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Effects of irrigation method and nitrogen application on
methane emission and organic carbon fraction
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Abstract: [Objective] The objective was to obtain water and nitrogen management mode for methane (CH,)
emission reduction, and reveal the effects of soil organic carbon fraction and methane oxidizing bacteria on
CH, emission flux from rice fields treated by different irrigation methods and nitrogen application.
[ Method] Through field experiment, CH, emission fluxes, soil organic carbon fraction contents and methane
oxidizing bacteria numbers at different growth stages of double-cropping rice were determined under three

irrigation methods (conventional irrigation, “thin-shallow-wet-dry” irrigation and alternate drying and wetting
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irrigation) and three nitrogen application methods (N1: 120 kg-hm™ nitrogen, 20% basal fertilizer and 80%
topdressing; N2: 120 kg-hm ™ nitrogen, 50% basal fertilizer and 50% topdressing; N3: 90 kg-hm nitrogen, 50%
basal fertilizer and 50% topdressing). The correlation relationships of CH, emission fluxes with soil organic
carbon fractions and methane oxidizing bacteria were analyzed. [Result] The treatment of alternate drying and
wetting irrigation combining with N3 had the lowest CH, emission flux from rice fields, and CH, emission flux
at the tillering stage of late rice decreased by 70.5% compared with the treatment of conventional irrigation
combining with N1. Under the alternate drying and wetting irrigation, the soil microbial biomass carbon content
at the booting stage of early rice in N2 treatment increased by 23.5% compared with both N1 and N3 treatments,
and the soil soluble organic carbon content at the tillering stage of late rice in N3 treatment increased by 12.0%
and 12.9% compared with N1 and N2 treatments, respectively. Under the N3 treatment, conventional irrigation
increased the soil readily oxidizable organic carbon content by 38.8% and 40.9% compared to “thin-shallow-
wet-dry” irrigation and alternate drying and wetting irrigation at the booting stage of early rice, respectively.
CH, emission flux from double-cropping rice fields was significantly positively correlated only with soil soluble
organic carbon content (7=0.55, P<0.01). [ Conclusion] Soil soluble organic carbon content significantly affects

CH, emission fluxes from double-cropping rice fields, and alternate drying and wetting irrigation combining

42 B

with N3 treatment had lower CH, emission flux from rice fields.

Key words: irrigation method; nitrogen treatment; rice field; CH, emission flux; soil organic carbon

fraction; methane oxidizing bacteria
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N1: 120 kg-hm™ % (20% A 80% 1B L), N2: 120 kg-hm™ % (50% FHEAE 50% B L), N3: 90 kg-hm ™ 4 (50% FEAE 50% 1B AE); TS: /7B, BS: 247#
W1, MS: FLEAJYI, RS: REASY]

N1: 120 kg-hm™ nitrogen (20% basal fertilizer and 80% topdressing), N2: 120 kg-hm™ nitrogen (50% base fertilizer and 50% topdressing), N3: 90 kg-hm™
nitrogen (50% basal fertilizer and 50% topdressing); TS: Tillering stage, BS: Booting stage, MS: Milk stage, RS: Ripening stage

1 TREAEREBEHNEFREH CH, HiiRE

Fig.1 CH, emission fluxes from double-cropping paddy field at each growth stage in different treatments

x1 TELEREEHHREREVEHRSE"

Table1 Soil microbial biomass carbon contents at each growth stage in different treatments  ,/(g-kg™)
MR VEWE A WEFE Late rice % Barly rice
Nitrogen treatment Irrigation method TS BS MS RS TS BS MS RS

N1 BG 0.15£0.01b  0.17£0.01ab 0.17+0.01b 0.17+0.01ab 0.16+0.01ab 0.17+0.01bc 0.18+0.01bc 0.15+0.01b
GG 0.17£0.02ab 0.17£0.01ab 0.17+0.01b 0.17+0.01ab 0.17+0.02ab 0.17+0.01bc 0.18+0.01bc 0.15+0.01b

CG 0.17+0.04ab 0.19+0.01ab 0.19+0.01b 0.16+0.01ab 0.14+0.02b 0.12+0.01d 0.12+0.01d 0.08+0.01¢c

N2 BG 0.18+0.01ab 0.18+0.01ab 0.19+0.01b 0.17+0.01ab 0.19+0.01a 0.19+0.01ab 0.20+0.01b 0.18+0.01a
GG 0.19+0.01ab 0.18+0.01ab 0.18+0.01b 0.20£0.03a  0.20+0.01a 0.21+0.0l1a 0.23+0.0la 0.18+0.01a

CG 0.21£0.02a 0.21£0.02a 0.23+0.02a 0.15+0.02bc 0.17+0.01ab 0.14+0.01cd 0.18+0.01bc 0.14+0.02b

N3 BG 0.1740.01ab 0.18+0.01ab 0.18+0.01b 0.17+0.01ab 0.17+0.02ab 0.17+0.01bc 0.18+0.01b 0.16+0.01ab
GG 0.19+0.01ab 0.18+0.01ab 0.17+0.01b 0.17+0.01ab 0.18+0.01a 0.17£0.01bc 0.18+0.01bc 0.16+0.01ab

CG 0.17£0.01ab 0.20£0.01ab 0.19+0.01b 0.11£0.02c  0.16+0.01ab 0.1420.02cd 0.16+0.01c 0.11£0.02¢

1)N1: 120 kg-hm *4.(20% 4 #E.80% i J2), N2: 120 kg-hm 2£.(50% 5 E50%38 12), N3: 90 kg hm *5.(50% 4 AE.50%:E ); BG: “ M %2 "
B, GG: T iR R, CG: %308 TS: 2 34, BS: 24209, MS: SL# M, RS: s M; RIFI #EBERRADBFHATAEN 2R R H

(P<0.05, Duncan’si%)

1) N1: 120 kg-hm nitrogen (20% basal fertilizer and 80% topdressing), N2: 120 kg-hm™ nitrogen (50% base fertilizer and 50% topdressing),
N3: 90 kg-hm™ nitrogen (50% basal fertilizer and 50% topdressing); BG: “Thin-shallow-wet-dry” irrigation, GG: Alternate drying and wetting

irrigation, CG: Conventional irrigation; TS: Tillering stage, BS: Booting stage, MS: Milk stage, RS: Ripening stage; Different lowercase letters in

the same column indicate significant differences among different treatments (P<0.05, Duncan’s method)
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Table 2 Soil soluble organic carbon contents at each growth stage in different treatments

AR T I8 Late rice 7 Barly rice
Nitrogen  Irrigation
weatment  method TS BS MS RS TS BS MS RS
N1 BG 80.145.2d 83.2+3.5abc  82.31.2c  61.1+2.0bc 86.9+5.6a  84.8+4.9ab 88.5+6.3abc  64.2+8.6abc
GG 92.8£1.2bc 89.5+3.4a 89.0£2.2b  61.1£3.1bc 89.5+11.6a 84.9+21.9ab  77.1x6.4c  54.9+10.4c
CG 92.6£5.5bc  73.6%5.4¢ 73.642.0e  45.6+3.2d 85.0+15.5a  74.9+15.9b 83.1+4.9bc  62.9+5.0abc
N2 BG 84.6+2.0cd 82.744.9abc  83.2+4.4c 58.9+3.1bc 88.2+10.3a  70.9£6.1b 97.2£13.5ab 71.6+4.7ab
GG 92.0£0.1bc  84.243.1ab 84.9+3.1bc  61.9£1.3bc 94.7£38.3a  87.6£13.9ab  83.7£2.4bc  57.2+1.9bc
CG 90.6+3.0bc  76.4+2.2bc 75.7£1.9de 46.9+4.8d 92.5£13.9a  77.6+4.2ab 70.448.1c  49.845.1¢c
N3 BG 85.4+4.1cd 87.246.7a 101.9+3.0a  66.6+5.0ab 71.3£31.4a 87.6+4.8ab  106.3+6.7a  78.3£6.2a
GG 103.9£2.4a  89.5+2.3a 100.2+43.9a  69.2+2.5a 102.9+19.2a  99.1+17.2a  105.0+6.2a  78.0+4.7a
CG 99.246.7ab 79.5+2.0abc  80.7+4.3cd 55.3+3.1c 96.6£9.6a  93.7+3.7ab 89.1+5.8abc  71.1+4.6ab

1) N1: 120 kg-hm > £.(20% % 12.80%:£ &), N2: 120 kg-hm > £.(50% 5 1E50%1£ FE), N3: 90 kg-hm 2 £.(50% A IE50%:8 f2); BG: “ % 15"
BB, GG: TR AR, CG: H A TS: 2 4, BS: Z42M, MS: $LHM, RS: KM AFIKEERRDEFHERTAERNEFRH

(P<0.05, Duncan’s)

1) N1: 120 kg-hm™ nitrogen (20% basal fertilizer and 80% topdressing), N2: 120 kg-hm™ nitrogen (50% base fertilizer and 50% topdressing),
N3: 90 kg-hm ™ nitrogen ( 50% basal fertilizer and 50% topdressing); BG: “Thin-shallow-wet-dry” irrigation, GG: Alternate drying and wetting

irrigation, CG: Conventional irrigation; TS: Tillering stage, BS: Booting stage, MS: Milk stage, RS: Ripening stage; Different lowercase letters in

the same column indicate significant differences among different treatments (P<0.05, Duncan’s method)
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Table 3 Soil readily oxidizable organic carbon contents at each growth stage in different treatments wi(g'kg™)
A IE FEWE T M Fe Late rice FF& Early rice
Nitrogen Irrigation
treatment method T BS MS T BS MS RS
N1 BG  4.53t1.66ab 3.55+0.21ab 4.65+0.58a 5.74+0.60a  2.41+0.39d  3.08+0.29d  4.48+0.42abc 1.70+0.44b
GG 1.08+0.13b  3.82+0.34ab 5.30+0.38a 4.70+0.20bc  2.81+0.17d  3.82+0.34bcd 5.11£0.36a  2.04+0.48b
CG  6.48+1.65ab 4.33+0.28ab 5.13+0.31a 5.31+0.12ab  3.67+1.17bcd 4.55+0.23abc  5.06+£0.26a  3.29+0.61a
N2 BG  4.1842.84ab 3.05+0.25b 5.2740.40a 4.12+0.37c  4.74+1.33abcd 4.13+0.12abcd 3.954+0.25bc  1.86+0.32b
GG  3.08+1.52ab 4.34+0.65ab 5.57+0.35a 4.52+0.10bc  4.62+1.00abcd 4.15+0.24abcd 4.84+0.20ab 2.23+0.34ab
CG  7.10£0.79a 4.58+0.66a 5.51+0.32a 5.54+0.18ab  7.25+0.67a 5.1240.18a 5.02£0.12a  2.71+0.37ab
N3 BG  3.68+1.89ab 4.34+0.65ab 5.94+0.51a 4.79+0.40abc 5.65+1.23abc 3.40£0.86cd  5.1540.08a  1.55+0.21b
GG  5.02+1.79ab 4.34+0.25ab 4.76+0.18a 4.10£0.17c ~ 2.96+0.15cd  3.3540.29cd  3.77+0.56c  1.74+0.19b
CG  6.27+1.95ab 3.62+0.18ab 4.59+0.51a 4.73+0.32abc 6.39+0.28ab  4.72+0.4lab  4.24+0.20abc 2.31+0.16ab

1) N1: 120 kg-hm > £.(20% 2 AE80%:£ AE), N2: 120 kg-hm > £.(50% A A250% 38 #2), N3: 90 kg-hm > £ (50% K E50%38 #e); BG: “ %
BE” BB, GG: TR AR, CG: 4B, TS: 4 841, BS: 224240, MS: $L# 0, RS: A ; RF 4486 RE DB FHEE 7L

22 4] £ 5+ % % (P<0.05, Duncan’s %)

1) N1: 120 kg-hm™ nitrogen (20% basal fertilizer and 80% topdressing), N2: 120 kg-hm ™ nitrogen (50% base fertilizer and 50%
topdressing), N3: 90 kg-hm ™ nitrogen (50% basal fertilizer and 50% topdressing); BG: “Thin-shallow-wet-dry” irrigation, GG: Alternate

drying and wetting irrigation, CG: Conventional irrigation; TS: Tillering stage, BS: Booting stage, MS: Milk stage, RS: Ripening stage;

Different lowercase letters in the same column indicate significant differences among different treatments (P<0.05, Duncan’s method)
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N1: 120 kg-hm™ % (20% 5 80% JEJIE), N2: 120 kg-hm™ % (50% HEE 50% G JIE), N3: 90 kg-hm ™ % (50% FEJIEL 50% B JE): TS: 43 BEY, BS: Z24H

1, MS: A2, RS: 2

N1: 120 kg-hm™ nitrogen (20% basal fertilizer and 80% topdressing), N2: 120 kg-hm™ nitrogen (50% base fertilizer and 50% topdressing), N3: 90 kg-hm™
nitrogen (50% basal fertilizer and 50% topdressing); TS: Tillering stage, BS: Booting stage, MS: Milk stage, RS: Ripening stage
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Fig. 2 Soil methane oxidizing bacteria population amounts at each growth stage in different treatments
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Table 4 Correlation analyses of CH, emission flux with soil organic carbon fraction and methane oxidizing bacteria

MAEMERSE

IEES .
Microbial biomass

Rice season

A TEAT LR 5

Soluble organic

SRPCEERAA: {6 A

Methane oxidizing

GBS &

Readily oxidizable organic

carbon content carbon content carbon content bacteria number
Wi F% Late rice 0.31 0.55%% 0.25 0.12
FLHg Early rice 0.22 0.34* 0.42% -0.04

1) “x7  “Hx” 31K T 4£0.05.0.01K-F 2F AKX

1) W ,

3 Wig5%ER
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M
FERFEEEA A FHINAE H CH, £ £ 7> BEY]
HEIG TR AAT e AR KRG 2R R AT, W K s -+ 3%
THIAHUR R 2L, 8RR 1K) CHy 7
A, i e A BE A AT RCRR AR IR, Ak

“#**” jindicate significant correlation at 0.05 and 0.01 levels respectively
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