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Table 1 Basic propetties of the soils examined
Soil horzon
Ttem
A; A horzon B B horizon
pH( H,0) 536 5.10
CEC(anol kg™ 1 40 5 21.0
O.M (gkg™ ) 108 12.2
Total N (g kg™ ") 6 41 1.10
Total P(g kg 1) 2 10 1.32
Inorganic P fraction!)
Ca P(mg kg™ ) 137 132
AFP (mg kg™ 1) 95 4 78.2
Fe P(mg kg™ ) 190 269
O-P(mg kg ") 309 492
Available P(mg kg™ 1) ? 46 1 10.3
(< 2Mm) Clay(g kg™ ") 134 191
Amorphous oxide®
Amorphous iron oxide(mg kg™ ') 4761 5669
Amorphous aluminum oxide(mg kg™ ') 352 1860
1) Jackson With the method outlined by Zhang & Jadson( 1957) ; 2) — Extracted with
25mmol L~ 'HCl+ 30mmol L~ ]HF;3) — A cid oxalate method
1.2 ,20.0 mmol L'
1.2.1 10.0 mmol L™ ! (pH5. 16)
(batch experiments), ;
/ 2 20.0 mmol L' (
, 2 / ), ( 2 )
pH 3
1.2.2 1.2.3 /
16l 10: 1, 0.0 0.5
, 2.0 5.0 10.0 20. 0 mmol L ' (
, ) (Loading rate) 05 20 50 100
, 0.6 mmol L™ 200 mmol ke ' , 0.5
, mmol L' 2.5 nmol L™ (
— ) 25mmol kg™ ', 1~ 5
(7] 2.5 510 15 20 25 25 50 75 100
mmol L~ p 125mmol kg™ '
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Tahle2 Batch experiments designed to extrad soil P with oxalic acid/ oxalate solutions

Manner of extraction Solution type

1) 2

Concentration series Extracting procedure

0( ) 052050100200 10g + 100 ml +2
One time extraction Oxalic acid solution mmol 17 1; 3 ( ) 10 h,
, « ), 2h, 8000 r min~ '
pH 6.73 15 min,
( 0( ) 052050 10.0 2.0
One time extraction NaOH pH5 16,  mmol L7 ; 3
pH) Oxahte solution (pH  pH 5.16 (pH 6 73
5.16) pH 516
C ) 052 Smmol L7 3 ,
R epeated sequential Oxalate solution 100ml
extraction (pH 5 16) ,
5
1) s [ 5] The concentration series were established according to the range of ox-
alate concentrations determined i forest liter leachates as reported n reference[5]; 2) [10] Adopted from reference [ 10]
3 / pH (20C)
Table 3 pH values and ion activities coresponding to the concentration series of the oxalic acid/oxalate solutions (20C)
Hems Concentration series( mmol L™ 1)
0 Q5 2.0 5.0 100 2.0
Oxalic acid solution
pH 6.73 330 27 2.33 2.06 1 80
[H*](mmol L-1) — 0 49 19 4. 64 8.71 15 80
[HC,0; ] (mmol L™ 1) — 0 44 1. 88 4.58 8.65 1573
[ C203 ] (mmol L™ 1) - 0.057 0 062 0 063 0. 064 0. 064
Oxalate solution
pH 5.16 516 516 5.16 5.16 516
[H* ] (mmol L™ 0 0069 0. 0069 0. 0069 0 0069 0. 0069 0. 0069
[HC,0; ] (mmol L- 1) — 005 019 0.49 0.97 195
[C,03 ] (mmol L- 1) - 045 180 4.51 9.03 18 05
) , Vi Vo
, m
P= CxV/m (1
P ,C .V 2
, m
o1 (n 21 /
2 : Al s
Cix (Vi+ Vi 1)— Cio1 % Vi
Pi= (2) iy
m (D (< Smmol L"),
, Pi i ,Ci GCi-1 l B ;
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10~ 20mmol L” ' ,B , , H*
Al , B HC0; 04
A ( 3,
2-
s ——ERB A, B, Oxalic acid A, horizon D, €204
{ ~8— FEth A B |, Oxalate A, honzon ( )
. i}
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( 1,
H+
'fé’m 0. 5~ 5.0 mmolL.”!
on
ER (
g B o
§;§ N, 10.0~ 20. 0 mmoll,
&
z . ()
. , Fox B (Bn)
0 4 8 12 16 20 24 ,
1 / A ( ) 5 A
B ( ) ’ A
Fig. 1 Relationship baween oxalic acid / oxalate concentration and phos ( ) Al
phorus release fran Dark Brown Forest Soil A; and B horizors following B ( ) ,
one time extrad ion
, , A1 B
pH5.16 A LA
( 1): 0.5~ 50mmolL ' B (1), A
, 2.65~ 2.98 : B
(10.0~ 20.0 mmol L") , , ,
.51~ 1.87 ( ) )
, H (12h)
1~ 3 ,  HC20: (
1 ; C204" 1 A1 B
1~ 2 ) HCENHsF
( 3 , ( )
Co04> , Al B ( 1),
,C204" Fe* ALY
. HC05 Fe'* 2.2
L8] . G047 ( 5 ’
(2 25mmolL™'
, 0.5 mmol L'
)
()
[ 20,21] [ 22
JH* 25%~ 40%, 2.5 mmol L™
60% ~ 75%" " JHY HC207 €045

2

0.5 mmol L7 !
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, 2.3 ( )
7 2
0.5mmol L™ #EAG#KI2 4 Sodium oxalate extracted
6 =
’ O2.5mmol L' & /44248 Sodium oxalate extracted
@ ST =] ' -1
% 3 0~ 20 mmol L (pH 5. 16)
g 0.5mmol L™ ' 2.5 mmol L™ !
e (pH 5. 16) 5
R Aj
L0l [ il
. 1N . aiin ( 3M),
1 2 3 4 5
HPRECK %L Number of extraction times ( 3B)
2 Al 5 (P 5 16) , ( )
Fox 10 Bn ,
Fig 2 Soil Prelease from A, horizon folbwing five times of sequential ( )
extraction with sodium oxalate solution ( pH 5. 16)
® 0~20mmolL" B ESH I — X #1218 One-time extraction with 0~20mmolL ™" sodium oxalate(A)
0 2.5mmolL" BEESEIYER 5 XAELERRR 5 times of sequential extraction with 2.5mmolL™" sodium oxalate(A)
A 0.5mmolL"! EESEEE 5 IKELERHR 5 times of sequential extraction with 0.5mmolL™' sodium oxalate(A)
* 431848 ¥ X, Irespective of extracting patterns(B)
201
~ 2 B
o4 151 *
ol ol
ER ER .
o it QB
gg g #® 105
oR 8.
o H o H
3 3 5k Y=-0.0004X%+0.1766X+0.4253
& @ R=0.9902
0 A . . , 0 . L . .
0 50 100 150 200 0 50 100 150 200
HERHABTRABRHNE
HRUNTRRRER o RARTRABAR
Cumulative oxalate loading (mmol kg™) umulative oxalate loading (mmol kg™)
3 (pH 5. 16 ) A
Fig 3  Relationship between cumulative oxahte bading rate (pHS5. 16 sodium oxalate solution) and cumulative P release from A, horzon of
Dark Brown Forest Soil under different extracting patterns
. 2.4 /
, ( )
, ( 330 mmol kg™ 'a” ', pH 5. 1617
o), 30x 10" kg hm™ > 1#1,
: 0~ 20an  ( ) 0.8 x

() lozkgm_ 3 0~ 20cm

(
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_30x10" ke bm™ *x 1 hm®x 330 mmol ke~ 'a” '

X
020mx 1 hm*x0.8x 10°kg m™°
= 6. 19 mmol kg~ '
3B Y=

~0.000 4X°+ 0.176 6 X + 0.425 3,
Y=—0.0004x6 19°+ 0 176 6x 6 19+ 0.425 3
~1.50(mg kg 'a ')
(0~ 20 em)
Y= (0.20mx1 hm’x 0.8 10 kg m™
x1.50 mg kg™ 'a™ ") /1 hm®
= 2.40 kg hm™ *a '

, (

) 7.59 ke hm ~2 0 24]
1163 kg hm™ ° - 0
2.40 kg hm ™’
1/3~ 1/5, :
[5]
[3,7,19,26,27]
( )
3
1) A ( )
: B
Ay
2)
()
2-
C20% (
)
3)

)

4) ()
A (0~ 20 cm)

2.40 kg hm™ a” ',
1/3~ 1/5
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EFFECTS OF OXALIC ACID/ OXALATE ON PHOSPHORUS RELEASE
OF DARK BROWN FOREST SOIL

Cui Xiaoyang  Song Jinfeng
( Gollege  Foresry, Northeast Foresry Uriversity, Harbin 150040 China)

Abstract By simulating oxalic acid/ oxalate concentrations in forest litter leachate, a series of experiments were conducted
including one-time extraction and repeated sequential extraction, with the oxalate loading rate varying from 0 to 200 mmol kg™ !
soil. Oxalic acid loading substantially stimulated soil P release from A; horizon, showing a linear relationship; but is effect on B
horizon soil was relat ively negligible, especially a low axalic acid concentrations (< 5 mmol L7 ') . Oxalate solutions (0.5~
20. 0 mmol L~ ' oxalic acid adjusted to pH 5. 16 with 10. 0 mmol L™ ' NaOH) had a mudh higher ( 1. 51~ 2. 98 times) soilP-re-
lease effect than oxalic acid solution the same in oxalate concentration. Therefore, the mechanism of oxalic acid/ oxalate trigger
ing release of soil phosphorus is assumed to be dominated by ligand-exchange or complexing reactions of oxalate anion(C,07 ),
but not simply acid-dissolving effect. The effect of oxalate anion on soil phosphorus release was found to be samewha cumula
tive, i.e. the anount of P released was primarily controlled by the cumulative oxalate loading rate, relatively independent of the
manner of oxalate addition ( one-time or sequential) . When oxalate anion was loaded as pH 5. 16 sodium oxalate solution, the re-
gression equation between A | horizon soil P release (mg kg™ ') and cumulative oxalic loading rate (mmol kg™ ') was: Y =
—0.0004X°+ 0.176 6X + 0.4253,R*= 0.9902. Merely on a quantitative basis of oxalate anion leached from forest litter,
the increased soil P release from Aj horizon (O~ 20 em) was estimated to be 2. 40 kg hm™ !, accounting for 1/ 3~ 1/5 of the
annual P absorption in middle aged forests. If other types of organic anion or other read ions producing organic anion were taken
into account, the cumulative effect of organic anions on soil P release would be very conspicuous.

Key words Oxalic acid; Oxalae; Dark brown forest soil; Phosphorus release



