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Tomato is one of the most remarkable vegetable cropped under greenhouses in Hungary. It was
being produced more then 1000 ha in average of late years. The forced tomato production is also
moderate, 100 000 t per year (MZGySzT, 1997; 1998; 1999; 2000; 2001; 2002; 2003).

The main period of tomato forcing is spring, when the price of fresh market tomato is the
highest. Used varieties predominantly belong to indeterminate type and hybrids, with widespread
resistance against pests. Tomato is growing mostly under older type plastic covered greenhouses,
where climate control is more difficult, then in prevalent modern ones, with high valley and
automatic control system.

Environmental requirements of indeterminate tomato are studying for many years,
especially during winter and early spring season. Deficiency of natural light is one of the main
limiting factors in Northern Temperate Zone during this period, because it is not possible to replace
light economically.

Development and consecutive phenological stages of indeterminate tomato were being
described by several simulation models, which try to predict response of tomato to changing
environmental conditions in relation of some well known ecological factors. SIMULTOM
(Sauviller et al., 2002), TOMSIM (Heuvelink et al., 2003), HORTISIM (Gijzen et al. 1998),
TOMPOUSSE (Abreu et al., 2002) are adaptable models for indeterminate tomato.

This models can characterize indeterminate tomato plant from the beginning of the
generative period, appearance of the first truss or the first anthesis, while this date is equal with
planting out. Indeterminate tomato plants develop clusters continuously after every third leaf on the
main shoot. Whereas flower and fruit initiation are continuous and some flowers or fruits compose a
truss, there are flowering and fruiting trusses on each plant at the same time. Because of this,
modelling of indeterminate tomato is the most difficult one of the vegetables.

Phenological stages of indeterminate tomato were observed during our trials and were
converting to numerical data. We searched correlation between numerical data and environmental
parameters. It was simple to justify close correlations between data and temperature, as usual in
case of vegetables, and we got similar connection in relation of photosynthetically active radiation
also. However, in modelling of fruit production we applied only parameters of temperature.

We have been recorded number of flowers and initiated fruits per truss, three times per
week, during three years period of trials. The beginning and the end of flowering and efficiency of
fruit set were also calculated from recorded data. Frequency of harvesting was the same as
flowering in 2001, but weekly in 1999 and 2002. We collect data from 10 trusses of 60 plants, so
we have characteristics of 600 trusses aggregately to calculate interrelations.

During the quantity determination of phenological stages, we searched parameters, which
can characterize the rate of the indeterminate tomato development, irrespectively varieties.
Analyses of the variances were made with measured and calculated characteristics of tomato, which
is adequate to above mentioned criteria. Index or rate of the phenological stages, quantity changes
of the plant in relation of time, was the best for characterizing tomato development. These indices
demonstrate the development in relation daily or weekly.

Rate of the beginning of truss flowering (fvk) was the first calculated index, which suitable
to describe the rate of up growth and estimate begin of flowering on each truss. Rate of flowering
within truss (fvb), the second index, can characterize flowering process inside each truss. Fruit
development rate (bf), can describe the course of individual fruit development. Rate of ripening (e)
can calculate harvestable fruits within each truss. For all of the above mentioned indices, except the
rate of ripening, we successfully found some temperature parameters, which have close correlation
to them and fit well for changing of the quantity measurement of phenological characteristics.

All of the three indices have a linear and power connection with temperature regimes.
Usually exponential and logistic curves are more correct then linear function, to describe vital
process of vegetables. Correlations were closer and standard errors were smaller in calculations of
power functions then linear ones. Accumulated temperature determined change of phenological
stages more than 90% in average, by correlation coefficient, which means the closeness of



correlation, in case of first three indices. So we used functions derived from these correlations to
calculate models.

After quantity determination of phenological stages, we created models, which can describe
developmental process in relation of temperature. Models were named by Hungarian abbreviations
of phenological indices (rate of the beginning of truss flowering - fvk; rate of flowering within truss
- fvb; fruit development rate � bf; rate of ripening � e) and type of regression curve (linear � 1;
power � 2) (beginning of truss flowering model: fvk1, fvk2; flowering within truss model: fvb1,
fvb2; fruit development model: bf1, bf2; ripening model: e).

After creating models, we examined them by comparing with recorded data and foreigner
tomato simulation model TOMPOUSSE carried out by Abreu et al., 2002. During the examination
of models we got different degree of errors by each model. None of the model was able to
characterize exactly the developmental process. But models on taking as a basis of power function
were more adequate then models from linear correlations.

Quantity determination of phenology exhibited several interrelations. Rate of the beginning
of truss flowering (fvk) is analogous truss appearance rate, which means number of
macroscopically observed truss initiative per time interval, and used by index of development. Both
indices result 0.1-0.25 truss day-1, and temperature effect is 0.008-0.015 truss day-1 °C-1. Model on
taking as a basis of correlation (r2=0.94), derived from accumulated daily temperature between time
interval of flowering consecutive trusses and rate of the beginning of truss flowering. Calculated
model fvk2 estimates not only the beginning of truss flowering, but informs about the growing rate
of the indeterminate tomato.

Logistic function is the best fitting model to describe changing of accumulated number of
flowers within the truss. Singly or accumulated application of logistic functions is difficult, so we
used quotient of number of flowers and required time for flowering as index, named rate of
flowering within truss to create model of flowering within truss (fvb). There are close correlation
between rate of flowering within truss and accumulated daily temperature during the flowering
period of truss. Power function gave the best regression curve (r2=0.93) same as previous index.
Also there are correlation between index and photosynthetically active radiation (PAR), but
closeness of connection was not so strong (r2=0.78) then with temperature.

Summarized fvk2 and fvb2 result model fv2 (model tomato flowering) was more adequate
after comparing with recorded data. Average daily temperature during the flowering period, average
number of flowers per truss and number of trusses are the necessary input parameters of model fv2.
Fv2 describes course daily and summarized number of flowers from input data. It is able to predict
number of flowers per plant up to 10th truss at constant average daily temperature. Increasing of
average daily temperature with 1°C could decrease total flowering time of first 10 trusses with 3-4
days between 18-22°C.

Fruit development rate (bf) responds similar effect to temperature then flowering, which
characterize fruit development process. Temperature effect of 0.001 fruit day-1 °C-1 could increase
the required time for fruit development. There are also two correlations between fruit development
rate and accumulated average daily temperature, linear and power ones. Derived models of
correlations were compared with recorded data. Whereas TOMPOUSSE also has a model to
simulate of ripening, it is placed in comparison. Model bf2 was the best to characterize fruit
development and the beginning of ripening.

We tried to quantify fruit ripening from harvesting data. There was correlation between
accumulated daily temperature of harvesting intervals and harvested fruits per unit area, but its
closeness was weak (r2=0.65). We conclude, that fruit ripening is much more complex and
controlled, than we could characterize by a single factor.

After modelling of phenology, we summarized and created models of crop dynamics (td),
which can estimate the yield of the harvestable fruits per day.

We compared two models of crop dynamics, which was created in different ways. Model
td1 created by integration model fv2 (truss flowering) and model bf2 (fruit development). Crop
dynamics model td2 consist model bf2 (fruit development) and e (fruit ripening). Both models are



required date of first flowering, average daily temperature during the cropping season and number
of trusses, as input parameters. Model td1 consist number of fruits per truss and average fruit weight
of the fruits, and td2 consist average weight of trusses as additional input parameters.

After creating models, we examined them by comparison with recorded data. Model td2 did
not describe fruit harvesting period adequately already in1999, so we did not use it in further
comparisons. But model td1 estimated the recorded data well, both of daily and accumulated yield
in all of three experimental years.

Model td1 can predict not only the harvestable fruits, but it can describe increasing of the
total weight of all different aged fruits per plant. Whereas model td1 uses only few input
parameters, it was suitable to apply in practice under weakly controlled greenhouses in spring
season.
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