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Effect of Water-Saving Ground Cover Rice Production System on NO
Emission from a Rice-Fallow Rotation Cycle
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Abstract To safeguard food security and water resources, the water-saving ground cover rice-production system
(GCRPS) has been increasingly adopted by the agricultural production sector for rice production. However, compared
with the conventional paddy rice-production system (CPRPS) with an intermittent irrigation water regime, changes in the
soil environment under GCRPS to a larger degree affect the soil biogeochemical processes that regulate the emissions of
nitric oxide (NO), an important atmospheric environmental pollution gas. To quantify the differences in NO fluxes
between GCRPS and CPRPS and to identify the controlling factors, the NO fluxes were measured in situ in an annual
rice-fallow cropping system under different fertilizer treatments on the basis of the static opaque chamber method and
chemiluminescence analysis. The results show that during the rice-growing season, high NO emissions were mainly
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observed during the mid-season drainage period. The seasonal total NO emissions under GCRPS were generally higher
than those under CPRPS, with NO direct emission factors of 0.12% and 0.016%, respectively. This difference is mainly

due to the higher soil redox potential and temperature under GCRPS. In the fallow season, the NO fluxes in each

treatment were negatively correlated with the soil water content. Overall, compared with the CPRPS, the water-saving

GCRPS shows potential trends of increased annual NO emission at 0.032% and 0.15%, respectively. To analyze these

trends in greater detail, multi-year and multi-site research should be conducted in the future studies.
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(d) soil redox potential (Eh) during the rice-fallow period of 2012-2013
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system (G-MN and G-NN) during the rice-fallow period of 2012-2013 (SDW: soil dry weight)
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Table 2 Stepwise multiple linear regression analysis between
environmental variables and the emissions of nitric oxide (NO)

for different treatments
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T, KR EAEALEE (G-UN) ) NO HE
A KRGS Bz LR R, SR IE A G
KFR. UM ZAWIARIE, 755 B0 3 A
ORI TN RIS, 75— B EEE PY,
NO HE /bt A 3 B B 5 i im 344 - (Ludwig et
al., 2001), HAHFTE AR — 3. SR, X T G-UN
AEEE, -3 U REAARRE 10%17) NO HEZ 15454k o
KRR T 3R R =Y R Z A, EETK
TR NO HEjlod 2 JL e BREE R 7 (1 52, s 1
WILIAN R 3R G308 82%WFPS) il
T NO Fyr=A= FHE

TERBIZER B, PRI NO Hii 2 I
L ZE AR A, L1 AR IR IE R I A
“HBEHRZ, AU (B 3. fEKFEIEk
JEWIRKAETT, NO HEBSOH UK, HerIHE8oH
4 2.76+40.83 ugNm > h ', X 3R d T B
R Pl 76%WFPS) £ [#{K 135
(R, AN A2 3T 2 (NHs' . NOs 25)
I EERT NO ()74 5 ffid 2 (Zheng et al.,
2003b). Ak, ARG TEERE (<5 °C) H
S0 E M IR E AT B S A R S A Ak
YEFI I R A RIS, 1997, Ludwig et al., 2001),
S NO HEHEAR. M 2 HIEEMM LR, NO
HEBCA W 1G5, JLP I HE OB &4 10.1942.63
peN m > h ' X TR TR [ D ) -
JEEFIZ I B X AR I L R (<65%WFPS)
BEARIT NO = A . DA IIF ot i,
e PR, % 11 WFPS #24lf) O,
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M e A AR G R NO B AAE FH =
P ELE () OCHE N 25 (Williams et al., 1992b), [l
1T, ARG IR (— B 30%~60%WEFPS)
AAT F LR A THEPEAAE - ) NO =4 T4
J% (Schindlbacher et al., 2004; Yaoetal., 2010),
TERENRPE R HOBY B, 22 08tk i A2 (Rl A 23 pr 2 W
T3 WFPS MfEHHEaE T LR AL g, ok
NO HF F 2RIz, H5 NO Hs R W i
KK FR. Yaoetal. (2009) Fl Dengetal. (2012)
TEKRE— R MR R GE 1 5 Hu b Bt 7Tt 28 W,
NO HEJBtes 38 S 3 Iy FEAIS,  IX 5 A 5T )
45 R A —3.
4.2 FBIRTIKFMERXT NO HERHY 20

TEREAS K RE—IRB R, B /KR ()
NO “EHEE A 0.33~0.38 kgN ha 'a'. Zhouetal.
(2010) FIWFFTEIRARN], H R KR FH ) NO 4
HelcE:h 0.22~0.57kgN ha "a™'s W UL, AWFFLH
R HARERVE N . 55 KR AL, S
B I 7R H A B 52 NO [~ F- 34K
H, HAEAKREAK TR B, 78 BT 7KOR H ) R it
JEALEE (G-UND HUZZEH T NO HEjfs (& 1.
IKAEZE I LK o ] e e AR X — S5 R
BLGR, PR NO 7= A2 S HEBON 48 5 /K s AR
e iU (Linetal., 2005). /KFEZMn], 7 H
KA ) 328 Eh LA KR H s 468%, 1X 3R
B M /K PR s T e i =k, s T
+3Ed O, SiE, it T IR A AL
EH, ARG NO Z= 5 HE B 1 M /K
FEIH o X R th 58] T 18 2 ok FgZs 149 NHy'
A NO; & B E 45 R SCRE: 55 R /KR A
b, 7 I KRS P LA e e 0 - 1 NH R NOs
i, Ul W7 RS g B A A A R R, T
SAHACAE LSS o AERBEERIIE], S PR A AR AR
AP A TN, AR ILE B A 8w 1) NO 2
HERR R, HEHEBUR ER 49%~85% (K 1D,
5 QT iy e S /Y i e e 1 " R PR N TR B
T A HLE A AE LA AT A P R A A A T
b E R (Liuetal., 2010; Shangetal., 2011). It
Gb, ATLLE H, PRSI NO HESAE AR B
IO 22 S, XU KRR Z= (1) AR ) mT A it s
it 0 R R NO - HEISOIF ek B v 5
A& 5N ACBAR L, PR T (1)
NEALFEAEAR B2 NO HEUR B (R D), X

FWIKFEZ= (AT J5 SR B2 1) NO HEBU AT AE
B B RN o

R 7R HH AE /KRB = AR 5 T N 1R NO
JHRI T35 4 0.016%A1 0.032%. Zhou et al. (2010)
FETRH B K8 BT KRG — R A A RS A AE
MMZEHT, NO FE/KREZ= I HEB -~ FIAEHE B 1
354 0.02%1 0.05%, 5ASCIIRFFT 45 BRI AR —
o AW — UARE T 8 151 KRG H NO [ Z=7y
AEEHEBIN 7, FAE 204 0.12%F1 0.15%. T
SCHRRRIE, AEERSEHLAR 1 NO [RHEBUA 14 0.01%~
3.21% (Akiyama et al., 2000; Akiyama and Tsuruta,
2002; Cheng et al., 2002; Mei et al., 2009); AJ
W, AR NO HEB P 575 AF g b A 1 135
W, (HRETHEMRAIEE N . Yan et al. (2003)
FET 0 AT IE T AR AR P DA A e T Xt
AR NO PR 14 0.48%, WG T4
SCHFFREE R AR, ABFFUA 211 NO AEHEBUA -+
FAG T 500 I8 A | P 2 AR T 0.7%
(Bouwman et al., 2002), SRS H 5 HAb
FHIRBIFFT 22 5 1) Ji R A R |l AN [ 1) AU fige A 5
A AR FHAE B RN 138V UG RK) (Bouwman
etal., 2002; Stehfest and Bouwman, 2006), {5,
33 Jp b S i B IR FK S, DTSR
TSR AN SOE AR B AR 58 55 S NO 1E
TP Ry HOE R RS, 20000, ASHFFTAE H
()L oA R g L, HEKPER 2, S LIROR KR
AR K LI B K, AT NO ¥/ ARk
Jil. Skiba and Ball (2002) ({5 R, HEAKMER
T A 5T 1 NO G W] e T HE K R 22
ks ket [AIFE, Khalil et al. (2006) % HLHF5T
T3 M (B L Ry B L ARRIE D 1
NO Hijf, Ha5 R Eor, whsifE M 5o 11 NO
FFTRR 02 iy T PO

5 #Zig

S HEAS KRG —OBE A (IR I, e
PRV JES KRS BLRAT AN S8 4 R 1) NO 4R 224K
A FEKFEZE, AU KRS ) NO HHBR AL
i, HEMEEN 73 W R RAH RO R s 1A
TORAEH K NO H A 20k A AR AL 5 (15 Y
B, HBEE SRR R im0 . AERBEE, P
MR NO HER 2B “HFFHRE, AH
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b ARG AR 13 NO HEjs 3 %
Z R, HE5HLEHAMIOCR. M
FUAE KRS, 78 JBEYS ZCRE 1 A0 e FE Ak B384 Jn 7
JKFEZE NO FIHEE, X 32 B T B KPP
BT HIEEAIE R AT . (HORESE RS L, B
JEE 5 A T A ASE A 0T T8 RS 7K R A A8 O e
N NO IR, L NO EHEBUR 1737 0
0.15%7F1 0.032%. 34+, FRIETKFE 5 5K
FE (PR FE = B B 25 7 o ARSI 5 22 )
eI E SR (CHay COx I N0 R FH 2 4%
KA, CUNEERE TR I KRR R F AR 2
ISR

BUgt G rh ERR B BRI T A B B e |
Wiid s BHIE RS S SR FE AP R 22 B B <O AE
FUPRPEKIHA SRR By !
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