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Abstract: [Objective] The effects of different irrigation and straw returning combinations on rice yield and greenhouse
gas emissions were studied to provide theoretical basis and practical guidance for rice yield increase and greenhouse gas
emission reduction. [Method] Taking Yongyou 2640 and Nanjing 5718 as the test varieties, two irrigation methods were
set up: conventional irrigation (CI), alternate wetting and moderate soil drying irrigation (AWD), and three straw
returning methods: no straw returning (S0), straw biochar application(SC), composted straw returning to the field
combined with straw biochar(SS). The effects on rice yield, dry matter accumulation, photosynthetic rate, photosynthetic
potential, root activity and methane and nitrous oxide emission fluxes during the whole growth period were analyzed.
[Results] 1) Compared with CI+S0, the AWD+SC and AWD+SS treatments significantly increased grain yield by
8.30%—13.90% and 18.55%—22.58%, respectively. Compared with SO treatment, SC and SS significantly increased the
effective panicle number and grain number per panicle, and AWD treatment significantly increased the grain number per
panicle, seed setting rate and 1000-grain weight. 2) The increase in yield was mainly due to the significant increase of dry
matter accumulation in underground and above-ground parts, net photosynthetic rate and photosynthetic potential of
leaves, NSC transport in stem sheath and oxidizing power of roots. 3) SC significantly reduced methane and nitrous oxide
emissions, while SS increased emissions, but AWD treatment significantly reduced methane emissions, thereby reducing
the global warming potential and greenhouse gas emission intensity of rice fields. [Conclusion] The combination of
straw returning technology (AWD+SC/SS) with alternating wet and dry irrigation can significantly improve the
accumulation and transport of photosynthetic substances in rice, promote below-ground root growth, and achieve the dual
goals of increasing rice yield and reducing greenhouse gas emissions in rice fields.
Keywords: rice; alternate wetting and moderate soil drying irrigation; biochar; straw-decomposing microbial inoculants;

global warming potential
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Fig. 1. Daily rainfall and average temperature in the growing season after rice transplantation

AR AE BN TE R AE P R He i b, R RTHE N R
FRUSCER FFBEATHESS S iR H o REFTHETE BT F 1)/ N2
FENSEILHE, W6 tvhm?. FEFFHEREKER/ET
FEUNF: B REFTR R 10~15 cm, T HE)H1Sk
HEREE, BSINFEFH IR 57 6 kg/t, JRZE 10~12 kg/t,
AMINAKAE &K EIE R 65% /4, T8 i AT K
JE#, 10~20 d JEiBH . FEAHEE SR DL SRR
R, HEEMAL T EHRERAK, HWEREA R E
B 21%~36%, HEfRR SRS 65°C, AT
AR FEPT- 5 B A
1.3 MEmMBRGE
13.1 ZEHEFHLEFZTHAREE

3T R EAFEHOBET I B AR I
AR AN ), RR/NXOE SRR, R AL
RS JAEE, BRSNS AL, TR EE
Ja il e TR AR R .
132 HAekFE, t@HBREHHEH

0T FRE AR K S, R H B RSN
ENE 10 5k BRI LG R K
FH ORS8RI B i T AR s e i s
TR ARUWT:

HA H(m? dm?)=1/2x(L1+L2)*(t—1);

o, LAl Ly MGG 2 IRIE R, 6—n
TG 2 0 2 B )RR B 1) (d)
133 HREFR=AAREANLS

3T ERE A, SR A KRR SN VAT IR
RINEFE R AR R Tl e ; ToreEh i,
SR AR HATE R, R o-ZE i RO e
i H 2K JE KRR R A T
1.3.4  FE 35 AEL M RIS 4 5 F(NSC)

S SRR AR ST 2R 005 0.1 g, $42 7R
BRI 200 ZE 8 R A oK S o i

135 AR KASAHT
o P 2 = SO B2 € CHL A N2 O L

o FRASE H AN X G AR AR AN B A G R 2H i
RN E— ZAR . KRR AT, B RBINR
JEAT BAE A NX A, TR A % E . W&,
U K DA, SRR 7 d SRR 1 IR, SREERT
[E] 24 7:00—-10:00, HERE 10 min FHVES2SHEUE A A
DT 10 mL SAAFEAR, FEHICRAMNIRELR L. F
o B J A IRl SRR &, AU B A (GC-2010PLUS
B, SERAF, HA)MESAEKRE. RAD R
AR 7 VR RS AR HEBCE A B HHECE s % I
IPCC f#ifi 5123, CHa A N2O ISR 70 Sl A&
CO, By 27 #1273 fif, {EITHHAGH2BRIGEIEH
(GWP)B ANE T CO, HEE, AKX T
GWP(kg/hm?)=CHa(kg/hm?)x27+N,0(kg/hm?)x273;
T 5 S HE R R (GHG) A A 7= B P B iE A HE
iR AR, TR AR . GHGI(kg/kg)=
GWP(kg/hm?)/7K 78 & (kg/hm?) .
1.3.6 FAH5m =

P W R S5 B2 (1)~ 350 AL, &/ IXEL 10
JOKREREMR, BEE 3R, HTHERmEMNE, 7
B AR R, G ICRA TR
1.4 BURGH S SR

% H Microsoft Excel 2021 #11 SPSS 19.0 #3174k
PR ERAAR 4T KA Origin 2024 %

2 SR

21 FERHMBREZRSZEREER

WK 1 PR, AFEEE AR 4 H 7 2R A%
I 2640 FIEGHE 5718 PN /KRG bt Fb (1) 7= 1 Je Ho A
R B R 2 . 5 K E I R RS R AN IE



534 rh E /K FERF(Chin J Rice Sci) 4540 355 4 11 2026 4E7 )

®1 FRIERMFEFEE A XK FE~EREMRERNZE

Table 1. Effects of different irrigation and straw returning methods on rice yield and its components

gL A Sl RS ik THIE i
Year and variety ~ Treatment Number of panicles Spikelets per panicle Filled grain rate(%) 1000-grain weight Grain yield
(x10%hm?) ) (t/hm?)
2023
it 2640 CI+S0 182.50 cd 292.14d 8229 ¢ 2542 ¢ 11.15¢
Yongyou 2640 CI+SC 185.00 be 294.11 cd 82.75 be 25.55d 11.50 ¢
CI+SS 190.00 a 302.52 be 83.30b 2577 ¢ 12.34b
AWD+S0 178.75 d 305.26 ab 8451 a 26.57b 1226 b
AWD+SC 181.25 cd 306.63 ab 84.48 a 26.65b 12.52b
AWD+SS 187.50 ab 311.54a 85.04 a 26.81a 1332a
FAAE 5718 CI+S0 226.25 be 139.43 ¢ 90.62 b 28.57b 8.17d
Nanjing 5718 CI+SC 230.00 ab 141.49 be 90.72 b 28.63 b 8.45 cd
CI+SS 233.75a 146.22 be 91.10 b 28.84 ab 8.99 be
AWD+S0 221.25¢ 147.78 abc 92.75a 29.04 ab 8.82 bed
AWD+SC 227.50 abc 148.85 ab 92.92a 29.11 ab 9.15 ab
AWD+SS 230.00 ab 15524 a 9333 a 2931a 9.77a
2024
m 2640 CI+S0 182.50 be 289.45d 80.38 b 23.68b 10.05 ¢
Yongyou 2640 C[+SC 186.25b 290.56 d 80.86 b 23.72b 1036 ¢
CI+SS 192.50 a 297.42 ¢ 81.27b 23.85b 11.10b
AWD+S0 177.50 ¢ 301.75 be 83.88 a 24.96 ab 1121b
AWD+SC 180.00 ¢ 303.58 b 84.02a 25.04a 11.50 b
AWD+SS 187.50 ab 307.72a 8477 a 2521a 1233 a
AT 5718 CI+S0 232.50 ab 137.65¢ 86.98 b 2781 ¢ 7.75d
Nanjing 5718  CI+SC 237.50 a 140.03 be 86.97b 27.89 be 8.07 cd
CI+SS 24125a 145.57b 87.46 b 28.02 be 8.60 b
AWD+S0 224.50 b 146.08 b 89.36a 28.13 b 8.25 be
AWD+SC 226.50 b 147.65b 89.58 a 28.85a 8.64b
AWD+SS 236.25a 15238 a 89.92a 29.06 a 943 a
77 2431 Analysis of variance
4y Year(Y) 25.37% 8.90* 730.32%* 1641.67** 210.58%*
il Variety(V) 7399.56%* 31639.49%* 6418.84%* 13245.22%* 3245.50%*
WEE /73X Trrigation regime(T) 87.72%* 128.284%** 806.72%* 1011.35%* 292.36%*
FEFFIE M Straw returning(S) 97.35%% 26.542%* 21.43%* 44,92+ 135.44%*
YxV 20.45%* ns 177.53%* 334.23%* ns
YxI ns ns 26.39%* 21.19%* ns
YxS ns ns ns ns ns
VxI ns ns ns 110.79%** ns
VxS ns ns ns ns ns
IxS ns ns ns ns ns
YxVxI ns ns 11.40* ns ns
YXVxS ns ns ns ns ns
YxIxS ns ns ns ns ns
VxIxS ns ns ns ns ns
YXVxIxS ns ns ns ns ns

Cl: WHUKZWEN, AWD: THBSCEHEN; S0: FEFANEH, SC: FEFFAEYIR, SS: FEFTHERGIE MR F—FIH AN AR 78R
INAEEREA 2 R R (P<0.05)e [Al—AZA AT ) HIRORTE P<0.05 Al P<0.01 /K EEREE. FF.

CI, Conventional irrigation; AWD, Light dry and wet alternate irrigation; SO, No straw returning; SC, Straw biochar; SS, Combined application of
composted straw and biochar. Different letters in a column indicate significant difference between treatments (P< 0.05, Duncan). * and ** in a column indicate

significant differences at P<0.05 and P<0.01 levels, respectively. The same below.



FlER S TR BES REATIE B 5 2O KR B Al 2 RS R i 535

100
[ C#s0 2023 2024
E CIH+SC .a_ a
= 7] Cl+ss a T a g a
§ 0 ISAWDJrSO a a - N N ab %
i [XX] AWD+SC b b % b N § b b
. 8 g AWD+sS {jb b EE . - T .
% 2 — o ]
£5 80 ¢ < % —F _I_—I- d :i_
G2 i E(EI . i -(r ]
Moo % ] — —
2 — - — —
= i | ] |
g . . 5 ] .
~ ] — T |
YY2640 NIJ5718 YY2640 NJ5718

B2 ERASRAETEAES AN ZERERNNM

Fig. 2. Effects of irrigation methods and straw returning mode on productive tiller percentage
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Table 2. Effects of irrigation and straw returning modes on net photosynthetic rate in main growth stage of rice

[mol/(m?-s)]

L AR pisel Sy BEH LRI Eiv ey AR
Year and variety Treatment Mid tillering Panicle initiation Heading Maturity
2023
il 2640 CI+S0 18.09d 20.01 ¢ 2222e 831b
Yongyou 2640 CI+SC 18.69 d 21.74d 22.68¢ 8.39b
CI+SS 1925¢ 2326d 23.74d 891b
AWD+S0 21.40b 24.01 ¢ 2572 ¢ 10.07 a
AWD+SC 21.46b 25.05b 26.13 b 1043 a
AWD+SS 22.55a 26.89 a 2693 a 10.61 a
M 5718 CI+S0 1653 ¢ 18.13 f 21.06 ¢ 6.49b
Nanjing 5718 CI+SC 17.75d 19.94 ¢ 2152 6.86b
CI+SS 18.83 ¢ 20.68 d 22.13d 6.98b
AWD+S0 20.15b 2141¢ 2332¢ 835a
AWD+SC 20.53b 22.64b 2426 b 8.64 a
AWD+SS 2094 a 23.01a 2543 a 8.83a
2024
il 2640 CI+S0 19.11d 2131e 2243d 7.26d
Yongyou 2640 CI+SC 19.87d 21.67 de 22.85cd 7.45d
CI+SS 20.44 ¢ 22.44d 2336 ¢ 835¢
AWD+S0 22.59b 24.62 ¢ 25.83b 9.34b
AWD+SC 23.17 ab 25.15b 26.43 ab 9.64b
AWD+SS 2334a 2638 a 27.02a 10.59 a
FAAE 5718 CI+S0 17.48 ¢ 20.65 ¢ 21.58¢ 6.22d
Nanjing 5718 CI+SC 18.14 ¢ 20.84 ¢ 21.76 e 6.74d
CI+SS 18.87b 20.76 ¢ 22.94d 7.58 ¢
AWD+S0 2134a 21.07b 2383 ¢ 821b
AWD+SC 22.06 ab 21.63b 24.16 be 8.51b
AWD+SS 2249 a 2242 a 24.67 a 9.42a

(CI+SO) AR EE 5 7K J2 Bk T 7 A 28 W ok ik H
(CI+SC) A & 3 Ry /K Fe = =, 11 MK E EE T
FEFT B 3 HH PC it 25 4 (CT+-SS) i 35 14 7 7.88%~
10.69%. KRR ZEREM 5, PIFASFTIE AL
HI(AWD+SC F1 AWD+SS)7r H#¢ CI+S0 {35 17~
8.30%~13.90%F1 18.55%~22.58%. 4h&r 7 At i
REEERRERE, 5 S0 AbFMLL, SC 1SS
AbERER T A SEACN AR AL, HAE AWD A4
NP R ER R 7 R R 455K
RFTHE,

22 BRERE, XEBSTYRREE

B 2 a4, 7EFE-—#EM 70T, REFEE g7
A — E A R R G R 5, SRR I
N SS>SC>S0, H7E AWD H/KJGE, #aHEE
R RERS. NG IS M, AEHAm
FLILN SS>SC>S0, 1 AWD AbH R e &#ALE
A 2 AR E ST CL ST, M LT
YR A R AR P BE AT B35 2 7, SC A1 SS 4 AWD
AbFR 5, SR A SR ) T AR R ) R
e
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Table 3. Effects of different irrigation and straw returning methods on NSC accumulation and transport in rice

RS R HEINSCHE BRSNS C i NSC iz & NSC #ig % Nscﬁ;w;ﬁ o
Year and AR NSC at heading NSC at maturity NSC translocation NSC translocation Contnbut%on OfNS?
variety Treatment (thm?) (t/hm?) amount(thm?) rate(%) transloc‘atlon to grain
yield(%)
2023
Hifk 2640 CI+S0 198 ¢ 1.12b 0.86d 43.43d 8.44d
Yongyou 2640 CI+SC 2.06 ¢ 1.14b 0.92d 44.66d 8.66 d
CI+SS 234b 1282 1.06 ¢ 4530 ¢ 927¢
AWD+S0 236b 1.01¢c 135b 57.20b 12.14b
AWD+SC 241 ab 1.02¢ 139b 57.68 b 12.05b
AWD+SS 274a 1.13b 1.61a 5876 a 13.16 a
M 5718 CI+S0 1.56d 0.99 b 0.57d 36.54d 774 d
Nanjing 5718 CI+SC 1.62d 1.02b 0.60 cd 37.04d 8.02d
CI+SS 1.82¢ 1.1la 0.71 ¢ 39.01¢ 8.93 cd
AWD+S0 1.98 be 0.95b 1.03b 52.02b 12.83b
AWD+SC 2.06 ab 0.98b 1.08b 5243b 13.15 ab
AWD+SS 2264 1.02b 1244 5487 a 13.81a
2024
Fifk 2640 CI+S0 2.18¢ 121b 1.06d 48.58b 10.77b
Yongyou 2640 CI+SC 223 ¢ 1.24b 1.11d 49.60 b 11.17b
CI+SS 2.38b 138a 1.10d 46.05b 10.51b
AWD+S0 236b 1.01¢c 135¢ 57.20a 12.34a
AWD+SC 241b 1.02¢ 139bc 57.68a 12.50 a
AWD+SS 2.69a 1.15be 1542 57.25a 13.29a
MR 5718 CI+S0 226d 123¢ 1.03b 4556 b 13.97b
Nanjing 5718  CI+SC 2.32cd 123 ¢ 1.09 b 46.98 b 1448 b
CI+SS 251b 151a 1.17b 46.61b 1443 b
AWD+S0 259b 118 ¢ 141a 54442 17.54a
AWD+SC 2.64b 120 ¢ 144 a 5452a 1744 a
AWD+SS 281a 130b 151a 53.74a 17.81a

2.3 NSCHWHZES#iE

MR 3 ATHEN, LI APERE T 20, AWD Ab3E
RS NSC =R E(KT CL, MM ERS
T NSC Hiz g K HX =2 oimkR . ERFEH
A3 A, SC AT SS AbFEIE AN 1 S A HH AN i 2 25
NSC MR E&E. #HizEMA = EH TR, HIL
SS X EEAKFY . LEEAFMEM AR F A A 77 ok
F, AWDASS T NSC #iz &8 & Hxt 7= & 1 T ik
R Em T A 5 N b B
24 RFRE. RELLSREFHIIROA)

H &l 3 TTA, 7R BER AR L e B, S
B7=UF SC AR TR E S S0 AbFEE %=
S, 1M SS ANELA REMRER; MBS, 3
FhASFFE H 7 2AE AWD AL FH 5 (AR T 5 B 4 25 1
Jm, LA AWD+SS WHHR i i e 3 E A A o s
B SR — 2 AR ERIN AWD+SS
> AWD+SC > AWD+S0 > CI+SS > CI+SC > CI+S0.

165y BE P AR ML UG ], AWDHSS AbHE AR 6 e
WK, BEAB RN, SR EER.
WK 4 A, 6 NMEFER ROA 1E44 & W £ 3%
TR TRE&ES, R A B K H. AWD
AbEEJS ) ROA ¥R E =T CL AR 7 T,
SC A1 SS #bF ) ROA &&= T S0.
2.5 BRESEHMAEIKERBHE

WK 7 AR, (EARRVEIEE R, PiKRG A
TEAFEAT IR H AL EE T CHa HERGE £ A1 A
— 35, H. CHy HEM 2 B KRG 2> BE AN AR 01k
G, tiEAk 2640 B AR HT 42 d 1Y CHs R HAEIKL
B HEBANMEF YN 80%. AR, CI&M4T
SO 1 SC 1] CH, HFCHE & N EARACE 3 m, B
Z FHATIAS] CHy H S HECE, W9 3 RGE T
B, T JE B R K R CHs HEG IS — IR
s 1SS H R R A LA KPR R IR T T,
£ S0 A1 SC $2A7 B H CH, HEB0HE & & S {H (7E 21
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Table 4. Effects of irrigation and straw returning methods on global warming potential and greenhouse gas intensity

e e Eﬁiﬁﬂ?ﬁﬁ(; ’fﬂﬂﬁi\ﬁkﬁﬁl% éfs}%f@iﬁ‘i%% s SR
Year and variety Treatment CH,4 emission N,O emission Globe%l warming ‘Green‘house gas
(kg/hm?) (g/hm?) potential(kg/hm?) intensity(kg/kg)
2023
A 2640 CI+S0 341.63 b 2638 ¢ 9231.21b 091 b
Yongyou 2640 CI+SC 253.70 ¢ 20.55 f 6855.51 ¢ 0.65¢
CI+SS 494.83 a 3137d 13368.97 a 117 a
AWD+S0 164.47d 61.97b 4457.61d 0.40d
AWD+SC 136.06 d 4597 ¢ 3686.17 d 0.32d
AWD+SS 278.44 ¢ 83.09 a 7540.56 ¢ 0.62 ¢
MR 5718 CI+S0 49253 b 19.59de 13303.66 b 1.81a
Nanjing 5718 CI+SC 407.49 ¢ 1582 ¢ 11006.55 ¢ 1.47b
CI+SS 584.97 a 28.00d 15801.83 a 1.99a
AWD+S0 267.71¢ 61.64b 7245.00 ¢ 0.92d
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VxI 52.20%% 26.00%* 52.21%* 201.44%*
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Fig. 4. Effects of irrigation and straw returning methods on dry matter accumulation during main growth stages of rice
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Fig. 5. Effects of irrigation and straw returning methods on root dry weight and root shoot ratio in main growth stage of rice
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Fig. 6. Effects of irrigation and straw returning methods on root oxidative activity of rice roots in main growth stages
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Fig. 7. Effects of different irrigation and straw returning methods on CH4 and N20 emission fluxes
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Fig. 8. Correlation analysis of major agronomic and physiological traits with yield and greenhouse gas emission under

different irrigation and straw returning methods
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