pb fEk4E
AhMEEE Po M EBER R, AILE Pb FI5RES Pb
B B B A FRAS AL B A A2 e S Pb & B3 A HL
SHERIES Pb S BN,

1.6 1

24t .
=
E 10t = o § LIZS3
EIS g BN R
5 o8l g»,‘% e bk
3 06 B N = iR
15 04 ] ,§ CES
402 EN
8 0.0 FER 5% FEEN

EXC CA  OX OM  RES

CdJEZS Cd fraction

I :EXC H2e# 7, CA AR E A, OX A A YL &
A,OM AHEYA,RES HRES. YTFH,

Note: EXC:exchange state, CA: carbonate combination state, OX:i-
ron manganese oxide combination patterns, OM; organic material, RES;

residue state. The same below.

Bl AEEESFLER CdEFEERSHEN
Fig.1 The effect of different nitrogenous fertilizers on

the fractions of Cd in soil

2.1.2 BEAEXFT Cd.Pb {54 +4EH Cd.Pb FIETLSH)
o BRACX T L Cd FE 1R TE A AR M AR 3 AT
PAF 3 FBRALME A 2644 T, 2P AES CdMEE
HRLKES Cd RmF . FEAKYHE S Cd R, m
#IAS Cd f& B DI FRES Cd>32#ds Cd>H
PLES CI>RR IS A S CA>BRE RSG5 3 Cd,
W BERRASAL B A Cd kIR L 25 & 75 Cd Mk &
WYHEEE Cd W& RER, MANISEE Cd fskid
& Cd W& BRI B L B A S Cd & B R AR, 5%
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Fig. 2 The effect of different nitrogenous fertilizers on

the fractions of Pb in soil

B Cd &2 B 8x T 3% Cd FEESKH
MU B BRAS AE R B B . AR T REX L
Cd FETETE A HO M, B AE AL BE ) A2 e 25 Cd FIBR PR $h 4%
A CAMEREMARS. BILX T LEF Pb 777
AR  E 4 7T UE 3 Mo i &4 T, +
BEHEES Pb (A BRAEUASHS Pb FEBHRAD, FRiE
S PbSRES. MAES P S BALEN RES
Pb>#5 B4 &5 Ph>A LA Ph>RIRER S &7
Pb>A5#e7s Pb, i B R 45 AL LAY SZ e 25 P BRER Eh 45
&7 Pb M4 B AL Pb B 5 E Bl & & A LS Pb
FIFRIEZS Pb ()& BAHNTAR ; B AL P 22 #e4S Pb &
BRI FRIED Pb & B  BIR 4%t T L3+ Pb
BN WA BERR S M-E R s, A TR
BT 3 Pb 2 7ETE 25 B2 ), i AE A B A 22 e 25 Pb
FIBREREL 45 /7S Pb S B B IEK. AL
AR SRR A G 2 T R L 3 pH & — R B R A9 AR
b, Tt — A + e Pb FFEIEAS
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Fig. 3 The effect of different phosphorus fertilizers on

the fractions of Cd in soil

2.1.3 HPAEXTF Cd.Pb 54+ Cd.Pb FERSH
o BPALXT T LR Cd R SRR M A 5 AT
LA .3 FHBRALHE A1 T, 2P A CA & &
WRLUKES Cd &R FEAUYEEES Cd R, W
#IBA Cd S BTG SRIES CO>Hhs CA>F
P CA> b 45 48 CA>RE ALY 42 Cd,
THARER AL B S2 7S Cd BRIRER 4 & 2 Cd MEkER A AL
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Fig.4 The effect of different phosphorus fertilizers on

the fractions of Pb in soil
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Cd W& BHRK. R XT3 Cd FER SN E
WA UNE LA AR ERAT B B . SPACXT T L3 Pb 748
TEAS KR N 6 7T LE Y, 3 e RO ME 414, +
BEHRAES Pb (A BEGEACHZE Pb F ERD,RIE
A PbAEEE. MAEE P ESETUEE RES
Pb>#k5G B4 A5 Ph>A LA PO>FRIREL S &7
Pb>33#iAs P, HRRAPALFRAY A HAS P RIREL 45 &
A Pb MRS 45 Ph & BHRIK, AHLE Pb
HIFRIEZS Pb (& BER ; A ILRRE b PR 5745 Pb &
B, MARER Pb & E/RAK. WERH TP
Pb 7EFEIE 25 WM A A0 S AL B0 AN AN BR #7 BH 2
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Fig.5 The effect of different potassium fertilizers on

the fractions of Cd in soil
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Fig. 6 The effect of different potassium fertilizers on

the fractions of Pb in soil
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2.2 ALAEXTF Cd.Pb {54 +3 F/ANESRE KR
2.2.1 RHIEXF Cd.Pd 553 F/NEEA K

RIEXF Cd 55+ F/ANERAERKKZmM: AFEK 2
A LLE A RRES AL TR Cd V5 +3E |, /N SEBA bR HE
AR EE R R Bk T B A s B R e AL B
/N SRR b R E A IS AL AL A /N SR R
M AT B R AR SRR AN FX F /N H 3R A K B A
WMEE 3SFHEARHSERAE. FARRM T EEER
HF Cd B 4em P AR RE SRS EW T
+3M pH, HEIAWAR B F5ELBE T EEHM
HAEFH BT HEBIE A & b, 3 B T AR X 4R
WS WHFBE T/ MNAXEYENZES . ZEXT
F Pbi5ge+3E F/NAFEA KM AE 3 ATLIEH,
FHBREEALERAY Pb {5+ 38 FAE K A9/ 53R Sk B &8
e B R T B e s BRER B A BRI /N SR B b |
T E A A s E AL B A0 3B Y /N 3R PR P N A B A
5 IREACFEXT F/ANER M A KM AW EE 3 FE
FERRCRAE ., R Cdis g+ A KK/NEEAMEE,
Pb {544+ 48 A K 1/ SE B R H b R 66 5 L iR RN
TEABBK XBREH T LES PO WFEEESZEY
A5, M H M T Pb AAEY A R E .

K2 AREGEEX CdiFtEFNEX
KR
Table 2 The effect of several nitrogenous fertilizers on
the growth of pakchoi

AALFNA bRt b EREEE RS Bk EHTE
Nitrogenous Fresh weight of Leaf length Dry weight of
fertilizers aboveground per plant/g /cm aboveground per plant/g
RE 32.6 24.6 2.35
TRk 314 24.0 2.29
Ak 3.6 23.7 2.28
THERES 33.2 24.9 2.36
Z=H 29.8 22.9 2.23
£3 AEEBE3 PbimRtLEENGE
e % 8= b A1)

Table 3 The effect of several nitrogenous fertilizers on

the growth of pakchoi

RIEFAE Xy SRy & Bk TR
Nitrogenous Fresh weight of Leaf length Dry weight of
fertilizers aboveground per plant/g /cm aboveground per plant/g
RE 26.8 20.2 2.18
Vikivdid 25.7 19.5 2.14
Aotk 25.6 19.3 2.12
THERES 27.0 20.4 2.19
Z=H 25.0 18.7 2.06

2.2.2 BRALXTT Cd.Pb {534 b/NE A KA

BRAEXS T Cd ¥5 e 4 E/NE AR A3 4
LA S RIS AL B R Cd i R 3 B AR B/ E
SER M IR R AT E R Bk A B Cd 95
Bt BAERK/NEIEMD EIMEE R THER
TR0+ AR TER — B A TR T/ A S FR) AR K B B TR S A B R

FEFE R RRCE B B, Cd s gL 3 b, BAE X T/
HEMARI A MZmETEL. TR2/NEFN
B Rk b R R R T AR T AR AN E AN
¥ PAEXFHEN FERRNZEH TIPS E —E
B Cd, LHEIBRES . S &F —E 'Rt
3R pH 7= A R, R 3R Cd MEEES,
XWEEE T 3 Cd WA YR, X/ 3 3R A
KreAfm ., BRIEXTF Pb iy + 488 F/ANESRA K
Wil . AFR 5 AT LAE H B AL B Pb 55+ EA K
/NE SRR b R EE L O T I e s O B R A Ak
A Pb {5 4 FAEKM/NESE Rk A E b
K AT A B IR — A BT T/ 3 A K B AR
U BEER A5 A A M AR B E . Pb IS YLy 48 |, B
BB F/N S A A BT 7 AR 52 il v T VIR TR 2/
ESE Rk e KA R T E A T AL
/N SR X Ui B Pb V54 + 3 1 it 8 R AT DA AR
b Pb WAESIA S 7 A R AE B R R R B T
B EAE—ERNAS, R 0 pH K[ T+
b Pb AFTFEIEAS A R0, R I 5% i - 3 Pb (948
YIRNE » B X /N SR AR T AR S
x4 AEBEMN CdimetE NG
EREEMm
Table 4 The effect of several phosphorus fertilizers on
the growth of pakchoi

3 S LRy Sl LSS Bk LT E
Phosphorus Fresh weight of Leaf length Dry weight of
fertilizers aboveground per plant/g /cm aboveground per plant/g
BEER — 4k 32.2 23.5 2.28
S BERES 3.2 22.6 2.21
Bk 32.8 23.7 2. 30
Z=H 30.7 21.5 2.00
x5 AEBEES PbiTRtEFNE3E
RN
Table 5 The effect of several phosphorus fertilizers on
the growth of pakchoi
WIERE  WHLEWEE WK B LW R
Phosphorus Fresh weight of Leaf length Dry weight of
fertilizers aboveground per plant/g /em aboveground per plant/g
BERR — 27.2 20. 6 2.21
T BERRES 26.8 20.1 2.19
Bk 27.8 21.2 2.24
=H 25.4 19.3 2.13

2.2.3 HIEXTF Cd.Pb 54+ 88 F/hEREA KK M

BREXTF CAd 5 e+ E/ANEEAKNEm:. NE 6
ATLAE M AR A AL PR Cd 15 Y 38 EAEKM/NESE
ARk R R AT E R R SR AL B Cd
HY A FAKK/NESE R E IR E R R ATE
F A 5 B R A A BT /0N 1 3R A K 1 B2 e A an AL RN
TEEREP R B . Cd V53 + 358 |, 40 BE A B AR K
INERFE LA 3 s bR Y E FREE. XBEHTA
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RS AL A A 338 /5 B A2 28 10— R 5 b 3P R ) A A, fi
1T Cd FERSEAEZARRERF, #AEX T Pb
HH I E/NESRAE KRN AR 7 T LUE R
PRALFEAY Pb 5 43 EAE KA/ H SRk E AT E
K fem SRR AL HR Y Ph s e+ 8 HAEKK/NE
SCELPR L BT R I BRAR P AL BEAY Pb {5+
B EARK/N SRR R R . Pb 5 Y 1
b SPAEAEERAE KA/ ESRTE EIA 3 TR B R TR
AE. Xt i T R SR A 35 BT kA — R B AR
b, (i L3 Pb PSR ABE, FBUNERAEY &
AR5,

x®6 AREMEX CdiTtEEIERK

A KRN
Table 6 The effect of several potassium fertilizers on
the growth of pakchoi

®8 ARTES Cd.PbimtE ENEXR

Cd.Pb B U5z iy 5 i
Table 8 The effect of several nitrogenous fertilizers on
Cd and Pb of pakchoi
RUEFE RE TR B Atk WERES
Nitrogenous fertilizers Urea  (NH4)2SOs NHiCl Ca(NO3)2
/NARF Cd &’/ (mg» kg™1) 10.44aA  10.58bB 10. 73¢C 10. 41dD

/INAZEH Pb &/ (mg+ kg™1)  2.68cC 2.73bB 2. 78aA 2.65dC

*9 AEBEERT Cd.Pb 5 LT FIhAZR
CdPb Wi B %0
Table 9 The effect of several phosphorus fertilizers on
Cd and Pb of pakchoi

BER 4k IBERR S B
(NH4)2 HPOy Ca(HzPOy)2
11. 21aA

BEAER

Phosphorus fertilizers
ANEZEF CdE &/ (mg « kg™D)
/NEZEH Pb &R/ (mg « kg™1) 2. 42aA 2. 58bB 2.26¢C

Bone meal

13. 53bB 10. 30cC

LR LRy Sl LSS B ERTE
Potassium Fresh weight of Leaf length Dry weight of
fertilizers aboveground per plant/g /cm aboveground per plant/g
B4R 32.3 24.3 2.31

fuig: ] 31.7 24.2 2.29

TR AR 32.9 24.8 2.33

=H 310 23.8 2.25
R7 AEMEX PbiTHtEENEE
R A

Table 7 The effect of several potassium fertilizers on

the growth of pakchoi

LR LRy Sl LSS B ERTE
Potassium Fresh weight of Leaf length Dry weight of
fertilizers aboveground per plant/g /cm aboveground per plant/g
B4R 26.5 20 2.17
fuig: ] 25.3 19.6 2.14
TR AR 26.2 20.7 2. 20
=H 24.7 18.4 2.10

2.3 ALBEXTF Cd.Pb {54+ 3 /N3 Cd.Pb MR iY
21|

2.3.1 AMEXTF Cd.Pb 5+ F/NEHZE Cd.Pb BRIk
HIEm MK 8 FTLIEH , IR R X R, B AR e Ab
S B EINT /N E SRR R S 8 B IE 4 5k
0.14.0. 29 mg/kg, Xf/INE SRR RN & 2R IHEH,
Sl A B 5 2 TR e A L 5 T TR 45 Ak M T R
FAHE T 0. 03 mg/kg, & RALAL B A /N SRR R &
BYEWRBELER., BN UURE N R, FBR AL
S BRI IN T /N SRR S R B IR 4 B Dk
0. 05 mg/kg.0. 10 mg/kg, X /Iy 4 S 1k P 4 1 & B iR 12
HEVEF , Ak 4 A B (5 3 T R e Ak L R S A B
FEXFFIREALFE T I 0. 03 mg/ kg, £ A AL E] /N 5 32
RHREEYENBEER,

2.3.2 BHEXFF Cd.Pb 54+ 3 F/hE3E Cd.Pb Mk
BRI R 9 FTRLE H, IBEER — 4 5t B8, i B IR

172

BAEMMTAAAFEABSE M ME N
2. 32 mg/keg; BB AL BRREAR T /N A SRR N 4% & & L BRI
B H0.91 mg/kg, HBEALALFEF/NERANB S ER
W EES, FRE, LIBERR — 4% X IR, i B IR 45 &b 38
BT /NESERN S & INE N 0.16 mg/ke; Bk
AEBRREAR T /N SRR 45 & &, PR AIK & R 0. 16 mg/kg.
BB EDNEAZERNESEERBEER. 45
T, A BEERES X /N SRR N4 A Bt R R
HRXH/NAFERNE S REMEER. X TFEE
b, A BEARALFEST F Cd.Pb 54 +3% F/NEH3E Cd.Pb
MR MSCE /N SRR N B 4 & B T T B T 4 & B 40
2 EF.

2.3.3 HAEXTF Cd.Pb 54 +3E F/hE3E Cd.Pb Mk
FIRZm MR 10 AT LA W, SALS AL B /N SRR 9 4R
BB T O ER A A BRI R A AL B, R A AL BRI /N
RN e REAL. DIBRBRER Xt IR, Ak 5 AL B 15 /1N
HERNMEEERINT 1. 38 mg/ke; SBREF A PR /N
RN BT 0.35 mg/kg, A ALALFER]/NE
FERNBETREDELR, WA, SN H K
PO & B i T R A BRI R Ach T, A R A AL FRL A
INEEIR NS SR ERAR. DIBERSR o3 iE, L4 b B
/N SRR A BN 0. 06 mg/ ke ASEREF /N 138
KNS REREIRT 0.37 mg/kg, A4 ACALEER] /N H3E
RASSEENBEEER. ERGLR TS RREM
Kb SRR A B, B L8 1R AR A X T
TREREEI R . IR E Xt I8, SR Ab T2 B AR 4 kb L,
TR AL BRI I T /N SRR R I & &, 3/ 3R 1K
AR B I BEAE A, STk 4 Ak B I8 3 K T I R 8 Ak
., DABEER T it BB, i) B RS AL PRI I T /N 3R 1A
NS R BB T /NEEERRRN SR, S8
[N EE LN A = S R (P =g PO RN = B TN
WEEEEMHER. ABEAEMmE Y5 B4
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K/NEEPREES TR, LRI BRS A,
DABRER ST A it AL AR AL BRI I T /N AR N R
B SRR A BRRAL T /N SR IR R A .
# 10 AEI$HEFT Cd.Pb 5+ /MBS
Cd.Pb TR 1 54 Mg

Table 10 The effect of several potassium fertilizers on
Cd and Pb of pakchoi

HRAERRE TR Sk TR
Potassium fertilizers K804 KCl KNO3
NAEH CdF R/ (mg » kg™1) 10. 58bB 11. 96aA 10. 23¢C
/NESEH Pb E i/ (mg « kg™ 1) 2. 72bA 2. 78aA 2.35cB
3 #Hik

TERRT5 e A B BR B AN SR AL B 238 T A 7 2%
e, HEALEEROE AR AT TR &M .. DREN
Xof B, SR AL B AL B AR e b B TR 5 Ak R M3 i T/
HSEAR N & 8 N /NE RN E & BA REE,
AR B E R TR AL TR . LIBEER — 8 o %f I,
1 BRER G AL B N T /N SR I R R R A T R A
T/hERENRA &R, SRR X/ H SRR RS
B HELE 5 BB /D B S N 8 o B A AR
HBFEAL PR B4R T S 3 EAE KRB/ DETRE &
B TRME, U R B S AL, DIGER 7 X i, &
PEEP AL BRI I T /N SR A 4R 7 B A R AR AL BRI T
UN=EINGLEr s

TEATTG 3 LA B BR AN SR AL B 23 T A 7 2K
e, HEALEEROE AR AT TR &M .. DREN
Xof B, AL SR AL B B PR B AL B, AR TR F5 AL BE K3 0 T /1
HSEAR AT & B XN E SR & B s e HEAE A,

AR B E R TR EE AL PR . LIWERR — 8 o %f I,
A BERREGAL BRI N T /N SR N A A BB AL PR IR
T/hESREASK SR, BB CABEMmE %R
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Effect of Fertilizers on the Activity of Cadmium,Lead and Pakchoi
Growth in the Black Thin-layer Soil

WANG Bing' ,MU Shu! ,QIN Zhi-jia® ,GAO Yun-hang® ,LOU Yuijie® ,LIU Shu-xia®
(1. College of Resources and Environmental Science, Jilin Agricultural University, Changchun, Jilin 1301183 2. Zumin Agriculture Stands in
Dongliao County of Jilin Province, Dongliao, Jilin 136615; 3. College of Animal Science and Technology , Jilin Agricultural University,
Changchun, Jilin 130118

Abstract: In the area of food security, heavy metal pollution has posed a severe threat of people’s health. The test
simulated the soil which contaminated by cadmium and lead through pot experiment to investigated the effects of different
kinds of fertilizers on the activity of cadmium,lead and pakchoi growth in the black thin-layer soil. The results showed
that:different treatments of fertilizers had different impact on the proportion of form of cadmium and lead in soil;
Different treatments of fertilizers had different effect on the shoot fresh weight,dry weight and leaf length of pakchoi. The
three indexes above showed a relatively high values when pakchoi was treated with calcium nitrate, potassium nitrate and
bone meal. But when pakchoi treated with ammonium chloride, superphosphate and potassium chloride,the values of three
indexes were relatively low;the absorption amounts of pakchoi to cadmium and lead were various by different treatments
of fertilizers.

Keywords : fertilizers ; cadmium; lead ; pakchoi ; black thin-layer soil
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