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Effects of Fertilization on Soil Available Heavy Metal Content and Biological Effects in Greenhouse
ZHAO Ming, CAI Kui, WANG Wen — jiao, ZHAO Zheng — yu, CHEN Jian — mei

( Academy of Agricultural Sciences, Qingdao 266100, China)

Abstract; Greenhouse cultivation experiment was conducted to study the effects of application of organic fertilizer, organic and
inorganic fertilizers and inorganic fertilizer on available heavy metal content in Greenhouse Soil as well as the impact on heavy
metal content in cucumber. The results showed that fertilization increase the yield of cucumber, which increased with the in-
creasing application of inorganic fertilizer. Application of organic fertilizer reduce soil available Pb content, increase the Cd
content but it had no significant infuluence on Cu, Zn and Cr. Organic and inorganic fertilizers application can increase the soil
available Cu, Cd and Cr while it reduce Pb content and had little effect on Zn. Inorganic fertilizer application can increase the
content of soil available Cu and Cr, but it was not significant to Zn, Pb and Cd content. The changes of Cu and Zn content in
cucumber are basically the same with different fertilizer treatments. And it was increased with the increasing of inorganic fertil-
izer. Cucumber Pb, Cd and Cr content by fertilization gradually decreased with the increase of inorganic fertilizer. Appropriate
application of fertilizers had little effects on soil available heavy metal and it wont cause heavy metal contamination to cucum-
ber.
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B PR, SRR ] (S NIE S T RS P+ 3 3
SHEERAEE, AR E 4 BRI E £
i, BRI A A S BRSSOl il Fr sk & R
MR PRI BOR o ARSI A3 M B IR 3 13, BF 5T
TAHUE A HUICHUIE B HE R TCHUIE A R HE 4k B3
KL BARMEESBURFEMESBR S EIEN,
DA gt S b A K BHL A + T & IR 15 e Al
SR i SRR BEEIB AR AR

1 #RE57FE

L1 544

BT 2008 ERKFAETE & T AR Bem Sl 3 K
PRCHINS 8 a) rhEAy , SRR 3 BT AR , AR
PALMER : 043 1.03 g - kg™, pH {H 6.0, FHLIT 14.5
g kg, &N1.13 g kg ' BRMN162 mg » kg™, 3
% P 106 mg - kg™, K 165 mg - kg ™', HLAAHL
s E o m RSB E (2 N 1.22% , 42
P,0,3.25% ,4 K,0 1. 11%) , TH I N R ZE (N
46% ) WEMR —£%(N 15% \P,05 45% ) FIERIR 4 (K,0
50%) . BT+ EREBHEEBIIRSELE 1,
B N A R E B TTRR B A & M fh 85F12(F, ) .

F1 #HRIEREMNESETESE (mg - kg™')

Table 1  Heavy metal content in test soil and fertilizer(mg « kg™ )

K % Cu % 7n 4P £C £C
+ 15 40.8 69.5 28.6 0.081 111.9
A HE AT 56.1 199 12.5  0.485  12.20
RE 0.474 0.692 4.65 0.192 0.991
R 32.2 70.4 5.40 0.212 11.37
R 2.74 1.63 6.51 0. 066 3.479

1.2 R FH %

R FAEURERM /N KRR e 7 3, Fh e 7 AR
B (1) TAEX (CK) 5(2)100% FHHLAE; (3)80% A Hl
AE + NPK JEHLAE ; (4)60% A HLAE + NPK JEHLAE; (5)
40% A HLAE + NPK JGHLAE ; (6)20% A HLAL + NPK 5
PLAE; (7)100% NPK JCHLAE . Hof, AHLAEA NPK 37
SrEVA PLIE 2 NPK & &85, A HUEFITCHLAL NPK
Feor YA TR B, LA AR 300 kg + hm ™’
bR A HLIE , et A B AE 0 BR e B9 A HLIE
NPK F#40 )5 , A R I PLIE#h5F N K & &0 P
EEE 50% (HHXAHLIE 23S B85, fff NPK jEAL
FLG S 1A, DR I o AL B AE BT Rt E s ) o A% Ak 2 it IR
HRFE2, RE/NXEM 7.2 o, SAHEL 3 K.

IRIERFT B CE AR — FI/E R — WA A 5
NX, SIS #FE LR S, BEMMRITEE
33 cm x60 cm, EAEENZ 39 000 Bk hm >, 9 A1 H
HAMEE,9 A 13 HEM, 11 A 17 BRI KR, 24
B 78 d, £ 4h 3 H A BT A
1.3 BUEERNEF &

BB IR G IS R RS
FEHRMEMNEREEBILR SR, BIRKS R
JEREHZE (0 ~ 20 cm) B4, WRE T A RS
Cu.Zn.Pb.Cd.Cr &5,

TIEMER 22 E AR S &R A HNO, - HCIO,
- HF JE#% . 8N E & )8 & 8 % H] HNO, - HCIO, ¥
) A S B 4R & R 0. 005 mol + L7
DTPA + 0. 01 mol - L™'CaCl, + 0. 1 mol - L™'TEA
(pH7.3)B#[m (1) VHREGH) =1+ 2, %G
BN TE] g 120 min ] 101 BB 4P R O ML 3 M S
Pb.Cd.Cr( AA600 A, PerkinElmer /2 &]) , KGR T
a2 Cu. Zn ( AA400 AU, PerkinElmer 23 7)) o H
b7 5 R B MM TR AR M AR
IMAFRER I AR HEAE i ESS -2 FIARUEAE M HE & ESP
-1 PHELAi AT b B A o
1.4 HIELES5 S

IR SPSS17. 0 SR HEAT A IR 2 07 22404
I LSD L8 ik, K ge A R ab 2 ) 22 F A2 BE , #4740
KEBIERGE T o

£2 BUNEHIEEHESR/NXEKEES
Table 2 The cucumber fertilization test of organic

and inorganic fertilizers

s HHUEL  FHYUIEATE kg - hm ™ AL kg - hm "2
BINE/ % EIEHEAE(N: P,05:K,0) N PR0; K0
1(CK) - - 0O 0 0
2 100 24 590(300:799:273) 0 0 0
3 80 19 672(240: 639:218) 60 80 55
4 60 14 754(180:479:164) 120 160 109
5 40 9 836(120:320:109) 180 240 164
6 20 4 918(60:160: 55) 240 320 218
7 0 0 300 400 273
2 HRESW

2.1 pERBXH K HA 35 K 7= B B =2
122 3wl 4, it AR AT 38 v KM B = e o,
T T PLIE Ab B B BN 7= B & &, b CK =
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36.0% , tLA HLAEALBEIE = 19. 5% , A ML ICHLIEED
T O P 3G 72 14. 3% , A HLEHLAB AT At 4k 38 il
ToHUBE 2R & =2 LT iR, 7
AR BER B KA 1 B8 b R AE B, & B A NPK G
PUIET] DLBE B8 & (W 4RI 38 A K B i 37 43, R
9] e =4 UE T =

F3 MRS KRR =R

Table 3 Effects of fertilization on the yield
of greenhouse cucumber
e A7 B ks - him 7=/ %

1 16 155 +488¢ -

2 18 375 =1 118be 13.7
3 18 585 £497be 15.0
4 19 140 =1 820abc 18.5
5 19 510 =1 966ab 20.8
6 19 620 =1 948ab 21.4
7 21 965 +2 004a 36.0

ERAIA NG F /RN 2 RE 5% BEKFE(P <
0.05), T

2.2 EM AT ERRSESESENRM
TEAMEE SRS E—BOR A gL AT
R RS S S G R B L
RESESEFR " . AR R A DTPA BN
ETEABSHER TR GRRW(K) S0
ARG Cu RV 2R, BRRIA i
MAPUEFRA PUL B E T HLAC AL B (A3 2 = 4)

TGS Co SRR, 5 CKEBERARE A
PLICHLAL BC At AL B o , A Bl HLIE B it 42 ek 2> v 5
RS F A T HLAE AL B A RES Cu &
B, Ho CKORTA FA A HLAE AL 28 + A 343 Cu & &
SyPBEHNT 72.0% F160.6% ., +IEARE In &
DL CK Al , 5 F A HLAE A HLICALAE e it A JoHLAE
ARBRER) S B RN, HASAb B E 22 N B 3, Ui ]
S IR it A Ak B %o - S8 A Zn 5 B R WA AE AR
Mo

MR 4 i07F W, A FLIE KA AL ICHUAE Bt AT
FRAR LEARES Pb &5, AHLTCHLAEACHEAL 2 b,
WEJCHLAE MEfti B 38 0 + A 30S P S BB S,
HISET CK,RUE B AL A 242 w5 1A RES Pb
&8, T A DAL S HLICAL AL It b T PR L 5
AR Ph B A JEHLAE AL B + A RS
Cd S8 Y CK FEEFRMMA, B35 8K EHA N
HEAR B T80 20 Cd S BB, b CK MITLHLE
ARBEFRT T 18. 6% s A HLEHLILECHEAL B, /A AL
HE BL e B2 Ak BT 0 25 30+ A s Cd 5 & (4b 3t
3ES), RUMAA VLA LB 2 S8 L
PARES Cd SEAERE . RIS G SR CK
G FH A HLAE b R AG 2 BBIR, JEALAE A MG HLAE
ForE At PR & B, AR S B ER A BE; L
PUILAIA DAL ECHE + 884 20 Cr M F S /L
CKAAMMTAHE &R T 19. 1% F
29.3% ,

®4 HEFNAMIBEERSELESSHNIA(mg - kg™')

Table 4  Effects of fertilization on available heavy metal content in greenhouse soil (mg - kg™")

Kb Cu Zn Pb Cd Cr
1 9.12 +0.12d 10.85 £0.48a 1.59 £0.03a 0.043 +£0.002¢ 0.178 +0.020c¢
2 9.77 +0.20d 11.12 +0.40a 1.46 +0.06¢ 0.051 +0. 006ab 0.164 +0.014¢
3 9.17 £0.48d 11.28 +1.28a 1.24 £0.02d 0.056 £0.005a 0.188 +0.016ab
4 8.87 +0.21d 11.78 £0.92a 1.44 +0.06¢ 0.052 +0. 003ab 0.212 +0.001ab
5 11.47 +1.02¢ 11.84 +0.90a 1.49 +0.02bc 0.052 +0. 004ab 0.216 +0. 006ab
6 13.32 £0.58b 11.23 £1.12a 1.56 +0.06ab 0.047 £0.004be 0.228 +0.008a
7 15.69 +1.05a 11.37 £0.76a 1.57 £0.0la 0.043 £0.001¢ 0.214 +0.021ab

2.3 BB AKHENEEETESENRN
AREEAHNENESBSRILE S, 4R
K A FHEACAL B BT A Cu F Zn 58 A2 AL
FEAMF , CK 55 A PG AL 2R i 55 B A, B
EREFANLE; AHLLHLAL BT AL P 2K Cu 0

Zn &5 BETCALIE B i 5 09 35 I i $E m , AH SR I
BB E K- (r=0.954""Fl r=0.962"" ) ; jifi FH}
ToHUEAL R K Cu A Zn S B, b CK 245
E T 30.0% 1 24. 1% , Lejit A HLIE AL B 2 51
2T 28.3% F124.8% , {PHHE A HLIEAR &5} 8
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JK Cu FI Zn & 87 A5 BB I 52 0 , 1 e A TCALIE A sy
ToHLIEBL G A P FT 25 5 m B K Cu FI Zn &,
AN [Vt AE Ak 38 25 I rf Ph . Cd N Cr & & AR LR
BAERI(R 5) , Hoa = W IO AR e e 2 F 34 Jon i fe
Rpyas, &0 Eak B A (r= -0.877"
r=-0.986""Fr=-0.847" ), WA PLAEAL Y
BN Pb SR EE R THMMEALE, b CK AL
ToHLAE Bt AL B OF- 3 & B A TTHLIE AL 3L 3K Pb
SEANEAT 19.0% .54. 8% F1309. 2% , {H K[
AL THUICEC AL BN 5 22 5 A B3 ; TTHUIE AL B
FIE R Ph & & &, t CK /) Pb & &FEIRT 3.4 £5,
AFIFEAB AL B BN Cd S RHWEMAK, 5 CK
B Cd S RERYABE BA VALK EK ] Cd
AN, b CK A YLICHLAR FCHE 4 2 /35 &
BFITCHLIR AL R4 B T 10. 0% 6.9% F117.0% ;
ToHLIEAL R 3K Cd & 2Rl AR AL 2 K
Cr & EMLT CK, A VB CK % 2 (K
T 17.2% ,Jits FTCHLUIEARFE Ly CK e F A AILAE &b 2
RNELT 60.0% F1 51. 6% ; A HLICHLIE B e 4k 2
i JCHLAR BCFE B 34 0, 35 )h Cr & & A B RRAIK,
IRBIR B ERAERK(r=-0.968""),

24 XENEGERES T REEUTSECERE
HIAE K15 AR

MAMERE L EARESES B S ENELR
R4 R M, 3K Cu F1 Cd F 2B+ AR Cu F
Cd & B P2 = M3, AR 43 Atk B3 (r =
0.932" " )MBE(r=0.774" ) IEAHFKFE; IR Cr
TR TEARES G EENER EEEAMERK(r=
-0.909" ") ; ¥R Zn F1 Pb 5 A A Zn A1 Pb
PSR B ZE (r=0.283 flr= -0.182),

G RE WL, A AN T 4 TR T 3 Il
SRR EIUF H: Zn (1. 82 mg - kg™') > Cu(0.693
mg-kg™') >Cr(59.9 ug - kg™') >Pb(8.57 pg -
kg ') >Cd(1.73 pg - kg™') o BALEE NN HIFA
MSESBWTIHEERB(EERY =8/NESRE
SR/ TFEANEHESEESE) {FF H:Cr(0.300) >
Zn (0. 161) > Cu (0. 063) > Cd (0. 035) > Pb
(0.006) , #&ALFENEEE FEHRTERNEN
TAERFREHPESBREREE R B
W16 2t A ALIE TCHLIR S AL TG HLIE BE e X K
TIEAYSES BT B WEERR /DN, A EK
FEESRIEY,

x5 HEMAMERESESENRIE

Table 5  Effects of fertilization on heavy metal content in greenhouse cucumber

Cu Zn Pb cd Cr
iy
/mg - kg™ /ug kg™
1 0.627 £0.015¢ 1.70 £0.11c 10.80 £0.18b 1.69 £0. 06a 106.7 £3.9a
2 0. 635 +0.006¢ 1.69 0. 13¢ 12.85 £0. 64a 1.86 0. 09a 88.3 +7.6b
3 0. 660 +0.017bc 1.74 £0. 14be 8.68 +0.76¢c 1.82 £0.10a 68.7 +6.4c
4 0. 682 +0. 042bc 1.77 £0.12be 8.34 £0.53¢ 1.76 £0.11a 57.7 £2.6d
5 0.704 +0.032bc 1.87 £0.12be 8.07 £0.54¢ 1.71 £0.12a 43.5 4. 2¢
6 0.731 +0.044b 1.93 £0. 08ab 8.09 +0.36¢ 1.69 £0.21a 12.0 £3.4f
7 0.815 +0.081a 2.11£0.08a 3.14 £0.26d 1.59 £0. 16a 42.7 £5.1e
FR R <10 mg - kg~? <20 mg - kg ™! <0.2 mg + kg™! <0.05mg - kg ! <0.5 mg + kg™!
3N R Cu PR/ T TCHLIE, i A JCHLAE A0 B (1 + 338

AR Cu & B ; LR LA HES Zn f Cd 1Y

(AR R T, AFFEAR A B MR i) A PUIC S LU B i AT LAREIE £

T BE O ALAL e it 8 FO 4R =5 T 3% . NPK JE ML AE BT it
REAS (S M B AR5 B0 7= 1, EL CK A HLAE AR
T4 I 0 36. 0% F1 19. 5% , LA HLICHLAE BL it 4b
BN 14.3% o

(2) i A PUIESCA HLICHUIE AL X M + 8 A

A RS Ph, i TTHLIE A HLIEPLUIE B HE 7T 32 7
TAERES G G, XTHEGRLEARSHS
Ja S B PR BRI R R, T B 5 A HLAE A TE LA 5
ALBEH S Z RE—ZR I ALE AW R,
LR ESE RS RAELAA, FRERBARS
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(3) AFMEAE AL #E 2 R Cu B Zn S EAA
PURREEAR AR (7], 5 B B 0 AHUAE S e 2 #3843
15, A PR IR B AR 2 K o AN () At AE A 2 25 R o
Pb Cd I Cr 5 &AL A AR L, Ho B oA BT AL
I Tt Bk PO 8 10 T 3R A P A e, AR S P A 8 I 2 Al
BEKY-. AFMECAZEEK Cu Fl Cd & &5 45
A RAS Cu F Cd F R A B —Z BRI B EM
BEVEIEMSSME/K Cr SRS HEAMS G-
AR A AL S, IR B AR 2 3 A 565 B Zn 0 Pb
SRE AR Zn 1 Ph SEMMHEEARE.
X5 A AR LR v B8 5 AR By 7 B3 A
RAEAAE R FREAE M L P E &R
BT EARERERIIES, D RE SR EYA K
PEREAR , T8 T AR M3 EL A oA 562, R i
A FIENEAL BRT i SE WA R B 2 SR AP TR 22 5 1
WAREL T Bt R E GBI R E At

(4) BN EGR S BIRTEEN
RE TN F B SEE R b P &R IR EARE, U] & 2
TEHA HUIE AL BA FLICAHUAL B X R + A
MEES)R SR EIERBUN, Aaxt s =Lk
BRI
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