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ARAEEBHEY B A E T WA IBRZ AINERESESE L EFRE TN E—HEN
AL R4t A SIS MR TR, () BP0 A B8 P K A S HE B (BEAE IR ) 70 3% 42 v B
RPN LR, HHLERBERMER, Q)VIFEITARA VB LB SR T
KW,

1 MBSk

L1 K i
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Table 1 Some physical and chemical properties of soils tested

N e ®# pH) AR CaCOY KRR Y G 4
G5 B M O.M. (<0.005 mm) Total N Available P Available K
Soil No. Soil type  Site (g/kg) (g/kg) Clay (mg/kg) (N, g/kg) (P:0s,mg/kg) (K0, mg/kg)

1 wmt dbm 8.00 12.3 52.8 30 0.77 1.7 973

2 mt demt 780 13.0 44.6 32 0.85 11.2 98.3

3 Mt RE 880 212 114.9 40 1.00 2.0 139.0

4 Mt Ri¥E 878 263 105.3 42 1.30 15.0 115.0

5 713 TF 459 12.1 — 48 0.83 7.0 78.0

6 A TH 462 13.4 — 48 0.84 392 64.0

KRS I pHARME; 2)PEFEE;:  3) AKE LR HOlsen-Pik, Bt 13 % F Mehlich-1ik ONBR L),
HAaRE A EHTHE.
1.2 fRIRFIHIERE

F M tmmol #9 CaCl, Ve ™ (xf88), LA CaCl, + A HLBRYEALIE , BF 5% 7 (5] A AL X - S8 3t 11 8
ER, EUBRMALBHETER TR EEBRMNEAR, EMNAXERLE 2. FANBNEN SR
50pmol / g £, W pH B KOH 2 HCLR E#3 T 3 pHE, BI7EA KM 38 b, 4% ) pHE
8.0, MM 4E b, R pH LN 4.5,
1.3 XBHZE

2715 G 3% ) 3 B R AR ERUMBER Y (1989) " AT IR TR ik, LA ER &M F AT, IR
25+ 0.5C, FUEMMBBAY | 7w R ARSI, $0P&E)E. THR K3, 1mmol A CaCl I 2 1mmol
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Table 2 Some properties of organic acids with low-—molecular-weight used

HHLERF 2 EEEEN wEE loghar

Organic acids Ligand form Dissociation constants

pki phz pks
R HO>;CCHC(OHY(CO:H)CHCO,H HaL 3.14 4.77 6.39 7.98
O HO,CCO-H L 1.23 4.19 — 6.16
piga) HO-CCHOH)CH(OH)CO;H H:L 3.22 482 — 5.62
R HO>CCH,CH{OH)CO-H H.L 3.40 5.11 — 5.40

1) 5| A% 3CERM10].

A CaCl, + #7 HLER R VR LAHE 9 0.5ml / min i3 T4, 85 10 4050 F3 B ah 3040 i SR B UC Bk vE v, |
1RBR e PR VA ORAR, IR M TP B VR BE R R TR I, SR MR R VR B A 1CP M. AR B i i b L D
BRI BUIARR, SR R, B AR R BB I Ak B 4R, RIRLREE 3K,
14 HHEAEHNAFERNEE
141 BREITHEARK
S =C,XV/m (H

R S K ot Bony LR, SRR MRE, C 0 (TR R P B SRR RIE, v o S A
B,mMtHE,
142 ) TR O BFS AR IE A HURR A T B BOR RO B, R R 2k b o R
LA e 4

S/8,=R'+C (2)

S, S, A0 Bk o A R R AT B AR BB £ L, = ~2 R=% (,2) LR
o MR BOOREY TR, D bR A, B R XU H e B B (i 540 B TR R I 0
BUOR B -FR. BLS, /S, WO, B0 o/ BRI, 1 — B R, K E AR AVE N R BB O M A
SERBE AT SR I D, TG B R AG T R K A2, TSR AR BRI R, th B S ATAL R

B KM T LSRR R — B FHOY R D (AR,
2 HR5e

2.1 BB WE T ERER R

AYLERAEY B BEMIE LIRBE R AL, BB B S AN AN, R R 13
FAMBE S EE MK (B 1), 538, RS G 0L 8 A K
BRC(P < 0.01), 13 R B A ROERUNAHE. AFEAYERE LA KE L ERRE T
WP IR = PR > R > WAf. MR ¥ TR ERMTART %
REINBEA BRI (P < 0.01), TR BR X MR YE TSR BE RIS ALAE A K. AR HLER TS b e o
TR UOT RATRER > FER > AR > FRI®, X —UF 5B logk, FIK/PMKITHE
A, HWEAIBREAPEAR LRB SRR, A HURR x 8RB 15 1k iy 15 1
BERTAKYE 29, X EER W T W% E %R 8 pHEARIE B, WAHLER M pk
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Sol P release (mg/kg)

AR HOF (mg/ke)

Soil P release (mg/kg)
ek A F (0a/ke)
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Soil P release (mg/kg)
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B A LR T B R
Fig.1 Effect of organic acids on the release of soil phosphorus

B (K2 ATLLES, FEG KW L3 b, 0t T8 G e B U2 A VLBRBA B+ T 7E 4038
E.ANEBRHE TR H SLREEER. BB Jones F T 45 R, A LB IS /L 118
BEIVE R, HY TR 5 25%—40%, B A LB X 4B BB E R ER T A K
MY, 5T R R AR R L, T -Te (AD) P& A BT &5 LL Bl &5 T A K
LA (AR L BB R E L Ca PRI, X — 4 BER A 5 #IE 41,

HOLBRIEL TR ER M TR AR S B E T EEHMHX, ERPMBEN 2.4
Mo 5Lk b, AYEEH EBARERER TR AHREN 1.3/ 5 51L&, Difrg
BB, EXf 2.4 65 LHEMIEILE S 3.2.7 M 25mg / kg 7ok s M KA THER L
B ELRT B R AL T IR R RS, A VLR IS ABE BB T K s
T, WAEEERAT 13RS 5 L BERIE R ST AR 0.6, 1.3 Ml dmg / kg K47, P LI
MERES HEARBZRIXR, VAR Q)RR
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y=37681 X 107" +34241 x 107 'x (r=0.7298" ") (3)

X, y IBEBME, x I ITWERBHSE, r WHXER, ++ RF0.01 KFLE
REE.

beoh, 43R MBI EM Fe MAIWBRREZBIE TFEMHX, O MEH8R
B BRI T 40 Fe M AL RO 2), SXRA L, EMNZEERTE (p<0.01). A
64 LR B I Fe A1 ALRE J1 1 K/ 5 BEATTH logk (3 2) (ER/NKIF — B, T i % 10 A e 1%
B Fe M1 Al MBI EREAME. WEFAH L Fe. ALF PRBNE X, BT Fe +
Al /PHAEM KT 1, RERH M 138 L, B Fe + Al/ P AR N 24, MEBE
Myt A HE L, Fe+ AL/ PEBREMN LA 45 4.

A5 MUBR 32 B3 1t 5 5 1338 o B R B S A, {687 DR R Sy 3K A Bk A AR B IR B ) B R OO A
T, S AR B, SR i AR VLB S RE T BR 4T 3R B R B ARSI Fe. Al EALY K
KA. R A K T KRB CaCO)), MR i CaCO, (A K H: 38 | ) & Fe. Al
ALY K ALY (B v 38 1) B R B A B A AR IR 8L A5 AL BR A BT E ot DA R AL 3
BARBBRE. (1) SBRBZ RN EFEM, BRDEIBRNRMEEER. 2)5 Ca
Fe. Al % RAEE AR, R HIEPEREBRAS YR ER.

AFEEHOANBRENEERENBRRES Gerke " MHIRERHERF, BEST
Fox & TR B 45 5. Hh a9 JE B R Fox %R M B ER 0 %k I 1K T A 53 B A B 9
5 FLWRE A TSR 18] BRIE S B B 38 A8 R T ORI B, B TIE TN E R R, 3
FIABTE B Fe / AL-P / SREEVLIE, T FER 7 BER BN E.
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Fig.2 Effect of organic acids on the release of Fe and Al in red earth

2.2 AEX T ERGPBEXNT BRMNR W

W RGO R X BRI B h AR B ATIU A, M SR R HOTE 0.94 DL B, RARTEAR
X, RUWPRY B BRBRFHUSARBRER. REMYLRY BOTRITEN RS
WA B Y SR BUILE 3. WRFT R, AR B AR BB U 7 42 & IR RSB X 9 R
REGERYE R L, BRAFERAMERS, BARGENERE HEER PR IR E R,

1) R, skgat, & — T, EHE. Ko FEHEVLEBR G RE DEBERH 3) 82 W (R R R AR
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BAVBRE G DERAST AR REH TAENRES T DEFERTBENIKE. AR
MY BABNE NS TEP A AN SR E ML, ERBAKBEY 1.5 5138 E, 47
T B o H R VA VR P AR T ECER B BIR T 25.0% 1 31.1%, M FEMERERT 2.6 5 13 |,
Py BRRR A BEAT X 5 BUR B4R B 1 FI AU 6.2% A1 10.8%. 3 HLER % E B AL AS HE B + 38 %
X ERBCE M 2 5 2 F N B & B 138 b, Bl b B ik BRI, A HLER
YER G, o B Mk B A B B3R 0, AT R AL BR A A B AR B X T R B
miATFHimE L3, ABIRER S Gerke™ BT FT — B, 184 HLER 0 138 15 W B AR Xt 9 8L
AP EHEFEERT Gerke™ SR, X — 7 W2 T 5555 B % A WA HLBR W BE AT
B—FEA R TIEFBAREAR. B THYEKTOBR/L P22 B8R
AT TR, B, A BT 5T 45 SR AT DA HE T, 7E BB A8 TR R 3 s 5 oA LR RO 4
KK o LI P e i AR A R

*3 AUEXLERBPBENT HRBAEME(x 107)

Table 3 Effect of organic acids on the relative diffusion coefficient of P in soil solution (X 1077)

THEmS CK R R HER WA

Soil no. Citric Malic Oxalic Tartaric
1 6.29 7.86 6.52 7.62 6.75
2 8.36 8.88 8.89 9.00 8.75
3 6.16 8.24 7.29 8.01 6.24
4 7.86 8.77 8.64 8.70 8.32
5 6.68 8.76 7.73 8.63 7.88
6 8.87 9.83 8.90 9.72 9.49

ATE B 50 3 WA b R A S R R R 7 A IR 3 b A A A ) Bl P A8 W BT A WA B
B TEAALRR, AR BRI 135 T Y S b 1wt BT 0 i E B R F R AL
BR. MAHLBR XA K PE LM BR P 3 b B R . SR v VB Bl R X T IR By S i
AL NRNARAESTAEDE RPN WAL S KA TR EXRED. &
T, B R A A A2 A Y AR ) 40 0 A (R A AL IR R o R L P b TSR A S RO LR L I 77 BB R A S
BIF 5 A 5] A AR T A W 7E SR B 2 B 43 D 0 A LR AR R AR B A AL AN R 3wl i 4k
HIHLIE A RE A LA 5E

3 45

1. AHLER N TR B A SR RER. ARANBRIGEIAKE T EBGE TK
NP RER > FEBR>ERRS>TEOR, MATIELX —KFIFER>ER>TA
AR >R,

2. BHLEEST 1B MTEAL S DA AR S B2 M E B IEM X,

3. MR ERA AL EER PR T A EHENREER MIEA
BRAUTER Y H BT R B E B EEA.

4. A ALER BT I Bk 8 P B B 0 TR PR R, B LT3 T BR Fe. Al RAEH BUK LA
A6y FE KM 13 EIHER CaCO,, {5 JFR i S0 0% A7 B U Y A B et A TR I .
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KINETICS OF PHOSPHORUS RELEASE FROM SOILS,
AS AFFECTED BY ORGANIC ACIDS WITH
LOW-MOLECULAR-WEIGHT

Lu Wen—long Wang Jing-guo Cao Yi—ping Zhang Fu-suo

(Dept. of Plant Nutrition, Beijing Agricultural University, Beijing 100094)
Summary

A flow technique was applied to investigate the effect of organic acids with
low—molecular-weight on phosphorus release from 3 soils: 2 calcareous soils and 1
acidic soil (red earth). It was indicated that the release of soil phosphorus was
significantly stimulated by organic acids for all of 3 soils tested. For calcareous soils,
the ability of mobilizing soil phosphorus of organic acids followed the order: oxalic =
citic>malic> tartaric acid. As for red earth, the release of soil phosphorus was highly
correlated with soil aluminum and iron extracted, and the mobilizing ability of organic
acids for phosphorus followed the order: citric>oxalic>malic> tartaric acid.

Regression analysis revealed that parabolic diffusion equation was applicable to
describe the release kinetics of soil phosphorus, as affected by organic acids (r > 0.94).
Both citric and oxalic acids increased the P diffusion coefficients significantly in all of
3 soils. However, remarkable increase of P diffusion coefficients by tartaric acid only

occurred in acidic soil.

Key words Phosphorus release kinetics, Organic acids, Acidic soil, Calcareous
soil



