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Summary

This report shows the results of a study to test the performance of the SUCROS-Wheat v4.0
model against crop data obtained in field experiments conducted in the Netherlands and in
the United Kingdom, Within DLO-research program 229 there is a continuing effort to update
and test dynamic crop growth models. The reason for publication of these intermediate results
is to report them as a starting point for other researchers in the same fieid.

The results obtained with the model on the experimental datasets are presented both in a
graphical and numerical form, the latter by meaning of calculated statistical measures.
Statistical measures used include: root mean square error, mean absolute error and the
coefficient of determination. Root mean square error of the predicted of total above ground
dry weights (TADRW) averaged over the reviewed experiments was 1155 kg dry matter per
hectare, the mean absolute error was 865 kg dry matter per hectare. Coefficient of determi-
nation between simulated and cbserved values of total above ground dry weight at anthesis
was 0.73, at maturity the coefficient of determination yields 0.87. Root mean square error of
predicted dry weights of storage organs {(WSO) over the reviewed experiments was on average
858 kg dry matter per hectare, the mean absolute error was 770 kg dry matter per hectare.
Coefficient of determination between simulated and observed values of grain dry weight at
maturity was 0.77. Simulation of the dynamics of leaf area development in these set of experi-
ments was moderate. Root mean square error of the prediction of leaf area index {LAl) over
the reviewed experiments was 0.85 m?/m2, mean absolute error was 0.65 m2/m2.



1. Introduction

Iincreasing the quality of the crop growth models of AB-DLO is one of the objectives of DLO-
research program 229, Several aspects of quality are covered under this objective: scientific
quality, model validation, applicability, software quality, user-friendliness. This report shows
the resuits of an evaluation study on the performance of the SUCROS-Wheat v4.0 model
against crop data obtained in field experiments conducted in the Netherlands and in the
United Kingdom. Within this DLO-research program there is a continuing effort to update and
test dynamic crop growth models. The reason for publication of these relatively crude
intermediate results is to fix and report them in a suitable format for further use by other
researchers in the same field. SUCROS-Wheat v4.0 is the wheat implementation of the generic
crop growth model SUCROS, which is an acronym for Simple and Universal CROp growth
Simulation model. The analysis includes: {1) a test of model behaviour under West-European
meteorological conditions and (2) an assessment of the model accuracy and prediction error.
The SUCROS-Wheat v4.0 model will be used for yield prediction purposes across Europe.

Treatments in field experiments that show the most favourable conditions for crop growth,
were selected and evaluated by means of graphs of simulated against observed values of state
variables. The SUCROS-Wheat v4.0 model was used at the level of potential production, it was
assumed that crop growth was not restricted by drought, insufficient fertilisation or biotic
stress in all treatments. The only adaptation applied to the model was the change of two
model parameters. The value of the model parameter AMX, the actual CO, assimilation rate at
light saturation for individual leaves was increased from 40. to 40.8, while the model para-
meter EFF, the initial light use efficiency for individual leaves was decreased from 0.45 to 0.36.

if possible, three graphs were presented per experiment; the observed against the simulated
value of the total above ground dry weight (variable TADRW, kg/ha}, the dry weight of the
storage organs (variable WSO, kg/ha} and the leaf area index {variable LAl, m2/m2). Along with
the graphs for each state variable, two statistical measures for modei performance are given;
the root mean square error and the mean absolute error between observed and simulated
values.

The site-specific information that was applied to obtain these results was limited to date of
sowing, sowing density, latitude and daily weather data.



2. Evaluation of SUCROS-Wheat v4.0 on
West-European experimental datasets

Summary output of observations and model outcome will be given for each selected field
experiment. On the upper and middle graph, time is plotted on the X-axis and dry weights
on the Y-axis, on the graph in which the leaf area index is shown, the units of the Y-axis are
m2/m2. Along with each graph, the statistical measures root mean square error and mean
absolute error will be presented for total above ground dry weight, dry weight of storage
organs and leaf area index.



2.1.

The Netherlands

2.1.1. Nitrogen fertiliser trial at experimental farm

De Bouwing, 1982-1983

Total above ground
dry weight

Rt.mn.sq.error
768 kgrha

Mn. abs. error
528 kg/ha

Weight of storage
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Rt.mn.sq.error
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Mn. abs. error =
803 kg/ha

Leaf area index
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2.1.2.

Nitrogen fertiliser trial at experimental farm

De Bouwing, 1983-1984

Total above ground
dry weight

Rt.mn.sq.error
878 kg/ha

Mn. abs. error
391 kg/ha

Weight of storage
organs

Rt.mn.sq.error
836 kgrha

Mn. abs. error
706 kg/ha

Leaf area index
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0.62 mm’
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0.44 m’im’
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2.1.3. Nitrogen fertiliser trial at experimental farm De Eest,
1982-1983
tadrw
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2.1.4. Nitrogen fertiliser trial at experimental farm De Eest,
1983-1984
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2.1.5. Nitrogen fertiliser trial at experimental farm PAGV,

1982-1983
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2.1.6. Nitrogen fertiliser trial at experimental farm PAGV,
1983-1984
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2.1.7. Growth, yield and composition of four winter cereals at

experimental farm A.G. Minderhoudhoeve, 1985-1986
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2.1.8. Plant density experiment of winter wheat at

experimental farm PAGV, 1976-1977

This experiment conducted by Darwinkel at PAGY in 1976 covers plant densities from 5 to
800 plants per m2, Plant densities are shown in the X-axis, whereas the graphs of the other
trials have time on the X-axis.
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2.2. United Kingdom

2.2.1. Nitrogen fertiliser and irrigation trial at Rothamsted

experimental station, 1984-1985

Totat above ground
dry weight

Rt.mn.sq.error
925 kg/ha

Mn. abs, error
811 kg/ha

Weight of storage
organs

Rt.mn.sq.error
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Mn. abs. error =
29 kg/ha

Leaf area index
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Mn, abs. error
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2.2.2. Nitrogen fertiliser and irrigation trial at Rothamsted
experimental station, 1985-1986
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3. Conclusions

Evaluation of the SUCROS-Wheat v4.0 model and its detailed description of phenology was
done with experimental datasets. The results, presented by graphs, show that the above
ground dry weight was simulated reasonably well till the last two, three weeks of the growing
period. At the end of the post-anthesis period, total biomass was sometimes over and some-
times underestimated. Root mean square error of the prediction of total above ground dry
weight (TADRW) over the reviewed experiments was 1155 kg dry matter per hectare, mean
absolute error was 865 kg dry matter per hectare. Coefficient of determination (r2) between
simulated and observed values of total above ground dry weight at anthesis was 0.73, at
maturity the coefficient of determination yields 0.87, using all observed data.

Table 1 Summary results of the evaluation of the accuracy of SUCROS-Wheat v4.0 to predict
winter wheat biomass production, grain yield and leaf area index at 10 experimental sites

State variables TADRW WSO LAI

Statistical criteria rt. mn. mn. abs.| rt. mn. mn. abs.| rt. mn. mn. abs.
3q. err. err. sq. err. err. 5q. err. err,

Nitrogen fertiliser trial at experimental farm 768 528 1123 803 058 038

De Bouwing, 1982-1983

Nitrogen fertiliser trial at experimental farm 878 391 836 706 062 044

De Bouwing, 1983-1984

Nitrogen fertiliser trial at experimental farm 774 . 463 1415 1397 1.03 075

De Eest, 1982-1983
Nitrogen fertiliser trial at experimental farm 1365 1008 1169 993 097 077
De Eest, 1983-1984

Nitrogen fertiliser trial at experimental farm 1088 691 1162 1003 060 042
PAGV, 1982-1983

Nitrogen fertiliser trial at experimental farm 1413 943 826 814 052 035
PAGV, 1983-1984

Growth composition trial experimental farm 1122 890 894 882 0.72 0.66
A.G. Minderhoudhoeve, 1985-1986

Plant density trial , experimental farm 2553 2404 717 698 - -
PAGV, 1976-1977

Nitrogen fertiliser and irrigation trial 925 811 29 29 134 1.03
experimental farm Rothamsted, 1984-1985

Nitrogen fertiliser and irrigation trial 663 526 407 381 1.27 1.07

experimental farm Rothamsted, 1985-1986

Performance of the model on the experimental data in the Netherlands was reasonably good
with respect to weight of storage organs, where behaviour of the model on the datasets in the
United Kingdom was good. Root mean square error of the prediction of dry weight of storage
organs (WSO) over the reviewed experiments was 858 kg dry matter per hectare, mean
absolute error was 770 kg dry matter per hectare. Coefficient of determination (r?) between
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simulated and observed values of grain dry weight at maturity was 0.77, using ail observed
data. Simulation of the dynamics of leaf area development in these set of experiments was
moderate. Root mean square error of the prediction of leaf area index (LAI) over the reviewed
experiments was 0.85 m2/m2, mean absolute error was 0.65 m%/m2.
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