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Abstract The addition of root exudates and plant litter can significantly alter the cycle of soil microorganisms
and soil carbon content. In addition to studying the effects of root exudates at different concentrations and
diversities and the litter of different qualities on soil microorganisms and their residues in alpine desertified
grassland, root exudates of different carbon concentrations (0.5 g/kg, 1 g/kg) and sources (3 carbon sources and
9 carbon sources) and litter of two different qualities (Elymus nutans and Vicia sepium) were artificially added to
understand the changes in soil microbial biomass, four microbial enzymes, and soil amino sugars. The results
showed that: (1) the addition of root exudates can increase carbon content in soil microbial biomass, improve
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microbial enzyme activity, and increase the total microbial residual carbon content by 18%—94%. Among them,
high concentration carbon treatment increased the microbial content (1.3 times of the low carbon concentration)
and promoted accumulation in fungal residual carbon, whereas low diversity treatment increased the microbial
content significantly (48% higher than that of the high diversity treatment, P < 0.05). Therefore, increased
enzyme activity promoted carbon accumulation in microbial residues. (2) The input of litter can significantly
increase the content of microorganisms and their residues and promote the turnover of microorganisms. Among
them, the litter of Vicia sepium of a better quality can stimulate an increase in microbial biomass (4.1 times of
Elymus nutans treatment) and promote the accumulation of microbial residual carbon, especially fungal residual
carbon. This study showed that different root exudates and addition of litter could stimulate the growth of
microorganisms, affecting their turnover rate, thereby promoting the sequestration of microbial organic carbon
in the soil organic carbon pool. This effect is significantly related to the concentration and composition of root

exudates and the quality of the litter.

Keywords root exudate; litter; soil microorganism; microbial residue; amino sugar; carbon content
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Fig. 1 Soil microbial biomass carbon content (MBC, a), microbial
biomass nitrogen content (MBN, b), and microbial residue
carbon to microbial biomass carbon ratio (TAS/MBC, c) under
different root exudate treatments. CK: Control; LC + LD: Low carbon
concentration + low diversity; HC + LD: High carbon concentration
+ low diversity; LC + HD: Low carbon concentration + high diversity;
HC + HD: High carbon concentration + high diversity. Bars indicate
standard deviation, and different lowercase letters (a, b, and c) indicate
significant difference among different processes (P < 0.05).
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Fig. 2 Enzyme activity in soil under different root exudate treatments. AP: Acid soil phosphatase; BG: -1,4-Glucosidase; NAG: 8-1,4-N-
Acetyl glucosidase; PER: Peroxidase; CK: Control; LC + LD: Low carbon concentration + low diversity; HC + LD: High carbon concentration +
low diversity; LC + HD: Low carbon concentration + high diversity; HC + HD: High carbon concentration + high diversity. Bars indicate standard
deviation, and different lowercase letters (a, b, and c) indicate significant difference among different processes (P < 0.05).
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Fig. 3 Contents of soil microbial residue carbon (MRC, a), fungal residue carbon (FRC, b), bacterial residue carbon (BRC, c), and the
ratio of fungal to bacterial residue carbon (FRC/BRC, d) under different root exudate treatments. CK: Control; LC + LD: Low carbon
concentration + low diversity; HC + LD: High carbon concentration + low diversity; LC + HD: Low carbon concentration + high diversity; HC + HD:
High carbon concentration + high diversity. Bars indicate standard deviation, and different lowercase letters (a-c) indicate significant difference
among different processes (P < 0.05).
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Fig. 4 Soil microbial biomass carbon content (MBC, a), microbial
biomass nitrogen content (MBN, b), and microbial residue carbon
to microbial biomass carbon ratio (TAS/MBC, c) under different
litter addition treatments. Bars indicate standard deviation, and
different lowercase letters (a, b, and c) indicate significant difference
among different processes (P < 0.05).
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Fig. 5 Contents of soil microbial residue carbon (MRC, a), fungal residue carbon (FRC, b), bacterial residue carbon (BRC, c), and the
ratio of fungal to bacterial carbon residue under different litter addition treatments (FRC/BRC, d). Bars indicate standard deviation, and
different lowercase letters (a, b, and c) indicate significant difference among different processes (P < 0.05).
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