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STELLINGEN 
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Once an equilibrium of soil organic matter is achieved in 

soil, the variation in nitrogen mineralization depends on 

the inputs of organic matter from individual crops in a 

crop rotation rather than on the soil characteristics. 

* This thesis 

In contrast to what is generally accepted added labelled 

plant materials (of low C:N ratio) in cropped and uncropped 

soils decompose at similar rates. 

* This thesis 

The mechanisms of physical protection of soil organic 

matter in soils of different textures differ. 

* This thesis 

Similar rates of decomposition of added labelled plant 

materials in soils of very different textures are possible 

if initially decomposition is the dominant process rather 

than physical protection. 

* This thesis 

Chemical composition of plant material rather than soil 

texture and soil structure is the determining factor in the 

decomposition of labelled plant residues immediately after 

incorporation. 

* This thesis 

Regardless of the energy applied to disperse soils, the 

soil organic matter concentration in silt and clay size 

fractions is higher in coarse- than in fine-textured soil. 

* This thesis 

C'^5'( 



7 Science relies on genius, instrument and method... 

* Dr. Carlos Rivera, Lecture of Philosophy of Science and 

Research Methods, Pontificia Universidad Católica de Chile. 

8 ... but it is not irrational to look first at work already 

done, and to rearrange one's own thoughts rather than 

experimentally to rearrange nature. 

* H.T. Pledge. 

9 The neo-liberal concept of a free market in Chile is far 

from the rationality of sustainable agriculture. 

10 Ivan Illich has calculated that the car, taking into 

account how many hours the owner has to work extra in order 

to be able to buy and use it, does not go faster than the 

bike. 

* Willem Hoogendijk, The Economic Revolution 

11 Our modern society is one in which you should remain 

consuming goods, otherwise the happiness seems in danger. 

12 Democracy without democrats is the desire of the Chilean 

right-wing party (UDI). 

Stellingen behorend bij het proefschrift "Crop residue 

decomposition, residual soil organic matter and nitrogen 

mineralization in arable soils with contrasting textures". 

F. J. Matus, Wageningen, 29 November 1994. 
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ABSTRACT 

To evaluate the significance of cropping, soil texture and soil structure for the decomposition of 
14C- and 15N-labelled crop residues, a study was conducted in a sand and a clay soil under 

laboratory and field conditions. The distribution of residual 14C, residual 15N and microbial biomass 
1*C of different aggregate size classes and physical protection of soil organic matter as indicated 

by the rates of 14C and 15N mineralization after soil disaggregation were also studied in the same 

soils. Soil texture and soil structure were not determining factors in the decomposition of residual 

labelled soil organic matter, but residue type was important for N mineralization soon after 

incorporation. Recently formed labelled soil organic matter was less well physically protected than 

older soil organic matter and adsorption of soil organic matter on to silt and clay particles was 

the main mechanism of physical protection in sand soil. In clay soil the results were not conclusive 

as regards the main mechanism of protection of recently formed soil organic matter. In conclusion 

because soil structure broken up by soil disruption, and soil texture were found to have no effect 

on the rate of decomposition of recently formed organic matter in soil, we do not need to include 

these factors when the C and N mineralization from crop residues in arable soils has to be 

estimated. 
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CHAPTER 1 

GENERAL INTRODUCTION 

Soil organic matter 

All soils with a history of plant cover contain soil organic matter, derived directly from plant and 

animal debris or synthesized during biological decomposition. An important step in the 

comprehension of soil organic matter dynamics was to recognize that only a small part of the 

total organic carbon and nitrogen in soil is biologically active. Jansson (1958) brought together 

many of the concepts involved in mineralization-immobilization of nitrogen and confirmed the 

earlier suggestion of Gainey (1936) that the soil organic matter is composed of an active and a 

passive phase. The current understanding of soil organic matter has been summarized in 

comprehensive simulation models of the dynamics of organic carbon and nitrogen in soil 

(Jenkinson and Rayner, 1977; Paul and Juma, 1981; Van Veen et al., 1985; Parton et al.. 1987; 

Whitmore and Parry, 1988 ; Verberne et al., 1990). All these models contain the concept of active 

and passive pools of soil organic matter with carbon and nitrogen cycling mainly restricted to the 

active pool. 

Decomposition of plant residues and soil organic matter and mineralization of nitrogen in soil 

Decomposition of the active soil organic matter fraction includes physical breakdown of plant 

residues by animals and abiotic processes. Soil organisms are the living mass of soil organic matter 

consisting of bacteria, fungi, protozoa, nematodes and other invertebrates which may not all be 

present within any one ecosystem. A number of factors can modify the course of the 

decomposition of plant residues in soils. It has long been recognized that residues from young 

plants decompose more rapidly than those from older plants (Waksman and Tenney, 1928). 

Differences in the release rate of carbon and nitrogen are often ascribed to the amount of carbon 

and nitrogen and their ratio in plant residues. However, Herman etal. (1977) indicated that apart 

from the carbon to nitrogen ratio, the lignin to nitrogen and the carbohydrate to nitrogen ratio 

were good indicators of differences in crop residue decomposition in soil. Chemical compounds 

in plants such as structural carbohydrates (cellulose, hemicellulose, lignin) and polyphenols (Tian 

et al., 1992"; Tian et al., 1992b) as well as the nature of the decomposer community (Tian et al., 

1994) show a good correlation with the decomposition rate of plant materials in soil. 

The presence of living plants has also been suggested to influence the decomposition of 

plant residues in soil. Cropping induced less decomposition of residual MC compared with fallow 

soils in the field (Führ and Sauerbeck, 1968; Shields and Paul, 1973; Jenkinson, 1977) which was 
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attributed to less water being available in the cropped soils (Shields and Paul, 1973; Jenkinson, 

1977) or restricted soil aeration (Führ and Sauerbeck, 1968). However, during laboratory 

experiments under controlled humidity and temperature conditions both positive and negative 

effects have been described (Sallih and Bottner, 1988), while in experiments where the aeration 

was controlled a reduction in the decomposition was observed (Reid and Goss, 1982). Living roots 

also led to negative (Huntjens, 1971) or positive (Hart et ai, 1979; Jingguo and Bakken, 1989) 

effects on net nitrogen mineralization. Roots may induce more microbial activity in the 

rhizosphere by exudation of organic compounds (Helal and Sauerbeck, 1986). It seems that the 

presence of plants, rather than stimulating nitrogen mineralization, reduces the microbial 

immobilization of N through effective competition with microbes for mineral nitrogen (Jingguo 

and Bakken, 1989). It has been suggested that with high nitrogen concentrations in soil, microbes 

prefer root-derived materials over native soil organic matter and that at low nitrogen 

concentrations this preference does not occur (Liljeroth et al., 1990; Kuikman et al., 1990). 

Soil organic matter protection 

Destruction of soil structure, i.e., disruption of soil aggregates, is another factor influencing the 

decomposition of soil organic matter (Craswell and Waring, 1972; Sorensen, 1983a; Nordmeyer and 

Richter, 1985; Cabrera and Kissel, 1988; Van Gestel et al., 1991; Hassink, 1992). The soil organic 

matter content of most soils declines when virgin land is cultivated (Van Veen and Paul, 1981; Van 

der Linden etal., 1987). The loss is most rapid during the first few years, thereafter it diminishes 

considerably (Van Veen and Paul, 1981). The decline in soil organic matter content after 

cultivation cannot be attributed entirely to a limited return of the amount of plant residues 

incorporated in soil. A greater decrease of soil organic matter is also possible as a result of 

disruption of soil aggregates (Elliott, 1986). Physical protection from microbial degradation arises 

when soil organic matter is entrapped in small pores within soil aggregates (Elliott and Coleman, 

1988) or is physico-chemically adsorbed onto the surface of clay minerals (Edwards and Bremner, 

1967; Tisdall and Oades, 1982) or because soil organic matter is encrusted by clay particles (Tisdall 

and Oades, 1982). The destruction of soil aggregates exposes previously inaccessible organic 

matter to microbial attack (Rovira and Greacen, 1957; Craswell and Waring, 1972; Hassink, 1992). 

The increase in carbon and nitrogen mineralization released from the soil after soil structure is 

disrupted constitutes indirect evidence that soil organic matter is physically protected from 

biodégradation. Clay soils may protect relatively more soil organic matter than sand soils in small 

pores (Hassink et al., 1993). Microorganisms are more numerous in inner pores of aggregates than 

on the external surfaces and in large pores (Vargas and Hattori 1986). 

Prédation of bacteria by protozoa and nematodes has been observed to increase the carbon 

and nitrogen mineralization rates in soil (Elliott et al., 1980; Kuikman and Van Veen, 1989; 
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Rutherford and Juma, 1992). Limitation of the accessibility of pores to soil organisms has been 

proposed as an important control mechanism of microbial turnover in soil (Elliott et al., 1980; 

Postma étal., 1989; Heijnen étal., 1991). In spite of all of the above-mentioned effects, however, 

"C- and 15N-labelled residues derived from different plant materials decomposing in soils with a 

range of textures were found to be very similar, especially in the long term (> 1 year), when the 

rates of decomposition were adjusted to a standard temperature. An example for '4C-labelled 

residues is presented in Figure 1. 

The general objective of this thesis is to evaluate the significance of soil texture and soil 

structure for the short-term decomposition (within 1 year) of crop residues and soil organic matter 

and, mutatis mutandis, for the physical protection of soil organic matter. 

Outline of this thesis 

The starting point of this thesis is a practical model which estimates nitrogen mineralization from 

the nitrogen input from crops in different agricultural systems (chapter 2). This study suggests that 

the nature of the crop residues and the soil type do not affect the long-term decomposition 

(> 1 year). Cropping, soil disruption, soil texture and residue type have been found to determine 

short-term decomposition of crop residues or soil organic matter (see above). A laboratory and 

a field study in which "C-labelled and 15N-labelled with different fibre content were incorporated 

into two soils of contrasting texture but similar organic carbon contents were conducted to test 

the extent to which cropping, soil texture and soil disruption are important in determining 

differences in crop residue decomposition in the short term i.e. 1 year (chapters 3 and 4). The 

effects of soil texture on the stabilization of residual '4C and 15N were studied in the same 

experiments using a chemical method to fractionate soil organic matter (only for ,4C) and by 

comparing the slower phases of decomposition of residual '*C and '5N in the two soils. The 

hypothesis that soil disruption exposes organic materials physically protected against 

decomposition was further tested in the same experiments. A gentle wet sieving technique was 

used to quantify the distribution of total carbon and nitrogen, residual 14C and 15N and microbial 

biomass in each of several aggregate size classes in the two soils (chapters 5 and 6). Different 

mechanisms of soil organic matter protection were deduced in the two soils and the effect of 

these mechanisms on the rates of mineralization of carbon, nitrogen, "C and 15N also inferred. 

Finally, the usefulness of addressing all these factors determining the rate of decomposition of 

plant residues in a computer simulation model of soil organic matter turnover was evaluated 

(chapter 7). 
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Fig. 1. Residual '4C decomposition from plant residues in soils (Shields and Paul, 1973; Jenkinson, 

1977; Jenkinson and Ayanaba, 1977; Sauerbeck and Gonzales, 1977; Sorensen, 1983"; Ladd etal., 

1985; Sorensen, 1987; Voroney et al., 1989; Ayanaba and Jenkinson 1990; Nowak and Nowak, 

1990). Decomposition rates are adjusted to the mean annual air temperature under field 

conditions (9°C, Rothamsted Experimental Station, Jenkinson and Ayanaba, 1977) or in the 

laboratory (20°C, Sorensen, 1983b). 
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Summary - A simple model was developed to estimate the contribution of nitrogen (N) 

mineralization to the N supply of crops. In this model the soil organic matter is divided into active 

and passive pools. Annual soil mineralization of N is derived from the active pool. The active pool 

comprises stabilized and labile soil organic N. The stabilized N is built up from accumulated inputs 

of fresh organic N during a crop rotation but the labile N is a fraction of total N added, which 

mineralizes faster than the stabilized N. The passive pool is considered to have no participation 

in the mineralization process. Mineralization rates of labile and stabilized soil organic N from 

different crop residues decomposing in soil were derived from the literature and were described 

by the first-order rate equation dN/dt = -AC*N, where N is the mineralizable organic N from crop 

residues and AC is a constant. The data were grouped AC, by short-term (0-1 year) and AC2 by long-

term (0-10 years) incubation. Because the range of variation in K2 was smaller than in AC, we felt 

justified in using an average value to derive N mineralization from the stabilized pool. The use 

of a constant rate of AC, was avoided so net N mineralization during the first year after addition 

is derived directly from the labile N in the crop residues. The model was applied to four Chilean 

agro-ecosystems, using daily averages of soil temperature and moisture. The N losses by leaching 

were also calculated. The N mineralization varied between 30 and 130 kg N ha"' yr"' depending 

on organic N inputs. Nitrogen losses by leaching in a poorly structured soil were estimated to be 

about 10% of total N mineralized. The model could explain the large differences in N 

mineralization as measured by the potential N mineralization at the four sites studied. However, 

when grassland was present in the crop rotation, the model underestimated the results obtained 
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from potential mineralization. 

INTRODUCTION 

In Chile, N fertilizer recommendations for arable crops are based on measurement of the amount 

of soil mineral N in early spring. Such investigations, provide little information because (i) the soil 

mineral N is measured in the top layer only (0-20 cm) as a starting point to establish different 

response curves with increasing rates of application of N fertilizer, and (ii) there is little 

differentiation between agro-ecological zones. Since 1977, estimates of N-mineralization in alluvial 

and volcanic ash derived soil (allophanic soil) have been made in Chile. Annual N mineralization 

was calculated from potentially mineralizable N after Stanford & Smith (1972) and used as input 

to a N balance-sheet equation to obtain the optimum N application rate (Oyanedel and 

Rodriguez, 1977; Rodriguez and Silva, 1984"). The weak point of this approach has been the 

estimation of the potentially mineralizable N. Potentially mineralizable N may be overestimated 

by drying and sieving the samples before incubation (Cabrera and Kissel, 1988) or by the bias 

introduced into the estimation of the parameters as the time of incubation increases (Dendooven, 

1990). 

Nitrogen mineralization during a growing season comes from soil organic matter and recent 

organic inputs. Attempts to relate N mineralization to the total soil organic N content failed, 

especially where allophanic soils are involved, because a large part of soil organic matter is bound 

to the mineral part of soil (Zunino eta/., 1982). 

We have developed a practical model that predicts the release of N from a range of soils 

in different agricultural zones with large variation in fresh organic inputs, weather conditions and 

soil types; the model avoids the use of the potentially mineralizable N of Stanford and Smith 

(1972). 

In this paper we describe the model, and its application to four Chilean agro-ecosystems. 

METHODS 

Model description 

Fig. 1 shows the fate of crop residues decomposing in soil. The N input in crop residues is divided 

into resistant (r"WRo) and labile (ftVL= 1-ftVRo) N fractions which enter the active pool of soil organic 

N. The fractions flVL and fNKo contribute to the formation of the labile (NL) and stabilized (A/s) 

pool of soil organic N, respectively. By definition, the labile N mineralizes rapidly within the first 

year after the addition and Ns mineralizes slowly. Annual N decomposition from the resistant N 

input, NRo (kg N ha"1 yr"1), may be described by the equation: 
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dNRo/dt = -K2*NRo O) 

where A/Ro is fivRo*A/RS, /VRS fresh organic N inputs (kg N ha ' yr"'), K2 is the rate constant of N 

mineralization (years1) and t t ime (years). 

Fig. 1. Fate of N input from crop residues applied to the soil: NL. N labile; Ws, .. WSn stabilized pool 

of soil organic N accumulated from the resistant N fraction fNRo from recent organic inputs, after 

n years of crop rotation; K2 rates of N mineralization from Ws. 

The Ns pool is accumulated from A/Ro and comprises organic materials resistant to 

decomposition (e.g. lignin), and presumably physically protected soil organic matter localized in 

soil aggregates which are not penetrated by microflora and fauna (Van Veen et al., 1985). The 

accumulation rate and size of the A/s pool depend on K2 and N inputs from crop residues during 

a crop rotation. In this study the passive pool in Fig. 1 is assumed not to increase or decrease 

during a growing season. However in the long term, particularly in grassland soil, the release of 

N from the passive pool may be significant. In the model the N losses by denitrif ication and N gain 

by mineralization from the passive pool, were not considered, so the N quantities gained or lost 

were regarded to be roughly in balance. 

Estimation of rate constants (<„ K2) and N fractions (rWRo. fNL) 

Tables 1 and 2 show the rates, K, and K2 and the resistant N fraction, fNRo, respectively. The data 
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Table 1. Rates of N mineralization K, and K2 from several 15N-labelled organic 
materials decomposing in soil in short-term (< 52 weeks) or long-term (0-10 years) 
incubation 

Decomp. 
period 

Lab. or 
field 

K.. undisturbed soils 
(weeks) 
0-2 
0-2 
0-4 
0-12 
0-12 
0-43 

0-43 

0-43 

0-43 

0-43 

0-43 

0-52 
All rates K 

field 
lab. 
field 
lab. 
lab 
field 

field 

field 

field 

field 

field 

lab. 
„ (mean) 

K,, cultivated soils 
(years) 
0-4 
4-10 

field 
field 

K2. undisturbed soils 
0.6- 2 
1 -2.7 
1 -2.7 
0.1- 4 
1 - 4 
1 - 8 
1 - 5 
1 - 5 
All rates K2 

field 
field 
field 
field 
field 
field 
lab. 
lab. 

Plant 
materials 

mustard 
lentil 
legume 
vigna 
medic 
white clover 
leaflets 
red clover 
leaflets 
timothy 
leaflets 
timothy 
roots 
field beans 
stems+petioles 
field beans 
roots 
barley root 

wheat straw 
wheat straw 

wheat straw 
mustard 
ryegrass 
legume 
legume 
legume 
barley root 
barley top 

(mean of undisturbed soils) 

ON 

15.1 
24.0 
15.3 
18.5 
18.5 

11.0 

11.0 

16.0 

29.0 

28.0 

28.0 
35.7 

20.4 
20.4 

73.1 
15.0 
33.7 
13.1 
15.3 
15.3 
17.1 
35.7 

Incub. 
temp 
CO 

7.0A 

21.0 
16.2 
24.3 
24.3 

11.0 

11.0 

11.0 

11.0 

11.0 

11.0 
22.5 
2.8 

12.0B 

12.0B 

14.4 
7.0* 
7.0* 

16.0 
16.2 
16.2 
22.5 
22.5 

0.2 

k 

adjusted 
16°C 
(yr') 

18.09 
1.41 
1.85 
0.79 
0.65 

2.67 

2.16 • 

2.11 

1.25 

1.22 

0.37 
0.71 

1.66 
0.14 

0.14 
0.52 
0.50 
0.24 
0.07 
0.06 
0.03 
0.04 

References 

1 
2 
3 
4 
4 

5 

5 

5 

5 

5 

5 
6 

7 
7 

8 
1 
1 
9 
3 

10 
6 
6 

lab.: laboratory; decomp.: decomposition 
A: assumed temperature; B: mean temperature only considered in months with 

temperatures over 0°C 
1 Jensen (1992); 2 Janzen and Kucey (1988); 3 Ladd et al. (1981"); 4 Fox et al. (1990); 
5 Müller étal. (1988); 6 Broadbent and Nakashima (1974); 7 Voroney et al. (1989); 
8 Amato et al. (1987); 9 Amato er al. (1984); 10 Ladd et a\. (1985) 
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Table 2. Resistant N fraction (fiVRJ from several '5N-labelled crop residues 
decomposing in soil 

Crop 
residues 

mature wheat straw 
field beans 
subterranean clover 
red clover 
barley-root 
timothy grass 
rye grass 
white clover 
barley-top 
legume 
white mustard 
young wheat straw 

ON 
ratio 

73.1 
27.5 
20.9 
21.0 
35.7 
18.9 
33.7 
19.3 
17.1 
15.3 
15.1 
20.4 

Resistant 
fN A 

" v R o 

0.91 
0.82s 

0.77" 
0.74" 
0.72 
0.69" 
0.68 
0.65s 

0.62 
0.58 
0.53 
0.47 

Reference 

8 " 
11 
11 
11 
6 " 

11 
1 " 

11 
6 " 

10 " 
1 " 
7 " 

0.68 

** : references, see Table 1 
11: Müllerand Sundman (1988) 
A: values derived from intercept on y axis from Eq. (4) f itted to the 

long-term (ä1 year) data points 
B: soil organic 15N remaining 10 months after addition 

Fig. 2. Fit by first-order equations on the rapid and slow mineralization phase from long-term 

incubation experiments of 'sN-labelled legume residues decomposing in undisturbed soil under 

field conditions (Ladd etal., 1981"; 1985). Note logarithmic scale on Vaxis. 

were derived from published N mineralization experiments using 15N-labelled materials (Broadbent 

and Nakashima, 1974; Ladd etal., 1981b; Amato etal., 1984; Ladd etal., 1985; Amato etal., 1987; 

Janzen and Kucey, 1988; Müller etal., 1988; Müller and Sundman, 1988; Voroney etal., 1989; 

25 



Fox et al., 1990; Jensen, 1992). Nitrogen mineralization was assumed to proceed by two 

independent reactions following to first-order kinetics. Table 1 shows two groups of rates: K, for 

short-(0-1 year) and K2 for long-term (0-10 years) incubations. The rates K2 were obtained from 

the long-term data (i.e. > 1 year). The residual 15N was plotted on a logarithmic scale against time 

in order to use the linear regression technique (Stanford and Smith, 1972). An example of long-

term N mineralization (Ladd etal., 1981b; 1985) is shown in Fig. 2. The slope of the regression line 

provides the rate K2 and its intercept on the /-axis, the resistant N fraction fNKo. The labile N 

fraction, flVL, is calculated as 100-flVRo, and mineralizes rapidly with rate Kv The rates K, were 

derived from a regression, using a one pool from the residual organic 15N found in the short-term 

(i.e.< 1 year) (Fig. 2). The straight line obtained in short-term and long-term data points, 

indicated, whether a one- or two-pool model was appropriate to describe the N mineralization 

process (Voroney etal., 1989). 

Effect of soil temperature and moisture content 

The N mineralization heavily depends on environmental factors such as soil temperature and 

moisture content. The effect of temperature on N mineralization is given by: 

K2 ( Ta) =/C2 ( T0) * exp (0.0616 * ( Ta-T0) ) (2) 

where K2(Ta) is the constant decay rate K2 adjusted to the temperature Ta (5 < Ta < 35°C) and K2{T0) 

is the rate K2 at temperature T0 (5 < T0 < 35°C). It follows from (2) if Ta is < T„ the ratio 

K2(Ta)/K2(T0) is < 1. Eq.(2) was derived from first-order rates K estimated at 5, 15, 25 and 35°C by 

Stanford etal. (1973). The/(values obtained between 5 and 35°C were plotted on a semilog scale 

against temperature. Eq.(2) is the regression line obtained from plotted data with R2= 0.99 and 

slope 0.0616. From (2) it follows that a 10 °C change in temperature leads to a change of K2(Ta) 

by a factor of approximately two (Fig. 3). 

Cavalli and Rodriguez (1975) indicated that the relationship between soil moisture and N 

mineralization is linear between field capacity (0.33 kPa) and permanent wilting point (15 kPa). 

Thus 

K 2 (W, )=K 2 ( l rV 0 ) * (1 .11 *(WJW0) -0.138) (3) 

where K2(W,) is the rate constant K2 adjusted to the soil moisture Wa (g g"1) and K2(W0) is the rate 

K2 at soil moisture W0 (g g'1). The variation in soil moisture was calculated on a daily basis from 

precipitation, class A pan evaporation and from the physical soil parameters such as: bulk density, 

soil moisture at field capacity and permanent wilting point. 
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Fig. 3. Soil temperature function; K2(TJ = constant decay rate of N mineralization K2 at 

temperature T„; K2(Ta) = K2 adjusted by temperature T,. 

Table 1 shows the N mineralization rates adjusted to 16°C assuming that the rate of 

mineralization doubles for every 10°C increase in temperature. 

Estimation of stabilized pool of soil organic N 

The integrated form of equation (1) is: 

lnA/Ro = lnA/R 0-K2*t (4) 

Eq. (4) is the logarithmic form of: 

NRo=NRo*exp(-K2*t) flo Ko, 
(5) 

where /VRo is the resistant N input. After n years of crop rotation, the size of the stabilized pool 

of soil organic N, Ws can be calculated for each resistant N input from t = 1 as: 

'W*exp( -K 2 ) n 

+ / V f i 0 M *exp( -K 2 ) n - f 

+ / V f i 0 ! * e x p ( - K 2 ) n - ( M ) 

+ ... + NRo *exp(-K2V 

= £ /VR*exp(- /C 2rM (6) 

from (6) it follows that the equilibrium of Ws (when n-»°°) after several years of crop rotation may 
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be approximated by: 

(7) 

w s = . n '-' ' " 
1-exp(-/C2) n exp( /C 2 ) -1 

and (7) is approximated by: 

A/, fiS- n*Kz 

(8) 

The time when equilibrium is reached (teq), is defined as 95% of Ns at steady state: 

Nitrogen mineralization in the soil 

The total N mineralization in soil is calculated from the NL and Ns pools. The total soil mineral N 

in year n (A/minff kg N ha'1 y r ' ) is given by: 

A/minn = NLm + A/Sn * (1 -exp ( -K2 * t ) ) (10) 

where A/L is A/Rs*(1-r"A/R0). From Table 1 it appears that AC, is so large that all A/L is mineralized within 

a year. 

Nitrate leaching 

The nitrate movement in soil was calculated according to a modified equation of Burns (1980): 

L=A*(P/(P + {Wa*bd))Y (") 

where L is the amount of N leached (kg N ha') below the rooting depth z (cm), A the amount 

of N-A/03' (kg N ha"1) present to depth z. Wa soil moisture content (g g"1), bd soil bulk density 

(g cm'3) and P percolation below depth z. The percolation can be estimated as function of the 

surplus of precipitation (P^, cm) over class A pan evaporation (£v, cm) and the amount of water 

{h, cm) present between field capacity and permanent wilting point up to depth z: 
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P = Pp - Ev, if Pp - Ev> h (12) 

P = O , if Pp - Ev< h (13) 

Field sites used to evaluate the model 

The model was evaluated in four Chilean agro-ecosystems: Osorno, Temuco, Cauquenes and 

Rancagua. These sites are representative of agriculture in Southern and Central Chile. Tables 3 and 

4 show some soil characteristics and the N inputs from crop rotations at each site. Cauquenes is 

a dryland area and the N input varies, depending on the amount and distribution of rainfall in 

winter. The soil of Cauquenes is highly eroded with a shallow rooting depth. Osorno and Temuco 

are soils derived from volcanic ash. In the last two sites the amount and distribution of rainfall 

within the year result in intermediate levels of productivity. Rancagua is an irrigated area with 

well structured soils which allow the highest grain yields in the country to be obtained. 

The crop rotations in Osorno and Temuco have been approximately the same for more than 

80 years and in Cauquenes and Rancagua for more than 100 years and reflect the time since 

colonization. The yields of maize and wheat have increased in Rancagua during the last 25 years 

as a result of the use of fertilizer and the introduction of new cultivars; the low input of N 

(Table 4) from wheat management is caused by residues being burned after harvest. In Osorno, 

although the mixed grassland (clover + ryegrass) can be maintained for between 6 and 20 years, 

pasture of 8 years duration is usual. The crop rotation and annual N inputs were estimated by 

Sierra and Rodriguez (1986), Matus and Rodriguez (1989), and Rodriguez (1990). The N inputs 

were obtained from the dry matter yield and by measurement of the N concentrations in above-

and below-ground (0-20 cm) residues after harvest. The input of N from roots and dead plant 

material that enter the soil during a growing season were also considered (Matus and Rodriguez, 

1989). From Osorno, Temuco and Rancagua, a total of 29 soil samples (0-20 cm) were taken and 

the potentially mineralizable soil N was measured by the method of Stanford and Smith (1972) 

(Rodriguez and Silva, 1984b; Rodriguez and Sierra, 1987). In the Cauquenes soil mineral N was 

estimated by the uptake of wheat in control field experiments without added N (Garcia, 1973). 

RESULTS 

Accumulation of stabilized pool of soil organic N 

The two components required to build up the Ns pool are the constant decay rate K2 (Table 1) and 
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Table 3. Precipitation, air temperatures and soil characteristics of the top soil layer (0-20 cm) 
for the four Chilean agro-ecosystems 

Soil properties 
Soil Order (Soil Taxonomy) 
Clay content (%) 
Allophane (%) 
pH (1:2.5, water) 
soil org. C (t ha"1) 
soil org. N (t ha') 
ON ratio 

Physical parameters 
Bulk density (g cm"3) 
Water holding capacity (%) 

Temperature (°C) 
Sept.-March (spring-summer) 
April-Aug. (autumn-winter) 
Annual air temperature 

Precipitation (mm) 
Sept.-March (spring-summer) 
April-Aug. (autumn-winter) 
Annual precipitation 

Osorno 

Andisols 
23.0 
21.0 

5.3 
145.0 

12.8 
11.3 

0.8 
22.0 

12.6 
8.0 

10.7 

380.0 
810.0 

1190.0 

Temuco 

Ultisols 
44.1 

0.0 
5.1 

66.2 
6.3 

10.5 

1.0 
9.0 

13.2 
8.6 

11.2 

352.0 
862.0 

1214.0 

Cauquenes 

Alfisols 
19.0 
0.0 
6.0 

18.0 
1.8 

10.0 

1.2 
8.0 

18.0 
11.4 
15.3 

100.1 
532.5 
632.6 

Rancagua 

Inceptisols 
26.5 
0.0 
6.8 

34.2 
2.9 

11.8 

1.2 
10.0 

17.3 
11.9 
15.1 

78.4 
516.1 
594.5 

Table 4. Nitrogen inputs from crop residues in a crop rotation at 
four Chilean agro-ecosystems 

Agro-eco
system 

Osorno 

Temuco 

Cauquenes 

Rancagua 

Crop 
rotation 

sugar beet 
wheat 
grassland (ryegrass + clover, 
6 or 20 years) 

rapeseed 
wheat 
clover (2 years) 

wheat 
grass (5 years) 

maize 
wheat 

N input (WRS) 
(kg N ha yr"1) 

50 
39 

150 

72 
30 

150 

19 
36 

98 
43 

the resistant N fraction, r7VRo (Table 2). Table 1 shows that (i) the constant decay rates K2 in the 

long-term (0-10 years incubations) vary less than Ky in the short-term (0-52 weeks) incubations, 

(ii) K, and K2 decrease as the time of incubation increases and (iii) K2 diminishes little in 
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incubations longer than three years. The rates K2 in undisturbed soil were about 7 times lower 

than /C, (the highest value of <,, was excluded) and the range of variation between the highest 

and lowest K2 values from undisturbed soil incubations between 1 to 8 years was 2 times 

compared to 50 times for the range of variation of Kv The relatively low variation in K2 for several 

organic inputs decomposing in different soil and weather conditions has already been observed 

by Kolenbrander (1974). Experiments with 15N- and "C-labelled plant materials have confirmed 

this finding (Ladd et al., 1985; Voroney et al., 1989). The constant rates K2 for N may be 

compared with those for carbon (C) in long-term incubation (Jenkinson, 1981). Table 5 shows the 

Table 5. Decay rates K2 of MC-labelled organic materials decomposing in soil in 
long-term incubation 

K 

Decomp. Incubation Plant Incub. Incub. 
period lab. or materials temp. temp. 16°C Reference 
(years) field (°C) (yr1) 

1-10 lab. wheat straw 9.0 0.12 0.18 16 
1-10 field ryegrass 9.1 0.09 0.14 12 
1-3 lab. glucose 20.0 0.17 0.13 14 
0-6 lab. glucose 20.0 0.14 0.11 13 
1-3 lab. hemicellulose 20.0 0.13 0.10 14 
2-10 field wheat straw 12.0A 0.08 0.10 7 " 
1-3 lab. barley straw 20.0 0.11 0.09 14 

12-20 field barley straw 7.0 0.05 0.09 15 
1-3 lab. cellulose 20.0 0.10 0.08 14 
1-4 field legume 16.2 0.08 0.08 3 " 
1-3 lab. maize straw 20.0 0.10 0.08 14 
0-6 lab. cellulose 20.0 0.09 0.07 13 

mean 0.10 

lab.: laboratory; decomp.: decomposition 
** : references, see Table 1 
12: Jenkinson (1977); 13: Sorensen (1972); 14:Sorensen (1983); 15: Sorensen (1987); 
16: Sauerbeck and Gonzalez (1977) 
A: mean temperatures only considered in months with temperatures over 0°C 

K2 values adjusted to 16°C from several organic materials. These figures vary between 0.07 and 

0.18 y r ' and agree well with the observed data of N mineralization from Table 1. 

Table 6 shows an example of the calculation of the Ws pool in a crop rotation of maize-

wheat in Rancagua. Annual average values of K2 were obtained after adjusting for soil 

temperature (Eq. 2) and moisture (Eq. 3) on daily basis. Annual N inputs were obtained from 

Table 4 and rWRo was taken as the value 70% as obtained from Table 2. The accumulation curve 

started from the beginning of land cultivation. After several years of crop ratation an equilibrium 

of A/s pool, estimated by Eq. 8, is reached. The time of equilibrium, teq, was 81 years as calculated 
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by Eq. 9. 

Fig. 4 shows an accumulation curve of the A/s pool for Rancagua and Osorno. Both agro-

ecosystems approach equilibrium. In Osorno grassland contributed most to the size of A/s pool; 

Table 6. Example of accumulation (Janssen, 1984) of A/s pool (rounded figures) in 
Rancagua as calculated for addition of 98 and 43 kg N ha'1 year"1 (A/RS) from crop 
residues in a crop rotation of maize and wheat. The fNRo was taken 0.7 and K2, 
0.037 y r \ 

Crop residues 
added in the 
rotation 

Years after addition 

4.. ..81 

maize 
wheat 

maize 
wheat 

66 64 
29 

62 
28 

66 

59.. 
27.. 

64.. 
29.. 

..3 

..2 

..4 

..2 

total 66 93 

= 98*0.7*exp(-0.037*81) 
' = 43*0.7*exp(-0.037*80) 

o 

'a 

20 

156 179.. ..1334 

Ï 2-500 
x: 
Z 
Ol 
Ä 2.000 

1.500 

1.000 

500 

0 

_ 

_ 

N-input / 

- kj/ 

j i - — " ~ I 

II— 

/ I 

—lh— 

Ih>— 

Osorno 

Rancagua 

60 80 
years 

Fig. 4. Accumulation of stabilized pool of soil organic N, N^ as shown for two crop rotations in 

the agro-ecosystems of Osorno and Rancagua. 

however, the slower rate K2 in this sites means that the equilibrium is reached later as the 

crop rotation continues. Rancagua has been cultivated longer than Osorno and its higher mean 

annual soil temperature (Table 3) raises the value of decomposition (K2) and thus equilibrium is 
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Table 7. Stabilized pool of soil organic N (Ns), rates K2 and time of equilibrium 
(teq) at four Chilean agro-ecosystems as estimated by the model 

Agro-eco
systems 

Osorno 

Osorno 

Temuco 

Cauquenes 

Rancagua 

Crop 
rotation 

sugar beet-
wheat-
6 years grasslanc 

sugar beet-
wheat-

Constant 
rate K2

A 

(yr-1) 

0.031 

0.031 

20 years grassland 

rapeseed-
wheat-
2 years clover 

wheat-

0.034 

0.038 

5 years native grass 

maize-
wheat 

0.037 

Equilib. 
time teq 

(years) 

97 

97 

88 

79 

81 

Stabilized 
organic N (Ws) 

80 or 
100 yr. 
(kg N ha1) 

2302 
2416 
2571 

2725 
2744 
2974 

1894 
1850 
1928 

569 
578 

1294 
1277 

steady-
state 

2755 
2699 
2806 

3120 
3053 
3182 

2064 
1996 
2064 

583 
590 

1327 
1303 

A: annual average; adjusted by soil temperature and moisture 

reached more quickly. 

Table 7 shows the Ns pools and teq at the four field sites as calculated by the model. 

The Ns pools were predicted for 80 years of crop rotation in Osorno and Temuco and 100 years 

for Cauquenes and Rancagua. The A/s pools at equilibrium varied between 600 and 3000 kg N ha'1 

and were greatest where the N inputs came from grassland. The constant rates K2 ranged from 

0.031 to 0.038 yr ' ; this variation was also mainly caused by differences in temperature amongst 

sites (Table 3). The predicted time of equilibrium has already been reached at Cauquenes and 

Rancagua but Osorno and Temuco have not yet achieved this level. 

Annual net N-mineralization 

Table 8 shows the contribution of annual net N mineralization to the N supply of crops as 
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Table 8. Contribution of net N mineralization to the N supply of crops as estimated 
by the model at four Chilean agro-ecosystem. 

Agro-eco
systems 

Osorno 

Osorno 

Temuco 

Cauquenes 

Rancagua 

Crop 
rotation 

sugar beet-
wheat-
6 years grassland 

sugar beet-
wheat-
20 years grassland 

rape seed-
wheat-
2 years clover 

Preceding 
crop 

—^K 

grassland0 

sugar beet 

grassland0 

sugar beet 

cloverc 

rape seed 

wheat- grassc 

5 years native grass 

maize-
wheat 

wheat 
maize 

Mineral 

3 N ha')-

45 
14 

45 
14 

46 
22 

10 

19 
12 

ization 

A's8 

71 
75 

85 
85 

64 
63 

22 

47 
48 

N-
leaching 

0 
0 

0 
0 

< 2 
< 2 

3 

< 2 
< 2 

N-
supply 

116 
89 

130 
99 

110 
85 

29 

66 
60 

A: WL = labile N 
B: Ws = stabilized pool of soil organic N 
C: ploughed in the last year of grassland 

calculated by the model. Nitrogen supply was estimated from the amount of N minerlaized 

according to Eq. (10) minus the nitrate leaching obtained with Eq. (11). For example, in Osorno 

the N supply for sugar beet was calculated from the mineralization of NL and A/s for the last year 

of grassland minus the N leached below the rooting depth of 20 cm. The N supply ranged over-all 

sites from 29 to 130 kg N ha"1 yr'1. The most important contribution of A/L and A/s to the total soil 

mineral N was in the agro-ecosystem of Osorno. The lowest N supply and the largest N leaching 

were predicted in the eroded soils of Cauquenes. 

Model evaluation 

Fig. 5 shows the plot of net N mineralization estimated by the model and the potential N 

mineralization estimated by the method of Stanford and Smith (1972). The total soil mineral N 

calculated by the model was less than predicted as shown by the 1:1 line. The under-prediction 

was worse in the agro-ecosystems where pasture was present. The quantity and quality of organic 
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Fig. 5. Plot 1:1 of soil mineral N as predicted by the model at the four sites studied and potential 

N mineralization estimated by the method of Stanford and Smith (1972). 

input in grassland soils may be the cause of an increase in N mineralization in the field 

(Nordmeyer and Richter, 1985). 

DISCUSSION 

Model parameter estimation: rate constant K2 and resistant N fraction ftVRo 

Plant materials decay with different rates depending on their C:N ratio and lignin content. In the 

early stages of decomposition a rapid N mineralization (high K value) is expected in crop residues 

with low C:N ratio and low lignin content (Parton et al., 1987). As the time of incubation 

increases, lower rates are observed (Hunt, 1977) (Table 1). The decay rate /C, represents the easily 

decomposable fractions (e.g. amino-sugars, proteins, hemicellulose, cellulose and microbial 

products) followed by a slow constant decay rate K2, which was assumed to reflect supply from 

the stabilized Ns pool. 

It can be argued that the use of empirical values of K2 is not possible because they decrease 

as the incubation time increases (Janssen, 1984). The turnover time of soil organic matter has been 

considered as the resultant of a series of first-order kinetic reactions from intermediate pools 

(Van Veen et al., 1981). An oversimplification may be made by assuming that K2 represents the 

N mineralization of a homogeneous stabilized pool of soil organic N. Evidence for the existence 

of an A/s pool can be found indirectly from radiocarbon dating and the fractionation of soil 
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organic matter. Complete turnover of apparently very humic organic material (passive pool) 

requires between 600 to 1400 years. These figures are 50-100 times lower than the mineralization 

of young soil organic matter (active pool) derived from recent organic input (Fig. 1). The turnover 

rates for young soil organic matter have been found to range between 0.047 and 0.069 yr'1 

(Balesdent era/., 1988; Balesdent etal.. 1987; Schwartz etal., 1986), close to the rates K2 between 

1 and 8 years of incubation studies (Table 1). 

Table 2 shows a positive and significant (P<0.05) correlation (r = 0.70) between flVRo and C:N 

ratios of different plant materials. The mature crop residues showed the largest r7VRo values, 

suggesting a greater resistance to decomposition as indicated by their high C:N ratios as well. 

Stabilized pool of soil organic N 

Table 7 shows that the grassland soil, generally accumulated more soil organic N in the stabilized 

pool. Cauquenes, even when grassland was present in the crop rotation, exhibited the lowest 

accumulation in Ws pool because of the quantity and presumably the quality of the N input, 

incorporated every year (Table 4). No large differences in the size of the A/s pool calculated from 

short or long periods of grassland in Osorno were predicted. Averaged over the crop rotation, 20 

years of grassland resulted in a Ns pool 16% greater than 6 years of grassland. There were little 

differences between sites and managements in times of equilibrium (Table 7). The values ranged 

from 79 years in Cauquenes to 97 years in Osorno. The time of equilibrium were obtained 

according to Eq. 9 with the rates K2 corrected for soil temperature and moisture. Neither soil 

moisture nor soil temperature at each site were limiting factors to the decomposition in spring. 

A small range of soil moisture and temperature amongst sites were observed, this little differences 

may have accounted for similar time of equilibrium . It seems probable that the agro-ecosystem 

approaches equilibrium (Fig. 4) (Martel and Paul, 1974) and that the Ns pool originates from the 

accumulation of humified fraction (A/Ro) or stabilized soil matter (Balesdent etal., 1988) or because 

of the accumulation of "young soil organic matter" (Janssen, 1984) with faster turnover rates than 

a passive pool. 

Soil disruption by cultivation is another factor that can affect the size of A/s pool. The 

empirical parameters used in the model were obtained from undisturbed soil, but soil tillage 

enhances the rate K2 of N mineralization. Evidence of this has been observed in short-term 

incubation experiments (Nordmeyer and Richter, 1985; Gregorich etal., 1989) and in disturbed 

grassland soils with an increasing number of years of cultivation (Lathwell and Bouldin, 1981). Soil 

tillage can not have a long-term effect on N mineralization, as outputs from the /Vs pool may 

equal the inputs in the long run. In the first years, however, (and for the duration of most 

agronomic experiments), N mineralization will be increased if starting from a relatively large A/s 

pool of undisturbed soil, e.g. grassland soils. 
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Annual net N mineralization and model evaluation 

Table 8 shows substantial differences in the calculated net N mineralization at the four sites. In 

agro-ecosystems with several years of grassland, greater N mineralization is expected. Leaching 

losses in winter months predicted by the model were smaller than 2.4 kg N ha'' yr'1, except in the 

poorly structured soil of Cauquenes where the N losses were between 10 and 13% of the total 

amount mineralized. About 60-90% of the N mineralized originated from the Ws pool. The 

remaining N came from the labile N pool, derived from the N input from the immediately 

preceding crop. In the literature, an average of 17% of the inputs from 15N-labelled plant material 

is accounted for as N losses by denitrification and leaching (Müller and Sundman, 1988; Müller, 

1988; 1987; Wagger et al., 1985; Ladd et al., 1981a; 1983). If this figure is subtracted from the 

mineralization /VL in Table 8, the total soil mineral N (A/L+A/s) must be decreased by 2-7%. These 

losses are small and therefore were not considered in the annual estimation. However, in Temuco 

the denitrification losses may have been greater than the other sites because of its higher rainfall 

and heavy clay soils (Table 3). 

Annual N mineralization in Osorno was about 0.7-1.0% from the total soil organic N 

compared to 1.7-2.3% in the other agro-ecosystems. In this soil the higher soil organic matter 

content may have a large passive pool compared with an elevated amount of humic compounds. 

The allophanic soils have a high anion-adsorption capacity favoring the stabilization of organic 

polymers and microbial substances formed during decomposition (Zunino etal., 1982). In general 

the model output corresponded well with the potential N mineralization (Fig. 5). A double 

exponential model has been used to describe N mineralization in disturbed soils according to first-

order kinetics (Cabrera and Kissel, 1988) but the results are variable when the parameter values 

are compared from different incubation times (Dendooven, 1990). 

CONCLUSIONS 

The purpose of our model was to simulate a range of N mineralization in different field sites 

where little information was available. The estimated release of N by mineralization was close to 

the soil mineral N observed at the four sites studied and any differences were explained on the 

basis of N input from crop rotations. The model estimates a dynamic equilibrium after several 

cycles of crop rotation. When this equilibrium is achieved the variation in the A/s pool depends on 

the N input from individual crops. The model suggests that the contribution to the N supply of 

the crop is determined more by cropping history reflected in the accumulation of a stabilized pool 

of soil organic matter. The model has the advantage that it is simple, however it does not 

consider the short-term dynamics of N mineralization within a growing season (e.g N 

immobilization), and must therefore be used on an annual basis. 
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CHAPTER 3 

EFFECT OF SOIL TEXTURE, SOIL STRUCTURE AND CROPPING ON THE DECOMPOSITION OF CROP 

RESIDUES. I. RESIDUAL ORGANIC C AND MICROBIAL BIOMASS C DERIVED FROM DECOMPOSING 

"C-LABELLED WHEAT STRAW IN A CLAY AND SAND SOIL 

F.J. Matus 

DLO Research Institute for Agrobiology and Soil Fertility, P.O. Box 129, 9750 AC Haren, The 

Netherlands 

Summary - The hypothesis was tested that soil texture, soil structure and cropping, play major 

roles in the dynamics of carbon in soil. Two soils with similar total carbon contents and crop 

management histories, but contrasting textures were amended with ,4C-labelled wheat residues. 

The soils were incubated in pots in a greenhouse for 266 days. Seven treatments either without 

or with addition of nitrogen (N) fertilization (150 kg ha"1) were included: (1) cropping plus N, (2) 

cropping without N, (3) bare soil followed by cropping plus N, (4) bare soil followed by cropping 

without N, (5) bare plus N (6) mixed soils plus N and (7) bare followed by mixing plus N. No effect 

of cropping on residual 14C, microbial biomass WC or residual '4C in humus as measured by acid 

hydrolyzation was observed. Only in the clay soil, cropping with N-fertilization tended to reduce 

the loss of labelled C in comparison with bare soil, but this effect disappeared after 70 days of 

decomposition. Living roots of wheat plants did not suppress or stimulate the decomposition of 

labelled residues in either soil. Apparently soil microbes preferred the labelled residue rich in N 

(2.4%) over root-released carbon. Mixing did not influence the decline of residual 14C, microbial 

biomass 14C and residual 14C in humus forms. This suggests that recently formed soil organic matter 

was not exposed to further degradation after hand-mixing of both clay and sand soils. No effect 

of soil texture was observed on residual 14C, microbial biomass 14C and 14C in humus forms. The 

amounts of humified 14C (,4C associated with the clay and silt particles) were similar in both soils. 

However, the 14C concentration of the clay and silt particles was nine times higher in the sand soil 

than in the clay soil. This suggests that silt and clay particles of coarse-textured soils are more 

concentrated with newly produced soil organic matter than that of fine textured soils. 

INTRODUCTION 

Cropping has been suggested to influence the decomposition of soil organic matter. The presence 

of living roots induced less decomposition of residual 14C compared with bare soils in a number 

of field experiments (Führ and Sauerbeck, 1968; Shields and Paul, 1973; Jenkinson, 1977). This was 
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attributed to lower microbial activity resulting from restricted aeration (Führ and Sauerbeck, 1968) 

or to less water being available in the planted soils (Shields and Paul, 1973; Jenkinson, 1977). 

In other studies where the aeration and soil moisture content were controlled both positive and 

negative effects have been described (Sallih and Bottner, 1988). Mechanical disruption of soil 

aggregates (Rovira and Greacen, 1957; Crasswell and Waring, 1972; Hassink, 1992) or drying and 

rewetting (Sorensen, 1983"; van Gestel et al., 1991) have been described to increase the 

decomposition rate of soil organic matter. This phenomenon can be attributed to the release of 

physically protected organic matter from soil aggregates (Elliott, 1986). Hassink et al., (1993) 

studied the effect of soil texture on pore accessibility to bacteria and their predators and found 

that bacterial biomass was positively correlated with the pores 0.2-1.2 |im in diameters in a range 

of grassland soils. Gregorich et al. (1991) studying ten soils reported that the microbial biomass 

derived from 14C-labelled glucose was positively correlated with the clay content after 90 days of 

incubation, but the residual organic "C was similar in all soils. The similar rates of decomposition 

of different uC-labelled plant residues under field (Shields and Paul, 1973; Jenkinson, 1977; 

Sauerbeck and Gonzalez, 1977; Sorensen, 1987) and laboratory conditions (Sorensen, 1983b; 

Nowak and Nowak, 1990) for different soils suggests that the decomposition of the plant residues 

is independent of the clay content of the soils. Amato and Ladd (1992), however, found a positive 

correlation between residual 14C derived from legumes and clay content of soil. There are no 

studies so far in which the relationship between soil texture, soil structure and cropping on the 

decomposition of labelled residues have been investigated at the mean time in soils of different 

textures. One of the useful techniques in this type of study is the application of labelled 1"C 

organic materials to distinguish between "fresh" and "o ld" organic matter decomposition in soil. 

Using this technique in the present study the hypothesis was tested that the interaction between 

soil texture, soil structure and root-induced microbial activity can modify the carbon dynamics in 

soil. The specific aims of this study were to investigate the effect of cropping and soil disruption 

on (1) the rate and extent of decomposition of '4C-labelled wheat (Triticum aestivum L) 

incorporated in a clay and sand soil, and (2) the stabilization of the residual organic "C and newly 

synthesized microbial biomass in a clay and sand soil. 

MATERIALS AND METHODS 

Soils 

A clay and a sand soil were used; some properties of the soil are given in Table 1. Both soils have 

a long agricultural history and were obtained from farmers' fields located in Groningen, the 

Northeast province of The Netherlands. The soils have been cropped in a rotation with cereals, 

sugar beet and beans in combination with bare-fallow periods since 1986. The upper (0-15 cm) 
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