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ABSTRACT

Calibration of the crop growth models DAISY and HERMES was based on experimental results
from the Experimental station in Domaninek (49°31,470°N, 16°14,400°E, altitude 530 m a.s.l.).
Crop parameters of winter wheat, represented by cultivars Etela and Bohemia, were calibrated.
Experimental data (included observations within field trials with two different sowing dates and
two nitrogen fertilization levels) from the year 2012 were used for calibration. Evaluation of
agreement between simulated and observed data was done using selected statistical indicators, e.g.
the root mean square error (RMSE) as a parameter of average magnitude of error and the mean bias
error (MBE) as an indicator of systematic error. Namely measured and simulated leaf area
development, phenological phases, soil moisture content and yields were compared. According to
the statistical parameter MBE the average simulated flowering by DAISY fit the mean observations
and it was slightly underestimated by 0.5 days using HERMES. Also maturity was estimated very
slightly earlier (0.5 and 0.8 days on the average) using DAISY and HERMES respectively. DAISY
overestimated yields by 0.89 t-ha™ and HERMES overestimated yields by 0.57 t-ha™. According to
the statistical parameter RMSE the average error within DAISY results was 4.5 days for flowering,
3.5 days for maturity and 1.03 t-ha® in yield. The RMSE for HERMES model was 5.0 days for
flowering, 4.3 days for maturity and 0.79 t-ha™ in yields.
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INTRODUCTION

The concentration of greenhouse gases (CO,) is increasing. The atmospheric CO, is a key source
of carbon for plants (Amthor J. 2011) and its increased concentration in the atmosphere accelerates
photosynthesis, increases yield and the amount of biomass. It also effects the stomata activity that
are more closed due to the easier access. The transpiration is being reduced, the stomatal
conductance decreases and the plants use water more effectively (Dhakhwa G.B. 1997). However,
the plant growth and development is also affected by meteorological elements (temperature,
precipitation and global radiation) and the increase in temperature shortens the plant growth period
and the duration of phenological phases (e.g. Batts G.R. 1997), which results in an accelerated
development and in a decrease in yield. Whether the crop yield is more affected by the positive
fertilization effect caused by CO, or by the negative effects of the increase in temperature and the
change of other meteorological elements, can be decided virtually only by using the following two
methods: 1. Conducting the controlled atmosphere experiments with conditions corresponding to
the anticipated climatic conditions, which are the results of time-limited field experiments that
cannot be applied on larger areas; 2. Applying the growth models that attempt to approximate the
consequences of the climate change on the exchange of substances between the plant and its
environment. The downside of the growth models is their oversimplifying of the simulated systems
(Zalud Z. et al. 2008). In this paper, the growth models DAISY and HERMES being calibrated
based on the experimental data from a 2012 winter wheat (the most cultivated cereals in the Czech
Republic) field experiment.

MATERIAL AND METHODS

Crop growth models DAISY and HERMES simulated crop growth, soil temperature regime, water
regime, the balance of organic matter and nitrogen dynamics on the basis of information about land
management and weather data. DAISY is a Danish agro-ecological simulation model (Hansen S. et
al. 1990). HERMES is a German agroecosystem model (Kersebaum K.C. 2011). The input data
required include: meteorological data to calculate the reference evapotranspiration ETO (this paper
uses the Penman-Monteith calculation), (Allen R.G. et al. 1998), i.e. average daily air temperature
(° C), global radiation (MJ - m?), daily precipitation (mm), wind speed (m - s™), vapour pressure or
relative humidity (%); the granulometric composition of soil, bulk density of soil, humus content,
C: N ratio, hydraulic conductivity of soil and soil retention curve parameters; agronomical
measures data (terms of plowing, fertilizing, seeding, irrigation, harvesting) and crops data — the
basic characteristics of the crop which are being simulated. The recalibration lied chiefly in the
modification of phenological phases. Models distinguish among leaves, stems, storage organs and
roots of plants.

Field experiment: The experimental site is an area with the altitude of 530 m and was established
on standardized plots (1,5 x 8 m). Field experiments consisted of eight variants (1, 2,..., 8) in three
repetitions (A, B ,C). The variants differ from each other by the combination of two cultivars (Etela
and Bohemia), two sowing dates and two different fertilization doses.

Tab. 1 Description of field experiment for winter wheat in 2012

Variant 1 2 3 4 5 6 7 8

Cultivar Etela Etela Etela Etela Bohemia Bohemia Bohemia Bohemia
Sowing (2011) 5.10. 5.10. 19.10. 19.10. 5.10. 5.10. 19.10. 19.10.

N (tha®) 60 60+20 60 60+20 60 60+20 60 60+20

For three variants (1, 2, 3), the plots were duplicated. One was sampling plot, the other one
harvesting. In harvesting plots, two sensors TDR to measure the soil moisture to the depth 30 cm
were placed. Once a week, the leaf area index was measured with a SunScan (Delta-T Devices,
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UK). From the sampling plots, the samples of aboveground biomass (6x) and soil samples during
the growing season were taken. In the aboveground biomass, dry matter content per 1 m? and the
content of nitrogen in the plant were always determined. The soil samples were collected
gravimetrically to the depth of 30 cm (5x). They were used for calibration of TDR sensors. The first
soil sampling was carried out before sowing. It served to determine the initial conditions and
the content of mineral nitrogen in the soil layers. We carefully observed the beginning and the
course of the phenological phase, crop health, main yield parameters and yield. Field experiment
was monitored by a meteorological station.

To the statistical evaluation of the relationship between the modelled and measured quantities, the
following parameters were used: the mean bias error (MBE) as an indicator of the average
systematic error and root mean square error (RMSE) which describes the average absolute
deviation between the observed and modelled values (Davies J.A. and McKay D.C. 1988). The
measurement units are t-ha™ for yield and days for the phenological phases.

Si... estimated value of the variable
Oj ... observed value of the variable
n ... number of pairs of observed and estimated values

N on
RESULT AND DISCUSSION

The crop growth models were calibrated in several steps. The first step was to approximate the
conditions of modelled phenological phases to the phenological phases observed. The experiments
are represented by two cultivars, each having been calibrated separately. The parameters for the
length of the vegetative and reproductive development stages were modified within the calibration
of DAISY. In HERMES, temperature sums corresponding to each phenological phases were
gradually modified. Calibration results are graphically illustrated by Figures 1, 2, 3 and 4. The
achieved values of MBE and RMSE are shown in Table 2 and 3.

Phenology Etela 2012 Phenclogy Bohemia 2012 Phenology Etela 2012 Phenclogy Bohemia 2012
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Fig. 1 The comparison of the observed and modelled onset of phenological phases of winter wheat.

The second step of calibration was to compare real and simulated yields in each variant of the
experiment. Nor HERMES, neither DAISY can distinguish between the lower and higher levels of
fertilization in the expected yields.
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Fig 2. Comparison of observed and estimated winter wheat yields in 2012.
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DAISY and HERMES have slightly overestimated the yield for winter wheat. This overestimation
could be correct, as the growth model is unable to take into consideration the occurrence of weather
disasters (e.g. storms) or diseases and pests.

Tab 2. Evaluation of the calibration according to the statistical parameter MBE

Crop DAISY MBE HERMES MBE
Winter wheat Flowering Maturity Yields Flowering Maturity Yields
2012 (days) (days) (tha™) (days) (days) (tha)
Etela var. 1-4 0 0.5 0.78 -1.0 -1.0 0.44
Bohemia var. 5-8 0 05 1.00 0 -0.5 0.71
2012 @ MBE 0 0.5 0.89 -0.5 -0.8 0.57

The DAISY model estimated the winter wheat flowering season precisely, regarding maturity, it
was 0.5 days ahead, and overestimated the yield gain by 0.89 t-ha’. HERMES was 0.5 days ahead

for flowering, 0.8 days ahead for maturity and it overestimated the yield gain by 0.57 t-ha™.

Tab 3. Evaluation of the calibration according to the statistical parameter RMSE

Crop DAISY RMSE HERMES RMSE
Winter wheat Flowering Maturity Yields Flowering Maturity Yields
2012 (days) (days) (tha) (days) (days) (tha)
Etela var. 1-4 25.0 125 0.82 26.0 17.0 0.46
Bohemia var. 5-8 16.0 12.5 1.28 25.0 20.5 0.78
2012 @ RMSE 4.5 3.5 1.03 5.1 4.3 0.79

According to the statistical parameter RMSE, the average so called mean square error of the growth
model DAISY for winter wheat was 4.5 days for flowering, 3.5 days for maturity and 1.03 t-ha™ for
yield. The average model error of HERMES was 5.1 days for flowering, 4.3 days for maturity and
0.79 t-ha™ for yield. The study conducted by Palosuo T. et al. (2011) compared several crop growth
models with the growth and development of the given crop, where the results of the observations
from several European countries were included. They also noticed differences between the
simulation and the actual observation. Within mentioned study the best performance regarding
winter wheat yield estimation was for DAISY and DSSAT, for which the RMSE values were
lowest (1.4 and 1.6 t-ha™ respectively). In the study conducted by Trnka M. et al. (2004) crop
model CERES-wheat was calibrated and tested within 7 Czech locations while mean deviation
between simulated and observed values of the anthesis and maturity was less than 8 days.
Winter wheat ETELA 2011/2012

LA (i m?)

Numer of day wince the scwing

Fig 3. Comparison of the estimated LAl with observed values for Variant 1 with normal
agrotechnical term of sowing and with 14 days delayed sowing date for Variant 3

The crop growth models relatively satisfactorily estimate the dynamics of the leaf area in variants 1
and 3 whose sowing date is different. The graphs with LAI values suggest that the growth model
DAISY overestimated the development of the leaf area. HERMES, in contrast to DAISY and the
data measured by SunScan, takes into account only the leaf area without other area of plants,
represented by stems or spikes, which could partially explain the fact that the simulated values of
LAI by HERMES are lower than DAISY.

133|Page



Mendel
Net

MENDELNET 2013

Winter wheat ETELA 2011/2012 soil moisture 0-30cm
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Fig 4. Comparisons between simulated and measured soil moisture for winter wheat in 0-30 cm
(var. 1)

Crop growth models can estimate soil moisture content. The shape of simulated curve relatively
satisfactorily corresponds to the shape of curve values measured by sensors TRD. DAISY simulates
the movement of water in the soil on the basis of numerical solution of Richards' equation.

CONCLUSIONS

During the calibration of the selected crop growth models DAISY and HERMES for winter wheat
in the experimental station Domaninek, satisfactory results concerning the phenological
development were obtained. In the case of the estimated yields, neither of the model can
satisfactorily explain the variability of the yields observed. Generally, both models showed only
small differences in yield among the variants with earlier and the later sowing date in each year. In
most cases, the models showed only an insignificant difference in the yield gain of the differently
fertilized variants, but it has to be said that the differences in the actually observed yields with
respect to the different fertilization were also not significant. The field experiments are still
continuing and based on their results, the models are to be recalibrated and validated in the
following years.
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