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Abstract

Using the SOMM model of the humus types (Mor, Moder, Mull), simulations of SOM
dynamics at seven long-term experiments were attempted as a part of a model evaluation exercise.
The model comprises three compartments (undecomposed litter, partially humified litter, humus of
mineral topsoil) and considers six processes of mineralization and humification as influenced by
litter nitrogen and ash contents, soil C /N ratio, temperature and moisture. Results of simulations
performed without any site-specific calibration mostly underestimate soil organic matter (SOM).
Despite this lack of precision, general trends in SOM over time were often captured. Success of
simulation was limited by difficulties in obtaining direct information about soil moisture regime,
litter quantity and litter quality (nitrogen and ash content). Inadequacies in the model, such as no
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consideration of soil properties, may also account for some of the errors. Despite the limited
success of the evaluation, it is encouraging that the model conceived for forested ecosystems, with
additional development, may be applicable to non-forested systems. The exercise underlines the
necessity of constant direct contact between modeller and data holder for a success of an
evaluation. © 1997 Elsevier Science B.V.

Kevwords: soil organic matter; humus types; modelling; long-term SOM experiments; model
evaluation

1. Introduction

The model of soil organic matter dynamics (SOMM) represents a quantifica-
tion of the ‘humus types’ concept (Mor, Moder and Mull) existing in Forest
Pedology since the last century (Miiller, 1887; Wilde, 1958; Duchaufour, 1961).
It is a very fruitful concept unifying pedogenetic, biological, silvicultural and
ecological aspects. The SOMM model was created firstly as a tool for theoreti-
cal analysis, and has been used to examine the soil compartment in a forest
ecosystem model (Chertov, 1990; Chertov and Komarov, 1997b).

The experimental basis for the SOMM model is a set of classical laboratory
experiments on how the rate of organic litter decomposition in controlled
conditions is affected by temperature, moisture and chemical composition of the
material (Kostychev, 1889; Waxman and Tenney, 1927; Waxman and Gerretsen,
1931; Kononova, 1951; Mikola, 1954; Alexandrova, 1970). The experiments
allowed quantification of the activity of the complex of microorganisms ( Fungi,
Actinomycetes and Bacteria) and micro fauna. Data from laboratory experi-
ments by Chernova (1978) for soil arthropods, and for earthworm activity (Perel
and Sokolov, 1964; Striganova et al., 1987), have been used to quantify the role
of these decomposers in organic debris humification. The model represents three
compartments ( L, undecomposed litter; F, partially humified litter; H, humus of
mineral topsoil) considering six processes of mineralization and humification by
three groups of organisms-decomposers influenced by litter nitrogen and ash
contents, soil C /N ratio, temperature and moisture (Fig. 1). SOMM is perhaps
the only model in the evaluation exercise which has (1) data from laboratory
experiments entirely as a model basis; (2) consideration of both microorganisms
and soil fauna activity in SOM transformations; (3) organic (L and F) and
mineral ( H) fractions of SOM.

The SOMM model has undergone preliminary evaluation by independent
short-term laboratory and field experiments. It has also been used for a wide
range of qualitative simulations of humus profile formation in all natural zones.
The first version of the model (Mor model) and the present form have been fully
reported by Chertov (1985, 1990) and by Chertov and Komarov (1995, 1996,
1997a). Described below are the results of an evaluation of the SOMM model
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Fig. 1. Flow chart of the SOMM model.

using long-term field experimental datasets from different countries and various
land uses.

2. Materials and methods

The following input parameters are necessary to run the model: total litter
mass (crop and root residue); nitrogen and ash content of the litter, %; data on
soil moisture regime as daily or monthly means, mass %; soil temperature data;
initial SOM and soil nitrogen content in model compartments (L,F,H). The
procedure for compiling the input parameters is outlined below because some
were absent from the datasets and had to be calculated. The Rothamsted
scenarios are described below in detail; similar procedures were repeated for the
other datasets. The most important input data for all experimental plots are
shown in Table 1. The datasets used are described in detail in Smith et al.
(1997).
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2.1. Rothamsted Park Grass

Three plots, cut for hay twice annually since 1856 and having different
fertilizer regimes were used (Table 1). Total litter input as grass roots and litter
was calculated every year using data from the hay harvest. At the start of
simulation a 20 /80 hay /litter ratio was used for the total litter inputs based on
grassland biological productivity data (Rodin and Bazilevich, 1965, Makarevich
et al., 1978). However, the estimate of Poulton (1995), a 50 /50 ratio has been
used in the scenario, though the modellers question whether this is correct. The
nitrogen and ash content of plant residues in the experiment have been set to 1.3
and 6.0% respectively.

Soil moisture, as monthly mean values (mass %) in 0—50 cm layer, have been
calculated for the period 1959-1991 as

W =W, + (RAIN — EVAPG) * 100 /(500 1 .2)

where W, is soil moisture (%); W, is initial soil moisture; RAIN is monthly
rainfall (mm); EVAPG is evaporation over grass (mm), corresponding to
evapotranspiration from grass vegetation. If the calculated soil moisture was
higher than water holding capacity (50%) then we assumed that soil moisture
was 50%. because excessive water percolates down the soil profile. The
moisture of organic compartments L and F has been postulated as being equal
to 5 W,_,,. For the period before 1959 the soil moisture regime has been assumed
constant for 83 years.

Because SOMM treats data on SOM only, the initial soil carbon contents (%)
have been recalculated to SOM (kg m~?) using data on the A1 layer thickness,
bulk density and a coefficient 2.0 (instead of standard 1.774) for conversion of
organic C to SOM. We have used this coefficient on the basis of a comprehen-
sive study of Ponomareva and Nikolaeva (1980) showing that the carbon content
of humic substances corresponds to 50% in temperate zone soils. Because the
division of the total SOM pool into two compartments (F and H) is obligatory
to run the SOMM model, the initial SOM content in all datasets was been
separated into two parts in the ratio of 10/90 for F and H, taking into account
the most frequent proportion of litter SOM /topsoil SOM. The simulations at
Rothamsted Park Grass have been run for the Al horizon only (0~23 cm).

The dry matter content of farmyard manure was calculated as 20% of fresh
material. Using preliminary verification data (Chertov and Komarov, 1997a) the
organic manure input in the SOMM model in all exercises has been treated as a
partially humified material (F) because: (1) there is some basis for this in
reality; (2) if the organic manure is considered as an input of undecomposed
litter ( L), then the model shows large simulation errors. The nitrogen content in
mineral fertilizers has been used as an input parameter for running the model.

The time of simulation was 116 years since the first soil carbon measure-
ments were made in 1876. Some preliminary runs with various hay /litter ratios
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for the 33-year period after 1959 were made when more precise data for soil
moisture could be calculated.

2.2. Rothamsted Geescroft Wilderness

The dataset represents a small plot of former agricultural lands left for natural
afforestation at Rothamsted Experimental Station since 1883, and now it is a
mixed broadleaved forest. Because total litter input in forest ecosystems is
1.5-2.5 higher than leaf litter fall (due to high levels of root debris), the annual
litter input is estimated to be twice that of the measured data for leaf litter (1.57
t C/ha). Nitrogen and ash content of the total litter has been postulated as 1.3
and 6% respectively. The simulation of Rothamsted Geescroft Wilderness was
run for a 33-year period only (1959-1991) using the more precise dataset on
soil moisture calculated for Rothamsted Park Grass. The initial amounts of C
and N in 1959 have been interpolated from the data for 1904 and 1965 using the
idea of ‘equivalent thickness’ because of the increasing thickness of the humus
horizon and the resulting decrease in bulk density. The simulation of SOM
dynamics have been carried out for the Al horizon, taking into consideration the
‘equivalent thickness’, and the forest floor.

2.3. Bad Lauchstddt and Prague—Ruzyne

These two Central European datasets represent the results of long-term
agricultural experiments with different rotation systems and various fertilization
treatments. The simulation scenarios for the datasets have been compiled in the
same way as for Rothamsted Park Grass.

The amount of crop residues (litter fall) in Bad Lauchstiddt for winter wheat,
spring barley and potatoes has been calculated as the proportion of the crop
yield (0.4, 0.36 and 0.05 of whole crop dry matter respectively) on a basis of
data provided by E. Ritzkowski (pers. commun.). The sugar beet residues were
set to 1 t/ha independent of yield. The ash and nitrogen contents in crop
residues (roots mostly) have been compiled as represented in Table 1. Because
of the absence of data on evapotranspiration for different agricultural crops the
soil moisture regime has been assumed to be optimal for all years of simulation,
i.e. without periods of high winter moisture or summer drought. The model runs
were for the Al horizon only (0-30 cm).

Fixed amount of plant residues were used for simulation of the Prague—~Ruzyne
dataset: 2 t/ha for cereals and 0.5 t/ha for sugar beet with the same nitrogen
and ash contents as for Bad Lauchstddt. The same approach regarding the soil
moisture regime was used as at Bad Lauchstéddt. Simulations were performed for
the 0-50 cm soil layer at Prague—Ruzyne.
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2.4. Calhoun Experimental Forest

The dataset is for a loblolly pine plantation on former agricultural land in
southeast USA, so recorded data on needle litter input and its nitrogen and ash
content were available. The litter input has been increasing for 15 years from the
beginning of loblolly pine growth to a maximal value corresponding to 6.8 t /ha
of total litter fall (leaf and root litter, calculated in the same way as for
Rothamsted Geescroft), that is 3.4 t C/ha annually. The most difficult part in
initialising the Calhoun Experimental Forest scenario was a compilation of soil
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Fig. 2. Results of SOMM runs with the Rothamsted Park Grass datasets for humus horizon (023
cm).
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Fig. 3. Results of SOMM run with the Rothamsted Geescroft Wilderness dataset in ‘equivalent
depth’ of humus horizon and forest floor.

moisture regime, because of a lack of data on tree canopy transpiration; this was
estimated using the modeller’s and dataholder’s personal experience. The sce-
nario uses the same soil moisture regime each year. Runs of the Calhoun
Experimental Forest dataset were performed for the 0—35-cm layer of topsoil
and the forest floor.

2.5. Tamworth and Waite

The two Australian arid zone datasets (Tamworth and Waite) generalize the
results of long-term agricultural experiments with different rotation systems. The
annual litter input in Tamworth and Waite was estimated using the same
approach as used for Bad Lauchstddt with the same nitrogen and ash content.
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Fig. 4. Results of SOMM runs with the Bad Lauchstidt dataset for humus horizon (0-30 c¢m).
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Fig. 5. Results of SOMM runs with the Praha—Ruzyne dataset for 50 cm soil layer. Simulated
NPK curve overlaps nil input curve in the figure.

The water regime was obtained with the approach used for Rothamsted Park
Grass. An additional difficulty in calculating the water regime is the phe-
nomenon of intra-soil water condensation in dry months in arid zones though the
other reason for such a relatively high soil moisture during dry months could be
the influence of the ground-water table, which is thought to be a factor of
Vertisol formation in Tamworth. The occasional experimental data-point at
Tamworth showing a relatively high soil moisture (up to 30% in 20-30 cm
layer) during dry months when it must be equal to zero in topsoil, also suggests
that ground water is exerting an influence on soil moisture. As a result, the soil
moisture estimates were compiled with increased water contents during dry
periods. It was only possible partially to take this into account for Waite
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Fig. 6. Results of SOMM runs with the Calhoun Experimental Forest dataset for 35 cm soil layer
and forest floor.
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Fig. 7. Results of SOMM runs with the Tamworth dataset for 50 cm soil layer. Simulated results
of treatment 5 practically fully overlap those of treatment 1 in the figure.

Alfisols, however, because of the absence of any obvious influence of ground
water. For Tamworth and Waite, the simulations have been made for the
0-50-cm layer of topsoil.

2.6. All datasets

The results of the simulations are represented graphically for each dataset
(Figs. 2-8, 10). Additionally the generalized results are expressed as a compari-
son of AC  uaeq Versus AC ... Where AC = (simulated or measured C at
time ¢)— (measured initial C) in Fig. 9. In all the simulations the initial
measured C was set to initial simulated C. Because very frequent measurements
of SOM were made at Prague—Ruzyne and Tamworth, only every fifth value
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Fig. 8. Results of SOMM runs with the Waite dataset for 50 ¢m soil layer.
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Fig. 9. Simulated versus measured carbon changes in
SOMM evaluation.
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It should be noted that no site-specific calibration was performed in the
course of any simulation. The modellers believe that such calibration is method-
ologically incorrect, allowing almost any model to achieve satisfactory results,
The procedure for compiling scenarios for the evaluation of SOMM includes
possible sources of simulation error other than the absence of site-specific
calibration. These include the difficulty in calculating total litter input at
agricultural sites, and its nitrogen and ash content and, particularly, great
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problems in calculating soil moisture levels. Tamworth was the only dataset
with directly measured soil moisture which was surprising to the modellers since
soil water regime data are widely available in Russian studies.

3. Results and discussion

The simulation of Rothamsted Park Grass data (Fig. 2) shows a regular
underestimation of the carbon pool in the humus horizon. With the nil input
treatment, the simulation demonstrates a decreasing SOM content while the
measured content is practically stable. At the same time, the preliminary results
for 1959-1991, with more precise soil moisture data, show a more accurate
simulation when (a) a hay /litter ratio of 20/80 is used, (b) a 30/70 ratio for
SOM pools in the Al layer, and the whole soil profile (double the initial Al
pool) are used. The effect of different hay /litter ratios is shown in Fig. 10. Our
findings are supported by Makarevich et al. (1978) who showed that the ratio of
above ground /below ground phytomass (and litter) changes for different soils:
with richer soil conditions, there are less roots and thus less dead root input. As
a result of this, total litter for unfertilized and fertilized treatments should be
based on different hay /litter ratios but this has not been taken into consideration
in the simulations. The estimate for a grass root debris input of 20% of
measured root mass (Poulton, 1995) is considered to be too small because of the
known high rate of fine root production and death in grasslands during the
growing season (Rodin and Bazilevich, 1965). The absence of directly measured
data on the contribution of roots to the decomposing organic matter is a problem
when modelling trends in SOM content.

The simulation of Bad Lauchstidt and Tamworth agricultural datasets (Figs. 4
and 7) demonstrates the same tendency to underestimate the SOM content. The
Prague—Ruzyne and Waite datasets (Figs. 5 and 8) suggest different tendencies.
Prague—Ruzyne simulations show good correspondence to measured data. Simu-
lations of the Waite datasets demonstrate, surprisingly, an overestimation of
final soil carbon content which could be the result of uncertainty in calculating
litter input and soil moisture.

The simulation of forest datasets (Geescroft, Fig. 3; Calhoun, Fig. 6) shows
the underestimation of SOM carbon pools in mineral topsoil. This is, in part, due
to the absence of data on the contribution of ground vegetation to total litter
input. In the Rothamsted broadleaved forest and in a sub-tropical loblolly pine
plantation on former agricultural land, the ground vegetation plays an important
role in the biological cycle. However, there are no data on its biomass in the
datasets used. Furthermore, some uncertainty also exists when calculating root
litter, this being a potential source of simulation errors. Nevertheless, the
illustration of SOM formation is totally realistic in both cases. In the Rotham-
sted Geescroft Wilderness (Fig. 3) the SOM accumulation in the Al horizon
takes place with a small stable pool of forest floor corresponding to the Mull
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humus type. In the Calhoun Experimental Forest (Fig. 6) the formation of Mor
(raw humus) with a strong accumulation of the forest floor has been clearly
detected. Moreover the model indicates a stable ‘behaviour’: the changes in
litter input in Rothamsted Geescroft Wilderness simulations and a 3-fold in-
crease of litter input (up to 10 t C/ha) in the Calhoun dataset, when used in
preliminary SOMM runs, leads to the formation of the same humus types. The
other models evaluated do not simulate the formation of the humus profile of
forest soils.

The general trends in comparison of simulated versus measured organic
carbon changes are represented in Fig. 9. It shows that SOMM both underesti-
mated and overestimated organic carbon changes at different sites. Rather few
results show good correspondence between measurements and simulation. What
are the reasons for the relatively poor model performance?

The modellers are surprised that the results generated by SOMM show such
realistic (but not precise) estimates of SOM dynamics because (1) SOMM was
initially a forest model being created for theoretical analysis, and (2) there are
many uncertainties in the scenarios used. These uncertainties, potentially form-
ing a large source of errors, include the following. (a) The amount of total litter
(carbon input to soil) has not been directly measured except for litter fall in the
two forest datasets; they have mainly been estimated. Variation of these values
can lead to large changes of simulated results. For example, for litter inputs we
used the estimated hay /litter ratio of 50 /50 for Rothamsted Park Grass but this
gave poor results (Fig. 2). Using different proportions (Fig. 10) we could
achieve a very precise simulation with 1.8% error. (b) There are no directly
measured data on litter nitrogen and ash content except for the Calhoun dataset.
(c) Soil moisture data have been compiled and sometimes estimated on a basis
of modellers’ and dataholders’ scientific intuition; Rothamsted Park Grass and
Geescroft Wilderness datasets only have the more accurately calculated parame-
ters of soil moisture for 1959—1991. These uncertainties in scenario compilation
may lead to irregular errors of SOMM simulation results. Manipulating the
parameters of litter input, its chemical properties and soil moisture within
realistic limits would be expected to improve the simulations.

It seems to us that the lack of data on litter input and soil water regime could
restrict the application of SOMM to agricultural situations. None of the SOM
models discussed in this issue uses direct data on soil moisture, but rather use
evapotranspiration as an integral parameter influencing SOM mineralization; see
also Pastor and Post (1985). So to run SOMM, a soil hydrological sub-model is
needed. However, it is the modellers’ opinion that using evapotranspiration as a
basis is a serious drawback because such the models cannot be used for
simulation of SOM dynamics itself where composts or mulches have been used
which may affect evaporation, or in bare soil or industrial land having no
vegetation cover. Furthermore, the idea of ‘litter fall’ existing in forest ecology
is not always understood by agronomic scientists who may identify litter fall
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with above-ground crop residue without consideration of both root debris and
litter chemical properties.

Some imperfections in the SOMM model could also be sources of simulation
errors. In the model: (1) SOM transformation rates are not dependent on soil
properties; only nitrogen and ash content of fresh litter and C /N ratio of stable
humus are considered in the model; (2) the model treats SOM in mineral
horizons altogether, without division into layers; (3) there is no clear division of
humified organic material ( F) into a pool of A0 (humified forest floor) and the
same of mineral topsoil (‘labile humus’); (4) all the calculations are as SOM
(not as carbon); (5) some rate variables need additional experimental validation;
especially the rate of stable humus mineralization (k, in Fig. 1) which may be
too high causing a high rate of humus mineralization, perhaps leading to regular
underestimation of the SOM pool in mineral topsoil. A long-term laboratory
experiment is currently being performed in an attempt to solve these problems.

The results obtained in the model evaluation are a good starting point for the
further development of SOMM. On the basis of this evaluation exercise we
conclude that for the most fruitful results to be obtained, an evaluation must be
conducted with constant direct contact between modeller and dataholder, and
with the inclusion of local agro(forest)-ecophysiologists, soil hydrologists and
other specialists if necessary.
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