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Validation and Modification of Soil Organic Matter Models in Arable Soils in Japan
and Thailand

Yasuhito Shirato

Summary

Introduction

Soil organic matter (SOM) dynamics directly affects the soil productivity. It is therefore required to develop suitable methods for
evaluating the changes in the SOM content caused by changes in the way arable soils are managed. Since some changes in the SOM
content or composition occur slowly over decades, long-term experiments are useful for measuring them. Because it is difficult to
carry out long-term experiments on all soil types for a large number of management scenarios, SOM turnover models are the only
practical means of estimating changes in the SOM content in areas other than the sites of long-term experiments. However, most of
existing SOM models were developed and parameterized in the Europe or the USA. There is no model which is fully tested in Asia.
The objective of this study was to validate existing SOM models by using long-term experiments in Asia, and to modify it if neces-

sary.

Validation of the RothC in Japanese non-volcanic ash soils

The suitability of the Rothamsted Carbon Model (RothC)for long-term experiments on Japanese non-volcanic ash upland soils
was tested using 6 long-term experimental data sets: 2 Brown Lowland Soils, 2 Yellow Soils, 1 Gray Lowland Soil, and 1 Brown
Forest Soil. The predicted changes in the content of soil organic carbon (SOC) with time were very close to the observed values in
almost all the treatments at all the 6 sites. These 6 sites were distributed from North to South across Japan and included a variety of
climatic conditions, soil textures, and land management practices. It was therefore concluded that the RothC model adequately sim-

ulated changes in the soil carbon content with time in Japanese non-volcanic ash upland soils.

Modified RothC for Andosols

Since the current RothC could not simulate the changes in SOC content with time adequately, the RothC was modified to adapt it
to Andosols. The decomposition rate constant of the HUM (humified organic matter) pool was modified because the presence of Al-
humus complexes in Andosols gives HUM strong stability. In addition, the IOM pool was set at zero, because the soil did not con-
tain carbon when it was formed from fresh volcanic ash. H (f) was defined as the factor required to divide the decomposition rate
constant of the HUM pool so that the modeled SOC level matched the measured level. H (f) was calculated for 32 Japanese Andosols,
and the relationships between H (f) and soil properties such as contents of acid-oxalate-extractable Al, Fe, and Si (Alo, Feo, and Sio)
or pyrophosphate-extractable Al (Alp) were analyzed. The equation H (f) = 1.20 + 2.50x Alp (%), (R2=0.518) was selected to
divide the decomposition rate constant of HUM.

The modified model was tested for 4 long-term experimental data sets on Andosols under various climatic conditions, soil tex-
tures, and management techniques from North to South across Japan. Considerably improved fits were obtained between the con-
tents of modeled and measured SOC by using the modified RothC model instead of the original model. Use of this modified model
may contribute to the improvement of the performance of existing SOM models in modeling Andosols. It can be used for estimating

CO; emission from soils, as well as for planning suitable organic matter management in Japanese Andosols.
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Validation of the RothC in Thailand

Since the RothC has not yet been fully tested against long-term changes in SOC in tropical area, the RothC was tested against
three long-term (27 to 28 years) experimental sites on Thai upland soils in order to see how this widely-used 'temperate’ soil carbon
turnover model performed in a typical farming region in the tropics. It was able to verify - over a much longer period than had been
examined in previous studies - that RothC performs well in a tropical region in plots used for continuous cropping experiments of
maize and cassava without organic matter application.

However, the model overestimated SOC in some plots to which large amounts of organic matter (rice straw or cassava stalks)
were applied. This overestimate could not be attributed to errors in estimating either the amount of C input to the soil or the DPM
(decomposable plant materials(] : RPM (resistant plant material) ratio of the plant materials entering the soil. Among many factors
affecting SOC dynamics e.g. weather conditions, soil characteristics, etc., which are different in tropical regions from temperate
regions, it was concluded that the activity of soil fauna might be a major factor which makes the RothC performance worse where
much organic matter was applied. It was suggested that care should be taken when applying the RothC model to tropical soils with

large amounts of added organic matter.

Validation of DNDC model in Japanese paddy soils

Among the existing SOM models, the DeNitrification-DeComposition (DNDC) model has been applied to paddy fields, too.
However, it has not yet been fully tested against long-term changes in the SOC content with time in paddy fields. The suitability of
the DNDC model for simulating long-term changes in the content of SOC was validated using 5 sites for long-term experiments
related to Japanese paddy soils. Since the model could not simulate crop growth adequately, several crop growth parameters provid-
ed by the model as default were changed to adjust crop growth to the observation. Overall, the changes in the content of SOC with
time simulated by DNDC using adjusted crop parameters, agreed well with the observation in 9 plots from 5 experimental sites dur-
ing the 16 to 22- year period of the experiment. The good performance of the decomposition sub-model in the DNDC was verified in
the long-term SOC decomposition in paddy soils as well as in upland soils reported in previous studies.

However, the simulated SOC did not agree well with the observation in some plots, especially in soils with a very low SOC con-
tent, suggesting that care should be exercised when applying the model to soils with a very low SOC content. Moreover, careful tun-
ing of crop growth parameters should be promoted for better simulation, and detailed information about farm management required

for input parameters is often difficult to obtain, especially in long-term experiments.

Modified RothC for paddy soils

The RothC, which was developed for simulating the SOC turnover in non-waterlogged soils, was applied for long-term experi-
ments (16 to 22 years) on Japanese paddy soils, and modified it to accurately simulate the changes in the content of SOC with time
in paddy soils. The RothC underestimated the SOC content in all the nine plots at five sites: Gley Soils in Akita and Shimane, Gray
Lowland Soils in Toyama and Mie, and Yellow Soil in Oita prefecture.

This may be mainly due to the slow decomposition rate of organic matter during the rice-growing season, when submerged soils
are waterlogged and subjected to anaerobic conditions. On the other hand, the decomposition of organic matter might be inhibited,
not only during the submergence period but also throughout the year in paddy soils because of the difference in the composition of
microflora between upland and paddy soils.

Taking these possibilities of differences in the decomposition rate between upland soils and paddy soils into account, the decom-
position rates of the RothC during the submergence period (summer) and the period without submergence (winter), was changed
separately. The model was run many times by changing the decomposition rates for summer and winter separately and tried to
identify the optimum combinations of the values of the factors required to change the default decomposition rate, so that the mod-
eled SOC content would be consistent with the values observed in nine plots at five experimental sites. To determine the optimum
combinations of the values of the factors, we used two statistical indices, the root mean square error (RMSE), which represents the

degree of coincidence, and the mean difference (M), which is a measure of model bias.
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The optimum combination of the values of the factors required to change the decomposition rate was 0.2 in summer and 0.6 in
winter. The modified RothC for paddy soils by simple tuning of the decomposition rate using the values of the factors (0.2 and 0.6)
resulted in a much better performance than that of the original RothC for simulating the changes in the SOC content with time in
Japanese paddy soils under various climatic conditions, types of soil texture, and management systems. This modified model can be
used for the estimation of carbon loss from soils as well as for the planning of suitable organic matter management, at least in
Japanese paddy soils.





