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WE: LR EIHBRTAERETFERER L LB AGERRF. KATRA CaCl, LR T ERR
T 22 F KM ARAIC(CK) . NPCRA#E4P L) . NPKGEAP ML) . NPKS(47 fe 55 7% 47 i& W B 46) A= SCR A AF) 3 4 &
LTHERBEATERB RO YR, AMA R E LRI TRRBEHPRE, SRAN. SEAR—HeLRLREE
LR BHEAGFERLFAMPREENR, GHPERTFRERAFTE. RAA A FHTRASLE LR
B ERATEMLI, TR EBELNE(1~168 h) A Elovich 7 (M W& 7 BOEMRE, BRELE LT
0 74.2%~T77. 0% ; JE BB N B (168~1 472 ) A Mdh & 7 A SR J 4. RR A2 %3k Rk dr ey
KRk R A BAFHEFAGITFEL, ER A A S> R4 £ >NPKS, CK>NPK>NP, % #1 R #47 et NP
4022 A ST ek AT 89 B A ik Rk NPK AL 224K 18. 3%, X 3o wT £ 34K 26. 7% ; A 3 L3 ey 3 L 47 R R
3 (133.32 mg/kg) 1 & NPK #4349 78.69% ; {Lie B a2 4F L33k R AT B K T4 176. 26 mg/kg, B
B E A 16.13 meg/kg e h 'R FH TR, AT TGRS EE L4 4

X 8 O RN B A F; s A FE L
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MREFRIEWEEY O AR AT 2. 1 AR R W s B R A AR EERR AR b, AR S e
BB O AR SR L R O, AT S A KSR, TELLHOKRE 1 30 AR BRI, FAT L
FHRE % 32 i 1 S AR A e P B0 B et 20 S B RSO0 R s AR S S P R B ) S T 4 RO B ROR
TR I TR — RS F IR LY BT RE . Elovich 77BN AKSE AR IR IT W, 3 b B R
o — IR, EERE 2 DA R RS R SRR A BB R R OR R ()
AR (o) ELE I3 Be Il AR YA —RE I B R A — BB R R il 22 D9 AN R B BL A, AR SCRU P 5+
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1 ME5AF®
1.1 i T3¢

B R0k A B % 6 0 ) 5 MRS K A 00 19 JE iR B2 3 (1991 4F) F 2013 4R K AF U 4R
JE MAEZ (0~20 em) 2 HECRI 1SS 22 4R 5 A2 280 . K IR 13 03, AW s BUE Y 5
AL H P BEZE RIS TAFSE . © CK, HFEY . AL ; @ NP, ASHEAAE . (U 2B ; © NPK. jifi 2
BPAL; @ NPKS, ZBEHIESFEFHE MECH ; © S, i Fr. ot B m s a2k, hiEEa LWk, @
HWEOLT » SR = B — S A TR )2 2 [E W) 0 5t i 50 B0FE R IR RG L ) h e K. FHORA & = K B J5
WO —MAENT, —AERL 2 R, KRR/ BB AR . 1991 AEF 1996 4F— 2= BEAE W) 2\ Wit T 1
JAENE 150 kg(ND, BEAE 75 kg(P, O, HFAE 75 kg(K, O). M 1996 4EFKZEIT 44, B . A1 AC A4 488 FH 4 M LA AT
f 75 kg B4 60 kgs /N BALM T 888l 135 kg, FEFFIE HARAETE/NEF A, HEA 7.5 t/hm”.
1.2 TEIEZHEEER N FIKN

A AR A e RS B ) A SR i S A 4 k. AL BRINE .

D Ca™ M A 3 dl B, 510 ¢ B GE 1 mm D BE 10 mL B0, H A0, 25 mol/L
CaCl, 8% 50 mL, 3 H7E 250 r/min ¥:3% 0. 5 h, F-7E 3 500 r/min &0 3 min, ¥ FEWNEREH, £ 1
M E 3 FEA 50 mL /K LBEFE 250 r/min F#E3% 15 min 5. .0 3 min, KE 2 K; FHEA
50 mLZZ /K $%% 15 min J5 B0 3 min, RE 2 K., —HEEA CI (AgNO, K5, RJIF7E 60 CHET )5
g B% 54 0. 25 mm fifi.

2) AR EFR R ORI 4 3 1,000 g Ca®  HEAI R IERCE 50 mL BLOA T, A 20 mL
0.01 mol/L CaCl, 7£ 25 °C F [a) Wik (250 YK/ min. {EGWIMIAEK 2 K. —¥K 1 h) . F7E 10 000 r/min &
> 10 min, ¥ L JZ PSRRI A THN & B & . SRR | 4 500 1,6,12,24,48,96,168,
272,416,560,728,896,1 064,1 232 Fl 1 472 h.

1.3 BXBHIUHERSZITHE
- g A S 4 B A RS i BN ) 2 TR B B 0 2 O R R A TR AL

T TTFE
Ky,—K,=a—0bt
IR/ O
K,=a+b""
— TR
In(K, —K,) =a — bt
X Rt 4

K, =a +blnt
Ao a Ao BREEG ¢ BT Ko SRR R B s K, ERT ] ¢ B0 ARSI . bRl 2E SE =
(K, —K)*/(u—2)]"" (K, F1 K N7E ¢ i} 8] Bt Pl fE 545 20 0 80 B . n e i iR E0.
RIS B ] SPSS Statistic 20. 0 # 4 F1 Microsoft Office % {4 #4743 #r. i 5 % 48 19 2% F /K - i
Duncan ¥85%, »<<0.05 N EF G52 L.
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PP LT 2K kO 0 3R O R 0T LR L 0 T R R L R A A



%9 HER, F. kA ALIEREFSEE LEI BB BRI R 3

b AT B Y AR 22 v B R R B A AR

133.3~210. 4 mg/kg Z ], 45 A — o

FE G B J7 ¥ 2 40 T+ M A9 JE 5 4 V0 R g

B EERASRITFE X (p<<0.05), K mﬁ

ORI IE g NP 4h B 3 52 1k 5B =

ik B AR AL AL A 133. 3 mg/ke. 15 NPK £ % o Efs  ——NPKS %S

BE ORI 78. 69 %0 5 7 U 0 A0 S Rl L A . . . .
i 5 FF (NPKS b 30 DL % o 05 5 #F (S Ab 0 100 af,;()/h 1200 1600

B BRSBTS B4 176. 3 mg/kg
210. 4 mg/kg, #m T NPK &b 2 ; ¥ B FG
F 1 6% B 5 B2 = 55 €5 b SJF 5 4 M A 0 I o o0 BR0OR RE ik
2.2 KEIAEREEL® L IESRERRER S HFHEEY

38 IS — AT 7 20 25 Ak 31 A R A8 e PR R TG FR T 4 Bh 3l g 27 5 R S AL A 1 BUR ANk 1 TR,
TRE R BB 2 50 - B £ 07 72 (0. 982) =>—Z s i J5 2 (0. 926) >l 4k (0. 829) >F I F2£ (0. 672). #5
WE 25 (SE) K/ R 3B 22 (5. 11 mg/kg) <H# 2k (15. 55 mg/kg) <<—H i (18. 41 mg/kg) <E 7 hf
(21. 48 mg/ke). M LT REAEAT ], XE R® e, ARifE2Ed/IN, U0 BT A A B 45 £ 4 3 S8 B 0 1 R et
L Elovich %2675 BRAUL G focbf o 2B HOR 3 10 il i Fe.

®1 KEARABEEETLEETESHRERI BB HNZETREESH

1 ZBFTAEERERLBEFEZHREFRRABRRE

b €L EIPIE N — R ST
AT R? SE WA R? SE
CK K,—K,= —0.060 6:+73.06 0.673 21.9 In(K,—K,)=—0.002 1 +4. 36 0. 931 18. 23
NP K,—K,= —0.046 7t +56. 31 0. 682 16.51 In(K,—K,)=—0.002 t+4. 10 0.935 13. 86
NPK K,—K,= —0.056 3:+67. 33 0. 662 20. 83 In(K,—K,)=—0.0021 ¢t +4. 27 0.932 17. 62
NPKS K,—K,= —0.058 9:+70. 47 0. 664 21. 69 In(K,—K,)=—0.002 1 +4. 32 0. 936 18.39
S K,—K,= —0.069 4r+85. 27 0.672 25. 22 In(K,—K,)=—0.001 9z +4. 50 0.914 21. 95
JE IR+ H K,—K,= —0.064 2:+80. 87 0. 681 22.74 In(K,—K,)=—0.001 8 +4. 44 0.911 20. 41
T 0.672 21.48 0. 926 18.41
- X B0y o2 s
WA R? SE WA R? SE
CK K,=16. 479Int +52. 212 0. 983 5. 04 K,=2.614 911/2+87.023 0. 833 15. 85
NP K,=12.631In:+36. 668 0. 987 3.38 K,=2.013 4¢1/2+63.19 0. 841 11.6
NPK K, =15.452Ins +52. 357 0. 986 4.25 K,=2.439 9r1/2+85. 213 0. 825 15. 08
NPKS K,=16.132Inz +53. 95 0.984 4.73 K,=2.550 411/2+88. 197 0. 825 15. 69
S K,=18. 874Int +64. 675 0.98 6. 27 K,=2.989 7t1/2+104. 64 0. 825 18.3
JE IR R K,=17. 238Inz +55. 04 0.97 6. 97 K,=2.745 7:1/2491. 274 0. 826 16.78
-1 0. 982 5.11 0. 829 15.55

2.3 KYPAREMELEE L IEZ MRS B E TR 5

M2 a5, B—FrBE(1~168 ) BH TR R* F{E N 0.570, M Hoih £ 7 B R? SE3¥{H N
0.985, —Z I B R? ¥I{EH M 0. 698, ML MEIME N 0. 781, KL 2 —Br Berb i Bt £ 19 R® (& . i B
FESL B BoX B 4 18 SE 7E 2. 73~5. 82 mg/kg yu BRI, ¥MEH 4. 25 mg/kg, I H2X LA fRd SE
AR, PR S — B Be (1~168 )iz A — B 5 it AR 7 3 25 Ak B 4 198 1 =8 40 1 B A 88 il o R LA o) 2650 i 28
T AU W AT, A B B (168~1 472 D h L 7 18 R* & . SE A, ¥IME 5528 0,994 il 0. 97.
PRI I 7E I B B 4 P 26 47 1y R XoF A A 4 1k 0 R ik 1) R ARAICR 005 e . TRtk O — A A it IE T X 2 Ak 2
- S A P B 0 R B R L X B O R B — B B R 2 B IO R BB B BO UG iR A
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K2 KEAEHEELEE2 NME(1~168 h, 168~1 472 h)KHERBHM 4 M HFHFEERBHEXSH

T Y 45t 2% — RN bR/

kb 78 1~168 h  168~1427h 1~168h 168~1427h 1~168h 168~1427h 1~168h 168~1427 h
R® SE R* SE R* SE R* SE R* SE R* SE R* SE R* SE

CK 0.576 22.52 0.986 1.93 0.987 3.89 0.959 3.27 0.704 20.95 0.939 9.93 0.787 15.85 0.995 1.07
NP 0.594 16.46 0.986 1.44 0.989 2.73 0.967 2.25 0.722 15.2  0.949 6.43 0.803 11.47 0.998 0.53
NPK 0.58 21.04 0.987 1.65 0.987 3.72 0.966 2.64 0.717 19.5 0.938 8.18 0.79 14.91 0.998 0.68
NPKS 0.573 22.22 0.984 1.95 0.986 4.09 0.965 2.86 0.705 20.68 0.954 8.82 0.784 15.86 0.997 0.88
S 0.552 22.61 0.993 1.62 0.983 5.22 0.948 4.25 0.675 24.97 0.91611.26 0.767 19.15 0.991 0.17

JE I 0.543 24.86 0.998 0.8  0.975 5.82 0.923 5.1  0.662 23.47 0.92811.26 0.757 18.12 0.982 2.48
T 0.57 21.62 0.989 1.57 0.985 4.25 0.955 3.4  0.698 20.8 0.937 9.31 0.781 15.89 0.994 0.97

3 AR A Pk B A B R AE ZE RS 1~168 h F1 168~1 472 h i [a] BRAEAE W i 22 5 RsRE et . 5
WIS . EVAEAE B0 2 D OB RIS BT 2 AN B Be. 3 B BB AN 3R 3 B, fE 1~168 h BF [ Bt N, 4%
b R TIH R 18, 6~22. 6 mg/d, S5 BB HGE R M 20~23 £ 5 — W B AL S BRI #E
99.91~158. 40 mg/kg =M, H B E M EM 74. 15% ~78. 18% , KL T4 —Hr Bt (1~168 h) Bl
R EA, R PR B 5 BB (168~1 472 h) B LA/, B BUR W LA . R AN A
A SRR T BRI R A A 2 o ELJR P A Ak BRTE S — B B 0 R o o A B R R S R 10 B A 22 R
Ko W78 75002547 s UGS R A0 B I 32 it JIE 52 e A1k 3 A2 - AR B ) 1) 5 1

MR Al 52 bk 0 B AR il 5 10 75 R WP B 48 7 R (1~168 h) Rl 48 5 72 (168 ~1 472 h) IR I S %L
2 HEHETHH] . 7 1~168 h X —BFHI BN, i AN — 4 5 20 26 Ab 33 S8 460 1 B0 R T30 0T 450 1t 2k 5 72 2 850 22 0l
K, H KA EF LA NP A a0 FREL/DN, FomBHGE RN o (A i #0 NPK AL #AK 11.1%.
NPKS &b B 6 {H Ry 17. 50, B & F NPK A3, FrLAFE 1~168 h B[] P9 £k JIE B it 5 FF %o 3F 52 46 1 45 B 0k
REEAT . S AbH A4, JRIR HIE a0 BR, CK 5 NPK A BRI a .6 HZE S5/, 7 168~1472 h iX—
BF B P 45 A 3007 =X b i ) 4 2 800 22 0 S0P Bt e Al ), 23R W1 T NP A B AR, S Ab P AR . XK
THE1~168 h 1 168~1 472 h 2 A i ] Bt P ER AL T4 A BB b 21 7 NP 3 58 $8 1k 0 B o e e 1K, A
AR CK b2 5 4 i JE 1) NPK, NPKS 45 f5 FF 1R it 14 4 #8 3E 58 36 1 B0 R O A 25 8 K, KA Hit
FEIY S Ab 35 T8 e

F3 FAEMBLEESGREERBMMO B HETRMBYETRESH

91 B BE(1~168 h) 952 BrBE(168~1 472 h) 55— B Be BT

fib RECE/ BHEE/, B ESH R i/ B/ L hiisi BELSedBRg

(mgekg ') (mge+d™") a b (mg+kg ') (mg-d ") a b i B/ %
CK 134. 95 19. 28 49.88 17.8 43.08 0.79 110.5  1.759 75. 80
NP 99.91 14. 27 35.56  13.32 33.41 0.61 81.79 1.338 74. 94
NPK 130. 43 18. 63 49.92  16.73 38.98 0.72 109.5  1.558 76. 99
NPKS 135. 27 19. 32 51.42 17.5 40. 99 0.75 112.5  1.668 76. 74
S 158.4 22.63 61.89  20.41 51.99 0. 96 131.2  2.018 75.29
b 141. 42 20. 2 52.39 18.81 49.3 0.91 112.1  1.975 74.15

2.4 KEARGREELFIHRERETENXR

TEA YT v 7 v RO R OB PE R 3R 25 B0 A e T A RE 96 1 A 0 75 SR AR S 8 P 90 K A 1 9 0 3R
(9 EERIR. K 4 AR SCHAE AT P A O A R T A S e R A R S R 7 R A IE A S O A A
T4 L (p<C0. 05). XA+ K A AL NP, NPK ., NPKS &b #5248 B hl e 5 5 fe He 4 05 1 9
TRCHE A b 55 HO A4 A4 77 B B A S o A 5 SR AR T, TR A I ) BE A, 55 (8 AR S 1k 0 R B 5 R O R
5N R R AEAR DGR L 5 KR 7 i AR 5 Y IE A OG0 BT AT e S (p <20, 05) . W] A MR S
P B0 R B R T R A W ™ R A SR A ST T L
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R4 FXHUEABRPMENSH L SEVTENHEKEEX

e/ 1~1472 h 1~168 h 168~1 472 h
(kg » hm™") R b b & b FERL L b
INFZ 7R 0. 946 0. 957 0. 938 0.953 0.975 0. 989
IKFE e 1 0. 999 1 0. 999 0.992 0.98
AR 0.998~ 0. 999 0. 996 0.999 0. 999 0.993
3 it

Sparks il Jardine ™ ¥R FT AN TE = 8 A7 . S A FIE A0 B 0 A 2R A O FF 00 1) . A5 380 e 04 o 0 52 A o A
) % B i 9% 42 ] — 2 s 7 2 St AR A BR300 o AR T O A T A A R R DU A B 2 A TROR — RE ) — 2
. 588 K 30 it T 4% Ak B A AR A J M A R R R AR B T R R b, R R AR A AR . X — 2
FEIE ] (1~1 472 h) Elovich 75 PRI RS 1. B (1~168 h) B I3 T 2 A1 45 5k e B0 A B i, L R
Lt s JE 1 (168~1 472 h) H SR FRIR M BT E p Bk, B e 7 7E 2. 1 BURS L AL R )2 . OB
RN R AR R . XY K RE A8 W B 5N JE 58 4 M A0 R B SR L. X 5 Hosseinpur 19 HE5Y
PR — 2, FLAER 2 R 25 R A e R B B R AT D, A5 B0 it 26 O R R M £ O R e R AR 4P Y
P 4 R A e M A R . AN [) it S Ak B = 8 S S8 46 1 B R A AN [) S T B P BRI AN R R L AR R
ZE50 . R, BEACH B LA [ . T Y B R A

K isf ] P AS it 0 IE 6 NP &b BB il 3R e NPK AR H /N 18. 3%, IR I 22 A #4398 1 3 =2 e 1 4 R R R
B (133, 32 mg/kg) /N T NPK ZEFE, AU NPK B 1 78. 69 % 5 SR, — K I [] Py A Jiti 49 e
) CK b R A= e PE A SRR i 178. 03 mg/kg. B & T NPK AR PR, FZJE K A NP A #it FH & #
N, FEZE P RLRIRS FE = m s s, N IE AR R | £, L™ & 5 5. NPKS 4b 1A% R 55 3 R
TR i 5 T NPK A3, FEFF I H RE 08 22 i 1B R 5 B, H9hn - AR sc e vE . T PR RS A S Ak B
THADA AR, H2 5 TR LR, 2RO E 58, MRNBASTHE S, MRS A
Kl FEAEW & SSRGS . BREAUUEH 60 kg L2280, S BB RTHL, LHAESH
P 14 R I TRV A SR IG5 A 38 T RE 0% A I8 4 1 9 %) I 50 o M R O SRR B R, A T
FAFEY = .
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Study of the Effects of Long-Term Chemical
Fertilization and Straw Returning on the Characteristics
of Nonexchangeable Potassium Release in Purple Soil

ZHENG Zhi-bin', JIANG Qiu-ju',
ZHANG Yue-qiang"?, SHI Xiao-jun'*

1. School of Resources and Environmental Science s Southwest University , Chongqing 400716 , China ;

2. National Monitoring Station of Soil Fertility and Fertilizer Efficiency on Purple Soils s Chongqging 400716, China

Abstract: The total release amount and release rate of soil nonexchangeable K are important parameters of
the potassium supply capacity of the soil. In order to provide a scientific guidance for potassium manage-
ment in purple soil, the release characteristics of nonexchangeable K in purple soil in a long-term (1991 —
2013) experiment were investigated, in which the CaCl, sequential extraction method was used and 5 fertil-
izer treatments were made: no fertilizer (CK), chemical NP fertilizer (NP), chemical NPK fertilizer
(NPK), straw returning with chemical NPK fertilizer (NPKS), and straw returning only (S). The simu-
lation experiment showed the release of nonexchangeable K in purple soil was characterized by a rapid re-
lease in the early period (1—168 h) and a slow and stable release in the later period (168—1 472 h) in all
the treatments. Four kinds of kinetic equations were tested for their suitability to describe the release of
non-exchangeable K. The result showed that the release of nonexchangeable K during the early period ac-
counted for 74.15% —76. 99% of the total with a high release rate of nonspecific adsorption K, while the
release of specific adsorption K during the later period was slower in purple soil. Elovich models were the
best to simulate the early period, but parabolic diffusion models were the best to simulate the later period.
The amount of release and release rate of purple soil showed significant difference between the 5 treat-
ments (S>original >NPKS, CK>NPK>NP). The rate of non-exchangeable K release in the treatment
NP was 18. 3% lower than in the treatment NPK and was 26. 7% lower than the original soil while its ac-
cumulations of non-exchangeable K release (133.32 mg/kg) was 78.69% of NPK. The rate of non-ex-
changeable K release in the treatment NPKS was 176. 26 mg/kg, and its rate was 16.13 mg/kg * h™', a
little higher than in the treatment NPK, indicating that straw returning can improve the content of non-ex-
changeable potassium obviously in purple soil.

Key words: nonexchangeable potassium; release kinetics; chemical fertilizer; straw; purple soil
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