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Propositions 

1 Without organic matter the surface of the earth could hardly be correctly 
designated as soil. 
CE. Millar, L.M. Turk and H.D. Foth. 1958. Fundamentals of Soil Science. 3rd edition, p. 249. 
John Wiley & Sons Inc. New York. 

2 We are only beginning to develop a truly quantitative understanding of the 
physical, chemical, and biological processes that go on in the soil. We need 
better and quantitative models of soil development, of changes effected by 
humans, and of the pedosphere-biosphere interactions in time and space. 
D.H. Yaalon, 1996. Soil science in transition: soil awareness and soil care research 
strategies. Soil Science, 161, 3-8. 

3 A major limitation of the current models (on SOM dynamics) is that 
the conceptual pools they contain do not correspond directly to the 
fractions of SOM that are measured by physical, chemical or biological 
methods. 
European Commission, 1994. Decomposition and Accumulation of Organic Matter in 
Terrestrial Ecosystems. 1994 Ecosystem research report 12. Ed. P Buurman, pp. 9. 
ECSC-EC-EAEC, Brussels.Luxembourg 

4 Development in modelling does not necessarily mean an increase in 
complexity of model structure or in number of parameters. 

5 Reduction of model complexity can be achieved either by simplification or 
by integration. Only the latter has future. 

6 Two parameters seem enough to describe the rate of C mineralization in 
soil: the relative mineralization rate in the beginning and the speed of its 
decrease over time. 
This thesis 

7 In general, the higher its initial value is, the more rapidly the relative G 
mineralization rate decreases over time. 
This thesis 

8 The effect of temperature on C mineralization in soil declines over time. 
This thesis 

9 Solving the 'water problem' (i.e. drought in spring and flood in summer) is 
a bigger challenge than improving fertility of soils in northern China. 
Q. Zhao, 1989. Soil resources and their utilization in China. In: Soils and Their Management -
A Sino-European Perspective. Eds. E. Maltby and T. Wollersen. pp 3-18. Elsevier Science 



Publishers LTD, England. 

10 There is no science without quantification. 

11 Figures are the language of science, but they are not always telling the truth. 

12 A road appears behind a hiker. 

13 The tax of car should be levied according to the quotient of milage''i'average-
speed. 

14 Lacking food, animals can survive by sleeping; lacking funds, scientists can 
survive by modelling. 

H.S. Yang 
Modelling Organic Matter Mineralization and Exploring Options for 
Organic Matter Management in Arable Farming in Northern China 
Wageningen, 11 December 1996 



Abstract 

Yang, H.S., 1996. Modelling organic matter mineralization and exploring options for 
organic matter management in arable farming in northern China. Doctoral thesis, 
Wageningen Agricultural University, The Netherlands. 159 pp, with English, Dutch and 
Chinese summaries. 

The primary objectives of this thesis were to (i) to identify key factors in soil organic 
matter (SOM) dynamics in arable land of northern China, (ii) to predict long-term SOM 
dynamics under various scenarios, and (iii) to give suggestions for the most efficient use 
of the available organic resources. Modelling was chosen as a tool. Experimental data 
were collected from relevant sources, and used to test some C mineralization models, to 
develop and test a new model, to study various factors affecting mineralization, to 
compare efficiencies of various organic materials in SOM accumulation and to predict 
long-term SOM dynamics in northern China. 

It was found that the average relative mineralization rate has a linear relationship with 
time in double logarithmic scales under constant environmental conditions. Based on 
this, several functions were derived for the description of the dynamics of SOM built 
from added substrate. This new model proved valid under diverse conditions for all 
types of substrates encountered in practice. 

The model showed that differences in mineralization rates between different substrates 
fade away over time irrespective whether they are caused by different substrate 
properties or by different environmental conditions. Substrates mineralizing more 
quickly than others in the beginning may become more stable in the long run, and a 
positive effect of a raised temperature on C mineralization may disappear over time, or 
even become negative. 

The model predicts that under the conditions of northern China, the efficiency of organic 
substrates in SOM accumulation decreases in the order: roots > straw > farmyard 
manure > green manure. Roots were identified as the key input of SOM in this region. 
SOM accumulated from different materials showed differences in quality. Roots and 
stubble can maintain SOM content at 10 g kg"1 at the current level of grain yield. SOM 
content will rise with return of e.g. straw or farmyard manure (FYM). With increase in 
SOM content, the quality of SOM will improve, and the release of nutrients from SOM 
will rise. Increase in crop yield by e.g. use of chemical fertilizers, will bring about 
improvement of both content and quality of SOM in this region. For a sustainable soil 
fertility and grain production at high levels, the application of either straw or FYM to 
the soil should be increased. Long-term efforts are needed. 

Keywords: arable farming, farmyard manure, mineralization, modelling, northern China, 
roots and stubble, soil organic matter, straw, temperature effect. 



Preface 

I began this Ph.D study at the Department of Soil Science and Plant Nutrition, 
Wageningen Agricultural University in August 1993. The primary aim of the 
study was to use available experimental data and relevant information from 
northern China to quantitatively study soil organic matter dynamics in relation to 
soil fertility in arable land in this region. Upon finishing this study, I wish to 
express my sincere thanks to those without whose help I would not have 
completed this study. 

First of all, I am deeply obliged to Dr. Ir. B.H. Janssen who is my supervisor and 
co-promotor. His understanding and encouragement, as well as logistic support 
led to the establishment of this study project. Throughout the three-year study, he 
provided luminous guidance to my day-to-day work. He was always ready to 
suggest ideas whenever I got stuck and felt perplexed. I benefited enormously 
from his wide and deep understanding in many subjects. He was so patient and 
enthusiastic in reading, discussing and rewording the manuscript of this thesis, 
and translating the English summary into Dutch. I will remember him forever, 
and I wish I could become a scientist like him in the future. 

I am indebted to Prof. Dr. Ir. O. Oenema, my promotor, for critically and 
carefully examining the manuscript of the thesis. The comments and suggestions 
he made helped me effectively improve many parts of the thesis. 

I am grateful to the staff of the Department of Soil Science and Plant Nutrition. 
Special thanks go to Dr. Ir. M.L. Van Beusichem, the Chairman of the Section 
Plant Nutrition, and Mr. K. Koenders, the Manager of the department for the 
financial and practical arrangement during my stay at the department. 

I thank Mr. G. Gort of the Department of Mathematics for reading mathematical 
part of the thesis and for helpful discussions and suggestions. 

I appreciate very much the help and encouragement from some of my colleagues 
in the Soils and Fertilizers Institute, Chinese Academy of Agricultural Sciences 
during my stay in Wageningen, as well as during the time I was there for 
collecting literature. I wish to thank particularly Prof. Z. Yao, Prof. Z. Chen, Prof. 
C. Li. and Prof. B. Lin (the former director of the institute). 

The final words of thanks go to my dear wife, Ma Lan, and my lovely son, Luye. 
It is their understanding, support and patience that inspired me to concentrate on 
the study from the beginning to the end. 



This thesis is dedicated to my wife and my son 



Contents 

Chapter 1 Introduction 1 

Chapter 2 Test and evaluation of some selected models on dynamics of 
C mineralization 9 

Chapter 3 A mono-component model for organic matter mineralization 
with time-dependent relative mineralization rates 33 

Chapter 4 Test of a mono-component model for organic matter 
mineralization with time-dependent relative mineralization 
rates 47 

Chapter 5 Short-term and long-term mineralization characteristics of 
various organic substrates under diverse conditions 61 

Chapter 6 Differences among various organic materials in long-term 
accumulation of soil organic matter and implications for 
farming practices in northern China 75 

Chapter 7 Analysis of impact of current farming practices on dynamics 
of soil organic matter in northern China 87 

Chapter 8 Temporal changes in the effect of temperature on 

mineralization rates of organic matter in soils 101 

Chapter 9 General discussion and conclusions 121 

Summary 129 

Samenvatting 135 

Summary (in Chinese) 141 

References 145 

Curriculum vitae 159 



Chapter 1 

Introduction 

1.1 Current arable farming and soil fertility in northern China and 
emanating research objectives 

1.1.1 Arable farming and fertilizing practices in northern China 

The area of arable land in northern China, mainly referring to Huang-Huai-Hai 
Plain in this thesis (Figure 1), currently is 25.3 million ha, and the population of 
this region is 258 million. It is the most important region for cereal production in 
China. In the 1980s, the production of wheat and maize in this region accounted 
for 48 and 40% of the national production, respectively (Chinese Academy of 
Agricultural Sciences, 1989; Liu and Mu, 1988). The cultivation of two crops per 
year, winter wheat followed by summer maize, is the dominating cropping 
system. The average annual grain yield of the two crops was around 7500 kg ha"' 
in the early 1990s (Ministry of Agriculture of China, 1992). 

Until the early 1980s, soil fertility was traditionally maintained and improved 
mainly by organic fertilizers, such as farmyard manure (FYM), compost, green 
manure, straw and organic wastes. Since then, several changes have occurred in 
arable farming: (1) the scale of farming management has been reduced from 
production teams to individual farmers' households with on average 0.5 ha of 
arable land or less, while the ownership of the land has remained public; (2) 
chemical fertilizers, especially for nitrogen, have become widely available; (3) the 
increase in cropping index, i.e. the number of crops per year, has intensified 
farming activities; (4) labour costs have risen, and part of the labour forces have 
started to divert from agriculture to other economic sectors; and (5) economic 
returns are now playing a very important role in farmers' decision making. 
Notwithstanding this changes, proper farming machinery is still lacking, and 
hand-work is still dominating in the field. 

As a result of these changes, the role of organic fertilizers as the main input of 
nutrients has largely been taken over by chemical fertilizers, in particular for N 
(Chen, et al., 1989; Portch and Jin, 1995; Zhou, 1989). Returning of straw into 
the soil and use of FYM are vanishing practices in many places. The planting 
area of green manure crops is shrinking, and other forms of organic fertilizers, 
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Introduction 

such as municipal wastes, are becoming less attractive in arable farming (Portch 
and Jin, 1995; Yang, 1990; Zhou, 1989). 

1.1.2 Soil organic matter and soil fertility in northern China 

This region is dominated by three types of soils: fluvo-aquic soils, alkaline soils 
and saline soils. They are derived from alluvial or fluvial deposits. The textural 
compositions of the soils vary from sandy soils to clay soils, depending on the 
sources of the deposits and topographic conditions (Du et al., 1990). 
The fertility of arable soils depends mainly on soil organic matter (SOM) content. 
Therefore, SOM content of the soils in this region is a fundamental factor 
determining and influencing crop production. In this region, SOM content in 
arable land is commonly below or around 10 g kg"' (Cao et al., 1986; Wang et 
al., 1988; Zhao, 1989). Many experimental results have indicated that with the 
present often low SOM contents it is difficult to substantially increase yields 
(Cheng et al., 1991; Jiang et al., 1991; Yang et al., 1991; Zhou, 1991). At the 
same time, the demand for grain production is increasing, and that situation will 
continue in the future. To meet the grain requirements, SOM content should at 
least be maintained at the present levels or, better, raised. 

On the other hand, the changed farming practices since the early 1980s make the 
dynamics of SOM in arable land uncertain, particularly in the long run. 
Controversial results or conclusions were obtained by different researchers under 
conditions of different SOM contents, crop yields, application rates of chemical 
fertilizers, etc. (Fu et al., 1992; Jiang et al., 1990; Wang et al., 1986; Zhou, 
1991). Warnings were given on possible degradation of soil fertility, in particular 
SOM status, in this region. (Chen et al., 1991; Fu et al., 1992; Li et al., 1990; 
Yang, 1990). Moreover, the constraints in available land in this region strongly 
limit the potential production of organic materials, and hence the application of 
organic materials to soils used for food crops. Knowledge of the arable farming 
system and the long-term SOM dynamics are crucial for the design and 
evaluation of farming management strategies directed towards sustainable grain 
production. Therefore, reliable methods for the prediction of the dynamics of 
SOM are needed. 

1.1.3 Primary objectives of this study 

The primary objectives of this study are to identify key factors in SOM dynamics 
in arable land of northern China, to predict long-term SOM dynamics under 
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various scenarios, and to give suggestions for long-term strategies for high-
efficiency use of available organic resources towards sustainable soil fertility and 
crop production. 

These objectives require a systematic and quantitative study of available 
experimental data. Straight-forward comparison of experimental data, however, is 
not simple because many factors influence the results. For such purposes, 
modelling is a powerful tool. 

In the following sub-chapters we discuss modelling as a tool in our research, the 
outline of the thesis, and the sources of data used for the various parts of our 
study. 

1.2 Modelling mineralization of organic matter 

1.2.1 General considerations on modelling 

Models have the potential of interpolating and extrapolating experimental results, 
of integrating and combining information from relevant sections in a system, of 
quantitatively evaluating their relationships, of testing and verifying current 
theories, and of providing wider, deeper and more comprehensive insights into the 
system under study. At the same time, misunderstandings of the system may be 
revealed, and fallacies in our knowledge may be corrected during modelling 
exercises (De Wit, 1986; De Wit and Keulen, 1987; Noij et al., 1993; Whisler, 
1986). 

Models are simplified representations of parts of reality. Because of the 
simplification and partiality models must be continuously subjected to testing in 
the real world before they can be applied in practice, and also thereafter during 
application testing remains necessary. This becomes more important and 
necessary in case that a model was developed on the basis of a few sets of data 
under specific conditions. Such a testing is necessary for the structure of a model 
as a whole, as well as for the formulations of specific relationships. This requires 
not only a good qualitative understanding of the system, but also a process-based 
interpretation of statistically analyzed experimental data. Computer-aided data 
handling, statistic analysis and data visualization are of great help in obtaining 
comprehensive, reliable and informative conclusions. 
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This thesis deals with an inventory and testing of some of the models on SOM 
dynamics, the development and testing of a new model, and applications of the 
newly developed model in studies of some general characteristics of 
mineralization of various types of organic substrates under different conditions, 
and in situations relevant for the sustainability of soil fertility in northern China. 

1.2.2 Inventory of available models on mineralization 

Several models on dynamics of organic matter mineralization have been proposed 
by different authors (Janssen, 1984, 1986; Jenkinson and Ayanaba, 1977; 
Jenkinson et al., 1987, 1992; Kolenbrander, 1969, 1970; Martel and Paul, 1974; 
Parton et al., 1987; Van Veen and Paul, 1981). They differ in complexity and 
number of parameters required for their use (Chapter 2). They have so far been 
applied in some studies, and satisfactory results have been reported (Jenkinson et 
al., 1991, 1992; Noij et al., 1993; Parton et al., 1987). 

1.2.3 Model development and applications 

In the process of model testing and evaluation, the understanding of the process 
of mineralization can significantly be improved. This may result in modifications 
of the models being tested, alternative approaches of modelling the system, or - in 
our case - the development of another model. 

Once a model has proved to be valid under certain conditions, it can be used to 
extrapolate experimental observations for the prediction of long-term SOM 
dynamics, to compare various situations which can hardly or cannot be compared 
by experimental means, to reveal general phenomena of the process under 
different conditions, and to study functions of some single factors. For example, 
results obtained from different time scales can be generalized by means of the 
model, and the results can be integrated to study some common factors, e.g. 
temperature. 

1.3 Outline of the thesis 

After the introductory Chapter 1, Chapter 2 tests and evaluates several models on 
organic matter mineralization. Based on both statistical analysis and process-
related considerations, it is concluded that for the purpose of the present study, 
none of these models is really satisfactory, because they are either too simple to 
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give satisfactory results, or too complicated to be used. Therefore, a new mono-
component model is proposed in Chapter 3 based on experimental data. The core 
of the model is the description of the dynamics of the relative mineralization rate 
in the equation of first-order kinetics. Equations describing the dynamics of both 
the quantity and the quality of a substrate undergoing mineralization are 
formulated. In Chapter 4, this model is tested with a large number of data, which 
cover several types of common substrates and diverse conditions. 

Chapters 5 to 8 deal with the applications of the model. 

In Chapter 5, the differences in short-term features and long-term features of 
mineralization are studied for different substrates under similar conditions, and for 
similar substrates under different conditions. It is attempted to link the effects that 
substrate properties and external conditions have on mineralization, and to show 
their changes over time. 

The efficiency of various materials in long-term accumulation of soil organic 
matter, as was indicated by the model, and the implications for organic matter 
management in arable farming in northern China are discussed in Chapter 6. 
Several types of materials, including green manures, straw, roots, and farmyard 
manure, are compared under the conditions of northern China. The importance of 
roots in buildup and maintenance of SOM in arable farming is shown. 

Chapter 7 presents the predictions by the model of the dynamics of SOM in 
arable land in northern China, in both quantitative and qualitative sense, taking 
into account the current farming practices and the possible development in the 
future. Present SOM levels, actual and potential yield levels and management 
scenarios are included, and possible strategies towards a sustainable soil fertility 
are suggested. 

Chapter 8 deals with the effect of temperature on mineralization. Three methods 
commonly used in quantifying temperature effect, i.e. the Arrhenius function, the 
Qi0 concept and a time-scale-adjustment method, are tested with the model using 
the data collected from appropriate experiments. The results suggest that the 
temperature effect on mineralization is time-dependent. 

The general discussion and conclusions are given in Chapter 9, together with 
recommendations for future research and the prospect of SOM status in northern 
China. 
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1.4 Collection and use of experimental data 

1.4.1 Collection of experimental data 

Experimental data and observations are essential requirements for modelling 
exercises. Many field trials have been conducted in northern China on 
mineralization of both applied organic materials and existing SOM. In the 
beginning of my thesis study, I collected many mineralization data from 
publications as well as from internal reports in northern China. At the same time 
meteorological data and information on farming management of this region were 
gathered. 

For the testing of potentially useful models, many experimental data from 
substrates other than those used in northern China and under different 
experimental conditions were derived from international scientific journals. 

The thus obtained wide coverage of experimental materials and routines, soil 
types, environmental conditions, time spans and intensities in observations, 
provided a strong basis for model testing and development, and offered the 
opportunity to apply the new model for the uncovering of so far hidden 
relationships. 

1.4.2 Use of experimental data 

The data used to test existing models represented a set of substrates ranging from 
glucose and cellulose to plant residues and farmyard manure (FYM), and a set of 
environmental conditions ranging from completely controlled situations in 
incubators in laboratories to the circumstances of field trials that were well 
managed, but subjected to changing weather conditions. 

The same data were used for the development of the new model, but for the 
testing of the new model additional data were used covering wider ranges of 
substrates and environmental conditions. Still more data sets were included in the 
study of some general characteristics of organic matter mineralization 

For the application of the new model to northern China, model input data were 
from that region only. 
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For the study of the influence of temperature on mineralization use was made 
only of data from experiments designed for that purpose. 
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Test and evaluation of some selected models on dynamics of C 
mineralization 

Abstract 

Two main approaches are followed in modelling the mineralization of organic 
matter, both based on the principle of first-order kinetics. One approach is to treat 
organic substrates or soil organic matter (SOM) as a whole with a characteristic 
relative mineralization rate (k), which is described either as a constant or as a time-
dependent function (mono-component models). The other approach is to partition 
substrates and SOM into various components each with its own characteristic 
(constant) k (multi-component models). In these models, organic compounds are 
supposed to be transformed either into C02 only, or partly into C02 and partly into 
other organic compounds. The purpose of this chapter is to test and evaluate some 
selected models with experimental data collected from literature. The data cover 
various commonly used organic materials and different experimental conditions. 
Examination of the data revealed that k decreased over time, making mono-
component models with a constant k inadequate for the description of 
mineralization. A two-component model with substrate transformations into C02 

only yielded good fits to observations. The sizes and the k values of the two 
components proved to depend not only on the substrate itself but also on external 
conditions, and in the long run model outcomes showed increasing systematic 
deviations from experimental observations. This makes it difficult to apply two-
component models under conditions different from those of the experiments used 
for the derivation of model parameters, and to make predictions for time spans 
longer than those of the experiments. Three multi-component models with substrate 
transformations into C02 and into other organic compounds were generally 
discussed, but not tested. They may have the potential of providing deeper and 
wider insights into the processes, but they are currently assembled on the basis of 
assumptions that need further confirmation, and require many input data which are 
difficult to obtain. Two of the five mono-component models found in literature 
with time-dependent relative mineralization rates, were tested. They gave poor fits 
to observations, mainly because the quantities of organic matter remaining after 
some years were substantially higher in the experiments cited in this chapter than 
in the experiments originally used for the formulation of the models. It was 
concluded that there is room for improving models with minimum requirements for 
input data and time-dependent relative mineralization rates. Existing experimental 
data are of value for that purpose, but at the same time more deliberate experiments 
are required to test assumptions and to derive values of parameters under diverse 
conditions. 
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2.1 Introduction 

2.1.1 Basic concepts 

In the last decades, modelling of organic matter mineralization has been an 
important subject in studies on soil fertility, soil erosion and environmental 
science that are related to soil organic matter (SOM) dynamics. It has been 
widely accepted as a tool to integrate current knowledge, to quantify processes of 
SOM turnover and the influences of environmental factors thereon, to predict 
SOM dynamics on the basis of available information, and to reveal areas which 
need further study. The temporal spans and spatial scales to which models have 
been applied, range from days to thousands of years, and from a specific site to 
global dimensions (Bouwman, 1989; Goto et al., 1994; Janssen, 1984; Jenkinson, 
1990; Jenkinson et al., 1991, 1992; Motavalli et al., 1994; Newbould, 1982; Noij 
et al., 1993; Parton et al., 1987; Phillips et al., 1990; Post et al., 1992; Smith et 
al., 1992; Van der Linden et al., 1987; Van Veen and Paul 1981). 

The principle of first-order kinetics has been widely adopted in modelling organic 
matter mineralization since it was proposed by Henin and Dupuis (1945). The 
change in the quantity of organic C is described as follows: 

dY/dt = -k*Y (2.1) 

in which t is time; Y is the quantity of organic C present at t; k (>0) is the 
relative mineralization rate, or simply, the rate constant. 

Integration of Equation 2.1 yields: 

Yt = Y0*exp(-k*t) (2.2) 

where Y0 and Yt are the quantities of C at t=0 and t, respectively. 

2.1.2 Terminology 

The terms transformation, gross decomposition, net decomposition and 
mineralization are commonly used in studies on organic matter turnover. 
Transformation and gross decomposition refer to the process in which the organic 
compounds of a substrate are transformed partially into other organic compounds, 
and partially into gaseous C02. Net decomposition accounts for the production of 
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gaseous C0 2 only, either from the original or from the transformed compounds. 
Mineralization means the process of conversion of organic C into gaseous C02 , 
and therefore, it is fully identical to net decomposition. In this chapter only the 
terms transformation and mineralization are used. 

2.1.3 Models for organic matter mineralization 

Based on the principle of first-order kinetics, two approaches have been adopted 
in modelling C mineralization in soil. In one approach a substrate is considered as 
a whole that has a characteristic relative mineralization rate which can be 
described either as a constant or as a dynamic function of time. The other 
approach is to partition incoming as well as existing organic matter into various 
components, each with its particular rate constant (k). The various components 
may be converted into C02 alone, or partially into C02 and partially into other 
organic compounds. 

The two approaches result in four types of models: 
1. mono-component models with a constant relative mineralization rate 
2. multi-component models with transformation into C0 2 only 
3. multi-component models with transformation into C0 2 and into other 

organic compounds 
4. mono-component models with a time-dependent relative mineralization 

rate. 
The first approach is adopted in the first type and the fourth type of models, and 
the second approach is employed in the other two types of models. 

2.1.4 Objectives 

The purpose of this chapter is to test and evaluate some representatives of these 
models with experimental data collected from literature. The data cover various 
commonly used organic substrates and different experimental conditions. This test 
and evaluation forms the first step of the program of this study, as outlined in 
Chapter 1. 

2.2 Model descriptions 

2.2.1 Mono-component models with a constant relative mineralization rate 

11 
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In the mono-component models with a constant relative mineralization rate, the 
first-order equation (Equation 2.2) is applied to the entire quantity of organic 
matter. It has been used to describe mineralization of organic matter by many 
authors (Ajwa and Tabatabai, 1994; Andren et al., 1992, 1994; Henin and Dupuis, 
1945; Hofman and Ruymbeke, 1980; Saggar et al., 1994; Tian et al., 1992). 

The basic assumptions are that k in Equation 2.2 remains constant during the 
process of mineralization, and that the rate of mineralization is independent of the 
amount of organic matter that is added. The latter assumption proved valid, as 
was shown by e.g. Cheng (1987), Hao and Cheng (1983), Jenkinson (1977b), and 
Wang et al. (1989). The former assumption is tested in this chapter. 

It was already realized by Henin and Dupuis (1945) that the relative decomposi­
tion rates of organic materials decrease strongly in the beginning. Therefore they 
assumed that organic materials became part of SOM at one year after addition to 
the soil. The ratio of the amount of organic material remaining after one year to 
the added amount was called 'humification coefficient' (indicated in our study by 
h.c). In that case Equation 2.3 instead of Equation 2.2 should be applied: 

Yt = h . c .*Y 0*exp[ -k*( t - l ) ] (2.3) 

in which t (in year) > 1. Substitution of t = 1 gives: 

h.c. = Y , /Y 0 (2.4) 

The use of 'humification coefficient' (h.c.) for the first year and of k for there­
after may represent a transition between mono-component and two-component 
models. Unfortunately, Equation 2.3 was not tested, because no data except those 
of Table 2.4 meet the requirement of having measurements at t=l year and 
enough number of measurements thereafter. 

2.2.2 Multi-component models with transformation into C02 only 

Multi-component models have been developed because mono-component models 
were often found inadequate to give satisfactory results. They have had a big 
impact on modelling of organic matter dynamics (Breland, 1994; Gregorich et al., 
1989; Jenkinson and Ayanaba, 1977; Jenkinson and Rayner, 1977; Ladd et al., 
1981; Martel and Paul, 1974; Matus and Rodriguez, 1994; Sauerbeck, 1982; 
Sochtig and Sauerbeck, 1982; Voroney et al., 1989). They are based on two 
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assumptions, that organic substrates can be partitioned into several components 
according to their resistance to mineralization, and that each component 
undergoes a first-order reaction with a characteristic rate constant (k) (Jenkinson, 
1977a; Jenkinson and Ayanaba, 1977; Martel and Paul, 1974; Minderman, 1968). 
The general expression for such models is: 

Y, = yi * exp(-k, * t) + y2 * exp(-k2 * t) + ... + yn * exp(-kn * t) (2.5) 

where Yt is the total quantity of a substrate at t; y„ y2 and yn are the original 
quantities of components 1, 2 and n, and k,, k2 and k„, the corresponding rate 
constants. 

It is to be expected that multi-component models give a better fit to experimental 
data than mono-component models. The problem, however, is the experimental 
technique to measure the quantities of the individual substrate components with 
different resistance to mineralization. As a consequence, partitioning is commonly 
done mathematically, i.e. by fitting Equation 2.5 to a set of experimental data on 
Y, and t. The fitting refers to both the original quantities as well as the k values 
of the various components. The number of components cannot exceed half of the 
number of experimental observations, because at least one degree of freedom is 
required in regression analysis. 

2.2.3 Multi-component models with transformation into C02 and into other 
organic compounds 

Multi-component models with transformation into C02 and other organic com­
pounds have in common in the partitioning of incoming and existing organic 
materials into several components with the multi-component models with trans­
formation into C0 2 only. The former differ from the later in that the former 
describe transformations of one organic component into others or into C02 , and 
not just mineralization (Andren and Paustian, 1987; Ayanaba and Jenkinson, 
1990; Bouwman, 1989; Hassink, 1995c; Jenkinson et al., 1987, 1992; Jenkinson 
and Rayner, 1977; Motavalli et al., 1994; Nicolardot and Molina, 1994; Nicolar-
dot et al., 1994; Parton et al., 1987; Paustian et al., 1992; Van der Linden et al., 
1987; Van Veen et al., 1985; Van Veen and Paul, 1981; Verberne and Hassink, 
1990; Verberne et al., 1990). They have the potential of providing deeper and 
wider insights into the whole process (Newbould, 1982; Post et al., 1992; Smith 
et al., 1992; Verberne et al., 1990). They have so far been applied in time spans 
ranging from days to thousands of years, and in spatial scale from fields to 
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Liqnin to Nitrogen ratio 

Lignin fraction 

Soil Silt + Clay content 

(fraction) 

Figure 2.1 Diagram of C flows in the Century model. Figures (in year) within boxes are the 
half-life times; figures or formulas beside arrows are the transformation coefficients. From 
Parton et al. (1987). 

regions and even to global dimensions. The following three models may be 
considered as representative: Rothamsted model (Jenkinson et al., 1987, 1992), 
the model by Van Veen and Paul (1981) (see also Verberne et al., 1990), and the 
Century model (Parton et al., 1987). Figure 2.1 gives the schematic representation 
of Century model. The transformation of each component is described by first-
order equations with individual rate constants (k). As said above, the products of 
the transformation consist of C02 and one or more organic compounds. The 
allocation to the various transformation reactions goes by transformation 
coefficients. Influences of external factors like soil texture, temperature, moisture, 
etc., are incorporated in the models by adjusting the k values, or the time scale, of 
the various first-order equations. Because of the transformations from one 
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compound into others, this type of model requires many short time intervals (day 
or week); at the end of an interval the sizes of the various state variables are 
adjusted for the transformations that took place during the interval. 

A major problem of such models is that rate constants (k) and transformation 
coefficients can be or have been derived only partly from experimental observa­
tions, and must therefore be based on assumptions or iterative runs of models 
themselves. For instance, the following assumptions are used in the Century 
model (Parton et al., 1987): 
a. native SOM consists of three pools (active, slow and passive), and plant 

materials of two pools (metabolic and structural) distinguished after their 
lignin/N ratio; 

b. a fixed proportion of the transformed material is lost as microbial respir­
ation (55% for structural C, metabolic C, slow and passive SOM). The 
lignin in plant residues, which is entirely allocated to structural pool, is 
fully incorporated into slow soil-pool; 

c. the rate constant (k) of plant structural pool is a function of its lignin 
content, and the k of slow SOM pool is equal to that of cellulose at the end 
of a 1500-day incubation; 

d. soil texture determines the efficiency of stabilizing active SOM pool into 
slow SOM pool, and influences the decomposition rate of active SOM 
pool. 

The use of so many assumptions will likely weaken the models as a tool to 
providing quantitative information on the processes laid out in these models 
(Motavalli et al., 1994). The number of parameters is big, ranging in the cited 
models from 8 to 29, and there may exist strong inter-correlations among them 
(Jenkinson et al., 1987; Parton et al., 1987; Smith, 1979; Van Veen and Paul, 
1981; Verberne et al., 1990). Consequently, there is uncertainty about the per­
formance of such models. The validation at component level requires far more 
information than current experiments can provide. Consequently, it will take a 
long time before these models can be applied in practice, either under controlled 
conditions or in the field. At present, such models are rather descriptive than 
explanatory (Verberne et al., 1990). The mentioned problems prevent them from 
being tested within the framework of our study. 

2.2.4 Mono-component models with a time-dependent relative mineralization rate 

The characteristic for the mono-component models with a time-dependent relative 
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mineralization rate is that a substrate is treated as a whole, and its relative 
mineralization rate is not constant but changes over time. Five such models were 
found in literature: Brunner and Focht (1984), Godshalk (1977), Janssen (1984, 
1986), Kolenbrander (1969, 1970), and Middelburg (1989). They differ in the 
functions relating the relative mineralization rate to time. Only those of Kolenb­
rander and Janssen were tested in this study, because they were proposed for 
mineralization of common organic materials under agricultural conditions. 

Kolenbrander (1969, 1970) is probably the first author who proposed this type of 
model (Van Dijk, 1982). Based on literature data on substrates like plant 
materials, manure and peat, he formulated the following equation: 

Y t /Y0 = e xp{ - [n+p / ( t+ l ) ]* t} (2.6) 

where p (dimensionless) and n (dimension t"1) are two constant parameters. 
Comparison of Equation 2.6 with Equation 2.2 suggests: 

K = n + p / ( t + l ) (2.7) 

where K is the average relative mineralization rate during the period between 
times 0 and t. K, the average relative mineralization rate, is not equal to the 
actual k at time t. The two will be equal only if k does not change over time. 

Janssen (1984, 1986), working with the same data set as Kolenbrander, proposed 
another equation to relate the relative mineralization rate to time: 

k = 2.82*(a + f*t)"16 (2.8.a) 

or, 

log(k) = 0.45 - 1.6 * log(a + f * t) (2.8.b) 

in which k is the actual relative mineralization rate at t; a is the so-called 
'apparent initial age', an index for the resistance of a substrate to mineralization; f 
is a temperature correction factor (see also Noij et al., 1993). 

Substitution of Equation 2.8 in Equation 2.1 and subsequent integration yield: 

Yt = Y0 * exp{4.7 * [(a + f * t ) 0 6 - a06 ]} (2.9) 

16 
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The essence of this model is the use of one general linear relationship between 
log(k) and log(t) for all organic materials. The difference in resistance is 
accounted for by assigning different 'apparent initial ages' (a) to different 
substrates. This model proved workable in some studies and was further adopted 
in researches conducted in other areas (Cheshire et al., 1988 and 1993; Middelbu­
rg, 1989; Noij et al., 1993). 

It should be noticed that K in Equation 2.7 and k in Equation 2.8 are not the 
same. The (capital) K refers to the period between times 0 and t, whereas the 
(smaller letter) k refers to the point of time t exactly. As both decrease over time, 
the value of k is always smaller than that of K. 

2.3 Data sets and statistical methods 

For the present study four sets of data with 35 cases collected from literature 
were used (Tables 2.1, 2.2, 2.3 and 2.4). Some supplementary information on soil 
properties concerning these data are given in Table 2.5. All data are originally 
tabled values. The organic materials are commonly used in farming all over the 
world, with the exception of some materials in Table 2.1. Only experiments with 
materials that had been labelled with '4C were included in order to get maximum 
resolutions of mineralization results. Because animal manure and farmyard 
manure are not labelled in conventional experiments, they are not considered in 
this chapter. During the experiments, lasting between 3 and 10 years, external 
conditions were kept constant in controlled experiments (Tables 2.1 and 2.2); in 
case of field trials (Tables 2.3 and 2.4) samples were taken in the same period of 
the year so that the external conditions among sampling were as much the same 
as possible. The materials were incorporated into the soils only once at the 
beginning of the experiments. 

For testing the models described in Sections 2.2.1, 2.2.2 and 2.2.4, the data in 
Tables 2.1 to 2.4 were fitted to the models directly by nonlinear regression 
conducted in Statgraphics (STSC Inc., 1986). Adjusted R2 was used for judging 
the fit between models and observations: 

R2 = i - I (y - Yes« )2 / E (y - y ^ J 2 (2. io) 

adj. R2 = 1 - n * (1 - R2)/(n - p) (2.11) 
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where y = the observations, ymean = the arithmetic mean of y, yestj = the model 
estimates, n = the number of observations, p = the number of independent 
variables in the model. For nonlinear regression it is possible that £ (y — y^ )2 > 
£(y - ymean)

2. In that case, R2 and adj. R2 calculated by Equation 2.10 and 2.11, 
respectively, are negative, which indicates a total failure in fit of a model to 
observations (Kvâlseth, 1985). 

Table 2.1 Remaining fractions (%) of single additions of various substrates, incubated at 20 °C. 
Soil moisture was maintained at 55% water-holding capacity (by weight). N was added in the 
form of (NH4)2S04 at a rate of 40 mg N per g C added. Data from Sorensen (1983) 

Substrate 

glucose'"' 

hemicellulose00 

cellulose"" 

maize straw 

barley straw 

Soil*» 

A 

L 

H 

R 

A 

L 

H 

R 

A 

L 

H 

R 

A 

L 

H 

R 

A 

L 

H 

R 

Case<c> 

1-1 

1-2 

1-3 

1-4 

2-1 

2-2 

2-3 

2-4 

3-1 

3-2 

3-3 

3-4 

4-1 

4-2 

4-3 

4-4 

5-1 

5-2 

5-3 

5-4 

Days of 

10 

28 

29 

34 

32 

38 

40 

45 

59 

55 

56 

52 

66 

62 

62 

60 

68 

74 

68 

63 

67 

incubation 

30 

22 

24 

29 

27 

28 

27 

41 

51 

41 

38 

43 

44 

50 

48 

48 

52 

71 

67 

51 

56 

90 

17 

17 

20 

19 

26 

24 

35 

39 

32 

28 

28 

34 

42 

39 

38 

43 

57 

53 

39 

45 

365 

10 

13 

18 

16 

21 

19 

25 

29 

26 

22 

20 

23 

28 

28 

27 

29 

32 

47 

32 

32 

730 

10 

12 

16 

14 

18 

18 

23 

25 

23 

19 

17 

22 

24 

26 

22 

25 

22 

43 

27 

29 

1100 

7 

9 

12 

12 

15 

15 

20 

23 

22 

24 

21 

24 

18 

42 

24 

25 

(a) 

(b) 

(c) 

Glucose, hemicellulose and cellulose were prepared from barley straw. 
The codes used for soils are explained in Table 2.5. 
The case-numbers are used in Table 2.6. 
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Table 2.2 Remaining fractions'3' (%) of single additions of oat shoots with a C-N ratio of 57.9 
in a light loamy sandy soil, incubated at 20 °C. The shoots were ground and sieved (<0.5 mm). 
Soil moisture was maintained at 60% matric potential (33 kPa). Data from Nowak and Nowak 
(1990) 

Fertilization(b) 

Control 

1NPK 

3NPK 

3NPK+CaC03 

Case(c) 

6-1 

6-2 

6-3 

6-4 

Days of incubation 

10 

57 

56 

55 

50 

25 

46 

44 

42 

37 

50 

41 

40 

37 

32 

100 

40 

38 

36 

30 

150 

39 

37 

35 

29 

200 

38 

36 

33 

28 

300 

36 

34 

31 

25 

500 

35 

33 

30 

24 

700 

33 

31 

29 

22 

900 

32 

30 

28 

21 

1200 

31 

29 

27 

21 

1500 

31 

29 

27 

21 

(a) The remaining fraction was calculated from the sum of remaining fractions of bitumen, 
humic acid, fulvic acid and humine. 

^ Fertilizer rate (kg"1 soil): control - no fertilizer; 1NPK - 166 mg N as NH4N03, 133 
mg P205 as KH2P04 and 166 mg K20 as K2S04; 3NPK - 3 times dose of 1 NPK; 
CaC03 - 1379 mg CaC03. 

<c) The case codes are used in Table 2.6. 

Table 2.3 Remaining fractions (%) of single additions of mature wheat straw in six fields in 
Germany. Straw was coarsely ground. Cereals or root and tube crops were present at all sites. 
Data from Sauerbeck and Gonzalez (1977), and Sochtig and Sauerbeck (1982) 

Site 

1 

2 

3 

4 

5 

6 

Case00 

7-1 

7-2 

7-3 

7-4 

7-5 

7-5 

Years 

2 

24 

24 

24 

28 

31 

30 

in field 

4 

18 

19 

21 

22 

25 

25 

6 

16 

17 

19 

21 

23 

22 

8 

14 

15 

17 

20 

19 

20 

The case codes are used in Table 2.6. 
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Table 2.4 Remaining fractions (%) of single additions of ground ryegrass (<0.5 mm) in the field 
in Rothamsted, England. The trial started in April 1962. Data from Jenkinson (1977a) 

Soil 

l+2+3+5(i) 

6 

7 

8 

4 

Case(b) 

8-1 

8-2 

8-3 

8-4 

8-5 

Years in 

0.5 

32.7 

45.8 

28.1 

41.5 

31.8 

field 

1 

31.6 

42.5 

26.8 

35.9 

27.9 

2 

25.0 

30.1 

21.5 

25.9 

24.4 

5 

18.6 

20.2 

15.1 

16.9 

18.4 

10 

12.4 

13.6 

9.8 

12.8 

12.3 

The data of Soils 1, 2, 3 and 5 have been averaged, because their remaining fractions at 
the same sampling time are almost the same. 
The case codes are used in Table 2.6. 

Table 2.5 Some properties of the soils referring to the data in Tables 2.1, 2.2, 2.3 and 2.4 

Table 

2.1 

2.2 

2.3 

2.4 

Soil/Site 

A 

L 

H 

R 

loamy sand 

1 

2 

3 

4 

5 

6 

1+2+3+5 

6 

7 

8 

4 

Clay 
% 

6 

12 

16 

34 

n.d. 

16 

16 

4 

1 

5 

18 

19 

21 

8 

5 

19 

pH 

6.2 

6.5 

7.2 

7.4 

5.6 

5.4 

7.2 

6.7 

5.5 

4.6 

7.0 

7.0 

3.7 

6.2 

3.7 

7.0 

Total C 
g kg' 

8 

13 

20 

24 

10 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

Total N 
g kg ' 

0.7 

1.4 

2.4 

2.6 

0.9 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d.: no data given in sources. 
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2.4 Test and evaluation of models 

2.4.1 Mono-component models with a constant relative mineralization rate 

It is clear from the values of adjusted R2 in Table 2.6 which are all negative 
except one, that the mono-component model in the form of Equation 2.2 is not 
suitable for describing mineralization. To examine whether k remained constant, 
the average k between two adjacent time points t, and t2 (k,,.,^ was calculated by 
Equation 2.12, and plotted against time (the middle between t, and t2 was used) 
(Figure 2.2): 

ktl„t2 = - ln (Y t 2 /Y t , ) / ( t 2 - t 1 ) (2.12) 

where Ytl and YQ are C quantities at times t, and t2, respectively. 

Figure 2.2 shows that k did not stay constant, but decreased over time, especially 
in the initial stage. As a consequence, the model is not suitable for describing the 
fate of added C, as has been pointed out by many authors (Cheshire et al., 1988; 
Faassen and Smilde, 1985; Gregorich et al., 1989; Janssen, 1984; Minderman, 
1968; Ross, 1989; Van Dijk, 1982). 

2.4.2 Multi-component models with transformation into C02 only 

Equation 2.5 was applied using two components for various substrates, and the 
results are shown in Table 2.6. From the values of adjusted R2 it can be con­
cluded that the overall fit was very good with an average value of adjusted R2 of 
0.93. In one half of the 35 cases, the adjusted R2 was 0.95 or higher, and only in 
one case the adjusted R2 was as low as 0.72. It seems that two components are 
sufficient, surprisingly enough in view of the possible variability in experiments. 
The model estimates of C remaining over time are shown in Figure 2.3 for both 
the individual components and their sum, along with the observed total remaining 
quantities of C. 

Table 2.6 and Figure 2.3 show that the first component mineralized much faster 
than the second. In most cases, the quantity of the first component became 
negligible after about 30 days, but for Case 7 (wheat straw) and Case 8 
(ryegrass), it took about 2 and 1 year, respectively. After disappearance of the 
first component, the remaining substrate consisted of the second component only, 
as indicated by the overlap of the lines for Component 2 and Total in Figure 2.3. 
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2: hemicellulose 

3: cellulose 4: maize straw 

5: barley straw 

k, year1 

1E*00 , 

7: wheat straw 

v^f^*85 5 | 

—s 

-Ô-

site-1 

site-2 
< : * • 

site-3 

site-4 

site-5 
-v-
site-6 

years years 

Figure 2.2 Change of k (logarithmic scale) over time as calculated by Equation 2.12. The 
numbers refer to the cases in Table 2.6. 
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Remaining, % 
40 , 

1 : glucose 

0 !À A A— - W -
1200 

i 

0 iA-A-
0 

2: hemicellulose 

3: cellulose 

:**-. 

V 

4: maize straw 

5: barley straw 

^ - S U . 

600 

days 
1200 

60 i 

6: oat shoots 

? ' • ^ -

0 - M û à - 6 A—' A A A A— 
0 600 1200 

days 

25 

n 

A-. 
*7—-

A -

7: wheat straw 

""""'* "* —-» 

4 

years 

8: ryegrass 

5 

years 

— A 
10 

; Component-1 ^ Component-2 x Total Observed 

Figure 2.3 Remaining components over time and their sums calculated by the two-component 
model. The numbers refer to the cases in Table 2.6. 
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The fact that even for glucose the initial quantity was not entirely allocated to the 
first component, means that the model considers a part of glucose as rather 
resistant. So, the homogenous compound is subdivided into two components. 
Moreover, it is seen in Table 2.6 that for a same substrate the size of the first 
component varied with treatments. Comparison of the size of the first component 
and the data in Tables 2.1 to 2.4 reveals that the less the remaining is - especially 
in the early stage, the larger the proportion is that is allocated to the first 
component. As external factors affect the part that is remaining, this suggests that 
the partitioning into two components is determined not only by substrate 
properties, but external conditions, as well. 

Experimental results from Ladd et al. (1992), Saggar et al. (1994), and Van Veen 
et al. (1985) show that glucose added to soils entirely disappears within one to 
three days. The 20% to 25% of the total glucose allocated to the second 
component (Table 2.6) probably represents the secondary C-containing 
compounds derived from glucose during its transformation and present or not 
present in the microbial biomass. For more complex substrates, the second 
fraction consists partly of original substrate and partly of transformation products. 
In addition, the relatively small differences among the k values of the second 
components in Table 2.6 suggest either that the primary and secondary forms of 
C in this component are comparable in their resistance to mineralization, or that 
in all cases the second component mainly consists of secondary products with 
similar resistance to microbial attack. Further, it seems that the relative 
mineralization rate of the second component is less influenced by external factors 
than that of the first component. 

According to Figure 2.3, the model tends to underestimate the quantities of 
remaining C in the later stage, and the underestimation will likely get relatively 
larger if the time span is extended. This systematic deviation suggests that the k 
value of the second component is not constant but decreases over time, though 
very slowly. Addition of a third component with a relative mineralization rate 
lower than Component 2, may improve the fit in the later stage. 

2.4.3 Mono-component models with a time-dependent relative mineralization rate 

The average adjusted R2 of the total 35 cases was 0.78±0.04 for the 
'Kolenbrander-model' (Table 2.6), indicating that the model did not sufficiently 
explain the observations. Furthermore, there were 7 cases with negative values of 
n, which makes the role of n in the model inconsistent in different cases. 
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Nevertheless, some of these cases had high values of adjusted R2. 

The model was further examined by comparing the values of K as calculated by 
Equation 2.7 using the values of n and p in Table 2.6 for the various points of 
time with the 'real' K which was calculated by Equations 2.2. The results in 
Figure 2.4 show that, except for wheat straw, Equation 2.7 did not correctly 
describe the decrease of K over time. The difference between the outcomes of 
Equations 2.2 and of 2.7 will likely become larger when time is extended. It can 
be concluded that the model by Kolenbrander is able to correctly describe 
mineralization under some but not under all conditions. 

The 'Janssen-model', however, almost completely failed as indicated by adjusted 
R2 in Table 2.6. The cause for the failure is suggested by Figure 2.5, in which the 
apparent initial age (a) of a substrate, as calculated by Equation 2.9 for the 
various points of time, was plotted versus time. It appears that the longer the time 
period, the larger the thus calculated value of a is. This suggests that a single 
parameter like a is not able to describe mineralization for a wide range of 
external conditions. 

2.5 General discussion and conclusions 

The models tested in this study all describe mineralization, i.e. the transformation 
of organic matter into C02, and not the transformation into other organic 
compounds. The performance of the models measured by adjusted R2 differs 
considerably. The mono-component model with a constant relative mineralization 
rate totally failed. The mono-component model with a time-dependent relative 
mineralization rate that uses two model parameters (Kolenbrander) performed 
better than the one that uses only one parameter (Janssen). The two-component 
model without interrelations among components, gave the best results in this 
comparative study. 

It is very obvious that the assumption of a constant k for a whole substrate is 
incorrect (Figure 2.2). Although this has been realized by many researchers, the 
first-order equation with a constant k is still used in some recently published 
researches. 

The strategy of splitting an incoming substrate into two components with their 
characteristic k values, worked well, and hence has justly received much support. 
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Figure 2.5 Change of 'apparent initial age' (a) over time, as calculated by Equation 2.9. The 
numbers refer to the cases in Table 2.6. 

The fact that even for substrates like glucose, two components were distinguished, 
gives an additional meaning to partitioning. Apparently around 20% to 25% of 
very easily mineralizable substrates are not comprised in the first component. 
This may be interpreted in the sense that not all C from glucose is released as 
C02. The variations in the proportion assigned to the first component by the 
model under different conditions, suggest that the partitioning into two fractions 
is determined not only by the properties of a substrate, but by external factors as 
well. This makes it difficult to allocate to substrates the values of model 
parameters that can be used under all circumstances, and limits the significance of 
such models in practical applications. 

The results in Table 2.6 and Figure 2.3 may be interpreted in that the resistant 
component allocated by the two-component model includes both relatively 
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resistant compounds in the original substrate and the compounds that have been 
transformed from the original substrate. Experimental evidences from Ladd et al. 
(1992), Saggar et al. (1994), and Van Veen et al. (1985) also support this 
suggestions. Table 2.6 also shows that the k value of the second component is not 
much affected by the nature of the substrate, and less by external factors like 
temperature than the k value of the first, easily mineralizable, component. 

Notwithstanding the good fit of the two-component model, there is a trend that 
the model underestimates the total remaining quantities in the long run (Figure 
2.3). This suggests that the model cannot be used for longer time spans than used 
for fitting. The remaining parts of the substrate would keep a constant k value 
and that is not in accordance with reality. Due to its weak points, the model was 
considered to oversimplify the real process of mineralization (Jenkinson, 1977a; 
Sierra, 1990; Voroney et al., 1989) and to be of more mathematical convenience 
than to reveal the biochemical processes (Cheshire et al., 1988). 

The approach of treating an incoming substrate as a whole, and of dynamically 
describing the change of K or k over time, forms another main line in model 
development. It avoids the problem of unrealistic partitioning and is convenient in 
practice. Moreover, in agriculture the total quantity of SOM usually is of more 
concern than the composition. Both the Kolenbrander and the Janssen model 
performed much better, when fitted to the experimental data from which they had 
been derived (Table 2.7) than to those cited in the present paper. The 
disappointing performance is probably caused by the fact that the remaining 
fractions of organic matter were lower in the original sets of data than in the 
present ones. This is shown in Figure 2.6 comparing the average values of Tables 
2.3 and 2.4 with the average data for green matter, straw and leaf litter collected 
by Kolenbrander (1969, 1970). That explains why the values of a increased when 
calculated from data referring to longer periods of mineralization, as was shown 
in Figure 2.5. 

In the Janssen model the decrease over time of the relative mineralization rate (k) 
is fixed by the values 2.8 and 1.6 of the coefficients in Equation 2.8. The present 
study proves that to be too rigid. The model can be used in a more flexible way, 
when first the values of the coefficients are verified and adjusted when needed 
(Janssen, 1984). That procedure is followed in the following chapter, showing 
that the logarithms of the relative mineralization rate (k) and time are indeed 
linearly related, but that both the slope and intercept vary from case to case. 
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Table 2.7 Values of the model parameters of Kolenbrander and of Janssen, and of the adjusted 
R2 of models' fit to the data from Kolenbrander (1969, 1970) used in the model propositions. 

Substrate 

Green mass 

Straw 

Litter 

FYM 

Fir needle 

Saw dust 

Peat-4 

Peat-3 

Peat-2 

Peat-1 

n 

0.12 

0.09 

0.16 

0.13 

0.13 

0.13 

0.12 

0.06 

0.05 

0.02 

Kolenbrander 

P 

3.01 

1.84 

0.80 

0.88 

0.51 

0.31 

0.30 

0.21 . 

0.10 

0.05 

adj. R2 

1.00 

0.98 

1.00 

0.97 

0.96 

1.00 

1.00 

1.00 

1.00 

1.00 

a 

1.00 

1.54 

2.29 

2.37 

3.07 

3.58 

3.89 

5.86 

7.74 

15.13 

Janssen 

adj. R2 

1.00 

0.99 

0.98 

1.00 

0.98 
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0.99 
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Figure 2.6 Remaining fractions of straw (average values from Tables 2.3 and 2.4), and of green 
mass, straw and litter as found by Kolenbrander (1969, 1970). 
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For detailed studies of turnover of organic matter in soil, including possible 
reaction pathways, transformations from one organic compound into others, and 
changes of compositions of C pools during turnover, comprehensive multi-
component models may offer the best possibilities, because they explicitly take 
them into account. However, this type of models are not convenient for use in 
practice because i) they require quite a number of parameters (8 to 29) which 
cannot easily be provided; ii) the values of parameters are different under 
different conditions, and therefore need to be carefully tested with experimental 
data before they are used in a different situation; iii) the defining of processes 
with full and partial assumptions and their related quantitative descriptions need 
comprehensive examinations in studies with deliberate designs (Motavalli et al., 
1994). Such models have been reported successful in some studies (Jenkinson et 
al., 1992; Nicolardot et al., 1994; Van der Linden et al., 1987). Nevertheless, such 
success cannot fully ensure that all routines in the models and the quantitative 
descriptions of processes are correct, because it is possible that positive and 
negative deviations within a model are counterbalanced so that the final overall 
results still fit observations. Such a counterbalance may get lost when 
environmental factors like temperature, moisture condition and soil properties 
change, and if this happens, the predictions by the model are wrong. 
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