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AL K & 4 RS IE AP ARE R TT A 398 RS0 & i SO S R4 & i, R ALIE e H ol B
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Effects of different fertilizers on Cd bioavailability and enzyme activity in soil

WANG Xiumei' AN Yi' QIN Li*™ HAN Jianhua® LIN Dasong' HUO Lili '

(1. Agro-Environmental Protection Institute , Ministry of Agriculture, Tianjin, 300191, China;

2. Tianjin Agri-Environmental Monitoring Station, Tianjin, 300036, China)

Abstract; Pot experiments were conducted to investigate the effects of organic fertilizers, bacterial
fertilizers, algae fertilizers, and biochars on the physicochemical properties of soil, Cd aviailability,
enzyme activities ‘and. Cd content in rape. The results showed that all the four soil amendments
decreased soil pH; but increased the contents of soil organic matter, available N, available P and
available/K. Also, they reduced the available Cd content in soil and rape. With addition of the
organic fertilizer, the available Cd content in soil and rape decreased by 25.5%—42.5% and
16.4%—27.5% , respectively. The catalase activity in soil increased significantly by the organic
fertilizer, biochar, and bacterial fertilizer, while decreased by the algae fertilizer. Organic fertilizer
is the most significant factor in increasing catalase activity, with an increase of 34.2%—73.3%.
Conversely, the organic fertilizer decreased phosphatase activity by 22.2%-—40.0%. However, the
addition of biochar and bacterial fertilizer had insignificant effect on phosphatase activity. Low-dose

(80 g-kg™') algae fertilizer decreased the phosphatase activity, but increased its activity at a high-
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dose (240 g-kg™" ). The application of organic fertilizer, bacteria fertilizer, and algae fertilizer
increased the activity of sucrase, whereas biochar reduced the activity of sucrase. The correlation
analyses between the soil physicochemical properties and the available Cd content of soil or enzyme
activities showed that the catalase activity and phosphatase activity were significantly correlated with

available N content in soil ( P<0.01).

Keywords :soil, Brassica chinensis, cadmium, enzyme activity, fertilizer.

Cd AN A FEA EE BTGP Z — FE I Cd 5RO RM HATFRE cd 755
(B b+ SR RRA 20 J7 2K, 7 BB T ALY S0% LA 112 AR 2014 4R 4 [ TS YR B A A )
AR E A Cd TS 9 SAALEBARAIER] 7% DA Lt T Cd ZERR G i ok 22 | 5 B I ) I e figp xfe oK
Cd X PREEFN AW ARA ORI . Cd ZE AP AR R 2 S BOR BUBEES O JUE | T IUE5 o 1 ) BE 85
H o P 2 R G B . Cd B A X FRTC R AR A R

Cd 75 -3 b i 16 T B T A 1 3 O AF AR S AP 3R AR 8 T e R IS O A W) A RS
4 pH A LT S R 3R A B AT DL B A OGS Cd S RS R IS B A R
FRAS T LARRAE PR, R e b Cd A A (E Rt [ I 2o 0F - e PR i ™ A R ). - Sl
VRO A+ SRR o i ) B B e, T I o S S e - SRR A B3/ AR T [ DL ARy 1 52 1 4
4 R VS Y 1T TR ] LI M E AR B E AR 22 B RO AR AR R Li S ) 43
HEAA UL, L3P i HLBT S S, 3 A0S Cd 19§ 5 FR IR Shang 5517 6 B ) 12 3¢
RS IR 52 ) S 5R 20 BRRE TR AR IR 2 O T, A + SR 23S Cd B 1 I Rr g ). =
SRS Y 1) P S IS TT DA R A A K AR SR T 3R L, e X T 4 TR 1 W A
T ALY RIG , 13 Cd BBR AT S BUS FRAIR, RIS S8 AR A4 S S AR BRI RS Cd ML
AR BT, CA KR IHOE T 8B R e B R s R e EARUR B S Z R
PRI BB R ACR IR EH D

AR S 1o 17 - 3 i AN [ 590 A LR | RTAE T AT AR IR S 4 MBS AERL IR R b
RS 1 HEPETR | A RS Cd i I (i AR U DR A RERE ) S S Cd R AR
Wi, X Cd 1554 H M S PRI e B B B i X

1 RS 7 ( Mateérials.and methods)

1.1 s

B HOR IR E Cd V5 A 8, AR 20 300, AR b S an e 1 frm 4t
B s AR BT (Brassica chinensis) , B KT RFHGEFT 20wl S A4 ) ik KT EHT)
PRAPE AN 2 BT A0 A DA AE 2 G Sy 6 T TR DT B IR TR R A, TR R 2 S R 2% 10°.
TESENE R 5 RBE S 5290 100 mg - kg™ AIFFE I G A 90 ¢ R B OKRAS FEAE 550—600 °C B4R 2514 T #4 i
6—38 h il &

R LHHEAMER
Table 1 The basic properties of soil

T4 pH AHLE RN N L P L K 4 cd

Soil pH Organic Total N/ Available N/ Available P/ Available K/ Total Cd/
op matter/ % (mg-kg™") (mg-kg™") (mg-kg™) (mg-kg™") (mg-kg™")
6.70 3.85 1.75x10° 229 2.02 84.7 2.08

1.2 SEEiRIt

K ZE SIS AE AR b B A HLIE (YIF) B3 (HZF) (AL (JF) Ak (SWT) ,
I HRRAR (1) & (2) B ARZK it AE T 80 g-kg ' /KM AT N 240 g-kg™' SEH A 9 AN Ak
AR CK YJFL YJF2 HZF1 HZF2 JF1 JF2 SWT1 SWT2 s BAMh i 3 AN E R, 3k 27 40
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Table 2 The physicochemical properties of the amendants

- AU 4 Cd
+ i@ pH Organic matter/ N P K Total Cd/
Soil pH 4 Total N/ % Total P/ % Total K/ % 5
(g-kg™) (mg-kg™)
FHUIE Organic fertilizer 7.61 348 1.770 0.140 3.69 0.208
AL Bacterial fertilizer 7.71 230 0.731 0.110 1.63 0.484
AT Algae fertilizer 7.40 359 0.920 0.160 2.23 0.281
AW Biochar 7.14 544 1.420 0.100 4.04 0.182

P XT3 2 mm G5 ARYE TR T K LA R T IR B 35T ARl 2.5 ke (098
B (EAE 23 em, 55 19 em) S 20 d J5 ELEE MR FHUE T2, fr b i s Tl B4R 4 oD
FI A8 R — SISl i e A G B oA s BI5E0K, DRFRe 3 55 /K AR H )RR ZK G 19 60% A2 47,
WA 50 d JRIGE.

1.3 HEAEYRE S b
1.3.1  HIEREY Cd &8 E

FEIMSRISOR G R A b A TS5 40dllad 20 H AT 100 H i, 1R 51 & . -4 pH B L& TK(+
K 1:2.5) 24, pH {H11 (PB-10, Sartorius ) il 2. HIEH AR Cd & & R DTPA it (L
1:2, J&% 2 h) VO RIS E I E (SOLAATMG, Thermo Fisher Scientific, USA).

FFCIR T S 3 T A SRk 3 43 e DA BRZE B TAE A L i AT, SRS R A B oK o
Ve, HIEAEW T FRTEE.LE 105 °CRF 10 min, SRIGTE 60 °C FHET 47T B il SRe ol i 45 1 I SE ke i
K HNO,-HCIO, 35 (AR A 3:1) 1 P e 6 6 FE T H A2 Cd & 2 (SOLAARM 6, Thermo
Fisher Scientific, USA).

1.3.2 SRS

48 5 AR S T I SR P v B R T R I o, L DA e T TS AR Y R PR A 1 = T
BN  WETR B DU 2 - SR FHBE R R 40 b (3 B R i A5 4 DL 2 h 100 g 138 PO mg 30387 5 i
BB PE RO AE R A 3, 5- NI KAGIRLL (kT 508 nm AbEE (5.

1.4 Sitoamr

I3 i OriginPro 9.0 A7 8ediEdnHir K il 1 K. F SPSS 20.0 #4780 & J5 22501 & Turkey £

A, A AN Ti) Ak L ) e R T P 0 22 5 W (P<0.05 ) SCEE TP LIVING PR R R 2 AR A R

2 R 51718 (Results and discussion)

2.1 A[rlAh BT g F AW ) 5

MR 3 7], 5 CK M EE it A BERE K SWT J5 +358 pH {HA AR R FEAR. 5 CK AL, A YIF
3% pH AL AR B3 M i A JF 3 pH (R T 0.19—0.23 A it A HZF +3% pH {5 TR T
0.46—0.76 AN (P<0.05) . 5 CK AH LG, K& A9 SWT X pH B2 B3 (HA s 7 & SWT i, +
1 pH T R# 0.38 DAL (P<0.05) A INALE K SWT J5 + 5847 LT & 5 A AR F2 BE A3 . 5 CK A L,
TIN SWT +HEAHLF & B E AN T 56%—188.5% (P<0.05) ; 78N YJF F1 JF %45 HLEE G i 5%
i) 5 AR7K P-4 HZEF 806 A7 AL A8 52 e AN S 27, 1717 1 7K F- 1) HZF R J 25 PR 3 -+ 58 WL & & (P<
0.05).5 CK ML i A YIF JF J HZF + 3R N & 50 B8N T 45.2%—83.4% ,14.5%—15.6% Fil
25.6% ; it A SWT Xf H IR N & %A W22, 5 CK A L, B YIF 1 HZF J5 |, B3k p &
HAPIEIN T 2.06—5.92 %5 H1 1.28—11.00 £5; ME 0 SWT A1 JF -850 P 20 3. 5 CK AL,
W YJF SWT 1l HZF = e (g s & K 2 P38 m, 43 038 i 17 0.70—6.67 1. 11—4.49 . 3.06 —
13.02 £ ; Jits ARFI I JF X - 4880850 K RE M 835, it A i 0 i JF 38R0 K 75 5 1.
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Table 3 The physical and chemical properties of soil under different treatment
Ab B + 4 pH LR iﬁk N .‘ﬂ;i p 'i% K

Treatment Soil pH Organic matter/%) Avallable_ 1N/ Avallable_ 1P/ Avallable_lK/

(mg-kg™) (mg-kg™) (mg-kg™)

CK 7.01+0.19a 3.75+0.88d 167.16+12.68e 3.72+1.35e 58.99+7.74¢
YJF1 7.00+0.06ab 4.39+1.34cd 242.76+16.61b 11.40+1.78¢ 100.34+8.48f
YJF2 6.99+0.14ab 4.97+0.84bcd 306.60+11.99a 25.74+2.43b 452.28+11.31b
JF1 6.82+0.10abc 4.08+1.0lcd 191.52+15.35¢d 3.77+£1.17e 60.25+6.87¢
JF2 6.78+0.10bc 4.28+1.03cd 193.20+14.69¢d 5.48+1.27e 90.72+8.72f
HZF1 6.55+0.11d 4.68+0.91cd 210.00+19.01¢ 8.48+1.29d 239.61+6.80d
HZF2 6.25+0.08e 6.59+0.91b 210.00+11.45¢ 44.64+2.48a 827.23+11.58a
SWTI 6.97+0.12ab 5.85+0.78bc 173.08+5.85de 3.84+0.78e 124.21+6.69¢
SWT2 6.63+0.11cd 10.8+1.33a 159.60+9.46e 5.72+0.84de 324.11+6.15¢

JtEA YIF JF HZF 3507 Dt 4 e e, 38 i e AR J7 B9 Rt i A A HIL AR R | 967 35 AR 4
AR A LT, AL TR A AL N PR AL K) B9 R AR AR B AR A MR R
750 mL-hm (Y IE AL, A PLIT B N AR P ORI EAL K 230 328 5 9.81% .21.36% ,39.35% FiI
30.48%. H19 Wjifi A B AE 2250 mL-hm ™, £F5 4550 4L 12.86% .15.90% 43.27% Fl 53.99% ; #i Y645
7E 3P PGPR B, H3ErR A HLR R K AR P 2 48 T 42.2% .40.2% 1 37.2%. 45 il
HZF 0] P 2 s (B 32 8 0 -+ A DL AR R VR A K 3 = o 2 TS R 9 s ) - 48 R it AL
HZF J5 T HEA AL & i 4 N AL K AL P AR 035 D, SAS IR e 45 SR — B A ML ki A +
B e R Y K AEDIR R W PE T, A VLR N P K I HLE S Y0 g TEHLES K
I3 FXMEE S WA DB AR /N F K B S AR WBORI T A BILIST 0% 43 % 5% e 1 358 pHL, A& HILJST 43 e i
W= AR A HLRREAS T £3E0) pH (H, (B2 S5 PLIR TP 4a 43 546, pH PR T

NI SWT ] LAscst: 38 o i, 38 = 645 MU B A S0 5% 00 & i, X S AT AR 45 R — 80 JE R R
SEVOVEE e A B ORFEFF R AL, A N AL P S K SR B AN 10.18% . 22.58% FI
18.54%. Taghizadehtoosi 55 ' fF 5245 Hh AR S5 A3 Jin + 396 v NHG R NO; (4 W BAF, DA T K s 348 o + 8 o
ARUN Fi SWT A B S A AN = 1) P OKAFH W35 55 A HUT, In A - 58] 1 2508 A 880 4y SO
HUBR A 2 2 T Ak A 0 1) 25 LR 65 P9 T 5 R ) L 3 T AL, T LA /N 396K 4335 i ok 38 |, 348 i+ e
WP AR B IRy AU B SIS SWT i 25 FR A% T 3 pH , X 5 b A O iF 5 & AR ap
RERY R R 7E T AR Y H AL S fd = A A LR >, S8 HE pH AR, BARLEE RS UE— 4558
2.2 AN[R) AR BEXT A 3R I S i R

AL 1 AL CK AR, 8 A A BRI - 3 R3S R i 3 e 2 ERR AL A YIF B3R Cd i
FEAIR T 25.5%—42.5% , = 4IK 50 i (0] 25 53 0 3 A8 i JF  HZF AT SWT A3 Cd i BRI T
32.0%—33.3% 24.8%—29.4% F1 24.2%—32.0% , = A5 12 (0] 22 55 A W 2 sk rh Cd & i 5 H AR
Cd AL AL SN YIF M 2R T Cd SRR T 16.4%—27.5% , AR5 7] 22 55
NN SWT JF A1 HZF SR bR Cd 3 2 SIS T 15.7%—20.4% .24.6%—25.4% Ff117.5%—
18.2% , /= I i 1) 22 S AN Jd 3

IR RS Cd S5ihEE Cd MM, H Pearson HH5E R A 0.972( P< 0.01) , FHICVE M &%
Rk 4 pR.

NI YJF HZF 5 3% BR3P 2 Cd KhsEMakk Cd &, X 507 A R oe 45 SR — 5800 X &
T AR A DU Ko A R AR LR T A, J2& Cd W B Y T 238, [R] et 2 358 R |
PH 25 722 e (1) B 22 T F 9% &30, it A G HILIE, 38 oK 28 S n] 2840 4% Cd & S FRAR T A HLAS A A
Cd FrE B BN 2.1 AN P RN JF XA TR A I ERAS A, LS 58 R &k Cd Al g
Cd By 3222 P - e b i o M A 2% & M AN DTTE Bt 9 B BB A FW DL e T IR A 42 )8
I AL SR D B e BB S el R 5 )+ 3 4 TR (W TR A FE A ; TR B 2B 0 e i AR AR ik A v =
A E LR B RS Xt - e 4 JE A AR RE R A4 A1
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030 F \: Cdsoil

Cd concentration/(mg-kg™!)

CK  YJF1 YJF2 JF1 JF2 HZF1 HZF2 SWT1 SWT2

1 A[RAE X - IEAREES Cd HRhSERRE Cd 152

Fig.1 Soil available Cd and Cd concentration in Brassica chinensis with different treatments

T4 HHAWE Cd 5z cd et

Table 4 Correlation analysis between the content of availabe Cd in soil and Cd in Brassica chinensis

AR Cd M Cd

Soil available Gd Brassica chinensis Cd
FTIFEAEA Cd Soil available Cd 1 0.972 *
2% Cd Brassica chinensis Cd 1

. wr 7E P<0.01 KFEAHE. Represented P<0.01.

NI SWT n] i 2 RIS 1A RS Cd BRI Cd, S5 IERHWELA. B A VEFIASTE], SWT FEIKA
RS Cd 3 B e W R . SWT 7 A AR A 4 ek T L, L3 v s 67 el A, LA AR o A BH S T3 e i
R 0 - e} T 4 i 75 A e b R B B | DT S M REE = 88 v )3 B e Ak Beesley 517 & B SWT Jiti A
3N, B Cd B BEFEART 300 4%, LL A, SWT 38 1 L i 2 i fic & W B AN AL TE/E i &2
M) B 4 J 76 P RS M. Lu 45 B 50 3RIA A= W R W - R S F 1) LR AR TR T 5 AR e
SUERBIAI R AL R & A 2 11 W IR LA S AL 0 I 2 T AR S TTVE M) N2 B AR5 Rt A 2B W e 1 4
pH A B B FRE(2.1 T35 ARFREARXT 32/ MR 0.4, % 54 SR SR A K.

2.3 AS[RIALFE N - SR A 5 i

E 2 aTAHL, 5 K ML, B YIF JF SWT &, o & A0 S0 06 P43 3 3 n T 34.29%—73.3% .
10.5%—12.4% .3.2%—15.1% ; i KSR () HZF X6 o 4804k 0B 06 PE G B 35 Ve ), s R Y HZF 2
TR B AL RS, T R AL SIS ML AR T 11.8%. 5 CK AH L, BN YIF J5 , B 2 e 1% B AT
22.2%—40.0% ; i AR 5t 19 HZF , B R BE PEREAIR T 13.7% , it A w55 70 5 (%) HZF , Wl R it i M3 1
10.2% ; Jti A SWT 1 JF o B R Fif 36 M O S 25 MR . 5 CK M EE , BRI 700 YOF R JF 1 el
TEPERRIGIN T 22.6% ,Jiti A HZF 3 REMEREIG PRGN T 22.7%—24.8% ; Jits AR 19 SWT 358 A il
A S 2 AR, T e AR Y SWIT ok - S8 e W R M S i R (3

Jiti FH 45 RO st S Ak S BTG AR A B T 25 0 W 9 & BRSNS 2% 28 X938 n b Ak
SR AE T BT BT | R 0 REAE LA S R B S R O 1.39%—31.15% . 1 Rt
2120 iy - it A G HILAE 235 5 2 It A A AILAE 1% 398 v s S Ak U P I v T R AL 2R 4 R
W5 R B JF Tt e b el U s 1 2 3 e T X R P<0.05) R[] JF s 2 35 i 139.769%—80.12%.
{FL I S A S A e 5 I T e ) B T 2R /. - 4 i AR A RS R AL
Bt A=y A O i 2.1 /NS R A AL S b HZE A9 AR, {2 HZF A9t A REAR T
i AL S AR AT RE S A HZF B ARG T A B i 16 .
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sr [ 4L 4086 Catalase
I a I ;4R Phosphatase
aor = W EEREER Sucrase
351
=1 b
1)
é 30 o . a .
s |
=25 L eab be bed e debe b
g f]
2 20 d
=) L
IS e
215+
L
g 10
L b 2 a a a
5k be be o c
0 L

CK  YJFI  YJF2 JFIl JF2 HZF1 HZF2 SWTI1 SWT2

B2 [ Ak BT - S I P ) 5

Fig.2 Soil enzyme activities with different treatments

I E AL AR SWT A INA S8 MG, SO= T3 SWT 390 7 36490 . 3 SWT fg
P A HUT (CInEE Y 2.1) Ay A AL A & ) A AT R e A R A K SWT A R
4 LA T AR RN FLBR 437 0 A a0 4 1 A SR AR (9 T B, Bl - 36 SR K BE T , 5 B30 3 (728 TRtk 1
P R %k R B A B T AN, SWT Xk o BERGRAG R i U A o &2 4%, — 7 ifi
SWT W B s W JEC# , A B T B A2 s g Ao 1A 7 i 4t v = SR TG 1k | o0 — D T A= 0 e W B T 41, DR P A
SR S5V A T BEL L R S 0 A A 7
2.4 MY

HEE 5 AL AL N 5 IR IR i 52 10 35 R4 OQ(P<0.01) , 55 T 3 i A1k Al 5 10 3 B AH OC
(P<0.01).3 P 6 PE S pH A ML A P Rl AL K A G R AR B3 A Cd &S +
8 pH AL HARL N EAL P J8 K BAGA S| B E A0 .

RS AFZEIARENE T

Table 5 The correlation analysis between the different parameters

IR IR FUE-Riday T B

Soil-available Cd Phosphatase Catalase Sucrase

14 pH Soil pH 0.214 -0.530 0.543 -0.422
HHLIT Organic matter -0.275 0.195 -0.080 -0.227
AL N Available N -0.533 0.798 ** -0.806 ** 0.429
S P Available P -0.334 0.063 0.086 0.542
AL K Available K -0.368 0.155 -0.016 0.493
FIHEH R Soil bioavailable Cd 1 0.492 -0.527 -0.134

KARWFFT R R AR Cd S @ % 5 1 pH A HLE & 0 2 W3 R OG T , SR 5T
ZERAAT AT RERY S A 148 pH A LT 2 18] 2 [mIVE HIRA 20 Cd 7 A 52 e AR X R AT 4k v [l )3 43
Br, AR R U] 3 L RIVE DA RGS Cd B9S2 AR 3 0 2. IR A RS Cd & &= A AR i 32
HHER Cd B pH AL AL RIVE . A 0T U 1 T 27 31 498 pH AL A N SRR P S AL
K AGEEIR AR Uil I 15 21 0 45 SR e ad STk S0 A0 76 M U5 sk NG DA T RE ARG R R R L
AR 22 1006 3 S A B T %) e T A P 0 A b [ 0 40, SR 28 48 08 A 5 A5 3 0 4
AU T PR 32 2 AL N pH A LS g 3L [E s m, o H 5 Rl RR Y, = —84.872+0.106 H AL
N+12.583 pH+0.735 AL (¥, Frmad FAL SR TG, R? =0.97 ) B R I ) 1% 14 52 2] + 3¢ pH AP,
RN HAL P RGERAI K BRI A 5T BB R S T U A N M A A 25 5 LR R ] e R
B ILA R e [ ol o ol 110 305 e 7 A S ) 2Pk TR U5 B 25 SR 36 I, 8 A R N sk P RN ML 7
e L[]0 A A e A S T A s e L T R Y, = 40.94-0.094 3L N+0.179 AL P-0.441
L (Y, Fnid E L S IE P, R*=0.993) .



1 TR 08 L A 1 5 AN AL X - SEAT A0 M S A 4 5 73

3 %5 ( Conclusion)

(1) 4 BB RERLE AT AN [ R B2 i FATG 39 pH, 350+ HEA LT AL N GHAL PMLEERL K Y7 .

(2)4 FMEE R FFEAR T LA RS Cd &8 SAmSERpRons Cd il , b A ML XS -3 A
RS Cd Klisk Cd 2 i Y FEARABOR B il 35 SRR Cd WS HIEARES Cd & B A B 35 AR C G
#(P<0.01).

(3) A HUAL A8 5 R AL AR, 429 ] 8 5 494 - 98w i S fhe Ui 1) 355 1P 9o A 1t AL D) e
BT 5 S A S A T 1 AR T 5 A1 A AL e A P9 8 T v e, A= 0 o e S R 38 I o HE 2 i A
R ATHUAE | T AT 5 I T 18 A S8 e RO T P 355 2, T A4 0 e A A DU R AR 1 TR Tl 6 1. R 33 v id
SE ATl RO RR TG 1 55 sk N 51 52 PR O (P<0.01)
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