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Effects of Freeze-thaw Cycles on Microbial Carbon Metabolism and Diversity in Black Soil

Farmland in Northeast China

MA Lianggian'?, JIAO Xiaoguang?, CHEN Yimin', WANG Yao'?, YU He'?, SUI Yueyu!"

(1 Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Harbin 150081, China; 2 College of
Modern Agriculture and Eco-Environment, Heilongjiang University, Harbin 150080, China; 3 University of Chinese Academy
of Sciences, Beijing 100049, China)

Abstract: To investigate the effects of freeze—thaw cycles (FTCs) on microbial carbon-source metabolism and diversity in black
soil farmland in Northeast China, soil physicochemical properties were measured, and MicroResp™ was used to characterize
microbial carbon metabolic activity and its relationship with soil physicochemical properties under different freeze—thaw
frequencies (1, 3, 5, 9, and 17 cycles; designated as 1FTC, 3FTC, SFTC, 9FTC, and 17FTC, respectively) and freezing
temperatures (—9, —18, and —26 °C). The results showed that total microbial carbon metabolic activity was significantly
influenced by FTC intensity. At 1FTC, 3FTC, and SFTC, soils subjected to —9 °C showed higher metabolic activity than those
subjected to —18 °C; however, at 17FTC, the metabolic activity at —9 °C was lower than that at —18 °C. Moreover, at SFTC,
metabolic activity at =9 °C was lower than that at —26 °C. Microbial carbon-source utilization patterns also shifted with freezing
temperature. During FTC, microorganisms primarily utilized carbohydrates and carboxylic acids, whereas utilization of amino
acids increased as freezing temperature decreased. As the freezing temperature decreased, soil microbial diversity and evenness

showed a trend of first increasing and then stabilizing at 5 FTC, first decreasing and then stabilizing at 17 FTC, and first
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increasing and then decreasing under other freeze-thaw frequencies. Diversity also fluctuated markedly with increasing FTC
frequency at —26 °C. Principal component analysis indicated that FTC intensity significantly affected microbial carbon metabolic
activity and community structure (P<0.01). In addition, random forest analysis and partial least squares structural equation
modeling showed that FTC significantly altered soil physicochemical properties, particularly soil water content, nitrate nitrogen,
total nitrogen, and soil organic carbon, thereby regulating microbial carbon metabolic activity. In conclusion, moderate FTC

frequency under mild freeze—thaw intensity promoted microbial diversity and enhanced carbon metabolic activity, whereas

high-intensity and high-frequency FTC inhibited microbial metabolic function by altering soil physicochemical properties.

Key words: Freeze-thaw cycles; Black soil; Microbe; Carbon metabolism
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Fig. 1 Metabolic activities of microbial carbon sources in black soil farmlands under different freeze-thaw cycles
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Table 1 Diversity indices of microbial carbon metabolism in black soil farmlands under different freeze-thaw cycles
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17 0.91+0.00Aa 2.5240.01Aa 0.89+0.01Aa
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17 0.90+0.00Abc 2.46+0.02Bbc 0.84+0.02Bbc

T - [RIZVEOE K TR R A R AR RS T AN [ VR 46 2 18] 22 7 4. 35 (P<<0.05) , /NG RN 3 n AR A1 VR A I B2 AN [R] R Rl As

R[] 2 57 1 3 (P<0.05)

(A) [9Tvs—18T: P=0.003
—9°Cvs—26"C: P=0.003
4F-18°Cvs—26"

PC2 (7.6%)
PC2 (7.6%)

ol
I
I
1
1

© D-Fru
TreA
D-Glc
L-Ara
D-Gal
7 L-MAETT]
' Yaininiaiet CAE]
i OA
PCA
L-Lys
L-Cys
GABA
L-Arg
L-Ala

<
— O U W —

S 432-10 1 23 45

PC1 (72.5%)

“7-6-5-4-32-10 12 3 456 7
PCI (72.5%)

00 01 02 03 04 05
PC1#T0 2%

(A, NIFERESIREE T 85040 B, AFETRRR T 89504055 C. 14 FiiEAE PC1 Al b A2 R 50
B2 FREIVRBTEIRIET IR MBRIRAHIE LR E MDD

Fig. 2 Principal component analysis (PCA) of soil microbial carbon metabolic activities under different freeze-thaw cycles
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Fig. 3 Correlation heat map of soil physicochemical properties with microbial carbon metabolic activity and diversity
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Fig. 4 Importance of random forest characteristics of soil
physicochemical properties to microbial carbon metabolic activity
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Fig. 5 Structural equation model of effect of freeze-thaw cycles on microbial carbon metabolic activity
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