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Effects of Exogenous Organic Acids Synergistic Biochar on Soil Microelement
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Science and Engineering, Yangzhou University, Yangzhou, Jiangsu 225000, China)

Abstract; This paper aims to explore the effect of coexistence of biochar and organic acids on soil microelement, and to
provide a reference for improving the soil nutrition with the coexistence of biochar and organic acid in the future. Biochar
was prepared from corn stalks, yellow—brown soils at different depths were collected, citric acid and malic acid were se-
lected for experiment, and a total of 8 different treatments were set up, including the topsoil without or with the applica-
tion of biochar plus citric acid treatment, the topsoil without or with the application of biochar plus malic acid treatment,
the subsoil without or with the application of biochar plus citric acid treatment , and the subsoil without or with the applica-
tion of biochar plus malic acid treatment. The results showed that: (1) Compared with the control group, the application
of two organic acids increased the dissolution of Fe and Mn in soil ,and the Fe and Mn content in citric acid treated soil so-
lution was higher than that in malic acid treatment. (2) Due to the difference in the physical and chemical properties be-
tween the subsoil and the topsoil , the dissolution of Fe and Mn was affected, and the dissolution of Mn in the subsoil solu-
tion was higher, up to 0.34 mmol/L, while the dissolution of Fe in the topsoil solution was higher, up to 0.7 mmol/L; 3)
2% of biochar did not completely inhibit the dissolution of microelements by two organic acids. The conclusions indicate
that organic acids can activate Fe and Mn in soil, and their activation effects are related to the type and concentration of
organic acids metals and pH of soil. The application of biochar has limited ability to inhibit the activation of microele-
ment in soil by organic acids.

Keywords; organic acid; citric acid; malic acid; biochar; microelement

03|% PR BT, B SR OGA VR L A R T AR A R A
= KU H R UL AR R T R e K A
MR TR TR KR REAREE AR PR A BB A B EN B Ak g S S

ks B #8:2023-03-31
TEB B A (1997—), J, KB R KA, ML, 2 2B 775 @ R ALK LRI, e—mail : 1620423603@qq.com,



.78 - W5

FrRFR(AARAFR)

% 37 %

ot BEBE AT, SR80 5 B S o S O
Ji 7 5 SRR R A R B AU, SR AR AR R N
P, Sy 1AL R A G, BT SR T R BT
HE o YIRS AW A — R I MR R
(2R AE T, B A5 30 A — P AR E MR E RE TR
R R B T I T, B )
HATHR AW BE ST, 9 T I R B
N 53 ik K VA B 6 I S W R RIS — LB R AR ST
P W R 4 ) IS LR AR R )
e A AL A3 i R W 1) 5 LS AT A AL
BRIRUT A MR BR AL LA S 2% S5 /R ] 2 Bl 43
JREIERS, T A YA e AR B A
BT B i) = St o Y PR RIS 2R R , X Cu \Min \Zn |
Ph A B0 BB RCRE 1 o B sk SR B A
PLRR X+ e v < Jm BoA — R M IR BRI o AT AT
FE 2 A ) ¢ e A HILIR B A7 A X - 3 < T Y
S X TR AN GG, AR YR ARy T

PLRRZ W SR ILAF 1, HAE W M L e AP A — 2 1Y
FAREAL, TN IAT DL 5 A W i A7 X - S oo
R A TR ST o AT T8 1 B ) ¥ A 10 TR
FE 2 (1) A= Wy e A HLIR L A7 %o - e ol ik ST 3R A AL
PEREZIR 5 (2) A [A) A HLIR 1Y 22 58500 5 (3) Bl oo
R Z N8 B 25 5

1 #8577

1.1 AT

HEia R A M K243 T AR 24 Bt it
I H 22 T (0~15 em) AU JZE 14 (30~60 cm) ,
B e b A N2k 1 o . R)Z LR
HHN1.08 g/em’, IK)Z TIEAE N 1.54 gfem’; K2 1
338 5 R )43 K B2 0 51.32% , 1% J2 398 A K T ) 3
IKE N 29.25% ., K DTPA 324 2 5 i ot &R
AR HT R G E e 2 k. e
2 mm i J5 BN TCHLE 205 K4 .

F1 il TENERELER

. DTPA-Fe/ DTPA-Mn/ DTPA-Cw/  DTPA-Zn/
T N/% C/% pH , . ., ,
(mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)

#+ 0.09+0.00 1.62+0.04 7.4620.01 30.53+0.56 3.04£0.06 1.76+0.04 3.07+0.05
i+ 0.03+0.00 1.010.01 8.11+0.02 15.91+2.50 5.78+1.12 1.50+0.13 0.67+0.07

AR JE A AL R KRG AT L Tl AR
B R PR T S 500 °C L AR IR IR R 2 h, 7R
T 5 2 I B R 30 AS T KRS AT AE 0%

W5 59 5 A W L) 2% 1Y He TR A 5 e
WAk F kAR 2 AL e i 8] 2 FR A L 43
s 3 2% MK 1+ -2%.

1.2 iK%

IRIG A 2 FhA HLER AN 2 Fh 439, 2 PR 43 1) 2
Pyt R RIS SR , AP A6 IR A Wk 32 R 28.90 mmol/LL, S
TR BV FE 4 19.30 mmol/L, FREX 10 g +33 B TA7
GBI R, 2 I 50 mL K Ry R AN SR
BRI WAR AT, A L mL &7, % 1 h)a , I E iR
T pHAE A EC A, BV 10 mL i 15 20 I8
RIS FFEE 3 d, 5 2.3 Fil 4 R FE B8] 23 51 A3 56 11
5524 A8 172 h, UIANUS IN A=) e 1) 1= 438 —7K () b 3
R RR . SR ICP-MS I 7 %5 W T Fe? Al Mn™ 9 7%
 (Cu™ 1 Zn* B & AR TR R ) o AR5 H
A2 R B8 e ), B ARSI 10 g0 — X
=4y R BN 2 fs

1.3 HIREABESHH
{8 FH Excel 2016 #E47%048 5t 114 #1551l 1B 45
5 SPSS 16.0 FE47F-{E AR E 22 (1T

2 ERENH

2.1 BHEET T 184 pH E RN

3K Ry X B 3 A IR IR pHAE S B
7.55F18.13, A HLER X -8 i pH A A 52 M a5 1
Jiw, S XTBRA LG TE PR E ¥ | h )5, W WY pHAE
R, TR A G R AL B Bt 2 52 IO s (] ) S
K, pHEZ Wi T+ 5, 48 h 5 4 T Ao i Jin A= 49 ¢
XoF = HEVE W) pH B W) AN R, {H AN [R) 28 78 ) + 458
XV VR pH (A 5200 5 B T R I AGE R S 1 h b,
JE B pHAB B TR VT
2.2 BB TEECEMNFMW

3K Ry X B 3 A R IR EC (B4
h 276.67 F1281.33, A HLERXT 43 EC A /5% i 4n
B2 fT7R, SxFBRA H FE MR RZ 3 1 h 5, W
ECHB] S Th . RV 24 h )5, Fris i b PG ECAH
SRR, 48 h G T . RN 72 h N SE SRR AL



%3 M AR, Tk SR A AR P B A4 Bt LR T LR R <79 -
F2 Aigit
Ab38 EWaxlg FrIRER/mL ERE/mL
F -0 1R - 50 -
F+-0%—F 5% - - 50
JiE 2 -0%— 715 R - 50 -
JiE + 0% 1R - - 50
F+-2%- 1R 0.2 50 -
F+-2%-FRR 0.2 - 50
JK 2% FriFiR 0.2 50 -
JE +-2%—3 i 0.2 - 50
— KF0% o Kt2% - JKE0% K E2% ﬂ‘fﬂo
7.50 7.50
Bt _A— - Fh0% - Fb2% e 0% 2%
64 6.50 -— 1 03
= B 0 o
2 - _,
5.50 5.50 ’r o 0.8 =
£ 3 . g 02
Eos ! g
4.50 L— S 3 450 L—m— = : = )
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 §0.4 'E . . fé 0.1 [ I
i il /h o2l ® ;
a. AT R b, ﬁﬁp;eﬁ;ﬁgg Al ﬁ o Ny | e

E1 ARE&REETHTERGpHE

) EC AR ST T AT P R R 0 A B, 1
JO7 1 h AT A TR b B EC AL R T30 SRR AL 3. it
AW IR S B TR EC ARG N, TS SR R b B
I

« £10% £H2% - Kt-0% K +t-2%
1900 [ 2000
3
1900
1600 [\ o
g \ E 1800
EARE N g ' 3
& \ (] 4

2
S

7
\ .
1700 f i
B 1600 |
: et |
700 s 1500

0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
W] /h 7] /h
a. R b. HEn3E R &

B2 AEEMAETHLERRECE

2.3 AHBM TELH%SENRIN

T HEIK X I 2 b L AU Fe B9 BERAR
I A LR e S BRI AN 3 s, 5
Xt BEAH L, FE IR R 7 1 he R ek i i
B, JEHRAT R TR AL B . BEAE BN I R] Y SE K
R BT TR o A H R B N AR A k) - 0
VR WA pH AR I AN R, (ELR A [ 26 70 1Y) - 3 32
Wi , ¢ b P W AY 4 Bk B v TR LW, OF AT R
W2 Ak BE B b HEE P 2Bk R TR R R

]

10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
i il /h 5 4] /h
a. kTR R b. Jii 03 LR

B3 ARERREAEETHLEIREH%EE

24 ANEBYTELESENN

K X B 2 b R RV R R Min B iR
Rt A LI A S A R A 4 P
X BRAR L FE MR RE 5 1 h 5 i 20 7 =t
RIS, JC R AR IR AL B . BE A SR N TR] A SE
Ko, PP B AL 3100 - SR W b A S BT TR
Sp SRR Ak LI SRS P o X F A BN AR )
B R R B A S R AN, (HR AN [ 26
0 b A R IR VU O A B TR LR
W, IF BATERIR AL B 3 b 2 S R E T
SEARMRALER

3iie S5t

FREER AN R R JE T T A IR, HA R
SLR L | R I 2 BRI = S8R pHLE, T AT 5 TR
) P B 1) A g S R R Y R
R, BT LA 1 h Je i R A 3 pH B AR . ¢
LA, T RS A ST Y, 5 LR
RAETR VRN, AR HY, B pH EE W e
T, I HAT B R ALBAE 1 h 3 24 h, HE Y



+ 80 -« LR

FrRFR(AARAFR)

% 37 %

— X 1-0%

x1-2%—- JK1-0% JEL-2%

~05

10 20 30 40 50 60 70 80 O 10 20 30 40 50 60 70 S0
I 1] /h I 15 /h
a i FT R R b. JIIESR

B4 ARREEETHLEAGSESE

pH (B 2RI, Ud B A7 468 R Ak B %) % w1 T
H1 % 1 R0, I 9 pH (28 3 38 1, e ) 0
SRS 0 pHAE B 2

A LR R I FRIERE RO &3 7 IR\
TR A2 0 s e s HO B HLIR R 5 4 B P i 4%
HY AR PR T RO 1 h RS R A HE A
EC{H 20 5, 13X 0] fE 2 P A U A A P He R A
BRIEBBEE L T YEMRNEES . N1 hE
24 h, EC{H T [, 33X = 22 RO i WA pH (BT 5,
FEARNEMEDOTE . 2 A W it fin B - v
AT A A B R ke, DT 2 3 s Y
EC{H.

) B o S5 AR LY A HLER RE RS 15 1L 38
E0E R A SR ) S iR FR (1 s e R I N. R 6
JCEMHLE EZA - () A PLER B A FRIL A g
H& R MR E %A Y, e TR YR e, B
4B, BT R LSRR R 2 — AR 3,
HIG AL RE Sy BR324 2 ) LR B AN Il 4 4

S 3Lk -

W) pH L] 2 BG4 v T & s A 2= 3)
A LIRS I A Wy i B 0, 38 o 1 I A R 36 B0
S AR LA, (75 Fe Mnif J5127 . pH (H /2
S RE SN E RN, R Rk i
e TR b, ATRE SR DA IS VM) pHAE & T 3R 1,
LN G B SRR AR R TG B
B b H R 14 A il % v RO RS OB AR
AU o A PLER XS 2 Ff - 8 A B R A 1 AR A
AR T R AR R fe it T s
Lk R B A 1 ke it S MR AR AR AR T AL, TR AR
B B AR E X0 < Tk 1 W R, 5 LR o LS B
BRI R H 0T RE S LI AR B R A 5,
SRR AE , P55 4% 5 RE J S ik (0 AT LR B 4G
(19 A 8] 25 0 15 08 23 S 45 ) 2 ) o AR IS i 2
Yy %A HLRR I AL e o R A S8 2B , vl iR
PR g - S R 14 pHLELAIR T A2 9 2 1 2 HL AT L,
AW p AR T I W I B RE T R, A
WF9E R LA W eV itk < T 2

4 &Eig

2 B A MLIR At 0, S 3 R AR T 4G pHAEL,
BT R EC AP RR FNSE R BR TG T 3 ek
FVER 3900 T W R VR RO 5 A
PFLERFP2E IR IE &)@ 2 |+ e i i A o i 2k
W 29 )it Jin 2t I B0 56 4 BELASA AILIR 1% Ak 1 15
H TR T ER AR W it fin X BELRS A MILER BK B
e Fe 1 Mn (B A TR .

(1] Fil 3RiE B4 MELFARBREN Z L AR baF A2 Ta Y a[]] AR R LA S ,2022,42(6) :17-22.

(2] ZTH, AFE, ZHAF FRLEPRELTSFRTHE LRGP ALI/OL] A T2 M F 0 1-9(2023-10-
10 ].http: //kns.cnki.net/kems/detail/44.1374.Q.20221012.1503.004.html.

(3] Bapsy, FmA, 2R, 5 SIS A KA 206 N AR a9 B Lt R[], S kA4 4,2022,50(13) : 4-6.

[4] BAF #®ELZERNLEAE RS =T H (D] ALM A Rk X F,2015.

[5] DINHV P, NGUYEN D K, LUUTT, et al. Adsorption of Pb(II) from aqueous solution by pomelo fruit peel-derived biochar.

Materials Chemistry and Physics,2022,285:126105.

[6] LIULH, YUETT, LIU R, et al. Efficient absorptive removal of Cd( I ) in aqueous solution by biochar derived from sewage
sludge and calcium sulfate[ J ]. Bioresource Technology,2021,336:125333.
[7] LVGF, YANGT, CHEN Y H, et al. Biochar-based fertilizer enhanced Cd immobilization and soil quality in soil-rice system

[J] .Ecological Engineering,2021,171:106396.

[8] LIUMX, HOURJ, FU Q, et al. Long—term immobilization of cadmium and lead with biochar in frozen—thawed soils of farm-

[9]

[10]

land in ChinalJ ]. Environmental Pollution,2022,313:120143.

SUNDZ, LIFY, JINJ W, et al. Qualitative and quantitative investigation on adsorption mechanisms of Cd (II) on modified
biochar derived from co—pyrolysis of straw and sodium phytate[]]. Science of the Total Environment,2022,829:154599.

LIU L Q, HUANG Y J, ZHANG S P, et al. Adsorption characteristics and mechanism of Pb(Il) by agricultural waste—derived
biochars produced from a pilot—scale pyrolysis system[J]. Waste Management,2019,100:287-295.



%3 AR, TG MR A IBR B A4 Rt LIEMF AT H R - 81 -

(11]

[12]

[13]

[14]

[15]

[16]

[18]

[26]

[27]

(28]

[29]
[30]

76 B RS AR TAB R E AT R e AR 5 ALl ()] SRBEA S, 2022,43(10) : 4669-
4678.DOI:10.13227/j.hjkx.202201062.

Bk, SRR AT 2, AR TR MRS T R A AL AR S BT AR R R F F (A AFFHR),2018,47(5):
593-599.

AR B ARG RRER,F RS T EANBIIR I 5 F 2 e MR AR [)]. SR AF FIR,2019,39(7)
2260-2268.

Brbib I, R, F R FAAUBR AT 24075 Je 2R CdAe Zn 69 IR 4R ROR [T RIT R F (8 AHR),2017,14(22) : 49—
53.

WANG X, LI Q, HU H, et al. Dissolution of kaolinite induced by citric, oxalic, and malic acids[J]. Colloid and Interface Sci-
ence, 2005, 290 (2): 481-488.

STROBEL B W. Influence of vegetation on low—molecular—weight carboxylic acids in soil solution—a review [J]. Geoderma,
2001, 99(3-4): 169-198.

GOYNE K. W, BRANTLEY S L., CHOROVER J. Effects of organic acids and dissolved oxygen on apatite and chalcopyrite dis-
solution: Implications for using elements as organomarkers and oxymarkers [ J]. Chemical Geology, 2006, 234: 28-45.
KONONOVA M M, ALEKSANDROVA IV, Titova N A. Decomposition of silicates by organic substances in the soil [J]. Soviet
Soil Science, 1964: 1005-1014.

SPIRO T G, PAPE L, SALTMAN P. Hydrolytic polymerization of ferric citrate. I. Chemistry of the polymer[J]. Journal of the
American Chemical Society, 2002, 89(22): 5555-5559.

CHANG C A, WU B H, BU Y K. Macrocyclic lanthanide complexes as artificial nucleases and ribonucleases: effects of pH,
metal ionic radii, number of coordinated water molecules, charge, and concentrations of the metal complexes [1]. Inorganic
Chemisty, 2005, 44(19): 6646-6654.

B IR, LAR,F ATRB LI 8 AR SO Fe P o9 ¥ ohr [J]. £ SFR5E,2004(4) :638-640.
A, & —F, SRAB B AR S ka9 A LR 3 IR A e B LR AR (], B2 R A A AR, 1999(3) 1 124-127.

INABA S, TAKENAKA C. Effects of dissolved organic matter on toxicity and bioavailability of copper for lettuce sprouts[J]. En-
vironment International, 2005, 31(4): 603-608.

GAO Y, REN L, LING W, et al. Desorption of phenanthrene and pyrene in soils by root exudates[ ] ]. Bioresource Technology,
2010, 101(4): 1159-1165.

DINKELAKER B, RMHELD V, MARSCHNER H. Citric acid excretion and precipitation of calcium citrate in the rhizosphere
of white lupin (Lupinus albus L.)[J]. Plant Cell Environment, 2010, 12(3): 285-292.

DINKELAKER B, HENGELER C, MARSCHNER H. Distribution and Function of Proteoid Roots and other Root Clusters[]].
Botanica Acta, 2015, 108(3): 183-200.

GARDNER W K, BARBER D A, PARBERY D G. The acquisition of phosphorus by L upinus albus L. Ill. The probable mecha-
nism by which phosphorus movement in the soil/root interface is enhanced[ ] ]. Plant and Soil, 1983, 70: 107-124.

NAIDU R, KOOKANA R S, SUMNER M E, et al. Cadmium sorption and transport in variable charge soils: a review [J]. Envi-
ronmental. Quality, 1997,26: 602-617.

B AR F LA AR SN RARA AT S o A e [ D] K AP Rk X #2019,

SAMUEL ACHOR, CHARALAMBOS ARAVIS, NATALIE HEANEY, et al. Response of organic acid—mobilized heavy metals
in soils to biochar application[]]‘ Geoderma,2020,378: 114628.

YANG X D, WANG L W, GUO J M, et al. Aging features of metal (loid)s in biochar—amended soil : effects of biochar type and
aging method|[ J]. Science of the Total Environment,2022,815: 152922.

GRABER E R, TSECHANSKY L, LEW B, et al. Reducing capacity of water extracts of biochars and their solubilization of soil
Mn and Fe[]]. European Journal of Soil Science, 2014, 65(1):162-172.



