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Abstract: [ Objective ] The research investigated the greenhouse gas emissions in the subsequent rice season

under different paddy-upland rotation systems and straw (green manure) return condition, to propose an

environmental friendly rotation mode in the middle reaches of the Yangtze River. [ Method ] A field experiment

was conducted in Jingzhou of Hubei Province. The rice-wheat (RW), rice-rape (RR) and rice - Chinese milk vetch

(RC) rotation systems were arranged, and under each rotation system, the upland crop straws were returned to or
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removed out of the field. In the following rice season, the methane (CH,) and nitrous oxide (N,O) emissions in
paddy fields were continuously monitored using static dark box-gas chromatography. At the tillering, heading
and maturing stages of rice, soil samples were collected at 0—5 cm, 5—10 cm, and 10—20 cm layers for the
determination of microbial biomass carbon (MBC), dissolved organic carbon (DOC), NH,'-N and NO; -N content,
and rice yield were investigated at harvest. [ Results ] Straw return and rotation patterns did not affect rice yield
significantly, but did in CH, and N,O emissions. Compared with no straw return, the CH, and N,O emissions in
the three rotation systems under straw return increased by 26%—39% and 20%—29% on average, respectively.
Compared with RC rotation, the CH, and N,O emissions in RR and RW rotation systems were increased by
44%—-58% and 17%—30% under straw return, and by 58%—72% and 15%—22% under no straw return,
respectively. The global warming potential (GWP) and greenhouse gas emission intensity (GHGI) of RR and RW
rotation systems were 14%—19% and 12%—19% higher than those of RC rotation system, respectively. Regardless
of the effect of rotation system, the GWP and GHGI of subsequent rice under straw returning were 31% and 32%
higher than those under no straw returning, respectively. On average, the contents of NO, -N, MBC and DOC in
three rotation systems in different soil layers under no straw returning were higher than those under no straw
returning. The MBC and DOC in RW were higher than in RC and RR. Correlation analysis showed that the
emissions of CH, and N,O were positively correlated with NO, -N under straw return (P<0.01). While the CH,
emissions were positively correlated with NO,-N (P<0.01), and N,O emissions were positively correlated with
NH, -N (P<0.01) under no straw returning. [ Conclusions ] The field CH, and N,O emissions in rice season are
related to the increased soil available carbon and nitrogen concentration. Straw return could significantly increase
the greenhouse gas emission as the increased MBC and DOC content. Among the three rotation modes, rice-milk
vetch rotation exhibits the lowest greenhouse gas emission, so is an ecologically friendly paddy-upland rotation
system in the middle reaches of Yangtze River.

Key words: rotation systems; straw return; GWP; GHGI; dissolved organic carbon; microbial biomass carbon;
nitrate nitrogen
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x1 TELETEESHZRRAHKNE, BREB AN ~EHHEE
Table 1 Total greenhouse gas (GHG) emissions, global warming potential (GWP), and GHG emission intensity (GHGI)
under different treatments

g H be R R HE R AT A R B HE R B RE S s Hefosm g
Treatment Cumulative CH, emission Cumulative N,O emission Nowr Yield GHGI
(t/hm?) (t/hm?) (t CO,-eq/hm?) (t/hm?) (t CO,-eq/t)
S+RR 18.19+0.30 a 1.13+0.05 a 19.31£0.35a 8.59+1.60a  2.29+0.36a
S+RW 16.17+0.89 a 1.00£0.04 b 17.1740.92 a 9.36+1.73a  1.89+0.45a
S+RC 9.67+1.84 b 0.83+0.02 ¢ 10.49+1.85b 8.59+1.82a  1.240.18b
S+ Mean 14.76 A 0.98 A 15.66 A 8.85 A 1.81 A
S—RR 8.49+0.81 b 0.62+0.02 d 9.10+0.81 b 9.10+0.59a  1.01+0.14 be
S-RW 9.53+1.46 b 0.66+0.01 d 10.19+1.45 b 8.08£0.38a  1.27+0.24b
S-RC 4.19+1.17 ¢ 0.53+0.01 e 472+1.18 ¢ 8.10£1.63a  0.59+0.12¢
S—F-# Mean 7.40 B 0.60 B 8.01 B 8.43 A 0.96 B
RRY¥-14] Mean 13.34+£0.56 a 0.87+0.03 a 14.21+0.58 a 8.85:1.09a  1.65+0.25a
RW--1] Mean 12.85+1.17 a 0.83+0.03 b 13.68+1.19 a 8.72+1.06a  1.58+0.35a
RCF-#4 Mean 6.93£1.50 b 0.68+0.02 ¢ 7.61£1.51 b 835£1.73b  0.9240.15b
J5 2538 ANOVA
FEFFAH Straw return (S) 145.72™ 735.72* 158.33™ 0.37 36.53"
B /EREL Rotation mode (R) 46.78" 69.60™ 48.52" 0.19 11.04*
SxR 4.38° 20.87" 474 0.56 2.39

E: Now—CHANOZESHRWH; S+, S—MIFRTEFFEA N, Aib AL ; RR, RW, RC/HICEREM . FEL AR OkRE—% = 5%)

B, RGN F R R R R A 22 5 B E (P<0.05), AFKSFRFRFEFFA N ZE R B3 (P<0.05), *.

AR BRI 1550.05, 0.01 B E K-,

I FR

Note: Ngw—CH,+N,O comprehensive emission potential. S+, and S— represent straw return, and no straw return, respectively; the RR, RW, and RC
represent rotation mode of rice-rape, rice-wheat and rice-Chinese milk vetch, respectively. Difference lowercase letters after data indicate significant
difference among rotation modes, and different uppercase letters indicate significant difference between two straw treatments (P<0.05). *, and **
indicate the variable effect reaching 0.05 and 0.01 significant levels, respectively.
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