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7 [ R 2 e 21 18 AR S S B uh (116°5530” E,
28°1520" ND AT 5 DX A AR AL L X [ S S 38~
J PR I P A, R RN AR ek, R R 35 ~ 56
me.o 3 DX BT A M O B IE E ZE KAE, AE AR
17.6°C, /K 1795 mm, PEAKZEST 3—6 . b
Gig e Syt TR

1.2 Rt

A A I R BTk, R T KT HEK
KAER (lysimeter) 2 mx2 mx 1.5 m /K JEN,
JIG 0 5 df Bz 7 5 A 25 i 1 1 AU BB I /K
TN AL TR A L (R E 21D,
Y Ry I, WIS DU A E 1 m SR AT
WG R 3 (0 ~ 20 em) FEAMER N : GHUR
6.0 glkg, R 0.29 g/kg , HAAME 0.02 g/kg, A
48.45 mg/kg, pH 4.90,

M 2002 4 4 FF] 2010 4 12 7, B4 4 AWIE
7 AR AR EK CLRER RV, H)E
A 50 000 #k/hm?,  FRWOHK G 2 KA 4 HARKN . Wt
5 A U R b 2T A R B 3, 57K 80%
ki, CF¥IpH 772, A 329 gkg (T3, R
[, 481 14.0 g/kg, 4= 20.2 g/kg, 41K 306.5 g/kg.
WA P 2EA ST ERE 4 DAMFGEIELEE: OA
i JEXF HE (CKD s @ &E A HLIE (LM, N 150
kg/(hm*-a)); @ & A HLAE (HM, N 600 kg/(hm*-a));
@A HLE+A XK (HML, N600 kg/(hm*-a) + f1
K 3000 kg/(hm*>-3a)). FEANALE 3 KER, LU
X 41 HEF

A I HUIE Y LASE L A F R iy — bt A
THERE, RELRL PR, .

1.3 HmBXRERNE

TRERNB IR KR : F AT 0 ~ 15 cm R JZ 135
PEF IR o T HRPRIE K FER] LR
AR 1 ~2 FEREE—IK, WE IR A RE—IK, it
RIS 5 BN RAEATIR o [RS8 s /K il
BTR/KER A Cay Mg, K kK.

RIMRFE: 7 A FRKRBOGR)G, k& /N =58, i
BRFERT G & 415y (REFE. AR FPRD 280, JF
DL v STAE P B i

FEM AT T JEFEFEA T Cas Mgy K. Na
THIR - SRR, Atk Cay Mgy K. Na &
FREHREL, 2 )5 5B AOKFEART, SR KM e gk
MsE K. Na, HEFIRIEC e Cay Mg P,
+3 pH 7F 2.5:1 (/K EE N BB pH iHiE . 3%
ASHPEE B SRR - R e e,
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R IR K (Cas Mg) AR = 38
TR x KB K (Cayw Mg) KFE .

AR 58 v 90871 F Excel I SPSS 17.0 %A
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2.1 KHEIBHIBEHE A T L% pH Tk

ZUA M EAT AL it P R 2 48 (0 ~ 15
cm, N[A]) pH AR 52 PR it JE S AN 7] 1 4552 o ] —
SE W, 3 pH I AR A TAERR AR /N, B
PR — 4 I I T pH AERET P34, VB iz AE 03 11
P pH A, LA EREEAS [l it A 2 e A4 R %o 338
pH F15gmd . il 1 iR, 76 9 4Filftd, CK, LM 4b
4R 2 pH HAE 4.7 ~ 5.0 Z A1), REAHUE
Tt I8 5 ke 358 pH E R3S 0. e HM b B,
re A HLAE K30t 1 5 2 1438 pHL (& A48 i, ~P3%)
BAEZ) BT 0.085 A~ pH AL, FGEILSE 9 4218 5.9,
TErm AU NN K (HML A2 {ff 13583
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Fig.1 pH changes of surface soil under long-term manure application
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[ %) el Foy h
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FHZRCRATIR, i e AT HUIC A B AR T 4 AR 4
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Fig.2 Changes of exchangeable hydrogen and aluminum of surface soil under long-term manure application
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2.9 g/kg. 4 MACIR AR A HLIE N 3
Na & CK 0 kg/hm?, LM Ab# 14 kg/hm?, HM kb3 55
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) B A CIEAED, PEWER 1, HAEY R T
MRS 419 Cas Mg #R%, FKH I Ca. Mg & i
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Fig. 3 Concentration changes of base cations of surface soil under long-term manure application
F1 KHENEHERTLIE Ca. Mg, K T
Table 1 Balances of Ca, Mg and K under long-term manure application
ST Ca (kg/hm®) Mg (kg/hm?®) K (kg/hm?)
CK LM HM HML CK LM HM HML CK LM HM HML
LITPAN 0 139 557 942 0 334 134 139 0 59.3 237 237
1ER 1.7 19 39 40 1.1 15 30 31 5.9 69 180 170
B 127 117 243 216 24 42 9.2 22 17 13 17 19
R -129 3.24 276 686 -3.5 15 94 87 -24 -23 39 48

Mlit. &3 Ca P i A ST RNA 207, 15
HER: Y= 0.708Xc, - 114.5 (0<X, <557, R*=
0.993, p<<0.01> . i X FRonid kA AL A f A
4 Ca (kg/hm®) , Y FoRIZMALE N H Ca i
i (kg/hm?)o WRLZ 7RI E AT, qaHUEA
T Ca 162 kg/hm® I, ] 765 2 VWSO 2
GhrerE R ROC R B Ay, W Ca EATHN TS, MR AR
TIE 498 1 M M0 R RN ) B AR AT HLAE 4 Cal62
kg/hm?.

2.4 KHEIBHBEHERXMEM -2/

M CK FeiE 203 S AR AN IR B R,
FORFEARLW, ZHAEMENFE (B 4. HitE
FHEE T Bk, LML HM I HML &b # kAR
B85 3 679, 6 714 17 261 kg/hm*. £ Jiti

MEHT 4 FAEY = R AR A, s nAT KA H 2 A
W EY &, BES HML 1 HM ) 7= 2 25 5
ME] %3

OCE 0OLM BHM ®HML
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=8 (kghm?)

2000 |

2002 2003 2004 2005 2006 2007 2008 2009
Fir
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Fig.4 Yields of maize in red soil under long-term manure application
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3.1 AL RIEBLE RIHLH

TR A AR I S B b g rh A TR T A
RN, BOR 75 IR AR T I ) R
BEATAT He, (EHE T AT ML R 1 BRI G, AN
BREAE RO 2 1T 1R 280128 1 St 2D AT 0 A A T )
B0 D LR AT, R R S R SR b L R
RNyl B, el o PR A i M U 5
EINER R B R, BRAR L% pH. FRATTAEE R 5
MF s e —5, RUITELLEE Bl A DL RER A 3%
Mot 2 s e

AT WU P X - SR B 1) e RN, 2 JLRR AN [
PUBPLFE IS R B oG, AP R mktt, I
it P AT LR PP A AR A 00 5y e pHL s B
BT PUIL IR, R R & o A 3,
TR AN K M 5, 1 - S VL 10 1257 o JRE M
FACHe, A IR AL IR A Y R PR
BRSSO RE, AR A TR
Mt aa i R, PEATERGE, OO A HUAC S R - SR b (1
FHLHIZ e ok, AHUER S s L3 pH S
UL A B 3 i i A 2 e 5. A HUIE A
BU e AL R, AR AT LR« TR 5T
EATRET WAL TR E R, AT AR T
2o LR PR G A R AR A B,
B LR ™2, i ELAEAT WL A i R v e 27
WS TR EAPIR, WK, FrERR. SRR,
R R A NUIRAEE— D R CO, i
Y HE H'?Y, Helyar 25220004, HHLIEA L5,
Hh A ML A E T R 24> OF &1, fEAil
WA 2 A~ HY, BRI BLR RIS R e tb
RS RS BRI R . HORIX IR 1823
KRS E R, & BRAR T EANBHAG A T 2
B, RAFE NSRS ST EANA . B,
AHUELET o i PIH A R X 3 pH R 28 0T
BRAT Fs Bt — L5

SRRV AT BT 490 o 1)K AR I ok
TR FERE AN B R R AP A A R, K
BEAPULHENZ T 273 pH (HIKHE— DR
FRIYIUIR (ARSI o BTSN BREAD 52 &5 3R
PECRAT R E R, B LM AL T CK
AbBEE e T A HLUTCE L 0 pH IR BT, IR
I3, XL AW SR R R IR S i
otk A R . Xu SEPWOY DR R TR A T

CREZ Ca) WRRAUVR ST HNESE fy N RIS
Zr M R . AWETUITHIMEZE pH b 7.1 ~ 8.5, HoKE
Jit P PR R 3SR R (R A3 R T o B A EE (A2
W& m st ], K ah s TR gk N e,
W T IR R L AT T A, SR T b bERE, R
T 4 pH . ARG BT BL, 75 HM F1 HML 4b
b, +3E pH {EA 1% Ca. Mg. Na [ WA
K (r>0.60, P<0.01), HL4 Ca. Mg A
H(r>0.68, P<<0.01). M P vh 50 3k It ey
TN EAE, 4 MEIEE T, K. Na 75 1%
5 /N, Cas Mg Bk &, JUIL Ca, Edhii&
BN e R B TTER . PRE, FRATTIA N 0 S K3
RIEAE I, B IR I (1 S AE T A HLAE
Kt Ca Fil Mg Wk H3gerh, 48 7 RIS R 70 &
IbAh, e AL B ARAUE I T Cay Mg )
BN, IR Z AN, 338 pH A55R858
WA pH 39002 Ca. Mg B 1IN0 « H 4
X —ER, LM AR TR N, (H I
A Cay Mg FEARGMRFEYRANC, PRIt 133 pH
TR TR AT B, IR g FAR T
3.2 jEREE. HERRLEBRXTLIIRERE oL R RIS

- SRR AR K I R A SR AT b s 1
[k Z FOAZ ek B R A K B . TR A AL
JIE it FH o B i e St T O e = 7 3% pH E
HFEACHMEE @A HUIE =R AR S T IR
Hh LR R T R AT LT A A AT B ARG PR Ll £ Y
5 CK M, IKEA UL LM 4b31 b 35 pH (%A
RADAR, SRIAS e PR BR3P . AT iR,
Tt JE AL BEAS e PR AR 55 3 LR & = B UG (P
<0.0D), HHRRELNEE T 0.6. X753 U T
ZLHE R B WU S PR w R SR
WU SR AT . s S R M fE 4 e 7
i EAE K, UASHEER T 4.45 cmol/kg BPREXT
WRARERK=ERGE, MmT 4.8 cmolkg CHEEFH I AL
i) B EREAREER EK. ik, ZEaEHEm,
ANHEAHIETEI T (CK) A8 L0 3 b Rl T KoK AN R
WA, PrEEE TR MKEAYUICHEH R+
BRI R I S LA, AN 4 455 R kR
BREE. i MUIE it T 3 — 4 R ) A ek A B A
FHILLT, 2L 4 FEAZ 4K T 7 mmol/L,
SEARHER T R fE .

AT LI, A PR 10 B 1 o4 R R
DRt AR S AN [ 1T % o MBI (LMD B, R
KA WALt A R4 i 118 pH. SE AT gE>
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T, (RS B AR N 300 ke/hm? (AT HLAE
Ja, 3% pHH 18 4FfEHE N T 0.92, 434840 0.05 4
. AWFFTH HM AEFE (N 600 kg/hm?) 135 pH 4F
Bisin 0.08. Bk, ZiEKE, AU SR
AR AR — e A AL DA By T AR TR
I DA 0 R PRt Ao 32 A7 1 o - 498 pHL, - ELSE Iy
LAY (MR R I TP A N =T N S S (1B S L A VS g
RBAE T 205 R AR TR RGP AN UL R FE
RIS B4 Ca 162 kg/hm?, B4R AT HLAR B R
Jhese 118 pH (I, MRS E 220 TIxX—BIME, A fig
LA AU A - e b I B AR R, LIRR
REEHU R . Ca MIEMERKIPREEFRICR, L
e EOCEA HUIEHE FHF /ER SO N & 1)/
iy, Ca I EBEL B IRMAN TGk M E e, &
[Fi) A 49 T R VR MAT 2 S i G P47 8 FR) S i A R, PR
UG BRATIHE R A 7 rh R 2 o4 R R AR A ML T &, %
JCAbAER A — s &, AR I AR R A Ak
— I HFIUIRAIE o

FERTIIRTIL RIS, LR BUAEY), R
ZEJi ] N 120 kg/hm?, P 60 kg/hm?, K 90 kg/hm?, #]
UK AR = 2 ah . ARG, 0l il 4% 28 it
KB R I R SN Ca 162 kg/hm? Ji&, [AlI #4787 A
+14% N 181 kg/hm?, P77 kg/hm?, K111 kg/hm?, 7] LA
W R Z BRI KEEFRTR MR R, AHUE
R EFRIUR Y Ca ZIAIM& S LG A e —2
PEER 6 7 @ SRR R IR 22 57, A R IT R E
ZVEIBIETT TAE AR 3 AE = S B

SEHT R RIE ], A A P LA 4 1
B pH {H, FEARASHeE R & U2 BATMBE 7RI,
T AU A 225 19 0 -+ 8 pHL S, A A7 g m]
204 M pH E, 33X S A RN k2P 1
T B B T S A O BESTIE I ORI R
F pH {HN 5.9, 43 pH /N TR pH {H i pE 15
pH IFARAEY) =i R Lk T, 145 pH XHEYAEK
PRI R R U 2 ik, ASEFSUR HM A EEAE
TSR AR 74 5 T3 pHAEHAE T KR 5 pH {H,
RN, WILES 3 AERInT ke e s . Rtk
ST HUIL it L R e, it B S I — I 2
¥ 138 pH (IRHRE &, AR5 A HUIEXT pH 1R E
VE IR RNIZ D 3 i 38 pHL, DASseJod A i) Al e AN
bR TR .
3.3 REKHERANESME

Hr, HIERRC R A ER R ) A
o M, FE L2 R 1 HGH AT b X T 2R

BB IR, R BN R EP . N2 T
e Tollyg gy A RAHR S R MR TR, LARCK
FACNE R & N RGN sE T, LR A Bk ik
S A LA, AT AR DA i B 3 ok
(R, MR R RE 1 e 2% (R4 iy - 2R
JJo LU CT, BRT RIERAE MRS, -
IR R, ARSI EZEMRK. AL
JEtE AR R T IR I R, PR NL Py K
B FRICEAE NN NG RIS T HIRLE A
71, nEEMESEwrE R, IR TR
ek, ANUIES o g A i S5 IR 1 o5 R R AH Le A
FSORRR AR, R LTI I ) TR R . )
— 5, FEEREFFEN DR, &R
O E— R, e R E IR R4 G B R
KRS KA, O o™ BTS2, &R
AL A HT AT LATE A K IR R 52, SEA UL
PEIRIPEARI L, BRAR L BBy e e i svs 4,
SR R R S (N EBRAT

SR, AU AS A B TR 2 3 3. KA
ARG B oSBT TR, RS S =L 4
FJE, 130 cm AR MBI KB IR SRR FELE 15 mg/L 7247,
AR AR T 2 A R, B S —
ERPUER. EeEAE, JOEAR Wi T sea ok
TR ESENKHERME R K, bt
RN FE, LERE miE, E4LE Cu Zn, Cd
S RIMAE AR I e AT i R R, geah,
WFFCUE S A DL, JCH S SR, n ek 145
1 CO,. CHyw N,O SR SRR, X e AL
JIES e FH) i P9 A 55 2850 . 8 2 A 10— 20 1) T A v v i
FC, LUk 20458 5 b AL it P A S S A o A 4 T 1)
INRFIPEAR o

4 i

TSR it P o4 S 4038 S b R P 5 A — e Bt
FIE LA b, T A VA B LI FH o 28 4358
-4 pH, FLAG 0 0 T P e AT i i T v e AT HLAE
It vy 80 e R AL e, b Cal Mg 1)
B0l B A, AR TEAT S 3R R DL Ca b,
HKOE Mg, i K. Na Bl KA HULTEHA
RURRAR T 43 Rt 3R 2 - s e ME R & i, U ILRAT
BER O B PRI RO, AL 4 AR S BN AT
T B AT R AR R AR K

LM A MU HE ] B 7 EORE R R
T IR P Y R R I A% 2 Ll Ca 162 kg/hm?,
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Effects of Long-term Application of Pig Manure on Ameliorating Acidity of Red Soil

LONG Guang-qiang'?, JIANG Yu-ji'?, SUN Bo'?
(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing 210008, China;
2 National Engineering Research and Technology Center for Red Soil Improvement, Red Soil Ecological Experiment Station, Chinese Academy

of Sciences, Yingtan, Jiangxi 335211, China; 3 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Acid soil infertility is a major factor that limits crop production in red soil regions of southern China. The effects of 9-year pig
manure application on amelioration of acidity on red soil (Udic Ferralsols) was studied in field lysimeter experiment with maize monoculture under
different application rates of manure, i.e. N 0, 150 and 600 kg/hm? for CK, LM and HM treatment, respectively, and with lime addition 3 t/hm? lime
every 3 years based on N 600 kg/hm” for HML treatment. The results showed that soil pH increased year by year with increment of 0.085 in HML
while manure application did not influence pH in LM. The application of pig manure increased the contents of soil base cations, especially Ca*',
followed by Mg”". With the increase of manure application rates, the exchangeable acidity of red soil, particularly exchangeable aluminum, was
obviously reduced and aluminum toxicity was eliminated after 4-year manure application. Ulteriorly, lime addition increased soil pH and reduced
exchangeable acidity in comparison with HM. The manure application increased significantly corn yield on red soil. The minimal amount of manure
was Ca 162 kg/hm?, over which pig manure application would increase soil pH. Lime addition once in the early years under long-term manure
application would eliminate acid soil infertility with the least investments in the shortest time due to the increase and stabilization of manure on soil
pH.

Key words: Pig manure, Red soil, Amelioration of soil acidity, Soil base cations, Exchangeable acidity



