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B E EdERRIRREN 5 FEAIAR, 3R R RELE T RHTH. H B A
SRFESH ERRY. WERFEWR T LMD W EE AN, FERBELHE, =F
EREVSERFERKER, TRANEE B, EAYE 45N, X658, MBS S
BmEERR RN EELS.

XA KRR, MRS, METRES

XT LY A BNESARARERREC ARERE, HERRTARL
BRMMEH AR, M RAEERERAF T EREESE W AN TEEAREN
MRES KRR, AXETEN LR FBHATERT, K6 38 5 R RHE K 5.

1 MRETTE

1.1 ftk#as

KX T 1987—1992 SF AL AR AP K i ieH b3Sy, 1A F 0 8 8 IR F KRR,
e Tk, A 5 . KRUBEE B HUART A, BARLES R 5 A (1D ck (IR, FHEAE); (2)
N, (B R EAAE, AR Y 135kg / ha.a); G)M, (RREHHLIE, EEF N,); (4)MN, (FHLERCHE XK
LR, SRR N, AL RMLIERSEE); (MNP, (FHERAERBHLAE, BI7E M N 5 LR

{LEE P,O, 67.5kg / ha.a). HM/NEEBN 69m’, ZRER. BENRE, BHE VS BERES, HHLAL N
BERE. K AR R ARG LK 1.

F1 P D RAERAEEER

Table 1 Basic properties of the soils and fertilizers studied

m H PH(H:0) AHLIE (g/kg) 280 g/g) 248\ g/g) 28 g/g)
Item organic matter Total Zn Total Cu Total Mn

B+ 6.39 156 58.0 19.3 8433

b )tk ] 6.39 15.6 59.3 19.9 876.3

A HRE — 15.83 79.4 14.6 1078.1

B e — — 80.2 11.5 656.7

W/ B3 1996-03-26; BB B2 H #. 1997-03-12
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HEEXRSETPHN. S T4A20H. 6 H2H.7H 20 HFM9 A 20 HEUERFMEXREE, RIS
R EBBKREXKE 0—20cm $ 2, BNRR S KIREGH, RFEHEL 20 B ATARESTEST G
100 HEF, AT =R REAM. EXER 105 10 FRAM, BB Fkitd, XN THRE, ##d 20 H
it .
1.2 oA

T i H ERNESA M RARBRE AR BN S M EERBEY, M T —EBIE, A
LRMT.

/NF 100 B K F + 2.000g, i 1mol / L MgCl, (pH7.0), LWt 1:8, #k & 2 /M, B.L> 30 086, 15 ¥
Wb MR Eh 225 & A L ¥R B S B A 0.04mol / L NH,OH. HCI RARR VS H, W I 1015, 4 96 + 3T K
YRR 2 /NG BD 30 8, WRMBEEAYEES, R EAKMRE, H 30%H0, EAHILE, A4
0.02mol / L HNO,(pH2.0), £:H Lt 1115, 7E 85 + 2C /KM h %78 2 /NET /&, A 3.2mol / L NH OAc $& %
30 434h, BD 30 A4, BN ENESRESS H.E F R SREE EREESRME.

A NES. H. A DTPARER. 2BEA T K—AERNEE. HYAMR—FERHED. U
EEEES. B EYBRFRES L EME.

2 FR5ITR

2.1 ITWMPERSHE. 6. EXRTH

2.1.1 8  @mR2WAUESR, KRR ZLE, LR S588 8 B RBurg i, m
HEAEAUESENAERRBENE L. ST HPAISHEMLES ] IARETF
B4 B 6.9% FI 5.4%; T B A+ 3 55U 2> 8.7% 1 6.7%, 1 B 4< 9 B RO AL AE T

#2 FRALBIMERESESR (pe/)

Table 2 The forms and contents of Zn in soils of different treatments

bt ] s BRELSE GHALDEEE = REE ER
Treatment Exchangeable Carbonate bound Oxide bound Organic Residual Total
# #  uncovered
IR H 0.54 1.54 5.45 6.22 44.29 58.04
ck 0.68 1.45 444 6.13 42.85 55.54
N, 0.99 0.64 449 5.79 4290 54.89
M 0.45 2.01 6.59 6.69 44.68 60.42
MN 0.66 1.91 5.77 6.40 44.48 59.22
MNP, 0.77 1.67 5.80 6.33 44.56 59.13
W M plastic sheet covered

R 0.69 1.90 6.06 6.31 4429 59.25
ck ) 0.55 1.67 5.06 5.86 43.12 56.26
Ne 0.92 1.04 5.52 5.79 42.04 55.31
Ma 0.36 2.85 6.74 6.88 44.75 61.58
MiN 0.71 1.97 6.10 6.66 44.52 59.96

MNP 0.65 1.80 6.18 6.29 44.83 59.75
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N YIERUEE WL A P S W W R W Ca
TR, SRR 0 T LAY M R

KA SUE H S R SRS R TR, RASTAR SRS MM B
KRB A T 2 5 B K 1 2 55 L AL 45 45 A 0 3 KRR AT BT 20.9% A1 10.1%, 7T i
R TR R MEE T L8 Eh A, M5 M 2 B A S L.

AN —EHUIE KBRS (MN. MNP, &SRS BEAARKL, YR
BB 5 I BT R () SRR B AT,
2.1.2 8 @R AR, RHRSHS RS, RURH, KA TRFERSHARERES
HR SRR AR A RRREGRD ARG, XEBR S TRy RS
B 410K T3 A A A R, O T TR AL B 4 T A 0k T TR, R
T HE a4 R

3 TRALEIMEESEOSE(ug/g)

Table 3 The forms and contents of Cu in soils of different treatments

0% ] ZH#S BREZERS BREAYESS "aHE RES RE
Treatment Exchangeable  Carbonate bound Oxide bound Organic Residual Total
# H  uncovered
A3 Al — 0.45 2.06 3.55 13.27 19.33

ck — 0.44 1.80 3.52 12.81 18.57
N; — 0.43 1.71 321 12.70 18.05
M - 0.39 1.84 4.16 12.72 19.11
MIN, — 0.36 1.60 3.55 13.25 18.76
MNP — 0.53 2.07 3.36 13.11 19.07
BW M plastic sheet covered
AT - 041 2.14 377 13.57 19.89
'ck — 0.38 1.79 3.42 12.63 18.22
N - 0.47 [.86 3.54 12.52 18.39
M: — 0.39 1.68 3.90 13.17 19.14
MiN — 0.41 1.79 3.60 12.79 18.59
MNP, — 043 2.03 3.52 12.47 18.43

TEPRMELESESREE SEHERELSEBER L, FRRELHE N &E /LY
HZESWMEWAR, RES5AKETMH YA T, H MNP, LSBT, B4 ILF
WA, BB IE (U D 5.1%, B4 A AL AE L0 B8 A8 Ak B K, 4 b 0 B 8 4cb 7 4 34 96 BT 4 B0 06k
1 10.7% M 21.5%, HIFH TR . — AT A AN AN ESE ER IR, MERA N
JEEmM T LMANE, NI RBEREEMYEAESRSETHE _EdTAIRSFBE L
B Eh T M, & BULE S m b g A4k,

253 5 EEE, TRANES DG LA YURLLEA Frigin, 6 o A3 5 51
B0 13.3% 1 3.5%, WAERIEMR T LMANFE KRS, SBT AR B, A
WA I B & TR BRI,

2.1.3 & ME4Fn, REREMAEEIES LRXESESEEHEKR., £5
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FHEEER, PR EAELHE, H BB EMS S & K74 1, 8 1 A8 R AL
B4 B8 AN 13.8% 1 5.8%, T 56 A7 AL AL #R i A0 98 B AL B, AT ¥ 80 4 B HE K 58 i 2D
35.6% M 59.3%.

+R4 AELBINERTENSE (ug/g)

Table 4 The forms and contents of Mn in sotls of different treatments

P ] RS Mg ad BEEAYEES HLE HKED RE
Treatment Exchangeable Carbonate bound Oxide bound Organic Residual Total
B M uncovered
R BT 22.56 26.21 104.65 60.16 629.74 843.32

ck 12.05 23.46 109.50 59.54 624.76 82931
N: 25.56 20.19 123.99 64.75 597.04 831.65
M 14.54 27.62 110.51 67.60 656.72 876.99
MiN 12.07 29.80 104.79 68.54 638.72 853.33
MNP 16.85 25.07 100.88 63.97 620.54 827.31
W M plastic sheet covered
AR 22.49 21.22 106.98 62.00 657.65 876.34
ck 11.67 24.07 116.71 60.70 629.49 824.64
N: 23.79 23.66 112.76 60.10 633.61 853.92
M. 9.15 28.34 107.22 67.81 680.90 893.92
MiN| 17.33 27.34 108.44 69.52 663.10 885.73
MNP 11.89 2343 105.49 58.52 646.22 845.55

SHAAYEATEN RENRAREEEART. KX 4TUFL MNP LLHE
TR BEECRBBRIE, £ 5 FHM, TREMYESSEI ], FEREET
MNP EEYEA, YR BB % . A& R IE LB BAL WSS & S5 & & ik 5Ty
A BT an, b B e B3 A AT AL B im0 B B K, AR AN R 4 B 0 18.5% F 5.5%. T
BREAVIEEADESEE TR/, B 55 50380 5.6% M 0.2%., X&
B pH > 5.5 B AEYES FEEAWEMRE, EEXBEFRAMET pHR 7 0 &R,
BEEK KU AERFEER, EEEIFES BT RET R LY,

MRS SER 5 ¥ pHMEX R EFH Y], bEE pH (E 1 1K, pH (E 8 D i
B, BUSEBAREAAHE, ARLEZRERED, SHRREHEEIETEE
NSRS ERM AHEMAEEEMERINESE S EETE D, BRELEARERE.
2.2 e BH.EESSEDREXER

AR U AR R Y, AR 7 P W RS ERREBZRBXR, 4
RIES.

HESAHL EXEKRBRUBRSCHIE. & RRELES58 W S AREWMH
X, TR EREEERIE YRR EEMRKT. HPEADEESE R A0S
RS EREHRRKBHARAEOMEE., SASHEAERLEEASHEHXBRT
EFMXAKF, HHBRKRESHE. #50, Kb S S fH 5 EARRWA A, THREH.
BRERIELS A THEEERS RWAANAS, BESRIFEAT ERERRKE S REER.
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#5 LN A EEXESEKREBXRERSEIRAE (n=20)
Table § The relationships between the forms of Zn, Cu and Mn in soil and their absorption by
com and the stepwise regression equations
o B &S KREZES HKEEAVESE FHE RES #H BT # (<0.05)
item Exchangeable Carbonate bound Oxide bound Organic  Residual  Stepwise regression equation

S BRI U R
B -074" -0.65"" -0.54" —0.83""  -0.15  y=3226.52—552.51(OM—Zn)
r=0.83
mE -079"" -071"" -0.70"" -0.82""  -0.12  y=3736.42-637.43(OM—Zn)
r=0.82
0 R TR i B
B — -0.69"" -0.67" -0.51° -0.22  y=742.38—1138.25(0X—Cu)
+358.87(OM—Cu)
r=0.76
b 13 — -0.77"" -0.75"" —-0.58""  —0.10  y=678.99—1506.95(0X—Cu)
+578.5(0OM—Cu)
r=0.88
R R
#ith  -058"" -0.70"" -0.01 —-0.08 0.08 y=11116.57-200.77(Ex—Mn)
—341.88(CAB—Mn)
r=0.77
B -o061"" -0.77"" -0.06 —-0.02 0.03 y=12143.28—-209.58(Ex —Mn)
—342.38(CAB—Mn)
r=0.80

. e BRIETR S%. 1% BEKF.
Ex-Z#HAE, CAB-RRIEESS, OX-HEELYWEES, OM-BHE.

W.EZEIRAEXAL, REOmE T EXE HEEESNREAH, KitERE
. AEE 8 AN E eS8, XHEE, kRELE S TEREERREA A FE
Hor.

B8 % X W
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EFFECTS OF LONG-TERM FERTILIZATION AND PLASTIC
SHEET-COVERED CULTURE ON FORMS OF Zn, Cu
AND Mn IN SOIL AND THEIR AVAILABILITY

Cui De-jie Zhang Ji—hong
(Shandong Laiyang Agricultural College, 265200) (Shenyang Agricultural University, 110161)

Summary

A systematic study concerning the effects of persistent fertilization and plastic
sheet—covered culture on forms of Zn, Cu and Mn in a brown soil of Shenyang was
conducted. The results showned that the consumptions of various forms of Zn, Cu
and Mn increased after plastic sheet—covered culture. The forms of these three
elements varied greatly in different fertilization treatments. The major forms absorbed
by cormn from soil were ogranic Zn and Cu, oxide bound Cu, exchangeable Mn and
carbonate bound Mn.

Key words Long—term fertilization expenment, Plastic sheet—covered culture,
Forms of microelements



