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Synergistic regulation mechanism of straw returning with lime to the field on greenhouse gas emissions in
paddy field

SUN Mengyu, ZHAO Qiang, WU Jing, ZHANG Jun, CHE Zhao, WU Gong, SONG He, LI Xiaoxiao"

(School of Agronomy, Anhui Agricultural University, Hefei 230036, China)

Abstract: To explore the mechanisms of greenhouse gas emissions under straw return combined with different lime application rates in
acidic paddy soils. This study adopted a two—factor split—plot design. The main plots consisted of straw application treatments : no straw
return(S0) and straw return(S1, 5 500 kg-hm™). The subplots included lime application treatments : no lime(L0), low lime rate(L1, 3 500
kg-hm™), and high lime rate (12, 7 000 kg+hm™). Measurements included greenhouse gas emissions(CH; and N>O), microbial abundance
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and community structure, soil nitrification potential, and denitrification capacity. The results are as follows : straw return increased CHy4

emissions by 115.5% —144.3%, and the mechanism of action was closely related to the increase of dissolved organic carbon (DOC).
Elevated DOC promoted the abundance of methanogens (Methanocella genus) while reducing the abundance of methane—oxidizing bacteria
(pmoA gene) and key genera (Methyloparacoccus and Methylomicrobium ). Lime application decreased CHy emissions by 21.9%—39.7%,
driven by increased soil pH and NO;—N content, which enhanced pmoA gene abundance and suppressed methanogens ( Methanobacterium
genus ). Straw return reduced total N>O emissions by 33.0%-38.2%. The abatement mechanism is that the straw return effectively promotes
the conversion of N2O to N, reduction by decreasing the abundance of the narG gene and the relative abundance of the key denitrifying
genera (Acidiphilium and Mycolicibacterium ) and increasing the abundance of the nosZ gene. Lime application increased N>O emissions by
29.5%~65.0% through dual regulatory mechanisms. Specifically, reduced NHi=N and DOC levels stimulated ammonia—oxidizing archaea
(AOA) abundance, while elevated pH and NO3:=N boosted narG gene abundance and suppressed nosZ gene activity, both of which together
increased N>O production during nitrification and denitrification. Straw return increased global warming potential (GWP) and greenhouse
gas emission intensity (GHGI), while lime application was effective in reducing GWP and GHGI, where high lime application on straw
fielding was able to reduce GHGI to 0.81 kg kg™, which was significantly lower than that of the LOSO treatment. In conclusion, for strongly
acidic paddy soils, combining straw return with high lime application (7 000 kg - hm™) effectively mitigates the problem of increased

greenhouse gas emission caused by straw-returning. Thus, integrating lime with straw return represents a promising cultivation strategy to

achieve greenhouse gas reduction and increase production in rice production systems.

Keywords: straw return; lime; soil acidification; greenhouse gas; soil microorganisms
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Figure 1 Schematic diagram of gas collection box and

static box base
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Table 2 Effects of lime dosage and siraw returning form on soil chemical properties
PR A R AT AEEAILR AR AR SR AL AL
Straw returning Lime dosage pH OM/(g-kg™") DOC/(mg-kg™) TN/(g-kg") NO;-N/(mg-kg™) NHi-N/(mg-kg™) AP/(mg-kg") AK/(mg-kg™)
SO LO 4.99+0.14¢ 15.47+1.20b 64.22+1.34a  1.63+0.35a 1.28+0.20b 61.69+4.55a 60.85+5.23b  99.00+2.00a
L1 5.94+0.06b 16.16+0.60b 55.07+3.90b  1.16+0.14a 1.32+0.19b 36.12+2.15b 75.16+6.79a 100.00+20.00a
L2 6.48+0.08a 17.90+0.47a 60.79+1.46a  1.27+0.13a 1.80+0.14a 33.46+0.98b  64.92+5.85ab 97.00+5.20a
S1 LO 4.97+0.12¢ 16.61+0.79a 83.42+1.95a  1.16+0.21a 1.15+0.04b 31.22+2.82ab  72.21+5.47ab 126.67+6.66a
L1 5.35+0.09b 17.83+4.31a 78.42+1.72b  1.30+0.14a 1.30+0.35b 34.54+2.55a 68.85+7.17b  117.00+4.36a
L2 6.83+0.16a 16.38+1.37a 77.72+2.06b  1.08+0.07a 2.19+0.13a 27.69+1.71b 80.65+2.24a 114.33+6.81a
S ns ns Hok ns ns ok ES sk
L ok ns kok ns kk ok ns ns
SXL o ns ns ns ns ok * ns

e s W HAS R NG TR R A — RS FE LA ) A 5T 7] 22 5 0 35 (P<0.05) sns, £E 0.05 7K F- 52 IAS i 25 5 043 5l 2278 75 0.05 #10.01 7K

SRR . SHIL A M FRAEAT G KT R TR

Note: Within a column, different lowercase letters represent the indicators significantly different among different lime dosages under same straw dosages

(P<0.05); ns, Not significant at the 0.05 level; * and **, Significant at the 0.05 and 0.01 levels, respectively. S and L represent straw returning and lime

dosage respectively. The same below.

L1 A3 (P<0.05), 5 Lo H 22 R B2 . FEFFA IR
HF, L1ANERY AP & & 0 3 T LOAR 3, 55 1.2 kb 3
LZRARE FEEH T L2 40P 8 25 T L1 AT
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43504 20.16.16.39 .12.61 mg-m*-h’1 A IR AR
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Figure 2 Effects of lime dosage and straw returning form on CHs and N,O emission flux and cumulative emission during rice growth period
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Table 3 Effects of lime dosage and straw returning on yield, global warming potential (GWP) and greenhouse gas emission intensity (GHGI)

Firic A BRI R Fro T AR L
Straw returning Lime dosage GWP/(kgCOse+hm™) Yield/(kg-hm™) GHGI/(kgCOse-kg™)
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Figure 3 Effects of lime dosage and straw returning form on the relative abundance and ratio of mcrA and pmoA genes
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Figure 4 Effects of lime dosage and straw returning form on soil nitrification potential and denitrification capacity
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Figure 5 Effects of lime dosage and straw returning form on the abundance of AOA-amoA, AOB-amoA ,narG,and nosZ genes in soil
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Figure 6 Effects of lime dosage and straw returning form on the community composition of soil methanogens

and methanotriogs at the genus level
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Figure 7 Effects of lime dosage and straw returning form on the genus—level community composition of soil AOA,AOB,

and narG- and nosZ-type denitrifiers
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Figure 9 Correlation between N>O emission and AOA (AOB and functional genes narG and nosZ abundance , microbial community

structure , and soil physicochemical properties
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