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Abstract:  Objective  Greenhouse soil is a typical commercial upland soil in suburban areas of China. With heavy metals,
especially cadmium, accumulating year by year the greenhouse soil gradually loses its productivity, while degrading in ecological
environment and agricultural product quality. Application of organic manure is one of the main measures to improve soil fertility
and soil microbial activity in greenhouse agriculture, however, the manure often carries a certain amount of heavy metals.
Consequently, long-term application of organic manure will increase the input of heavy metals in soil. In order to rationalize
application organic manure for better soil properties and less heavy metal pollution in greenhouse soil, it is essential to study
effects of long-term application of organic manure on the contents of total and available cadmium (Cd) and physicochemical
properties of the greenhouse soil, as well as their correlations.  Method  Soil samples were collected from 0-10 cm, 10-20 cm
and 20-40 cm soil layers of greenhouses different in fertilization, that is, application organic manure at a conventional rate (M1),
application of organic manure at less than the conventional rate (M2), application of organic manure at less than the conventional
rate plus chemical fertilizer at a certain rate  (M3) and no fertilizer or manure (the control, CK), at the Zhuanghang Experimental
Station of the Shanghai Academy of Agricultural Science, China for analysis of soil physicochemical properties, total Cd and
available Cd, and further relationships between soil (total and available) Cd contents and physicochemical properties.  Result
As compared to the control, the greenhouse applied with organic manure significantly decreased the content of total Cd in the
surface (0-20 cm) soil layer, and the reduction was more significant with less manure application. However, the effect was not
observed in the subsurface (20-40 cm) soil layer, and how to apply organic manure did not have any effect either. The content of
available Cd in the surface soil layer was higher than that in the subsurface soil layer. Long-term application of organic manure
did increase the content of available Cd content in the surface soil layer, especially the 0-10 cm soil layer, where the content of
available Cd was significantly higher than that in the control. Compared with Treatment M1, Treatment M2 and Treatment M3
was significantly or 17.56% and 14.04% lower than Treatment M1, respectively, in available Cd content in the 0-10 cm soil layer.
Treatment M3 was significantly higher than CK in contents of soil organic matter, soil total nitrogen, and surface soil available
phosphorous, and than Treatment M1 in pH. Correlation analysis shows that the contents of organic matter and available
phosphorus were significantly and positively related to the contents of total and available Cd, and so was the content of total
nitrogen to the content of available Cd, however pH ultra-significantly and negatively related to the content of available Cd.

Conclusion All the above findings show that application of organic manure at a properly reduced rate, while applying
appropriate amount of chemical fertilizer, can further improve greenhouse soil properties, and reduce accumulation and
availability of Cd in the surface soil of the greenhouses.

Key words: Greenhouse soil; Long-term application of organic manure; Cadmium; Soil properties; Accumulation
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TER AR RBURE S T Cd IAEY A RE. AT,
A A HUIERS 58 5 J SBURIE 5 Jas 15 P2 i 14
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TE LIRS N A, BT A HILIEAS ) it I Ty =
ot + 4 Cd 4 MRS & AN, AR AN
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e PREBOAR™ Th h TU 25 AR SR e T T .

1 MRSITk

1.1 kst

PR 48 K00 5 T RV T R B X AT
T A Bl 22 B 25 A S50l B KM (30 °53 419
"N, 121°23 158 "E ), ftil £ 1, b abigE,
WIhh SRR Ol . pH 7.21, A ML 18.9 gkg .
4R 150 gkg'. AR 66.53 mgkg . AL
150 mg-kg!, 4 Cd 0.12 mgkg', AHE Cd
0.05 mgkg ',

HEICAERE . AR B0 it B A A HLAE e} by B3 5
WA R FIHEHE, R ek
PRE | IR L EZ AN, T LA BRI,
FCR AR LR 1,

F1 HIRAERERE SR

Table 1 Basic physical and chemical properties of tested fertilizers and manure

H L oK
ilak = pH Organic matter/ Water content/ N/ (gkg!') POs/ (gkg') KO/ (gkg') Cd/ (mgkg!)
(gkeg!) (gkg')
AHHUIEY 6.37 476.6 401.1 16 19.7 19.7 0.07
RE® / / / 460 / / A ®
TR / / / / / 520 0.04
24w / / / 150 150 150 0.27

./ FAREKMIESR, THE. Note: / indicates not tested. The same below. DOrganic manure, @Urea, @Potassium sulfate,

@Compound fertilizer, GNot detectable.

1.2 Rwigit

ARISTF 2013 4ETFGR, PR PEGELE,
A 40 FE X BRCAHEAE , CK ) A HLAEH & M1 ),
AR (M2) KA HLAE D Bt fe I (M3 ),
BRI E 3 WER, BA/MNEECY 22 m*, £
INXBEHLHES , 4540 P A4 ARG FH L3 2. Forp,
A HLAEFIERAEAE R SRR — A s B A AR 72%1E N
FENE, RT 28%E VU N2 RIHVE RIBIEIE A, ZAE/E
Sk 3B RE A VG TG A o I o H 5 By 3 A A FH

[ A AR ], 32 B b > AT L i S S5
JZ 3% (0~20 cm) F/NSTEREHLAE MR ST o 1050 1)
6 47, ARSI AR [R] 7 v A i T L
1.3 HFmRESTLE

7E 2018 4F 8 A 7 HARIEEWGR IS , RH “S”
RS TR G RAECRE LIRS, REEIREE ) 0~
10 cm, 10~20 cm, 20~40 cm =4+ 2, M
YIERARSEZ-Y)I5 , B AR S T T R XA 3 AR
WA, WS . i A H
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Table 2 Fertilizers (or manure) application rate relative to treatment/ (kg-hm )

AR B R B g4
Qb3 i PRZE
Organic manure/ Potassium sulfate/ Compound fertilizer/
Treatment No. Urea/ (N)
( N-P,05-K,0 ) (K,0) (N-P,05-K,0 )
Y i CK / / / /
A LI Ml 18 000 ( 288-355-355) / / /
A5 LA g A M2 14 000 ( 224-276-276) / / /
A5 B Tt A e M3 9000 ( 144-177-177) 150 (69) 182 (95) 527 (79-79-79 )

. S N A PR s AL AR S B S A AY #5404l . Note: The values in the brackets were the nutrient contents converted from the

total amount of organic manure or chemical fertilizer. (D No fertilizer, Organic manure application at a conventional rate, 3 Organic

manure application at a reduced rate, @ Organic manure application at a reduced rate supplemented with a certain rate of chemical fertilizer.

1.4 HWAZE

+ 48 pH R AT A bR AR R (Kt =
2.5:1), BREETHIE ; AR YLK E ZENE ; A
RBER 0.5 mol-L ' B FR S ANVA TR 4R, MBI
CEIE s HSEN R 1 mol- L' Bl AR B i iR 4R
KHECEE TR A 5 A LT R FH 2 TR B k-
SMInPGE A E, RS R od 2B RAE
K-E AR (GB/T 17141-1997) J&, XM
JRF WO EEIE ;. PIEARES Cd SRR
3= e 2R (DTPA) $RBUER R, Fk
AT T W o3 B i e 1)
1.5 HELIE

AR RN 3 WERE MV E « brifE £k
7Ro K SPSS 21.0 Al Microsoft Excel 2012 % 44z
SR MATEAT T, BEBUR /N E 2R (LSD)
T2 E R, 25 BEKEE A P<0.05.

2 5 R

2.1 BHBEFRE A A% T R AR

A

H12E 3 AT, A [R) it A Ak B0 ] 58 it £ 8 pH 52
BUAS ] iR B ) A4k, )2 138 (0~20 cm ) pH B
PRTFEREZ L, 5X (CK) Mk, it s
(M1, M2, M3) T33k2 (0~20 cm) pH ¥ 3%
FEAIK (P<0.05), KM 45>520 0.24~1.38 (0~10 cm)
1 0.05~0.76 (10~20 cm ), Firr, afify HLAL kb3
(M1 AT M2 i 45 B AE o P i f A Ak BBEC M3 ).

SUbAR, 1F20~40 cm W3R )Z, A YA 2 BHE
fEAEALEE T +3% pH Zim TXIE, HaiA HLE b
+3% pH WAL TFECHEALAEACEE, g nl W, A
BLAE 5 v R Bt 322 (0~20 em) MRfk, AL
JIES 9 £ P il A S 23 R AR - 3 R Z R AL AR B

AR, FEe 3 A, it A 22 S e it + e 77 43
S EA BEE ., SXFEAALL, A PUIEE Eak
FAHUIE R B A, HIEAHLR . &R
M ERE (0~10 em) A 500 5w ¥A KigT,
177 40 HLAE D i A P MR 4y LI O B R
55 BT L, 2 MR D A 2 9 Al L A
PRRZ A S R BERAR, (L LRIZ 5 (0~
10 cm) AHLTAH —E 3.

22 ANBARERAFAMNEHELEREEN

A1)

M 1 ATE S, A PLIE ARG 5 A
Wit £3E Cd R EIRFRIEENAEN, %25
(0~20 cm) Cd &EZHm TIRZ 15 (20~40
cm), TE 0~10cm 1J2, AHUEA Rt H 77 =ab 2
T cd &R, sig PR H 4 b
Cd 4 i % T4 AL FE 1A HUAE s e e i £k e
S 5 Cd 2R EAE, E2RESTA
fEE AR, B4 Cd FH& R B ERTXE,
£ 10~20 cm 1 20~40 cm + /2, A HLALA R i
A Ak B E] 41 Cd 2L % 22 5( P>0.05 ),
5% HE A Fbth [ RE TG B S ka4, el L
Wit £3Eh Cd EEFETRE, HHAHUIE 5
Cd i AT B BRI A .
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Table 3 Effects of organic manure on soil physicochemical properties

AL LA ARk A
b B
pH Organic matter/ Total nitrogen/ Available phosphorus/ Readily available
Treatment
(gkg™t) (gkg!) (mgkg™") potassium /( mg-kg™ )
0~10cm CK 8.21+0.01a 17.20+0.10¢ 1.2440.01b 43.56+0.01b 247.00+0.71a
M1 6.83+0.01d 21.10+0.11b 1.53+0.01a 47.61+0.01b 204.00+0.71b
M2 7.90+0.02¢ 17.30+0.11c 1.13£0.01c 32.42+0.01c 102.00+0.71d
M3 7.97+0.01b 23.50+0.14a 1.63+0.01a 53.88+0.07a 153.00+0.01c
10~20cm CK 8.14+0.01a 16.50+0.10c 1.15+0.01a 22.50+0.01b 216.00+0.71a
M1 7.38+0.01d 22.50+0.12a 1.16+0.01a 25.14+0.01a 78.00+0.71¢
M2 7.80+0.01¢ 15.70+0.11¢ 1.10+0.01b 15.01+0.07¢ 54.00+0.01d
M3 8.09+0.01b 20.10+0.10b 1.19+0.01a 15.42+0.01¢c 87.00+0.01b
20~40cm CK 8.47+0.01b 12.90+0.13b 0.83+0.01a 15.42+0.07a 296.00+0.71a
M1 8.07+0.01d 15.20+0.11a 0.88+0.01a 10.96+0.07b 65.00+0.01¢
M2 8.23+0.01c 12.20+0.12b 0.85+0.01a 6.10+0.07¢ 42.00+0.71¢
M3 8.63+0.01a 13.70+0.11a 0.95+0.01a 8.13+0.07¢ 103.00+0.71b

e FSVEAR S AR NE FRE RN R — 2 2R R AR 25 5 8 2 (P<0.05 ). Note: Different lower-case letters affixed to the data

in the same column show significant differences between treatments the same in soil layer (P <0.05) .

a
020 T a = 0~10 cm
~ 018} T s 10~20 cm
‘_%n 016l a8 ©20~40 cm
2014t M=
S 0.12f a
Sow g P
s 0 T b a
S 0.08F T
g 0.06 1
4 0.04f
=
O 0.02f =
0.00 = : :
CK M2 M3
AbFH Treatment

e AFFHEERRMEL)ZE AR AL B R 25 B E
(P<0.05), T,

differences between treatments the same in soil layer ( P<0.05) .

Note: Different letters indicate significant

The same below.

B AHUIEA R T 2 BT b s ik

Fig. 1 Variation of total cadmium content in the soil relative to

treatment
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B CAA RS 8 0 3 = T X IE( 28.81%~55.93% ),
A HLREE 7 R 22 5755 0~10 em [3R)Z 1 Cd
HYSEGEEZMEE (K 2), SAVUIEE S HHE
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(P<0.05), 43l A ML & EAL T % 17.56% i1
14.04%. 7£ 10~20 ecm FFRZ, AL (M1,
M2, M3) 14 Cd AAETERAMBILREXER
( P>0.05), 1 HAHLIEA A7t J7 X 8] 22 A 2
. SRIZLEMR, ML (M1, M2, M3) 11
WHEZE (20~40 cm) Cd AR & 5XF BAH L&
NG A (S S Wi T = S v 5 e L R i
b AR Cd FE S AU S o W2 25
5 (P>0.05), Bk b, Wi 1R Cd ARGEH
TR,
24 EETESEERS TIEBAMRMMEXE
& 4 0 FH, EAVE (M1, M2, M3) +
B pH 5 HIEARHES Cd & B FMARDE, 1
5 Cd 2 EIJo R EMACH, st HA UL+
1% pH REARAY R 238 i Cd 76 R it 5
+3% pH A, AL (M1, M2, M3) TiHE
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—ER Cd, A Cd 5HEEA . AL
B A HLTIAELEN B E ARG, b 5L
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~ 0.09
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LEER
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g
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J &»
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FRAsCd
Available CD/(mg-kg™
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AbFR Treatment

B2 AHUIEA A 7 AR B R 3 vp A7 S0 o
Ak
Fig. 2 Variation of available cadmium content in the soil relative to
treatment

x4 BHETEEAARLETRELIRESRE Cd 5 LIRBHERAEXNE

Table 4 Correlation analysis of total and available cadmium contents with soil physical and chemical properties

B AL o AL
fb g izt o) e
pH Organic Readily available
Treatment Index Total nitrogen Available phosphorus
matter potassium
44% Total Cd 0.558 —0.551 ~0.432 -0.386 -0.088
Ml
£ 35 Available Cd -0.994"" 0.995™ 0.962"" 0.957™ 0.922"
4= Total Cd -0.281 0.997" 0.570 0.938™ 0.979™
M2
5555 Available Cd -0.938" 0.660 0.956" 0.838" 0.748
44 Total Cd -0.754 0.967"" 0.9817" 0.958™ 0.924™
M3
A 555 Available Cd -0.992" 0.946™ 0.924 0.825" 0.554

e MRS B K (P<0.05); ** A ME A B %7K (P<0.01). Note: * is significant correlation ( P<0.05); ** is

extremely significant correlation ( P<0.01) .

3 3 ®
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W B AR 5l AN W A R, b B g R AR
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ROWEFR o S R RIESE N, %2 T3 pH il T
AP AL B, R WA B PL-TJCHLRC X 22 i 15
it R IR AL . SRy, AT R
NS BA —ERRCR
3.2 AHEKBEAMZELTESFESENZN
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AR , A HLICAE st e AN B T A Ty Y
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ST — 7, AU R R I S e AN ]
HAEFX PR ZAREE SRS EE W AR, 1#H
KARSEA N S A AL AT BE LA 2 I 4 JE A
F, RS A PR A R R B B K A B
. BB LIEN ), AISESEREER
WRE, AT HEESRNARE S E. B R
SRRk FEHR LU, HIEPAUESESR
i ) e 1 5 A WL RE A e T 2 R R fie AR
BEHOC, AANAE 6 ~HJE, Cd. Cu, Zn %
AREESBESEELRTRE LB REE
I R, A HLIETE S A B X SR 2 A
SEEER Cd BA M, NiMités T Cd Ay
AR, Ji—JrE, T3EA SRR 25 R a3l
AHLIEXS + R EA S E LR S a5 R A
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Wl TARREWRFs R0, it A WA PR S 1 45
HldE AN S Cd BoA WEIEAHE. YA
HEAAENLER, RERICLIE pH, MWinE 4R cd ]
e, WANFEIAY, pH XT3 Cd R
KR e, fE 3 Cd &AL Tl BRI
EZ Cd IG5y e b, kGt e Y R
FE ARG DA B F A R R R Y T R PRI g 4 R R
B, A PLRM C/N Fl43% pH X HHEAHLE Cd
Wb AR B B E T . PR, BT AL
HE AR b 2 1) 22 St S s O B3R R A TR A AL
BEREEMEE AR, REEEPX a8 7w
Cd 5 SRR 25 5 /A MLAEARL, & Bt A 264G ML
JEAHErh Cd ARG S RIS NG, Wit b
WA HUAE 133 Cd A3 %08 25 12 W 388 0 a8 oy 40O
WG A HLAE R AT BT IR K 20 43 25 57 25 52 i)
148 Cd TEME, Qi S FE RS IEA AR Cd TG PR
g TR BN BN 3 Cd TR R

4 & ik

et - Cd BEE R T HHERIZ(0~20 cm ),
KAWL A PUIL IS , Bt 1R )2 FIE R = Cd
SETYE R2BES, ERZ HEAME Cd §
AR ERN . A AL R TR AR )R LA
A Cd R, (Rt 2 e LA R0l . 3
BERMRZ 2RI &, A AU B ik
NEARACAT AR T3 RS Cd REFREE, [N w]
PeTt 3 pH, By AP, R A RS IR
oy MRHTRM, REEALR . 2R MAR
WSS R Cd ARES R R R IR
G, 13 pH 5 4 Cd A RS & 2 AR 3% U
Ko mIUL, A ML 20800t A AR AL, X ks i
Tt L SRR L FETE RIEAE R R Cd R
HAA H AR .

oo %) b R A TR A SRR AR
It JEAT 45 A K B 5h 3% 56 Rk K A Re kX Be 49 3% i+ &
R A B AR AR a6 KM ) A ks L IE AR SR ey R A
F TR B
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