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Residue returning induced changes in soil organic carbon and the
influential factors in China’s croplands: A meta-analysis

WANG Xudong' » ZHUANG Junjie' . LIU Bingyang' , LI Shuaishuai' , ZHAO Xin', LIU Yang® . ZHANG Hailin '
(1. College of Agronomy and Biotechnology/Key Laboratory of Farming System of Ministry of Agriculture and
Rural Affairs, China Agricultural University, Beijing 100193, China;

2. Tillage and Cultivation Research Insitute. Liaoning Academy of Agriculture Sciences. Shenyang 110161, China)

Abstract Soil organic carbon (SOC) pool is important for improving soil quality and crop productivity as well as for
climate change mitigation. Crop residue returning (RR) is considered as sustainable agriculture technology with high
efficiency and environmental protection. Therefore, understanding the effect of RR on SOC is of great significance to
establish a suitable carbon pool management strategy and to realize the SOC sequestration potential. This study aimed
to reveal the effects of RR on SOC and to determine the SOC sequestration influencing factors in China’s croplands.
Based on peer-reviewed papers from 1992 — 2018, a meta-analysis was conducted to assess the effects of RR on SOC.
The results showed certain differences in SOC contents under RR. Specifically, RR significantly increased SOC contents
by 14.6% in the Eastern China, which was the highest value in all regions (P<C0.05). And 7.7% increment of SOC
was observed in the Central China, which was the lowest value in all regions (P<C0.05). In addition, the significant

effects of RR on SOC were noted in Northwest and Southwest China, which were more than the national average
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(12.1%,

P <C0.05). Less effects were observed in Northeast and North China than the national average. The

responses of SOC contents to RR in different soil depths were highly variable. RR significantly enhanced SOC by 11.2%

in 0 — 10 cm soil depths, but only increased by 3.9% in 40 cm soil depth and below (>>40 ¢cm, as deep as 100 cm)

(P<C0.05). Besides, the mean annual temperature, nitrogen fertilization, land-use type and consecutive years of RR

were observed to change the responses of SOC contents to RR. Notably, RR can significantly increase SOC content,

optimized RR based field management practices with suitable tillage practices (no-till, plow tillage and rotary tillage) ,

suitable experimental duration (6-10 a) and low nitrogen fertilizer input (120 — 240 kg/hm?) can enhance the SOC

sequestration potential.

Keywords climate change; residue returning; soil organic carbon; meta-analysis; carbon pool management
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x1 HEH>AER
Table 1 Data grouping

AN W4 Sub-group
Influential factor 1 2 3 4
A A% L Cropping pattern #4E Crop rotation A AE Without
crop rotation
Jiti &/ (kg/hm*) N input 0~120 =>120~240 =240
AEHIR B/ C 0~10 >10~15 >15
Mean annual temperature
HHVEHE G Tillage practices HEHF Rotary tillage ek No-till F#F Plow tillage
L AE — = =
FRHIHIEE Cropping system Singl:ﬁcro;;ing Doubl?ch;ﬁo:;;)ing Triple cropzip?:l;ilr‘;\two years
+ M F)F Land-use type B Dry land JK H Paddy field K 24 4E Paddy-upland rotation
YEYF2& Crop types JK#g Rice E K Maize /NZ Wheat
i AR R /4R 1~5 6~10 >10
Experimental duration
A H K /mm 0~400 =>400~600 >600~800 =800
Mean annual precipitation
+ EZ%E /cm Soil depth 0~10 >10~20 >20~40 =>40

75t Northeast China |—‘—1 48
P4t Northwest China }—'—| 356

- ViR Southwest China | I | 54
; 4£1h Central China | } {111
x|

4E£]t North China I I { 149

1E7%: Eastern China }—|—| 323
/> [# Nationwide I—'—‘ 1062

0 5 10 15 20 25
X5 4k2%/% Relative change rate

0 LR FIRTCRLR IR 22 2R F0R 95 00 B AR X ], % 22 LR R 30T 1 45 5 22 7% A N 20 A1 I 450 X it . IR 2R SRR WA L M 2 B3,
P<C0.05, N, MEARMX AT LA HTLA AREE LI LR A A R T  Aedb st AL 4E L0 P9 48 T db 48 b at i R R e
A b i DX AL HE VT R LA T A P R XL RE DU A B S A TR A ORI R P AL K A AR B TE A H O L E A
T E T A A XORURT 5 48 B R BRI AR JEH X HE B AR T T . SR 1A O 3 AR I AR B 7 SCHlR O 25 B o L A AR
AH 2% 3 DX A4 BF 52 B3

Vertical axis represents invalid line. Error bars represent 95% confidence intervals. Numbers near each bars are numbers of comparisons; If
confidence intervals do not overlap with zero, it indicates significant increase (=>0) or decrease (<Z0) (P<C0.05). The same below. Eastern China
includes Anhui Province, Jiangsu Province, Zhejiang Province, Fujian Province, Jiangxi Province, Shandong Province, Shanghai Municipality; North
China includes Shanxi Province, Hebei Province, Beijing Municipality, Tianjin Municipality; Central China includes Henan Province, Hubei Province
and Hunan Province; Southwest China includes Sichuan Province, Guizhou Province, Yunnan Province, Tibet Autonomous Region, Chongging
Municipality; Northwest China includes Shaanxi Province, Gansu Province, Qinghai Province, Ningxia Hui Autonomous Region, Xinjiang Uygur
Autonomous Region; Northeast China includes Heilongjiang Province, Jilin Province, Liaoning Province. The unlisted provinces indicated that no data
are obtained according to the screening criteria of this study.
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Fig. 1 Relative change rate of residue retention on SOC content in different regions of China
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Relative change rate of SOC content responding to residue retention under different conditions
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Fig. 3 Relative change rate of SOC responding to residue retention under different field management practices

IR X BAE SR 0~10 °C i), #5 #1316 [ 4
SR E R 0~10 FI>>20~40 cm 34 HLER & &
10. 7% F1 13, 4% i Tk /0 >10~20 em + )2 K #F
FEEHE , SR BN M, AE R E N 10~15 °C
B F FF AR X 10 em DAF 4= J2 (9 45 BIL 6 18 in %50 0
AREBFEE0~10 cm H 12, 9% (P<0. 05) ; 4E IR
JE=>15 “CIf . B 4 2 g 75 FF 8 B x5+ 58 A Lk
(A3 0 2 7 A AR B 2 B R g f H E > 10 ~
20em HEHR/NH 4. TY% IE>20~40 cm + E %
KoH 22.8% (P<C0.05),

W S5 R W], e 50 X U & 54 F AP iR
FH YT RE 3G I - A B (4 B i, 38 IR0 H4 7E > 20~

40 em + 2 KLEHAE R 16, 4%, REAME R 12.8%
(P<<0.05), B JZ IR, $61F 5 FF 8 B i 3 s
RETE 7. 9% ~16. 4% , T K X IR & 5 4E  #EFF 18
HH X 40 em DLF 4 2 A ALBR & & B 52000 A 1 3

FAE A 5] A0 1 42 5 FF 34 HE S 4 8 A ML A 75
B A B 22 5 . R X R A /N &2 L R K S B
LR & L I A B 14, 5% F1 11, 026 (P<<
0.05), ULIE 3, FiAe £ AKX 40 ecm LT 22 AL
WA BRI R 3 . R K RS X B2 A HLBR
B INON TR R L #E>20~40 em £
EHN 33. 8% (P<C0. 05) .1l 0~10 F#1>>10~20 cm
Ay 9. 4% H1 7. 0% (P<<0.05),



18 R [ N S 4 2020 4F 45 25 %

FCAAE FF I8 BRI BEAE 5 X%+ 384 MLk i AT 4 R 26 B i, K R 48 1 TR RS AR I8
M, 0~10 cm 4 2, HEBE S B F0 AR 43 004 &+ 2 AT ML Y 2 B0 Y B IO A
T 12, 7% .13, 4% 7. 2% B AT HLER R (P << MR (E A AR B Rl 2 N B K, >20~40 cm
0.05) ;SR #E 10 em LAF B £ 2, BI#k T £ e KA 33.8%(P<C0.05), SHifE>10~20 cm +
BUBR IS MR 838 . BERE AL Bl xd E3EA PLAR Bk 2R B3 FE 0~10 F1>>20~40 cm 43 il 3%
IR MR, B AE > 10~20 em 4 2 1 4 S 12. 8% F1 11. 0% (P<C0. 05), 7K H 4 BF 5% % 4
TN AS 3 BEREAE =>20~40 e £ 2L B A BRA B T, B FF R B XK B0~ 10 F >

PLAS 2 (K 4) 10~20 cm + 20 1 F 5 W
—= 0~400 mm (b) —30~10C
®xxx2 >400~600 mm
£ 0-10} mmm >600~800 mm = 0~10F
3 — >800 mm =
& >10~20} £ >10-20}
£ g
< <
= 40 - el 40
12 >20~40 g @ >20~40
i IX
H o saof 1 40 . H o sl : ;o
; T 3
-10 O 10 20 30 40 50 60 70 =20 -10 0 10 20 30 40
X7 4E4/% Relative change rate X754k 4%/% Relative change rate
(c) — %4F Crop rolation (d) —— /\# Wheat
11§ exxxx AEAE Without e 53 e koK Maize
j‘;_ (O L — 7 crop rotation ::—? 0~10 ﬁé_’?j ’255 mmm KFG Rice
= I . = 39
G >10-20 " ' 69 £ >10~20} = 25
£ 7 E 20
< < 35
£ [ I 136 i anl —— ]
o >20~40 b 17 % >20~40 L = —— 17 .7
I I )
_ , b
H S0 ' 169 H >40 b —ef— 31
0 5 10 15 20 25 30 =20 0 20 40 60 80
X751k 2/% Relative change rate X754k 2/% Relalive change rate
I FHF Plow tillage () (f) —— 54 Dry land
X flk No-tillage  |——yp 34 rxeeR K AR
é 0~10 o fiEgf Rotary tillage froacoasas=— 36 ii 0-10 ——= 100 Paddy—-upland rotation
z 21 < O0p P2 mmm k[ Paddy field
= [EE— 13 = ;
(}:j >10~20 | (}'" L .55
g £ 510200 e 10
= ~40 | ol
% >20~40 %
”_ﬁ a0 T >20~401
=30 =20 -10 0 10 20 30 =20 0 20 40 60 80
HHXFAE 4k /% Relative change rate HXT54k#/% Relative change rate

() (b) \ (o) () Ce) (D) 43 ) SRy 4 i K ik AR B B AR AR 0 28 RV I L L st R 26280, R I
(a) Mean annual precipitation; (b) Mean annual temperature; (c) Cropping pattern; (d) Crop types; (e) Tillage

practices; (f) Land-use type. The same in Fig. 5.
B4 BHLTHEGETARLIELIEGNRSENTLE

Fig. 4 Relative change rate of SOC content in different soil depth under residue returning



% 8 1

EIBAREE . FEFFIE AT AR B A Lk o A A S H G e R R B9 Meta 23 #7 19

2.5 BHEHEGTAREHERTEGNHRS

ENEMEZSH

B 5 A, ik 5 X AR B K B A 0 ~
400 mm B, 7 FF 8 B X4 - 2 4 584 Lk % &
0GR B A AT BR 38 AR AN K. AR S K R
H=>400~600 mm B, if [ 6~ 10 4EF5 FF if B X} 4>
+ 2 - e LA B i B R 3 L8 17,6 %0 (P<<
0.05), 4F¥JFE KA >600~800 mm B, fifi if H
AR BRI, A A BL AR I RO R K, 3R H
10 4E DL BR300 18. 896 (P<C0. 05) . M4E#[FK
i >>800 mm i, fifi i FHAF BRI I, &% 1 6 BT 4 138

(a) —— 0~400 mm
27 &=z >400~600 mm
o tmmm >600~800 mm
_':E —— >800 mm

155

6~10 | pRoRR g 17

125

s10 | Rxxxxxmm— /D

b HAEFR/AE Experimental duration
w
¢}

-20 -10 0 10 20 30 40
FXE1L3/% Relative change rate

(c) — %4 Crop rotation
=XXA AFEAE Without

crop rotation

>10 E

b HAEFR/AE Experimental duration

0 10 20 30 40 50
X7 4k4%/% Relative change rate

(e) — BH#HF Plow tillage

Exxx i No-till

1126 mummm ik Rotary tillage

93 96

176

6~10 rrrrrE=E=zAE— 67

>10 > i 27

ik HAEFR/AE Experimental duration

0 5 10 15 20 25
FXAE (L 2/% Relative change rate

A HAEFR/4F Experimental duration

A FHAFFR/4FE Experimental duration

A FHAFEFR/AF Experimental duration

A AL B R AR E /N IR R L R 1~5.6~
10 1 10 4F DL B 43 o0 1 35 18 4>+ )2 + A Bk
12.7% . 14. 3% F1 15. 1% (P<<0.05),

I X AR SR B 0~ 10 °C B, #% #F ik 1
6~10 454+ 2+ HEA7 ML A 14 34 i 2800 i B 3 L 3k
21.1% (P<C0. 05) AR ¥R i >10~15 “CIi, bifi
i AR BR 3G N , 4= 4 )2 A A LA ) 35 RN 3 34
M H 1~5.6~10 A1 10 4E LA b 43 5 B & 5 m 4 + )2
+ 1A HLER 6. 2% .8. 8% Fl 16. 6% (P<C0.05), 4F
PR =15 “Cuf, f5FF A X 4 1 )2 + 56 HLa &
St ) 2 IR B A T AT BR A 38 AR AL A K

(b) — 0~10C
&z=zzd >10~15 C
133 mmm >15 °C
1~5 ressssog— 149

i 77
129
48

6~10
i

>10 K

0 5 10 15 20 25 30 35
HXIAE1L3/% Relative change rate

C— /N4 Wheat
&2 K Maize

15 mmm K fiFRice

6~10
10

—— ] 56

>10 EREs— 71
[[CCCreeE—— 42
0 20 40 60 80

AXIAE 1L 3/% Relative change rale
@ —— E.4b Dry land

wrz KA

Paddy-upland rotation

7K Paddy field

6~10 FETTIIITTIR 112

>10

0 10 20 30 40 50 60
FHXTAE L Z/% Relative change rate

BS BATHZGTAREEERLIEGNHKRIENTUER

Fig. 5

Relative change rate of SOC content in different experimental duration under residue returning
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