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Chuck Kocher, of Pittsburgh Cut Flower, demonstrates orchid potting to group
of Penn State Floriculture students visiting greenhouses in Pittsburgh area.
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The Latest on . . .
Plant Diseases

Les Nichols

Plant Pathology Extension

THERMAL DUSTING AND A NEW FUNGICIDE

FOR CONTROL OF BOTRYTIS IN GERANIUM

Cutting rot caused by Botrytis is often a serious
problem for the geranium propagator. The Botrytis
fungus is commonly found on fading flowers of stock
plants and on dead and aging plant tissue such as low
er leaves, broken stems and on stubs from which cut
tings had been taken. Under moist conditions, masses
of thousands of spores are produced on the affected
tissue. The spores are very light and with changes in
humidity are dislodged, float through the air and may
fall on the "hairy" surface of the geranium stems
(Figure 1). They lie dormant here until the cuttings
are taken and are stuck in the propagating medium.
The moisture in the sand or soil causes the spores to
germinate and they infect the cutting causing rotted
spots on the sides or at the base (Figure 2). One of
the main purposes of spraying the stock plants on a
regular schedule with a fungicide such as captan or
zineb is to place a protective coating of fungicide on
the stems to kill the Botrytis spores before they can
infect the cutting.

The captan or zineb sprays have given effective
control of Botrytis but where stock plants are growing
vigorously it is sometimes difficult to obtain good cov
erage under the lush foliage and masses of spores are
formed on the stubs from which the cuttings have been
taken. Termil,0 a new fungicide applied as a thermal

Fig. 1. Diagram of Botrytis spores on surface of geranium
stem.

Fig. 2. Rotting of geranium cutting in propagating bench
from Botrytis.

dust, has given thorough coverage of all parts of the
plant and where used on a regular program has prac
tically eliminated the Botrytis problem.

Termil contains 90.0% tetrachlorophthalonitrile the
active ingredient found in Daconil 2787. It is a special
formulation designed to sublime or vaporize without
decomposition when heated to a temperature of 600
to S00°F. As the vapor cools, condensation occurs and
very fine dust particles of the Termil are deposited as
a film on all portions of the plants. In initial tests with
a geranium propagator in southwestern Pennsylvania,
Mr. Robert Oglevee, it was found that weekly appli
cations of Termil reduced cutting losses due to Botry
tis infection by 4% or a grain in production of 40,000
cuttings. It was interesting to note in this test that
when the year-old stock plants were ripped out scarce
ly a trace of the fruiting of Botrytis spores could be
found. In a comparable test plot which had been

(Continued on page 8)
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CLIMATE CONTROL IN THE GREENHOUSE
Norman D. Augsburger, Sales Manager

Acme Engineering 6- Manufacturing Corp.
Muskogee, Okla.

Reprinted from Illinois Slate Florists' Assoc. Bulletin

Greenhouse air conditioning has brought about
many changes. I think most growers now recognize
that it has greatly improved production and quality
thereby contributing substantially to the profitable
operation of this type of business.

Many Benefits
It has also increased the comfort of employees.

Some have said that the human comfort aspect has
been of as much benefit as anything else. I recall hear
ing growers say that they used to have their people
work in the greenhouse until 10 or 11 a.m. in the
summer, then shift them outside during the heat of the
day. Around 4 p.m. they again return to the green
house to work. With air cooling this procedure has
been reversed. Still other growers reported that they
used to have a lot of trouble in getting new employees
and experienced considerable labor turnover. After
air cooling was installed, they sometimes had a wait
ing list! Certainly, the aspect of human comfort can
not be overlooked and adds to the efficient operation
of a greenhouse.

I think you will also recognize that air conditioning
has brought about some rather drastic changes in
greenhouse operations and growing practices. It has
put many greenhouses in business during the summer
seasons that formerly laid dormant, and it has changed
the types of crops that can be grown. It has more
nearly stabilized the scheduling of crops and has
changed the watering procedures. Air conditioning has
also brought about drastic changes in greenhouse de
sign, lowered construction costs, and has made the use
of plastic-covered greenhouses more practical.

Greenhouse Air Conditioning
Greenhouse air conditioning was originally con

ceived of as a means to lower house temperature. The
process of evaporative cooling to achieve this also
raised the relative humidity which is usually too low in
summer. This increase in relative humidity is very
beneficial.

The sometimes used term, "washed-air cooling,"
implies that the method also provides cleaner air. In
some areas clean air isn't a problem but in many others
it is. If you don't think the fan-and-pad system gives
you cleaner air, just go out and look at the pads some
time after they've been in use for a few months.

Air conditioning also provides a more positive and
more uniform air movement, and the benefits of this
are becoming increasingly apparent to growers.

Air conditioning has also permitted the use of
much higher light intensities (less shading) in green
houses. In our early investigations in cooling systems,
we used light meters to determine the average light
intensities within a greenhouse during the summer. As
you know, considerable shading was the general prac
tice to help control the temperature. Of course, in
many cases the light intensity was too low to achieve
good growing. As a result, when another method of
temperature control became available the need for
shading became less important and less was used to
improve growing conditions. This is not to say that
some shading should not be used; in fact, the use of
some shading is still beneficial in helping to control
temperature. But the amount of shading used in the
past is no longer necessary.

As is quite obvious, the heat that brings about a
need for air conditioning comes from the sun. In outer
space, sunlight will produce about 420 BTU'S per
square foot per hour (a BTU is approximately the
amount of heat produced by the burning of an ordi
nary wood kitchen match). By the time the sun's rays
penetrate the upper atmosphere and reach the ground
level in clear air, they are reduced to about 290 BTU's
per square foot per hour. In an industrial area or in
coastal regions where there is smoke or water vapor
in the air, the heat intensity is reduced to approxi
mately 200 BTU's. As a result of this, the locality of
the greenhouse will have a bearing on whether any
shading is used or not, and if so, how much.

Modification In Design Factors

The changes that air conditioning brought about
had also made it necessary to modify the design fac
tors for the cooling systems. For example with higher
light intensities generally being used, our calculations
have had to be modified to accommodate this condi
tion. As time went on, we found that there were other
adjustments that needed to be made. No two growers
grow their crops in exactly the same way, the tempera
tures they want are different, and localities are not the
same. Consequently, it isn't possible to have one fixed
design formula that applies to every condition. If we
can make compensations in the calculations to help a
system work better in a particular area, we do it.

The original calculations for a cooling system anti
cipated a temperature rise in the air, after it came into
the house through the wet pads, of about 7 degrees be
fore it was exhausted by the exhaust fans on the oppo
site sides or end. Naturally, the more air used the less
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temperature rise you have. On the other hand, the less
air used the more temperature rise will result. I do not
believe there is an absolute right or wrong tempera
ture rise that the plants and the growing conditions
will tolerate. Economics also become a factor since
more fans and a larger pad area are required to pro
vide more air, resulting in a smaller temperature rise
within the house.

In general, the tendency among growers has been
to want a more uniform temperature (less temperature
rise) which means more fans and a larger pad area.
Also, many growers have preferred the use of higher
light intensities in their houses. Both of these condi
tions can be achieved by increasing the overall capa
city of the cooling system.

Other Factors To Consider

The elevation of the greenhouse must also be con
sidered in designing a cooling system. While this is
not a factor in Illinois, it certainly is in Denver where
the altitude exceeds 5,000 ft. and in other similar areas
where the air is less dense. The heat-carrying capacity
of air is determined by its weight, not by its volume.
The capacity of a fan is determined by the volume of
air it handles, not its weight. So if one doesn't allow
for extra air to provide the same pounds of air in a
cooling system at a higher elevation, the cooling won't
work as. well. This has sometimes been overlooked in
design calculations but will definitely show up if it is
not compensated for.

Another factor to consider in an air-conditioning
system in a greenhouse is the velocity (speed of air
movement) of the air within a greenhouse. At first our
concern in this regard was mostly related to people
rather than to the plants. I recall being in a green
house that was 100 ft. long and equipped with a cool
ing system that worked just fine. The next year the
same grower decided to cool an adjacent house that
was 200 ft. long. We used the proper amount of fans
and pads, and the temperature rise from one end to
the other was exactly the same as in the shorter house.
But, he complained that the system in the 100 ft. house
did not work as well as in the 200 ft. house. The dif
ference was that the velocity of air movement in the
long house was twice as fast as that in the shorter one.
In the 100 ft. long house, the average speed was ap
proximately 100 ft. per minute—a little over 1 mile per
hour (1 mph is 88 ft. per minute). However, the velo
city in the longer house was about 200 ft. per minute,
or approximately 2% mph (an average person walks
about 3 or 4 mph).

People are very sensitive to air velocity — this is
why, in warm weather, one feels cooler in front of a
fan even though the air temperature is no different. In
a greenhouse cooling system, the velocity of the air
How is directly proportional to the distance from the
pad to the fan. In the cross-flow system the pad-to-fan
distance is usually quite short, therefore the velocity
will be quite low. And under these conditions, growers
sometimes complained that the house felt clammy.

Actually, the temperature was satisfactory but the
velocity of the air was low which brought about this
feeling. As a result of this, we have increased the cal
culation factors when designing a cross-flow system to
help overcome this low-velocity airflow condition.

I have called to your attention a number of factors
that effect temperature rise, as well as the psychologi
cal or apparent feeling of comfort from a cooling sys
tem. It is very important for one to understand some
of these conditions so that a person can better appraise
the performance of cooling systems and thereby know
what to buy or what to expect in a cooling system.

How Much Cooling Can You Get?

Another point of interest is the temperature to
which one can cool the air by evaporative cooling.
Theoretically, air can be cooled down to the wet-bulb
temperature. To give you some idea of what the wet-
bulb temperature is, we might say it would be like
stepping out of a shower or swimming pool and stand
ing in front of a fan. For an instant, one's skin tem
perature will drop down very nearly to the wet-bulb
temperature. In actual practice, the wet-bulb tempera
ture is not quite reached, but we can get to within 2 or
3 degrees of it. This would be equal to a temperature
drop of about 85% of the difference between the out
side wet-bulb and dry-bulb temperatures.

There is considerable information available about
wet-bulb temperatures throughout the United States
which has been accumulated from records kept for
many years. In fact, maps of the U.S. are available
showing lines that represent the average maximum
wet-bulb temperatures for the 4 hottest months. In
looking at such a map, I can tell a man almost exactly
what temperature he can expect his cooling system to
reach during the hottest part of a summer afternoon.

The map I have here shows that the average maxi
mum wet-bulb temperature in Southern Illinois is 77°
F., in Central Illinois it is 76°, and in the Chicago
area, 75°. Thus, there is only about a 2-degree differ
ence in the available cooling capacity for a greenhouse
within this state. In fact, throughout most of the
United States the range in wet-bulb temperature is
only about 10 degrees from the lowest to the highest,
with the exception of high altitude regions. In the
northern region of the country the average maximum
wet bulb temperature is about 70°, while in the Gulf
region it goes to as high as 80° F. In certain high
altitude areas, such as Denver, the average maximum
wet-bulb temperature is about 64°.

Bear in mind that I am talking about the normal
maximum wet-bulb temperatures during the 4 hottest
months. Most of the time during these months the
wet-bulb temperature is considerably lower, resulting
in the ability to cool to a lower temperature. There is
a lot more that could be said about wet- and dry-bulb
temperatures and their relationship to climatic condi
tions; this could be a completely separate subject of
discussion and time does not permit it now.
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Cooling Where The Plants Are

A proper greenhouse cooling system is designed to
cool only the area where the plants are. Generally
speaking, this covers the area from the gutter line
down to the floor. We are not interested in cooling the
upper regions of the greenhouse since there are no
plants there anyway and to do so would greatly in
crease the cooling load and require a lot more equip
ment.

To cool only the growing region requires that we
bring the air in through the pads that are properly
positioned and of adequate size. We bring the air in
slowly in what we call a 'laminar flow" condition —
meaning a very smooth flow without turbulance. This
keeps the cool air mass down in the growing region
where it docs its good. The air above this, in the ridge
of the house, becomes quite hot. And we want it to
remain stationary to avoid its mixing with the cool
mass of air below it. In fact, this stationary mass of
air overhead acts somewhat as an insulator and we
can help it stay stationary, particularly when drawing
air lengthwise through a house, by installing plastic
baffles at periodic intervals. To let mixing occur would
only dilute the cool air and reduce the effectiveness of
the overall cooling system of the greenhouse.

Winter Ventilation Another Problem

When we consider the fall, winter and spring sea
sons, the whole ventilation picture changes and re
quires a completely different approach than that used
for summer cooling. Because of the great amount of
radiant energy received from the sun, the greenhouse
can become much too warm on a bright sunny day,
even though it is very cold outside. In fact, the outside
air which we need to bring in is often so cold that it
has to be handled in a very special way to avoid cold
spots or drafts within the house if we want to achieve
correct cooling and ventilating.

Under such conditions, it is highly desirable to
bring the air in through many small openings in order
to more uniformly distribute it and avoid a curtain or
layer of cold air in any one area. Many growers who
had summer cooling fans soon learned that by running
one or two of them in the wintertime they could leak
in considerable air through the laps and joints in the
glass panes. This provided very desirable ventilation
and cooling throughout the house without cold spots.
To better understand how this works, I think it would
be well to briefly discuss some of the principals of
aerodynamics and show how they are applied to
winter ventilation of a greenhouse with fans.

Let us install an exhaust fan in a greenhouse wall
and turn it on. The fan immediately creates a slight
vacuum in the greenhouse and this vacuum exists
throughout the entire greenhouse, not just at the fan.
The air that goes to the fan does not come from an
imaginary shaft of air immediately in front of it but
comes to the fan from all directions, just as water
moves from all directions toward the drainhole in a

bathtub. Under this type of ventilation application, by
the time one moves about 1 or 2 diameters away from
the fan you can hardly tell where the fan is. That is
why it doesn't matter very much where the exhaust
fan is located in the greenhouse, as far as winter venti
lation is concerned. And that is why summer cooling
fans can be used so effectively for winter ventilation.

I have just shown you how air approaches and goes
through an exit hole which, in reality, was the exhaust
fan. Now let us consider the behavior of air on the dis
charge side of the hole. In this case it would be the air
coming into the greenhouse from the outside due to
the vacuum that was created within the greenhouse.

The air comes into the house in the form of a jet
and the distance it will travel is related to the speed of
the air and the size of the hole. We want the air to
come in at a relatively high velocity, creating a lot of
turbulence around the jet and producing thorough
mixing with the warmer air within the house as quickly
as possible. Under normal conditions, the fans create
a vacuum of Vi o to % of an inch vacuum which will
produce a jet having a speed of about 1,000 ft. per
minute or 12 mph. This jet will travel from 20 to 30
diameters of the hole size—which is not a very great
distance when we are talking about an %- or %-inch
crack. Obviously, a hole 1 or 2 ft. square would pro
duce a jet that would travel many feet into the green
house and be highly undesirable in the winter.

A high velocity jet, as mentioned above, will mix
very rapidly with the air in the greenhouse. Let's con
sider a greenhouse temperature of 60° F. and an out
door temperature of 0°. By the time the jet travels 20
or 30 diameters it will be warmed to within 5 or 6° of
the greenhouse temperature. This is a very important
physical phenomenon for growers to understand. It
shows that if air is brought in properly, cold drafts can
be completely prevented.

As a further demonstration of what I have just ex
plained, I will smoke a cigarette and blow the smoke
out of my mouth or nostrils. You can see that it comes
out in the form of a jet, flows away a considerable
distance with a lot of turbulence, and quickly mixes
with the air in the room. When one takes a breath
(inhales) through the nose, the air is drawn to the
nostrils from all directions (just like it flowed to the
exhaust fan.) But when one exhales through the nose,
the air jets away from the face. This may sound a bit
peculiar but this principle of aerodynamics keeps one
from suffocating in his own exhaled breath!

Plastic Tube Ventilation

Winter ventilation in older glasshouses wasn't
much of a problem in cold weather because one could
get enough air in through the cracks between the
glass. However, winter ventilation becomes more of a
problem in newer tighter greenhouses, particularly in
plastic houses where there are practically no holes or
cracks. There was a very definite need for bringing
air into the greenhouse through many little jets, ac-



cording to the principle just discussed. And that is
where the idea began to grow for introducing air
through plastic tubes having many punched holes.

This system consisted of a long plastic tube con
nected to the end wall of a greenhouse with a high
efficiency streamlined inlet. When an exhaust fan was
turned on creating a vacuum in the house, the pressure
in the house was lower than the pressure in the tube
which was connected to the outdoors. Consequently,
air rushed into the tube, inflated it, and flowed out
through the many holes to be uniformly distributed
throughout the house. This resulted in uniform, draft-
free ventilation. Depending upon the size of house
and the type construction, two or more tubes per
house were often called for. At the present time three
different sized tubes are available to provide for more
complete ventilation capacities.

The fresh air introduced in this way, even though
quite cold, would be warmed up to house temperature
by the time the small jets of air were just a few feet
away from the tube. During its operation, the house
would maintain uniform temperatures. And at the
same time, good air movement was produced that was
considered very beneficial to growing conditions. The
system could be run automatically, saved considerable
labor, and produced better and more uniform ventila
tion than was generally available before.

Benefits of Continuous Air Movement

As a result of the desirable air movement produced
through fan-and-pad cooling in summer and the ab
sence (or at least a much lesser amount) of it in winter,
many growers became much more conscious of the
need for providing and maintaining good air move
ment within the greenhouse during the winter
months. It was felt that this would greatly improve the
microclimate around the plants. And it also pointed
up the need for more uniformity of house tempera
tures and humidity levels.

This led to some rather amazing information we
obtained by making field tests on the climatic condi
tions within a greenhouse.

We measured the temperature and relative humid
ity in the aisles and then in the benches where the
crop with dense foliage was growing. As you know,
the plants were giving off moisture while the aisles
weren't. In many cases, the relative humidity down
around dense foliage would be 30 to 35% higher than
that measured in the aisle. I am sure a lot of disease

problems that growers encounter have been due to too
high humidity around the plants—much higher hu
midity than in the aisle where a reading would be
most likely be taken since that is about the only place
a sling psychrometer can be manipulated. This defi
nitely indicated a need for improved air circulation
within the house to equalize the humidity and reduce
the level around the plants. As a result, Turbulator
air-circulating fans were introduced to achieve desir
able air motion in the greenhouse.

Effect Of Temperature On Relative Humidity
This leads us to another point which growers

should understand and which can be of great benefit
to them: the effect of temperature on relative humid
ity. Air has the ability to absorb moisture. And the
amount of moisture contained in air in relation to how
much moisture this same air could actually hold is re
ferred to (in terms of percent) as the relative humidity.
Therefore, air having a relative humidity of 50% con
tains only half as much moisture as it actually could.
Temperature has a very drastic effect on the amount
of moisture air can hold. For every 20° rise in tem
perature, the amount of moisture air can hold will
double. For example, if one takes air at 40° F. and at
100% relative humidity and warms it up to 60°, its
relative humidity will have dropped to 50%. If this
same air is warmed another 20°, its relative humidity
will drop down to 25%. I am sure many of you can see
from this that in so-called humid areas the relative
humidity becomes quite low on a hot summer after
noon. This drying action, achieved by raising the tem
perature of air, is actually what some rose growers
have taken advantage of when they turn on a little
heat in the early morning to dry out the house and
prevent mildew problems.

This is a very important principle to keep in mind
when you want to do something about reducing the
humidity in your greenhouse. Bring in some cold out
side air (even though it might be raining), and heat it
up by mixing it with the warmer air in the house. By
so doing you can reduce the relative humidity within
the greenhouse. A psychometer chart completely ex
plains this phenomenon and would be exceedingly
helpful to growers.

A Combination System—
Ventilation And Air Circulation

I have briefly covered the apparent need for more
effective air movement and circulation within a green
house during the colder months and satisfactory ways
for bringing in fresh air. This brought about the con
cept of a combination system; namely, one that would
achieve both. Instead of connecting the plastic tube
to the outside wall, we attached it to a special fan that
was positioned approximately 15 inches from the out
side wall. The fan, in turn, was positioned directly in
line with an inlet shutter that was installed in the end

wall of the house.

When the tube fan is turned on, it immediately in
flates the tube and distributes air throughout the house
for the full length of the tube. But when the inlet
shutter in the end wall of the house is closed, the fan
merely recirculates the air within the house to main
tain a more uniform temperature and to give better
humidity control. Furthermore, if one is feeding CO^,
it is also evenly distributed with this system.

When the house temperature gets too warm, the
motorized inlet shutter in front of the tube fan is auto
matically opened by a thermostat which also turns on

(Continued on back cover)
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PENN STATE STUDENTS VISIT GREENHOUSES

Bob Blind (right) discusses how college training and practical
experience are combined to grow crops successfully.

Students receive some very valuable pointers from Fred Ilinckel
(center) on producing a variety of flower crops.

Chuck Kocker (the man in the white hat) talks about the problems and decisions a manager
must make to operate one of the largest greenhouse ranges in Pennsylvania.
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GREENHOUSE CLIMATE CONTROL-
(Continued from page 6)

an exhaust fan somewhere else in the house. The

vacuum created by the exhaust fan draws fresh air in
through the inlet shutter which jumps directly into the
blades of the tube fan and is propelled down the tube.
This fresh, cool outdoor air is evenly distributed
throughout the house and lowers the temperature uni
formly until the thermostat is satisfied. It then turns
off the exhaust fan and closes the inlet shutter. Mean

time, the tube fan continues to run, maintaining con
stant recirculation within the house.

This same method of control using a humidistat can
help regulate the relative humidity within the house
during cool weather. By bringing in fresh outdoor air
which is warmed by mixing with air within the house,
the relative humidity is lowered. It is truly amazing
what humidistats and thermostats can do.

About Plastic Tubing

We are also using a higher quality polyethylene
tubing in an effort to obtain longer life. Since green
house glass filters out most of the ultra-violet rays of
the sun, polyethylene tubes should last longer in these
houses than in plastic-covered houses which do not
filter out the ultra-violet rays as well. Shading from
the tubes is usually not significant, unless they become
quite dirty. Because plastic films develop a static
charge, they do attract dust rather quickly and may
need to be changed because of the dirt they attract
long before they are worn out or otherwise deteriorate.

Plastic tubing is now available in three different
diameters: 18 inch, 24 inch, and 30 inch. Normally, it
isn't wise to put a single tube in a house if it is over
30 ft. wide since you will begin to lose the effective air
distribution considered so beneficial. The holes in the
tubing are arranged in two rows, one on each side and
slightly below center. This arrangement allows the air
to flow in a downward and outward direction, at about
the same angle as the roof line, and yet not directly
down on the plants.

I might also point out that our Fan-Jet tube fan is

Second Class Postage Paid at

State College, Pa.

>f. j. b. gar:-jf:r
: ' • IF •,)•:. ICULTURE

RAL I ..:. ... c. 27602
.. 3ITY

203

C

fitted with stators (sometimes known as stationary fins)
in its discharge orifice which direct the air flow straight
down the tube and eliminate the violent spinning and
turbulence that would otherwise tend to occur.

In the past there has also been considerable trouble
in suspending or hanging the plastic tubing. It was
quite a chore to thread a wire down through tubing
for its entire length, and grommet tapes did not always
work out too well.

A special new tube hanger has recently been deve
loped and placed on the market which has been highly
successful. It is a non-slip plastic clip that securely
grips the tubing; it is reusable and should last for
several years. We have already had inquiries about
the possibility of using this hanger for shadecloth and
other applications. The recommended spacing for
these tube hangers is 10 ft. for 18-inch tubing, 8 ft. for
24-inch tubing, and 6 ft. on 30-inch tubing. With 4-mil
tubing this would amount to about 1 pound of weight
for each tube hanger.

Automation Justified — Essential
The subjects I have discussed with you are not

gimmicks or pipe dreams, but a reality. These systems
are in actual use and can do many things for you. You
have heard from other speakers today about the need
for greater savings in labor and your other costs of
operation. The more automated you can become in
climate control, the more you will save in time and
labor.

This equipment will more than pay for itself in a
relatively short period of time. And it will provide you
with a much better climate control system than you
yourself could achieve by doing it manually.

Agriculture in this country is highly automated, in
fact, one of the most highly automated industries to
day. In the floriculture industry you have already
adopted many automated or semi-automated practices,
such as automatic watering, injection fertilizing, mist
propagation, and automatic lighting. Why not also
take advantage of automatic summer cooling and auto
matic winter ventilation? In just a matter of time you
will wonder how you ever got along without it.


