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Abstract: [Objective]l To investigate the effects of ridge irrigation with different ridge widths and reduced

nitrogen fertilizer at different growth stages on methane (CH4) emissions, soil organic acid content and
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expression of enzyme encoding genes related to CH, formation and transformation (including methyl coenzyme
M reductase gene mcrdA in methanogenic archaea, and methane monooxygenase gene sMMO in methane
oxidizing bacteria) in paddy fields, and reveal the effects of soil organic acid content and the expression of mcrA,
sMMO on CH, fluxes in paddy fields. [Method] A field experiment was conducted with three irrigation modes
(flooding irrigation, ridge irrigation with ridge widths of 80, 100 cm) and three nitrogen treatments (conventional
nitrogen application: 135 kg-hm™, including seedling fertilizer 47.25 kg hm™, tillering fertilizer 54.00 kg hm™
and booting fertilizer 33.75 kg hm™; Nitrogen reduction at seedling stage: 110 kg-hm™, including seedling
fertilizer 22.25 kg hm™, tillering fertilizer 54.00 kg hm™ and booting fertilizer 33.75 kg hm™*; Nitrogen reduction
at booting stage: 110 kg-hm™ , including seedling fertilizer 47.25 kg hm™, tillering fertilizer 54.00 kg hm™ and
booting fertilizer 8.75 kg hm™). The paddy field CH, fluxes, soil organic acid content and mcrd, sMMO
expression levels in different treatments were measured, and the relationships among them were analyzed.

[Result] Under the same nitrogen treatment, ridge irrigation significantly reduced CH, emission from paddy
fields compared with flooding irrigation. Under the same irrigation mode, nitrogen reduction at seedling stage
significantly reduced CH, emission from paddy field compared with conventional nitrogen application. The total
organic acid content of soil in ridge irrigation with ridge width of 80 cm + nitrogen reduction at seedling stage
treatment was 71.7% higher than that before fertilization on the 10th day after fertilization, and 28.8% higher in
flooding irrigation + conventional nitrogen application treatment. Under the condition of nitrogen reduction at
seedling stage, the expression of mcrA in ridge irrigation with ridge width of 80 cm soil was overall lower than
that in flooding irrigation soil, and the expression of sMMO was higher than that in flooding irrigation except 25
days after transplanting. CH, fluxes were significantly correlated with mcr4 expression and total organic acid
content in soils (£<0.01), with correlation coefficients of 0.644 and —0.348, respectively. There were significant
correlations between soil total organic acid content and the expressions of mcr4 and sMMO (P < 0.05), with
correlation coefficients of —0.240 and 0.197, respectively. [Conclusion] The ridge irrigation with the ridge
width of 80 cm + nitrogen reduction at seedling stage treatment can reduce CH, flux from paddy fields. Soil total
organic acid content and mcrA expression significantly affect paddy field CH, flux, while soil sMMO expression

may indirectly affect CH, flux.

Key words: Ridge irrigation; Reduced nitrogen fertilizer application; Organic acid; CH4 emission; mcrA

expression; sMMO expression
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Fig. 4 Changes of CH, flux in paddy field under ridge irrigation and nitrogen reduction at different growth stages
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AP W48 EAE SRR CH, FIHEICA B3 520,
TE 57 BERT . 0 B . S AR AN B, A B ARG
H CH, 2R EZ 7B % REIIWA. & Wit
BN RN B N 22 HE 80 FIZEE 100 fHH &4 F

W1 CH, 2 AR HE R B KB 7 I 44.2% F
10.7%- 20.9% F1 30.7%- 43.9% 1 32.5% . ZE}E
80 iR i HYR SR 2 AU I A URE H CH, B A HETR
BRBCH R > B 35.5% Al 18.8%, 1M & ¥E
100 5 MUEZ 2 A 17.9% F111.7%, #E 7K
N IR T IR U S 8.5%, T 2 AR AL
BUE RS 15%. AfRab s, DIZERE 80+IR
WA R A F W CH, REHEBCE I
24 FTEHCH,BE. HIREBYERANEEmIEER

RILEZ ERIE XM

FH% 2 A1, A% H CH, & 5 138 MCR 43
FEH merd FikE 2R FE EHXKR (r=0.644,
P<0.01), M5B AHREELE R ENHLLR
(r=—0.348. P<0.01), HIELAHER S & H 15

#z1 ZEEBMAERARERE TER cH, 2K E (B)"

Table 1 Cumulative CH, emission (E) in paddy field under ridge irrigation and nitrogen reduction at different growth stages

R 73 BERT Y] 7 BEJE ) PR Sty JR A .
i H kb3 : . o - : : : ait
ltem Treatment Regreening Early tillering Late tillering Jointing-booting ~ Heading Maturing Total
stage stage stage stage stage stage
E/(kg-hm™) YNC 128.2+0.5a  240.6+32.1b  144.9+7.9b 40.249.6¢ 77.3+13c 68.0+16.5d 699.1+£2.9b
LINC 57.146.5d  114.5+12.8f 89.8+26.3¢g 68.4+9.2b 176.3+50.2a  47.3£15.4g 553.4+8.2¢
L2NC 57.9+4.1d  173.6+£10.1d  135.1+11d 36.9+3.4h 44.4+503e  36.7+3.8h  484.6+2.6f
YNS 100.8+£3.9b  239.3+30.5b  103.9+19.4f 45.7420.3¢ 67.1+11.5d  83.1£7.5b  640.0+5.6¢
LINS 78.7+1.1c  111.3+13.5 53.9+7.0i 18.2+3.61 44.7+45.6¢ 50.3+12.8f 357.1£1.5h
L2NS 66.8+3.3cd  216.4+19¢ 139.0+9.9¢ 42.0+12.5F 28.9+15.2f  78.2+l.6c  571.4+2.6d
YNB 107.7+£6.6b  253.6+30.5a  153.04£25.5a 83.1+13.8a 76.1442.8¢ 128.1+£53.5a 801.6+9.0a
LINB 68.2+1.6cd 130.4+21.7e 76.9+3.2h 51.846.4c 67.5+£25.8d  54.7£9.0e  449.5+3.2¢g
L2NB 58.5£7.5d  174.6+£9.9d 114.4+22.7¢ 48.4+9.0d 98.7+7.0b 46.4£89g  541.1£8.7¢
P M 0.443 <0.001 <0.001 0.720 0.530 <0.05 <0.05
NT <0.05 0.784 0.926 0.106 0.243 0.446 0.181
IMXNT 0.667 <0.001 <0.001 0.243 <0.001 <0.05 <0.05
)R 7 3386 R B B FE & T £ P<0.05KF £ F B F(Duncan’si); Y: &AM EE, L1; 2380,L2: £#100;NC: ' #iE &, NS: &

F AR, NB: B4R 008 £ IM: 3 BEAE X, NT: 46 R AL 22

1) Different lowercase letters in the same column indicate significant differences at P<0.05 level (Duncan’s method); Y: Flooding

irrigation, L1: Ridge irrigation with ridge width of 80 cm, L2: Ridge irrigation with ridge width of 100 cm; NC: Conventional nitrogen

application, NS: Nitrogen reduction at seedling stage, NB: Nitrogen reduction at booting stage; IM: Irrigation mode, NT: Nitrogen treatment

*2 7EH CH, BESITRSANKRS EMBEDERFTAENHEEXR"

Table 2 Correlation among CH, flux from paddy field, total organic acid content and encoding gene expression level in

paddy soil
EizE merAZRIL & SMMOFL & HAENREE
Index mcrA expression level sMMO expression level Total organic acid content
CH,Jl % CH, flux 0.644%* -0.111 ~0.348%*
merAZRIE & merA expression level —-0.150 —0.240*
sMMOZRIEE sMMO expression level 0.197*

1) “x7 “xx” 53] R R AEP<0.05,P<0.017K-F 2 %48 % (Pearsoni%)

1) “*” and “**” indicate significant correlations at P<0.05 and P<0.01 levels respectively (Pearson method)
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