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H,O0 T8k, KB REI A P B 5 i, PR AZ ROAH
XA R A L R R ARG IR A R T
BRI T AR

AEXAE Y (% ) =it B b 2 2 R A Yk

+ it A A B A O B AE W x 100 (1)
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Release amount of non-exchangeable potassium
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PRI ] Release Time (h*?)

e XJ, B TR SX, PP HL), MORITHE L+, HN, WESEE ; CQ, HEPGKE L AHL, LRUEM L JX, T EE
4 AH2, Z#A N+, T Note: XJ, Aridosol in Xinjiang; SX, Isohumosol in Shaanxi; HLJ, Isohumosol in Heilongjiang; HN, Cambosol

400 1

300 F

200 F

100 |

FEHL ] Release Time (h*?)

in Henan; CQ, Argosol in Chongqging; AHI, Vertosol in Anhui; JX, Ferrosol in Jiangxi; AH2, Anthrosols in Anhui. The same below
Bl IRtk s A R AR

Fig.1 Dynamic cumulative release of soil non—exchangeable potassium

WrBe, BRI, AR S R
By = R SNSRI K T (AMEK) Tl YT
B TT R L W) e A R R AWRORE , BRSO, &t
W RSN BOR D, RN FRER Y B
BHATR, NI FECH OB I A A >0

K — % 7 FBAR | Elovich £ XUH
BRI Y OB B XS - S g e o R e A
il (R2) , S5REW], 450 B8 £ ik
AR A R PR RO R, AR LA TE R
(R*) R EIHARHEDR (SE) , LAElovich#s A1
BRERLY, R e ERNSRE R, K
RAHY LGP TR o e R A e M B i R
AT & Eloviehf5 BUFN Y WS AL, e W H B i L™
Bz AN E 2, R, Allen L CoxAl
Joern '* S YR 5T 2 WA Elovic W% TR LUAR i i Fe ik
AR S R RS O, RO B SR A B 1
SR AN R AT Z R R A, DR I 3 A e A R
AN T A A HE R T, XU BB i 2
B Ca) T aRAE RSO 3R 5 BUZ T T L4 fiE
TV IR AR

AR R B 240 (a) FrRAERY L8 9E
8 e AR R R B P v 2 0 R s 9
B R oy Aa bR, WA PEAC LA RO A SR A 2
T B R R R R, B R, A

ARACHY B R Ay, A AR LU R A R
WA ok FE AT B R A bk R R AR, R
HAER LS IS A e A h AN L . LR
N R R AR, A8 Fh 4 18 i B B Bk 4 B £
W IXAEER AV AR . Adbm s s, x5
S Y A AT TS R — 3K
2.2 TIEMEEEYE

AR E AR AR, B R
SFh 1 L BRUA Y . R . X S
AU XTI A 22 S 2 (R3) o T 5+ LR
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R RBECTREPIHEHLEBESERKEN

Table 3 Growth indices of ryegrass without K fertilizer application in the K depletion experiment

CispoREg:lR AR W
- } S SR Relative K content ( % ) Relative K uptake ( % )
Soil code ## Cumulative Cumulative K $1E AR e H 12 AR e
biomass (gpot™) uptake (mgkg™") First Fourth Eighth First Fourth Eighth
cropping  cropping  cropping cropping  cropping  cropping
XJ 60.4a 558a 101.0 73.1 64.1 88.3 61.9 57.0
SX 53.9ab 377abe 99.5 50.0 49.6 97.8 41.4 41.3
HLJ 54.0ab 419ab 106.1 49.5 38.5 100.0 48.4 30.1
HN 52.4ab 265bcd 93.0 37.6 33.3 89.4 28.3 25.5
cQ 54.6ab 180bed 71.1 19.9 22.6 66.4 16.1 14.1
AH1 55.1ab 170cd 72.8 17.4 21.2 47.1 13.6 17.3
JX 42.7¢ 117d 47.4 10.7 24.4 37.8 4.82 8.13
AH2 37.3d 78.1d 72.0 7.67 9.93 48.9 4.70 3.82

e 6 — PR R PR R R AS [R] H SR AFAE 3% 22 5% (p<0.05) Note: Different lower case letters in the same row indicate the

significant differences between soils ( p < 0.05)

AR BE T R PRV AR eV 4,
FAERI R ZBUEY R R AT AR
P, RBUMSREOBLEIRE S s S, R
R AR ELRR IO 0 A 2 O v L TV R Bk
TR &, HRE WA TR R WA, A
BE 155, X G B AR ) edkis 4%
AR T4 AR — 2
2.3 HIEIETHMEREYERIEITME

FURT, R A FiAl 22 07 36 oA AR 2
BAEER B YA R SR, BT DTS E 2 R R

A W RE IR AL 2 R AR W 7 3k B4 45 SR A T g B 4
o, AR R FLUE IR 5 R R M B O — 2, iR
R A R R DAY A S B A A A K
Yo PR Sl g AR i Ak 1Y) £ S S eV R
AR R R PR A AR AR RO S R (R
4) , SFEMA ROV SYAHRXE A W) i 5 DU Bh Bl ) S
T T A 14 - SN ST e AR IO 3 R AN AR 5E
(p>0.05) , SR, 8FEMAFFHIFHIE | 1Y
A X 5 - B T R AR Xk I B DU b Bl ) A R R
A BB HOHE A B R R R (p<0.01) o

R4 PNFREFEMTRIETREEBRRNERRSFRFLEBZEERKIEHEBXEST

Table 4 Correlation coefficients between non-exchangeable K release rates described by kinetic models and growth indices of ryegrass

without K fertilizer application

" ) ) FRUEKIREL AR AR AL
AN RIS i 2 1 %) B L e . o L
Cumulative growth indices Mean growth indices
#Release rate described by
. L AW 2 -t AR A Relative  AfE AR B it AT W B
various kinetic model
Biomass yield K uptake biomass yield K content  Relative K content Relative K uptake
— %45 ) 2F AR First—order 0.654 0.918" 0.652 0.892" 0.917" 0.890"
Elovich#i%! Elovich 0.649 0.929" 0.661 0.906" 0.928" 0.903"
XL H BRI Power function 0.634 0.879" 0.590 0.845" 0.874" 0.8427
P A Parabolic diffusion 0.661 0.933" 0.685 0.913" 0.936" 0.913"

T R HBUERISEEUE -85 THE, P A KIS HON S 1 -8 (5 ** KR TE0.0 K P EARSCHE 3F (n=8)

Note: The cumulative and mean values of ryegrass growth indices are the sums and means of the eight croppings, respectively. **

signifies significant correlation at 0.01 levels ( n=8)
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PRI, A it Ak 3 A 5 0 kB AR - 4 rh
R HB TR . PUBR Bl g 2 A DL O Y A
Elovich 5 A S AF (1) £ 18 35 58 6 1 B R 0l 38 8K
5B R RSB XM 47, A Elovichfbi A
M DAAR b7 b 22 5 3R e e P R RIS L,
BB AR RAE 1) B sC et 0 ZFp R R,
W AR S35k UL 5055 TR JIT 2 A ) o il o 56 5 HOR 1%
o ATl Ak 3 S e (DA A DG, DAt
PEA 38R 22 e 40 1 A A s

AR AT B 120 &5 S 2R I R R X A iy i R
B R ARG (p<0.0001 ) , BV ER S BE e 5
TR A Y B ) SR P 2 AR R 2 AR X AR
YRR b B R R CR (Bl2a)
DL B S RO AR MR 90% I (B K A B VRl 1
Feor B S SRR 0, O A R 2 R s
i 434.0 g kg™, BT CoxE 2 fELE PHHE1I
b (R A R R BRI B 19.0 g kg ) Fl
Wang "2 75 o [F R ¥R ARD L (SR B4R F B
I A A 18.88 ¢ kg™ ) EAYAARAEAIAIG 25, 2

120 1

x
a A A
100 } A, A o .
Rox *q 8 O
X A A
S 8ot 2% X0 [
~ ™ Xx @
iz % 0ox -"% cx ‘
5 =] o - [m] o A
H.2 60 F x
2o ¥
=2 ﬁ: y=105.85x/(5.99+x)
< 40} .TB R=0.503(p<0.0001)
4
x XJ A SX
20 X HLJ e HN
o CQ o AHI
A JX o AH2
0 N L L L L )
0 10 20 30 40 50 60
BEREHE

Leaf K content of ryegrass (g kg™')

AR

5 Westfall 4§ 3 T W) /NZZE b W IE g8 245 A o —
BOOCHARFERIGAER2~40 g kg™ )

- 398 A A P R 2R B AN it Ak B
R R R AR BOM I 7 B 2R B, AN it 40 Ak 3 7R
EZEESHE IR LIEPRE SR, B
T 5l g 2 R AU rh OB RO A e 3 B T PPA
BEEP AR . PG, ST T ANt B A PR 22 O3
T (y) 5 RUR BB RAEA [F] 18 E A 4
PEFR R R (x ) [HMAOC KR . y=45.16x/
(130.09+x) , R*=0.847 (p=0.0012) ([E2b) ,
PIER G PPAG - SRR SR etk P iy A A ik . 428
AR BB R A34.0 g kg i, H3EHARERR
P S B HGE R T 5 7396 mg kg™ ', iZ A
RE 4E F5 VR W A2 4 HLAS 25t B0 0 S 700 = R i 0
Ro B, HEE8Fh LI, (Gl T2 4. B
R I VL8 I - A A FH B0 I A 17 50 T R PR IE
BB B LEEREIR, AT B A H] H
AN R B SR AR R 1) A A8 40 P B A o D AR B e i
BIN47.3% ., 22.4%M126.3%.

501
b

ol i
= & TR
') i
5 e
‘g K
S 2t E y=45.16x/(130.09+x)
é R=0.847(p<0.0012)
Pl

10}

0

0 100 200 300 400 500 600 700 800

WU BT RERAE AR TROH AR L

Release rate described with power function (mg kg™'h™")

K2 AR Ak B B A A AR R () MOHAT 28 1 5 00U B AE 1 L S S e R kgt 3
ZIEEFR (b)

Fig.2 Relationship between K content and relative biomass of ryegrass without K fertilizer application (a) and relationship between

mean K content of ryegrass without K fertilizer application and soil NEK release rate described with the power function model (b)

3 45

g AR S A BRI R A B0 1 A A R
MR HOATRAE, HZd R E B SR &8
M B AR A G . MUATZAHSG R, AT L
RSB 9 A A B E AT AR, TR —

S P A S B DA A R P T A A AN TR
SpECHRETR I3 D PR R ORI RS E B A B B, F
TR B S R A C &R, Sk
M T 25 2 LR AR S A 1 2R WA SR 2 AR b
AN [+]) 25 AR S eV B0 25 8 (8 I 2 5 9K 2 R R T
TR E A
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RELEASE KINETICS AND BIOAVAILABILITY OF NONEXCHANGEABLE
POTASSIUM IN SOIL
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Abstract

210008, China )

(2 College of Resources and Environment, Sichuan Agricultural University, Chengdu 611130, China )

( 3 University of Chinese Academy of Sciences, Beijing 100049, China )

Release of non-exchangeable potassium ( NEK ) in soil is closely related to bioavailability

of the potassium. The aim of this study was to characterize release and bioavailability of NEK in 8 soils,

using pot K depletion experiments, 0.2 mol L™ sodium tetraphenylboron ( NaTPB ) extraction method and

kinetic models. From each soil, 3 portions, 0.5 g each as replicate, were taken out for incubation in 3 ml of

extracting solution (0.01 mol L™ EDTA and 0.2 mol L' NaTPB ) separately for a period varying from 0.5 to 96 h.

Four kinetic models ( First-order, Elovich, power function and parabolic diffusion ) were used to describe

http: //pedologica. issas. ac. cn
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NEK release characteristics. Results show that NEK release rate in soil varied sharply with the agro-ecological
region, being the highest in Northwest and Northeast China, and the lowest in Central and East China. NEK
release in soil could be divided into two phases, fast and slow ones. The fast phase occurred at the beginning
of the release, when NEK at the edges and wedge zones of clay mineral inter lattices broke up bondage of the
minerals by diffusion, while the slow phase came late when NEK inside the inter lattices became the major
source of K release. All the four models, the first—order ( R>=0.817 ~0.926, SE=11.9 ~215.1) , Elovich
equations ( R°=0.952 ~0.997, SE=4.6 ~66.9) , power function ( R’=0.869 ~ 0.990, SE=3.9~127.8)
and parabolic diffusion ( R°=0.790 ~ 0.963, SE=7.5~211.4) , were good enough to describe NEK release
kinetics. However, in choosing a proper one, it is essential not only to compare them in fitting degree, but
also take into account their practicality and physical significance of the information they may provide. The
Elovich equation failed to describe the early period of NEK release adequately, while the parabolic diffusion
model yielded more than one NEK release rates. Thus, the NEK release rate described by the power function
model might be a good indicator of NEK potential of soil. By such an indicator, the 8 soils were found to be
declining in NPK release potential from west to east and from north to south of the country. Ryegrass were
grown for 8 harvests in a pot experiment to evaluate K supplying capacity of the 8 soils. It was found that soil
K supplying potential consisted with soil K release capacity, and that in soils high in K release amount and
rate, the ryegrass without any K fertilizer applied was still quite high in relative and cumulative biomasses,
cumulative K uptake and relative K content; and vice versa. The soil NEK release rates described with the
four kinetic models was significantly related to K content and K uptake of the ryegrass without K fertilizer
applied. In order to judge whether K supply of a soil was adequate or not, relationships between relative
biomass and K content of the ryegrass without K fertilizer applied and between K content of the ryegrass
and soil NEK release rate were determined. Based on the relationships, 90% of the relative biomass of the
ryegrass without K fertilizer applied was set as threshold of the index of soil K nutrition, equaling to 34.0
g kg™ in soil K content and 396 mg kg™' h™" in soil NEK release rate. It is, therefore, concluded that out of
the 8 soils, only Aridosol in Xinjiang and Isohumosol in Shaanxi and Heilongjiang can ensure ryegrass a good
yield without showing any potassium deficiency symptom in a short term without K fertilizer application.

Key words Nonexchangeable potassium ( NEK ) ; Potassium release characteristic; Kinetic model;

Potassium supplying characteristic; Bioavailability
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