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Contrasting Effects of Biochar and Ca(OH), on Alleviating Plant Aluminum
Toxicity during Soil Acidification: A Simulation Study

LAI Hongwei' %, NI Ni’, SHI Renyong®’, DONG Ying?, YAN Jing?, NKOH Jackson Nkoh?, LI Jiuyu®, CUI Xiumin'’,
XU Renkou®

(1. National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, College of Resources and Environment,
Shandong Agricultural University, Tai’an, Shandong 271018, China; 2. State Key Laboratory of Soil and Sustainable Agriculture, Institute of
Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 3. Nanjing Institute of Environmental Science, Ministry of Ecology and
Environment, Nanjing 210042, China)

Abstract: Objective  With the input of acid, the lime effect of ameliorants on acidic soils is gradually weakened resulting
in soil re-acidification and aluminum toxicity. As a new alternative amendment material for acid soils, the performance of
biochar on alleviating aluminum toxicity during soil re-acidification is still unclear. To investigate the effect and
mechanisms of biochar on alleviating aluminum toxicity during soil acidification, a comparative study between biochar and
Ca(OH), was conducted through a simulated soil re-acidification test. Method Cyclic acid leaching with HNO; was used
to rapidly simulate the soil acidification process. A root elongation experiment with maize was used to investigate the
response of plant roots to soil acidification. The change in soil pH, soluble AI** and base cations (K, Ca* and Mg?")
during soil acidification were also studied. = Result Cyclic acid leaching effectively simulated the process of soil
re-acidification. With the increase of cyclic acid leaching time, soil pH decreased and the maize root elongation was
inhibited. Compared with Ca(OH), treatment, biochar significantly inhibited the acidification process and alleviated
adverse effects on plant roots. When acid input was simulated for 12 years, the relative elongation of maize root in biochar
treatment was 18.6% higher, and the relative absorption of Evans blue was 19.6% lower than that in Ca(OH), treatment. On
the one hand, biochar slowed down the decrease of soil pH during re-acidification through the protonation of surface
anionic functional groups, and thus inhibited the activation of soil aluminum. As a result, the soil pH and the soluble AI**
concentration in biochar treatment were 0.12 units higher and 33% lower than that in Ca(OH), treatment with simulated
12-year acid input, respectively. On the other hand, biochar released Mg?" continuously during soil re-acidification. In the
simulation of 12-year acid input, the concentration of Mg”>" in soil solution and uptake of Mg?* by maize in biochar
treatment was more than twice higher than that in Ca(OH), treatment. A higher concentration of Mg®" can help alleviate the
symptoms of aluminum toxicity in maize by regulating the physiological response of plants to AI**.  Conclusion

Compared with Ca(OH),, biochar presented more long-term potential in ameliorating acidic soils under continuous acid

input. These results are of important significance for management of soil acidification.

Key words: Biochar; Slaked lime; Soil re-acidification; Aluminum phytotoxicity; Aluminum activation; Base cations
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IERR P LT P it B 5 2 0 ]
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FOC R PP A A S R O A TR A B T B
P o AR BRSPS AN [R] - 3 S IR A
W VE T B AN R] R S R A i R AR AT
TEZESE o SR, R i R = 50 AN [ 28 B3Rt
T R AL R BT IE

AL RTINS [F e JEE o B8 () PR VR BRAU IR AL, LR
RS A K (Ca(OH), ) FERAb#E (HH[F pH
K B E R R, I EYBURRER LR
A ML S 5B RE AT 1A AE i v R 2% nh %
T, SR L pH FRAR, S L3R AL ER
AL, YA B SEREE R 2 KT
Mg®'. BFFEIIRT, SRR T A e AR —E
PRI MR ARREE o SR, P AN [ v 2 PR AL
HMRIRER A, TCIEERAD SR B 8] 2% F T AN R 1S
AFREAE R o A2 B 5 Ca(OH), SRS TR &
W A i o A 2 3 A 7 ok — 20 LT

O Sl M AU T i) 2% T SRR R 5 A K
WEVEHT, AWTSE I I G PR R ¥R Uk S A 5 VA DR
SN R, 255 R AR e b A W s o
HI Ca(OH), R0 R i PR ML HE 19 &2 IR A id A B
MY s EEN, BREEYWRRHET
Ca(OH), Z&fiff Wtk 4 e 5 T 1 %0 71 5 4 AL
i, DA O B e o - SR A A9 S B P e B
MR R ARSI

i T ESE YR

B - Nk ALV AR R T (28°12'N,
116°56'E ) BN 4r %+ R4 0~15 cm #HEZ
TR, 2 ARKTE, N 2 mm i, AT
e 3 pH ARG FR S5, & 0.25 mm i FH T
T IEPHE TAcHi: (CEC), AN, 28tk . 52
Ptk Eh L P T AR AR ME T . FEHKEE 12 2.5
%44~ , FIH Orion pH i1 ( Thermo Scientific Orion
Star A211, E[E ) &4 pH HARME +3E pH, i@
o T R A I A AL S R, R R
vk (pH 7.0 ) Mg 138 CEC Mg itk Eh 5L pH 2+
(K".Na", Ca® Fl Mg™"), +HEHubbmg (H R APY)
i i EAL A O RS BUS A 0.01 mol'L™' NaOH
TR, PEK AR IR 1 PR,

T AR 5 e AR A RS FEAE 400 CTF BRAIA
fift 3 hHi4%. EAEFRFFLRT BT 2 mm f5,
ST 30 mL Fg &R 58, FFEE 100 mL By
B, W E BRI IR E A
i 20 C& 400 CIRIAHF 3 he AP FRB I Z
FIRJE , BB 0.25 mm G, FH 0 G A ) o
ARBEAEME T o AE 10 20 BRIK FL AR I A ) T
pH; FIH B sl H A% 21 ( T50 Titrator, Mettler
Toledo, Urdorf, Fit- ) i1 FRH I <& 150 % A= W)
kR A ZE i ( ANC ); AW J5T o 38 48 1 4k 3L B
BF (K", Ca*fl Mg™") & Ml CEC i@ ad it iy
il i AR a1 N A W SR e AR B R
TR 1.

1.1

F£1 ik HIEFE YRR EARE L ER!

Table 1 Basic properties of the soil and biochar used in the study

[13]

At R R EHAERR
oM CEC Exchangeable base cations Exchangeable acidity ANC
pit / (g'kg!) / (cmolkg™) / (cmol'kg!) / (cmol'kg") / (cmol-kg™)
K* Na' 1/2 Ca** 1/2 Mg* H* 1/3 A
+a 4.78 14.9 12.4 0.22 0.13 2.04 1.02 0.08 3.07 N.D.
YRS 10.28 N.D. 146.8 13.85 N.D. 85.63 47.45 N.D. N.D. 321.3

H: OM: FHLBT; CEC: MHESF 28t

ANC: B AIZ & ; N.D.: KK . Note: OM: Organic matter; CEC: Cation exchange

capacity; ANC: Acid neutralization capacity; N.D.: No detected. (D Soil; @ Biochar.
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1.2 HEEREFRKE

L 5 P R 35 R 6 40 ) A A ) 5 e A
Ca(OH), M B +38FF i o FREX 300 g {58 F ¥ K}
e, BN 3%AEAEREFF AR IFIR AT, AT Sk a ik
70% H )Rk i, BA A 8 AL SRR e I 11
DUARIE SR A e ) [ B o A ok o 2k o B + 3%
BESRIAR BT 25 CHEIRR M PRI 304,
B3 RMREAMR LB K. BERaidn, TR
AT EELR s 0.25 mm G, Hil 4549 ok ok K - e
o T HC—1 LRSS —E it Ca(OH), IR A1) i
11 ER BRI, Dl s 5 AW B b #1458 pH
AHIE ) A RO R R o T R % v A i
5 +3ewits pH MBS pH M22{E55 Ca(OH), B
B LI EAE LR E 6 A ARSI A
JRACERARRE . A T =R E R . KRG
s + 4 pH, B 5 AR o kb 3 4 8¢ pH A IR K
() Ca(OH), A HAE XTI, 7E KL 1 2.5 554
T, AEW B AR Ca(OH), ¥ R 5 13 pH 4318 6.33
1 6.32, Ca(OH), Bk 1.875 gkg '
1.3 EARERERSREKIARE

AR PR 12 DAL W R i A S, SRR
K5 R E R TS 8uk | R
{14 5 - ok Y5 = S 2ok e 2 UM it T 5 L 1 i Ak =
U7, DR, ASHFSEEE HNOS /5 iR e v . AR
I ] S 0 4 25 AUIBAE =R 2 (13.6 kmol-hm >a ™)
FIAEEN R (2 000 mm ), BEFE HNO; ¥ JE N
0.69 mmol-L™" (pH=3.2) 81 4% 10.00 g +3ErE S,
$23Z 300 mL TR VA TR 4 AR A i R U
TRUR K R IR R 5 SR RIS RIEY), TERLRLR
FERTHEATAE AR B, DL R A AR i Ak i A %) g
FAFRRAC T ALY Al 5 E G B

FRSRAEIT : FREL 10.00 g 2 B 13000 i
T 500 mL B BLISBERR T, A 300 mL FRVGTR ,
T HE 24 h VA 3 d, BERIEFE 5 mine VARG,
DIBE RS pH MU AEFE /R AR . BUER#F (LiCl) HRHL
WAES et , A Orion pH 3 5 & Wi 1k &
pH!'™ . B 20 mL &3 10 000 rrmin' &.0> 5 min, i
0.22 pm fRFL I8 I F I T AL FIER R FH B (K,
Ca®', Mg™) &, HL 10 BRI K 3~5 cm E K4
W T HRWIAR T, £ 25 CHEERFRAH T
WECRE R 48 h e, WCAERERRRE S, , DU 4 i AR
SRR SCHT IR e 00 R AR AN S VR VRGE AT B0

Sy EE , LIEREAL T 50 CHET IR AL IS 0.22 pm
WALIEIE S, e W . e
SRR A PR UCHEAT AR R ORI R B, AR UE 3
W, AL 4 4E 8 AEFN 12 4E Rkt FE . TERLH
MRALHT, LLE B TR RIS RIE 2 X, %
MERAL AT IR AAE YRS . A AT =K
14 MWEHFEEHE

TFORAARAS i AR R AL TR AL S AR X AR &
ARpsgm, HEAAE:

RRE/% = L2 x100 (1)
LO
K, RRE MHHXRMKE, %; L HARIRIER
VERBARMP K &, em; Lo 28 P10 IR b 2 AR fif
K, em!,

PP SR A e €0 3 T R AF AR AR 20 B AT T 1 1 AN 4
JELRSE S A MR IR R . SRR AR ER 5 AR S Y oK
MR (1 em), 78 1 mL AP SO 5 IR TRIR I
30min Ji5, HEBEFKELEZSROGR . HI AR
WA BAGRA . . ¥WREH 1.5 mL & 1%
T e LR R AN A 50% F BEAY IR A K, 7E 50 C
TR RSE 15 ming AT WL A0BEE T (UV-
3000, Mapada, b)) M@ RPERAE 600 nm I K
Aab g R S FE 2021 RGBS T e e R R A R
i_l»ﬁ

REBUNG:f%iadOO (2)
Abs,

K, REBU MAIXMASCRIE YA, %; Abs; FANA]
RV LR BUROGE , Absg 7S 5% BRAL BRI S i 2021

VT AL SRRt 8-FR FEndE Rk L gk 2 Y
W KR K6 E 1 ( Sherwood M410,
Sherwood Scientific Ltd, Cambridge, ZL[E ) ill%E,
Ca® fl Mg™ il i J F I OB 1% 75 (nov AA350,
Analytik, Jena AG, TE[E) x. MR
HJE B BOh KT, ca® fil Mg™ & it 2 235 R
Kid Xl K, Ca, Mg JuZ MR I .
1.5 Sitsah

FIH] SPSS 20.0 A #EATHE T oM o dE A LA
R E5H ( ANOVA ) AR 4b#H 2 fa] 1) 22 S 1
HRME/NRELS (LSD) B2 5 5 EH
(P <0.05).,
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SMEIRIVA , MR FE BN, Uil
BRI Ca(OH), Xif R -+ 1 A i R A% 2 S5 B0 55 e
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T — UM A RN A B R 1Y) FE DR RS, &
AR R ARG, e pH FIfEY) =5
EIRAEREAL R Y R M Ca(OH), ZbH
KRB, REAOURR AL T AR 4 I3 e b 3 v S K AR R Ay 4
HFIVEFH 5T Ca(OH), AbFH, M40 M A2 4 2
P T R AL T Ca(OH), ZbBE ., 7EARCILL 12 4E R
A, Az 55 e Ak B 4 38 v R KR AH G K R
Ca(OH), AbHl 55 18.6% , - SC iy 4 AH X Wi i &2 55
Ca(OH), Kb FRAX 19.6% (& 1), AL, AEWFTAAH
T Ca(OH), b FHBENS A UMb 2% i + 18 & W fh it 7
SRR REFEFER, BRI K R
R R T

400 -
350
300
250

200 F

R B ST e 38
Relative uptake of Evans blue/%

150

100

0 4 8 12
B4 FR Simulated acidification years/a

BT FORAXRAR AR (a) FARSRARX OIS S (0% (b)) BEBURR AL AR BRI fL a4

Fig. 1 Change trends of maize relative root elongation ( a) and relative Evans blue uptake by maize root tips (b ) with simulated acidification
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JF AL BE 435 pH 43 3% Ca(OH), 4b# + 3855 0.55
0.25 F10.12 4~ pH HA7( & 2 ), B4l 4 47 Ry A BT,
AW R AL B A SR VA T ALK 5 Ca(OH), AbFEC i
EXRS . ARSI RS N, Ca(OH), 4b3 +
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0 4 g 12
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Fig. 2 Change trends of soil pH with simulated acidification years
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15520 LI L, BUlf 3l ALVREERRAG, Bk, A= (ad BER FORMR AR M A FIAR SR 4 A A5 T 4k
YIS BRI KA B WP 5 225 . BERSNRIR e 2—80 (& 1), UBIAYI R AR i i iR it

B AFIRGEREE N, 48 pH FREefRAL, TR i ALTE AT AR R R E R
30 _30p
oY 2 /475t Biochar 2 N _
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R GE 2r
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5 e
T 10f . SE 10
E d cd §
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2 0 EJE:-E 1 Eé-ﬂ 1 1 J E 0 ]
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4.0 4.5 5.0 5.5 6.0 6.5 7.0
PR L AEFR Simulated acidification years /a pH

s B PORR)ING SRR 7R AN Ta) - 8 H) 22 53 i # (P < 0.05 ). ' [A] , Note: The different letters mean the significant differences among
different soils ( P <0.05) . The same below.

B3 R AL REREBIRRALAFIR (a) M43 pH (b) BB fLEH

Fig. 3 Change trends of aluminum content in soil solution with simulated acidification years ( a) and soil pH (b)
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TE. MAMERR A B3R, REHE TR ERRA R T AR Al RS I E S
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VKR T -4 pH MFREAL, 3R T RIS ol e . 2.3 EWIBRRTAEMERA TR HIEEAEF

R, RS RHRRA AR, AR YRS AL+ pH ey COEAT
T IRAD IS , AT T LR ALV . 7 G A AL TEALST , 5 (o B P B2

W BUR G R FOOTRRY], RO RHERIEHE T (K. Ca¥ F Mg™) MR,

S, W BUR AR i R SRR DIESE i 4 R, AEIBUR AL Ca(OH), Ab 3 - 383 v
FIE e H AT ALY, i HHEARTEE D 2O BRI, Ca MRS BERLIIRR B R BOE N T 4 fin . Ca(OH),
HARABISEEE A (1 3b) RU, B FRFERL S A EORR KM Mg WRIERAT, MRR U
TEFRSLTOREME R L E Ak B b R ORI AR BRI B3N T R K
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Fig. 4 Change trends of base cations (K* (a), Ca** (b) and Mg** (¢)) in soil solution with simulated acidification years
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Fig. 5 Change trends of base cations (K" (a), Ca®* (b) and Mg*" (c)) absorbed by maize with simulated acidification years
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