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Table 1 Physical and chemical properties of tested soils

o CEC A BB K L gl il i Hok: Hiokr
pH oM Water solution K Available K Total K Sand Silt Clay
Soil (cmol kg™") -, -, . » » -, .
(gks™) (mg kg™") (mgkg™)  (gks” ) (gkg” ) (gkg” ) (gkg™ ')
AR
5.2 15.5 27.5 192 14.2 382. 1 328.3 289.6
Red Soil
WL
6.7 24.3 14.9 141. 4 17.1 210.1 388.6 401.3

Yellow-cinnamon Soil

VAP RLRLAR S 2 ~0.05 mm; Bk R FR 0. 05 ~0.002mm ; B R ki F2 <0.002mm  Note: Particle size of sand (2 ~0.05mm) , of silt (0.05 ~

0.002mm) and of clay ( <0.002mm)

1.2 #iXHIER
MR i B AR 73 5 A HLIR (LT ) K A AL
W) F B ARG R RO E SR N A

LU e A9 A HLAR 2300 - R (OA ) AR (CA)
LS SR PR (MA, RUR ) BRSESR R ), ¥ 50 0 B 4
e PE L2 2.

®2 HARSIFEANRHUZMER

Table 2 Properties of some low-molecular weight organic acids used

‘ \ e
A LR (=0 B pIE L
Dissociation constants
Organic acids Chemistry formula Ligand form
pkl pk2 pk3
HR
HO,CCO,H H,L 1.23 4.19 —
Oxalic acid
Frikm HO,CCH,C(OH) (CO,H)CH,CO,H H, 1 3. 14 4.77 6.39
Citric acid
-3¢ 7
FRE® HO,CCH,CH(OH)CO,H H,L 3.41 5.11 —

L-Malic acid

1.3 if5eigit

HERR PRI 0. 500 g 44 (1mm G ) %A [ 1 19
AR (K 1), e B kA B L
1 oml min ™" (9 2 3 28 R K56 U VR Y K v
JE CPUAA 4 b b ), ELEUR I OE Ko ik o

B E M 2 A0k o0 05, TS 1R % 19 A5 AL
M2 + AL (KCL) BiR A3 (25 8 TOKBCH)) A L
i F LA 1 ml min ™" AR 4 A, 7E 0 ~ 20,20 ~
60,60 ~ 120 min i ] B AR, i [i] ] B 20 531 o 2
4.6 ming S T B kAR R S0 A T L R
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Fig. 1  Setup of the experimental apparatus used for determination of K *

adsorbing-releasing kinetics
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o oa: 213, 0.1 mmol L"AHLES; b: ##t, 0.1 mmol L"GHLER; c: 203, 1.0 mmol L"GHLER;
d: ##t, 1.0 mmol LA HLEE Note:a: red soil, 0.1 mmol L' LMWOAS; b: yellow-cinnamon soil, 0.1 mmol L™
LMWOAs; c: red soil, 1.0 mmol L' LMWOAEs. d: yellow-cinnamon soil, 1.0 mmol L' LMWOAs

B2 0. Tmmol L™ K™ ¥R AS ) e J3 A5 AL IR Ak 241 - 4 K W5 ff ok
Fig. 2 Effect of LMWOAs on K * adsorption of the soils in 0. 1 mmol L.™' K* concentration
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L, AR D Ali A IE R ) L 25 5 R KT
2.2 BAHEBEMTLEN 1.0 mmol L' K* iR
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Xof B BRE  )E TX BR (LI 3)

I 3a A LA H, 24 HLER YK 0.1 mmol L™
i, 27 2 B K A vk ol X IR (873.4 mg kg ') >
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SRR (612.0 mg kg '), 3R 4k HE e 1k B P
i, 3% ] BE 5 A HLRR A A A By i M BT S K79k
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(473.4 mg kg™ ") A HLIR (¥ 0 A ) 494 0 T 4548 +
XK B S T RE 5 b A B A b R
A, TR R A R R O KA
5 W - S

AR E 7 1. 0 mmol L™, 21 398 76 FC 0 Bt
SR BT 60 min P, = il A HL R &b B - 3 A 0% B
K RE AW R L9, 25 RN R > ¥R
M2 > PP iR (18 3c) 5 #5481 B9 A ML Ak 38 K g
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W TR K i B b B HE AT LG AR T A5 B e TR
Hi KA e B R A g B e R e T B K, X
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:oa: 413, 0.1 mmol L'GALER; b: 1, 0.1 mmol L'GHLER; c: ZL3, 1.0 mmol LGHLER;
d: ##t, 1.0 mmol L' HLEE Note:a: red soil, 0.1 mmol L' LMWOAs; b: yellow-cinnamon soil, 0.1 mmol L™
LMWOAs; c: red soil, 1.0 mmol L' LMWOAEs. d: yellow-cinnamon soil, 1.0 mmol L' LMWOAs

3 1.0 mmol L™" K™ ¥ B T AN [F) vk B A AL I Ak B 1 4 4 K WG B o

Fig. 3 Effect of LMWOAs on K * adsorption of the soils in 1.0 mmol L.™' K* concentration
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X, e N E] A CB D H R o B B T 3 Bl
i I A P A 34 In Sy AR B

122 3R], W R S 7 332 5 I 1] £ AR X L
Ing [AIF77E AP ALk 5C &% 38 31 I 3% sl 8 5 7K F
(roos =0.754,r,,, =0.874), 1.0 mmol L' KCI 4t
) A (E] 55 T 0. Tmmol L™ty &b 1, 3 456 W] i
IR R TG & . B O TUE R IR A
1) ) 22 5 o7 S B8 A BT R AT, B LB A, i o 3k 2 g
KA B . 1.0 mmol L' KCI 4b By B fHE /N,
Y CHG 5 N R R AT R

®3 4B EHT K BMEEEE(V,) 5RERE(In)WEESRE

Table 3 Regression equations of velocity (V,) versus time (Int) of K* adsorption in the two soils

b3 0.1 mmol L ™" KCl 1.0 mmol L~'KCI
Treatments A B r A B r
o1 CK 3.29 ~0.73 0.944 8** 44.01 ~9. 64 0.927 3**
Red Soil 0.1 mmol L™'0A 4.45 ~0.94 0.886 1** 31.35 ~6.82 0.7913"
0.1 mmol L™'CA 2.86 ~0. 64 0.901 0** 57.51 ~13.38 0.924 3"
0.1 mmol L™'MA 2.07 -0.50 0.8327°* 49.42 ~11.63 0.9355""
1.0 mmol L' 0A -0.05 ~0.10 0.197 2 28.56 -5.98 0.763 0"
1.0 mmol L™'CA 0.79 ~0.20 0. 686 2 29.34 ~6.73 0.874 0
1.0 mmol L~'MA 0.52 -0.13 0.690 3 28.15 ~6.22 0.8425"
b3 0.1 mmol L' KCI 1.0 mmol L~'KCl
Treatments A B r A B r
- CK 5.38 “113 0.899 2** 30. 35 -7.05 0.722 8
Yellow-cinnamon 1 01 1,710 4.24 ~0.90 0.861 5" 34.35 ~7.62 0.742 3
Soil 0.1 mmol L™'CA 3.38 ~0.69 0.8153" 43.18 ~7.30 0.9532**
0.1 mmol L™'MA 3.33 ~0.69 0.719 8 45.65 -8.59 0.903 5**
1.0 mmol L~'0A 2.20 ~0.34 0.531 1 30. 15 -5.39 0.679 0
1. Ommol L' CA 2.28 ~0.42 0.8695" 36. 03 ~7.33 0.797 6*
1.0 mmol L~'MA 2.41 ~0.42 0.8384* 35.01 ~7.24 0.8190*

1 Note: ry o5 =0.754, ry,, =0.874

2.4 THEMEMZNFEHFENEE

Xt £ WA B KR BN R AT LA 45
WFE4 £S5, Hph—qsh B slae8Oer R
U RSB B KO R ARSI

0.1 mmol L™'KCl kP 404 F , = Fh 7 i 16 1 i
P Ah L S B KT Bl 2R A R B T AR B KR
H. 1 Elovich 24T r=0.5852 ~0.979 5, &
0 r=0.902 1 ~0.978 6; 8% Iy FE LT IEMY r =
0.775 1 ~0.991 6, %4 + 1y r =0.945 9 ~0. 981 8;

XUH BT FELLER) r=0.564 8 ~0.989 5, 2 # 1 9

r=0.990 7 ~0.999 2,

M KCL¥RBEE~ 1. 0 mmol L ™" A], Elovich 7 #2441
HEW) r=0.942 3 ~0.993 3, %4 1) r =0.948 8 ~
0.966 0; 5% Jy FE 4T 5 r =0.906 1 ~0.990 1,
M r=0.887 0 ~0.991 2; XU ¥ Jy Fe 1 ¢
flir=0.934 7 ~0.999 6, ## + 1 r=0.973 7 ~
0.998 7, BRI, AWH B BIMHLRE S T
Elovich 77 2 F1 48 2077 #2 , v DL SUH %0 7 72 02 #f iR
CLHEREEAE EAEA HLIRAE T KB 3h 71 24 10
e LA
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EFFECT OF LOW-MOLECULAR-WEIGHT ORGANIC ACIDS ON K~
ADSORPTION KINETICS OF RED SOIL AND YELLOW-CINNAMON SOIL

Zhan Liping' Cong Rihuan' Li Xiaokun''*" Lu Jianwei"> Wang Jin' Wang Zheng' Liao Zhiwen'
(1 College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China)
(2 Key Laboratory of Arable Land Conservation ( Middle and Lower Reaches of Yangtse River) , Ministry of Agriculture, Wuhan 430070, China)

Abstract Effects of low molecular weight organic acids (LMWOA) on K "adsorption kinetic characteristics of Red
Soil and Yellow-cinnamon Soil were studied with the continuous flowing method to explore an optimal model for describing
K" adsorption kinetics. Results show that the red soils in all the LMWOA treatments, except in the treatment of
0.1 mmol L ™" oxalic acid, adsorbed less K* than it did in CK (soil without addition of LMWOA) , and the yellow-cinna-
mon soils varied in K* absorption significantly with K* concentration. When K" concentration was 0. 1 mmol L', the
yellow-cinnamon soils adsorbed less K" than it did in CK, but when K" concentration was raised up to 1.0 mmol L™,
they adsorbed more than it did in CK. The K" adsorption capacities of the two soils varied with the type of organic acid,
showing an order of oxalic > citric > malic. The reaction velocity of K * adsorption in the two soils was found to be in a good
linear relationship with the natural logarithm of time “Int” (r,,, =0.754, r,,, =0.874). The treatment of 1.0 mmol L~
K * was higher in initial adsorption rate, but dropped faster in reaction velocity. In fitting the data of K adsorption in the
red soil and yellow-cinnamon, the two-constant, exponential and Elovich equations were all quite effective, reaching the
level of extreme significance, but the first order equation was not so good. The correlation coefficient of the two-constant e-
quation was higher than that of the exponential equation and the Elovich equation, which rendered two-constant equation
the best-suited model to describe K" adsorption kinetics in the soils treated with organic acids. Under the effect of organic
acids, K" adsorption in the two soils was mainly influenced by soil charge.

Key words Red soil; Yellow-cinnamon soil; Low molecular organic acids; Potassium; Adsorption kinetics



