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

LR - WA 4 - -
- ; A A 2k e M Readily
g Organic Alkali-hydrolyzable
pH Total N Total P Available P Total K available K
Soil type matter . . . . .
. (gkg) . (gkg) (mgkg™) (gkg") (mgkg™)
(gkg™) (mgkg™)
fil &K BEAA
6.6 34.7 2.05 151.0 0.66 10.2 14.1 62.3

Gleyi-Stagnic Anthrosols

1.2 iRt

R oMb #, 3 ER, FALIX 4 HE
G AWFFRERE T HPM3ANLHE: 1) CK (A
JEAEfTAE R ) 5 2) NPK (i A e iL e )
3) NPK+CaO ( ZBEHFILAEECHE A K ) o /DX TR
}66.7 m2, /NXIAIH30 em B K JRIEIRFF, X 4H[A]
BIHE K 18 56 M50 em, X ZH TA] K SRS B OT, LA

i TR 7K ER R A B 2 (R ) S L5 . N P
KR St o3 0 g IR 2% 2 Wl 2 5 Al AL . 78
1981—20144EW 18], Z AL R RGN 150 kg hm > FlHE
FEN 180 kg hm i A5 BEACTE R | MaFE4P 38.7 ke
hm A 5 APARFE . BG4 K 99.6 kg hm it A
A CHEAIK, CaOF K TT0% ) Mk 45
975 kg hm > 7E PRI . BEAE . IR SR
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BAE S8 3  B 22 B % F Microsoft Excel 2003
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2.1 KEEREX TIERREFESER R

2.1.1 SRR M R K P TR 101 it 2 1l
B RN A AT - HEAS TR 25 R A 5 1 52 1 &5 SR 4n
FOHR . HCKALBRAR L, NPKAL B A1 A 4
+Ep A BIFEAR0.2F10.3 B0 01, 22 ik 3 K
- (p<0.05) o NPKAbHHFLFE A0 A (1 458 e
PERR & 5o B CK AR B4R Ry 2. 314 245, AR ff 1k i
SR B 35.4%M140.0%, H2Z S %65 5 EKF
(p<0.05) o X —&55 Ui B K Wit fb AE mT Be 2 +
B AL BN Z —

ENPKACFEAH ., NPK+CaO4h B EL R 10 A5
B+ HEp HA> 0.5 R0 74N L, 28 e iR 4y
T FEAK80.7% F188.6% , 7K it i 4 il MK 23.5%
M25.4%, Z5¥EFEEKFE (p<0.05) .
NPK+CaO4b B 75 1 75 + 18 p H 4 1 5 CK Ak
PR 0304, H 25 ¥k 8 E KT

(p<0.05) , ZHNERR 5> B [EAK35.9% M141.6%,
TK RN BR 53 AR 3.6% Fl4 4% . 1% — &5 58731

B 9t FH A 0 R A = A )T 2
L

5% AT £ pH 6.64H L, X HRINPKALHE £
HEpHA PR #E1.0, CKANE +3EpH F & n] fig
55 3T AR TR WL IR i 3 R A R DA = 39 v B BH 5 - I i
AR RZA —E LR, NPKAE HIEpHT
Febr 5 BRI AC, 5Nt H A 25 DI ARG

MRy BA W E

2 ARMEERLELTIEpH, TREBRIKEEREESE

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

R FgEarly rice

i Af Late rice

AR ) . A
Kb 3 IK i R LR Exchangeable TK S R
Exchangeable
Treatments pH i Hydrolytic acidity pH acidity Hydrolytic acidity
aciait
Y . (‘emol kgil ) (' emol kgfl ) ( emol kgil )
( emol kg )
CK 5.5b 0.39b 6.19b 5.4b 0.20b 5.40b
NPK 5.3¢ 1.30a 8.38a 5.1¢ 1.04a 7.56a
NPK+CaO 5.8a 0.25b 6.41b 5.8a 0.12b 5.64b

T Al —Z B 5 A ] 2 R 7R A BE ) 22 i85 % 1 B3 KF . Tl Note:

significant difference between treatments at 0.05 level. The same below

Different letters in the same column indicate
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2.1.2 HIELHMEA . B - 458 28 4 1 2 A
A P ORI A B ALY R AR 45 R
T WK Wit A KA R T AR S e kT ALY
T (£3) o HENPKABM L, NPK+CaOXh B
R RS M H o S R A1 20.0% F145.5%
Mo As 22 ik B W K (p<0.05) , B CKALHE
I3 IR T. 7% M33.3%, WaAE 25 5k 3 g % K F
(p<0.05) ; NPK+CaOXbFRRL | MRS 1 18 S5 4k
AU EENPK AR 53 5] (%16 88.6 % F194.6 % , | M
FEERHER EEKF (p<0.05) , HCKLAF
AFEAR50.0%F154.5% , (HR. | MfE 2 78RR #E
(p>0.05) .

0 it FH A0 A ECE 0 3 A AR e M H o+ R 32
Btk AP SRR . SCKAMARLL, H . MANPK
A A AT H A R R 15.4% F122.2% , WA

ZRIKBEKT (p<0.05) ; THPEATF =559
$275338.5%M736.4%, . BEFEE R IAH WE
K (p<0.05) .

MF3E T LLFE H, et iR &
MYNPKADHE, H 4 38 58 4k AL 58 4 P 2 19 L
s (. S5 ) 88.3%F189.0% ) , +
AT 4 P R O R AR 0 CK AL R A 39858 Stk AP
24 M R Y He B G (R R 43 5l R 66.7 % Fl
56.4% ) , ACHPERR & B KA NPK+CaOLh 3 +
SRR HE ALY 22 WM R ) EL B R AR (R A 40 1)
H153.6%F45.8% ) o 1] 3585 B 1k R LA AC PR
SIS B R AR AL R N SRRl AR R 4 g
Pt g LA B bh A o &, Rk B™ 5 A+ 4 s
PEER T o5 Lo il MR, X AR R A D RS A aE
—.
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Table 3 Contents of exchangeable H* and AI’* and their proportions in exchangeable acid relative to treatment

Q*ﬁ'Early rice

e FE Late rice

i SRR Y i AL TR i SRR 1Y o SCHRAE TR
AR SEARNEAL AR SEARAEAL
A3 Hf fry L 1 H f¥y H 1
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 66.7b 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¢

22 KEHETLHESHREBEEZFRERS5LE

BEAERI X R
2.2.1 S RE M Eh 3 B B0 R4 AR K
it B AL IR LG K HECEC, T A k4 |
BELOHP . BNSEER LR T MR R E A B W
(F4) .

KA A TS S A B
PEEAVERT, K0T B A A ) BRI T g 5 e b
B, —NMGERR MRS RS e S A
NPK+Ca0O>CK >NPK, f | BFNPK+CaOXb 3 +
R AC M A5 A NP K AL 38 43 J31) 2 755 6 8.4 % F140.8%
BCKAL R /r B 42 5 58.1% M139.8% ; .. WERE4
b B[R] () 22 S 388 B B K (p<0.05) o F
GG e 1 A e M B 5 TR 3 3R B CK > NPK+CaO >

NPK, HCKAFS5NPKHNPK+CaOkh B [a] 2 5 )
RE R EKFE (p<0.05) , MINPKHINPK+CaO4k
FZEEREANBE (p>0.05) . B Wk L
eV & S NPKAINPK+CaOAb 3 14 55 T-CK AL F
B B RENPK+CaO4h B 5 CK AL P [B] 2 57 35 31 . 3%
K (p<0.05) o F . WA A 1852 kA 45 b 3
B2 F A% (p>0.05) .

KAt A KA R T B B T3¢ #e i (CEC)
B . F MR CECY ANPK+Ca0 > NPK >
CK. FRINPK+CaO4hH A NPKFCK AL 3 53 51| $2
F8.4%M11.3%, BiFENPK+CaOktHANPKAICK
A BEAY R 6.6% F113.8% , 2553k 5| i & K F
(p<0.05) . NPK+CaO4b ¥ +HECECEH & 1Y R A
ATBE EZ S A A KGN T IERS RS A
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Table 4 Soil cation exchange capacity ( CEC) , base-exchangeable ion and base saturation relative to fertilization mode
4 U o€ 3 37 S Bk S ACHLERN SRR LR T A
i AbFR P et Exchangeable Exchangeable Exchangeable Exchangeable Base- Percentage base
Rice atments CEC Ca Mg K* Na* exchangeable jon  saturation
season
(emolkg™)  (emolkg™)  (emolkg')  (emolkg™) (cmol kg™) (emol kg™) (%)
LY CK 12.52h 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 5.40c¢ 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

HERS | BE L AL MR T R R R AR
ANPK+CaO > CK > NPK, Ab#fa) 25 51555 5] I %
KA (p<0.05) o I it 00 B0 A0 I8 0 A7 x) 3k
HEWMERA BRI (F£4) o B RS
LM FEE I HNPK+Ca0 > CK > NPK, AbHf [i] 24 53
kB W EKE (p<0.05) . F | BEFNPK+CaO
Ao R A 98 A8 8 P b 1 RN A NP K &b B 43 1) 45
21.38120.04F 40 4., BECKAL 4y 5 #2755 8.8 F18.3
SNET S Ui S 2 Ttk /1 1 i a2
B OBE OB BT L A B RS 4 v A T o L )
R (i81.9% ~89.3% ) , HK Iac#bees (5
6.1% ~ 14.0% ) , HlE/NAR 2B (L
0.9% ~2.2% ) o WA HM L B+ Soim DL A
PEEG A 32, PR I o) 52 o 5k R 8 - R S b A
o B R BB T SR A S T
2.2.2 HIEERWHEEE 5 LIEARIESRKY

KAER MRS B BT BN, SRR T
G FR R AN XS AN [RE AR A

(KE1) .

St BHEHE el (CEC) 5 AR
EERBKLRKLN, LIEHE Fc#em s -5
pH. TIEACHIERR . K VEIRR 0 AH DGR B 1B 3%
( FlHg) .

LN EL B Frh, R PESS 5  Ep HAR W
FIEM X (R’=0.763, p<0.01) , Uil +IEAcH#H
PEES 4 = A R T8 e pH L, BRAIR 4 10 M R
T

TIPS HNERS | SR S 1 A TR
AHOG, S 2 0 ik S 3% Al K (R®

17
AN

Bill

490.533 6F10.184 7) . ijh B A 458 52 PR 0 0SS 4
PEBE & 1R = A A TR R e bl ie, Hrp X
A HE S PR A A 45 K o

AT B A | S e A N S B Ak K
fiff Ik R 2 R S A OG (R0 31M0.170 5. 0.128
2F10.148, p<0.05) , ViBH 3RS h8E | 22
P TR A o 0 1 i R AT R T AR A K i R
i

AR - RS e T 5 K R R 2 I
M3 (R=0.1525, p<0.05, EBE) .

THMEREE TR R MES &%
pHE M B F EHE (R*5r51250.804 3F10.783,
p<0.01) , 53t 20 B aHxE (R
S 50.638 6F10.735 5, p<0.01) , 5+
K il P R AR R 3 AT OE (RP4M 518 0.205 9FN
0.3031, p<0.01) .

2.3 HEHMEBTFREBHERSTIERENXAR

1 0B 4 A 5 A3 K NP K +Ca O T 1 it
BEFFAENPKALHE R MRS A 4R R . R i
EZRYWAEE (p>0.05) , (H¥EEE TCKAH
(p<0.05) (F&5) .

300 it 20 Ml 0 IS R Ay X K RS AR PR S L B
ORISR EEL W (RS) o K A KX
FEAR S W A W P SR, R MR A AR
FEBR A5 W i & 4 A NPK+Ca0O > NPK > CK., F. . I
e R 4 4 R PR 5 W A T NPK + Ca O A BRAS NPK AL B
ST IR 17.6% . 3.7%F18.6% , F-Fb 14 4 Mtk
57 1 B NPK+CaO FINPK AL B (7] 25 5 134 3] 5 35
KF (p<0.05) , BpFE2ZR AR E; NPK+CaO
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AE404E RS Exchangeable acidity (Cmol kg™)

1.2

A A48 Hydrolytic acidity (emol kg™)

A AR Hydrolytic acidity (cmol kg™)

00438 0053 y ==0.0083x + 0.1656
y = =0.0438x lv 53 R0 148"
R =0.1282 “
“Nee ¢ :
R
¢ a0 * S
2 4 [ 8 10 2 4 [ 8 10

A MRS Hydrolytic acidity (cmol kg™)

y= «1‘.’5I 3x —|b.&4¢s ~ = E y==-037T31x + 9.9705
R?=080437 y= 2417+ 89029 e R® = 02050 **
R® = 06386 iz Mot
=2 =i il .
=3 - o 3 *
®z 48 5 52 54 56 58 6 e 0 05 1 15 2 Mg 2 4 6 8 10
L4t pH. Soil pH AL Exchangeable acidity (Cmol kg) ARFHERE Hydrolytie acidity (cmol kg™!)
g y =30.463x ~103 44 k: y=-3.0976x + 78.589
HE BT 02 ot y==17.745x + 68.522 B i[] R =03031""
iz ™ R =07355"" Hg 1 ¢
= 60 = 60
wg 30 b 4 % s0 % 50
E -“J-IR 5 52 54 5 6 58 . § 40 * * -] 4[]«
E; : 52 : 56 : [ 5 0 05 | 15 2 é 2 4 [ 8 10
L4 pH Soil pH = = A fid 8 Hydrolytic acidity (cmol kg™')

e
K1
Fig 1

Ab 3R G A R A A R AR A R A R A CK A B 43 )
BB L7645, 25 445K 3 5K
(p<0.05) . NPKAbHRFL | B A4 47 R AR 45 I
KR EESTCKAR (p<0.05) , 545
95.0% . 164.0%H1135.0%.

MR RS ORI 4 AE M MR BE T WL E NP K
NPK+CaOAh 3 i 2 2 FCKAH (p<0.05) , NPK
FINPK+CaO B Z [ 22 A2 (p>0.05) .

LW RS RN 4 AR AE bR AR UL B O NPK >
NPK+CaO > CK, H = kb 2 [H] 4 3k 2] & 25 K F
(p<0.05) .

TR 4 AT A AR B R IR CK AR B B 3 S T
NPKHINPK+CaOARE (p<0.05) , BEFICKAL
TR BR AN U B S NPRKALHR ] 22 R AR B 2% (p>
0.05) , {HEZm FNPK+CaOALFE (p<0.05) .

FERRES . BE . B . BB E T R R R
W B 4 4E 2 NPK > NPK+CaO > CK, NPKAI
NPK+CaOAb B i 2 & T CKAL B (p<0.05) , ifif
H BERENPK S5 NPK+CaOb B £ F A B (p>
0.05) o ZrHrAEARES . BE. B . BNPHES TR

24t Exchangeable acidity (Cmol kg™)

*JORTE 1 %K A B3, *FRIRTES%/K FAH M B3 Note: ** and * mean significant at the 1% and 5% level, respectively
AR S B TR S A 5 AN R AR A O R

Correlation relationships of base-exchangeable ion and base saturation with different forms of acidity

TG BE L B L BRSSO T A L, R IR R
B T  HBEROR (571.3% ~81.8% ) , H:
MRS s ((59.9% ~14.7% ) , FHRFREE
W T 5 R 6.6% ~ 11.6% , 1555 /)N 1 S i
WA 5 0.5% ~ 5.8%.

- 1 58 1 R 3 A 1 R 5 3 AR i
AR R X s T Y (AN P 20 S ke VTN k7
AR SL B T 0 MRS s AE n A 4 R Ak Pl B AR
FIE2 0 e A K R R, TR RO B B
TR, BRIk Ca® . Mg™. K*.
Na % BHE T 5 KT 7 ab, KRR NS
ZHEHBIE T () 1, YIRS
R, XUp Y R B, AR X
SRR T RIS AR, S R, &
I h, MMRHERES . BEL BT AFIPHE TR
R P H | 38 P R AN K R 2 7 A —
sEmR , H A SCHE R R A 3 B KO (RIS )
X 1] B T2 PR O o A AR ISR RS R SR P
BRI U R 4 98k AL B T B0 A i D R
Z—, BRI RO R R B R A7 0+ 3
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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

5 M4 A

Calcium

A R

Grain yield Straw yield
accumulation

GRS 4k

Rice season Treatments

Magnesium

accumulation

B i T

Potassium

A i

Sodium

A B &
Cation
accumulation

accumulation  accumulation

(kg hm™)

ULy it CK 2850h 1952b 10.1¢ 5.8h 58.9¢ 4.6a 79.4b
Early rice  NpK 6275a 4211a 19.7h 13.0a 162.2a 3.4h 198.3a
NPK+CaO  6425a 4145a 23.2a 12.8a 151.7b 3.9¢ 191.6a

Wi CK 4275h 3288h 13.9h 10.9h 67.2¢ 2.2a 94.3h
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

SR CK 7175h 5241h 24.0¢ 16.7h 126.2¢ 6.8a 173.7c
Double-rice  Npg 14725a 11893a 56.4b 41.2a 381.2a 5.9h 486.6a
SCasOl T NPK+CaO  14825a 11645a 61.2a 39.8a 357.6b 5.1c 463.7b
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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 410125, 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

<0.05) in the soil under early rice and under late rice, respectively, while Treatment NPK+CaO was 0.5
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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 Al3+, the three treatments in the
experiment followed an order of NPK+CaO > CK > NPK. Exchangeable AI'* 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
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