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Abstract: A six-year (1993-1998) multivariable data-set for a four-plot intensive crop rotation (sugar
beet - winter wheat - winter barley - winter rye - catch crop) located at the Leibniz Centre for
Agricultural Landscape Research (ZALF) Experimental Station, Muncheberg, Germany, is
documented in detail. The experiment targets crop response to water supply on sandy soils (Eutric
Cambisol) by applying rain-fed and irrigated treatments. Weather as well as soil and crop processes
were intensively monitored and management actions were consistently recorded. The data set
contains coherent data for soil (water, nitrogen contents), crop (ontogenesis, plant, tiller and ear
numbers, above-ground and root biomasses, yield, carbon and nitrogen content in biomass and their
fractions, sugar content in beet), weather (standard meteorological variables) and management (soil
tillage, sowing, fertilisation, irrigation, harvest). In addition, observation methods are briefly described.
The data set is available via the Open Research Data Portal at ZALF Mincheberg (Mirschel et al.
2014, doi:10.4228/ZALF.1992.271). The data set was used for model intercomparison within the crop
modelling part (CropM) of the international FACCE MACSUR project.
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1 INTRODUCTION: At present, land use and climate changes act continuously on agricultural
landscapes. The use of arable land for different cultivars, different crop rotations and different
intensities is changing rapidly, driven mainly by economic factors. Process-based agro-ecosystem
models are widely applied tools for assessing impacts of changing boundary conditions to agricultural
landscapes and for simulating future scenarios. A wide variety of these models exist, such as APSIM
(Holzworth et al. 2015), STICS (Brisson et al., 2003), Daisy (Hansen et al., 2001), CROPSYST
(Stockle et al., 2003) and DSSAT (Jones et al.,, 2003). Such models require a wide base of
experimental data for model parameterisation and model evaluation, including soil, crop,
weather/climate and management data (Kersebaum et al. 2015). Model comparisons and multi-
scenario and multi-model simulations were presented on the basis of such data sets (Bassu et al.
2014; Diekkrlger et al. 1995, Kersebaum et al. 2007; Martre et al. 2015; Kollas et al. 2015, Palosuo et
al. 2011, Roétter et al., 2012).

The Leibniz Centre for Agricultural Landscape Research (ZALF), Mincheberg, Germany, has a long
tradition of developing agro-ecosystem models, including models such as AGROSIM (Mirschel and
Wenkel, 2007), HERMES (Kersebaum, 2011) and MONICA (Nendel et al., 2011). It is impossible to
perform scenario simulations for arable land without well-parameterised agro-ecosystem models; in
turn, good model parameterisation is only possible on the basis of coherent data sets generated from
well-designed field or climate chamber experiments. To support its modelling activities, ZALF
Experimental Station started an experiment involving an intensive measurement programme in 1992,
which is monitored continuously to the present day. The experiment is carried out in four parallel plots
with a shift of one year, such that each crop is represented each year. The experiment is targeted
towards the production of coherent data sets for agro-ecosystem model parameterisation and
validation, which also represent different management intensities and inter-annual variations in crop
rotations under rain-fed and irrigated conditions.
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The intensive cropping system, which is presented here, is part of the long-term field experiment and
was established as a four-plot crop rotation in 1992. The data set includes sugar beet (Beta vulgaris
subst. vulgaris), winter wheat (Triticum aestivum L.), winter barley (Hordeum vulgare L.) and winter rye
(Secale cereale L.) as one-and-a-half full crop rotation cycles from 1992 to 1998. A continuously
recording meteorological station was established in the vicinity of the experimental plots. Soil and crop
variables were measured at weekly to monthly intervals. During the first half of the experiment, the
time intervals for measurements were shorter than during the second half.

The data set has already been used to parameterise and evalidate AGROSIM, an agro-ecosystem
model family for winter cereals, sugar beet and catch crops (Mirschel and Wenkel, 2007; Mirschel et
al., 2001; Wenkel and Mirschel, 1995) developed at ZALF. The data set is one of five currently being
used within a pan-European study (Kollas et al., 2015), a joint activity within the crop modelling part of
the European JPI FACCE knowledge hub MACSUR:
https://www.faccejpi.com/FACCE-Joint-activities/FACCE-MACSUR.

2 THE FIELD EXPERIMENT

2.1 LOCATION AND EXPERIMENTAL DESIGN: The Experimental Station at ZALF Mincheberg is
located around 40 km east of Berlin. The experimental area covers 32,193 m2 (four plots) and is
located at 52°515’'N and 14°07E at an altitude of 62 m. The ground is even, and the soil is sandy
(Eutric Cambisol). The ground water table is below 12 m surface distance; no drainage system is
installed.

The climate is characterised by high temperatures during late spring and summer, with frequent early-
summer drought periods, and by cold winters with little snow. For the period from 1981 to 2010, the
mean annual air temperature was 9.1°C; the mean winter and summer temperatures were 0.4°C and
17.6°C, respectively. The mean annual precipitation sum was 553 mm and the mean winter and
summer precipitation sums were 116 mm and 166 mm, respectively. The average weather dynamics
throughout the year is shown in Figure 1 as a mean over a 30-year period (1981-2010).

The whole field experiment has a split-block design with management intensity and irrigation as
treatment factors. The management factor is subdivided into an intensive cropping system, with
standard tillage and pest management; an organic cropping system, where no mineral fertilisers,
agrochemicals or ploughing is used; and an extensive cropping system with reduced tillage and use of
agrochemicals. Each cropping system has the same crop rotation: sugar beet - winter wheat - winter
barley - winter rye - catch crop. The irrigation factor has two treatments: irrigated and rainfed. The data
set described here represents only intensive management with the two irrigation treatments.

The whole field experiment consists of four field trials (27 m x 294.5 m each), each of which is
subdivided evenly into three cropping system blocks with two sub-plots (21 m x 45 m each) for the
irrigation treatment. All plots were divided by border strips. Each plot had four 3 m strips where all
measurements, including hand harvests, were executed, and two 3 m strips where the crop was
harvested using a combine harvester. In the latter strips, the crop was able to grow undisturbed
throughout the vegetation period. Figure 2 shows the experimental design of the intensive cropping
system. The meteorological station is located in the southern part of the experimental area.

The measurement frequency ranged from every 10 and 60 minutes for meteorological values to
fortnightly, monthly or several times a year for soil and crop measurements. For the data set described
here, most of the high-frequency measurements were aggregated to daily values. The sampling
intervals for soil and crop data were smaller during the first crop rotation.
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Figure 1. Climatic diagram for Miincheberg meteorological station as a 30-year mean (1981-2010)
(summer day: maximum air temperature > 25°C; frost day: minimum air temperature < 0°C; ice day:
maximum air temperature < 0°C).




Mirschel et al. 2016, Open Data Journal for Agricultural Research, vol. 1, pg.6-15

Crop rotation in 1992/1993 'N\

winter winter winter sugar
rye barley wheat beet

irrigated

extensive management

non-irrigated

non-irrigated

organic management

irrigated

irrigated

intensive management

non-irrigated

MS*_

Figure 2. Experimental design of the whole field experiment containing the intensive cropping
system (MS — meteorological station)

2.2 MANAGEMENT: The intensive system is characterised by traditional intensive tillage using the
plough; the use of mineral fertiliser (urea ammonium nitrate solution, calcium ammonium nitrate and P,
K and Mg fertilisers) as the primary source of nutrients for the crop and; agrochemicals for intensive
pest management. Green manure from catch crops (oil radish) before sugar beet, and straw and
leaves as residuals from cereals and sugar beet are the only organic materials considered to maintain
soil fertility. The catch crop, the selected cultivars and the seed densities are typical of intensive
cropping systems according to common practice.

All management practices for the intensive cropping system which are relevant for agro-ecosystem
modelling are shown in Table 1.
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Table 1. Management practices for the intensive cropping system

Management practice Unit Management practice Unit
Crop - Irrigation water mm
Cultivar - Date of irrigation dd.mm.yy
Row distance cm Type of soil tillage -

Sowing date dd.mm.yy Tillage depth cm
Germinable seed grains m-2 Date of soil tillage dd.mm.yy
Emergence date dd.mm.yy Additional information

Harvest date dd.mm.yy

Fertiliser type -

Amount of fertiliser (N/P/K/Mg) kg ha-1

Date of fertiliser application dd.mm.yy

In the given crop rotation, a number of deviations from the original design occurred in 1995 and 1996.
Due to very bad over-winter conditions (black frost, snow mould infection) in 1994/1995, the winter
wheat crop was ploughed under after winter and spring wheat was sown in March 1995. An analogue
procedure was followed in 1995/1996 for winter barley, which was ploughed after winter and spring
barley was sown in April 1996.

Additional management information, especially on pest management practices, is given in Wenkel and
Mirschel (1995).

2.3 MEASUREMENTS

2.3.1 WEATHER DATA: Weather data at the experimental site were collected every ten minutes by
an automated micro-meteorological station FMA 86 (type “Weihenstephan”, Lambrecht GmbH
Gottingen, Germany), which is located 20 m from the field experiment (Figure 2). FMA 86 also
measures soil temperature at different depths. Detailed information about sensors, their range and
accuracy are given in Wenkel and Mirschel (1995) and Mirschel et al. (2007). The data collected every
10 minutes was automatically aggregated to hourly and/or daily data sets. No values were entered in
the data set for days when the entire meteorological station or single sensors were out of order. The
weather data measured is listed in Table 2.

Table 2. Daily weather data at Miincheberg Experimental Station measured by the micro-
meteorological station FMA 86

Meteorological variable Unit Sampling height/depth (cm)
Precipitation mm 100
Mean air temperature °C 200
Minimum air temperature °C 200
Maximum air temperature °C 200
Air temperature at 14:00 °C 200
Mean relative air humidity % 200
Relative air humidity at 14:00 % 200
Global radiation Jcm? 200
Mean wind speed m s? 250
Mean soil temperature °C 5
Mean soil temperature °C 20
Mean soil temperature °C 50

2.3.2 SOIL DATA: Manual methods were used to sample soil values; automatic methods were applied
to sample soil temperature. In order to analyse the soil water and soil nitrogen contents in the
laboratory, randomised soil samples were taken from three different soil layers (0-30 cm, 30-60 cm
and 60-90 cm) in replicates using an auger as the basis for a mixed sample for each field plot.

2.3.2.1 PROFILE DESCRIPTION: The chemical and physical properties for the soil profile to a depth
of 200 cm are given in Table 3. All four plots of the intensive cropping system have similar soil
properties. It was not possible to determine a number of properties for the deeper horizons. No
significant differences among the four plots were observed for organic carbon, total nitrogen, bulk
density and pH. Additional information on soil characteristics and soil profiles for ZALF Experimental
Station is provided in Schindler (1980).
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Table 3. Soil properties measured at intensive cropping system plots (taken from Mirschel
et al., 2007)

Horizon Depth Sand Silt Clay Organic Total C:N pH Bulk

(cm) (%) (%) (%) carbon nitrogen density

(%) (%) (@ cm?)
Ap 0-30 83 9 8 0.66 0.054 121 6.1 1.45
Ael 30-60 86 8 6 0.16 0.015 110 6.1 1.50
Bt 60-90 72 14 14 0.08 0.007 111 6.3 1.55
C1 90-110 83 10 7 n.a. n.a. n.a. n.a. n.a.
Cc2 110-160 92 7 1 n.a. n.a. n.a. n.a. n.a.
C3 160-210 98 1 1 n.a. n.a. n.a. n.a. n.a.

n.a. — not available

2.3.2.2 SOIL WATER, SOIL NITROGEN AND SOIL TEMPERATURE: Soil water content was
determined gravimetrically by difference weighing before and after oven drying at a temperature of
105°C. Using bulk density soil water content was converted into Vol%. The bulk sensity was measured
using a metal ring with a known volume and determining the weight after drying. Soil sampling for
determining soil mineral nitrogen and soil water content was carried out in accordance with the “Nmin
Method” (Wehrmann and Scharpf, 1979). Mixed samples were formed from 12 to 14 auger samples.
The samples were taken using a “Pirkhauer” half-cylindrical soil auger that was rammed into the soil
down to a depth of 90 cm. The mixed samples were transported in a cold box and analysed the same
day. Soil was extracted using KClI solution (Mirschel et al., 2007).

Soil temperatures were measured every 10 minutes using “PT100” epoxy-embedded thermistors with
an accuracy of 0.2 K. They were then aggregated to mean daily soil temperature values (see Table 2).
For depths at 5 cm, 20 cm and 50 cm, the thermistors were located 2.5 m from the micro-
meteorological station under grass cover, not in the intensively cropped plots.

2.3.3 CROP DATA

2.3.3.1 ONTOGENESIS, PLANT CHARACTERISTICS AND BIOMASS: The development stages of
all crops within the crop rotation between emergence and maturity were estimated weekly using the
BBCH scale (Hack et al., 1992) for cereals and sugar beet, a decimal code system prevalent in
Germany, identical to the decimal code system according to Zadoks (1974).

For cereals, the number of plants, tillers and ears were determined on the basis of 1 m2 sections in
nine randomised replicates within every plot. For sugar beet, the number of plants was determined
based on a 9.6 m long row section (approximately 4 m2) in nine randomised replicates. Finally, a plot
average was calculated.

In the sub-areas for manual harvesting, above-ground and root biomasses were determined
periodically. In each of the four plots, three randomised replicates for cereals and sugar beets were
taken as mixed samples per sampling date from 0.25 m? sampling sections for cereals and 1 m?
sampling sections (a 2.4 m long row section) for sugar beet. After combining replicate subsamples, the
material harvested was separated into steam/leaves and ears (including grain, glume and rest of the
ear) for cereals and into beet and leaves (including petioles) for sugar beet; the fresh biomass was
measured. In addition, the root biomass was determined for cereals only. To this end, roots were
washed manually from a top 30 cm soil core. In order to determine dry biomass, 1000 g fresh biomass
subsamples were taken from each biomass fraction sample and oven-dried at around 60°C for two to
three days.

For sugar beet, the sugar content was measured using an automatic light-electric polarimeter
“POLAMAT S” (Riegler and Schiek, 1970; Strube and Scholze, 1970). An overview of the plant
characteristics, biomass and ontogenesis values is given in Table 4.
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Table 4. Overview of plant, biomass and ontogenesis values of the intensive cropping system plots

Crop value Unit Harvesting form
Crop type -

Ontogenesis stage DC

Number of plants m-2

Number of tillers m-2

Number of ears m-2
Above-ground biomass (stems + leaves) (DM) kg ha! H
Root biomass (DM) kg hat H
Grain biomass (DM) or beet biomass (DM) kg hat H
Grain biomass (DM) kg hat C
Sugar content %

DC — decimal code; DM — dry matter; H — harvested by hand; C — harvested by combine

2.3.3.2 CARBON AND NITROGEN IN BIOMASS: In order to determine total plant nitrogen and
carbon in the laboratory, the dried plant probes were milled. The Kjeldahl method (Bock, 1972) was
used to extract the total plant nitrogen. Nitrogen compounds were analysed using spectro-photometric
analysis at 578 nm (photometer EPOS 5060 produced by Eppendorf). Total plant carbon was
determined using elementary analysis. The plant sample was incinerated within an oxygen
environment at 1250°C. After oxidation, the quantity of CO2 gas was measured using the element
analyser CNS 2000 (Leco, St. Joseph, MI, USA). An overview of the quantities of plant carbon and
nitrogen is given in Table 5.

Table 5. Overview of the quantities of plant carbon and nitrogen from the intensive cropping system
plots.

Crop value Unit Harvesting form
Crop type -

Carbon in above-ground biomass (stem + leaves) kg hat H

Carbon in root biomass kg hat H

Carbon in ear or beet biomass kg ha't H

Nitrogen in above-ground biomass (stem + leaves) kg ha't H

Nitrogen in root biomass kg ha't H

Nitrogen in ear or beet biomass kg ha't H

Nitrogen in grain kg ha't C

H — harvested by hand; C — harvested by combine

3 DATA SET STRUCTURE AND DATA ACCESS: The open research data-set described above is
structured into seven tables. All table names begin with V004, ZALF's internal code for the experiment.
Table 6 shows data set tables and their column structure.

The six-year data set is available via the Open Research Data Portal of the Leibniz Centre for
Agricultural Landscape Research and is published under doi 10.4228/ZALF.1992.271 (Mirschel et al.
2014). The data tables in the downloaded zip file have a comma-separated values format (CSV). A
brief description of the methods used for data acquisition is also shown there; information is also
provided about the location of all field plots at ZALF Experimental Station in Mincheberg.
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Table 6. Overview of all data set tables

Table name: V004 Content and comments

_EXPERIMENT Plot number (example:V004M1F111), management (M) type
(1 — intensive cropping system), field (F) number (1...4),
irrigation (1) (1 — without, 2 — with irrigation)

_MUENCHEBERG_WEATHER_92 98 The first table columns are: date (dd.mm.yyyy), year, month,
day, Julian day. For all other columns, see Table 2.

_SOIL_PLOT After the plot number, all necessary soil properties
measured in the intensive cropping system are listed (see
Table 3). The plot name V004M1 also refers to all other
intensively managed fields.

_MANAGEMENT The management information is listed after the plot number,
starting with the crop type and the cultivar in the other
columns (see Table 1).

_SOIL_H20_NMIN_CONTENT The table columns are: plot number, date (dd.mm.yyyy),
year, month, Julian day, soil water 0-30 cm, soil water 30-60
cm, soil water 60-90 cm, soil nitrogen 0-30 cm, soil nitrogen
30-60 cm, soil nitrogen 60-90 cm; unit for soil water: Vol%;
unit for soil nitrogen: kg ha!

_CROP_ONTOGENESIS_BIOMASS The first table columns are: plot number, date (dd.mm.yyyy),
year, month, day, Julian day. For all other columns, see
Table 4.

_CROP_CARBON_NITROGEN The first table columns are: plot number, date (dd.mm.yyyy),
year, month, day, Julian day. For the other columns, see
Table 5. The last column is the harvest method (H — by
hand, C — by combine)
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