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Fig.2 Grain yield rasterization process
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Fig.3 Relationship between crop residue coverage (CRC) and
normalized difference tillage index ( NDTI )
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7 5 T AR B DAt B S i AR SR CRC B uE 208, 70 2Kk
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Fig.4 Spatial distribution of CRC in maize planting areas of Jilin Province from 2000 to 2020
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Fig.5 Simulated and measured soil organic carbon
content (SOCC) under different farmland management measures
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Fefash, b 2000 EREIK T 5.13%. HELIERE R T, +
3 SOCC 2L T FFfass, Lt 2000 FFEK T 3.25%. jifi
FALRE S 3% SOCC TR p/N 7 1.88 MH 7 ki, KW
it AL B BE 95 5 022 SOCC B2k . AR H A FE %
it N B FAE AN S E A Mk B T 22K, RRMSE
BIUNT 10%, BAAUA SR BT, IER %€ 5 ) DNDC
FETRULE 35 ARG A4, SOCD AT AT AT 1.

i /& DNDC #5831 7E M ROBE ARSI AR R, iR &
PG HAR MRS A S RAE AT L. 2000—2020
CETE MR K A3 8] A B b X P A6 AN
G PIZ T T B AR . 70 B R0 2R 3 X R A K
AT EEZ, TS B R K AP A B (B 6a) .
DNDC AL 2000—2020 FAEY) 7= 50 A 15 10 [H] B 8¢
THE S MHS A G 3 20045 R — 8, BRIk &
FEHAAAFIEA A FIRT (B 6b).

2000—2020 FAEY) = EAPME S5 SLIMME IR 1 Frs:
— %18 R* N4 0.63~0.74, RRMSE Jy 20.01%~28%, HJ
W, BRI B  TAFAE — R 2, (H LR S
H 1) BB A R R, BACR RIF, Tt
¥ ] DNDC FER BE A HER L TN 77 o ol DX IRl &5
R E I O EY 5= 5 SOCD ¥ B — & i ml §E % .

R 1 20002020 FEM~ERIMES TVWELEHR

Table 1  Effect of fitting the simulated and measured values of
crop yields in 2000—2020

Ay Year  MAE/ (kg'hm™) RRMSE/% R r
2000 221 23.86 0.73 0.856"
2005 2.19 22.02 0.74 0.853"
2010 2.16 28.00 0.63 0.790"
2015 2.18 20.01 0.73 0.854™
2020 2.17 20.33 0.64 0.797"

VE (Note): **, P<0.01.

2.2 Bigfniig RE DRGNS

H 38 B S U JE 1) CRC BB 0350 (8 B F T 12 1F J5 11
DNDC # R, 75 3 3% 4k SOCD W 4EBr A1k (& 7a) -
2000— 2020 4E A [[] X H SOCD 7E 4.46~ 98.09 t/hm?,
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SOCD ¥J 1 M 57.39 t/hm’ 3% & 65.18 t/hm?, 3L 34 Bk 2 S AUR S R oAk R . FEEA IR BN
2.68 t/hm?. 2000—2015 4 SOCD MKk, 12 J5 i BECJET, REHMTT. §72277 SOCD %, vEdbE
KAFZE, 20 a A SOCS M 6.08x10° t 3411 %] 1.22x10° t, WP T LK FE AR, 2B FAEE 5 G M 25 R B AR B
BHNT 6.12x10%, 8 R 5HHhEAY AL, SOCD i fikD, (HEES A B EH SOCD.

MY/(kg-hm2)
& High: 18 712

W-

2010 % Low: 2 057

a. SEPME
a. Measured value

2000

MY/(kg-hm2)
i High: 16 950

2020

2010
b. BEALME 0 200 400 km

% Low: 1 084

b. Simulated value

B 6 2000—2020 &4k £ KE 2 NME 5 AR IME T ) 4 A

Fig.6  Spatial distribution of measured and simulated maize yield values in Jilin Province from 2000 to 2020

N
W$E
SOCD/(t-hm )

4.46~15.53
>15.53~21.66
I >21.66~40.21
B >40.21~67.28
B >67.28~98.09

2010
a. BIRUE

a. County scale

SOCD/(t-hm™?)

I 75 High: 139.2

fik Low: 3.34

b. Mg R
b. Grid scale

B 7 20002020 45 4k E Al RE £ 3A MUK L AT = A
Fig.7 Temporal and spatial distribution of soil organic carbon density (SOCD) at county and grid scales in Jilin Province from 2000 to 2020
Fi 38 BTN CRC /E 9 DNDC SRR A B 2 B INMES . 0~10 A1 0~20 cm +/Z ) SOCD {6
K, 43 B MR ROBE AN [F) 4 38 R JE SOCD I 2 8)) & SRR, >10~20 om BKMERERU/N . AT WL 4858
(%2), 20 a [AIAE £ JZIREZH) SOCDR TG > J2 A HURRS FH ) BR 1S i [ 5 0 W 42

Fz2 2000—2020 EREHIERE T HEENHRZEENEMER

Table 2 Simulation results of soil organic carbon density at different soil depths from 2000 to 2020 (t-hm %)
g
Soil depth/cm 2000 2005 2010 2015 2020
0~10 1.68~68.77 1.80~68.91 1.78~69.20 1.76~68.86 1.77~68.88
>10~20 1.66~69.71 1.75~69.80 1.73~70.00 1.70~69.73 1.71~69.75
0~20 3.34~138.48 3.55~138.71 3.51~139.20 3.46~138.59 3.48~138.63

5 B L, SOCD Mt A% R E 25 ] 43 A 56 A A 4i (& 7b): SOCD £ 3.34~139.2 thm?, 4% |6 5 i 4
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SOCD 5 52 34 s #,  Hodp O BLp B ) K 75 77 b 5
SOCD [ Bk, 14 0.24~0.57 t/hm?, % B IX 46 4 [X
$2F+ CRC J5%F SOCD A B R i B 5. PEALEB A AR
BRI EAE 0.08~0.15 thm®, ¥t B iX L83 X $E T+ CRC J5
X SOCD HysZma# N, k% CRC B3 hn, SOCD &
BRMX AR K. Rl M. el 3490
BRI YRS SOCD B BRI K& ). 51
M, MR M T R AE I H YA M 2L SOCD

SN

GSOCD

0~0.03

>0.03~0.10
>0.10~0.21
>0.21~0.45
>0.45~0.82

2
43
o )
5 CSOCD/(t-hm'2)

1 635x10°t <0
SM3 SM4 ~0-0.10

I >0.10~0.20

CSOCD/(t'hm™)

4 <0.05
= >0.05~0.08
1 >0.08~0.15
0 I >0.15~0.24
20.
SM1 SM2 SM3 SM4 024
b. MbA% RUE
b. Grid scale

T BT SM1~SM4 73 RS 5 T RISV, B a ik RHUE R E WA A R SR I—T A LR &
Note: SM1 to SM4 in the figure represent scenarios I to IV, arrows and numerical values in Fig. a represent the increased organic carbon storage in Jilin Province under
different scenarios.

A8 FRRHFARKXT LB M RE LA MR EE R NT R E T H
Fig.8 Change (CSOCD) and growth rate (GSOCD) of SOCD at the at county and grid scales under different scenario modes (SM)

3 1
3.1 TIEBHNRBEMREE

®3 TREMBZEBERTAELERE SOCD HRIZER
Table 3 Simulation results of SOCD in different soil depths under

different CRC scenarios (thm?) -
FHER T M1 o 3 s LA WL SR ANLEI R 4, KA DUk A 5T
Soil depth/cm = 41 =1 A SN P A e
0~10 1806892 1.88~69.01 1.91~69.05 195~69.10 iR BEA Hﬂm%?ﬁ‘ W R 35 DL 2 55 2 M
>10~20  1.71-69.75 1.71—69.75 1.71~69.75 1.71~69.74 SO, AW T AE B IR BOR AT R AL . KB ) 4 )
0~20 3.51~138.67 3.59~138.76 3.62~138.80 3.66~138.84

CRC &), FEm 70 FCMIm 2tk . 5 S RAE N
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B NS H, RSAZ)E T 20 a 8] 75 H A SOCD i %31
TR RER, ERTHEPHERET T, WHERET
SOCD 7£ 3.34~139.2 thm?, 5 LA4EWF 5% 4 i i) SOCD
£ 25~ 125 thm? ML (% 4), EemfEIEAHY, &K
H k. B8R T SOCD 1 4.46~98.09 thm*, 5 LA
FEWT T T RIE B B4 SOCD 7 42.6~95.1 t/hm? MHLL, #%
A AR, 7T RE 5 N A 70K X A4 9 B 340 52
M— X AL FFHART A0, FERNBERAH, SEOX
XA AR -

R4 EMEDRBINRBEGVERLCD
Table 4 Summary of soil organic carbon density estimation results
in Jilin province

FEy AN S5 3R
Year Soil organic carbon density/(t-hm ) References
2010 39~44 [35]
2011 34.36 [36]
2023 25~125 [37]
2023 42.6~95.1 [38]

A R B, 20a [A] SOCD 5 2% 16 s ek /) 7 384
Ak s . T 2010 T RKEMAERE AP, SR
FaE SOC A KT SOC 73 fif, SOCD £ bEA#E#; 1
2010—2015 4F i T B AL AE A4 A S 24 3 me 4k gl
AkasE SOC 2 hnfil, SOCD /b . DOU 257 5% 15
H A E U IESE 25 a i EHLAIE SOCD ARG hn, JH L&A
FEH) SOC A R K T4 TAL IR H RN FI iR, &R+
1 SOCD F: AR hn, T 2015 48 (4 [E 4k Al 5 45
RIEME] (2015—2030 ) ) BOEE G)E, BT HAE
HRS2iE ), FkH SOCD AP LT, X5 A
73 H /b B AL B EC A RS AP B AT DUBR B SOC 4518 — 5.
WOREFFL H RS T SOC 38 i B B 32 3.

NHERR HAB R R X SOC B fI5m, AR EAR
[f] CRC, #K7%t SOC MK 7. Wt K IbE%E CRC )
Bahn, AR KX SOCD B Kg ok, 5i%
[X e A e A DL R B o, B ERR A AN, T
AR EL T AR SRR I R, B0 T A P
BEA% T RS FFRO > ARIE R, BT L SOCD 2 FH7E 1R, &K
1 L J R 30 0 R 2 A1 14D 5 58 4 1) 7 i A Ak R AT 1) 4 i
TEH, SERBAREEEZEARRE, P SoCD B A, fr
DLIX S 3l [X [ 1 B i B3SO B RS AT ANE LA
Fofh e, B EREFT fRE R

A, 0~10 cm 2 % FE ) SOCD 4 K g fE n] 1A
4.4%, 10~ 20 cm 3 K M B & = LA 0.09%. 2% b,
CRC X} SOCD W3 & Bz m i/, I Hxf LR 2
SOC fEHI W & . ZHENG 217t $2 H S B % 0~ 10 ecm
TRIE SOC S B B 2 I bifi 5 - J2 U 5 1 384 g s 55 [
U, AEFFIE XA H SOC M 52 2218 Bk, {Hh
T 1 F i TR) f 3 IS 1, H R IIE 7T 45 SR B R AR R CRC
X SOCD $& T+ 71/ F B/, R 58 & SR K RS 1 34 H
LT SOC KA X ALFE FFIE A B 2048 5
=X

3.2 RERAEMSH

DNDC #H5%F SOC FIZIEAHXT 5, K755 1E SOC
2 PEPE. PLER R 24k, S EURL 25 B AN i 1
5, DNDC 5 B AR 4 e s AR HEE . e U IR
e RAE R IME T AL A, 774 4 FAS R 1) 13- 2
AIESE. WX 4 FiE SR EE 7 B A R LS it A0 - 3 1
JBR P A B AN SE Y T AT 9T SR ORI S o R
TR T RAEAE, KB EAFE XGRS L5
SRR . IR, BT HME DLSREUAS [R50 0 £ (1 K Bk ]
WA, A SCRBEH AR KIS E R, (BlRE
MRS RS E S, Wy SRR S B
AT ARRAE T AT LA EEAS [F] 3l 55 22 45 52 560 B0 I %
AR GT X HRI 53, Dhadt— D4 e A AU RS B

FLUR, AR SCHE T > 08 U000 3 57 S I 540 o A AR v
(IS HOAT T RUE, LT 2005—2012 £E 2 FhR[F 4 H
BRI T SOCC AL IE B, FHR Bl g 5 5L brW
WA FEAT IS, BN R GF (RRMSE<10%) . #ATM,
B T AR AT FEAS AL (1) B 0] 5 5 K e L 2 R) S BB, AUAE
I V) 00 2 47 TR ) i 5 S IE 27 SR AR R AN s
Rk, ARE I SENE, W44 2000—2020 410
ARG Gk A 5 1 FOK = B S S B AT RS P
IS 4F (0.63<R’<0.74, P<0.01, 20.01%<RRMSE<
28%), 25 RRIIBIADEE AP, K IEJS 1) DNDC 1A
REME N UERR RAE 5 M R SOCD 28] Ak &y . 4
JE FHAE 5 AR AR HEAT 3 50 R FESREL SOCD, i — P IS IE AL
R 48 B HERF I

WEAl, AR A L AR AU A FH (1 498 v i A7 A
DL PR A BR i) — 2 248 SR 5 T HWSD A Bk I 88 /22
2B I I ANy R A 22 o AR R R I 2551 B BT
I3 W I RO K AR e SOCD BERKE . — 2
DNDC i BB > Bk ooy R R 3 5y,
i R R AR, R S AL B, AR IR
1 kmx1 km MRS AR ARAERTT, B8 SEINORS 41 R AL &5
ANKE X P 458 e D T S O T A A T AR R LYY
JFi 53 A o
3.3 TEMZTHEBHRLTIEBHEKIAH

EORFEFT 1 42 2 i b 72 ) B B A Bl CO, I RE T
A 5 RO B PR A AT AT DAAE - 358 3] e 2 o A T R L
[ CO, B, M3 5 = 3RO AR Sz A FE BRI R0
5 CRC [MIHR AR, ABFFEARTT T HE N CRC X A A Hb X
SOC 3T J1. WL KIAEAFH CRC T, SOCD 43
A 7.87x10%, 2.61x10°, 4.61x10° F1 6.35x10° t, HI*Y
CRC A 70% i, SOCD B 1N, Kbk EHifs—E kb
ilff) CRC, W] LAHU/5HEE SOC B AR, ZHU 02
FIIE 9T 45 HY 24 R oK L) CRC 3k 31 50% I RE T 43 il M
M58 SOC. LI 250 1 51 36 BA A 4 o #5508 & % FF 4
35 b R N BRI AE 4.07 Mg/hm?, 4 AT DAZESR: 13
T R UL S P47, ZOU 2504 R Wit Fil 800 kg/hm® #% FT
o $ e b R AR S R R SOC fe A A . Ak SR
CRC % 100% I, AHFFUB4EE R IR Wos SOC 1A 21


http://www.tcsae.org

9 1

KA 5 DNDC AR &5 38 EOAR I ORI PERHE T LI HLERAR I 115

UL O, IX AN 2 AR AN L 358 e 5 A R 7
gt — S 7. i &M CRC & 1# SOC RAH K
FFBEDY, P oI ) CRC 2 ) - S A s
BAR T RS FTFES R0

gZi b, fEEME R RESHIX, CRC 7E 70%~86%
RERE, MHE T AR R, WA 7MY S
fEAE R, NI R FE S K BRIC % 35« 11 CRC X SOCD
PETEAS L 35 1) M X 2 S G A B R o kR BRI
3T B R RIS FT 78 5 1 1 X DN = AR PP 7 5 AR P R AR
HHLIX . Sz, 2 LR A B i I O iR v T
B SOC, Aok MR HAES KRG EA BRHIE
Wi 77, BRI PEBHER AR e 5 R Mk B, 7R
B GERE AR EZA R R EE S Y
Hbu P SE BRI B o

4 2 i

AHIF 7T N P 18 8 S RS & DNDC A2, MBS A
B 2 AN REER T 2000—2020 EARFPEREE T A £
K Hb 4= 2R % JE (soil organic carbon density,SOCD) ] Fif
AT AR S I 7). SRR

1) 2000— 2020 4 % Ak 2 K OK FpofE i AR B K T
2.06x10° hm®. F AT 7 o5 IR £ K, 2000 45 75 AT 7 55
FEH 2.8%~30%, 2020 5 F5FF 7 5 AE 13%~79.2%,
MG B3 B3 %% X 3k CRC Y45 AT

2) 2000— 2020 4 A [[] X B ) SOCD A 4.46~
98.09 t/hm®, M #% K & T SOCD N 3.34~ 139.2 t/hm?,
20 a [ K: 6.12x10%t, SOCD £¥ H#m, PHlbm=
6] 73 A A% IR o

3) AFEFEFIEHE ST, FFEZEN 0~10 cm
FZM SOCD $#&TFIA . . AR T e S bt X LA 8K
ff) SOCD K3 11, & 0.24~0.57 t/hm?, 111 8 Ay B A1 K
L ik s SOCD KA R 2% .
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Soil organic carbon simulation under conservation tillage using DNDC
model coupled with remote sensing technology

LIU Hongjun®? , XU Zhaohui'? , ZHOU Yongxin'? , SUN Junling? , WAN Wei* , LIU Zhong**

(1. College of Land Science and Technology, China Agricultural University, Beijing 100193, China; 2. Key Laboratory of Arable Land
Conservation in North China, Ministry of Agriculture and Rural Affairs, Beijing 100193, China; 3. Key Laboratory of Poyang Lake
Environment and Resources Utilization, Ministry of Education, School of Resources & Environment,

Nanchang University, Nanchang 330031, China)

Abstract: Farming practices can contribute to the soil organic carbon storage in the carbon budget of farmland ecosystems.
This study aims to determine the dynamic response pattern of conservation tillage to the soil organic carbon. The density of soil
organic carbon under conservation tillage was collected from the cornfield in Jilin Province, China from 2000 to 2020 at the
county and grid scales. The "golden corn belt" in Jilin Province was taken as the study area, and the spring corn was selected as
the research object. Remote sensing inversion was used to couple the Denitrification-Decomposition (DNDC) model. Firstly,
the crop residue coverage was inverted using remote sensing. The input parameter of the model was selected to optimize the
residue management module in the DNDC model. Secondly, the local soil properties were combined with the meteorology and
farmland measure data. Regional simulation was implemented using two division units, in order to accurately depict the
spatiotemporal dynamic evolution of soil organic carbon density under conservation tillage. In addition, the potential of
conservation tillage was further explored to increase the soil carbon pools. The simulation was finally performed on the growth
potential of soil organic carbon density under different straw return scenarios, according to the parameters of crop residue
coverage in the DNDC model. The results show: 1) The DNDC model was feasible in this case. The R* value reached 90% for
the soil organic carbon under different farmland measures, and the relativer root mean square error values were all within 10%.
The relatively better performance was used to simulate the local soil organic carbon density and long-term forecasts. 2) Soil
organic carbon storage in cornfields increased significantly over the past 20 years, from 6.08x10% to 1.22x10° t. The reason was
closely related to the expansion of the cultivated land area. The soil organic carbon density varied between 4.46 and 98.09
t/hm2 at the county scale, while there was a variation between 3.34 and 139.2 t/hm” at the grid scale. The overall density of soil
organic carbon showed a spatial distribution pattern of high in the central region and low in the northern region. 3)
Conservation tillage posed a more significant impact on the organic carbon accumulation in the surface soil. The highest
growth rate of soil organic carbon density in the 0-10 cm soil layer was 4.4%, while only 0.09% was found in the 10-20 c¢m soil
layer. 4) The huge growth potential of soil organic carbon was observed in the southwestern and central regions in the growth
range from 0.24 to 0.57 t/hm’, particularly with the increase of crop residue coverage. 5) The fineness of the unit division
dominated the simulation. There were slightly different values of the simulation under different units. But there was no spatial
distribution of the research subjects. Compared with the spatial distribution after simulation at the county level, the grid scale
was indicated in much more detail. In summary, the conservation tillage significantly increased the soil organic carbon in
cornfields. The farmland ecosystem shared great potential for carbon sequestration in the future. However, there are local
differences in the response of soil organic carbon to the conservation tillage. Therefore, the finding can provide an important
reference for the decision-making on conservation tillage tunable for local conditions and carbon budget in farmland
ecosystems.

Keywords: straw; remote sensing; carbon; DNDC model; scenario simulation; organic carbon density; Jilin Province
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