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Abstract: [Objective] This study aimed to evaluate the effects of long-term straw and straw ash application on rice
yield and soil potassium (K) supply capacity. [ Method] Based on a long-term field experiment initiated in 2010 in
Jinxian, Jiangxi Province, four treatments were established: no straw return and no fertilizer (CK), chemical fertilizer
alone (NPK), full straw return combined with chemical fertilizer (NPK+RS), and full straw ash return combined
with chemical fertilizer (NPK+RA). Soil samples (0-20 cm) were collected after the late rice harvest in 2023 to
determine total K and different K fractions, K content at different adsorption sites of clay minerals, K release kinetics,
and quantity/intensity (Q/1) relationship, and rice yield was analyzed accordingly. [ Result ] Fertilization significantly
increased rice yield and soil K content. Under equal NPK nutrient inputs, NPK+RS and NPK+RA increased average
annual yields of early rice by 5.22% and 3.53%, and late rice by 3.68% and 2.41%, respectively, compared with
NPK. Water-soluble K showed little variation among fertilization treatments. Compared with NPK, non-
exchangeable K in NPK+RS and NPK+RA increased by 13.16% and 17.12%, respectively. NPK+RA significantly
enhanced exchangeable K, effective K, and total K by 5.41%, 2.87%, and 3.09%, respectively, and its exchangeable
and effective K contents were 7.88% and 4.99% higher than those under NPK+RS. Fertilization significantly
increased K contents at clay mineral adsorption sites. Compared with NPK, K contents at the mineral surface (p
sites), edge (e sites), and interlayer (i sites) increased by 45.07%, 10.09%, and 6.27%, respectively, under NPK+RS;
the corresponding increases under NPK+RA were 49.46%, 16.97%, and 11.91%. During K release, no significant
differences were observed among fertilization treatments in the rapid-release stage. In the slow-release stage,
compared with NPK, cumulative K release increased by 19.69% and 9.07%, and the release rate increased by 19.66%
and 9.09% under NPK+RS and NPK+RA, respectively, with NPK+RS showing significantly higher values than
NPK+RA. In addition, Q/I analysis indicated that both NPK+RS and NPK+RA optimized soil K supply capacity
and intensity more effectively than NPK. [ Conclusion] Under equal NPK nutrient inputs, straw and straw ash return
combined with chemical fertilizer were superior to chemical fertilizer alone in improving rice yield and enhancing
soil K supply capacity. Considering the adverse environmental impacts of straw burning, direct straw return
combined with chemical fertilizer is recommended for preferential promotion.
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Quantity/intensity relationship
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Pk (p AZsl)  E % (e L) AR IR GALRD 5 p AL s 1 S B4,
e RL A i AL RONAR RS RO, AN R AL A ) 2 B2 5 R AR AR T B R O R M, KA
MRESEAE N AR Eal e T ME o, ARSI R I DA 4R A R B A1 Al Jld
X RO PE R T, RES R R SRR RN A Sh A UL, PPN LR ptamse o2, B
Beckett T 1964 £ & UK R A BRI (Q/D HHAVHN HIRENZIRDLLICR, & 5ikl) ™
VR A QI it 2 T SRAG R IO A L W ) SO S, BEA AL g AR 0,

R BG4 FRAS B PR AR B B 207 502 — o R K SR E T 13 e ik g A L,
FERBRILIEA_ERCHERSAT AT B2 3R ™ &, HA IR 7 H 3Ky RS2l
BRGHEAC IR B, IR B LG T B ST SR USIRE FOIESE,  DARSFTIE B AR AL
NE, e AL, 2R SO SR, RN RS BUKAERE ™ . FEAT AU BE LA HLIR
REEAEEIE M, A2 N EARIR G N 38 Z RSFROE AR, i HE AKX
FIERTE L3 pH HAG IR 5 &, e HIEALTPIRDL . RIS LA AT A e S H
Bl H AR RBON, RIIPR T R Re e Rl & &, BT B0 A B0 s 5 e 5
(PR TR B2 1 T ELEIE AL B o FEAT BLEEIE B AIAEFT B ACIE 7R 4R m AR - & L b s 33
J2E UL Rl DA S AR N T T BAT BB S, (RS AT 8] B e A0 FANUR BRAT HL B,
GGG, AR TR RAANA] R A o AW FEAL AL T HE AR A SR 2K A
THAE S WAL BT B 1 B SEP I, S5 S RSAT BHRAE A I 76 5K LU IR AT FL 4%
B S He Ak PR AKRE B, A RIS R R i YR B e e, I
UL RE R BRI R AR, MIR RIS BRI LERE , YAl AN FIRS AR 7 20 T3 f e
RUBEIFEM, ARG B & BEA SR IR AR IE A B TE 3

1P i

1.1 RIE XL

KHEARES H 2010 e, 7EVLPAE R EAEN (B K Hm & Ml S, 28207
7.14"N, 116°5'29.73"E) JFfE. W5 X J@ Wy 2= X%, P50 17.5 °C, F K E
1600~1800 mm. X% H 338 A 5 U 2020 26 R B R KRG £, a1 438 1) JE Atk 4 4 Jofa
CERT A 7T rh iR IE 18], pH 5.48, A ML 34.16 g-kg?t, &% 2.27 g-kgt, Bl % 126.00 mg-kg
L, B (P) 13.68mg-kg?, LA (K) 81.24mg-kgl. 2010—2016 4FERH ) F . Mafg i
Fh o G REE 996 AL =FARL T025; 2017—2018 4FE L, A Ah 20 59 o T4 286 AT H 1
518; 2019—2023 “F L, MpAE Aol 10 286 FZ=fh 871,
1.2 ¥t

RIGEE 4 MEFE: (D) FEXME (CK) « FEFFAREH. ANHLIE;  (2) HEibie
(NPKD = KFENUSE, KEFEFTAS R, (% B, #uie; (3 BffeREEE
H B AE (NPK+RS) = KEBHLISS, FREFERIEZEZ) 5em KIS E SR, SFEK
TR E1E R T KRB, (4 B IE L EAE (NPK+RA) = KBNS,
KRR 2 5 em KIS E SR, R SRk, BEGHEKIERHERT
ZK ARG AR

K TR DX AR B T, S AR B X THI AR 4 A 326.7 m2, AN [A] Ab 2 8] LL/K e R 25, Bk
K G5FRBIE, FESATHMHRE . BURER AR X — X158 3AREE I, fE K
XA RIESE . B A RS, Rt A AL B E 55 7 A N JE s R R, B B (N
P20s. K20) F54r M N &4 74 165. 75. 150 kg-hm2; BEFEZ=%. B 48 (N. P2Os. K:0)
FE MR NE AN 195, 87.75. 175.5kg-hm2, SEZEFEFTIEH A Ny P.0s Il KO F24- 5N
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A7 A9 45, 10, 110 kg-hm2, FZEFREF K7L H ) N P20s 1 K20 FR7- AT 24{E
3R 24 6. 100 kg-hm2, @It AGAEKNE 770 280, SAb BB R A & AR 1. ARl
mr: BB JRE, 4609-kg?, PN IF) BAEZRIZEENE 50% (m/im, TIED « 4rBEAE 20%.
FEAL 30%[1 LU 73 R IEON, WEREZEAZILAL 409%. 23 BEAE 20%. FEE 40% M ELBIFRN; AT
(E5EERAL, 1209-kg?, LA P, Os i) PIFREy—RPEAEIEALHEN; APAL (AL, 600g-kg
L, DL K20 i) PIZE 4 BEAE 70%. FEAE 30061 ELBI 20 RFEN . BEARIN RRGMRAT IR X B
v 13.3cmx 23.3cm, RS 13.3 cmx 26.6 om, 4% T [A) B BE 3% 8 0 e s EOR $UT .
F1ENEE. B E@EIRANE

Table 1 N, P,0s, and K,O nutrient input rates under different treatments

e N/(kg-hm2) P,Os/(kg-hm?) K,0/(kg-hm?)
Rice o e Lt HEFF IR fehe Lt R IR e Lt REFF K
Treatment
season Fertilizer Straw  Straw ash  Fertilizer Straw Straw ash  Fertilizer Straw  Straw ash
g CK 0 0 0 0 0 0 0 0 0
Early rice NPK 165 0 0 75 0 0 150 0 0
NPK+RS 120 45 0 65 10 0 40 110 0
NPK+RA 163 0 2 69 0 6 50 0 100
W fe CK 0 0 0 0 0 0 0 0 0
Late rice NPK 195 0 0 87.75 0 0 175.5 0 0
NPK+RS 150 45 0 71.75 10 0 65.5 110 0
NPK+RA 193 0 2 81.75 0 6 75.5 0 100

HE: CK RRREAFAEH . AHAL: NPK FoR siifb il NPK+RS FoRFEFT 4 it BHE FECHEALIE: NPK+RA FRFEFF 4
K HEC 4k AT . T A . Note: CK represents no straw return and no fertilizer; NPK represents chemical fertilizer
alone; NPK+RS represents full straw return combined with chemical fertilizer; NPK+RA represents full straw ash return combined
with chemical fertilizer. The same below.

1.3 MEERS A

IKAEP AR RAIIIE , WX AR EEAT 2R SR, BRI, T 5K
5, WAL . 2023 SEIERRIGR)E, RREACEERIGY 3 ASRAEHL T, 1M/ “ST IR
BEHLZ RS 0~20 em BHEJE LIERER 3 63, AARXT, BRI A R fabrllE .
131 BEMEES HEemEd ARl AKE R LR E TR, B
1 mol-Lt ik NH4OAC 242 At A A 1 mol- L #4 HNOs 1242 A7 LAY 2 mol-L1 %
HNOs 248, FKIEeEih (FP6410, #dt, Fife) e Rk fz 0o,
1.3.2 LIEF LR B AL FRHR 2.00 g CIAsRAE S TR m) BT 50 mL B0 (id
SKE AR me) , BACHIE 3 IKELE ., M ESRIREKIK B S AL, BRI
20mL (V) ZiEK, 4R% (150 r-mint, 30 min) FIELy (4500 r-mint, 5min) j&, U
SR, F IO GEETHINE KWK (o), IFERAZIEBER B 0ERE (m) ¢ FES
S ERYTEH A 20 mL (Vo) 0.5 mol-Lt 14E CaCl, %A1 20 mL (V3) 1 mol-Lt Ak
NHsOAC /¥, HE LikRG . &0, IDER, RIKNE XM KIKE (¢ ), [
WWRF BB OERE (M2, me) o FIEEFERA 1 mol-LT #4 HNOs = 1%, TIER
BER (Q e Mo AR A& ERITHE I R R

Q x=c1V1/m (D
Qp=(c2V2-c1AV1)/m (2)
Qe=(c3V3-C2AV2)/m (3
Qi=Q m-Q x-Qp-Qe (4)
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X, AVi=(me-mo)lp1, AVo=(Mz2-Mo)lpz, p1 Al p2 53 I RZETREKFD CaCly W# BE (p1=1.00
g-mL?, p2=1.02 g-mL™Y) 5 Q kv Qpe Qe Al Qi HIEAKIEIERI AL py e Al i ALHH & &,
mg-kg?.

1.3.3 IR /)% FREL 2009 BAET 50 mL B0, AR E 3 IRER. A
0.005 mol-L1 %f% 20 mL, 180 r-mint 4£¥% 30 min 5T 25 ‘Gl C&AF N9 1~1 008 h (3t
42d) . HHIFES 1. 8. 104 32 /NKEAI 2. 3. 4. 5. 7. 9, 11. 14, 18. 22. 26. 30. 34,
38, 42 KEFHUFE, T 6000 r-mint B0 5min J5id €, F GG BT E e R KR R,
I PURh LA ) S 2 R (— 2 Bh J124 . Elovich. XUH BOE R MLy o7 fe) xif a4
B I (] ) RFURE I E AT G . BRI RA S T

— 2 E )12 772 (First-order equation) : y=ax(1-exp¢®) (5)
Elovich 5% (Elovich equation) : y=a+bxIn(x) (6)
MHHOE )72 (Two-constant rate equation) : y=ax® @))
W Lkd B0 72 (Parabolic diffusion equation) : y=a+bx®/2 (8)

A, xoy R BRSO A (h) AR BABVREE (mg-kgl): a. b NS TS
1.3.4 TIEHARLRERR HHL4.009 B8 GF 1 mm 5D 7 4T 50 mL B0, #ab
WHE 3REZ. 5NN 40 mL EA W E KCI (0, 0.05. 0.10. 0.50. 1.00. 1.50. 2.00
mmol-L1) FIAH[E#E CaCl, (0.01 mol-LY) WIVR&VER. #2251, 180 rrmint ¥ 4 h 5T
25 “Cx1 CHFKAF P 24 he i8S, HIERTFHRIL (AA7000, A, BHAD WEM. 7. 8
FrEP, REEMES (KO A Lmol-Lt F1% NHOAC IZH AL 51 RRA. &S5
AR

AK=Cxo-Ck (9
AR=Ck/(Cca+Cg)*? (10>
Kx=KL-(-AKo) (1D
-AG=RTInARo (12)

R, AK N FHTET SR B R E 2, emol-LY; AR B TIEE L, (mol-LY)Y2; Ciko
RFEPETRTAR T KBS, mmol-LY; Ck. Ceas Cwmg 20BN FHT T K. Ca?t. Mg
I, mmol-Lt. DL AR AREAANR, AK AYARFRL T LR, HRHE L PR EE o e A Sl (1 e
THE A P A795 BE LG, B ARo, (mol-LY)Y2; TEGNFI IR TH 543 L IR B S, B -AK s
cmol-kgt; BZRRPRHA PBCK RN, K NEMBRMHAESH, cmol-kg?;s Ko NiEtEH, cmol-kg
L, -AG N K* Fl CaZ*+Mg? {32 # [ g, kI-molt; R ASAEH R, J-molt-K?t, T N4axtiE
fE, Ko
1.4 BRI

RIG KRBT Excel 2021 #E47#H, SPSS 26.0 #4740 40#r, FIF &/ B3 2 7k
(LSD) 564 E P<0.05 /K- L B2 7. BT & B4 434 B Origin 2024
FE Mo

2 4

2.1 B RERRKHATHMNKETERTIEARIENFI

HEE 2 Al %0, KEIAEX KR~ R E % . 5 CKAHEL, NPK. NPK+RS f1 NPK+RA
AOFRE . MRS B R N T 96.08%~106.33%411 60.37%~66.26% (P<0.05) . fF
SRR RNEMET, 5 NPK ML, NPK+RS Al NPK+RA AbF R | Mgy & &
FARE, FRGHENE 7 51N 5.22%F1 3.53%(P<0.05), A5 18 18 73 1) 4 3.68%F1 2.41%(P<0.05) .
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13 R RM S, RS NPK+RS>SNPK+RASNPK>CK [, AbRH a2 5 5%
(P<0.05) ; MiFEEIIN: NPK+RSNPK+RA>SNPK>CK. %¢ |, FEFF I HBK K ik FH ot
WZERGA WG 2 28, HORFEZE IR TR
%2 TRIMGIRAENEIE=8

Table 2 Yield of double-cropping rice under different fertilization treatments

ez pisi S E A
Rice season Treatment Total yield/(t-hm?) Annual average yield/(t-hm?)

L CK 43.14+3.84d 3.32+0.68¢c
Early rice NPK 84.67+2.68¢ 6.51+0.75b
NPK+RS 89.04+2.46a 6.85+0.78a
NPK+RA 87.66+2.96b 6.74+0.83a
g CK 63.92+3.68¢ 4.92+0.53c
Late rice NPK 102.60+2.18b 7.89+0.71b
NPK+RS 106.35+3.28a 8.18+0.61a
NPK+RA 105.08+2.70a 8.08+0.73a

VE: [FEFEUE EARE R ENE FRER IR A R FE 2 AN [F) AL B ) 22 3 . 35 (P<0.05).  "F[R]. Note: Different lowercase letters
following values within the same column indicate significant differences among treatments within the same rice season (P<0.05).
The same below.

B 3 Hl A, MU 4R m LA &, NPK. NPK+RS 1 NPK+RA #b 3 1178 4> 4
B CK 43 Bl 44 13.25%. 14.83%F1 16.75% (P<0.05) . Z5EBEHIFE N1
T, NPK+RA b 4418 85 NPK 354 5 3.09%, 15 NPK+RS AL HZ R AR . &
NEALERAL CK ¥4 1 L KIE R B A RO S e A 5 . S Ut
BIFRPBNFAMT, BBKEEHSELEEZR: NPK+RA KPR 5 84 NPK
A1 NPK+RS 4b#57 Hil42 5 5.41%F1 7.88% (P<0.05) , 7 R & M4 2.87%F1 4.99%

(P<0.05) - i BIRS AT HE Ak K334 FH Bt AL A AT 1 T 320+ 3R A0 75 i - NPK+RA 5 NPK+RS
WeE AR B S B R E E R, HEE ST NPK, HiE2 58 17.12%H1 13.16%
(P<0.05) , Ut FAREFT A o8 KK I H P it A4 JIES mT A 25 T 3R LA ) o
* 3 TEIMEARLETIEERSHEE

Table 3 Potassium fractions in soil under different fertilization treatments

- K e AR JEA S il
Water-soluble Exchangeable Effective K Non-exchangeable Total K
Treatment
K/(mg-kg™) KI(mg-kg™) /(mg-kg) KI(mg-kg™) /(g-kg™)
CK 8.33+1.53b 31.67+0.58¢c 69.33+3.06¢ 375.84+18.03c 17.13+0.12¢c
NPK 23.33+0.58a 123.33+0.58b 232.00+3.46b 479.40+23.14b 19.40+0.20b
NPK+RS 25.00+2.00a 120.50+0.50b 227.33+3.06b 542.49+12.68a 19.67+0.31ab
NPK+RA 24.33+1.53a 130.00+3.46a 238.67+2.31a 561.46+7.06a 20.00+0.20a

MM (R 4) R, KREF= 5 e T A B 5 i B A7 7 S50 25 sl 2 3 1) E A O
PEo F MRS R SRR ASH R A RO S AR A M R Bk B T AR R TEAE O
K (P<0.01) , Hor oA 288 55 /KRG 7= B (AR G P i o NIRRT A 2 1), A4 S5 /KA PR
AP A B B T2 EAOE (P<0.05) ; HAEAS e S A B 2 1IEADE (P<0.0D) ;
IKTEPERR . TR, A R RN AR A et P 2 1) 2 SRR B35 IE A 9 (P<0.01)
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®4 WERTFERDIREHSHRERIEXMN

Table 4 Correlation analysis between double-cropping rice yield and different soil K fractions

fhbR Index PR MRS KRR et CE G L N
g 1
e g — 1
TR A 0.987** 0.991** 1
prd e 0.985** 0.985** 0.961** 1
A2 0.994%* 0.995%* 0.976** 0.994** 1
R etk 0.919%* 0.919%* 0.902%* 0.883** 0.904%* 1
Ariy® 0.702* 0.688* 0.647* 0.689* 0.681* 0.835** 1

T H 43 IR R TE P<0.05 Fll P<0.01 ME26/K T, AHSC A 21 .25 5 1) 225 72 % . Note: * and ** represent statistical significance
at P<0.05 and P<0.01 levels, respectively. (Early rice yield, @Late rice yield, @Water-soluble K, @Exchangeable K,
(®Effective K, ®Non-exchangeable K, @Total K.
2.2 FEFF R B IR K BRI R ot A R - 7 4R BT R AL ER B 2

H13% 5 AR, ALV S R H s BRI A e AR, p A, KIEIE R
B TS A EE. 5 CK ML, &MCAEK p. e F1 i A8 & BHG1E 5 N
37.86%~106.05%. 46.31%~71.13%#1 49.30%~67.08%, 2% 71k /KF (P<0.05) . &
BRI NI T, 5 NPK HIEL, NPK+RS FI NPK+RA AbFR ) p A7 425 18 53 il A
45.07%F1 49.46%; e ArEf & SHGIE S50y 10.09%F1 16.97%: i A8 & S 140 435y 6.27%
A111.91%, Z5F&E (P<0.05) « RUIKWIMALAEDS B2 5 m 3R 30 L0 VIR OB 5 &
fRBEARIAR R, o IROEERIE 7, HASAT A LR AGe RSt AL AE A RCR I T St AL IE .

5 TEMEAELCETRHIT YIRS IHEE

Table 5 Potassium contents at different adsorption sites of soil clay minerals under different fertilization treatments

Ib Ko Ke Ki
Treatment /(mg-kg™) /(mg-kg™) /(mg-kg™)

CK 22.00£1.00c 49.67+1.15d 335.84+16.09c

NPK 30.33+0.58b 72.67+3.06C 501.40+21.60b
NPK+RS 44.00+2.65a 80.00+1.73b 532.82+12.56a
NPK+RA 45.33+1.53a 85.00+1.00a 561.12+8.11a

W Koy Ko FTK 2050 p A4, e Sr8FAN i A7 . Note: K,, Ke, and K; represent K adsorbed at p, e, and i sites, respectively.
2.3 FEFT R B R IR K HRIE R X R R R R A =20
NPFO AN RIALBE T 35 A0 AR RETECRUAE , ASBIE T8 H DU e 5 1) 50 g 2 A 2R o - S A0 i
) R TBOL AT 305 M o B AL BT SR F) ke iE B8 (R 5 [ml Azt iR (SED W3 6.
Prids i, XUH BRI AR R I E fe e, SE FIMEHAR, i BITEARIG S AF T Hoxt
mabs 22Ol GUR SHINE VRS RVE S TEE R
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* 6 FEITEAEAIE HRBBMENNFEFIEEH

Table 6 Kinetic parameters of soil potassium release equations under different fertilization treatments

. — B I Elovich 77#& WU BE A TTE YLkt BoTiE
bosLl
First-order equation Elovich equation Two-constant rate equation Parabolic diffusion equation
Treatment
R2 SE R2 SE R2 SE R2 SE

CK 0.666 10.20 0.827 7.35 0.978 2.64 0.994 1.37

NPK 0.831 6.63 0.976 2.48 0.996 1.02 0.974 2.58
NPK+RS 0.666 19.48 0.922 9.40 0.986 3.97 0.977 5.11
NPK+RA 0.541 17.58 0.900 8.20 0.974 4.19 0.980 3.68

. REAYLE RE, SE NEIEMRHER. Note: R* s the coefficient of determination; SE is the standard error of estimate.

B 1 ONXUH Bl 07 P& S RRIR PR 5510 T L 3 RAVRO & WTRUE ), #HY
FEBGRIL B BOMERAE, Forh 0~120 h R PRdB i By, 120~1008 h 2218 B Br. & 7
R BUR R SCE AR IOE R, 5 CKAHLL, it IE S 25 32 = P B Bl SRR
ABETRER o SFB BB IR NS N, FEDRERE B, i T AL ) #1721 BRI AR
UK FRTC R 25 MAEEB RS B, NPK+RS Fll NPK+RA AbFE A R BRI S NPK 43
HIKEAN 19.69%41 9.07%, HREHUE AR 7> AT 19.66%41 9.09%, Z5+E % (P<0.05) . %5
b KAEACA BTk AR SR RS, HASAT S e A e H RO A EROR AR T B A JE
PRBILAE 35 3 v G AR T B A RETBCRE AR IO =

RO TR B SRR B
Rapid-release stage (0~120 h) Slow-release stage (120~1 008 h)
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Fig. 1 Kinetic curves of soil potassium release under different fertilization treatments
® 7 TEMEELEDIRA R SRR RN BRRBNESRRER

Table 7 Cumulative amount and rate of soil potassium release during different stages under different fertilization treatments

posil 4 AR RS Cumulative K release/(mg-kg™) HIRRIGE R K release rate/(mg-d?)
Treatment S, S, S S1 S, S

CK 75.67+4.16b 123.0045.00d 198.67+5.69c¢ 15.13+0.83b 3.3240.14d 4.7310.14c

NPK 215.00£10.54a 150.67£1.53c 365.67+11.02b 43.00+2.11a 4.07£0.04c 8.71+0.26b

NPK+RS 218.33+6.66a 180.33+3.51a 398.67+3.21a 43.67+1.33a 4.87+0.09a 9.49+0.08a
NPK+RA 224.00+2.00a 164.33+4.16b 388.33+3.06a 44.80+0.40a 4.44+0.11b 9.25+0.07a

: Siv Sov S T RIFRTUEBR N B, BRI BRI AR BE. Note: Sy, S, and S represent the rapid-release stage,

the slow-release stage, and the entire release stage, respectively.
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2.4 FEFF R E BRI ACHRE A XS 34 Q/I X R AR

F AR IR QN G RN WK 2 Frw, BESIC AR MR R4 2 AR 2
Hor. 3R 8 NEAI QN MESH, XLESHII R B T AN FAE AL gE )10 2 57 .

AR & L EEFIP NS L L, n T E IR R AR . R 8 WAL, MEAERE S T
ARg, HH NPK+RS Fl NPK+RA AbEEZR B W 3, 58 CK 4342 180.41%7F1 186.60%;
NPK Z3 732 &1 27.70%F1 30.52%, 1t BA A& AT A L Ioe KK A FH e 2000 o B3 0 1 A 2 1k
TIEEVER (KO RECPERIRES T IR REAH 52 1) KHAc s, maET RS -
AKo) FIENER A (K FERIAM, rlfis IR aE. 5 CKAHE, &t sR
MEHE S T -AKo Al Kx fH; SFEABHIRDRAZMLE T, NPK+RS AbEE-AKo {EIE =T NPK,
Kx fEESE T NPK, NPK+RA Ab3-AKo Fil Kx 3 NPK 73l 455 20.00%7FH 4.55%. 15t B 4
Tt A B T2 0 43 BR 2 AL, RS KR, Hodr, RIS H IR
N . PBCK & 3BV A B L b — A L, B R PR A AR, A
PBCK &I A: NPK>NPK+RS~NPK+RA~CK, it B-K: 3t AL JE ol 76 — e F2 1 B4R T+
BN PRRE . WRZ e E AR (CAG) RFRHERME T B b s 7 545, SR T AL
S AT (1Y) H HREAL, AR 3] B R 6 R I I PR SR, A R R TR S A (1 R
R, VEVIRETBH /7K . NPK+RS Al NPK+RA 4L FE-AG % CK 43 | A% 14.83%411 15.13%,
BNPK 73 7 FEAIC 3.94%H1 4.27%, Bt HIFREFT A HoJoe KA 3 HH 6 e A1 - 900 B30 ) e 138 PR
B, PRI ORI A . 25 b, KBEARE I A QN fh 34, s 7 I A
SOFISRSE, SCHLEASE AR AN, I BT S LR HH e it A L P B8R T B it A I

10 10
a) CK b NPK
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Fig. 2 Soil potassium quantity/intensity (Q/I) relationship curves under different fertilization treatments
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Table 8 Soil potassium Q/I relationship parameters under different fertilization treatments

A AR(x1073 Ke -AKy Kx PBCK -AG
Treatment /(mol- L2 /(cmol-kg?) /(cmol-kg?) /(cmol-kg®)  /[cmol-kg*/(mol-L )2 /(kJ-mol?)

CK 0.97 0.12 0.06 0.06 65.85 17.19

NPK 2.13 0.37 0.15 0.22 69.06 15.24
NPK+RS 2.72 0.38 0.18 0.20 66.21 14.64
NPK+RA 2.78 0.41 0.18 0.23 66.12 14.59

: ARo, HISPEIERELL: Ko, FEVEH: -AKo, JEL MRS Ko BHURISS: PBCK, #WEEZ MR -AG, K*
Al Ca2*+Mg> 4 #: H Hifig. Note: ARy, Equilibrium activity ratio of K; K, Labile K; -AK,, Non-specifically adsorbed K; Ky,

Specifically adsorbed K; PBCX, Potential buffering capacity of K; -AG, Exchange free energy between K* and (Ca?*+Mg?*).

31

3.1 B R H R RKEAT XK FE~ 85 TR R KRS

WFFERH, REATIE H RESR R /KA = B 23 AP A RR R, AT A R GL AR Y
WeRg R 3 E T CK A NPK ALBE (£ 2) , 5EATIAL IR 8. XULBIRF R R IK
I A DR B KRS AR E A A, A B TR IE BN o IR, FEARMD AR 7 o B B RS AT ik
HH 5 A T I O C 57 T

A AN I A B PG IR RE T AR RR bR . AW TT Y, REAT SRR
EH AL CK B 7 L TSR &8 (GR 3), IESERATIE T #h e 2K,
efif LA I T B, S LIRALERE . BB HUBOR I, PIMORSAT IE BT SAE SR T
PR IT LS AL T AL, BRI : BT Bt IE, FEAT EfL B AL T R 25 5
ey LA SR R S R BEAIE AL PR 2 SR i S MR L ARSI L A R A
(3 3) o FEHALEE, AT B4 FH e oy 39 [ AR Sy i A 17 30 58 0 [0 - 01280,
I, R e R o= A A LR P (2 1 33 MDA TR 280, R NI E AR SR BB, 72
PGSR TEINGE 18R IS AR, RS RTGE AA AT 4 g 133 pH, oS L g LIRS 2
RARFEE VL, I3 50 SRR 91 7 XM B TA6Te ek, ARHIT ST RS AT B A FH AR 2R R 52
BRI SRS B T EESE AL (R 3) , AIRESAEAT K- h B AT LS — b
FRELHE T, JERCREIICE ik K2, R, FEAT AR SEOKER K, ART IR
a3k, A5 2T, R ERGE MBI R 7, AT
UERF LR T, R ARG S AR AT SR

MRS RN, BREHAXBSH BN SKEFEREE ML R4, Uil
FET LI F KT R ORBEKAEHE = GBI 3R o IRk, BB 3R AR B HH AR S 25 A %
P (R4, 7 HAE LR A A AL, SRR A R S AN R, 5
A NP S R AR — 3. ATTT, KSR SRS RIA RO 2 A 5 R B (3R
4) , ULEASSHRAME SRR RO 5 A ORI VERR, DRGSR 5 AR
MR E (R4, UHIERHMA R LR RN EEM SRS, Ko LIRAaE )
HAT R
3.2 TEFT R ELIG IR ACHAIE FE X S A 4R B S $ 25 8 R SR R TR AE RO B2

RV B AL T Bh AT, R T BN, R E R SRR, A
AR I Mg R B0, AR, BMICALERAL CK ¥R ZERTE T p. e Al i AR
B (K5, UHISNESR A 78 IR e R R A . B REIICAELE, A
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FE B R IIE AL BT &R AL U S B AT W3 (GRS, UHIARSFRE BHAESE ngh L4
VIR BB I EA BRI, SE0 AR AL BRI AR — 8 KR i RE T, FifritH
REf% 19 0 - e G WLT I oot 3B by, TG SR 3 L A B0 25 1 R R Bt 5 ] R g 6. 251,

T LA R L AAEE BN AT, A MEHAS I, MEYIRR R 2 B 5 MR 1R 40 W
PLIS AR 080, AT ST G 25 DA A 2B K 75 R B, STk, ASHIF 70 R B R R B A
FLERER 2% A T VEYIAR R AT AEAS MR B RS Ak S5 R O AR S VPAS AN [R5 HH 7 2% - 9 B R A 11
oM. 5 CK AHEL, 5t AEALERAE P /N B B AR I E R R Ze s B 3 e (R 7D,
Ui AT E AT R4 1 S U AR PE e, AR AR P, X5 RTIRSIEAHE R
FAFF o FEDUBBR N B, FEFT S LB IA FH AL B 5 AL R AR R R 2 R AN B2 (R T, X
5 i S RO 5T 45 SR AR, T RE A R Z Y B 32 BRI 2 DL PSP e T IRV
T AR T (A2, ASHIT 70 HP 4% b AR AL R B /K VA PE AR AN A bR RS BRI (R 3) . BEE
BRI K, B0 R 2 B IR WA fa . e AR i ALERFAA R, HEANZRIB RN
BB, BEBGERFRG, FFgWia e, /i B, FEFF A e kd M AR e A 5
ERT THNBRBESEE GR T, RIPIFACEE e A7 FN i A28 S Y B T AL AT
W (GR5) o LRATNE, PIFFREFIEH 7 A 8ok 78 LI 2, B 5 LI I 1S R
JREST, N IIRR e AR A S . (AR R, AT A AL FRAE 218 B B RS
MESEEMTRKICH GR7) , XUEWH TR B0 HEA BREA RSN, BH
T SEIUA 2 KRR E AL
3.3 M RERKKEITHN LIRH S ELRE X RN HANIE

REFFEH, SACEER QN IMRTRANEL (B 2) (HSHGFAEER (K 8) , RIIAFIE
RE AL 3 IR AL EE 1 AN, 5 O A RS SIS AR — 3. ARAFFL A, Zi AR Ab B
TR ARoy -AKo Al Ky LA EARII-AG, HFSFT R Hope I8 A RUR B B2 (%
8) . K2 REBMRIE T I, -AKow Ku Ml ARo {H ¥R H 1 MR VOV IE 5 H HL
RERBCHE . i AE . AHERE . SR, A St AR SR A e M R Y A
HA = ARo, AT FRAS T Je HBe A FH A 3o 2 1 398 e kA R AR A e M
(K3, MG T RAE M FF RGO AL -AK s, Ui BAFEFFI4 FZ i T
BREIELL, PRAHERENIA . — O, REFFHR IR R T E RN T R KRR 5
—J5 T, FEFFE AT g 3% CEC, I3 o 3 ot KW 0T, thah, AN 70 4%
JREALEER) Ky ZERARE (GR 8) , ULBAREFT K& ILBAGE N I8 (L8 5k 7 i 5 7 32 2R
HAE L RSB R . O T PBCK, FRFFLBIA Ny, K HIA A AE 23 i 330 4 1 22
MAESs, FECPBCKIER, (HALA MR a5 L3 PBCK LI Bk . AL R
Ny KHIREAT S B e X 38 PBCK AN (3R 8) o« WoodrufflSo H 1) 1= 1k
BRME N 14.64 kJ-mol?t, *4+3E-AG KT 14.64 kI-molt i}, +IEZEGEH. AWF7TH, CK
A NPK 4b3-AG 3 Ti%BME (R 8) , MASHF LIk HANBE K T-AG, B PIFIL
77 23576 B T PR e e RS o 25 b, R AT A HLB A K SHAE T i A0 IE e A% [R] N S 7 4
BAFAE SR, WIS EA. FRE B R AR, HEZRE AR T A AE

4 75 1%

I AL ANRE AT 34 T E 5 32 i /KR8 B F s LI At A aE 7 S5 BRI IR T BN
N REAT R EGRIGE AL AL B AR A TR A, BB, (1) BE R
TR R (2) BRI HIEARAS AL UL A Y B A A, G SR
J15 (3 UL HIBEER RO RE, (RHEM AR E RRELEN,  (4) SR IR RN R E
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i A AL AR e 2B SR PR A BB N PR 7 A (R R, A B 1 S I 1 358
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