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Effects of phosphorus on methane emissions from rice fields and its possible mechanisms

HE Zhu'?, XUE Li—hong"*", YANG Lin—zhang', XU Chen'?

(1.Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2.College of
Resources and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China; 3.School of the Environment and Safety
Engineering, Jiangsu University, Zhenjiang 212001, China)

Abstract : Methane is the second most important greenhouse gas, and its potential for warming per molecule is 28~34 times higher than that
of carbon dioxide. Rice fields, as an important source of methane emissions, emit approximately 12%~26% of the total global methane.
Existing studies on methane emissions from rice fields are mainly focused on the effects of the addition of organic matter, fertilizer types,
nitrogen, rice varieties, and soil types; however, little attention has been paid to phosphorus. In this study, published studies on phosphorus
and methane emissions from paddy fields were reviewed. The data from literature were reanalyzed to summarize the influences of
phosphorus on methane production and oxidation, and future research issues were discussed. It was found that the regulation of methane
emissions from paddy fields by phosphorus was mainly affected by the planting system and other fertilization conditions. Most of the
research data showed that phosphate fertilizer application reduced the methane emissions of single-season Indica rice, and the decrease
rate depended on the soil nutrient status. The regulation of the production and oxidation of methane by phosphorus was mainly through
affecting the availability of soil carbon by rice roots and their exudates, influencing soil phosphorus availability directly, and changing the
abundance and community composition of soil methanogens and methanotrophs.

Keywords: paddy field; phosphorus; methane emission; methane production; methanotroph
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Table 1 Basic information of the literatures included in the analysis
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2007 ARGEENE  6.60 ZLEEUR M1 20.60 2.05 — — CK .NPKS .NPK .NKM([3])
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Table 2 Effects of phosphorus application on methane emissions from paddy fields under different conditions

JENE b 3 ANt A 2 e HE R

it A ALk B P b HE A

FA RIGAENY SRk H Ak
Fertilizer 7J$$H7< g 6 Methane emissions of treatments ~ Methane emissions of phosphorus F . SR it
Rice types  Test years . 5 5 Literature sources
treatments without phosphorus/(g-m™) treatments/(g-m™)
Joe — g 2013 9.00 *(CK) 7.39%(P) -17.87 [10]
AN —ZFPR 2014 2.30%%(N) 1.92#%(NP) -16.67 [11]
— =R 2018 3.20(N) 2.90(NP) -9.38 [13]
AP PR 1994 20.05%( Control ) 15.63*(MRP) -22.05 8]
—Z=fg 2016 0.40(RNP) 0.25(SCU) -38.40 [12]
2017 1.04%(RNP) 0.65*(SCU) -37.68
Ry 2004 42.19(CK) 44.52(NPK) 5.52 [3]
Mt 45.52(CK) 24.30(NPK) -46.61
i 2007 21.00(NK) 27.90(NPK) 32.86 [6]
M 52.40(NK) 54.90(NPK) 477
Mg 2018 39.92(NK) 52.33(NPK) 31.09 [7]
—ZE A 2011 40.46%(P0) 34.56*(P60) -14.58 [9]
— P 2019 12.46*(NK) 3.88%(NPK) -68.86  ANPREIL] A K R
— P 2019 19.37(NK) 12.30(NPK) -20.93  APEIL A K R H
Tt fin — g 2014 1.86(C) 1.71(CP) -7.76 [14]
RAEUIN A 2018 4.20(MN) 4.50(MNP) 7.14 [13]
i A P RIFORTE 0.05 F10.01 AR EAHRYER
Note: * and ** indicate significant correlation at the 0.05 and 0.01 levels, respectively.
£ 8001 g1pe=139.43 £ 8001 g1pe=13.31 £ 8001
o r=0.888 0% = r=0.8627 6 i e} <
= n=13 = n=13 = Slope=5.69
Jﬂﬂﬂ % 600 mE'H % 600 mEﬂ % 600 r=0.788**
27 27 ol %
T8 *® g il
& © 400 © = E oa00f o 4 © %5400-0\0%
B = o B = o B £ o
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B2 o B £ i i
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g 0 L L L L ) £ 0 L L L , = 0 L L )
3 0 1 2 3 4 5 3 0 10 20 30 40 3 0 10 20 30
TSR AT TIEE LB I
Soil total nitrogen content/(g-kg™) Soil organic matter content/(g-kg™) Soil available phosphorus content/
(mg-kg™)

R HIFIRTE P<0.05 F1 P<0.01 /K- AR, r FoRAH I R AL, n 2278 B A HK, Slope bl A4

*and **indicate significant correlation at P<0.05 and P<0.01 levels respectively,r represents the correlation coefficient,

n represents the number of data, and Slope is the fitting slope
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Figure 1 Relationship between methane emissions and soil-related physical and chemical indicators
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Figure 2 Framework diagram of possible impact mechanisms of

phosphorus on methane emissions
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