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KT LA ERE I R IEAY, AT TR
LT T BRI A A AN T
Bog Ak, Hz B R e . i,
DA EEAL S g SRl FIERAOTRBELL . B2, SR N
R AR EN S nh A S R 2R SR LA
75k DR 0o i R DR A A Q/THI 2R 9 2 3t
R T R RE T A 0

TEEATIEH, X TR EMESAET LR
RICEAZA AN . YRR S L)
R 3 A2 LA KA BLAN T HILAL I8 8 1 A T S5
IR 5 ] A AR B A LB R e i A .
M, TFIEARREAENE A 0F T L 2B 52 /A
TS EA L YR RS, X T R R
T A S ALERE )y . G BRI A HLAN T LI PR ok
ALK R R R AL R L A
SR Z1 XU e AL o] 2 R S e A A A
SN ROV T N (E7/L S 1 e b S 2 e
DA S A3 R L WAL . O B R A B
S EE AR, ISRt P B SRR e 2
R ELACHFIE . SR L WAL S b
T CKT) RS e, A 214 XA T
A BERAT 20t B 4 it LA

1 ARSIk

1.1 iRIE SR

A ) P B b O T R L S 5 3 X R AR
WIRE RS AL T F A BN 4 2 (112°80' E,
28°37' N, MWFREEN100 m) . 5 T 198 14-FF
I, 1981—20124F A FHIREM 41 393 mm, 4F
FHRRI8C, AP KL H300 do ik
THONE N RE KR (B ERE L, +
o TR EE KB 1) o I R TTAEZ
TIERLAYRIR K. pH 6.6, HIEAHLFE34.7 g kg,
4R 2.05 g kg, BMRA 151.0 mg kg, 2 0.66
g kg™, HRHE 10.2 mg kg™, 4 142 g kg™,
AT 62.3 mg kg_l, ZREN 173.8 mg kg_lo
1.2 Rt

ZAI AN S I 0N b B, 3IRER, 274
INK L, R IKAHES] . BN TR R66.7 m®, /)
X Z 30 em e K Ve 5 fa 71, X412 a1 HEK i

YL RS0 em, XALZ ] FHAKJRIERGIT, Lok 5 o
oK e E AL B 22 TB] A9 A8 L5 g o BRFTIEHE T 54

AhER. (1) CK (AHEAEfTAERE ) 5 (2) NP (i
BMEALAT ) 5 (3) NPK (A BESALIE ) 5 (4)

NP+RS (i B +FFH ) 5 (5) NPK+RS
(TR AIE + R 5 ) o &L BEAE AL & F
SRR E . BRI LB . 7E1981—2012
AEWIE, EHEHEEAE150 kg hm™ ( LAINTE) FHG RS
180 kg hm™ ( KANI) JiA; BEAEFER | MfEaZ
38.7 kg hm™ (RAPIF) Jii A #PACHER | Mo A2
99.6 kg hm ™ ( LAK3T ) Jiti A5 A% HIE i 5
MiAE A2 TR H 2.1 t hm A (A FEHN 21.4
kg hm™, P 2.8 kg hmHIK 54.6 kg hm™) . B§AL.
R RN R AR AT L A, JFIRA L. A
SIPTA : 50% P RAEIHRLETL diti A, R TF50%
MR BERTIARGEA o BEEUKRE SR (G ) R
SRR, MR 24 2e RS (B3 ~ SAREH—dt Y Hh
R REKRESA) o RRET4ERE, THPE
Wik s MR 7 A R Ak, 108 SRR, B
HiERKWIN30 ~ 35 d, RAREA 7 ORIG4 ~ SERBL,
WERE 5 R 1 ~ 2R BT, BRATIE20 ¢m x 20 ¢m,
AZERIN, ANHEATHERE AR B VE Y, LAY A4
PR it 5 24 Hb AR B A K A AR [R) o
1.3 HmX&ESMXAZE

1981—201 24 [A], B WA /)N X HLAT B
WOFRITSE ™, 2 RUR A R S RERRAE 5
B AR e TR E

TR T 2012411 H2H (ARG 1
J) o, A 2T B 28 i R B CK L
NP, NPK. NP+RSHINPK+RSAEFI/NXO ~ 15 cm#lf
BAM, BRENE, BTERFXT, B4t
i, WA TEET NS HE2F ANaOH
WL, JOEe R E T R A
1 mol L #HNO R4, KICE kM E 2
A mol LT ENH,0ACIREE, kMEE
FEFEIE 0 AR A HIER T (RS
em, WAEL10 em) SEATIE, A3 ALk 4R H
WO EE

B A AR P ) S R 28 X -5
AT (XRD) M RUBE kI L
T5 pm%h H SR BUH A L 08, X -G AT it
B AT SR/ T5 um Bl AT EOBE A AR A
Ml o BP: (1) BEMAN H v Ab B2 AR & (EG
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) dilg s BRI g2 /NTS pm B RSN
F2~35% 0.5 mol L' MgCLIEW ., H
BROIR B B FE T4 P, FRE0.05 o BE 10 A H il A 2
A2 ~ 3 mlalizk, FoorfiHe i i, Wil
1.5 mUER, FEIEE T 4% 5 B 5IRF, 7
BT, A e ) R, AR i R
TP R 24 hERE;  (2) Bt g
SRIT MRS (KA ) il g 2E80 i A e b 3
i, FRLS 22 fi/NFS pmBhHFEF AT mol L
KCHAR Y, /4R % M .05 min, EEBREZL
BRSU, SRIG 2RI K BEDES I BR 25 it i KCL, FREX
0.05 ¥ty A4 BIAAE N A2 ~ 3 mlglik, 4% (1)
I3 e RS, A SRR 2924 hiEA I
(3 ) B4 AL B S 300 °C AR BEAE AL (Kagofr )
Hil 28 s K (2 ik v il A R A A S
MM EI00CHHE2 h, REBHE6OCLEL
By, TR K A A S 0 TR D AR R D
(4) Fip AL PR IS 550 °C b FHAE [ BE S (Ksso )
il g 0 (2) 7 ikl B RE SR S B3R 22
PN ZES50°CHEIR2 h, HALERR] (3) Jrik; &R
G MR A R L R i, ELR A R T L
X8 17 36 20 W S B L R A Ok LT
XRDZM7 T F B9 25 A Bruker DSATHHMY ( Bruker,
Aks, Gmbh, fEE ) , MXPFLEELS (PW
3373/00) . ML (PW3050/60) . 8% & B
Shic e EA N, S R M (Cu Kak®
S5, M2 15°2048 SEXT RS AT . T
i T AUINEWMOD R JF 5 - . W T Ik
B, WG 3 (1S) M20124F + 35— gk A7 40 ¢
M

bR B B 2 RIS B G 2R R Beckette 1
PE R IR E o AR B ORI A BTK MR 5 T
B P KR E Z 2R KRR (AK)
M KL Ca” FIM g™ (0 e BE 11340 7% v
(—AK®) . LM (Ky) . AR E
(AR) | WfEZ AR (PBCY) | HAMAH
fE (~AG) . BWWHFFK B F52 i 250 (Kq)
1.4 HIELIE

AR AR K 23 MR FH Microsoft Excel 2003 %
DPS 7.5 AN B R G0 . Ol S R I 0 1 4 A
PERESEME, 26 1rh KRS P & ANk RS W 4 1 508 hy
1981 —20124F [H] 324F 642 K Fid B | I A 19 °F- 5 8%

P 2 #H2 LHERFEESHEE (kg hm™)
NI (A 15 emt 2 ARRIESH (52
Webkgp . JEc MM e ) & (mg kg "5
gke) HSEEHERE (gem™) AMLZRE (15
em ) MYFRA,
2 %5 R
2.1 KHAERMIEMBEN KB MR E

A

AF 5 300 [00) 7 e A e 4 0 R 5 1) O 2 7 i R
R WL 1, B BB 0 R A AR R 7 o
WL BRRERE A 0 B S U 25 NPK+RS > NPK
>NP+RS > NP > CK, Jitifb B4 B NPKFINPK+RS
A B A AH R 19 NP HIN P+ R S 4b B 5L Rg 4 43 901 1
fn15.9%HM12.5%, FERIEM21.3%M6.4% ; WHH
R B IN17.5%M9.5% , FEH B N33.9%FI
16.6% o 7K F DA = 58 v 1) 0 Wi 5 it I 69 ES ot 1)
T T b G . AN BRI £ NP A 3B 2 R
K (103.4 kg hm™ a™') , FLURE A it AT ) % 1E
AbFE (109.2 kg hm™ a™') o NPK+RSHINP+RSALFH
FRORFRL IR 5 1) SF- 21 B0 22 WSt R X B ) NP
NPAb PRI Ry, AR 2480 28 0% 0 i B NPKORTN PAL 2
Sy BT 109.8 kg hm™ a ' H181.26 kg hm™ a™' .
e o RE R AR Ah 2 A 0 K ARG X B0 R A e 22, (R
PEKRE " A, FECHKBEEEM TN, P
FAHLIT 5557
22 KEEAHEMBENHELIELTRESH

HEMEME

it B0 4 T AU NPK TN PK + R S A 35 ) 52 i 47
ST HAMAAE (F2) , 20 KREED AR
Jei, NPK+RSAbHHEZ 4 598 (1) 52 e 1 4 45 1 134 o
17 AE 3 e PR b F 7 BOR A o 324ENP+RSA Y
R W MBI R % T 25 kg hm ™o 5Btk B fndE 52
PeVEHOR TR, 3248 Fh R KR8 7R ) )5 T A Ak BEHE 2
T ERBCR T R R . NP+RSAE 345 5 B fe 1
(2 147 kg hm™) o 280175 BORRE EL 9 R3S
etk ) R, WINPKAINPK+RSAL B2
TSR R, AT, Bl
B1 047 kg hmHI1 373 kg hm ™.
23 KHEAMEMBENCIEKBELIETY

46 X RY 2 M

IEEATH AR BE G /N T 5 o Bk AT 9 0 1]
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Table 1 Effect of long-term application of K fertilizer and rice straw on yield and K uptake of rice
A Early rice MG Late rice
e - N e I B A N o AWM E AR
L X S L T UEECT S LV
K uptake by K uptake by K uptake by
Treatment  Grain yield Straw yield K uptake by grain Grain yield  Straw yield
o > > straw o o grain straw
(thm™) (thm™) (kg hm™) 5 (thm™) (thm™) ) N
(kg hm™) (kg hm™) (kg hm™)
CK 2.82¢E 2.75¢B 7.97dC 47.44dD 3.43eE 3.01¢cC 7.28eE 46.54dD
NP 4.78dD 3.57bAB 15.85¢B 43.53eE 4.80dD 3.63bcBC 11.32dD 32.66eE
NPK 5.54bB 4.33aA 16.20bB 73.31¢C 5.64bB 4.86aA 15.36bB 113.3bB
NP+RS 5.30cC 3.89abA 18.68aA 119.5bB 5.49¢C 4.15abAB 13.52¢C 61.53¢C
NPK+RS 5.96aA 4.14abA 18.90aA 132.6aA 6.01aA 4.84aA 15.84aA 132.1aA

HE: CK: AREAEAILEL, NP: JEEBEIT, NPK: FEEBHTLIT, NP+RS: FHABLIL +FE5, NPK+RS: MEA#HLIE+
a5 RAEHE G A RING FIR G 585 9 /R 25 3K 5% 1% B K. FEINote: CK: no fertilizer applied; NP: N and P
fertilizers applied; NPK: N, P and K fertilizers applied; NP+RS: NP fertilizers plus rice straw; NPK+RS: NPK fertilizers plus rice

straw; Different capital and small letters mean significant difference at the 1% and 5% levels, respectively. The same below

R2 KURHEIN0L2EHELEFRESHAENZM

Table 2 Effect of long-term K fertilization on contents of different forms of K in the topsoil layer of reddish paddy soil in 2012 ( kg hm™?)

25 SR
A ACARAE AR SCARME R 5 i AR s L jhﬁ‘f:iiﬁfi il AP
Treatment Exchangeable K Deficit of exchangeable K Non exchangeable K Total K Deficit of total K

exchangeable K
IS 105 — 292 - 23 688 —
CK 94 -11 272 -20 22 600 -1 089
NP 95 -10 282 -10 23 136 -552
NPK 159 54 311 19 22 641 -1 047
NP+RS 77 -28 267 -25 21 541 -2 147
NPK+RS 210 105 281 -11 22315 -1373

. IS: WA 3. R[E Note: IS: initial soil. The same below

W CE ) ATE, N [E) b B A5 B A R
ZHAL . P AT DU A B A AT S 0 2 R E 1.42 nm
1.00 nm#10.72 nmffhix . B4 ATH AL BE 2 J5 AT
SHERFE D, UL [R5t A + 58 3 A8 & I Rk 26 +
T, B AL S, CKMINPALFE +31.42 nm
(IE A -2k (V/ICH ) FHXTIESR EESE fin, RWIV/
CH Py 0] 2 A AE ] Ac e e e g . S A s
300°CHAL T - 1.42 nmAb[]1.00 nmIEUL 455
8, W54 AR 550 CHA B 4 g rh
1.42 nm 44 AN KT FRAY1.00 nmlg, §ERA 4
HER AR TR IR 500 BB i 0
R A5 4% 4 40 e F e ) oD AR GRS Rl G
P AR AR E 3 (R3) o DTS pmEikL

wR ) Y R A -k A (V/ICH) |, &
AT AT TR AN 35.99% ~ 39.61 % , HUREm L
1 (KL) (25.12% ~28.75% ) . F#4 (IL)
(14.37% ~24.29% ) % A7 -4 A0 /R AR 2
W (ML) (14.41% ~18.45% ) . KWt 4
JEFIFE HL AL BE ( NPK . NP+RSHINPK+RS ) AYV/
CH . KLATMLAT 5 06 1 FLUE 2 A% T 8 it FH 2 e
) ( CKFINP ) AbFRFIH) 4G 158 (1S) , mifFlA
T 5 e T AR R R TR AL b #E ( CKAFINP )
FLS o K BRI A AT S5 0 43 25 IO 43 2 1.42 nm i
g I (45 e RPPRIA, PCL) F11.00 nm4k
7 I (A% RAFDRRIA, WCL) o AR AL AL
FEXTW CTFIPCIATT 55 W [ R 438 A7 B s . K
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IS &K
K550 K550
K300 VLN K300
K
K
1.42 nm 1.00 nm 0.72 nm
4 6 8 10 12 14 4 6 8 0 12 14

A4 Angle of diffraction (°)
NP

K550

A~ N

K

AN

4 6 8 10 12 14
fithtf Angle of diffraction (°)

EG AN

NP+RS
K550

w N
N

EG N N\ N
4 6 8 10 12 14
°20 CuKa
M5 Angle of diffraction (°)
W EG: SRR AL #EE A (EGH )
i (K300 ) ,
sample (EG slices) ,

treatment 300°C-treated directional sample ( K300 slices) ;

K. Hi A e g ok K Emaes (KA
K550 A4 fIAb #5550 CARHE mBE Sy (KSS50H ) o

K: Potassium-saturated naturally-dried directional sample (K slices) ;

% Angle of diffraction (°)

KSSO,_A/\

AN
< A AN__N__

EG A~ /\ N
4 6 8 10 12 14
i fa Angle of diffraction (°)

NPK

NPK+RS

K550

J\

BN\ / \ AN

4 6 8 10 2 14
°20 CuKa
fihtf Angle of diffraction (°)

K300: 4 14k #5300 °C Ak B [ A

EG: Magnesium-saturated glycerin treated directional

Note:

K300: Post-potassium saturation

K550: Post-potassium saturation treatment 550°C-treated directional

sample ( K550 slices )

El1
Fig. 1

ST FE P RE RS BE A9 W CTAIP CIA B 06 1 AR T 43R
TR R AL EE (NPRICK ) Figldh 3, 5R
it AP AR FNPAL FEAR L, NPK. NP+RSFINPK+RS
b W CLATT S5 0 1T AR E 40 % 43 S 3G 0 135.46%
134.75%H1143.97% , PCIAF 504 1 B 43 353 )

http:

AN AR AL B P AR 2 (<5 pm ) BIX— SRS IR I

X-ray diffraction pattern of the clay fraction ( <5 um ) relative to fertilization treatment

Hihn42.86% . 28.48%M50.74% , H. K it FH A
AEFAE B AUNPK (28.69% ) . NP+RS (30.85% )
FINPK+RS (28.32% ) AbFHW CIAT 59 06 17 A1 o
B ) A S 0 TR E A LB S o T O FH A Y
CK (20.95% ) . NP (19.62% ) Ab¥F14) b5 + 1
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BB MRAE I BR A RIS 0 21380 T - e (AR A8 1 ) 2

461

R3 FRMERLEFIER-ZESR (VICH) . BA-ZEA/MFHARETY (ML) . SikA (KL) . FHEAE (IL)
mIERFFEFA (WC) MERAFARFERA (PCI) THHFHEEME L

Table 3 Percentage of diffraction characteristic peak of vermiculite-chlorite ( V/CH) , vermiculite-chlorite/illite mixed-layer

(ML) , kaolinite (KL ) , illite (IL) , well-crystallized illite (WCI) , and poorly crystallized illite (PCI) relative to

fertilization treatments ( % )

Qb

V/CH ML KL 1L WCI PCI

Treatment
1S 38.09 18.21 27.60 16.10 4.20 11.90
CK 39.23 17.32 28.75 14.70 3.08 11.62
NP 39.61 18.45 27.57 14.37 2.82 11.55
NPK 36.17 15.57 25.12 23.14 6.64 16.50
NP+RS 37.30 15.26 25.98 21.46 6.62 14.84
NPK+RS 35.99 14.41 25.31 24.29 6.88 17.41

(26.09% ) o MCASRUEWT, 0] ]300 70 s A A BRI A 0 TR T 43 R H R 28 B A R A B Y

AU FIT R A SRS, EA R TR
KA R AR A ] A% B AR T ) R R .
HESE324E FAE 64 22K R 5, TR [ it Ak
BB R AR E R EA T2k, LRk
TESC I 2 2 M A AL B , BTG A 1 AN Ak B A Ui
VPRI Ay 0 T RR A A A 2 AR R Ak B A T AR
(F4) o AL FES , CRA P A I B R A 1
TR R A AL BRI 11.92% 38 1 223.47% ;
NP &b $H ) 3t 25 7 ) A 0 TED AR El oA 28 B4 0 Ak B Y
13.49%14 /1 %26.88%; NPK. NP+RSHINPK+RS

12.36% . 12.94%F112.22%53 513N %26.71% .
24.27%H126.44% . A[a] it IE Ab R 2 18 A7 - 218
AR A b R o 2 i AR S SR A B
o (R4, KIS ARG R AL HE (NPK
NP+RSFINPK+RS ) {0 F &b L5 1Y 1R 2 18 A1 - 4
e A P FI A B 4y v AP R A A S 0 T AR G 3R
TR M AL, WA A IS EE ( NPAD
CK) Fgihs HHE (1S) Hi4R RN b 315 AR 2 08 A -
e A A A AT B R R R A 0 TE R A 3 RIS
TR AL, FTAT A BRAT 1R FN A 38 5 Y S

F4 TRMERABZEEMAMAKREHFIGMOERET Y PIER-FZRAMFAHNEITHERRNES L

Table 4 Percentage of diffraction peak area of vermiculite-chlorite and illite in K saturated and non K saturated minerals

relative to fertilization treatment ( % )

TRIZ AT -0 AT PRI

i B PR o S e e A

MLA™ ) Hiie 25 05 A -4

ML WA =
i) v i B R R A A2 R (VICH) RIFIEV/

F P A 707 B T R SPRAP AT B9 S A7 e 0 e AL e
by CHAY S A7 S e v AL
treatment SR 28 FHI I RN RN
BN RN B A BN B A
Non K Non K Non K
K saturated  Non K saturated K saturated K saturated K saturated
saturated saturated saturated

IS 11.50 22.33 49.50 47.33 37.20 41.05 37.89 30.07
CK 11.92 23.47 49.06 46.88 42.60 47.34 47.06 31.23
NP 13.49 26.88 49.47 48.89 43.58 48.06 36.93 29.16
NPK 12.36 26.71 52.88 59.37 55.58 58.34 33.34 27.90
NP+RS 12.94 24.27 50.44 51.62 44.04 46.84 38.96 33.53
NPK+RS 12.22 26.44 53.43 60.41 54.42 56.93 28.73 26.22

£ Note: (DDiffraction peak area of free illite; Diffraction peak area of illite in ML ( V/CH ) minerals; B Total diffraction peak

area of free illite and layered illite minerals; (@Total diffraction ( V/CH) peak area of free illiten in V/CH and layered V/CH minerals
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FlA A g AU E oy R TR G AL B, K
9t FH B0 AR AN RS B NPK . NP+RSHINPK+RSARF 28
B R A 3 S B R A A S 0 TR 43R 4 i)
R M AL RIS IN4.97% . 6.36%14.61%;
MR AR IENP . CK AR A 4f £ 358 43 731 38 fin
10.28% . 11.13%M110.35% ., JIrA Ab BRER 1 F4b 33
J I IR A /e A W T AR A R B BAR TR &
PRARL AR BRI R AL AAS FENPK . NP+RS
FINPK+RS 4k B 28 5 48 A1 b 35 (1) 8 V/ CHAT 5 16
T AR 43 2653 B R 4 A R A BEREAIR 16.32% |
13.94%M18.74% ; M IAANTEHAENP . CKALHEFN
W hh 1y PR 21.04% . 33.64%H120.64% ., |
RS R, it A AE R R R AR i -
A [ AP A T ) R
24 KEHEWIEKELIEE-RE (Q/1)

e =nRAl

HEEE32AEFIA 6425 K FE T, AN [l il A Ak 3 2
] £ - AK KRB AR 2ES (£5) . CKFINP
A EREZ 4 - A KOfE A/, {XR0.1498 cmol kg™
F10.1608 cmol kg™, i K WA it AR A1 309 H it
NPAE A 4510 F s W g #AR D . K NPK
FINPK+RSAM B+ 3 A KfHEK, 4351°80.218 1
cmol kg ' F10.297 0 emol kg™', 5B 30 jit 44 A 1
5 R R LA it A 2 A R B R
NPK+RSAb# 35 — A Ko {5 RS2 R A B it A AL 2%
BRARAN, A IR EAR G AT —E &=
FIEPZE (109.2 kg hm™) . NP4+RSAPEE+4E- AK®
5 T itk A NPAR AL #, {HAK T NPKHINPK+RS
AbF

%5

1 it FH B I R0 AR Ak 3 A 098 b ) R R R
B (Kx) £ (£S5) . AR B 55K
R A AR R AT AR B (1) MFEER . ARWFRLS
R, KA AR i) C K Ab PR AT 399t N P A B 1)
FHEAR, BN, 4 BICH0.007 8 (emol kg™ )
£110.008 2 (emol kg™') '?, HAFNPAH K FCK
b PR A4 KIMENPKAINPK+RSALHE - EAR *
WK, 9°40.014 5 (emol kg™) "?H10.0168
(emol kg ') "0 NP5 R & K W B A it ) Ak 2
THEARNE T HNPAL B, H B B K T NPKA
NPK+RSANHE . Schuffelenfllvan Schouwenburg [21]
A, MARMEF0.01 (mol L) "Puf, KEFH
(16 0 W B A s 2 TR A i 5 AReME0.01F10. 1
(mol L") "2 Jal i, RS 43 1Ay 1R Bk A 340 2% 58
Pefii; B F0.1 Cmol L") "2HF, KB4 R B 1 i
TEFTH A e o7 o e ml PRI, R it JE () CK
b 3R ] i N P AR A &b 3 /N X A 458 Y 3 R
BiEFE fRA% 2 B S He v, KT FHNPK . NP+RSAN
NPK+RSAR /N X - T 0 3 458 22 1) 38 43 49 W B 7 321
£ Sk IV

PBCU ML T MO TER AR, WERRT
—Fh b R R R R . R
[ b /N X BE 2 A PBC AT LIF ), CKHAINP
bR+ HEMPBC K, 43 0H19.67 cmol kg™'/
( emol kgfl ) '"?F119.85 cmol kgfl/ (‘emol kgf1 ) 1/2,
HKIENPKAINP+RSAEFE, 2350 415.11 emol kg ™/
(cmol kg™') "*F115.48 cmol kg™'/ (emol kg™ ) ',
NPK+RSAHPBC R AL, U H14.29 cmol kg™'/
(emol kg™') "o DL EGERBEW], XFF A — -4

KA URMEEN IR KELAE-BESHNEN

Table 5 Effect of long-term application of K fertilizer and incorporation of rice straw on Q/I parameters in reddish paddy soil

eI -
o S T R E S W TAHERRC
ARER IRPERIY- AKe RN TKx AR AR, PBC AC N B
Treatment  ( cmol kg™") (emol kg™) (emol kg™ ) 7 (‘emol kg™'/ . ¢ o (emol kg™)
( Lket) ) (kJ mol™) (mol L") '
cmo g
CK 0.1498 0.1532 0.0078 19.67 15.34 2.83 0.0310
NP 0.1608 0.1624 0.0082 19.85 14.87 2.84 0.0292
NPK 0.2181 0.2194 0.0145 15.11 10.50 1.73 0.0426
NP+RS 0.1868 0.2099 0.0136 15.48 13.80 1.82 0.0463
NPK+RS 0.2970 0.2400 0.0168 14.29 9.79 1.64 0.0485

:Note: (DLabile K; @Specific adsorption K; (lntensity of available potassium; @®Potential buffering K capacity; &Gibbs free

energy; (©Gapon cation exchange selectivity coefficient; (DTightly held K
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T HERE— MR R VA TR BE T B AR R —
WV A RE Sk, TR0, 4R R CKAINPAL
B A 8 8 v e O P AR R I AT

KHlCa+Mgac#e HHHfE (- AG) FEEFRHEIR
BT (25%C) %M E KW Y B Cat Mg il
TR fER, A RKA Ca+Mglb 32 21—
Fro —AGHERK, XK P iR ( BIK,
BT ), VEY TR A WG PRI, DT 25 ) 4 B0 i
B — AGHUN, X KA BB BEEES B
MPIA S — MBS, 5 e &
m, —AGHR. KEIARMEA 3% (CKFINP) -AG
B, A RIN15.34F114.87 kJ mol™, K WIt4 +
# (NPKHINPK+RS) - A GHAK, 43%1M10.50F0
9.79 kJ mol ™", Woodruff 2’ ROTFIT 25 N, M+
HE-AGKT14.64 kJ mol ', 25 HIbeR, T
M AG/NT8.36 kJ mol ', NI fEAN K it Lk K
HUES . UL T, AT IR B CKORTN P Ak B - 38
(- A GBI WoodruffF 7% ) SR MR, Ab 7™ 5 it
BUIRAS ; NP+RSAMPE 3R - A GHz i G4 B {H
RETHrARAS s TNPK+RSAL B 1 558 (4 7 25 K ik
=z, BT L faif RS P,

3 i ®

30 KEEA\EBMBEEXN KEmEMN L IEEE

B 52 M

Jits B 2 B N K R 7 A Y B ARO . A
TS SR WT, It FH A A 0 e 1S oK AR
77 o, LG A AT e B A i R ) BG m
B S5NPAFAH K A AT R A B Y
NPK . NP+RSHINPK+RSAb B fE 45 7= 7 1
Iy HNIEIN15.9% . 10.9%FM124.7% , WFE 5 538
17.5% . 14.4%H125.2% ; F5-Fei Fi G Ag e 7= - 3
Iy HEEIN21.3% ., 9.0% . 16.0%M133.9% . 14.3% .
33.3% . KA DA - 5 v g ISR A e B A it P R 1Y
G S RGN N IS ) NP Ak BB 2R A
Ak (103.4 kg hm™ a™') , HYR At AE 1) %) 1R
AbFE (109.2 kg hm™ a™') o NPK+RSHINP+RSAbF
FRORE R RIS B ) 1 25 00 2 WG HR A X I () NPKORT
NPALFR &y, AFF- 8 3 i i B NPKOFIN P A 3
3BT 109.8 kg hm™ a'F181.26 kg hm™ a™',
oA R 2 B 2 4 = R0 AN W) R 28 #1801 5 Bk

i, RME32EKAEEYG . A A REREE R 4
BRRCE R, HNP+RSADH M 5B R, N
2 147 kg hm™; BRNPKALFEAL, HoAthAb B AR 52 b
PREE AL T o5 BORAS s sS et Bp i HUA it HH AE
B NP RINPK + RSAL HLAL T 2 AR A, Hoflab
ATk, LTIEAEH 48 1, KA 4.2 «
hm > FEHL A NP+RSARHE, R AR A K A i
PREROPAT, it 2 1 M RS [ A 8
BT, Bl FEERERS (1079 thm™) Al
FERL =4 (8.04 t hm™) , FRARF77 L A K it
HF213.18 kg hm™, FEIE = T A4 8 A 2
i AHE109.2 kg hm™, i R 5 BE 0 40T 2 K R R
() B, A B R R KRS Y . A, RE R
KW TN PFRASMANIRTESR 5, 2
BENP+RS b B = Fh A W] 2 24 81 5 Bl i 48 K &
E-3 NS IR
32 KHEAMEMBEN DR KELHEEN

B9 52 M

it S AN SR — A A P AR I, AR —
AR R BRGS0 YR E LI RRLR R
(IR, RERMER AT AR A W, (AR R AR KRS A
KAIa], Bl 782 T 3 — A L i —
PR WIsc et . X - AT H R R, 2+
Wy L B it A Ach 3EAS [) T AR AL - K NP AR i AR
1o A 7 ) ST TR R R B R T O g
FlA &AL, (AR ERN AT, K
01 FAN P AR %) 6 Atk 1 T it 490 S ok o o 4R o 1 0
H R R T A T A (A5 4 e
PR O i R R, AR 25 3L 5 FH A 98 5 1 45
SEAEARL, A it 4 E R A2 a0 P 0 o R R A
feo PadRaE 0, E264FE AR E A K B A, it
PIE B A A SRR, T ECEE A A2 ]
PR -SE B AT PG, AR5 NPK, NP+RS
FINPK+RSAb PR AL ) B A A 407 S5 e T AR 1 30 oy
T A AL CK AL B AUAS i B0 I A NP AR 3, 136 B4 )
Jita B T T R R A TR . A Bt P A R R R
AbEL (NPK. NP+RSHINPK+RS) B WCIFPCIAT
S R E o T AN R AL EE ( NPARICK ) Al
ks 49, HA I AR MR RINPK . NP+RSHI
NPK+RSAb PR W CIATT 5 U T AR i S B ) A A S i
T AU 4 B B O it AR IR B CK . NP Ak HLRD
Wk A4 AR, I AR IS AR BN AR R T
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R SRR, B R T AR B
A ] g BRI B T T R

MM IE32ME 64 K2 )5, ARl Ab B 4 4
BQ/MME S RIMH AR 2R, AR
Ji R AT L DA ) O /1 48 56 32 1 I 114 - 3 41 43 A5 Ak
F TR o S T VA YRR K T A T 288 7R A S A
o ONME By ZeiBor (T ) ARRFFIR I Bt B
K5 Hofth BH B 7 0 22 4045, BRI K 2B Afs ;. O/1F]
M ZEHR s ( 3B ) MREK - (Ca™+Mg™ ) e
FR, BIMEKT 36 AT o Q71 b 2 2 M3 404 %) A %
NS Z A WL & B M p HIR 20 . A 5T UE I,
Wil 5 < 30 it PR R o A B A L R, B
ETIENK (K) M TR, 5—Jrm, &K
0t FH AR A P - A LB 3G N, p HRE K 0 it
FE O N 5 7E— 28 £ HEXF Na'~ Ca® 58 e 1 I B0 IE
B, 3 — A 5 1 A A X 55 RN ) DA R 36 T H iy 2
Ji 37 p HIFAR T T B A S ma g ok 20 L A wF g
EE, APUREA KR EM T LEs T Q/
Tl 2R ) 53 8 5 R KA S A BRR . AT
g, R AIKAL S E UL mol LT NH,0Ac
P K 1 9 2 Q/ L e 1k 350 3 y B U0 2 719 A K©
W ELLRA324E64 KT Z T, A E AL FE 2 ]
M K 22 S AEREZ BIEA P& 75 i . NP+RSHI
NPK-+R S A~ 3 it FH A 2k 3% 4= B8 BT 3% o
Bown, CKHMINPALFR )+ A PLT & % L %
P, AP R A CKANPAL B 4 38 v gy o5
KA, H PR B S B2 . = WL A
FHUNPK+RSAC PR Z - 58, SWRFK ) $ i W] ik
o T H At A A 3

WA R HEALE R ) SR 55 i), PR R
TP A A 5 SRS A L
0 22 /0 AR5 A R R S R DA KB
T2 100 1) 38 AR A5 VR FH AL, T LR A 25 1B
by P2 - LR RE T AR, W A AL i
M2 5 . BPERE - (Ca®. Mg, Na*) FlpHZAE
AR R B o NERHE 0] AR g B 5
ANAT AR AR A, 38 A B RIS ] it AT AR % 7K
Far=h . VR . R E S AR AL D R 1 3
FEF YL . BRI 2 A S R
Wi, PRI T RS0 it A AR R e A R R BB
SASCERE . SEE LT W EE AL K R KR
B AR S AT 2 R A SE R, T IR

TR AR AR R R, R RE A2
ZRARZEAT Ot A - R R (AR fb RN 1 S A
R R B IR AR BURAE . A SCAURE R Jr 2038 0K
e SRR AR A BT, A Ut FH B T R0 % 7K
R KREE . BEZ LT AR TR R
/INT5 um BORL S RS W A A R R
wh-mE (Q/1) ZEEFIAT THIEHT, X T2
R 7 SRR DCORL A Bt S I B A — o A B S
B, EHZEHE (0~15 ecm) LUF )20
DL, AN[E] Ak B 3 i) (AR B BE  ANE RA RT Y
AR A AR RE A Wt B RO B 06 2R A 1A R A —
WS

4 %5 B

BELE32AF 64K REAAL AR, KWt A
FEFNAS XS SR AL PP A B AR ™ 1 VR A
0 S BE T AR AR - it B RS K RS A A
AR R0 i, KRS DA - 8 r 1 R B B 0 A it
A I 2, R AS it P it A 2
B2 B AT  ZATIa E A TE; K
St B AC AR HEA A T ORI £ A,
HAF T s A DM 1 A% L DR A A9 T 1)
K s At P B A AR 2 ol SR B
T PRI A B Ak 5 A Uit P B S R e Ak 3 P
(-AK®) fiF. LUEWRHAA (Kx) 2. AR0
SREE (ARS) 3. BWRFK R Z, MIE(ESE whas it
(PBC") | & AMAE (-AG) FIFHE T 3cHk
FHC (K ) BRI 5 2 28 K it # d PLALA BE
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S R R R B 2 I o o S S o
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Effects of Long-term Application of Chemical Potassium Fertilizer and
Incorporation of Rice Straw on Potassium Supplying Capacity of Red Soil in
Double Cropping Paddy Field

LIAO Yulin"? LU Yanhong" > XIE Jian" *> NIE Jun" *" YANG Zengping" > ZHOU Xing'
(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)

Abstract  [Objective] Based on a long term fertilization experiment ( 1981 ~2012 ) in a double-
cropping paddy field in Hunan Province, effects of long-term application of chemical potassium (K)
fertilizer and incorporation of rice straw on yield and K uptake of rice and soil K supplying capacity in the
double-cropping paddy field under intensive cultivation were explored. [Method] Rice yield, K uptake by
shoot of rice, soil K pool including exchangeable K, non-exchangeable K and total K, soil K mineralogical
characteristics and soil K supply capacity were determined. [Result] Results show that application of
chemical potassium fertilizer and/or incorporation of rice straw increased the yields of rice grains and rice
straw. Potassium uptake by the shoot of rice was significantly increased with rising K application rate. In
terms of mean annual K uptake by the shoot of rice, the treatments displayed a decreasing order of NPK+RS
> NPK > NP+RS > CK > NP. Long-term application of nil or insufficient K fertilizer, like in Treatments
CK, NP and NP+RS, caused depletion of exchangeable potassium, non-exchangeable potassium and total
potassium in the topsoil. Long-term application of chemical K fertilizer and/or incorporation of rice straw not
only increased the content of illite in soil clay, but also benefitted the transformation of poorly crystallized
illite to well crystallized illite. The in-lab potassium saturation experiment on clay shows that K application

increased the content of free illite and illite in clay of the soil, and expanded the diffraction peak area of
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total illite in K saturated soil, but reduced that of total V/CH. Moreover, in Treatments NPK, NP+RS and
NPK+RS, compared with non-K saturation, K saturation reduced the diffraction peak area of total V/CH by
an extent, lower than that in Treatments NP and CK, which indicates that long-term application of K fertilizer
and incorporation of rice straw helps transform vermiculite into illite. The K quantity/ intensity ( Q/I ) curve
parameters can be used to explain that the high K supplying capacity of the treatments of long-term application
of chemical K fertilizer and/or incorporation of rice straw is attributed to higher labile K content (- AK°) ,
more specific K" adsorption sites (Kx) , higher available K intensity ( AR,") , and higher tightly-held K*
content. However, these treatments are lower than those K absent treatments in potential buffering capacity
(PBC") , Gibbs free energy (~AG) , and gapon cation exchange selectivity (K;) . [Conclusion]
Long—term application of K fertilizers and/or incorporation of rice straw in addition to conventional fertilization
in doubling rice cropping paddy field will not only significantly increase and stabilize yield of the rice, but
also promote K uptake by shoot of the rice, improves soil K holding capacity, maintain soil potassium balance
and build up soil K supplying capacity.

Key words Long-term K fertilizer application; Reddish paddy soil; Yield; K-bearing clay minerals;

Potassium supplying capacity
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