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1.1 I XHR

A SCUA R EE T 198 AR Ay 09 2 o7 it N 3 35 Sy ot
o IZA I 7 I B A K VD T B AR DX AR 1
X (28°37' N, 112°80" E, 100 m) . X5 [X
1981 —20144F AR BEM 58 1 385 mm, 4FF-3
IRLT °C, AEFHIERENZ300 do K 1B RS
el LR R KR (R E 1, B3
T E A AP L) o AR RET0 ~ 15 em
BEZ 00 T B R R R

F1 KEEMRIGEM T IR AR F R

Table 1 Initial chemical properties of the paddy soil in the long-term fertilizer experiment

hUR - A ] - -
o A B A7 Rk 4 U Readily
R Eayit] Organic Alkali-hydrolyzahle
pH Total N Total P Available P Total K available K
Soil type matter . . . . .
. (gkg™) , (gkg™) (mgkg™) (gkg") (mgkg™)
(gkg") (mgkg™)
fil KB AN
6.6 34.7 2.05 151.0 0.66 10.2 14.1 62.3

Gleyi-Stagnic Anthrosols

1.2 Rt

M Lo, 3RER, KEHLIX 4 HE
o AW EEE T H PR3N E: 1) CK (A
WEAEAfTAE R ) 5 2) NPK (Jiti A B4 AL e )
3) NPK+CaO ( ZBEH#LREFCHE A K ) o /DX TR
}66.7 m*, /NXJEFH30 em$E K JEHEFEIE, X 4[]
BIHE K 18 56 BE M50 em, X ZH ] K SR RR IT, LA

G K R AL B 2 [ S 55, N P
KAGAE & Fhay 50 o PR R L 2 Wl R 85 A AL R . #F
1981—20144F10], AL FAEN 150 kg hm >l
FEN 180 kg hm i A5 BAEACHE R | MiFEY M38.7 kg
hmfi A BRACHZE. . MRS 499.6 kg hm Jifi A 5
AR (CHEAKK, CaOF K TT0% ) $% W Wb 45
975 kg hm > 7E R BRI . BEAE . IR AR AR e
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B R A — RS — A R . KA SRl
et i FUK AR R, IR A i KRR o b B 4 287K
A, RRT4ARREH, THPalGE; BT
TATTFaBR, 107 Mk, Bakardm K
W30 ~35d, WIS ~ ST, 225CH
FESCHRT ~ 2BRFRTY, BRATIE20 em x 20 em. Al
FE [ 45 B e 5 224 b e TR ) R T A B AR [
1.3 HEXEESHH

20144FFE R | IR B R SRR RR AT T4
LS BEMIINGE o /NIXREAS BFT R, 4 B AR
=, 20144E T B WA EEW] . K. 22
BRI L L BRI BN SR AR A5 A FR B2 A,
AT HEpH, @R ALY, KPR, HE
Fagieht, setECca®™, Mg®, K', Na'#h 351
A, SCH RS R S RAE I AR (9 - XM . A
WAL R XA TE (Sherwood M4107%! Kk 4
JEE, EE) W, . PR E TR s
G TT (FRAIWEX - 120 A 511 0 23 56 % Ji
i, demt) gasE UL B HEpHR B A (K
T 2.5 1) (P —FEH £ S220-K-CNIY iR
it, B, AR, AR FHKCIAE #—H FiE
FEVE, PHES 284 it R S IR B vk, HIEAS
Ca’, Mg, K'. Na'$h 33 R A E M-
VR RE VT K T SR T TR K e — e R
e
1.4 HiELIE

AR LA SR FH DL O ik A

M AR = (PHE A - sc e mR i ) /
FHES 728 x 100%

ARG B 12 E R FIMicrosoft Excel 2003
FDPS 7.5% 5154, KA Duncanii & 22 7
17T .

2 45 R

2.1 KHMEAR YT L I1E R E RS ER RO B2 0B

2.1.1 - HERS IR R RN OK A M R 309 it AU
B RE N A7 X AR R A5 TR B o 1 52 e 25 SR 3
2R, HCKAMERAR L, NPKAL RS A A 09 +
HEpH o BIREAR0.2F10.3 54, 22 F ik B i & K
(p<0.05) o NPKAbFE R 0 AF A + 58 etk
iR & B B CKAL B4R 5 2 365 Fna. 245, KRR
SR B 35.4%M140.0%, H 2 S %65 5 #EKF
(p<0.05) o X —&5 5 Ui B K Wit fb AL T Re 2 +
BRI E BN Z —

ENPKACFEAH ., NPK+CaO4b P 5L 5 0 A5
0+ HEp HA> I HE = 0.5 R0 74N By, 28 e iR 43
AR 80.7% F188.6% , K it 1 2 43 W K& A1 23.5%
M25.4%, ZFHEXRFREKFE (p<0.05) .
NPK+CaOA4b # A5 F1 i FF £ 3 p H 43 0l 5 CK 4k
AL 030440, H 22 7 B8 B E K
(p<0.05) , sc#MEm T HIFENK35.9%F141.6%,
IKAFAE TR 53 I A1 3.6% M4 .4% o 3% — 25 T 7840 ik
AR 300t A ot BRI R IR RDE SR 2 A 3

5K AT -5 pH 6.64H L, X HFINPKALHE £
HEpH M FEIRYIE1.0. CKANFE + 3 pH T B Al fE
5 30 AR TR UL Jon 38 B 7K e DA 39 v B BH 8 i i
AR RZA —E L HR, NPKAFE HIEpH T
FEbR S LR FEA S, SR & DI .

Fz2 AEEELLELIEpH, RIREBRIKEEREESE

Table 2 Soil pH, exchangeable acid and hydrolysis acid relative to fertilization mode

i Early rice i A Late rice
SEARPERR A o A
b3 KA R LA iR Exchangeable K ff PR R
Exchangeable
Treatments pH i Hydrolytic acidity pH acidity Hydrolytic acidity
acidity
: . (emol kgil ) ( emol kgil ) ( emol kgfl )
( emol kg )
CK 5.5b 0.39h 6.19h 5.4b 0.20b 5.40b
NPK 53¢ 1.30a 8.38a 5.1¢ 1.04a 7.56a
NPK+CaO 5.8a 0.25b 6.41b 5.8a 0.12b 5.64b

e [\ — B GAS [) FEBE R n A PR ) 22 53k 5% 1 8. # K. FIA] Note: Different letters in the same column indicate

significant difference between treatments at 0.05 level. The same below
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2.1.2 HIELHMA . B M 3E 4 M R AR
T IR HAEH R A B ALY B AR I 45 R
F WK Wit A7 KA R T R AR s e kT ALY
T (£3) o HENPKAAFEH L, NPK+CaO4h 3
HL IR AL M H T S A 20.0% M1 45.5%
WA 22 Sk B W E K (p<0.05) , B CKARFH
G B T. 7% M 33.3%, WG 2% 508 2 B 3% K
(p<0.05) ; NPK+CaOKbFREL MRS 1+ 124 1k
AU EENPK AL 43 5] (%416 88.6 % F194 .6 % , |
FE22 F kB W KE (p<0.05) , BCKALH 5
HFEAR50.0%F154.5% , (HR. | MG 2 518 0 2%
(p>0.05) .

3 it FH 0TS R - B8 A S o 1 RN 3 4
PEAT SRR . SCKAFRMI L, B, MRNPKAL
P A RS M4 0 B 5 15.4 % F122.2% , W fgE 22

SIEREKF (p<0.05) 5 SHPEAL 5542
#1338.5%M1736.4%, . WG S 8 R B EK
¥ (p<0.05) .

3BT LLF H, A e vk R
MYNPKALHE, H 4 3 52 4 vk AL (5 28 4 1 2 1Y) L
e (HL L RS 3 5 b 88.3%F189.0% ) , -
AT 4 VR R & B 1Y CK AL R 05 ik AP
2 P R 1 B A B A (B R 43 331 R 667 % il
56.4% ) , SCHVERR & B m KA NPK+CaO4b 3 1
BEAR A E ALY 7 28 MR R A EL R fIK ( R R A 40 1)
H53.6%M45.8% ) o b B A 3 AT 4 M R LA AS 4
A RNAS etk AR AL R ol JEml, FE R g g
Wbk R LA S e R4S o 32, R fh ™ i Y - 458
PEER T (5 Lo il ok, X S AR R A N R RS A aE
—F,

£33 ARELIEZHRER . AUSER & X BRI LG

Table 3 Contents of exchangeable H* and AI’* and their proportions in exchangeable acid relative to treatment

i=N o Early rice

W48 Late rice

i AL R Y i AR P A R B4 i AL TR
AR SEHAEALT SLHAEHT SEHRAEAT™
kb a1 ft He o1 Hefol fty Hefol
Exchangeable Exchangeable Exchangeable Exchangeable
Treatments Ratio to N Ratio to Ratio to N Ratio to
H* Al H* Al
. exchangeable .. exchangeable : exchangeable . exchangeable
( emol kg ) (emol kg ) (emol kg ) ( emol kg )
acidity (% ) acidity (% ) acidity (% ) acidity (% )
CK 0.13a 33.3b 0.26b 66.7h 0.09b 43.6b 0.11b 56.4b
NPK 0.15a 11.7¢ 1.14a 88.3a 0.11a 11.0¢ 0.92a 89.0a
NPK+CaO 0.12a 46.4a 0.13b 53.6¢ 0.06¢ 54.2a 0.05b 45.8¢c

22 KHERETIHEIGEHEBEESZFRIERSL

HEBRERNXR
2.2.1 RS M Eh 5 B B0 R4 AR K15
Jiti LB AR AL IR R O R HECEC . L sg i pE 4T |
BE LM BN SRR SL R T RN R AR A B A S
(%£4) .

I A N TS B R B
PR, K B A0 AT 0 A T s e
B, NG MR RS i RS A
NPK+CaO > CK > NPK., . BFENPK+CaOLhFE 1+
198 22 40 1 5 A NP KA B4 43 3 8 151 68.4 % F1140.8 %
AFCKAL R/ 942 5 58.1% M139.8% ; .. WA 4
b FRA] Y 22 S A B B K (p<0.05) o K\
MG % 1 AT e PR B 7 1 9 R BN CK > NPK+Ca0 >

NPK, HCKAEFRS5NPKHINPK+CaOkh B [a] 2 52
BEEEKFE (p<0.05) , MINPKHINPK+CaO4h
FZEEREANEE (p>0.05) . F . kAL
e VB A ENPK FINPK+CaO &b 3 34 8 T CK AL B,
F | BERENPK+CaO4h B 5 CKAb B ] 22 55 35 1) & 3%
K (p<0.05) o F. BRRE 1 HE RT3k 45 b B
ZERHAEE (p>0.05)

Kt A KA R T B B - 3c# i (CEC)
B R . MR CECY ANPK+Ca0 > NPK >
CK. FFINPK+CaO4hF A NPKFICK AL 3 43 51| $2
8.4%M111.3%, MEAENPK+CaOLb B NPKFICK
AL BT R 5 6.6% F113.8%, 255k B & K F
(p<0.05) . NPK+CaOLhFH + 3 CECH & 1 I A
Al AE R S A A KN T SRS G
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F4 AELELIECEC. M. #%. . MREBTREXEMNE
Table 4  Soil cation exchange capacity ( CEC ) , base-exchangeable ion and base saturation relative to fertilization mode
3 iy AR SRR AL SCHRTERN SCHRPEERELES T R ALRRIE
LiES kb P et Exchangeable Exchangeable Exchangeable Exchangeable Base- Percentage base
Rice atments Ce Ca? Mg K* Na* exchangeable ion  saturation
season
( emolkg™)  (cmolkg™) (emol kg™) (emolkg')  (emol kg™) (emol kg™) (%)
LA CK 12.52b 5.86b 1.00a 0.20b 0.10a 7.16b 57.7b
Early rice Npg 12.86h 4.90¢ 0.55b 0.32ab 0.07a 5.84c 45.2¢
NPK+CaO 13.94a 8.25a 0.57b 0.34a 0.09a 9.24a 66.5a
R AR CK 11.88¢ 6.11b 1.01a 0.16h 0.15a 7.43b 62.6h
Late rice NPK 12.68b 5.40¢ 0.60b 0.30a 0.14a 6.44c 50.9¢
NPK+CaO 13.52a 8.54a 0.62b 0.27a 0.15a 9.58a 70.9a

MR, . BE L B AR IR T R R R A Y
JNPK+CaO > CK > NPK, AbFf[a] 22 53 10k 2] g 3
KT (p<0.05) o 3t 20 B0 Ak I A0 i) &k
SR EEEm (F£4) o B MR
LA A H I NPK+Ca0 > CK > NPK, Ab 3 [iE] 22 5
Pk W EKE (p<0.05) . F | BEFNPK+CaO
Ao F A 98 A8 8 P b 5 1 RN A NP K &b B 43 551 45
21.3F120.04F 40 44, BCKALEL 73 1 #2755 8.8 18.3
SNNET S Wi S P Tt/ 1 R s R a2
B OBE OB BT O LG A B RS A v A BT o L )
R (581.9% ~89.3% ) , R Ac#MERE (5
6.1% ~ 14.0% ) , HlF/NAR 2L (L
0.9% ~2.2% ) . WML H &+ SoiE DL A
PEES Ry 3, P I i B8 4P R 5 B R R S A RN
e B B O M B
2.2.2 LEERWEEEE 5 LIEARIE SR K
KR MR, BEL OB BN, Sk E T
S R JAR B X A N [RDE A R A 5
(K1)

SrMr BB g (CEC) 5 RHEARTH
AW XEREN, HHEHE FeE S 1%
pH . THEsCHRPERR . K R A R DG MR A 1 3
(Emg) .

AR BL B b, ACHRPERS S R pHAR
2 EAX (R*=0.763, p<0.01) , Pl 455k
PEES 142w A R T4 3 pH L BG4 0E P
it

T S | A R S RS R A
FHOE, HH S 430 ik B 3% A i K (R 43 31

LI

40.533 6F10.184 7) . id B A 45 52 8 P 05 0 A2 46
PEBE & 02 = A A TR R e s kiR, Hrh X
P - e 4 PS4 F ek o

AT B | AR R A A et A S K
fif PR 34 5L B 2 T oG (R*4191M0.170 5. 0.128
2F10.148, p<0.05) , Vi EASHa k85 | 22
P TR A o 0 T i R AT R T R AR A K R
T,

ARG b A K PR R
X (R’=0.152 5, p<0.05, KNE) .

TR E T a R BRI mES -5
pHE M & 2 IEA & (R4 51°00.804 3710.783,
p<0.01) , 5 HEmR SN W E A (R
S h0.638 6F10.735 5, p<0.01) , 5144
JKfire T TR 5 A B TR DG (R3O 0.205 9
0.3031, p<0.01) .

2.3 HEHEETFREBEERSTIEREMNXR

1 2R 4 A i A3 K N PK +Ca O T 1 it
BEFFAENPKALHE T . MR FI 2 AERE A . AR ot
ERHAREE (p>0.05) , HHEFE FCKAH
(p<0.05) (F£5) .

e 300 it S0 Ml 0 IES R A B K K RS R PR S LB
BRI IR EELE I (RS) o K IWE A Kkt
AR WU A B E R ESEN, B R A8
R AR A5 W & A NPK+Ca0O > NPK > CK., H |
T RN 4 A R PR 45 I IS NPK + Ca O A BRAE NPK AL B
IR 17.6% . 3.7%HM8.6% , FHEHI 44 A bk
57 1 B NPK+CaO FINPK A B[R] 25 5 134 5] B 35
K (p<0.05) , BfEzEF AW ; NPK+CaO
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®o T, R= * ®o D B rhe i “
;%;‘hoéw 0.1847 g5 ! Nee ¢ £3 oy
Y %53 N X2 5 oos Y
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5 i H
o, yo4si-1646 Te 12 . 0030 "y " y=-0.3731x+9.9705
i > ~ —~ y=— + L= N
mEL jof K084 ®=EY 10 i g R =02059*"
ol % 5 R =0.6386 LS 1o Mo
TET 8 2535 8 SLET 8
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Table 5 Grain and straw yield in early and late rice and calcium, magnesium, potassium and sodium cation uptake by plant relative to

treatment

B S G TR AT BN A IR A B B TR
Earse FeEsE ) ) ) ) i
pREs kb Calcium Magnesium Potassium Sodium Cation
Grain yield Straw yield
Rice season Treatments accumulation  accumulation accumulation accumulation accumulation
( kg hm™)
R CK 2850b 1952b 10.1c 5.8b 58.9¢ 4.6a 79.4b
Early rice NPK 6275a 4211a 19.7b 13.0a 162.2a 3.4h 198.3a
NPK+CaO 6425a 4145a 23.2a 12.8a 151.7b 3.9¢ 191.6a
HiE A CK 4275h 3288h 13.9h 10.9bh 67.2¢ 2.2a 94.3b
Late rice NPK 8450a 7682a 36.7a 28.2a 218.9a 2.5a 286.3a
NPK+CaO 8400a 7500a 38.0a 27.0a 205.9h 1.3b 272.1a
AR CK 7175b 5241b 24.0c 16.7b 126.2¢ 6.8a 173.7¢
Double-rice  nNpg 14725a 11893a 56.4h 41.2a 381.2a 5.9h 486.6a
Season  NPK+CaO  14825a 11645a 61.2a 39.8a 357.6b 5.1¢ 463.7h

(Y ER LB RO RS (R AETEA B IERL . A A
HAbm Azt A LRGN EIEE T ) | AR TR
PR (B Tk, T8 ) DA HEAS KNS S
AR, R, SRR X 3R
TTRRIN , BR 5 AR ARAT AE PH B i b ek B 42 1Y
SO, i 7 A A ZR N e R R 1 2R 5
Wi o 1 F IR —AF AN E S5, AERRAS A
TE T - b SR A B R e K DR R A 1 T
— W

3 i i

AR, HHERR L TRk pE U 414 X A
Yy BRI o KA G B0 IR DT R 1Y
R A M L A TR P 2 AE Y Y
Ay A L T B SRR A i > T A B RN
KM SHAZRLEN, LMW RERHSS
HAERA I, JEEA, 1980—20004204F [A]
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Effect of Long-term Fertilization and Lime Application on Soil Acidity of
Reddish Paddy Soil

LU Yanhong" > LIAO Yulin"?> NIE Jun" > ZHOU Xing"* XIE Jian" > YANG Zengping'* ’
WU Haojie" *
(1 Soil and Fertilizer Institute of Hunan Province, Changsha 410125, China )
(2 Scientific Observing and Experimental Station of Arable Land Conservation ( Hunan ) , Ministry of Agriculture, Changsha
410125, China)
(3 College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China )
(4 Longping Branch of Graduate College, Central South University, Changsha 410128, China )

Abstract Soil acidification is a main form of soil degradation and also a main factor limiting sustainable
development of agriculture therein. In recent years, due to aggravating acid deposition and frequent
agricultural practices, including increasing fertilization rate, harvesting crops with nutrients removed, etc.,
soil acidification of the farmlands is speeding up. Therefore how to ameliorate or remedy acidified soils and its
mechanism have become subjects of some important theoretical and practical significance to rebuilding healthy
soil and guaranteeing national food security. Based on a 34—year long stationary fertilization experiment,
effects of no fertilization ( CK ) , application of NPK fertilizer ( NPK ) and application of NPK fertilizer plus
lime ( NPK+CaO ) on soil pH, exchangeable acidity, hydrolytic acidity, soil cation exchange capacity,
base-exchangeable ions, rice yield and plant cation absorption, and further on proportion of exchangeable
H*, AI’"to exchangeable acidity, soil base-exchangeable ions, base-exchangeable ions removal by plant with
harvest and their relationships with soil acidity. Results show that long-term application of chemical fertilizers

( NPK ) leads to soil acidification, and mitigates the effect when lime is amended ( NPK+CaO ) . After 34
years of rice cultivation of double cropping system, Treatment NPK was 0.2 and 0.3 lower in soil pH, 2.3

and 4.2 times higher in exchangeable acidity, and 35.4% and 40.0% higher in hydrolytic acidity than CK ( p
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<0.05) in the soil under early rice and under late rice, respectively, while Treatment NPK+CaO was 0.5
and 0.7 higher than NPK, and 0.3 and 0.4 higher than with CK in soil pH in the early and late rice seasons,
respectively, and much lower than Treatment NPK and CK in exchangeable acidity and hydrolytic acidity in
both rice seasons (p<0.05) . In terms of exchangeable H" and exchangeable A13+, the three treatments in the
experiment followed an order of NPK+CaO > CK > NPK. Exchangeable A" was dominant to exchangeable
acidity in acidic soil, and the ratio of exchangeable Al’* to exchangeable acidity increased with increasing
soil acidification. The effects of fertilization, regardless of fertilization mode, on soil CEC, exchangeable
Ca™, Mg’*, exchangeable base ions and base saturation were all very significant. Soil exchangeable base
ions were dominated with exchangeable Ca™", accounting for 81.8% ~ 89.3%. Long-term liming significantly
increased the content of soil exchangeable Ca’*. Treatment NPK+CaO was 40.1% and 62.9% higher in soil
exchangeable Ca’ than Treatments CK and NPK, respectively. Exchangeable Ca®, exchangeable base ions
and base saturation were positively related to soil pH, but negatively to exchangeable acidity and hydrolytic
acid, and exchangeable Mg’* was negatively to exchangeable acidity and hydrolytic acid, while exchangeable
Na® was negatively to hydrolytic acidity only. Treatments NPK+CaO and NPK did not vary much, but were
both significantly higher than CK ( p <0.05) in yield of early and late rice. In terms of calcium uptake by
rice, the treatments followed an order of NPK+CaO > NPK > CK, in terms of potassium and magnesium
uptake and total cation uptake by the crop, the followed an order of NPK > NPK+CaO > CK, and in terms
of sodium uptake they followed an order of CK > NPK > NPK+CaO. The removal of Ca, Mg, K and Na and
the cations in total with the crops harvested did affect soil pH, exchangeable acidity and hydrolytic acid to a
varying extent, but no apparent relationships between them were observed. The findings in this experiment
indicate that long-term fertilization plus liming significantly raises soil exchangeable Ca®*, exchangeable base
cation and base saturation. From the angle of amelioration of acidified soils, long-term liming in addition
of fertilization may alleviate the pressure of soil acidification of paddy fields to a certain extent and hence
promote ecological remediation and ameriolation of acidic paddy soils.

Key words Long-term fertilizer; Lime; Reddish paddy soil; Acidification; Exchangeable base

(RfEHWIE: HRF)
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