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Y= e i 45 A R RMSE 28 8.28%~11.19%, 1a WA T B SE A Sz i< WA [l it A T A VE 37 1 0 - A Bk
BYARAE . RIS T RIS R0 . CK A1 NPK AbFH +330A MLBRTE R 40 4E B0 51 F % 16.67% A1 11.21%,
1M 3 AR HLAR AL AL FEAE R R 40 A2 FEH K SH, NPKMI, 1.5 (NPK) M1 A1 NPKM2 AbHEf) 4 577 AL
W3 IBE AN 13.65% ., 15.74% Fl 15.84%, L) 1.5 (NPK)MI1 3435 F 2 % . NPKS Ab B A HLERAH X9 1R BE A
A, M E M 160 kg/hm® #EE 320 kg/hm® I, H3EEHUBREIEIN 1.00 g/kg, FEY =88 INE M 44.48
kg/hm® FFEE 15.95 kg/hm®s [ 4538 ] A SEIECE A9 20 fil DNDC BRSO, SRS A8 HH AT HLAR
et CALIC A RRFLE I I SOC i, IFRESAS M MTEY i . e %A= 160~320 kg/hm® KFF, fEYr~

R LA LR S RS T e, LR AT LR S F X b R i R R S Y T e TR
XHEiE: DNDC KA KRIIGAL ; LA HLaK; AR A=)

Using DNDC model to simulate black soil organic carbon dynamics
as well as its coordinate relationship with crop yield
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Abstract: [ Objectives ] The effects of long-term fertilization on black soil organic carbon content and crop

yield were researched and stimulated using the DNDC model in Northeast China, which will provide a scientific

basis for the sustainable use of the arable land resources and scientific managements in the region. [ Methods ]

Data were collected from the long-term experiments carried out in National Fertility Monitoring Net in

Gongzhuling City, Jilin Province. Six of the fertilization treatments were chosen to analyze the changes in soil
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organic carbon (SOC) and crop yield, including: no fertilizer (CK), only chemical fertilizer application (NPK),
combining chemical and low levels of organic manure (NPKM1), 1.5 times of the amount of inorganic and
organic fertilizer of NPKM1 (1.5(NPK)M1), combining chemical and high amount of organic manure (NPKM2),
inorganic fertilizer plus straw (NPKS), and the DNDC model was validated using these data. The model was used
to imitate the variation of SOC in the coming 40 years under the six fertilization treatments. [ Results ] The root
mean square error (RMSE) of SOC in treatment was in range of 14.98%—-37.91%, those of crop yields were in
range of 8.28%—11.19%, which suggested that the simulated values were consistent with the observed values,
so the DNDC model was reliable for the simulation purpose in the studied area. The simulated results indicated
that the SOC in CK and NPK treatments would drop by 16.67% and 11.21% respectively, and those in NPKMI,
NPKM?2 and 1.5(NPK)M1 treatments would be steadily increasing in the next 40 years, with the most
significant growth in treatment of 1.5 (NPK)M1. The SOC contents in NPKM1, 1.5 (NPK)M1 and NPKM2 will
be increased by 13.65%, 15.74%, 15.84% from 2010 to 2050 respectively. The measured SOC content in NPKS
treatment had slightly increased since the beginning of the experiment. When the nitrogen application was
increased from 160 kg/hm” to 320 kg/hm’, the SOC would simultaneously increase in magnitude of 1.00 g/kg,
and the crop yields increase would drop from 44.48 kg/hm® to 15.95 kg/hm”. [ Conclusions ] Analyzation of data
from the measured and DNDC model simulated, combined application of straw, manure and inorganic fertilizer
will be effective in increasing the content of soil organic carbon continuously, and leading to steadily increase of
crop yields at the same time. When the nitrogen application rate is between 160 kg/hm*-320 kg/hm®, the crop

yields will keep increasing with the increasing of soil organic carbon content, and the hoist scope of SOC in

increasing crop yield would fall with the increase of nitrogen application rate.

Key words: DNDC model; long-term fertilization; soil organic carbon; farmland productivity
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4~5 AFHRIE N 7~16C, 6~8 AR
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&A% -35°C, ARARBEAE 2600~3000°C, 4F K
450~650 mm, 4F7E%H 1200~1600 mm, JCFH Y]
120~140d, H—F—ZFmFHRLIIX

G 1990 4EFF4G, #4611 (0—20 cm) (Y7L
EPER: 255 1.19 g/em® . HHLEK 13.2 g/kg. 24
1.4 g/kg. AW 11.79 mg/kg . HERLH 158.33
mg/kg. pH A 7.6, HIAFEKE 35.8% . fLBE
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Table 1 Fertilizer application amount in each treatment

st N PO, K.,O  JE/E Manure F5FF Straw
Treatment (kg/h mz) (t/h mz)
CK 0 0 0 0 0
NPK 165 82.5 82.5 0 0
NPKMI1 50 82.5 82.5 23 0
1.5 NPK)M1 75 123.75 123.75 34.5 0
NPKM2 165 82.5 82.5 30 0
NPKS 112.125 825 82.5 0 7.5

0—20 cm + 2 EFIHRS), &ifik/s ARKT, B
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rh A 0 6 I R 1 R 3 Uk g 45 A T 1
B THEABUTTAIIE R T SR BR A S IRy,
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12 W) E SR 50 R 2%

72 DNDC REUMASH
Table 2 Input parameters of DNDC

T H Project

41 NS5 Input parameters

Mo B R S FR . BEE . AL ] RUBE

Geographical location Simulated place, simulated latitude, simulated timescale

gt B H B 72 A RARAR . 2 Rk

Weather Daily highest temperature, daily lowest temperature, daily rainfall

etz 4 A, Fuh, MERKE, FEA . SR, LB, RoRiE it pH (LA LIER)ZH0G SOC &k, 14
Soil MRS RS S A & B

Soil bulk density, soil texture, field capacity, wilting point, hydraulic conductivity, porosity, clay content, pH

and SOC content of topsoil, initial soil ammonium nitrogen and nitrate nitrogen content

ickid TEPIRINE | EREEEESA

Vegetation Crop species, type of multiple cropping or rotation

(=g TSR B, BAEfEYa, BHEREL, MR RIRE, TRFSE R & (EHELPUE . AHUE), etk
Management FH B (AEIEREFGEAL), FEFFA H H ) R A LA

Date of sowing and harvesting, the best yield, the times, date and depth of tillage, kinds and amount of fertilizer

(include chemical fertilizer and organic fertilizer), date and time of fertilizer application (include basal fertilizer and

topdressing), proportion of crop straw return, C/N of crop straw and so on
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T R 25 S 10 50 00E 3 2R - 40 25 . MO R EOE .
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BUE- )45 %7 1% 2% MAE (mean absolute error), X}
Y5 #1172 RMSE (root mean square error) I E &
# R? (coefficient of determination), 1AL .
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1
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2 R8T

2.1 KHEAFEMAEER TEERTEMNTKL

3 3k P () S S ) W, %o 23 AFR Y 5 ANt
JE AL EEAT 1 A% BEAL B % 75 K = i AR AR HEA T A B
(B 1), CKALH™Rfit, P35 i JA 3525 kg/hny,
it FHACAE S = 3, NPK ARBE-3577 5 8978 kg/hn’,
X HE A = 154.70% , FAEARFHOR N 33.05 kg/kg.o
NPK. NPKM1., NPKM2 #i 1.5 (NPK) M1 L&
NPKS 4b 311 7 K ™ 1t 4F B [|] 8 s B KB R
NPKMI1, 1.5 (NPK)MI., NPKM2 Fil NPKS 157~
& 9088, 9699, 9833 Fil 9021 kg/hm?, 434l
NPK 4bFH 1.22%. 8.02%. 9.52% Fil 0.48% (3% 3).
22 KHITREMAEHER T TIEBVENT L

XTI 1990~2012 44 5 A LA BRI 1 4
XfIRALBERY SOC 2 Akt AT /04 (K 2), & ALFE SOC
i NPKMI1 ., 1.5 (NPK) M1 Fil NPKM2 =/AHHLAE
AEBZEEITHE , CK. NPK., NPKS 4bFf SOC & #2748
FAEXPERR . 285 23 AFEAHFRP, CK. NPK. NPKMI,
1.5 (NPK) M1, NPKM2 #l NPKS [ SOC &5l
105, 114, 214, 239, 21.5 #1129 gkg, 1.5(NPK)MI
AbFE SOC 5 HH T CK ALBE 127.62%, FHI{ELL CK
AbFRERAR, UM 12.48 g/kg, I H 2808 FRE#H,
2012 4F SOC £ AN 1990 4EREMK 18.85%, NPK Ab
PR 13.2 g/kg, R TiEPI4G SOC fH.
NPKM1. 1.5 (NPK) M1 il NPKM2 =>4 B 73
fEA3 0 17.23 0 19.61 #1 18.02 g/kg, HKikF#Iih
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13000 4 CK -o- NPKMI -~ NPKM2 - NPK % 1.5(NPK)MI -O NPKS

P Yield (kg/hm?)

0 1 1 1 1 1 1 1
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

FA} Year

Bl 1 1990~2012 FAREIREER T EER“ENETL
Fig. 1 Changes of maize yields under different fertilizer treatments from 1990 to 2012

# 3 T EBEEAERELIES EKEY~E (kg/hm?)

Table 3 Average maize yield in different periods under different fertilization treatments

A3 Treatment 1990~1994 1995~1999 2000~2004 2005~2009 2010~2012 1990~2012
CK 3957+872b 3770 +244 b 2413 +815b 3218+ 695b 4754 + 1584 b 3524+1072b
NPK 8422 +1575a 9120+ 1783 a 7894 £ 1587 a 9249+ 1779 a 11023+ 724 a 8978 £ 1743 a
NPKM1 7587+ 1835 a 8891 +1719a 8696 + 1738 a 9954 £ 1475 a 11125+491 a 9088 + 1846 a
1.5 (NPK) M1 8554 +£2292 a 9936 + 1501 a 9018 + 1457 a 10293 £ 1938 a 11357+297 a 9699 + 1820 a
NPKM?2 9362 + 1896 a 9456 + 1338 a 8828 £2075 a 10756 = 1741 a 11383 +£404 a 9833 +1778 a
NPKS 7789 + 1455 a 9089 + 1077 a 8674+ 1549 a 9337878 a 11012+ 924 a 9021 + 1479 a

i (Note ) : [FIFVEEG A FHE R R AL BEE] 22 5535 5% W35 7K Values followed by different letters in a column mean significantly
different at the 5% level.

28

—-- CK -0- NPKM! -e- NPKM2 - NPK —>* L.5(NPK)MI -TF NPKS

HHLBE SOC (wkg)

243

+ 13

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
E4) Year

2 1990~2012 EAREFEER T HIEENIRS =T

Fig.2 Changes of soil organic carbon contents under different fertilizer treatments from 1990 to 2012
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SOC &4 T+ 26.53% . 36.12% Fil 28.13%, 1k
HE Bt 5 AT AL FE (NPKS) XM N 13.40 g/kg, T
THIE SOC & (£ 4).
2.3 KHITEIHEAE & EARKZEH DNDC A
IS [7) jfe HE Ak B o K 18 7= e A 4L {1 A 52
DA LBz (B 3), BEARLERIESS R ILER 5. Bk CK
Ab, HAALEE 35 )7 iR 22 RMSE (%) LA KCOF-H4s
XHRZE MAE (%) 27 20% LAY, HAS A0 P AR
55 S0 A =2 18] A RH DG 1 3K B0 A e 2 K, 1]
DNDC #E 8 Al DIARGF S E Y - 5, REAS S e
HAVED - 1 SE BRI s
2.4 KHAREREAE T HE B IR DNDC #REIE6HIE
KIWIAFACH N SOC & H B lE 5 S

FAc B 4FT7R AR ) S0 RS 5
KA FEAE XS RMSE (%) . MAE (%) Hl R* {8 (%
6), 5 Kb FRASLALLAE A1 92 U AE (9 A0 X RMSE 4B/
15%, A0 MAE #B87E 10% LAY, I HA5ite ik
PRATAE 5 SCIE A A DGR S48 3 T WK, Ut
W] DNDC #5251 g S5 AR - M B HDUAN [m] it AL 4 33 it T
A LR A R
2.5 KEITEHERERET SOC HRRSIFERIR
A

40 AFRY IR, (18] 5) W, CK 5 NPK 4b B
T, 0—20 cm SOC # i Bk PR, H CK
ALPRER IR B 3, E 2050 4 SOC &4 10.2 g/kg,
FLI TR (1990 4F) FFET 22.55%, “FRIREAEREAR

* 4 TERERAERERRE T LR TFHEINKRSE (g/ke)

Table 4 Average soil organic carbon content in different periods under different fertilizer treatments

Ab3E Treatment 1990~1994 1995~1999 2000~2004 2005~-2009 2010~2012 1990~2012
CK 12.5+0.2d 13.1+£0.6¢ 127+1.4b 126+1.4c¢ 109+0.5d 125+1.1c¢
NPK 129+0.7d 13.4+0.1¢ 143+£2.0b 127+15¢ 124+1.5cd 132+14c¢
NPKM1 13.9+0.8 be 155+0.8b 184+22a 19.1+1.6b 20.6+1.0b 172+£2.7b
1.5 (NPK) M1 154+12a 180+3.0a 194+21a 23.0+23a 23.8+0.6a 19.6+3.6a
NPKM2 13.2+0.3 ab 13.6+0.4b 134+13a 13.6+0.8b 13.0+0.5b 134+0.7b
NPKS 14.8+0.7 cd 159+0.6¢ 187+22b 20.6+23¢ 21.6+£0.4c 18.0+£3.0c

# (Note) : FRIFVEUEIE A FFH R R 22 5755 5% W% /KT Values followed by different letters in a column mean significant

difference at the 5% level.
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Fig. 3 Comparison between the observed and simulate value of maize yield under different fertilizer treatments
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Table 5 Model performance on maize yield under different fertilizer treatments

AbFE Treatment n MAE (%) RMSE (%) R r
CK 23 18.92 24.90 0.66 0.81"
NPK 23 15.12 17.99 0.54 0.74"
NPKMI 23 12.53 16.91 0.48 0.69"
1.5 (NPK) M1 23 16.41 19.49 0.40 0.63"
NPKM2 23 10.48 13.89 0.61 0.78"
NPKS 23 11.18 14.98 0.38 0.62"

7E (Note) : MAE—F#4u %R % Mean absolute error; RMSE—A{XT) 7R i% 2% Root mean square error. A R BRI, n=23,
Foos = 0415 1y = 0.52. **43 53R B E PR 0.05 7KF- Mean significant at 0.05 level, respectively.
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Fig. 4 Comparison between the observed and simulate value of soil organic carbon under different fertilizer treatments

0.37%. NPK FEIREAR, Hi 35 AN PR TR T
4%, J& 25 4EREHIE R, SOC &M 12.5 g/kg FFE
% 11.6 g/kg, FFET 7.76%., NPKS ALFRH) SOC &
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Table 6 Model performance on soil organic carbon under
different fertilizer treatments

Wil . MAE RMSE , )
Treatment (%) (%)

CK 23 6.58 8.52 0.21 0.46'
NPK 23 727 10.05 0.21 0.46"
NPKM1 23 7.93 9.91 0.67 0.82"
1.5 (NPK)M1 23 8.48 11.19 0.65 0.81"
NPKM2 23 9.28 11.04 0.68 0.82"
NPKS 23 6.95 8.28 0.17 0.41"

7 (Note) : MAE—FI4i%}i% 2% Mean absolute error;
RMSE—#HXF ¥ /7R 1% 2 Root mean square error. £ AH ¢ Z 50K 50
K, n =23, rys=041; 1y, = 0.52. * FIRTE 0.05 KF LA EE
s ** FIRTE 0.01 /KF LAY R EYE, * and ** mean significant at
0.05 and 0.01, respectively.
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Fig. 5 The predicted variation trend of soil organic carbon
content in 0-20 cm soil layer under different
fertilizer treatments

XA, R, MAREENER T,
FEE T SOC AR PR AR

3 e

3.1 KEATREIGARL BN ERERTERTIEGN
A

1990~2012 41y H IR R, 23 4 J5 AN [t
JEAH SOC W& & &y : 1.5 (NPK) M1 >
NPKM2 > NPKM1 > NPKS > NPK > CK, Hf 1.5
(NPK) M1, NPKM2, NPKM1 Fil NPKS #b#f + 545
Pl AW IS il AL Re e 52 = R n A=
Yo, dEME I T A R R, S L
4 SOC Frig PRI, KINAEk, Huitifbit (NPK)

11900 ¢ N160 AN200 X N240 +N280 —N320

11600 _ - ;3 %X *
- - - + X
1300 o~ - L 7 « X A e
< + X N
21100 ¢+ L ox X X LA
= 10700 x X N .
= A A .
= 10400 £ A o ®
I *

310100 o ¢ *
o *
9800
9500

13.215.217.219.221.223.225.229.231.235.245.2
THEE WL SOC (g/kg)

6 FEGAKET 0—20 cm TEBNKEES
E=EMBa xR
Fig. 6 Coupling relationship between the simulated maize
yield and soil organic carbon content in 0-20 cm soil layer
under different nitrogen application rates
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