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7. Final report 

A. Project summary  

 
Table 1: Workpackage list 
WP 
No 

WP title Partici-
pants* 

Budget 
(in kkr) Start End 

Deliver-
able, No

1 Project co-ordination 
 

OHJ 135 2002/04 2005/07 D1(1-4)

2 Identification of relevant organic 
farm systems 

JPM 
All 

60 2002/04 2005/07 D2.(1-2)

3 Effect of organic farm systems on 
soil structure and hydraulic pa-
rameters 

PS 
OHJ 

698 2002/09 2004/12 D3.(1-5)

4 Effect of organic farming systems 
on DOC mobilisation and DOC-
assisted denitrification  

FPV 
HCBH, PS, 

HHJ 

1255 2002/04 2004/12 D4.1-4 
13 i alt 

5 Root and vadose zone modelling 
 

SH 
LSJ 

612 2002/06 2005/07 D5.1-2 
3 i alt 

6 Regional modelling of nitrate to 
ground water 

MS 
 

240 2004/01 2005/07 D6.1 

Total 3000  

* Responsible participants are underlined  
 
B. Objectives and expected achievements  

to determine the effect of different organic farming systems on ground water by model calcula-
tions and from this to recommend some organic farming systems that are optimal in relation to 
the amount of good quality ground water.  
 
to create the model input and adjustment with regard to the effect of different organic farming 
systems on the soil hydraulic properties and leaching of soluble organic matter and its role for 
supporting denitrification.  
 
C. Progress and results 

C.1 Description (summary) of main results and conclusions 
 
WP1 and WP 2 is reported as an integrated part of the other workpackages 
 
 
WP 3: Effect of organic farm systems on soil structure and hydraulic parameters 
Subsoiling of a dense plough pan 
Our results showed that the saturated hydraulic conductivity of soil at the 20-40 cm depth de-
creased as a result of mechanical subsoiling (Figure 3.1). 
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Fig. 3.1. Saturated hydraulic conductivity in +/- subsoiled plots in the tillage trials at Rugballegaard. Statis-
tically test on log transformed values. Effects of soil variability are removed. 
 
From a first sight this may seem paradoxical. However, the observation is in agreement with re-
sults obtained in the DACROF project ROMAPAC, where root growth was restricted in the sub-
soiled plot because there are less continuous larger pores. The results have implications for rec-
ommendations for organic farmers, who normally show quite some interest in mechanical ame-
lioration of their subsoils. Based on the results in this project and those in ROMAPAC, we con-
clude that mechanical subsoiling should only take place in soils, where the compaction is really 
extreme. Normal, agricultural soils should not be subsoiled and dense pans should be ameliorated 
through the action of growing roots (e.g. leguminuous plants) in combination with avoidance of 
further compaction (on-land ploughing, low wheel loads etc). 
 
Long-term effects of animal manure 
The results from the long-term field trials with different fertilization at Askov Experimental Sta-
tion interestingly indicate that the level of nutrients applied significantly influence the volume of 
macropores for the 20-40 cm soil layer, Table 3.1. In contrast, no difference could be detected 
between the animal manure versus synthetic fertilizer system. 
 
Table 3.1. Soil pore volume in different size fractions >30 µm as influenced by different fertiliza-
tion treatments. Soil cores sampled in the 20-40 cm layer of field B5, 2002. 
 
 
Pore size 
fraction 

Fertilization system Nutrient level 

µm AM NPK P ’1’ ’1½’ P 

 m3m-3  m3m-3  
>300 0.071 0.069 >30 0.061 0.079 0.054 
300-100 0.037 0.033 >30 0.025 0.046 0.072 
100-60 0.019 0.019 >30 0.013 0.024 0.054 
60-30 0.025 0.026 >30 0.023 0.028 0.161 
>30 (sum) 0.152 0.147 >30 0.122 0.177 0.042 
The results in Table 1 were reflected in higher hydraulic conductivities of the soil with higher 
volumes of macropores (data not shown). 
 
Soil biota is known to thrive at high levels of organic matter. The earthworm population would 
thus be expected to increase due to manure application. Apparently, this increase primarily in-
cludes earthworm species living in the ploughlayer. Deep-burrowing species would probably have 
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produced higher volumes of very large macropores for manured than for mineral fertilized soil. 
In fact, a smaller value of unsaturated hydraulic conductivity was estimated for the AM soil com-
pared with the NPK soil at the 40-60 cm depth (data not shown). 
We interprete the increase in volume of macropores with increase in level of nutrition as follows: 
apparently the roots of well-fertilized crops better create persistent macropores than when poorly 
fertilized. This finding has some perspective for farming in general. High levels of nutrition gen-
erally would increase the risk of leaching of nutrients. However, the side effect of a higher vol-
ume of macropores increases near-saturated hydraulic conductivity and thus decreases the risk of 
preferential flow and hence the loss of nutrients in that situation. 
 
Effects of crop rotations 
The results from the samplings in the crop rotation trial at Research Centre Foulum interestingly 
showed that a poor crop rotation displayed higher volumes of macropores and a higher perme-
ability than a diversified crop rotation. This effect was observed for the planned 2002 and 2003 
samplings. An extra sampling in 2004 confirmed the trend and gave the opportunity of evaluating 
the amount of roots in the soil. As expected, a higher amount of living roots was found in the 
diversified crop rotation than in the poor crop rotation. This obviously is due to an active system 
of roots from the catch crop in the diversified crop rotation. The observation of reduced perme-
ability may thus be described as an ‘artefact’ due to these roots blocking the macropores. On the 
other hand, the effective permeability is as measured. It is difficult to judge the practical implica-
tions of this and the results call for further investigations and modelling. 
 
 
In general we only found small and few significant effects on the hydraulic properties. These will 
have negligible effects on the nitrate leaching and are not used in the model simulations.  
 
WP 4.1 Quantification of amount and export of DOC and DON from different soil layers 
As described in the last year status report, leaching of DOC and DON was quantified in the 
Grass-Clover Experiment (GCE) during the winter 2002-2003. Further, through co-operation 
with GREENGRASS and with financial support from DARCOF, leaching of DOC and DON 
was measured during the period May 2003 to April 2004 from ploughed grass-clover on a coarse 
sandy soil. The measurements took place under spring barley established after ploughing of grass-
clover of different age, and the spring barley was grown either without catch crops or with catch 
crops undersown in the spring. In the catch crop treatment the spring barley was either harvested 
as a green crop for silage or at maturity.  
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Fig. 4.1.1. Leaching of dissolved organic N (DON) and dissolved organic carbon (DOC) in 
the coarse sandy soil. Field A and B are ploughed 3rd and 5th year grass clovers, respectively. 
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Leaching of DON and DOC on the coarse sandy soil are shown in Fig. 4.1.1, and results of WP 
4.1 can be summarized as follows, 

• NO3-N only represented from 50 to 90% of the total N leaching 

• Leaching of nitrate was reduced by up to 95% by allowing catch crops an early start 

• Leaching of DON, up to 35 kg N ha-1, was highest in bare soils, whereas leaching of 
DOC, up to about 300 kg C ha-1, was highest in catch crop treatments 

 
WP4.2: 
In order to study the origin of DOM and the contribution from the single species columns were 
installed to depths of 20, 40 and 60 cm in a second year grass-clover ley. Underneath the me-
zotrons suction cups were installed in order to collect pore-water from the root zone. Grass or 
clover in the mezotrons was labelled using dual leaf-labelling with 15N- and 14C urea. During the 
labelling period of 5 days and at regular intervals thereafter pore-water from the root zone was 
collected. The canopy was harvested three times during the experimental period with an interval 
between harvesting of three weeks. At the end of the experimental period the mezotrons were 
excavated and divided into soil and plant compartments.  
 
In order to model the water transport in the mezotrons bromide was added before the leaf-
labelling, and in order to have a surplus of pore-water the mezotrons was irrigated at regular in-
tervals. Pore-water samples were immediately analysed for total content of 14C-labelled com-
pounds. The analysis of 15N content of the pore-water has yet to be undertaken, as the method 
for this analysis is still being developed. Measurement of bromide content awaits the analysis of 
15N content.  
 
It will be possible to determine the origin of DOM in a grass-clover mixture when the data on 
15N in the leachates becomes available. The current data from the 14C-labelling show that leaching 
of 14C occurs immediately after the tracer has entered the plants and that the majority of the 
leached 14C is in the form of 14CO2. In general grass show a higher leaching of 14C, but in a few 
cases labelled clover results in higher 14C peaks, but in all cases the amount of 14C leached is very 
low (less than 0.001 percent of initially added 14C). The detection of 14C decreased with depth and 
only from labelled grass 14C was detected at the depth of 60 cm. Based on these results we con-
clude that leached DOC beneath the roots zone is not likely to originate from depositions from 
the living root system.  
 
The mezotrons were supplied with water in surplus. Despite this situation, analysis of plant mate-
rial show that 14C and in particular 15N are transferred between the species, with the highest 
transfer of N occurring from clover to grass and the highest transfer of 14C occurring from grass 
to clover. The amount of 15N transferred is in agreement with other studies using leaf labelling. 
  
In figure 4.2.1 the distribution of 14C and N derived from the roots is shown for the 60 cm me-
zotrons. It is seen that generally 14C in the soil comes from grass roots, while N comes from clo-
ver roots. No 14C is found beneath the plough layer when clover is labelled whereas a small frac-
tion is found when grass is the labelled species. The deposition of N occurs mainly in the plough 
layer for both grass and clover.  
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The transfer of 14C points at two possible pathways; 1) either direct transfer via mycoorhizal my-
celium bridges, or 2) excretion of organic nitrogen into the soil solution and absorbed as organic 
nitrogen in the receiver plant. Using 15N-pool dilution techniques, the inorganic N pools have 
been shown to be extremely dynamic. Below a grassland sod there was actually no build-up of 
NO3- in the soil as it is absorbed by plants and microorganisms as rapidly as it is produced 
whereas the NH4+ pool was fairly constant and relatively larger than the nitrate pool. The current 
study is not able to differentiate between the two pathways but it indicates that one or both has 
agronomic importance.  
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Figure 4.3.1 Distribution of 14C and N in soil from the 60 cm mezotrons. Grass (▲) and clover 
(●) labelled with either 14C or 15N. 
 
The results from this dual-labelling study with 14C and 15N confirms the hypothesis that clover 
acts as the N donor and grass as the C donor in grass-clover mixtures. Simultanously to contrib-
uting to the co-existing specie, large amounts of carbon and nitrogen is deposited in the soil (Fig-
ure 1x). It is therefore deduced that large fluxes of both carbon and nitrogen is occurring below 
grass-clover sods. 
 
Another working hypothesis is that the turnover of recently deposited root material may contrib-
ute to DOC leaching. Several studies have demonstrated the death rate of nodules, roots, root 
cortex, and shoots. Its importance is so far undisputed but reliable quantitative data are sparse. 
The current study indicates clearly that DOC leaching from the root zone is not the result of 
fresh root deposits or root exudations. Unfortunately the analysis of DON has not yet been 
completed, but when these results are obtained a unique dataset will be present, containing in-
formation of the fate of both C and N from living plants in the same system. This dataset will 
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elucidate to what degree the above-described fluxes leads to losses below the rooting profile. 
 
WP 4.3 Sorption of DOM from different sources 
      Dissolved organic matter (DOM) has been extracted from the Burkhøj (Foulum) Ap horizon 
using Na-saturated Chelex 100 resins. It was found that up to half of the soil organic matter 
could be extracted by using this technique.  
      Sorption of DOM is very sensitive to pH. It was seen, that sorption strongly increases with 
time in particular at pH 5 and at higher DOM concentrations, the affinity for sorption of DOM 
is 3 - 5 times higher for the E and B horizons than the A horizon at pH 5. No sorption maxi-
mum is observed within the tested DOC concentrations, and DOM is released from the soil at 
low added DOM concentrations; this is most pronounced for the A-horizon and finally, sorption 
is much lower at higher pH than at lower pH. The A-horizon does not sorb DOM at pH 7, but 
rather desorbs DOM. Also the E and B horizons desorb DOM at pH 7 up to solution DOC 
concentrations of 1 - 2 mM. Examples of DOM sorption isotherms are shown in Figure 4.3.1.  
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Figure 4.3.1 Sorption isotherms for DOM to the Burrehøj A and B horizons at two 
different pH values.  
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Figure 4.3.2. Changes in C/P ratios of dissolved DOM with the concentration of DOC in
solution. Sorption to the Burrehøj soil at two different pH values.  

During sorption fractionation of DOM takes place, i.e. the C/P and the C/N ratios of the sorbed 
organic substances varies with the solution concentration of DOM (see Fig. 4.3.2 for the changes 
in C/P taking place). At lower DOC concentrations the C/P ratio in solution is lower than the 
average C/P ratio of the DOM used for the sorption studies showing that the DOM with the 
higher C/P is preferentially sorbed – and hence that the solution is enriched with the P-rich 
DOM. Hence, P-rich DOM is particular prone for transport to deeper soil layers at low DOC 
concentrations – in particular at low pH. At higher pH a similar trend is seen, but in this case the 
Ap horizon has the highest capacity to “sorb” the P-rich DOM compounds.  
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Figure 4.3.3. Sorption isotherms for DON to the Burrehøj Ap soil at two different pH.
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In case of DON the behaviour is rather peculiar – and more studies are being carried out at the 
moment to confirm this behaviour. Examples of sorption isotherms are shown in Fig. 4.3.3. Ac-
tually desorption takes place at all DOC solution concentrations indicating that the DOM ex-
tracted from the soil is able to desorb DON. This indicates that the soil contains some very mo-
bilizable DON pool. This peculiar and unexpected feature is being further studied.  
 All sorption data have been modelled and fitted by appropriate sorption isotherms 
The results indicate that DOM can be mobilised from A horizons and that the soil pH excerts a 
strong control on the mobility of the DOM. Furthermore, the observation that about 50 % of 
the total soil content of C can be extracted by use of Chelex resins is quite unexpected. This indi-
cates that a large fraction of the soil humic substances in this particular soil can be mobilised and 
is more bioavailable than previously thought.  
  
 
In conclusion this subproject has shown: 

• Sorption of DOM rich in humic acids (as extracted from the Burrehøj soil) is strongly 
pH-dependent with less sorption taking place at the higher pH 

• Sorption affinity and capacity is least in the A horizon and actually DOM is desorbed at 
all concentrations in the the A horizon at pH 7 where as it desorbs up to DOC concetrations 
of about 1 mM at pH 5.  

• Sorption is rather time-dependent and has to be taken into account in the modelling of 
DOM sorption 

• Fraction of DOM during sorption to all soil horizon materials is very pronounced as seen 
from changes in C/P and C/N ratios of the DOM taking place during sorption.  

• DON appears to be released at all concentrations of DOM applied to the soil. 
 
WP 4.4 Effects of DOC on denitrification 
In the natural environment all factors, such as pore size and distribution, oxygen status and water 
potential, act simultaneously, and to estimate denitrification under 'real life' conditions it is there-
fore important to measure on intact soil samples, where also the influence of soil physical proper-
ties (WP 3) can be studied. On a large number of on intact 100-cm3 soil samples taken from three 
depths (10, 30 and 50 cm) in the long-term fertiliser experiment (LTF), the crop rotation experi-
ment (CRE) and the grass-clover experiment (GCE), measurements of denitrification were car-
ried out at three different water potentials (-10, -30 and -100 cm) from near saturated to field ca-
pacity, and after addition of a carbon source representing DOC at different concentrations (0, 50 
and 200 mg C l-1). 
Due to large variations it was not possible to find a statistical significant influence of DOC on the 
denitrification. Only in the depths 30 and 50 cm DOC tended to have a positive effect on the de-
nitrification. The denitrification was significantly influenced by soil water content, i.e., water filled 
pore space (WFPS) as indicated in Fig. 4.4.1.  
 

0

500

1000

1500

2000

0 20 40 60 80 100
WFPS

0.0

0.2

0.4

0.6

0.8

1.0

0.0 0.2 0.4 0.6 0.8 1.0

Relative saturation (WFPS)

R
el

at
iv

e 
de

ni
tri

fic
at

io
n 

 .

ABC

Fig. 4.4.1. Measured values of denitrification as function of water filled pore space (left) 
and water functions in Daisy (right). 

 
 
 
 
 g 

N
/h

a/
d

 
 
 
 
 

 



 11

 
 
In Daisy, the denitrification is simulated on the basis of a water function, which in the original 
version had the shape represented as A in Fig. 4.4.1. From the results of the present study it was 
concluded that the simulated denitrification corresponds better to measured values when using 
water function B. 
 
Due to the lack of statistically significance of an effect of DOC on denitrification it was not pos-
sible to come up with a list of different farming systems to test in a reliable way. Instead we did 
sensitivity analyses. 
 
WP 5: Root and vadose zone modelling 
Operational DOC module in DAISY  
The new developed dissolved organic matter (DOM) module in Daisy has been tested, param-
eterised and calibrated. The structure of the DOM module has been parameterised from sorption 
data (WP4.3) and literature (e.g. decay rates and diffusion coefficients of DOM) and calibrated by 
field experiments (WP4.1). The structure of the DOM module in Daisy is very flexible regarding 
contribution from different sources (recently added organic matter, microorganism or soil or-
ganic matter). However, it is assumed that easily degradable new dissolved organic components 
from root exude and organic fertilizer is rapidly consumed by microbes. The parameterization 
has focused on the results of 14C studies, which suggest that DOM is rather old and mainly is 
produced from SOM by some physical/chemical/biological processes resulting in that some part 
of SOM in soil is dissolved. The biological processes contribute by microbial degradation of or-
ganic matter, releasing a fraction of metabolites as DOM. Additionally a fraction of the relatively 
physically stabilized organic matter pool (the SOM2 pool) in Daisy may be physical/ biological 
destabilized during decomposition, resulting in that some part of SOM in soil is dissolved.  
 
A simplified approach is followed in modeling DOM sorption/desorption to soils, taking advan-
tages of estimated relationships linking soil properties to sorption properties across a range of soil 
types. The Initial Mass approach is used to estimate a DOC concentration specific for the soil, 
where no net sorption/desorption of DOM occurs. An empiric, kinetic term couples the ‘equilib-
rium’ concentration to the actual DOM concentration in the soil, incorporating considerations as 
diffusion and sorption time in the sorption/desorption process. The kinetics is induced by con-
centration gradient between the estimated concentrations where no net change in DOM concen-
tration occurs and the actual DOM concentration.  
 
The turnover rate is calibrated by fitting the simulations at the Burrehøjvej field to the measured 
data of DOC and DON sampled from suction cups at 30, 60, and 90 cm depth of the profiles 
(WP4.1). The simulations of DOC and DON concentrations at different depth and with different 
soil treatments at Burrehøjvej field soils for the last year during sampling are shown in figure 
5.5.1. 
 
The results of the calibration indicate that in the topsoil DOM is mainly produced by biological 
SOM turnover during summertime and chemical/physical release from SOM at all time. The 
yearly fluctuation of DOM concentration is related to the microbial activity. High fluctuations of 
DOM which are related to microbial activity are diminished by the chemical/physical sorp-
tion/desorption process which attempts to keep the DOC concentration steady at a certain level. 
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Figure 5.1. DON concentration in suction cups (dots) (WP4.1) and simulated by the Daisy 
code (lines) in the Burrehøjvej field soil profiles at 30, 60, and 90 cm depth in three soil 
treatments: left figures: 9 year grass clover with grazing cows.  Middle figures: 8 year grass 
clover with grazing cows then soil ploughing. Right figures: 1 year grass clover with grazing 
cows then soil ploughing. 

The effect of DOM on the denitrification and total N leaching from two different soils was in-
vestigated by sensitivity analysis with respect to: 

1. The duration (9, 5 or 2 years) of grass-clover before soil treatment. 
2. The time of soil ploughing (spring versus autumn). 
3. The effect of catch crops. 

 
Generally, the sensitivity analysis shows that denitrification increases with increase in duration of 
grass-clover. This increase in denitrification is correlated with an increase in microbial activity, 
DOC and NO3 content in the soil. Spring and autumn ploughing of grass-clover promotes an 
increase in the microbial activity, DOC, and NO3 content. If catch crops are undersown the 
amount of NO3 present in the soil is reduced due to crop uptake and denitrification is limited. 
 
Duration of grass-clover at the field does not affect the magnitude of NO3 leaching when no 
ploughing occurs but the DON leaching is increased slightly with increase in duration. Only the 
crop N-uptake increases systematically with increase in duration of grass-clover. This affects the 
N fixation which is reduced when the crop N-uptake increase. When the field is ploughed after 
continuous grass-clover, the duration of grass-clover affects the amount of NO3 leaching. Hence, 
increasing durations of grass-clover increase the N-leaching after soil ploughing. Undersown 
catch crops reduce the NO3 leaching heavily, which is due to increase in crop N-uptake. 
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WP6 
Calculations of leaching of nitrate, ammonia, DOC and DON were carried out for conventional 
and organic farming systems in a groundwater protection area “Søndersø” on Funen. The calcu-
lations were performed with the DAISY model equipped with a newly developed DOC/DON-
module and the MIKE SHE model.  
 
The model setup, covering a much larger area than the protection area, is based on the existing 
land use and agricultural situation for a part of the area and extrapolated in the north-western 
part. The extrapolation only covers a small part of the groundwater protection zone. The model 
set-up is based on earlier model studies in the same area. 
 
The concentrations of DOC and DON are almost equal in the two scenarios due to the fact that 
the governing factor is soil organic matter. Due to the higher frequency of grass fields in organic 
farming, an increase in soil organic matter is expected, but the DAISY model appears to underes-
timate this factor. The difference in DOC/DON-production between conventional and organic 
farming is therefore also expected to be underestimated. To describe the DOC/DON-dynamics 
in groundwater, the leached amount is divided into different pools with different C/N-ratio and 
degradation time. 
 
The amount of inorganic nitrate leached from the root zone is considerably lower in the ground-
water protection area after conversion to organic farming, 29 kg N/ha compared to 70 kg N/ha 
in average before the conversion. 
 
The effect of the conversion is delayed. Nitrate concentrations to drain drops from 13.2-kg ni-
trate-N/ha (2003-2012) in the conventional scenario to 9.5-kg nitrate-N/ha in the organic sce-
nario, calculated as average for the first 10 years of the conversion (same climate and period). For 
the concentrations in the upper groundwater aquifer the change become very visible only towards 
the end of the simulation period, and not in all calculation points. In 2013, the difference be-
tween the average nitrate concentration in the conventional and organic scenario is 9% (of the 
concentration in the conventional scenario with redox zone and DOC-degradation imple-
mented), but this is due to the fact that only a small part of the aquifer has an age of 0-10 years. If 
the calculation is continued for another 30 years, the lower leaching in the organic scenario will 
influence the groundwater concentrations more significantly. But an immediate effect of a change 
in land use on a nitrate threatened groundwater extraction site cannot be expected. 
 
Around 52 % of the nitrate leaving the root zone in the groundwater protection area are reduced 
in the redox zone. This happens in both scenarios, and in the respective areas, there is no effect 
of the land use change. DOC-caused denitrification has removed further 6 % of the nitrate in the 
conventional scenario. Because the amount of leached DOC is small in the calculations, this fig-
ure may be underestimated, particularly in the organic farming scenario. On the other hand, it is 
assumed that all DOC-degradation is linked to denitrification, which is an overestimation. The 
difference between this calculation and the ecological scenario is only further 4 % in 2013 (con-
servative transport and conventional scenario being 100 %) 
 
In this report, a number of simple assumptions are made concerning degradation, nitrification, 
denitrification and sorption in the groundwater zone. The assumptions cause a development in 
DOC and DON, which corresponds to general observations concerning concentrations and 
C/N-relationship, but no measurement data or detailed investigations are available that can be 
used for a more detailed parameter- and process understanding. To reach a better understanding 
of the importance of DOC-production on denitrification, not least in organic farming, further 
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investigations are required. 
 
 
C.2 Fulfilment of deliverables and milestones   
(To be completed for each work package) 
WP1: Project co-ordination Time schedule according to 

application  
Deviations, if 
any* 

Deliverables   
D 1.1 First annual report 2002 2002/10 OK 
D1.2. Second annual report 2003 2003/10 OK 
D1.3. Third annual report 2004 2004/10 OK 
D1.4. Report with optimal organic farming systems (See M2.3 and 
5.5) 

2005/07  

D1.5. Final report 2005 2005/07 OK 
Milestones   
M1.1   First annual report completed  2002/10 OK 
M1.2  Second annual report completed  2003/10 OK 
M1.3  Third annual report completed  2004/10 OK 
M1.4  Final report completed  2005/07 OK 
 
WP2: Identification of relevant organic farm systems Time schedule according to 

application 
Deviations, if 
any* 

Deliverables   
D2.1 Suggestions of organic farming systems and crop rotation to 
test in the project 

2002/06 OK 

D2.2 Description of agricultural practices in the farming systems 
for use in simulations 

2003/12 OK 

D2.3 List with optimal organic farming systems 2005/07 Partly 
   
Milestones   
M2.1 Agreement on farming systems to test 2002/06 OK 
M2.2 Agreement on agricultural description for model simulations 2003/12 OK 
M2.3 Report with optimal organic farming systems (See M1.4 and 
M5.5)  

2005/07 Partly 

 
WP3: Effect of organic farm systems on soil structure and 
hydraulic parameters 

Time schedule according to 
application 

Deviations, if 
any* 

Deliverables   
D3.1 Effect of management tools on porosity, retention curves, 
saturated and unsaturated hydraulic conductivities 

2003/12 OK 

D3.2 Effect of management tools on tortuosity and pore connec-
tivity 

2003/12 OK 

D3.3 Semi-quantitative description of depth and distribution of 
roots and macropores in the field trials 

2003/05 Partly 

D3.4 Soil physical characterised soil samples for the denitrification 
incubation experiments 

2003/08 OK 

D3.5 Suggestions on how to extrapolate parameter effects to 
other soil types 

2004/04 OK 

Milestones   
M3.1 Sampling in the field trials finished  2003/10 OK 
M3.2 Data of  hydraulic properties and pore characterisation pa-
rameters delivered to modellers  

2003/12 OK 

M3.3 Soil samples for the denitrification incubation delivered  2003/08 OK 
M3.4 Agreement on how to extrapolate parameter effects to other 
soil types  

2004/03 OK 

 
WP4: Effect of organic farming systems on DOC mobilisa-
tion and DOC-assisted denitrification 

Time schedule according to 
application  

Deviations, if 
any* 

Deliverables   
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D4.1-1 Field record of the time dependent profile DOC (includ-
ing DON) concentrations under conditions of high carbon and 
nitrogen turnover 

2003/12 OK 

D4.1-2 DOM isolates for further characterisation in WP 4.2 and 
for use in sorption work in WP 4.3 

2003/05 OK 

D4.1-3 Dataset for calibration of DOC modelling by DAISY 2003/12 OK 
D4.1-4 Measurements of DON-leaching in a coarse sandy soil New- not included in appli-

cation 
see point D 
OK 

D4.2-1 Determination of origin of DOM in grass-clover mixtures 
 

2003/07 Awaiting fur-
ther analysis 

D4.2-2 Determination of the composition of DOM originating 
from specific species 

2003/12 see below 

D4.2-3 Determination of the contribution of single species to the 
mobile part of the DOM 

2003/07 Awaiting fur-
ther analysis 

D4.2-4 DOM pulse as related to precipitation intensity 2003/07 se below 
D4.3-1 Quantitative measures of DOC bonding according to soil 
composition, DOC composition and DOC concentration 

2003/12 OK 

D4.3-2 Selective sorption of specific DOC fractions during sorp-
tion 

2003/07 OK 

D4.3-3 Input parameters to DAISY modelling of DOC dynamics 2003/12 OK 
D4.4-1 Determination of soil physical characteristics on intact soil 
cores for denitrification measurements 

2003/06 OK 

D4.4-2 Dataset from measurements on intact soil cores for cali-
bration of Daisy denitrification sub-module 

2003/12 OK 

D4.4-3 Influence of DOC on potential denitrification as a func-
tion of crop type, organic fertiliser input 

2003/12 See below 

Milestones   
M4.1-1 Teflon suction cups installed  2002/09 OK 
M4.1-2 Sampling from suction cups and analysis of DOC finalised 2004/04 OK 
M4.2-1 Soil column studies about origin of DOM in grass-clover 
mixtures completed  

2003/05 see below 

M4.2-2 Dataset for calibration of DOC modelling by DAISY de-
livered  

2003/09 see below 

M4.3-1 Studies on DOM sorption and composition completed  2003/08 OK, but still 
ongoing 

M4.3-2 Sorption parameters for calibration of DOC modelling by 
DAISY delivered  

2003/09 OK 

M4.4-1 Studies on relationships between DOC, soil physical char-
acters and denitrification completed  

2004/03 OK 

M4.4-2 Dataset for calibration of denitrification sub-module in 
DAISY delivered  

2004/03 OK 

M4.4-3 Studies on the influence of DOC on potential denitrifica-
tion as a function of crop type, organic fertiliser input and soil 
depth completed  

2004/03 OK 

 
WP5: Root and vadose zone modelling Time schedule according to 

application  
Deviations, if 
any* 

Deliverables   
D5.1-1  Operational DOC module in DAISY 2004/01 Ready 
D5.2-1  Scenario simulations of the suggested organic farming 
systems and standard conventional systems 

2004/09 2004/10 

D5.2-2.  Input data for regional groundwater simulations 2004/09 2004/10 
Milestones   
M5.1-1 DOC module ready  2003/12 Ready 
M5.2-1 Agreement on agricultural description  2003/12 OK 
M5.2-2 Scenario simulation finished  2004/10 2004/11 
M5.2-3 Input data delivered to WP6  2004/10 2004/11 
M5.2-4 Report with optimal organic farming systems (See M1.3 
and M2.3)  

2005/07 Partly 
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WP6: Regional modelling of nitrate to ground water Time schedule according to 
application  

Deviations, if 
any* 

Deliverables   
D6.1. Report describing the results of the upscaling exercise 2005/07 OK 
   
Milestones   
M6.1.  Agreement on choice of groundwater model (2002/10) 2002/10 Final decision 

now taken 
M6.2.  Agreement on agricultural description  2003/12 OK 
M6.3.  Report describing the results of the upscaling exercise  2005/07 OK 
* Deviations are to be further discussed in D  
 
 
 
 
D.  Description of deviations and subsequent adjustments of plans 
 
 
WP 3: Effect of organic farm systems on soil structure and hydraulic parameters 
All samplings and measurements have been completed as planned. We did not do the semi-
quantitative description of roots and macropores because these could not be included in the 
model. Instead we sampled an extra collection of samples from the crop rotation trial at Foulum 
in order to test the hypothesis derived from the results of the first two years  
 
WP 4.1 Quantification of amount and export of DOC and DON from different soil layers 
Via supplementary financial support from DARCOF for chemical analysis and cooperation be-
tween ØKOVAND and GREENGRASS it became possible to include measurements of DON- 
and DOC-leaching in a coarse sandy soil. This, however, has implied a delay in the publication of 
the WP4-activities. 
 
WP4.2 
There was a change in plans so that the work in this work package became included in Ph.D. 
study in SOAR. This delayed the work. Further the first Ph.D. student resigned in 2003 and a 
new Ph.D. student started the work in April 2004. The work in 2004 has focused on WP 4.2-1 
and 4.2-3, with the work of 4.2-2 yet to be undertaken. The investigations in WP 4.2-4 will 
probably not be done, instead the influence of harvesting of the canopy has been studied in rela-
tion to a DOM pulse. Since the result from the WP has not been completed at present time, the 
modellers in WP 5 have to make use of the data from the other work packages. 
 
WP4.3 
It was originally planned to isolate DOM from soil water from suction cells. However, due to the 
rather low volumes of soil water gained from the suction cells and the low DOC concentrations 
in the soil water, it was decided to isolate DOM in a different way. We have used the Chelex resin 
method for isolation of DOM as this method does not imply the use of strong acids or bases, 
and because the use of this method is well documented. The Chelex resins extract metal cations 
like Ca2+, Fe3+ and Al3+ from the soil thus causing liberation of DOM to the solution. Thus the 
method is a rather gentle method only causing a minimum of disturbance of the soil.  
 
WP5 
Due to the lack of statistically significance of effects management on hydraulic properties and of 
DOC on denitrification it was not possible to come up with a list of different farming systems to 
test in a reliable way. Instead we did sensitivity analyses. 
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WP6 
Earlier it was decided to use a groundwater model of Odense Å as the basis for scenario model-
ling. However, to improve the detail of modelling and to make the exercise more realistic it was 
decided to choose an area where zonation for groundwater protection actually takes place. ”
dersø” is such an area, and at the same time, most of the model area is inside the earlier selected 
catchment. Nitrate problems are observed in the area. The basic hydrological model is more d
tailed than the Odense Å model considered earlier, and the project will further benefit from co-
operation with a PhD-student looking into redox-conditions and descriptions in the same area. 
 

Søn-

e-

. Project publications and other products  

  
 Products from Organic Eprints archive 

Peer-reviewed and accepted 

, P.R.; Urup, J.; Helstrup, T.; Jensen, M.B.; Eiland, F. and Vinther, F.P. (2004) 

 
E

1.
 

English 
Jørgensen

Transport and reduction of nitrate in clayey till underneath forest and arable land.. Jo
Contaminant Hydrology 73:pp. 207-226.

urnal of 

Mun  M.H. and Thorup-Kristensen, K. (2005) Mitigation 
**

kholm, L.J.; Schjønning, P.; Jørgensen,
of subsoil recompaction by light traffic and on-land ploughing. II: Root and yield response. 
Soil & Tillage Research(80):pp. 159-170.

Mun , K. (2005) Mitigation of subsoil recompaction by light kholm, L.J.; Schjønning, P. and Rüegg
traffic and on-land ploughing. I. Soil response. Soil & Tillage Research(80):pp. 149-158.

Sch ore jønning, P.; Iversen, B.V.; Munkholm, L.J.; Labouriau, R. and Jacobsen, O.H. (2005) P
characteristics and hydraulic properties of a sandy loam supplied for a century with either 
animal manure or mineral fertilizers. Soil Use and Management 21.

Vin ication of N2O emission and ther, F.P. (2005) SimDen – A simple empirical model for quantif
denitrification. Paper presented at Manure - an agronomic and environmental challenge. 
NJF-seminar no. 372, Nils Holgerssongymnasiet, Skurup, Sweden. Abstract of oral 
presentation, 5-6 September 2005, page 17. Abstracts of NJF-seminar no. 372 "Man
agronomic and environmental challenge".

ure - an 

 
ansk - Danish 

sen, E.M. and Eriksen, J. (2005) Udvaskning af organisk kulstof efter 

**

D
Vinther, F.P.; Han

kløvergræs [Leaching of organic carbon following grass-clover], in Olesen, J.E., Eds.
gasser fra jordbruget - reduktionsmuligheder. DJF rapport no. 113, chapter 11, page pp. 129-140. 
Department for Agroecology, Danish Institute of Agricultural Sciences.

 Drivhus-

Vin ulstof efter ther, F.P.; Hansen, E.M. and Eriksen, J. (2005) Udvaskning af organisk k
kløvergræs [Leaching of organic carbon and nitrogen], in Olesen, J.E., Eds. Drivhusga
jordbruget - reduktionsmuligheder. DJF rapport no. Markbrug nr. 113, chapter 11, page pp. 129-
140. Afdeling for Jordbrugsproduktion og Miljø, Danmarks JordbrugsForskning.

sser fra 

 
ubmitted for peer-review but not yet accepted 

.P.; Hansen, E.M. and Eriksen, J. (2005) Leaching of soil organic carbon and nitrogen 

S
English 
Vinther, F

in sandy soils after cultivating grass-clover swards. [preprint]
Vin il organic carbon and nitrogen ther, F.P.; Hansen, E.M. and Eriksen, J. (2004) Leaching of so

in a coarse sandy soil after cultivating grass-clover pastures . [preprint]
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Not peer-reviewed 
English 
Gjettermann, Birgitte (2005) Modeling dissolved organic matter mobilization and immobilization 

in the root zone: Effect of soil treatment on denitrification and N leaching. Report, 
Department of Agricultural Science, The Royal Veterinary and Agricultual University.

Gjettermann, Birgitte; Styczen, Merete; Hansen, Søren; Borggaard, Ole K. and Hansen, Hans 
C.B. (2005) Fractionation of dissolved organic matter and associated P during sorption to 
agricultural soil . [preprint]**

Gjettermann, Birgitte; Styczen, Merete; Hansen, Søren; Borggaard, Ole K. and Hansen, Hans 
C.B. (2004) Sorption of dissolved organic C and P to agricultural top- and subsoil. Poster 
presented at ATV MØDE. VINTERMØDE OM JORD- OG 
GRUNDVANDSFORURERNING, VINGSTEDCENTRET, 9.-10. marts 2004.; Published 
in Bruun, Bente, Eds. ATV Jord og Grundvand. Vintermøde om jord- og grundvandsforurerening., pa-
ge pp. 435-444.**

Hansen, E.M.; Eriksen, J. and Vinther, F.P. (2005) High yield and low N leaching with barley as a 
green crop for silage after grass-clover. DARCOFenews(1). Online at 
<http://www.darcof.dk/enews/mar05/roughage.html>

Hansen, E.M.; Eriksen, J. and Vinther, F.P. (2005) Nitrogen leaching following cultivation of 
grazed grass-clover on coarse sandy soil. Poster presented at N-workshop, Maastricht, 23-26 
Sept.

Munkholm, L.J. and Schjønning, P. (2003) Mechanical subsoiling: Mitigation of recompaction by 
light traffic and on-land ploughing. Paper presented at 16th International Conference of the 
International Soil Tillage Research Organization, Brisbane, Australia, July 2003; Published in 
Proceedings, 16th International Conference of the International Soil Tillage Research Organization (CD-
ROM).

Rasmussen, Jim and Høgh-Jensen, Henning (2004) Origin and composition of Dissolved 
Organic C and N from grass-clover mixtures . Poster presented at Cost Action 627 - Carbon 
Storage in European grasslands, Ghent, Belgium, June 3-6 2004.*

Vinther, F.P.; Eriksen, J. and Hansen, E.M. (2004) Leaching of dissolved organic carbon (DOC) 
and nitrogen (DON) from grass-clover pastures after ploughing. [oral] Presentation at DOM 
2004 - International workshop: Dissolved Organic Matter and the Cycling of Carbon, Nutrients and 
Metals, Bayreuth, Germany, October 3-6 2004.

 
Dansk - Danish 
Hansen, E.M.; Eriksen, J. and Vinther, F.P. (2005) Stor produktion af grovfoder og lav nitratud-

vaskning ved dyrkning af grønbyg med italiensk rajgræs efter kløvergræs. FØJOenyt 1. Online 
at <http://www.foejo.dk/enyt2/enyt/feb05/groenbyg1.html>

Hansen, E.M.; Eriksen, J. and Vinther, F.P. (2004) Øget udnyttelse af kvælstof efter ompløjning 
af afgræsset kløvergræs. In Grøn Viden, Markbrug, November.

Schjønning, P.; Munkholm, L.J. and Elmholt, S. (2003) Jordkvalitet og dyrkningsmetoder [Soil 
quality and management], in Holmstrup, M., Eds. Økologisk landbrug og naturen - gør økologisk 
landbrug en forskel for natur og miljø?, chapter 1, page pp. 9-19. Miljøbiblioteket 1. Gads Forlag.

Styczen, M.; Poulsen, R.N.; Gudbjerg, J. and Gjettermann, B. (2005) Simulering af DOC og 
DON i indsatsområde "Søndersø" på Fyn: Endelig rapport for Arbejdspakke 6 i projektet 
"Regional Grundvandsbeskyttelse ved hjælp af optimerede Økologiske Dyrkningssystemer" 
[Simulation of DOC and DON in groundwater protection area "Søndersø" on Funen: Final 
report for work package 6 of the project "Regional Groundwater Protection by optimised 
organic farming systems"]. Report, Hydrology, Soil and Waste, DHI Water & Environment.*

Vinther, F.P. (2004) Organisk kvælstof kan også udvaskes [Organic nitrogen can also be leached]. 
In Økologisk Jordbrug, 26. November, No 325, page 6.
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Vinther, F.P. (October 2003) Hvor bliver kvælstoffet af? [Where does the nitrogen go?]. Online 
at <http://www.foejo.dk/enyt2/enyt/okt03/index.html>. October 2003, "DARCOF e-
news" 

Vinther, F.P. (2003) Kvælstof forsvinder [Nitrogen disappeas]. In Økologisk Jordbrug, No 297, pa-
ge 8.

Vinther, F.P.; Hansen, E.M.; Eriksen, J. and Jacobsen, O.H. (2004) Udvaskning af organisk bun-
det kvælstof og kulstof [Leaching of organic nitrogen and carbon]. FØJOenyt(6). Online at 
<http://www.foejo.dk/enyt2/enyt/dec04/don.html>

Vinther, Finn P. and Hansen, Søren (2004) SimDen - en simpel model til kvantificering af N2O-
emission og denitrifikation. [SimDen - a simple model for quantification of N2O-emission 
and denitrification.]. DJF rapport no. 104, Department for Agroecology, Danish Institute of 
Agricultural Sciences.*

 

 
2. Other products (oral presentations, public meetings, field days, etc.) 

 
* 25-75% financed by DARCOF 
** 5-25% financed by DARCOF 
 
 
F. Scientific education  

WP3  RVAU student Lene Mathiasen has writing her masters thesis at Foulum in connection 
with the work on WP3 concentrating on the tillage trials at Rugballegaard.  
 
WP4.2. This project is now part of a Ph.D. project for Jim Rasmussen within SOAR  
 
WP4.3 and WP5. This project is part of a current Ph.D. project for Birgitte Gjettermann on dis-
solved organic matter mobilisation and transport. During this Ph.D. project a paper will also be 
prepared describing the concept of the DOM module in Daisy together with the calibration re-
sults.  
 
 
G. National and international cooperation 

We are using the experimental area described in DARCOF project VII.11. The two projects work 
in close collaboration experimentally and in the interpretation of data. The experiment is labelled 
the  “Grass-clover experiment” (GCE). (Contact: Jørgen Eriksen, DIAS) 
 
Through co-operation with GREENGRASS and with financial support from DARCOF, we had 
the possibility to measure leaching of DOC and DON during the period May 2003 to April 2004 
from ploughed grass-clover on a coarse sandy soil. 
 
In November 2002 we will sample in the long-term crop rotation experiment that is financed by 
DARCOF project II-23 “Experimental units for research in organic farming systems” 
(EXUNIT) (Contact: Jørgen E. Olesen, DIAS), in long-term fertiliser experiments in Askov 
(Contact: Bent T. Christensen, DIAS) and in “The Row Cropping Experiment” in Bygholm 
(Contact: Per Schjønning, DIAS) 
 
Several of the participants in this project are involved the DARCOF project “Interaction between 
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nitrogen dynamics, crop production and biodiversity in organic rotations analysed by dynamic 
simulation models” - BIOMOD (LSJ, SH, JEO, FPV) and we make use of the improvements of 
Daisy and data input to simulate organic farming systems. 
Cooperation with the other project partners, in particular group of Søren Hansen and Merete Styczen.  
Cooperation with the company Biocorrection.  
 
 
 
H. Critical reflection on the project  

We still believe that the idea to use models to integrate the different effects of organic farming on 
nitrate leaching and therefore concentrate on measuring the effects on the model parameters is 
the only way we can integrate the interaction between farming system, climate and soil types 
within a reasonable economic frame. 
 
We did only find small differences in the hydraulic properties due to management typical for or-
ganic farming. We think we have used rather good study objects where also the long-term effects 
would appear. So apparently the effects are small and had no effect on leaching of nitrate. We did 
not measure the possible effects of macropore flow as this was not included in DAISY at that 
time.  
 
We are very happy that it was possible to expand the investigations in leaching of dissolved or-
ganic matter to a sandy soil. This made it possible to calibrate the Daisy DOM module for a two 
soil types which really improve the reliability of the simulations.  
 
However, the very significant amounts of dissolved organic nitrogen (DON) leaching out of the 
root zone emphasises a need for investigating the fate of this at depth. As the present measure-
ment programme stops at about 1 m’s depth, there is, in reality, no validation of simulation of 
transport and transformations in deeper layers. 
 
It was not possible to come up with a list of different farming systems to test in a reliable way. 
Instead we did sensitivity analyses of different management tools revealing the importance of the 
duration of  grass-clover, and of catch crops. 
 
We have shown an effect over time of organic farming on groundwater protection, mainly due to 
a reduction in nitrate leaching. Furthermore, we have demonstrated a method to describe devel-
opment in DOC and DON with depth in the groundwater that recreates the general picture 
found from measurements.  However, the process descriptions and parameters used are not veri-
fied against measurements, as no measurements below 90 cm were included in the project. There 
is therefore a need for field studies to verify and improve the present description.  

 
DARCOF II "Project number and title" 



 21

 
8. Budget 

 

A. Account for any change in budgets 

 
 
B. Budget for the whole project (1.000 DKK) 

 
 

Year: Original 
budget 

Consumption 
before 2004 

Consumption 
2004 

Consumption 
2005 

Total 

Man-months 58,1     

Scientific personnel 34 20,5 7,5 6 34 

Technical personnel 24,1 19,6 4,2 0,3 24,1 

 
 

Year: Original 
budget 

Consumption 
before 2004 

Consumption 
2004 

Consumption 
2005 

Total 

Salaries      

Scientific personnel 1522 885 337,1 308,2 1530,3 

Technical personnel 603 486 110 7 603 

Other operational costs 370 263 61,5 37,2 361,7 

Equipment  5 5   5 

Others (please specify)       

Direct costs       

Indirect costs  
(20% of direct costs) 500 328 108 64 500 

Total 3000 1967 609,9 423,1 3000 

 
 
Comments: 
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9. Signatures and stamps 

 
Name Institute Date Signature 
Head of project 
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Appendix I. Detailed budget  
 
A.  Budget for each participating institute (1.000 DKr) 

 
Name of Institute: Danish Institute of Agricultural Sciences, Department of Agroecol-
ogy 
 
 
Year: Original 

budget 
Consumption 
before 2004 

Consumption 
2004 

Consumption 
2005 

Total 

Man-months      

Scientific personnel 19 13,5 2,5 3  

Technical personnel 16,6 13,1 3,2 0,3  

 
 

Year: Original 
budget 

Consumption 
before 2004 

Consumption 
2004 

Consumption 
2005 

Total 

Salaries      

Scientific personnel 882 605 121 156 882 

Technical personnel 423 330 86 7 423 

Other operational costs 153 120 24 9 153 

Equipment      

Others (please specify)      

Direct costs      

Indirect costs 
(20% of direct costs) 292 211 46 35 292 

Total 1750 1266 277 207 1750 

 
 
Comments: 
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Name of Institute: RVAU, Department of Agricultural Sciences 
 
Year: Original 

budget 
Consumption 
before 2004 

Consumption 
2004 

Consumption 
2005 

Total 

Man-months      

Scientific personnel 12 7 4 1 12 

Technical personnel 2,5 1,5 1  2,5 

 
 

Year: Original 
budget 

Consumption 
before 2004 

Consumption 
2004 

Consumption 
2005 

Total 

Salaries      

Scientific personnel 480 280 160 40 480 

Technical personnel 60 60   60 

Other operational costs 88 71 10 7 88 

Equipment  5 5   5 

Others (please specify)       

Direct costs       

Indirect costs  
(20% of direct costs) 127 84 34 9 127 

Total 760 500 204 56 760 

 
 
Comments: 
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Name of Institute: RVAU, Chemistry department 
 
Year: Original 

budget 
Consumption 
before 2004 

Consumption 
2004 

Consumption 
2005 

Total 

Man-months      

Scientific personnel      

Technical personnel 5 4 1  5 

 
 

Year: Original 
budget 

Consumption 
before 2004 

Consumption 
2004 

Consumption 
2005 

Total 

Salaries      

Scientific personnel      

Technical personnel 120 96 24  120 

Other operational costs 89 72 17  89 

Equipment       

Others (please specify)       

Direct costs       

Indirect costs  
(20% of direct costs) 41 33 8  41 

Total 250 201 49  250 

 
 
Comments: 
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Name of Institute: DHI Water & Environment 
 
Year: Original 

budget 
Consumption 
before 2004 

Consumption 
2004 

Consumption 
2005 

Total 

Man-months      

Scientific personnel 3 1 2  3 

Technical personnel      

 
 

Year: Original 
budget 

Consumption 
before 2004 

Consumption 
2004 

Consumption 
2005 

Total 

Salaries      

Scientific personnel 160 56,1 112,2  168,3 

Technical personnel      

Other operational costs 40 10,5 21,2  31,7 

Equipment       

Others (please specify)       

Direct costs       

Indirect costs  
(20% of direct costs) 40 13,3 26,7  40 

Total 240 79,9 160,1  240 

 
 
Comments: 
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C.  Budget for co-financing from each participating institute (1.000 DKK)  

 
 
Name of Institute: The Royal Veternary and Agricultural University 
 
Year: Original 

budget 
Consumption 
before 2004 

Consumption 
2004 

Consumption 
2005 

Total 

Man-months      

Scientific personnel 11 7 2,5 1,5 11 

Technical personnel 10 8 2  10 

 
 
Comments: 
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Regional grundvandsbeskyttelse gennem optimering af økologiske dyrkningssystemer 
ØKOVAND 

 
Dansk resumé 

 
En række parametre, som påvirker tab af kvælstof fra økologiske dyrkningssystemer er undersøgt 
med henblik på at anvise økologiske dyrkningssystemer der vil give en god beskyttelse af under-
liggende drikkevandsmagasiner. Vores to hovedhypoteser, nemlig at de hydrauliske egenskaber 
og en denitrifikation drevet af udvasket opløst organisk stof skulle have afgørende betydning for 
udvaskningen, kunne vi ikke få bekræftet. 
 
Der var ubetydelige effekter af de økologiske driftstiltag på de hydrauliske parametre. Der var in-
gen effekt af langvarig brug af husdyrgødning i forhold til brug af kunstgødning, men der var en 
effekt af det generelle gødningsniveau. Sædskiftet havde en lille effekt på den hydrauliske led-
ningsevne, som var lavere i det varierede sædskifte med mange efterafgrøder, hvilket tilsynela-
dende skyldes flere rødder i makroporerne. 
 
Vi fandt, at betydelige mængder opløst organisk kvælstof udvaskes under kløvergræsmarker. Ud-
vaskningen af opløst organisk kvælstof varierede ikke så meget mellem behandlingerne som ni-
tratudvaskningen. Hvorvidt udvaskningen giver anledning til større denitrifikation er stadig et 
åbent spørgsmål. Undersøgelserne af oprindelsen af opløst organisk stof viste at kløver virker 
som donor af kvælstof og græs som donor af kulstof. Sorptionen af opløst organisk stof til jorden 
er pH-afhængig og er samtidig en tidsafhængig proces.  
 
Der er inkluderet et fuldt operationelt modul i DAISY, som kan simulere transport og sorption af 
opløst organisk stof. Da der ingen klare effekter var på hydrauliske parametre og af opløst orga-
nisk stof på denitrifikation, valgte vi at lave en følsomhedsanalyse for varighed af kløvergræs, 
tidspunkt for pløjning og efterafgrøder. Den viste større udvaskning af kvælstof jo ældre klø-
vergræssen er, og at efterafgrøder effektivt kan opsamle kvælstoffet. 
 
Herefter blev der opstillet økologiske sædskifter for de forskellige brugstyper for Søndersø-
området på Fyn. Mængden af uorganisk kvælstof udvasket fra rodzonen blev reduceret fra 70 kg 
N/ha til 29 kg N/ha. Denitrifikaton som følge af reducerende forhold i lerlag vil til dels udviske 
forskellen i grundvandet, ligesom opblandingen med ældre grundvand vil gøre at effekten vil slå 
langsomt igennem.  
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