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Validation of negative feedback in soil organic carbon dynamics and its underlying mechanisms using computer
models

WANG Rui-qi'?, CAI Yuan—yuan'’, WANG li-1i*, YANG Dian-lin*, LIU Hui—fen', TAN Bing—chang®

(1. College of Agronomy & Resources and Environment, Tianjin Agricultural University, Tianjin 300384, China; 2. Agro—Environmental
Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: The humification coefficient of input organic material (h) and decomposition rate(k) of soil organic carbon(SOC) are two key pa-
rameters that control the SOC turnover processes. Many previous studies have investigated how elements such as water and temperature can
affect these processes, but how the SOC content can affect its own turnover processes is seldom concerned. We developed computer models
to test the effect of the SOC content on the SOC turnover processes and its underlying mechanisms. The results showed that however h and £
changed the SOC content, it also changed asymptotically with time, and eventually reached equilibrium; When assuming that these two pa-
rameters were constant with the SOC content, the SOC content would linearly increase without being limited by the C input level; The SOC
content would increase asymptotically with the C input level when assuming that h decreased with the SOC content and £ increased simulta-
neously; An asymptotic relationship between the SOC content and C input level would occur. The changes in & and k with the SOC content
were termed as negative feedback to SOC turnover. Further study on the mechanisms underlying the negative feedback supported the as-
ymptotic relationship between the SOC content and C input level. We suggest that the negative feedback of SOC turnover is reasonable, and
it is necessary and possible to consider this effect in model development.
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SOC dynamics pattern without saturation shows that SOC will change over time (a) and SOC equilibrium level will increase linearly as C input level increase
(b) ; While SOC dynamics pattern with saturation shows that SOC will also change over time (c) ,but SOC equilibrium will increase asymptotically with
increasing C input level (d)
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Figure 1 Illustration of SOC saturation and SOC dynamics pattern
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I:C input level (kg+hm™?+a™") ; h: Organic material humification
coefficient; C:SOC content; k:SOC decomposition coefficient. Big arrows
mean inflow or outflow of SOC, and small arrows mean connections
between certain variables. The amount of organic carbon formed by
humification is the product of the carbon input level and the humification
coefficient. Inflow of SOC=/h;loss of SOC=Ck. Both h and k are assumed
independent from SOC content in linear model(a) , but they are affected
by SOC content in negative feedback model (h)
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Figure 2 Model structure for normal and negative feedback model
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a:The regular model does not consider the mechanism of negative feedback ;b : The humification coefficient decreases with the accumulation of organic

carbon;c: A higher proportion of newly formed organic carbon is allocated to the active organic carbon pool ;d:The degradation coefficient of the two organic

carbon components increases ; e : Comprehensively consider the three mechanisms of the action of organic carbon content (ie,b,c and d)
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Figure 3 Description of two—compartment model
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The CM model indicates that the effect of organic carbon content is not considered ; MN model indicates the effect of the organic carbon content
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Figure 4 Model parameter assignment
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“Negative” means negative feedback model; “Normal” means regular
model ; 1000~10 000 means different carbon input levels (kg-hm™?-a™).
The same below
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Figure 5 SOC dynamics for different models and C input levels
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“Normal” means a regular model that does not consider the negative
feedback effect. “Negative—h”, “Negative—p” and “Negative—k”
respectively represent a model of the fusion negative feedback mechanism.
h represents humification coefficient of organic material decreases with the
increase of organic carbon. p indicates that the proportion of newly formed
organic carbon to the active organic carbon component increases as the
organic carbon content increases. k indicates that the degradation
coefficient of the two organic carbon components increases as the organic
carbon content increases. “Negative—c” means a model that considers three

mechanisms simultaneously. The same below

9 MWERBIRIEHT

Figure 9 SOC dynamics for the two—compartment models
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Figure 10 Relationship between SOC equilibrium and

C input level for two—compartment models
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Figure 11 Relationship between SOC content and C input level

for two—compartment models
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