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Microbiological mechanisms of gypsum as an amendment to
reduce methane emissions from saline-sodic paddy fields

ZHOU Yanhong'?, LIU Hongyuan'", MU Xiaojie', WANG Chen?, WANG Miaomiao'

1 State Key Laboratory of Black Soils Conservation and Utilization, Northeast Institute of Geography and Agroecology,
Chinese Academy of Sciences, Changchun, Jilin, China

2 College of Agriculture, Heilongjiang Bayi Agricultural University, Daqing, Heilongjiang, China

Abstract: [Objective] To elucidate the microbiological mechanisms and major pathways of
gypsum as an amendment to reduce CHy4 emissions from saline-sodic paddy fields.[Methods] The
saline-sodic wasteland was reclaimed as a paddy field, and four gypsum application treatments
were set up: 0 t/hm? (CK), 15 t/hm? (Gys), 30 t/hm’ (Gso), and 45 t/hm” (Gys), with three
replications. The CH4 emission fluxes were monitored by the closed static chamber method at the rice
flowering stage, after which soil samples were collected from the tillage layer (0—15 cm) within
the chamber area for metagenomic sequencing and soil physicochemical property analysis. [Results]
The application of 15-45 t/hm? gypsum significantly reduced the CH, emission flux of saline-sodic
paddy fields by 85.62% —92.64%, and the reduction amplitude increases with the increase of
gypsum application rate. The dominant phyla of methanogens and methanotrophs of saline-sodic
paddy soils did not change with the application of gypsum, and the relative abundance of
hydrogenotrophic type of methanogens was as high as 90%. The relative abundance of Type II
methanotrophs increased by 50.00% —61.54% compared with that of the CK treatment after the
gypsum application reached 30 t/hm?. The alpha diversity index of both methanogens and
methanotrophs increased with the increase of gypsum application rate, and the increase of the
former was significantly smaller than that of the latter. Gypsum significantly decreased the relative
abundance of the methanogenic functional gene forC, and increased the relative abundance of the
methane oxidation functional genes pps, hdrD and rnfB. CO5*” +HCO;™ and pH were the most
important environmental factors of soil affecting the community structure of methanogens and
methanotrophs. [Conclusion] The application of gypsum positively affected the community
structure of methanogens and methanotrophs by reducing soil pH, but the negative effect of the
community structure of methanotrophs on CH, emission flux outweighed the positive effect of the
community structure of methanogens on CHy4 emission flux, thus reducing CH4 emission. The
results can provide a theoretical basis for the evaluation of ecological effects of agricultural
development in saline-sodic land.

Keywords: gypsum as an amendment; saline-sodic paddy field; methane; microorganism;
functional gene
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Figure 2 Relative abundance of methanogens and methanotrophs at the phylum level of saline-sodic paddy soils

under different gypsum application rates. A: Relative abundance of the top ten methanogens at the phylum level;

B: Relative abundance of different types of methanogens; C: Relative abundance of the top ten methanotrophs at

the phylum level; D: Relative abundance of different types of methanotrophs.
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Table 1

T EAEREFN T7T e m R IR~ B
REMPRELEHo SR

Alpha diversity index of methanogens and

methanotrophs of saline-sodic paddy soils under

different gypsum application rates

Microorganism Treatments Observed_ Chaol Shannon
type species index index
Methanogens  CK 1 720b 2029.74b 4.96b
Gys 1 780b 2 114.14b 5.04ab
Gso 1 924a 2247.20a 5.07ab
Gys 1973a 2293.25a 5.20a
Methanotrophs CK 2 934b 3458.10b 5.27a
Gis 3 125b 3722.83ab 5.37a
Gso 3414a 3972.17a 5.94a
Gys 3522a 4091.84a 5.97a
TR MU R | ARG TR E 5 LR D
(P<0.05),

Different lowercase letters in the same column indicate

significant differences for each microorganism type (P<0.05).
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Figure 3 NMDS analysis of the community structure of methanogens and methanotrophs of saline-sodic paddy

soils under different gypsum application rates. A: NMDS analysis of the community structure of methanogens; B:

NMDS analysis of the community structure of methanotrophs.
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Figure 4  Relative abundance of methanogenic

functional genes in saline-sodic paddy soils under
different gypsum application rates. Different lowercase

letters indicate significant differences (P<0.05).
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Figure 5 Relative abundance of methane oxidation
functional genes of saline-sodic paddy soils under
different gypsum application rates. Different lowercase

letters indicate significant differences (P<0.05).
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Figure 6 Mantel test results between the community structure of methanogens and methanotrophs and soil
environmental factors of saline-sodic paddy soils. A: Mantel test results between the community structure of
methanogens and soil environmental factors; B: Mantel test results between the community structure of

methanotrophs and soil environmental factors.
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Figure 7 PLS path analysis of gypsum as an amendment on affecting CH, emission flux in saline-sodic paddy

fields. The numbers next to the arrows represent the path coefficients. The red lines indicate positive effects, and

the blue lines indicate negative effects. The significance level was expressed by *P<0.05, and ***P<(.001.
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