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[F) W] K 4 R AR T R AE R B S A 5
R 7 % 2 ( Acid-soluble-fraction ) | ] if J& 2 ( Reduci-
ble-fraction) | 1] %8 1k 7 ( Oxidizable-fraction ) %% &
2 (Residual-fraction) , H A1, 55 R %5 i 25 40 75 K IR
B BT RMEMKRILLESESS, TR R FEL
S EREA S G o F T AL SN 85 H
LAV E S A K,

S A R TR R R T BRI P R R
P R R H W AR LT E T a S
FHTZ B KT . AEAH K BB 5E h R B % 2R R 1 o
pH %2R, A A A ol oo R i A R
WF 45 3 [F) I B, 3 980 098 o ) 4 X | 5
& Jm AR5 D 4 4 (1984—2003 4F) A L E
I 60% LA -, A1 W1 K SRRV B R B S AK
FE P R B B b B 5 I A 250 56 ol K 3 e L
WM, RS T 20 A [ 7 AL 75 2% 4
TR T R AR ST N O S A AT O
Wi o WFSEH B EEA (1) #78 fch oo % 7 i AU 3
Bl LA AES RGP R B (2) LKEA
[7i) e I 7 = %oF 4 3 o i o0 3R AR WA AP 1 52 e AL
il s (3) IRV T T R A b g &AL &
HAFAL LA

1 BB ik

1.1 X8t R

P B E T R B R AR A
I, (R4 1140247 6 4 35°007) o % X B AF %
Wi it 615 mm 43 i R¥I5], FEENF 7.8 4y 4F
ZE i 1 875 mm, 38 K T FEFT &L, & T ML AR 7 2=
A, LU O T 1o E,0 ~ 34 em AP
Jii 3% 4,34 ~90 em K+ ;90 em LI REE 0,

H [a] 50 iE 20T 4R T 1989 4R, i & 7 AL EE,
BIA HLAE (OM) (1/20M + 1/2 {0 % 85 #F ( NPK) |
NPK NP PK NK FIAjifi I 4b B (CK) o BEAS AR 3 4
AEE AANA/NKER K 47.5 m* 2 1/20M + 1/
2NPK \NPK NP F NK Zb# /N4 | K 3 3810 158
B, PKAb 3 it S AN i 3B I . OM &b 381 >4 == It st
— W LASEAE B8 ite A o BERR b oy - OB R 3
(CON,H, ) ; B NE Jy i3 W R 55 ( Ca(H, PO, ), - H,0);

PRIE A B R (K, S0, ) s A BILIE DLk PN/ 22 75 1
F=, e LAGE > B A ORI A A #2100 40: 45 [ EE 6
RBA, D #Ee A & a, AILIES kKB
o NERHE FH & A0 >4 T >4 b < I AE )it ] & 09 vh
K (F 1), 40 5k A (N)300 kg hm ™,
AE(P,05)135 kg hm %, £ AL (K,0) 300 kg hm *,
APUEH VAW & o 5 e, 5 NPK &34 Y,
07 I N 7 = 7 N o = SN 4 7 i e
oK) HIEEZ Ky 4 500 kg hm ~* (#FE5) , 5L5R H /N
F-TOK—AEPIEE VR0 o VR K R T R 2 R K
F4 1 BB, A E IR B 24 3 000 ~5 000 m® hm ~*, L HL{&
55 B T E
®1 HERXKERERE"

Table 1  Fertilization rates in the field experiment (kg hm™*)

1E) il HEL B 1) £t WA HAE
Crop Fertilization time (N) (P,05) (K,0)
/NFZ Wheat JENE Base dressing 90 75 150
SR Top dressing 60 0 0
FE K Corn FEHE Base dressing 60 60 150
JE AR Top dressing 90 0 0

BB 4 47, EORZFEWOGRIE (10 AHTE ) RER
JZ L HE(0 ~20 cm) FE 5 18] B8 9 4R 78 AH ] B 191 R 42
AN LR RS 4y =2 BURE (0 ~ 20 em,20 ~ 40 cm,
40 ~60 cm) , +HEAE 2= AT, % EE B
SEARAFE . 2009 AF, 3% 2 A 4 I R B Ak M T L (3R
2) . 2010 4% MEWWCR 5, Hic BRAR R (2R 0 BORF ALY
B AR AERARAE 5 5 73 0 5 2 S S 0E 3 &R 4
TR, AC ORAF A ] 53 BT SE 50 %, 24 h A
FE/NIX 50 m BN I EREA G0 MEE g S
AF(2010—2011 4F) TR RE2L . TR AR G P i
LSRG R A R 4E 7 IR BE 10% (FRBLLL) i ol
AT S % A5°C FK T 1R,
1.2 MEFHE
1.2.1 3 it oo 2B A 1 4 A2 B FH i)
RIS 58 B, B 2009 45 3R 2 HHERE L (0 ~20 em)
AT T A S, MR A 5 R I 5
AR & gt R ( DTPA-micronutrient ) 1 32 B % H
pH 7.3 [ DTPA ( —. & =} . LR ) -CaCl,-TEA ( =
S ) B ORI, H ol 1221
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Table 2 Basic physico-chemical properties of the soil in the surface layer (0 ~20 ecm) (Y 2009)
A BB EX EXr el AR R HACH
ik pH Organic matter Total N Total P Total K Available N Available P Available K
Treatment
(gkg™") (mgkg™")
oM 8.21b" 9.83a 1.331a 0. 642b 17. 3cd 34.81a 12.38b 141. 6¢
1/20M +1/2NPK 8.25b 7.65b 1.023b 0. 636b 17.9b 24.30b 9.6lc 120. 2d
NPK 8. 30ab 5.15¢ 0.678¢ 0.619b 17. 4bed 20. 25be 6.70d 125.5d
NP 8.32ab 4.86¢ 0.708¢ 0.627b 17. 5be 19. 75be 7.16d 47.2f
PK 8.50a 3.70d 0.553d 0.737a 18.5a 14.05¢cd 20. 19a 275.8b
NK 8.46a 3.47d 0.538de 0.449¢ 16. 8d 23.54b 1. 12e¢ 301.9a
CK 8.53a 3.39d 0.517e 0.461c¢ 17. 7be 12. 66d 1. 10e 61.3e

1) 5 5 R R 5 BEF R 18 p <0. 05 KT |
(n=4)

254 9 R 1 BCR & 1F 3% Ak )5 %
T (1) SRV A BRI 1.00 g 424 T 100 ml %
BHE OB, INA 40 ml 2/ (HAc,0. 11 mol L"),
22 +5CE% 16 h,4 000 r min "' Z > 15 min, 438 [
W5 (2) AT R A 5k 5 rhoim A 40 ml i i £;
M2 ¥ (NH,OH - HCI,0.5 mol L™',pH 1.5),22 +
S5CHEY 16 h 3 FIEW; (3) AT A2 ak i 1
A 20 ml B4 K (H,0,,8.8 mol L"), 4 Fi ik
A 85 +2°C/AKEIH AR ZE 1 ml, Jim A 50 ml £
iz ¥ e (NH,OH - HC1,1 mol L™";pH 2) ,22 +5C &
i 16 h M EIE W ; (4) 5B 2 Bk skiE 13, K
WA TREEER,BER 100 B, 8T THREPi
Mo F A R ot 2 I 5 O Bk R T e il e
JTA I 25 4 HUa A v, M T 25 B KO R R A
UIF S E B GG, 24 2 100 ml, 770,
1.2.2 )7k g A T A R
3¢ pH R B AT, oK 2.5: 1 380K (AN)
SR HIBB R 7 B 5 A7 R (AP ) SR Ik R S0 1% 5 3
RO (AK) SR &R B 32 B0 ; 2 & (TN) R HI2F 1%
LR 20 (TP) R T BR ¥ -4H B BT 1L (ks 2 4
(TK) & ] NaOH % il - JCHE O BE % 5 T 1A HL BT R
FHEAR . TEAL A IE o il 5 oo 3R 7 6 BRI
5.00 g JIEKT 100 ml &5 B4, fin A 40 ml HNO, +
HCI(3:1) Jf 3 T 100°C i 2 0.5 h 5 1 7Z& 1,
50 ml 20% ({RFALL) iy HCL ik i, e 45 %2 200 ml,
TR A AL R A bR R S A I 5 SR H HNO, +
H,0, % A & & I8 1k ¥ ( High Pressure Ashing,

SR #2255 (n=4) Different letters affixed in the same column mean significant difference at p <0. 05

HPA) 7 KBEI A2 J7 3 b B 20 ml K KEZE & &
T, A 5 ml HNO, 1 3 ml 2 B /K %5 i 4% s, 78 %
BT, ERE 10 ml, BRI, 438 R B o T
2145 R ] HNO,-HCI0,-HF = iR 34 fif , B SR kR A
BB TF R R GG IEAL (ICP-AES) W 5 o A 80 A i it
JCF I 7 SR R T Wik o ook BE i (AAS) . JE
AP A PR B K A v R i T 2 I R K
JE IR PR B £ AR B TR R I O AN R
PG 55 B R RS A (TCP-MS) o 5250 BT 75 12k 77 14
F e g4t
1.3 #HEIE

Bl 4 SR H SPSS 17.0(p <0.05) , EIJE 4k 2
B4}y Origin 7.5,

2 #iRHie

2.1 ARAEEFANLERBETERENZ N

W = R B3N (0 ~ 60 em) , i JLR AE
g S B i #, 7E £ R 40 ~ 60 cm
kB H (R 3) o 45d Kk 20 42 A 7 XY
Jit HE Ak B G O R AE R R 1 (0 ~ 20 em) A
mAPRRRES HIETRZ (20 ~40 cm) KK
JZ (40 ~ 60 em) iy & AR T 08 90 4h 1
(1989 #); 1/20M + 1/2NPK,NPK NP PK } CK
Jit A Ak B, ) T ol o0 R Bk A AR 3R R 1 HE A R
2,1 OM [PK F1 CK Jiti JE 4k B A1) T8 | B 75 1 3 h
MR,
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Table 3  Total contents of micronutrients in the soil
LR Py I AL B Treatment
Soil layer (¢m)  Year oM [/20M NPK NP PK NK CK BLANK"
1/2NPK
18 £ 1% 4 fi Total content of soil Fe (g kg™')
0~20 1994 26.14C”a%  25.72Ca 25.49Ca 25.67CDa 25.61Ca 25.63Ca 25.47Ca 25.46Ca
1999 25.22Ca 25.01Ca 25.50Ca 25.22Da 25.67Ca 25.23Ca 25.55Ca 25.46Ca
2004 25.65Ch 25.94Chb 25.96Ch 27.16Ca 26.30Cab 26.25Cab 26. 11Cab 25.46Cb
2009 25. 84Cab 26.39Ca 26.36Ca 26.22CDa 26.36Ca 24.93Ch 26.65Ca 25.46Cab
20 ~40 2009 30. 63Ba 30.91Ba 31.23Ba 31. 18Ba 30. 76Ba 30. 99Ba 30.91Ba 31.30Ba
40 ~ 60 2009 39.01Aa 39.38Aa 38.17Aa 38. 84Aa 38.80Aa 38.98Aa 39.59Aa 38.80Aa
+ 4 4 194 B Total content of soil Mn (mg kg™")
0~20 1994 527.2Ca 528.4Ca 510.4Ca 515.5Da 516. 8Da 514.0Ca 519.7Ca 511.7Ca
1999 519.5Ca 510.0Ca 522.5Ca 518.0Da 533.0CDa 512.0Ca 520.3Ca 511.7Ca
2004 526.6Ch 529. 6Cab 533.4Cab 555.9Ca 534.5CDab  536.4Cab 533.8Cab 511.7Cb
2009 528. 9Cab 542. 1Cab 537. 1Cab 539.0CDab  547.0Ca 509. 7Ch 543.9Cab 511.7Chb
20 ~40 2009 643. 5Ba 641.2Ba 650. 1Ba 639. 4Ba 632. 8Ba 621.9Ba 635. 7Ba 650. 9Ba
40 ~ 60 2009 819. 8Aab 833.4Aa 780.5Ab 797. 4 Aab 803. 0Aab 807. 6 Aab 831.8Aa 816. 4 Aab
+ 3 4 4 4 Total content of soil Cu (mg kg™")
0~20 1994 17.56Ca 17.22CDa 17.01Ca 17.00Ca 16.83Ca 16.71Ca 16.72Da 17.44Ca
1999 18. 85Ca 18.90Ca 18.71Ca 18.04Ca 18. 88Ca 18.08Ca 20.03Ca 17.44Ca
2004 16.87Ca 16.49Da 16. 86Ca 17.06Ca 16. 82Ca 16.59Ca 16.30Da 17.44Ca
2009 18. 01Cab 17.56CDab 17.57Cab 17.17Cb 18.45Ca 17. 46Cab 17.91CDab  17.44Cab
20 ~40 2009 23.23Ba 24.05Ba 23.66Ba 24.10Ba 23.27Ba 23.96Ba 25.22Ba 25.09Ba
40 ~ 60 2009 35.55Ab 36. 59 Aab 34. 88Ab 36.61Aab 35.99Aab 36.57Aab 36. 38 Aab 38.87Aa
+ 32 81 4 & Total content of soil Zn (mg kg™")
0~20 1994 58.35Ca 55.61Cbe 55.24Cbe 55.34Cbe 55.29Che 52.99Ccd 57.82Cab 51.33Cd
1999 53.08Da 53.21Ca 52.64Ca 53.68Ca 53.86Ca 52.68Ca 52.28Da 51.33Ca
2004 55.10CDab  53.46Cabc 52.80Chc 54.54Cabc 56.54Ca 53.72Cabc 53. 62Dabc 51.33Cc
2009 56.12CDab  55.46Cab 53.76Cbc 53.70Cbe 57.01Ca 53.25Che 55.57CDab 51.33Cc
20 ~40 2009 65. 38Bab 64. 06Bb 66. 48 Bab 65. 63Bab 66. 12Bab 68. 20Bab 63. 85Bb 70. 64Ba
40 ~ 60 2009 87.26Aab 89. 18 Aab 85.46Ab 86. 92 Aab 87.30Aab 88. 55Aab 88. 60Aab 91. 13Aa
1)BLANK 1989 4 4 3 {4 JC % 75 5t { Background values of soil micronutrients in the soil before the field experiment started in 1989. 2) 45|

ARIRI K E F ok R [F] — i o0 2 R I8 40 31, K [R)4F 40y 18] 8 p<0.05 K B B E2ZF (n=4) Different capital letters affixed to the values under
the same micronutrient and the same fertilization treatment mean significant differences between years at p <0.05 (n =4). 3) 3| A [A/NG F 1 LR [H

— R JCE ARGy, AN TR AL PR E] 7E p <0. 05 /K |5 g % 257 (n =4) Different low case letters affixed to the values under the same micronutrient

and the same year mean significant differences between treatments at p <0.05 (n=4)

Zoid Kk 20 AEA RN AL 75 A Ab B, i e R
TE 2 1 i B R R A A TR A B 8 rp 5 R Y
25 BB WY S5 G, BRIV AR O S 0 A A A
(CK) AY4bFF , it oo SR 7E L b A9 35 AR AR PR 4
THIR B K o X R, AR (A HE R 4 it
FIE 8% ol o0 38 7 M vp i B AR T I R

M, (RN 2 3 B HCAE 3 )2 - S B R A fE— St
FEZAR FVEZS RGP AR WO 5 H 1358 3 1Y
Fo R ek b M8 v Bl o R A B ) TR A
FIE R By it P OS2 M 2 2R IR (R 4) o & KREIA
(el A 75 3 Ak B, AR TR T A T U Y 22
OM ,1/20M +1/2NPK NPK FI NP &b B 4 3¢ it J; %
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e MR FRr S 4l F 1 B0 1 7 i e SO LR AL B
IR T FE AL TR ARSI EEIF N i e
PEY 7= BARAY 1 &0 (PK UNK L CK) , 3 it o R
MARRA R, Ak T RERE . BRIE T REITRB
R TEAR T P B R A2 2 T RO T R A
PK A B - 3 v i) AR (ELAE A 5 B e Y

R AR e T HE A BTk R W] AR T R
T T REWE KO T S 2 H R K A
Tt 0 3R A 5 B A, 7R RO B PR SR AT T RE Al
A BB R JUER 5 TR 2R U AT AT RE TR T i X R R
8 kA T A B AR 0 B 1 S P ot Bk DR IR T
(£ 4) 54

F4 2010—2011 FHFERHETRHBN - H T &

Table 4 Budgeting of micronutrients in the soil in 2010-2011 (g hm ")

2

i 56 AL B Treatment

il A~ - A [Z8SIES

Input-output Micronutrient oM 1720M NPK NP PK NK CK
+1/2NPK

P-4 Balance Mn ~305.70 ~263.97 -99.85 -61.09 290. 60 113. 86 108. 68
Cu -36. 66 -55.77 -59.15 -57.31 29.51 17.87 15.99
Zn -52.79 -53.09 -47.25 -10.43 150. 44 104. 10 103. 12
BB Mn 620. 50 661.53 580. 17 540. 66 189. 24 76.51 80. 45
Output Cu 82.32 101. 98 105. 91 104. 07 17.25 12.35 14.23
Zn 312.23 325. 04 331.72 294. 19 133.37 100. 90 100. 37
AR Jiti AT Mn 125. 67 208. 43 291.19 290. 44 290. 71 1.24 0. 00
Input Fertilization Cu 15. 44 15.99 16. 54 16. 54 16. 54 0. 00 0. 00
Zn 55.95 68. 47 80. 98 80. 13 80. 32 1.51 0. 00

HEWE /K Trrigation

[%&2k Deposition

Mn:69. 24 ;Cu:24. 00;Zn:160. 00

Mn:119.89;Cu:6.22;Zn:43. 49

D) it &2 AE i BB R e R & & x 444 Output: Contents of micronutrients removed with the harvest; 2 ) %y A & : O AE K} AE KL P 3%
BIOCEMN B x T ; QR K K PR LR S < EREME QA TR A& Input:; (@ Concentrations of the micronu-

trients in the fertilizer applied multiplied by the application rate of the fertilizer each year; 2 Irrigation: Concentrations of the micronutrients in the irriga-

tion water multiplied by the volume of water irrigated each year; ) Deposition; Total amount of the micronutrients through dry and wet deposition

each year

i oo AR R )= b A B B0 W1 2 A
FHARZA A 25 R GE 1 S - P 4 280 (3%
3, 4) , X EMEILERAAR L ZRPNITREHA
Ko MEBILRAELETMNEEERZE T LA
JoT A S W), A 1 2 R B B 18 - 5 kL R R T
Fe Ry Ea e " M TEYRE
70% VL L E Y e rh TR )2 B AR R A
B OL R, MR JZ B i )2 b A R T A e i
AR W 1] 6 JZ 8 v B9 3T AR A 20 5 AR IR A
YA = P R O o AEAE ) R BRI 2L T
X AR N B Rl ST B A R P AT RS R R A
/N B O R AR JZ IR 2 P A 3 AR AR
TR o SR A IXAR A% R T AR, B
TR CE R+ K O 1 28 K 1) 3R R LRI TS s B)
(G0 B o Wl U TR T e S U R TIOR8

HT AN TR SR 4 i FH % A D0 2R AR I B3R
JZ M b i AR R B i 0N AR A [ Ak B A g R
A2 SR R 5 2 B SRR . (K S)
FEoR TR RAERE RPN S ES®E
RCE S Al 5 I 3 BOR OC TEER  A A E fl T
b S AW AR AR B IE A G . X R W R
Rk iR B A — E IR AL RE A7, ]l a3 AL
il B e HEAE S b B ST AR BE ), A B % I T Y 9
WA TRAL T R 2 HHoh & +
S v A B TR R B o DL TR S I AR LB A
EHRERAT O, R T AR R LR R,
TR RS B R B T A LR Y T
TCHLAL AL B ~F- i it P AH EE , e S AT 280wt A 25 4 A X
B (R D), AT TRE BEE OM b P+
TR
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Table 5 Correlation analysis of the main fractions of soil micronutrients with soil basic physico-chemical properties (Y 2009)

T — ﬁm@ R F 4y Available S5y 4 Total
Micronutrient fraction ~ Micronutrient pH Organic
matter N P K N P K
4 %75 DTPA-micronutrient  Fe -0.343 0.437°"Y  0.578**»  0.275 0.630""  0.419" 0.173 -0. 159
Mn -0.826"" 0.928 *~ 0.903 "~ 0. 240 -0.134 0.934 " 0.292 -0.249
Cu -0.500 " 0.336 0.337 -0.210 —-0.143 0.294 —-0.045 -0.273
Zn -0.797 " 0.908 *~ 0.789 "~ 0. 157 -0.242 0.898 ** 0.227 -0.152
55 R 14 f#t 7% Acid-soluble-fraction Fe —-0.308 0.347 0. 265 0. 169 -0.067 0.341 0.198 0. 054
Mn 0. 009 0. 067 -0.182 0.214 -0.120 0. 046 0.214 0.431"
Cu 0.273 -0.286 0.010 -0.053 0.652 " -0.288 -0.182 -0.268
Zn -0.140 0.275 0.207 0.342 0.315 0.272 0.252 0.242
] A A Reducible-fraction Fe 0.113 -0.342 -0.457" -0.228 -0.391" -0.378 " -0.053 0. 092
Mn —-0. 006 0. 004 -0.054 0.342 0. 165 -0.007 0.329 0.250
Cu 0.538 " -0.724"" -0.633"" -0.384" 0.018 -0.734"" -0.351 -0.028
Zn -0.284 0. 170 0.223 -0.302 -0.008 0. 139 -0.210 -0.278
[ 4 L4 Oxidizable-fraction Fe -0.615"" 0.528 *" 0.369 0.269 -0.295 0.506 " 0.433" 0. 082
Mn -0.400" 0.443 " 0.292 0. 205 -0.364 0.440 " 0. 286 0.041
Cu -0.526"" 0.659 ** 0.597 ** 0. 026 —-0.253 0. 657 0. 051 -0.227
Zn -0.521"" 0.341 0.312 0. 059 -0.280 0.314 0.251 -0.174
5% 4 Residual-fraction Fe -0.079 0. 008 0. 066 0.307 0. 166 0.018 0.323 0. 069
Mn -0.141 0.072 -0.074 0.297 -0.219 0. 067 0.388" 0.266
Cu -0.377" 0. 409 * 0.484 " 0.482 " 0.352 0.414" 0.452" -0.008
Zn -0.394" 0.430" 0.411° 0.342 -0.039 0.452" 0.365 0. 023
4> 1 Total content Fe 0. 001 0. 004 -0.349 0.193 —-0.460 " -0.022 0.283 0.518 "
Mn 0.031 -0.011 -0.317 0.287 -0.306 -0.029 0.342 0.535"
Cu 0.231 0.015 -0.107 0.431 0. 261 0.019 0. 248 0. 409
Zn 0.075 0.202 —-0.042 0.521°" 0. 066 0.209 0.374 0.552""

1) = WMIEITEIESS HEMFRAE0.05 K R EHE(EK LK) Correlation is significant at 0. 05 level (2-tailed). 2) = iR T EIES
58V R AE 0. 01 7K F W2 A 56 (BUR K5 ) Correlation is significant at 0. 01 level (2-tailed)

S AR Sy Fe R 27 X, Tk IEAR &
K, TESE AT B BT A S R A8 i FH 2 AR g
W EEEE A RN R EORIE, IFE A T A L
MY RT B A R, Hoak b A R B S A B ST 4 R
M2, O T RS R AR 3 B A T A L R
TR K U A A T A T
2.2 KEEENTEFEYASHRETENZN

Ze i KA R J7 A it T Ak 2, 4 3 v o R
MEITENSREEI N :OM~1/20M + 1/2NPK >
NPK =~ NP > PK=~NK = CK, 5 + 34 HLT X &1 &
R IEAHC, M5 3 pH BB R (£S,
F6), AREHMBEBITRE MMEN SR T
HAE B 4 b B R FR E (Fe >4.5 mg kg™', Cu >
0.5mg kg ', Zn>0.5 mg kg ') (F4) HAERESHE

& BT AAR (<7 mg kg™ ) (£ 4T,

A BIL BRI R Tl B S A 1 e A
B —30, B 5 0 pH R (LA R, AT 0 i £ R AL
3 A S P B T 2, B WA HOOE 25 fR 1
ST RRBE R £ T S b A RS R T
B VLT N A A G2 0 A 3, I HG et e ) 5
WA R BT B S PR R
PR, X R E RN 2 B T A . BRI e
FEF 4 398 T B e T 2 A 0 B4 AL B 7, 0 A
TIHAHUR SRR T, B S T AR
AERTE NK b B H 3 p g & L pH 98
A 55 R A 1 B I AR G R Ay T
TEE MR/, X T T e R
o B LR R B R 2 R A B R

1S4
2
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Table 6 Changes of soil micronutrients in fraction (Y 2009)

40 Ab P Treatment

(DS
Micronutrient oM 1/20M + NPK NP PK NK CK
1/2NPK
£ 3% DTPA-micronutrient ( mg kg -1 )
Fe 7.85a" 7.80a 7.28ab 4.76¢ 7.08b 7.88a 5.09¢
Mn 8.23a 6.87b 6. 10be 6.07¢ 5. 46¢d 5. 84cd 5.22d
Cu 1. 10ab 1.15a 1. 14a 1. 08ab 1.05b 1. 10ab 1.07ab
Zn 1.59a 1.37a 0. 94b 0. 74b 0.57b 0. 69b 0. 69b
PR A Acid-soluble-fraction (mg kg™")
Fe 226a 220a 183a 177a 183a 166a 164a
Mn 113a 119a 115a 111a 117a 109a 117a
Cu 2.07ab 1.53b 2. 82ab 1. 34b 2.81ab 3. 86a 1.70b
Zn 7. 84a 11.05a 5.22b 3.56b 9. 00ab 7. 14ab 4. 63b
A J5E A Reducible-fraction (mg kg -
Fe 1074¢ 1253abe 1501a 1408ab 1238abc 1169bc 1398ab
Mn 126a 126a 128a 125a 133a 123a 122a
Cu 1. 54b 2. 16a 2.67a 2. 66a 2.48a 2.74a 2.80a
Zn 3.35ab 6.20a 5. 06ab 2.93h 2.05b 4.98ab 3.30ab
i 4L 2 Oxidizable-fraction (mg kg ™')
Fe 541a 554a 515ab 508ab 417ab 341c 353¢
Mn 17. 64a 15. 44ab 16. 25ab 16. 30ab 15. 42ab 14.08b 15.72ab
Cu 1.27a 0. 82b 0. 83b 0. 64b 0.52b 0. 62b 0.77b
Zn 4. 54ab 3.07ab 5. 66a 4.50a 1. 94b 1.95b 1.55b
5% 5 2 Residual-fraction (mg kg™")
Fe 242444 23631a 24013a 24800a 24761a 24101a 23093a
Mn 326a 322a 328a 340a 333a 307a 319a
Cu 12.19a 11. 12a 11. 12a 10. 94a 11.70a 11.23a 9.56b
Zn 45.53a 42. 08abc 39. 41be 44.15ab 42.09abc 40. 30abc 38.25¢

1) B8 AR /NG F A F R B — s e R AL SRR AL HE A FE p <0. 05 /K 2 5 2 25 5% (n =4) Different low case letters affixed to values

under the same micronutrient and fraction mean significant differences between treatments at p <0.05 (n=4)

2.3 KRN T EFRETCEESTHHZME I 55 % ¥ i Acid-soluble-fraction
it 5 T T 26 76 R B o g I
B 25 L Bk it 25 Bk o LA B 90% L L, T 5% i C A Residual-fraction
S AE A 8 P E A A T A LRl B
HILE, A HLEN S50% (K1), & KA
J5 A A A B, A A BT AR Ak 5 55 RV RS
BRI A RO — 80O 5 A A R T R Kk i
A BRI R AR OG0 5] 8 R A TE
B A b B E AL (R S5, £ 6),
- 55 PR VA i S U T R AR KRS A -
B MBRIRER S A, Kb K IE S M 58 e 82 0 T T
RS O R W £ By, 78 T i AR WA Sk BRI
B BT 59 MRIE iR 5 A RSk VA LA 13 Micronutrients
TR A AR (R 5, R 6) SR I WA BR B b iRt T 2 2 B R M i (2009 4F)
PR E BRI A SN HFEE, Feo Mn’* Fig. 1 Fraction distribution of the micronutrients in the soil('Y: 2009)
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Mn** 75 - 32 BT B0 B A2 W0 A RO, ufE L 2 B
B W I, R R A S R T R Bk R
BN Ay AR AR 0 B A AL B X A
pH # 5 B BE - B, Bk R A8 R R AR D &
AT e K Y Y S TR G I Ak B SR g )
A LT A 5 BN, AN (L 8 4R s T b T A
AR R A A, 9l i RS 38 pH & Eh {2 9E T
TR A AW B R, AR T R A S
TS5 RV 25 B i R . ol THE RO - B
S 14 28 ph PR, A5 A ML L, 13 pH 2 F T
R /IN B 5 000 T 6F 8k L A 7 3 PR S AR
RN

55 TR U 70 25 A AF - MR B S T T A AL
5, SO B S R R IE NG, 2R T I pH Y
SR AR X/ o X 3 58 R A R S R LB T
SRS RALTE , 100 A5 200 25 4 75 1 398 vp ) DA K 3%
AR ETY L A AL R AL 5w G e T 2 1
TIPS AR EE RN R, 7 LA LR S
B B O S AR L pH 7R R B T A RS
F9 5 A5k 19 (5] IR R AR 1 T 38 D3 2 0 7 03 v A
I gt - A LR S B B R T AR BE T AT A
BHIRIE AT o B AR K e R R
B, REPRERR S REE L B EME, A
HUAE (49 75045 TE AL A I f9 3 P AR L, 3 4o 4% 25 4 03
M AR S B TRESHEE L E W
mat,

W MR 5 B B T BT B AR T A A A L5
T Y5 R A A M PP B B (R R 2 B T
AHURA I SIE T T A LR A R
TR BT, A RS 8 R U I S B A 2kl 2 1R
R T AR X A A R WS DT ISR AR A T
ek, I B i BT 5, A H T 5 S B R
S, B HAE s vh R B . S B UL B
TE WA T 198 v 58 1R 0 e 25 B 4 A0 TR O R A2
T I J5 A A 0 T R, o T 4R A 2 1R 5 ) S
B, X 2% W B 45 B A0 0 9 SR R R AT 3 R B R
e P AR A M EE N R . AN, 1E R
i ) I 0 08, P ALk B - v 5 R A S A 1
SRR T NP ANBE (% 6), X 5 1 HE A9 it H
X I B A — s S A A T

3 4 i

Zead Kk 20 47 (1989—2009 4) A [a) jifi i 75 =X

AOAE ], SO JC R AR R)ZE 13 (0 ~ 20 em) iR BLR AL
AR HAE I ER)Z (20 ~40 em) SR JZ + (40 ~
60 cm) i AR B R AR T A4S L. BUR DU R AE
AR L JE T TR s s & i AR R R £
A TR B IE A Dt A O R TR
4 B ORI, O 8 o VB SR fie TR L BEAE R R
s A g BER5 iEIC A e P 3 e S T 1) Y S i
Wb, HEfe T RSP R B LR, AR T HAERZ L
b B HURAE 8

A RS WO DT BB A AR R R e T
TEBIPE 4= 38 1 a5 AR AR HE L (H R 1Y 25 o D) AR X 4R
fi£. BCR B 2573 94 A5 R s , Bk i S i T R
Je HAe B e ) 2R S JUH AR S8 4 T
TE e 2t 9 90% LI 5 T A% v 254 1 1 o
BRAR T HAME IR, 4 e b 2w
50% o AEAN )it AL 77 Ry Ab BER A BL AR
AR R, i 2 A BIL R 4 5 T A AR A TR I S
B VB R TR AL S R R S R R T AL
AR, IR o AR pH R T AR
A A L e S R (O R D A K sk i A R
JLER Y52 W0 ARG B8/

MR ICRAE A HAE S RGP b T ROR A
JUHRR B0 R B B ., Al A 7 B S A Ry T
HE— 5.
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INFLUENCE OF DIFFERENT LONG-TERM FERTILIZATION PRACTICES
ON ACCUMULATION AND AVAILABILITY OF MICRONUTRIENTS
IN TYPICAL LOAMY FLUVO-AQUIC SOIL

Wang Qingyun'’  Zhang Jiabao'" Zhao Bingzi' Deng Xihai' Xin Xiuli' Qin Shengwu'
(1 State Key Laboratory of Soil and Sustainable Agriculiure, State Experimental Station of Agro-Ecosystem in Fengqiu, Institute of Soil Science,
Chinese Academy of Sciences, Nanjing 210008, China)
(2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Micronutrient deficiency is commonly demonstrated in farmlands of fluvo-aquic soil, a typical soil type in
the Huang-Huai-Hai Plain of China. The objectives of this study were to explore effects of different long-term fertilization
practices on balance of micronutrients in the soil, and changes of soil micronutrients in fraction using the BCR sequential
extraction method. A field experiment, designed to have 7 treatments, i.e. OM ( Organic Manure) , 1/20M +1/2 ( Fer-
tilizer) NPK, NPK, NP, PK, NK, and CK ( No Fertilizer) , was laid out and started in 1989. After more than 20 years
of fertilization, various extents of accumulation of micronutrients were observed in the surface layer soil (0 ~20cm) ,
and found to be greatly affected by their transfer between different soil layers. Results of sequential extraction show that
the contents of soil available ( DTPA-micronutrient) Fe, Cu and Zn were higher, while the content of soil available Mn
was relatively lower than the critical levels in the other alkalic soils. The Residue-Fractions of soil Fe ( >90% ), Cu
(>65% ) and Zn ( >70% ) accounted for a high proportion of their respective total. Interestingly, DTPA, acid soluble
and oxidizable fractions of soil micronutrients accumulated more with the increasing soil organic matter level, which was
probably the driving factor for the changes of soil micronutrients in fraction. Long term application of K fertilizers also in-
creased DTPA and acid soluble fractions of soil micronutrients, but decreased the total of Fe and Mn in the surface soil
layer, while long-term application of P fertilizers decreased the contents of DTPA and acid soluble fractions of soil micro-
nutrients through precipitation, but increased the totals of Cu and Zn.

Key words Long-term fertilization; Micronutrient; Bioavailability; Fractions; Fluvo-aquic soil



