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Impacts of conservation tillage on greenhouse gas emissions from cropland in China: A review

ZHANG Guo'?, WANG Xiao—ke™

(1.Institute of Karst Research, Guizhou Normal University, Guiyang 550001 China; 2.State Engineering Technology Institute for Karst De-
sertfication Control, Guiyang 550001, China; 3.State Key Laboratory of Urban and Regional Ecology, Research Center for Eco—Environmen-
tal Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract : Crop production is one important source of greenhouse gas (GHG) in the world. Conservation tillage (CT), as effective practices
to prevent soil erosion and dust storm, recently has been paid attention because of its contribution to soil GHG emission and carbon seques-
tration (SCS). We reviewed some newly published paper reporting the impacts of CT on emissions of CO,, CHi, N0, SCS and their global
warming potential (GWP) in China. The results showed: straw retention increased CO, emission but the application of biochar made from
straw did not. No—till generally decreased soil respiration. CHs emission was increased by 10%~400% when straw returned in rice paddies,
and become more when both the amount of straw returned increased and the period of straw retention lasted. Straw retention and no—till had
complex effects on N,O emission depending on the amounts and C/N ratio of straw returned, retention types, climate and soil properties.
Straw retention increased SCS, while no—till altered the vertical distribution of soil organic carbon and concentrated more carbon in the up-
per layer of soil. CT decreased net GHG emission and even converted some arable fields from carbon pool to sink if SCS was taken into ac-
count in GWP calculation. So the extension of CT is important for mitigation GHG emission from cropland.

Keywords: carbon dioxide emission; soil carbon sequestration; methane emission; straw retention; no—till; global warming potential; nitrous

oxide emission
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Figure 1 Impacts of conservation lillage on soil greenhouse gas emission and carbon sequestration (SCS)
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Table 1 Impacts of conservation tillage (CT) on soil greenhouse gas emission

| i X Az 7;,% 1or
WE%JE iﬂj‘,:. PR )Jﬁ COx/kg CO>+hm™-a™ CHu/kg CHy-hm™-a™ N,O/kg N;O-hm™-a™ ~ %‘j{ﬁ}\
Cropping systems Location CT practices References
IKFE AL X TP H-CK 156~170 0.055~0.083 [30]
FEAFIA H-SR 308~374 0.104~0.122
ES N ARt IX FEFFIA H -CK 9876~13 754 -1.360~0.264 1.419~5.750 [18,31-32]
Fi#Fif H-SR 11051~14 719 -0.810~0.172 2.503~5.510
INFE oK Aedb TEdEHLX. FEFFIS H-CK 1137~33 419 -1.525~0.330 1.069~6.000 [19,21,29,
FFiL H-SR 1069~36 201 -0.895~-0.013 0.100~5.200 33-43]
HHF-CK 1137~11 230 -1.10~0.33 0.32~6.00
GHF-NT 615~6900 -0.9~-0.2 0.05~6.00
fi-HE-CK 27 250 -2.04~-1.10 3.6~6.0
frHE-CT 26978 -3.36~-0.60 3.24~8.90
IKFd=/NAZ AERTHLIX FiFFiE H-CK 5487~12 869 55~662 2.01~3.94 [9,43-53]
FE#F & H-SR 6147~16 070 149~1200 1.41~7.18
HaBF-CK 215~415 3.74~6.19
HHE-NT 215~394 3.00~8.82
fAk-CK 109~415 3.74~6.19
HE-CT 314~522 3.25~5.40
IKFE-IZE FERIHLIX Fi#F it FH-CK 9658 432 [23,54-56]
FEAFA H-SR 14 063 314
HHF-CK 7857~14 049 312~627 0.85~457.00
GHF-NT 8239~8600 278~564 0.94~463.00
FLFF — M e AEFHB X FEFFE FH-CK 202~401 0.568~2.800 [8,57-63]
FEHF A H-SR 247~461 0.523~2.350
Gabk-CK 188.71~755.00 -0.03~1.14
G bF-NT 170~693 0.181~1.600
fHBE-CK 201~401 1.14~2.80
fEHE-CT 368~407 1.84~2.75
TR 28 TR HiILX Habk-CK 234 6.29 [64]
G #F-NT 404 7.57

T A SRR A — U LA 4 b e 22, DA R B (. T 1)

Note : Some values without a range due to only one study and no standard deviation. The same below.

PRBE AR X CHL i 52 i BF 5% 3 22 46 vh - DR 48U FR
BRARGH o FEFFIE o] DU HE CHL P HERC, 4 s R B
M 10%~400%" " (F% 1) o B 3 FH 35 it sk i
AEPRMTIE K, CHL A HE R S 23 . CHL HEl in

Je UM RS 7= BB 4R I 1 2 IRy, [l o3 fife ot
FRIFAR R 38 1 PRAECFAEE, 3 1 F e AL T 1Y
PR AW 5Tk BURS AT b H AR T CHL HE
TR, Skl BE R PR Dy ads PSR 4 T R R = i
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TP o =4 CO™ . SREFFIE AR EL , il RS FF
RGP e XoF CHLHEGE A /0N , AT g2 i Tk U
FREFE AW AN 2 9 W e IR A AL . R 43
F 5% 2 BH /D G BEREAR T CHL HERC™", J2& KR e B BHL
1E T 88 CHL ™8, 34 5 FF o S0 A0 B T 1, 3 3K CHL
HEBIR A, Zhao FF AT Meta 43 B2 B, 5 BHAHAH
Lo, Sk 1 RS H CHLHEROE > T 30% . A7 i
FER R BEEUE T CH, = AR I R AT RE 2 S b
AT LA B G b A R Bl S PR B 1 7 A B 21 CHL®,

1.3 N,O HE#

445 NLO HEjil = ZORIE T Y2 5 0 - e
AN RS AL 3 RO, ] P 2 3 B RS AT X
NoO HEL 52 e R LTI SR e = — B it . R b
L T0 T U P R ORPIOR SRR b sk i & N -
F K Tl S g W] 2 AR RS AR H — e i T
NoO FHEAIC, i R 2 C/N AR A R F 348 A2 2E 2k 1 1)
fiifb SR ARAE T, A — et 5 e BURS T4 H
1T N0 HEH, 7] AP 19%~499%21 (1), 5t A &
FEAF C/N B B F A Y AR b Tl fe S
SCRARAE F B 35, 0k /0 T NLO HELT™ . Shan 2574
FH Meta 43 8 T 4% FF 38 FH X NLO HEBC AR, 45 T
FEAF I AN 2s 525 52 00 NLO HERR RO 4536 . A W) Ao
FF i B A 7 38 RS FF C/N #2060 NLO HEjik ™
A AN TR 5 T 2

o BERTF NoO HE R 1) 52 i [)4 ¢ B H i gt 7-791
SRR 1), 3 52N e o 22
SA Ko ETIRIVREAMS , B s <42
) 398 NLO HESC, X6 38 S ) - 35 i A Y 45
T IS HA—F, Zhao 25N 1 X F [ 39 S
FEIEA T Meta 43 #T , 2 BH AR HH AP A 45 4 S bt Sl 2534 o
T 82% W N,OHEA . i FHREFFi4 H At NLO HEfik
SO AL 2 SO [R5 BRORABERT NLO HERCURA {1
HEVE RS R R4, PR AT 2 — 25

2 RIPEFHEIT SCSHIF MY

IPCC AN 89% B9 4%k GHG Jak HEW: 1 78 T3 5
SCS /KL, Jiang SFPE L 77 A ZE FOK PR FE v,
SR SOC LA 0.02 t C-hm™-a™ 33 5 /0 |, 1 L) 4000,
8000 kg T # - hm™ it H 4b B9 SOC 5 & 43 71 LA
0.48.1.03 t C-hm™-a™ ' HEIENN (K 2) . IEHIBFR R
B, RS AT I8 Y SCS 4R T 509%~22409% ), Xu &1
AT T A S U 3 A O 3 2010 A SCRR B
R IIT 30 4F ok 3 E A H 2 4 SOCHS i T 0.07+0.31

Pg C (& 553 2 4 0.013£0.003 Pg C-a™), 5 JF [H 2
R FF A H A5 il . Zhao ) F Meta 4347 1 2013 4F
T 76 F SCHK L & BUAS AT 18 HAH EL R 38 FH BE 38 Jn
12% 1) SOC % i, Qs 4 [ i — 2 HfE , SOC ¥ AR 4F
HEI10.052 Pg Co FEATIA HI3E N SOC & 2 R A A
1) B2 AT WL BT 4 A 0 93t e A T2 8 T ME i 1Y
SOCI A7, Al B 1E T A R AAXT SOC i P-4 /E A

— S G B 5 3R WL RE 3 0 SOC & | (3R
2)  H B AR G20 e #0184
Baker S50 12 A 53 4 FH R 30 em 35 & Bl G #E A
LB SOC, R £ S0C B4 T+ X Z . Luo
SR FH Meta J73: 9381 T 69 X BURE IR T 40 em 1
HEEIHE LI, 25 R R H SOC AL B 3 2 5,
M TBHB R S E B T R REIG N SOC % =4k, Hofth
Tk 1 B HOR 0 T SOC /3 Aii o 1 AR B4l F A RE
BT SOC & 2, {H A8 bk o X A 3R A 19 B IR i 47 b
SOC, [Al i /b TR RHE FE T ™= A2 1 GHG HER.,
U, S5 52 08, S B TE 5 VR A P e T P8 S5 it ) 1Y
0 BEAE & 7 [T i Ul HEAE F

3 RIPMEBHMEIN TECWPRIZ N

AR R SCS B OL T, A5 AT 18 H A0 T L 4
GWP — i L X 8 5 9%~45% (£ 2) , JE [ 2 gk T
CH. I HER" 7, — LB 50K SCSUIA GWP AR, &
PR - e S BURRIIR L (6 2) , UM Jiang ZE 2 53 R BH—4F
—Z FKARIB H -3 GWP 4 492 kg CO.—eq-hm2-a™!,
TASATIE H GWP h-3040 kg CO—eq-hm™+a™', 2545
SEE L R A FH S HERITIAS FHH Ak B ) 1 338 GWP k1
18,5398 -526.~1294 kg COr—eq-hm™, A HIBFFEHE—
IR T VR RRAE I, {2 Piao S5 WA Ry B 2= EY)
HR SR I L Y I TR COL BRI A=
IR IE AN Z X R A AR SR BTk
4 IFig

T E AR HEXT - HE GHG HEBUR SCS 521 A ifF 52 47
FEAN— S A B JE A 255, it R CRop R] B i 2
T e b2 A Y AR T X e R 2 R
] 2 S 0 R B A PN - S o S 35 T O [ AR B 9 45
R,

PRAEXTFE H CHL A NLO W HERCA & 5 2% A5 .
i Meta 53472 B & [ 75 HH R FH S bk S 25 FRAK T 30%
() CHLHERC, SR ED3E T NLO R ; 5 BB AN i
FHAR EL , Skt SRS A8 HH R 340 T 82% 4 NLO HE
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Table 2 Impacts of conservation tillage (CT) on soil carbon sequestration(SCS) and global warming potential (GWP) in China

URIEIRCX RSy F3965 45

FofAe il JiE PRBFHE RS A BRI S R
Cropping systems CT practices SCS/t C+hm™+a™ GWP/kg CO—eq-hm™+a” References
K FE T FFAA HI-CK 3927~4273 [30]
TP HI-SR 7733~9399
ES T FFIA B -CK -0.08~0.12 492~1679 [18,31-32]
FEFFIR H-SR 0.93~0.13 -3040~1712
T#F-CK -0.174 [85]
- 1.493~1.955
INAE =K FEFFA H-CK -216.54~247.90 -526~2292 [19,21,29,33-43]
FEFFE HI-SR 96.05~454.97 -1294~3211
Huk-CK 107~2292
GaHE-NT 12~2780
PA#E-CK 1146~2292
f#F-cT 881~2631
IKAE-/INAE F&#F & H-CK 0.011~0.224 710~16 335 [9,43-53]
TS H-SR 0.195~1.368 862~25 359
faBE—CK 7222~11 490
HHF-NT 7990~10 741
F#E-CK 4191~11 490
k- 9471~13 919
TKAF -2 ff-CK 1.122 8044~17 035 [54-57,73]
GaBF-NT 2331 7225~15 476
FLAE - WA FE A H-CK 5884~10 365 [8,57-63]
FEFFIL H-SR 6875~12 797
L #k—CK 4770~18 866
Y HE-NT 4727~17 408
F#E-CK 237 5884~10 365
PE#E-CT 2.17 9861~10 723
AR - -5 =0 HF-CK 0.53 5095 [64]
GaBF-NT 1.31 6735

T, AT Meta 43 Hr 2% B F& [R5 AT 38 FH G T 24%
F €O, 12% A NLO FlT 27% B9 CHAHERL™ s SR A ZE
R — BB 5 A N HH RS FF 348 FH 25 (8 33 i CHLHEK
HXF NLO (52 A —2, RIZK S48 76 F B> NLO HE
T, AE X Z A FH U] 6 B NLO HERCHE i . Liu 25875
R AT F 82 NoO HE G S5t R el 17 T A R
FIE T RAEAAE R : CORSF R 80T IREIREE 5
(2) B A FH S /N (S30) RS AP pE H3E R T R
o I, BB GHG HE R 1) 5% i 52 31 4% Fi R 5% R
FHIBR I

A B SCS & + 8k KA CO, LL SOC T Kk f 11t
788 U /DR A 5T AR T A AR B XT GHG e HE A
Z 8T SCS™ P & Sy —AMEY 2R A SOC 22 Ak ik LA
W7 F = NN AT LU Z I AT, Peters™ 1 Zhang
RN AE A= 7 TR GHG HEON 1%7% & SCS I &, #7

AN TR 23 B AR T R AT A A DL, Meta 43 Bt
T, 5O AR B, 3R E A5 A8 H T 0~20 em SOC
PL0.35t C-hm™-a 3% /11, 3f H SCS ] £ 4L 28~62
ROV SRS T L HE GWP I, 8 1% R [ R AE
A XA REIANR B ORBF A it A AT RE A A DA Bk I
S AR AR . XA AP R WO A )
W F-HE COL BRI, BRI I AR W it AR Ak — AN 23 %5 SCS 7™
AESEIR T RS RS ML I A3 R i A SOC J2
— A AR DRI 2 R ADoK A [ e ) RUEE b iy
SCS 5 GHG HEilt 4l & LIER T 138 GWP,,

PABE T 19 SCS J& F L3RG I 1 — 3 4. A
SCS e i o F B il S i = SOC I A8 Ak, 235 5% e e
T MR ARG A 25 (E . SRR S R —
FhBs S 1, RO 28 9 GWP, 3B #5438 0 I
SCS faj Lk , X A AT s 2377 A= CO HE iy 5 42 1
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SREOS LR X SCS 52 i iy 4 JH P T B K e o
AV 003 T 4 T AN DO 2%, AT 4 TET | 2R 495 b B A R B
X £ 39€ SCS A GHG HEAL 1 52 ma HLEE

PRABBAR R A HEFERT 25 & A e A A5 &
PR [ SR USCHEE FHS, 2011 4E 3% [ 30 A 7= B &UIR
P E F R, 200 10% 59 NLO HERTFY, Meta
Sy BT A 5 4 L M KR EL L A HE ) BRRE SRk L T 52%
{9 CH.HER N T 242% 19 N.O HEC, +3E GWP Il
FEAR T 479, DRBFHE) 25456 it A A e i -6
HEMENE A HLICHLUIE MR (58 FH S5 437 4 it , AT AR
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