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Effects of long-term potassium fertilization on potassium fixation in soils under different eco-
logical conditions: A mechanism study. ZHANG Hui-min'??, XU Ming-gang’, LU Jia-long',
LIU Hong-xia’( ' College of Resource and Environment, Northwest A & F University, Yangling 712100,
Shaanxi, China; *Institute of Agricultural Resources and Regional Planning, Chinese Academy of Ag-
ricultural Sciences, Beijing 100081, China; °College of Agronomy, Henan University of Science and
Technology , Luoyang 471003, Henan, China ). -Chin. J. Appl. Ecol. ,2007 ,18( 5 ): 1009-1014.
Abstract: By using X-ray diffraction and laboratory simulation, this paper studied the effects of
long-term potassium ( K ) fertilization on K fixation in black soil, loess soil, and grey desert soil un-
der different ecological conditions and cropping systems. The results showed that long-term K fertili-
zation had greater effects on the K fixation capacity of soils with lower hydromica content. When the
K application rate was 400 to 4 000 mg * kg ™', the K fixation capacity of black soil and loess soil
whose hydromica contents were low or relatively low, decreased by 75-747 mg * kg ™' and 16-238
mg * kg™, respectively, compared with no K application, while no change was observed in grey
desert soil whose hydromica content was high. Long-term K application could affect the changes of
soil K-bearing minerals, i. e. , slowing down or holding back the transformation of hydromica into
mixed-layered mica-smectite, and consequently, decreased the K fixation capacity of soil. The in-
crease of soil slow-available K content and K" saturation owing to the long-term K application also
induced the decrease of the K fixation capacity.
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S 8RR+ IR L T 2005 4E5 R
H RS F208 BT A7 122 FUHT i L5 B R S5 T R
FENLI I, 3470 NPCORHERR ) A1 NPK( a4 ) A
AP X 3 AR AR I I IR F 1990 4F, EAT
(A 3 A b, AR AR BEVE B R AE 5 4, DA
TR M B AR B AL M A 0 SR 1 g 20
2.2 THEERR R N YA R 2

T I E A E T 1 mol « L AP R B
( NH,OAC ¥ ¥ $2 HUM G225 R 0 v FH 1 mol
< L7ASPRZE W 10 min I3 A0 VR YR J2 R R
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Tab.1 Basic status of three long-term experiments

PELB . R ) AR Mg WA, SRR Z
TR B RE [, X SR AT e
2.3 LR EERR

Tl HERE S A BRI T 1, B S g, A Bm
A5 ml #EE A 0,400,800 .1 600 .2 400 .3 200 .4 000
mg * kg "W EHNA 2 IRERE [ H TR AL TE
T TR DUBCARL I (] 25 14 N & A 10 T 58 B i 2.
FES TS, A 50 ml 1.0 mol « L' il ik #3542
W, PR3 30 min J5id i, A EOGEETH FPe40,
T I E Y TR A A v S i A R 4
THAGE

B mg - kg™ ) = ANEEINACE - ( InAhE
B NH,OAC 428 5 — AR MMAMEHT NH,OAC =242
Pa) (1)

[ AR = B AMEATIMA x100%  (2)

BRE5SM
3.1 AREAZSAE N RIIE AT £ 80 2R 1 E 1Y

A

KRR AT, 3 Flr 4 98 359 3 80 1 o &1 U
TIUAHR B8 PR 388 o, [ B0 B 184 T, iy i B 3 e A1 ) e
(F3). T4 575, I A 3 1 [ 4 2 A [ 4
RRAR, B m, AN T B2 A REAES
AT A 2 A RE T ) X R AR Ak R S 4
S ORI ST A SR — B KB S L3 ol - S [
FIE AR B AR RRAE A7 7 W] 0 25 5%, AN A
W FELE 400 ~4 000 mg « kg ™" JE RN, IR+ 41

3

ate &~ b 4 K& ERRIR ERERR R B BE i AC

Soil North East Mean annual Annual Annual Cropping system Fertilization rate

type latitude longitude temperature  precipitation  evaporation (kg+hm2-a"!)
('mm) (mm) N P K

7 e . N

At " 43°30' 124°48’ 4.5 450 ~600 1200 ~1600 T A EE?K One 65 36 68

Black soil crop per year: Corn

gt 34°17° 108°00° 3.0 550 ~600 g3 P LA T a5 gy e

Loess soil crops per year: Wheat-com

KL " 43°57' 87°46' 7.7 150 ~200 1600 ~2200 #q‘:#;}“‘/]\iﬁfﬁk One 54n 60 47

Gray desert soil crop per year: Wheat or comn

F2 KEEMKKEHEN 1990 F )T IEERELER

Tab.2 Basic physical and chemical properties of the soil at beginning( 1990 )of the long-term experiments

ate &~ A LA e s i ARA UYL R G pH

Soil SOC TN TP TK AN AP AK SAK

type (g-kg™') (g-kg') (g-kg') (g-kg™') (mg-kg™') (mg-kg™') (mg-kg™) (mg-kg™")

21 Black soil 12.2 1.53 1.41 23.1 102.0 20.6 190. 1 982.4 7.6

Wi+ Loess soil 5.7 0.83 0.61 25.2 61.3 9.6 191. 4 1380.0 8.6

WA Gray desert soil 8.0 0.87 0.67 23.0 55.2 3.4 288.0 1764.0 8.1

SOC: Soil organic C; TN: Total N5 TP: Total P; TK: Total K; AN: Available N; AP: Available P; AK: Available K; SAK: Slow available K. TIF]

The same below.
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Tab.3 K fixation capacities and K fixation rates in the soil after long-term K fertilization application under different ecologi-

cal conditions

i%j@@ hb 3 ANEER N A M E Added K concentration ( mg * kg’l )
?y";i Treatment 400 800 1600 2400 3200 4000
FEEED FEER B EAR B BEAR BEAE EAR FEAE EAR BEEE BEAR

Wt NP 366 Ol 670 84 1243 78 1646 69 1754 55 1988 50
Black soil NPK 200 73 514 64 o11 57 1151 48 1196 37 1241 31

i as NP 306 76 527 66 867 54 1050 44 16 35 1149 29
Loess soil NPK 20 73 409 51 672 42 812 34 909 28 1006 25
R+ NP 157 39 259 R 387 24 491 20 494 15 498 12
Gray desert soil  NPK 165 41 251 31 365 23 518 22 497 16 526 13

1) K fixation capacity( mg * kg’l ); 2 ) K fixation rate ( % ).

[ 1k [P 4 36 5 AR it A - A L TG I 25 5
FE R R T R, v R R R R
K, A AR A R 300 N BE T 75 ~ 747 mg - kg™
M17% ~21% 35 T % 394 mg « kg ™' F1 19% , fij
B A RE T 16 ~238 mg + kg ' F1 3% ~
15% ,F-Y T/ 153 mg « kg™ Fl 9% . b ik4E Rk
B, R0t 90 e L 9 f 31 9 6 ) B A, Tening 457
XiFJe H FDEAS ) BE T A 5 22 1A At et A
THEREEE. BRI S, AR RS SR 1 e
[ B B R I B A AR A R 25 57, X Al g S H 3
ST AL ORI R R AR A 6, BT RE S £
HEA LK SOC ) Fr i SIS RS E HE 7L
Heit( CEC Bl K * 1B S A fb A 2%

3.2 AN[AAEZS AT K I it 0t 4 8 2R e 1Y
SR AL

3.2.1 KWIEst HIE & # 0 At m) X 5
LATH TS S KIS, B B 4 A
W20 S A A A A1, 38 A RN E - 3 G I AR Ak
(1 AER4). NER X SFERATHIRE T LI
5 ERC NPKOANFEAR LE , KA TEARC NP )AL ) AT
SFEIEAE 1.0 nm AbAY 7K 21 06 55 P s A D53 , T
1.7 nm AbRISEME A1 RN 2= BF-52 A TR 2 2 8] ) 0
WA 13, 3K ] B PR TR 4 B4 R I R A 3 - B
BRE BT B R A )2 A S e
BRRWIRE I , M1 25 1 40 s PR RS A 1 A J2 1) 285
TG L B WA TR 22 R0 ), i it F 4
B AE 2% F1 - ek 2L 7 X A AL, 3X 5 Shaimukhametov
A5OSR it M ok 2 S0 L 50+ SR 2RI 1Y
SEMABFFE 45 5 — 3. Tributh 25 '™ 3 3o o) ] 1) — 2
K RGBT 5 & B0, + HE40 2 ke 5 G 804 0k
B R AL R AR RIS 52 A R AL -
S AR JZ)Z [ 8 ¥ 0 & & A T 38 0 Nielsen
SR SR RO RIS 45 SR I, S R e
UB) S B ALATSEH 1 B2 A A s YE AR BT X e

] ) — S (S B 7 K B, IS AS e 4l fefe
TR KK 2 B 1] WA A T Y A A B T S
Gl B 1 IX ML,
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Fig. 1
(b) and gray desert soil ( ¢ ) afrer under long-term K fertiliza-

K-bearing minerals in the black soil ( a ), loess soil

tion apllication differentecological conditions .
1.0 nm: K=tk Hydromica;1. 4 nm: £¢Jef1 Chlorite;1. 7 nm: S
M-S BATRZZF5 ) Smectite and mixed-layered mica-smectite

component.
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FrERE AR A B R A A, 3 R PR A 3 e - 4
ST YLK =B R F TS A 5 | Y%A X
3K AR R A W R, S A SR A Y
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X - S [ B e ) 3 0 B AR k. R WK e
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[ R e P PR 2 i R BT B S Y A - [
B RE S A AL I 25 S ] BB IR 5 A 2 R o K
R T A AR A AT K
3.2.2 K MR SRR 5
ALEEC NP )AL, 22 4 384 FUKE A 3 B 4 it 7
AR PR NPK ) () R0 7 5t 354 i T, oo s A
68.0 ~115.8 mg - kg ', Hi + T w2, 4E T
7.7 mg - kg ' BT E R FHTE 4.5 mg

< kg ' 4). 3 B A B A IC Ak B ) 2B A
WA TS, THRIEE N 11.3 ~107. 4 mg - kg ™',
Hh BT ERE, FHTE 7.2 mg - kg™, KB
+ I EE  AES T 0.8 mg + kg KA
RIS A A 4 NP I NPK &b 34 6] 398 440 5 5 1Y
T B 2ES, B+ NPK b NP AbH 35 1.3 ¢ -
kg ™'
T RS RS WA R )
A 5%, T A R RN 2% R i AR AR B A
P YI L RE DA, T RER 5 A8 1R D 2R 4 AT i
A G MK H S — A T+ +
TR B B T R L — A — R T R R
AR A 3 (0 L B e , e R
PE A 2ORIR], 3002 R A e oo JIr s s ) v e
DA A2 , PR LSRR 40 - 48 3008 5 o 1 28 Tl e L, fi
B S R AR 1L, IR B E— 25 2 BT - HE S
IS A B AR A 0. 4 A 0 R 2 308 5
AR RS Y A A O IR R
PIK 2B 1.0 nm W) E R E M E T W50
LA LRI 3 ), H 4 e 480 24

x4

SRR S, T AT 5 A, AR A A
AR B e A R 3 DK S BEFNSE A
W RS BAR)Z)Z BT (1.7 nm W) FE
PRS- 8, BRCE S R R R (R AR,
T it B S 32 o T T A, B A A T B 1 — 5
S HBELAE - 45 HLI B 1 R T T R, T LA A
it B RSSO e AN it 4 AT BTG 5 2
- UASEN AT B = B SR ATRZ 2 R )l 2 BR
Y K =B AR D, T DA AN AR A 1
SRR 2 T 0 A B SO B W SE BT
LRI 10 it FH B0 AEC A 359 B0 I it FH £ S e 1K T
A SR ASBERH 1E H: 4 18 S B0 G2 5008 B 1 T R
iOP RN

TESNEA AR BE R 400 ~ 4 000 mg + kg™ ' {1
BN ,3 P RIEREF R S S R 2B E(P <
0.05 B¢ P <0.01 )FAAHIE, FMEF I AR EE Sl 400
800 .1 600 .2 400 .3 200 F14 000 mg - kg ' A HI & 5
B r )R N -0.832, -0.903, -0.932, —0.938,
-0.930 F1 —0.916; 5 4 1 w040 & =t 5 A
K BB A I8 3 2K, MO R r )RR
-0.432, -0.626., - 0.633, - 0.635, — 0.620 Fl
—0.598 ;3 Fift - 8 1) - J47 [ 41 32 5 7 A5 R A%
A R r )53k - 0. 8394 Fil - 0. 3527.
BRSO X 3 [ b 7 — 2 A R [ E AT 5T
WARH] TR L.

ARG IR FRW] TE - B A A A W
AT T, - 8 SR A5C 1) AR Ak R R ) 4 48
[0 BE 7 Y B R 2R, SRR 1R A AR Ak X - g [
BRBE A W R, RO Ut AR 2% 1T 3 R
W AR A 25 R T e AT B R AR
TR 22 53 (B TS T e AR R i S R
20 A A [ S B S AR P 7 A o A
AW,

3.2.3 KIMMa4P et + 58 CEC . SOC Kik: & & fl K+
TOATBE s R RS AN, A it B 5 AN it 4 AH

FRESFHTRPERLRARSENSHT WAER THE +iREE)

Tab.4 Potassium contents and mineral composition in the soils after long-term K fertilization application under different ec-

ological conditions ( mean xSD )

- g fe 44 TK A SAK BALE AK L7/
Soil type (g- kg’l ) (mg - kg’l ) (mg - kg’l ) Mineral composition
- B Y BH. (1
NP NPK NP NPK NP NPK fﬁ. fy U\f‘: ity
Main Minor
2+ Black soil 22.6+0.3 23.9x0.4 867.1+3.5 974.5+3.7 117.5 3.2 185.5+4.1 Sm, H, Mi-Sm V, K, Q
A+ Loess soil 25.6£0.5 25.8+0.4 1418.2 £5.3 1486.0 +5.5 161.7 £3.4 277.5+4.2 H, Sm V, Ch, K, Q
WA Gray desert soil 22.1+0.3  22.6+0.3 1692.7 £6.7 1704.0 +7.4 166.4 £3.3 270.4 +3.8 H, Ch vV, K, Q

H: /K= Hydromica; Ch: %8 A chlorite; Sm: SEBiA1 smectite; Mi-Sm: 2 B:-Z2 A 1R 22 A4 Mixed-layered mica-smectite component; V: 3%

£ Vermiculite; K: =847 Kaolinite; Q: P Quartz.
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Tab.5 SOC, CEC, clay contents and K* saturation in the soils after long-term K fertilization application under different

ecological conditions

R e LI HLEK soC PH S T 384kt CEC <0.002 mm HikE K * A

Soil type (g-kg™") Cemol( + ) - kg™!) <0.002 mm clay (g * kg™') K* saturation* ( % )
NP NPK NP NPK NP NPK NP NPK

2+ Black soil 12.3 0.4 12.4 +0.4 20.6 +0.6  21.6 0.5 34.7+0.5 33.8x0.6 1.5+0.1 2.2+0.2

W+ Loess soil 8.9+0.3 9.3+0.4 12.5+0.4 12.8 +0.4 30.3+0.5 30.4+0.4 3.3+0.3 5.5+0.3

KA Gray desert soil 7.8 +0. 3 7.5+0.3 9.2+0.2 9.1+0.3 21.3+0.4 22.0+0.4 4.6+0.3 7.6 £0.4

K * saturation =( K*/CEC ) x 100% .

kb ,3 Fl £ 3EAY SOC . CEC Al <0.002 mm Kfik: 5 &
YITo 25 . M KR RN R A e I s ke - g
RFHCRI, K AN T 2% 1Y £ 38— R B
BEEST AR rh D R K B 0 A T DL
HE BRI A it T A A, B R T R
AR S I B, RV it 4 2
EE (K RRECN 2% ). 5 ARHEAH
LU Bt B R B RUOBREE A K RN EE 4y ) n
T 47% 67% 1 65% . X 5 T HEHACH & 5 (1) 22 4k
A 5%, DT 3R & i AR R 4 BT T, AR
BARSRAE R, LK =Bk 32 25 B 90 (0 1+
W R B R R T R AR
JIT AR S0 it FE R A i 5 4 A3 - - M g 5 o
BT A 1 R T m R, Ak, Bk
RIGTF AR F( 1990 4F )38 + I 2 + + 8l 2508 & it
AT, H 2 - 5 A 19 it 0 o 0 o o I 38 £
(1), XL AT AE S 28 4 K7 11 E 18 i 2 /N )
JFEH Z—.

6] 5 43 A7 2% B, 26 S0 TR B0 it A W B HE 400 ~
4 000 mg - kg~ 'YEEI, 507X EARA AR S
KR AL 2 B A P <0.05 ) FAH( E2),

80
Y = 67093 X + 71.574
_ . R = 0.7111%
S
feof
d
K=
8
>
L=}
M
40}l
¥
B
iz
20 L L L |
0 2 4 6 8

K HFE K saturation (%)

B2 3 KR S ESR AR

Fig.2 Correlation between K* saturation and K fixation rate in
soils.

[ B A R TR A AR A T B B0 2R A2 K fixation rate was av-

erage value over different K fixation rates under different K additions.

X5 Conti 45 S BT AR EE A ) - S5 [ 4 R % ORI 5T
S5 — 0 UL R 5 | R K R R AR
Ak, DATT R i) 398 [3 #4058 1 i AR Ak, (HU: R R
T B e DK - 4 K R R R o, R G - g
BT E 1 A R LR, 28 Dk KTt £
S0 BE T (14 5 1 S R e S R A
ARAK, FURGE M)+ HESR A5 A AR Ak, PR AR )
4 KA B AR Ak, B LA, KA 2 E T, B
AU 4 3 K AR RN e 2 (S
2 BRSO B B H G W B AR A e L B i G
i AR Ak

4 &

ANFEASEAETS K T B X 1 e 2 [ e 5
M) P AL PR = B o 52 1) = 398 5 4 W A i L 2 K
B R T KRR B A Ak T s ) 98 [ A R 0 1)
k.

e, KA N, SRR AR R B
BT RS Y R R B, B K =B
IR AR 1 = B -SRA TR 2 2 R W e A I R B
AR RIS , AR RE P M. KIWEE S
TR A EL , 7K 25 B 5 B A Y 2B 4 4
RN, K = B T A Y 3 L [ e ) e A
REARR, 7K 2 BE 8 4 3 5 1 K 1 B B R ) e &
AU AR AL, LR, K BN L S Ak B Y
T, ) - 9 [ 49 B8 T FAARK, T MU B R A4k
Xof R S HE 7 A 5 . B SB EE KTR
AN, KIS R 3 K o 0 48 A, A
- B[ RE T R A SRR 22— K TR X 3 Fb A+
HE SOC .CEC F1 <0.002 mm Kiki & £i%A B &%
M. A, Fe A X A ] — - e E AR 44
J5 AN — 50 E D7 20T WA TR) =498 ) R A i FH =
(ALFE R — - 426 A0 R B89 A R 2 A ] — 4
FHHET ORI 5 ) 2 5 52 ) £ 38X A0 IR AR 19 [ 2
WA FFRAMFSE.
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