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A simulation analysis of distribution and change of agricultural soil

carbon pool in Liaoning Province
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Abstract: The contribution of China’s agricultural practice to atmospheric CO, has been paid a great
attention because China has a long history of agriculture to support one-fifth of global population. Some
authors have thought agricultural soils could sequester a considerable carbon to slow the rise of
atmospheric CO,. In fact, this sequestering potential depend on initial soil content, climate and
cultivation. The long-term experiments in North America have proved that arable lands have been
changing from a C source to sink by conservation management. such as reduced- and no-till practice.
rotation, and introducing cover crops. Herein, by applying a process-oriented model DNDC
(Denitrification and decomposition) to assess soil carbon pool and its changes in Liaoning Province.
DNDC model has been developed to predict soil carbon and nitrogen biogeochemistry, including soil
carbon pool and some trace gas emissions. DNDC was constructed with two components that reflect the

driving force which control geochemical and /or soil biochemical processes related to trace gas emissions.
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The first component, consisting of soil conditions, crop growth and decomposition sub- models, predicts
soil temperature, moisture, pH, redox potential (Eh) and substrate concentration profiles based on
ecological drivers (e. g., climate, soil, vegetation and anthropogenic activity). The second component,
consisting of the nitrification, denitrification and fermentation sub-models. predicts NO, N,O, CH, and
NH; fluxes based on soil environmental variables. Classical laws of physics, chemistry or biology. or
empirical equations generated by previous field studies were used to parameterize each specific reaction in
this model. The entire model forms a bridge between basic ecological drivers and trace gas emissions.

DNDC model has been tested against a number of field measurements worldwide. Most of the tests
showed that DNDC was able to capture general patterns and magnitudes of agricultural soil carbon content
measured in fields. In order to apply DNDC to estimate agricultural soil carbon pool and its changes in
Liaoning Province, we validated DNDC against the data monitored with two treatments (applying N-
fertilizer and manure, respectively) at long-term experiment station of Shenyang Agricultural University.
The results showed that DNDC model was suitable for application to estimate the agricultural soil carbon
pool in Liaoning Province.

The results showed that the agricultural soil carbon content of Liaoning Province was 118. 55 (50. 8~
186. 3) TgC under the climatic, soil and farming management conditions in 1990. The regional variation of
SOC was significant. SOC content was higher in northeastern parts of Liaoning Province while lower
content occurred in southwestern parts. The total changes of agricultural soil carbon content of Liaoning
Province were — 0. 995(—3. 17~1. 18)TgC per year with regional variation. The amount of the reduction
of SOC in northeastern parts of Liaoning Province was relatively large. In the southwestern parts, little
reduction or increase of SOC was occurred. We also found that regional variation in change of SOC was
occurred under applying N-fertilizer or manure. Applying manure was beneficial to accumulation of
agricultural soil carbon. By compared different input data of soil properties. it is showed the degree of
details of soil organic matter had great influence on the accuracy of DNDC modeled SOC.
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Table 1 Input items of DNDC model

Factors Properties
Climate Max and min temperature and precipitation each day
Soil Bulk density, Texture ., Content of organic matter pH
Types of land use, Crop yield, ( )Time of semination
Measure and harvest, Amount of fertilizers ( Inorganic fertilizer Organic fertilizer,
Inorganic fertilizer : Nitrate, Ammonium, Ammonium acid
carbonate Urea Aqua ammonia; Organic fertilizer divided into
different C/N) . Fertilizing time, Tillage ( Time Method) . Irrigation(
Time, Amount pH) . Flooding ( Time) Weed ( Time
Method)
DNDC CO,, N,O,
S| : C v
o 1 , N
o NH/ s NO; ¢ NO N,O
) . . NH;, o
,NOy o
(NO; =-NO; =-N,O—>N,) s S JPH.
1.2
, o DNDC
SOC (soil organic carbon) s N s
[7] s
s (1979~1993 ),
41.46 123.26 s s ,pH
6.5,1979 1.59%, 1979 1981 - - ., 1982
- - o N N 120kg/hm?, N 22. 5kg/
hm?, (C/N=12)C 1300. 66kg/hm?, o s
s , «
>>’787 b o b
SOC(0~20cm) (1979~1993 o
DNDC ,DNDC
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Fig. 1 Comparision of SOC content between DNDC model estimation and field measurement in manure field (a)

and N-fertilizer field(b) of Shenyang Agriculture University
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SOC-  sOC- SOC SOC 2 L
Method of max min  change-max  change-min §
grade (kg/m?) (kg/m?) (kg/hm?) (kg/hm?) ; -1000 -
pH 6.13 1.82 251.66 —1266. 85 ﬁ 2000
.5 . —84. —673.0 » ; : . : L
Organic matter 4.58 2. 89 84.73 673.01 B _30000 TR TR TR T W
1 %84 R S0C content(x 103%kgC/hm?)
6.29 1.87 239.98  —1328.81
Texture
Average 6.13 1.82 251.99 —1267.40 4
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