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A greenhouse has one purpose: to provide and maintain
the environment that will result in optimum crop production
or maximum profit. This requires an environment for work
efficiency as well as crop growth.

GREENHOUSE ENGINEERING, a new 200 page book written by
Agricultural Engineers at the University of Connecticut, has
gathered together the latest information from research
papers, extension publications and manufacturers' literature
It is written to give growers, extension agents, suppliers
and horticulture students a basic understanding of the
modern greenhouse and its environment control system. The
fo1 lowing ic a b^ief review of the contents:
I. Greenhouse Structures

Site Selection

Materials and Methods
of Construction

Construction Costs

II.Materials Handling
Basics

Planning for Smooth
Materials Flow

Space Requirements
Equipment
Shippi ng

III. Environment Control

Effects of Environment

on Plant Growth

Temperature
Humi di ty
Equipment for Heating
& Cooli ng
Conventional & Computer
Control

Lighti ng
co2
Watering Systems

IV. Energy Conservation
Reducing Thermal Energy Use
Alternate Fuels

Heating System
Mai ntenance

Conservation

Checklist

i

ORDER FORM

Make check payable to: The University of Connecticut
Mail to: Department of Agricultural Engineering

University of Connecticut
Box U-15

Storrs, CT 06268
Please send copies of "Greenhouse Engineering" at
$15.00 each.

Name:

) )

Street or RFD:

Ci ty and State: Zip Code

SPLIT-NIGHT TEMPERATURES: CHRYSANTHEMUM

Jay S. Koths
Extension Floriculturist

Jill Schneider and Christopher Watson
Graduate Students

More than 10 crops have been studied under split-night
temperature (SNT) regimes at the Univ. of Conn. Floriculture
Greenhouses. Of these, the chrysanthemum is one of the most
appropriate crops for adaption of this technology. In this
report, only data from a 10 F drop (60 to 50 F) for a
six hour period (2300 to 0500 hours) will be considered.

The concept proposed by Loefstedt (1977) assumed that a
nine hour summer night was long enough for the plant to
accomplish whatever it did in the dark. Therefore, during
the 15 hour winter nights it should be beneficial for plants
to reduce the temperature for part of the night, slowing
their respiration and conserving their energy.

Experiments were designed to determine the response of
chrysanthemums* to SNT. Maturity was delayed; they did
grow more slowly during the six hours in which the
temperature was lowered 10°. They also gained weight and
height which might be explained as conservation of
photosynthate or not expending their energy needlessly
during a long night.

Since mums can be programmed rather precisely by
manipulation of night length, beginning long night treatment
sooner should conveniently compensate for the SNT delay.
Several crops were grown with long nights commencing 7 days
earlier. This was too much. A series of crops was then
grown with a 0, 2, 4 and 6 day advance in the onset of long
nights. From this data the following recommendations for
long night advance (LNA) evolved based upon the date of
harvest.

Month of Flower

Nov. and May
Dec. and Apri1
Jan. and March

February

Begi n Long Ni ghts

1-2 days earlier
2-3 days earlier
3-4 days earlier
4-5 days earlier

*Chrysanthemum rooted cuttings were supplied by Yoder Bros.,
Barberton, Ohio and Stafford Conservatories, Stafford
Springs, CT.



Under the best of conditions, the date of harvest can
vary a few days. The above recommendations should provide a
harvest date which, on the average, will be the same as for
those grown without a long night advance and grown at 60 F
all night. This is, of course, with about 1000 ppm g02
and no venting until the temperature reaches 80 - 85 F on
sunny days.

Several benefits are derived. With the above LNA it was
found that 4 cultivars of mums increased 13% in weight in
January and 3% in March when cut to 30" stems with one third
of the leaves removed (total plant weight increased by 19%
and 12%). They were taller by 7% in January and 10% in
March. A portion of the extra length may be attributed to
elongation of the peduncles (the stalks supporting the
blossoms). This is of great value in pompons that tend to
become "clubby" during midwinter, providing a more open and
attractive flower cluster without chemical treatment
(McDaniel, 1984). Pompon growth at lower night temperatures
may result in a reduction in the number of flowers produced
(Cathey, 1954) but the peduncles are longer and the flowers

TABLE 1

The effect of split night temperature and long night advance
(LNA) on the mean fresh weight at 76 cm with one third
leaves removed of four cultivars of chrysanthennums harvested
in January 1982.

Cultivars
Florida Indianapolis

Temperature LNA Charisma Polaris Marble White #4

(degrees F) (days) (grams)

60 0 30.9az 37.9d 31.3ab 40.5b

60/50 0 30.0a 46.4bc 33.4a 46.0ab

60/50 2 28.2a 54.7a 33.4a 49.0a

60/50 4 28.0a 52.3ab 32.2ab 41.7b

60/50 6 30.5a 49.0abc 30.4ab 45.6ab

60 6 30.0a 43.0od 27.4b 41.2b

z Mean separation within columns by Duncan's Multiple Range
Test, 5% level.
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Another species to try is Picentra exima, Fringed
Bleeding Heart. Since this plant normally grows only 12-18"
tall, it should require little or no height control. The
flowers are somewhat different in shape than the Old
Fashioned Bleeding Heart, and are pink to purple in color,
but are just as attractive. Weiler (1984) notes that they
may require 6 weeks at 60 to force. If you try this
species and have any suggestions, please let us know.

TABLE 1
Planting and timing schedules for pot plant production of
Old-Fashioned Bleeding-Heart for Valentine's Day.*

52-55^ F

Jan. 13

Jan. 20-24

Night temperature

62-65^ F Event

Jan. 20 Plant cold-stored crowns
Normal day length

Jan. 26-29 Leaves unfolding—apply
B-Nine spray at 1250 ppm
Use surfactant for full
coverage of foliage

Jan. 25-29 Jan. 30-Feb.3 Inflorescences visible

Feb. 10 Feb. 10 Plants starting to bloom

Feb. 14 Feb. 14 Valentine's Day

* Adapted from Weiler (1984)
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GREENHOUSE FORCING OF BLEEDING HEART

Marion Jepson, Student
Jay S. Koths, Professor of Floriculture

Pi centra spectabilis, Old Fashioned Bleeding Heart,
is a perennial garden flower that can be produced as a pot
crop. Its red and white heart shaped flowers make it
especially appealing for the spring holidays of Valentine's
Day and Mother's Day. Another selling point is that
consumers can enjoy it both as a pot plant and then, in the
following years, in their perennial garden. A bonus to the
grower is that Pi centra can be grown with greenhouse
temperatures as low as 52 F, with no special cultural
practices other than basic watering and fertilization.

General requirements for greenhouse culture are: 1) 4-5
weeks forcing time at 52 F, 2) a growth retardant, and 3)
a pest free, healthy plant crown. Bleeding hearts are
field grown. Crowns are dug in the fall and have a minimum
of 2-3 eyes for forcing. They are then placed in cold
storage.

Before potting, the plant roots are trimmed (up to 75%)
to facilitate planting. This does not adversely affect
plant growth. Plant into a 5-6" pot. A light soil mix or a
soilless root medium is suggested. They may be forced at
higher temperatures; at 65 they may flower in 3 weeks.

Bleeding Hearts grow to 2-3' in the garden and will
also grow too tall in the greenhouse. The crop requires
height regulation to be a saleable pot plant. When the leaf
blades on the emerging shoots begin to unfold (about 6-10
days after planting), a 1250 ppm daminozide (B-Nine) spray
should be applied. Treatment with ancymidol (A-Rest) delays
flowering and severely compresses the inflorescence (Weiler
and Kirk, 1984).
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are larger; those produced in January were 12% larger while
those in March were 8% larger (Watson, 1982). Tables 1, 2,
3 and 4 are representative of the dozens of tables from the
research by Schneider (1980) and Watson (1982). The above
results were calculated from these tables.

The obvious advantage is a reduction in heating cost.
Gent et al. (1979) calculates this to be about 20% for an
eight hour reduction of 10°F during the night. A saving
of about 15% for a six hour period has been calculated in a
number of ways. If 1/3 of the heat requirement is assigned
to the 2300-0500 hours of the night (extrapolated from Gent
et al. 1979), the heating requirements given in the Conn.
Greenhouse Newsletter #106 give a figure of 17% heat saving,
If maintaining a 60 F night temperature in a well
insulated greenhouse costs $1.50/sq. ft./year, the saving
would be 25^/sq. ft./year, or $750.00 in a 30 x 100'
greenhouse. Since production is not decreased and quality
is improved, SNT becomes an attractive cultural procedure.

TABLE 2

The effect of split night temperature and long night advance
(LNA) on the mean fresh weight at 76 cm with one third
leaves removed of four cultivars of clirysanthemums harvested
in March 1982.

Cultivars

Temperature LNA Charisma Polaris
Florida
Marble Dignity

(degrees F) (days) "" ™vgrains;

60 0 29.5bcz 57.3b 49.4ab 49.1a

60/50 0 36.2a 71.7a 40.2bc 51.1a

60/50 2 33.3ab 67.8ab 39.7bc 50.0a

60/50 4 29.6c 67.0ab 42.7bc 50.9a

60/50 6 25.9c 71.6a 37.3c 47.9ab

60 6 32.4ab 74.4a 53.8a 43.8b

zMean separation within columns by Duncan's Multiole Ranae
Test, 5% level.



Additional Notes

1. A six hour reduction in night temperature of 10 F is
not proposed as the optimum. It would seem that a modulated
temperature wherein the greenhouse is gradually cooled from
day to night temperatures beginning at sundown, then, after
a period of time, gradually cooled*to SNT with the reverse
in the morning might be more conducive to optimum growth.
This would also reduce the great demand for heat in early
morning, which might tax central heating systems. This type
of temperature management is feasible only in greenhouses
with computer controlled environment.

2. Pot mums responded in similar fashion (Schneider, 1980)
with a 0 to 5 day delay for a February crop under SNT.
Plant height and flower size showed a small but
insignificant increase.

3. A drop in SNT to 40° was excessive. Severe flowering
delays ( from 13 to 30 days) were experienced with pot mums
(19 to 35 days with pompons); some 'Royal Trophy'did not set

TABLE 3

The effect of split night temperature and long night advance
(LNA) on the mean height of four cultivars of chrysanthemums
harvested in January 1982.

LNA

iCultivars

Temperature Charisma Polaris

Florida

Marble

Indianapolis
White #4

(degrees F) (days)

60 0 87.2c2 100.2c 92.3a 86.0b

60/50 0 90.8b 106.8b 92.8a 85.3b

60/50 2 91.9b 114.2a 93.2a 92.5a

60/50 4 95.9a 113.5a 88.5b 90.7a

60/50 6 87.1c 97.9c 86.9b 82.0c

60 6 83.2d 92.7d 80.0c 78.5d

zMean separation within columns by Duncan's Multiple Range
Test, 5% level.

10

THE VALUE OF A GREENHOUSE

Jay S. Koths
j- Extension Floriculturist

< An unused greenhouse has almost no value. When a new
» structure is built, the value drops faster than does that of

a newly purchased automobile. A greenhouse that cost $5.00
rjr- per square foot to build may have a resale value of but 25

| to 50 cents when completed. This is only 5 to 10% of the
construction cost.

The value of a greenhouse is utilitarian, not material,
since it is a single use structure built solely for the
production of agricultural crops.

Two recent cases illustrate this. A range of about
22,000 square feet was built at a cost of over $200,000.
The nearly new range was sold two years later at a price
estimated to be only the value of the land and a house that
went with it. The greenhouse had no value.

In another instance, an older range with average
maintenance covering some 30,000 square feet was valued at
$400,000 including land and structures. It didn't sell even
though the price was reduced to $150,000. It was closed and
depreciated to where the greenhouse was a detriment to the
value of the land.

What do these figures mean to us? The assessment of
value of greenhouses is generally based on the cost of
construction. This does not truly reflect the value of the
structures. Houses, commercial buildings, and even farm
structures other than greenhouses do not have such minimal
material value.

In the Connecticut Greenhouse Newsletter, (No. 122,
f\ 8/84) Agricultural Engineer John Bartok listed the costs of
' constructing various types of greenhouses. If a figure of 5

( i to 10% is truly their value, a true assessment for tax
purposes would be much lower than the assessment generally
assigned to many greenhouses.

It is time that we took a close look at what a
greenhouse is worth and provide guidelines that will assure
equitable evaluation standards for taxation that may be
uniformly administered thoughout the state since greenhouses
are defined in the Connecticut General Statutes as
agricultural property.



Space the plants adequately to allow for good air
circulation and all-round even growth. High light
intensities are necessary for quality rose production.
Other cultural practices including keeping the foliage dry
(especialy at night) will help to minimize the incidence of
mildew and other diseases. Insect pests, especially mites
and aphids, are common and may be treated as in standard
rose production (2,4).

Fertilization is important during forcing. A continual
fertilization program at 150-200 ppm N similar to that given
other blooming plant crops is suggested. A program of
20-20-20 in rotation with calcium and potassium nitrates
(3:2, a 15-0-18 analysis) should prove to give satisfactory
growth and flowering. This should avoid the problems of
root burn and bullheading which are often associated with
over, or improper fertilizing techniques (4).

In the past, miniature roses were considered to be
"babes" to the industry. With all the new colors, styles,
and forms (including tree and climbers) becoming available,
they may be the "child prodigies" of the future.
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bud. It should be noted that it was necessary to leave a
ventilator cracked and activate an exhaust fan in order to
obtain this low temperature.

4. There are other temperature patterns that are in use for
mum production. In England some growers drop the
temperature one night each week, hopefully choosing the
coldest night in order to maximize fuel savings (Butters,
1977). A delay of 2-3 days may be experienced.

Another concept is temperature averaging. Cockshull
(1980) reports that higher day temperatures may be balanced
with lower night temperatures without sacrificing growing
time or quality. Wilkins (1984) finds that except for the 3
weeks after long night treatments commence you can do almost
anything with the temperature as long as the daily average
is the same. His results should be published soon. Since
we recommend 80-85 F days (heat to 65 ) with 1000 ppm
C0p, it does seem that the maximum should not be increased
but heating beyond 65 during daylight hours may be cost
effective if it is less expensive to raise temperatures
during the day than at night.

TABLE 4

The effect of split night temperature and long night advance
(LNA) on the mean height of four cultivars of chrysanthemums
harvested in March 1982.

Cultivars
Florida

Temperature LNA Charisma Polaris Marble Dignity

(degrees F) (days) (cm)

60 0 88.2dZ 99.2c 94.0c 98.1c

60/50 0 101.6a 113.8b 101.2a 103.8b

60/50 2 100.9a 116.2a 103.1a 106.1a

60/50 4 97.0b 117.9a 98.3b 97.3cd

60/50 6 94.1c 114.3b 98.4b 95.4c

60 6 82.7e 93.6d 90.7d 82.2e

Mean separation within columns by Duncan's Multiple Range
Test, 5% level.
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A third concept might be called temperature inversion.
In northern Europe many days are dark and dreary.
Photosynthesis is not as temperature sensitive as other
growth processes so lower day temperatures do not
proportionately lower photosynthate production. Greenhouses
equipped with efficient heat blankets are more easily heated
at night than during the day when the heat blankets are
open. Therefore, some growers keep their crops warmer at
night than during the day except when the sun warms the
houses.
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MIGHTY-MINIS,
SMALL ROSES WITH BIG POTENTIAL*

Charlotte Rowe, Student
Jay S. Koths, Professor of Floriculture

Within the past few years, a new form of floricultural
crop has emerged that may outdate, if not outclass, similar
plants that are currently in the marketplace. Though
diminutive in size, new cultivars of the miniature rose
have been making big names for themselves. These plants
range in size from 5 to 18 inches (the majority falling
within the 12 to 18 inch size category) and have the
potential for replacing the standard polyantha pot roses
that have traditionally been utilized for the Valentine's,
Easter, and Mother's Day marketing periods. Not only are
they smaller and easier to manage, they also require less
time to force. The average sized miniature rose takes 6 to
8 weeks to flower while polyantha types require 8 to 12
weeks. This allows for a faster turnover and more efficient
use of valuable greenhouse space (2,4).

These "miniature giants" are usually shipped to the
greenhouse in small containers. For example, one
distributor ships them in 2 1/4 inch pots for 75 to 90
cents plus freight. These are then placed in 3,4,5 or even
in 6 inch pots (for larger growing cultivars) for forcing
and wholesaled for 3 to 5 dollars (5).

Forcing itself requires 6 to 8 weeks in the greenhouse.
The actual time to flower is primarily dependent upon the
size of the growing container (the smaller pots requiring
the least amount of time for a smaller all-round plant).
Pot in a well drained mix (either soil or soilless; a 1/3
soil, 1/3 peat, 1/3 sand or perlite with a pH of 6-7 has
been recommended by the Sequoia Nursery in California).
Normal moisture levels should be maintained (3,4).

Miniature roses should be grown at 50° until root growth
has developed. Then temperatures may be adjusted upwards to
60 nights. Temperatures may be manipulated in order to
speed or slow down plant development for a specific holiday
market. This allows for proper time schedules to be
followed. Forcing time will be extended by perhaps 3 weeks
if shoots are pinched to obtain bushier plants (3,4).

* A paper written for Plant Science 298, Greenhouse Crop
Production.
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