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Jinxian, Jiangxi 331717, China)

Abstract: [ Objective ] To investigate long- and short-term effect of liming on soil potassium (K) in acidifying red soil, a
long-term fertilization field experiment on soil fertility and fertilization effect in red soil was initiated in 1990. [ Method ] The
long-term field experiment was designe to have treatments, i.e. application of chemical nitrogen and phosphorus fertilizer (NP),
application of NP fertilizer plus liming (NPL), application of NPK (NPK), application of NPK plus liming (NPKL), application of
NPK half of the designed rate and straw returning to make up the remaining half (NPKS), and application of NPKS plus
liming( NPKSL), and four levels of liming (0 Lime, 0.5 Lime, 1Lime and 1.5 Lime). Soil samples were collected from the
treatments and packed into cylinders separately for indoor soil column leaching experiment. Potassium ion (K") in leachate and
readily available potassium (AK), slow available potassium (SAK) and pH in the 0~50 cm soil layer were monitored throughout
the leaching experiment. [ Result ] Four years later after the initiation of the experiment, it was found that liming increased the
content of SAK in the soil surface (0~10 cm) and subsurface layer (0~40 cm), by 2.06%~36.39% in Treatment NPKSL, and
the content of AK in the 0~10 cm soil layer and the content of SAK in the 10~20cm and 40~50cm soil layers in Treatment NPL
by 27.26% and 28.51%, 22.55%, respectively. In terms of K' accumulation in leachate, the limed treatments displayed an order of
NPKSLg > NPKLg > NPLg, when liming was kept at the same level. Liming reduced K* accumulation in leachate in Treatments
NPKSLg and NPKLg by 18.10%~57.70% and hence K" leaching rates, too. Liming increased soil pH in the surface soil layer. In
the soil with K surplus, liming reduced K* leaching rate by 11.7% for each 1 000 kg-hm™ of lime applied. Apparently liming and
fertilization are the main factors that significantly affect the mean leaching rate of K" and K" accumulation in leachate.
[ Conclusion ] Obviously liming for a short or a long period of time can always increase soil pH in the surface soil layer, and
retard vertical migration of AK in the profile, thus increasing the content of SAK in the lower soil layers. The amount of soil
leaching K, cumulative K" leaching and K" leaching rate all increase with rising AK content in the soil and with declining liming
rate. Liming rationally can effectively reduce the risk of K leaching loss in acidifying red soil.

Key words: Long-term fertilization; Acidifying red soil; Potassium; Lime; Long term effect; Short term effect
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1.1 AREKEBR AR IS

F ) 6 330 5 T o [ Al A 2% o 408 BH 21 38 5
55k (111°52'E, 26°45'N), 1HF 1990 4%, 1% HbIX i
P 150~170 m, APy, AEHSGR 18°C, =
10°CH 5 600°C, 4AEHFEKIEZ) 1 200 mm, 4FZ%
K 1470 mm, JCFEH 300 d, 4 HBREPEC L 610 h
B O LT Uk B I, RN -
TR —AEPBEEAER], TOREWE

BRI (ARG 6 Kb 1) fAR AR
Bijte (NP), 2) fLIEABERL+H &1 K (NPL),
3) AN ABEERECHE (NPK ), 4) FhAE 050 it +
#i A K (NPKL), 5) ABEFECA LA i
(NPKS), 6) ZEWHHAC G i FF ik -+ 5 0 K
( NPKSL ), IERHH & 0 % A N 300 kg-hm >, # .
BRI P,0s. K,0 45 120 kg-hm™>, &K
JRZE (F N 460 g-kg '), BEAE AL BEFRE5 (&% P,Os5
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NP. NPK. NPKS ZbPZgid 21a #HELEMEAE, +I1ER
L FEEY R IERE ALK, F 2010 I HIETTIE
AKX Ab P (NPL, NPKL, NPKSL ). Jiti F %
EGTAEPRY) , BiR/NT 0.5 mm, EZRH HA
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WO S22 10 em HHERS) . 2010 4F 22 5 5B DU 4F
Jii— Yk A A 7K, NPKS 1 NPKSL &b B o 75 #1348 H
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2014 4E FRWOGR G , AR 4E 0~10.10~20,
20~30, 30~40, 40~50 cm AL 5 N E R IR,
52 45 )2 - HEH AR | SRR S R pHL. ARG K
FH A it A7 PR X TR - SR 1 2k 24 a TIE Y AL
N, it K A XU 2010 4FitE £ K 4 a J Bk
B A AR B 2010 ARt FH A K HT AT 2014 4R AR )Z( 0~
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SRR KR (7 200 mm ) XHE BRI AR, AR H
2 400 mL ZEMR/KIYE 3 8. ARARHE 2400 mL 434K 10
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FREAT T —48kuk, 0 R AR 3 Rk
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*1 RELFRYHE. EYHESIER pH
Table 1 Content of soil readily available potassium, slowly available potassium and pH in topsoil
FAY Year Ab# Treatment AK/ (mgkg™") SAK / ( mgkg™) pH
2010 NP 55.40 82.22 4.39
NPK 181.1 143.2 4.38
NPKS 188.2 204.8 4.42
2014 NP 73.00+6.11d 156.7+16.68c 4.00£0.00c
NPL 78.33+10.53d 160.7+£21.94¢ 5.00+0.00a
NPK 255.3436.25ab 266.0+16.04a 4.33+0.33bc
NPKL 181.5+23.50c 234.0+17.00ab 4.67+0.33ab
NPKS 199.0+6.00bc 195.5+0.50bc 4.00+0.00¢
NPKSL 274.7+21.43a 230.7+4.67ab 5.00+0.00a

TE: AK RRHRH: SAK UK NP AURABE: NPK ARABW; NPKS [URABH L FFEH; NPL AURAB+
WK NPKL AR AR+ 40 K NPKSL AR GBS+ 1 R AT F -+ 00 05 [ 98000 s A ) - B AR 4k L i) 22 S ik 2
FIKFE (P<0.05), FIF. Note: AK stands for readily available potassium; SAK for slowly available potassium; NP for application of

chemical nitrogen and phosphorus fertilizer; NPL for application of NP plus liming; NPK for application of NPK; NPKL for application of

NPK plus liming; NPKS for application of NPK half of the rate plus straw returning to make up the remaining half; and NPKSL for NPKS

plus liming. Data in the same column followed by different letters mean significant difference between treatments at the P < 0. 05 levels,

respectively. The same below

1.3 #HEHItSESHAZE
PRFUFH/ (kghm?) = (fLABER-+RSFFISE4 )
—VEY b R
BIE UL FH 2R/ %= (it B Ak AR 455 1 ik HR A 2
PpE ) /AAE AR x 1000
KRR 3R /%= it 5 A 3 K BB A i 4 Ak
K" R A ) A <100 1)

2 Excel 2007 B IMEEf5, KM SPSS 12.5 %k
AT AN R AL B 2 8] 7 22 537 ( ANOVA ) FIZ L
2 (RHXEHE (Duncan) #HEMW 2 ), KH Excel
2007 F1 SigmaPlot 10.0 7EK

2 55 R

2.1 MERAK 4a 53 TEEH, ZHF pH F

HETEFE

WE 1 R, RS BN KRB 0~50
em )2 R/MER . NPK, NPKS F1 NP, [+ )2
TR EE B35 I sk A5 B0 2 o 0 SRR (P<0.05); A
JK 4 a7 0~30 cm B R /IMEIR A : NPKSL \NPKL
FINPL, KIAATGEAFAE (NP Al NPL ) #b3 0~50 cm
T S B TS AR FE ( P<0.05 ).

AHEC NPKS AbBH, NPKSL 4bHHE I T + 3% 0~
40 cm HIEHER G A, Hrd 0~20 em ¥ RE K,
H 13.76%~36.39% , 1d B A4 FH B4 i = 38 3%
PR FEHEAE 0~20 cm. 5 NPK AbFEAH L, NPKL
AFE 0~50 cm SRR & FEAIR T 17.24%~40.40%.

TR AR A S MU AR R, AN
FHATRAE B 0~20 em R/MEIRCH : NPK. NPKS Fi
NP; i A KA FE 0~10 em K/MEIR K . NPKSL .
NPKL I NPL (& 2), 10~40 cm + /)2 NPKSL %
NPKS HH1T 9.46%~104.2%., HFEMAE T, i/
FRIGEME T 0~10 cm +)2 NP fil NPK 4bFHZE5
B ar, A RIFEAIRT 19.26%F1 23.31%.

Wi AR T 8 pH. 5 NPKS AL,
NPKSL #b# 0~50 cm 14 pH #2155 0.43~1.24;0~
10 cm Fl 10~20 cm +#E pH, NPKL % NPK 434
$2E T 0.23 F10.45, NPL # NP 43532 T 0.5
0.85, ZHFWE (P<0.05), #AAbB 20~50 cm + 4
pH Fifi 5 12 URBEHE i B (& 3,

22 AREHMENHBHELIEHEESEMN

pH B &N

2ot 3 ik, A KRR T AR FE 0~
50 em - HERRACHR B, BE 2 UR RS N
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Fig. 1 Change in content of readily available K in soil profiles relative to fertilization treatment and liming rate
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Fig. 2 Change in content of slowly available K in soil profiles relative to fertilization treatment and liming rate
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Fig. 3 Change in soil pH in soil profile relative to fertilization treatment and liming rate
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Fig. 4 Content of soil readily available K in soil profile after the leaching experiment relative to fertilization treatment and liming rate
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NP, LBl A 38 e s R08 1 2t 0 35 i 3 i .
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Lg X Z 5 NPKS il ilEANH L Ly F 1.5 Lg BRARSCR
# (P<0.05); NP+Lg ZbFEY/NT NP Zb 3

1 BB KU S A AS (R it A Ak B A ) A K
Jiti &N K/MEIR } . NPKSg. NPKg Fl NPg, 5
NP: A ., NPKSg Ml NPKgy 4b B 4y 5 3 hn T
487.5%~1 270%F1 720.5%~1 456%, NPKSg 4%
NPKg #/1T 12.28%~117.4%. NP 43y FICAR
WA, WER R 2 KOS G H A A
( P<0.05), A1}t X NPy AbBEAY B BUME K
G E R,

ANTRI AL B KW 2 R B /MK IR NPKSE
NPKS+0.5 Ly. NPKS+ Ly fil NPKS+1.5 Ly, 5
NPKSg Kb FHAH L, it A AR B KR S T
19.26%~45.42%; NPKg WA % i, NPK+Lg
NPK+1.5 Ly X 2, NPK+0.5 Ly 1% , H:r' NPK+0.5
Ly B A A0 1 25 AR KO3 (P<0.05),

R A A AR TR S I B
it A B B o I B A AL BRI VA TR ok R A B
FREA I KT 45 NPe b PR KRR &, E At
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KEnl Y NP AbH 22 (R AN E . EAIRE:
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Fig. 5 Content of soil slowly available K in profile after leaching relative to fertilization treatment and liming rate
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Fig. 6 Soil pH in soil profile after leaching relative to fertilization treatment and liming rate

NPKS+1.5 Lg 4b P o /M EER 7= A4 ) KRBk K
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A3 590 o5 AN TR Y 98.33% . 53.67 %. 79.39 %
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90.23 kg-hm 2, 435 & SMNEATIE 1 86.82%.
38.63%. 32.88%FN1 45.31%. I WLjiti F A K> T
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L FE AT B R [ AR B 58 A R X RSP 2499 v
FI K B 5 T 1 R
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Table 2 Effect of liming and fertilization on K* content in leachate relative to treatment / (kg-hm>)
e WEHE Leaching K Sk B S A
’ o = H=5 Average Accumulation
Treatment
First round Second round Third round leaching K* leaching K*
NPg 7.76+0.65b 4.27+0.38cd 1.58+0.41c 4.544+0.23¢ 13.61+0.68¢
NP+Lg 2.99+0.98b 2.76+0.41d 1.59+0.39¢ 2.45+0.33¢ 7.34+1.00e
NP+0.5 Lg 5.60+2.94b 5.46x2.4cd 2.38+0.68¢ 4.48+1.88¢ 13.43+5.63¢
NP+1.5 Lg 9.54+3.75b 3.88+0.44cd 2.37+0.69¢ 5.26£1.54¢ 15.78+4.63¢
NPK g 74.66+8.84a 71.62+16.43a 40.24+8.05a 62.17+10.69ab 186.5+32.06ab
NPK+ Lg 42.30+17.82ab 26.04+10.87cd 15.93+2.09b 28.09+9.97de 84.27+29.9de
NPK+0.5 Lg 35.10+14.70ab 25.83+3.57cd 17.98+1.39b 26.30+4.24de 78.9+12.71de
NPK+1.5 Lg 51.79+19.18a 35.0249.33bed 19.20+4.33b 35.34+10.91cd 106.0+32.72cd
NPKSg 75.00+17.89a 86.43+£23.11a 48.00+7.62a 69.81+£16.04a 209.4+48.12a
NPKS+ Lg 62.27+17.70a 33.1547.66bcd 18.80+2.43b 38.0749.23bed 114.2+27.7bcd
NPKS+0.5 Lg 72.86+10.67a 63.249.95ad 35.46+6.70a 57.18+8.99abc 171.5426.97abc
NPKS+1.5 Lg 70.27+7.51a 38.03+9.08bc 21.18+4.47b 43.16+6.90bcd 129.5+20.71bed

®3 FEAIGMEBFEBELLEN K FHHEE. K RRKRFEN KHREEZMB T EDR

Table 3 ANOVE of effects of liming and fertilization on mean leaching of K*, cumulative K* leaching and K" leaching rate

AR IS 28 4
Variable Mean K leaching
L 0.016*
T 7.44x10
LXT 0.252

R PR
Cumulative K" leaching K" leaching rate
0.016* 0.023*
7.45%10 5% 0.056
0.253 0.579

e L WA T HIEASEEAC AL *: 225 W3 (P<0.05); **: 25 3% ( P<0.01 ), Note: L: Liming; T: Fertilization
treatment in the field; *: Significant difference ( P <0.05); **. Extremely significant difference ( P <0.01)

3 3 ®

3.1 BRMAE KHAERTIEEESSNEAT

18 n

ARG REW, YEMHEAKEHET K
SRR . BRI IA R I R R BN : NPKSg
> NPKg> NPg (3R 2). WfigJe i TA5FF ik g 9 i
PR - R A R U P ) e S R AT,
v RS AR, RGN T KR, AHRSE
RKIAFEFFIA H NPKS A1 NPKSL £IUHH &4, &
AR 63 Fl 6 kg'hm ™, Al fiE 2 & NPKS Fl
NPKSL A HEE 48 A 2, (8 A8 ot 17 80 0 4
o NPK ARFERIU AN A 4, B4R R 34 kghm 2,

NPKL ZbFLEB K 58, Hoha R 55 kghm?,
F BRIy NPKL AR ™ A B, Sl EY)
WekaE THEZ MY, A K 4 a5, NPKSL
3¢ NPKS Ab 3 H A BR 2 Ay fsli /b, A A R0,
PRy KT R ARV R

Houle %5 i 4L FH A K 10 a J5 & B0 41
pH. BHESFacHats | k3L A bt & A 0K 2 A 3
JnmsE I, 0~20 cm )2 - HEAY S Bk B =
ik TR I A5 s Rl 2 - R B A AR, AR
T AR A R . EEERR A KRS T+
g b o i, rE AL TR KT/CaY Hepi R
A, BEINER A A,  E EEE RRAE
SRACRNRUDAS AR 52U 9 4 PR, 1 2t FH A7 6 B o0 48
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T Ca® X - e BT (4 35 Ay s Ko, 254+
et KRG . SCRPOE T AR, &Pt
ARG, RIS PEFIRI A S M 15 86 1 25 4 ey
XSG AHEGEEE FAL o A Bt FH A7 3 Rl 2 4 s+
e pHPY, 5 Wb 2 A HERERL T 1 R RN - g
b MEREER, A B AR 25 Bl A ) (8] A2 Ak 28 B s
550220 HR B AN o 0 R AR it
A IR BEAR - R i . X AR A A %=
S, H R R AT R A B e A ROR S A AR
WA P H VR s o, HB sh Ak ok
5 HOK RO VIR P, ARG bk i S 50 15
TH5 SEPR K B K B B A TR, X rTRE&ssgmy K
IR

T IR 9 1 21 1 PP B0 RV R AE A9 1 B T
TRCH KR I i I ) BN T3, 3 A A
K, AT RESR PR Ay 4 it A0 L ol 00 2R 0% WO T A i R
b R R, ELGH AR e SR ST VR T AE I B
2, KW S RE, 280 KA
VTR A BB - SR TR A RO W R X 5 AR5
45 FEARARL, K 300 0B I i bl 245 45 5 FF 348 FH( NPKS )
KPRV A e, R S P AU AR, 3 U R T,
A W B 7 S R A PR 7 s, M- KT
A BV VR B A o R P e 4 R AT 8 o
LA X g o 1 126
3.2 ERMLTIE KA E M A KA HE A R

TR E RN, FEEHRT
H Al AP SRR S 1, 5 51 AR kP,
PRAGLTHE b it A K 5 5 pH, ArAs 398 1o e g M2 o
VEFI R A 2R ARG o A 2k A5 7 R vk 41 i e
LAk, £33 pH $EmE T 2 AR, AR H
A K 4 a J5 2 43 42 5 0~20 cm (& 3)
F0~10cm (F 6) 3 pH, Hod 242t 2 w5 iR
JEH 1.00~2.01 207 (& 6), +3 pH 42 &k A
IR it P 1 o 22 34 4

X JEL R A5 K4 W B Bt 39 pHL AR AR T Uk
b, pH FEARIEERAS 55 3 N B AR T K o2/ T+
HEOh, B SR EEH L P 14
T KO FREDT 5 3R, SRR Rk 23 5 +
e pH RWENACKER, B pH U, Bk
Mg, KREmEER, XSRS R —5L,
1R S ZERON I T NPKSE Fl NPK g A BRIk K
BB KWER, SAMHAKHEL, —F7550

/DT 18.09%~45.47 %H1 43.16 %~57.70 % (F 3 ),
ARG B At A G R s AP HY, B
13 pH, $RMAETEZL Ca®t. Mg BH B A Y,
AR E ORI 2014 AR ZE SRR, SAMEH A
JRAEE, T K5 1348 pH $25 0.5~ 1.0 N EAfL, R
PR EAR PR £ S B VAR B FEAIK 3.9 emol kg ', £
SEAZ NSRS BN 2.8 cmol-kg ' B 4E AR A0
WA ARSI .

Jil FH 0 D380 T A X R BT A R
LA F A K, B A R B RRORT e K 92 ph A
] 2 N UGN S o1 by N v e we = S0 B2l
BT, AR R A R RN AR T S Rt K
FHE, AT K 4 a 5, NPK A1 NP 403 20~50 cm
AR R AR (1), BRI 2R
F& U/, NPKS il NPK 4b#f 20~40 cm R & it
Hom CE 2), ST 2 S R W RN . 243t
FHA KA, &40 0~50 cm +3EH 0 &
FEAIG, B s e (B 4~K5), Xalgeei
h H IR R AL T —E AT, YRR
FEAR B 2237 S U R B Y, > K HE
If iz # fit .

ARWFFREERFY], M A A K e K
ks A 2 EUKIA R (P<0.05), MiAEALREX; — 3
AR ERR (P<0.01) (£ 4). X 5MIE A5
SERAAML, TP R B AR (63 kghm?) B,
RPN 1000 kg-hm™2, K443k R
7.9 kg-hm 2, K" RFUHKE AR 23.8 kghm 2, K
IR EAL 11.7%. b E3Eta KIs, AR
IR . BERRANES T, sCHeMERR S R IEAL, HEBR T
BRIMEEME, BT KRR, pH $E i ) g B
Wz Pem . A K 2, 255 8 I R
W Ca FIl KTELBIJCTE, i Ep it

4 %5 ®©

TSI EP AL A AN AR T, 5 ANt AR AE A EE
ABAS 4R SRR TLATHE 0~20 om )2 HURUHE AN 22 S5 4
B MK B RAR KA R R
PO BRI E S R, B R R TE 1 275~
2550 kg'hm ™ X HHFMEHI R IRACR T 4f . B0
AERC RS AT IR R, SRR RA E A, A Kt
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HAEEIN 1000 kg-hm 2, SPHKIA 1 2 RIEAL 11.7%.
HI, &P KHEREH SRR 2L =
TR 5 2 LSS o
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