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Effects of long-term fertilization on the availability of K adsorbed by
clay minerals and profile distribution in brown soil
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Abstract: The sequential extractions combined with conventional methods were used to study the availability of K
adsorbed by clay minerals and the profile distribution under long-term fertilization of brown soil, with a maize-
maize-soybean rotation. Results showed that the contents of K and the proportion in total K on arable layer
presented as follows; i > e > p. Contents of p, e and i sites K with chemical K fertilizer application and no K
fertilizer application decreased. And organic manure with K fertilizer application could remain the amount of K at a
higher level. Correlation analysis indicated positive correlation between p-site K, e-site K and exchangable K, and
the correlation coefficient were 0. 926" and 0. 886" , respectively. A positive significant correlation was observed
between p-site K, e-site K and the uptake of K by crops. And there was a highly significant correlation between i
sites and the uptake of K by crops (r=0.963 " " ). There was an extremely significant positive correlation among p-
site K, e-site K and i- site K. The tendency of contents of potassium were all changed with depth as follows; 0-20
cm >20-40 cm.
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Ja HEFHREFETT N REEAEOL, LY
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1 MBS HE
L1 REBXER

TIEEEACR B AR R 2= ER IR RS A R i
R, KB E T 1979 48, & 2009 4FE A 31
£, TEINABTESNLE MR LM RE
WA+ GRERSE) IR TR 4R A0 38 0—20 cm I
20—40 cm T EMEARFSREINFE 1, ZHLT
PAIDF R EE FF A O 3, JL4h 40°487, R4 123°
33", BT R RIE- RIEERSE, SFREKE 574
~684 mm, R EEFH N 1435.6 mm, FFFEH K
¥R 7.0 ~8.1C,10°C LA R 3300 ~3400°C , &R
1148 ~ 180 d, X HEFMHEKEL,6 H—~8 A
R 7, #HF KR 547 mm, FH KRB
20.7C ,ETEYA K, RIEVMAEKES, EUNE
EBFRIER—FEKR—KE,

®1 1979 FRBATREREUER
Table 1 The soil physical-chemical properties of soil before trial in 1979

AR Ex:) BAER X R e A
®ER pH : : .
Soil lager  (H,0) Organic matter  Total N Alk. -hydr. N Total P Avail. P Total K Avail. K
(¢/kg) (&/kg) (mg/kg) (¢/kg) (mg/kg) (g/kg) (mg/kg)
0—20 e¢m 6.5 15.90 0.80 105.5 0.38 6.5 21.1 97.9
20—40 cm 6.0 9.32 0.62 72.3 0.32 5.1 20.0 90.2

L2 Rigit

RERARX KT, A =X H, 3L 18 Ml
FEANER, /NXTEAR K 160 m”, ARPFFE BRI S
AN 1)CK, 2)N, 3)NP, 4)NPK. 5)MNPK, H
i, CK R HAE X B s M AR 16 AHUIE, i iR &
27 v (hm' - a) , HHIEAEIEE, BVUEFS &
B 119.6 g¢/kg,N 5.6 g/kg,P,0,8.3 g/kg,K,010.9
g'kg, AR NMETIRE , Bl NI BERRES , 1
JENBBRS . P EREMEAM N, PO, f1 K,0
433124 120, 60 F1 60 kg/hm*; KEAEHE) N, P,O;
1 K,0 36 84> 51> 30, 90 1 90 kg/hm’, H o
1992 48 J5 K BAR B A M A HUIE
L3 fidti%

Ptk 380 1979 4R R 45 1 (CK, ) LA K% 2009 4¢
PG R B A 3 (0—20 cm F1 20—40 cm) , +#¢
AT Jgit 1 mm 9%,

1.4 SHAEREEST
RAESR LRSS E R ENEARESH

&8, PR 2.00 g(m) 2HMA 25 mL E.L0F
(B —F & m,) P, 55 A 20. 0 mL Z8487K ,150
r/min, Pz %% 30 min,4000 r/min B.[> 5 min, | E E
B8 K WE(c)) , AE/MOEE LB, ICRE L
BRE(m,); JLEFFEMA 0.5 mol/L H1f CaCl,
% 20.0 mL,150 r/min, &% 30 min,4000 r/min
B0 S min, U FIER KT E (c;) ,/DOEE B
HH, IEREOE RE () ; FAERE.CETER N
A 1 mol/L 5% NH,OAc &% 20. 0 mL,150 r/min,
$#%7% 30 min,4000 r/min B.0> 5 min, U E L ER T
B K #E (cs) o

FAE2.50 g 14, 1 mol/L PRKIR YL , MFSTR

M Qo
H AT ERTEALWT:
Qx =¢;v;/m

Q, =(c,v; —¢/Av;)/m
Q. =(c3v3 —¢,Av,)/m
Q; :Qm —Qm _Qp_Qe
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He. Av, = (m, - m)/Pulttﬁt P1 BARBKEE,
4 1.00 g/mL; Av, = (m, —m )/p,, 4k p, 7§ CaCl,
WBWER, 7 1.02 g/L; Qq. Q,. Q. 1 Q, o AIHsE
KIS p N e (VAR i VISR,
S A WP R M I E
ARENTHE (kg/hm”) =BHAHRKE
(kg/hm®) - FE4IMR IS & B & (kg/hm”)
FRTHRE = BAHE (kg/hm” ) /EYITR I

HRASEHBERT CK,,

B3R 2 W0, &40 3 p (4 G 28 HLBIRAR,
T£0.093% — 0. 144% Z [f], 5AMHE (CK) # 1,
MNPK 1 NPK 403 p i S B BE ST CK 405,
A3 BB 4. 59 mg/kg F19. 90 mg/kg; T N H1 NP 4b
KT CK 4b3H NP 4031 5 CK 2 RARBEKF.
e (U BH G2 L) % 0. 281% ~ 0.339% , I, p i 4}
HIE; 5 CK 48 H, MNPK 1 NPK Ab3E e {3 414

%Epﬁ(kg/hmz) ﬁﬁ%%ﬂ: CK,NP ﬂ] N ﬁﬂ: CK ﬁt}i,@%ﬁxﬁ
RJH SPSSI9. 0 KAFRATARI 07 o BXEF i {6, & 26 L 3.381% —

2 RS0 3.768% ; 5 e fr #2401, B % : MNPK > NPK >
ZhAN—

2.1 KETRMEEIHE(0—20 cm) LT WK
B R S BRI

258 31 SEAFIGAEAL B , &AL B MR o7 5
HEBAWHBEN(GR2), 51979 FRIE AL,
p e Mli U F BRI N MNPK A ER T CK,,
B2RARE; HMLH(NPK, NP, N 1 CK) &£

CK>N>NP,NPFMIN 5 CK 2RABE,

U b BiBAZ R 31 4R A IR AL , 75 HLAE A it
WL RS Y e A R P S B, T R i L2
HIEMAGEH LR PEMNAHTEETIRE. &
PRAERRIAY: i >e i >p filo S
H, M SRR SR A R A B A S 2 B LB

#2 FEBBLEHEp. efiUHSE
Table 2 Contents of K absorbed (p, e and i) on arable layer under different treatments

pham p o o 2 H e fu g o 24 B ifu g 24
p-site K % of total K e-site K % of total K i-site K % of total K
Treatment
(mg/kg) (%) (mg/kg) (%) (mg/kg) (%)
CK 19.19 ¢ 0.099 56.75 ¢ 0.292 660.70 ¢ 3.399
N 18.77 ¢d 0.097 54.38 ¢ 0.282 652.60 ¢ 3. 381
NP 17.65 d 0.093 53.71 ¢ 0.281 645.70 ¢ 3.384
NPK 23.78 b 0.121 59.00 b 0. 301 683.40 b 3.483
MNPK 29.09 a 0.144 68.45 a 0.339 761.50 a 3.768
CK, 28.02 a 0.140 66.81 a 0.332 735.50 a 3. 659

T (Note) ; CK,—1979 4E[F 14+ The original soil of 1979 year. [RIFIEE ISR FFREFRRALHEE £ 7K 5% BE KFE Values followed by

different letters in a column are significantly different among treatments at the 5% level.

2.2 KETFEMAEALE TR RN FERR

B3 WAL, EER—EAR—KRERE, EL
31 ERAMEREAMGT , A F R &AL # (CK, N #
NP) B R R T GRS, b NP AR T kB &
K, % 2301. 1 kg/hm®, NPK 4bBR40 & F45 RECH
0.71, %I A Tk, RE NPK LHGHRHIRA,
BRHFENBARKTEY R E, A KA
BEWE /R AR, MNPK A HSERARET
EYEmE, RUFEREON 1. 82, TR RER
MBAR

2.3 HEEBRHHMAHEE R
RHAEFRAEY W L ERRR A RER S, H
FRERE HEAREIRAN BRI,
RHME SRR MR FER T (R 4) B,
THNFG p UF M e R BEEMRXKER, M
KA A 0.9267 F10.886" , Yl p ML FHFI e
WS T RARARER K. 750, A RN
WEBEREE EMRRKR, UL AL R 4
WHEEE ., FXMTERY, MR BRI E
SplufifMe NHFTENEBETEMRXKAR
(0.943" F10.938" ) i -5k 51 B 2 A% B 3% IEAH
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KRAF0.963" ") KA FGREAGT /EY  2REHKBEIL.
RHEST YR AHTEXREN FFEAEX

®3 KYPFREREEXRRY L EH R0
Table 3 Effect of long-term different fertilization on K balance of soil

fh3m FESIE Kinpmt  MIRHIE K uptake IRV FEH K surplus or deficit A R %
Treatment (K,0 kg/hm?) (K, 0 kg/hm?) (K,0 kg/hm®) Index of K balance
CK 0 1774. 4 -1774.4
N 0 2282.9 -2282.9
NP 0 2301. 1 -2301.1
NPK 2100.0 2950. 3 -850.3 0.71
MNPK 9163.2 5038.7 4124.5 1.82

x4 BURHSEETHEHRRHAEZ BRHEXE(r)
Table 4 Single correlation coefficient among exchangeable K, K uptake and K absorbed by different sites of soil

Wi H Item AR Ex-K 4 & K uptake p fi#f PSK e {4 ESK i 4 ISK
R Ex-K 1 0.752 0.926" 0.886° 0. 862
48 K uptake 1 0.943° 0.938" 0.963°°
p 7 PSK 1 0.975°" 0.976""
e {4 ESK 1 0.996" "
i 248 ISK 1

¥ (Note) ; Ex-K—Exchangeable K; PSK—Planar site K; ESK—Edge site K; ISK—Interlayer site K. = §1 = * Z3B|FER7E 0. 05 F10. 01 K F
EAEMEBE(n=5) Indicated correlation are significant at the 0. 05 and 0. 01 levels (n=5), respectively.

2.4 KPEMNHEEMNEMCAHSENESHRN SEVPHRIKT 14.45%; e NS EFHREET
®m 6.73% ; i (R T 5.86% o FAz AR HILA

HE 1 TLUEY, ARGELE p, e fi i  MNPK &bHFERHRE ,p. e Fli 7 #7£20—40 cm
FRABMGHEAMF,EELENNE, S BoilBRHERIT 5.92 mg/kg, 5.52 mg/kg Al
S BB SHEMIL, 2040 cm L2 p 4l 56.92 mg/kg,

Content of PSK p {414 (mg/kg) Content of ESK e {741 & 7 (mg/kg) Content of ISK i 7474 #: (mg/kg)
0 10 20 30 40 0 20 40 60 80 0 200 400 600 800
: : . D . . . o : : : ,
Bl ] ]
% 0K Q| L]
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H NP
g 2 mNK e —
5 - w e (i "

E1 FEMEEALEp, e 7 i #fEIFIES % (0—40 cm)
Fig.1 Profile distribution of p, e and i sites K under different fertilization
[ # (Note) ; PSK—Planar site K; ESK—Edge site K; ISK—Interlayer site K. ]



1416 EEREREB%I# 18%

3 e 54hE

T3 p (i FRER SR TE, X8 R
575 e MALTE BB GBS , AT R Hae
Jitb p fuss; i fRAE2: 1 BT A B
SRR, N K BaR B R,

31 SEEEMHIEG,NP I N A p, e M1 fi A
HEEE CK IR REZ, TRl R EEBE S
HHWEH Ca’ F Mg®* W AR e K™ 5 M6 ARUE
Ja, g NH, B TS, 30 s i K™ 4k
TR Rl T LA BEAE AR, At
BhRARE ERAINEHEATHIERLT, S
NP fl N b HI&M SR T ER L, RE NPK &b
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G A UIEAL 3 TR A HLAE AL 28, 7T AR IR

PR REEA YR T3 ZE 2040 cm,

B2, EER—FEAR—RERERET, £
31 A FIHEIE 5 & AL B B2 L4 p. e T i {67
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