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Effects of different water and nitrogen management patterns on CHy4

emission and organic carbon components of double-cropping rice

TENG Rong, PENG Meidan, FU Zhigiang, ZHENG Huabin, ZHOU Chuanjia, ZUO Kai, ZHANG Qiuping"

(College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: In order to explore the effects of different water treatments and nitrogen application levels and their
interactions on CHs emissions and soil organic carbon components of double-cropping rice, this study used early rice
‘Zhuliangyou 819’ and late rice ‘Taiyou 390’ as test materials, and set up a two-factor split plot experiment with water
and nitrogen fertilizer. Water treatment was the main area, with two levels of conventional irrigation(Wi) and
water-saving irrigation(W2), nitrogen fertilizer treatment was the sub-area, with the nitrogen amount of 0(No), 120(N1),
150(N2), 180(N3) kg/hm?, CHs emission flux, cumulative emissions, soil organic carbon(SOC), soluble organic
carbon(WSOC), and biomass carbon(MBC) contents of different treatments were compared and analyzed, and the
correlation between CHa emission and soil organic carbon component content was analyzed. The results showed that
compared with Wi, W2 treatment effectively reduced CHa emissions from rice fields, and W2N1 and W2Na treatments
showed better CH4 emission reduction effects; and with the increase of nitrogen fertilizer levels, CH4 emissions
increased. W2 promoted the accumulation of soil organic carbon components. Especially at N2 level, SOC, WSOC and
MBC contents were the highest, and the effect of W2Na treatment was the most significant. There was a very significant
positive correlation between CH4 emissions from rice fields and WSOC and MBC contents, but no significant correlation
with soil SOC content. Comprehensive analysis shows that Adopting water-saving irrigation model combined with 150 kg/hm?
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nitrogen treatment can effectively reduce CH4 emissions from rice fields while maintaining high soil organic carbon

content, which is conducive to green and efficient rice production in Hunan's dual-cropping rice region.

Keywords: double cropping rice; water management; nitrogen application level, CH4 emissions; soil organic carbon
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Fig.1 Dynamic changes in CH4 emission fluxes from early season rice and late season rice
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Table 1 Cumulative CH4 emissions from early and late rice seasons

with different treatments mg/(m*h)
43 B U o
W, (86.03+£33.60)A  (214.73£50.56)A  (300.76+81.21)A
W, (77.13£33.96)B  (181.96+38.89)B  (259.09+69.90)B
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WiN, (61.95+14.16)c  (212.58+8.48)c (274.53+£21.82)c
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WiN;  (122.57+7.38)ab  (275.53%15.86)a  (398.10+20.08)a
W1N, (38.02+7.41)d (131.19+4.98)e (169.21£11.29)e
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WoN, - (102.73+£7.92)b (184.41£7.49)d (287.14+0.98)c
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WiN, (16.56+0.14)d (16.94+0.14)c  (16.75+0.03)d
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Table 3  Soil soluble organic carbon content in different rice growth stages under different treatments mg/kg

N b SYEEH 2T il FLam A BfH

A WA (216.56+£23.14)B (230.37+£21.40)B  (232.71£62.57)B (288.39+£65.45)B (196.40+32.33)B (232.89+35.55)B
W, (233.96+36.22)A (285.50+£34.67)A  (287.77+£85.10)A (361.41£64.05)A (242.10£31.98)A (282.15+44.76)A
No (191.82+£14.27)C (228.72+£20.98)C  (179.63£15.27)C (237.58+47.72)C (176.97+£25.97)C (202.95£19.70)D
Ny (241.55+£25.13)A (254.02+£25.89)B  (205.99+41.70)B (303.16+38.07)B (210.54+33.44)B (243.05+£29.95)C
N, (253.86+£24.62)A (286.08+36.16)A  (325.14+54.32)A (383.77+£51.29)A (248.5£33.84)A  (299.47+£37.92)A
N; (213.83£13.71)B (262.91£53.47)B  (330.19£31.71)A (375.09£39.88)A (240.99+16.97)A (284.60+23.71)B
WiNy (183.97£12.34)d (215.66£10.70)d  (180.63£8.31)e  (195.75£17.71)d (155.54+12.74)f (186.31+6.78)e
WiN; (222.09£15.13)bec (234.68+21.14)cd (169.41£14.11)e  (272.98+£10.49)c (182.10+12.00)e (216.25+7.10)d
WiN, (236.41£15.35)b  (256.15£10.01)bc  (275.9749.76)c  (340.18+22.69)b (220.21+16.60)cd (265.79+13.48)c
WiN; (223.79+4.25)bc  (214.98+12.37)d  (304.83+£21.91)b (344.64+24.94)b (227.74£5.69)c  (263.19£1.79)c
W:Ny (199.68+13.10)cd (241.78+21.78)cd (178.64+22.61)e (279.41£11.41)c (198.40+£12.11)de (219.58+9.68)d
W2N; (261.00£14.64)a  (273.37£10.27)b  (242.58+11.49)d (333.33£27.97)b (238.98+15.03)bc (269.85+6.12)c
W,N, (271.31£19.13)a  (316.01£21.94)a  (374.31£5.22)a  (427.35£19.08)a (276.79+£13.64)a (333.16+3.00)a
W2N; (203.87£12.42)cd (310.85£10.09)a  (355.56+10.14)a (405.54+£23.93)a (254.23+12.71)b (306.01+£5.14)b
W 3k sksksk sksksk ksksk 3k ksksk
N sksksk sksksk sksksk kksk sksksk sksksk
WxN sk k3 sksksk ns ns 3k

WA AW (253.85+£65.47)B  (295.85+£50.23)B  (220.89+£50.59)B (338.74+£56.83)B (259.864+27.59)B (273.84+44.72)B
W, (317.10+£50.44)A  (320.57+£80.06)A  (239.05+£50.85)A (370.61£73.78)A (280.24+£26.92)A (305.51£54.12)A
No (221.77£39.21)B (211.59+£10.83)D (180.87+8.86)C  (257.84+17.49)C (237.72+£14.28)C (221.96+11.39)D
Ny (242.71£47.91)B  (309.98+15.52)C  (188.91£13.84)C (350.29+20.59)B (265.94+26.96)B (271.56+16.88)C
N, (348.57+£27.75)A (370.25£38.19)A  (294.97+18.90)A (414.27+£36.47T)A (291.92+22.38)A (344.00+£23.58)A
N; (328.86+£33.54)A (341.02+£38.07)B  (255.13£18.46)B (396.30+£24.96)A (284.63+15.24)AB(321.19+21.13)B
WiN, (187.64£14.13)e  (217.70£10.56)e  (175.53£9.55)e  (251.18+£16.66)d (230.00+11.57)b (212.41+4.35)h
WiN; (199.2245.38)e  (320.06£13.53)cd (176.97+£3.32)e  (346.11£26.31)c (246.32+12.77)b (257.73£8.91)f
WiN, (326.60+£18.46)b (338.63+£22.50)c  (289.81£12.03)ab (383.34£16.16)b (277.60+19.45)a (323.20+1.87)c
WiN; (301.95+£23.39)c  (307.03£10.03)d  (241.26+10.06)c (374.32+£7.99)bc  (285.54+20.97)a (302.02+1.59)d
W,Ny (255.90+12.24)d (205.48+8.35)e (186.21+4.40)de  (264.50+18.81)d (245.44+14.04)b (231.50+£5.67)g
W2N; (286.20£6.00)c  (299.91£10.71)d  (200.84+6.36)d  (354.46+17.77)bc (285.56+22.33)a (285.39+7.68)e
W,N, (370.54+11.70)a (401.88+11.82)a  (300.13+£25.85)a (445.20£13.94)a (306.25+£16.05)a (364.80+£9.37)a
W2N; (355.76£9.62)a  (375.02+£7.52)b (268.99£13.18)b (418.28+6.61)a  (283.72+11.78)a (340.36+3.45)b
W 3k sksksk 3k ksksk * ksksk
N 3k sksksk sksksk ksksk k3 ksksk
WxN ns wkk ns *% * *

e FSVBHEAR K G F R AR S0 P A R ZUIE A A B 22 A G4 X, RIRVNG R ROK AL AN E S A
Giil i X (P<0.05); *. **|

RAGETES

IRASEHIRLNAE0.05, 0.01, 0.001KF B2, nsFaRBmiAmeE .,
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2, AFEEE/KT T, &4 T HERRTEE
N, . N3, Ni. NoH3EAIWSOCF 23Kk
PR, 5N3. Ni. NofHEL, NoABHET . BafEZ=ny
WSOC & B E 1 5.22% ~ 47.56% . 7.10% ~
54.98%. AN[FIAEFZEAE A T A - HEWSOC
S N155.54 ~ 44520 mg/kg, FLAMK S EEE.

Yifers, HR | BAERAWSOCHE 4 HEWiNo .,
WiNi, WiN2, WiN3, WaNg, WoN FIW N A HE R
5 1 8.87% ~ 78.82%F7.18% ~ 71.74%., FHITEW,
BEWERCR, BOii150 ke/hm?EUIEA F) T 433

MR E W EAENRE , KR s AT
T HEWSOC & 2 A I 35 sl e 5 5 (4 BE 30 | il
FEHIBRAN) . 254 T HWNLALFR Y +3EWSOC T 2

3.2.3

HIZRARI R, K8 PR UL X L EMBC T 4
ML, WoAb B | RS2 A B 1A 3 EMBC

WSOCHFLR,

LHEMBCEF

®4 FRSEEE BN LRBEN SRR

Table 4 Soil microbial biomass carbon content at different growth stages under different treatments mg/kg

F b SYEE AR Eiiigsa FLE BB )

LA Wi (396.32+£95.97)B (375.00+£84.51)B (404.15+81.12)B (453.92+83.79)B (514.36+98.50)B (428.75+87.07)B
W, (425.97£75.63)A  (449.03+£95.35)A (459.27+98.28)A (483.70+77.66)A (551.16£99.49)A (473.83+£87.02)A
No (296.77+42.56)C (292.32+19.44)C (290.62+17.86)C (351.40+25.21)D (398.25+21.34)D (325.87+22.88)D
Ni (374.47£15.11)B (376.40+£71.42)B (441.04+43.17)B (456.27+27.06)C (496.43+29.62)C (428.92+33.29)C
N, (492.49+20.79)A (495.42+49.74)A (505.79+39.28)A (550.69+25.43)A (642.18+21.54)A (537.31£29.00)A
N; (480.87+18.51)A (483.91£32.77)A (489.41+£32.83)A (516.89+14.57)B (594.17+27.54)B (513.05+19.35)B
WiNy (259.17£12.10)e  (278.49+12.46)e (278.62+10.94)d (332.30+14.35)f (382.68+17.19)g (306.25+9.81)g
WiN, (368.31£11.40)c  (313.17+12.05)d (404.17+14.89)c (434.71+12.89)d (474.40+14.30)e (398.95+3.92)e
WiN, (476.90+14.19)b (451.54£14.20)c (471.77+13.11)b (530.79+14.33)b (624.69+11.35)b (511.14+5.48)c
WiN3 (480.90+17.90)ab (456.78+15.88)c (462.04+12.62)b (517.89+17.07)b (575.66+20.70)c (498.65+14.37)c
W:2Ng (334.36+11.89)d (306.15+14.68)d (302.62+15.69)d (370.51£16.96)e (413.82+10.74)f (345.49+7.57)f
W2N, (380.62+18.09)c  (439.63+£24.72)c  (477.90£18.96)b (477.83+16.45)c (518.46+23.10)d (458.89+7.83)d
W:2N, (508.07<12.27)a  (539.29+14.47)a (539.80+14.64)a (570.58+14.95)a (659.67+10.66)a (563.48+4.23)a
W,N3 (480.84+23.16)ab (511.04£15.00)b (516.76+17.02)a (515.89+15.38)b (612.69+20.97)b (527.44+10.40)b
W wokk ook ook ook koK Hokk
N stk sk seskeok eskeok seskeok seckok Aok
WxN A3 seckok * * ns *

WA Wi (414.4£68.33)B  (444.45+£97.43)B (482.64+98.09)B (625.18+91.46)B (563.23+82.35)B (505.98+85.46)B
W, (450.53£80.48)A (480.12£91.41)A (536.67+99.52)A (659.34+80.55)A (614.72+77.92)A (548.28+84.70)A
No (325.86+15.32)D (335.54+19.25)D (382.03+29.53)D (516.79+31.79)D (470.58+33.55)D (406.16+23.24)D
Ni (419.41£16.60)C (421.88+38.11)C (460.85+41.77)C (628.88+27.63)C (580.72+31.69)C (502.34+28.60)C
N, (512.53£23.91)A (556.27+13.38)A (612.55+38.97)A (727.10+30.65)A (671.87+22.04)A (616.06+21.69)A
N; (472.06£39.86)B (535.45+23.02)B (583.19+26.89)B (696.27+10.77)B (632.74+37.33)B (583.94+22.50)B
WiNy (317.10£12.40)e  (322.51£16.05)f (359.82+19.63)f (490.26+14.10)f (443.30+20.82)f (386.60+9.78)g
WiN; (407.32+10.68)d (388.65+12.54)d (425.81£13.33)e (609.25+25.49)d (553.70+10.01)d (476.95+10.08)e
WiN; (495.52+12.46)b (549.99+13.49)a (580.69+17.58)bc (701.88+15.76)b (654.14+10.58)b (596.44+0.63)b
WiN3 (437.65£17.28)c  (516.64+10.64)b (564.25£12.93)c (699.31£12.45)b (601.78+17.64)c (563.92+3.85)c
W:>Ng (334.62+14.25)e  (348.56+12.64)e (404.23+17.75)e (543.31+14.72)e (497.86+12.17)e (425.72+10.33)f
WoN, (431.49+11.70)cd (455.11£12.70)c  (495.88+22.40)d (648.50+10.20)c (607.73£14.90)c (527.74+2.93)d
W>N, (529.54+20.13)a (562.54+12.14)a (644.42+21.03)a (752.32+13.86)a (689.60+12.64)a (635.69+4.58)a
W,N3 (506.47£11.03)ab (554.26+12.24)a (602.14+23.75)b (693.22+10.35)b (663.71+17.23)b (603.96+6.98)b
W sk sk seskeok eskeok seskeok seckok Aok
N sfesksk seskeok seskeok seskeok seskeok sfesksk
WxN * * ns * ns ns

e RSB AN R RS FREFRIR AN K 73 Aub PR AN [7) S0 P e Ak B £ 2 S AT G T 830, ANRVNE TR K RIS T 22 57 A

Giil i X (P<0.05); *. **|

w3 B FRAS RN 7E0.05. 0.01. 0.001KF F R, nsfmBmiAmeE .,
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eSO IR K Rz O XU CHa S A LB 2 43 5 i 7

TEYETWI, B BREESBRWIERE T
10.51%7F18.36%, PIZF-H44159.35% . MR %
HKVKE , AT B AN - EMBC & 3
M, Nao Nao Nio Nofy HIEMBCHE SARKIKFEAIL,
5N;. Ny, NotHEL, NoACHR R MpREZER) 133
MBC & 543 42 5 T 4.73% ~ 64.88% . 5.50% ~
51.68%, PiZ= V3488 15.14% ~ 57.56%

AN R Ah BRAE B R AN ) L 3EMBC &
H°N259.17 ~ 752.32 mg/kg, RS AR, M
AL AR B S o 2 R R A BEAEXT R - EMBC
TR R, XTIAS T EMBC & R G R R
M, (HAAN AT W) L HEMBC & R34 LA WLN AL P
s, SWiNo, WiNi, WiN2, WiN3, WaNo,
WoN FIWLNsAE B, R B R 24 A F ) 3
MBC F- 34 & & 43 A 42 = T 6.83% ~ 83.99% F
5.25% ~ 64.43%, PR REE S 1 5.99% ~
73.08%. VA FZERFRIAEW AT, Bt 150
kg/hm*Z LA FF HIEMBC 2R .

3.3 WEFECHHME HZEBNRA S RIHE XM
SIH
XA CHAHE S 5t 5 H3SOC . WSOC J
MBC & AT AHOCHE T, A5 RUNKS R, WZE
FECH,HEGE # 5 WSOC ., MBC 4 2% 3% 1E
AHIE; WSOC., MBCH & 5 SOCTH f £l i & IEAH
Ko MR, Aikgerh, +HIEWSOC. MBCH i
JESZ ARG HCHLHE W 2R %
25 WEIECHHIE S 5 HIEANIRE S HiE X R

Table 5 Correlation coefficient between CH4 emission fluxes and

soil organic carbon components in double-cropping rice

izt CH,HEjGE SOCH WSOCH#
SOCH & 0.348

WSOCH#t 0.634" 0.807"

MBC& i 0.776™ 0.732" 0.968"

H: MFIRTE0.0 K S ARG

4 g

A TH 38 7K 73R B8 J2 52 0 CH. R 4 3 2 1A
KO, BT RBL, CHA R A RE K 13
fisg A2, ARG, K50 HCHAHEBCE
WelB 2 . SWIALBIAR L, Wasb 3] i/ CHA R
o FOHRN, WRAAF T HESLBIBOK MHE,

O fE B3 Iz BIRHAT, +HEPREE th LIRS
BT ) SRR AR AR, 7 e R — Pl IR S
FEIREIAEE T a0 L3R A LY, 77 A2CHa,
B H CHa R HER2Y . 1 WA s b 1 K
i, UeE T RS B RS ] acH, W T 1
BEANE, Ml B3I IR E I T,
il B E B T, BT e S TR s 1,
A I CHa i T b S AL R R SO TR D CHa g HE - i
2251 AR ge b, it ZUK PR RS H CHHERICE i
¥, CH B EBES it B K ERdR sEmehn, x 5
DB PO T 45 5 — 3. NYKANENZERTHA K&
NE ARG I T R IErh B R AR, S
Lt T A U R &, 15 CHa A B %
AR AR, T INCHHERCR . 15 i 2
P I OE 1= T 7 S N N FE S RN X |
Y, Ry 3 Y CH I A RE AR AR 1] KA AL i 4
GET A RIS, NI T CHAHERL 2829,
[FIEE, RAEFEARA RS, ARR W, k-
eI T FEnRy, e 1 GEm s v
K ETgFRE, i T b AL R AR,
HARHE T CHaHER B3, Ak, KA R
) EAERION, S CHHEROTE B 2 2, {H AR AR ]t
FUKET, 157K BEBE (W) b B A R WoN FTWoN 5L
KERI B rHEECR , XATREE R TR A
NER & PR A OLAL T 3450, 0] T CHa Az o
25 b, KAME PR I A ) A S A B s>
e FE ik = AR R HERR

1 ESOCIE T334 Pk Y B A AR A,
SR EE T EG BRI, S R A LTS ARI
WALIL[EPeERY, F DL HEMBC, WSOCS:# 14
TEB3, RGN R, A BRAY 7K 2 RN R4S B 52 )
A MR N 2, A DR T g 3
BT Bt BB PERR SEMED S, AR 2 I R, K
43 Fii & AK S XF - A LAk 41 43 (SOC . MBCHI
WSOC) M % i se Ml i 2, Wtk X 4 487K 43k
B BRTF A PRRA SRR, X S sRaEEe)
PIRFTREE R —2 ARG, W EEK S
A HESOCHIMk e, T8 ARk . R T
FMET, SR o Al R AR B N,
GREZFIMSNREY, X — R AR AT ik A [
YERT, D4R o -8 LA A 43 5 m 0421 T fEAS



8 IR AO Iz 2R (H ARRHEIR)

http://xb.hunau.edu.cn 20254 12 H

] A REALFE R, IR AU HA v A B o A ) T4
15 1 HESOC KX WSOCF &= 41, Jlififi 20% AUE 2514
T, BEMBCH gm0, AR R B ER, N2
AR PRI -3 WU & B, FREHIE Rt A AU AR
P E LR E T 2B R, KA
HAEX A PR 1 B HAA B, R
A HAK RS AR A IR R i, i
AEE R TR W R UK A BRI 5 EE, M
TG e R A 3ERE 2R . 25 b, flifbok
Ras T DL i SRR R BE
RIS R BN, CHAHET S +3EMBCHI
WSOCH M B EIEAX, SEETMRER
AL, BRI BRI IE I, FEBE A s
PERSESR LS A ML N, ATRE S B T3
CHHECR G 5 17 13 SOC & 5 CHL I C .3
AN, 3% AT BEE T SOCH A LY B 7 firk 1o 2 45
1%, KA EZRIECH MBS S HE . Fitk, R
SOCKT g H HEBUFAE—E R R EEE T, HEAK
o B R E A SR R B R A SR

5 #%ig

ZEAT, KO E BRI B AR
i 2 WU ZE RS CH P HERGE S A MLk & &, 1
MBC FIWSOC % 2 5 CH HE il i 5 52 4% $2 2 15 A1
Ko ARIEAMT, SR KRB X Bt 150
kg/hm* % Z AbBRRELEA Rk A FH CHAHERL ) R
PREFE R W E A LR & e, AR Tl R AR X
VI TS SEN= G TR
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