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Mechanism, influencing factors and practical application of organic acids
in improving soil phytate bioavailability

CAO Xing-yuan, Al Wen-yan, WEN Si-ying, YANG Xiao-li, LIU Xue"
(Institute of Ecology and Environment, Southwest Forestry University, Kunming, Yunnan 650224, China)

Abstract: Phytate in soils mainly origins from plant residues and monogastric animal excrement. The phytate can
only be mineralized to release P through hydrolysis and dephosphorylation, which are catalysed by specific
enzymes-phytase (myo-inositol hexakisphate phosphohydrolase). Phytic acids or phytate, are important
components of soil organic phosphorus, accounting for 50%—80% of total organic P. Phytic acids contain 6
phosphate groups and 12 dissociable protons, thus readily being adsorbed by soils or form insoluble complexes
with metal ions. Consequently, phytic acids are prevented from interactions with phytase, their decomposition and
mineralization efficiency are thus decreased greatly, hard to release P for plant uptake. Improving the solubility
and bioavailability of phytate is one of the prerequisites to ensure the efficient P supply of soil to crops. Soil
organic acids are derived from plant root excretes, microorganisms, and organic matter decomposition. Organic
acids have plenty of functional groups, which can form more stable ligand complexes with metal ions, therefore,
mobilize the adsorbed phytate or phytate-metal complexes through competitive adsorption, complexation, and
fracturing organic matter-metal bridges. The kinds and contents of soil organic acids varied, depending on plant
and microbe species. Besides, soil pH, organic matter content, the types and contents of soil minerals/metal oxides
all influence the mobilization efficiency of organic acids-mediated phytate. As such, further studies should work
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on the following points: 1) Phytate mobilization efficiency of different organic acids in different types of soils.

Quantitatively analyze phytate desorption and mobilization efficiency by different kinds and concentrations of

organic acids. 2) Phytate-adsorped mineral surface is highly negative charged in wide pH ranges, which hinders

the adsorption and displacement reactions of organic acids. Therefore, it is necessary to explore strategies to

improve the mobilization of adsorbed-phytate. 3) Monitoring and evaluate the long-term performance of organic

acids-mediated phytate mobilization.

Key words: phytate; phosphorus; bioavailability; organic acids; mobilization mechanism; utilization efficiency
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Table 1 Organic acid species and concentrations in some plants root exudates
=L} R YLy, AP G WRA AR & Rl G L SH 3R
Plant Soil and treatment method Organic acids Secretion site Organic acid content or proportion Reference
JHE T ZhiE+ Cohesive soil SRR Malic acid #2 PR Rhizosphere 170 umol/g [81]
Cicer arietinum Fr&ERR Citric acid 35.0 umol/g
N Kyle /N% Kyle wheat TR Acetic acid #RPR Rhizosphere 40.0 nmol/g [82]
Triticum aestivum Fif £ Cohesive soil Tk Propionic acid 513 nmol/g
SERER Malic acid 39.8 nmol/g
PR Oxalic acid 43.2 nmol/g
Arcola /N Arcola wheat LR Acetic acid 6.8 nmol/g
HittEL: Cohesive soil N2 Propionic acid 203 nmol/g
AR Malic acid 14.1 nmol/g
R Oxalic acid 42.3 nmol/g
INEE AP REFERL, Hoagland-Arnon HfiZ Oxalic acid HZ Roots 0.25 mg/(g'h) (68.9%) [83]
. . o At ey
e guit; jfrﬁ&rf:ii;%growing in IR Tartaric acid
Hoagland-Arnon solution for 30 d PR Citric acid
LSRN - R Oxalic acid A& Roots - [84]
Pinus radiata 3% Maleic acid
¥ Citric acid
HP e BB FI28 K & % Fumaric acid HIRIX 1.5%10-5 mg/(cm-h) [85]
Lupinus albus P deficiency treatment for 28 d 5L Malic acid Proteoid roots 2.0%10 mg/(cm-h)
MR Citric acid 2.8x10 mg/(cm-h)
5% Fumaric acid JEHEAR X 1.0x10% mg/(cm-h)
YR Malic acid Non proteoid roots o 104 two/(cm-h)
LR Acetic acid 1.5x10* mg/(cm-h)
LB AL FH28 K & % Fumaric acid HEARIX 1.5x10° mg/(cm-h)
P treatment for 28 d 5L Malic acid Proteoid roots 1.8x10- mg/(cm-h)
MR Citric acid 1.5x10* mg/(cm-h)
& % Fumaric acid JEHEAR X 1.1x10% mg/(cm-h)
YR Malic acid Non proteoid roots 104 tmo/(cm-h)
LR Acetic acid 1.8x10 mg/(cm-h)
P s DU F R bR A - AR Oleic acid HRZ Roots 0.06% [86]
Cleistogenes songorica Light chestnut soil in Siziwanggqi fxhi#A Palmitic acid 0.62%
base (pH 8.4-8.8)
482 F 2 Phthalic acid 0.004%
i 4R H1[#2 Phthalic acid 0.001%
Artemisia frigida FieliFR Palmitic acid 0.67%
HIRHEAE MR Oleic acid 0.07%
Convolvulus ammannii BEFI Succinic acid B
44— 12 Phthalic acid 0.007%
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2£3 1 Table 1 continued
) IR AT AP Sy UL AHURR & B T 22530k
Plant Soil and treatment method Organic acids Secretion site Organic acid content or proportion Reference
] P RASE AR LR Acetic acid PR 1.7 mg/plant [87]
Sonchus asper  Red soil in Huize, Yunnan % Oxalic acid Rhizosphere 0.95 mg/plant
(pH 5.5)
SRR Malic acid 0.8 mg/plant
Fri&2 Citric acid 2.7 mg/plant
KEFEHR SRR WHWR Malic acid ~ HRF Roots 38.2 ug/kg [88]
Larix olgensis  Typical dark brown soil 5% Oxalic acid 368 ug/ke
(pH 5.32)
BEHIMR Succinic acid 93.8 ug/kg
Fi#EIR Citric acid 195 ug/kg
1 mg/kg CAHE 10K SRR Malic acid 72.9 ug/kg
1 mg/kg Cd stress for 10 d % Oxalic acid 471 peke
BEFHIFR Succinic acid 54.3 ng/kg
F#EERE Citric acid 291 ug/kg
WA T2 Gallic acid 2.55 ug/kg
4 mg/kg CAfAEALFLI0K R Malic acid 96.1 ug/kg
4 mg/kg Cd stress for 10 d 5% Oxalic acid 494 pgke
BEHIMR Succinic acid 109 ng/kg
Fi#EIR Citric acid 473 ug/kg
BEFR Gallic acid 2.48 ng/kg
8 mg/kg CAlME AL 10K SRR Malic acid 51.3 pg/kg
8 mg/kg Cd stress for 10 d % Oxalic acid 550 ug/ke
BEFAR Succinic acid 59.3 ug/kg
¥R Citric acid 427 pg/kg
KETE TCTH A EFRAL 24K BEFAMRR Succinic acid R Z Roots 2.85 ng/kg [89]
Medicago sativa Sterile nutrient solution 5L Malic acid 18.5 pgke
treatment for 24 d
Fri&2 Citric acid 17.2 pg/kg
TCTE BB IR AL B 24K BEHIMR Succinic acid 4.33 pg/kg
Sterile P deficient solution 3 5% Malic acid 1339 jg/ke
treatment for 24 d
Fri&2 Citric acid 31.2 pg/kg
AR - SEHLER Malic acid. R ZR Roots - [90]
Cajanus cajan R Oxalic acid
wE i Monoculture EIR Oxalic acid LittoN 2.5 mg/plant [87]
Vicia faba FFEFRR Citric acid Rhizosphere 0.15 mg/plant

L W74 (Sonchus asper)B){E
Intercropping Sonchus asper

Cd. Pbliria+HAE

Cd, Pb stress and monoculture

Cd. PolHB+ZEWi4 (Sonchus asper)AIfE
Cd, Pb stress and intercropping Sonchus asper

R Oxalic acid
FrEIR Citric acid
HIJR Oxalic acid
¥z Citric acid

R Oxalic acid

5.4 mg/plant

0.25 mg/plant
0.28 mg/plant
0.42 mg/plant

0.13 mg/plant
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23 1 Table 1 continued

i) Rt Y UL YiE. AP Gy UL AR & A L 22530k
Plant Soil and treatment method Organic acids Secretion site  Organic acid content or proportion Reference
¥ Citric acid 0.15 mg/plant
K £1YERP Hoagland-Arnon5E £ 78 MALHI30K B2 Oxalic acid R & Roots 0.3 mg/(g-h) [83]
Glycine max Treatment of quartz sand and Hoagland WL Tartaric acid (69.0%)
Arnon solution for 30 d
PR Citric acid
AKHEIEF HERE b I 5K FRER Malic acid ~ HRZ Roots 45 pg/plant [91]
Hydroponic and normal P treatment for 15 d 5% Maleic acid 0.1 ng/plant
& iR Fumaric acid 0.05 pg/plant
PR Citric acid 12 pg/plant
KRB I 5K IR Malic acid 12 pg/plant
P deficiency hydroponic treatment for 15 d TR Maleic acid 0.15 pg/plant
& % Fumaric acid 0.18 pg/plant
¥R Citric acid 20 pg/plant
ES/S SEAETFRALB30R iR Oxalic acid A Roots - [92]
Zea mays Complete nutrient solution treatment for 30 d L Malic acid
WA R Tartaric acid
FPEERR Citric acid

e 7 RSk B
Note: “~” represents there is no information in the citations.
(Microvirga) . R JE (Pseudomonas). Hr# g
)& (Novosphingobium) . 5% 1H & (Streptomyces)
R PR TR & (Sphingomonas) 55 29 M@0, g
AT G WA LT V25 firp A R 1 LT 3 22 g A A TR L
PR U AL G ) (Pisolithus tinctorius) . i F7
3 (Scleroderma) 5511 FHL /WA A HLIR M 5L
iR FR AR Y o I AR . R A A LR
RN 2 FroRes,
22 TI|EPENEMERSENZMIESR
TP A VLR M S AR T
ARV - IR BT S50 o 5 AR B A 1 s rh
AHLRR S EFEI N : A (0.375 cmol/kg)>TE A (0.2
cmol/kg)>4¢ M (0.18 cmol/kg)=¥ 7 (0.175 cmol/kg)>
kM (0.065 cmol/kg)!', FEAMBHIREYIEZ,
&) o1 S A AR R AN E A ML 43 W, AL T
TP AP S R . R REd THEAC . R
Tl AT o S A DL & A, A LB - A K
wAPLER, MFEdF T Jas , AU e AL
55, IR H A PR S B m TFdbm .
A [ AB B 2 A e vh oA LR A S N AE R 3 2 5
TR W AFAE T 25 KA R arh, FRK 593 pg/kg.

A 558 ng/kg . HEAK 554 pg/kg. HAR 378 ug/kg. I
B 243 pg/kg. BRARH AN, FrigmRE HAx 4 Fh
FE B 2 A - S v ARG L A R AE A AR LB
grpag i, BRI, ATRE S A
FRED o AT O im0 Re b IX A A 7R
PRI B FAE R MK (Loropetalum chinense) . %2
SR (Celtis biondii) F175 18 (Pteroceltis tatarinowii)
WRBR L, FORR & 0 T HEARAR P 20T 1L RR
¥F (Alchornea trewioides) . /N (Ligustrum sinense) Fl
WA (Indigofera atropurpurea) FRFR 4338 v ) 1
TR &5 (204 vs. 84.9 pg/kg)",

A e AR K A PR AR BT (R A LT
i, pH. TSRO IR B AF) B 1A
LRI RIS 5 o a0, R B, HYIAR R 00
AR5 E AU A A S & R IEAR M, ]
m, FEA DL (150 vs. 128 g/kg) AR & (7.45 vs.
5.86 g/kg) B iy R, IS A RIS B (204
vs. 84.9 pg/kg)!", id It A LT A A LR
A2 A LB A S i B, IR GRS AT (42
fk & it 403 g/kg) LJE R A IR (1.59 glkg) & &
AKFEFE (G & it 373 g/kg) 7k LR (0.41 gkg) 19 4
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Table 2 Organic acids species and concentrations in microbial secretions
(DGRBS ;. . BN AR SRS
N, B iR A FIHLRRR Lo Bk
Microbe . . . . . . Organic acid
. Genus/species Incubation condition Organic acid species . Reference
species content or proportion
Bl A CFLIF I MR 37336 CHHIR KT TR K FLA& Lactic acid 5.58 mg/mL [98]
Bacteria Lactobacillus vini White sour soup
SRR 1A culture medium at 36°C for 8 d LR Acetic acid 1.04 mg/mL
Acetobacter farinalis
% REBSRRAT 1A LR Acetic acid
Acetobacter lovaniensis
T B L W IR HpH 7.0~7.5, 28°CH;5728 K FLMA Lactic acid - [99]
Pseudomonas Glucose culture medium (pH 7.0-7.5) PSR Succinic acid
at 28°C for 28 d
BRCEG T I HEIRE R pH 7.0~7.5, 28°CH;i328K FLAR Lactic acid - [99]
Erwinia Glucose culture medium (pH 7.0-7.5) BEFI Succinic acid
at 28°C for 28 d
I AR AT 1A WA SR, 0.3%HIFR A A FER Gluconic acid ~ 31.0 mmol/L [100]
. T B
Citrobacter SOCHH 7K ZTR Acetic acid 25.0 mmol/L
Glucose culture medium
WHAZ B Pantoea containing 0.3% sodium phytate A FERR Gluconic acid ~ 42.0 mmol/L
at30°C for8.d LR Acetic acid 25.0 mmol/L
Jili 98 5E T A 1A WiZIBERR Gluconic acid ~ 28.0 mmol/L
Klebsiella Pneumoniae LR Acetic acid 35.0 mmol/L
SRIARE HZIFER Gluconic acid ~ 47.0 mmol/L
Kiebsiella sp 2. Acetic acid 38.0 mmol/L
AR Pyruvic acid 4.00 mmol/L
E R AR Gluconic acid ~ 11.0 mmol/L
Hormaechei LR Acetic acid 50.0 mmol/L
NERR Pyruvic acid 2.00 mmol/L
OIS Bacillus H#i% B2 Gluconic acid -
ZTR Acetic acid
AR Pyruvic acid
S ERFHE-6 CTERERRENIEFRH3ACHE I3 ~5K LR Acetic acid 0.5+0.07 g/L [101]
Clostridium celerecrescens Ethanol sodium acetate T Butyric acid 2.8240.17 g/l
culture medium at 34°C for 3-5d
THERHIFRR-2 R R34 CH B R FR3~5K 2R Acetic acid 0.24+0.02 g/L
Clostridium tyrobutyricum Clostridium enrichment T Butyric acid 1.640.09 g/L
medium at 34°C for 3-5d
T\ % Hexanoic acid 9.3+0.29 g/L
LA Fungi #8AFLA B Pachlewskif {4 77 35 #7228 K HR Oxalic acid 21 mg/L [102-103]
Suillus luteus Pachlewski 7. Acetic acid 0.6 mg/L
liquid medium for 28 d
BEFHIMR Succinic acid 3.69 mg/L
FrEERR Citric acid 0.87 mg/L
WA ZLA B Pachlewskiif {4535 255 3728 K HR Oxalic acid 20 mg/L [102]
Suillus subluteus Incubation in Pachlewski 7.7 Acetic acid 441 mg/L

liquid medium for 28 d

BEFAMR Succinic acid

4.17 mg/L




Laccaria bicolor

Glucose culture medium culture for 28 d, pH 5.0

2158 W) E SR 50 R 29 %
£:4 2 Table 2 continued
(DGRBS e U AR F i al b b -
c ) B A FHLRRFA o S0k
Microbe . X . . . . Organic acid
. Genus/species Incubation condition Organic acid species . Reference
species content or proportion
R PachlewskiVf {35 7= 3515 3728 K R Oxalic acid 42 mg/L [102]
Lactarius deliciosus  Pachlewski liquid 2. Acetic acid 13.5 mg/L
medium for 28 d
BRI Succinic acid  12.6 mg/L
[E A IR FE25 CIG IR 21K TR Oxalic acid 172 mg/L [104]
Solid medium in dark at 25°C for 21 d 2. Acetic acid 9.66 mg/LL
BEFAMR Succinic acid  1.18 mg/L
THLBER 3R HE28 C IS R FR2 K R Oxalic acid 10.6% [97]
Inorganic P medium in dark for 2 d at 28°C I Formic acid 89.4%
JEIRFLA B HHEESRIE (pH 7.0), 28CHIEIEFR2R R Oxalic acid 15.3 mg/L [95]
Suillus grevillei Inverted culture in glucose culture 2. Acetic acid 13.7 mg/L
medium (pH 7.0) at 28°C for 2 d
BEIIFR Succinic acid  1.05 mg/L
A4 HEER SR (pH 7.0), 28°CHIERTIR2K FfR Oxalic acid 30.3 mg/L [95]
Boletus Inverted culture in glucose culture 2. Acetic acid 8.87 mg/LL
medium (pH 7.0) at 28°C for 2 d
BEIARR Succinic acid  2.76 mg/L
ARG SR 25 C I IR 21 R R Oxalic acid 307 mg/L [104]
Solid culture medium 25°C dark culture for 21 d 2. Acetic acid 26.7 mg/L
WA R Tartaric acid ~ 75.6 mg/L
1 iz D) HEER SR (pH 7.0), 28°CHIERTIR2K FR Oxalic acid 28.8 mg/L [95]
Scleroderma Glucose culture medium (pH 7.0) 2. Acetic acid 12.8 mg/L
at 28°C for2 d
F R Formic acid 0.38 mg/L
FA0E g HHEEESRIE (pH 7.0), 28CHIEIEIR2R R Oxalic acid 43.1 mg/L [95]
Pisolithus tinctorius  Inverted culture in glucose culture BRI Succinic acid 574 mg/LL
medium (pH 7.0) at 28C for 2 d
¥R Citric acid 111 mg/L
TeHLBE R A28 CHEFR2R AR Tartaric acid ~ 49% [97]
Inorganic phosphorus medium i Oxalic acid 20.5%
cultured at 28°C for2 d
BEIAMR Succinic acid  4.88%
H R Formic acid 25.6%
[EAR; IR 725 CIRERT FR21 R FfiRg Oxalic acid 135 umol/g [104]
Solid culture medium at 25°C in dark for 21 d
+ A ERE Pachlewskil# /&5 35325 CREFEFE2 1R BEIIMR Succinic acid  11.1 pmol/g [104]
Cenococcum Pachlewski solid medium 5% Oxalic acid 118 mg/L
geophilum in dark at 25°C for 21 d
Z.TR Acetic acid 47 mg/L
WA MR Tartaric acid ~ 75.6 mg/L
Pachlewski[fl 5% 77 425 CHEH 77 28K R Oxalic acid 18.6+1.24 mg/L [105]
Pachlewski solid medium LR Acetic acid 2.24+0.37 mg/L
in dark at 25°C for 28 d
XL g B e Gk = SR APN AR Tartaric acid ~ 32.0 pmol/L [106]
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%3 2 Table 2 continued

GRS . o B AHURR & b N
s 1% 3G DN ES o ZHR
Microbe . . . . . . Organic acid
. Genus/species Incubation condition Organic acid species . Reference
species content or proportion
SR Malic acid 12.1 pmol/L
BEHIFR Succinic acid 92.7 umol/L
FLi2 Lactic acid 65.3 umol/L
LR Acetic acid 106 pmol/L
FFR Formic acid 93.6 umol/L
HEIE Penicillium W TR 24CH T2 ~5 K YRR Malic acid - [107]
Glucose culture medium ¥pHEA Citric acid
at 24°C for 2-5d
h# )& Aspergillus TR SR R4 CHEFR2~5K HiZ B2 Gluconic acid -
Glucose culture medium 4L Malic acid
at 24°C for 2-5d
FEERR Citric acid
WREEE Rhizopus BB IR 24 CHE R~ 5K FLA& Lactic acid -
Glucose culture medium 2 L Fumaric acid
at 24°C for 2-5d
EZ)E Mucor WA TR R4 C g2~ 5K FLER Lactic acid —
Glucose culture medium # IL#% Fumaric acid
at 24°C for 2-5d
PR Citric acid
KA Pikovsky[E A E; 7328 CHiFETR  FLER Lactic acid - [108]
Aspergillus fumigatus Pikovsky solid 5% Oxalic acid
medium at 28°C for 7 d
& SR Fumaric acid
SRR Malic acid
W92 Tartaric acid
G+ i 2 FLBZ Lactic acid

Aspergillus terricola

il 2 Aspergillus ochraceus
AN B Aspergillus wentii
AEm % Aspergillus ornatus
¥l B Aspergillus clavatus

BN E Aspergillus nidulans

5 18 Aspergillus flavus

W IKINEE Aspergillus caesiellus

¥R Citric acid
FLAR Lactic acid

& % Fumaric acid
SERLER Malic acid
W4 R Tartaric acid
R Oxalic acid

&R Citric acid

E: 7 RSk E

Note: “~” represents there is no information in the citations.

e, Besh, A PLBE I R R R E A A AR
I s A AL i s, AL C:N
iR EE O 25:1 IR DG T ERE, A LR 7 I S
IR 5 pH aE i SN S AR T g ORI AL SR
AP, BETTSE A HLR R FeALTE . 1
PO L pH=3~6 B IEINEE, KX E S H 1
PREE, i WA R A IR PR S e . il

FUE WA ILRAYAE 5 1 pH 2 B E OE,
200 BT ) I J R S S I R A e B A
Wi e AT LB A o3 A S, R TR I A LR Y
AR RS, @E, 0C~35C JuMllN, AHLR
ik A B L E T bR, BRI 10°C, L&
AT HLBURCOR i AR 3 o 2~ 3 A, LA LR
FETE . DERUEYE R BGOSR N 25°C~
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35C, @HIZIEHE, MAYEHEZ IR AE, AL
1% 53 Wb e R AT o

AN, A LR & N2 oK B A2 L
IS . TR WA OREI R I, YA R AT Y
R EHEAE 3 (755 pg/kg) W T2 (143 ng/kg),
HHR (1.58 vs. 4.82 nug/kg) MR (2.59 vs. 13.3
ng/kg) WIAHIZ . E2IE IR, T CORRS abE
ZEY LRI N Z (1.3 g/kg)>FHZE (0.89 g/kg)>H
7 (0.4 g/kg)>FkZE (0.38 g/kg)

3 ARG AL 1 HEAE R A 1 B
SEAISES

3.1 BHBESEWEBRE

FEYIAR R . A (R . ZFAFT a5
FUECPE (8 m L R o s 550222 00 WA 3 HL TR
(RIZTHETR . B2 . APREIRSE) oA KA R RR JE
GZZMERRHA, vEd RS . BRI . A
H L OPREEAE AR ) S 2 Ry S0 el e,
T KA R AR R A RN, A T . 4%
GRNL . WS L4 B 2T A R A R R 1Y
VA AR RN A A SR s (] 1) AEBRAE R —Fh iR
PAE, LR E KRN i AR AL 5 O SRR R A L,
PR gt T 0 R R ) O B — A R L VS DL VE R R I
il FEERER M T 2 Aol 4 A BRI LA B SR T A A
WrE S L kS Y (g . Bk G
W), ALY KA . KA B T
LS G (AN I J A I -2 m,

A BT X A T 1) 16 A D03 3o 5% 4 286 1 F 4R
S W B AT S B TS, A HLIR T i
TRAZ e, R T AR A - S8 A By 1 e ] F fi
FEHIR, Lindegren S5 M, AHLAAZ HAET
HH A H 55 P B 2 T TS 9 1 T A S 4 1 o
i, ARG S &R 8 F 4 AR R E 4
BB AW, AOENH EHERWR T AP Fe 54
PR 53 LR SOW M, AR A R 0 AR Ak TR
LR 2 2% A 15 T B 42 8 4565 W0 5 Bl 3
B, AT B LA LR I A oy A, DT 2 A AL IR
Xf PR IR R I FR SR 0, ISR KB, AL
i G B R S e 6 & A B T IS AR, T
&R BT SR T 456 RO M4 G W s 3
PEUCUE , 3 M $ /5 1 18 v R R 3 0% W35 i M N S Bl
PR, HWR, A LR AT S I R,
T A8 O 54 R w1 35 AT 1) WO 7 0, B

Iy, HREHIG S, B, APEERRAN T
RS Ul W B AR R 401, I BB IR B % vl 672
eI ) [ I [ i W LB B = R A U 7/ h3 I YN 1]
PRI FRER R . P, A LR T 3 2 7 A HL
TS IRE T, WRAVL-S @A, A LT -
G B AR S G AT A o), AT B v AL IR ) i
FUEWA M . d5cJa, 3RV W A e 4% )68 4 o —
Fe"tHIRAC G WY BRI R G, Fe nI#d ik Fer,
A HLECA W AR e MR A, DI ol 5 D 40
HRIC, R R A A R (1),

AT, shiiaelormimss &3, wRkeh s in
AR AT ARSI YIIH AL R G0 pH, (A R i 1) 05
FOR 4R CRBOE AR 25 )™ gl e, £
e HURR A 1 i 3 4% pH FRAIRS , JRAE(E AL
PR BRI 1 A B AR BRI DU RR 25 6 % pH (A8
b SR M il pH 285500, SR, MRRBK
A BILTR FT LA 1 R k0% Ak, 398 DA TR 194 7 i
BE AR HE A R A K AR SR, e IR R R
WA AR, ABAT AILIR 54 98 I AE B AR A LA
B A B BB 5 20 A FH B S AT 5 it — 2D R

gi b, A PR TE Ak - HEA R 1Y £ TR AR
1) A3 HLRRE o B AR sc e S A R SR e e 45 B i, LA
FRIR A B T U B R T W B R L A1, DT B AR
- SRy X R P R B s e 0 AR Sk
B OEESEE T RAESERMIERE AW, K
Fe-P. AI-P Fll Ca-P " ANME IR BRI, (RHFRIRER
(A i 12 w0081 3) A5 HILER AN ] Rl S8 T i 4
J@AAY), HAELIATAS LA o 0 R, A PR
H5EHh B S . BRI RS AR
JNF, A R B 9 1 AR far G, DT R A X A
ER IR B 1250 4) A HLRRE A IS A L, WA
PU 4 B 4247, (e HEA IR LA v M 2 B I U A7
1e, fEE A (B D). R, AP AR
MG AL DA Z s L mIVE 45 3R, BA PR
5 T IO AB R G Ak 32 H R R 2 AR (14 52 I 2,

3.2 BHEECEERNNERSEZNER

A HLIR AT 1 R R 1) 16 AL B0 5 X R 1Y)
W BF 568 5 AN AILER (905 TR RE 1A O, i 3= B R i A
RUIEAVRFESRE . L5 pH. HA VRS
L R E S (R 3)es e
3.2.1 BHLERMESWERZEW  ANFEEY MG
Y53 0 1) N TR o 288 R B0 19 A AL R %o - M A R 1 7%
TEREAEAEZE T, — kUL, A LR R R 16 fh A F
FH B 3 55 000 7 2 PR N = 0B B> T C R BR>— R



113 HOGE, S A HLIRYR  LAAR AR A SERIAILR  S2e BR R K 2161
TR R HRBR 145
Plant root system Rhizosphere Soil
|i Sl :ﬂ,
r— _@_{: - -| ] Secrete P
| ) | Microorganism Phvtase
| Root hair )
- HHURBRCEER - T T
/ Or'g_anLc matteris_ // \
/ ¢~ degraded by RN TR
: | microorganisms, | | Phytates
s | / I N
Secrete
L HHUR
SNe o Organic matter
v
Secrete (4) A B T R SR
Dissolve organic Forming metal bridges
matter
AV B v ﬁ§%$%%
==t Pex v
WRTUWY |- - = ﬁm% . s Ree—— Rﬁ%ﬁ:ﬁj{kiﬁiﬁj(f(}n ( Clay mi:erals )
Root exudation Senele (3)1*%&;% h??‘{‘&%/ﬁ% aluminum oxidcs (goethite/vermiculite,
Re ease Hydrogen ions to etc.) etc.)
diss¢lve metals
3 K 2
Hydroxyl
gt (1) BEHSEEAR A R
Metabolism BRI B 1 Ligand exchange Phospiate r;dical
Release carboxylate ions N
Q) 4t a4 mE
Complexation and competition Complexation
________ Bt Absorb — CRMET .
......................... TR % —— Mctal cation ﬁgﬂ .
Phytate P (Fe/A1/Ca/Mg) L Phytic acid
Complexation
i £
Phytates

B 1 HIRBHEEIERR R E LS

Fig. 1 Mechanism of organic acids-induced phytate mobilization in soils

R, X S5 A HLER 46 & W ik 8 1k S TEAH O,
WAF IR (logK,,=9.6)>% R (logK,=7.3)>4
(logK,=1.5)10 1421 FrAge R Xof 4k AR A 26 5 1E FH 3%
U, HRRYE PRI IR B LR ER L R IE A7
P, ORAGE R 0T TR 1  HE rPOR R P 3 A A I 3
40, pH=5 K, 0.02 mol/L #71EHa Al 1% 1k 60% 8% 7%
BRE W BFFAR RS, 0.01 mol/L F7EERR il 15 4k 4.33%
U B AU ME R . Bolan Z5UIR R, X 435
(pH=5.6) 1 Ca-P #FATIH LI, FrGie fR i G L
KON 88% I 73%. RN, FEERXTES 4 & 1EH
A, DR g b A R 4 DA B A R AU
P, ORI A A P R R A TS AR AR
G, CRRAE RN — IR IR il SRR A & W 4 )8 55
T A 0 AR AR X A 550, X R E R P
MR IS AR R I FPEIR (2.75 mg/kg)>H IR
(0.75 mg/kg)> KR (0.33 mg/kg)',

AL e 0 Ao 5 i) AR A F88 52 I 6 DA T 5

M % S PR R TG AR50 1) R IR SRR A L
1% 15 38 o 1 52 M O AR 22 4 S g R, [RIA, A
TG A5 & PH B U B B O A RMEE DL ZE R
Pk, AL i Jo s MR A rhRp e gt th e, &
A DU XA IR 1) 15 AL AR REAIR . R, A MR
JEE TR v D) T A T 1 0 AR R A . DA B R R 491
B WA B 37.5 mg/L THE 75 FI1 150 mg/L, H:
XoF Sl AT W R SR IR 1) AR Y 10.5% 4l i v 2
17.5% 1 31.6%"7,

3.2.2 IR A T A

1) 3 pH 52 M pH 5% M 4 398 b il 1R A TR
FETEAS AT BILIR 55 R T 1) TR B e 4 S I, 328 T 5 i)

A LRI (G ALRCR . —AEOLT , A LR XS
R A& AL AR B pH BT i . ilan, ris
PRV pH i 3.3 THE 5.5~6.0 iF, HXF #liy dedkts
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DX Pl 5 AP (pH=7.4) 8 - v ke R 14 i U o P
5 mg/kg £ 6.2 mg/kg, R (pH=4.9) #i +
TR 0 R bl 5.8 mg/kg R 6.0~6.6 mg/kg™,
2P, Martin ZE58 8, pH=4.5 B, P fRxT 4
B 2 T R IR ) R SR pH=3.8 Y 1.7 1% (2.53%
vs. 1.47%). (HIRE R R, HA R NG R
WEE (>1x107) MK pH (2.5~4.0) &1F T, #riE
PR A V) 38 Ao VA AR T R R T TR B AR R e e, [
I, 24 pH 1 4.0 THZE 8.0 i, Ay R i e AR 5
T ACET 2 2 T W B SRR 1) R B pH T3 T RRAI,
R HCR 012 pmol/(m*h) fEZ 0.05 pmol/(m?-h)©,,
UeAh, A pH &4 T, R8s S e g v
AR W2 5, DT 52 M S F A 1R 1) 0 o
JEEFNE B8R 0, SR, A RRAE T P B g
DyREEE ) . RIS AN LTI, e Rt £
b 5 58 B E TSRS G2, N8+
XA R ) W BT e ) Iy . 20 (Rt >4 (59
P> i+ ()R,

pH S A LR 55 A8 1R 0 W2 B 510 2 4 W
T T 5 00 5 AL %o A TR 1 0% A oo, L VR FH
1, FRMEEHEh Y SR IE L, SR = T Y
LS| E S, SRR A TG AL SR 5. B+
58 pH Tt = B F S A i, 04 2 T H ey
%, FERRA SRR B T S0, MR S -4
SEE IR, (AR 5 S50 YRmss G, e
XM RER IS ALBCR . 53—, AHRRER Y P-O Jk
VAT 500 1) 2 T 1) R B 445 6 T ol S e T e O, 3
it 7 20T 9 W B4 FH 58 B 7R 32 pH 2, il dn
Persson SE(SA B, ERE pH &40 F (pH>8), K5
Fe 2541 PO B A 2K, i SEin iR
I, ANF T AP &R S ER . &5,
pH FRAR AT 2 = P M il e s v, $2 M A HLRR I 43
Wi, T T A R (0 AL AR . ldn, B
1% pH #2205 (Aspergillus niger) FEFREHE S, MM
PR R BEIRES . TR KA S0 Y A A

2) HIEANLR AR B A R T T
FEME S A LTS A O, R T HE DU A DILRR X AR R
TG A IR 2 A ML & B . B, A LR
I A B A AT AR LA A L R AR
o R B RE A Hh SR I B T (A BT R e £
HLfg, ANUIEIE4 JE SE Ak Y i, TR s s i el s +
8 pH FE TR AT LR XA R AO A 0, ok,
A ML T faf 5 T 5 R R 3 4 - SR AR S
FE WL R A5, FEANG 4 i B X A s 1 O
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