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Effects of combined application of biochar and arbuscular mycorrhizal fungi on soil organic carbon content

and stability

HAN Shuang, LIANG Yuan", ZHANG Deshan, WANG Yan

(1. School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009, China)

Abstract: In order to explore the sequestration effect and stability mechanism of biochar and arbuscular mycorrhizal fungi (AMF) on soil
organic carbon in paddy field, this paper explores the effects of blank treatment (CK), biochar addition alone(Ggc), arbuscular mycorrhizal
fungi inoculation alone (Gayr), and their combination (Gps) on soil organic carbon (SOC) composition, stability, and iron—carbon binding
mechanism of SOC under alternating dry—wet conditions through indoor incubation experiments. The results indicate that Gga treatment
significantly increased SOC, mineral-associated organic carbon (MAOC), and Fe—bound organic carbon (Fe—=OC). Compared to CK, Gga
increased SOC by 504.23% and MAOC by 1 306.80%. Compared to CK, Gg, significantly reduced particulate organic carbon (POC)/SOC
by 87.10%, but MAOC/SOC increased by 134.56%, reaching 92.17%, suggesting that the combination of biochar and AMF promoted the
conversion of POC to stable MAOC. FTIR analysis revealed that the aromatic carbon in Gg, increased by 30.57% compared to CK. The
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content of Fe—=OC in Gp, increased by 1 397.51% compared to CK, and the OC/Fe molar ratio (2.72) indicated that the production of Fe—

OC in Cps was primarily promoted through adsorption and co—precipitation mechanisms. XPS results further revealed that Gy had the

highest proportion of Fe’ (29.61%), and its high charge density enhanced the complexation of minerals and organic carbon, thereby

improving soil carbon stability. Correlation analysis showed that MAOC and Fe—OC were significantly positively correlated with AMF

colonization rate (P<0.05), and biochar addition increased the AMF colonization rate, synergistically promoting carbon—iron binding. The

results showed that the combination of biochar and AMF significantly enhances the content and stability of SOC in paddy soils.

Keywords : biochar; arbuscular mycorrhizal fungi; mineral-associated organic carbon; Fe—bound organic carbon; paddy field soil
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Table 1 Soil physicochemical properties and plant growth in different treatments
ssm marsenn o FRE o LA o P R S0 7 i
Treatment pi CEC/(mol-kg™) AMF colonization Abovegroundﬁ biomass/ Undergroun({ biomass/ Root/shoot ratio SOC content/(g-kg™)
rate/% (gem™) (g'm™)
CK 7.50+0.07b 1.89+0.02¢ <0.01+<0.01¢ 0.92+0.04¢ 0.54+0.08¢ 0.58+0.06b 2.60+0.26¢
Gac 7.87+0.01a 2.05+0.01a <0.01x<0.01¢ 1.46+0.06b 0.84+0.06b 0.57+0.06b 8.13+0.20b
Gawr 7.55+0.10b 1.91+0.01b 40.87+2.23b 1.52+0.06b 0.89+0.04b 0.58+0.02b 3.00+0.60c
Gaa 7.82+0.02a 1.98+0.01b 68.52+0.95a 1.68+0.11a 1.22+0.29a 0.72+0.12a 15.71£0.45a

T R SUAN )N R SR R AR SR 22 55 ik 25 (P<0.05) . R Al

Note : Different lowercase letters in a column indicate significant differences among treatments at P<0.05. The same below.
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Figure 1 Root infection situation of single inoculation arbuscular
mycorrhizal fungi(Gawr) and biochar—arbuscular mycorrhizal
fungi combination( Gy, ) after 90 days of cultivation(Microscope

magnified 40 times )
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Table 2 Effects of different treatments on soil POC and MAOC content , POC/SOC and MAOC/SOC

43 WU A LR W25 A Bl

TORLAS A HURR A HLBR AT LA 0455 A LR A ATLAR 9 LU (8

Treatment POC/(g-kg™) MAOC/(g-kg™) (POC/SOC)/% (MAOC/SOC)/%
CK 1.57+0.07ab 1.03+0.20d 60.70+3.88a 39.30+3.88c
Gac 1.87+0.24a 6.26+0.18b 23.03+2.59b 76.97+2.59h
Ganr 0.57+0.16¢ 2.42+0.76¢ 20.56+9.87b 79.44+9.87h
Gaa 1.22+0.31b 14.49+0.73a 7.83+2.18c 92.17+0.02a
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Figure 2 Fourier transform infrared spectra of soil after different treatments
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Table 3 Changes in soil iron content and iron oxide forms under different treatments

s 587N U S5 Mk LA E TR 55 BB R R
Treatment Fe/(g-kg™) Fed/(g-kg™) Fe/(g-kg™) Fe/(g-kg™") B8R L OC/Fe
CK 16.42+0.07ab 8.75+0.03a 2.96+0.01a 0.41+0.01b 0.14+0.08d
Gac 16.43+0.02ab 8.67+0.02b 3.20+0.01a 0.43+0.02b 0.21+0.03¢
Gawr 16.33+0.08b 8.47+0.02¢ 3.12+0.02b 0.43+0.01b 0.39+0.08b
Gua 16.47+0.04a 8.40+0.05d 3.04+0.05¢ 0.47+<0.01a 2.72+0.32a
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Figure 3 Effects of different treatments on soil Fe~=OC content, the ratio of Fe~OC to SOC and Fe complexing index
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Figure 4 Soil Fe 2p XPS spectra under different treatments
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Table 4 Relative intensity and ratio of the main absorption peaks

of soil Fe 2p XPS under different treatments

AbEE Treatment Fe*/% Fe*/% Fe*/Fe™
WA 60.60 25.76 2.35
CK 59.76 27.11 2.20
Guc 57.98 28.38 2.04
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(e 56.55 29.61 1.91
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Figure 5 Spearman correlation analysis of organic carbon, its

components and AMF colonization rate
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