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PR, b s A 0 B A PH B 1L B R B 21
HESLUGE AR (E 111°527327 N 26°45"42™) | + 33
NERIAZE 2T+ BE R F Y LD R R L R T 4G
0 ~20 em 3 KA B AL PEAR o pH 5.97, A HL T
19.8 g kg ', 2% 1.5 g kg ', BHfARA 158.0 mg kg ',
W 0.48 g kg ', AU BE 9.6 mg kg, &
14.2 g kg™ AL HP 65.9 mg kg™, & HRAE J1 K
1.2 RWHE

1982 4E 560 JF a5z 6 S 43, BI: (1) AL AT
B B + A HLIE (PKM) 5 (2) R AE A AL + £ HL
HE(NKM) 5 (3) AL IE A B L + A AL (NPM) ;5 (4)

*x1

AP (M) 5 (5) FLIEE B FIE (NPK) ; (6) {61
AW VBIIE + A HLIE (NPKM ) ;2000 4E FF 4R 38 i —
ANt BB AR Zb P (CK) , /DX AL 1.8 m x 15 m
=27 m’, A 3 U, BEHLHES, 45 /N X P 4 K e
WAy BR . FPAERE S O AE RS- N . 1982 4F RURG HE AT
SYHbIRGS /NI A R R AL 2. 98% £ A ik I
K, 1982 AR M AR IE A R il e o A AILIE Ry i 8 A 3
(F03 & i Z AR E 98, & N 0.32% , & P,0;
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Table 1  Fertilizer application rates of the treatment for the rice season(kg hm™*)

43

ALNE Chemical fertilizer

Ab P Treatment

Cattle manure N P,0; K,0
PKM 22 500 0 56.3 33.8
NKM 22 500 72.5 0 33.8

NPM 22 500 72.5 56.3 0

M 22 500 0 0 0
NPK 0 72.5 56.3 33.8
NPKM 22 500 72.5 56.3 33.8

1.3 HiE4hE

557 5> F W V-5 (apparent balance, AB) 45 75
SEBLEF I, DLIEARRE 2 A 58 v i 3% 43 i 5K
FEE R W 1) 55 43 it (9 2248, AB = IF-Ut, Jo v Ut Sy dth |
FRIE A 3% 4y B (kg hm 7)) L TF Syt A+ 5209 JIE
BEE R (kg hm ™), A8 58 K % 1838 i Fl 7 8
K AEPIRREE | B KR U R A5 3 A2 1F A 1Y 3R
gy, WOR 2 G o 28 R R SRR AR R R 1 3R O
o PRR U AR A 7K R R RR R AT 2R o A B
JIT AR 4 90 e 4 SR 9k v S 21 K R K R
[e) 7l A A 0 ) 25 AR AT 35 40 1) E AT K A
R W SR A R Al . R A Microsoft Excel
2010 B X £ dE HEAT A BN 22 [, SR ] DPS 6.5 4t
TH5 BT 304 %o B0 i AT 25 5 W S MR A 36 (LSD %)

2 4 R
2.1 KEABM LY ARE XS K FE =20

H1 P La W] DL, 2% 4k B 5L 7 A 4F PR AR AR B,
N [F) Kb 2R 7 i 3 0 1) i 2 B Y A Al
— 2, WIRITURAT S AF, A [ it JIE Ak B e g 52 A
22 SR/, 1987 AT A AN () i AE 4 it X AR
7 i B MR T A R o IR i A Ak B LR
W S AP T A it A Ak B 5 BR A 53 4F 433 1, NPKM 4k B
PR PR 7 i — DR i v KT 5 A e S Ak B Y
R i B i AT 4F £y 52 B0 A9 ML AR B 2. NPKM
NPM ,NKM ,PKM .M  NPK #1 CK 4b 2 ) 7 4F 5. 75 S
Wreg a9 ch 6 189.5 911.5 557.5 3465 281,
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Fig. 1 Changes in rice yield relative to fertilization treatment
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4 830 4 693 4 541 4 421 4 261 12 435 kg hm *,
GRFB AN NPKM NPM il NKM 3 /> &b 3 [ 4 B 7
Py E A A Ry NPKM > NPM, NKM (p <
0.05) ,NPM Fll NKM 2 A~ 4gb 3 8] A WL B @ 22 5%, W
e 4 it e A B 3 it 90 RS o 7 B 0 B ) Ak SR — 3
PKM M FI NPK 3 /> &b 3 {19 [y 4F i A °F- 49 7 1 A8 4k
##k M, PKM > NPK(p < 0.05), M Fl PKM 4t
P 22 A W TR A EMEWEL T, 5B
Jiti AT B A A B it A T A ) T B v W R A A 7 1

A T) it I Ak 3 A 7= i 19 A8 Ak i A 0 g A A oL
(F Te) o il 25 it JIES B (] 0 228 K, AN [) e A Ak BH e 45
AR Y 22 S 0 W A ok o 0 BROA it A Ak 3 HE
KRR 7= e B IR Al it AT Ak B, NPKMD A2k B () 7K
Rt 7 i — R AR g5 s 7K1 s NPK Ak 2 2 it JIES P i)
) HE 52 T [ R g, LKA 7™ o 3 I T A it R
4R, NPKM ,NPM NKM M .PKM NPK 1 CK 4b ¥
B AR S 3 P2 B4 W & 11 188 .10 580,10 093,
9 671.9 619.9 300 15 925 kg hm >, K [a] &b ¥ JJj

SRR AL . NPKM > NPM > NKM >
M,PKM > NPK > CK (p < 0.05) ., /KFg74E314
7 i 28 B %) 1G0T 4 s A R R R TR B A
it Ak 2 W B A 1 7 AR AR T B B it A 2
JIE BB AES 448t~ Tl A A 3 it A 2 I S A R T
KRR 77 B a5 A U Rt A LIS A i A G 7 A%
R

50 I G LLR 09 D 4R K A - 20 3 B Be
(F2),/TLVE M, Bl 250 0 8] 5 SE 4, 25 4k 31 ]
1 KA 7 o 5 R B B, A (6] B B K e i XA ]
N A L O VAR S N~ QN D 5 o T A i
(NPKM) ) 7= i fify 2 3% 30 B 5 5 Ak 2 280 0 0 o 0 4
JE B it A7 AILAE &b E (NPM AT NKM) (19 7= 5 & F it
77 UIE 55 A0 A 4b B (PKM (M 1 NPK) , H 54
Jit A 2 B AT 1 3 7 40 i TR AR IR TE R AR
PRIC A B I 5 AN it A = 20T B3 5 i £k T Ak 2 ( PKM
M 1 NPK) (4 7 5 b T S5 IR K -, HL 5 i 1 IE A5
Tt AT MLAE =2 (6] AN [ B B A 7 it B AR 0 22 5%

xk2 AEEERLEBAFMEESENTE

Table 2 Annual mean rice yield relative to fertilization treatment and period (1982—2011,kg hm*)

1982—1990 1991—2000 2001—2011
e e L R L e o
s
Treatment Yield of Yield of Annual Yield of Yield of Yield of Yield of Annual
Annual output
early ice late rice output early ice late rice early ice late rice output
PKM 6 381b 5 146¢ 11 527¢ 4 925cd 4 517b 8 990¢ 4 881d 3 750cd 8 631d
NKM 6 163b 5 467bc 11 630¢ 5 064be 4 842a 9 422b 5509¢ 3 938be 9 446¢
NPM 6 652a 5 639ab 12 291ab 5 334ab 4 836a 9 686b 5 830b 4 163b 9 993b
M 6 391b 5 560b 11 951bc 4 758de 4 504b 8 812¢ 4 848d 3 737cd 8 585d
NPK 6 226b 5 365bc 11 592¢ 4 636e 4 079¢ 8 307d 4 822d 3 505d 8 327d
NPKM 6 730a 5 893a 12 623a 5 536a 5081a 10 109a 6 341a 4 655a 10 996a
CK — — — — — — 3 490e 2 435e 5 925e

TE - 17 5 B804 U5 S T 57 B AR 3 A B 1] 2% S5 3k

difference at the 0. 05 level,respectively

2.2 KHEVEHEREN TEFRFEITHE I
A A S K AR R R, R
W AR T A B RS B, 2l 29 AR 2 R A
TRt FES 53k %o FREAN it AR 71, G At 4% 4k B 4 398 el A 4R
P YA AN TR R B R i (32 3) , LR BN AT (3
o Fin 2 1994 4F) g hntg P ¥ B AER n 0.7 ~ 3.7
mg kg ', 1994 4 %5 1998 4F 34 I e, - 1 AR AE RS I
6.5~32.5 mg kg ;1998 4E 2 5, 4% it JE 4b B - 52
il e R RIS T B . MBI IR & 1996 4,
25 il A Ak ) = S0 A 2R 25 RN EH L 1996 4F

B IK¥ (p < 0.05) Note:Data in same column followed by different letters mean significant

Z Ji ,NPK A 3 iy - 3 o i 20 o 2 A% T At it
M TAHUER £ S4B (p <0.05 ), i 7t A7 HLAC
14 45 b 3 22 ) 1) 4 8 R AL B AR B B L, B
255 BN, 25 i T A B AR OF 3 & AR 1217 ~
147.3 mg kg ™' Z ],

KR [ it A S5, 45 Ak B 4 8 A 20 s 2 A e
Wi it A b S R0 5 R AN TRl A R 22 5 (1 2) , B S )
3 ARG AN AL 2 BEIE A M OFT NKM 4 23
Xof A ORI I e b, e R i R
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Table 3 Alkalysable-N content in different fertilization treatments (1982—2011,mg kg™ ")
sk £ -y
1982 1984 1986 1988 1990 1994 1996 1998 2000 2002 2004 2006 2008 2010 2011

Treatment Average
M 82.8 94.4 76.4 95.5 98.5 109.1 271.6 180.2 154.7 142.6 177.4 176.7 140.9 140.8 179.3 141.4a
NKM 82.8 146.2 89.1 91.0 84.3 165.5 126.8 237.7 192.3 156.5 171.4 178.2 148.5 147.7 192.2 147.3a
NPM 82.8 90.9 89.1 82.8 112.5 109.8 138.8 192.6 — 149.6 182.8 180.5 154.6 155.4 175.4 135.5a
PKM 82.8 92.2 89.5 97.4 95.2 89.9 192.9 219.7 201.3 157.1 168.3 177.4 169.1 149.8 176.2 143.9a
NPKM  82.8 — 87.6 97.2 95.2 114.7 169.3 163.1 177.2 156.5 190.4 176.7 147.0 147.0 186.9 142.3a
NPK 82.8 91.4 90.3 88.0 102.3 89.5 218.9 115.3 136.0 116.5 137.1 140.1 118.0 117.9 181.5 121.7b

CK 115.8 122.6 112.0 99.9 119.8 114.0

T < R SR A () - B AR Ak 2 ) 22 5

difference at the 0. 05 level, respectively

S BRAEAN 9% 3 0.26 F1 0. 17 mg kg ™' ; NPK &b 3§
it T A R IE, R A A HLIE, g
RO A E AT B R s T 7.0 £y A
HLIE Fi1 4k, 2 9l I BC it 19 NPM PKM A1 NPKM &b 3
A A A O i I e, A3 ) R 5 I 4 B v
T 1002 /5% L2 A% 1.5 4%, ) st it P Ak 2

KB EIKFE (p < 0.05) Note:Data in same column followed by different letters mean significant

AEFNA HLAE B9 40 B2 (NPM  PKM £ NPKM ) /9 77 4 °F
¥ e 2w &m0 s T T Ak E B R
Kot A AL A NPK Zh 3 (p <0.01) , A it FH Ak 2%
AEARE FH T A AU 9 4R BE (MR NKM) 9 4 5845 3%
WorER EMTHEAE TFsEme (p<
0.01).

70 —B—M —a— NKM ——NPM —¥— PKM
—e— NPKM —+— NPK —8—CK
60 |
TCD
o S0F
i) £
4 % 40
30
'’
2
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<
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B2 A TaE] it A Ak B A e S0 & 2 AR b

Fig. 2 Change in available P content relative to fertilization treatment

399 O [R) Jite AR Xt K FE A S A5 A R e, DA
A HLAE BC it £k 27 B0 IE A Ak 2 38 i g D, S Ak 2
JE Y Ab 238 fe 18 (1B 3) o A HILIE A Ak A B
Hic it fE 2 i+ 498 33 &5 40 7K OF , NKM , PKM Fi1 NPKM
Ab PR A 58 AP T 2 A Lt A IE B NPK AR 3
Ay BN T 43 .40 Fl 36 mg kg ', HOE 4 B ik
26. 1% 24. 1% #122. 0% , &t & & T A it Ak 2% 49 e
() NPM 15 46 JE (9 NPK b3 (p <0.05) 5 K
2B E A MOFT NPM A 31 4 B8 5 240 81 - 35 % i
it A AR A9 NPK Kb B 43 5038 50 7 25 mg kg ™' I

8 mg kg™, B AT HLAL b B 4 5 ACE DT AR T
Fit TG AL AL B (p <0. 05) , K FLi
A HUAE AR B2 50 A BT BE A R3S - M 2 A
i
2.3 BEFFESLERUFINEXNE

N Tt — A TR A [ i AE A B K R AR
KT IS R 7R AF 7=t R S5 2R o AT
TARSRIE AT (3R 4) o RHIAS Rt AE & , 7K A 4F 7
5 A R e Y BB A OG, R
1 Bt AR N A9 NPK AR B, FEOK R AR 7 8 55 o S8 sl i

http : //pedologica. issas. ac. cn



o 38 AR A KA BILTE HLIE IC i Xof 7K A 7 i S SRR O3 52 )

319

FUNUA 2800 & i 5 B 3% RO O, A it Ak o AUIE
() PKM M FI CK 4b B i) 7K A5 4F 7 5 5 - S 0

GE QSRR JiY TP

300r 3—M —a—NKM ——NPM —%—PKM ——NPKM —+—NPK —8—CK

—_ [N S5
[ (=] %
(=] (=] S
T T T

R R
Available K content(mg kg™)
2
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3 A [a) it A b 2 - 398 a4 40 5 AR AL

Fig. 3 Change in available K content relative to fertilization treatment

x4 TEEELEEASEFFESIEAUAINEXRY

Table 4 Correlation coefficients of rice yield with soil available nutrients relative to fertilization treatment

Qb P Treatment W f A0 Alkalysable N

B3k Available P HRL A Available K

PKM -0.52°
NKM -0.36
NPM -0.38
M -0.56"
NPK -0.64""
NPKM -0.42
CK -0.98""

~0.44 0.19
-0.22 -0.05
-0.35 0.26
-0.41 -0.07
-0.55" -0.32
-0.21 ~0.11
-0.36 0. 04

w , fE 5% KA SE 1M L 3% Significant at the 5% level; = = | ¥E 1% /K FAHE4: L % Significant at the 1% level

2.4 AEEERLETHIERBHEERNEE
TS A AR W i AR I B, DA A b 3R
AR R R IR AE BT AR (£ 5) AR A1
Py 22 - S 8 S AR R COAR R, KR
Jii B ( CK ) 45 v 480 32 F- 34 45 4F 75 B 80.6 kg hm ;i
A HE M 145 kg hm *ffF , PKM NPK F1 M &b 3 - 138
RE VR T 13.3 ~66.2 kg hm ™5 24 jifi % i
25 290 kg hm i, NKM NPM 1 NPKM #b 3 1) 4
b R R BB A, A HUIE DAk AR 35 57 5 e FH
&L (NPKM b 8 ), + 38 o /0K 2 4% i 38 NKM
H1INPM b 3 43 B B A 55. 2% F1 19. 0% A it s B
(¥) CK ZbHE, SF- 35 R AR5 3L B 37. 2 kg hm ™7 jfi i i
N 56.3 kg hm ~* i A5 AS B il AL KRS X B 2 AR OR
NKM M I NPK 4b 2 (1) 4 38 v il 25 °F- 35 45 4F 5 Gl
13.9 ~ 18.4 kg hm >, B JE it FH & fn 4% J5 , PKM |
NPM I NPKM &b B 1) 4 58 o g 2 5F ¥ 4548 29 4%
19.0 ~47.7 kg hm > NPKM 4b 3 + 8 rh i Z &8 4

FEEE PKM AT NPM b 43 5 B 4K 60. 1% Fil 39. 6%
MEBEAR, TR 5 A, & 405 4 R 1%k
PR A o5 i, 5 AN i T AR L e, I8 Y it FH
T A R il IR Kb B P XY A AR T BB R
160.7 ~218.0 kg hm 2,

3 1 ®

K it 6 8 G P R S BOK RS 7 AR
O T it I A B g L R R A B 7 e 2 3 B B % i
LB F9 485 00 TG 484 0 A AL G LA TG K RS (LR
B ) 7 ek 140 B A 45 A X 42 5, X 45 TN BB 5 5
g U AR (NPK) S HLAE (M) b B
KRG e B AR ) E K, 5w Ak B
(NPKM ) 2 [H] ) 25 55 7 W 38 K, 7T R S il T 1o it A
)y NPKM &b B (5 50 % | [ it 55 7K 8 i Ff (19
TN RRAE A 5, H RTAE A KRS S Al ok 2 2 LA
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Table 5 Apparent balance of soil N,P, O, and K, O relative to fertilization treatment(1982—2011 kg hm™>a™"')
N P,04 K,0
b 3
Treatment AN S 240 W32 it A Rt W32 i A 210 &3
Input Output Budget Input Output Budget Input Output Budget
PKM 145.0 158.3 -13.3 112.6 64.9 47.7 67.6 240.9 -173.3
NKM 290.0 216.8 73.2 56.3 74.7 -18.4 67.6 263.7 -196.1
NPM 290.0 249.5 40.5 112.6 81.1 31.5 33.8 231.7 -197.9
M 145.0 211.2 -66.2 56.3 74.0 -17.7 33.8 194.5 -160.7
NPK 145.0 202.9 -57.9 56.3 70.2 -13.9 33.8 251.8 -218.0
NPKM 290.0 257.2 32.8 112.6 93.6 19.0 67.6 268.2 —-200. 6
CK 0.0 80.6 -80.6 0.0 36.4 -36.4 0.0 85.5 -85.5

O FEH R E BRI A AE T e R A, L R A AE
X355 10 B 4 W e B G A A I R B A B AR
T KR = 2 B, X 5 AT WF 4 R AR —
K WA R i e 5 R R W, A LS HLIRC i
(NPKM) B A e i B2 Al Hr e 280" 0 ARG
i ELA I A 484 P RO R e RO R, 1
GG OUT 380t e 2 Wl AT 1 389 7 30 07 B2 8% T AL
A, LR F BLE M W B AL I (NPK) |
it A HLAE (M) FIA G Ak 2 ZUIE ( PKM ) 3 /S 4k B ()
7 ik K P23, LB 25 it P 1) £ 4 < ,2001—2010
43X — B BE B4 7 K OP € 3 IR T e A 4k B
(p<0.05) , ARG e 2L RG> ) I H
(3 o0 2, AU B9 A 3 AT Ik ) 4R B He e
76% "R A A AR b B /L 50% S R
B F BN ok & N O R [ 4 3
i 5 A T G o 7K R 7 4 5 i BT 5 3 9, B
M AU B B, R R R RS T R R A
TR A W SR IR b R I A R I B . Ed-
meades'"”) Xt @4} 14 AFpLmt[E 20 ~ 120 a NEEW
K AR 06 9 F 7 45 S & R, K 3096 AL E B A
HURE P 5 22 1] % VR 22 77 ) B A S 3 3

K AR B 5 55 20 o i, T i AL O S
A ML 3% - S 0R0 f 2R0  A 2l  S ki A AR
FHE AT S [6] it A Aub 368 - 398 6k e 0 45k 7 3 5% i
W9 b TF T 28, Ak B 25 S 35 TN B B
Feas 8 L N R 4 S K A LR
AT AT S e b R R R ROR T
SRS R, K R R R R R B
B R HEN,0 ~20 em + )2, i3 HLAC AL A & A
e 3 725 TG T A Ak B K 0 T A 2 RO R 4K e
48 5 T SRt AE 7, (5 R B OE RESS N A HLA

JE 4 v R O SRR T O i R e A i RO U
HA W Bk R 22 5 RO it A BLAE o 5 g
R7 Al A VR AR 20 R A X A BL
AR T AR AR B 5 DR =2 — 2 A MR 5 A A it o
TR LR R & A R X B R R
e P R AR, LRE R AR R R R
KA AE 29 4F 45 R 3R W], w9 J7 203 R 1, B 3 Ak
AL B T, A i A )R R A B
RREWEE L e h RE 2, - e 20k A Mo &
B fei M HE B, T A ) AT HILAE B A R AR
LA A RO R R i AR B
T B AT RO B 0 A IR A T, K P B
it S I, B AR HG H — T 3 AR DR A A S X P
T MET 0 A W WA, (E 55 — 8 23 9t
WiF el e T I R, R A OIS, AT Y
AR A ELE A AR ) S L 4
Tt AT HUAC , 34 b 3T Rl A BOR B B 2 I
AT RE 2, — J7 T AT AL A B & A7 — 5 B 1) 9k
VAA BLBEA T, X 38 23 Bk 5y T 0 i 65 o — T T
A PLIETE A 395 nl 3% Ay BILsT & & 1A AL )
W JC LB 1 [ 5, AR JCHLBR A 0ot
A HLIE N F5 B0 Al FE = 3 TE T 247 RE B v e K
P A LA AN o R TG Bt A HLAE
S o A S A A Y S8R G T R A AT, T
AEJ2 T A HLIE B0 3R AT 0% A R TR e
LKA B A L, A7 HILAE S 5CE 0 S 250 H
b B E R DR IR, BoAE P oA R
B,

KR A A T B — S (Y R a1, FL AR M B e
SR Fp 2 7 o | L2 SR 20 I BE D AR
AR VIR G o A7 RWF TS5 R R W, KA ™ B X

http : //pedologica. issas. ac. cn



2 4 A 26 A LT L B R i 2% A A 4 321

THEE Ty R A E A OGO R, R R )
e, KR BT I A S SR G R &, K R 0 7 i Al
Wb A BESER, HE 3RA h BR RE A
pH b, A T4 FAE ) 7 5 1 TC 1o 3 A0 ¢, + el
T PR R B 7 i 22 [8) 0 A DG M A T 1 48 5% 4 A
Wy 22 I R S AR AR BESE R, 29 4R R
Jit Ak 3, AR 2R B Sy KRG 7 R - 4 5% Ay 2 60 AH
X, PATAL AR ) NPK Ab PR B MR, £
B R PR O] g S, AR a5 i 18 11t AR = R 20 42 80
ARAR Y B R AE o, 5 I T 180 e b DX A 1Y R R it
FEH, B MRS M 2= 363t A 4 N 352.5 kg hm 7|
P,0, 135 kg hm > [K,0 352.5 kg hm > " B b A [fl
Jit JES Ak 7 K R 7 X R R AR T 4% i R A
PRAY S o & kB A it AT AT BR A% 3G i 1
FrUAH BT AR KRS R i S RIS 2 U G
S5, ULIAAE R ARAE 1 ACE MRS IR TR A
AR, BAR T HEAE T3 K P RE 85 A — E 1Y 48w, {HOK
R RR ™ R A AN B RIE

AHENE (CK) A 3T, MEY W55 43 2 1 g Ak
R AE 3 ARSI 27 A R B, — 3 F2 b v] o ke + 45
HEAERE J1 o @It o A A5, 20 EOK RS A ¥ L 3R 4y
e 1K 2K N 80.6 kg hm * P,0, 36.4 kg hm |
K,0 85.5 kg hm ~*  JE¥ I e K L HE 57 4) , 35 40 F
s g BT A b HEE ) BRI F L KRR AR
PR AN — o W R Ay B R AW ] 0 3
I, KRR AT G B R I R 8 i, AL B R
AT, B AT RVRT A1 L X 37 40 S £l () 1 3 45
SHTYS b B 7E 290 kg hm® (9 KE T, +
REBRBZ WINAZ BT LR 0K
{H NPKM Ab 3 /) 282 4 5 8¢ NKM AT NPM 4 #2241
TR A 7 v, 0 250 F AR IE A LA it Y
G, DL KR B BB IR O R Z A Y P, X
P R S AN 2 TS e 1 4 77 i, 2 B 0k 3 AR ok
138 B PR 8805 g, R RE, Y e I &= S R &
K, AT B LE + b B, S B R
I, K LA 25 1 R HE R B R ) R AR, DI X
PRIEAG BRI L 7E R R B E B K S, NPKM b
PP B R B R K PKM R NPM &b B ZAIG, 150
B NPKM 1] 400 A 5 oAy BEARL () it A B =X Bl 5 AR ™
o R AR VR W B K B4R, BRI R B
B, B AT A 0 R DL K A PR VR ) A
VEDBRBL RN 5K & iR B 5l ok 5 T HEE R L be ¥ 2
FER H AR RGN T 078 R R A, + g se
e A e P B AR A 4T

Je T AR 9 WF 5, 45 4 FOK R K,0 112.5
150 1 187.5 kg hm 40FF , 1 3E4 2 P th 91 5
o AR A 4F W0 75 K RS MG AT (K,0) 33.8 ~67.6
kg hm B AE T, + HE40 2 5 B 200 kg hm i
B 28 /0 SR 4R I b 7643 A B 200 kg hm TP A REEA
Yr 4y T RO

4 4 ik

HESE 29 AER IR A AL S , 5 48 7 ik I 25 it
AR T R 0, L NPKM b B 7 G 20 1 B
5 R HL G LR b 4 A AT 080 0 2 9 1
388 77 O U T 1 G 2 0 5 B 16 A 15 Bt A L AR
TRASEXSA G, 60 6E 0 5% e 1 5
i R A Al R B A G T A BILAE B
I S A SR e, T A B I B A R A
fi B, A HLAE A 25 40 0 Pt e TG o 42 725 1 e ke
SR B s NPKM A 3 0% e A AR IR 35 4 28 A, L%
QbR R T 2, R BEAR T 200 kg hm Pa”', P
L FE AR AR = SEBR v  NPKM b B A 1 A 4 vt S
RS (E A B R B B IR B A

S LIRS S e ¥
N A ks § T aAr. EFF LA PR T %58
RRKARFERG KA L&, Smotney & A A%,
FAMER &, e — 50k,

& % x

1 BRSLm M NORE R SCH . BREREEEM =Bk
Sk . P EKFERE2E,2007,21 (1) :90—94. Chen L Y, Xiao

—

Y H,Tang W B, et al. Prospect and practice of three-procedure
breeding on super hybrid rice (In Chinese). Chinese Journal of
Rice Science,2007,21(1) :90—94

[2] JEANLE. A HL-TEHUAE RC it X 7K R 7 o B e LR Wi 52
Wi . R 3R 5 IR A 4, 2012, 18 (1) :234—240. Zhou ]
M. Effect of combined application of organic and mineral fertiliz-
ers on yield, quality and nitrogen uptake of rice (In Chinese).
Plant Nutrition and Fertilizer Science,2012,18(1) :234—240

[ 3] Liang B,Yang X Y,He X H,et al. Effects of 17-year fertilization
on soil microbial biomass C and N and soluble organic C and N in
loessial soil during maize growth. Biology and Fertility of Soils,
2011,47(2) :121—128

[ 4] BEEMBES, LA, 5 . KW A N0 S B0 %) 2 3 K 7
My A R g A R IR . RO B 4, 2009, 42
(10) :3541—3550. Liao Y L,Zheng S X, Nie J, et al. Effects of
long-term application of fertilizer and rice straw on soil fertility

and sustainability of a reddish paddy soil productivity ( In Chi-

http : //pedologica. issas. ac. cn



322 + b

2,
=2

il 51 %

[5]

[7]

[10]

[11]

[12]

[13]

[14]

[15]

nese ). Scientia Agricultural Sinica,2009,42(10) :3541—3550
Zhang H M,Xu M G,Shi X J, et al. Rice yield, potassium uptake
and apparent balance under long-term fertilization in rice-based
cropping systems in southern China. Nutrient Cycling in Agroeco-
systems,2010,88 :341—349

Parham J A, Deng S P,Da H N, et al. Long-term cattle manure
application in soil IL Effect on soil microbial populations and
community structure. Biological and Fertility of Soils, 2003, 38
(4):209—215

Steiner C, Teixeira W G, Lehmann ], et al. Long term effects of
manure, charcoal and mineral fertilization on crop production and
fertility on a highly
soil. Plant and Soil 2007 ,291(1/2) :275—290

TR MR, AR A IR [ L X R 7 U R A T
L5 R R LBR VRS R R . A E IR S TR
42,2012, 18 (5): 1056—1063. Wang F, Lin C, Li Q H, et

weathered Central Amazonian upland

al. Effects of long-term fertilization on contents of Zn, B, Cu, Fe
and Mn in rice grain and soil in yellow paddy fields of southern
China(In Chinese). Plant Nutrition and Fertilizer Science,2012,
18(5) :1056—1063

B H . R HERAAAT . dEST R EAR AL B AR ,2000. Bao S
D. Analytical methods for soil and agro-chemistry (In Chinese).
Beijing: China Agriculture Press,2000

WY, R P, SR I, A . v LA . JE st
[ 4l Bl 27 35 AR R #:, 2006, Xu M G, Liang G Q, Zhang F
D, et al. Chinese fertility evolution, Beijing: China Agricultural
Science and Technology Press,2006

AL A IR T B, A L RUIE JTTA T X 4T 3 S M AR
FRAE 7= HE# mg . [E@ R 2 0E iz, 2008, 24 (1) @ 286—
292. Gao J S,Li ] M,Xu M G, et al. The Effects of long-term
chemical fertilizers on yield of upland crops and paddy rice in red
soil (In Chinese ). Chinese Agricultural Science Bulletin, 2008,
24(1) :286—292

FOMZE, £ WAL, AR, 45 . A [t FE 7K O T 78 90 2% 58 7 4
ABE VE R OBCR AR . P E RO A2 ,2008 ,41 (10) :3123—
3132. Ao H J,Wang S H,Zou Y B, et al. Characteristics of nutri-
ent uptake and utilization of super hybrid rice under different fer-
tilizer application rates ( In Chinese ) . Scientia Agricultural Sini-
ca,2008,41(10) :3123—3132

KA, O, TR . AN TR i A A B X K A R 43 W A A
P S A o A A R P A S R . L B i, 2005, 42 (1) ¢
116—121. Zhang Q C,Wang G H,Fang B. Influence of fertiliza-
tion treatment on nutrients uptake by rice and soil ecological char-
acteristics of soil microorganism in paddy field(In Chinese). Acta
Pedologica Sinica,2005,42(1) :116—121

oG e B S I S oo £ S N e o Y L B
[ (7= n] 45 S PR AR AE . BT AT AR A5 % 4, 2010,21(5)
1264—1269. Li Z F,Xu M G,Zhang H M, et al. Sustainability of
crop yields in China under long-term fertilization and different ec-
ological conditions ( In Chinese ) . Chinese Journal of Applied
Ecology,2010,21(5) :1264—1269

BT B E M BT SF W R A R TR DX R R 9 R
B 3 A R SR AR T 5 . P R 2@ 4, 2011,27(5)

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

94—99. Lu Y H,Liao Y L,Huang T P, et al. Study on response
of early rice to P application and abundance and deficiency indi-
ces of soil available P in different regions of Hunan province ( In
Chinese). Chinese Agricultural Science Bulletin,2011,27 (5) :
94—99

TR, TR, X0, S . N R HLIE 5 A IE S it xF ok
T A R WOBCRIJH IR0 . = 1 AR Mk K % 4, 2011,26 (5)
694—699. Zhang F M, Mao K M, Liu H B, et al. Effects of the
application of different levels manure and fertilizers on nitrogen
uptake and utilization of rice (In Chinese ) . Journal of Yunnan
Agricultural University,2011,26(5) :694—699

Edmeades D C. The long-term effects of manures and fertilisers on
soil productivity and quality : a review. Nutrient Cycling in Agroec-
osystems ,2003,66(2) :165—180

RIER . T AR D JLA 0 .+ e iR,
1989,17(2) :1—9. Zhu Z L. Some problem of soil nitrogen re-
search (In Chinese). Progress of Soil Science,1989,17(2) :1—9
PRALFE . VG B IX % 2 13 4 5 A N X & R e R+
By e . AE Y E SR S IR ,2011,17 (1) :16—21. Xu
7 X. Influences of consecutive 13-year long-term fertilization on
vields of rice and wheat and soil fertility in Xihu Plain( In Chi-
nese) . Plant Nutrition and Fertilizer Science, 2011, 17 (1) :
16—21

BRI, RS, EE W BHE LA ML A NG R LA
i) S T ME . A4 ,2002,39 (#4H]) :100—108. Huang D
M,Zhu P L,Wang Z M. Discussion on several aspects of internal
cycling of organic nitrogen in cultivated soils (In Chinese ). Acta
Pedologica Sinica,2002,39 ( Suppl) :100—108

EARAT, BRI, SO AR, AF L Ui AR AT s A R RS P
. KW E IR 5 IR 2412, 2002,8 (38 F1]) :29—34. Wang B R,
Xu M G,Wen S L,et al. The cumulative and balance of nitrogen
in red soil after long-term fertilization ( In Chinese ). Plant Nutri-
tion and Fertilizer Science,2002,8 ( Suppl) :29—34

By bk BUEME, 55 . RS K FE AR W A R
T R R AR i . %4, 2010,47(2)
286—294. Ma L, Yang L Z, Yan T M, et al. Profile distribution
and mineralization characteristics of nitrogen in relation to temper-
ature in paddy soil under long-term fertilization ( In Chinese) . Ac-
ta Pedologica Sinica,2010,47(2) :286—294

WA, 2R AR, 55 - R IUIHE N X & YN A T A M A
T3 B & e A AR . b el 2 ,2005,38 (10)
2043—2052. Yang S M, Li F M,Suo D R, et al. Effect of long-
term fertilization on soil productivity and nitrate accumulation in
Gansu oasis ( In Chinese) . Scientia Agricultural Sinica,2005,38
(10) :2043—2052

g 2R, 2 gt AR B, 45 L IOBIAS [ e I X K A 5 e K
BEAC 1 52 md . b @ okl B 24, 2009, 42 (2) : 543—
551. Zhang G R,Li ] M,Xu M G, et al. Effects of chemical fertil-
izer and organic manure on rice yield and soil fertility (In Chi-
nese ). Scientia Agricultura Sinica,2009,42(2) .543—551
FAAT L ARII G, S AR KIS [ i IE X 5 21 3 T A
TE AR Y 2 M . oK e OR R % 41, 2005, 19 (1) : 97—100,
144. Wang B R,Xu M G,Wen S L. Effect of long time fertilizers

http : //pedologica. issas. ac. cn



2 1o 28 A A K WA HIL T AL it X K R 7 e R - A AR A R 323

application on soil characteristics and crop growth in red soil up- 688—692
land (In Chinese). Journal of Soil and Water Conservation,2005 , [31] iy, s X6se, 4% . MU aEXB—MEFEERET
19(1) :97—100, 144 FNE it A =S 5T . b K RS B 2, 2012,26 (5) 1 555—

[26] BABEST, S . A HLEXT 902 0% iR m . £ 562. Hou H Q,Ji ] H,Liu G R, et al. On the model of nitrogen-re-
#,1991,28 (1) :7—13. Zhao X Q,Lu R K. Effect of organic duction in double-rice cropping region in red soil area of south
manures on soil phosphorus absorption (In Chinese ). Acta Ped- China(In Chinese) . Chinese Journal of Rice Science,2012,26
ologica Sinica,1991,28 (1) :7—13 (5) :555—562

[27]  ARAEAE . K 07 it AT X K R /N2 7 o R SR A 1 [32] PBUhifs A0 B . M A 27 3 X A 3% 43 F 45 4k R R A B R
. W VT 4%k % %, 2009 ,21 (5) :485—489. Xu Z X. Effect of | . b B0, o E L B2 B, 2010 A la
long-term located fertilization on the yields of rice and wheat and teng X H R. Nutrient balance estimates and environmental impact
soil nutrient ( In Chinese ) . Acta Agriculturae Zhejiangensis, in typical red soil region in Qiyang County( In Chinese). Beijing:
2009,21(5) :485—489 Chinese Academy of Agricultural Sciences,2010

[28] JHBEIF,KEA,ZTT = . A HLACREXT L 540 5 L) e [33] EHA,HRFBIR D5R,AF . N [ i AT Ak 2 X 3 A 29 ) 1Tl R
RS RFIT . P RS R4 ,2003,11(2) :61—63. Zhou SR G AMEIREM . ISR, 2013,50(4) :135—142. Wang
X F,Zhang Y C,Li Q Y. The K supplying capability and charac- Y L,Zhang C C,Ma Q, et al. Effect of fertilization on accumula-
teristics of organ fertilizers to soil (In Chinese ). Chinese Journal tion and profile distribution of phosphorus in aquic brown soil(In
of Eco-Agriculture,2003,11(2) :61—63 Chinese). Acta Pedologica Sinica,2013,50(4) :135—142

[29] 29,20, 058,45 . BT PR BB B 1 g Jy sl 21 [34] MW, BRSC, REH,H . REKWIICRROE R 13 5% 55 F
M RS A AR 3P4 . HbPE 24 ,2011,31(4) :495— 7. VEW 22,2013 ,39(4) :665—672. Tang X, Chen Y, Wu C
499. Luo X,Li Z W,Ye F Y et al. Paddy soil fertility assessment Y, et al. Fertilizer efficiency and soil apparent nutrient balance for
in typical red soil hilly region of southern China based on PI mod- Barley under long-term fertilization ( In Chinese). Acta Agronomi-
el(In Chinese) . Scientia Geographica Sinica, 2011, 31 (4, ca Sinica,2013,39(4) :665—672
495—499 [35] BEEM BRI, BT, % . RTS8 KR -FE Ao 1 b

[30]  EAl, E, IMEGLE, 5 . KR W AC O =0T 1 w0 AR AN B RO AT E ST . 4 858 42,2008 ,39 (3) 1 612—

ST PR R OE . A R 5, 2008, 17 (2) : 688—
692. Wang C,Wang D J,Sun R J,et al. The relationship between
soil enzyme activities and soil nutrients by long-term fertilizer ex-

periments( In Chinese ). Ecology and Environment,2008,17(2) .

618. Liao Y L,Zheng S X, Nie J, et al. Potassium efficiency and
balance of the rice-rice cropping system in different types of eco-
systems( In Chinese ). Chinese Journal of Soil Science,2008,39
(3):612—618

EFFECTS OF LONG-TERM COMBINED APPLICATION OF ORGANIC AND CHEMICAL
FERTILIZERS ON RICE YIELD AND SOIL AVAILABLE NUTRIENTS

Abstract
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A long-term fertilization field experiment on rice has been going on since 1982 in the Red Soil Experiment

Station of CAAS to investigate effects of combined application of organic and chemical fertilizers on crop yield and contents

of soil available nitrogen, phosphorus and potassium. Results show that higher fertilization rate raised crop yield. Long-term

application of organic and chemical fertilizer (NPKM) could increase the rice yield,

and enrich the soil fertility. If long-

term application chemical fertilizer ( NPK) ,the rice production will reduce. In treatments the same in N application rate,

amendment of phosphate fertilizer was higher than amendment of potash fertilizer,in yield-raising effect and it was particu-

larly obvious with early rice. No significant difference was observed between treatments receiving for long organic fertilizer

only and chemical fertilizer only in yield-raising effect. With the experiment going on and on, differences between treat-

ments got more and more significant. In all the treatments,alkalysable-N increasing rates showed a similar trend,low-high-
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low. Organic fertilizer was better than chemical fertilizer in raising alkalysable-N content (p <0.05). Accumulation of soil
available phosphorus was mainly related to application of chemical phosphate fertilizer. In terms of the mean content of soil
available P of the years,the treatments displayed an order of NPKM ,NPM and PKM > NPK > M and NKM (p <0.01)
. Soil available K increased the fastest in Treatments NPKM ,NKM and PKM and the slowest in Treatment NPK. With in-
creased N and P fertilizers application rate, surplus of nitrogen and phosphorus appeared in soil. However, Treatment NPKM
was better than all the others in mitigating the surplus. Potassium deficit was observed in all the treatments, suggesting that
to maintain the basic balance of soil potassium, at least 200 kg hm * of K,0 should be supplemented in red soil paddy
fields annually.

Key words Long-term fertilization ; Combined application of organic and inorganic fertilizers ; Rice yield ; Soil availa-

ble nutrient; Soil nutrient balance
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