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Abstract
The model CropSyst has proven useful for management-oriented simulations of growth and yield of cereals and other fi eld crops, but 
no scientifi c information is available with reference to processing tomato. The aim of this paper was to parameterise and validate the 
crop module of CropSyst for the simulation of potential fruit production in processing transplanted tomato (Lycopersicon esculentum 
Mill.). Parameterisation and calibration were performed by using fi eld data from an experiment carried out in 1997 in Central Italy. 
The same set of parameters was validated against fi ve independent experiments, carried out on the same location in 1998, 1999, 2000, 
2001 and 2002. The simulation of aerial biomass was always very good, with RRMSE values ranging from 7.5 to 13.4% and modelling 
effi ciencies (EI) always above 0.976. The simulation of LAI was very good during the fi rst part of growing season (up to 40-50 days 
after transplanting), while the decreasing trend in the fi nal part of growing cycle was not always reliably simulated. Indeed, RRMSE 
for LAI ranged from 13.5 to 26.8% and EI ranged from 0.849 to 0.966. The differences between simulated and observed fi nal fruit 
yield were below 10%, except in one year (18% in 2001), confi rming the practical value of this model, for management and legislative 
purposes. For research purposes, it is confi rmed that the simulation of dry matter partitioning is a crucial issue in vegetable crops such 
as tomato, wherein the growth of sources and sinks coexists for a main part of crop cycle.
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Introduction
Tomato (Lycopersicon esculentum Mill.) is one of the most 
widespread summer crops in Mediterranean environments and 
it would be helpful to make predictions of yield, as affected by 
farming practices and environmental conditions. Among available 
models, CropSyst (Stöckle et al., 2003) may be particularly 
useful for practical applications oriented to fi eld management 
and decision making, thanks to the very user-friendly interface, 
to the possibility of including several management events either 
on specifi c dates or synchronised with crop phenology, and to the 
possibility of simulating crop rotations.

With respect to other models, CropSyst introduces several 
conceptual simplifi cations and thus works with a smaller set of 
input parameters. For example, the core of the simulation engine 
for crop growth is based on two simple functions for radiation- 
and transpiration-dependent growth (Stöckle and Nelson, 2003), 
which rely on two input parameters, i.e. the light-to-biomass 
conversion coeffi cient (LtBC, as kg MJ-1), and the water-to-
biomass conversion ratio (BTR, as kg m-3 kPa).

The approach to dry matter partitioning is also very simple and 
based on one empirical equation, with two main input parameters, 
the ‘leaf area/plant biomass’ ratio at the early growth stages (LAR, 
as m2 leaves kg-1 plant) and the stem-leaf partition coeffi cient 
(SLP, as m2 kg-1), that accounts for the sharp decline of LAR as 
biomass accumulates over time (Stöckle and Nelson, 2003). On 
the other hand, dry matter partitioning to commercial yield is 
very simply simulated by multiplying fi nal accumulated biomass 
by the harvest index (HI), eventually corrected by water stress 
during fl owering and fruit ripening.

It has been shown that LtBC, BTR, LAR and SLP, together with 
other phenological parameters, are those that more strongly affect 
simulation results and thus must be chosen with care (Confalonieri 
and Bechini, 2004; Donatelli et al., 1997; Pala et al., 1996).

The above-mentioned simplicity may be regarded as an advantage, 
because CropSyst is easily parameterised and calibrated. This may 
contribute to a high level of diffusion, outside research institutions 
and with very practical aims (legislative support, technical advice 
and so on). However, the use of CropSyst without an appropriate 
validation may easily lead to unreliable conclusions.

This is particularly true for tomato and other vegetable crops that 
show several ecophysiological differences with respect to cereals 
and other fi eld crops, wherein CropSyst has been more extensively 
validated. In particular, the conceptual shortcuts introduced by 
CropSyst with reference to dry matter partitioning may hold 
for cereals, but may represent a problem in tomato, wherein the 
development of sources and sinks overlaps for a main part of 
crop cycle. It should not be forgotten that models developed for 
specifi c use in tomato adopt a more complex approach to biomass 
partitioning with respect to CropSyst (Van Keulen and Dayan, 
1993; Heuvelink, 1996; Scholberg et al., 1997; Heuvelink, 1999; 
Ramirez et al., 2004; Boote and Scholberg, 2006). Scientifi c 
information on the reliability of CropSyst simulations with 
reference to growth and yield of tomato is not available.

Therefore, the aim of this study was to parameterise and 
validate the crop module of CropSyst, by using a series of fi eld 
experiments carried out in Central Italy, on conventionally grown 
processing tomato.



Fig. 1. Relationship between above ground biomass and LAI. Symbols 
show observed data (1997), solid line shows fi tted curve.

Materials and methods
Field experiments: Six fi eld experiments were carried out in 
processing tomato (cv. PS1296) from 1996 to 1997 and from 
1999 to 2002, at Papiano (Perugia, Central Italy, 43°N, 165 
m a.s.l.) on a silty-loam soil with 1.3 % organic matter. These 
experiments compared development and growth of processing 
tomato at different N-fertilisation and density levels, on plots 
of 100 m2 size. Results have been already published elsewhere 
(Tei et al., 1999, 2001, 2002; Benincasa et al., 2006). From these 
experiments, we selected only those experimental treatments 
wherein the crop was grown following ordinary practices with 
reference to seedbed preparation, transplanting (from 25 May to 
3 June), plant density (always 3.2 plants m-2 with rows 0.9-1.2 m 
apart), N-fertilisation (always 200 kg N ha-1) and pest control. No 
limitations of growth were introduced by nutrient shortage, weeds 
or pests. All the details can be found in the cited papers.

In all the experiments 4-6 plants per plot were sampled throughout 
the growing season at approximately weekly intervals. At each 
sampling date, above ground dry weight and leaf area index 
(LAI) were determined. The main phenological indexes were also 
recorded as well as fi nal commercial fruit yield at harvest time.

Daily meteorological data (maximum and minimum temperature, 
rainfall, global solar radiation and wind speed) were also collected 
from a station inside the experimental site.

Parameterisation, calibration and validation of CropSyst: 
Simulations were run by using CropSyst version 3.04.08 (29 
March 2005). Potential evapotranspiration was estimated by using 
the Priestley-Taylor equation, while soil water redistribution was 
simulated by the cascade model.

CropSyst was parameterised by using default values, literature 
data and the experimental dataset obtained in 1997. A LtBC 
value of 2.4 g MJ-1 was chosen from Cavero et al. (1998), that is 
perfectly in line with values found by Scholberg et al. (2000a, 
b) and Tei et al. (2002). Optimal mean temperature for plant 
growth was set at 20 °C (Boote and Scholberg, 2006), while a 
value of 0.55 was chosen for the average extinction coeffi cient 
(k), following Ramirez et al. (2004) and Tei and Guiducci 
(unpublished data; see also Acock et al., 1978; Jones et al., 1991; 
Cavero et al., 1998).

On the other hand, LAR and SLP were estimated by fi tting into the 
dataset of 1997 the following equation (Stockle et al., 2003):

LAI = LAR · DW                                                      (1)1+SLP · DW
where DW is the accumulated above-ground biomass (kg m-2), 
as recorded with increasing LAI values.

Initial and maximum LAI were taken from the 1997 experiment, 
as well as fi nal LAI values with respect to maximum LAI. The 
harvest index (HI) was obtained from the same experiment, as the 
observed ratio between dry commercial fruit yield and total dry 
biomass at fi nal harvest (HI = 0.67). Such values are consistent 
with fi ndings of Scholberg et al. (2000a) and Battilani (2006).

Also the phenological parameters required by CropSyst, i.e. 
Growing Degree Days [GDD = Tmean - Tbase; where Tmean = 
(Tmax + Tmin)/2] for fl owering, for reaching maximum LAI and 

for physiological maturity, were calculated from data observed 
in 1997 (Stöckle and Nelson, 2003). A Tbase of 10°C (Scholberg 
et al., 2000a) and a Tcutoff of 35°C (Boote and Scholberg, 2006) 
were assumed.

All the other parameters were initially set to default values and 
simulations were performed by using the dataset of 1997 to 
calibrate the BTR and maximum water daily uptake (mm).

After calibration, the model was validated by applying the 
calibrated set of parameters to all the other experiments (1996, 
1999, 2000, 2001, 2002). The same set of parameters was always 
used, except for the initial LAI, that was regarded as an input 
datum for the model and was always set to the observed value. 
Such a decision was taken considering that in transplanted tomato 
the size of plants at transplanting may be very different from year 
to year; thus the same initial LAI does not hold in practice and 
may lead to considerable differences in modelling results (Tei et 
al., 1996a, b)

The agreement between observed and predicted values was 
expressed by using the Relative Root Mean Squared Error 
(RRMSE: minimum and optimum value = 0) and the modelling 
effi ciency (EF: optimal value = 1), as indicated by Martorana 
and Bellocchi (1999).

Results and discussion
The whole set of crop parameters as used in simulations is 
reported in Table 1. The calibrated value for the water to biomass 
conversion coeffi cient (BTR) is much higher than those reported 
in the CropSyst manual (maxima of 6.0 and 8.5 kg m-3 kPa 
respectively for C3 and C4 species; Stöckle and Nelson, 2003). 
Unfortunately, it was not possible to lower the BTR value below 
10.72 kg m-3 kPa without severely degrading the quality of 
simulations.

The relationship between LAI and accumulated dry biomass 
(Eq. 1) in 1997 (Fig. 1) was used to obtain a reliable estimate of 
LAR and SLP as shown by low standard errors (12.194 ± 0.873 
and 1.368 ± 0.249).
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Fig. 2. Above-ground total dry biomass of processing tomato during six fi eld experiments. Symbols show 
observed data, solid lines show CropSyst simulations by using the parameters reported in Table 1. Vertical lines 
show  standard errors.

The parameterisation of CropSyst led to a good simulation of 
aerial biomass (Fig. 2). As expected, the simulation is particularly 
good for the 1997 data, that were used for calibration (Table 2), 
but simulations were also good for 1996, 1999, 2000, 2001 and 
2002 (Table 2).

Simulations of LAI are not as good as those for aerial biomass 

(Fig. 3). The time course of LAI is always well simulated at the 
beginning of crop cycle, approximately until 40-50 days after 
transplanting, while the simulation quality decreases afterwards 
and, in some cases, the maximum LAI and the fi nal decreasing trend 
are not fully reproduced by CropSyst. As a consequence, RRMSE 
and EF values are less favourable than those observed for aerial 
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biomass. A similar behaviour was observed when modelling the 
growth of sweet pepper (Tei et al., 1996b). This confi rms that the 
simulation of dry matter partitioning represents a crucial issue with 
vegetables characterised by the contemporary growth of sources 
and sinks (Benincasa et al., 2006). Indeed, the empirical approach 
used in CropSyst may be too simple with respect to the more 

mechanistic approaches adopted in other models (Marcelis et al., 
1998; Scholberg et al., 1997; Boote and Scholberg, 2006). 

However, it should be emphasized that such deviations from 
observed data occur during a period of time when the impact 
on biomass yield may not be very relevant, as it would be at the 
beginning of crop cycle. Furthermore, it is important to notice 
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Fig. 3. LAI of processing tomato during six fi eld experiments. Symbols show observed data, solid lines show 
CropSyst simulations by using the parameters reported in Table 1. Vertical lines show standard errors.
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that the year to year variations on LAI growth were reproduced in 
a satisfactory manner, which is a very interesting and promising 
result.

In all the cases, the simulation of fi nal fruit yield is very good 
(Table 2) and differences between observed and simulated 
values are rather small, always below 10% apart from 2001. This 
result follows the relatively constant value of the harvest index 
throughout years, ranging from 0.63 to 0.67.

In conclusion, in spite of the scientifi c shortcuts introduced by 
CropSyst, it seems that, following a careful parameterisation, the 
practical value of this model may hold also in processing tomato, 

when used for management and legislative purposes. This usage 
is encouraged by the relatively small set of parameters required 
to run the simulations and by the very user-friendly interface. The 
set of parameters hereby reported seems to be quite robust for 
the environmental conditions of Central Italy and may serve as a 
useful starting point to run simulations in processing tomato.
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