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Abstract: [Objective] Phytic acid-modified biochar exhibits excellent adsorption capacity for cadmium (Cd) in aqueous
solution; However, its effectiveness and mechanisms in remediating Cd-contaminated soils remain unclear. This study
systematically analyzes the dynamic impact of phytic acid-modified biochar on soil properties, investigates its effect on Cd
release in soil, and reveals the key mechanisms underlying biochar regulation of Cd movement in soil. [Method] Soil
incubation experiments were conducted to systematically evaluate the remediation and amelioration effects of bamboo

biochar (BBC), phytic acid-modified bamboo biochar (PABC), and sodium phytate-modified bamboo biochar (SPBC) on
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Cd-contaminated soils over various incubation periods (0, 10, 20, 60, 120, and 180 days). [Result] The addition of biochar
significantly altered the pH of both soil and soil solution and increased the electrical conductivity (EC). SPBC exhibited the
highest EC and total carbon concentration in the soil solution, while PABC showed a distinct advantage in supplying total
phosphorus, particularly in the short term. During the early and mid-phases (0-120 days), biochar treatment significantly
reduced the Cd concentration in soil solution (24.60%-99.35%), with a significant dose-response effect, and SPBC exhibited
the most effective remediation. In addition to their inherent adsorption mechanisms, biochar also inhibited Cd release
indirectly by affecting the chemical (pH, total phosphorus, and total carbon), physical (aggregate structure), and biological
properties (urease and acid phosphatase) of the soil and soil solution, with soil pH and micro-aggregate content identified as
key factors influencing Cd release. In the later phase (120-180 days), enhanced soil aggregate stability further facilitated the
remediation process, as biochar increased the activity of urease and acid phosphatase. [ Conclusion] Phytic acid-modified
biochar demonstrates strong potential for both Cd remediation and soil improvement in heavily contaminated soils, offering

significant application value.
Key words: Soil improvement; Dynamic remediation; Static incubation; Biochar aging; Soil solution
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10 g-kg ' BBC. PABC. SPBC; 3BBC. 3PABC. 3SPBC, 30 g-kg'BBC. PABC. SPBC; MNRIFRFHERALFEA 2R E 3, n=3, P<0.05,
~IFA]. Note: BBC, unmodified bamboo biochar; PABC, phytic acid-modified bamboo biochar; SPBC, sodium phytate-modified bamboo biochar;
CK, control group; 1BBC, 1PABC, 1SPBC, 10 g-kg™* of BBC, PABC, and SPBC; 3BBC, 3PABC, 3SPBC, 30 g-kg of BBC, PABC, and SPBC.
Different letters indicate significant differences between treatments, n=3, P<0.05. The same below.
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Fig. 1 Effects of biochar on soil and soil solution pH and electrical conductivity (EC) (Changes in soil pH (a), soil solution pH (b), soil EC (c), and

soil solution EC (d) during the cultivation period; and soil pH (e), soil solution pH (f), soil EC (g), and soil solution EC (h) at 180 days under
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Fig. 2 Effects of biochar addition on soil and soil solution total carbon (TC) and total phosphorus (TP) (Changes in soil TC (a), soil
solution TC (b), soil TP (c), soil solution TP (d) content during the cultivation period; and soil TC (e), soil solution TC (f), soil TP
(9), soil solution TP (h) at 180 days under different treatments)
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A1 3SPBC 1] Ure i& 1443 712 % 0.11 mg-g~*-24 h* A1 0.13 mg-g~*-24 h™*; 1SPBC #il 3SPBC 4b# 1] ACP
TS5 0.97 mg-g1-24 h™1 fi1 0.85 mg-g~1-24 h™t, WXt e 44.78%F1 6.87% (& 3d, & 3e).
FHEEZ R, B-NAG Il MEAE & AW B A BE T LIPS, FIE Y 9.36%~41.08%, JLH1, IPABC 1 3PABC
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BN, 180 d B AN [F AL BEA] 4% Ure 7& P (). ACP iEHE (e) B-NAG ¥&tE (F)

Fig. 3 Effects of biochar addition on soil enzyme activity (Changes in soil Ure (a), ACP (b), and B-NAG (c)

activity during the cultivation period; and soil Ure (d), ACP (e), and B-NAG (f) activity at 180 days under
different treatments)
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aggregates (2-0.5 mm); LMA, large aggregates (>2 mm); Ro.2s, proportion of aggregates >0.25 mm; MWD, mean weight diameter.
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The significance annotations in the figure are based on the results of a two-way ANOVA. Different uppercase letters indicate
significant differences in aggregate types under the same biochar treatment (n=3, P<0.05). Different lowercase letters indicate
significant differences between biochar treatments within the same aggregate type (n=3, P<0.05).

Bl 4 AP FoRds st TR R AR R I (o REAFRAREAESE, b RusHX SR, ¢ MWD)
Fig. 4 Effects of biochar addition on soil aggregate stability (a. Soil aggregates content with different particle sizes, b. Relative
content of Ro.2s, c. Mean weight diameter (MWD))
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Fig. 5 Effects of biochar addition on Cd concentration in soil solution (a. Changes in Cd concentration in soil solution during
the cultivation period; b. Cd concentration in soil solution at 180 days under different treatments)
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Fig. 6 Factors influencing Cd concentration in soil solution and aggregate stability (a. Correlation analysis between Cd
concentration in soil solution, soil aggregate stability (Ro2s and MWD), and soil and soil solution properties; b. Linear
regression analysis based on Pearson correlation to examine the relationship between the aggregate content of different
particle sizes and Cd concentration in soil solution)
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{E KT 0.05, FRitfE S 24EN (AIC) BAK, FKIPBIIME LA RIT. Note: SSTC, soil solution TC concentration;
SSTP, soil solution TP concentration. The width of the arrows is proportional to the path coefficients. Solid arrows indicate
significant relationships (***P < 0.001, **P< 0.01, *P< 0.05), while dashed arrows indicate non-significant relationships. The
Fisher’s C and P in the model are both greater than 0.05, and the Akaike information criterion (AIC) is relatively low,
indicating a good model fit.
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Fig. 7 Structural equation model (SEM) for regulating soil Cd release capacity (a) and standardized effect values of the model
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