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Preface

Nitrogen, which is essential for crop growth, istaken up by plant roots from the
soil solution mainly in the form of nitrate and ammonium ions. Soil nitrate and
ammonium originate from mineralized soil organic matter, from inorganic and
organic fertilizers, and to a much lesser extent from wet and dry atmospheric
deposition. To be able to assessthe amount of fertilizer to be applied it is
necessary to account for the amount of nitrogen which will be mineralized
during the growth period. This is even more important when food has to be
produced cost-effectively without damage to the environment. Since nitrogen
net mineralization, i.e. nitrogen mineralization minus nitrogen immobilization,
may vary widely among fields, there is a strong need for methods to predict the
quantitative contribution of the process to the availability of nitrogen for crops.
A symposium on "Nitrogen mineralization in agricultural soils" was organized by
the former DLO Institute for Soil Fertility Research, IB-DLO (now DLO Research
Institute for Agrobiology and Soil Fertility, AB-DLO) in Haren,the Netherlands in
spring 1993. There were 110 participants from 16 different European countries.
The papers presented at the symposium are included in these proceedings.
The following topics of nitrogen mineralization in agro-ecosystems are discussed:
(i) methods to predict nitrogen mineralization,
(ii) measurement of nitrogen mineralization and immobilization, and microbial
biomass, and
(iii) modeling nitrogen mineralization and immobilization.
The papers give an excellent review of the current state of nitrogen mineralization research.We hope that the information presented will contribute to a
better understanding of the process of nitrogen mineralization/immobilization
and that it ultimately will lead to reliable predictions of net nitrogen mineralization in agricultural fields.
Financial support of the Department of Science and Knowledge Dissemination
(DWK) of the Dutch Ministry of Agriculture, Nature Management and Fisheries
for publishing the proceedings is gratefully acknowledged.

Jacques Neeteson and JanHassink,
DLO ResearchInstitute for Agrobiology and Soil Fertility (AB-DLO)

Active organic matter fractions and microbial
biomass as predictors of N mineralization
J. Hassink

DLO ResearchInstitute for Agrobiology and Soil Fertility (AB-DLO),P.O.Box 129,NL-9750
AC Haren, Netherlands

Abstract
It was tested whether light, intermediate and heavy macro-organic N(> 150 urn) fractions
and active and total microbial biomass are good predictors of N mineralization when soils
differing in organic matter input (grassland vs arable) and soil texture were compared.
We found that the relative difference between arable and grassland soilsdecreases in the
order light, intermediate and heavy macro-organic N, active microbial biomass, total
microbial biomass and total soil organic N.The relative changes in heavy macro-organic N
and active microbial biomass were similar to the relative change in N mineralization.
The percentage of soil Nthat mineralized ingrassland soilswas lower in finetextured soils than in coarse-textured soils.The same difference was found when the
amount of Nthat was mineralized per unit of microbial biomass was considered. It is
assumed that this difference in mineralization iscaused bythe higher physical protection
of organic matter and microorganisms inthe fine-textured soils. However, both the size
of the light macro-organic matter fraction and the active part of the microbial biomass
correlated very well with the rate of N mineralization when grassland soilsof different
textures were compared.We assumethat the relationship between the light fraction and
the active microbial biomass and N mineralization was the same for fine- and coarsetextured soils, because the light fraction and the active microbial biomass are not
physically protected in the soil.
The incorporation of the active fractions obtained by physical fractionation and the
degree of physical protection of organic matter pools into organic matter models might
contribute to the analysis of N mineralization in different agricultural soils.

INTRODUCTION
During the last two decades, many mathematical and simulation models have been
constructed to describe the dynamics of soil organic matter (Van Veen and Kuikman,
1990). Generally, small pools with a high turnover rate and pools of greater size and
slower turnover rate are distinguished (Cambardella and Elliott, 1992). However, physical
or chemical isolation and determination in terms of decomposability of these pools has
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been difficult (Tiessen et ai, 1984). The fractions with high turnover (i.e. active organic
matter fractions) and mineralization rates have been found to be more sensitive to
differences in management (i.e. input of residues) than total organic Cand N (Doran,
1980; Dalai and Mayer, 1987; Hassink et al., 1991). The active fractions of the soil organic
matter are assumed to play a prominent role in soil nutrient dynamics and various
methods have been proposed to characterize the active fraction (Janzen et al., 1992).
One approach isto quantify the microbial biomass. Several techniques, such as the
fumigation-incubation (Fl) and fumigation extraction (FE) methods (Jenkinson and
Powlson, 1976; Brookes et al., 1985) and the substrate-induced respiration (SIR) method
(Anderson and Domsch, 1978) have been developed to quantify microbial biomass. The
microbial biomass represents only a small fraction of the total amount of soil organic
matter, but it has a relatively rapid turnover. In some studies the size of the microbial
biomass was found to be a good indication of the rate of N mineralization (Paul and
Voroney, 1984; Azam et ai, 1986).
Another approach to measure the active fraction isthe use of densiometric techniques
to isolate density fractions of the macro-organic matter (Janzen et a/., 1992). It has been
observed that organic Cin the macro-organic matter fraction is much more labile than
organic Cin the clay and silt size fractions (Dalai and Mayer, 1986; Tiessen et a/., 1984).
The so-called light fraction of the macro-organic matter is considered to be decomposing
plant and animal residues with a relatively high C:N ratio and a rapid turnover
(Christensen, 1992). The heavy fraction includes the organomineral complexed soil organic
matter which consists of comparatively more decomposed products ("true humus") with a
low C:N ratio, a slower turnover rate and a higher density due to its intimate association
with soil minerals (Greenland and Ford, 1964). It has been found that the amount of light
fraction is affected by the amount of litter production (Christensen, 1992). Obviously, the
light fraction is relatively important in forests and permanent grasslands (Garwood et ai,
1972; Whitehead et al., 1975). Density fractionation might become an important tool for
predicting nutrient availability in low-input farming systems,which depend entirely on the
recycling of residues.
The first objective of this paper isto test whether microbial biomass and macroorganic matter fractions are better indicators of N mineralization than total organic N,
when soils which receive different amounts of organic materials (i.e. grassland and arable
soils) are compared.
The last decade hasshown an increasing awareness of the importance of soil texture
and structure for organic matter and nitrogen turnover. Net mineralization of soil organic
matter and decomposition of plant material was often observed to be more rapid in sandy
soils than in clay soils (Catroux et al., 1987; Hassink et al., 1990; Ladd et al., 1990). The
lower net mineralization in clay soils may be partly caused by a greater physical protection
of soil organic matter and microbial biomass (Van Veen et a/., 1985;Verberne et al., 1990).
Physical protection may be caused by adsortion of organics to surfaces of clays or coating
of organics by clay particles (Tisdall and Oades, 1982) and entrapment of organics in small
pores in aggregates inaccessible to microbes (Elliott and Coleman, 1988). The observation
that disruption of soil structure increases N mineralization to a greater extent in clay soils
than in loams, while in sandy soils no increase was observed at all (Hassink, 1992) supports
the hypothesis that physical protection strongly affects the rate of N mineralization.
During the decomposition of plant residues in the soil, the extent of physical
protection increases. The light fraction of the soil organic matter is not bound to the
mineral particles and istherefore not yet protected by clay minerals (Janzen et al., 1992;
Young and Spycher, 1979). As the light fraction is an active pool of the soil organic matter

which is physically not more protected in fine-textured soils than in coarse-textured soils, it
might give a good indication of N mineralization in different soils.
It has also been suggested that the active part of the microbial biomass (determined
by the SIR method) is not physically protected in the soil. So,the active microbial biomass
might correlate better with N mineralization than total microbial biomass. In agreement
with this the amount of active microbial biomass was found to be a much better indicator
of microbial activity than the amount of total microbial biomass (determined by the Fl
method; Hassink, 1993).
The second objective of this paper isto test whether the light fraction and the active
microbial biomass correlate better with N mineralization than any other organic matter
fraction when soils with different textures are compared.

MATERIALS AND METHODS
Soil sampling
In March, June, September and December 1992 samples were collected from a sandy and
loamy grassland and a sandy and loamy arable field. Sets of grassland and arable fields
were located in the same region and on soils with the same texture. The grassland soils
were grazed by dairy cattle; the fields received 400-500 kg fertilizer-N per hectare per year
and had been under grass for at least eight years. The arable soils had a crop rotation of
winter wheat - sugar beet - spring barley - potatoes. In 1992 the crop was winter wheat
for both soils.
In March 1991 samples were collected from five coarse-textured and six fine-textured
grassland soils which had been under grass for at least eight years. The land was grazed by
dairy cattle and received 400-500 kg fertilizer-N per year.
In 1992 the top 10 cm of the grassland and arable soils were sampled. In 1991 samples
were taken from the 0-10 and 10-25 cm layer of each grassland location. In both years
three mixed samples, each consisting of 20 bulked cores, were taken from each layer. The
samples were sieved (< 8 mm); roots and stubble were removed and the samples were
analyzed separately. Some characteristics of the grassland soils sampled in 1991 and the
arable and grassland soils sampled in 1992 are given in Tables 1and 2, respectively. The
differences in pH and granular composition between both layers of the grassland soils
(1991) were small sothat only the values for the top 10 cm are given.
Determination of N mineralization rates
N mineralization was determined by measuring the increase in mineral N after incubation
of soil samples in glassjars at 20 °Cfor 12 weeks. Drying of the samples was prevented by
covering the jars with a polyethylene seal permeable to air, but impermeable to water.
Mineral Nwas measured colorimetrically after extraction with 1N KCl solution for 1h
using asoil:water ratio of 1:2.5.

Table 1. Some characteristics of the 0-10 and 10-25 cm layer of the grassland sites sampled in
1991.

C (%)

C/N

PH
(K-CI)

t

0-10

10-25

0-10

10-25

Sand
Cranend.
Dalfsen
Maarheeze
Drentse Aa
Tynaarlo

2.96
3.88
2.61
5.75
3.8

2.25
5.49
2.29
4.21
2.97

17.1
20.8
18.3
17.4
19.7

19.3
40.5
18.6
20.0
21.1

Loam
Lelystad
Mijnsh.l.
Burum

3.15
2.20
5.31

1.44
1.40
2.25

11.1
9.6
10.5

Clay
Haskerdijk
Finst.wolde
Zaltbommel

5.60
3.23
3.98

4.04
1.80
3.28

11.1
10.1
9.5

Granular comp., 0-10 cm layer,
% particles <
2(xm

16 (xm

50|im

5.4
5.1
5.0
4.8
4.3

3.2
1.9
2.6
5.3
3.1

4.8
3.1
4.5
8.4
5.1

21.2
9.8
11.8
36.9
22.3

12.1
9.1
9.1

7.2
7.2
4.8

21.7
20.1
27.6

34.9
33.5
41.3

65.8
79.9
82.0

11.1
9.3
8.9

4.9
7.1
5.4

54.0
45.8
51.0

77.2
65.8
74.3

88.5
85.1
90.6

Table 2. Some characteristics of the 0-10 cm layer of the arable and grassland
sites sampled in 1992.
C (%)

C/N

pH
(K-CI)

Granular com| position,
% particles <
2|xm

16|xm

Sand
arable
grassland

4.4
5.9

21.8
19.7

6.2
4.2

3.9 6.4
2.9 4.9

35.9
39.4

Loam
arable
grassland

1.7
2.7

11.5
10.9

6.6
6.7

17.3
22.1

30.1
36.7

50|xm

94.0
81.5

Determination of the microbial biomass
The amount of N inthe microbial biomasswas determined bythe chloroform fumigation
incubation technique (Jenkinson and Powlson, 1976). A kvalue of 0.4 was used to
calculate the biomass Nfrom the flush.The active microbial biomasswas determined by
the substrate induced respiration method (Anderson and Domsch, 1978).The exact
procedures for both determinations have been described earlier (Hassink et ai, 1991;
Hassink, 1993).

Determination of the light, intermediate and heavy macro-organic matter
fractions
Washing of the soil samples. Dried sieved soil samples of 300 g were rewetted with
tap water overnight and subsequently wet-sieved over a 250 ^m and a 150 ^m mesh sieve.
The sample was placed on the top sieve (250 |im) and washed with tap water. The
macroaggregates were destroyed by pushing the soil through the top sieve during the
washing procedure until the water passing the sieve became clear. The material present on
both sieves was washed into a bucket. The material in the bucket was swirled and the
organic material was separated from the mineral material by décantation. The organic
material was poured into a small tray with a 150 |im mesh sieve at the bottom and sides
of 10 cm height. The mineral material was retained on the bottom of the bucket. Swirling
and décantation was repeated several times until there were no more visible organic
particles in the mineral fraction. The mineral fraction was discarded.
Density fractionation. The organic material was fractionated in Ludox TM. Ludox is an
aqueous colloidal dispersion of silica particles produced by Du Pont. The tray containing
the organic material was placed in Ludox with a density of 1.37 g cm"3, and was stirred
several times. The floating fraction was collected and placed in asimilar tray that was
placed in Ludox with a density of 1.13 g cm"3. Mixing was repeated until the quantity of
floating material became negligible. The organic material placed into the 1.13 g cm'3
Ludox was also separated into a floatable and a sinking fraction. Again, mixing was
repeated several times until the quantity of floatable material became negligable. Finally,
three fractions were obtained: a light fraction with a density < 1.13 g cm"3; an
intermediate fraction with a density between 1.13 and 1.37 g cm"3,and a heavy fraction
with a density > 1.37 g cm"3. The three fractions were washed with tap water and dried. A
more extensive description of the procedure and the characteristics of the Ludox is given
by Meijboom et al. (1994).
Characterization of the light, intermediate and heavy fraction. The ash content of the
fractions was defined asthe fraction retained after heating oven-dry samples at 700 °C for
24 hours. The Ccontent in the fraction was calculated as (100-ash content)/2. Total N was
determined according to Deys (1961) by destruction with sulfuric acid and salycylic acid.

Statistical analysis
The relationships between N mineralization and soil organic N, N in microbial biomass,
biomass-SIR and N in the light, intermediate and heavy fractions of the macro-organic
matter were analyzed with correlation and linear regression analysis.

RESULTS
Characteristics of the light, intermediate and heavy fractions
The organic matter present in the light fraction consisted of recognizable plant residues.
The intermediate fraction consisted partly of recognizable plant residues mixed with soil
particles and partly undefined particles, while the heavy fraction consisted completely of

undefined organic material (Figure 1ABC).The ash content was low in the light fraction
(18-35 %), higher in the intermediate fraction (35-45 %),and highest in the heavy fraction
(60-87 %).

Figure 1.

Light (A), intermediate (B)and heavy (C)fraction of the macro-organic matter in the
top 10cm of asandy grassland soil.

In all soils, the C:N ratio of the fractions decreased in the order light, intermediate and
heavy. In the light fraction the C:N ratio ranged between 18 and 24; in the intermediate
fraction between 15 and 21 and in the heavy fraction between 13 and 16.There were no
differences between the grassland and arable soils.

Comparison of N mineralization, microbial biomass, density fractions and total
organic N in grassland and arable soils
To compare N mineralization rates in arable and grassland soils,the rate of N
mineralization in the arable soil was divided by the rate of N mineralization in the
corresponding grassland soil. For the other parameters (microbial biomass, active microbial
biomass, light, intermediate and heavy macro-organic Nand total organic N) the same
ratios were calculated (Figure 2).

RatioArable Land:Grassland
1

N-min

Fl-N

H

Tot-N

Characteristic
Sand

Figure 2.

ESS3 Loam

Amounts of active and total microbial biomass (SIRand Fl-N,respectively), light (L),
intermediate (I)and heavy (H) macro-organic Nandtotal organic N(Tot-N) and rates
of Nmineralization (N-min) in the top 10 cmof asandy and loamy arable soil divided
bythe amounts and rates of the same parameters in the corresponding grasslandsoils.

The average values of the four sampling data were taken. For N mineralization the ratio
was almost 0.4 for both soil types. The ratio was considerably higher for total organic N
(about 0.7 for both soils).The ratio for the active microbial biomass (SIR) was almost
identical to the ratio for N mineralization. The ratio for total microbial biomass (Fl)
differed; 0.8 for the sandy soil and 0.3 for the loam. The ratio generally increased in the
order light, intermediate and heavy macro-organic matter and was in the same range as
for N mineralization (heavy fraction) or slightly lower (light fraction).

Relationship between soil organic N, N in the microbial biomass, N in light,
intermediate and heavy macro-organic matter fractions, and N mineralization in
grassland soils of different textures
There was asignificant (P< 0.05) positive correlation between N mineralization and soil
organic N content of the grassland soils.The correlation coefficient between N
mineralization and soil organic N, however, was only 0.38 (Table3).
Table 3. Correlation coefficients between Nmineralization and total organic N, microbial biomass
N (Fl), active microbial biomass (SIR),and the light, intermediate and heavyfractions of
macro-organic matter (mom) in the top 10 cm and 10-25 cm layer of grassland soils.
Soil organic N
Microbial biomass N(Fl)
Active microbial biomass(SIR)

0.38
0.41
0.59

Light fraction of mom
Intermediate fraction of mom
Heavyfraction of mom

0.62
0.45
0.39

All correlations are significant (P < 0.05).
The amount of N mineralized per amount of soil organic Nwas significantly (p < 0.05)
higher in sandy soilsthan in loamsand clays(Figure3).
N mineralization (mg kg"1d "1
2.5 r
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Figure 3.
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Relationship between the soil organic Ncontent of the top 10cm and the 10-25 cm
layer of grassland soilsand their rate of Nmineralization.

The microbial biomass also showed a significant positive correlation with N
mineralization (Table 3). Again, the amount of N mineralized per unit of microbial
biomass was significantly (P< 0.05) higher in sandy soilsthan in loams and clays(Figure 4).

N mineralization (mg kg_1d"1 )
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Figure 4.

• LoamandClay

Relationship between the amount of Ninthe microbial biomass in the top 10cm and
the 10-25 cm layer of grassland soils and the rate of Nmineralization.

The active microbial biomass asdetermined bythe SIR method had a higher
correlation coefficient with N mineralization than the amount of microbial biomass
determined bythe fumigation incubation method (Table 3). Besides,the relationship
between SIR and N mineralization wasthe same for sandy soils, loams and clays (Figure 5).
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Figure 5.

• LoamandClay

Relationship between the amount of active microbial biomass (SIR)in the top 10cm
and the 10-25 cm layer of grassland soils and their rate of Nmineralization.

The correlation coefficient between N mineralization and the amount of N in the
macro-organic matter fractions decreased in the order light, intermediate and heavy
(coefficients of 0.62, 0.45 and 0.39, respectively; Table 3). Contrary to the situation for
total organic N and N in the microbial biomass, but in agreement with the active microbial
biomass, the relationship between the amount of N in the light fraction and N
mineralization was the same for the sandy soils and the loams and clays (Figure 6).
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LoamandClay

Relationship between the amount of Nin the light fraction of the macro-organic
matter in the top 10cm and the 10-25 cm layer of grassland soils and their rate of N
mineralization.

Contribution of soil organic matter fractions to the total amount of soil organic
N;grassland soils
The percentages soil organic N present in the macro-organic matter fractions (> 150 |im)
generally increased in the order light, intermediate and heavy (Table 4).The percentages
soil organic N in the three fractions were higher in the top 10 cm of the grassland soils
than in the 10-25 cm layer and higher in the grassland soils than in the corresponding
arable soils (Table 4). In the top 10cm of the grassland soils on average 17 % of the total
amount of soil organic Nwas present in the three macro-organic matter fractions; for the
10-25 cm layer of the grassland soils this was 13 % and for the top 10 cm of the arable
soils 4 %. So, most of the soil organic Nwas not present in the macro-organic matter
fractions.
The percentages soil organic N present in the light and intermediate fractions in the
top 10 cm of the grassland soils were higher in the sandy soils than in the fine-textured
soils (Figures 7, 8). In the sandy soils 1-2 % of the amount of soil organic Nwas present in
the light fraction. In the loams and clays this ranged from 0-5 to 1%. The intermediate
fraction comprised 6-17 % of the soil organic N in the sandy soils and 2-4 % in the loams
and clays. The percentage soil organic N present in the heavy fraction was not affected by
soil texture. For the 10-25 cm layer differences between the sandy soils and the finetextured soils were less clear.
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Table 4. Average percentage (%) soil organic Npresent in the light, intermediate and heavy
fractions of the top 10 cm and the 10-25 cm layer of grassland soils sampled in 1991
and in the top 10 cm of the arable and grassland soils sampled in 1992.
Light

Intermediate

Heavy

Grassland soils 1991
0-10
10-25

0.9
0.5

5.2
3.8

10.6
8.2

Arable and grassland soils 1992
Sand
arable
grassland

1.2
4.2

0.9
7.3

3.1
11.0

Loam
arable
grassland

0.7
2.7

0.8
1.9

1.8
5.0

Percentage soil N in Lfraction
2.5 r

1.5
1
0.5
0

0

20

40

60

80

100

Percentage particles < 50/vm

Figure 7.

Relationship between soiltexture andthe percentage soil organic Npresent in the light
fraction of the macro-organic matter in the top 10cm of grasslandsoils.
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Percentage soil N in I fraction
20 r

15

10

0

20

40

60

80

100

Percentage particles < 50/jm
Figure 8.

Relationship between soil texture and the percentage soil organic Nis present in the
intermediate fraction of the macro-organic matter in the top 10cm of grassland soils.

DISCUSSION
The density fractionation method enables usto measure the active fractions of the soil
organic matter, whereas the fumigation and substrate induced respiration methods enable
usto measure the living component of the organic matter. This is of great importance for
the further development and verification of models that describe dynamics in soil organic
matter and N mineralization.
The first objective was to test whether microbial biomass and macro-organic matter
fractions are better indicators of N mineralization than total organic Nwhen comparing
soils which receive different amounts of organic materials (i.e. grassland and arable soils).
It was found that the relative changes in microbial biomass and light, intermediate and
heavy macro-organic N correlated better with the relative changes in N mineralization
than changes in total organic Nwhen comparing grassland and arable soils. This indicates
that the active fractions are potentially better predictors of N mineralization than total soil
organic Nwhen systems differing in organic matter input are compared. The relative
change decreased in the order light, intermediate and heavy macro-organic matter,
indicating that the activity of the fractions decreases in this order.
The second objective was to test whether the light fraction and the active microbial
biomass correlate better with N mineralization than any other organic matter fraction
when soils with different textures are compared. We found the highest correlations with N
mineralization for the amount of light fraction of the macro-organic matter and the
amount of active microbial biomass, when comparing grassland soils of different textures.
The light fraction has a low ash content, indicating that it is not associated with soil
minerals (Meijboom et al., 1994), indicating a possibly low degree of physical protection.
During decompositon the degree of physical protection will increase, since the heavy
fraction includes the organomineral complexed soil organic matter (Sollins et al., 1984).
Moreover, organics bound to clay and silt particles might be even more physically
12

protected (Dalai and Mayer, 1986). The importance of the light fraction for N
mineralization has been recognized before. Ford and Greenland (1968) found that the
light fraction accounted for 25-60 % of N mineralization. The percentage soil organic N in
the light and intermediate macro-organic matter fractions was higher in coarse-textured
soils than in fine-textured soils. This might explain the higher mineralization rates in
coarse-textured soilsthan in fine-textured soils.
We observed that although the microbial biomass is generally considered asan active
organic matter pool, it is not a good indicator of N mineralization when comparing soils
of different textures. N mineralization per unit of microbial biomass Nwas higher in sandy
soils than in fine-textured soils. It was hypothesized that a higher proportion of the
microbes is physically protected in small pores in loams and claysthan in sandy soils
(Hassink et al., 1993a). Due to this protection the grazing intensity on the microbes by the
soil fauna might be smaller in claysthan in sandy soils, and this might result in a
population that is less active in clays (Hunt et al., 1977). The correlation coefficient
between N mineralization and the amount of active microbial biomass was higher than
between N mineralization and total microbial biomass. Moreover, we observed that
contrary to the total amount of microbial biomass, N mineralization per unit of active
microbial biomass was not affected by soil texture. We suggest that this is caused by the
fact that the active part of the microbial biomass is not physically protected in the soil.
Our conclusion isthat the light fraction and the active microbial biomass are the best
indicators of N mineralization when soils differing in residue input and soil texture are
compared.

Suggestions for improving the models that describe the dynamics of soil organic
matter and nitrogen mineralization
The incorporation of the active organic matter fractions obtained by physical
fractionation, the active microbial biomass, and the degree of physical protection of
organic matter pools and microbial biomass in organic matter models might improve the
simulation of N mineralization by these models. This might increase our understanding of
differences in N mineralization in different agricultural soils. Studies with labelled material
in different soils would be useful to collect information on the turnover rates of the
density fractions that are obtained. An important aspect isthe C:N ratio of the microbial
biomass and of the different organic matter pools. The C:N ratio is generally higher in
fresh residues than in more decomposed material. It has often been found that the C:N
ratio decreases in the order light, intermediate and heavy fraction of the macro-organic
matter, while the lowest ON ratios are observed for the organic matter bound to clay an
silt size particles (Swift and Posner, 1972; Christensen, 1985; Hassink et al., 1993b).
According to Tezuka (1990) the C:N ratio of the microbes may depend on the C:N ratio of
their food. Microbes decomposing fresh residues might then have a higher C:N ratio than
microbes decomposing organic matter bound to clay and silt size particles. The observation
in a previous study that the C:N ratio of the bacteria is generally higher in sandy soils than
in loams and clays (Hassink, 1994; Hassink et al., 1994), corresponds with the results of the
present study that the percentage of Nfound in the light and intermediate fraction is
higher in the sandy soils than in the loams and clays.
Future research should indicate if it is necessary to distinguish different pools of
microbial biomass with different C:N ratios. Techniques are available to extract bacteria
and fungi from the soil (Bakken, 1985).This would enable usto directly determine the C:N
ratio of the microbes in different soils.
13
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Fractionation of vegetable crop residues in relation
to in situ N mineralization
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Abstract
The N mineralization from soil organic matter and from incorporated crop residues is the
most uncertain factor in modern N recommendation systems. In the vegetable region of
West Flanders large amounts of crop residues are ploughed inyearly. In a field trial crop
residues of six vegetable cropswere incorporated into asoil and the evolution of mineral
N was followed to adepth of 120 cm.The Stevenson fractionation was applied to all crop
residues.An incubation experiment was set up using five of the crop residues of the field
trial. Results of the incubation experiment and the field trial were in good agreement.
Linear regressions were calculated between amount of N mineralized in the field and
chemical properties. Highly significant correlations (P < 0.001) were obtained between net
amount of N mineralized after two weeks and lignin content (R2 = 0.949). The net amount
of N mineralized after four weeks was best correlated with the ON ratio times the lignin
content over the square root of the water soluble carbohydrates (R2 = 0.862, P= 0.001).

INTRODUCTION
During the past few decades Central West Flanders (Belgium) has known an explosive
growth of vegetable crop production destined for the surrounding industry. Yearly large
amounts of crop residues are ploughed in.These crop residues contain large amounts of
nitrogen (N). Figures cited in the literature range from 5to 25 kg N per ha for crops like
spinach, to more than 100 kg per ha for, e.g., blanching celery and different types of
cabbages (Breimer, 1988; Demyttenaere, 1991). After incorporation into the soil part of
this nitrogen will be mineralized. This mineralization process is asyet far from being fully
understood. In areas with an important vegetable crop production the nitrogen contained
in crop residues can play an important part in the nutrition of subsequent crops. If no
subsequent crop is planted (late autumn or winter) the nitrogen mineralized will be
leached to the groundwater.
In this paper an attempt is made to relate the N mineralization of some important
vegetable crop residues in the field to their chemical composition as determined by the

In: J.J.NeetesonandJ.Hassink(eds.), 1994. Nitrogen mineralization inagricultural soils;proc.symp.
heldatthe Institutefor SoilFertility Research,Haren,NL,19-20April 1993.AB-DLOThema's,ABDLO, Haren,pp. 17-25.

Stevenson fractionation (Stevenson, 1965). Some of the results are verified by an incubation experiment in the laboratory.

MATERIALS AND METHODS
Field trial
At the beginning of October afield trial of the N mineralization of vegetable crop
residues was carried out during a period of 5 months. The field is located in the vegetable
growing region of West-Flanders (Pittem). The upper 30 cm has a loamy sand texture with
a pHKC| of 5.75, a carbon content of 1.14 %, and the C/N ratio of the soil organic matter
was 11.8, making it a representative soil f o r t h a t region. The field was planted with
chicory asa pre-crop. The mineral Ncontent of the soil at the beginning of the trial (after
harvest of the chicory) was 22 kg N per ha in the layer 0-120 cm.The vegetable crop
residues incorporated into the soil included residues of cauliflower (leaves and stems
separately), broccoli (leaves), white cabbage (leaves and stems combined), spinach (lower
leaves and stems), chicory (leaves) and leek (leaves). The incorporated amounts (Table 1)
are based on determinations of the amounts of crop residues in that region.
Table 1. Data on amounts of crop residues used in the field trial (CaL(CaS)= leaves(stems) of
cauliflower, BrL= leaves of broccoli,WcL (WcS) = leaves (stems) of white cabbage, Sp=
spinach. Le= leek, Ch = chicory), FM= fresh matter, DM = dry matter. Plot size is 10 m2.

FM per plot (kg)
DM (%)
DM per plot (kg)
N (% of DM)
N (g per plot)

CaL

CaS

BrL

WcL

WcS

Sp

22.5
15.5
3.48
3.28
114

13.4
15.2
2.04
2.82
57

37.4
12.1
4.54
2.91
132

36.6
14.9
5.44
1.64
89

19.8
22.6
4.47
1.91
85

21.8
11.2
2.45
3.26
80

Ch

Le
25
15
3.75
2.15
80

35
9.9
3.48
1.91
66

Because of the low amounts of crop residues for spinach,twice the amount of crop
residues determined after harvest was incorporated into the soil. The trial was carried out
in three replicates, including three blanks, i.e. three plots without residues. The individual
plot areas were 10 m2.The crop residues were spread out on the field and then incorporated into the soil t o a depth of approximately 15 cm. Soil samples were taken regularly t o
a depth of 120 cm in layers of 30 cm.The samples from the upper 30 cm layer were
extracted with KCl and analyzed colorimetrically for both N0 3-N and NH„+-N with a
continuous flow auto-analyzer (Beernaert et al., 1987). The samples from the lower layers
were extracted with KAI(S04)2 and analyzed for N03"-Nwith aspecific N0 3 -electrode.

Fractionations
The Stevenson fractionation (Stevenson, 1965) was applied t o the crop residues used in the
field trial. Sixfractions are obtained (hereafter referred to as FR1to FR6):fats, waxes and
oils (ether extraction, 24 hours), resins (alcohol extraction, reflux for 2 hours), watersoluble polysaccharides (water extraction, reflux for 2 hours), hemicellulose and structural
18

protein (hydrolysis with 2 % HCl, reflux for 5 hours), cellulose and structural protein
(hydrolysis with 80 % H2S04at 15 °Cfor 2.5 hours, followed by dilution with distilled
water to 1.42 M and reflux for 5 hours) and lignin (residue). The first three fractions were
determined gravimetrically, fractions 4 and 5 by an analysis of reducing sugars and an
analysis of total N (protein was calculated asamount of Nx 6.25) and fraction 6 is
considered asthe final residue. Total N content of each fraction was determined with the
Kjeldahl method. The fractionations were done in three replicates. Ash content is the
residue after ignition of the dried plant material for 4.5 hours at 450 °C.

Incubations
An incubation experiment using soil from the field trial was set up for leaves and stems of
broccoli, cauliflower and white cabbage. The soil used in the incubation experiment was
not air-dried and not sieved in order not to disturb microbial activity. Stones and visible
plant material were removed and large soil aggregates were crumbled. Plastic tubes with a
diameter of 4.6 cm were filled with a soil-crop residue mixture (6 g of chopped fresh crop
residues per tube mixed thoroughly with 342 g of wet soil). The soil-crop residue mixture
in the tubes was pressed to obtain a bulk density of 1.45 g cm'3.Soil moisture content was
kept constant at 12 % (weight basis, 75 % of field capacity). Sampling took place by
removing intact tubes. Samples in 3 replicates (3 tubes per crop residue) were removed
after 7, 21,34, 50, 69, 83 and 99 days and analyzed for N0 3 -N and NH/-N in the same way
asdescribed for the field trial.

RESULTS
Field trial
N mineralization during the field trial isgiven in Figures 1and 2.
Calculations using the leaching model of Burns (1974) showed that leaching of N out of
the upper 120 cm started in the first days of November, i.e. from the second month after
incorporation. From the N-mineralization pattern of the residues it was suspected that
some denitrification had taken place from the second month of the trial (due to heavy
rainfall in November, December and January). Because N losses by leaching or denitrification were not measured during the field trial, only the data of the first and second
sampling (2 and 4 weeks after incorporation, respectively, hereafter referred to asWE2
and WE4) were used to establish quantitative relationships with chemical composition.
These data were not affected by losses by leaching or denitrification. Spinach, leaves of
cauliflower and leaves of broccoli show a similar N mineralization (Table 2). For spinach,
the net amount of mineralized Nafter 2weeks is more than 45 % of the total added N),
indicating that it is avery easily degradable material. Two months after incorporation into
the soil no leafy material could be found for any of the above three crop residues.
The other crop residues clearly mineralize their N much more slowly (Table 2). The
slight decrease in net mineralized N between the second and the fourth week is within
the measuring error. The residues of chicory and stems of white cabbage seem t o be
particularly resistant to N mineralization, with lessthan 10 % of the total added N being
mineralized within the first 4 weeks.
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Figure 1. Net Nmineralization (layer 0-120 cm) during the field trial for leaves of cabbages and
spinach (seeTable 1for abbreviations).
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Figure 2. Net Nmineralization (layer 0-120 cm) during the field trial for stems of cabbages and
leaves of leek and chicory (seeTable 1for abbreviations).
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Table 2. Net amount of Nmineralized (layer 0-120 cm) in the field trial, 2 (WE2) and 4 (WE4)
weeks after incorporation of the crop residues (bracketed values represent standard
errors) (seeTable 1for abbreviations).

WE2
WE4

CaL

CaS

36.6
(9.9)
42.8
(15.3)

11.9
(22.6)
16.6
(5.2)

BrL

WcL

WcS

Sp

Le

Ch

30.1
(2.7)
41.9
(10.3)

7.6
(4.8)
5.5
(1.2)

3.8
(2.4)
2.7
(0.6)

46.3
(9.5)
43.8
(11.1)

13.3
(2.7)
12.4
(2.3)

9.1
(3)
3.3
(3.7)

Fractionations
The results of the fractionations of the crop residues used inthe field trial are given in
Table 3.

Table 3. Chemical composition and results of the fractionation (in % of dry matter) of the crop
residues used in the field trial (FR1to FR6= fraction 1to fraction 6; seetext for further
explanation).
CaL

CaS

BrL

WcL

WcS

Sp

Le

Ch

Ash (%)
Total C (%)
Total N (%)
C:N

23.1
42.8
3.28
13.2

17.9
45.6
2.82
16.2

16.1
46.6
2.91
16.0

25.2
41.5
1.64
25.3

9.3
50.4
1.91
26.4

44.0
31.1
3.26
9.6

19.3
44.9
2.15
20.9

28.9
39.5
1.91
20.7

FR1(fats, waxes,oils)
FR2(resins)
FR3 (watersol. fraction)
FR4(hemicellulose)
FR5(cellulose)
FR6(lignin)

2.9
4.6
32.7
17.8
11.3
7.6

0.7
3.3
15.3
19.5
21.7
21.6

3.9
8.9
24.8
15.9
18.8
11.7

3.4
7.3
23.7
12.5
6.9
20.9

0.9
6.3
18.8
21.8
20.5
22.4

2.1
4.0
18.5
22.2
5.9
3.4

4.3
10.0
21.6
14.2
15.4
15.1

3.5
5.2
22.6
12.5
6.7
20.4

N (%) inFR3
N (%) inFR4
N (%) inFR5
N (%) inFR6

21
62
12
5

44
43
6
7

20
56
16
8

29
50
1
20

49
36
9
6

20
73
5
2

26
56
6
12

25
53
5
17

Spinach and leaves of cauliflower and broccoli have the lowest lignin content and the
lowest C:N ratio. Chicory and leaves and stems of white cabbage have a higher lignin
content and high C:N ratios. No N isextracted in FR1 and FR2. Most of the N isrecovered
in FR3 and FR4. As reported by Frankenberger and Abdelmagid (1985) there isessentially
no relationship between lipid composition of the residues and their N mineralization.
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Incubations
The evolution of the net amount of N mineralized isshown in Figures 3 and 4.
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Figure 3. Net Nmineralization (± 1standard deviation) for leaves of cabbages during the incubation trial (seeTable 1for abbreviations).
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Figure 4. Net Nmineralization (± 1standard deviation) for stems of cabbages during the incubation trial (seeTable 1for abbreviations).
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For all crop residues the N mineralization pattern is in agreement with the findings of the
field trial and the fractionations. The percentages of N mineralized are higher than in the
field trial because of higher temperatures, optimal moisture content, and because there
are no N losses.An initial net immobilization of N is observed for both stems and leaves of
white cabbage. From the N mineralization pattern of leaves and stems of white cabbage it
was concluded that the contribution of the leaves to N mineralization in the field was
about twice that of the stems.

Relations between plant chemical composition and N mineralization in the field
Several authors tried to relate N mineralization of plant material to its initial chemical
composition. Frankenberger and Abdelmagid (1985) reported highly significant relationships between cumulative N mineralization and total Ncontent for different leguminous
crops in incubation experiments. Kirchmann and Bergqvist (1989) found a highly significant linear relationship between lignin content and cumulative amount of N mineralized
during incubation of white clover.
Chemical composition of the crop residues was expressed in six different forms,
namely the total Ncontent (factor 1),the total C:N ratio (factor 2),the lignin content
(factor 3),the sum of resins, hemicellulose, cellulose and lignin content (factor 4), the
lignin content times the total C:N ratio over the square root of the water-soluble carbohydrates (factor 5) and the C:N ratio of the cellulose + lignin fractions (factor 6).
These relationships are based on the assumptions that fractions 2,4, 5and 6 are
resistant to mineralization, whereas the water-soluble carbohydrates (FR3) are an easily
available carbon source. Factor 5was derived from a relationship used by Herman et al.
(1977). They found that the product of lignin and C:N ratio over (total carbohydrates)'7'
was very effective in predicting the decomposition of grass roots in an incubation
experiment. Here, we used water-soluble carbohydrates rather than total carbohydrates in
the denominator of factor 5, because cellulose and hemicellulose were determined
differently than by Herman et al. (1977).
The regressions between WE2 and all factors, except factor 4, are significant at the
P= 0.01 level (Table 4). Net N mineralization after 4 weeks (WE4) is lesswell related to
chemical composition, although factors 1,2, 3 and 5are still significant at P=0.01.

Table 4. Slopes, intercepts and coefficients of determination for the linear regressions between
factors expressing chemical composition and net amount of Nmineralized 2 weeks
(WE2) and 4 weeks (WE4) after incorporation. Bracketed values are not significant at the
P= 0.01 level.

Factor 1
Factor 2
Factor 3
Factor 4
Factor 5
Factor 6

Slope

WE2
Intercept

21.1
-2.44
-2.12
-0.85
-0.33
-0.54

-32.5
65.1
52.5
64.3
42.8
44.3

R2
0.780
0.827
0.949
(0.441)
0.916
0.700

Slope

WE4
Intercept

R2

26.3
-2.81
-2.35
-0.75
-0.38
-0.61

-44.1
73.3
57.2
60.2
47.7
48.7

0.860
0.782
0.824
(0.242)
0.862
(0.633)
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DISCUSSION
The results of the field trial clearly show that even in autumn, N mineralization from fresh
organic residues isstill important. Particularly for crop residues of cauliflower and broccoli,
with a high total Ncontent and a fast N mineralization, losses by leaching during winter
can amount to 100 kg or more. In summer, N mineralization will undoubtedly be more
complete. An important amount of mineral Nwill be released within the first month after
incorporation into the soil.
There is a striking difference between N mineralization patterns of cauliflower and
broccoli on the one hand and white cabbage on the other. This means that botanical
similarity is no guide to predicting N mineralization of crop residues.
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Figure 5. Linear regression between net amount of Nmineralized after 2weeks (WE2) and lignin
content of the crop residues.
Short-term N mineralization (WE2) can be predicted well by lignin content (Figure 5),
which is easy to determine. Combination of lignin content and total Ncontent would be
very useful as afirst estimate of initial N mineralization for use in N recommendation
systems. N mineralization after 4 weeks (WE4) is best predicted by a combination of C:N
ratio, lignin and content of water-soluble carbohydrates (factor 5), but total N content
(factor 1) is almost as good a predictor (Figure 6).
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Figure 6. Linear regression between net amount of Nmineralized after 4 weeks (WE4) and total N
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Abstract
A short overview isgiven of methods to fractionate organic matter in different pools.The
relationships between the research objectives and the concepts behind the experimental
fractionation procedures are emphasized.
Three categories of methods are distinguished:chemical extraction methods,
procedures for physical fractionation of soil organic matter, and methods to determine
the chemical composition of organic residues.
Prospects for future research are indicated. Methods usedto study the effects of
inorganic soil constituents on organic matter dynamics, and combinations of different
procedures seem to be most promising.The need for methods to separate biologically
meaningful fractions isstressed.

INTRODUCTION
As in other fields of research, astandard way of gaining understanding in soil organic
matter cycling is dividing the material considered into smaller units that behave homogeneously, and study the properties of these fractions and their mutual relationships. This
kind of approach is at the base of awide gamut of methods t o fractionate soil organics
and plant residues. The details of the different procedures vary widely, depending on the
purposes for which the methods are used, i.e. the specific aspects of the decomposition/
mineralization processesthat are investigated.Topics of research range from the study of
the relation between the 'quality' or chemical composition of plant residues and nutrient
release; over the examination of the effects of the inorganic soil constituents on the transformation of organic components, to the determination of the structure and chemical
characteristics of the 'end product', stabilized soil organic matter.
Outlining the various methods of organic matter fractionation, adopted for different
research needs, isthe first objective of the present contribution. The second aim is to
indicate how results obtained by different methodologies can be compared and integrated, hinting at prospects for future research.

In: J.J.NeetesonandJ.Hassink(eds.), 1994. Nitrogenmineralization inagricultural soils;proc.symp.
heldattheInstitutefor SoilFertilityResearch,Haren,NL,19-20April 1993.AB-DLOThema's,ABDLO, Haren,pp. 27-32.

CHEMICAL EXTRACTION METHODS TO FRACTIONATE SOILORGANIC MATTER
Complete extraction of soil organic matter
Traditionally, soil organic matter studies have been focusing on the chemical composition
and properties of the soil organic colloids. To do this,the organic fraction had to be
separated from the inorganic soil particles, which is usually done by extraction. Several
extradants have been used (Mortensen, 1965). Most popular isalkali (NaOH), which is
commonly used in the first step of the 'classic' method of fractionating soil humus into
humin, humic acids (HA) and fulvic acids (FA) (Stevenson, 1965; Schnitzer, 1982). The partitioning is based on a pH-dependent solubility of the different organic molecules. Complete extraction of organic matter from soils is not possible by this procedure. Nevertheless, a lot of valuable information on the chemical characteristics of soil organic matter has
been obtained.
Two other methods, also with almost 'classic' pretensions, and aiming aswell at an
exhaustive extraction of organics from soils, are (1) the proximate analysis for estimating
compounds characteristic of plant material (Stevenson, 1965), and (2) the acid hydrolysis
used to liberate N-components from soils for later fractionation and characterization
(Bremner, 1965; Stevenson, 1982). For the first method, a soil sample is subsequently
extracted with the same reagents that are used to determine the content of a class of
organic compounds in plant tissues, i.e. waxes, resins, water-soluble polysaccharides,
hemicellulose, cellulose, and a large, rather vague pool of proteins, lignin and humus.
Acid hydrolysis, usually with 3 or 6 N HCl, separates soil organic N into acid-insoluble and
hydrolyzable N.The latter pool can be subdivided into amino acid-, amino sugar- and
ammonia-N.

Extraction of a specific pool of soil organic matter
Chemical extraction is also used to isolate components from the soil organic matter pool,
e.g. volatile fatty acids, amino acids, or soluble carbohydrates (Paul and Beauchamp, 1989;
Christensen and Christensen, 1991). The rationale behind such procedures is mostly the
determination of the availability of the considered substances for plants or microorganisms. The extracting reagents are normally mild in comparison to those used for complete
extraction of soil organic matter, e.g. salt solutions (such asK2SO„or CaCI2) (Stanford and
Smith, 1976; Christensen and Christensen, 1991), or even water (Paul and Beauchamp,
1989).
An organic carbon pool with aspecial meaning can be extracted from soils after
fumigation with chloroform. The correlation that exists between the size of this pool and
the amount of Cbound in microorganisms isthe basis of commonly used methods t o
determine microbial biomass C(Brookes et al., 1985;Vance et al., 1987;Amato and Ladd,
1988). Microorganisms have a key role in the cycling of nutrients in soils.They are decomposers of organic material, and can be considered asatemporarily reservoir of plant
nutrients. Thus, biomass Cclearly isa soil organic matter fraction relevant t o the functioning of Cand Ndynamics in soils.

PHYSICAL FRACTIONATION OF SOIL ORGANIC MATTER
A second category of methods to fractionate soil organic matter comprises procedures by
which whole soils are physically separated into fractions. Studies using this type of experi-
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mentation emphasize the role of inorganic soil constituents in organic matter cycling. The
objectives are to elucidate the relations between the location of the organics in the soil
structure and their stabilization and turnover.
Recently two reviews on physical soil fractionation have been published (Stevenson
and Elliott, 1989; Christensen, 1992). Methods to separate soils by physical means vary
according to the disruption techniques applied before fractionation, and the principle of
separation, being by density or by particle size. Ultrasonic vibration has been extensively
used to disrupt soil aggregates (Turchenek and Oades, 1979 and references herein). An
alternative, more gentle procedure for soil dispersion is shaking in water (Brückert, 1979).
Density fractionation is based on the assumption that free, macro-organic material being decomposing plant and animal debris - has a lower specific weight than the more
processed, humus-like products, which are intimately associated with soil minerals, and
therefore have a higher density. Heavy liquids are most often used to obtain density fractions, but they cause considerable problems, for instance, their high potential toxicity can
substantially alter the biological characteristics of the fractions (Christensen, 1992).
Another way to isolate the 'light' fraction isflotation in water (Anderson and Ingram,
1993).
The underlying concept of particle size fractionation isthe notion that organic matter
associated with particles (or aggregates) of different size differ in structure and function,
and therefore have different roles in soil organic matter dynamics (Christensen, 1992).
Organomineral complexes can be separated in size classes by wet or dry sieving (fractions
> 50 urn), gravity sedimentation and centrifugation (fractions < 50 urn). Regularly,
combinations of particle size and density fractionation methods are used.

Characterization of organic matter in physical soil fractions
To determine the chemical properties of organic material associated with physical soil
fractions, a large variety of assays have been applied. These methods are usually similar t o
those used for total soil organic matter characterization, and are extensively discussed
elsewhere (see references in previous section).
If one aims at determining microbiological properties of fractions, soils should be only
mildly dispersed before fractionation. Disruption techniques as ultrasonic vibration can
cause death of cells.The decomposability or bioavailability of organic components in soil
separates has been estimated by incubation and determination of mineralized Cand N
(Lowe and Hinds, 1983; Cameron and Posner, 1979). By measuring specific products of
microbial origin indications about the distribution of soil microorganisms in physical
fractions were obtained (Turchenek and Oades, 1979; Christensen and Bech-Andersen,
1989). But recently, using improved methods of biomass Cdetermination (Amato and
Ladd, 1988), it has also been possible to directly measure microbial biomass contents of
soil fractions (Jocteur Monrozier et al., 1991).
To study the dynamics of soil organic matter in size and density fractions the
application of isotope-labelled material has been proven to be very useful. For example,
Christensen and Sorensen (1986) demonstrated that the distribution of labelled Cand N
over soil fractions was distinguishable from this of native Cand N, even after 5years of
incubation. Ladd et al. (1977) compared the distribution of immobilized '5N over soil
fractions during incubation of different soils with glucose and wheat straw, and concluded
that the nature of the organic Camendment, but not the soil type, influenced the
distribution of 15N and the pattern of change of organic 15N of soil fractions with time.
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