
Greenhouses —

Back to Basics

Let's Look At

Greenhouse Cooling

Dr. John W. Mastalerz

The Pennsylvania State University
UniversityPark,Pa.

Editor's Note: This is the second in a series of
articles taking a look at different aspects of
basicgreenhouse climate control.

Ventilation

Theobjectiveofventilators in the roofand side
walls is to bring in cooler outside air and dis
tribute it uniformly without subjecting plants
to cold drafts. This is important, since most
energy efficient methods of cooling do not
handlethe heat loadat all timesofthe year.

A recommended ventilator area is equivalent
to 15-30% of the floor area; above 30%,
increasing the ventilator area improves tem
peraturecontrol only0.1°F foreveryadditional
1%.

Wind speed and direction influence the volume
of air exchange through vents. Anytime vents
are open, cold spots may develop in the plant
growing zone, and these spots fluctuate with
the wind speed and direction. During spring
andfall, moreair exchangemay be needed for
temperature control than vents can provide.

Exhaust fansand perforated
convection tubes

These permit the introduction of cold outside
air without chilling, provide continuous air
circulation,and replenish C02 at leaf surfaces.
To achievean adequate rate of air flow in the
plant growing zone in wider greenhouses,
more than one tube is necessary. However,
when these are teamed up with a unit heater,
cold spots may develop near the heater and
fan.

RoofShading

Use commercial shading compounds or latex
paint at 1 to 8 dilution, and allowthe glass to
heat up before application. White is more
effective for cooling (83%) than other colors
(green,43%; blue or purple, 25%). The shad
ing functions by reflecting radiant energy;
lightisabsorbedbydarker colors, and the heat
is then conducted through the glass to the
inside air. The disadvantages of this type of
shading are that it is not flexible and it mayre
main on the roof too long into the fall and
winter months. The glass must be cleaned if
the rainfall is not sufficient to wash off the
shadingcompound.

Lath shades are more effective and more flex
ible than shading compounds; air circulates
under the laths, adding to thecooling effect.
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Saran shade suspendedover the plants inside
the greenhouse reduces the leaf temperature,
does not cool the greenhouseair, and solar ra
diant energy passes through the glass and
heats the air. Mechanized shading to reduce
leaftemperatures utilizes the same equipment
as that used for thermal blankets.

In the future, greenhouse covering materials
that changeas the light increasesor decreases,
or covers that would selectively exclude
specific wavelengths (infrared), may be de
veloped.

Water Film on Roof

Water is a very effective absorber of infrared
radiation if the film thickness exceeds 1 cm.,
with waterflowing down the roof only 0.05 cm.
deep.Wateralsoabsorbs heatfrom glass. This
method works best when cold water is used. In
addition, dyes can be introduced to increase
absorption and cooling (Solivap green is one of
the best).

Awaterfilm systemis flexible; itcan be turned
on and off, and could be automated easily.
However, there are disadvantages. For in
stance, greenhouse maintenance is a serious
problem using this method; glazing com
pounds andpaintdeteriorate rapidly. Also, the
film ofcalcium and magnesium salts collect on
the glass and are difficultto remove.

Evaporative Cooling

Fan and Pad System

Two smaller fans are more effective than one
largerfan. Sufficient padarea is required; new
honeycomb pads are almost 2-3 times as effic
ient as aspen pads. Also, pads should be con
tinuous — close all openings, and avoid dry
spots or holes on the pad surface. Use baffles
to direct the air flow, and keep the incoming
cooled air in the plant growing zone. Horizon
tal pads permit greater surface area without
taking up too much space. They are easy to
maintain and do not sag. Finally, the high
energycostofoperating fans is changing ideas
about fan use.

Highpressuremist

You needto use500-1200 lbs. per sq. inch, so
it's cost effective only with large greenhouse
areas. This method also involves a huge
investment in pump and filters. It provides
uniform temperatures across the greenhouse,
higher humidity, and operates with vents
open, as it needs air circulation to work effec
tively. This method may be more energy
efficient thana fan andpadsystem.
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Coming Events

September 25-27,1981 1981 New York State
Flower Industries Convention. Grossinger's,
Grossinger, NY. For more informationcontact
Ann Reilly, NYSFI Executive Secretary, 210
Cartwright Blvd., Massepequa Park, NY
11762.

September 26-27, 1981 Michigan State Flor
ists' Association's Annual Fall Convention.
For more information, write to MSFA, Karole
White, Manager of Meetings & Education,
2420 Science Parkway, Okemos, Ml 48864.
Phone (517) 349-5754., or Mi. Watts, 1-800-
292-0606.

September 27-October 4 Roses, Inc. Annual
Convention. Columbus, Ohio. For details,
contact Jim Krone, Phone 517-339-9544.

October 4-8, 1981 BPI's 14th International
Bedding Plant Conference and Second Trade
Show. Sea Tac/Red Lion Motor Inn, Seattle,
Wa. For more information, contact: Bedding
Plants, Inc., P.O. Box 286, Okemos, Ml 48864
(517)349-3924.

October 28-30,1981 IPA Third Conference &
Trade Show. RadissonSt. Paul Hotel, St. Paul,
Minnesota. For details, contact the IPA
National Headquarters Office, 11800 Sunrise
Valley Drive, Reston, Va. 22091. Phone (703)
476-8550.

January 3-6, 1982 Ohio State Short Course.
Columbus, Oh. For more information, contact
HarryTayama, Phone (614) 422-8200.

Foliage Production

Mel Sawaya
Fernlea Flowers
Delhi, Ontario

Foliage house plant production has become a
veryimportant field inthe plantindustry inthe
lastfew years. This isdueto thefactthat many
home owners like to haveplantsin their living
rooms, kitchen windows, or bathrooms. Some
even go so far as to have plants in each corner
of the house. That is in addition to all window
shopdisplays, hotels, banks, and the lobbiesof
apartment buildings, as well as the apartments
themselves.

Flowering plants, on the other hand, are pri
marily reserved forinfrequent holidays and for
the outdoor season,which isveryshort. There
fore, people turn to green plantsto give their
homes lifeduring the dry, cold winters.

PROPAGATION

The most important aspect of foliage produc
tion is propagation, which can be divided into
two main classifications: sexual or seed
propagation and asexual propagation, or pro
pagation from cuttings. Before we go any



deeper into these two classes, let's talk a little
about the facilities and conditions that are

neededfor propagation. First of all, we need a
good planting medium which holds water yet
provides good drainage and aeration. A
satisfying medium can be made up of equal
ratios of peat moss perlite to vermiculite, and
sand to turface. Secondly, in order to assure a
high propagation percentage, a bench is
necessary for providing good drainage and air
movement. It is also the easiest method for
providing bottom heat. Thirdly, the soil tem
perature has to be 70 degrees F. Fourth, light
intensity should be anywherefrom500to 1000
ft. candle, and thus can be controlled by shad
ing during the sunny summer months. Fifth,
high humidity is very important. Sixth, the re
quirementof high humidity also increases the
possibilityfordisease, so a fungicide is a must.
Seven,ventilation is one of the most important
factors in disease control. During the winter,
when Botrytisis a big problem, it becomes the
most inexpensive method of disease control.
By simply running the fans for a few hours
during the day, ventilation proves to be as
effective or better than spraying the green
house with any fungicide. Eight, a preemer-
gence fungicide is invaluable for propagation,
even if we are propagating in a soiless mix.
Last but not least, sanitation is the most im
portantaspect in plant propagation. We will be
discussing these 9 points in greater detail as
wediscusseach class separately.

PROPAGATION BY SEED

Thefirst class is sexualpropagation, or propa
gation byseed. Foliagepropagation by seed is
both the cheapest and the most expensive
method. It is the cheapest because the princi
ple cost of seed is relatively low, and
labour-wise, it is reasonably efficient. On the
otherhand, it is the mostexpensivefor 2 main
reasons: First, we should have a greenhouse
that is especially designed for seed propaga
tion — with more heat lines, extra ventilation,
and multiple heat controls. Secondly, a great
deal of time is involved, since 6 to 10 weeks is
needed to produce a fairly smallshippablepot.

Letme explainthis further. We need the extra
heat linesforconstant, even high temperature,
while the ventilation is needed fordisease pre
vention control. The temperature controls are
needed for a strong, healthy seedling. For
example, suppose we seeded a section of the
greenhouse today and 3 or 4 weeks later
seeded a second section. At that time, the first
sectionwould need a much lower temperature
than the newly-seeded section. This is because
we require'a higher temperature only at the
time of germination. Once seedlings emerge,
temperatures can be lowered. Therefore, if we
don't have multiple heat controls we have two
options: either keep the temperature high and
the advanced seedling will stretch and grow
spindly, resulting ina poorquality seedling, or
turn the temperature down and have good
seedlings from the first crop, but a second set
of seedlings that will take forever — if they
ever germinate at all.

PROPAGATION FROM CUTTINGS

The second class of green plant propagation is
asexual, or propagation by cuttings. This class
is much more important than seed propaga
tion, covering about 75% of foliage productio.
There are five methodsofasexual propagation,
including: terminal stem, stem and stem seg
ment, bud cuttings, leaf blade and petiole, leaf
piece, cutting leaf veins, and leaf sections;
spores; runners and stolons; air layering; and
division.

All of these propagation methods can be
grouped under three cultural methods.

Mist Propagation: The cuttings are put in the
soil medium and drenched with a fungicide or
a combinationof fungicides. A combination of
Benlate and Dexon is very satisfactory for
control of such diseases as Botrytis, Pythium,
Phytophthora, and Rhizoctonia. Automatic
mist lines that come on every 30 min. for 10
secondsworkwell.The keyto this method is to
know when to reduce the frequency of misting
and whento shut it off. The cuttings must stay
turgid and not oversaturated, which is as bad
as being dehydrated, for it makes the cutting
a goodhost fordisease.

Tent Propagation: Thecuttings are stuck into a
soaked soil medium, the fungicide is applied,
and the entire bench is covered with a sheet of
plastic. This method saves labour, but it is
riskyand requires a lot of attention for 2 main
reasons:First,sincetent propagation works on
the principle of evaporation condensation,
bottom heat must be on for a longer period of
time than needed in mist propagation. Second,
if a disease is started inside the tent, it can
spread much easier and is much harder to
control.

Lazy Grower Method: The last culturalmethod
is what I call the "Lazy Grower Method" be
cause it requires no mist, no tents, or anything
else. Allwe have to do is stick the cuttings in a
soil medium, drench them with a fungicide,
and forget about them for 3 or 4 days. After
that, keep the cuttings moist by watering them
whenever the soil drys out. This method is
economical and very good for unequipped
greenhouses. In addition, it covers a good
portionoffoliageproduction.

No matter which cultural method is followed,
there are a few points to be aware of. We have
to keep in mind that healthystock plants give
healthy cuttings, resulting in more healthy
plants. However, cuttings from diseased stock
plants will not get any better and most prob
ably will infect the healthy ones. The amount
of moisture in the stock-plantcutting is also a
determining factor as to whether the cutting
will be successful or not. Therefore, plants
should be well watered at least a day before
cuttings are taken.

Inaddition,an application ofa fungicideon the
stockplants beforecuttingsare taken will give
good immunity against disease. This is espec
iallytrue of systemicfungicides which can get
into the system of the plant. Close attention
and the knowledge of how to properly take a
cutting is very important.
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Now the question comes to mind, should we
propagate our own plants or not? Before mak
ing a decision, we have to ask ourselves these
questions: Can we spare the room necessary
for successful propagation? Do we want to
invest the money for setting up a propagation
area and installing all the facilities? Do we
want to hire more employees to do the propa
gation? Can we provide room for all the stock
plants that we need? Is this program
financially feasable?

Ifthe answeris yes to the previous questions,
we should then ask which we can propagate
economically ourselves, and which ones we
should buy. Toanswer this question the grow
er must know which pot size his market de
mands, since pot size determines the size of
the plant and that, in turn, determines the
growing time. Almost all sizes up to 5" pots
and some6" pot varieties can be propagated
economically, since the time involved to make
a 5" pot or smaller can fit into other crop
programs. However, 8" and 10" pot sizes are
moretime consuming and take up a largearea
of the greenhouse. Therefore, it is difficult to
start your own 8" or 10" pots from seed or
from your own cuttings. (I have to emphasize
here that it is difficult only for growers who
have to fit the foliage production within their
holiday cropand beddingplantschedules.)

There are three ways to grow these two sizes
within a reasonably economical time: 1) Takea
4" pot and transfer it intoa 8" pot. Very few
varietiesare able to make10" tropicals. 2) Get
prefinished 8" and 10" pots and grow them
until suitable for shipping. 3) Get finished
pots, climatize them, and then ship.

Let megiveyouan ideaofthe growing timefor
some 10" pots. An Areca Palm takes 18-24
months from seed. Schefflera, Arboricola, and
Benjamina will take anywhere from nine to
twelve months. Selloum is one of the fastest
crops, and it takes at least 6-9 months.

Who, then, can afford to grow only one crop or
a crop and a half per year, knowing that an
acre of greenhouse has a heating cost of
$25,000 to $30,000 per year? Idon't think there
is any northern grower who can afford this.
Only the southern states can afford to grow
such crops because of the free heat, the ample
sunshine, and the lack of greenhouse costs,
since cropsare grownoutdoors.

Now the grower who doesn't want to go to the
trouble of propagating and likes to get two or
three crops out of the greenhouse between his
holidaycrops has several options:

1) Buying unfinished plants that are still small
and growingthem to a shippable size in the
same pot size.

2) Buying small-sized pots and moving them
into larger pots.

3) Buying cuttings that require minimum
propagation facilities, such as most succu
lents, peperomias, wax ivy, spider runners,
etc.

4) Buying cell packs and transferring them
into3", 5", and even some6" pots.

You can get a cropof3" or3%" from cells in 3
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to 4 weeks, and a 4" or 5" crop in 6 weeks.

SHIPPING

Finally, Iwould liketo give the advantages and
disadvantages of shipping plants from such
places as Florida or Europe. The advantages
are that you can obtain a few more varieties,
you can get three to five foot tropicals which
are almost impossible to grow here (in
Canada), and you can keep in touch with some
very knowledgeable people in the foliage
industry.

The disadvantages are that gas is not getting
any cheaper so shipping costs will have no

limit, two different climates make it difficult
for plants to adjust, and whenplantsare grown
outside in Florida, there are some diseases
that don't show up in the plants until they get
into our greenhouses. Furthermore, after a
journey of 1500 miles, the plants need a
minimum of 4 to 5 weeks to make them of
shippable quality.

The climatic conditions are vastly different
between Canada and Florida or Europe.
Therefore, much time is required to climatize
these plants.

Another thing we discovered is that any rooted

plant with a certain soil medium will have a
rough time when planted into a different soil
medium. With this disadvantage plants are
more susceptible to disease, and you may lose
a good percentageofyourshipment.

Finally, if you receive some damaged foreign
plants it is very difficult to send them back,
whereas more local produce can easily be
returned to the supplier.

For my last two cents worth, I would say that
anything home grown in100% betterquality.

Taken from a talk presented at the Canadian
Greenhouse Conference.

Effects of Time of Transplanting on Bedding Plant Flowering

A.M. Armitage
[pictured)
Carl Lasco

Univ. of Georgia
Athens, Ga.

There are many links in the chain of bed
ding plant production, and together they
result in a flowering annual plant which is
a source of pride to grower and consumer
alike.

One of the links in the chain is that of

transplanting. The seed flat is not very
deep nor rich in nutrients, and seedlings
should be removed and placed in another
growing container soon after emergence.
However, sometimes the job of trans
planting is put off due to lack of time. The
problem is that transplanting is a very
important job, and delaying it can delay
flowering enough to miss a market. It
must be done as soon as plants can be
handled. We like to see seedlings
transplanted no later than the first true
leaf stage; but if competent people are
transplanting, then the job should be
done when the cotyledons emerge. You
must wait at least that long so there will
be leaves to use as handles to pull the
plant with. Do not handle the plant by the
stem, or you may crush it.

Data at the University of Georgia graphi
cally illustrate the effect of transplant
time on flowering of many bedding plants
this past spring. In general, as spring
progresses and light and temperature
increase, the total time necessary to
flower plants decreases. This is true for
long day and day neutral plants (most
bedding plants are in these categories),
but not true for short day plants. We
conducted scheduling tests for bedding
plants grown under Southeastern condi
tions and were not able to do all the trans

planting of the final sowing of some crops
on time. On flowering, all plants were of
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excellent quality, and the only difference
between late and normal transplanting
was the number of days to flower. The
following table illustrates this.

In all these cases, the latest sowing date
should have resulted in the fewest
number of days to flower. With the spec
ies shown, flowers appeared earlier in the
second sowing than the first sowing (as
expected), but much later in the third.

As seedlings grow in the seed flat, they
become more sensitive to being moved,
and go through more transplant shock as
they get older. Transplanting as soon as
the seedling can be handled results in lit
tle disturbance, and the plants resume
vigorous growth quickly.

These results support the argument for
bedding plant plugs. Allowing the plants
to grow for a long time in their soil plugs

saves space and money. When plug and
all are transplanted to final containers,
there is no disturbance of root tissue and,

therefore, no shock. As the technology for
mechanization of this system evolves and
the equipment becomes less expensive,
more bedding plant growers will benefit
from the plug system of growing.

Not all plants were sensitive to "trans
plant lag." Impatiens and ageratum
flowered earlier at the last sowing
although they were transplanted late, but
many other plants have not yet been test
ed. In looking at these results, we recom
mend transplanting be dictated by the
skill of your help. That is, if help is com
petent, transplant at the cotyledon stage
if possible. If you do not have a lot of con
fidence in your help, transplant no later
than first true leaves. Putting off this job
is unhealthy — you will be sick if you
miss your market!

Date Days to Days to

Plant Cultivar Sown Transplant Flower

Begonia Foremost Red 1-26 35 79

2-09 35 65

2-20 42 82

Verbena Sangaria 1-26 18 77

2-09 17 66

2-20 25 84

Portulaca Sunglow 1-14 16 62

2-04 20 56

2-09 37 72

Dahlia Redskin 2-09 10 57

2-24 11 54

3-09 24 69

Pansy Universal Mix 1-26 10 66

2-09 17 65

2-20 25 77
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