Energy-Efficient Greenhouse Production of Petunia and Tagetes by
Manipulation of Temperature and Photosynthetic Daily Light Integral
The cost of fuels is an increasingly significant
production expense for greenhouse growers in temperate
climates. There are several strategies that growers can
use to improve production efficiency and reduce energy
consumption; one of which is to optimize greenhouse
temperature and photosynthetic daily light integral (DLI) so
that less energy is consumed on a per-crop basis.
Mathematical models have been developed to predict the
influence of mean daily temperature (MDT) and DLI on
time to flower; however, these models need to be
integrated with those that estimate greenhouse energy
consumption to evaluate energy-efficient production
regimes.
The objectives of this study were to (1) quantify
the influence of MDT and DLI on flowering during the
finish stage for Petunia xhybrida Vilm.-Andr. and Tagetes
patula L., (2) to develop crop models that predict the
effects of changing MDT and DLI on flowering time and
plant quality, and (3) to predict energy costs for
greenhouse heating for different crop finish dates and at
different locations in the United States. Petunia and
Tagetes seedlings were transplanted to 10-cm pots and
grown in glass greenhouses at temperatures of 14, 17, 20,
23, or 26°C under one of two DLI treatments. Flowering
data were collected and the MDT and DLI crop models
were validated. Crop model data were used as inputs in
the Virtual Grower (VG) management software for a
standard greenhouse located in seven cities across the
USA.
In both species, time to flower decreased as MDT
and DLI increased (Figure 1A-B). The number of flower
buds or inflorescences at first flowering decreased for both
species as temperature increased and DLI decreased
(Figure 1E-F). The VG model predicted transplant dates
for both species for flowering dates of 1 April and 15 May
(Table 1). Calculated energy costs for a 1 April flowering
date for a Petunia crop were 32-547% lower when grown
at an MDT of 14 versus 23°C for locations in San
Francisco, California, Tallahassee, Florida, Charlotte,
North Carolina, and Fort Worth, Texas. In contrast,
energy costs for Petunia grown in the same greenhouse in
Grand Rapids, Michigan and Cleveland, Ohio were 3-5%
greater at an MDT of 14°C compared to 23°C (Table 1).
For a finish date of 15 May, a Petunia grown at an MDT
of 14 or 17°C had the lowest predicted energy costs for
heating at all locations. In Tagetes, an MDT of 14°C had
the lowest predicted energy cost for both finish dates at all
locations.
The models developed can be used to evaluate
the benefits of increasing the DLI on flowering time and
plant quality during different production seasons and can
help identify the most energy-efficient production strategy
for their location and crop.

Figure 1. The effect of mean daily temperature (MDT) and
photosynthetic daily light integral (DLI) on the predicted time
to flower (A and B), rate of progress to flower (C and D), and
number of flower buds or inflorescences at first flowering (E
and F) in Petunia and Tagetes grown under a 16-h
photoperiod. Legend in panel C applies to all panels. Time to
flower is from transplant of 6-leaf (Petunia) or 6- or 8-leaf
(Tagetes) seedlings that had been grown at an MDT of 20.4°C
and under a 16-h photoperiod and a DLI of 10 mol m-2 d-1.
Table 1. Estimated heating costs using Virtual Grower
software (USDA-ARS, 2009) from time of transplant of 6leaf Petunia and 6- or 8-leaf Tagetes to first flowering on 1
April or 15 May. Time to flower was calculated using models
in Figure 1 and is for plants grown at different constant
temperatures in different locations under a 16-h photoperiod
and a mean DLI of 10 mol m-2 d-1.
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