o5 e 5 B an N nE R Vol. 25,No. 5
2005 4 5 H ACTA ECOLOGICA SINICA May. . 2005

BB X He it + IR R G LRI N

IR FAF,EALLRLEAKREY

(1. P EB B ESEHIE PO, 6 1000852 PER W KRR S EEBE LS 100094 )

RE . LHEEEUAAFEMENBEGTER . AR EM BB RGN E . SR EH HOULER Y KM - ok A 5L BR8]
B HBEEVBREE/MEN, THEBERLAREEE. BHEVNBRNELANENER>EER. VB BOEASR S 13
Olsen-P Z B . AVIESEEY EFEHXXR, HEPERHELNERMEEF VLR R E] 89 1E K m & 8 m .

XBE - BERBRIGHEM SR SEH 5
LEHE.1000-0933(2005)05-1171-07 thEIE.S154.1 N#kERiIDE. A

Effect of organic acids on the activation of phosphorus in vegetable garden soils
LTANG Yu-Ying'*, HUANG Yi-Zong', MENG Fan-Qiao®, ZHU Yong-Guan'® (1. Research Center for Eco-

Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 2. College of Resource and Environment, Chinese Agricultural

University, Berjing 100094, China). Acta Ecologica Sinica.2005,25(5):1171~1177.

Abstract: The increasing demand for food production throughout the world has been exerting growing pressure on mineral
nutrient cycling in agricultural ecosystems. Lack of available phosphorus (P), for plant growth is a widespread limitation to
agricultural production. It has been reported that only 8% of 500 soil samples, collected from 42 countries were classified as
not deficient in phosphorus. The management of phosphorus nutrition in soil is one of the important agricultural practices.
However, excessive application of phosphorus fertilizers may result in not only economic loss but also cause other
environmental problems, such as severe eutrophication.

Effects of low-molecular-weight organic acids on soil phosphorus release have been studied by a series of batch
experiments. Many studies reported in the literature are only concernedwith the accelerating effects of organic acids on soil
phosphorus release in agroecosystems. The aim of this study is to investigate whether low-molecular-weight organic acids can
be used to predict the risk of P release in peri-urban areas. such as vegetable garden soils. Two organic acids (oxalic and citric
acids ) and nine vegetable garden soils were used, and the effects of different concentrations (0, 0.1, 0.5, 1.0, 1.5, 2. Ommol/
[.) of oxalic and citric acids on the release of phosphorus from these soils were carried out by soil incubation in laboratory. the
kinetics of phosphorus release from soils was also studied. Results showed that the release of phosphorus by organic acids from
vegetable garden soils is significant. The effects of low-molecular-weight organic acids on soil phosphorus release increased
with increasing concentrations of organic acids. The release of soil phosphorus increased from 124. 26mg/kg to 603. 37mg/kg in
No. 1 vegetable garden soil, with increasing concentrations of oxalic acid from 0. Immol/L to 2. Ommol/l.. Oxalic acid is better
than citric acid for the release of soil phosphorus. There were significant correlation between the release of phosphorus by
organic acids and soil Oslen-P and organic matter content. The release of soil phosphorus increased with incubation time. Soil
phosphorus release increased from 248. 32mg/kg at 0. 5h to 989. 45mg/kg at 8h for citric acid in No. 1 vegetable garden soil.
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KHWLIE NN —~BEEIFRERTZERAOTERBR L TEGHRENEE NMEBBRENF HE. SFE . BT -8
P EHKBAEYHELDREA AR BRI AKX oRRAENE . F L EBP B ENRBRE Ry I REYREHAMSE
e, MR B> R, CER N EA BB E R KNI RORALGREZ — BFEE AMTEFENLEER BIE
FRE RERE Kk ERE RS EHEERENES IR T A LHR BESNAREREBRA O R EER. B TRE&E
SREMTHUAW AR AMMTERFR - BPoEMEEL - ERAEE - HARIBYNITER.ER. PR ERLR.BFREK
SFANERY Y., BAFSWHESTAENED EFFUIBERIE AT, BT 4 W60 B B BEC S 0T L4 88 1 B G #l
BeLt, HIL A VLER B RNE (P EFE L ETEES  EEEY B E RN B RIEEEWER.

AU L RBERRNERHE R —RE Y BHEAREZHRNEEENBRE—REH L+ BPHONA HREEREE
R+ AN A0, KRBT AN ERANEESEREREN T RBL R — L AEREHER. L EERL

MEBER RPN L Rk, REREAME R AT K EREEOE i, BRI B e EEH
TR B, 5B AL, R RPN RS BEYEE. B EOESHRE, B X EM AR 12 (0~200cm)
Olsen-P & &/ F 15. 0~503. 1kg/hm? Z 8], M &K A/ F 6. 1~ 34. 4dkg/hm® Z[Al, M 200cm + EEHR P WEM U B EE . BX
KM A 503. 3kg/hm® R H LK 136. 2kg. hm® , R LR B F S 2.7 5, EF - KEMN L BER . BRXEMAILE B 88 Y
269. 3mg/hm*, FiK AL Xy 249. 4mg/hm* R F HEHEBHH 8. 0% PR+ M5 MR H +MEE AR, B+
HP—MAVNERARR S MHEEAEAEA KM - A VLB 6B 2 W h0, B8 A HLBR AT 50 75 25 4 HERS 35 4k 1Y
WIOHA-H., FXFEFREVREERTNERD A AR T B AG T M RIS AR .52 MR, R
St L AR A W ) K AT AR TS B K A XURS L A S M R B R R R S R 4
1 #M#E5F*
1.1 Al 4

Pl TR0 . R AR HIE S LR KB M 0~20em WRZ+ GEHHEHRE N 18 6 ) 5 7 s hig
A~ 8] Y B SR B (0~ 20em, 20~ 40cm 60~ 80cm) R4 3 M E W LI (2 S R% 7.8 F1 9 2). TS X B 4t
2mm FihG AR ER . DR ER TR 1, + A 9 (0 v 5 25 48 88 v b B 4 A o B e 5 1
LR ACEST T - B RREN. Hh pHE RN K L 2.5 1.pH BRI ; BB Y Olsen-P 35

1 SEIWMOBSEAER

Table 1 Some physico-chemical properties of the tested soils

e 2B A HLIR EEE x5 Bk AR 5% Kk (< 2pm)
S::)'l N Total P OM pH Olsen-P Amorphous CaCQ; Clay
il No.
(%) (g/kg) (mg/kg) ALO; (%) (%) (%)
B ] 0. 20 23. 40 5. 70 182. 03 0. 21 0. 30 13. 80
2 0.17 17. 03 5.42 136. &4 0. 25 0. 29 15. 32
3 0.17 13.63 6. 47 112. 70 0. 14 0. 34 16. 55
4 0.11 10. 10 5.17 78. 99 0. 28 0. 20 16. 98
5 0.11 10. 05 5. 93 49. 78 O.17 0. 27 19. 60
¢ 0. 08 9.71 5. 62 35.78 0. 23 0. 24 26. 65
7 O.11 8.59 2. 76 45. 95 0. 20 0. 28 24. 09
8 0.12 8. 20 6. 50 ho. 14 0.13 0. 30 18. 78
B 9 0. 09 6. 25 6. 57 44. 69 0. 1] 0. 29 25.17
1.2 i HFYRR X2 XAV MOHER
HIXEV B A ER AR SR el 5L R S M Table 2 Properties of the two low-molecular-weight organic acids
TR ENBROKERN 0.0.1,0.5,1.0,1.5 f1  used in this study
2. Ommol/L, HYE i W% 2, y BERY
A HLRR 2K EHEX Dissociation constants logk Al
1.3 LK Organic acids  Ligand form |
Pkl Pk2 Pk3
1.3.1 AHBEMAR T HERHEBREWER 452K r—
RAF L £ 1g BE] 0.001) B F 50mL BHBELE  Cirric acid R S M AT 68 798

HL 3% 1+ 30 [ VB HG B 4 B i A — R v B R R B R il |
WA YR E R 1mmol /L, B 3% 30mmol/kg +1%:243, IR Oxalic acid

A PLBR T AL 2 B(CK), T8 3 %k
HE, E25CHRERM TR 0.5 B.L. 2. R EEHER PR EEMERm R HBEE.

H:L 1.23 4.19 - 6. 16
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1.3.2 AEKELGVEBE HRERHBEBRROER 23 RE RS L8 1g OFFH 0.001g) & T 5oml BRELE
L3 1 30 BT I A AR BN R M SR SRR P ERR SRR E 2508 0.0.1,0.5,1.0.1. 5. 2. Ommol/
LB K 0\3\15330\45\60mm01/kg + R IKREE. S CRELSETHRS 0.5h, B.L . ik B EEBRHESEM Lk
SEB B PRSI .

1.3.3 AHEEXN EEBRME IFHEERE 5 EARAE MR L8 1g OF#E] 0. 001g) & T 50ml R E LB F .
13 ﬁ;@tti’iJﬁ:‘%lUJﬂA—iiﬁ&JEW*r%@?ﬂ%ﬁJ@Z’é‘&ﬁﬂlﬁmﬁ% Immol/L, LR IKEE. k% . H.LFHIEH
LT 0.5.1.2.4.6.80 BU BRI B,

2 ZRE5Wi

2.1 K HLBR XA ] 4 38 B0 B B 5 i)

AULEEX AR P asE e LA 1, AEFRTES. AV - B ERBHE  HREA R S 1+ X7
HULRREABENOURA -F . BRITFERY T HEBENELRHERB 7 200600 L0 S EEARMANE VLA BKRE L
BRI B ICR 9 54. 05mg/keg B8N 1mmol /L BB B #¥#H 0. 5h fa . BB E B 381. 21mg/kg G LA F] 605.27%:3 S
65 AWMAVRYGCHEBEABRE SN 37. 68 #1 7. 82mg/kg, BRI F B8R f5 B 09 B & 4 518 266. 80 F1 86. 84 mg/kg .
G HEE T 608.08% M 373.93% ., A HIFEHR.I 5 L Olsen-P SEMAVEESEEE. 5K 182. 03mg/kg M
23.40g/kg. 7 6 5 T Olsen-P &R . HH A EFBED . 2514 35. 78mg/kg 1 9. 71g/kg. 753X 6 HEH + P, 55 o B8R /5 B
MWENES LR Olsen-PFE . IHEINEIBELCHX . L Olsen-P SB AR S EEE B IWERE B 00 B &3
RAABERSERE - FRALHEBLNAR FUREEATIERERN YAV MA LSRG VBB E FH R E L E A,
ST R B BB, MM AVRRTLIGE S E BRI BER ARG NBEEAER . Ed 5 Ca " EE FHE

SRR ANBRRR B THOREE HERBEAURRUBH THER . XEFARNRMAERAIEFT SO ERE ¥
%ﬁ'éjﬂilﬁl X B I AL B9 R M B R TR

ol @ A CK T B MMCK
400 (- 0 B ® Oxalic acid 160 - ig;xg :;I?iamd'd
g 350 |- ¥ Citric acid g 140 | | tHic ad
'a'g 2E 120
< E 3001 _ 2 - .
E 8 201 | S % g 100 -
1 N\ 3
25 2000 | N By 80
\ o :
s N @ 60
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Fig. 2 Effects of organic acids on the release of soil P from
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Fig. 1 Effects of organic acids on the release of soil P from

‘ _ different depth of vegetable garden soils
different vegetable garden soils

xﬁ%[ﬂﬁﬁ%itﬁ%mﬂﬁ%,zomwcm(s SIOMIRMEMANREE MRS . HK Y 0~20em(7 S +) + . BF
A 60~80cm(9 51 +MEF 2), 8 S LBMAERNRMA VIR BRI BRIE N 26. 41mg/kg, BT E B AL B 15 + BB B AR A
2 166. 77mg/kg, WAL F N 531. 40 s MA BB AL B G T B B R N 97. 11mg/keg 5L TN 268. 78% . 3 43I iy + 1§
F.85 1+ Olsen-P SEBEES5HVEESEEET, N 56. ldmg/ke 1 8. 20g/kg HIL AT IIANM F VBT + EBEEAN R S + 5
Olsen-P Z B . LRENEIBEE X . BEERBFABRRTHER. S5EXB™ . 285 PRE R 3.
2.2 ANEVR A UL B X 1 A S8 B O B i

AFFVBRE RN T HABRBERAEERE 3, 2 EP LR ERMrEBR S RIS MBI R, + B A 15 AL 1 55 53X B R A VLR 1Y
WMEXRF AUBERNEBYEESRKEN AWM. 1.2.3.4.5 M6 B FHHMh 850 0. Immol /L WEME + 8
B B A R A H) 124. 26,106. 14.90. 92.60. 41,52 59mg/kg 1 11. 41mg/kg. iﬁﬁibuﬁa‘ﬁ%%&fﬁﬂy 2. Ommol /L i}, + HH
e B AN E| 603. 37,484 15,454, 78,205. 02,147, 52mg/kg 1 113. 28mg/kg (B 3). HIIFHEER IS 18 S 2 0 1y 45
R RERBMITBERECRBMER, 1.2M3 5 +HE4.5H 6 %_,ﬂﬁﬁﬁﬁﬁﬁik XA L.2F 35+ 4.5 F1 6
FEHEOlsen-P FER. MEFALRAIRBRABER T REEIRELOBELUIIN, AOFE L BAS WA BEEBTS.

b ¥y
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Fig. 3 Effects of the concentrations of organic acids on the release of =0i! P from vegetable garden soils

ARSI EEEN .8/ 98 EHITER A4 RA KBS R A AV E B g m A E 2R LRIKRE
N AR S BRI EERE(E O, FRHEHEE L HSBRARHEBERNARS 1~6 ST RERBRK XA EER
HARMERERE LU EINR . 2B EEEEESRULAECYEAEHEAF M SRS R MNEGETUE L ATRES
MR ERMER. 20~40em(8 S4) + P EHAMBR L L TR NN EREN LIEEL, 8 5 LA MA VLA Olsen-P
A4t 56. 14mg/ kg, BRI E R YK B i 0. Immol/L #2783 2. ommol /L B . 75 3 BE B MR B 95. 93mg/ke $2 & F 312. 59mg/kg.
BB T 216. 66mg/kg. 9 B HEAMA VA Olsen-P &K, H 44. 69mg/kg., HEMRKR B M 0. Immol /L 25 3
2. O0mmol/L & . B BB M EH 47. 8S1mg/kg & 2] 199. 84mg/kg . 31 152. Omg kg,

L
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Fig. 4 Effects of the organic acid with different concentrations or the release of soil P from vegetable garden soil at ditferent depths

2.3 LB - B B B S M T W R

B 5 A PLER X e TR A KB hEM O NE R a LB L LRI A VLER 5 3 19 R B B A R R R)
RIZE R M ZET I, R E L AR AR AR . TEABEETERLHEAZERLGHE B 8h Jg 4.5 M6 5 +IEHH B
P mEE L 1.2 M3 S Bk, WS drERLREG . 5 LENARBBERERMNERR 0. 5h 19 248. 32mg/kg B 2K 1
Iz ez 8h Ay 989. 45mg/kg BN T 3 %; M 6 5 LM E R 0. 5h 89 33. 09mg/kg B £ $#2 8h B 164. 84mg/kg . HE
5L

K 6 MAE VLB S S g LA KBRS 2w el LB VLG 20~40cm 8 B ) P MBE R £ .
G4 60~80emI F P AWM WMBEL., T RENHOBRROHEERENMYERKMEN, 2 ERAME, YR EHEH
0. 5h 3 M%) 8h 1,8 B L IRE UBER M B 166. 77mg/kg ¥ %) 510. 25mg/kg; i 9 5 LA MBEBL A B 106. 45mg/kg ¥
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Fig. 5 Effects of the organic acid on the kinetics of soil P release from vegetable garden soils
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Fig. 6 Effects of the organic acid on the kinetics of soil P release from vegetable garden soil at different depths

X3 ANMBABREBSTRENRENNATEXSE (R

Table 3 The determinative coefficient(R?) of the release of soil P fitted logarithmic eguation

R T
TR Citric acid e Oxalic acid B
Soil No. (o] 135 &8 RERE R [al 9 75 & RE FRBR?
Equation Coefficient Equation Coefficient

1 y=264. 26ln(x)+465. 35 0. 4896 v=353. 28In.(x)+ 690. 66 0. 9846
/ y=193. 38In(x)+367. 23 0. ©4842 v=263.7728In(x)-+517. 33 0. 9859
3 y=159. 23 In(r) +330. 41 0. G818 v=236.37928In(r) 4469, 79 0. 9880
4 y=098. 279 In(x) +166. 15 0. G955 v=125. 9528In () -~ 180. 97 0. 9983
5 y==91.36 In(x)+146 0. 9571 y=116. 6928In(x) - 165, 66 0. 9954
6 y=46.063 In(xr)+63. 449 0. 6942 v=283.10428In(x)-+109. 21 (0. 9942
7 y=88. 227 In(x)+171 0. 5908 v=119. 8 in{x)+218. 3 0. 9955
8 y=66.047 In(x)+120.19 0. 6959 v=112.36 In(ur)+191. 3 0. 9965
9 y=40. 267 In(x)+97. 56 0. 9915 v=196.104 In(x) + 178, 82 0. 9959

EFZLRE BERHEAYERNTERNTZ —. (F2 B350 IEH » WA 150 R ) T 8 S 16 0 PL AR B9 43 00 SR AR S A R
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