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Abstract
Aims Substantial amounts of VFG-compost are pro-
duced annually in Flanders. Our objective was to analyse
the effects of VFG-compost applications in a common
crop rotation.
Methods Data from a long-term (1997 – present) field
trial were analysed. Simulations with the RothC-model
were performed to get a better insight into the dynamics
of the underlying soil organic matter.
Results VFG-compost applications (15 t.ha−1 3-yearly
up to 45 t.ha−1 yearly) can replace a substantial part of
themineral nitrogen fertilisation. Nitrogen recovery rates
ranged from 6 to 22 %. Plots fertilised according to the
nitrogen advice had comparable yields, whether this
advice had been provided (partially) through VFG-
compost or not. Long-term VFG applications resulted
in carbon accumulation in the top soil. The RothC-model
gave a good prediction of the carbon change with low to
moderate VFG applications, but tended to overestimate
the carbon change with high applications. The simula-
tion results indicated that the carbon accumulation was
mainly due to an increase of the more resistant carbon

fractions. In the long term, compost applications in-
creased the nitrogen supplying capacity of the soil, as
illustrated by the gradual increase of the mineral nitrogen
stocks in spring over the years.
Conclusions VFG-compost applications had a positive
effect both on crop yields and soil organic matter. The
RothC-model was used to simulate long-term effects,
but its calibration should be improved for long-term
compost applications.
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Abbreviations
VFG Vegetable fruit and garden waste
SOC Soil organic carbon
DPM Decomposable plant material
RPM Resistant plant material
BIO Microbial biomass
HUM Humified organic matter
CEC Cation exchange capacity

Introduction

In the Flanders area of Belgium vegetable, fruit and
garden waste (VFG) as well as green waste are collected
selectively and the majority of the collected waste is then
composted, which results in an annual production of
more than 300 000 tonnes of VFG compost and approx-
imately 500 000 tonnes of green compost (Anon 2011).
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In other European countries, the production of biowaste
compost and interest in its possible use on agricultural
land is increasing (Erhart et al. 2005 (Austria); Fagnano
et al. 2011 (Italy); Lillywhite et al. 2009 (UK); Odlare et
al. 2011 (Sweden)). Agriculture and horticulture are
generally considered as obvious markets for the disposal
of these waste products.

Compost is considered as a valuable fertiliser, supply-
ing nutrients (especially nitrogen) for the crop and hence
saving substantial amounts of mineral fertiliser (Erhart et
al. 2005; Lillywhite et al. 2009; Nevens and Reheul
2003; Odlare et al. 2011; Paterson et al. 2011). Generally,
compost applications result in high total nutrient supplies,
but the supply of crop-available nutrients during the first
growing season after application is limited. The average
percentages of nutrients in VFG and green compost that
would be available for the crops during the next growing
season are estimated as 10–20 % for nitrogen, 50 % for
phosphorous, 80 % for potassium and 20 % for magne-
sium (source: www.vlaco.be).

In addition, the use of compost in agriculture and
horticulture could contribute significantly to the im-
provement of the soil organic carbon content in the long
term (Barral et al. 2009; Nevens and Reheul 2003) and
hence to the chemical (nutrients), physical (structure and
moisture retention) and biological (soil life) quality of
the soil (Emmerling et al. 2010; Fagnano et al. 2011;
Herencia et al. 2011; Laudicina et al. 2011; Odlare et al.
2011; Ozores-Hampton et al. 2011). In Flemish condi-
tions, this is an important aspect since results of
thousands of soil analyses carried out annually by the
Soil Service of Belgium have shown that carbon stocks
in Flemish agricultural land have decreased in the past
decades (Boon et al., 2009).

Moreover, on a global scale, agricultural soils are
considered to be a major sink of carbon dioxide. The
application of compost can contribute to the carbon
storage in the soil and hence to the reduction of green-
house gases (CO2) in the atmosphere (Fabrizio et al.
2009; Fagnano et al. 2011). Taking into account the
average carbon content and the humification coeffi-
cients of VFG and green compost when applied to
arable land (Anon. 2011), the amounts of compost pro-
duced in Flanders correspond to a significant potential
carbon sequestration.

However, in order to limit the potential losses of
nitrates to ground and surface water according to the
European Nitrates Directive (EC European Commission
1991), the use of organic fertilisers on agricultural land

in Flanders is limited by the Flemish manure legislation
(Mestdecreet - Manure Decree) (Anon. 2006). This
legislation limits the amounts of nitrogen and phospho-
rous that can be applied by organic and mineral fertil-
isers, depending on the crop and soil type. However,
because of the slow release of nutrients in compost,
exceptions are made for the use of certified compost,
allowing in certain conditions (low soil organic matter
content in respect of the nitrate residue norm) the appli-
cation of higher amounts.

In terms of application, few data are yet available on
the long-term effects of the use of different types of
compost, such as the VFG and green composts pro-
duced in Flanders, on agricultural land, including the
effects on carbon sequestration, on soil quality (different
aspects), on plant nutrition, on environmental aspects
(e.g. nitrate leaching during winter) and on soil organic
matter dynamics. Long-term effects can be studied in
different ways: long-term field trials combined with
intensive laboratory analyses, incubation tests in the
laboratory or simulation models.

The aim of the present study was to analyse both the
short-term and the long-term effects of VFG compost
applications in a typical arable crop rotation in Flanders,
using field trial measurements and computer simula-
tions. In the short term, the direct impact of VFG com-
post applications through its nitrogen fertilising value
and its effect on crop yields was measured. In addition,
the long-term effect on the change of the soil organic
carbon content, composition and dynamics was studied
as well as the effect of this change on the nitrogen
supplying capacity of the soil.

Materials and methods

Field trial setup

A long-term field trial with VFG compost was set up by
the Soil Service of Belgium in 1997 on a loamy soil in
Flanders. The site has a maritime temperate climate,
with significant precipitation in all seasons (no dry
season) and a warm summer (according to the Köppen
climate classification: Cfb) (Peel et al. 2007). The aver-
age temperature during the trial period was 11.0 °C and
the average annual precipitation 760 mm.

The trial was set up as a randomised complete block
design. The field was divided into 48 plots, each one
having a surface of about 100 m². Twelve treatments
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were laid out in four replicates (Table 1), including an
unfertilised control treatment, a control treatment with
only mineral fertilisation, treatments with three-yearly
applications of VFG-compost (15, 30 and 45 tonnes per
hectare), with two-yearly applications of VFG compost
(15, 30 and 45 tonnes per hectare), with yearly applica-
tions of VFG compost (15, 30 and 45 tonnes per hectare)
and an unfertilised fallow plot. Starting from 1998, in
treatments 5 and 11 (respectively 45 tonnes VFG/ha 3-
yearly and yearly), the plant cover (crop and weeds) was
removed in part of the plots (5×5 m²), in order to study
the mineralisation of the applied compost. These fallow
mini-plots were named treatment 13 and treatment 14.

Since 1997, the following crop rotation was applied:
sugar beet (1997), winter wheat (1998), potatoes (1999),
carrots (2000), sugar beet (2001), winter wheat (2002),
potatoes (2003), carrots (2004), winter wheat (2005),
sugar beet (2006), winter wheat (2007), winter wheat
(2008), potatoes (2009) and winter wheat (2010).

The VFG compost was applied according to the
scheme in Table 1, before the growing season (in spring
for the root crops and just before sowing for the winter
cereals).

Soil analyses and mineral fertilisation in the field trial

Each year, at the end of the winter period (start of the
growing season) a soil sample was taken in the plough-
ing layer (0–23 cm) of the field trial for the analysis of
pH, carbon content (C%), phosphorous (P2O5), potassi-
um (K2O), magnesium (MgO), calcium (CaO) and so-
dium (Na2O). Based on this analysis, a standard
fertilisation and liming recommendation was calculated
using the BEMEX expert system of the Soil Service of
Belgium (Vandendriessche et al. 1996). The basic fertil-
isation (P, K, Mg, Ca, Na) and lime applications in
the trial were always performed according to these
recommendations.

In the different treatments of the trial, soil samples
were taken each year in the soil layers 0–30 cm, 30–
60 cm and 60–90 cm for the analysis of mineral nitrogen
(N) (3 layers), pH and carbon content (only top layer 0–
30 cm). The samples were taken in the four replications
and mixed per treatment for the analysis. This was done
several times a year: at the end of the winter period, in
order to determine the available mineral nitrogen stock
for the following crop and to calculate a nitrogen fertil-
isation recommendation with the N-INDEX expert sys-
tem (Geypens et al. 1994) (Table 2); in autumn, in order

to determine the residual nitrogen after the harvest of the
main crop; and a few times during the growing season in
most of the treatments. The nitrogen fertilisation of the
different trial treatments was applied as follows: treat-
ment 1 received no nitrogen fertilisation; treatment 2
always received mineral nitrogen fertilisation according
to the nitrogen fertilisation recommendation. Treatments
3 to 11 received no mineral nitrogen fertilisation during
the first trial years (1997–2002). However, starting from
2003, the expected amount of nitrogen released by the
applied compost during the growing season was supple-
mented each year with mineral N fertiliser up to the
recommended level.

For the analyses of the soil samples, the following
methods were used. After drying and sieving the soil
samples, the pH was measured in a KCl-solution. The
C% was measured with the modified Walkley & Black
method (oxidation with potassium dichromate and back
titration with Fe2+, AFNOR 1985). The elements P, K,
Mg, Ca and Na were extracted in an ammonium lactate
extract and analysed with ICP (Inductive coupled plas-
ma) (BELAC accredited method, BELAC 2011). Min-
eral N was analysed spectrophotometrically with a
continuous flow system after KCl extraction (BELAC
accredited method, BELAC 2011).

VFG and crop analyses and calculations in the field
trial

The compost used in this study was VFG compost,
provided by Ecowerf, a professional company in the
compost industry in Flanders. Prior to each compost
application, a representative sample was taken and ana-
lysed. Each year, the composition of the applied com-
posts approached the average composition of VFG
compost (Vlaco 2011), the heavy metals were far below
the legal standards and the composts contained very low
amounts of stones and impurities and no viable seeds.

Crop yields were determined as follows. For sugar
beets, four beet rows of 4 m length were manually
harvested and topped. The harvested beets and the leaves
were weighed. Winter wheat was harvested with a small
trial combine harvester and at least 20 m² per plot were
harvested and grain and straw yield was determined. For
potatoes, four rows of 3 m length per plot were manually
harvested and fresh and dry tuber and leaf yields were
determined. For carrots, two rows of 3 m+one row of
1.5 m length per plot were manually harvested and
weighed. Root and leaf fresh and dry yields were
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determined. For each crop, dry matter content and nitro-
gen content (Kjeldahl) were determined on the different
plant parts (leaves, beets, roots, tubers, grain, straw).
Multiplying dry matter yield and corresponding nitrogen
content gave a value for the nitrogen taken up by the
harvested plant parts. The percentage nitrogen recovered
by the crop at harvest from the applied VFG compost

was calculated by subtracting the uptake in the control
(treatment 1) from the treatment uptake and expressing
the difference as a percentage of the total nitrogen ap-
plied in the compost.

The yield data (except for treatments 13 and 14) were
analysed by ANOVA as a randomised complete block
design. Means were compared by the Tukey-HSD-test.

Table 1 Treatments in the VFG field trial

Treatment Application of VFG compost

‘97 ‘98 ‘99 ‘00 ‘01 ‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10

1 Control (no fertilisation)

2 Yearly mineral fertilisation according to advice

3 3-yearly application of 15 tonnes VFG/ha x x x x x

4 3-yearly application of 30 tonnes VFG/ha x x x x x

5 3-yearly application of 45 tonnes VFG/ha x x x x x

6 2-yearly application of 15 tonnes VFG/ha x x x x x x x

7 2-yearly application of 30 tonnes VFG/ha x x x x x x x

8 2-yearly application of 45 tonnes VFG/ha x x x x x x x

9 yearly application of 15 tonnes VFG/ha x x x x x x x x x x x x x x

10 yearly application of 30 tonnes VFG/ha x x x x x x x x x x x x x x

11 yearly application of 45 tonnes VFG/ha x x x x x x x x x x x x x x

12 Fallow

13* Fallow, 3-yearly application of 45 tonnes VFG/ha x x x x x

14* Fallow, yearly application of 45 tonnes VFG/ha x x x x x x x x x x x x x x

x : application of VFG compost

13* and 14*: fallow mini-plots: in part of the plots of treatments 5 and 11, the plant cover was eliminated starting from 1998.

Table 2 N-recommended levels in the different treatments in the VFG field trial

Treatment: 1 2 3 4 5 6 7 8 9 10 11

1997 Sugar beet - 163 163 163 163 163 163 163 163 163 163

1998 Winter wheat - 188 - - - - - - - - -

1999 Potatoes - 230 - - - - - - - - -

2000 Carrots - 70 - - - - - - - - -

2001 Sugar beet - 175 - - - - - - - - -

2002 Winter wheat - 165 - - - - - - - - -

2003 Potatoes - 200 200 210 210 200 220 200 200 200 180

2004 Carrots - 85 85 86 80 96 88 68 93 75 78

2005 Winter wheat - 188 190 167 153 110 93 60 130 99 54

2006 Sugar beet - 161 158 154 141 137 168 149 144 126 126

2007 Winter wheat - 200 190 175 160 169 163 162 159 148 131

2008 Winter wheat - 192 171 165 176 166 174 136 99 66 66

2009 Potatoes - 212 220 209 213 199 205 205 208 190 186

2010 Winter wheat - 198 189 188 184 168 196 151 162 126 84
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Simulations with the RothC model

In order to get a better insight into the effect of long-term
applications of VFG compost on soil organic matter
dynamics, the organic matter mineralisation in the dif-
ferent treatments of the long-term field trial was simu-
lated with the RothC model. The RothC model
simulates soil organic carbon (SOC) turnover and was
developed at Rothamsted Research (UK), using results
of several long term experimental fields at the institute
(Jenkinson et al., 1987).

The RothCmodel is based on the interaction between
five conceptual SOC fractions. Out of these five frac-
tions, four are considered to be active: decomposable
(DPM) and resistant (RPM) plant material, microbial
biomass (BIO), and humified organic matter (HUM).
The fifth fraction is a small amount of inert organic
matter (IOM), usually <20 %, that does not turnover
(age >50 000 years). Each active fraction decomposes
by first-order kinetics into BIO, HUM or carbon dioxide
(CO2). The proportions between the quantity of CO2

and BIO+HUM produced are determined by the cation
exchange capacity (CEC) or clay content of the soil. The
rate constants were set by tuning the model to long-term
field data at Rothamsted. The decomposition rates are
modified as a function of temperature, soil moisture
deficit and the presence of a plant cover. Input of carbon
from plant material is divided between DPM and RPM.
The RothC model takes into account the amount and the
composition of the organic matter present and added (as
fertiliser or plant residues), soil type, temperature, soil
moisture and soil cover.

This model was used in the present study because it
was developed in comparable agro-ecological condi-
tions and has been calibrated for Belgian and Flemish
conditions during previous studies (Anon. 2009; van
Wesemael et al. 2005). Van Wesemael et al. (2005)
estimated the local parameters by fitting the model to
SOC values from a long-term experiment in central
Belgium. After calibrating the plant input, the model
reasonably represented the observed SOC-stocks with
uncertainties that were in the same order of magnitude
as the ones reported for long-term experiments in the
United Kingdom, Hungary and Sweden (5.8 % to
8.4 % RMSE).

For using the model in the present study, the model
was calibrated using, as much as possible, the field
trial data of the different treatments, in addition to the
parameters determined by Anon (2009):

– The input organic matter DPM/RPM-ratio was ad-
justed for each type of organic input (Table 3), based
on the results of a previous project (Anon. 2009). In
this project, the OC content in crop residues was
estimated from data in the literature. The DPM/
RPM-ratios of the crop residues, which in the orig-
inal Roth-C-model are assumed to be 1.44, was
adapted for each crop residue type. The DPM/
RPM-ratio of VFG-compost, as well as those of
the different crop residue types, were estimated from
the humification coefficient (i.e. the proportion of
the fresh organic matter that is still present in the soil
after one year). These humification coefficients
were derived from the results of a number of field
trials and incubation experiments. The relationship
between DPM/RPM-ratio and humification coeffi-
cients was established via linear regression.

– The amount of carbon added via VFG compost
was calculated based on the analysis results of
each VFG-application (Table 4).

– To estimate the amounts of carbon applied to the
soil through crop residues at harvest, average data
for each crop were used (Anon 2009) and were
adapted proportionally using the yield and crop
residue data of the trial (Table 5). For each crop,
the average yields (crop residue yields if avail-
able) of all the treatments and the whole trial
period were calculated. These averages were used
as reference values and linked to the average
carbon inputs per crop listed in Table 3. For each
treatment*crop*year, the carbon input was then
calculated as follows:

C�inputðtÞ ¼ C�inputðavgÞ*
yieldðtÞ
yieldðavgÞ

ð1Þ

where

C-input(t) C-input per treatment*crop*year
C-
input(avg)

Average C-input per crop (Table 5)

yield(t) Measured yield (or crop residue yield)
per treatment*crop*year

yield(avg) Average yield (or crop residue yield) per
crop

– For the estimation of the amounts of carbon applied
to the soil through root exudates (rhizodeposition),
the figures proposed by Anon (2009) were used:
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0.4 t/ha/year for all crops, with a fixed DPM/RPM-
ratio of 1.72.

– For the estimation of temperature and moisture
deficit the monthly weather data of a nearby weath-
er station (Beauvechain, Belgium) were used.

– The sowing and harvesting dates of each crop were
used to determine the period of soil coverage.

– For each treatment, the simulation started from the
same initial situation, based on the measurement
of the initial carbon content (0.9 %) and soil
texture (light loam with a clay content of 14 %
and a specific gravity of 1.4) of the field.

– The field cropping and fertilisation history (arable
field without significant organic fertilisation) was

taken into account in order to estimate the initial
distribution of the soil carbon over the conceptual
SOC fractions. This was done according to the
initial distributions set up by Anon (2009).

The simulated carbon contents were then plotted.
The average simulated and measured carbon contents
per year were calculated for each treatment and used to
evaluate the performance of the simulations by calcu-
lating the R²-values of the simulation curves as de-
fined in Kvalseth (1985) and the RMSE (root mean
square error) and correlation coefficient (r) used by
Smith et al. (1997):

2
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R ð2Þ
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where O is the measured C% (average per year), P is
the predicted C% based on the average simulated car-

bon content per year, O is the average of the measured

C% over the whole period, P is the average of the
predicted C% over the whole period and n is the
number of paired values.

Results

Impact of VFG applications on crop yields

The effect of the VFG-applications on crop yields is
shown in Table 6: the yield results of the winter wheat
in 2010 are listed. The treatments with the highest VFG
applications (treatment 10 and 11) gave the highest
yields (more than 9 t/ha) but, except for treatment 5,
these results were not significantly different from the

Table 3 General average C-input and composition of the dif-
ferent fresh organic inputs used in the VFG field trial (source:
Anon 2009)

Type of organic
matter input

Average
C-input

DPM/RPM
ratio

Crop residues t/ha

Winter wheat (straw removed) 2.08 1.35

Sugar beet (crop residues incorporated) 2.30 1.54

Potatoes 1.76 1.52

Carrots 1.21 1.48

Yellow mustard 1.36 1.37

Organic fertilisation t/10 t applied product

VFG compost 1.54 0.15

Table 4 Carbon content and application date of the different
VFG applications in the VFG field trial

Application date C-content (%)

1997 26/03/1997 16.1

1998 14/10/1997 16.9

1999 1/04/1999 9.7

2000 26/01/2000 17.2

2001 20/02/2001 12.5

2002 16/10/2001 13.3

2003 17/03/2003 12.6

2004 19/02/2004 13.9

2005 16/11/2004 16.7

2006 30/01/2006 18.7

2007 9/11/2006 17.3

2008 2/11/2007 14.5

2009 16/03/2009 19.4

2010 1/10/2009 15.9
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other fertilised treatments (treatment 2 to 9). None of the
VFG-treatments differed in yield significantly from the
treatment fertilised with minerals. The non-fertilised
plots gave significantly the lowest yields, but, even after
14 years without N fertilisation, the yield levels (7.3 t/ha)
were still acceptable. In the straw yield results, no

significant differences were observed. From a qualitative
point of view, the protein content of the grains was
significantly higher in the fertilised treatments than in
the non-fertilised treatment.

In Fig. 1, the relative yields of the treatments with
VFG application are compared to the yield of the

Table 5 Yields or crop residues per crop (all years) and per treatment*year in the VFG field trial

Year Crop Yield/Crop residue levels (t/ha)

Average Per treatment

1 2 3 4 5 6 7 8 9 10 11

1997 Sugar beet Leaves 38.0 37.4 58.9 40.7 43.0 49.9 40.7 43.0 50.0 40.7 43.0 49.9

1998 Winter wheat Grains+straw 12.1 10.7 14.9 12.5 13.2 13.9 12.5 13.2 13.9 12.5 13.3 14.2

1999 Potatoes Fresh tubers 54.0 49.1 65.3 51.1 55.1 57.7 57.0 61.1 63.8 62.2 63.3 66.3

2000 Carrots Leaves 21.6 22.3 28.6 25.9 26.8 28.6 24.3 24.4 25.4 26.3 29.3 31.0

2001 Sugar beet Leaves 38.0 17.7 46.0 23.4 24.3 31.0 22.3 24.4 28.6 24.2 28.4 32.6

2002 Winter wheat Grains+straw 12.1 8.0 15.2 9.1 8.9 11.0 9.4 9.2 10.4 9.7 11.3 12.6

2003 Potatoes Fresh tubers 54.0 31.0 47.4 49.9 49.7 48.8 49.0 48.8 49.6 48.0 53.2 48.6

2004 Carrots Leaves 21.6 12.3 18.3 16.8 15.6 14.9 15.9 16.0 18.0 18.0 18.0 18.2

2005 Winter wheat Grains+straw 12.1 7.2 14.1 13.7 13.9 14.4 14.2 14.1 14.2 13.9 14.9 14.8

2006 Sugar beet Leaves 38.0 20.4 51.4 47.9 42.7 47.0 51.8 43.5 43.9 48.4 46.3 50.7

2007 Winter wheat Grains+straw 12.1 6.8 10.1 11.4 11.7 11.7 11.6 11.9 11.1 11.4 11.8 10.9

2008 Winter wheat Grains+straw 12.1 5.9 13.1 13.9 13.9 13.6 13.6 14.1 14.0 12.9 14.1 13.0

2009 Potatoes Fresh tubers 54.0 34.1 56.0 54.6 60.5 57.3 55.6 56.3 56.7 56.7 58.2 59.7

2010 Winter wheat Grains+straw 12.1 10.9 12.6 13.3 13.1 11.5 12.5 12.8 12.5 12.7 14.1 14.1

Table 6 N-fertilisation and yield results of winter wheat in 2010 (VFG field trial)

Treatments N-fertilisation from
VFG (crop available N)

N-fertilisation from
min. fertiliser

N-fertilisation
total

Yield quantitative Yield quality
protein content

Grains
(15 % humidity)

Straw (*)

kg N/ha kg N/ha kg N/ha t/ha t DM/ha %

1 Control (no fertilisation) 0 0 0 7.348 a 2.045 8.2 a

2 Min. fertilisation (advice) 0 188 188 8.258 ab 5.744 12.5 b

3 15 tonnes VFG/ha. 3-yearly 0 192 192 8.752 ab 4.88 12.5 b

4 30 tonnes VFG/ha. 3-yearly 0 179 179 8.583 ab 2.999 12.3 b

5 45 tonnes VFG/ha. 3-yearly 0 175 175 7.493 a 5.762 13.3 b

6 15 tonnes VFG/ha. 2-yearly 0 167 167 8.219 ab 3.231 12.2 b

7 30 tonnes VFG/ha. 2-yearly 0 163 163 8.405 ab 5.013 12.2 b

8 45 tonnes VFG/ha. 2-yearly 0 151 151 8.189 ab 4.684 12.8 b

9 15 tonnes VFG/ha. yearly 20 143 163 8.358 ab 6.154 12.5 b

10 30 tonnes VFG/ha. yearly 39 100 139 9.265 b 6.439 12.6 b

11 45 tonnes VFG/ha. yearly 59 76 135 9.343 b 5.967 12.4 b

Different letters in a column indicate statistically significant differences (P≤0,05) based on the Tukey-HSD-test.

(*) Straw yields are indicative because of late lodging.
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treatment with only mineral fertilisation during the
whole period (treatment 20100 %). Starting from
2003, the N-fertilisation in all the treatments with
VFG-compost was supplemented with mineral fertiliser
to the recommended amount. In previous years, these
treatments only received VFG compost according to the
trial setup, mostly resulting in a sub-optimal N-
fertilisation. Figure 1 shows clearly that, since 2003, all
the treatments with VFG compost showed equivalent
yields with treatment 2 (mineral fertilisation according
to recommendation). In these treatments, the VFG com-
post provided a partial implementation of the N-
fertilisation recommended amount but even before
2003, the yields in the compost-fertilised treatments
were higher than those in the non-fertilised treatment
(treatment 1).

Nitrogen fertilising value of VFG compost

Generally, the applications of VFG compost in the trial
resulted in high total N-applications (Table 7). However,
the supply of crop-available N during the first growing
season after application is considered as limited to 10–
20 % of the total supplied N (Vlaco 2011). This is
confirmed by the N recovery results in the first six trial
years (when VFG compost applications were not sup-
plemented with mineral N fertilisers); except for the first
trial year (1997) and the lowest VFG dose in 2002,
N recovery percentages varied between 10 and 22 %
(Table 8). There was no indication of immobilisation of
existing soil mineral nitrogen (negative N recovery rate)
with application of low doses of VFG compost.

During this period (1997–2002), the N-uptake by the
crops increased with increasing VFG-doses, although it

never reached the level of N-uptake with mineral N-
fertilisation according to fertilisation advice (Fig. 2).

Starting from 2003 (when for all the treatments with
VFG compost the N-supply through compost was sup-
plemented with mineral N-fertilisation up to the recom-
mended amount), the percentage of the recommended
amount of N that was supplied by the compost was
calculated for each treatment and each trial year. For
this, only the plant available N during the first growing
season was taken into account, i.e. 15 % of the total N-
amount applied by the compost. In Fig. 3, the total N-
uptake by the crop (kg N/ha) is shown in relation to the
% of the N-advice supplied by VFG-compost. There was
no relationship found between any of the crops or trial
years. From this it can be concluded that the N-uptake by
the plants remains the same whether the N is provided by
mineral fertilisers or by VFG-compost. Thus, N supplied
to the crop by mineral fertilisation can be (partially)
replaced by N supplied by VFG-compost.

Note that, with the extreme VFG applications, the
N-supply through compost often exceeded the fertil-
isation recommendations, resulting in increased risks
of nitrate leaching at the end of the growing season.

Change of the C-content of the top soil layer (0–30 cm)

In 2010, after 14 years, the influence of long-term
application of VFG compost was obvious (Fig. 4). In
the plots fertilised with minerals, without VFG applica-
tion, the C-content in the 0–30 cm soil layer was 1%.As
the frequency and dosage of VFG application increased,
the C-content of the soil increased as well. The highest
C-contents were observed with a yearly application
(since 1997) of 30 tonnes and 45 tonnes VFG per
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hectare. With the application of low dosages of VFG
compost (15 tonnes/ha), the increase of the C-content
was limited, even with yearly applications.

Treatment 12 shows the change of the C-content in a
fallow soil with no external C-supply, either from crop
residues or from application of compost. The C-content
(0–30 cm) measured in these plots shows a decreasing
trend over the years (Fig. 5). C-supplies from moderate
compost applications (treatment 13: 45 tonnes/ha 3-
yearly, no crop) provided a compensation for this de-
crease in the long term; the C-content of the soil
remained stable and increased even slightly. C-supply
from high compost applications (treatment 14: 45
tonnes/ha yearly, no crop) caused a marked increase of
the C-content in the soil.

The change of the C-content (0–30 cm) in the different
non-fallow treatments (treatments 2 to 11) is given in
Figs. 6 and 7. The changes of the C-content are shown

with increasing VFG doses (Fig. 6) and increasing fre-
quencies of application (Fig. 7). Over a 14-year period,
the C-content in the plots with only mineral fertilisation
showed no significant change. From 2007 (after 10 years
of trial), the effect of increasing VFG doses and applica-
tion frequencies became obvious in the measurements.
The yearly application of 45 tonVFG per hectare induced
an increase of the C-content with up to 1,8 % in 2010.

Simulation of the C-evolution in the top soil layer
(0–30 cm)

In Fig. 8, the results of the RothC-simulations are given
for the most important treatments. Each graph shows the
average C-measurements per year, with a linear regres-
sion fitted through the measurements, and the SOC
simulation results. On the left side, from top to bottom,
the graphs are shown for increasing VFG-applications

Table 7 N-content of the applied composts and total N-application from VFG compost per treatment (VFG field trial)

Year N-content VFG Total N applied (kg/ha)

Treatment

NO3-N mg/l NH4-N mg/l Total N (kg/tonne)

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1997 70 643 15.4 0 0 231 462 693 231 462 693 231 462 693 0 693 693

1998 15 694 14.8 0 0 0 0 0 0 0 0 222 444 666 0 0 666

1999 38 391 12.2 0 0 0 0 0 183 366 549 183 366 549 0 0 549

2000 7 448 10.7 0 0 161 321 482 0 0 0 161 321 482 0 482 482

2001 0 338 17.9 0 0 0 0 0 269 537 806 269 537 806 0 0 806

2002 1 1199 16.0 0 0 0 0 0 0 0 0 240 480 720 0 0 720

2003 2 905 15.2 0 0 228 456 684 228 456 684 228 456 684 0 684 684

2004 26 711 17.3 0 0 0 0 0 0 0 0 260 519 779 0 0 779

2005 8 825 12.6 0 0 0 0 0 189 378 567 189 378 567 0 0 567

2006 1.9 327 13.5 0 0 203 405 608 0 0 0 203 405 608 0 608 608

2007 1.8 648 12.7 0 0 0 0 0 191 381 572 191 381 572 0 0 572

2008 <3,1 150 12.5 0 0 0 0 0 0 0 0 188 375 563 0 0 563

2009 <3,1 261 13.7 0 0 206 411 617 206 411 617 206 411 617 0 617 617

2010 <3.1 372 13.1 0 0 0 0 0 0 0 0 197 393 590 0 0 590

Table 8 N recovery rates of the
applied composts with different
VFG doses, from 1997 to 2002
(VFG field trial)

VFG-dose
t/ha

1997 sugar
beet

1998 winter
wheat

1999
potatoes

2000
carrots

2001 sugar
beet

2002 winter
wheat

15 6.9 13.5 21.7 16.1 14.1 6.3

30 4.5 10.2 10.4 15.9 10.6 9.7

45 6.9 9.8 9.1 11.4 10.2 9.3
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(from 0 to 45 tonnes/ha yearly) on the normal crop
rotation. On the right side, the graphs are shown for the
same VFG-applications, but without crop (fallow plots).

With no VFG application, the simulation results
tended to underestimate the real C-contents on the fal-
low plots. With intermediate VFG applications (15 t/ha
yearly), the simulation results gave a relatively good
prediction of the real C-contents. This was also the case
for the other intermediate treatments (15 to 30 t/ha, 3-
yearly to yearly, data not shown), but with extremely
high VFG applications (45 t/ha yearly) the simulations
tended to overestimate the C-contents.

The performance of the model predictions were
evaluated by the calculation of the R²-values (Eq. 2),
the RMSE (Eq. 3) and the correlation coefficients (r,
Eq. 4). The R²-values ranged from −1.28 to +0.32, the
RMSE from 9.1 % to 20.8 % and the correlation
coefficients from −038 to +0.73 (Table 9).

In Fig. 9, the R²-values of the simulations as well as
of the linear regressions were plotted vs. the average
yearly amount of VFG applied on the crops (e.g. 45

tonnes/ha 3-yearly represents an average of 15 tonnes/ha
yearly). For the linear regressions, the R²-values in-
crease with increasing VFG applications. For the RothC
simulations, the R²-values follow a quadratic curve: they
reach a maximum with average VFG-applications, but
with low and high applications the R² is poor.

Analysis of the C-fractions in the top soil layer (0–30 cm)

Figure 8 demonstrates clearly that the long-term appli-
cation of VFG compost results in an accumulation
of C in the top soil layer. To study the effect on C-
composition (fractions) and organic matter dynamics,
two extreme trial treatments were compared: treatment 2
(only mineral fertilisation) and treatment 11 (45 t VFG/
ha yearly). Although it was observed that the RothC
simulations tend to overestimate the C-accumulation in
the top soil for extremely high VFG applications, the
simulation results could still be used to evaluate the
distribution of the SOC over the different fractions
DPM, RPM, BIO and HUM. It appeared that the strong
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C-accumulation induced by high VFG-applications
were mainly due to an increase of the RPM-fraction.
Figure 10 shows that, with only mineral fertilisation, the
total C-content remained more or less the same, but the
HUM-fraction decreased slightly. With long-term appli-
cations of high amounts of VFG (45 t/ha/year), the
RPM-fraction increased significantly, but also the
HUM- and the BIO-fractions increased.

Soil N-supplying capacity

The evolution of the N-stocks (0–90 cm) in spring was
analysed in the different trial treatments (Fig. 11).
Without VFG applications (treatment 2), the mineral
N-stocks after winter remained on average at the same
level during the whole trial period. With long-term
yearly applications of VFG (treatments 9 to 11), the
mineral N-stocks after winter increased gradually over
the years and this increase was more pronounced with
higher VFG doses (increasing slopes and R²-values of
the linear regressions).

Discussion

Fertilising value and effect on crop yield

Generally, compost is considered as a valuable fertiliser,
especially with respect to nitrogen. The VFG compost
applications in the trial resulted in high total nitrogen
supplies. However, not all the nutrients in VFG compost
are directly available for the crops. Compost should in
general be considered more as a slow-release source of
nitrogen (Erhart et al. 2005; Odlare et al. 2011). The
average percentages of nitrogen in VFG compost that
are available for the crops during the next growing
season after application are generally estimated at 10–
20 % (Vlaco 2011). Our trial results confirm these
percentages. Furthermore, Lillywhite et al. (2009) indi-
cated that, with lower application rates of some compost
types, nitrogen uptake could be reduced compared to a
control treatment without compost application, due to
immobilisation of existing soil mineral nitrogen. In our
study, however, there was no indication of this immobi-
lisation effect with application of low doses of VFG
compost, the nitrogen recovery rates ranging from 6 to
22 % in these treatments.

Despite the slow-release effect of compost applica-
tions, the trial results indicate that VFG compost can
replace a significant part of the mineral nitrogen fertil-
isation already in the first growing season after applica-
tion. When only taking into account the plant available
nitrogen during the first growing season, compost appli-
cations of 15 t/ha provided 20 to 25 % of the recom-
mended nitrogen fertilisation, applications of 30 t/ha
provided 40 to 60 % of the recommended amount and
applications of 45 t/ha provided 65 to 157 % of the
recommended amount. The nitrogen uptake by the
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plants remained the same whether the nitrogen was
provided by mineral fertilisers or by VFG-compost.
However it should be noted that the extreme compost
applications of 45 t/ha often corresponded to an impor-
tant excess fertilisation and could therefore induce risks
of nitrate leaching at the end of the growing season.
These risks were also reported by Gerke et al. (1999),
especially in sandy sites.

The nitrogen fertilising effect of compost applica-
tions on crop yields was already reported before in
different studies (Lillywhite et al. 2009; Nevens and
Reheul 2003; Erhart et al. 2005; Fagnano et al. 2011;
Paterson et al. 2011) and is confirmed in the present
study. All the plots fertilised according to the recom-
mended nitrogen fertilisation had comparable yield
levels, whether this had been provided (partially)
through VFG-compost or not. But already during the
period 1997–2003, the fertilising value of the VFG
compost appeared from the yield data: the yields in the
compost-fertilised treatments were clearly higher than
those in the non-fertilised treatment.

Effect on soil organic carbon content

In the fallow plots with no external carbon supply (no
crop residues and no application of compost), meas-
urements in the ploughing layer showed that the car-
bon content decreased over the years, due to natural
degradation of the soil organic matter (mineralisation).
This was also observed in the RothC simulations
executed with the field trial data, although the simula-
tion results appeared to underestimate the carbon con-
tents (overestimate the organic matter degradation).
The field measurements showed also that carbon
supplies from crops only (only mineral fertilisation)
provided compensation for this decrease in the long
term; the carbon content of the soil remained more or
less stable. Again, this trend was slightly underes-
timated by the RothC simulations. Extra carbon
supplies from compost applications induced an in-
crease of the carbon content in the soil, which was
stronger as the frequency and dosage of VFG applica-
tions increased. These results confirm the results of
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several other studies with different compost types
(Fagnano et al. 2011; Nevens and Reheul 2003;
Delschen 1999; Arthur et al. 2011; Herencia et al.
2011; Emmerling et al. 2010; Odlare et al. 2011). After
14 years, the highest carbon contents were measured
in the plots with a yearly application of 30 tonnes and
45 tonnes VFG per hectare (1.8 %C). With the appli-
cation of low dosages of VFG compost (15 tonnes/ha),
the increase of the carbon content was limited, even
with yearly applications. The RothC model appeared
to give a good prediction of carbon evolution with low

to moderate VFG applications, but tended to overesti-
mate the carbon evolution with extremely high VFG
applications (45 t/ha yearly). This could be due to an
overestimation of the resistant carbon fraction of the
VFG compost or to an incorrect estimation of the
carbon supply by the crops (residues and rhizodeposi-
tion). Indeed, it was observed by Anon (2009) that the
RothC model was highly sensitive to the amounts of
carbon supplied by crop residues and organic fertilisa-
tion. Further research is needed to improve the param-
eterisation of the RothC model with respect to the
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carbon fractions of VFG compost and the carbon
supply by different agricultural crops in Flemish
conditions.

The performance of the model predictions were eval-
uated by the calculation of the R²-values (Kvalseth
1985), the RMSE and the correlation coefficients r
(Smith et al. 1997). The calculated R²-values corre-
sponded to the EF-values (model efficiency) proposed
by Smith et al. (1997). They can be positive or negative.
A perfect fit of the simulation corresponds to an R² of 1.
An R² between 0 and 1 indicates that the simulated
values give a better prediction of the measured values
than their average. A negative value indicates that the
simulated values give a less good prediction of the
measured values than their average. The RMSE cal-

culates the total difference between the simulated and
the measured values and can range from 0 to ∞. For a
perfect fit it equals 0. The correlation coefficient (r)
evaluates how well the simulated trend matches the
trend of the measured values. However, if the measured
values show no clear trend, the usefulness of this statis-
tic is limited.

In the simulation results of this study, the R²-values
ranged from −1.28 to +0.32. These values are relatively
low, in contrast with, for example,the results of Ludwig
et al. (2007), who obtained values of more than 0.80.
However, Smith et al. (1997) also found negative EF-
values for 9 out of 11 field experiments studied for the
RothC-model. The RMSE-values in the present study
were relatively high, ranging from 9 to 22 %, indicating
a poorer performance of the simulation model, com-
pared with values of Ludwig et al. (2007), 6.1 and 7.0,
and with van Wesemael et al. (2005), 5.8 % to 8.4 %.
Nevertheless, except for the extreme VFG applications
of 45 t/ha, the simulation curves seem to follow fairly
closely the visual trend of the measurements and the
correlation coefficients were positive for most of the
treatments. The negative R²-values and the high
RMSE-values could be attributed partly to the variation
in the SOC measurements caused by sampling (one
mixed sample per treatment) and by the precision of
the laboratory analysis (Walkley&Black method).

Effect on soil organic carbon composition and nitrogen
supplying capacity of the soil

The trial measurements demonstrated clearly that long-
term applications of VFG compost result in an accumu-
lation of carbon in the top soil layer. Furthermore, long-
term organic fertilisation such as compost applications
have an influence on the distribution of organic carbon
in the different soil carbon fractions (Kader et al. 2010;
Sleutel et al. 2006; Heitkamp et al. 2009) and hence on
the mineralisation capacity of the soil (Odlare et al.
2011; Pedra et al. 2007) and the N-supplying capacity
of the soil. Besides quickly decomposable organic mat-
ter (DPM fraction), ensuring an amount of nitrogen that
becomes available for the crop during the first growing
season, VFG compost supplies more resistant organic
matter fractions (RPM and HUM fractions) as well,
which accumulate in the soil and mineralise gradually
in the following years, increasing the N supplying ca-
pacity of the soil. These organic matter conversions and
accumulations are simulated with the RothC model.

Table 9 Statistics describing the model performance for the
different treatments of the VFG field trial

Treatment R² RMSE r

1 (no fertilisation) −0.36 16.34 0.43

2 (mineral fertilisation) −1.28 14.15 −0.38
3 (15 t VFG/ha, 3-yearly) 0.04 13.96 0.21

4 (30 t VFG/ha, 3-yearly) 0.12 16.81 0.39

5 (45 t VFG/ha, 3-yearly) 0.06 12.11 0.46

6 (15 t VFG/ha, 2-yearly) −0.21 15.43 −0.08
7 (30 t VFG/ha, 2-yearly) 0.17 15.03 0.42

8 (45 t VFG/ha, 2-yearly) 0.32 9.05 0.73

9 (15 t VFG/ha, yearly) −0.10 11.79 0.30

10 (30 t VFG/ha, yearly) 0.05 15.33 0.55

11 (45 t VFG/ha, yearly) −0.19 20.77 0.68

12 (no fertilisation, fallow) −0.70 21.78 0.58

13 (45 t VFG/ha, 3-yearly, fallow) 0.09 11.72 0.32

14 (45 t VFG/ha, yearly, fallow) 0.31 12.4 0.70

Fig. 9 R² of the linear regressions (dots) and the RothC-
simulations (squares) of the C-content (0–30 cm) in function
of the average yearly VFG applications (VFG field trial)
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Although the RothC simulations appeared to overes-
timate the total carbon accumulation in the top soil for
extremely high VFG applications, the simulation results
could be used to evaluate the distribution of the soil
organic carbon over the different fractions DPM (de-
gradable plant material), RPM (resistant plant material),
BIO (microbial biomass) and HUM (humified organic
matter). From the simulation results it appeared that the
carbon accumulation with high VFG-applications was
mainly due to an increase of the more resistant carbon
fractions; in the plots receiving only mineral fertilisa-
tion, the total carbon content remained more or less the
same, but the HUM fractions decreased slightly. In the
treatments with long-term applications of high amounts
of VFG (45 t/ha/year), the RPM-fractions increased

significantly, but the HUM-and the BIO-fractions also
increased. These observations seem to correspond to the
conclusions of Emmerling et al. (2010) and Laudicina et
al. (2011), who found that microbial biomass increased
significantly after application of biowaste compost. Al-
so Fabrizio et al. (2009) considered that with the appli-
cation of compost, the recalcitrant C content of the
compost was mainly sequestered in the soil, increasing
the more resistant C-fractions in the soil. However, these
observations need to be confirmed by laboratory meas-
urements of the different fractions.

An increase of the nitrogen supplying capacity of
the soil can be deduced from the measurements of
mineral nitrogen stocks (0–90 cm) in spring in the
different trial treatments. Without VFG applications,
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the mineral nitrogen stocks in spring remained on
average at the same level during the whole trial period.
With long-term yearly applications of VFG, the min-
eral nitrogen stocks after winter increased gradually
over the years and this increase was more pronounced
with higher VFG doses.

Conclusions

The trial results indicate that VFG-compost applications
can replace a significant part of the mineral nitrogen
fertilisation in the following growing season. Nitrogen
recovery rates ranged from 6 to 22 %. The plots fertil-
ised according to the nitrogen recommendations had
comparable yields, whether this had been provided (par-
tially) through VFG-compost or not. Measurements and
simulations demonstrated that long-term VFG applica-
tions resulted in a carbon accumulation in the top soil.
The RothC-model gave a good prediction of the carbon
changes with low to moderate applications, but tended
to overestimate the carbon change with high applica-
tions. From the simulation results it appeared that the
carbon accumulation was mainly due to an increase of
the more resistant carbon fractions. The effect of long-
term compost applications on the nitrogen supplying
capacity of the soil appeared from the gradual increase
of the mineral nitrogen stocks in spring over the years.

Acknowledgements The authors wish to acknowledge the
financial support from the Province Vlaams Brabant and VLACO.
They also thank Mr. De Hertogh for maintaining the field exper-
iment over the years and Professor Roland N. Perry, Rothamsted
Research, UK for the final revision of the manuscript.

References

AFNOR (1985) Determination du carbone organique par oxy-
dation sulfochromique. Technical specification AFNOR
X31-109 november 1985

Anon. (2006) Decreet houdende de bescherming van water tegen
de verontreiniging door nitraten uit agrarische bronnen. De-
cree concerning the protection of waters against the pollution
by nitrates of agricultural sources. Belgisch Staatsblad 22
december 2006. This decree was adapted by the Decree of
6 mai 2011 (Decreet houdendewijziging van hetMestdecreet
van 22 december 2006. Decree concerning the adaptation of
the Manure Decree of 22 december 2006)

Anon. (2009) Ontwikkelen van een expertsysteem voor het
adviseren van het koolstofbeheer in de landbouwbodems.
Development of an expert system for advising of the car-
bon management in agricultural soils. Study conducted by
the Soil Service of Belgium and Gent University assigned
by the Flemish Government. 146 pp

Anon. (2011) Vlaco Activiteitenverslag 2010. Vlaco Activity
Report 2010. Vlaco, Mechelen, Belgium. 52 pp (in Dutch)

Arthur E, Cornelis WM, Vermang J, De Rocker E (2011)
Amending a loamy sand with three compost types: impact
on soil quality. Soil Use Manage 27:116–123

Barral MT, Paradelo R, Moldes AB, Dominguez M, Diaz-
Fierros F (2009) Utilization of MSW compost for organic

y = 0.9339x + 54.736
R² = 0.0222  ns

y = 2.8648x + 64.615
R² = 0.0629  ns

y = 6.4418x + 59.103
R² = 0.2091  ns

y = 9.0421x + 39.68
R² = 0.2536  ns (p=0.0664)

0

50

100

150

200

250

300

350

400

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

N
O

3- (k
g 

N
/h

a)

year

Treatment 2 (VFG 0 t/ha) Treatment 9 (VFG 15 t/ha yearly) Treatment 10 (VFG 30 t/ha, yearly) Treatment 11 (VFG 45 t/ha yearly)

Fig. 11 Change in the mineral N-stocks over the years in relation to long-term application of increasing amounts of VFG compost
(VFG field trial)

58 Plant Soil (2014) 376:43–59



matter conservation in agricultural soils of NW Spain.
Resour Conserv Recy 53:529–534

BELAC (2011) Annex to the accreditation certificate BELAC
nr. 127-TEST, Bodemkundige Dienst van België, version
nr. 11. BELAC, Brussel, Belgium

BoonW,Ver Elst P, Deckers S, Vogels N, Bries J, Vandendriessche
H (2009) Wegwijs in de bodemvruchtbaarheid van de Belgi-
sche akkerbouw- en weilandpercelen (Guide to the soil fer-
tility of Belgian arable and pasture land). Soil Service of
Belgium, Heverlee, Belgium, p 149

Delschen T (1999) Impacts of long-term application of organic
fertiliser on soil quality parameters in reclaimed loess soils
of the Rhineland lignite mining area. Plant Soil 213:43–54

EC (European Commission) (1991) Council directive 91/676/
EEC of 12 December 1991 concerning the protection of
waters against pollution caused by nitrates from agricultur-
al sources. Official Journal L 375:1–8

Emmerling C, Udelhoven T, Schneider R (2010) Long-lasting
impact of biowaste-compost application in agriculture non
soil-quality parameters in three different crop-rotation sys-
tems. J Plant Nutr Soil Sci 173:391–398

Erhart E, Hartl W, Putz B (2005) Biowaste compost affects
yield, nitrogen supply during the vegetation period and
crop quality of agricultural crops. Europ J Agronomy
23:305–314

Fabrizio A, Tambone T, Genevini P (2009) Effect of compost
application rate on carbon degradation and retention in
soils. Waste Manage 29:174–179

Fagnano M, Adamo P, Zampella M, Fiorentino N (2011) Envi-
ronmental and agronomic impact of fertilization with com-
posted organic fraction from municipal solid waste: A case
study in the region of Naples, Italy. Agr Ecosyst Environ
141:100–107

Gerke HH, Arning M, Stöppler-Zimmer H (1999) Modeling
long-term compost application effects on nitrate leaching.
Plant Soil 213:75–92

Geypens M, Vandendriessche H, Bries J, Hendrickx G (1994)
Experience with a nitrogen-index expert system: A powerful
tool in nitrogen recommendation. Commun Soil Sci Plan
25:1223–1238

Heitkamp F, Raupp J, Ludwig B (2009) Impact of fertilizer type
and rate on carbon and nitrogen pools in a Sandy Cambisol.
Plant Soil 319:259–275

Herencia JF, Garcia-Galavis PA, Maqueda C (2011) Long-Term
Effect of Organic and Mineral Fertilization on Soil Physical
Properties Under Greenhouse and Outdoor Management
Practices. Pedosphere 21(4):443–453

Jenkinson DS, Hart PBS, Rayner JH, Parry LC (1987) Modelling
the turnover of organic matter in long-term experiments at
Rothamsted. Intecol Bull 15:1–8

Kader MA, Sleutel S, Begum SA, D’Haene K, Jegajeevagan K,
De Neve S (2010) Soil organic matter fractionation as a
tool for predicting nitrogen mineralization in silty arable
soils. Soil Use Manage 26:494–507

Laudicina VA, Badalucco L, Palazzolo E (2011) Effects of
compost input and tillage intensity on soil microbial bio-
mass and activity under Mediterrranean conditions. Biol
Fertil Soils 47:63–70

Lillywhite RD, Dimambro ME, Rahn CR (2009) Effect of Five
Municipal Waste Derived Composts on a Cereal Crop.
Compost Sci Util 17(3):173–179

Ludwig B, Schulz E, Rethemeyer J, Merbach I, Flessa H (2007)
Predictive modelling of C dynamics in the long-term fer-
tilization experiment at Bad Lauchstädt with the Roth-
amsted Carbon Model. Eur J Soil Sci 58:1155–1163

Nevens F, Reheul D (2003) The application of vegetable, fruit
and garden waste (VFG) compost in addition to cattle
slurry in a silage maize monoculture: nitrogen availability
and use. Europ J Agronomy 19:189–203

Odlare M, Arthurson V, Pell M, Svensson K, Nehrenheim E,
Abubaker J (2011) Land application of organic waste -
Effects on the soil ecosystem. Appl Energ 88:2210–2218

Ozores-HamptonM, Stansly PA, Salame TP (2011) Soil Chemical,
Physical, and Biological Properties of a Sandy Soil Subjected
to Long-Term Organic Amendments. J Sustain Agr 35:243–
259

Paterson E, Neilson R, Midwood AJ, Osborne SM, Sim A,
Thornton B, Millard P (2011) Altered food web structure
and C-flux pathways associated with mineralisation of
organic amendments to agricultural soil. Appl Soil Ecol
48:107–116

Pedra F, Polo A, Ribeiro A, Domingues H (2007) Effects
of municipal solid waste compost and sewage sludge on
mineralization of soil organic matter. Soil Biol Biochem
39:1375–1382

Peel MC, Finlayson BL, McMahon TA (2007) Updated world
map of the Köppen–Geiger climate classification. Hydrol
Earth Syst Sci 11:1633–1644

Smith P, Smith JU, Powlson DS, McGill WB, Arah JRM,
Chertov OG, Coleman K, Frank U, Frolking S, Jenkinson
DS, Jensen LS, Kelly RH, Klein-Gunnewiek H, Komarow
AS, Li C, Molina JAE, Mueller T, Parton WJ, Thornley
JHM, Whitmore AP (1997) A comparison of the perfor-
mance of nine soil organic matter models using datasets
from seven long-term experiments. Geoderma 81:153–225

Sleutel S, De Neve S, Nemeth T, Toth T, Hofman G (2006) Effect
of manure and fertilizer application on the distribution of
organic carbon in different soil fractions in long-term field
experiments. Eur J Agron Volume 25(3):280–288

Van Wesemael B, Lettens S, Roelandt C, Van Orshoven J (2005)
Modelling the evolution of regional carbon stocks in
Belgian cropland soils. Can J Soil Sci 85:511–521

Vandendriessche H, Bries J, Geypens M (1996) Experience with
fertilizer expert systems for balanced fertilizer recommen-
dations. Commun Soil Sci Plan 27:1199–1209

Vlaco (2011). Average composition of Vlaco-compost
(Gemiddelde samenstelling van Vlaco-compost) http://
www.vlaco.be/professionele-verwerking/eindproducten/
gemiddelde-samenstelling. Accessed 28 october 2011 (in
Dutch)

Plant Soil (2014) 376:43–59 59

Kvalseth TO (1985) Cautionary Note About R2. Am Stat 39
(4):279–285

http://www.vlaco.be/professionele-verwerking/eindproducten/gemiddelde-samenstelling
http://www.vlaco.be/professionele-verwerking/eindproducten/gemiddelde-samenstelling
http://www.vlaco.be/professionele-verwerking/eindproducten/gemiddelde-samenstelling

	Short-term...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Field trial setup
	Soil analyses and mineral fertilisation in the field trial
	VFG and crop analyses and calculations in the field trial
	Simulations with the RothC model

	Results
	Impact of VFG applications on crop yields
	Nitrogen fertilising value of VFG compost
	Change of the C-content of the top soil layer (0–30&newnbsp;cm)
	Simulation of the C-evolution in the top soil layer (0–30&newnbsp;cm)
	Analysis of the C-fractions in the top soil layer (0–30&newnbsp;cm)
	Soil N-supplying capacity

	Discussion
	Fertilising value and effect on crop yield
	Effect on soil organic carbon content
	Effect on soil organic carbon composition and nitrogen supplying capacity of the soil

	Conclusions
	References


