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Effect of low molecular weight organic acids on soil phosphorus release
of inner lakeside belt in lake wetlands

ZHAO Kuan ** WAN Xin ZHAO Wenrui HU Ruixin WANG Yu ZHOU Baohua

(School of Resource and Environment, Key Laboratory of Aqueous Environment Protection and Pollution Control of Yangtze

River in Anhui of Anhui Provincial Education Department, Anqing Normal Univeristy, Anqing , 246133, China)

Abstract In this study, the surface soils of inner lakeside belt in Caizi Lake, Pogang Lake and
Wuchang Lake along Yangtze River of Anqing were collected, and the soil phosphorus release
contents for three lakes affected by different concentrations of tartaric acid and malic acid were
measured. The results showed that both tartaric acid and malic acid induced concentration-dependent
hormesis effects on the extraction ratio of soil phosphorus in inner lakeside belt, and the malic acid
had a stronger capacity of extract phosphorus than tartaric acid. The maximum extraction rate (¥,y)
of soil phosphorus in inner lakeside belt of Pogang lake by tartaric acid and malic acid were
1817.57% and 2166.63%, respectively, which were significantly higher than those in Caizi Lake and
Wuchang Lake. The potential for response stress (R) of the two organic acids to soil phosphorus in
Pogang lake were higher than that in Caizi Lake and Wuchang Lake. The results can provide a
theoretical basis for the use of low molecular weight organic acids to improve soil phosphorus
nutrients, and provide technical support for the control of environmental risk of phosphorus loss.

Keywords Hormesis effect, low molecular weight organic acids, available phosphorus, lake

wetland.
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PR A KA T b @ R ILR 2 —, TR i BE A B RS WA P e S A0 2,
Hh R AL L WSO B e 30 SR JO ML, MR e 75 5 LBl | 805 i S50 M v A i it P 7 L
Hh, 3ok RS MRS 5 R PR A A D RS . R ] e M i A A R i = A LA, it P R
ME R 10%—25% REBAEY WM, KR BENETE -3 b R AR, 25 5) 3 il B JRTR 2%, 87 B b kA2
TRANZK 3 2R 3 K A 6 8 TR A B . TR, G Ao 488 T wfi s 25 i e T O A 8 i el D e P L 4
THBE R AR A T 2R A2

1A LR AL - e w, $12 AL ) WS D ML 55 6, S AR 0 N X R a0 5 114 Tl B2 LA Y. IR
T EA PR TR - R PR AR S R G RR BRI 25, (R AR i A HLIR RE Al F - S 2t
B, H: Hormesis 2800 - B 5C & B 2832 3 1T 1Z B9 TE . Hormesis A4 N2 48 HLAR 2 S IRAL 2 ) ik it
7 AR T E RO , R B RV B I 5 A OO A O T e R P R B A i A A B0, A e
BRGT, Hormesis RN -1 G R FE TR GE AV Y (N5 2RSS | KA K
PUAEREINEA T O A KA T | IR a2 R K R0 2,

— i T B Y L A AR 1 B A LR NS - Sl ) B R B 8N S R IR TR LR R |
YT | TR A IS (8] R $12 YORONT 1 B 5 RO EE R R L RSO SR RS R IR IR | SR
PR AR« R A0S e S v e ) 0 A R BT TR] | 4 IO B2 R - A A B R R I IE ARG
FEIEAFUT RTS8 R W] 2 e B 7 0—8 mmol-L" I, BERR | AR | SRR AN R 0SS Bl ) st Ak 4
Wt 3 A7 HIL IR e J5E 9 412 g 1T 0 A W A AU R ST SR A 2 R | FT AR IR | PR R AT £ R AE 0—
5 mmol-L™" I, B A HLRRE HE (0 5 e, A B b SRl 28 Tl e A, 48 9 ) R 38 O TR > A7 iR T
AR >SPARIR. SRR, 8 pH FIH & BE AL BT 25028 | 35807 VA AR R I ) A [R) AR 23 5 A
AR RIS T R 2 0 35 5 ) - SR ) R ). R JRUAE R AN [ 9 JEE 11 e R R Ay TR DL U8 7 0
ARMK L SRR AR, S5 SRR WA AL A IR AR I ] | IR LU0 B A FF 22 RO L 8l 1“2 4 IR
R, R LR ) S IR AR I R 12 h, 2.0 mmol- L A7 R A B B BRI SR N Ain K HE .
Zhao FFPUAFFER I 0—10 mmol- L™ ¥ 5 Y F 1R AT A5 I BB Sk 255 112 i 1 WY R SR WY AR B M8 1) e T
i, H R R I 5 A MURR VR B 2 A] SR R OC 2. Strom 45 BT R WITE pH<3.5 MR 1 + 1A
pH=7.5 HYBIE L3, 0—100 mmol- L™ ¥ J8E A FR | A1 A5 R FISE SR FR AR BE NG I 1w i) B i, {EL7E
e pH T A3 BILIR XS B ) S SEOVE P SEAT 280 DRk, AT LIBR 5 HL R B8 A A58 ot =2 ] 1 591 000 6 2R )
AR R HE i PR A5 A F A O Y [ A

AT R K B 2R GE A S R, I XS 7 S A E W) 2R R, TR WA A S R G R A
AEZSTIRE, X5 QI B AR IR AL . AR W v 2 REE A AP AR A EER IR 2, D, AR SCHE %
PRUTIL DA SR 7180 S 080 /5% W0 e 98 5 SR A 1 3R o, e 1 b b s b i DA AR r 1
A LR SRR A A7 R, BIF 5 U TN AN [R] e 2 F18 30 2R R AT 0 R X 3 /I3 18 b ) iy - S0 2l
TETA AR, o3 A WA LIRS M T - Sl 34 791 28807 56 2% 4, PR ST SR R RIS 7 TR X AS [ A 91 %
Mo AT B WA RETA BA) 22 S, DA IR A MILIR e 3 R e 3R R 0 PR B AR SCH [ I R e 307 K A 36
S5 DX 75 42 0 o /K AR B4 T SR A R A BB A Al

1 #MRL5 7 (Materials and methods)

11 AR SR 4L 5 ab 2

SRAELPETHI(CZH) | B R (PGH) A1k B ] (WCH ) #4805 171 26 2 £ 1E(0—20 ecm) BE i, 4
A 8 TR YT SO AR ) DX R AT R A, (R B 25 RS Y IR HE A O | K SCH S AR IR R A I A
3AEHERFEX(E D, B REXE SRS (S mxSm), ¥ 5 RS EEYSIREGFEIER
1ASSRFEIX AR A HFE, B RT3 0 5 B9 3 A SRBE XY+ HETR A 1 o — IR () 1 3%, 5Bk +
e e, SRR R G4, He AR JS, ASR K, IS I 100 B - 480 5 2% 3525 A 9k
ASE . 14 pH, ML S i PHES Fac#e i . BB . A A0 7 i 5 LR PR AL R AR AR B 6 - HLY
BT AT A TR 3 K, AT FRCR A 3 YO EE 1 1A
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Table 1 Basic characteristics and the location of sampling points in inner lakeside belt of three lakes

HEEA N W SR WRATE A /km? KM XL
Lake name Dominant species of lakeside belt Lake area Sampling area location
E117°5'6.08", N30°45'19.84"
CZH HNTEE R RRIRRRE , g 146.3 E117°4'43.25", N30°42'42.64"

E117°6'52.56", N30°43'1.23"

E117°8'6.88", N30°39'29.98"
PGH P OGRB —AEE 22.7 E117°8'58.32”, N30°39'16.16"
E117°9'55.10", N30°36'38.80"

E116°41'45.72", N30°14'51.66"
WCH HF, TR RS 107.5 E116°45'7.52", N30°17'21.54"
E116°46'10.39", N30°17'40.00"

1.2 A LR
PR 2> F A AUBR S L . WA R, $W B 2530500 2 7], AR R 43 4l (99%) L, HAk
fE R 2.
2 MHRC S F A VLIER By FeA M R

Table 2 Basic properties of low molecular weight organic acids

LIRSS YA TR s ifr B AR CASS
Organic acid type English name Chemical formula Dissociation constant CAS Number

. K,;=4.0x10"*

SRR Malic acid HOOC-CH(OH)-CH,-COOH 133-37-9
K,=8.9x10°°
) " K;=9.1x10™*

AR Tartaric acid HOOC-CH(OH)-CH(OH)-COOH 617-48-1
K,=4.3x107°

1.3 Rt

AR BN 3 0 Ve A T A2 O S 1) Hormesis RUW. A9 DG RHEPR 3R, 45 348 A R B 6 2 3 [T A 1) 4l 412
Hormesis 200 , £ 15 B 5 22 (A% R EEBR B, S8 IS 86 TAE &, I BV 2 850W s AN AT A /R FH0e- 2728,
AT 5T S BRI TAHE AR 3R 43 WMIR o3 F A LR Tk B R AR 20 1), 4 BRI ot DX () fin % i, o 1) o
X [ g/ 5] B AR JE U, A E 0L 1, 1.5, 2, 5. 8, 10, 20 mmol-L™" 45 8 MR ERRE.
L4 %5 A PR B R I

A3 IR 3.0 g KU 07 05 00 3B RE 5B T 8 > 50 mL p94ETE R, #5210 < 1 AK L, 22 B A
30mL 9 0, 1, 1.5, 2, 5, 8, 10, 20 mmol-L™" 55 8 ¥k B 6 B i (I 43 & A HLER WL, [RIBHImA 3—5
% 0.01 gL'/ BLEY A 350 B 11 3 sk W 5o A ALRR B9 TS ARV FH, $R%% 30 min J&, B850, B 3G
TRARAT, I FH B B0 5 b € -nT DB A3 e B B AR I K 700 nm R 5E H B35 T8 P A A S50 e 258 T A S
W3IANEE.
1.5 &5 F A PR+ HEmk i SR ECR

3 99 FHAS TR) e 88 6 B KK 4377 WL IR B B e 5 i () D 251K 70 7 HILIR V& £ >4 0 mmol- L'
PRI RS i OV IRAL, X)), 1B 25 Wk B B2 A AR 40T WL X i S 0% Y, R =X (1):

Y = (X, - Xo)/ X, x 100% (D

1.6 o EANLER XS + e UK Hormesis A4 19405 A5 Y
HRPEAT BILIR Ve A6 B8 (V) RT3 Ve B A6 B85 A ML X B () R B Y, R A =X (2) A T8 &
Y =aN*+bN +c (2)
R (2) 1158 Y= 0 B~ A HLER R B2 D, (15 5 2E 7 Hormesis 500 1R G W FE ) . D, % A=
Hormesis R0 Y25 MR BE ), PR AT SR 4355 S 8800 9 VR BE LU AH Q= Do/Dy, YRS 25 {H AD=D,—D;, R 7]
THEAL R OO DX BT AR (BASEER 43, & A R.
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17 B E W ICR R R ELIN A AR VR L | B MU f R
Xt (2) BEAT—Brak &, i1 F(3):
Y =2aN+b (3
K3, 3 Y=0 i, 15 2B ORI ORI A HUER W JEE P I Nye=—b/2a, DA ITTAT H B4R UK B R (H
Yinar WA SR AL e 312 B F5 R X

2 5 54718 (Results and discussion)

2.1 HHEAREEE
3N AT b AR A B L AR 3. | R 3 R, CZH R WCH ) I8 47 4 498 5 55 R
PGH U7 158 52 rh vk PGH VY 1 33A AL & & 0 2K T CZH 1 WCH; 3 /M Z H PGH S i%
P A, H A ROk A 3% S T CZH M WCH.
3K WM LA A

Table 3 Soil physicochemical properties in inner lakeside belt of three lakes

HoERIE] AHHUF (gkg™) BHES FAc et/ (ecmol kg ™) B/ (mgkg™) B/ (mg-kg™)
Lake pH Organic matter Cation exchange capacity Total phosphorus Available phosphorus
CZH 4.97°+0.16 29.36°+1.91 12.9%£1.22 446°+21.66 1.20°+0.12
PGH 7.04°40.11 22.15*+2.54 10.8+£0.64 298°+10.42 5.47°+0.63
WCH 5.85°40.27 31.94°+1.28 11.7*£0.69 547°420.11 2.1040.37

TE: Bl LB (M) £hRMER 22 (SE) FR, ~FXIMES T 19/NS FRERR R — 8 bR e 3N WIA Z 18] i 22 5 (P<0.05).
Note: The data was shown by mean (M) =+ standard error (SE), and the different lowercase letters indicated the difference of the same
index in the three lakes (P<0.05).

2.2 WFPAG HILER XS AN [R50 1 T8 75 v 1 b - SRR T 1Y) 52 )
ISINAS[R] e B2 A R X CZH, PGH A1 WCH il ey 3 e 3R G S HARBCR A2 0 QA 1 Frs.
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Fig.1 Influence of different concentrations of tartaric acid on phosphorus release in inner lakeside belt of three lakes
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Note: The different lowercase letters indicate the difference of phosphorus content under the different tartaric acid concentration in the same

lake (P<0.05), the following figures are the same.
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P L L AT, BB T A R R B R, 3 AN I 1 ek B i S, b CZH R PGH B4R B
76 10 mmol-L™" 15 47 2 ¥ J& If ik 2 5 /& . 76 20 mmol-L™" 7 7 2 v J3 i B 2 B i 52 B30 ), AH X T
10 mmol-L™" i il & 5, CZH F1 PGH B i B Ih il 5 1 20 W FRAIR 36.84% 1 7.43%; WCH i 1 B 5 D)
Wi 25T A T I 5 1) I 5 T 48 10, 76 20 mmol - L™ 75 7 2 ¥ 5 I R 2 B i K

SESER XT3 AW U A - B S e UL IR 2 TR i B el YRR R 4 A 10, 20 |
10 mmol-L™" i, CZH. PGH 1 WCH + IR it i K, Horh CZH W1 -+ e w4 B A0 S SR R vk i
A 10 mmol- L™ B i 5 TR RS M H 5 mmol- L', 8 mmol-L™' Fl 20 mmol-L™' i@ Bt &, M PGH.
WCH W7 £ HEm$ U 76 52 SR MR VR > 5 mmol L' I JC B 3 25 5.
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Fig.2 Influence of different concentrations of malic acid on phosphorus release in inner lakeside belt of three lakes

BT A AR M B ] DL AR - SJEWiE A4 [ 2 , 384 0 1 SEmle £) 26 W0 A 500k, AR SCHIFFE e ] L Ml 1)
FEICEA AT HLRRVE BE 1 T i, 52 BT R R A2 A 3, 335 TN RO BIFSE — 300 9 IR o3 AT LIRS
E AR PONTE AL HAT —E R e gEAE T, BEE (R0 1A AL B A T sy, BB BBCE 1 o, A7 HILIR A 2k
I BE R L S HRORFA] | - 98 S0 A5 5 ) - Sl A SRR B 7). AT LR AR B ) fifp 2 o R X - el ) 42
RO B GEA, — 7 T, AT HLIRAR B8 1 n] LUA R0 A6 L3 b OB 0 | A0 e Ak SEME VA PR AL S W),
EX 54 HLIRAR B T B0 S5 A A SR C &R 53— J7 I, A AL B A HOGF 4 398 09 136 A o ik o
25%—40%". ABFGEH, [a]— M BE T (W AA HLER X 3 AN TE A e i PR R 25 R AOKR, AR
PR xF 3 AN TR A B AR B2 T A R, SRR CZH H1 PGH ) A1 13wl ) i I i
FEIP 1 RF- 32 i 1 70.19% T 46.45%, 31X AT RE R TS R A 41 R AR T —ou A WL R, LA s
B2EF BN TR — BT, IR A HLIR A B RO oA MLIR B A HYDTRBE AL, SR 7 R IR
MBS T LI AT R AR B 70 1 SRR SE A, [R5 - 3 v YA R B AL 5 W FU 4 6 0 1) 2 T A2 BEL A0 1 2
/NI 22, ERLHCSTE SRR 1 ) B IBCBE ) LT A TR .
2.3 NTAHEM J7 REASADL M A0 23 A LR ) ) 412 iR

ML PETT L, —u R ST R T8 RO AU 2 07 #225 it 26 7 e 485 HLRR X e i
AR METRANZE 4 P, 3 4 i, St Tr R UG RORAR X 22, I A X CZH Al PGH + ek
FEWCRTC B FNE 22 52, SRR CZH L IEWE R R IC 35 P 22 57 (P<0.05) s 48 X007 R4l & 10 1 R X
CZH + SRS RIS T 35 P 22 5, 0 HOE i BOR YU & BOR B (P<0.05); — L IR Z
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T 27 A MU 405 RE AR REFUL P AR AL 3 W 5ty SRS BCR AY 21 (P<0.05), Hor—
IR Z AT e IS ROR S, AR 25 250 T HAU & il 28 B AH SC R BOR T XU 207 #9022 1)
AR B, RiZ— o0 Rk 2307 2 B A] SRR 1 A ML - SR HUR) Hormesis 240 BT AAR
Z PG RWIA HLIR S IR IO L2t fE . X B0 R L 38807 & . Langmiur J7 #2455 2 FJ5 f
T, XL L5 R A 22 SR TE A MR IR B I 8] | A HILRR R $1 RO - MR il 80 7“7 B2 I, 3 )
T ARAT LR B I SRl ) R S AT ER R S O RIS o, R T A DL IR B MR B X TR
WA 2R, MR AU 07 R 45 IS B A 1 A A B VS W B BBORE il 19 58 5, IR Z AT SR R
TERY.
R4 RIFHE 7 BG4 R AN 2R B0 B S R

Table 4 The different fitting equations simulated the extraction rates of phosphorus by tartaric acid and malic acid

2 {=] I =t (=] '_'}bﬁjj‘ (= Xﬂm]éﬁlﬁ&
% 9 MIr e Z AT AREOT R ; _
AP LHERAS . . . . - : Hyperbolic equation
Oreanic acid Lake name Linear equation Polynomial equation ~Exponential equation ax
& Y=aX+b Y=aX?+bX+c Y = aX? =iy
CzH r=0.5606 r=0.9974 r=0.7362 r=0.8450
P=0.1905 P=0.0001 P=0.0592 P=0.0160
; . r=0.7410 r=0.9628 r=0.8812 r=0.9589
BaM PGH P=0.0562 P=0.0053 P=0.0088 P=0.0006
WCH =0.8960 r=0.9957 7=0.9578 7=0.9852
P=0.0063 P<0.0001 P=0.0007 P<0.0001
CzH r=0.7192 r=0.9478 r=0.8083 r=0.8664
P=0.0685 P=0.0103 P=0.0278 P=0.0116
"~ r=0.8418 r=0.9845 r=0.9353 r=0.9837
R PGH P=0.0175 P=0.0010 P=0.0020 P<0.0001
WCH r=0.8516 r=0.9833 r=0.9152 r=0.9533
P=0.0150 P=0.0011 P=0.0038 P=0.0009

TE: XAR AN (mmol- L), YARIRA HUIR A 1A ERIBCR (%) rRon G L MR OC R, PR B HE R L.
Note: X is the concentration of organic acids (mmol-L™"), Y is the extraction rates of phosphorus by organic acids (%). r is the correlation
coefficient of the fitting equation, P is the significant difference.

24 BT —n kR EW I BRGAR F A LR AT 1 R4 B 1 5%

3 e TR — o0 R 22 100 2 FR LA AS TR A PR A0S SR R R X6 3 N T I A - w4
BB 52 ma, 0 A7 iR X CZH. PGH Fl WCH ] 52 i 1 58 Bl $2 BOR 800 & 5 12 09 40 ¢ R 8040 0l R
0.9974(P=0.0001) . 0.9628( P=0.0053) F1 0.9957( P<0.0001); 3= F: /& % CZH. PGH F1 WCH W /& 77 + 1
e BCRADL B 5 R A AH 6 225500 510 0.9478(P=0.0103) . 0.9845(P=0.0010) F1 0.9833(P=0.0011), Hiltt
AR T RGBT
2.5 OR[AIA HLRR B2 OB Y 1 80 Hormesis 200 J7 & A IS4k

i 2% 5 AT, AN R A AL IR 4 B4 1Y TS 7 1 B 1) Hormesis 00 S B0 ]I A FRAE U 3 4~
WA Dy R E, PR ILRRHEEUT CZH /) AD B A%, X Ui B - w15 = B 3 KA 2. 3 /N I519A
TS AT - SR P2 IO P FR A MLIRR 1Y Ny 7 12.21—16.25 mmol- L™ 2Z [i], FLX 57 () = HEms 4 B & i i
KAE Xpax 7E 1.47—6.55 mg-kg™' Z [H]. 15 £ 2 A1 2R 2 X PGH i 5 47 1+ el 32 R i K, o il o
1817.57% F 2166.63%, % WCH 117 + 3w 4 B/, 735128 422.91% F1 787.07%, 3X 5 W X} e
TERE R (E AR AL AL — 3, 13X AT B 5% b DX M AT RO % fE B s SR A G 3 AR A R
PRI IS — A A W RARE D), (A AP A BOR 2 5, Hh P 35 fEF i ny A Wy st oKk, i ey A
Y I, 323 R AT MR 2R WAL - S 110 25 S e, DTG S 850 - S B0 i S [] 2o 40—,

T R A B AR A 2 %A HLIRR 2 B - S W 1Y Hormesis 2500 77 2E 5200, 3% 5+ 3EA HLE & &
T SR F IR MO, A LT A A R B, A R TR DL X IR R R
T A LR $E A R IY A 22 R A e AR, TR M R A HLR TR AL BE A F R A Rt £
BN 3 B 25 X A AR X 1 e Hormesis 840 2800 1 2L . ARBF5EH, PGH Bk & A
BLR & S, (B A 20 & 8 2w T CZH A WCH, 3X 7] B8 43 & PGH W1 47 38 0 5 R B Bk
(Vonax) FINE XS IR T BE (R) F /5 A S PR
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Fig.3 Influence of different concentrations of tartaric acid and malic acid on phosphorus extraction in inner lakeside belt of
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Table 5 Hormetic parameters of soil phosphorus induced by different organic acids in inner lakeside belt of three lakes
AHLIR [HEEE N
Organic acid Lake name D D Nuse Finax Kinax o AD R
CZH —-0.04 24.47 12.21 784.62 243 —545.77 2451 13551.25
AR PGH -1.13 28.64 13.76 1817.57 4.02 —25.36 29.77 93383.91
WCH —0.47 32.97 16.25 42291 1.47 —69.97 33.44 10561.63
CZH 0.63 26.63 13.63 634.10 423 42.24 26.00 4377.96
SRR PGH —0.61 30.70 15.04 2166.63 6.55 —50.07 31.31 88529.41
WCH 0.37 30.20 15.28 787.07 2.25 81.58 29.83 11313.27
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