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Effects of earthworms and bacteria on carbon transformation and microbial community of soda saline—alkali
soil by improvements of straw and manure mixture

LANG Lina, SUN Zhengxiao, CHEN Yuanhui, ZHANG Chunyan, ZHANG Yu, LI Mingtang”

(College of Resource and Environment, Jilin Agricultural University, Changchun 130118, China)

Abstract: To promote the transformation of organic materials in soda saline—alkali soil, optimize microbial community structure, and
increase organic carbon content, single and combined effects of earthworms (Pheretima guillelmi) and exogenous microorganisms
(Paenibacillus sp. C1) on the degradation of a mixture of rice straw and manure, soil organic carbon (SOC) transformation, and soil
microbial community structure were assessed in soda saline—alkali soil. Earthworms alone, strain C1 alone, and both in combination
increased the degradation rates of the rice straw and manure mixture by 66.0%, 40.9% and 72.1%, respectively. SOC was increased by
65.8%, 18.2% and 25.5%, respectively. Water—soluble organic carbon (WEOC) content was increased by 63.5%, 1.6% and 26.3%,
respectively. Earthworms and strain C1 could transform WEOC precursors from plant sources to microbial sources, which increased the
proportion of soluble microbial metabolites. In addition, earthworms could also promote the production of humic acid-like substances in

WEOC and reduce soil aging, with a synergistic effect evident with strain C1. Both the single and joint actions of earthworms and strain C1
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could increase the abundance and diversity of fungi and the relative abundance of cellulose—degrading ascomycetes. At the genus level, the

effect of earthworms was positively correlated with SOC and WEOC contents in soil and the ultraviolet absorption characteristics of WEOC.

The collective findings indicate that the single and joint action of earthworms and strain C1 could change the soil microbial community

structure in a functional direction more conducive to the transformation of organic materials, further promoting the degradation of organic

materials and the generation of SOC, and improving the formation of soil humic substances. Earthworms and strain C1 thus have important

application potentials in the improvement of soda saline—alkali soil.

Keywords: earthworm; Paenibacillus sp.; soda saline—alkali soil; soil organic carbon; water—soluble organic carbon; three—dimensional

fluorescence; microbial community structure
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treatments(P<0.05), JF, JFQ, JFC, JFCQ represent the control ,
earthworms, strain C1, earthworms + strain C1. The same below.

B 1 HFTE R L Rk EREF MG R AW AR R
Figure 1 Degradation rate of the mixture of rice straw and manure

in the soda saline—alkali soil
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Table 1 Content of organic carbon and ultraviolet absorption

characteristics in soda saline—alkali soil

pOBL Soc/ WEOC/ UVasa/ SUVasa/

Treatment (g-kg™) (mg-kg™) cm’! (Lemg'-m™)
Xt iR 16.17+0.02d  20.52+1.13¢  0.33+0.01d  1.59+0.05d
Iz 5] 26.81+0.08a 33.56x1.64a 0.80£0.03a 2.37+0.08a
BkkCl  19.1120.06c 20.84+1.09¢ 0.3720.0lc  1.79+0.01c

WS+ R C1 20.29+0.03b  25.91+0.87b  0.48+0.01b  1.86+0.01b

T R NG TR FoR AR BRI 22 57 45 (P<0.05) . FIA].
Note: Different letters in the same column indicate statistical
significant differences among treatments (P<0.05). The same below.
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Regions 1, Il , 1,1V, V,correspond to tyrosine-like aromatic protein, tryptophan-like aromatic protein, fulvic acid-like organic carbon,
soluble microbial byproduct-like organic carbon,and humic acid-like organic carbon, respectively. The same below.
2 BITEF L WEOC 9 =455 5%

Figure 2 Three—dimensional excitation—emission fluorescence spectra of WEOC in the soda saline-alkali soil
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Figure 3 Fluorescence regional integration of WEOC in the soda

saline—alkali soil
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among treatments (P<0.05).
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Figure 4 Sources and aging characteristics of WEOC in the soda

saline—alkali soil
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R2 FITER L ALY Alpha B EEEFE ST

Table 2 Microbial Alpha diversity index of soda saline—alkali soil

W42 ) Microorganism b H1 Treatment Chaol Observed_species PD_whole_tree Shannon
N it i 698.96+1.61d 510.4+1.9d 89.68+0.78d 4.982+0.001d
i 5] 791.44+6.53a 564.7+1.1a 99.62+0.25a 5.124+0.005a
FPkC1 705.30+1.17¢ 553.6+1.6¢ 97.64+0.67h 5.0040.004h
Ui B+ PR A C 1 775.37+4.28h 559.0+2.1b 95.29+0.39¢ 4.991+0.001¢
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Figure 5 Microbial species composition in the soda saline—alkali soil
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Figure 6 Redundancy analysis(RDA) based on the soil microbial community structure at genus level and organic carbon in the soil
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