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Meta-analysis on Effects of Straw Returning on Greenhouse
Gas Emissions from Wheat Fields
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Abstract; Aiming to systematically analyze the effects of straw returning on greenhouse gas emissions
from wheat farmland under different climatic conditions, soil properties and field management measures,
field trial data from published papers were integrated through literature retrieval and Meta-analysis method
was used to quantitatively study the effect of straw returning on greenhouse gas emissions from wheat
farmland under various production conditions. Simultaneously, the relative importance of various
influencing factors on greenhouse gas emissions was evaluated. The results indicated that compared with

no straw returning, straw returning significantly increased soil N, O emission by 15.50% , CO, emission
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by 10.68% , and CH, absorption was increased by 26.45% (P <0.05). When the annual precipitation
was higher than 1 000 mm, straw returning resulted in the smallest increase in soil N, O and CO,
emissions, and the largest increase in CH, absorption, with effect values of 5.02% , 9.88% and
381.63% , respectively. When the annual average temperature was no more than 10°C , straw returning
resulted in the smallest increase in soil CO, emissions, and when the annual average temperature was
higher than 15°C , straw returning resulted in the smallest increase in soil N,O emissions and the largest
increase in CH, absorption. Under straw returning, soil N, O emission effect values were decreased as soil
organic carbon content was increased, while CH, absorption effect values were increased with the increase
of organic carbon content. Under straw returning, the N,0 emission effect was decreased with the
increase of nitrogen application rates, while the CO, emission effect was firstly increased and then
decreased with the increase of nitrogen application rates. Under no-tillage conditions, straw returning
significantly reduced soil CO, emissions by 10.81% (P < 0.05) and significantly increased CH,
absorption by 91.00% (P <0.05). Straw mulching significantly increased CH, absorption by 202. 04 %
(P <0.05). Partial straw returning reduced soil N, O emissions by 11.33% and significantly increased
CH, absorption by 121.64% (P <0.05). Annual precipitation, total nitrogen, organic carbon, and
nitrogen application rate had significant impacts on greenhouse gas emissions from farmland soil under

straw returning. These findings can provide a reference for optimizing straw management practices and

2025 4

reducing greenhouse gas emissions from farmland ecosystems.

Key words: greenhouse gas emission; soil; straw returning; wheat field; Meta analysis
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Fig.1 Frequency distributions of effect value of N,O emission, CO, emission and CH, uptake in response to straw returning

CH R e A2
COHEr =47
N O : =17 ‘ ‘
-10 0 10 20 30 40
AEALER %
2 RAFER IR N, O HE . CO, U CH, 1 i
R O

Fig.2  Overall response of change in N,O emissions, CO,

emissions and CH, uptake for straw returning
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Fig.3 Effects of different precipitation and temperature on greenhouse gas emissions from straw returning to field
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proportions on greenhouse gas emissions from straw returning to field

S REFF A IR A EL , 78 AS [ BF 7 28 B S FF a8
FH 140 T A4 B 38 N, O HEf, Horb Bk & 1 T R
FEIE H X 18 N, O HE R m RN G 3 5 #F 7 28 20
HERIBE RIS, RS AR A6 TR 58 N, O HEjik & 2 5 B 3%
R 47.27% F112.89% (P <0.05) ,95% & {5 X [i]
4351k 23.08% ~76.23% M1 0.59% ~26.21% . #f
YRR b i, F5 AR 38 R L3 CO, HE i i B 3%
W 10.81% (P < 0.05), 95% ‘& 1% X [A] K
—18.73% ~ —2.13% ; B 1 25 7Y Sy BBk A0 Jie HF 1ef
FE AT H R 49 CO, HE i it 43 ) 5 3 16 fin 29. 71%
115.23% (P <0.05) ,95% &% X [A] 4> 31 K 22.59% ~
31.94% f1 12.42% ~ 18.10% . #f V£ 2% 5 g G #f
i RS R 458 CH, W i 2 % 3% 91, 00%

(P<0.05),95% BAZIX 8] 7. 85% ~238.24% ; #
Y2 A Sy B0 B A0 BE Bk I, 5 AT 38 X 438 CH, iz ik
A 3

EAEFFANS B A L, 38 HAERR 7 0 ~ 3 a B,
+ 48 CO, HE i W E N 14. 21% (P <0.05) ,95%
BASXE R 11.44% ~17.07% ,%F + 58 N,O Hejl A
CH, W WGZm A 2 M HAFERSK 3 ~7 a i), -
N, 0 1 CO, HE 7k & 4 0l @ 3 3G 38.21% AN
12.01% (P < 0.05), 95% & {5 X [a] 4+ % K
19.28% ~60.14% F19.67% ~14.40% , %} CH, Wk
MR, M HAERKT 7 a i, 3 N,0 HE
JiCER: .25 B 20. 199% (P <0.05) ,95% ‘& 15 X [H] Ky
2.63% ~48.28% , %+ 4 CO, HEff F1 CH, W Wi 5% iy



5% 3 3 A

AT i X 22 FH % MR HE SO W () Meeta 437

431

NTE

5REFF N6 B LY, B FF 2 55 6 R 4 CO,
HE il = A1 CH, W 0 & 43 5] W 3% 19 m 7. 89% FiI
202.04% (P <0.05),95% & {5 X [] 4% 3] Ky 4.70% ~
11.16% F126.83% ~619.37% ; + 3% N, O HEji & 14
1 10.20% ,95% &5 X 8] - 6.21% ~29.49% ,
AN E NN . FEFFB A H T 13 N,0,
CO, HE & 43 ) 55 2 34 i 26. 16% 1 21. 82% (P <
0.05) ,95% & 1% X 8] 4> %14 13.13% ~ 40. 69% #
17.26% ~26.57% ;#&# & A ik HF £ CH, 1k
RO 3.05% , 95% B AE Xk -17.77% ~
29. 14% | 52K & 35 0 3G I &k . S AR 4y ik 1R
CO, HEMc i A1 CH, Wi & 43 5 2 35 56 fn 9. 95% #I
121.64% (P < 0.05) ,95% ‘& {5 X [ 4 5 K 4.24% ~
15.99% F1 4. 46% ~ 370.35% ; + HEN, O HE i & 9

/3 11.33% ,95% B{Z X ]y - 30.86% ~13.41% ,
EAREER DR . FEFF2E H T 238 N,0,

CO, H it &2 B 2 1 27.95% F1 14.00% (P <
18

AR A%
AEX T EAE/%

0.05) ,95% & % X [ 4> 314 15.77% ~41.43% F
10.75% ~17.33% 5 - H& CH, Wg i % 14 i 15.95% ,
95% HAEX AN —17.92% ~43.02% , 2R B ER
ibn&ﬂcm
2.5 RESMHER X0 E F R 0 s
%ﬂ-ﬁﬁﬂ?,ﬂﬁmﬁﬁ\iﬁ% P 5 T H (] 45 B
T it %t + 1€ N,O [ CO, HE i Fn CH, W i 34 — %€ 5%
), 2% PR 3R NI 3 AR HE R e 0 R o A
6, X4 N,O HEHGY AL K W HT 3 A B &K 4
Bl h AR BE O & (15.75% ). + A A W i
(11.43% ) Fl + A PLAk & 4t (9. 80% ) , X CO,HE
JHCS WA A K I 3 62 R 2R 43 0l hy 4 S BL Bk 7
(17.11% ) T A A & & (15.91% ) A4 [ &
(11.47% ) , %t CH, WU 52 m 58 KR 3 4 &K 43
A kA B R (13.54%) .
(11 19% ) F & AC s JH & (8. 52% ), b [ 4EFR |
i H 5 28 H R ) AR AR i A AT R R R
SR HE L 5 e A X 5 .

IS4
2

I=A
2

=}

e N

ARR EE A%

0 0
PR B0 @ FEIFR ISP @ R
PG @ «wwx BTt <$M S I R i
S «&L WSl & @ﬁjﬁ @@%@ SIS S P FE D S & &
Fe g B *%‘@j@
’S/ % %
HE HE H#®
(a) N,OHERL (b) CO HEHL (c) CH, Wk
P 6 R FFIE F 4 DR 36 00 IR % 0P H MR i A 0 T2

Fig.6  Relative importance of each factor on greenhouse gas emissions from returning straw to field
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