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Effect of organic acids on inorganic phosphorus transformation in soils and its
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Abstract: Low of available phosphorous is one of the major limitations to crop production. Mobilization of insoluble
phosphates by root exudates plays an important role in improving P nutrition of crops. Three types of soils collected from
Hubei province were tested to analyze the changes of inorganic phosphorus fractions and available phosphorous after
incubated with addition of various organic acids and different phosphorus sources. The results indicated that P added as
fertilizer increased available phosphorous in all soils. On soils of pH4. 6 and pH6. 8 the fertilized phosphorus was
transformed into Fe-P and Al-P mainly. However, on soil of pHS. 3 the fertilized phosphorus significant increased content of
Ca-P. Organic acids had significant influence on available phosphorous except malic acid. Application of organic acids
decreased the content of Al-P and increased the content of Ca-P in neutral soil, in the order of Oxalic acid > Citric acid >
Malic acid. Phosphorus was activated by organic acid mostly from the fractions of Al-P and Fe-P in acid soil and neutral
soil, but fractions of Ca-P in alkali soil, at the same time, organic acid accelerated formation and accumulation of O-P in

the three soils.
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e TTHLBE Y 2/3 A LB 1/3 RTRSRE " o BAEE, REAH 1/3 ~ 172 L3R e, BAE M,
FIFISRWARR, 2 70% ~90% KBl A L35 SO ME A E YRR FR O B TE 251, e 5l ol T
FRPEARAR , TCHE 0 — IR B I KB et 2 DR IR 3 “ e ¥ = "™ ek £ P RRIE
I RERICE 232 B R, BRAETEA T35 , i T8k RAEBRYE A 1F P ROI AR BEAR % K, SHHE UUTHE , AT A2 Fie
BRI E Y 1 B — /K e AL LR SR B BR 3L, 19 A 41 OB AR AR 4R A, Tl — AL o R & SR
R B e LARSORF I A8 DRI SR R B R R BB B N AMA & R B R R
SRR, W AR AT RS R R ER . TR IR RA DU A LR 70k A 19 (8] 7= A
YR P AR, C AU S B A TIRARABONEE . M TENEAEGRNK GRS, I
BB T3 S L, DR T XU R L SR A B R — MR o R, SR P
SR SHHIL SRR, AR BE ) 1 a3 AR AL, BRI R AT IRAB ST . ASCA X 3 Ff pH
(E AL T EA VBN R, @ AR FXEE R, 85 217 2 IR AL A I, 3R X e
HUBRXT 35k B ASWITE 25 e 1 S Sl o B A2 i, Dy B A LR A P PR L AR AT s 3 AR R P A
RIPPPL 2RI

1 #R5HE

L1 fre

BT 3 B 39535 D A0 A B A R R L BB EL BRI AR B A R

F1 gl tBWERREER
Table 1 Agrochemical characters of supplied soil

e pH AHHLE 2H% Wﬂﬁ BB B
Soil type 7k + = 1:1 0. M_. Total P Avallablie N NH4Ac-K Olsen-_P
Water:Soil =1:1 (gkg™) (%) (mgkg™1) (mg kg™!) (mgkg™!)
M+ Acid soil 4.6 6.21 0.277 82.3 61.5 3.5
P+ Alkali soil 8.3 5.25 0.386 59.0 73.7 7.9
thpk 4+ Neutral soil 6.8 3.33 0.228 50.5 35.2 2.9

PABERRES Ca, (PO,), BEFREK FePO, - 4H,0 BEERSE AIPO, AMHFRES CoHg0,,PsCa  MEMEVEHEREIR , § =
FH NI JGE NEYEE, & P S 8B0514 20.0% .13.9% .25. 4% .20. 9% , XA PLER (0.5 3 - BR ( Malic
acid) \F7EER ( Citric acid ) FIELER ( Oxalic acid) ¥ 43 #r4hiid ] (AR)
1.2 AEmh

FFZENTERE IR, A VLB BRYE A M Aa K M 1 380 AR Rl R 2 8ol & B 78 1h S il
TESEALRIRE N

BRI Sk 3 A IR S KB SR AT KB, T IR, 33 20 B, ARG AR (ERBiE T
1 250g) H, 4% P 200mg/kg T 43 FIMAR R IBERRER , 737318 CKORNIN®E) BERRES BERRER BERR 4R FIAE AR
o ARG Sg/kg AIBMABILIR (LA VR ER ITERAERR), BEEZ 3 K, A RYGEERTEF
95d") , ZEBRLRE PR A D BEAT LATI I 55 3% 5 AR P A 03 B0, I R B PR 1, Hh Sl — I EE S
fnke FAFRERES LKA & &, RS LR EKENHBEFRTKER 70% , 2H RT3 20 B i, FHESITHT
R E A S & . [FIBTECEAE 100 H i, #047 TTHLBE 73 G 1 4317, 1338 v 25 To LR 4H 43 9 T 2 >R P 7
SPAEER L HF 2R Petersen'” EHU ) 77 35 : A 0. 1mol - L' NH, C1 32 BUK ¥ PEBE FIMA L5 4 255 A1 0.5 mol - L™
NH,F 3252 Al-P; i 0. 1mol-L~'NaOH #2Ht Fe-P; i 0.3 mol- L~ '#EER4H + % — W H BRENIE & 7 MR E O-P;
FH0.25 mol-L""H,S0,32H Ca-P,
2 GZR55H
2.1 RRIBEIEFNA DUERAL BEXT 1 B0 & & 2

B 1 R] A, SR IR BT FH A Hh E A BARAE, O 4. 38 mgekg ' B 4 FRBEUR 3 R HLER B A0
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Byrrs i+ g makns & &, AR B R BE A VLR MEAFE AR, MERERS T BTSSR,
YEFRRE I K/NIUT N B ER K > BETRER > BEIRES > HRES, TR S AV B S B EF R BE
Ko BN AERAITER L IES S B E R T RAVIRAE ., #IESEIR —EEATEE(E 1),
AHLER ] LAR R WAL MG 0 , A AR O, (B[R]0 28 B8 AILER XS £ P U8 i /E FIRBCR ARl AR RRAE
FARE 755 , {5 A TR 5 W R 4k O R 6 RN P IR S 199 - 8 R Ol & B 40 I3 m 33. 95,19, 35.,20. 81
mg-kg ' F139. 06 mg-kg ', B ERIIAVE FIUR FAPBEER , BkchE & B3 in 16.79 34,92 .11. 56 mg-kg ' 1 22. 51
mg-kg ' SERBRIIEFRE BT, ArERR EIBRAC TR 4 FhbEBE - U & BTG VLR AL A (4R
i, B R BERR A M VE I RB T B K, HSR TR , MAT R BR X B RS B IR SR MR ES E IR 738 T 5
MR, iR BRI RRAR S ELREER

F2 RABRLEFAR
Table 2 Experiment treatment
BevE s A HLER organic acid T+ dry soil (5g/kg)
Phosphate Treatment SERER malic acid FrEERR citric acid PR oxalic acid
X} B CK CK CKm CKe CKo
BEFRES Cay (PO,), Ca-P Ca-Pm Ca-Pc Ca-Po
WERR4Ek FePO, Fe-P Fe-Pm Fe-Pc Fe-Po
R4S AIPO, Al-P Al-Pm Al-Pc Al-Po
FARRSS CoH, 0,4 P, Cag 7-P 7-Pm Z-Pe Z-Po
* N [d] the same below
" OCK mBRES BRIk BERRER @ MERES
OCK = @-ﬁ@g 8 ﬁ%@ﬁ @ m@% e #EE&%@ CK Ca_~,(P04)2 F6P04 FCPO4 C(,H(,OZJP(,Ca(,
CK Ca_~,(P04)2 F6P04 FCPO4 C(,H(,OZJP(,Ca(, 35
70 ~ = 30 2
~ )
2Or 5 2
s 50 - b 4t £ 29 £
LS 40t =1 & o e
Fo Y 7 ®e 15 st
S2op . : 5 2%, =
S 0| bEgad b = E =
s c c c 2= < 5 &=
Z 10}d d Z2 0 1 |
0 : Ty FERERL HER)

ToHHLER ERE iR

Without acid  Malic acid Citric acid Oxalic acid

Without acid ~ Malic acid Citric acid Oxalic acid

B2 AR B R R
Fig. 2 The effects of organic acids on available P in alkali soil

BT A HLERXT i o A i

Fig. 1 The effects of organic acids on available P in neutral soil

FH & 2 AT, B L A 5 B 6. 95 mg-kg o A 4 FRXEE BRI , 1 EHUORE & B, Y
WEYEEIFE 12.50 ~18.77 mg-kg ™ ZIA], JBUFAR U I BERR S5 > FHARES > BRRRER > BRRRSE ; B A HLRRBR I
TS BTGB E I SRR, ATARIR N B R e A BERRBR OB A P RE D B , 5 IR ER Bk AN A
HURRALBEAR LL , B0 & BN I3 AN 7. 80,2. 62 mg-kg ™' F13.66 mg-kg ™' o NMABEERES , BERASE AAHER S5 7
TR HLER , AL & B ARV A R (B A R S AL, ZERRE L PR 4 FRBEIR , AR IR BOR , BR
HE ABRBRERSD , A HUBR X H B M P VA IR 1L BE 8055 o

HIE 3 A& B L AR RIBEIR , S A 25 5 38, 5N HEREXT A LU, BRIR BRI A UG , A0 5 &
WK, 11,17 mg-kg ™, HUCRBERR 5B AIBEIRES , ALRE 43 K4 8. 48 mg-kg ™'l 4.43 mg-kg ™', A
FERRSS , 1 EH A S BASIEREN, FIEIN T 2.67 mg-kg™' o BAR, MRV IMATALBEEA VIBSCREF . B
Pt B AR HLER , HARE & BT Mk (H 3 A E HLERX MEVE PR IR S (LR W B BEER . ¥
SR ol e U A T - SR S 5 B AR, R TR B R A TR 5 , AR TIR 0 VAL R 5 Ak B - 39l Al o5
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S, U HR R R R R AL T + R A R OCK WBmP BRMgk B e oM
iﬁgbﬂT 23.37% . 6 CK Ca;(POy), FePO, FePO, C(,H(,(224P(,Ca(,
2.2 3 Fp P THBERIE SR oHr

3 A3 MR RAR L —E % 27 [
LTS ES TR LR, ElRE §§ 8 bc
AL, kR Fe-P SRR, HEMBE RN ¥ [ =
51.54% ; ¥ g O-P il Ca-P, 5351 5 33.58% A1~ 2| 4 = |
11.45% ;AP S RERME, 20 S EALB MR 3. 2%, wam  doem ke s
ﬁ)ﬁﬁiﬂlﬂl«‘l Ca-P ﬁ%%%, ﬁﬂﬁm%ﬁ'\ﬁﬂﬁ 82.21% , Without acid ~ Malic acid Citric acid Oxalic acid
HWE O-P, 5 13.77% , stk 1+ Al-P il Fe-P & &% B3 A BB R A o R B

KA AL M1 2. 91% F1 1. 11% ; BR 4 1 W] DA Fig. 3 The effects of organic acids on available P in acid soil
O-P 5B E G, Fe-P 1 Ca-P 43 5| 5 32. 36% H

12.95% ,ALl-P 15 3.55% , & B i SLTHBE MBS, Btk 8w, % 561.07mg ke ™', BRtE + Frp o £
A%, 4y 86.19 mg-kg ™' F159.48 mg-kg ™', HIWRFRERXFERNFBERE,

R3 3MIBERTVBSRSE
Table 3 The content of different P fractions in soils (mg-kg™!)

R SO L T
Wit £ Alkali soil 16-(3; :9t 12) 04 6. 211 : ) 05 461&3«_; sls? 04 77.(2183‘17173). 49 s61.07
et e S e e .

FES B AR 4 5 OB S H 43 tt  The data in parentheses are the percentages of the fraction in total inorganic phosphorus

2.3 RFEBEEAE 3 3P RIE S THBE R 1

F iR SFARAN Jackson $& H I TOHLBE 7 5 125 , W 45 A0 B8 3BT T THIBE I A R 58 . SEREM(F4),
ANE LA 4 FhBEIR S OB BB A TS S T U & BraT Hoxod BE 2 i, (EI A PHERRTR 3 F 1 1580k
RIS HBRAERET 2. kLB i ABRE S £ TR AT & T S 2 E 43 LT B2, ook
3¢ BE 43 LUIBUF R Fe-P > O-P > Ca-P > AL-P, jifi ABEBRES FIAEIRES A 43 LLIUT 7 Fe-P > O-P > Al-P > Ca-P,
T ABERREK FIBERREE | 73 LLIBF By Fe-P > Al-P > O-P > Ca-P; @k + X4 FA 43 LL)F g O-P > Fe-P > Ca-P >
Al-P,jifi A\BEBRES FIAE RS & 43 LLITUT A Fe-P > O-P > Ca-P > Al-P, il ABERREKFIBEER SR A 43 LLITUT A Fe-P >
0-P > Al-P > Ca-P, 5 BRYELAF, 5ot L T 2 B inBslR , & B & T E 2 P A2, ¥ Ca-P

>0-P > Al-P > Fe-P, H 4 FiBF AL 5 £ OB E 43 ELEUEAE .

SHMBEEEA LG, BT & BHRAR, £ 1B P RE S EENEREA ., £S5 BntiEE
BT BB A TE AR & SR RGN, (B3 8 R/ NEBREF M A 5. M L s LA
ST SR R B, Fe-P MR K, (3% & 1) 46. 85% ~ 60.00% , .Yk 24 Al-P F1 O-P, 435 5 20.33% ~
38.03% F110.78% ~23.07% ,1fi Ca-P AL EE/D /NF B INER 6% , K ABALHEA i+ 5 32 1 oAk
% Fe-P fll AI-P #%4k, [RIBAFRA, AR MBEIEX & TSR T E 5, MRS EA +15/5,0-P EH
Sy HikE) 23.07% B H AR  BERRAS AL TE + 41 AL-P & B K, 5 B3 NEK 38.03% , Fe-P il O-
P EE 4 R T H UL . MaRkE R - & TE AN a5 ik S AR, XV e R AE IR P -
T TR Fe-P # 4L, IETEEIZE 59. 03% ~74.24% Z 6], AS[FBEIEACIEAE L, DIAEFRES + 48 O-P 454k
BB, M AP AR GEN B2 /N THEBE, kL ABE Ca-P HiEHK K, G EM 35.05% ~
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8 3 BEER 5 AVERN DTSR (LA BB R R 4065
48.01% ,Fe-P AL B /N, AR B IME K 4% ,0-P F1 Al-P & JE P, 4051k 31. 69% ~ 34. 02% F
17.99% ~30.55% . ViHIRRIE L it A BEAE 2 5] Ca-P 1 O-P %4k, Fe-P # LB /o

x4 BRSEHHIE
Table 4 Content of inorganic P in different forms
YR Al-P Fe-P Ca-P 0-pP Jod Total
Phosphate (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

H1#: 4 Neutral soil

CK 2.03 (3.41) ¢ 30.66 (51.55) c 6.81 (11.45) ¢ 19.98 (33.59) d 59.48b
WEBR S 48.42 (18.27) b 143.79 (54.26) a 17.42 (6.57) a 55.35 (20.89) b 264.98a
WERRk 50.13 (19.95) b 145.75 (58.00) a 14.17 (5.64) b 41.24 (16.41) ¢ 251.28a
BERRSR 82.58 (30.44) a 129.89 (47.88) b 16.01 (5.90) a 42.81 (15.78) ¢ 271.30a
FE RS 43.38 (16.50) b 135.06a (51.38) b 17.54 (6.67) a 66.90 (25.45) a 262.87a
Mtk 1 Alkali soil

CK 16.34 (2.91) d 6.22 (1.11) b 461.23 (82.21) ¢ 77.28 (13.77) d 561.07b
WEBR S 50.17 (6.70) ¢ 10.57 (1.41) a 551.51 (73.62) a 136.86 (18.27) a 749.11a
WEBR ik 62.64 (8.57) b 11.62 (1.59) a 524.07 (71.73) b 132.25 (18.10) a 730.57a
BERRSR 71.36 (9.63) a 10.77 (1.45) a 524.35 (70.75) b 134.68 (18.17) a 741.16a
HH RS 52.02 (7.00) ¢ 10.61 (1.43) a 541.31 (72.84) a 139.22 (18.73) a 743.16a
R+ Acid soil

CK 3.06 (3.55) d 27.89 (32.36) c 11.16 (12.95) ¢ 44.08 (51.14) d 86.19b
WERRES 21.93 (8.28) ¢ 141.04 (53.28) b 26.94 (10.18) a b 74.78 (28.25) b 264.70a
Wk 27.89 (10.13) b 168.31 (61.13) a 19.52 (7.09) b 59.62 (21.65) ¢ 275.34a
WEBRER 41.15 (15.44) a 138.12 (51.83) b 23.17 (8.69) b 64.05 (24.03) c 266.50a
FE RS 17.48 (6.35) ¢ 139.51 (50.68) b 30.31 (11.01) a 87.98 (31.96) a 275.28a

TSR BUE NN A5 S B R BN E S, BHFEENFEHRBARLBSH S 204 R The data in parentheses are the

percentages of the fraction in total inorganic phosphorus, and the letters after the data are the result of ANOVA

®5 TEBBEETHERHLNBHSEL

Table 5 Conversion of different inorganic phosphorus in soil

- Al-P Fe-P Ca-P 0-P 754k B Total
Phosph‘ate v V/T v V/T v V/T v V/T T
(mg/kg) (%) (mg/kg) (%) (mg/kg) (%) (mg/kg) (%) mg/kg
1 4 Neutral soil
CK 2.03+0.37  3.42  30.66+5.02 51.54 6.81x1.02 11.45 19.98+3.20 33.58 59.48
B 46.38 +7.21  22.57 113.13£18.01 55.05 10.61 +2.10 5.16 35.375.73 17.21 205.50
Bk 48.10 £7.07 25.08 115.09 £19.74 60.00  7.36 +1.08 3.84 21.26+3.06 11.09 191.80
[ divE 80.55+12.64 38.03  99.23 £15.28 46.85 9.20 +1.84 4.34  22.84+3.48 10.78 211.82
FRR 41.34+6.09 20.33 104.40 £18.02 51.33 10.72%1.72 5.27 46.93+6.13  23.07 203.39
Bkt Alkali soil
CK 16.34£2.04  2.91 6.22+1.05  1.11 461.23 +80.04 82.21 77.28 +13.49 13.77 561.07
B 33.83+5.18  17.99 4.35+0.76  2.31 90.28+15.83 48.01 59.58 +11.05 31.69 188. 04
iRk 46.30 £7.23  27.31 5.39+0.94  3.19 62.84+11.31 37.07 54.98+9.64 32.43 169. 50
RS 55.02 £8.67  30.55 4.55+0.81  2.53 63.12+12.03 35.05 57.40+10.12 31.87 180. 09
MR 35.68 £5.12  19.60 4.38+0.74  2.41 80.08+13.72 43.98 61.95+12.14 34.02 182.09
M+ Acid soil
CK 3.06+0.55  3.55 27.89+4.12 32.36 11.16+1.77 12.95 44.08+7.05 51.14 86.19
B 18.87 £2.39  10.57 113.15+18.65 63.39 15.78 +2.12 8.84 30.70+4.13 17.20 178.51
Rk 24.83 £3.28 13.13  140.42 +£23.54 74.24  8.36+1.51 4.42  15.54£2.46  8.22 189.15
BERR 4R 38.09+5.05 21.12 110.23+17.01 61.14 12.01+2.06 6.66 19.97 £3.15 11.08 180.30
MR 14.42+1.73  7.63 111.62+17.63 59.03 19.15+3.11  10.13 43.90 +6.24 23.22 189.09

V 2t AR FIBEIETE E ST TOHIBE S CK A LLA AR L s V/T s b it b BASE B E 40380 V means the conversion of P after

adding various Pi compared with CK; V/7T means each P form conversion as percentage of total P conversion

2.4 HHLEN LA FIBRRACHE G TE SR AL
AHtwE v+ 2 A HUERAE B TS e R A T 2 (3R 6)  (HSTESLHB AL T B AE . AIF
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RS HEIBR—EEA LG, EAIBRHERT, L85 AP SENRTOAVRAHE ., SRS,
Al-P & B LA VLERET Y 48. 42 mg-kg 'FEZE 31.94 ~45.32 mg-kg ' ; BER4E 4038, AI-P & & |y 82. 58
mg-kg [ FE 41.4 ~70.16 mg-kg ', 5 Al-P FRAMMBEAFRAET, LS Ca-P FEXE T LAIERL
., TEMBABERRES , BERREK , BERR R A IRES 14 |, AVLIRAL 5 , Ca-P S EHIE N 8.26% ~45.53% , 3R
FRAC PRI IR R 8.26% ~25.77% ,Fri& BR AN F FRAL 38 3 iR 3K 18.93% ~45.53% , Fe-P F10-P &AL
Jits P AEFR 2845 5% , 7E e FHB BR A5 BB BR AR 1) 358 L it g HLER , 5 S s iE B b BEAR L, Fe-P & B T %, W11
T AR SR FE RS J5 INitiAa HLER W 38 b Fe-P & ELBE A 3 i A HLERALHE, O-P S B — 2 a2
AR A VIBRG RIS A /D . B3R, YIRS G WIFES# R L E K. A HLERAL
B, + 3 rh THUBE AL /3G N Ss > AR E S B VIRME X R BT, SRR L, 3 Fa PLERE > AL-P F1
N Ca-P SR 55 BT Y BER > AP > SRR

®6 HNBRLEBEHETIEZNBSENTL
Table 6 Inorganic phosphorus fraction of acid soil treated with organic acids (mg-kg™!)
TeHLBEE A Component of inorganic phosphorus

e HHLE Al-P Fe-P Ca-P 0-P o
P resource  Org. acid me/ke [;K,; me/ke [;K,; me/ke I;K,; me/ke [;{17\,,, ( I:‘go;i]g)
CK TAHIR 2.03 3.42 30. 66 51.54 6.81 11.45 19.98 33.58 59.48
R 2.94 4.9 31.34 52.24 7.06 11.76 18. 66 31.1 60
EERR 3.04 5.22 31.55 54.17 6.39 10.97 17.26 29.63 58.24
R 4.05 6.15 30.53 46.34 7.42 11.27 23.88 36.24 65.88
WEBR S TA LR 48.42 18.27 143.79 54.26 17.42 6.57 55.35 20.89 264.98
R 31.94 11.96 130.27 48.79 24.05 9.01 80.74 30.24 267.00
AR 33.09 12.11 136.46 49.95 22.69 8.31 80.96 29.63 273.20
SRR 45.32 16.69 142.62 52.54 19.71 7.26 63.81 23.51 271.47
WERRk ToA LR 50.13 19.95 145.75 58.00 14.17 5.64 41.24b 16.41 251.28
R 36.36 13.88 128.49 49.05 19.94 7.61 77.17 29.46 261.96
AR 38.43 14.99 127.92 49.91 19.39 7.56 70.57 27.53 256.31
R 50.60 19.15 137.19 51.05 15.34 5.71 61.08 22.73 268.73
BERRSR ToA LR 82.58 30.44 129.89 47.88 16.01 5.90 42.81 15.78 271.30
R 41.40 15.36 128.54 47.68 23.30 8.64 76.37 28.33 269.61
AR 50.03 19.27 131.48 50.63 19.04 7.33 59.13 22.77 259. 68
R 70.16 25.95 136. 68 50.55 19.00 7.03 44.55 16.48 270.38
HH RS ToA LR 43.38 16.50 135.06 51.38 17.54 6.67 66.90 25.45 262.87
R 27.43 10. 06 140.75 51.64 25.36 9.30 79.03 28.99 272.57
AR 34.46 13.44 135.62 52.90 21.84 8.52 64.46 25.14 256.38
R 35.38 13.61 137.86 53.03 22.06 8.48 64.69 24.88 259.99

P (RV) ABEATHBEEMA VLR LA VLERAL BT AHXME P (%) means relative value of various Pi form with different organic acid
treatment; JGA5 HLER without acid; HifZ oxalic acid; FFBEPR citric acid; SEIRER malic acid; T[] the same below

R T BT AR EEGRE AU & B 2RI 00, BBk, Btk H A FIBRR A DL , L4
H Ca-P S EHA A RIFLE KA, HIREAR K, 78 1.22% ~6.81% 2 [6];0-P & BAEA YLEE T 54 frig
i, 5 B A BERR KA L, A ULRRAL 2R O-P 34 WEIRF 33.31% ~42.22% , Bl B T H EBFIRAL 22 ; AL-P A0
Fe-P BT BMA ., 5kt EAVIERYERBE T A A, Bk LA 3 F0A HLER TG W 2 1) 55 55
A

A LA FBHRAA YIRS , 3+ O-P S EI NI, LHEMAMBRSMAYIEG, 0-P & &g
RIAE] 13.82% ~21.11% , Al-P S E—BE FREH EERBRLHE KR MEA R Fe-P Ml Ca-P BIEA
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PUBRALBERGJ5 A B eAl , (SN B B, it FI B mR ek , MRS /5 I A HLAR Fe-P & B T I, BERRES A HLIR
A3 Fe-P EBH EFt. FBR, BRVE L AL X PIAFTE S8R R LB R 2%

®7 ANBRLEEEETENBSENTH

Table 7 Inorganic phosphorus fraction of alkali soil treated with organic acids (mg-kg ')
TeHLBEIE A Component of inorganic phosphorus

YR Bl Al-P Fe-P Ca-P 0-P M
P resource  Org. acid mg/ke I;Z,; me/kg I;Zt; me/ke I;Z‘; me/ke I};‘Z«; (:;);ilg)
CK TA VLR 16.34 2.91 6.22 1.11 461.23 82.21 77.28 13.77 561.07
ER 14.85 2.67 5.99 1.08 445,33 80.16 89.39 16.09 555.56
R 14.89 2.63 6.63 1.17 457.85 80.83 87.05 15.37 566. 41
R 17.96 3.26 6.81 1.24 449.23 81.61 76. 44 13.89 550. 44
RS TA Y 50.17 6.70 10.57 1.41 551.51 73.62 136. 86 18.27 749.11
ER 47.35 6.40 10. 16 1.37 515.25 69. 60 167.50 22.63 740.27
AR 44.30 5.91 13.43 1.79 544.77 72.66 147.30 19.65 749. 80
R 51.74 6.87 11.17 1.48 532.30 70.67 158.00 20.98 753.21
Rk TA Y 62.64 8.57 11.62 1.59 524.07 71.73 132.25 18.10 730. 57
ER 60.69 8.01 11.13 1.47 502.24 66.26 183.94 24.27 757.99
AR 50.76 6.85 12.99 1.75 489.56 66.03 188.09 25.37 741.40
R 69.41 9.33 16.95 2.28 481.67 64.71 176.30 23.69 744.33
B4 TA Y 71.36 9.63 10.77 1.45 524.35 70.75 134.68 18.17 741.16
ER 76.99 10.49 9.69 1.32 488.65 66.58 158.62 21.61 733.95
AR 70.73 9.19 11.67 1.52 514.97 66.92 172.13 22.37 769. 50
R 77.58 10.30 8.49 1.13 508.24 67.48 158.92 21.10 753.23
RS TA Y 52.02 7.00 10. 61 1.43 541.31 72.84 139.22 18.73 743.16
ER 42.26 5.69 13.59 1.83 509.92 68. 64 177.17 23.85 742.95
AR 36.22 4.83 12.50 1.67 529.96 70. 60 171.95 22.91 750. 63
R 44,14 6.02 13.94 1.90 523.58 71.45 151.14 20.62 732. 80

*8 FHBMLBERETTNBISENTL
Table 8 Inorganic phosphorus fraction of acid soil treated with organic acids (mg-kg™!)
TotLBEIE A Component of inorganic phosphorus

By Al ALP Fe-P Ca-P 0-P M
P resource  Org. acid P% P% P% P% Total
me/kg RV me/kg RV me/kg RV me/kg RV (mg/kg)
CK TH LR 3.06 3.55 27.89 32.36 11.16 12.95 44.08 51.14 86.19
R 2.74 2.91 30.82 32.79 12.4 13.2 48.02 51.1 93.98
AR 4.78 5.67 28.7 34.05 11.52 13.67 39.28 46.61 84.27
SRR 3.81 3.88 32.39 32.99 12.47 12.7 49.53 50.43 98.21
WEBR S TA LR 21.93 8.29 141.04 53.28 26.94 10.18 74.78 28.25 264.7
R 18.17 6.55 146.45 52.79 31.45 11.34 81.33 29.32 277.4
AR 19.49 7.11 148.87 54.33 27.07 9.88 78.59 28.68 274.02
SRR 24.03 8.71 145.35 52.71 25.46 9.23 80.92 29.34 275.77
WEBR ik TA LR 27.89 10.13 168.31 61.13 19.52 7.09 59.62 21.65 275.34
R 19.38 7.26 159. 46 59.76 26.01 9.75 61.97 23.22 266. 82
EERR 25.56 9.33 153.32 55.96 24.84 9.07 70.24 25.64 273.96
SRR 32.41 11.42 157.00 55.32 22.24 7.84 72.16 25.43 283.81
BERRSR ToA LR 41.15 15.44 138.12 51.83 23.17 8.70 64.05 24.03 266.5
R 26.73 10.18 135.90 51.75 28.26 10.76 71.72 27.31 262.6
EERR 32.31 12.28 143.12 54.41 25.42 9.66 62.21 23.65 263.06
SRR 29.55 11.14 142.86 53.84 24.4 9.19 68.55 25.83 265.36
HH RS ToA LR 17.48 6.35 139.51 50.68 30.31 11.01 87.98 31.96 275.28
R 15.80 5.76 129.45 47.14 29.15 10.62 100.18 36.48 274.59
EERR 19.04 6.86 121.82 43.88 30.20 10. 88 106. 55 38.38 277.61
SRR 19.47 7.04 125.64 45.39 31.51 11.39 100. 14 36.18 276.77
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TERMERERIEO T ,3 Fh - B & B0 SRR, (HRIEABRR G , A& B R, itk B 18
T RIEPBE S B, AR BEIEAE v SRR YE L VR RB T K/NIBUT R - BERREK > BRERER > BERRES > MR
55,4 FRERK IS TERE & BA 2 5 LA & B AR, TR A VI A S S
B 3R R R B P TR 55 BRIV TR AR , 76 7 R 338 b I B AR 0 s , T8 ML B il B AT 4 A
R L, B ARESK U 218 . BEREERIG , MRV L P Bt & A P L ARt £ 2 X &l T
itk - T Tl R A [ 5 VR RO, (AR K S PRI RIAA LS & 25 B0 o A LR e AT DA i x84 9k sk
BEE R, FTRE R D T B M AR 2 LI A VLB ML A b S B R R T P A R
i,

AR 3 f LR R AN EAE—EER B LTSS &S T R . SELMAR, iE
FABEIESS ,  \BRYE L Fe-P A1 AL-P ()& & EFHIREE R, UHE Fe-P FHEINE K 50% LA E, X 2R A,
B+ SR A AL & B L L T AP BRI P R TR AR AR AL K AL R 0 T
JR, TR T BRI o 3 R IR AT (O-P) WA BN, B B+ Ca-P KN E
PR/, TAktE L Ca-P & EEE BEW M., XE2FE b BRI PENE&EEHRK, A5 2R T B Ca-
P TR A SR Y . M A BRIRAE 3 A IR rP 98 AL L AR R R TC U 4 40 18] B 40 A R A IR 14
WL, 5AFTEEVRSE, EUYFHEEEE, pH, W Ca* WESSHERNGAERA X, HBARF
WRE R SRR LN, H BRYE L Fe-P F1 O-P 5 TTHLBE B &/ 63% F175% LA L, Al-P & &N
16.50% ~30.44% F16.35% ~15.44% ,Ca-P & B I5HA% ; WimdiE - 1 Fe-P 1 O-P 2 F1 1 5 M TCHLUBE ) 20%
it AP 5 856.70% ~9.63% ,Ca-P fif 5 L B & T .M+, 515 70.75% ~73.62% . BHHLERY 3
IR S B 2 s AR R, AT BB SN R AL B B RA K

BB, B LR BERE IS 438X i Yy I B B, Al 3 R, oML B 4 B 1R, 35 G MR M s o2
YRS . WEFERA SRS TFREEVRESH B BE LB E F& G EE S B LG T B R
Hi3k', Jones i Darrah " BFSY I, AT IREEM IR Ca-P & B M TP B EIBER, b TERITB MR
HBAVERT, A B 9 HY OB RVE T o Luo 217 & B, A BR A3 SR BR 9 A S I S 75 B R 45 P B
R TIC R , RIS L PG £ B8 i 40 7 R0 LA TR R IRl B ML 2 — S T SRAR 43 U B VR BE AT IR R . HE—25 1Y
BT, AHLERIE AL IR A A 8 5 H s R 56 . Sl ST A HLBR T AN R B U AL B IR B R &
W, B TAEIRAIER, b BRELT AP SE—BRETHE&ESE,0-P SEA PN, Fe-P fil Ca-P ZH IR
W AR IR A o X U A HLER FT BB R et AT SR A I, TS AL A b (BRI 1 3BTOHURE , IR TERE A4S
£ . Johnson"" (IBFFTFEBIAR R /W " IRIRA = IRIR & S BUE WA AL , I T faf Bl Bk 2 4 8
WP BtE L Ca-P FEAE ARRE M B, 0-P FEIEAVERIEAT A Bl fn, Al-P il Fe-P & &48
TR WA . [FBHE R, P+ E A VIBRIE BRI K/NBUT R > PR > 2R R, T 3 F A PLERTE
BaPE R YE P T B RS . A LR IR TS L R — 1 BESR 8 AR LR G Eh A R, Tk
HIE AL B RESZ A HLBR AR (R BE RIS AL 2 e, 5 R B € r XA E X R B, AR — P RAHB
W%
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