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SUMMARY

In 1988 a European airborne radar campaign took place in Flevoland (NL).
The objective of the campaign was the simultaneous collection of multi-
temporal, multi-frequency, multi-pelarization and multi-incidence angle
radar backscatter data and ground truth. This report describes the
Flevoland test site, the measurement programme and the methodology of the
collection of weather, soil and crop data (ground truth). The ground truth
is presented in listed numbers and in a general overview of weather, soil
and crop conditions during the campaign. This report also presents the

structure of the data base in which the ground truth is stored.

SAMENVATTING

In 1988 vond in Zuidelijk Flevoland een Europese radar meetcampagne
plaats. Het doel van deze campagne was het tegelijkertijd verzamelen van
multi-temporele, multi-frequentie, multi-polarisatie en multi-invalshoeken
radarreflectie data en weers-, bodem- en gewasparameters (groundtruth), Dit
rapport beschrijft het testgebied in Zuidelijk Flevoland, het meetprogramma
en de methodieken voor het verzamelen van de groundtruth. De groundtruth is
in dit rapport weergegeven in cijfertabellen en in een overzicht van de
toestand van het weer, de bodem en het gewas gedurende de campagne.
Daarnaast beschrijft dit rapport de structuur van de databank waarin de

groundtruth is opgeslagen.



PREFACE

This report introduces the user of the Radar Cross Section (RCS) Data
Base of the European Agriscatt 1988 campaign to the ground truth of the
Dutch test site Fleveoland. A floppy disk containing the ground truth
accompanies this report. The report itself focusses on the programme for
collecting ground truth. It does not discuss the techmnique of radar
backscatter measurements or the determination of field average radar
backscatter values. The radar data of the 1988 campalgn (ERASME, DUTSCAT)
will be entered separately into the RCS data base and will be available on
floppy disk. At the time of writing this report these data were not yet
available.

Ground truth was collected according to the terms set out in a contract
between The Netherlands Remote Sensing Board (BCRS) and the Centre for
Agrobiological Research (CABO) in The Netherlands (contract No. 44543/A0-
2.17). Data on crops and soll moisture were collected by the Centre for
Agrobiological Research (CABO) and data on soil surface roughness by the
Agricultural University Wageningen (LUW).

The Lake IJssel Polder Development Authority (RIJP) deserves our
gratitude for their full cooperation and permission to install corner
reflectors in one of their fields and the usage of their laboratories. The
knowledge of soil sampling of Ir. J. Stolp of the Soil Survey Institute
(STIBOKA) was pgreatly appreclated. Finally, thanks are due to the farmers

in the test area for the usage of their fields for sampling activities.

M.A.M. Vissers, D. Uenk, B.A.M. Bouman.



1 INTRODUCTION

The Agriscatt 1988 airborne radar campaign was initiated by the European
Space Agency (ESA) to elucidate the interaction of microwaves with
vegetation and soil surfaces. This campaign is a follow-up on the Agriscatt
1987 campalgn. The object of the campaign was the collection of multi-
temporal, multi-frequency, multi-polarization and multi-incidence angle
radar backscatter data over several test sites in the European community.
The following countries participated in the exercise: France (with the
‘Coullomniers’ site), Germany (with the 'Freiburg’ site), Ttaly (with the
‘Florence’ site), the Netherlands (with the 'Flevoland’ site) and the
United Kingdom (with the 'Reedham' and 'Feltwell’ sites). During the
growing season from April till August 1988, several flights were scheduled
above each of the test sites with the Dutch multiband scatterometer DUTSCAT
(Delft University of Technology scatterometer, Snoeij & Swart, 1987) and
the French forward looking scatterometer ERASME, (Bernard et al. 1986).
DUTSCAT radar measurements were taken at six frequencies ranging from 1.2
to 17.25 Ghz, twoc states of polarization (VV and HH) and various anglés of
incidence ranging from 10 to 60 degrees. ERASME radar measurements were
taken in C-band (HH polarization) and X-band (HH and VV polarization) at
two central angels of Incidence, 23 and 38 degrees, with a range from 15 to
45 degrees. The targets of interest in the test sites were mainly bare

soil, agricultural crops, pasture and woodland,

The collection and storage of ground data during a previous European
radar campaign, Agrisar 1986, indicated the desirability of a common radar
cross section data base. Therefore, in ccoperation with the ESA the JRC
initiated the development of EURACS: European Radar Cross Section Data
Base. This central data base allows access to the data of all EC test
sites. Its objectives and requirements are laid down in the ‘RCS data base
and data format guide, June 1987'. The reader should refer to this
publication for detailed information. For the Agriscatt 1988 campaign the
methodology for ground data collection was the same as In the Agriscatt
1987 campaign. When compared with 1987, a somewhat more elaborate programme
of collecting ground truth was carried out to support the particular CABO
research programme. Therefore, the data base is extended to accommodate the
larger set of ground truth parameters. The data set for the Dutch test site
was collected as stipulated in a contract between The Netherlands Remote

Sensing Board (BCRS) and the Centre for Agrobiological Research (CABO). It
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meets the requirements of the RCS data base. The final structure and feormat
of the data was established through discussions with the participating
investigators. A floppy disk containing the ground truth of the Flevoland

test fields accompanies this report.

In Chapter 2, the reader is introduced to the Flevoland test site and
the measurement programme. Meteorcological parameters on the days of the
radar measurements are given in Chapter 3. In Chapter 4, the methods of
collecting ground truth on soil surface roughness and soil surface moisture
are described. The collection of ground truth on agricultural crops and a
general account of crop development during the campaign are given in
Chapter 5. Chapter 6 lists the extensions of the 1988 data base compared
with that of the 1987 campaign. Finally, Chapter 7 illustrates some of the
results of this campaign and makes a general comparison with the 1987

campaign,



2 TRIAL DESCRIPTION

2.1 Testsite

The Dutch test site is the same as that of the Agriscatt 1987 campaign
(Stolp et al., 1988).It is located in Southern Flevoland, a pelder
reclaimed from lake IJssel (Fig. 2.1). The test site is rectangular in
shape and measures 11 km x 0.5 km. Its location is given by the point

quadrats of the latitude and longitude coordinates of its four corners:

Top left 52 ° 20" N 5°21' E
Top right 52 ° 24’ N 5° 29" E
Bottom left 52 ° 20’ N 5 ° 22" E
Bottom right 52 ° 23' N 5° 29" E

The general altitude of the site is 3 metres below sea level (3 m -NAP).

Fig. 2.1 Flevoland 2



The test site comprises a total of eight parcels, five of which are
leased to individual farmers and three are still cultivated by the RIJP
(Fig. 2.2). Again these parcels are the same as in the 1987 campaign.
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7 Corners
ié%%% T°”‘f e DUTSCAT flightline ‘
3 Testsite —we =—=BERASME flightline

3 Parcel numbers

Fig. 2.2 The Agriscatt test site showing individual parcels and the
flightlines of DUTSCAT and ERASME.

Individual farmers generally subdivide their parcels into several
fields. For the Agriscatt campaign, all fields with a single crop variety
within these parcels are called reference fields and have separate field
reference numbers. The subdivision of the first seven parcels in the test

site is given in Fig. 2.3. Parcel eight was used for the installation of

the corner reflectors.

In total, fifteen so-called test fields were selected for ground truth
collection from all the reference fields in the test site. During the days
of the radar measurements, data on soil surface and vegetation were

collected on these fields, in an intensive or extensive survey (Table 2.1).
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Fig. 2.3 The subdivision of the test site parcels into reference fields.
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Table 2.1 Test fields characteristics

Field Crop Location Field Ground truth
number  type size survey
Latitude Longitude {(m*)

crop soil

100 RAP 52 * 200 N 5 ° 22' E 825000 o o
200 BAR 52 ° 21' N 5 ° 23' E 800000 + +
310 BEA 52 * 21' N 5 ° 24" E 275000 + +
320 POT 52 ° 21'N 5 " 24' E 180000 + +
340 BEA 52 * 21'' N 5 ° 25' E 70000 o o
350 WHE 52 °21'N S5 ° 25' E 140000 + +
362 SBT 52 ° 22'' N 5 ° 25' E 80000 + +
512 SBT 52 ° 22N 5 ° 27" E 80000 + +
520 POT 52 * 22'' N 5 ° 27" E 190000 + +
540 WHE 52 ° 23" N 5 ° 27" E 70000 + +
710 POT 32 ° 23' N 5 * 29' E 160000 + +
722 SBT 52 ° 23' N 5 ° 29" E 80000 + +
730 COR 52 “ 23' N 5 ° 29" E 80000 o o
740 BEA 52 “ 23' ¥ 5 ° 29" E 80000 ° o
760 WHE 52 ° 23' ¥ 5 ° 29" E 80000 + +

+ = intensive survey, o = extensive survey

2.2 Measurement programme

During the Agriscatt campaign, four types of data were collected:
- radar data
- ground truth
- weather data

- reflection data

- Radar data were collected with the Dutch multiband scatterometer DUTSCAT
and the French scatterometer ERASME (Table 2,2},

Table 2.2 Days of radar data collection

Sortie Date DUTSCAT ERASME

22-04-88
02-05-88
14-06-88
05-07-88
14-07-88
26-07-88
16-08-88

~N oW W
pa b DG MM
PP b




- 11 -

The flight track of the aircrafts was parallel to the length of the test
area (Fig. 2.2).

DUTSCAT radar measurements were made at five different incidence angles
(20, 30, 40, 50 and 60 degrees) and in horizontal- and vertical-like
polarization, HH and VV respectively. During Sortie 1 and 2, four extra
radar measurements were made at two incidence angles, two polarizations: 10
and 15 degrees, HH and VV polarization. The measurements at the six
different frequencies were made simultaneously. For all reference fields,
the field-average radar backscatter 1s calculated separately for each

frequency, angle of incidence and state of polarizationm.

ERASME radar measurements were made for two different frequencies, C-
band (only HH polarization) and X-band (HH and VV polarization). Because
ERASME is a forward looking scatterometer the measurements were made at two
central angles of incidence, 23 and 38 degrees. A range from 15 to 45
degrees is obtained by sampling around the two central angles of incidence
with intervals of two degrees. For each reference field, the field average
radar backscatter will be calculated separately for each frequency, state
of polarization and for four angles of incidence (15, 20, 30 and 40

degrees).

- Ground truth on soll surface and vegetation was collected in an intensive

or extensive survey.

The extensive survey consisted mainly of visual observations on the
status of the crop and of the soil surface. In general, the following
parameters were collected: field location; elevation/slope; crop type; crop
phenology; crop height; row distance; row direction; plant density; soil

cover; visual estimates of soil surface moisture.

The intensive survey collected data on the same parameters as the
extensive survey, plus data on the following parameters: fresh and dry
welght, and moisture content of varicus parts of the crop canopy (leaves,
leaf blades, leaf stems, ears, stems, pods); Leaf Area Index; decimal code
of growth stage; plant diameter; length of ears and ear stems; soil surface
roughness; moisture content of several layers of the soil surface.
Furthermore, a number of extra parameters were collected this year which

were not collected in 1987. These parameters are described in Chapter 6.
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- Weather data were collected from a number of meteoroclogical stations in
the Flevoland area and from observations in the field during ground data
collection., The weather data do not apply to amy specific test field but
to the whole test site in general.

- Reflection data of the canopy were made with the use of a handheld
spectrometer (Uenk, 1982). The spectrometer measured the reflection in
the green and the infra-red part of the electromagnetic spectrum. For the
green part a filter of 550 nm was used and for the infra-red part a

filter of 840 nm was used.

During the growing season of 1988 there were thirteen days on which the
reflection was measured (including the days when the radar measurements
took place). The fields were the same as for the Agriscatt 1988 campaign.
Per field there were about twenty measurements taken in both green and
infra-red. These measurements were averaged and the standard deviation was
calculated. The field average reflection value can be considered as a true

reflection value of the canopy and is expressed in a percentage.
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3 METEOROLOGICAL PARAMETERS

3.1 Data acquisition

The weather data are the result of complementary measurements and
observations taken at a small meteorological station, investigators im the
field and farmers of the test site. At the station, meteorological
parameters were collected hourly or daily. Since a sortie generally lasted
no more than two hours, the data are presented as average values for all
overpasses of one sortie. The following parameters were collected for the

RCS data base (Table 3.1).

- Wind speed, wind direction, air temperature, air humidity: averaged over
the total flight duration of the overpasses of one sortie (meteorclogical
station).

- Precipitation: calculated from a number of hours prior to the first
overpass until the time halfway through the total sortie (meteorological
station and farmers observations). .

- Direct sunlight: hours sunlight from sunrise until sunset on the day of
a sortie (meteorological station).

- Cloud cover: averaged over the total flight duration of the overpasses of

one sortie (field observation)

Table 3.1 Meteorological parameters, averaged for all the
overpasses of the seven DUTSCAT sorties.

Parameter Sortie

1 2 3 4 5 6 7
Wind speed (m/s) 4 7 6 0 6 4 4
Wind direction (°) 30 180 360 315 270 200 250
Rain 1 h prior (mm) 0 0 0 0 0 0 0
Rain &4 h prior (mm) 0 0 0 2 0 0 0
Rain 12 h prior (mm) 0 0 0 5 5 3 0
Rain 24 h prior (mm) 0 5 0 10 16 8 0
Air temperature (°C) 8 14 17 15 16 16 18
Humidity (%) 55 74 65 93 85 84 50
Direct sunlight (h) 11.1 8.3 13.7 0.7 0.7 0.7 10.4
Cloud cover (%) 5 10 30 100 100 100 25

Mid sortie time (GMT) 10.00 09.20 13.45 08.50 12.00 12.30 09.25
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3.2 Weather conditions during the campaign

April was dry and sunny and had normal temperatures. The week preceding
Sortie 1, 22-04-88, an amount of rainfall of 10 mm was measured. The day of

the sortie itself was dry and sunny.

May was also a sunny month. Merely in the last week, about 30 mm
rainfall was measured. The day before Sortie 2, 02-05-88, some rain,
approximately 5 mm, had fallen. But the day of the sortie itself was dry

and sunny. The soll surface was drying out.

The first week of June brought some rain, approximately 15 mm. The rest
of the month, including the day of Sortie 3, 14-06-88, was dry, sunny and
rather warm. The last day of June announced, with a rainfall of 24 mm, the

bad weather of July.

July was very wet. It rained almost every day with a monthly total of
approximately 125 mm. Temperatures were low and the hours of sunshine were
few. The days of the sorties 4, 5 and 6, 05-07-88, 14-07-88 and 26-07-88,
were all cloudy. However, only on the day of Sortie 6, some rain fell in
the morning before the flight. The soil surface and canopy were both wet

during all sortiles.

The first three weeks of August were dry, sunny and rather warm. In the
last ten days, an amount of 60 mm rain had fallen., On the day of Sortie 7,

16-08-88, it was dry and sunny. Both the soil surface and the canopy were

dry.



- 15 -

4 COLLECTION OF DATA ON SOIL CHARACTERISTICS

4.1 Methodology of the intensive survey
4.1.1 Soil moisture
Definitions

Volumetric soll moisture content (volume fraction of liquid): the
volume of water In a soil sample (determined by loss of weight at 105 °C),
divided by the volume of the sample. Unit: dimensionless (cm3.Cm'3):

expressed in percentage (=value * 100).

Gravimetric soil moisture content {(wetness): the amount of water in a
soil sample (determined by loss of weight at 105 °C drying) divided by the
weight of the sample after drying. Unit: dimensionless (g.g'l); expressed

in percentage (=value * 100).
Field sampling

During each flight of DUTSCAT the soil surface of the reference fields
in the test site was sampled. Sampling took place at ten sampling sites in
each reference field. These sites were situated in the centre of the field

parallel to the flight track.

For potato fields the sampling occurred as follows: on Sortie 1, 2, 3
and 4 the soil surface of the different sides of the ridge (east and west
side) were sampled separately over the layer 0-5 cm. On Sortie 5, 6 and 7
the samples of the layer 0-5 cm from the different sides of the ridge were
bulked. On Sortie 1, 2, 3 and 7 a dry surface layer was present, sampled

first and its thickness recorded.

For all the other fields sampling was as follows: on Sortie 1, 4, 5, 6
and 7 the soil surface was sampled over the layer 0-5 cm. On Sortie 2 and 3
the sampling of the soil surface was divided in three layers: 0-1, 1-2.5,
2.5-5 cm. On Sortie 1, 2, 3 and 7 a dry surface layer was present, sampled

first and its thickness recorded.
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Soil surface moisture content was calculated after drying the samples at
105 °C. After the moisture analysis the following parameters (mean and
standard deviation) were calculated per field:
for the dry soil surface layer:
- gravimetric moisture content
- thickness

for the soil surface layers of depth 0-1, 1-2.5, 2.5-5, 0-5 cm:
- gravimetric moisture content

- volumetric moisture content

4.1,2 Soil surface roughness
Definition

RMS (Root Mean Square): The standard deviation of a set of heights of

the soil surface with respect to a reference level.

Field sampling

The soil surface roughness of each test field was measured using the
spray-board technique. Samples were taken perpendicular and parallel to the
main direction of cultivation. During the campaign, the sampling depended
on changes of the surface roughness due to cultivation activities or
weather influences. Table 4.1 gives an overview of the dates of field

sampling.

Table 4.1 Overview of soil surface roughness sampling

Field Crop Sortie date
number type

22-4 02-5 1l4-6 05-7 14-7 26-7 16-8

350 WHE + o o o o + o
540 WHE + 0 o o o 1o} 0
760 WHE + o o o o o o]
200 BAR + + + o o o o
362 SBT + + 0 o o o 0
512 SBT + + + o o + ]
722 SBT + + + 0 o 0 0
20 POT + + o o o + o
520 POT + + o o 0 + o
710 POT + + + + o + o
310 BEA + + + o o o 0
740 PEA + + 0 o o 0 +
730 COR + + o o o + o

+ = soil surface roughness sampled
o = soll surface roughness not sampled
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After sampling the spray profiles were digitized. The digitized profiles
were linearized (corrected to the horizontal surface). Then the soil
surface roughness was calculated as a field average expressed in RMS for

both perpendicular and parallel directions.

4.2 Data summary

Soil surface data for all sorties are presented in appendix II of this
report. Table 4.2 gives the field-averaged values of the soil surface
moisture content for the depth 0-5 em, and the RMS values of the

perpendicular and parallel surface roughnesses.

Table 4.2 Parameters of the so0il surface

A: Volumetric soil moisture content (%)

Field Crop Sortie date
number type

22-4 02-5 1l4-6 05-7 14-7 26-7 16-8

350 WHE 32.7 27.8 23.5 40.3 42.2 41.7 28.0
540 WHE 32,9 30.4 24.1 40.3 38.1 42.9 31.1
760 WHE 33.9 34.6 26.0 42.8 40.7 45.8 37.4
200 BAR 28.1 18.0 26.8 39.3 40.0 41.4 27.9
362 SBT 31.0 30.4 28.3 44,7 39.4 38,1 24.5
512 SBT 28.5 28.4 33.4 44,9 37.1 43.3 23.1
722 SBT 29.2 26.0 31.5 43.0 39.7 47.4 28.5
320 POT 23.0 19.5 23.0 34.0 35,5 31.6 21.2
520 POT 22.2 1l6.8 22.2 37.9 33.6 38.4 20.6
710 POT 23.1 22,1 20.5 33.4 32,7 37.3 21.0
310 BEA 25,2 19.7 26.6 39.8 39.1 38,0 26.9

B: Soil surface roughness perpendicular (cm)

Field Crop Sortie date
number type

22-4 02-5 1l4-6 05-7 1l4-7 26-7 16-8

350 WHE ©0.76 0,76 0.76 0.76 0.76 1.39 1.39
540 WHE 1.15 1.15 1.15 1.15 1.15 1.15 1.15
760 WHE 0.95 0.95 0.95 0.95 0.95 0.95 0.95
200 BAR 2.76 0.79 0.52 0.52 0.52 0.52 0.52
362 SBT 0.68 0.69 0.62 0.69 0.6%9 0,69 0.69
512 SBT ©0.54 0.92 0.84 0.84 0.84 1.47 1.47
722 SBT 0.84 0.87 1.34 1.34 1.34 1.34 1.34
320 POT 3.81 5.79 5.79 5.79 5.79 6.09 6.09
520 POT 4,04 6.08 6.08 6,08 6,08 5.68 5.68
710 POT 3.46 6.24 5,32 5.42 5.32 5.60 5.60
310 BEA 0.70 0.72 0.46 0.46 0.46 0.46 0.46
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C: Soil surface roughness parallel (cm)

Field Crop Sortie date

22-4  02-5 1l4-6 05-7 1l4-7  26-7 16-8
350 WHE 0.67 0.67 0.87 0.67 0.67 0.47 0.47
540 WHE 0.62 0.62 0.62 0.62 0.62 0.62 0.62
760 WHE 0.56 0.56 0.56 0.56 0.56 0.56 0.56
200 BAR 1.83 0.58 0.50 0.50 0.50 0.50 0.50
362 SBT 0.51 0.47 0.47 0.47 0.47 0.47 0.47
512 SBT 0.32 0.47 0.56 0.56 0.56 0.56 0.58
722 SBT 0.39 0.53 0.67 0,67 0.67 0.67 0.67
320 POT 0.66 0.54 0,54 0.54 0.54 0.64 0.64
520 pOT 0.95 0.81 0.81 0.81 0.81 0.62 0.62
710 POT 0.50 0.58 0.62 0.60 0.62 0.72 0.72
310 BEA 0.50 0.58 0.43 0.43 0.43 0.43 0.43
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5 COLLECTION OF DATA ON VEGETATION
5.1 Methodology of the intensive crop survey

5.1.1 Cereals

Field sampling

Ground truth collection in previous campaigns and reports from the
Lake IJssel Polder Development Authority indicate a large degree of
uniformity in soil surface moisture regime and natural fertility of the
soils in the Flevopolder. For field sampling of cereals, five samples of
1 w? each are tﬂerefore sufficient for an accurate assessment of field-

average crop parameters.

The samples were analyzed in the laboratory. The following parameters

were measured in the field:

- Crop height: crop height was averaged over fifteen independent field
measurements distributed around the location of the sampling places. The
height was measured from the soil surface to the top of the crop canopy

(top leaves or ears) in natural position.

- Crop cover and weed cover: These were visually estimated around the
sampling locations. The experience of the particular investigator led to
the following accuracies of estimation given for the various classes of

soil cover (Table 5.1).

Table 5.1 Accuracy of estimation of soil cover

Soil cover accuracy
class

1 - 4% +/- 1%

5 - 9% +/- 2%
10 - 19% +/- 3%
20 - 39% +/- 4%
40 - 79% +/- 5%
80 - 89% +/- 3%
90 - 94% +/- 2%
95 - 100% +/- 1%
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In three out of four cereal fields (350, 540, 760), an undergrowth of the
green manure Lolium multiflorum had been sown. This green manure was

classified as weed.

- Growth stage: various scales have been developed to quantify the growth
stage of cereals, e.g. the Feekes scale and the Zadoks Decimal Code
(Zadoks et al., 1974). The latter was chosen because of its finer
subdivision into stages of growth (Appendix I). The Decimal Code of the
crop was visually determined in the field following the gulide-lines given
by Tottman et al. (undated).

- Row and plant spacing: all crops in the test area are sown with precision
sowing machines. There is no within-field variation in row spacings, but
row spacings between fields may vary according to the adjustment of the
sowing machine. The row spacing in the field was measured with a tape
measure at a number of places. The plant spacing within the rows was also

measured with a tape measure at several places,

- The inclination of the upper canopy leaves was visually estimated.

Laboratory analyses

- Canopy bilomass and moisture content: the fresh weight of all samples was
measured either immediately upon arrival in the laboratory or after one
night in a cool store. The samples from one field were then mixed and a
subsample of about 0.5 kg fresh weight was taken for the determination of
fresh and dry biomass and the moisture content of the ears, stems and
leaves. Since these parameters were only determined in one subsample, no
standard deviation could be calculated. Research results at the CABO,
however, indicate that the spatial varilation in dry matter content within
a field is very small, about 1 X. The moisture content was calculated

from:

moisture content = 100 * (1 - dry weight/fresh weight) %

2 were counted, but only

- Number of stems: all stems of each sample of 1 m
after flowering had taken place. Before flowering, not all stems are

viable and many stems die and disappear during vegetative growth.
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- Dimension and number of leaves, ears and chaff needles: these parameters
were measured on fifteen stems taken from the five field samples. The
length of the flag leaf was measured from its point of attachment to the
stem to its tip, flattened out across a ruler. The width of the flag leaf
was measured across the broadest part of the leaf. The top leaf of a
plant was always taken as the flag leaf. Therefore it can happen,
especially in barley, that the flag leaf of a fully developed plant is
smaller than the flag leaf of a plant still in its vegetative period of
growth. The length of the ear stem was measured from the point of
attachment of the flag leaf to the beginning of the ear. The length of
the chaff needles was measured from the top of the ears to the tip of the
needles. The number of leaves per plant only included green and yellow
leaves. Dry, withered and brown leaves (if present) were not taken into

consideration.

- Leaf Area Index (LAI): a total of 50 stems was selected from the five
field samples. From all leaves the total fresh weight was measured and
the total leaf area determined with the ’‘Leaf Area Meter'. The total LAI
for the crop was then calculated from:

TAT = {(fresh weight/mz)/(fresh weight 50 stems)] * leaf area 50 stems

5.1.2 Sugar beet

Field sampling

Five samples were taken in one field. On the first three sorties the
above-ground plant material of a row of beet of 2 m length was harvested
for analysis in the laboratory. On the last four sorties the total plant,

including the underground tuber, was harvested. The following parameters

were measured in the field:
- Crop height: as for cereals.

- Crop cover and weed cover: as for cereals,
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- Row spacing: in the test area beet is sown with a precision sowing

machine in rows 50 cm apart.

- Plant spacing and plant density: all beet planté in a 20 m length of row
were counted at four different locations around the sampling places. The
plant spacing within the row and the row spacing were used to compute the

plant density.

- Plant diameter and leaf dimension: the plant diameter was measured and
averaged over twenty plants. This was done until the crop canopy had
closed, i.e. until the fifth flight. The leaf dimensions of the largest
leaves of the same plants were measured. The length of the leaf was
measured from the point where the leaf blade widens out from the leaf
stem to the tip of the leaf blade. The width of the leaf was measured

across its broadest part.
- The inclination of the upper canopy leaves was visually estimated.
Laboratory analyses

- Ganopy biomass and moisture content: all field samples were weighed in
the laboratory to determine the fresh biomass. A subsample of the leaf
blades, leaf stems (including the largest part of the midrib) and the
tuber of about 0.5 kg fresh weight each was taken for the determination
of the dry biomass and the moisture content., The number of leaves per

plant in all field samples was also counted.

- LAI: the LAI was determined on about 40 leaf blades.
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5.1.3 Potato
Field sampling
At five locations in the field, the above-ground plant material of a

2 m row of potato was harvested for analysis in the laboratory. The
following parameters were measured in the field:
- crop height: the crop height was measured from the top of the ridges to

the top of the canopy. Measurements at twenty individual locations around

the sampling places were averaged to give the mean value of crop height.

- Crop cover and weed cover: as for cereals,

- Row spacing: potato in the test area is planted on ridges that are 75 cm

apart.

- Plant spacing, plant density and plant diameter: as for sugar beet.

- The inclination of the upper canopy leaves was visually estimated.

Laboratory analyses

- Canopy blomass, moisture content and LAI: as for sugar beet. The LAI was
determined on a subsample of leaves of about 0.5 kg fresh weight. Fresh
and dry biomass values and moisture content were determined separately

for the leaves and stems.

5.1.4 Bean

At five locations in the field, a 2 m row of bean was harvested for
analysis in the laboratory. The following parameters were measured in the
field:

- Crop height: as for cereals

- Crop cover and weed cover: as for cereals.
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- Row spacing was measured with a tape measure at a number of places,
- Plant spacing and plant density: as for sugar beet,
Laboratory analyses

- Canopy biomass, moisture content and LAI: as for sugar beet. The LAl was
determined on a subsample of leaves of about 0.5 kg fresh weight. The
fresh and dry biomass and the moisture content were determined separately

for the leaves, stems and pods.

5.2 Conditions during sorties
5.2.1 Sortie 1, 22-04-88
Cereals;

Field 200: bare, dry soil surface. One diagonal part of the field (25 ha,
against the road) lies on winter furrow with 2 X weed cover. The crust is
slaked and covered with shells. The rest of the field is harrowed; large
clods (2-10 cm diameter),

Field 350: dry soil surface with 10 Z slaked crust and drought cracks, and
90 X fine clods. Water logged spots with low emergence of the crop are
present on 10 % of the surface area. A thin crop canopy is present on the

other 90 X%. Leaf inclination: 60-90 ° incidence angle.

Field 540: healthy crop, recently sprayed. Erect leaf inclination: 60-90 °

incidence angle.

Field 760: moist soil surface. Healthy, dry crop. No dead leaf tips. No top

leaves. Erect leaf inclination.
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Sugar beet:

Field 362: dry soil surface with fine clods (2 cm diameter). Sugar beet are

sown, no emergence yet. Field not rolled.

Field 512: as field 362. Field rolled with Cambridge roll, directed north-
south.

Field 722: as field 362, 30% of area covered with clods (2-7 cm diameter).

Potato;

Field 320: dry soil surface with fine clods (2-3 cm diameter) and 1% cover

of hoed, green sods. Ridges not moulded up. No crop emergence.

Field 520: dry soil surface with 95X fine clods (1-2 cm diameter) and 5%
medium clods (4-5 cm diameter). East side of field for 7% covered with

grass shoots, Ridges not moulded up. No crop emergence.

Field 710: as field 520 without grass shoots.

Bean:

Field 310: dry soil surface with fine clods (2 cm diameter). Bean sown,
field rolled with Cambridge roll. Small gullies 7 cm apart, directed north-
south,

5.2.2 Sortie 2, 02-05-88

Cereals:

Field 200: dry soil surface with large clods (2-10 ecm diameter). Field

hoed. No crop emergence.

Field 350: soil surface for 80% dry and 20% moist. Open spots in canopy
with slaked soil surface. Crop in tillering phase. Leaf inclination: 45-90°

incidence angle.

Field 540: soil surface for 80% moist; drying between rows. Healthy crop.

In places waterdrops on canopy. Erect leaf inclination.
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Field 760: wet soil surface. Healthy crop. In places waterdrops on lowest
part of canopy. Crop in tillering phase (erect structure). Top leaves

mostly folded up. Emergence of sprouts (5 cm high) of sown-through crop.

Sugar beet:

Field 362: dry soil surface with fine clods. Field rolled. Small canopy,
two seed leaves. Not all of crop emerged. Leaf inclination of seed leaves
horizontal.

Field 512: as field 362 with 1% potato shoots.

Field 722: as field 362 with 2% potato shoots and medium .iods.

Potato;

Field 320: dry soll surface with fine clods. Ridges moulded up. No crop

emergence.
Field 520: as field 320 with medium clods (4 cmm diameter) fallen in furrow.
Field 710: as field 320. West side ridge is slightly moist.

ean;

Field 310: dry soil surface with fine clods (2 cm diameter). First leaf
tips visible, not folded out, erect inclination.

5.2.3 Sortie 3, 14-06-88
Cereals:

Field 200: solid, dry soil surface. Canopy sprayed. Lice in lowest part of

canopy. Upper canopy leaves directed to the south. Some top leaves erect.

Field 350: soil surface and canopy dry. Crop is flowering. Slant leaf

inclination: 45° incidence angle.

Field 540: as field 350.
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Field 760: as field 350. Soil surface cracked.

Sugar beet;

Field 362: soil surface and canopy dry. Large differences in crop height.

No potate shoots. Leaf inclination predominantly horizontal.

Field 512: dry soil surface. No weed. Canopy droops slightly due to high

solar irradiance. Leaf inclination: 0-90 ° incidence angle.

Field 722: as field 512. Potato shoots are dead but still green. Their
height is lower than that of the sugar beet canopy.

Potato;

Field 320: soil surface and canopy dry. Healthy crop. Leaf inclination: 90-

935 ° incidence angle.
Field 520: as field 320,

Field 710: as field 320. Lowest part of canopy droops slightly, due to
spraying of the crop.

Bean:

Field 310: soil surface and canopy dry. Healthy crop. First flowers appear.

Weed appears in some places. Leaf inclination: 0-90 * incidence angle.
5.2.4 Sortle 4, 05-07-88

Cereals;

Field 200: soil surface and canopy wet. Healthy crop. Ch;ff needles erect:

0-10 cm above the base of the top leaf, Most of ears burst out of

leafsheath. Inclination of top leaves: 90-180 ° incidence angle.
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Field 540: soil surface and canopy wet. Lowest leaves are yellowing (more
than in field 350). Crop is flowering. Leaf inelination: 45-90 ° incidence

angle.

Field 760: as field 540, but lowest leaves are more yellow. Third leaf
starts to die.

Sugar beet:

Field 362: soil surface and canopy wet. Erect canopy. Leaf inclination: 30-

45 ° incidence angle.

Field 512: soil surface and canopy wet. Healthy, fresh crop. Leaf
inclination: 0-30 ° incidence angle.

Field 722: as field 512.

Potato:

Field 320: soil surface and canopy wet. Healthy crop. Start of flowering.
Leaf inclination: 90-95 ° incidence angle.

Field 520: as field 320.

Field 710: as field 320.

Bean;

Field 310: soil surface and canopy wet. Healthy crop, fully flowering

(flowers on stems). Leaf inclination: 45-60° incidence angle. Leaf margins

are curled up (spoonlike).
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5.2.5 Sortie 5, 14-07-88

Cereals:

Field 200: soil surface wet. Lowest part of the canopy is yellowing. The
ears protrude above the top leaves. Chaff needles are erect and directed
toward the north. Some top leaves are yellow. Leaf inclination: horizental-

bent over.

Field 350: soil surface wet. Green canopy, lowest part is slightly
yellowing. Start of ripening phase. Inclination of top leaves: 45 °

incidence angle, some leaves are horizontal.

Field 540: the canopy is greener than that of field 350. Lowest part (1/4)
is brown. Start of ripening phase. Some lodging of the canopy is present.

Inclination of top leaves: 45 ° incidence angle.
Field 760: start of ripening phase., The stems and the upper part of the

canopy leaves are green, the rest is brown. Inclination of top leaves: 45-

90 ° incidence angle, some leaves are bent over or twisted.

Sugar beet:

Field 362: soil surface and canopy wet. Fresh, green and tall canopy with

large leaves. Leaf inclination: 0-45 ° incidence angle.

Field 512: as field 362. Regular growth.

Field 722: soil surface and canopy wet. Slightly irregular growth. Leaf
inclination 0-45 ° incidence angle.

Potato;
Field 320: soil surface and canopy wet. Fresh green canopy, somewhat

irregular. First flowers open above the canopy. Inclination of top leaves:

30 * incidence angle. Reet shoots up to 1 m high in some places.
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Field 520: soil surface wet. Regular, healthy crop. First flowers open
above the cancpy. The first leaves in the lowest part of the canopy are

turning brown. Inclination of top leaves: 90-100 ° incidence angle.

Field 710: soil surface wet. Healthy, fresh crop. Inclination of top
leaves: 90-100 ° incidence angle.

Bean:

Field 310: soil surface and canopy wet. Fully closed canopy with flowers in
the upper part and first pods in the lower part. Leaf inclimation 45 °

incidence angle. Leaf margins are curled up.

5.2.6 Sortie6, 26-07-88

Qgrea]_.s H

Field 200: soil surface moist. Regular, healthy crop. The lowest leaves are
yellow/brown, the others are green. Ears directed toward the north, 30-45 °
incidence angle. 60 % of ears is still in the flag leaf. Leaf inclination:
90-135 ° incidence angle.

Field 350: canopy is mature. The stems are still green and the top and
second leaf start to turn yellow. The third and fourth leaf are already
brown. The canopy lodges in some places. Leaf inclination 0-180 * incidence

angle.

Field 540: flag leaf 1s still green while 50% of the stems and the rest of
the canopy is brown. 50 X of canopy is lodged with stems directed to north-

east. Flag leaf inclination: 45 ° incidence angle directed to north-east.

Fleld 760: main part of canopy is brown. In some places, the upper part of
the stems is green. Very thin cancpy. Ears erect. All leaves are brown,

dried and bent over or twisted.



- 31 -
Sugar beet:

Field 362: soil surface moist. Healthy, green canopy. Large plants with

some lice in the head. Leaf inclination: 0-40 ° incidence angle.

Field 512; soil surface moist. Fresh, green canopy. Largest leaves start to
droop. The canopy turns yellow in some places. Leaf inclination: 0-45 °

incidence angle.

Field 722; soil surface moist. Fresh canopy with irregular growth (varying
crop height), Largest leaves start to droop. Leaf inclination: 0-40 °

incidence angle.

Eotato :

Field 320: soil surface moist. Healthy green canopy. Lower part is slightly
yellowing. The fully closed canopy starts to collapse into the furrows.
Dominant leaf inclination: 90 ° incidence angle (5 X of leaves: 0 °

incidence angle). Reet shoots up to 1 m high in some places.

Field 520: soil surface moist. Lowest part of canopy is yellowing. Leaf

inclination: 90-95 ° Incidence angle.

Field 710: soil surface moist. Irregular crop height. The canopy has
collapsed into the furrows in some places. Lower part of canopy is

yellowing. Leaf inclination: 85-95 ° incidence angle.

Bean:

Field 310: soil surface moist. Canopy loocks bad: the crop is infected with
"leaf speckle” disease. 30 ¥ of stems 1Is leafless and the lowest part of

canopy 1s completely leafless. Stems are erect with pods and in some places
still with some flowers. Inclination of top leaves: 0-45 ° incidence angle,

curled up.

5.2.7 Sortie 7, 16-08-88

Cereals:
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Field 200: soil surface dry and solid with drought cracks. Canopy is
ripening but still green. Lower part of stems is yellow/green. All leaves
are dead. Ear inclination: 60-90 ° incidence angle. Ears are on the top of

the stems, no ear stems.

Field 350: soil surface dry with drought cracks. Canopy dry and mature.
Start of harvest at eastern side of the field. All leaves are hanging down
the stems. Ear inclination: 0-45 ° incidence angle directed toward the
east. Green manure, Lolium multiflorum is found in the water logged places
in the field.

Field 540: crop harvested. Straw dispersed between the stubbles, in places
fully covering the stubble. No bare soil surface is visible, 1 % green
manure visible. Stubble inclination: 20 ° incidence angle, directed north-

east,

Field 760: crop harvested., Stubble erect, 10 cm high. Straw and stubble

cover: 10 %, green manure cover:. 5 %.

Sugar beet;

Field 362: soil surface and canopy dry. Healthy, fresh and green crop. Leaf

inclination: 0-20 ° incidence angle.

Field 512: as field 362. Large spots of about 8 m diameter with yellowing
plants appear in the field.

Field 722: as field 362. Large spots of about 10 m diameter with yellowing
plants appear in the field.

Potato:

Field 320: soil surface dry. Green canopy, slightly collapsed with
undulating surface. Dominant inclination of top leaves: 90 ° incidence
angle (3 % of top leaves: 0 ° incidence angle). Reet shoots up to 1.1 m

high in some places.
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Fleld 520: soil surface and canopy dry. Collapsed, undulating canopy with
erect plants in some places. Dominant inclination of top leaves: 90 °

incidence angle (10 % of top leaves: 0-90 ° incidence angle).

Field 710: soil surface dry. The canopy has collapsed into the furrows.
Undulating surface. Canopy rather green. Leaf inclination: 0-90 ° incidence

angle.
Bean:

Field 310: soil surface and canopy dry. Leaves are speckled with brown
spots (disease). The lowest part of the canopy is leafless but has green
pods. Stems of lowest part of canopy are visible. Leaf inclination: 0-20 °

incidence angle. Leaf margins are curled up (spoonlike),

5.3 Extensive field observations

Apart from the fields on which an intensive measurement programme was
carried out, some fields were extensively surveyed: rapeseed (100), pea
(340, 740) and maize (730). The following observations and measurements
were made: crop cover, weed cover, row spacing, row direction, crop height

and anomalies in growth and development (if present).
Rapeseed (100):

Sortie 1l: soil surface dry. Erect canopy with flower buds. First flowers

are about to open.
‘Sortie 2: healthy, regular crop. Fully flowering.

Sortie 3: soil surface dry with cracks. Canopy: yellow/brown. Pods: green,
8 cm long. Upper 30-40 cm of stems has pods, the lowest part 1s bare.

Sortie 4: soil surface and canopy wet. No leaves, only stems and pods. Pods

change colour from green to purple. Some reet shoots up in the field.

Sortie 5: soll surface and canopy wet. The crop is harvested and collected

in ridges. Stubble: green, erect, 25 cm high. Ridges: 50 cm high. Crop: dry
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stems with brown pods, no leaves. Pods: 4-5 cm long, randomly directed.

So0il surface: slaked at stubble, uneven surface.

Sortie 6: as Sortie 5. Straw dried out.

Sortie 7: soil surface dry and cracked. Crop is threshed (lengthwise the
field). Stubble erect, totally dried out. The chopped straw lies in rows
(2-5 cm high) on the field with the stubble coming through. 15 ¥ rapeseed

shoots uniformly over the field. In rows: seedlings of weed, between rows;

more mature weed.

Pea a4t ;

Sortie 1: rough, slaked soil surface with many cracks; winter furrow, and

15 % shoots of rapeseed,

Sortie 2: soil surface dry. Rolled, smooth surface with fine structure. No

CYop emergence.

Sortie 3: soil surface dry with clods (2-3 cm diameter}. Canopy with

twines, in places flower buds.

Sortie 4: healthy, open canopy. Mainly flowering.

Sortie 5: soil surface and canopy wet, Erect canopy, in places lodged.

Flowering and full with pods.

Sortie 6: soil surface moist. Crop harvested and straw dispersed on the
field.

Sortie 7: bare, dry soil surface, hoed. In places straw on the field.

Pea (740):

Sortie 1: soil surface dry, hoed and sown. Sow tracks of 5 cm depth. No

CYOp emexgence.

Sortie 2: soil surface dry. Fine structure with larger clods. No crop

emergence,



Sortie 3:

Sortie 4:

Sortie 5:

s0il surface

s0il surface

s0il surface
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dry. Canopy with twines.

and canopy wet. Healthy crop, fully flowering.

and canopy wet., 75 ¥ of canopy lodged. Canopy

flowering and full with pods.

Sortie 6: crop harvested. Field diagonally cultivated. Irregular surface
with clods (5-25 cm diameter), 20 % straw on the field.

Sortie 7:

soil surface

Maize (730);

Sortie 1:

so0il surface

1.5-2 m apart., No crop

Sortie 2:

Sortie

Sortie 4:

Sortie

growth.

Sortie

6:

soll surface

: soil surface

soil surface

: soil surface

soil surface

dry and ploughed.

dry, hoed and sown. Sow tracks of 10 cm depth,

emergence.

dry with cloddy structure. No crop emergence.

dry. Healthy crop.

and canopy wet, Healthy crop.

and canopy wet. Healthy, erect canopy with irregular

moist, fine structure. Fresh, green canopy. 75 % of

canopy with emergence of panicle. Start of flowering.

Sortie 7: dry soil surface. Fresh, green canopy.

No measurements were allowed in the fields 412, 422, 430, 440, 450, 480,
610, 620, 630 and 640. Hence no description of these fields is given in the

previous paragraph.
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6 DATA BASE EXTENSION

During the collection of ground truth in the 1988 Agriscatt campaign
several parameters of soil surface and vegetation were collected which were
not defined in the RCS data base. The following parameters were added to
the RCS data base in order to update this data base:

For the data base files, CROPWHE.DBF, CROPSBT.DBF, CROPPOT.DBF, CROPBEA.DEF
and CROPCOR.DRF:

HARVDATE the date of harvest
YIELD the yield
UCLICOMMEN a comment on the inclination of the leaves of

the upper canopy
The fieldwidth of the parameter PLANTDENS was changed from 6.0 to 6.2.
The fieldwidth of the parameter NSPP was changed from 6.0 to 6.1.

For the data base file, CROPWHE.DERF:

CHNL the mean length of the chaff needle
CHNLSTDEV the standard deviation of CHNL

For the data base file, CROFSBT.DBF:

PFWTUBER the mean fresh weight of the underground tuber

FTUBERSTDE the standard deviation of PFWTUBER

PDWTUBER the mean dry weight of the underground tuber

DTUBERSTDE the standard deviation of PDWTUBER

PMCTUBER the mean moisture content of the underground
tuber

MTUBERSTDE the standard devliation of PMCTUBER

For the data base file, CROPPOT.DBF:

VM4 90 the mean volumetric secil moisture content of the
soil surface layer 0-5 cm of the side of the
ridge oriented 20 ° of the row direction

VM4_$0STD the standard deviation of VM4_ 90

VM4_270 the mean volumetric soil moisture content of the



VM4_270STD
GMS_90

GMS_90STD
GMS_270

GMS_270STD

SSTH_90

SSTH_90ST
SSTH_270

SSTH_270ST
GM4_90

GM4_90STD
GM4_270

GM&4_270STD

A new data base file, CROPRAP.DBF, is created for the crop rapeseed.
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soil surface layer 0-5 cm of the side of the
ridge oriented 270 ° of the row direction

the standard deviation of VM4_270

the mean gravimetric surface soil moisture
content of the side of the ridge oriented 90 ° of
the row direction

the standard deviation of GMS_90

the mean gravimetric surface soil moisture
content of the side of the ridge oriented 270 °
of the row direction

the standard deviation of GMS_270

the mean surface soil thickness of the side of
the ridge oriented 90 * of the row direction

the standard deviation of SSTH_90

the mean surface soll thickness of the side of
the ridge oriented 270 ° of the row direction
the standard deviation of SSTH_270

the mean gravimetric soil moisture content of
the soil surface layer 0-5 cm of the side of the
ridge oriented 90 ° of the row direction

the standard deviation of GM4 90

the mean gravimetric soil moisture content of
the soil surface layer 0-5 cm of the side of the
ridge oriented 270 ° of the row direction

the standard deviation of GM4_270

The

structure and the parameters of this data base file is the same as the data
base file CROPBEA.DBF. Only the fieldwidth of the parameter ABNORMALTI is
changed from 25 to 75.

A new data base file, REFLECTI.DBF, was created to hold the reflection

parameters of soil surface and vegetation, which were measured during the

1988 Agriscatt campaign. The definition of the parameters in the data base
file REFLECTI.DBF is as follows:

FIELDREF
TIME
REFL_IR

field or property unit number
the time of reflection measurements

the mean reflection of soil and/or canopy in the



- 38 -

infra-red part of the electro-magnetic spectrum
IR_STDEV the standard deviation of REFL_IR
REFL_GR the mean reflection of soil and/or canopy in the

green part of the electro-magnetic spectrum

GR_STDEV the standard deviation of REFL_GR

GROU_GOND the condition of the soil surface

CROP_COND the condition of the canopy

REMARKS remarks on the field situation or the reflection
measurements

All the parameters and data base files described in this paragraph are

included in appendix III: parameter list for the RCS data base.
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7 RESULTS AND DISCUSSION

The Dutch test site and the methodology of ground truth collection of
the Agriscatt 1988 campaign are similar to those of the campaign in 1987.
Small differences are only present in the statistics of crop sampling and
in the extensions to the data base. The number of sampling places in the
field is increased from three to five for all crops, while the size of the
samples is decreased for beet,. potato and bean from five meter to two
meter. Logistic reasons prevented the collection of larger numbers of
samples with a still reasonable size. The change in sampling procedure is
expected to increase the accuracy of the determination of field-average
crop parameters.,

The extensions to the data base are listed in Chapter 6. They concern extra
crop parameters and measurements of the optical reflection with a portable
field-spectrometer. These parameters were measured to support the
particular CABO research programme. They are not listed in the RCS data
base used in the 1987 campaign. Therefore, new field names and field
descriptions which are cempatible with the RCS data base requirements, are

introduced.

Radar data of the Agriscatt-1988 are not included in this report. Field-
average values of the radar backscatter collected with the DUTSCAT and the
ERASME will be included in the RCS data base separately. Details on the

general execution of the campaign are given by J.C. Morin (1988).

A general overview of some of the ground truth is presented in Figures
7.1 to 7.9. At the first three and at the last sortie, the topsoil was
relatively dry with average moisture contents of the 0-5 cm layer between
25 and 35 X for beet and potato. At sorties 4, 5 and 6, the topsoil was
relatively wet with moisture contents of about 40-45 X for these crops. The
moisture contents of the potato fields are generally some 5 % lower than
that of the other crops. This is caused by the specific soil sampling for
potato, l.e. at the sides of the ridges. The soil of the ridges is
generally dryer than that of the furrows or that of a flat soil surface.
Another remarkable feature is the difference between the s0il moisture of
the barley field (200) and that of the wheat fields (350-760) during the
first two sorties. The wheat crops are all winter varieties while the
barley crop is a summer variety. The differemce in scoil moisture content

might be attributed to differences in the structure of the soll surface and
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the absence of a crop on the barley field. The total variation in moisture

content between fields with the same crops averages about 5 X.

The growth of the crops is illustrated by the plots of above-ground
biomass and LAI versus time. The data appear consistent and the variation
between the fields is small. The biomass value between the potate fields
varies least with about 0.05 kg/mz. That between the fields of sugar beet
with about 0.15 kg/mz, and that between the wheat fields with 0.2 kg/m2
(average values for the whole growing season). The curve of the barley crop
is clearly distinguished from those of the wheat crops by its lower level.
On the average, the variations between the fields at the end of the growing
season average 10-20 X of the total biomass levels. The smoothness and the
variation between the curves of the LAI versus time are relatively
comparable to those of the biomass versus time. The LAI of the barley crop
is larger than that of the wheat crops at the end of the growing season.
The wheat crops start to ripe sooner and the LAI thereby decreases faster
than that of the barley crop. The general smoothness and similarity of the

- curves indicate the consistency in the data. The growth and development of
the crops in the test site are comparable and no extreme differences are

present.
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Fig. 7.3 Volumetric soil moisture content of the upper 5 cm top
soil of the wheat and barley fields during the
Agriscatt 1988 sorties
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APPENDIX

Zadoks’ decimal code for the growth stages of cereals



Zadoks' decimal code for the growth stages of cereals

Code Code

0 Germination 5 Inflorescence emergence

00 Ory seed 50 'g . . ; Cein,
01 Start of imbibition 51 First spikelet of inflorescence just visible
02 - ) 52 ) e

: 1

03 Imbibition complete 53 5 /4 of inflorescence emerged

aq4 - 54 %1 .

05 Radicle emerged from caryopsis 55 /2 of inflorescence emerged

g - 56 ) .

3

07 Coleoptile emerged from caryopsis 57 5 /4 of inflorescence comleted

na - 58 i . . )

03 Leaf just at coleoptile tip . 59 Emergence of inflorescence completed

1 Seedling growth B Anthesis

10 First leaf through coleoptile 60 } L . [Not easily detectabie
11 First leaf unfolded® 61 Beginning of anthesis in barley]

12 2 leaves unfolded 62 -

13 3 leaves unfolded 63 -

14 4 leaves unfolded 64 g \ _

15 5 leaves unfolded 65 Anthesis half-way

16 6 leaves unfolded BB -

17 7 leaves unfolded’ &7 -

18 B8 leaves unfolded 64 i

19 9 or more leaves unfolded 69 Anthesis complate

2 Tillering 7 Mllk development

20 Main shoot only : 70 -

21 Main shoot and 1 tiller 71 Caryopsis water ripe

22 Main shoot and 2 tillers 72 -

23 Main shoot and 3 tillers 73 Early milk

24 Main shoot and 4 tillers 74 -

25 Main shoot and 5 tillers 75 Medium milk (Increase in solids of liquid
26 Main shoot and & tillers 76 - endosperm notable when

27 Main shoot and 7 tillers 77 Late milk crushing tne caryopsis

28 Main shoot and 8 tillers 78 - between fingers}

29 Mein shoot and 9 or more tillers 9 -

3 Stem elongation 8 Jough development

30 Pseudo stem erectiont a0 -

31 1ist node d=tectable 81 -

32 2nd naode detectable 62 -

33 3rd node detectable 83 Early dough

34 4th node detectable B4 -

35 S5th node detectable 85 Soft dough [(Finger-nail impression not held)
36 6th node detectable 86 -

37 Flag leaf Just visible B7 Hard dough [(Finger-nail impression hela,
e - 68 - inflorescence loosing chloropny.)
39 Flag leaf ligule/collar just visible 89 - .

4 Booting 9 Ripening

40d - 90 -

41 Flag leaf sheath extending 81 Caryopsis hard (difficult to divide by

42 - thumb-nail}

43 Boots just visibly swaollen 82 - Caryopsis hard (can no longer be dented by
44 - thumb-nail)

45 Boots swollen 83 Caryopsis loosening in daytime

486 - g4 Over-ripe, straw dead and collapsing

47 flag leaf sheath opening S5 Seed dormant

48 - 9B Viable seed giving 50% germination

43 First awns visible 97 Seed not dormant

98 Secondary dormancy induced
99 Secondary dormancy lost

* Even code numbers refer to crops in which this stage is reached by all shoots simulten-
eocusly and odd numbers to unevenly developing crops when 50% of the shoots are at the
stage gliven.



SEEDLING GROWTH - TIELLERING

First leaf unfolded,
Growth stage: 11

First leaf through coleoptile,
Growth stage: 10

3 leaves unfolded
Main shoot and 1 tiller,
Growth stage: 13, 21

2 leaves unfolded,
Main shoot only,
Growth stage: 12, 20

4 leaves unfolded,
Main shoot and 2 tillers,
Growth stage: 14, 22

SEEDLING GROWTH - TILLERING

Main stem leaves and tillers

Primary tiller

Primary tiller _—

6 leaves unfolded,
Hain shoot and 4 tillers,

Pseydostem erect,
Growth stage: 16, 24, 30

SEEDLING GROWTH - TILLERING
- STEM ELONGATION

Winter wheat - 5 leaves unfolded,
Main shoot and 3 tillers,
Growth stage: 15, 23

Spring wheat
5 leaves unfolded,

Main shoot and 2 tillers,
Growth stage: 15, 22

Winter wheat - 6 leaves unfolded,
Main shoot and 4 tillers,
Pseudostem erect,
Growth stage: 16, 24, 30

STEM ELONGATION

Flag leaf ligule visible,
1st node detectable, Growth stage: 39

Growth stage: 31 )

8 leaves unfolded,
Hain shoot and 3 tillers,

2nd node detectable,
(Leaf sheaths peeled back)
Growth stage: 18, 23, 32



BOOTING HEADING
I-3

Flag leaf sheath extending, Flag leaf sheath cpening,
Growth stage: 41 Growth stage: 47

|

KWheat

Anthesis half-way, f
Growth stage: 65 ‘

Wheat - Ripe ear,
Growth stage: 92

Barley - Ripe ear,
Growth stage: 92

Main shoot and 4 tillers, Wheat - Main shoot and 4 tillers,
{2 infertile), 4th node detectable, (2 infertile), 4th node detectable,
Boots swollen, Soft dough stage,
Growth stage: 24, 34, 45 Growth stage: 24, 34, 85

LEAF SHEATH MEASUREMENTS

Leaf sheath
Tength

Winter wheat - 5 leaves unfolded,
Main shoot and 3 tillers.
Growth stage: 15, 23

Leaf sheath
length
{5 cm+)

Ninter wheat - 6 leaves unfolded,
Main shoot and 4 tillers,
Pseudostem erect,
Growth stage: 16, 24, 30



APPENDIX Il

Soil and vegetation data; print-out of data stored in the Radar Cross

Section Data Base
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