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� � The suction cups installed 1 m b.g.s. were placed at a horizontal distance of 1.0 m

from the edge of the field rather than 2 m as described in Section 3.3.

� � 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.

Wells

Piezometers

Piezometers P1–P7 consist of ¾" electroplated pipes hammered into the ground. The

remaining piezometers were drilled with a 6" (152 mm) solid stem auger down to

around 4 m b.g.s. At deeper levels, below the groundwater table, the wells were drilled

as cased wells using a bailer.

Figure A2.2. Topographic map 1:20.000 from 1934. The test field is marked as a red

square.
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Figure A2.3. Potential head (m a.s.l.) at the site measured in September 1999, and the

direction of the groundwater flow.



A2-6

0 50 m

N

#

#

#

#
#

%

%

%

%$Z$Z$Z

P8

P11

P10

S2

S1

P9

#

#

M7

M6M5

M4

M3

M2

M1

Suction cups, TDR and
Pt-100

% Piezometer

# Monitoring well

Shed

$Z Rain Gauge

Buffer Zone

Figure A2.4. Sketch of the field showing the test and buffer zones and location of in-

stallations.



A2-7

Piezometers P1–P7 were installed at the end of January 1999 in order to estimate the

flow direction of the groundwater. In the area framed by piezometers P1–P4 (Figure

A2.3), groundwater flow was highly influenced by the river immediately north of the

area. An area further away from the river was thus selected instead (Figure A2.3). Pie-

zometers P8–P11 were drilled on April 26–19 1999. The piezometers are placed at vari-

ous depths in accordance with Table A2.2.

Table A2.2. Depth of the piezometer screens.

Well no. DGU no. Upper

screen

m b.g.s.

Middle

screen

m b.g.s.

Lower

screen

m b.g.s.

P1 – 6.5–6.6 – –

P2 – 5.8–5.9 – –

P3 – 6.7–6.8 – –

P4 – 6.1–6.2 – –

P5 – 5.2–5.3

P6 – 4.7–4.8

P7 – 4.7–4.8

P8 167–1346 3.4–3.9 7.6–8.1 11.0–11.5

P9 167–1345 4.0–4.5 7.6–8.1 11.2–11.7

P10 167–1347 3.4–3.9 7.4–7.9 11.4–11.9

P11 167–1348 3.4–3.9 7.4–7.9 10.9–11.4

Vertical monitoring wells

A total of seven monitoring well clusters (M1–M7) each consisting of four individual

wells were installed at Jyndevad in May 31–June 6 1999 (Figure A2.4). 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 necessarily placed at the same

depths as the screens of other monitoring clusters (Table A2.3) due to minor variations

in the topography within the buffer zone resulting in differences in the distances be-

tween the ground surface and the groundwater table.

Table A2.3. Depth of the monitoring well screens.

Monitoring well

cluster

Screen Mx.1

m b.g.s.

Screen Mx.2

m b.g.s.

Screen Mx.3

m b.g.s.

Screen Mx.4

m b.g.s.

M1 0.6–1.6 1.6–2.6 2.6–3.6 3.6–4.6

M2 1.0–2.0 1.9–2.9 2.9–3.9 4.0–5.0

M3 0.9–1.9 2.1–3.1 3.2–4.2 4.1–5.1

M4 1.4–2.4 2.4–3.4 3.3–4.3 4.4–5.4

M5 1.6–2.6 2.7–3.7 3.7–4.7 4.7–5.7

M6 1.4–2.4 2.4–3.4 3.4–4.4 4.5–5.5

M7 1.6–2.6 2.6–3.6 3.6–4.6 4.6–5.6
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A2.3 Geology

Regional geology

The following description of the regional geology is based on Hansen (1989). The

Quaternary deposits in the region vary in thickness from about 10–125 m and rest on a

rather flat surface of Tertiary marine clay from the Middle Miocene. Three landscapes

are represented: Older Glacial landscapes, Younger Glacial landscapes, and Late-

Glacial outwash plains. The test field is located on the outwash plain of Tinglev He-

deslette.

The older glacial landscapes occur like hilly islands on the outwash plain and have

strongly eroded and smoothed surfaces. They consist of unsorted clayey, sandy or

gravely till, deposited in Saalian time.

The Younger Glacial landscapes occur east of the Main Stationary Line, which marks

the westernmost extension of the Weichselian ice sheet. The landscapes are character-

ized by undulating surfaces, tunnel valleys (subglacial erosion valleys), extramarginal

meltwater valleys, eskers and iceborder areas.

The outwash plain consists of meltwater sand, locally draped by Post-Glacial aeolin

sand and along streams by freshwater sand. In the eastern part of the outwash plain (east

of the test field area) some low gravel ridges occur which represent crevasse fillings

formed by meltwater deposits. These deposits together with a kettle hole field, which

indicate the existence of a dead ice area, provide evidence of a final and short ice ad-

vance over the proximal part of the outwash plain. A well for Tinglev Waterworks

(DGU no. 168.16B) contains deposits from 3 glaciations (Weichselian, Saalian and El-

sterian) and 2 interglacial periods (Eemian and Holsteinian). Wells in the Jyndevad re-

gion show meltwater sand, a minimum of 35 m thick that locally contain meltwater

gravel and clay.

Geomorphology

The outwash plain (Tinglev Hedeslette) on which the test field is situated slopes to the

west and southwest with an average fall of about 1:1000. In the proximity of the Main

Stationary Line the surface of the outwash plain occurs 60 m a.s.l. in the northern part

of the outwash plain and 30–40 m a.s.l. in the southern part. In the western part of the

outwash plain the surface is less than 5 m a.s.l. The surface of the outwash plain occurs

approx. 14 m a.s.l. in the test field (Figure A2.5).
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Figure A2.6 shows the test field superimposed on the map of Quaternary sediments in

Denmark (Hermansen and Jacobsen,1998), the Soil Classification map and a 1999 aerial

orthophotograph of the field. As is apparent from the figure, the field is located on a soil

Figure A2.6. Location of the test field (red square) superimposed on: A) The soil type

map. JB 1: Coarse sandy soil B) Map of Quaternary sediments in Denmark, TS: Late

Glacial freshwater sand. C) An aerial orthophotograph (Kampsax Geoplan, DDO1999).
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type consisting of coarse sandy soil (JB1). The map of the Quaternary deposits of Den-

mark places the field in an area of Late-Glacial freshwater sand (TS) forming part of an

outwash plain. Based on the orthophotograph, the field appears homogenous.

Geology of the monitoring wells and piezometer wells

The geological layers were described down to 12 m and about 5 m b.g.s., respectively,

during the drilling of piezometers P8–P11 and monitoring wells M1–M7. The location

of the wells is shown in Figure A2.4.

The wells drilled at Jyndevad show that the sediments are dominated by fine to coarse-

grained sand, which in places contain gravel. Thin beds of clay and silt, generally 2–30

cm thick, occur locally (wells P9–10, M1, M3–4 and M6– M7 in Figure A2.7). The

beds are thickest and most abundant in well M3 where a silt layer approx. 45 cm thick

and two clay layers 20–30 cm thick occur within 1.15–3.2 m b.g.s. Fragments of char-

coal occur in wells P8, P11 and M7. It is difficult to see sedimentary structures in the

drilled sediments but horizontally bedding can be recognized locally.

Below the black topsoil layer the colour generally changes with increasing depth from

dark yellowish brown followed by yellow brown and brownish yellow. In the deepest

part the sediments have a light yellowish brown or light brownish grey colour. This

shows that oxic conditions occur at least down to 12 m b.g.s. Piezometer P10 differs in

that the sediments have a light olive grey colour from 10–12 m b.g.s. indicating suboxic

conditions at this depth interval.

Geology of the test pits and ditch

Sediments and especially the pedology were studied in three excavations, approx. 1.7 m

deep (P1,..P3, Figure A2.5). The following description focuses on the lithology and

primary sedimentary structures as a basis for interpreting the depositional environment.

The pedology is described in detail in Section A2.4. Generally soil formation has de-

stroyed primary sedimentary structures in the uppermost 0.5 m of the excavations.

The sediments in the excavations consist of alternating beds of fine, medium and

coarse-grained sand limited by erosional surfaces. The coarse-grained sand beds com-

monly contain gravel. The sand beds are structureless or trough cross-bedded with sets

up to 30 cm thick. In excavation P1(3092) a clay layer, approx. 5 cm thick drapes an

erosional depression approx. 2 m b.g.s.
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Figure A2.7. Cross sections based on wells at the site. The location of the wells is

shown in Figure A2.4.
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Interpretation of the depositional environment

Based on knowledge of the regional geology, the sediments within the test field are in-

terpreted as having been deposited in a fluvial environment in front of a glacier. The

sand, which occasionally contains gravel, was deposited during high-energy conditions

and represents channel fill and bar deposits. In contrast, the clay and silt layers reflect

deposition during low-energy conditions, probably attributable to channel switching or

periods with low fluvial discharge.

Laboratory analyses

Grain size analysis

Grain size analysis has been carried out on six samples from the deeper levels of the site

(see Table A2.4). The grain size analysis shows that the sand consists of fine and me-

dium-grained sand or medium and coarse-grained sand. Two samples taken from clay

layers show a clay content of approx. 32% and 39%, respectively.

Table A2.4. Texture analysis of selected well sediment samples expressed as percent-

age by weight.
Grain size in mm

Depth and

location

m b.g.s.

<0.002 0.002–

0.020

0.02–

0.63

<0.063 0.63–

0.125

0.125–

0.200

0.20–

0.5

0.5–

2.0

Sediment

P9(3.0) 6.8 44.3 44.8 Medium and coarse

-grained sand

P9(5.5) 2.7 11.8 36.8 42.9 5.6 Fine and medium-

grained sand

P9(8.7) 3.2 10.5 42.5 39.7 3.8 Fine and medium

grained sand

P9(12.0) 0.3 1.4 4.4 46.8 47.2 Medium and coarse-

grained sand

P10(2.9) 38.5 37.9 6.5 82.9 6.9 5.0 4.9 0.3 Clay

M4(8.7) 32.2 25.4 16.1 73.7 24.4 0.5 2.1 0.2 Clay

Data from GEUS Sediment Laboratory. Some of the fractions were determined by linear interpolation.
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Table A2.5. CaCO3 and total organic carbon (TOC) content in selected well sedi-

ment samples.

Locality Depth

m b.g.s.

TOC

%

CaCO3

%

Sediment

P8 4.7 0.17 Fine and medium-grained sand

P8 5.2 0.17 Coarse-grained sand

P8 5.7 0.08 Coarse-grained sand

P9 0.7 0 Medium-grained sand

P9 2.2 0.20 0.3 Sandy clay

P9 3.0 0.15 Medium-grained sand

P9 4.5 0.05 0 Medium-grained sand

P9 5.5 0.04 0.1 Fine and medium-grained sand

P9 5.7 0.19 2.4 Medium-grained sand

P9 6.1 0.05 1.6 Fine-medium grained sand

P9 6.5 0 Fine-medium grained sand

P9 7.2 1.6 Medium-grained sand

P9 8.0 0.2 Fine-medium grained sand

P9 8.7 0.04 0.7 Fine-medium grained sand

P9 9.8 0 Fine-medium grained sand

P9 10.3 3.3 Medium-grained sand

P9 12.0 0.06 4.2 Medium-grained sand

P10 2.9 0.14 1.2 Clay

M4 2.1 0.14 0 Clay

Data from GEUS Sediment Laboratory.

Total organic carbon (TOC) and CaCO3 content

The TOC and CaCO3 data are shown in Figure A2.8 and Table A2.5. In sediments con-

taining carbonate, the carbonate content fluctuates with depth with maximum values of

4.2%. The total organic carbon content is about 1.4% in the topsoil layer at the test pits.

Below the topsoil layer it decreases with increasing depth from about 0.18% to 0.04%

in the deepest parts.
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included in the grain size analysis.
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A2.4 Pedology

The pedological fieldwork at Jyndevad was carried out from May 25 to May 27 1999.

Three soil profiles were excavated and described (Figure A2.5). One of these is located

beside one of the groups of suction cups and only described in the field. In the buffer

zone, 22 soil cores were collected to a depth of 120 cm (Figure A2.5). Inside the field,

48 soil samples were collected from the topsoil (0–25 cm).

Profile description

The pedological descriptions of the three profiles are summarized in Tables A2.6 to

A2.8. The profile horizons are shown in Figure A2.9. Laboratory data (grain size, tex-

ture, organic matter, nutrients, and major cations) on the profiles are given in Table

A2.9 and Table A2.10.

In Table A2.11 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).

Table A2.11. Classification of the profiles.

Profile no. Danish Soil Classification USDA Soil Taxonomy

1

(3092 West)

The profile had a diagnostic B horizon

and will be classified as a Podsol. With

no further characteristics it is a

Typipodsol.

In view of the fact that the base saturation is

>50%, the epipedon is mollic. Despite the

spodical characteristics, the Bhs horizon

does not meet the colour, Fe and Al re-

quirements of spodical material and the

horizon is therefore Cambic. In view of the

mollic epipedon, the order is Inceptisol. In

view of the udic soil moisture regime, it is

an Udept. In view of the high base satura-

tion of up to 75 cm, the soil is an Eutrudept.

Because of the distribution of sandy parti-

cles the soil is therefore an Arenic

Eutrudept.

2

(3091 South)

do. In view of the mollic epipedon, the order is

Inceptisol. In view of the udic soil moisture

regime, it is a Udept. With a base saturation

<60% from 25 to 75 cm this profile is a

Dystrudept. Moreover, because it has a

mollic epipedon and a sandy texture it is a

Humic Psammentic Dystrudept.
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Table A2.6. Description of profile 1 (3092 St. Jyndevad West).

Soil classification, DK Typipodsol Soil classification, USDA Arenic Eutrudept

Parent material Glaciofluvial sand Profile depth 150 cm

UTM 32 U NF

Easting 507716

Northing 6083324

Drainage class Well drained

Landform Glaciofluvial plain Groundwater level 175 cm

Map sheet 1211 IV NV Vegetation Spring barley

Elevation 15 m DNN Maximum rooting 50 cm

Topography Flat Authors Søren Torp

Slope 0–1 Date of description 26.05.99

Profile description

Ap (0–31 cm)

Black (10YR 2/1 f) clayey sand, containing humus, a few small stones of varying shape and

type, frequent fine roots, 1–10 pores per dm2, abrupt smooth boundary.

Bhs (31–42 cm)

Black (7.5YR 2.5/2 f) sand, containing humus, a few small stones of varying shape and type,

a few fine roots, very little mottled thin coatings of clay minerals and humus between the

grains of sand, weak thin granular structure, clear irregular boundary.

Bs (42–73 cm)

Dark yellowish brown (10YR 4/6 f) sand with intermixture of coarse sand, humus poor, a few

small stones of varying shape and type, very little mottled thin coatings of clay minerals

between the grains of sand, gradual wavy boundary.

BC (73–120 cm)

Yellowish brown (10YR 5/6 f) clayey sand with bands of silty sand, a few rounded medium

clear primary spots with diffuse boundary (7.5 5/6 f), secondary spots (10YR 5/4 f), humus

poor, no stones, gradual wavy boundary.

C (120–150 cm)

Light yellowish brown (10YR 6/4 f) sand, with spots (10YR 8/1 f), humus poor, no stones.

Remarks The Ap horizon contains pale quartz sand corn.

The BC and C horizons have cross-bedding structures of approx. 10 cm thick sand layers with

silty brown stripes/layers (10YR 4/2 f).



A2-18

Table A2.7. Description of profile 2 (3091 St. Jyndevad South)

Soil classification, DK Typipodsol Soil classification, USDA Humic Psammentic

Dystrudept

Parent material Glaciofluvial sand Profile depth 175 cm

UTM 32 U NF

Easting 507810

Northing 6083075

Drainage class Well drained

Landform Glaciofluvial plain Groundwater level 175 cm

Map sheet 1317 III SV Vegetation Spring barley

Elevation 15 DNN Maximum rooting 50 cm

Topography Flat Authors Søren Torp

Slope 0–1 Date of description 26.05.99

Profile description

Ap (0–33 cm)

Black (10YR 2/1 f) clayey sand, containing humus, a few small stones of varying shape and

type, artificial liming, frequent fine roots, 1–10 wormholes and root channels per dm2, very

weak granular structure, smooth abrupt boundary.

Bhs (33–45 cm)

Black (5YR 2.5/1 f) clayey sand, containing humus, a few small stones of varying shape and

type, some fine roots, weak coarse subangular structure, continuous thin coating of clay min-

erals and humus between grains of sand, clear irregular boundary.

Bs (45–89 cm)

Dark yellowish brown (10YR 3/6 f) clayey sand, humus poor, a few small stones of varying

shape and type, very weak structure, diffuse wavy boundary.

BC (89–110 cm)

Yellowish brown (10YR 5/4 f) clayey sand with intermixture of coarse sand, humus poor, a

few small stones of varying shape and type, very weak structure, diffuse wavy boundary.

C (110–150 cm)

Brownish yellow (10YR 6/6 f) sand, humus poor, a few small stones of varying shape and

type, many horizontal stripes of thin conspicuous spots with diffuse boundary.

Remarks C horizon: Red iron bands that follow the fine laminated structures.
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Table A2.8. Description of profile 3 (St. Jyndevad North).

Soil classification, DK Typipodsol Soil classification, USDA Humic Psammentic

Dystrudept

Parent material Glaciofluvial sand Profile depth 160 cm

UTM 32 U NF

Easting 507741

Northing 6083272

Drainage class Well drained

Landform Glaciofluvial plain Groundwater level 175 cm

Map sheet 1317 III SV Vegetation Spring barley

Elevation 15 DNN Maximum rooting 50 cm

Topography Flat Authors Søren Torp

Slope 0–1 Date of description 24.05.99

Profile description

Ap (0–30 cm)

Black (10YR 2/1 f) clayey sand, containing humus, a few small stones of varying shape and

type, artificial liming, frequent fine roots, 1–10 wormholes and root channels per dm2, very

weak granular structure, smooth abrupt boundary.

Bhs (30–48 cm)

Black (5YR 2.5/1 f) clayey sand, containing humus, a few small stones of varying shape and

type, some fine roots, weak coarse subangular structure, continuous thin coatings of clay

minerals and humus between grains of sand, clear broken boundary.

Bs (48–73 cm)

Dark yellowish brown (10YR 4/6 f) clayey sand, humus poor, a few small stones of varying

shape and type, very weak structure, no roots, gradual wavy boundary.

BC (73–84 cm)

Dark yellowish brown (10YR 4/4 f) clayey sand, humus poor, a few small stones of varying

shape and type, very weak structure, diffuse wavy boundary.

C (84–160 cm)

Light yellowish brown (10YR 6/4 f), humus poor, a few small stones of varying shape and

type, lots of horizontal strips of medium conspicuous spots with diffuse boundary.

Textural band: Yellowish brown (10YR 5/6 f) medium silty sand, with a few horizontally

striped diffuse mottles of dark yellowish brown (10YR 4/4 f).

Remarks None.
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Figure A2.9. Schematic drawings of the profiles showing horizon distribution. Rectan-

gular boxes indicate sampling points for soil texture and soil chemistry. Triangular

boxes indicate sampling points for hydrological analysis.
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Table A2.9. Soil texture analysis from the pedological profiles.

Pro.

no.

Hor.

no.

Horizon Depth Soil texture (mm) % CaCO3

%

OM
1

%

cm <0.002 0.002–

0.02

0.02–

0.63

0.63–

0.125

0.125–

0.2

0.2–

0.5

0.5–2

1 1 Ap 17–27 5.3 3.2 1.0 5.0 9.9 55.1 18.3 – 2.3

1 2 Bhs 33–42 4.6 1.8 1.0 2.8 6.8 61.2 20.6 – 1.3

1 3 Bs 51–61 4.0 1.4 1.0 1.4 5.4 63.3 23.2 – 0.3

1 4 BC 85–95 5.9 0.5 1.0 4.5 46.1 41.2 0.7 – 0.1

1 5 BC 97–105 9.6 0.9 1.0 4.4 36.8 46.2 0.9 – 0.3

1 6 C 137–147 3.0 0.5 1.0 2.1 8.4 78.4 6.5 – 0.1

2 1 Ap 13–23 5.2 2.8 1.6 9.7 19.2 46.4 11.7 – 3.4

2 2 Bhs 34–44 5.6 1.9 1.3 6.6 14.9 50.3 17.5 – 1.9

2 3 Bs 67–77 4.0 0.5 1.0 3.4 11.7 54.5 24.4 – 0.5

2 4 BC 97–107 3.5 0.9 1.0 2.6 5.8 46.2 39.7 – 0.3

2 5 C 124–134 3.4 0.5 1.0 1.1 7.1 78.6 8.2 – 0.1

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

Table A2.10. Soil chemistry of samples from the pedological profiles.

Pro.

no.

Hor.

no.

Ntotal C/N Ptotal pH
1

K Na Ca Mg Total

bases

H
+

CEC Base

Sat.

Fe

(Ox)

Al

(Ox)

% mg/kg cmol/kg % mg/kg

1 1 0.11 12 545 6.17 0.28 0.06 5.27 0.42 6.03 0.57 6.6 91 1612 944

1 2 0.06 13 268 5.82 0.05 0.04 2.71 0.27 3.07 0.43 3.5 88 1252 1952

1 3 0.03 6 142 5.77 0.04 0.02 0.76 0.14 0.96 0.74 1.7 57 828 1414

1 4 0.02 3 106 5.68 0.13 0.02 1.77 0.4 2.32 0.78 3.1 75 992 1010

1 5 0.03 6 87 4.45 0.17 0.03 2.47 0.3 2.97 2.53 5.5 54 1220 1264

1 6 0.02 3 79 4.41 0.03 0.01 0.15 0.02 0.21 0.99 1.2 18 796 636

2 1 0.13 15 440 5.64 0.19 0.07 6.12 0.5 6.88 1.72 8.6 80 1428 874

2 2 0.06 18 209 5.55 0.04 0.03 3.32 0.18 3.57 2.63 6.2 58 2016 2200

2 3 0.03 10 144 4.99 0.03 0.01 0.39 0.02 0.45 1.45 1.9 24 936 1848

2 4 0.03 6 100 5.92 0.03 0.02 0.57 0.03 0.65 0.95 1.6 41 1088 1680

2 5 0.02 3 84 5.39 0.02 0.01 0.27 0.02 0.32 0.88 1.2 27 1252 1032

1) pH determined in CaCl2 solution. Analysed by DIAS.

Total carbon mapping

The samples from the topsoil inside the field were analysed for total organic carbon

(TOC), which varied between 1.4 and 2.2% (dry weight), with a mean of 1.8±0.2%. The

concentration is highest in the southwestern part of the field and lowest in the northeast-

ern part of the field (see Figure A2.10).
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Soil cores from the buffer zone

The soil cores show that with few exceptions, the succession of horizons is the same in

the entire area. The thickness of the Ap horizon varies from 23 to 33 cm. The thickness

of the Bhs horizon varies from 7 to 25 cm in the entire area. Below this lies the Bs hori-

zon with a diffuse lower border.
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Figure A2.10. Map showing total organic carbon (TOC) content within the test field.

Sampling points are indicated by ❤.
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Pedological development

Hansen (1976), Heidmann (1989) and Greve et al.(1998) have previously carried out

pedological and soil type investigations at the experimental station. These profiles all lie

northeast of the test field at a distance of 0.4–1.4 km. Data are also available for a

Square Grid Profile (Statens Planteavlsforsøg, 1996) approx. 2.5 km to the southwest.

The grain size distribution of the plough layer in profile 1 (West) is 55% coarse medium

sand, approx. 20% coarse sand, and 5.3% clay. A texture band at a depth of 100 to 130

cm contains 9.6% clay. In the C horizon the texture is better sorted containing 78%

coarse medium sand. To some extent the distribution is the same in profile 2 (South),

although the texture band is missing. The six reference profiles (mentioned above) all

show very similar grain size distribution, i.e. approx. 60–70% coarse medium sand and

coarse sand. Due to the coarse grain size distribution the soil is almost structureless ex-

cept in the Bhs horizon, which has a slightly coarse subangular structure due to humus,

Fe, and Al deposition.

Only the Bhs and the Bs horizons remain from what was most likely the original suc-

cession of horizons (OA, E, Bh, Bhs and Bs) (Figure A2.9). Eluvial material (washed-

out E horizon) was only found at a single drilling site. Bleached quartz sand grains were

found in the plough layer – a trace of a previous E horizon. The raw humus layer (OA)

and the washed-out horizon (E) have been mixed by ploughing, and the carbon content

has subsequently been enhanced by fertilization.

It can also be seen that the fertilization has resulted in increased phosphorous levels in

the Ap horizon (Table A2.10). The high content of Fe and Al in the Bhs horizon to-

gether with the high C/N ratio clearly shows that the soil has been podsolized. In profile

1 (West) the Al and Fe levels are not coincidental as the Fe content is higher in the

plough layer whereas the Al content is highest in the Bhs horizon. This must be attribut-

able to the greater mobility of aluminium (Duchafour, 1979) and the fact that the Bh

horizon may have been incorporated into the plough layer. A podsol would normally

have a low pH (approx. 4) that increased with increasing depth. Because of agricultural

use of lime, however, the pH profile is now the reverse, pH being highest near the sur-

face. The soil should be characterized as a partially developed podsol since the Bhs ho-

rizon is only faintly cemented (Duchafour, 1979). The expected, strongly cemented Bh

horizon (hard pan layer) is absent, probably having been removed by cultivation.

The rooting depth is only about 40 cm and has been demonstrated in both the present

investigation and by Nielsen and Møberg (1985).
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The soil is generally well drained as far as the profiles go, although red bands of iron

deposits in profile 2 (South) bear witness of faintly hydromorph features due to tempo-

rary water storage above the underlying texture band (Table A2.7). The soil cores ex-

hibit the same, but in the more low-lying southwestern part of the area, where the

groundwater table is approx. 1 m b.g.s. Above this there is a 40 cm thick BC horizon

with reddish iron deposits and faintly striped pseudogley.

Soil hydrology

Soil cores (100 cm
3
 and 6,280 cm

3
) 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 characteristics for the nine small cores (100 cm
3
) from each horizon are

shown together with bulk density and porosity in Table A2.12 and Figure A2.11.
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Figure A2.11. A) Retention curve based on values for the soil-water potential deter-

mined on the small soil cores samples (100 cm
3
). The data are the mean values from the

three profiles. B) The unsaturated hydraulic conductivity (Kunsat) as a function of soil

water potential in cm H2O and the saturated hydraulic conductivity (Ks) determined on

the large soil cores (6,280 cm
3
).
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Table A2.12. Soil water characteristics determined on the small soil cores, pF = log10(-h)

Profile no. Horizon Depth

cm
2

Water content at pF values

cm
3
/cm

3

Bulk

density

g/cm
3

Porosity
1

cm
3
/cm

3

1.0 1.2 1.7 2.0 2.2 3.0 4.2

1 (3092) Ap 15 0.41 0.40 0.23 0.19 0.17 0.12 0.04 1.37 0.48

Bhs/Bs 40 0.35 0.33 0.15 0.11 0.10 0.07 0.01 1.49 0.44

BC 115 0.34 0.32 0.10 0.06 0.06 0.04 0.01 1.52 0.43

2 (3091) Ap 15 0.40 0.39 0.28 0.22 0.20 0.13 0.05 1.42 0.47

Bhs/Bs 40 0.39 0.36 0.20 0.15 0.14 0.10 0.03 1.38 0.48

C 130 0.34 0.28 0.09 0.07 0.06 0.05 0.01 1.48 0.44

3( North) Ap 15 0.39 0.38 0.22 0.17 0.16 0.11 0.03 1.43 0.46

Bhs 40 0.37 0.35 0.10 0.07 0.07 0.05 0.03 1.47 0.44

C 110 0.34 0.32 0.09 0.06 0.05 0.04 0.01 1.50 0.43

1) Assuming a particle density of 2.65 g/cm
3
.

2) Mid-point of soil core

The soil water characteristics show that due to a low water-holding capacity most of the

water drains out of the soil at a pF value of 2. The majority of the soil pores are about

100 ←m (tube-equivalent diameter), see Figure A2.12.

The saturated and unsaturated hydraulic conductivity determined on the large cores

(6,280 cm
3
) are shown in Figure A2.11. Hydraulic conductivity was high ranging from

saturation until a soilwater potential of about –30 cm H2O, whereafter the conductivity

decreased rapidly. The lowest values are found in the Ap horizon because of the higher

organic matter content than in the B and C horizons. Compared to the more loamy soils,

inter-measurement variability is low.

Measurements of saturated hydraulic conductivity and air permeability using small (100

cm
3
) or large (6,280 cm

3
) soil samples did not reveal any significant differences due to

the weakly structured nature of the soil. The soil sample is thus representative irrespec-

tive of whether a small or a large soil sample is used for the analysis.
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Figure A2.12. 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, ←m). 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 H20. D = pore diameter, ←m.

Ordinate: percentage of pore volume per 1/10 pF-values, % v/v.
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A2.5 Geophysical mapping

Since destructive mapping methods are not accepted in the test field, it was decided to

use EM-38 and ground-penetrating radar.

EM-38

The EM-38 recordings revealed only minor variation (Figure A2.14). A 20 m wide band

of higher values crosses the area from the west to east. The same pattern is seen in small

areas scattered throughout the test field. The band and the small areas can also be seen

as dark shadows on the orthophotograph. This is attributable to minor depressions in the

topography with a higher content of humus-rich horizons or thicker humus-rich
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Figure A2.14. Resistivity maps of the area.
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horizons. Compared with the TOC (A2.10), there is no obvious connection to the car-

bon content of the plough layer, however.

Ground-penetrating radar (GPR)

The ground-penetrating radar mapping was conducted using 100 MHz aerials and a pre-

sumed wave velocity of 0.130 m/ns along a grid lines at 20 m x 20 m. The reflectors on

the GPR cross sections generally form complex structures indicating cross-bedding and

horizontal beds of varying grain size. The penetration depth varies from 7–16 m. Areas

where the penetration depth is greater than 12 m seem to be randomly distributed. In

areas where the penetration depth is low this may be due to the occurrence of one or

more silt/clay layers near the ground surface or because the mean grain size of the

sediments is lower than in the remaining areas. Several of the clay horizons occurring in

the wells are seen as continuous reflectors, up to 100 m long, in the georadar cross sec-

tions. The clay layer occurring 2.9–3.2 m b.g.s. at monitoring well M3 probably corre-

sponds to the thin clay layer occurring 2.8 m b.g.s. at monitoring well M1, as indicated

on the N-S georadar cross section 1 (Figure A2.15). The clay layer has not been ob-

served in monitoring well M2, however, as would have been expected on the basis of

the GPR cross section. The thin clay layer occurring 3.6 m b.g.s. at monitoring well M7

can be followed on the S-N georadar cross section 3 over a distance of approx. 100 m

starting immediately north of piezometer P11. The same clay layer is seen as an approx.

60 m long reflector on the E-W georadar cross section 12. This indicates that some of

the clay layers observed in the wells cover relatively large areas within the test field.

Figure A2.15. Ground penetrating radar profile.
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Appendix A2.1. Cultivation and pesticide applica-

tion history at Jyndevad.

Year Crop Date Pesticide brand Dose per ha

Western part

1995 Spring barley Express §

Dantril §

1996 Spring barley Express §

Dantril §

Roundup §

1997 Potatoes Sencor WG 0.35 kg

Unknown fungicides §

1998 Potatoes Sencor WG 0.35 kg

Unknown fungicides §

1999 Spring barley 10.05.1999 Logran 20 WG 0.015 kg

10.05.1999 Mantrac (manganese

fertilizer)

Eastern part

1995 Spring barley Express §

Dantril §

1996 Peas Unknown §

1997 Winter wheat Biotril 0.5 l

1998 Maize Roundup 2.0 l

Gardoprim 1.5 l

Lentagran 2.0 l

1999 Spring barley 10.05.1999 Logran 20 WG 0.015 kg

10.05.1999 Mantrac (manganese)

§) Information of the dose does not exist.
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