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Research Progress on Alleviation of Soil Acidification and Aluminum Phytotoxicity by Biochar
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Abstract: This paper starts with the response of plants to aluminum toxicity, systematically summarizes the regulatory effects of
biochar on the pH and aluminum forms of acidic soil, the mechanisms and influencing factors of biochar in improving the
structure and fertility of acidic soil, and the impact of biochar on the structure and function of microbial communities in acidic

soil. It also explores the potential mechanisms of biochar in alleviating aluminum toxicity, and looks forward to future research on

potential problems in the process of biochar improving acidified soil.

Key words: Soil acidification; Biochar; Aluminum toxicity; Acid soil improvement; Microbial responses
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Fig. 1 Schematic diagram of plant aluminum tolerance mechanism
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Fig. 2 Mechanisms of effect of biochar on aluminum activity in
acid soils
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Table 1  Alleviating effects of biochar on aluminum toxicity in plants
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AT AR R ANEF R [48]
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JKH Oryza sativa AW B o PR R SR GG R RI IR, BnE [52]
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R G Phaseolus calcaltus ThES b 13 AR PR e AR [53]
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Fig. 3 Biochar in acid soil increases crop yield by regulating
soil-plant system

4 HRE5RE

A=W S A R R PR AR A S TP A4 T R AR
M, fEde L pH . SRR XY TR F AR, AT
DU EAR AR T | Bleate A | BN - S R
REETE | 4 LI IE T, RS R R 1
YRR = g i o F AT T A2 W) S ne /e B R R 1 - %
VR T B AT A AE LATF [l 7 g e . (DAE W)
BAEFRIPIRES A% , FAM ] +SEme e i/ FHALER 5 A
SERIERE , RN L AR R R M AT AT AN 051
JiE, MR LSRR R A it — 2P0 @H
TR ER SIF 5 S5 PR T 28 PARABURI R T )X, iR A

TR PR M BORAERERS | UREL . Tl
ARSI E R RN, B E R R e — R
S BIBCE (FIIEAL), SRTISE T AE Y B e AL TR
TR BRI R AT R = RIS s @A B
e £ fe ik Al e A — 2 B A A FY, K
I St PV A FH A 25 BASE AV 7 XU AT R T A s @
AW A SRR | A AR AR 1 L S SR A AR 22
S, BUA AR R PR - M 64 A W ST B AR AR 2 1 AN
3%, PR RACRITTE L AL TR AL BL, =
FHRE G R EFILAR , T — 2B A il Bl B 5
AW TR R R, XA TR A W o A e R
R A it FH XS T JR ) o7 g S PP E 5, 10
AR AW I | R - SR Sy B2 5 3 1A P
o I, AJa s 20T R I L, 265182
MM, RGO AR A= 2S00, W A ) i
A R AN (RN A S A L 30 SR 3800, S SR R
e I R A A W e A T 1] 38 2 R A e 4
FHe Bl , oy AT R 2 SR R 168

&2 30k

[11  Kochian L V, Pifieros M A, Liu J P, et al. Plant adaptation to
acid soils: The molecular basis for crop aluminum resistance[J].
Annual Review of Plant Biology, 2015, 66: 571-598.

[2] A5, WVt E, S, S P ERRYE A AR
SFIRFR S M [T]. H3EAIR, 2023, 60(5): 1248-1263.

[3] GuoJH, Liu X J, Zhang Y, et al. Significant acidification
in major Chinese croplands[J]. Science, 2010, 327(5968):
1008-1010.

[4] Meng C, Tian D S, Zeng H, et al. Global soil acidification
impacts on belowground processes[J]. Environmental
Research Letters, 2019, 14(7): 074003.

[5] AEHET, EMIL K&, 5. BTLAA>asicm
PR A e SR B R QU T TH AT (] 3, 2023, 55(4):
860-870.

[6] WengZ, Van Zwieten L, Singh B P, et al. Biochar built soil
carbon over a decade by stabilizing rhizodeposits[J].
Nature Climate Change, 2017, 7(5): 371-376.

[71 XBfH, hUR4E, FhVEXK, S AW B A I L R A
JBE 152 ) Meta 3#7[J]. 13, 2024, 56(1): 42-48.

[8] sk/NBL, fURRZE, BGFURE, 5. AYBRREEESR X
ALY G Y LA SR S R 0], £ HE, 2013, 45(6):
970-977.

[9] Kapoor A, Sharma R, Kumar A, et al. Biochar as a means

to improve soil fertility and crop productivity: A review[J].
Journal of Plant Nutrition, 2022, 45(15): 2380-2388.

[10] Bpwil, X, S obe. AV RRR T HIEA H
AR RS [)]. R HERAIR, 2023, 60(3): 815-823

[11] Bolan N, Sarmah A K, Bordoloi S, et al. Soil acidification
and the liming potential of biochar[J]. Environmental
Pollution, 2023, 317: 120632.

http://soils.issas.ac.cn



742 + e 9557 &

[12] Ryan P R, Kochian L V. Interaction between aluminum an acidic Ultisol[J]. Soil Use and Management, 2011, 27(1):
toxicity and calcium uptake at the root apex in 110-115.
near-isogenic lines of wheat (Triticum aestivum L.) [27] Yuan J H, Xu R K, Zhang H. The forms of alkalis in the
differing in aluminum Tolerance[J]. Plant Physiology, 1993, biochar produced from crop residues at different
102(3): 975-982. temperatures[J]. Bioresource Technology, 2011, 102(3):

[13] Sivaguru M, Horst W J. The distal part of the transition 3488-3497.
zone is the most aluminum-sensitive apical root zone of [28] Shetty R, Vidya C S, Prakash N B, et al. Aluminum
maize[J]. Plant Physiology, 1998, 116(1): 155-163. toxicity in plants and its possible mitigation in acid soils by

[14] Sun CL,LuL L, YuY, et al. Decreasing methylation of biochar: A review[J]. Science of The Total Environment,
pectin caused by nitric oxide leads to higher aluminium 2021, 765: 142744.
binding in cell walls and greater aluminium sensitivity of [29] Zong Y T, Wang Y F, Sheng Y, et al. Ameliorating soil
wheat roots[J]. Journal of Experimental Botany, 2016, acidity and physical properties of two contrasting texture
67(3): 979-989. Ultisols with wastewater sludge biochar[J]. Environmental

[15] Taylor G J. The physiology of aluminum phytotoxicity[J]. Science and Pollution Research, 2018, 25(26):
In Metal Ions in Biological Systems, 1988, 24: 123—-163. 25726-25733.

[16] Zhu X F, Shi Y Z, Lei G J, et al. XTH31, encoding an in [30] Xiao X, Chen B L, Chen Z M, et al. Insight into multiple
vitro  XEH/XET-active enzyme, regulates aluminum and multilevel structures of biochars and their potential
sensitivity by modulating in vivo XET action, cell wall environmental  applications: A critical review[J].
xyloglucan content, and aluminum binding capacity in Environmental Science & Technology, 2018, 52(9):
Arabidopsis[J]. The Plant Cell, 2012, 24(11): 4731-4747. 5027-5047.

[17] Ma J F, Shen R F, Nagao S, et al. Aluminum targets [31] Shetty R, Prakash N B. Effect of different biochars on acid
elongating cells by reducing cell wall extensibility in wheat soil and growth parameters of rice plants under aluminium
roots[J]. Plant and Cell Physiology, 2004, 45(5): 583-589. toxicity[J]. Scientific Reports, 2020, 10: 12249.

[18] Exley C. The pro-oxidant activity of aluminum[J]. Free [32] Qian L B, Chen B L. Interactions of aluminum with
Radical Biology and Medicine, 2004, 36(3): 380-387. biochars and oxidized biochars: Implications for the

[19] Delhaize E, Craig S, Beaton C D, et al. Aluminum biochar aging process[J]. Journal of Agricultural and Food
tolerance in wheat (7riticum aestivum L.) (I. Uptake and Chemistry, 2014, 62(2): 373-380.
distribution of aluminum in root apices)[J]. Plant [33] MREKEE, SKRAFPH, 5K, 5. BLEW Ry AERIE A
Physiology, 1993, 103(3): 685-693. R AW AFE AL 0], AR A I AR, 2018, 273):

[20] Yang X Y, Zeng Z H, Yan J Y, et al. Association of 491-497.
specific pectin methylesterases with Al-induced root [34] EEE, XEE, THIZ. AW FA O 20 i f R A
elongation inhibition in rice[J]. Physiologia Plantarum, AR, Wil Rer A i (Rl S5 4 kk2# i), 2011,
2013, 148(4): 502-511. 37(4): 439-445.

[21] Ma J F, Zheng S J, Matsumoto H, et al. Detoxifying [35] Z=VLAE, AR, skardd, 5. B AP R A = AR X AL
aluminium with buckwheat[J]. Nature, 1997, 390(6660): 5 A B AR A 1 B A LR A3 A B R R [J]. PRS2 41,
569-570. 2016, 36(6): 2114-2120.

[22] Shen R F, Ma J, Kyo M, et al. Compartmentation of [36] #RALBH, MOZMs, sRE, &5, Az Wrmn vk gk )
aluminium in leaves of an Al-accumulator, Fagopyrum RITFSE R, T AR AR FBl2#, 2021, 48(1): 35-44.
esculentum moench[J]. Planta, 2002, 215(3): 394-398. [37] A0, &RE, Kk, LW TR AR - RO R

[23] Sun C L, Liu L J, Zhou W W, et al. Aluminum induces Ko A 328 B R (AR BN R 2E (0], AR ASRBEA4R, 2012,
distinct changes in the metabolism of reactive oxygen and 21(1 1): 1795-1799.
nitrogen species in the roots of two wheat genotypes with [38] FpsLae, AR, ORFE, . Wmext et e ROF5T
different aluminum resistance[J]. Journal of Agricultural PERE[T]. WS ML AT, 2017, 40(4): 92-94.
and Food Chemistry, 2017, 65(43): 9419-9427. [39] Steiner C, Das K C, Melear N, et al. Reducing nitrogen loss

[24] Yin L, Mano J I, Tanaka K, Wang S, Zhang M, Deng X, during poultry litter composting using biochar[J]. Journal
Zhang S. High level of reduced glutathione contributes to of Environmental Quality, 2010, 39(4): 1236-1242.
detoxification of lipid peroxide - derived reactive carbonyl [40] Gundale M J, DeLuca T H. Charcoal effects on soil
species in  transgenic  Arabidopsis  overexpressing solution chemistry and growth of Koeleria macrantha in
glutathione  reductase  under  aluminum  stress[J]. the ponderosa pine/Douglas-fir ecosystem[J]. Biology and
Physiologia Plantarum, 2017, 161(2): 211-223. Fertility of Soils, 2007, 43(3): 303-311.

[25] Yuan J H, Xu R K, Ning W, Li J Y. Amendment of acid [41] P9, BONEE, FBUFE, . NS B RFESE 5 400t
soils with crop residues and biochars[J]. Pedosphere, 2011, JHEEIE 38 A= Wy Z e TR 2R A [0]. A 5244k, 2010,
21(3): 302-308. 30(20): 5518-5526.

[26] Yuan J H, Xu R K. The amelioration effects of low [42] k¥ E, D20, W37, TR M H A B AN [T].

temperature biochar generated from nine crop residues on

A AR, 2019, 38(6): 1900-1908.

http://soils.issas.ac.cn



4 4 3 SUSLARSF s AT R R SR G HOSE 743

[43] Li X G, Chen D L, Carrion V J, et al. Acidification [50] Shi R'Y, Ni N, Nkoh J N, et al. Biochar retards Al toxicity
suppresses the natural capacity of soil microbiome to fight to maize (Zea mays L.) during soil acidification: The
pathogenic Fusarium infections[J]. Nature Communications, effects and mechanisms[J]. Science of The Total
2023, 14: 5090. Environment, 2020, 719: 137448.

[44] TRLC, BRIKSE, BRig, . JRFFA: 9 0 5 X AR b [51] Qian L B, Chen B L, Hu D F. Effective alleviation of
TS KM REIE B[], P EE R, 2017, aluminum phytotoxicity by manure-derived biochar[J].
38(1): 42—47. Environmental Science & Technology, 2013, 47(6): 2737—

[45] Herath I, Kumarathilaka P, Navaratne A, et al 2745.

Immobilization and phytotoxicity reduction of heavy [52] Abdul Halim N S, Abdullah R, Karsani S A, et al
metals in serpentine soil using biochar[J]. Journal of Soils Influence of soil amendments on the growth and yield of
and Sediments, 2015, 15(1): 126-138. rice in acidic soil[J]. Agronomy, 2018, 8(9): 165.

[46] Z=EXR, BRfm, BEASMS, 5. A4 Bt B i 58 i+ b [53] Yao L H, Yu X Y, Huang L, et al. Responses of Phaseolus
N,O HE M AT e RN E 2 [1]. HEYERS0 calcaltus to lime and biochar application in an acid soil[J].
Bl2Ed, 2018, 24(2): 414-423. PeerJ, 2019, 7: €6346.

[47] Chen J H, Sun X, Zheng J F, et al. Biochar amendment [54] Vaculik M, Lukacova Z, Bokor B, et al. Alleviation mechanisms
changes temperature sensitivity of soil respiration and of metal(loid) stress in plants by silicon: A review[J]. Journal of
composition of microbial communities 3 years after Experimental Botany, 2020, 71(21): 6744-6757.
incorporation in an organic carbon-poor dry cropland [55] Hodson M J, Evans D E. Aluminium-silicon interactions in
soil[J]. Biology and Fertility of Soils, 2018, 54(2): higher plants: An update[J]. Journal of Experimental
175-188. Botany, 2020, 71(21): 6719-6729.

[48] Xia H, Riaz M, Babar S, et al. Assessing the impact of [56] Qian L B, Chen B L, Chen M F. Novel alleviation
biochar on microbes in acidic soils: Alleviating the toxicity mechanisms of aluminum phytotoxicity via released
of aluminum and acidity[J]. Journal of Environmental biosilicon from rice straw-derived biochars[J]. Scientific
Management, 2023, 345: 118796. Reports, 2016, 6: 29346.

[49] Lin QY, Zhang L, Riaz M, et al. Assessing the potential of [57] Qian L B, Chen B L. Dual role of biochars as adsorbents

biochar and aged biochar to alleviate aluminum toxicity in

an acid soil for achieving cabbage productivity[J].

Ecotoxicology and Environmental Safety, 2018, 161:

290-295.

for aluminum: The effects of oxygen-containing organic
components and the scattering of silicate particles[J].
Environmental Science & Technology, 2013, 47(15):

8759-8768.

http://soils.issas.ac.cn



