FE R KRR 2020,25(05) :01-12 http: // zgnydxxb. ijournals. cn
Journal of China Agricultural University DOI:10. 11841/j. issn. 1007-4333. 2020. 05. 01

Mt ST EX H EREERMEYTERN RN

kg FMM' x|k % = Ahmad Latif Virk' E X' R &' kA
(L ARl ¥ 42 B /AR WA A T % Lt 1001935
2. AR K AR TR BE L5 100193)

H E AN ALHERALEASFEARDESREY T EH YR, AT 19952019 FAF L KXk F ey 1162
B REE oMM RFLEGRBAESAAEFHE, ERAN, 2B CR&IEHBF R4 5475
R.&BAEEE N HE B vh A8 A B, 2R, B 75,0000 X AF R A L L Bl st ik 2R &,
bR 42,70 % 89 XIS AT R A IR 3 AU E BT ok AR R E W AR, A E WX bk 88, 23% 494K,
BAN BB ERG, L 70.80% M RBANKE >, i XML e ERFEIRKRAIH B2
B g AT 9 A3 2 2.22X10" 42 7.00X 10" kg/HF . 35 R A 63.90% 4 7.00% ;4 B L 2R REHEFF 5
I —1.16% A 3.72% ., SRS HEN . e FERANEGY s 5 FHARREEMX, 5 L3
BESZTEFAXRFLAS SN ZZTH Y a5 XEFRIF ML, 5 L% pH M B F 4K, M2 A A b % vh
MEHbeftEpH 2EF ML, AL . M PR T TR THEIRGLEAEABRRL D 2 F LR LG £ F,
St RF A EAREERR | BRI RPRENFERAASEREERG, ARE#R—FTHELHS
RAETEG IR, —FHBRIASKE REED T E,

EER H; RAFEW; kW; BH; £

FESHES S34 XEHS 1007-4333(2020)05-0001-12 TEIRERL A

Effects of no-till and residue retention on carbon
sequestration and yield in China
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Abstract The purpose of this study was to determine the effect of no-till and residue retention on carbon sequestration
and yield in Chinese farmland. Based on 1 162 pairs of data from published literatures from 1995 to 2019, this study
comprehensively analyzed the farmland ecology and production effect of no-till and residue retention. The results
showed that. At the national scale (excluding Hong Kong and Macao Special Administrative Regions and Taiwan
Province) s considering the effect of tillage, 75.00% of no-till experiments showed an increase in carbon sequestration
rate, and 42. 70% showed an increase in yield; Considering the influence of straw, 88.23% of residue retention
experiments showed an increase in carbon sequestration rate and 79. 80% showed an increase in yield. Under the
situation that no-till and residue retention were fully promoted, the carbon sequestration potential of no-till and residue
retention could be increased up to 2.22 X 10 and 7.00 x 10" kg/year and with increases of 63.90% and 7.00% . The
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no-till and residue retention would increase the national grain output to 6.09 X 10° and 6.39 X 10° t, with increases of

—1.16% and 3.72% . Regression analysis showed that the effects of no-till on crop yield and organic carbon were

significantly correlated with the average temperature and clay content. The effects of residue retention on crop yield

were very significantly correlated with experimental years, correlated with pH, and significantly correlated with clay

content and pH. In general, compared with conventional tillage, the no-till and residue retention could significantly

improve the carbon sequestration capacity of soil, but there were regional differences. Compared with conventional

tillage. the no-till and residue retention increases the carbon sequestration rate in Region I . Region II and Region IV .

In the future, the interaction effects between no-tillage and residue retention should be further explored to improve

farmland ecology and increase crop yield.

Keywords no-till; residue retention; farmland; carbon sequestration; yield
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Table 1 China’s agricultural regionalization
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Table 2 Popularization of no-till, carbon sequestration rate and carbon sequestration potential in China

2 . 7 fie 3 % B B v 11/ (107 kg/4F)
fi G B H G L/ il e 5/ -
SINERCYES) ey A/ % (10° hm?) (10°kg/ Soil carbon
X 35k Province Populari- No-till area (hm* « ) Sequestrz.ltion
Region (City and zation Soil carbon potential
Autonomous rate WA H #i sequestration W AE ERii)
Region) Potential Current rate Potential Current
Jt & Beijing 84.79 105. 82 105. 82 1. 478 0.156 0.156
\ M dt Hebei 35.11 1661.64 1 661. 64 1. 460 2.426 2.426
X B 1 ‘
K HE Tianjin 22.85 74.44 74.44 1. 808 0.135 0.135
Region [
W Henan 29. 60 1 706. 11 1706.11 2. 888 4,927 4,927
11 % Shandong 53. 36 2778.61 2 778.61 0.623 1.732 1.732
1174 Shanxi 7.14 706. 82 252.45 0.667 0.472 0.168
[k 7 Shaanxi 15.40 572.50 440, 84 0. 191 0.110 0.084
g 7 & Ningxia 5.04 157. 32 39. 64 0.693 0.109 0.027
X 85 11
Hlr Gansu 3.53 710.78 125.32 0. 546 0. 388 0.068
Region [|
T Qinghai 11.56 59.02 34.10 0.693 0.041 0.024
B Xinjiang 6.65 426. 94 142.02 1. 506 0.643 0.214
7k Tibet 0. 00 31.54 0. 00 0.693 0.022 0. 000
ML Heilongjiang 1.47 3011.38 221.17 1.121 3.374 0.248
X 38 1T FH A Jilin 13. 84 1237.37 856. 37 1.121 1. 386 0. 960
Region [l iT 7 Liaoning 5.65 791.05 223. 46 1.121 0. 886 0. 250
M52 Inner Mongolia 23.21 1 568. 80 1 568. 80 1.121 1.758 1.758
VLI Jiangsu 1.59 323. 48 51.42 0.638 0. 206 0.033
VLVY Jiangxi 1. 64 204. 32 33.61 0. 808 0. 165 0.027
k7 Shanghai 1.55 9.07 1. 40 0.515 0.005 0. 001
- Anhui 14. 69 644.17 644. 17 0.177 0.114 0.114
X . Wil Zhejiang 0.22 108. 99 2.40 0. 537 0. 059 0.001
X 35 IV :
) i #H# Hunan 0. 54 230.75 12. 54 0.031 0.007 0. 000
Region |V
1t Hubei 2.79 296.71 82.78 1. 287 0. 382 0.107
#& 4 Fujian 0. 00 67.57 0. 00 0.537 0.036 0. 000
J7 %4 Guangdong 0. 00 135.45 0.02 0. 537 0.073 0. 000
J7 P4 Guangxi 1. 54 216. 25 33. 29 0. 537 0.116 0.018
¥ H§ Hainan 0.16 31. 64 0.52 0. 537 0.017 0. 000
P )il Sichuan 0. 30 446. 66 13. 39 3.078 1. 375 0.041
ESIAY T K Chongqing 0.00 148. 88 0. 00 —0.717 —0.107 0. 000
Region V =B Yunnan 0.12 388. 28 4,62 2.129 0. 827 0.010
M Guizhou 0. 00 252.00 0.11 1. 340 0. 338 0. 000
&it 12,57 19 104. 35 1 111.07 22.178 13.531

Total
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Table 3 Popularization of residue retention, carbon sequestration rate and carbon sequestration potential in China

il FF ik FH 35 it [ g 3/ [ 5 7 1 /
5 - i RTTE AV (10* kg/(hm® « 4F)) (10° kg/4F)
Qi NI ?ﬁ”%%/ (10° hm*) Soil carbon Soil carbon
[X 38 Province Residue retention sequestration sequestration
Region (City and POpLTlari* area rate potential
Autonomous won BEFERIEH f AL T
Region) rate ks H i ElResidue Residue He H i
Potential Current Potential Current
removed retention
Jb 5t Beijing 65. 27 124. 80 81.46 —0.227 0.097 0.012 —0.002
% T Wt Hebei 61.04 4733.23 2 889.31 0.074 0.674 3. 189 2.084
Region | Kt Tianjin 89.19 325.74 290.53 0.708 1. 284 0.418 0. 398
) W Henan 62.70 5 764.86 3 614.65 1.516 2.148 12. 383 11.023
11 4% Shandong 82.38 5207.21 4 289.62 0.413 0.911 4,742 4. 286
1174 Shanxi 47. 84 3534.12 1690.78 0. 810 1.294 4.574 3. 681
B 7S Shaanxi 33.29 2 862.48 952.95 0.014 0.137 0.391 0. 157
7 Ningxia 19. 34 786. 60 152. 16 0.323 0.766 0.602 0.321
X 35k 1

Region I Hilt Gansu 8.41 3 553.89 298.76 0. 087 0. 747 2.654 0.506
H I Qinghai 17. 20 295. 10 50. 75 0.319 0.736 0.217 0.115
i Xinjiang 86. 11 2 134.72 1 838.23 0. 319 0.736 1.571 1.448
7G5 Tibet 0. 00 315.37 0. 00 0.319 0.736 0.232 0.101
AL Heilongjiang 58.26 15 056.90 8 772.48 0.497 0.477 7.185 7.312
X 38 T FHAK Jilin 34.49 2 133.57 6 186.84 0.119  —0.057 —0.350 0. 361
Region [ iL“* Liaoning 21.32 3 955. 27 843. 45 1. 687 1.178 4. 657 6.241
P % Inner Mongolia 31.83 6 760.45 2 151.99 0.148 0.556 3.758 1. 879
YLk Jiangsu 69. 60 3234.81 2 251.27 0.120 0.299 0. 968 0.792
VILVY Jiangxi 39.18 2 043.21 800. 57 —0. 291 0. 345 0.705 —0. 085
¥ Shanghai 85.78 90. 69 77.79 —0.170 0.253 0.023 0.018
- Anhui 69. 83 4 383.66 3 060.90 —0.194 0. 244 1.071 0.491
X 3 IV Wi7L Zhejiang 30. 61 1 089. 90 333.67 —0.194 0.244 0. 266 —0.065
Region IV B Hunan 13.41 2 307. 46 309. 53 —0.471 0.107 0. 248 —0.908
it Hubei 38.55  2967.13 1143.96 —0.194 0. 244 0.725 —0.075
& Fujian 14. 54 675. 66 98. 26 —0.194 0.244 0.165 —0.088
J” %4 Guangdong 20.71 1 354.49 280. 58 —0.194 0.244 0.331 —0. 140
J7 78 Guangxi 24.24 2162.47 524.16 —0.194 0.244 0.528 —0. 190
¥ Hainan 21.82 316. 36 69.02 —0.194 0.244 0.077 —0.031
Pu il Sichuan 6.13 4 466. 63 273.91 3.078 3. 144 14. 044 13.765
BV H K Chongqing 4. 66 1 488.79 69. 34 2.090 1.471 2.191 3.069
) =~ ® Yunnan 2.15 3 882.81 83.53 0.954 —0.453 —1.758 3. 587
Region V M Guizhou 2.39 2 519.95 60. 29 2.207 1. 670 4. 208 5. 530
&it 42.47 94 581.60 3 987.46 70.030 65.578

Total
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BEXEY T RRA W BER . AR E
B, S BF 5 R AT 30 FEAE X A% G Bk A L BEAE 42 ey 1 0 o
it B R AR B A e, B R A ) R S R B
B B R K R R BE IR B R R L B
SR Z B 58 N TE TH PPN SR B 5 RS AT L Y A2 A AL
5 o (0 R 5 A FF I HH 7R &8 43 DX 38 A7 78 0 = B 42
AR, Lal 470 (098 2 B, LLD % Bk Fn S
FF I H Ay 32 5 it ) OR3P PR BV BOR 25 3 i — e 72
JE 1) A B A 55 RN HE K AS 1 55 A R 52 e, DT 308 ik
PRI . ABFFE XS 1 067 XF B 58 B PE R AT 40
/A i 12 2 R S O (3l £ 9w 3 BT A 1
50. 00 %6 , M A% FF 38 FH AR 42 F R FEAS IR 48 7= EU 5] 12
F50.00% . WifHE 2 E R KW, D RS R
37. 04 Y0 M= , F5 AR 18 H A B 25 35 B 11. 06 26 A ik
e TR T RS IS AR A KA
AN SR ME LUEVE D) BT R S TR U 2 1 i — o
JFE W08 5 AR 6 W RS TR ok — R A0 FIE 1 4]
B2l IS 2 e mfEY R . B2 N R
HE5 RS AR I8 B AR W] BE 23 (8 4F W 0 1A (] X35
[ AEAE— 8 22 57 D b 3 O™ 1Y) Lo A9 A v S
i FH 5 | AR L A AT
3.3 EmENSFEERN

2016 4%, G BF Y 4 %k 12,57 % HEE
G BE R B AR A HE R O — e 2, fR i
AR G BT O R L M E A AT B 71,94 %,
[ BR P 39 3 2. 22X 10" kg/4E . @K AEZE B 5Y
FH LR ERE 20 em R LR ETE 9. 6 X
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Table 4 Yield and its potential of no-till and residue retention

&L ABR) ik No-till Ft #1148 H Residue retention
. Province RS OWEPRCHEDRR MM SR/ MER/
Region (City and /% (10" t/4F) (10" t/4F) /% (10° t/4F) (10" 1/4F)
Autonomous Relative Potential Current Relative Potential Current
region) yield yield yield yield yield yield
Jt. 5T Beijing 96. 42 53. 69 53.69 102. 29 54,11 53. 69
R 4t Hebei 91.09 3 460. 24 3 460. 24 103. 47 3 506. 10 3 460, 24
X35 T
K Tianjin 96. 42 196. 37 196. 37 102. 29 196. 85 196. 37
Region [
W Henan 102. 44 5 946. 60 5 946. 60 100. 24 5 946. 60 5 951. 87
11 % Shandong 92.65 4 700,71 4 700,71 104. 10 4 733.58 4 700.71
1174 Shanxi 100. 59 1 323.54 1 318.51 111. 46 1 393. 24 1 318.51
B P Shaanxi 98.91 1225.18 1 228.29 103. 42 1 255.97 1 228.29
T & Ningxia 108. 58 393.87 370. 60 110.43 401.16 370. 60
X35 1T
H il Gansu 98. 48 1126.23 1 140.59 116. 89 1 314.59 1 140.59
Region [[
T #F Qinghai 100. 78 103.79 103. 45 110.43 112.23 103. 45
Frim Xinjiang 103.61 1 548. 26 1512.28 110. 43 1532.38 1512.28
Vi Tibet 100. 78 102.71 101.91 110.43 112.54 101.91
By VT Heilongjiang 87.68 5 360. 38 6 058. 50 104. 58 6 171. 33 6 058. 50
[X 18, [T AR Jilin 102. 28 3 742.91 3717.21 107. 49 3895.11 3 717.21
Region [l il 7 Liaoning 101. 97 2 130.18 2 100.63 106. 53 2 207.12 2 100. 63
M523 Inner Mongolia 93.72 2 780. 25 2 780. 25 113.97 3 033.82 2 780. 25
VL5 Jiangsu 98.91 3 434. 04 3 466. 01 105. 21 3 518.97 3 466.01
YLVY Jiangxi 98. 28 2 107. 27 2 138.11 119. 80 2 377.04 2 138.11
[ Shanghai 97.00 96.63 99. 16 107. 90 100. 20 99. 16
2 Anhui 94. 14 3 417.40 3 417. 40 107. 90 3 494. 60 3 417,40
. ) WiVl Zhejiang 107.61 808. 09 752. 20 108. 12 793. 56 752. 20
X 4 IV
) ) M E Hunan 100. 07 2 955.03 2 953. 20 103. 66 3 046. 45 2 953. 20
Region |V
5t Hubei 97.14 2 501. 06 2 554.12 110. 88 2 717,94 2 554,12
& & Fujian 98. 32 637.32 650. 87 107. 90 694. 31 650. 87
J” % Guangdong 98. 32 1 337. 34 1 360. 22 107. 90 1 444.03 1 360. 22
J7 P4 Guangxi 101. 60 1 541.82 1521. 30 100. 61 1 528. 35 1521.30
¥ 7 Hainan 98. 32 174.92 177. 86 107. 90 188. 66 177. 86
puJil Sichuan 100. 04 3 484.90 3 483.50 105. 29 3 656.02 3 483.50
[X g, V H JX Chongqing 99. 37 1 158. 64 1 166. 00 105. 34 1225.23 1 166. 00
Region V B Yunnan 99. 37 1 891.03 1 902. 89 105. 41 2 003.51 1 902. 89
H M Guizhou 97.98 1 168. 25 1192. 38 105. 34 1 254, 46 1 192. 38
At 60 908. 65 61 625.05 63 915. 36 61 625.05

Total
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Table 5 Analysis of factors influencing the variation of crop yield and carbon sequestration by tillage

. AR/ C T 5 A R /4R T R R N
it H 2 4 +3E pH
Average Experimental /%
Item Parameter Soil pH
temperature years Clay content
n 115. 000 215.000 0 33. 000 0 97. 000
R? 0.104 0.000 1 0.024 0 0. 006
s P 0.002 0.957 0 0.697 0 0.910
Yield a 0.007 —2.13E—05 0.000 1 —0.009
b —0.174 0.002 0 0.041 0 0.127
c 1.126 0.068 0 —0.590 0 —0.458
n 115. 000 129. 000 0 19. 000 0 71.000
R? 0.017 0.000 1 0.350 0 0.027
A HLBK
P 0.525 0.985 0 0.032 0 0. 398
Organic
a 0.001 0.000 1 0.000 1 —0.018
carbon
b —0.025 0. 000 6 0.062 0 0.282
¢ 0. 457 0.2110 —0.690 0 —0. 859

TE an BB a IR E LR 22 09 REC0 NI LRI A ML « 19 R B c WL E ih 2 5.
AT FEKE - 38R K R IR A HLRR Y TR ORI AT I AR ZE A e R R A L R pHLUR G
HERZRWAR, ROV B EMECH R ZHETER., TR,

Note: n is the logarithm of data; a, the coefficient of the binomial fitting curve x%; b, the coefficient of the
binomial fitting curve x; ¢, the binomial fitting curve constant. In this study. factors such as average
temperature, precipitation, initial organic carbon, seasonal nitrogen application, experimental years.,
annual evaporation, clay content, soil pH and initial bulk density are included in the study. The above

table only shows the significantly related factors. The same below.

F6 ZTHIMEYFESEBRMMTNNILEERSH
Table 6 Analysis of factors influencing the variation of crop yield and

carbon sequestration by residue retention

. R/ TC I AR R/ 4 - R L .
it H 28 , 1 pH
Average Experimental HH/%
Item Parameter Soil pH
temperature years Clay content
n 115. 000 94. 000 35. 000 57.000
R* 0.039 0. 097 0.151 0. 160
i P 0.216 0.011 0.072 0. 009
Yield a 0. 007 0. 004 0. 004 —0.068
b —0.150 —0.073 —0.248 0. 857
¢ 1.007 0.430 3.517 —2.307
n 115. 000 85. 000 28. 000 47. 000
. R 0.061 0.024 0.241 0.179
ZER IR
P 0.116 0.377 0.032 0.013
Organic
a 0.008 0. 006 0.001 —0.119
carbon
b —0.189 —0.064 —0.051 1.674

c 1. 385 0.461 0.903 —5.367
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10°~25. 5% 10° kg/4F; Lu 2 B 5t 09, & 1 &
FH [ 5 34 #8 7E 157 ~390 kg/(hm® « 42) , 4fE ) 1 1
By 4.12X10° hm® #8 28 2. 04 X107 hm? , [fj f1 4% K iF
5% WG I 4.6 X107 kg /A HEWR IR A5,
1 o - 48 1 e 1) HA 5 A W Y — B0 (A 5T 45 2R
FEFERETE 22 S, E 2/ A bR 15 B0 B il Rl 80 >k
ANFE R .

SRR AR B PR AR 40X 10" kg /AEVERIRGFF
S RFEFF A T4 E 24 3 X 10" kg/AF B fif 1, [ Bk
W BE K., A H R E IR E M R
42.47% 2 AR ) 3 80. 00 %0, AR AL
REAF . HARHE N O0T A FF o8 3R T4 A B
e TR WE A 140,00 %6, i £ B 25 RS FF R 8 H b
FSE 4 B5 6 Sk B AT I8 H AL B, [ AR T 1 6. 56 X
10" kg/4FEM 2 7. 00 X 10" kg/4E, ®iE K 7%, Lu
AR A 2R WL A RS AT E AT R [ R T oA
9. 76X 10" kg/4F, W 3 4 1 e ) VR W R FF 0 A
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W 3 A A ST 0 22 a9 K 40 ke YA [ fe 284k
[ B v 7 R 25 5

BT A B 5 e BE 5 RS AT A HXE R 0 5
ma , e AL SRR TE 5 B Iy TP A A WL 19 4
Ty R B 7, 12 A48 0 & BUB™ i A FF A B AE
BHNREW R 5E 27, R m i 5. 8
PR 6. 16 X 10° t/4EFEZE 6. 09 X 10° t/4F , B AIK
L. 16 %0 FE i e o0 #E ) Ja AR B i 6. 16 X
10° t/4FEH8 28 6. 39X 10° t/4F W E R 3. 72% .

ARSI FE AN BEAE b B 5 75 FF 38 Ak B 43 FF 2R 4T
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FEAS FT I8 H 4 58 MLAK 2 5 40 ) & 3 42 =5 5. 5 00 Al
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e R IR B IE R £ o I A DX T A0 X3 VRIS
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