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Abstract

Potassium is one of the indispensable nutrient elements in the process of plant
growth, which has great influence on the growth and physiological metabolism of rice,
wheat and other crops. Potash resource is lacking in our country, the soil potassium has
been lacking for many years. Straw potassium is a good potash fertilizer resource.
Potassium minerals in soil can dominate and restrict the fixation and release of soil

potassium. The change of soil particle size can significantly affect the mineral
composition and distribution, and thus affect the soil potassium conversion and
potassium supply characteristics. Research on the characteristics of clay granule supply
of potassium under long-term straw returning has important significance for straw
recycling utilization, relieving the contradiction between the shortage of potassium mine
resources and the demand for potash fertilizer, and potash fertilizer management, so as
to provide theoretical basis for perfecting soil potassium supply potential evaluation. At
present, on long-term straw returning to the fieldthe relationship between the
composition of clay minerals in the soil particles( << 2000 nm) and their changes in
different particle sizes is not clear, especially the change characteristics of clay minerals
in the nanoparticles. In this paper, by analyzing the soil samples of long-term straw
returning test in rice-wheat rotation, the purpose is to clarify the characteristics of
potassium morphology and mineral composition of soil particles with different grain
sizes, and to analyze the characteristics of potassium supply and its relationship with
clay minerals. The potassium supply mechanism of each grain grade clay under
long-term straw returning in rice-wheat rotation was preliminarily revealed.In this study,
Stokes sedimentation method and centrifuge technology were used to separate the
topsoil of 2018 rice-wheat rotation field in the long-term straw returning experiment,
and the particle size range was less than 2000, 450-2000, 100-450 and less than 100 nm,
the contents of exchangeable potassium, non-exchangeable potassium and clay minerals
in different particle sizes were detected and analyzed. The main research results are as
follows:

1)Exogenous K from straw can supplement soil K and affect the apparent balance
of soil K. After long-term straw returning to the field, soil K changes from deficit to
surplus. After straw returning, soil apparent balance was improved with or without
fertilization, and potassium surplus under straw returning was about 58 kg/hm2. The
results indicated that the soil K was exhausted under the condition of conventional
fertilization or no fertilization, and the straw after returning to the field was used as
exogenous K to improve the soil K supply. The potassium increased by straw returning
for a long time is mainly located in the mineral layer, and a little on the mineral surface.
Under the conditions of sodium tetraphenylboron and organic acids, soil K release exists
two stages: rapid release and slow release. Straw returning mainly increased the release
amount and rate of sodium potassium tetraphenylborate and organic acid potassium in
the rapid release stage, so as to effectively improve the soil potassium supply capacity.



2) Straw returning can increase by 100-450 and &lt; Contents of Water-soluble
potassium and non-exchangeable potassium in 100nm organic particles. The
exchangeable K content of organic and inorganic particles at 100-450nm was
significantly correlated with straw returning and soil organic carbon. In 100-450 and &lt;
Organic carbon and straw returning significantly affected the content of
non-exchangeable potassium in 100nm particles. The amount and rate of potassium
release of organic particles were higher than inorganic particles under continuous
leaching of organic acids. Main Effects of straw returning to Field Potassium release and
release rate of 100nm particles.

Straw returning increased by 100-450 and &lt; The effective potassium storage
capacity of 100nm particles is limited, but the potassium content of special adsorbed
state and &It are limited. 100nm potassium in non-special adsorbed state. Soil organic
carbon combined with clay minerals can increase the equilibrium potassium
concentration, which is 16% higher than that of inorganic particles CROK. The CROK
content of different particle sizes showed that 100-450nm particles > 100nm particles >
450nm particles. The inorganic particles KL and KX of straw returning treatment were
higher than those of non-returning treatment. In addition to &lt; Except for 100nm
inorganic particles, there was no significant difference in the non-special adsorption
state potassium (-AKO) of the same particle size particles under different treatments.

3) The illite content of long-term straw returning treatment was lower than that of
non-straw returning treatment, while vermiculite content was higher than that of
non-straw returning treatment. There is a relationship between illite and vermiculite in
soil. In &It; Vermiculite, illite and kaolinite are the main substances in 100nm particles.
&lt; The crystallinity of illite in 100nm particles is lower than that in 450-2000nm
particles, but the difference in crystal structure is not reflected in XRD pattern. The
effect of straw returning on soil particles clay minerals is not significant. Straw did not
significantly change the crystallinity of illite. Different particle sizes can change the
crystallinity ofillite, which mainly shows that the crystallinity of nano and micro nano
particles is lower than that of micron particles.

Key words: straw returning to field, Clay minerals, Potassium supply characteristics,
Mineral composition, Mineral structure characteristics
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BURKFE . DNEEEDEE KK E MU AREFRItR—" " REHIET
W=, 2016 FEHIE/ = E 280N 397 Jim, AL CREE EiE 50% . BEE K&
. BRALIERR M E AR, REEEHRZERE - HLT5HREY . #
Hh IR AL B BN LR AR = R R PR 1 PR 7

RIEDFEE THRTE, BITFHA5FBEFTYREDN 1.5%, KE
RHEREFT AR Bk 8x 101 kg, T4 KO 1.2x108kg™ o A FTHR S —Fi IR I A AR AE 5
Ve, B EBE L e AT A B A KOR) RS AT A BT IR O & AR 2 A AT B R E W B
AEREIE ™Y FEFTIE AT DLSHEY = 8. M B . Ak 2 e e F 2R 45 05 1
AR E B E A o FEFFIE H6 3B 0 5 e 32 B T RS AT S A i R RE TR
DA KA HAREFFIE 03 IR A, 51 IR S A BN S M AR, T
s IR RE 7). TFAURIH, AT A SN IR A AR H B A\ B AR LR
FEAFIEH, IXFERT AR SR H HIE R R SR 0 S &, RN SCEED A KIS
e HbEIN, SR ONIE BESE UM IR R, 0 F Al R A0 L
MTTEHE— B8 S TR . RIS AE ST A AR, KR e —
J7 AT DA R3S SRS AR AT DR E 5B B IR, X AT e A
DR N AE RS FT G AR L R iR B L AE AT BRI SR o BRIk 2 4, FEREIIN AR K
REFEH, IR A T YR S AR 2R BT H R A LR VA A IR
R R, WER BRI M AT R AR, (AT DU AR 4B A,
TR E AR A &, v DA S i B R TR S R Z M

T2 AR R ENTL P R s XA FH 32 E AR AR L b (1 —F, AAasE
s SRR E A L. WIAEE B AT 6 REEAERIEE, o hlkE. i
i GSE-FRAE) o IRHE CIRER-ARAED « REilh OKARE-Ih=) FKAS (AR - IR AN
AR RAEHRIE, X 6 PRI R R AR R85 BB nTIA F 52.4 kg/hm? ™,
FEREZE OKRE-/NZE) ReARHIE T, Fit EE0) LR 187.5 kg/hm? HITEHL T, &K
3R K IHAEAE T SR o RGBT N KR AW FE 45 RAR W, KiAFiE H
AUV R A A B RN R, RIS it v 3 (A R S B R FER TH R 48
TR TR T

I A SR (Y ] AR SCRE AR 2T AR o R IRRTRORLAR (12X
AR 2 i UM EL DAL S S e, AT S5m0 SR 2 e A S IR AL . SIS
RERLL BPRL. PRI S ) A AT BEER AR R I TR B, 3B AH RE ) 32 A
RTAERL (0-2 pm) ATEPRL (2-10 pm) FRIHPRA, IF HRSRLALHGE /0K T
R, BEAERURL T B A SEBCRAR A JE, 3RS ST 40 73 MR RITRL (<100 nm) <
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KR (100-450 nm) FIRCKFRL (450-2000 nm) ®* . EF /i A& 7TAIE
S2, fEERIEE RS LIERAREUDN, 2. 1 BURS L W A B R A RS B
IS, SEHERRAZ TG N . 8 vh B 2 [ 8 FURE TBU T s B A R L ) R R A 45 4
KBRS R G0 PRtk B FCAIARE AT AN [FDRLZR SRR AL AR AR, X%
AR . AR Ui EHRERRR BN E .. EHRHMERAE
RN, R5EE TIRALEE TP PR AL ERR AR

1.2 EARIMERIA

1.2.1 B EX IR 2R

A& KRR C. Ny PAIK, 5 K [ 80%E g A E RS AT, i E 4
FER) FH 254 2 () 4 v ] DA Al B I G, oA LS it FH PR 7 fr i sz e . R 3gR 2
K+ [ RE A H I v K R FE UE TR RaT 22 et K B WSR2
Beckett™ " ##57 T HE /AR (Q/MN) K R, HTRAEFMPEAL HIEHULRFE /. Bar-Yosef
SEHRGE Q/T SIS TR 1) W 3R R S S A R KIS AN E, JEIGIR T #
S8 B [ B TR TR RIS 4. Zhao 5" HRIEHK, TCHLHF ILAIFSFFE H R Ei a1
Hh [ AN - ORI R G AR e A IR e A . Buresh S RIEFK,
FORFEFAE H B FOK-/KFEFE R GAEKFEREFTANIE I, 80 O & RIE R R,
BRI N, Singh & RIENK, SAEHAEL, & HEEE T B H AR 4 1)
W SORN 39845 X084 & . Bhatta charyya 2508, 76 IEW ZUBEAESM N, ASHEEH,
EVIRUS IR 2ok IR = 48, Bk B AR, X2 B ER . +
SRR AT P A A RS RAK, RIH IR AORER, T BRI 2 A I AR
FFE RN TEKFERME RS, BRAE SRS FTE B 4H 6 52 U8~ 52 e A/
FEATIE B AT LA B0 AE,  $ vy LI e RN K, b IR R . R AT IR H
X IR R LS S A RN [ ) 3, — D RS AT R B AR IR g e i T
TR AR, 4EFF 7 RIEERRWCTT 00, FEAIE B I AR g )
#hn T SOM™ ™, FHZM¥ SOM N 7 xF K+ 2A sk Al i A
1.2.2 TS XS 7 3 T HIS2 M

R A ) £ B3 AT <2000 nm B HIERR R, R EE IR, HAAKM
N, WL WA R AR, RS, MR, Y. RS EES], Hsiid
PRI R MIE A AL, B8 A A L4 nm PR (HIV) 848, HRH
iAW KA T AL, B 2:1 BORS 8 E  BR R TR O AR
| R (L et T /R /T (=5 N I 7 1P S B -3 i wC 2 EER E R S = B2
ZAF, HASE W 2 M EMR LR R EREMEEEFMEMLT, K
B RATE AR R, PRAE— 0 R IR, T s 2 A Bk
ZAFR, MRS B IR S IR A R SE A, e R & s BRI T
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WSRO, ANTTAEAS > I (R 5 &, g N 5 b (1 (8] E 84
s AR AL S AIULE, AT DGREE RS ' R, AR TR
PR, BEm RS e A s A S o AT, AN N 2 5 2 S
R AL

REAFAIH B — R AMNRA R 358, K IRSATIE AR I A K R 97
RIS, o2 R R L R SRS . RIS ACANARS AT, L33 (e
AMEIRAF G, FRa A RTE: ASAHE M E, SRR S D,
PR ANGS S EEHEN . K RAAETS, AHECERAEE AL, IR FTIE FHBCHtEALAL,
TR R RIS AR, RN HIV s o KRS FTIE H AT DURR e g
=, MHMFERPH R ER A AR, R AT P IR AR . AL
SRR R SR, ] U A e A AR s — RS, A AT HAC AL
e 2:1 BORG L VIR0AL, (bl . SEmin SR AR L VIR R i ] €

1.2.3 IRFR ARG A IR 2H AR ASFAE

AFRLR R A AL AR R 22 . KREFARRY, fE LIERA
HHP RGBSR, FLURAEAT IR IG N, ST 4 B2 E TR PR ) B
AR o JTAESR,  TIRYK. TR RO HRORS A ) B 2 BURFAE 38T R R A
T E AR T ARIE 450-2000 nm FURL S A 0 P25 8 32 B R 8 A R R A 45
2:1 BUFH), 17 25-100 nm FRL RS IR P28 LR R A SR A s TEARIE.
ARE VI TFARE AU E oy Ty Vet AN I P a | AN L N TR 7/ = 2 (T = Ao aw L YAN
AT & B e e, WHF QS HX 208, 450-2000 nm FR LA TE, BRI R
AN, TR LSS A o S, AN, IR IERL R AT 2 B il
WA AR A, 2R AR D R A HIV A P AR b, B
ERERDRLAR YRS, ORI T S A AT B, | 2:1 ) 11 L, X
AFEICK . Z KPR P VIR AN . SZRAREEN, AN[FERZ ek i a4
SER S R AEAR . Tsao 65 WA RIRLAR B A BURL 45 FIRFIE R B, BEAE BURLRL AR
1 450-2000 nm J8/NZE 25-100 nm, HE T L5 B0 H 366-1625 /N2 20-81 .
KR ARG KSR H K AR A NP B 45 A (1 45 0 T DL g9 45 B sl AR P )
FRRERRER A N . TE HAR A TR AL 205 KRR AR gk, BRI Y
i 2 R BRI, RS S S0 I G A A R e o7 £E R T 48 T 5 HR B K R S A B
A0, B RIERRRDRLZEEN, RS AR R BRI, ARSI B R I 4 RS
T ) 55 4 A AR
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TIREPR T E AT UGN 3B, R OKIEIER . sZHdEs) |« 22
B (CAESZHAERD AP . I3RS R S RO 2 A A L A DR FR B AT
LI AZ ALK B AT LA AR S A, N4 ] e AERE R s W )2
[, FIansR AT A M RALE s B SEY R BRI IR, S Tl
AT R PR L AN, R 802 T8 [ 5 (B SRt ANWTRETG B o T A
R R, NI ORIF B AT A

TIPS HACM AN RE 1 SR L AL R VIR G I8, DUEA AT A
AR, HARSCHR I S B R, WL A AR s e
3, HIE VRIS B AR 3R BB O RN RO VA R IR BE T
AR TIPS A R IR R AR O S > PR > a8 KIIRG AT
EHT, HERIBCE 5ARAS M 2 B B, RA R HIV 2500 384
FORETU 3R e o R s b (O R R AR, HAROR RES B IR
JCdie J2 (BRI S5 A4 10 25 (ARSI TR LA™ e ST SR VER 1 225k
[ 5 SV BB, X ) R PR 2 BB A SR U A R A DR TR R
PRlk, BRI 484 5E 2:1 RORG RS BRGE I R IR A RE L T Blsl oy
TR R R ) B UL A B S A A, TR 4L (KR4 ef
T E ALK = BRI A 554 mh = B AR O S I SR I 0 B

B AR O A R HY . Ca? 55 B 1 Z IR BEAT S i 2 TR AR RO A
AR A K H AT 2 5 BC b H, SRR AR AT 25 A S AT R VA I A s AL
o FEBRET R, MR A A MR TEANIRNER . ITER. EARS,
R LB R R A A AT AR VR AR R BB RE SR A WL ety ) 22
eI BT KA PR AR B B8 1~ R 45 5 VA X I M 2 SN F e IR T
ANRH IR, WS e b i eE B T RERN, 4iaRE e,
BEAh, T HO™ 5 K IR/MHL, Al s M) ah ks i) KB ok, Sl K IRORE
o ML, ELEERTR, EIRG U SGESHR S, KIUMAAPLRAE L%
BN B A R, HAZIERERT & — sl /1A . Elovich #87 XUH
HOERIAN WA PR RT3 B 7 70 BB W ST B R VA LR T 8
BRIV, WU A NURSE S R RO . BRI T AR PE T
Fo e, AR S YIRS VEA S A B . AVLR S0 Yz B AR
FIBE A FR IR A G i AR A R 207 o i E A A R B R A LR T B B
AR, S5 WRERBAAEESR. AL, BREENAVREZNERR . —,
FERTEIR . SERIR . AR AR, WA B A LRI e A
REABLE™, Stumm ™ HIWF AR R H A HUAR &R ETVIRERER. =
BESRY™Y) F 2OE A UL R AT T SE B AR Rl T A, S R
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N 2:1 REIREERR SR Y Rl i XAEH, S BHAMR)G T BRI ). X
PR N ARAE I R R AR . SRR AL 5 R BRI L™,
MAERRI = B, T IS i B B 2 PIEPEAL A, RN ER N, B
T2 P R 2

KT REFFIC G LIBBAME T . 72 o R AR T HATAIRZ ™, A
FFIE R 300 HORE R ) 2H RN 2R A D A Rl . T EERIRIR,
PLRT A SRS RL 0 BT 75 35 DA+ 38<2000 nm KiA% B BR X 5, B 5% F-<2000
nm FURLHFORCRIAT ) 20 5 LR BRI (R ARG RIEANTE T, UL R
GTy A /IR S E A SR S 8 1= R 112 P N i W Y N e e = A T S Vel DAY ol @
AR g, RN ITIRRER B DN AR FB, 48 HHZ 138<2000.
450-2000 . 100-450 F1<100 nm FIH0k:, 45& BRI HTEAR, R AEFFIE HAEANH
AR it 0T IR B s, BREAS [FRLR S S A A RURE i, B ARSATIE
HH R AN [EDRE R AL I AR v L 56 L IR &R VPR R FE 2 e A KIS FF
I R SRR AL, Ak B I ORI s Ak B DA R 35 A 3
(R ST ER A E R A HR
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I TR AT FH S RS AT FH B = SR R B B ARSI, W ARG AT 1
xf RSO R RE ;SR JE R B AR AT IS 5 ARRS A AR L AR0RL, XA AR
FRRURLREAT B 3R AR DAL RS R oM, IR AS [RDREAR AR 2 A D L s A
RO REATAE R A [FPRLZORRL I (AR S L SR Bk R WP RG24
PERIPIRE AT FH T 2 RLZORE AL AL ATL A o

2.1 IRAE
2.1.1 H B TIE AV R4
DAL 4 HEE T T K0T 5 B B (0-20 em) H3EART 52, 407 - A
RIARARRR A ET A A, SRATBIIR I BT 70 RGOSR R 7 R 22
BRI 1A e . MR AR (QID %A%, WUTKMIRFER TR+
BEH AT 2T A8 T RO e

2.1.2 HE L 1E Bk (EHR4FE

DAL A B I e A5 B EHZ (0-20 emD) HEANXT R, B4k
(25-100 nm)  fH4K (100-450 nm) . fK (450-2000 F1<2000 nm) TEHLFIA
MUEHUE A AERL, Ho b & BRE LI & . i LIEAUR R R R R 4
RIEA. B, KA 7T 840 ORI 8 2% [ 8 V8 e AN R R T8 /0 2%
FetE. RRAERAE (QD KRS, WK FHZ LA F R AR R
(RIBR 2T AR AR TBOM AR -

2.1.3 TIEFRAE T A 44E A RN S A HFAE

K BRI BT AR 3 At L IEAS FPRLAR A WL ORGP 2 RN S5 R RFALE . BB
SRS AL FH T 2R okl i ) A RS L G M R AR o 25 % WTRL BEA R 1, 4]
DA IARATIE R RIRPUK . RGO ok £ 0 5 A R K &

2.2 WHAIIE =4t

B 50 BT FH 438K F A LA T8 VL T 355 VB A R B e AniREe - A TV
JEREH (ZRZE 112°29'F 113°017, Jb4E 30°04'% 30°39') o HuJE S Ry fR s,
JE G ZE X S, PSR 16.9°C, S P E 1112.6 mm, -3
FAR AR B UR B R, HERIE, iR, IR E T 2005 4 6
HoKFEZE, PSRN KAG-/NE
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RORS A PIONEAS s 45 G A R RAR R LR ARG 3 VDR IR, Wb s g4
FEAFAIIRE AT T T A R LA S = UL ) S B LR

| KWEHEmRRS |
|
| R bmSAERGEE

i
|
IR EERE
I_I_l
? i i i
wlo|m R 1 i
x| | % | |4
ARFAlE: |
5 =3 il H A
| | | |
| o R L R ] | | RO A |
|

|
[
[ KNIRS R E AR SRR (PR )
BRI




93w KWIRAHE H R LR A RHIE

%03 E CKIARATE HNHHE 233 0 LA A4k

A RAE A R T AR BORS AT T i, AN BT UE SRS AT FH AT LA
FEA SR o SRS U7 W RE G A, 53— Uy RS AT I FURE S 1
PIRe A IR, SREIE =&, Rl RS ER. BR, (FsE 50k
MH™. BHREY], FEFEHEEY &, AREE . B IERME 245577
RS EIRIRAE = o ARPIRSFT 55 4 2 L BN 5 R Sl 2 8 0 - 3K P e e R
PRSP R IR N BT S AR B & B, BN RSB E B AR B
BB 0l 2 e

RORAR S R TR, IR AT A 5 T AT DA ) A 38 TR
I3 A AT A — 3R A IEAE T, X ] e RS AERS AT JE A (i R by
AW B R . FE H AT LR R R AT A TEPIRES, FEFHE mAh el
] DM — b B SR A E AR

REATIE O IR ARG (A S/ E T, B AT SCRE 2 R ARG AT AL F X - g
JA AR AR R AR B RIS AR A AN L o A SCE I TR AT IE I FE A 2R T
A SRR IR B AR . A RS, DA IIRE AT X 158
AL ZS B FE I, RS FRIE BB E LR ) 4R AR 2 AR

3.1 RS
3.1. 1 I #r el

A LML A8 VLT 85 VBRI BA RS AT B s A 4R 56 (] EAE A 4, X
AR KRR JG KA1 2018 SEHEZ 38 (0-20 cm) FEFLFHTIRSINT, 207l
20 HA 100 Hffm,
3.1.2 i EE AL IR

TG AR EARIG TV 4 MEFE: DHCK, AR, FEFAFAILH; 2)RS, A
fE. FEREFHEHEA 6000 kg/hm?; 3)NPK, Jfifbil. FEFFANIEH; 4)NPKS, jifi
AR FEZEREFFE & 6000 kg/hm? o LRIE/NX A I — 80Pk, & H KRS FTF 50k
E BT R — s RIS/ N X RN 20 m?2, FE 4 AN FATESE, FEILX A,

FEFFIE 77 KRG TR0 B i B R /NSRS R B, Bk e e, 1%
FEAFER 5 %M tbpl s R i LG E L. JRER. K, SEEAYS, HEY
14 K, FEFFI 5T HOAE OO T () FETHD i ARk s /S22 204 6t PR FH B () e )
B 6~10 cm /N, A FIRJTiEHRAE, HER 21~28 R, %&#/NE R 51
WAEHT . IEHFEFFATEREREA, WERBHESKE, HEIRR/ DX hHRETE, 2
WrgEn&m, HEIEHBFH AN &,
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3.1.3 MEMBES7E
3.1.3.1 I RRULH

KA 2018 F/RFENCR AT A LIEFE b, T IR ZCRM T e . 7K PE K
KA LB T AKRSEENE, BN 1 mol/L HNOs IRFEHEH, ZHAEHH] 1
mol/L BRI SE L, A FEBGRII M JJE e BETHEAT I E . ARP th A R e
HY CK A BRI R AT JE H IR 2 A A . tHE AT 0y, SRR =R
NERE— R R B R

3.1.3.2 dhE 8 40 8 A IR B4 =

FREL 2.0 g (m) EFEA 50mL B0 UM FE mo) H, S8 25mL
(vi) ZEMK, #&% 30min, 008, WE LER KRE (c) , 256 LG
W, CEEODERE (m) s JIEFEIIA 0.5 mol/L H14% CaCh & 20 mL (v2) ,
P 30 min J5 250, W2 B3 KIRE (), B3 B, 0@ 0EHE (m);
FAEBOEDEF I 1 mol/L P NHsOAc ¥R 20 mL (v3) , #E% 30 min, &
O, e BIEWRA R KRE (c3) . HEL2.0g £FE, A 1 mol/L HEEERTE,
TASERIEVER Q o S M EIITE AW T:

Q x=c1vi/m (3-1)
Qv=(c2v2—c1Avi)/m (3-2)
Qe=(cavs—C2Av2)/m (3-3)
Q=Q 5Q xQr Qe (3-4)

b Avi=(mi —m)/pi, Bbibp FEZETH/KEE, 4 1.00 g/mL; A vo=(m2 —m)/p2,
Ikbp: $5 CaCl ¥ ZE, N 1.02g/L; Q 4+ Qp~ Qe Al Qi 73 AARKAKIEHE . p
PEER. e AN i RLEH A
3.1.3.3 RERBRMEN NFEFHE

X RAEW A E IR AT IR e, D FAE VUSRI AN A MLRR 25 T 3R
BOEHE . AR AR RS DESIEYRRER .. rEIR. HIRE
AR E A T L3, HEYRRAEEREE RS =AY, 254K
BIs. Bk, SRR AR R A YIAT T2 B . AHRZM T, #R2.0¢
IR I 20 mL HHLER (0.005 mol/L 7 Z+0.005 mol/L B W, pH
N 580 25£1°C 41 FEEFR 1~1008h o Z307E 1+ 7+ 9. 31, 45, 69, 94. 124,
166, 216, 264. 336. 432, 528. 624. 720. 816. 912. 1008 h WJEHUEE, FIKIEE
JEE VI 5 2% B 1 VR P R

VORINAN & R, AR 2.0 g LAET 50 ml 08 d1, A 3 mL (0.2 mol/L)
PUZEH4N (NaTPB) 5 0.01 mol/L EDTA KIESF, %7 pH N 9.5 . 7 5ldk%
0.5 1.5, 4. 6. 12, 24, 48 1 96h, HOA 25mL Z1E5 (0.5 mol/LNH4CIHH0.14 mol/L
CuClk) , ®WAJGE TH/AKBTEW 60 min, BOESE, HEBGIIEEIAN 3 H
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3.1.3.2
3.1.3.3
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6 mol/L ) HCL, KA GEETHI & R R FEE ™

KH 4 8077 # RSB R I R] 1 SRR R, s v R (R I
[FIEFRHER (SE) IR/ RIS B 1 3E AR, R @K, SE v, WG
Bhf. DUF AR R LR

— KB TE - y=a*(1—exp(P™) (3-5)
Elovich #£7Y: y=a+b*In(x) (3-6)
WUERTTFE: y=a*x® (3-7)
PWEY HOTHE: y=atb*x(? (3-8)

A, xR (h) 5y T RBUBEUR B (mg/kg) 5 a. b AFNIEE
ULE -

3.1.4 RS

K H Microsoft Excel 2016 3R AFBEATHHEALFE, SPSS 26.0 #4646 Ab ¥ 18] 1) %2
SR FEME (p<0.05) , Origin 2018 B4 1A.

32 ERE DR
3.2.1 HIEWMET]E,

1E 4 FhAFACEEF, CKACBEHZR T8 H, BFE7H0UE 133.7kghm? (R 1 .
WAL S, TR E, HERNBRKEREEHRmEE, RETERR
SPETOR BT RS, AF 123.5 kg/hm?, BYKT CK. FEFFIEH)E, LRHEES
M ¥Em LR M, A HACBE P 2R B R 58 kg/hm? o X i B A+ 158 7
R AL AN AL 25 T R ke, I H S RS AT E R ANE R 2, PE e e
EYE N

x 1 IREAFHRIRULE (ke/hm')

Table 1 Soil anniversary potassium apparent balance

2 2
e Koup i e
Treatment &4 Straw  ¥FHI Grain FEFF Straw  JERL Fertilizer balance
CK 111.5 22.2 0 0 -133.7
NPK 206.5 41.5 0 124.5 -123.5
RS 135.0 28.4 220.7 0 57.5
NPKS 234.1 52.7 220.7 124.5 58.5

i CKANEAL . FEFT AN IE B NP AU A A6 AL, RS: 0t A5 AT ; NPKS: 6 AT 34 H 5 Jti FH Ak AL,

3.2.2 R 0K BT s oL £

T I R AFAE B A — AR TSR0 p AL AL, BVDER SR e LA
APy JZ 8 i AL SIX 3 ML E . S KIAFREFFIC HAELIR S, 25 Ab3 [0 4
W PR i RS e ) R BB S ARk . B4R A p (S o =AML A A ) EE ) B IR
KEAE 3.9%~4.7%2 8 (K 2) . AW (CK) MLk, RS Al NPKS 42 p
MRS EAREEI (p<0.05) , et 4.5 M 7.8 mgkg . e Ardf 5 ="M g
BRELIA 7.0%~8.3%, LU p A7 i LLAING S tl. 5 CK AHEL, RS AL e (7815 &

10
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WEZEET CK (p<0.01) , $#2& T 9.2 mg/kg. NPK. NPKS Ab# e i s 45 & Al
CAHHIE. i85 =AM S EL )l 88.3%~88.7%, FHIN: RS>NPKS>NPK~CK.
RS Al NPKS 4bFE e A7 s B H 2 2 5 T CK I NPK. (p<0.01) , #2751 104.6~160.2
mg/kg o Ui A AEANFE AT L HBC & RE A8 52 mokl LA A S i, X R 2 A
TR PRI AZ

®2EBPHITHNIARURESE

Table 2 Potassium content at different sites of clay minerals in the soil

brE p 74 (mg/kg) e fir4#(mg/kg) i {7 4 (mg/kg) .
Treatment p-site K e-site K i-site K p: e 1
CK 25.2+1.1Ab 48.2+1Bb 520.8+10.4Bc 42: 8.1: 876
NPK 23.4+1.6Ab 48.9+£1.5Bb 519.9+8.9Bc 4.0: 83: 878
RS 29.7+1.3Aab 57.4+1.5Aa 681.0+22.5Aa 39: 75: 88.7
NPKS 33.0+£5.7Aa 49.7+0.9Bb 625.4+8.9Ab 47: 70: 883

e CKCAHEAE . REFFASIE B s NPRAUE AL AE s RS:AE RS FF 5 NPKS: F8 FF I8 B IF il G AR s 3% b 3 o T3 (i eAn i 32 [R50 508 e A
] /1N "5 REFR IR AN [ Ak 3L 0] 22 5760 5% 2. 3 K

3.2.3 $EREREN N E

DL 38 A o T £ AR IR ke SRR T 16 6 2R 45 81 R ot 2 Pl ] 1
FIE 2 . EDUZEMIANESRAC R A1 T, Il e e AR R T 548 96 h, 3
tf 0~ 12 h AYCERIRIN I, 2 S NGRSO . A HUBRIR AR AL R 5 1 145
YA AR IAT 4 0~ 1008 b, BRIFREBOHAZE 0-45 h 2 Al HHLEE S HE T i+
S SRR B T DU AR S F ARG (B D

Tl HE ) s MR i FE R ] £

Rapad rebease pemod — Slow release period 1400 < Roped release period  Slow release period
&0 - ! - T 01 i 16— &L
+-12h 12-%ih 40 4 1 o 1
2 B
w 5|
- B # ) = K
EX-FTE =t R WK
2z == * RS
- 3 £ 3 Bl o NPKS
v F - B
= g e O
= E 0= = =
2L = & 6l )
o M : et
=F e T |
= W =5 gt
% E M0 E ?; 400 -/{;____.__.f
x B - =5 =
= 3 s (K R~
o] T NPE o S
Hio 4 " ik
NPES 04
1 L T — v T T T T T
1] 2 40 6l L1 10} 1] i) 400 [ili) Bl 1000
B BB ealease time (h) Pl (e Renlense fime Ch)

1 XM (£) FMENE (A REEFHETIESZBEINFE
Fig. 1 Kinetics of potassium release from soil under the extraction conditions of sodium

tetraphenylboron (left) and organic acid (right)

P CK, FEFFRSEH . RMIAE; NPK, MELAE . FEFFAREME; RS, R . GFEMAFLHERN 6000 kg/hm? ; NPK+RS, .
FEREF L HEN 6000 kg/hm2.

MM —%sh 715788 . Elovich B84 XUH BUS R ANII 29 Bk R 5 4 ik

11
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SRR FORE N 1 AR IAT T A (R 3) o TEVUZREIAN &t N XU oy
FEM) R2 e, AEZER/DN, UEIILE TURBIAN A6 1F R BT Ab 22 rp AR 5 4 e B0 R i
SRR DA BT B S AR s fEA WLRR 251 T 0~45 h B BN Elovich 544 FIXL
WHOTFERA T R IR, ARvE 2R T IS, 508 Elovich BLRYAIXUH
A FEEH T A AN T 0~45 h 24l . A LR 46~1008 h — 25 )] 2= Y
1) R i, AndEZERDN, UL —R8h 1 B G it Rk, 7EDUZRAIEN 0~96h
FAHHLER 0~45 h 264 FRAXERTHE, AHLR 46~1008 h K —% ) /154
AR R B (3R 3).

*= 3 ERRNaER

Table 3 Fitted model of potassium release

. — ) Y Elovich 5% BUE BT Ly A
Tre%c fent First order Elovich model Dual constant arabolic diffusion
R? SE R? SE R? SE R? SE
VOZEH04H Sodium tetraphenyl boron 0~96 h
CK 0.332 57.4 0.909 20.9 0.933 17.9 0.882 23.7
NPK 0.290 35.7 0.916 12.3 0.934 10.9 0.891 139
RS 0.312 74.4 0.958 25.6 0.971 21.2 0.912 26.4
NPKS 0.521 53.1 0.951 19.1 0.918 17.8 0.841 24.7
HHLE Organic acid 0~45 h
CK 0.949 7.6 0.963 54 0.955 6.1 0.927 7.6
NPK 0.935 9.1 0.957 6.1 0.957 6.1 0.932 7.6
RS 0.916 11.8 0.959 6.1 0.953 6.6 0.916 8.7
NPKS 0.940 10.4 0.964 6.3 0.947 7.7 0.909 10.1
A HLER Organic acid 46~1008 h
CK 0998 169 094 830 0994 275 0993 297
NPK 0.997 17.6 0.953 74.7 0.991 34.1 0.994 27.2
RS 0.998 15.1 0.958 77.8 0.992 359 0.996 253
NPKS 0.999 13.6 0.960 71.4 0.991 33.8 0.996 239

JE: CK, BHALH . AMEM: NPK, MILIE . FFFREH; RS, RHIE . HEMEHEHEN 6000 kg/hm? ; NPKS, Ml . 45
ZFE T H &N 6000 kg/hm2.

FEVYZRTNEN K AE TS, PREURBE Y B B RE TEOH 22 20 G2 1 R TR BL ) 20.6~32.2
B (R4 o PREUBE B 2 B E K I RS>NPKS>CK>NPK , ZZ12REK
B BOB IR R I RS>CK >NPKS>NPK , BB b BOB R 20 N 18R sy
BB 1) 2.9~4.6 fi5. ATLAEH, FEATE H AL 3 B fn usoRe o B 2R i
BEABIOREE, KR KA TR fEEVRRAMET, PusBmi B
AR BL AR R B RS A1 NPKS Ab BEAH 23 B8 il i AR O R 45 /= T CK Al
NPK, HZRBEBGER 737 CK A1 NPK 30T 42.2 F1 1.85 mg/d. Vi BAFEFFANIE H
I e K R RREIRAS . RS, FEAFICH A T TR R 2R RRE, BRN

12
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PR PO LR o

® 4 TRILELREIFRBEMBRRRE R

Table 4 Release amount and rate of non-exchangeable K in soils under different treatments

PR (mg/kg) BMOE A (mg/d)
KbFR Treatment Amount ofrelease Rate ofrelease
RI R2 R R1 R2 R
VUZH4H Sodium tetraphenyl boron
CK 303.3 103.0 406.3 606.5 29.4 101.6
NPK 274.1 59.5 333.6 548.2 17.0 83.4
RS 440.7 1309 571.6 881.3 37.4 1429
NPKS 355.2 87.4 442.6 710.5 25.0 110.7
HHLER Organic acid
CK 69.5 1068.0 1137.5 166.7 25.7 27.1
NPK 73.8 1064.9 11387 177.1 25.6 27.1
RS 88.3 1176.7 1265.1 212.0 28.3 30.1
NPKS 90 1 1111.1 1201 2 216.2 26.7 28.6

P CK, FEFFAREH . RMAL; NPK, MfLAE . FEFFAREE; RS, AL . GFEFEHLHEERN 6000 kg/hm? ; NPKS, JEAL . 4
ZFE T H &N 6000 kg/hm2.

3.3 whig
3.3.1 $REEFHIEHERN T

Fe BT R AT LA R G RE™, ZE LA 13201 B0 72 B - 394 -
AR TR R R K56k . 7E CK ORI NPK ABEE [+ 340 S B s RE 1Y, &+
HEE TS HORAE (B 1D, X &5 St s 1 — 5. RS
5, MG 7 m TR T, FEFFIE AP AT R R 58 kg/hm? . iX
T8 AR e 5 A A S P 2 T LA SRR, I FH S (RS T A Sy S 54
%, e Ry,

AV REFTAES S 54 38 7 B R 2 A B 10 A o AL 1 5 L3
A R, X458 5 Yang 2 N OWFRA R 8. BIRFEW, FEFF
O FH AT AR i R v R L8 B 1, REFETT B ARV BB SRR, 7E 31
GRS R, REAEAT L IR IO e RO T 47% o BL, FEFFEH R e 1
e AR . (T TR R R EERAR

3.3.2 fhE A PIh IR MR F AR LS

FEATIE AT PAZR MR H IR R 15 8, Hsm R ptiae 1. IRYER 1, FifTik
F 38 i A BV E AR A R 1 5 &, IR DARSSHME v T R AR AT
VA BT IR LR, 3 p AL TRRLA AR, REERSRAN )
Bgg; e MLAPALAERURLD st , FLHfr i SR bt p from; 1 RrE A
15 2:1 BRI A G N SR E, X KRR HBGRIISE A ). AR,
KA it B it P IS m] S R AR B R, SRS I R R AR

13
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RERR; AR RFM T s L W= M EE . 7£ RS I NPKS 4t
B, p A1 i LB R T ALK B . @ AL A TR R, XYt
B SN AL R BB T A AT 2, AR KR R B BT
AR, ONYERFTAT, 3B v R PR UL TR A BRI AT ANIE AR ER
B RARIO T (B 1D, S AL oS BT RS AT BORS AT AT IS & it 1Y
ARPE; AEFTS A B ALEC & it A IR R £ A ARG, SR A SR
RENS DRAFAE RGO LI BRI B R L B e AR )2 8] Gz ) IR
AL E (p AL .

3.3.3 $HREREN N E

VUSRS IV, Na e B #e 2 18) K, S8J5 TPB 518 KR KTPB
VUG, ARSI KRR, K5 A Sl 1A vk B 258 KPR, A
S5HEYIE 2w B o BVIBRERGRIER, — T 50 Y kN E T E
(B K fH2 BONWEE K n—h 1 S50 YR SEE T =B, BIRHT Y4
M AFHK AR K, XA AR SR TAE A AL T S I8 PR 5T N AR &
RERTBA VIRV . PR T L MR REASF 5400 T T8 pe

TEEMFOR U AR R SRS A8, IR IE AT DS iy 3 2 AR
EARRORZ; EAVRSS T, TIEHRRW R KSR, HHRTEH
A FRAR BB AR O R i T HARAC T . 2R 1 b, DO ZEEAN A BRos R B AR
0~12h, ZM BT BN TE AN K LR A AP HH AL B DU A4
FREL 0~12 h B & BB E & T CK AT NPK 403, AHEL CK, RS #1NPKS PYZ
TP bR R T B BB RO R B 274.8 AT 104.0 mg/d (3R 3) o PREREIU Bx
S RUNTER I, Km0 p A0S AR SO0 e BB s R . 2485 2079 p
ALSHIBIRE R, e At AR, B — D S8 AR B R DY
BN 0~12 h B R ETA 274.1~440.7 mg/kg , IXEEHI R AT RESE 241 T p AL e fif
Ao FEAEIRFERT AN, IR SRR SR SE . 12~96 h P, DUZRBIANERE
B R PE AR E 17.0~374 mg/d , T 2K B AR 218 R I BX BRI E R B N
S>C>RS>CK . it B HA A it FH U 81 AL A ELRE B B ANy B 00 T 2 PRI IR
FEAT, AL REFES A b P RS FT RE 00Uk 2s 350102 (R A 2 ke, UERH 1t AL BE AT
i AR PE IR R IR I IR R .

APR TR AN G ]R) 261 T A AL D ZOREE B, 1X 5 Jalali 58 A
WHFLas RARLL. AR NPT T7 TR 3 H IR BRI (1) B W3R A& K A
2, WP AMERSUE R () S S AR R AR T AE A E S,
R RS R ORI DR O FR B SONL, NIRRT DR, S hh, AR T
FRRRRIL /N TANIRIRE 5 50 IH e R A R, i —ail
SE, BT YL, (et Yrh e s e o Liv A Wang 55 A\ @ i 4t

14
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P ZIGFRRIUESS, — ST N ANt L b A R - R A, R
HAZ#e KRRt IEE BB A WL R AR R AR PO R Bk AR FT
I AL B BB R S T RSP AN AR EE, FHEE CK, RS Al NPK+RS AbHE
FREOE R L =4 50 mg/d, PO BRI B DLES T AR T R IR IR
PR PRV B B B8 A8 e NV AR, B BU R TG B R, L I [ RE
BN, FRELRIAERTEEE . fERIE RSN R, AR RSO RS, 1E 25.6~283
mg/d. 7E 1008 h [}, RS Al NPKS 4bPEHH R AE 7 E CK F1 NPK #2517 2
47~110 mg/kg. ZZAZREMMTBL, 1 VREHCHE FEARGT NS, Bz [A] 4 BRI A
XU, BRENRK, &EkBReERES, B— N EIEngEe .

3.4 &8

FEAT ISR SR BE G A 78 L IRAP 2, S L3l 2RO, RIWIRSAHE I
TIEH R B TR N B RIRES . FETIEW G, TGRS A4 & RO
REAFIE AL BRAR 2B AR YT 58 kg/hm? o U A 3 & L A ANt I 26 1 &
SR EMEE, I TR RS ANER R, PRI R e

KIPREATIE AN R L Z AT R AL E, DA YRE. T
PRI PR AT T, LR SR AL PR IO SR R BTSN BLe ASATIE
I TN DY S B R RN AL B DRHORE TR BRI ANVRE G R, A 2 T+
A LN fE

15



9 4 5 RKIIRATIE B R AS R B0 R LA AR E

%5 4 = CRIIFTATE R AR 30 1) LA RFAE

o= 58t by AN N Tl 12 SR S P ved e N i Ve 0 v ORI ioe- w1 B Ay
JRAFEROR 2257, 5 H A5G BAF IR ) RSB AN AR [R) 7 = - S 2 D),
HTAFE, B EZEER e IR R R, 5HRAE G LR K 45 R
AR, K RS FFIE FH RS (R S 80 D A LAk, E R R s o+
RS E. PARY, JAHEHRLT 7oRE, PRA RS Es
AW R, AR Y0 B R R IREE M Ol A B A - AR A TR JET
Y s YA RATRELRE, BIEPRAE T S a M HIV S0 YEDE,
B AR 2 TR R TR

HAToeF IR RK . FRGOK SR I OB S A . IR S )
s CIRALR) B R . AR SCIRSE IR T s BRI R AN LTI ) A
WAL, S e KHAEAFDRLGL oA 5 LR RE 7 1R) ¢ R B DM 438 0 &
BREY) . AR A T 4% 0.001~0.05 mm #5743 LA 0.001~0.002 mm #5>
iR FE . WK N R, WA AL LSS RN S B
TG H S AFEAN FRE R 4 . gl N g AR, R pLs nay
DL B <2 um RL gl 1) AR A et A A E AT Bt AR 5 8. Zhao 25 N3k
TERR, JCAHLE AR ARG R 2R S 1 rh b N - B oK R G R &
A et . DR, B SRS AT H S AN R AR ORI L RR AR 28 R AT R B P 1t
BHEERE TR 2 S

4.1 R 57 E

4.1.1 X Fe MR

RIS ILIREL 2 NMAEEE: 1)NPK, PIZEEDEAE; 2)NPKS, WZAEVItAL. &
ZEFERTIE H & 6000 kg/hm?,
4.1.2 MEMB SR
4.1.2.1 TIEFRN S

TIEE PRI 43 5. FREL 50 g i 10 BIfXT 1, &R 2K, 80
Ja 4 L e W T PR EX<2000 nm. (&R . <2000 nm SR ZE B L 2900 rpm
(4°C) B0y 4 min, UEE <450 nm FURLI)_EEWR, FHZEAK R EIETRDITIES Y,
J& B0 R3) 450-2000 nm KL . #4<450 nm FERZL B OAL 7200 rpm (4°C) B
O 12 min, YA FA <100 nm PR FEW, HZAMKR ZIFHRITER 7, 55O
32 100-450 nm FIFTHRL. KF<100nm ) EHZE 5 CAL 4000 rpm (20°C) E5.0» 10 min,
{5 EIEW, UUUEH o WA 28K R 2 s B0 f321<100 nm R IR 5
AURT R RE, THE SRR & .
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4.1.2.1

9 4 5 RKIIRATIE B R AS R B0 R LA AR E

T IETHUBRL A7 B FREL 50 g it 10 B XTI H02 (30%) ZEHL
F, e P RE A PR 4 B FEAH E]
4.1.22 BUEFHTHEZBRRE NEFHE.

JiiE0 3.1.3.3,

4123 IR =EmE (QI) X&H

QN CHIZE IR e PP DL IRRFERI I K BRGE I RESE . Q/1 XA
F 8 Beckett™ [ 7 LT, IFHRHE Wang 25 N HIHEA BT 7 —2B2¢. H 0.01
mol/L CaClo VAT E RIE TR & AR K IEW, KRN 0.00. 0.05. 0.10. 025,
0.60+ 1.25mol/L NANBREE, H T PHETT . B MEMRESIR 2.0 g TR HTF 7S
A 50 ml EOEH, ERAEOE R IMA 20 ml A FERKE KCLER, R
N, FFE B . RIEEKEIFIREL 15000 rpm R 10 204, ) Whatman
42 SYEAPE . F BRI E T IR K AR, AR TR 6 BT
€ | Cav Mg & &E. XE.OEBRMEREY, A 20 2/ 1.0 mol/LNH«OAc, Jf
FFRIESR, BEIEAMERENER . R HIUIRSI R 30 208, RIEEA
15,000 rpm FRIHE B0 10 230%%, FH Whatman 42 S84 36, OB T 52 &
WA ST (EKe) B E. WESANEE SEH =AER;, SRSERIES
|/ (25°C) AT,

THELAR TR T o 2 P B SRR B (AKD 5 AV EELE (CRO 5 Pt fE
ZHAE K IR EOREC (DEKD ; “PARE R AEAc bt K IR EfE (DNEKD ;
CR {EH NREAAHR, XTI IJAK E A AFRER, 3745 QI k. Mzl -harLLgk
1 PETHTERELL (CROS) , ARFFBRIRMEARER (-AKo) , ZZIPE=E (PBCK) | #F
PRI 0 (Kx) 5. w570

AK=(CKi-CKp)(v/w) 4-1)
CR=CKy/(Car+Mgy) (4-2)
DEK=(EK: -EKo) (4-3)
DNEK=AK-(EKEKOo) (4-4)

4.1.3 BIRT

K H Microsoft Excel 2016 3R AF BT H AL FE, SPSS 26.0 #4646 Ab ¥ 18] 1) %2
SR FEME (p<0.05) , Origin 2018 B4 1A,

42 FER55H
42.1 FEFE AR B FR R ZE SRR

FEATIE X 3ok AR R TS s & 2 Az . <2000 nm A HLA TCH L0k
(Bl KA S =T, 08 10 mg/kg . BR<2000 nm #b, AN [RIEURL KA P25 = i

17


4.1.2.2
3.1.3.3
4.1.2.3

9 4 5 RKIIRATIE B R AS R B0 R LA AR E

B BURAMKN<100.  100-450 1 450-2000 nm ki, A& FTAb FHALFE 2444 T ) 450-2000
nm PR KIETEAR S B T AREFAHE AT, HHUEHRL 100-450 nm FI7KE & &
TSR, TEHLRTRI<100 nm [R7KIEPERR & & & T AV . NPKSO 450-2000
A1 100-450 nm SR KEPEA S B, 70 al AR AR BESE =2 2 1 0.5 mg/ke.

ANF AL EE<2000 F1 450-2000 nm A2 e S BT, PITE 200 mg/kg 7o (]
2) o fHAE, TEHLERL 100-450 nm 28 HeihA 4 22 T A LBk, I A8 e A5
5 RS A AN S5 HLAR (B - E R OE 2 OC RR - NPKO A NPKSO 100-450 nm ik
AR I 270 mg/kg oA, T ZEBRANIEKG, NPKSIAZHMEH & 8 W2
FNPKI. <100 nm§Piki 32 et #0585 100-450 nmBRiRIA I, B HLEHRI<100
nm 2V E T IENLERL,  JF H NPKO 22 # M 47  & =T NPKSO.

- RIORE A e 1 A 35 B S R AR B AR T G 0, H HLTCHURORL A #e 1 4 y
THEWBRL. 7E 100-450 nm FORLH, A HUBURLEAS o1t 257 35 & & L e H LR £
1 290 mg/kg , NPKSO FEAZ #4124 & Lk NPKO Hn T 243 mg/kg » XE LA
100-450 F1<100 nm FFRE - A HLERFIFRS FT A4 FH 2 325 52 JE 22 e 40 11 & & . 7E<100
nm FRL R, G HUEURL RS S A S 2 LU e LRI B 5 535 mg/kg, NPKSO E
AT A B NPKO 141 7 244 mg/kg.

SR VUSRI AN AR A A S AR A M M — B, 7E 100-450 nm FkiH, NPKO
AT NPKSO VUZKHRENE & 2 A%, (272 NPKI A1 NPKSI (1] PY 0 G4 8 4776 2
725, NPKSI PUZHHENE LL NPKI #2757 98 mg/kg - <100 nm FUkiH, NPKSI
VU ENET L NPKI $2 /5 T 146 mg/kg o FEAFIE HI AT LAEE R 100-450 F1<100 nm A
PUBRL AR e 8 5 5 ZeB HIBBURCA WLBK S, 100-450 F1<100 nm JoHLRURL AL
HevE A . RS B R R DY R AN AR S AR B — P g E (B 2) o BR 100-450 nm
AKIE VI FI<100 nm AZH AR Ah, A HUGEBR ] T HIERORAZ e 4 . JEAS e kA
FVUZRHREA B eSS s TUR T RSFFAE B 30 T 338 K R B gt R s o A NI 1) 2R AR,
E2 A AUB AT RE PR ) T 1 L4 R RE 1
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Fig.2 Morphological characteristics of potassium in organic and inorganic soil particles

VE « NPKI, Jifi JEALBE 4828 H,0, XA HLAK: NPKO, i it AL ¥ -3k 24 H.0, ZATHLHK: NPKSIL Jifi i JF H & T FF 14 H 6000 kg/hm?
AbFR At HEZ H20: 245 HLBK: NPKSO, Jffifitt b ¥ £ 3R 4 H.02 HHEHUBR: S, R EHSREMHAEHAER F #H: O, A HLEK A
THUBRL R F i SxO, FEAFIE M SRS AF AL A G HLEENUEUR M 8 BAEM F A *FERZEMER (r<0.05); **(fFHEMNEEZE
5 (r<0.001).

422 KHARGFT AT HIE TR R 2R s DR R B2 0

FIFH — R 5h 12448 . Elovich 5781, XUH SRR AP 28 4 BB AL 0t K A
FFid R IR A R R BOIAT IS, AL RINER 5 FR. — Bl J12E R, X
WBUSE R AP & B e g 2B R ST 0.90, AT AASHE 5Tk B — 2K 5h /)
SRR BB A T RAEAHURIZ 32 N TR R B SO AR IO % . AL
FRIESHZIRFMT (3R 6) , A HUBURL AR CR AR HCE R 28 i T A URL, 43
AR T 1.95~2.74 1 0.70~1.73 f5 . FEFFI4 H 2 52m<100 nm B0k 4 2 - iR A
B R . PSR <100 nm TR AR R E R, BRHCE R &R .
NPKSO<100 nm¥itk £ il & LENPK O Mok #2755 130 mg/kg, {EURE FBGH 2R BE A B o
NPKSI g5k vk #10R fi E NPKI<100 nm $90R7 2 57 65 mg/kg, (HBEIGE Rug A [4
K. @B FEAETENH R R AR ESH RS G HER B, RE+
BTN B A 5 2 A S AR AR e e B, (FOR B HLRIER T, BN A
R E, XAt TR ARG SR T NG O%,  ARH TR I ik
HATARIF RS, A RR i — PR 9T
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