Editors’ Note: This is the third in a six-part series on
research being performed at Michigan State University
in East Lansing.
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Reducing

Greenhouse Energy
Consumption

By Ryan Warner
and Erik Runkle
he recent volatility of energy prices
and an overall interest in reducing
greenhouse
production
inputs
have growers searching for ways
to improve the energy efficiency
of production. This article, the third in a sixpart series focusing on floriculture research at
Michigan State University, outlines our multifaceted approach to improve the energy efficiency of greenhouse crop production,
both short- and long-term.
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that require less energy,
such as those that develop
faster at cooler temperatures.
The crop’s rate of development
— and, thus, its timing — is influenced primarily by temperature. Additionally, many
bedding plant species are photoperiodic,
so they flower earlier with exposure to the
appropriate day length. Understanding how
light and temperature affect crop production
time is critical for optimizing energy inputs.

T

Growing Temperature Optimization
An intuitive but potentially flawed way
to lower greenhouse energy consumption is
to lower temperature set points. Indeed, fuel
An example of the variability observed in an interspecific hybrid petunia populations being
used to understand the genetics of crop timing
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consumption for heating decreases
on a daily basis as temperature is
lowered. However, a consequence
often not considered is the effect of

a lower average daily temperature
on crop timing. For the past several
years, we have been quantifying
how temperature influences time

to flower on a variety of bedding
plants, from ageratum to zinnia.
As with all crops, time to flower
increases as the average tempera-

ture decreases, but the effect varies
from crop to crop. For example,
time from transplant to first flower
of seed geranium ‘Florever Violet’
increased by 14 days as temperature
decreased from 68-63° F, whereas
the delay was nine days for dianthus ‘Super Parfait Raspberry’ and
only three days for French marigold ‘Janie Flame’.
We can use this crop timing information with the Virtual Grower
software program (www.virtual
grower.net) to estimate energy consumption for different growing
conditions, greenhouse characteristics and locations. For early spring
flowering in Northern states, many
crops consume less energy on a percrop basis when produced at a relatively warm growing temperature.
In other words, crops grown cooler
take longer to flower and need to
be transplanted earlier to meet the
desired finish date. The savings of
a lower average daily temperature
is offset by the need to heat for a
longer period during the coldest
part of the year. For late spring sales
and in much of the South, energy
consumption on a per-crop basis is
less affected by temperature.

Photoperiodic Lighting to
Promote Early Flowering

Make sure your
plants shape up
before they
ship out.
Excellence in PGR Technology

Today, ornamental buyers expect their plants to arrive in great shape. That’s why
more and more top growers are turning to PGRs from Fine Americas. With proven
active ingredients, advanced formulations and uncompromising quality control, Fine
PGRs bring out the best in your plants. Plus, these cost-effective products are backed
by ongoing university research and top-notch technical support. For the distributor
nearest you, visit www.fine-americas.com or call (888) 474-3463 toll free.

Always read and follow label directions before use. Abide ®, Citadel ®, Configure ®, Concise ®, Dazide ®,
Florgib®, Fresco® and Piccolo® are registered trademarks of Fine Agrochemicals, Ltd. Dazide® is a registered
trademark of Find Holdings, Ltd. Cycocel®, Sumagic®, B-Nine®, ProGibb®, Fascination® and Bonzi® are registered
trademarks of their respective manufacturers. © 2010 Fine Americas, Inc.

At MSU, we have determined
the photoperiodic responses for
hundreds of annuals and herbaceous perennials. For photoperiodic species, knowing when the
crop becomes perceptive to photoperiod and how long it must be
exposed to the appropriate photoperiod for floral induction to
occur allows for precise control of
flowering with minimal inputs of
supplemental lighting.
We have evaluated these parameters for numerous annual bedding
plant species.
The vast majority of photoperiodic annual bedding plants are
facultative or obligate long-day
plants, several facultative shortday plants exist, including cosmos
and celosia. These species begin to
perceive the floral-inducing short
days very early in development
and require as few as five short
days to stimulate flowering. For
example, celosia ‘Fresh Look Red’
and ‘Gloria Scarlet’ become receptive to short days about nine days
after germination! Therefore, it is
critical to provide long-day lighting
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immediately after germination to
prevent premature flowering.
In contrast, long-day plants, such
as petunia, generally require at least
three weeks of long days for complete floral induction, and plants
are generally not sensitive to photoperiod until three to four weeks
after germination. This research
has also demonstrated that photoperiodic lighting treatments can be
applied to many crops while plants
are still in plug trays. Once flowering begins, plants will generally
continue to progress toward flowering regardless of the photoperiod
they are grown under. This allows
growers to make more efficient use
of supplemental lighting for photoperiod control, particularly if greenhouse space with supplemental
lighting is limited. It is important
to note, however, that while plants
can be induced to flower with a
crop-specific minimum number of
inductive days, extending the duration under the inductive photoperiod often increases crop quality
parameters such as flower number.

Dianthus flowers progressively earlier as the
average daily temperature increases. This
information can be used with Virtual Grower
to determine energy-efficient production temperatures. (Photo: Matthew Blanchard)

Shape up your plants
with these Fine PGRs

*Same active ingredient as ARest®

Abide® is a broad-spectrum PGR
offering consistent results in containergrown ornamental plants.

*Same active ingredient as Cycocel®

Citadel® generates effective PGR activity
on a wide variety of containerized crops.

*Same active ingredient as Sumagic®

Concise® promotes more compact

Breeding EnergyEfﬁcient Crops
Energy concerns are unlikely to
dissipate in the coming years, so
long-term approaches for reducing
inputs for greenhouse crop production are necessary. These include
innovations in greenhouse technologies, such as higher-efficiency
heating and lighting systems, and
improving structures’ heat retention. But in addition to manipulating
the greenhouse environment and
improving greenhouse technologies, altering the crop itself through
breeding is another approach for
increasing production efficiencies.
How do we breed more energyefficient crops? By understanding
the genetics that control crop timing
traits, we can breed crops that flower
faster, reducing the amount of time
the crop is in the greenhouse, or
allowing production at cooler temperatures without increasing crop
production time. Clearly, for this
strategy to be effective, reducing
crop production time must not
come at the expense of crop quality
or garden performance.
Because of its economic importance and history as a genetic model,
petunia is our test case for breeding
more energy-efficient crops. We
are working to identify regions of

and marketable plants, and is highly
effective at low use rates.

Configure® increases lateral/basal
branching and promotes flowering.

*Same active ingredient as B-NINE®

Dazide® 85 WSG produces compact,
stronger and greener plants with well
developed root systems.

Regardless of how many leaves plants had developed at the start of long-day exposure,
rudbeckia ‘Indian Summer’ requires about four weeks of long days to stimulate flowering.

*Same active ingredient as ProGibb®

Florgib® stimulates and promotes
growth, produces stem elongation and
flowering in ornamental plants.

the petunia genome that control
crop timing traits. Identification
of these DNA regions will allow
us to generate molecular markers,
or DNA “landmarks,” associated
with the traits, which can greatly
increase the speed and efficiency of
breeding to reduce crop production
time. While our research will focus
specifically on developing those
markers, the genetic tools and
breeding populations developed
through this work will be made

available to other researchers and
industry breeders, and they can be
used for almost any trait of interest
for which variability exists within
the populations. For example, we
have also determined that wild relative species vary considerably in
cold tolerance and may therefore be
useful for improving abiotic stress
tolerance in petunia.
Two factors that determine
crop production time are the leafunfolding rate and the number of

*Same active ingredient as Fascination®

Fresco® delays leaf yellowing and
necrosis on lower leaves and delays
flower senescence.

*Same active ingredient as Bonzi®

Piccolo® brings out the best in
ornamentals by producing compact,
consistent quality plants.
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leaves that develop prior to flower
initiation. The cultivated petunia
species, Petunia ×hybrida, is a hybrid
between the wild species Petunia

axillaris and Petunia integrifolia. We
compared the leaf-unfolding rates
of these wild species with a broad
group of currently available gran-

diflora-type petunia cultivars from
several different breeding companies. Both of the wild species had
faster leaf-unfolding rates than any
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Ryan Warner is assistant professor and Erik Runkle is associate professor in Michigan State
University’s department of horticulture. Warner can be reached at
warnerry@msu.edu and Runkle can
be reached at runkleer@msu.
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of the modern cultivars, particularly at cooler temperatures (57-63°
F). This suggests that, in the process of breeding for other attributes
(such as large flowers and compact
growth habit), breeders may have
inadvertently selected against rapid
crop development.
Fortunately, all petunia species
can be hybridized with Petunia ×
hybrida,
al-beit
with
varying degrees of
More
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Wild relative species have already
been useful genetic
sources for improving traits
like pest and disease resistance
in other crops. In fact, the trailing
habit introduced with the Wavetype petunias originated in a wild
relative species.
By attempting to understand
both the environmental and
genetic control of crop production
time, we are committed to developing tools that help growers
meet both current and future
challenges to profitability. GPN
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Editor’s Note: The photo credits in part
1 of this series, “Bright Ideas in the
Works” that appeared in the February
issue were inadvertently omitted. The
authors would like to acknowledge
Roberto Lopez, Wook Oh and Daedre
Craig for their contributions.

LearnMore
For more information
related to this article, go to
www.gpnmag.com/lm.cfm/gp041002
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