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Using DNDC model to simulate and predict changes in black
soil organic carbon
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(1. Key Laboratory of Agri-informatics, Ministry of Agriculture, Beijing 100081, China; 2. Institute of Agricultural Resources and
Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract The objectives of this paper were to study long-term patterns of change in black soil organic carbon (SOC) and the
suitability of the DNDC model to predict SOC. Based on available data from pre-set long-term experiment in Gongzhuling, Jilin
Province, 4 fertilization modes were used to analyze changes in SOC. The 4 fertilization modes included no fertilization (CK), only
chemical fertilizer application (NPK), combing chemical and organic fertilizers application (NPKM) and chemical fertilizer with
increased organic fertilizer application (M2+NPK). The data were also used to validate the DNDC model. The DNDC verification
results showed that root mean square error (RMSE) of each treatment was less than 10%. This suggested that the simulated values
were consistent with the observed values, and that the DNDC model was suitable for simulating SOC in the study area. Five factors
(chemical fertilizer, organic manure, straw, temperature and precipitation) were used to test the sensitivity of the model. Organic
manure application had the most significant and continuous effect on SOC content. Future SOC variation in the next 100 years was
also predicted. The results showed that SOC content declined slightly (by 12.5%), from initial value of 13.2 g'kg ' to the predicted
value of 11.55 g'kg™ in 2100 for the CK. For the NPK treatment, SOC content was stable and without any declining tendency. SOC
contents of NPKM and M2+NPK treatments increased significantly to 24.4 g-kg™' and 27.6 g-kg™' in 2100, representing increases
over the initial SOC content of 84.8% and 109.1%, respectively.
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Fig. 1 Changes of soil organic carbon content under different fertilization treatments (1990-2005)
1 (1990—2005)
Table 1 Changes of the average soil organic carbon content under different fertilization treatments (1990-2005)  gkg™
Treatment 1990—1993 1994—1997 1998—2001 2001—2005 1990—2005
M2+NPK 14.8+0.81a 15.840.94a 16.3+1.07a 20.7+2.81a 16.9+2.74a
NPKM 13.9+£0.95ab 15.5+1.21a 16.6+2.10a 18.94+2.59ab 16.2+2.48a
NPK 12.9+0.84b 13.3+0.22b 14.2+1.54b 14.0+1.88bc 13.6+1.28b
CK 12.5+0.20b 12.7+0.42¢ 13.9+£0.64b 12.2+1.08¢ 12.8+0.89c¢
5%
t Different lowercase letters mean significant difference among treatments at 5% level, significant test method was paired t test to

eliminate the effect of inter annual fluctuation of yield. The same below.
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Fig. 2 Changes of the maize yield under different fertilization treatments (1990-2005)
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Table 2 Changes of the average yield of maize under different fertilization treatments (1990-2005) kg-hm™
Treatment 1990—1993 1994—1997 1998—2001 2001—2005 1990—2005
M2+NPK 9 068+1 229a 9 920+1 482a 8 78741 531a 10 562+659a 9 584+1 350a
NPK 821141 026b 9 114+1 515ab 8 124+2 101a 9 235+499b 8 671+1 370b
NPKM 7 185+981b 8 680+1 230b 8 481+1 845a 10 272+332a 8 654+1 575b
CK 3 9794+959¢ 4 178+530c 3290+1 075b 2 335+567¢ 3 445+1 044c
2.2
« 3 )
2.3
RMSE 4
3 , RMSE 10%,

, DNDC
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Fig. 3 Simulated and observated values of soil organic carbon contents under different fertilization treatments
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Table 3 Results of model checking for soil organic carbon (5 (CK)
content stimulation under different fertilization treatments >
Treatment n M R RMSE (%) , 2100
CK 16 0.3449 0.677 1 5.09 11.55 g-kg_l, 2011 (12.35 g-kg_l) 6.5%,
NPK 16 0.084 4 0.691 6 6.11 1
NPKM 16 02437  0.6632 9.39 1 (1990 ) (1249 gkg™)
M2+NPK 16 0.1339  0.764 6 8.36 7.5%, (1989 )
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Fig. 4 Sensitive test on the impact of climate and management alternatives on the changes of soil organic carbon (SOC) content

Chemical fertilization is percentage of basic fertilization rate.
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