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Figure A1.1. Location of the test field.



Al.1 Location, ownership and earlier cultivation and use

The test field is located at Tylstrup in Vendsyssel, northern Jutland (Figure A1.1). It is
owned by the Danish Institute of Agricultural Sciences (DIAS) which has an experi-
mental station 1 km northwest of the area. The site characteristics are summarized in
Table A1.1.

Table Al.1. Site characteristics.

Length and width of the test field 166 mx 70 m

Total area of the site, incl. buffer zone 3.3 ha

Area of the test field 1.08 ha

Municipality Aalborg

County Nordjylland

Land registry no. 3a, Tylstrup, Ajstrup

Ownership DIAS, Tylstrup Experimental Station

Forsogsvej 30
9382 Tylstrup

Earlier use

As is apparent from Figure A1.2, the field has been farmland at least since 1942. Since
1991 the site has been farmed as one whole field. Previously it consisted of four equal
parcels , Kj1..Kj4 (Figure A1.3). Cultivation and pesticide application history of the
field during the 10 years prior to the present investigations are summarized in Appendix
Al.l.

A1.2 Technical installations

All installations at Tylstrup are numbered according to the code described in Section 3.
In the present description, however, the site-specific code for Tylstrup, i.e. “1”, has been
omitted for the sake of simplicity. The locations of all the installations were selected on
the basis of the groundwater flow pattern (Figure A1.3) and are shown in Figure A1.4.

Buffer zone

The width of the buffer zone at Tylstrup is approx. 2 m along the northeastern border, 3
m along the southeastern border, 22 m along the southwestern border and 4.5 m along
the northwestern border (Figure A1.4). A windbreak runs along the southeastern and the
northwestern borders.
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Figure A1.2. Topographic map 1:20.000 from 1942. The test field is marked as a red
square.

Suction cups, TDR and Pt-100 sensors

The suction cups, TDR and Pt-100 sensors at Tylstrup were installed in excavations S1

and S2 shown in Figure A1.4. The instruments were installed as described in Section

3.3 except that installation of the suction cups deviated as follows:

e The suction cups installed 1 m b.g.s. were placed at a horizontal distance of 1 m
from the edge of the field rather than 2 m as described in Section 3.3.

e The suction cups installed 2 m b.g.s. were placed at a horizontal distance of 1.5 m
from the edge of the field rather than 2.5 m as described in Section 3.3.

e The installation holes were drilled manually with a hand auger.
e A %" garden hose was sliced open and used as cable duct.
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Figure A1.3. Potential head (m a.s.l.) at the site measured in November 1999 and the
direction of the ground water flow. The red broken line indicates the border of the par-
cels before 1991.
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Figure A1.4. Sketch of the field showing the test and buffer zones and location of in-
stallations.

Wells

Piezometers

Piezometers P1-P4 consisted of %" electroplated pipes hammered into the ground. The
remaining piezometers were drilled with a 6" (152 mm) solid stem auger down to
around 3.5 m b.g.s. At deeper levels, below the groundwater table, the wells were
drilled as cased wells using a bailer.

Piezometers P1-P4 were installed at the end of January 1999 in order to estimate the

flow direction of the groundwater. Piezometers P5—P8 were drilled on February 15-18
1999. The piezometers were placed at various depths in accordance with Table A1.2.
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Table A1.2. Depth of the piezometer screens.

Well no. DGU no. Upper Middle Lower
screen screen screen
mb.g.s. mb.g.s. mb.g.s.
Pl - 6.3-6.4 - -
P2 - 5.8-5.9 - -
P3 - 6.1-6.2 - -
P4 - 4.6-4.7 - -
P5 16. 795 4.6-5.1 8.3-8.8 11.1-11.6
P6 16. 798 5.3-5.8 8.7-9.2 11.6-12.1
P7 16.797 4.4-49 8.4-8.9 11.4-11.9
P8 16. 796 4.6-5.1 8.2-8.7 11.1-11.6

Vertical monitoring wells

A total of seven monitoring well clusters (M1-M7) each consisting of four individual
wells were installed at Tylstrup in March 15-19 1999. The technical specifications are
described in Section 3.1.2.

The top of the upper screen from each monitoring cluster was placed above the highest
seasonal water table. The screens of one monitoring cluster were not necessary placed at
the same depths as the screens of other monitoring clusters (Table A1.3) due to minor
variations in the topography within the buffer zone resulting in differences in the dis-
tances between the ground surface and the groundwater table.

Table A1.3. Depths of the monitoring well screens.

Monitoring well Screen Mx.1 Screen Mx.2 Screen Mx.3 Screen Mx.4
cluster mb.g.s. mb.g.s. mb.g.s. mb.g.s.
M1 2.1-3.1 3.14.1 4.0-5.0 4.9-5.9
M2 24-34 3343 43-53 5.1-6.1
M3 2.3-33 3242 4.1-5.1 5.1-6.1
M4 24-34 3.54.5 4.4-5.4 5.2-6.2
M5 2.3-33 3242 4.1-5.1 5.0-6.0
M6 2.2-32 3242 4.0-5.0 4.8-5.8
M7 2.5-3.5 3.54.5 4.5-5.5 5.4-6.4
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A1.3 Geology

Regional geology

In Vendsyssel, northern Denmark, the Quaternary deposits are mainly 125-200 m thick
and rest on Cretaceous chalk. Three landscapes are represented: glacial highland, ma-
rine plain of the Yoldia Sea and marine plain of the lower-lying Lithorina Sea (Ander-
sen and Sjerring, 1992). The field site is located on the marine plain of the Yoldia Sea.
The glacial highland was formed in the Weichselian by glacial movement and a station-
ary period during deglaciation. The marine plains are the result of interplay between
isostatic uplift and eustatic sea level rise caused by melting of the local and global ice-
caps, respectively.

The Yoldia Sea flooded northern Jutland approx. 15,000 years BP during deglaciation
of the Weichselian Scandinavian ice sheet. The sea was limited towards the north and
east by ice caps and towards the south by a land area consisting of large meltwater
plains. Towards the west it was connected to the North Sea (Andersen and Sjerring,
1992). Hills and ranges of hills produced by glaciers prior to the area becoming flooded
formed islands in the sea. The marine deposits of the Yoldia Sea consist of Lower Saxi-
cava sand overlain by Younger Yoldia clay and Upper Saxicava sand. The Lower Saxi-
cava sand is rarely more than a few meters thick and is only found exposed at a few
localities. It consists of grey, clayey sand with shells and is horizontally bedded. The
Younger Yoldia clay is up to 30 m thick, but the thickness varies considerably. In some
places the clay is sandy and contains gravel. The Upper Saxicava sand is up to 30 m
thick. The sand is mostly fine-grained and clayey in the lower part and furthest away
from the glacial hills. Along the hill slopes, in contrast, it commonly contains gravel or
turns into beach gravel. Burrows made by bivalves are common whereas shells only
occur locally.

About 13,000 years BP the rate of isostatic uplift overwhelmed the eustatic sea level
rise and the Yoldia Sea consequently withdrew from Vendsyssel. A period of riverine
erosion into the glacial and marine Late-Glacial deposits followed.

The marine plain of the Lithorina Sea and its deposits were formed approx. 8,000—7,500
years BP when Vendsyssel was again flooded as a result of enhanced eustatic sea level
rise due to melting of the ice sheets on the North American continent. The Lithorina Sea
deposits vary markedly and consist of sand, gravel, clay and marine gyttja. The sea sub-
sequently withdrew as a result of the renewed dominance of isostatic uplift and the
coast gradually moved into its present position.
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Figure A1.5. Topography at the site and location of soil cores, test pit and monitoring
wells.

As a result of continued isostatic uplift the sediments of the Yoldia and Lithorina Seas
presently occur as raised seafloor deposits. Because the uplift has been greatest towards
the northeast, the position of shorelines from both seas falls from the northeast towards
the southwest (Mertz,1924).

Well logs in the Tylstrup region shows that the Late-Glacial marine sediments are up to
20 m thick and rest on an uneven surface of glacial deposits dominated by meltwater
sand. The marine sediments are thickest in areas where depressions occur in the under-
lying glacial deposits. The depressions are filled with clay and silt (Younger Yoldia
clay) overlain by sand (Upper Saxicava sand). Outside the depressions the Late-Glacial
sediments mainly consist of sand (Upper Saxicava sand) which becomes thinner to-
wards the glacial highland.
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Figure A1.6. Location of the test field (red square) superimposed on: A) The soil type

map. JB 2: Fine Sandy Soil, JB 3: Loamy Sandy Soil. B) Map of Quaternary sediments
in Denmark, YS: Late-Glacial saltwater sand, FS: Post-Glacial freshwater sand. C) An

aerial orthophotograph (Kampsax Geoplan, DD0O1999).
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Geomorphology

In the Tylstrup region, the marine plain of the Yoldia Sea lies approx. 14 m a.s.l. (Fig-
ure A1.5). Glacial deposits occur in a topographically higher level towards the northeast
and southeast. These formed land areas in the Late-Glacial period. In the other direc-
tions, the lower-lying marine plain of the Lithorina Sea, which is commonly covered by
Post-Glacial peat deposits, limits the marine plain.

The test field is shown superimposed on the map of Quaternary sediments in Denmark
(Hermansen and Jacobsen, 1998), the Soil Classification map and a 1999 aerial ortho-
photograph in Figure A1.6. As can be seen, the field lies on a soil type consisting of fine
sandy soil (JB2). This is in agreement with the map of the Quaternary deposits of Den-
mark, which places the field in an area of Late-Glacial saltwater sand (YS). Based on
the orthophotograph the field appears to be homogenous.

Geology of the monitoring wells and piezometer wells

The geological layers were described down to 12 m b.g.s. and 6 m b.g.s. during drilling
of piezometers P5—P8 and monitoring wells M1-M7, respectively. Piezometers P1-P4
consisted of %" pipes hammered into the ground and no description of the penetrated
layers is therefore available for these. The location of the wells is shown in Figure A1.3.

In the wells situated in the southern part of the test field the sediment consists almost
entirely of sand, whereas beds and clasts of silt and clay are abundant within the upper-
most 5 m in some of the remaining wells situated further to the north (wells M1-2, M5,
M6 and P7 in Figures A1.3 and A1.7). Gravel occurs in the sand locally. It is difficult to
see sedimentary structures in the drilled material but horizontal bedding can be recog-
nized locally. The depth to which carbonate is dissolved varies from approx. 5.3-8.5 m
b.g.s.

The colour generally changes with increasing depth from very dark greyish brown in the
topsoil layer to yellowish brown, brownish yellow or dark olive brown below the top-
soil layer and finally to light yellowish brown in the deepest parts. This shows that con-
ditions are oxic down to at least 12 m b.g.s.

Geology of the test pit and ditch

Sediments and especially the pedology were studied in three excavations up to 1.5 m
deep (Figure A1.5) and in a ditch up to 1.4 m deep and approx. 160 m long situated
along the eastern side of the test field. The ditch was dug for a telephone cable from the
road to the shed situated in the southwestern corner of the test field (Figure A1.4). The
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Figure A1.7. NE-SW cross section based on wells at the site. The location of the wells
is shown in Figure A1.4.
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following description focuses on the lithology and primary sedimentary structures as a
basis for interpreting the depositional environment. The pedology itself is described in
detail in Section A1.4. Generally, soil formation has destroyed primary sedimentary
structures in the uppermost 0.5 m of the excavations.

In excavations P1 and P2 and in the southern part of the ditch the sediments consist
from below of structureless fine-grained sand overlain by cross-laminated or cross-
bedded sand with sets up to 0.3 m thick. Locally the sand contains vertical burrows
made by bivalves. The sand is topped by an erosive surface at 0.8 m b.g.s. in excavation
P1 and 1.3 m b.g.s. in excavation P2 and the nearby ditch. In the ditch the erosive sur-
face dips towards north and hence can only be followed over a short distance before it
disappears below the bottom of the ditch. A thin bed of gravely sand overlies the sur-
face locally punctuated with stones up to 15 cm in diameter. In places where the erosive
surface forms depressions, it may be overlain by a thin sandy silt layer. In the upper part
of excavations P1 and P2 and the ditch the sediments generally consist of yellow brown,
slightly silty, fine-grained sand which is without structures.

In excavation P3, which is situated in the northern part of the field site (Figure A1.5),
the sediment consists of slightly silty, fine-grained sand with a few horizons of scattered
pebbles. In the lower part, 1.7-1.8 m b.g.s., the sand is weakly laminated. In the upper
part, though, the primary sedimentary structure has been destroyed due to soil develop-
ment. In the northern part of the ditch the sediments consist of fine-grained sand with
abundant sandy silt layers. The silt layers are commonly separated from the sand by
erosive boundaries, which have lateral extensions of up to 10 m. Locally the erosive
surfaces are draped with gravel.

Interpretation of the depositional environment

The sediments within the field area are dominated by fine-grained sand interpreted as
being Upper Saxicava sand based on knowledge of the regional geology and the occur-
rence of burrows indicating a marine environment. The generally fine grain size of the
sediments reflects deposition under low-energy conditions. The cross-bedded sandstone
in excavations S1 and S2 and the southern part of the ditch attributed to the migration of
bars in a coastal environment. The overlying erosive boundary and the gravel above it
reflect high-energy conditions attributable to wave winnowing and scour and fill proc-
esses in the near shore zone or perhaps to a minor fall in relative sea level. Low-energy
conditions occurred towards the north as evidenced by data from the cores and excava-
tions and the iso-ohm maps, which indicate an overall fall in grain size from south to-
wards north. The silt and clay layers observed in wells and excavations in the northern
end of the test field were formed by suspension fallout during fair-weather conditions.
Some of the layers may have a large lateral extent as indicated by the up to 50 m long
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continuous reflectors visible on the ground-penetrating radar sections. Erosive events
also took place in the northern end of the field site, however, as evidenced by the pres-
ence of minor erosive surfaces overlain by gravel or silt in excavation S3 and the ditch

Laboratory analyses

Grain size analysis

Grain size analysis has been carried out on nine samples from the deeper levels of the
site (Table A1.4). The grain size distribution within the silt and clay fractions has only
been analysed in one sample. Those fractions only form a minor component of the sand
samples and it has generally been impossible to obtain enough material from the thin
silt and clay layers for the analysis.

The grain size analyses show that the sand is mainly fine-grained. In a few of the sand
samples the <0.63 mm fraction accounts for up to 40%. These samples were in the field
described as being strongly silty. A sample from a clay layer shows a clay content of
14% and a silt content of 62%.

Table A1.4. Texture analysis of selected well sediment samples expressed as percent-
age by weight.

Grain size in mm

Depthand <0.002 0.002— 0.02— <0.063 0.63— 0.125- 0.20- 0.5~  Sediment

location 0.020 0.63 0.125 0.200 0.5 2.0

mb.g.s.

P6(2.9) 169  71.0 12.0  0.17 0 Fine-grained sand

P6(6.0) 8.2 443 426 4.6 0.3  Fine-grained sand

P6(11.5) 5.8 26.7 484 19.0 0.1  Fine-grained sand

P7(2.0) 424 433 9.2 4.9 0 Silty, fine-grained
sand

P7(3.6) 140 518 106 764 9.1 10.0 4.8 0.3 Silty clay

P7(7.0) 7.5 28.8 446 15.5 1.5  Fine-grained sand

P7(10.0) 9.8 51.6 323 5.9 0.2  Fine-grained sand

P8(1.8) 6.5 511 314 10.6 0.1  Fine-grained sand

P8(10.0) 3.8 37.0  49.7 9.4 0.1  Fine-grained sand

Data from GEUS Sediment Laboratory. Some of the fractions were determined by linear interpolation.
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Total organic carbon (TOC) and CaCOj; content

The TOC and CaCOs; data are shown in Figure A1.8 and Table A1.5. In sediments con-
taining carbonate, the carbonate content is up to 2.0%. The total organic carbon content
is about 1.6% in the topsoil layer in the test pits. Below the topsoil layer it decreases
with increasing depth from about 0.1% to 0.02% in the deepest part.

Table A1.5. CaCOs; and total organic carbon (TOC) in selected well sediment samples.

Locality Depth TOC CaCO; Sediment
mb.g.s. % %
P6 2.9 0.03 <0.1 Fine-grained sand
P6 6.0 0.04 2.0 Fine-grained sand
P6 11.5 0.03 1.8 Fine-grained sand
P7 1.4 0.16 Not analysed Clay
P7 2.0 0.04 Not analysed ~ Silty, fine-grained sand
P7 2.5 0.11 Not analysed  Silty clay
P7 3.6 0.07 <0.1 Silty clay
P7 5.5 0.11 <0.1 Silty, fine-grained sand
P7 6.5 0.09 <0.1 Silty, fine-grained sand
P7 7.0 0.06 <0.1 Fine-grained sand
P7 7.5 0.08 <0.1 Silty, fine-grained sand
P7 8.0 0.04 <0.1 Silty, fine-grained sand
P7 10.0 0.03 1.9 Fine-grained sand
P7 12.0 0.02 1.4 Fine-grained sand
P8 1.8 0.08 <0.1 Fine-grained sand
P8 10.0 0.03 0.6 Fine-grained sand

Data from GEUS Sediment Laboratory.

Al-15



P7 Lithology Grain size distribution (%) CaCO; (wt-%) TOC (wt-%)
0 20 40 60 80 100 |0 05 1 15 2 |o 05 1 15 2
0 e dalll i . i il B . . i .
BT 77 ©
)
5 I I I °
H ®
e
)
2 (B °
e
3
T 1 (e @
4
5
) )
6
e )
7 BT T e o
° o
8- ) )
9,
10 O [ 1 o
E<63um
114 0 63-125um
[ 125-200um
C1200-500um
12 C10.5-2mm ® ®
el .
SLrMe Lithology LEGEND
m [ soail Chemical transition
b. : : Noncalcareous
9. [] Late Glacial marine sand Calcareous
S. Late Glacial marine
. clay and silt

Figure A1.8. Lithology of well P7, grain size distribution and CaCOs and total organic
carbon (TOC) content in the test pits. Grain size fractions larger than 2.0 mm are not
included in the grain size analysis.

A1.4 Pedology

The pedological fieldwork at Tylstrup was carried out from March 22 to March 24
1999. Three soil profiles were excavated and described (Figure A1.5). Two of them
were located beside each of the two groups of suction cups. In the buffer zone to the
west and south, 12 soil cores were collected to a depth of 120 cm (Figure A1.5). Inside
the field, 21 soil samples were collected from the topsoil (0-25 cm).
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Table A1.6. Description of profile 1 (3087 Tylstrup South).

Soil classification, DK | Typibrunsol Soil classification, USDA Humic Psammentic
Dystrudept
Parent material Fine sand Profile depth 160 cm
Marine sand
UTM 32V NJ Drainage class Well drained
Easting 557893
Northing 6337909
Landform Yoldia plain Groundwater level >160 cm
Map sheet 1317 I NV Vegetation Stuble
Elevation 14 m DNN Maximum rooting 105 cm
Topography Flat Authors Seren Torp
Slope 0-1° Date of description 23.03.99

Profile description

Ap (0-32 cm)

Very dark greyish brown (10YR 3/2 f) clayey silty sand, containing humus, structure-less,
moist non-sticky consistency, artificial liming mainly as lumps, a few small, mainly
rounded stones of mixed form, type and degree of weathering, some small roots, clear
smooth boundary.

Ap2 (32-40 cm)

Very dark brown (10YR 2/2 1) light clayey silty sand, containing humus, weak within an-
gular structure, moist non-sticky consistency, a few small mainly rounded stones of mixed
form, type and degree of weathering, 10-40 wormholes and root channels per dm?, some
small roots, very small mottles of thin coatings of clay minerals, sesquioxides and humus in
root channels, gradual wavy boundary.

Bv (40-60 cm)

Very dark brown (10YR 2/2 f) light clayey silty sand, humus poor, weak angular structure,
moist non-sticky consistency, a few small, mainly rounded stones of mixed form, type and
degree of weathering, some small roots, very small mottles of thin coatings of clay minerals,
sesquioxides and humus in root channels, gradual irregular boundary.

BC (60-105 cm)

Brownish yellow (10YR 6/6 f) with many horizontal stripes, clear spots of brownish yellow
(10YR 6/8 1) silty sand, humus poor, very weak within granular structure, moist non-sticky
consistency, a few small, mainly rounded stones of mixed form, type and degree of weath-
ering, a few small roots, very small mottles of thin coatings of clay minerals, sesquioxides
and humus in root channels, diffuse smooth boundary.

C (105-160 cm)

Light yellowish brown (10YR 6/4 f) silty sand, humus poor, very weak structure, moist
non-sticky consistency, a few small, mainly rounded stones of mixed form, type and degree

of weathering, no roots.

Remarks

Vertical wormholes until 85 cm.

The Bv horizon: Contains brittle clay/humus concretions 1-3 mm in size.

The BC horizon: The chimney/funnel contains more roots than the surrounding matrix. The
upper part is cut by a wavy abrupt horizontal 0.5-2 cm thick undulating brittle/hard Placic

horizon.
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Table A1.7. Description of profile 2 (Tylstrup West).

Soil classification, DK | Typibrunsol Soil classification, USDA | Humic Psammentic
Dystrudept
Parent material Marine sand Profile depth 170 cm
UTM 32V NJ Drainage class Well drained
Easting 557875
Northing 6337939
Landform Yoldia plain Groundwater level > 160 cm
Map sheet KM 1317 II NV Vegetation Stuble
Elevation 14 m DNN Maximum rooting 90 cm
Topography Flat Authors Seren Torp
Slope 0-1° Date of description 23.03.99

:
‘
o
:

Profile description

Ap (0-33 cm)

Very dark greyish brown (10YR 3/2 f) light clayey sand with some stones 1-7 c¢m in size,
homogeneous topsoil with down-ploughed straw/manure, artificial liming, smooth sharp
boundary.

Bh (33—44 cm)

Black (SYR 2.5/1 f) sand with 1-5% humus, many tree roots 1-2 cm in size and many fine
roots, abrupt boundary.

Bv (33-50 cm)

Black (7.5YR 2.5/1 f) silty sand, many tree roots and many fine roots, light mottled look,
boundary down is very smooth and relatively sharp. Seems to be an old plough layer
boundary.

BC (50-87 cm)

Dark yellowish brown (10YR 3/4 f) sand, tree roots, mottled look and lighter downwards.
C (87-132 cm)

Yellowish brown (10YR 5/6 f) sand, reddish hydromorphic character in the bottom (10YR
5/8 1), the texture is coarser downwards with stones in the bottom, sharp smooth boundary.
2C (132-160 cm)

Brownish yellow (10YR 6/6 f) sand, finely laminated.

Remarks

The Bh horizon is located as an incoherent horizon, perhaps as a result of soil handling.
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Table A1.8. Description of profile 3 (3088 Tylstrup North).

Soil classification, DK | Typibrunsol Soil classification, USDA | Humic Pachic Dys-
trudept
Parent material Marine sand Profile depth 160 cm
UTM 32V NJ Drainage class Well drained
Easting 557974
Northing 6338057
Landform Yoldia plain Groundwater level >160 cm
Map sheet 1317 III NV Vegetation Stuble
Elevation 14 m DNN Maximum rooting 120 cm
Topography Flat Authors Seren Torp
Slope 0-1° Date of description 24.03.99

:
"

Profile description

Ap (0-32 cm)

Very dark brown (10YR 2/2 f) light clayey sand, containing humus, a few small, mainly
rounded stones, frequent small roots, 1-10 wormholes and root channels per dm?, very
weak structure, non-sticky consistency, clear smooth boundary.

Ap2 (32-72 cm)

Dark brown (10YR 3/3 f) sand, a few horizontal stripes of thin weak brown spots (10YR 4/3
f) containing humus, a few small, mainly rounded stones, frequent small roots, 1-10 worm-
holes and root channels per dm?, very weak structure, non-sticky consistency, clear smooth

boundary.

Bv (72-87 cm)
Dark yellowish brown (10YR 4/4 ) sand, a few rounded, large dark yellowish brown spots

(10YR 3/4 f), humus poor, some mainly rounded stones, some small roots, 1-10 wormholes
and root channels per dm?, very weak structure, weak strongly discontinuous cemented
Placic horizon, gradual irregular boundary.

C (87-155 cm)

Brownish yellow (10YR 6/4 f) sand, a few vertical stripes of large strongly brown spots
(7.5YR 5/8 f), humus poor, no stones, a few small roots, 1-10 wormholes and root channels
per dm?, very weak structure, gradual irregular boundary.

Cg (155-160 cm)
Light yellowish brown (2.5Y 6/3 f) sand, humus poor, no stones, without structure.

Remarks

The Ap horizon contained down-ploughed dung and straw.
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Table A1.9. Soil texture analysis from the pedological profiles.

Pro. Hor. Horizon = Depth Soil texture (mm) % CaCO; OM'
no no % %
cm <0.002 0.002— 0.02— 0.63— 0.125- 02— 0.5-2
0.02 0.63 0.125 0.2 0.5

1 1 Ap 10-20 6.4 3.6 93 360 253 15.6 1.1 - 2.7
1 2 Ap2 3040 5.8 4.2 150 462 184 72 0.7 - 2.5
1 3 Bv 45-55 53 3.7 141 454 231 5.3 1.1 - 2
1 4 BC 87-97 3.6 0.9 137 678 133 03 0.1 - 0.3
1 5 C 130-140 2.5 0.5 125 621 21.8 04 0.1 - 0.1
3 1 Ap 10-20 5.7 43 9.5 400 233 128 1.6 - 2.7
3 2 Ap2 45-55 4.7 43 94 377 287 129 09 - 1.4
3 3 Bv 76-86 4.1 0.9 50 41.0 287 192 0.7 - 0.4
3 4 C 113-123 3.1 0.9 99 726 13.0 0.2 0.1 - 0.2
3 5 Cg 160-170 3.0 0.5 11.8 670 172 03 0.1 - 0.1

1) OM: Organic matter, OM = 1.72 x TOC. Analysed by DIAS.

Table A1.10. Soil chemistry of samples from the pedological profiles.

Pro. Hor. Ny C/N P le K Na Ca Mg Total H" CEC Base Fe Al

no. no. bases sat. (Ox) (Ox)
% mg/kg cmol/kg % mg/kg
1 1 012 13 796 449 0.18 0.02 2.52 021 293 467 7.6 39 1660 1034
1 2 0.1 15 453 463 0.11 0.01 24 021 273 567 84 33 2272 2160
1 3 0.0 13 - 452 0.07 0.02 1.02 0.1 121 7.19 84 14 2432 3660
1 4 0.03 6 - 472 0.04 - 0.2 0.02 026 294 3.2 8§ 1516 1520
1 5 0.03 2 - 476 0.04 - 0.13 0.01 0.18 492 5.1 4 340 1008
3 1 013 12 784 40 038 0.07 33 05 425 565 99 43 1460 994
3 2 005 16 485 48 0.12 0.13 191 0.13 229 411 64 36 1228 856
3 3 003 8 — 48 0.06 006 0.59 0.04 0.75 3.15 3.9 19 411 1456
3 4 0.02 6 — 48 0.05 0.05 0.31 0.02 043 287 33 13 317 1278
3 5 0.01 6 — 48 005 0.1 022 0.02 039 201 24 16 328 1052

1) pH determined in CaCl, solution. Analysed by DIAS.

Profile description

The pedological descriptions of the three profiles are summarized in Tables A1.6 to
A1.8. The profile horizons are shown in Figure A1.9. The profile laboratory data (grain
size, texture, organic matter, nutrients and major cations) are summarized in Table A1.9
and Table A1.10.
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Figure A1.9. Schematic drawings of profiles showing horizon distribution. Rectangular
boxes indicate sampling points for soil texture and soil chemistry. Triangular boxes in-
dicate sampling points for hydrological analysis.
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Table A1.11. Classification of the profiles.

Profile no. Danish Soil Classification

USDA Soil Taxonomy

1 Because the profile contains <8% clay
(3087 South) | and <30% silt, and because there is only
a Bv horizon, the classification leads to
Brunsols. On the 1st group level, all
three profiles go as Typibrunsols.

The epipedons Ap and Bh become Umbiric,
as their base saturations are too low to be-
come Antropic, even if they are thick. The B
horizon is Cambic, which means that the
profile is an Inceptisol. With a Udic soil
moisture regime and a sandy grain size the
profile can be classified as a Humic Psam-

mentic Dystrudept.
2 do. The same arguments as for profile 1. Profile
(West) 2 could be used for the classification of
Tylstrup West, Humic Psammentic Dys-
trudept.
3 do On the base saturation, the epipedon be-
(3088 North) comes Umbric. The B horizon is too thin to

be Cambic and the profile is thus an Incepti-
sol. Because the soil moisture regime is
Udic it can be classified as Udept, and be-
cause of the thick epipedon, the soil is a
Humic Pachic Dystrudept.

In Table A1.11 the profiles are classified according to both “A Pedological Soil Classi-
fication System Based on Danish Soils” (Madsen and Jensen, 1985) and USDA Soil

Taxonomy (Soil Survey Staff, 1999).

Soil cores from the buffer zone

The soil cores show that the variation in the horizons is small. The thickness of the A

horizons lies between 30 and 35 cm, and 45 cm at maximum. The old plough layer Ap2

is found along the hedge and seems to be thickest in the southern part of the area. The

boarder to the C horizon lies at a depth of between 60 cm in the northern part and 95 cm

in the southwestern part of the area. The soil development within the area probably lies

in this range too. Ap—Bv—C are the common horizons in the area. In the southwestern

part, the soils are more mature or more deeply developed and an Ap2 horizon and occa-

sionally also a Bh horizon are present.

Total carbon mapping

The samples from the topsoil inside the field were only analysed for total organic car-
bon (TOC), which varied between 1.7 and 2.3% (dry weight) with a mean of 2.0+0.1%.
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Figure A1.10. Map showing total organic carbon (TOC) content within the test field.
Sampling points are indicated by A.

The concentration is lowest in the southwestern part of the field (Figure A1.10) and
highest in the central part.

Pedological development

Hansen (1976), Jacobsen (1989) and Nielsen and Maberg (1985) have previously car-
ried out thorough pedological investigations at the Tylstrup experimental station. Soil
profiles no. 1989 and 1226 from the Danish Soil Profile Database are located 0.7 and
2.5 km, respectively, to the northwest of the test field and the reference profiles are lo-
cated 0.8 and 3.5 km northwest of the monitoring area and 5.4 km east of it site.
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The three investigated profiles have been developed from a parent material consisting of
Late-Glacial marine sediments (Andersen and Sjerring, 1992). The only characteristics
of marine origin in the profiles and trenches were traces of a bank structure and micro-
laminated wave ribs in the C horizon.

The clay percentage decreased from about 5% in the upper horizon (clayey silty sand) to
2-3% in the C horizon (silty sand). The variation in soil texture was generally greatest
in the upper soil layers. The dominant grain size fraction is 63—125 pm, i.e. fine sand,
with the percentage varying from 25% at the top of the horizon to 70% at the bottom.
Few pebbles are generally present. In a few places, stone layers are encountered in the C
horizon. Soil texture at the test field are similar to those found with the reference pro-
files with the fine sand as the dominant fraction (Hansen 1976, Jacobsen 1989 and Niel-
sen and Mgberg, 1985). Any original carbonate in the soil has been completely re-
moved.

During the time the field was under cultivation, shifting sand from repeated earth drifts
has superposed the entire area. A single superposition of up to 20—30 cm has occurred
in some areas, as can be deduced from the thick plough layers along both sides of the
fence and from the fact that the fence is situated on top of a bank. Investigations carried
out by Nielsen and Meberg (1985) reach a similar conclusion. E horizons are thus pres-
ent in the soils taken in the buffer zone that may be interpreted as reminiscences from
previously buried less carbonaceous plough layers. In the middle of the field, the plough
layer (Ap) is of a thickness more common for Danish sandy soils.

From the pedological point of view, the profiles consist of a thick homogeneous humus-
containing plough layer (approx. 32 cm thick) with a C/N relation of 12—16 indicating
good transformation of organic matter. The total organic carbon content of 2.0% is
normal for cultivated Danish soil in sandy areas. The old buried plough layer seems to
be widespread in the area since Nielsen and Meberg (1985) also found it and it is seen
in the Square Grid Profiles (Larsen ef al., 1995). The differences in colour and carbon
content in the buried A horizons may reflect earlier cultivation practices entailing “in
fields” and more extensively cultivated areas. This may also be true for the black Bh
horizon in the profile 2 (Tylstrup West) (Figure A1.9).

The soils are generally poorly developed with brunified Bv horizons. The brown colour
is the result of weathering of the primary minerals and is primarily due to oxidation of
the iron content of the soil. Because iron is not very mobile, Fe is quickly deposited
again in an oxide and a hydroxide form (Fe III) as micrometers thin layers on the ma-
trix. The increased H' values of the Bv horizon are in part attributable to microbial oxi-
dation of the biomass and cation absorption from plant roots.
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Figure A1.11. A) Retention curve based on values for the soil-water potential deter-
mined on the small soil core samples (100 cm®). The data are the mean values from both
profiles. B) The unsaturated hydraulic conductivity (Kynsat) as a function of soil water
potential in cm H,O and the saturated hydraulic conductivity (K;) determined on the
large soil cores (6,280 cm).

The thin dark-coloured Bh horizons found in the soil drillings may be signs of podsoli-
zation of the soil, but there was no evidence of enhanced Fe or Al levels in the B hori-
zons. The colour of the soil is probably attributable to cultivation of the overlying soil.
The application of ground chalk to the soil has equalized the pH yielding an almost ho-
mogeneous pH of between 4.5 and 5.0 down through the profile (Madsen, 1988). The
reference profiles (Hansen, 1976; Nielsen and Meberg, 1985) exhibit slightly higher
pH-values ranging from pH 6.2 in the plough layer to pH 4.7 in the C horizon. A high
Ca”" content is also seen in relation to the other bases in the upper approx. 60 cm. The
degree of base saturation varies from 40% in the plough layer to 4-16% in the C hori-
zon. The Square Grid Profile (Statens Planteavlsforseg, 1996) near the experimental
station differs as the base saturation is 59% and increases with increasing depth. CEC
ranges from of 7-10 cmol/kg in the plough layer to 2—5 cmol/kg in the C horizon. The
same is seen in the reference profiles for the area.

The area is generally well drained, but all three profiles have hydromorph characteris-
tics visible as red deposits of iron in the form of through-going bands at a depth of 80—
130 cm. The profiles are generally well drained, though, with small, fine roots descend-
ing 150-160 cm.
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Soil hydrology

Soil cores (100 cm® and 6,280 cm®) for the measurement of hydrological properties (soil
water characteristics and hydraulic conductivity) were sampled at three levels corre-
sponding to the A, B and C horizons.

The soil water characteristic of the nine small cores (100 cm®) from each horizon are
shown together with bulk density and porosity in Table A1.12 and Figure A1.11

Table A1.12. Soil water characteristics determined on the small soil cores, pF = log;(-h)

Profile no. Horizon Depth Water content at pF values Bulk  Porosity’
cm cm’/em’ density cm’/cm’
} g/em’

1.0 1.2 1.7 20 22 30 42

1(3087) Ap 15 044 043 041 033 028 0.15 0.04 1.33 0.50
Bv 55 048 047 040 023 0.18 0.10 0.05 1.31 0.50
BC 80 045 044 041 024 0.16 0.07 0.01 1.40 0.47
2 (West) Ap 15 042 041 041 036 028 0.16 2) 1.45 0.45
Bh 60 044 042 033 0.19 015 010 2 1.39 0.48
C 100 040 038 031 0.16 0.11 0.06 2) 1.51 0.43
3(3088) Apl 15 041 041 038 033 027 0.15 0.05 1.45 0.45
Ap2 50 039 038 031 0.18 0.14 0.08 0.03 1.50 0.44
C 100 040 039 037 021 0.12 0.05 0.01 1.51 0.43

1) Assuming a particle density of 2.65 g/cm’
2) Not measured
3) Mid- point of the soil core

The soil water characteristics show that the water-holding capacity of the soil is high
until pF 1.7 (-50 cm H,0), whereafter most of the water suddenly empties out of the soil
pores. This reflects the fact that the well-sorted material contains a high number of
equally sized pores, thus accounting for the distinct pore volume peaks in the horizons
(Figure A1.12). In the Ap horizon the majority of pores are around 25 pm (tube-
equivalent diameter) whereas the 40 um pores dominate in the B and C horizons.

The saturated and unsaturated hydraulic conductivity determined on the large cores
(6,280 cm’) is shown in Figure A1.11. The hydraulic conductivity in the B and C hori-
zons is high, ranging from saturation to a soil-water potential of about -70 cm H,O
whereafter the conductivity decreases rapidly, reflecting the well-sorted material. Com-
pared to the more loamy soils at the Faardrup, Silstrup, Sleeggerup and Estrup sites, the
inter-measurement variability is low. The conductivity is lower and the variability
higher in the A horizon than in the two other horizons.
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Figure A1.12. Pore size distribution measured (A, B, and C horizon) calculated from
water retention data assuming the unity D=3000/10pF (D = pore diameter equivalent
diameter, um). A cubic spline interpolation procedure is used to yield discrete interpo-
late values on the sum curve obtained from the water retention curves. Abscissa:
pF=log10(-h) in which h is the soil water potential in cm H,0. D = pore diameter, um.
Ordinate: percentage of pore volume per 1/10 pF-values, % v/v.
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Figure A1.13. Air permeability at a water content of =50 cm H,0 (k, s0) and saturated
hydraulic conductivity (Ks) measured on large (6,280 cm’) samples (@ ) and small (100
cm’) samples (m).
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A) Penetration depth 2.5-3 m B) Penetration depth 5-6 m

Figure A1.14. Resistivity map of the area.

Measurements of saturated hydraulic conductivity and air permeability using small (100
cm’) or large (6,280 cm’) soil samples did not reveal any significant differences, thus
reflecting the weakly structured nature of the soil (Figure A1.13). The soil samples are
thus representative irrespective of whether a small or large soil sample is used for the

analysis.

A1.5 Geophysical mapping

Since destructive mapping methods are not accepted in the test field, it was decided to
use EM-38, CM-031, and ground-penetrating radar (GPR). However, the high voltage
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mb.g.s
Figure A1.15. Ground penetrating radar profile.

overhead line that crosses the northern part of the area influenced the EM 38 measure-
ments and as a consequence, no EM 38 data are available.

CM-031 mapping

Figure A1.14A shows the apparent resistivity determined with a horizontal magnetic
field penetrating approx. 2.5-3 m b.g.s., while Figure A1.14B shows the apparent resis-
tivity determined with a vertical magnetic field penetrating 5-6 m b.g.s. Both maps re-
veal the highest ohm reading in the southwestern part of the field site. From there the
resistivity decreases towards north and northeast, reflecting an overall reduction in grain
size in these directions.

Ground- penetrating radar (GPR)

The ground-penetrating radar mapping was conducted using 100 MHz aerials and a pre-
sumed wave velocity of 0.1 m/ns along a grid of approx. 20 m x 20 m. The penetration
depth is 68 m and does not vary markedly within the test field. Several continuous re-
flectors up to 50 m long are present in the northern part of the cross sections, thus indi-
cating the presence of large areas where surfaces separate different lithologies (Figure
Al.15).
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Appendix Al.1. Cultivation and pesticide applica-
tion history at Tylstrup.

Year Crop Date Pesticide brand Dose per ha
1989 Spring barley, 02.05.89 Shellprox, Super F 3.01
field 2, 3, 4
1989 Potatoes, field 1 09.05.89 Sencor 0.7 kg
21.06.89 Cymbush 0.8 kg
26/6, 5/7, 18/7, 2/8, 22/8, Maneb 2.5kg
2/9
11.08.89 Ridomil 2.5kg
1990 Field peas, field 1, 2, 3 May Basagran 480 1.01
May Bladex 500 SC 1.01
1990 Potatoes, field 4 10.05.90 Sencor 0.7 kg
12.06.90 Pirimor G 0.3 kg
12/6, 26/6, 12/7, 24/7, Maneb 4.01
6/8
27.07.90 Ridomil 2.5kg
31.07.90 Reglone 0.81
1991 Winter rye None
1992 Potatoes April Thiram 2.5kg
May Sencor 0.5 kg
4 times Daconil 2.5kg
August Reglone 2.01
1993 Winter rye May CCC extra 2.01
1994 Potatoes 16.05.94 Reglone 1.01
16.05.94 Sencor 0.3 kg
29.07.94 Dithane 2.0kg
15.08.94 Dithane 2.0kg
30.08.94 Dithane 2.0kg
25.09.94 Dithane 2.0kg
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Year Crop Date Pesticide brand Dose per ha
1995 Field peas 08.05.95 Basagran 0.81
08.05.95 Stomp SC 0.751
05.08.95 Roundup 1.51
1996 Winter wheat 22.05.96 Activa 1.01
22.05.96 Herbatox 0.61
10.07.96 Tilt Turbo 041
05.08.96 Roundup 151
1997 Winter rape 10.09.96 Benasalox 041
10.09.96 Agil 0.251
05.06.97 Agil 051
1998 Winter barley 18.09.97 Boxer 0.51
18.09.97 Stomp 041
18.09.97 IPU 0.251
13.05.98 Express 0.0075 kg
13.05.98 Starane 180 0.51
13.05.98 Mangan 2.0 kg
17.07.98 Roundup 2.01
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