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PRRTRE R L (AR ), HIERPERR (Ko, AELPEEMEST (—AK ). TPEIETER (K ). TIEERAZ 2w
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IRFRAFRA R Z BN AT 20 T AAUE R RN i, B AR Z BRI 31 a L2 10

e, HERR LAY - AR AR ) X ARk AR
PR EE, [ M Beckett!'1964 AE 45 H A HETE VR4
wEMEEEAME (Quihgk) Lk, ENIRE
WFFEH R Q/T M2 K+ S B0 22 P45 15 B2 L ( AR ).
TEEMER (K) | ARG (—AKy) .
LEWE S PERD (K) | HHERI7 28 vh %45 & (PBC)
SR LML AE JT . Hosseinpur A1 Tadayon™
IBFE R, 7EGFI T TR X R85 T 4 1,
AR.. —AK. -AG 5 R G HAEXT =& B R R
FIEME, # 1 mol- L™ NH,OAc-K BN % 48 7
T AL RE J  Panda Al Patra® AR T Q/I S
5+ pH. FHE 3¢ (CEC) | il AL
J e AR A S A M B A e, AR
AR.. Ki. PBC 4RI B EE ZR U 1 3h 1 P 31 A
YA RE bR . SRR EYRE RIS R, AR..
~AKo. PBC. -AG %56 + 5EH 3080 A2 U8 DL S 4
B ATARAF PPN S HEER R T . QT IS HU R
WEAbmi AR, HARKBEE T Q1 ks
KVE, Islama ZEPYE X ZERG KRG L0047 8 a #LLE N
FENEREE S, A3 AR.. Ko, —AK FEIK T, 1M Kx
KA, kEFEI PR ARG LT T 22 a R
[FBRE 7 e R, RIS AR AR, —AK,
TFET, PBC. -AG ¥4/l T Sparks il Liebhardt'
AR5 T 00t FH 0 A B A X RD 8 Q/1 56 R 52
AR.. —AK,. K BE&H =GN A S, PBC W&
AR g R, EER S CEC M K H &
W, 5 Ap £)2, VS E Y R)Z W HEE
LRGN 32, 7 Bt 12 LB PR o £
ERMURTE B VN I 18 AN R 5T T A
HEXT R 2 Q/1 R MEm, BRI, KEIA
MEER 1+ HEAT AR.. —AK,. K F#fik, PBC #&5, i
XTER B W B RE 48R, PBC 5 TR T 4T
CEC %5 K. kS REPIIIN R, FE/NE /K Fh
R N KA L W R LN AR, K.
~AKo. Ky #EM . M XA 20055 51 %
MAKFEL . IWARE RE MR R Q1 KRt
1T W5, ARt T 5 0 45 Fh S A - S R ARAA -
KM 7 i B g g TS B A, RS2
SUHE AR+ 39 a ARIE MG AR E &
B, KA VLR K =B B, Sa. &
e S IR A I it 2 T 4 v 5 A AH

AR R A E A% AN RO R A e A8 R A B R
i, fRFE A R A A, BT R A
Moterle 25178 15 a K3 R 50 AL 58 o 22 4k
11 HEEY R EL PR iR - 8 E A, AR IE gk
F BRI, BT (A ) AN R
T, VRV RN R R R T, TR Y
WA E R PR SR

BT, E AT RKIE M AE X HIEF R Q1
KREWOAREZME, Rili, 755X
4 B e R DR AR KPR L LA L R A s
M5 & B SERAE SR, KIS R s # e Xt
TIERR Q1 RS R WARE . B I/
SEAE N R R A T T Q/1 & S%k
By R R AR e T, R HARARHLE], v oAk |
A PR it FH B0 RE RN A 58 Al + 498 & A R PR AR
Wi .

1 bR

1.1 RIS R

25 B A R B A B 2 B 9 B AT Y T SR
—AE R EEAE T B NERLE A 46 T 1998 4F, i xd
B F ERAAEREG R (24°14'N, 102°30'E) , iff
K 1680 m, 4EHR 15.9°C, EXFEKE 918 mm,
MWZE (4—9 A ) FEKRE S 2EMN 79.5%, 4 H IR
$2072h, WZ(4—9 A ) H RS 240 41%.
eI 1 2 B RN D T LD R LT, T
A, ORI 4R 2.0~0.2 mm KifE R
270 g'kg'.0.2~0.02 mm K7t i 420 g'kg ' .0.02~
0.002 mm Kif2 & 80 gkg ' /T 0.002 mm Fife
i 230 gkg o BT WA T E IS A L R
A, PRAZSNARZET Y g A 4 Lk
FRAEPEIR . pH 6.4, AHLE 10.70 gkg ', 4% 0.54
kg, W 1.01 gkg'. 28 643 gkg'. AMA
82.0 mgkg!' . A HE 9.0 mgkg' . B A
160.0 mgkg ™',

TR0 1l 2T A0 S — AT AR A AR
EMAE R4 AZE 9 A, AT 10 AZT
—4F 4 ] JHEMZERE 0 kg-hm ? (KO0 ), 187.5 kg-hm >
(K188) . 375 kgthm? (K375 ) 3 AN [R) & AL40 )
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PRAE . 20 AFERFLE A XK R A SR e/ £ R Q1 R A BRI 1403

AhH, A (N) A (P,0s) i N
75 kg-hm ™, 30% 0 ZUAR AL AN 4 50w AR A 3 AR 7 it
HAERMEB B TR 8T 20~25 d 7. TR T4
AEFREFERE A A (NP K=12: 6 : 24) 150
kg-hm ™, RIAEA~Ab B8 it FH A2 AL 80 36 kgthm 2, &4
ARFRE 3 R, BEALX ALHES . #5032
PRI R E R Y MR R T 5 AR SO i R T
55 20 FERE IR UM ZE 555 — K (2017 4F 8 H 23 H )
1.2 MEERSFE

I 7= e B B R I A < 45 /N DR I R R A
KM 25 P IR E R bR ifE ( GB2635-1992 £ 4 ) 14
HEAT AT, TR e A B AR S
SEBUE 25 G A% =( CoF ) B ZEFF b AT & B LI 22 .
TSR OGRIA 53 /N R SRR R FE i, 1153 b b 5 T
AR A, A BRI E A, b, b 1
PRI AA S SR . R KA B VA R A
[/ A

A I - RIS AR AT Rk e R
0~20 cm T IFEFE S SR HIE L 2000 - A HIL
R A SR A . AR, B %
ROER . pH. BRI SSHRMEAS . bR £+
e M H S IR SY/T 5163-2010 YLV AR 479
X GHAiTST (XRD) Ze#r ikl o sz .

TR RITAT (Ko ) : RIESIR TP
FTMHERMA (AR RS IS AR5 )
R TR (R TGS (ST S N DR
AN ETIRUIRE . W . WS SF IR AR A B Bk
IR .

1.3 THEEHE Q/1 B FIE

K FH R 55 VR XTI IR RS RS R RE AT R
QM k", Bk n R AREGE 1 mm §f +
FEofy, FEFEM 0.1g £3.0g (0.1, 0.15, 0.25,
0.5.1.0,15,.2.0,25.30¢g), KEHET S0mL
RNKE L&, 220IMAE 2 mmol-L™ CaCl, )
ANEYEE KC1(0~2 mmol-L™': 0, 0.01. 0.05, 0.1,
0.2, 0.5, 1.0, 1.5, 2.0 mmol-L™") ¥ 25 mL, &
O INZELE 25°C T HIEHRY (150 rmin™') 4 h, #
B 24h, RIGEE.OHLEE.L (1500 rmin') 5 min
It ug, MR e (PinAAcle 900H,
PerkinElmer/H14: 35 /K R, SE ) I A i K.

Ca fl Mg W& . R 3 MEE, BPEEM2
HFA7.

HRAE Deby-Huckel HE!" -5 i it
ffR R KR Ca™ B TG R EL () KAFE T AT
JEH (AR) , 34 AR Qs . P Ha
PRI EE L (AR ), R

1 X Cx

\/r car X (Cea + Cyg)

AR = (1)

P, Gk Cou M Cye 3 FHTH KL Ca® Al
Mg M s R re,” 500 KR Ca™ FE Al 5
GRS 8

TS S AR R B 25 (AK) HPIIRIE
PP P A T IR E 2. RIELL AR
MALFR, DAXTRLIAK HPARFRVER], A5 8] —4%
Q/T i<k . BLAIRY Q/T &N %A &% — > B AT —A~
S 55 AP E 5 i w8 B O 2 o we R N £
SREEFEDR, M AR, KRR HZA 3 B K L AE I A
AR -AK 2 IR R A AR AR, FR-AK K
L MR s B RN T B Y 22 vl g
J1, WAL b, O PBC k. HA&H
Fh 2 3K o A h b py kR 2 25 RORTE -5
FEIR I BRI B A, R ORI R AR,
K, #n o HHEEPEE (K ) AL M8 ( -AK, )
AL PEME R AR (K ) PS4k, 4 (B vA A 530 i
ﬂé[lglo

K il Ca+Mg 224 [ Hi fiE( —AG AR G R,

—~AG=RTInAR, (2)

—AG FETEARAIRS T (25°C) %2481 K 25
M E Y CatMg Irds 2L RE R, S M7 B K CatMg
gz 20— 8hR, —AG E#R, HHEXH K 1Y
VEREE W SR A, VEP B s R, DA 5
PERER, RRZIRR .

1.4 HELE

fdi Fll Microsoft Excel 2010 & F#EA 7 8u 48t ,
fiiH] SAS V9.4 BAFHATIRIN R Iy 2250, HABE
( Duncan ) #75 W 227553 B A B IE] - B 807E P<0.05
1 P<0.01 /K922 5 W& E, ffiH] SigmaPlot 10.0
YER .
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2 R

2.1 KEEAREEHERTEHE Q1 XRML%

W1 P, RIS TR 4 IE P A 2L ) - S
R QI KRR MR, HMFRI N HL,
ZEME A B L, BT MR H TR Q1 ik
i 27N S 11 = i e s S v e e O A RN R =TI
P BR s ) L AL Ve A RS, AR
e W B RS a7 3 B A A R R ST, 22N
LR AR A SR W BT g 552 5 1% e A R R A7 A R £

B, LR A EE AR Y )E I %
B AL B 21220 0 NI 1 iR T VSR A, K
3% 2L AN R AR I R Q/T e itk
FEA T B it e Y K375 AbFAY Hh £k
Tl AW, AHEHELAR Ko ab 2Ry i
Gab TR b7, mAA, M ETAER K188 AbH
B ZeAb T KO, K375 MRy, A BB o
MR E I Ko KT K188 il K375, 1M K188
K375 JL-F-AHIA] s 22 B4 EB 43 1 R R R R

KO0>K188>K375, Q/I {4k Ze 47 W 4 i e r i I 3%
PN . KO<K188<K375.

1.5
1 .
0.5
2o ‘
3 25
5
E AR/(mol-L 1) x1 000
< 05
K3755ZiM The measured value of K375 = K375#14 The fitted value of K375
-1 K 1885 The measured value of K188 —— K 1884145 The fitted value of K188
KO3ZiM The measured value of KO — KO0#)4 The fitted value of KO
-15 =

. AR NAVE TRYIGEE L, AK PR AT P A0 s FROMEE 22 . KO, K188, K375 Zr B /RIGAI &4 0, 187.5 1 375 kg-hm? A4t

., T [F] Note: AR stands for K' activity ratio in solution, and AK for variation of the solution before and after equilibrium in K" concentration.

KO, K188, K375 stands for treatments with applications of 0, 187.5 Fll 375 kg'hm’2 K fertilizer, and the same below

K KW HIBIAC T e R QI ih2k

Fig. 1 Effect of long-term potassium application on quantity/intensity ( Q/I) curve of soil potassium

22 KEHEATRREHBH LIEFRREEEE
£ Beckett 777k 1, ST W P AR S 049 BE LE
(AR ) J& i VR4 5 B 1 S 2R . AR B 15 P
LB R B N D, P R R R R BN 0
mF, BUS TRV IR (AR,) o MK 1
ATRVE M, FF8E 20 a AFESICH SO, 145
AR, A T BEM 5, A8 Ko 43 AR, X
A 1.00x107° (mol-L™" ) *, # & 3 b /N T it &7
187.5 kgthm 2 ZLBEAY 1.37x107 (mol'L™") *°, J5# X

S/ INT 375 kgrhm 2 A0FEAY 1.52x107° (mol- L™ )%,

# 1, AR.. -AK,. PBC. K &R 2
B LA SR A Y K 3 S it FH AN [ 2 A A £ 38
R QN XASH. WThATLUEH, KiEHAR
HEAIE R e T R R Q1 KRS, 1
HEBFRE ) 1Y 5 BE 4R bR R R OF 0 R L
(AR, ) 7 Fifi 25 B 00 FH 2 0 384 Jn i & 35 88 m, K375
b K188 AbERAY AR, N 8.91x107°, 5.22x107°
(molL™) %, J2 KO AbH 23.4 {51 13.7 435, WafPACLbRE
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PRAE: 20 AT Zait B0 RE A A SRAR AV T HEFR 2 Q/1 SE R AR 1405

) E 25 AL 1 5 8 376 376 R A il B TS Ak 1) 4 2 R
SREE . B ARAETN S, A< SCAS [A) BR A i FH 2 Ab 2
20 a J5 MY AR,, ¥ /N B AR A K
Jitn R B Al B g £ K 78 £ 19 AR., &b T
Hosseinpur 1 Tadayon %NS Y 14 Ff g7 KA 4 B4
Hrla) KT, 50 A AU O 1L AR R A Y
AR, BLEE =P 4 18 A Mt 25 bl e
AR, KA I 2 ) e (0 KRS R 1 K
WIZEE b 22 a JEM AR, M EL, A SO AL 21 1Y
AR, ZEVEATRVFZAG, AHEHALBEAY AR, W 2E4E
EAVMFZAE . U LUl =2 5 T i = m
JRETEEL T 20 a KA F AL AL HR ), B0 AL Ak

HH A 140 2R LR 5 B AL T KPS AR
b B A+ HEAL FAR R K.

Schouwenburg 1 Schuffelen™ % + 41 & Q/1I
KRB EM, X AR, KT 10.0x107 (molL™") *°
11 w8 1 G e R AR R B o Tl W R 7/ DT N DS
AL 24 AR AT 1.0x10°~10.0x107 (mol-L™") *°
ZIRIE, S B 4 32 B R B ) S kL
GIFIGALE; M AR./MTF 1.0x107° (molL™') 7
BF, S B B R R AR B T W AR 1 )2 ]
S, MY ALERAY AR, T, it B SR R A
FER RS T AR AL G A, ANt A - b
W B A9 B 5 LR R AR B T W A 2 [ 05007

T1 202 FHIERE QIHESH

Table 1 Parameters of the Q/I curve of soil potassium after 20 yrs of consecutive potassium application

b3 ARx10*" K;? -AK,” K" PBCY/ (cmol ~AG? AR,x10°7 -AK,”
treatments / (mol'L™) ®° / (ecmolkg?) / (cmolkg™) / (emolkg™) kg™ (molL™)™® ) / (kImol™) / (molL™) * / (cmolkg™)
KO 0.38+0.18¢c 2.16+0.09a 0.02+0.01c 2.14+0.11a 7.76+0.40a 19.72+1.12a  1.00+0.01c 1.26+0.04b
K188 5.22+1.01b 2.05+0.13a 0.334+0.06b 1.724+0.09b 6.48+0.38b 13.05£0.46b  1.37+0.01b 1.69+0.06a
K375 8.91+0.98a 1.61+0.05b 0.55+0.06a 1.06+0.05¢ 6.20+0.09b 11.70+0.28b  1.52+0.02a 1.72+0.02a

I RPEUE AT EERMERE . F—FIRF/NG F RN EELE P<0.05 K V250, 1) TR THEEELL, 2) 1
TRPER, 3) AR LMENES, 4) MMM, 5) RIEMMIZA R, 6) KT Ca¥+Mg e H Ak, 7) /MBS FIRELL, 8) B
Ui P e KW i:, T [F] Note: The data in the table are Mean+SD. Different lowercase letters in the same column indicate significant
difference between different treatments at P<0.05 level under Duncan test; 1) K equilibrium activity ratio; 2 ) Soil labile K; 3 ) Non-specific

labile K5 4 ) Specific labile K; 5) Potential buffering capacity; 6 ) K and Ca+Mg exchange free energy; 7 ) Minimum K ion activity ratio;

and 8 ) Maximum desorption in a single equilibrium, and the same below

23 KHEAAREEHENTIEBEZTE 46

TR QN kR Y, HHEMRA IR
ol A SR B I DA - 5 S A R A T A Y K
RN, PA-AK RFRTE, Y P v o Ja s 8 e
LA /NI, —AK o (AR B 2 34 2R A B, P
VTP AR R 0 B, U BT A e oA A fi
Wt —AK,,, XN RARTE—E R FARBL T REwk 2
TEYIPGE R TR A . R 1L TPl I 1,
ek 20 a ANEAICHREAR)S, HHE-AK, AT
BENS R, NEA KO 4 H A -AK, XH
1.26 cmol'kg ™", % & Hi/N Tt 187.5 kg-hm 2,
375 kg-hm 2 Kb FEY) 1.69 cmol'kg ™', 1.72 cmolkg ',
IEEFPRTE L

M Q/ XFEH AR N 0 B, EUS LA AE
R TR AR IR PEE (Ky) , BIRET R4
PR R G P VAR e R R R B, R

TEFE L0 W FRF E R AR LR (-AK, ) FIZE
T )2 85 OGRS L RN (K PR
ML £ 1 HBHERW, KA A ] = 8T
Fhbsgm T IR, Ko, K REEFIEHER
B mom >, Ko AFM K. Ky e
2.16 cmol-'kg™'. 2.14 cmol-kg™', 1M K375 4t FHE)
VA 1.61 cmolkg™ . 1.06 cmolkg™', —AK, B
BIE R A A 1G0T S N, K375 A AT -AK,
J90.55 cmol'kg™, KO ZFEAY{LA 0.02 cmolkg™,

IR TS J5 35 0 28 At o A S Hh it B0 I Ab B Y -AK
W& 7 T Wani Wil 52 (4 10 A~ #81K A5 + &% Panda F1
PatralP Frillix, 12 S HEER + 9-AK,, % Hosseinpur
A1 Tadayon il & i 14 A~ 47 KA+ 3EAY—AK P H4{H
K 3~548%, AHEEFACAAE P NE NS 545 DL B
B, BEZERRE 20 a AFR)S, ARIE - HERE S 4E R
e AR L PR BB, AN AR I R - 3R
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TET W B b TG PSR LT 2 il I AR 4t T

DL 25 R 5 20O TR, ek RAEDY
SERURRIIEAATCH) Ko, Ky —AK, HEATEALAL
FHEEN T, X EE SR K A e, ke RN
LI 1 mol-L™' NH,OAc $2HRE{F R Ky, (it ik
P Ko, 2 2 B0 3 W 7R SO sgo o i 4 it 7 6
(3G I RN AR Ky SR A ERAR
APy B, R LAl 22 SCRAR R) A S LA
QN KR H &G HLMBEIEE R K, HE
R EAE Y 1.9~ 13.8 %, 1 B 5 BB AETE R 10 3
AR (R 3) , HAHSCEIRBIR SRR 0L,
Fe i Hamdan F1 Ahmed® ' B 9845 R 60 K. 5
AR B A O, K AR 3.5~
13.1 %,

4 RUITE KO Zb3iiy, B 2 90N 5 Bk,
I TAT A 2 B 2 WY 4 8l 4 M I B B0 . 2 BT AR SR
ST LA R BB ) R A R B e
%z, WP LR R AT RER A 3 Y
AR, AR 3 T LB, AR L2815 1 mol L'
HNO; & 3 52 U+ U 9 22 (8RB, R4
WA 5 IR R T B R AE O R AR/, AR
HHEIAFF, MR K W2 EE T 9,
W20 Wy B0 5 30 2 =7 i 2 (8] 0 AH DG M B #2
L, MR TEEEOR . RS RN, DL Ui
TE =/ WL R 2T R IR A S e E R gih, X g
RN B, B YR B RO AT T )
JETA] 0 L VL BREBR 1773 4 L P W BB AN B ST B
AR L P BB, SO0 T P B R e O
BAHEK
24 KHERAARREEHICH T IEMEMRE e

T HEHIAT R vh A5 R (PBC ) J& 48 - HEVR WO
[t (AR) & Zh— iRy, TR KEAK 1Y
Ak, A R L R B R BE 4R AR .
PBC KU e B I3 A Rp (L e B A e ik . 3R
1 $00E 22 B K W1t 40 + 48 PBC 4/, K188 1 K375
LEBRE) PBC MHZEABIRE, 251N 6.48 cmolkg™
(mol-L™") °° F1 6.20 cmol'’kg” (mol-L™") °, KO
f) PBC U i 34N 2 7.76 cmol'kg ™' (mol-L™") 2,
UL 2R 20 a Fp2 AR R AR AL , R AE
TR R R B v RS SR T, A R AR SS T,
490 A A S . B, ek R
Rupa %' Subba 1 Sekhon il 57 4% 5 0 2 fi

/N, 5 Hosseinpur 1 Tadayon® il & i 14 4~ Kk
+- 4 PBC WAL, 3X AR T B 5 + e B A A G .

B P9 Ah— S i 53 U727 4 S BAS it 9 Ak B A 4
PBC H4ill, Roux 1 Sumner P74l , K #I R FEH
+ 4 PBC 4 n, JuHAE MRRIA R EEE 5 YH
KRR A ) 4 b o 2 (R oY R
e 5 145 PBC M ARLR, 28 gk oy RAED: 29
W5, KIWAS MG 2158 PBC oI W ARfL, i ta
oA 2N Y PBC T i ARG .
i He A AR SCk 3 pH RIAR SC A HE pH, FT A
Y R SR e M ECE B (pH>6.5), K
WA B 2 S 2 PBC H9hn, T IEJE TRtk
B, KA A IR A & 530+ 1 PBC B A8k,
25 KHEARESHEN TIEHFESNR

WA, —AG K, EHEXT K 0055 e b
R, AR N I I SO PRI, DT 25 5 1 B
B, ORZINR; —Mm s, BRI S
B, —AG RPN R 1 HEER N, KIS AR b
FE KO BY-AG 9 19.72 kI'mol ™', 35 b TR Wit
Bpogh PEOKI188 . K375 4 13.05 kJmol'
11.70 kJ-mol ™", 1fii K188 Fl K375 ZbFf{-AG TG H fit
250, #YE Woodruff PURYRESELE R, M+ HE-AG
KT 14.64 kI-mol ™', 75 HELBLAR, WMi24-AG /NT
8.36 kJ-mol ™', W A REAN 243 22475 K AT . F Bk AT
FERG IR AR AAE RGP FRSE 20 a AN[R] it #f E Ab B
JG . REMRZEARTESR . ISEE 36 kg-hm ™ (1Y - e
e HARAMK . & 5 s BG4 5 45 00 2 it A
187.5 kg-hm ™2 il131 2= 36 kg-hm 2 A4 it 9 b FH( K188 )
1 IR R S, AEMIR A G B, A
Bo) MBS s R0 ZE 4 375 kgehm 2, 282 36
kg-hm™ BtEER AL (K375 ) TIEAtaRRE SRR, 1
YIS BLGRAR , (HPTRE SR RIS | Bt DI,
I\ SRR /R B S5 e A BB AR, AR A SR A
TERGE T, & HAH LM &=y 187.5 kg'hm™, X
B REBAECZE G M R L R T A
VIRV SR B S50 2 — 8.
26 KHEAABEHENTETYSR

X SR AT 3R T AR AL BE AL 0 Y i i
K (B 2) , Ed 14A F110A BA7 5T I6 53 3 A g
ARG, PTLUEH, AiEd Ko 4br+
SR 14A i LS TR Y K188 Il K375 kb3,
10A fi 550 WK T K188 F1 K375 4b¥H, HIZ:id 20 a
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Fig. 2 X-ray diffraction ( XRD ) pattern of soil clay minerals relative to fertilization treatment
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Table 2  Soil physical and chemical properties after harvest of the twentieth crop of flue-cured tobacco
AL i A A GERE
pos:l
pH Organic matter Alkalytic Readily available Slowly available K
Treatments
Ng'kg™) nitrogen/(mg-kg ™) K/(mgkg™) /(mg-kg™)
KO 6.96 + 0.05a 10.1£1.60a 47.9+10.8b 57.8 +3.5¢ 171.5£12.3¢
K188 6.97+0.31a 10.2+1.01a 61.3+13.2a 234.2 +27.0b 305.1+20.3b
K375 7.04+0.21a 10.9 £1.85a 63.9+11.1a 345.1 £14.9a 360.4+28.8a
AL AEES 2Ltk B Exchange FHES 1 2tk
Jb ¥ 24 Total K 2
Exchange calcium magnesium Cation exchange
Treatments K/(g'kg™) K" saturation degree/%
/(mg-kg™) /(mg- kg™) capacity/(cmol- kg™")
KO 6.1£0.52a 1 362+103a 204 +21.3a 7.8+0.3a 1.9+ 0.04c
K188 6.8+0.42a 1 200+157a 189 £45.2a 7.3+0.7a 8.6+ 1.5b
K375 6.9+0.42 a 1217+216a 169 + 21.4a 82+1.2a 10.5+1.9a
*3 TESZ QISHMARESHENEXRH
Table 3 Correlation coefficient between soil potassium Q/I parameters with forms of soil potassium
AR, PBC -AG Ky —AK, Ky T K" Kier K’ L K" LK, Ka'
AR, 1 —0.897** —0.945%* —0.823**  0.999** —0.947**  0.576 0.965%*  0.987**  0.315 0.648%* 0.957**
PBC 1 0.892**  0.618  —0.889** 0.779** —-0.346  —0.865** —0.924** —0.071 —0.408 —0.824%**
-AG 1 0.716*  -0.953**  0.865** —0.633* —0.928%* —0.976** —0.391 —0.683*  —0.823**
Ko 1 —0.824**  0.961** —0.560  —0.789** —0.781** —0.369  —0.660* —0.890**
-AK, 1 —0.949**  0.603 0.964**  0.990**  0.346 0.672* 0.948%**
Ky 1 -0.607  —0.911** —0.919** —0.375 —0.697*  —0.960**
T K 1 0.616 0.612 0.956**  0.992**  0.450
Kiex 0.953**  0.365 0.679% 0.909%*
Kay 1 0.356 0.674* 0.910%*
L K, 1 0.923 0.192
L K, 1 0.544
Kab 1

T 1) &, 2) S8, 3) @A, 4) B mEE B RIm e e, 5) A MEE SR e R

WA, 6) IR WA, 0 P<0.05 KF W2, **+P<0.01 KFEE. T Note: 1) Total K; 2)

Slowly available K; 3)

Readily available K; 4) Mineral potassium obtained by subtracting readily available potassium and slowly available potassium from total

potassium; 5 )Mineral potassium obtained by subtracting labile potassium from total potassium; and 6 ) Apparent balance of potassium in soil.

* represent significance at P<0.05, ** represent significance at P<0.01 level. The same below
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Table 4 Apparent balance of soil potassium during the twentieth tobacco-rape rotation (kg-hm?)

5520 HIEMANSE RS

GRS S
The 20th tobacco/rape
Qb3 In flue-cured tobacco growing period In rape growing period
rotation system
Treatments
FEARRS AT 0~20em SO O WRIRER 0~20em IR e A B
o AR o CEARET RN
b BA® BRS¢ ®A®
KO 176.4+9.8¢ 0 16.5+0.5¢ 173.0+4.6¢ 36 67.4£15.5b —44.5+8.7¢
K188 661.4+16.4b 188 73.5+8.6b 666.0+20.5b 36 123.2+1.9a 22.6+5.9b
K375 937.3+31.2a 375 107.6£10.6a 964.6+28.9a 36 137.7425.7a 138.4+21.3a

(D Readily available K in the 0-20cm soil layer before flue-cured tobacco transplanted; @ K input via fertilization; 3 K removal by

plant; @ Readily available K in the 0-20cm soil layer after rape harvested; and ® K apparent balance ( Ky, )

x5 ITEER QUISHESIRUERMBEIRY

Table 5 Correlation coefficient between soil potassium Q/I parameters and soil properties

AR, PBC -AG Ky ~AK, K,
pH f pH value 0.090 0.238 0.066 -0.251 0.105 -0.191
FHHLIF Organic matter 0.246 0.018 -0.281 -0.335 0.263 -0.316
% % Alkalytic nitrogen 0.158 -0.236 -0.119 -0.407 0.164 -0.308
H %W Available phosphorus —0.245 0.177 0.245 0.401 —0.260 0.351
K'HIFIE K saturation degree 0.962%* —0.939** —0.961%* —0.680* 0.960%** —0.848%*
4% Total nitrogen 0.065 0.163 ~0.140 0.036 0.087 -0.022
4T Total phosphorus 0.015 0.113 —0.078 —0.461 0.036 -0.275
et Exchange calcium —0.268 0.489 0.346 0.216 -0.264 0.250
A2t BE Exchange magnesim —0.434 0.647* 0.391 0.344 —-0.403 0.389
PHES 73 i Cation exchange capacity 0.073 0.151 —0.033 -0.431 0.097 —0.288

n=9, ry05=0.632, r901=0.765, * represent significance at P<0.05 level, and ** represent significance at P<0.01 level.

fiASE, 1 Hosseinpur #1 Tadayon 25 #iF 5% % B
AR G A Q1 SEETAR N, DL EZE R
Wi, 58 Q1 %05 HIEVE R Ry AR DG A o 1 4%
o AR R AR RS [ AR A

T3 pH, AL, FHE i . Fk S w5
fEtn S Q1 &S EAEA RS hICAHCE, TE—
seyr ki A A O, W IEAP S, STk it
SER RN -5, 158 pH, AW, FHEF2E
ok ki EESAEHRARN, BT Q1 #hdk
SR 52 W T LR AR S A B AR B R Ok, AR S
A B A S R Fh - 458, B2 20 a BSR4 AT
SFR, DL E A SRR BT OR  AE I Y A e, AR
X QU e 2B 52 ) TG VA AEAH A 43 B H AR

Ko [FIEE, DL S5 SR A B AE 15 0 A s deE R e,
R QI MK SHU IR K A 135 pH
AU, BB At . R o a5 R AL I 5 A AR
b, R RN, 4563 3 Mk 4 v
Ei, HHEME TS K . Kx. PBC, -AG A& K,
M AR —AKo A5/, 4 HEH & 2 A W AH I .
2.8 TIEHE QI M&SHZ B XEE

MW 3 LA N, HHEHE QI LS Hbkit
ZIRIAETE B ARG, T T A e AR 5 s |
R RO A A G, U L B AL
BRORRE T IZ AT B AE AR, R Y R
Z QN RSB TVE I PEM T LA RE 1 35 5 .
Wi, L 6 R Q1 a8
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U= (Kpe ) K3RIE (FHEEN 537, R
B2 5l 89.4% ), Rk k.

Kpc=—0.991 x ( -AK, ) +0.970 x Kx+0.870 x
K —0.991xAR+0.896xPBC+0.949 x ( -AG ) (3)

B RAEaX (3) T B Rt 42 AR BEAY Kpe
S (Kay )\ R (Kex ) PR BT ( Ky )
AT R B, Ko 5 Kavs Kex s Kap ZIHFFAE
e F R EL AT R, W

Kpc=25.83xK,,+26.16, R*=0.9890"", n=9 (4)
Kpc=39.82xK,+35.90, R*=0.9258", n=9 (5)
Kpc=0.069 3xK+16.11, R*=0.8414"", n=9 (6)

K (4), & (5) RY], HHHIR Q1 Ih&kS4k
1) FRLST Ko BIBAATAE N T BRI 25 G 4505, i HL
Kpc FMEEER, HIEAEEPRE B/, X (6) R+
BERG LB BE 1R BR Kpc 15 1 8B 2 WP Ky )
R FEAAES, U] R R R AT ISl T 4
CRAALE e AR AL, T HEE R ) LR A LR
AESyAR i, - HEAN R 5 Bt + e LR S LR RE S5

B ARt R AL R Kpe 4TS, WL
K K375 AbFRR) Kpe (4.21+£1.28) # 5 3E Hi/N T
K188 AbERFY (10.39+1.36), J5#& XM B EH/N T
KO Zb#f (22.3541.35), LA EUaBH, KM 220 A
[ FAL, & HIELE G LR Ty o0 5, AR &
K, AR oK.

3 45

K30 i S TR AR X A 2R Q1 £k
TR = A T B S S ), A A it P e, Q/T ik
AL T h%s, LR Q1 h&S8 kAT
o5, A RS, AR FI-AK K, Ki.
K.. PBC F1-AG #/h, AR HMT, HHMERE
WS E) T RIER R Q1 &S H U 5. K+
B R T HURDLT, SR R B LT g RE SR
K, FEW YRR T TR R, L
TR SRR T A P W B P 0 2 A Ry A e T P
R, HRA T R A R 7R

PRRBAT, BamE T mERaf i, Q1
M2k 2%k AR.. —AK,. PBC. K.. Kx. —AG Z¥7]
VBB T 1L R 2T HEIE AR B 1 RN FE b, IX 2EFE bR ]
PG M — A ar . IR R 5 IKsh T 1 5
AR I S, LR R B RIEZR AL
BRRE SRR, RZINIR o FE 2 LU T A A S
BAERSMT, KA AL, My ats, K
WG 187.5 kg-hm 2-a~" 47 R4 M3 7 .
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Effects of 20 Consecutive Years of Potassium Application on Soil Potassium
Quantity-Intensity (Q/I) Relationship in Flue-cured Tobacco-rape Rotation
System

DAI Kuai' LI Jiangzhou' ZHANG Limeng' JI Sigui' LONG Huaiyu’® XU Zhaoli’® DUAN Yugi’
YANG Yuhong’® LU Xiuping® JIAO Yongge' BU Lingduo'

(1 Yunnan Tobacco Company Yuxi Branch/Biological Control of Tobacco Diseases and Insect Pests Engineering Research Center Of China,
Yuxi, Yunnan 653100, China)
(2 Institute of Agriculture Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)
(3 Yunnan Academy of Totacco Agricultural sciences, Kunming 650031, China)

Abstract Objective This study was to explore effect of long-term potassium application on soil potassium supply
capacity, so as to provide certain scientific basis for rationally potassium application and continuing research on development of
agricultural soil. Method From a long term potassium fertilization experiment on a tobacco-rape rotation system, which was
designed to have 0, 187.5 or 375 kg-hm? K,O applied to flue-cured tobacco and 36 kg-hm™ to rape, soil samples were collected
for analysis of apparent balance and Quantity-Intensity (Q/I) of soil potassium, and relevant parameters, i.e., K equilibrium
activity ratio (AR,), soil labile K (K} ), non-specific labile K(-AKy) and specific labile K (Ky), potential buffering capacity (PBC),
K and Ca+Mg exchange free energy (—AG), and soil properties, like readily available K (K,,), slowly available K (K,.), K
saturation degree (Ks), clay minerals components and so on, and moreover, relationships between Q/I parameters and soil
properties in the flue-cured tobacco-rape cropping system. Result Results show that after 20 years of the stationary
experiment, AR, varied in the range of 0.38x107°~8.91x107(mol-L™")** —AK, of 0.02~0.55 cmol'kg™, K of 1.61~
2.16 cmol'kg ™!, Kx of 1.06-2.14 cmol'kg™', PBC of 6.20~7.76 cmolkg (mol'L™") "3, and ~AG of 11.70~19.72 kJ-mol .
Obviously K application enhanced both AR, and —AK,, but reduced K;, Ky, PBC and -AG. K,,, K., Kgand K,, were
extre-significantly and positively correlated with AR, and —AK,, but negatively with K;, K,, PBC and —AG. Significant
relationships were observed between the parameters of the Q/I curve of soil K, and these parameters could be integrated into a
principal component index, which was significantly lower in K application treatments than in no K application treatments. Soil
potassium was retained mainly interlaminarly in clay mineral crystals and lower in bio-availability in the soils with no K applied,
but on joint position interface of the clay mineral crystals and higher in bio-availability in the soils applied with K. Hence, the
soils with no K applied were higher in vermiculite content, but lower in illite content than the soils with K applied.

Conclusion All the Q/I curve parameters, such as AR, —AKy, K;, Ky, PBC, —AG, can be used as indicators for evaluation of
soil potassium supply capacity. Apparent balance of soil potassium is a major factor driving changes in K Q/I curve shape and
differentiation of its parameters, variation of potassium supply capacity and evolution of soil minerals. The higher the K

application rate, the higher the soil potassium surplus and the higher the soil supply capacity. In the soils under long term
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potassium deficiency, mineral potassium transforms into specific labile K at a higher rate than specific labile K does into
non-specific labile K. Long-term potassium deficiency causes transformation of illite into vermiculite.
Key words  Flue-cured tobacco/rape rotation; Long-term stationary experiment of potassium application; Mountain red

soil; Potassium Q/I relationship; Potassium supply capacity
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