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Introduction

Production of greenhouse vegetables using rockwool
and perlite substrates is becoming standard practice in
many areas of North America. Rockwool is a solid
growing medium made of rock fibers (usually basalt).
The rock is melted and spun into fibers which are used
to make loose "flock” or formed slabs. Fiber binding
and wetting agents are added to provide the structure
and moisture retention attributes necessary for
horticultural use. Perlite is a volcanic mineral which,
when heated, expands (pops like popcorn) into small,
white particles. Perlite is placed in polyethylene
growing bags approximately 36 inches long and 6
inches in diameter containing about 0.5 cubic ft. of
perlite.

Rockwool and perlite provide for a high degree of
capillary movement of water and have a large
proportion of air space. New rockwool and perlite are
pathogen-free and do not themselves provide nutrients
to the crop. These media function as support for roots
and hold nutrients in the solution around the roots.

Rockwool slabs and perlite bags can be reused if
sterilized by steaming or other legal means. Costs to
reuse the media (including labor, equipment rental,
new poly sleeves, etc.) will run about one dollar per
slab or bag. Research in northern states has shown that
reuse for more than one additional year is possible but
not recommended due to potential variability among
slabs or bags for water conductance and aeration.
Extra handling of slabs damages and compresses the
rockwool structure. Reuse of unsterilized media of any
type in Florida is risky.

Rockwool and perlite have major advantages in Florida
over the PVC pipe nutrient film technique (NFT)
because rockwool and perlite are not recirculating-type
production systems. Plants are isolated to individual
rockwool slabs or bags of perlite and the nutrient
solution is applied to each container individually. As a
result, nutrient solution that might be contaminated

with Pythiumspores is not circulated throughout the
greenhouse as in NFT. Aeration of root systems also is
better in rockwool or perlite compared to the root
systems in the modified NFT (PVC tube) system. The
result with perlite or rockwool is a cultural system that
is less risky from a root disease standpoint compared to
the closed NFT pipe system.

The major design challenge in rockwool or perlite
culture has to do with the design of the floor of the
house to facilitate collection and removal of excess
nutrient solution leachate from the media containers. It
is not desirable, from an environmental pollution
standpoint, to allow the leachate to pass into the soll
beneath the greenhouse.

Research has been conducted with perlite and
rockwool for Florida. Suggestions for use of these
media have been developed from experience and
research in Florida and from research in other states
and countries.

Site preparation

Site selection for greenhouses should be given much
consideration for drainage, flooding probabilities,
water supplies and quality, shading from trees, etc.
The greenhouse site should be raised above the
surrounding grade to facilitate quick drainage of water
due to heavy rainfall from thunderstorms or hurricanes.
More information is available from the Florida
Greenhouse Vegetable Production Handbook, Volume
I.

The Greenhouse

Greenhouse structures are available in many sizes,
styles, and quality levels. For cooling efficiencies, it is
suggested that the greenhouse be no more than about
110 to 120 feet in length (Fig. 1). Houses longer than
this present problems in achieving uniform
temperatures over the entire length of the house when
cooling in early fall and late spring. The width for a
single unit should be about 35 feet. This width allows
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Figure 1. Typical single-bay greenhouse
approximately 35 feet by 120 feet with air-lock
entrance porch.
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for establishment of six twin-rows of tomatoes within
the house and provides for open alleys around the
inside perimeter of about 4 to 5 feet. These alleys
provide space for air movement and for easy access to
the crop for harvesting and spraying. A house 35x120
feet provides growing space for about 1100 tomato
plants.

The house should have straight side walls at least four
feet high, preferably eight feet. Side walls of eight feet
are ideal if expansion to a multi-bay house is
envisioned. Overall greenhouse height (ground to arch
peak) need not to be more than 14 to 16 feet.
Otherwise an excess volume of air will need to be
heated or exhausted which increases operational costs.

Structural components for the house (sidewall
columns, arches, bows, purlins, endwalls, etc.) can be
home fabricated or purchased as a kit. Either way, the
strength and quality of the components must be kept in
mind. Saving money on less costly components could
cost the grower in the long run if a house must be
replaced or requires increased maintenance. If a
homemade house is planned, the pipe needs to be of
greenhouse structural grade, and a high quality pipe
bending machine will be required. Pipework should be
galvanized steel with a high yield and tensile strength
of about 50,000 PSI. Sidewall columns should be
about 2.5 inches outer diameter and arches should be
about 1.6 to 1.9 inches outer diameter. Sidewall
columns should be on 5- to 6-foot spacing and be
anchored in concrete to a depth of at least 24 inches.

Cooling Pad Endwall

Endwalls (Fig. 2) should be fabricated from galvanized
pipe which is about 1.6 to 1.9 inches outer diameter.
Pipe provides more strength and life compared to
wooden endwalls fabricated from 2x4 lumber. The
cooling pad endwall consists of upright galvanized pipe
on 5- or 6-foot centers anchored in the ground in
concrete and attached at the top to the end arch. Cross
members should consist of additional pipe or aluminum
strips. Aluminum pieces are easier than galvanized
pipe to drill when attaching the endwall sheeting. The
pad endwall shown has three framed openings. One
opening is for the cooling pad and accommodates the
6x30-foot cooling pad. The bottom of the pad frame
should be about 12 to 15 inches off the ground. The
pad opening should be framed with aluminum poly
locking extrusion so that a piece of poly can be placed
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Figure 2. The greenhouse evaporative cooling pad
endwall complete with a 6 foot by 30 foot-pad and two
motorized shutter vents for winter ventilation.

over the pad opening to close off the opening during
winter.

The other two suggested framed openings are each for

42-inch motorized inlet shutters. These aluminum
shutters are recommended for use in the winter
ventilation mode through which outside air can be
drawn to cool the house. In this way, cool air is not
drawn through the pad directly onto the plants at the
end of the house. These shutters are closed in the
summer when evaporative cooling via the pad is
required. Each shutter is operated by an electric motor.
Extra motors should be on hand for fast replacement of
nonfunctioning motors. Each shutter is controlled by
its own thermostat, or they can be wired so the shutters
open simultaneously. Itis a good idea to place each
shutter on a separate thermostat or to wire the shutters
through two thermostats because there is less chance of
shutter opening failure. Shutters should be set to open
one or two degrees ahead of the start-up of the first
exhaust fan. For example, set the shutters to open at
75°F and the first exhaust fan at’F8 These settings
will ensure that the shutters are open before the fans
start up.

Both cooling pad and shutters should have plastic
screen or an insect cloth placed over the openings to
help prevent insects from being drawn into the house.
Screening will exclude larger insects such as moths,
bugs, and grasshoppers. However, most screens will
not exclude small insects such as thrips. There is very
little one can do to completely screen out these tiny
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insects without reducing the flow of air through the pad
or shutter.

Evaporative Cooling Pad

In Florida, extra cooling is needed in fall and spring
over and above that achieved solely by ventilation.
Drawing air through evaporation pads provides an
additional few degrees of cooling which is important
for optimizing tomato production in hot weather
conditions. More cooling is achieved in low humidity
conditions; less to none under high humidity. The
standard method for evaporative cooling is with a
cellulose pad system (Fig 3). For tomatoes, the pad
should be 6 feet high, at least 4 inches thick, and span
nearly the entire width of the house. The bottom edge
of the pad should be about 12 inches off the ground or
floor of the house to reduce potential for soil and
debris to enter the pad.

Most evaporative cooling pad systems come with
complete instructions for proper installation and care of
the pad. The sump tank should be sized to provide 3/4
gallon of water per square foot of pad area. Therefore,
a 6x30-foot pad needs a tank with a 130- to 160-gallon
capacity. A concrete septic tank or a heavy-wall
polyethylene tank are suitable for use as a sump tank.
The tank needs to be buried outside the endwall of the
house so that the opening to the tank is below the level
of the return trough from the evaporative pad. The
sump pump should be able to deliver at least %2 gallon
water per linear foot of pad per minute. For the 6x30-
foot pad, the pump must deliver 15 gallons per minute
or 900 gallons per hour.

The evaporation process in the pad uses a considerable
amount of water. Therefore, the water in the sump

tank must be continually replenished. To achieve this,

a float valve should be installed in the sump and
attached to a % - inch (or larger) supply line or tubing
that can supply water to the valve as needed. This line
can be installed under the floor of the house at the time
the floor is installed.

Algae will be a problem on the pad surfaces.

Therefore the sump tank needs to be covered to prevent
light from reaching the water. Other helpful

precautions are to treat the recirculating water with an
approved algicide and to flush the tank periodically.
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Figure 3. Evaporative cooling pad with sump tank and
distribution and return system.

The Fan Endwall

The fan endwall of the house contains the exhaust fans,
inlet shutter for the jet fan, and the entrance airlock
porch (Fig. 4). The fan endwall should be constructed
with galvanized pipe uprights and aluminum or
galvanized cross frame members. The fan endwall
members support considerable weight, so care must be
taken to build with strength and stability in mind. The
framed openings include one for a 42-inch entrance
door that will be the entrance to the greenhouse proper
from the porch. Other framed openings are for the
large exhaust fans. Two or three will be needed
depending on the size of the fans. For a 35x120 house
that is 12 feet tall at the peak, either two approximately
54-inch exhaust fans or three 42-inch fans will be
required. If the three-fan option is used, the porch will
be placed off-center in the house endwall.

One of the remaining framed openings is for the
motorized inlet shutter for the jet fan. This shutter can
be opened on a timed basis to allow an inflow of fresh
air periodically through the night when the furnaces are
operating. Also, some growers might wish to use the
jet fan to pull air inside to run through the heating ducts
as the first stage of ventilation (before the main exhaust
fans come on). However, the jet fan shutter must close
when the large fans start to prevent the large fans from
pulling air in short-circuit fashion through the jet fan
shutter and immediately back outside. This situation
reduces the amount of air pulled by the large exhaust
fans through the pad at the far end of the house. For
the 35x120-foot house, the fan jet size will be about 30
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inches in diameter. This fan jet will require a shutter
30 inches square.

Two optional framed openings could be used for attic
exhaust fans. Attic exhaust fans might be useful to
remove heat from the attic air space above the shade
curtain (see section on shading systems) if heat buildup
there is a problem. Shading greenhouses in Florida
appears to require both shade on the greenhouse film or
a curtain that follows the inside contour of the rantl

a shade cloth installed horizontally above the plants
about 7 feet off the floor.

Where shade cloths are placed just above the plants,
heat still builds up in the attic air space and is pulled
down into the plant growing level by the large exhaust
fans. In this type of shade system, placement of
exhaust fans above the shade cloth could remove
excess heat from the attic area.

With the two attic fans in place, cooling of the lower
plant compartment would be made more efficient. The
attic fans would be the first stage of ventilation by
drawing air from the outside through the motorized
vents above the pad. When additional cooling is
needed, the large exhaust fans start up and draw air
through the evaporative pad. The pad sump pump
should begin the flow of water to the pad after the
startup of the main exhaust fans. When the large
exhaust fans start up, the motorized shutters should
close so that all air drawn into the house must come
through the evaporative pad. The attic fans could
remain on but will be drawing their air through the pad
as well. The pad pump should shut down prior to shut
down of the fans so that pad surfaces will dry.

For all environmental control systems, the thermostats
or sensors should be located in the center of the house
at plant height (about 5 feet off the floor). If a
thermostat panel board is used, then it should face
away from the pad end of the house and be constructed
with sidewalls so that the thermostats are not exposed
to direct sunlight. White paint or aluminum paint

should be used on the panel board to reflect radiant
energy.

Entrance and Airlock Porch

Ease of sanitation in the greenhouse will be improved
by not entering the house directly from the outside.
When the large exhaust fans are on, they can pull a
great amount of insects and debris into the house when
the entrance door opens. The problem is alleviated by
the addition of a small entrance porch on the front of
the greenhouse (Fig. 4). The porch allows the
greenhouse operator to enter the porch and close the
outside door before entering the greenhouse proper
through the second door. This airlock reduces the
amount of dust and debris that can make its way into
the greenhouse.

The entrance porch also provides an area to place the
electrical panel box, computer controllers,

proportioned pumps, fertilizer stock tanks, and
miscellaneous greenhouse equipment and supplies.
The entrance porch needs to be at least 6 to 8 feet
square with a tight attachment to the greenhouse
endwall to prevent leaks of air or water. The roof and
sides could be painted white to reduce heat buildup.
The ceiling should be insulated to reduce condensation
dripping inside the porch.

The main supply line for water should come into the
porch area from the floor rather than through a side
wall. In this way, there is less concern for freezing of
the water line. In general, there is little concern for
freezing inside the entrance porch. However, the door
to the inside of the greenhouse can be left open on
extremely cold (below 29-) nights.

Jet fan inlet vl
shutter

Attic exhaust 4
fan

]
Exhaust ! !
fan !

Figure 4 . The greenhouse ventilation fan endwall with
entrance porch, two large exhaust fans, motorized
shutter for jet fan, and two optional small attic exhaust
fans.
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Greenhouse Coverings

Currently, greenhouse construction in Florida uses a
double-polyethylene film where the house is covered
with two layers of poly film which are separated by an
air layer. A small blower fan inflates the two poly
layers with air, thus providing extra insulating value.
The separation of the two poly sheets might be as much
as 10 to 12 inches at the greenhouse peak. Air for the
fan should be brought in from outside the greenhouse
to reduce condensation between the poly layers and to
minimize chemical damage from pesticides being
pulled into the air layer from inside.

The poly films used for covering the house are 6-mil
thick, clear polyethylene and usually last for at least 3
years, but rarely more than 3. With age, the poly
begins to yellow, reducing light transmission, and it
becomes brittle.

Various types of poly covers are available including
standard films, anti-condensate films, and infra-red
barrier films. The infra-red barrier films have been
designed to trap infra-red (heat) energy within the
house at night thus reducing heating costs. By their
nature, they also increase the temperature during the
day. Tests at the University of Florida in Gainesville
showed little benefit of infra-red barrier films over the
standard poly films for tomato or cucumber yields.

Anti-condensate films have special surfaces that
encourage water droplets to form and run off.
Condensation on the inner surface of the poly film is a
problem in winter because it reduces light transmission
until the condensate droplets dry. In addition, the
droplets wet plants increasing chances for disease.
Condensation forms from the water vapor in the
greenhouse atmosphere condensing on the cooler poly
cover at night. Anti-condensate films are useful in
reducing the amount of condensate that remains on the
inside of the cover.

Poly films are fastened to the house at the edges by
special poly locking extrusions. On a greenhouse with
an 8-foot sidewall, there will be 3 areas to be covered
by double poly: the roof and the two sidewalls. The
roofing poly is held in place by locking extrusions
attached to the end arches and by locking extrusions
that run the length of the eaves. The sidewall poly is
held in place by baseboard extrusions, corner
extrusions, and eave extrusions. Some brands of
baseboard extrusions are wide enough to function as

concrete pouring forms for a concrete greenhouse
floor.

Many brands of extrusions for locking polyethylene are
available. Most rely on friction via a clamping
mechanism to hold the edges of the poly in place. The
most durable extrusions are those made of aluminum.
The main difference among extrusions for poly locking
is in the specific details regarding the clasping
mechanism and on how fast the poly can be released
from the extrusion when the poly film is replaced.
Some of the poly locking extrusions rely on an
aluminum channel into which the double layered poly
is locked by a tight-fitting strip or wedge. Some of
these are designed so that the fit of the wedge strip
becomes tighter in reaction to the natural pull of the
polyethylene sheets.

The poly locking system for the house is a component
that must be thoroughly researched before installation.
The system needs to be simple, without many bolts and
screws, yet it must be fail-safe. It is best not to cut
financial corners with the poly locking extrusions.

Greenhouse endwalls are usually covered with
corrugated fiberglass panels. The panels are fastened
to the endwall framing by metal "tekscrews" with
rubber washers; care must be taken to position the
correct side of the fiberglass outward. Various grades
of fiberglass are available with variable life
expectancies before the fiberglass yellows and light
transmittance is reduced.

After fastening the fiberglass panels to the endwalls

and installing shutters and fans, the cracks and crevices
should be sealed with aerosol foam to prevent water
and air leakage. Rubber gaskets could also be installed
behind the fiberglass panels, especially along the lower
fastening supports.

Alternatives to corrugated fiberglass are the many types
of sheet: polycarbonate, acrylic, etc. These are rigid
panels that are more expensive than fiberglass sheets,
but provide longer life, and are more thermally
insulating.
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Greenhouse Floor Design

Traditional solid media houses consisted of a soil floor
with slight depressions into which excess media
leachate drained. The floor was covered with black
polypropylene nursery cloth and then with white-on-
black polyethylene sheets (white side up) for light
reflection. In this system, leachate drained into the
trench, through slits in the plastic and nursery cloth,
and finally into the ground below the greenhouse. This
system of leachate disposal probably will not be
tolerated in the future by environmental regulatory
agencies. Some system of collection of the leachate
will need to be devised. This system will need to be
included in the design of the greenhouse floor layout
for new perlite or rockwool houses and built into old
houses retrofitted to perlite or rockwool from another
production system. At least two options are available:
a raised, above-floor trough system or an in-floor
trough system. Both trough systems can be adapted to
houses with or without a concrete floor. Several
options of both systems are described in the following
paragraphs. Each system needs to be designed keeping
in mind that the objective is to collect the leachate
without having it recirculate from one media container
to another.

The above-ground raised-trough system (Fig. 5) would
work in houses with or without a concrete floor. It
would be an easy system to install in an NFT house
retrofitted to perlite or rockwool. Media bags would be
placed on inclining benches made from 2x4s and 1x6s.
A half piece of 4-inch PVC pipe is anchored on the
floor between the benches and a plastic sheet draped
over the benches and trough with slabs placed on the
plastic-covered benches. Holes can be cut into the
drape to facilitate leachate drainage into the trough.
Leachate can be used for other irrigation purposes, e.g.,
pasture, lawn, garden, etc.

In-floor systems (Figs. 6, 7, 8) can be utilized in
greenhouses with or without concrete floors. One
system involves constructing gently sloping trenches in
the floor soil of the greenhouse on 5-foot centers.
Trenches need only to be 3 to 4 inches deep in the
center, i.e., 3 to 4 inches below the level grade. A half
piece of four-inch PVC is pressed in the bottom of the
trench and the soil pressed (Fig. 6). The pipe is placed
on an incline so that leachate can drain to the cross
drain trough. Black-on-white poly is placed over the
trench with holes punched in the poly above the pipe.
Rockwool slabs or perlite bags are placed on the gently

Slanted boards
on wooden
supports

—

Half-piece
PVC

Figure 5. Above-floor leachate collection.
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Figure 6. In-floor leachate collection trough options.

sloping sides of the trench. Slope only needs to be
great enough to move the leachate from the bag to the
trough. A slope of one-half inch in 12 to 15 inches is
adequate.

Another option for an in-floor system is to incorporate
perforated drainage tile in the bottom of the trench

(Fig. 6). A gently-sloping trench is created and lined
with 6- to 8-mil polyethylene. This trench needs to be
about 4 to 6 inches deep in the center. A 4-inch
perforated poly drain pipe is laid in the bottom of the
trench and the pipe is checked for proper incline so that
leachate will move from one end to the other. The
trench is backfilled with small gravel and the whole
system is covered with black-on-white poly. The top
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Figure 7. In-floor leachate collection trough options.

poly needs to be perforated so leachate will drain
through.

For new houses with concrete floors, the in-floor
collection system can be designed into the floor. Two
options for this and general layouts are presented in
Figs. 7 and 8. One option is to push a 4-inch PVC pipe
partially into the soft concrete in the floor between the
future positions for the twin rows of plants. Holes (¥
or 3/4 inch) can be drilled into the pipe on both sides
where the concrete floor meets the pipe. Pipes will
need to be pushed into the concrete to different depths
along the length of the pipe to create an angle so that
the leachate will flow to one end. It is probably best to
restrict flow lengths to 20 feet to minimize pooling.
Also, runs no longer than 20 feet would minimize
concrete floor thickness. Long runs would need thicker
floors within which to bury the pipe on an incline.

Two sets of collection pipes drain from different
directions into a lateral trough. The trough needs to be
on a slight sideways angle to move the leachate out of
the house. This lateral trough could be simply an open
concrete gutter in the greenhouse floor.

To move the leachate from the media containers to the
pipes requires that the containers be placed on a slight
incline toward the pipe. One idea would be to hand-
fabricate a mortar incline on top of the level concrete
floor (Fig. 7). The mortar incline needs to be about 8

=g S

End view with white-on-black-poly

Slanted boards on
wooden slants

Poured concrete trough

Figure 8. In-floor collection system.

to 10 inches wide and be only 3/8 to 5/8 inch high.
Inclines can be built using pieces of lumber and
troweling in concrete to build the incline from the PVC
pipe to the board. All concrete and mortar surfaces
need to be finished smoothly and sealed to facilitate
movement of the leachate in the trough.

A second in-floor system for houses with new concrete

floors would be to press two 2x4 pieces of lumber into

the concrete and then remove after the concrete has set.

A small, thin board should be placed between the 2x4s

to make it easier to pop the lumber out of the concrete.
The depressions remaining will serve as the collection

trough. The lumber needs to be pressed in at different
depths along the length to achieve the drainage angle.
Some individuals might find it easier to precision-place
the 4x4 impression lumber prior to pouring the
concrete. Mortar inclines are needed as above on

which to place the rockwool slabs or perlite bags.

A third in-floor system for new houses is the lintel
trough system (Fig. 9). Lintel blocks are lined out in the
sand fllor, perhaps setting them in the floor so that 3 to
4 inches of the block are above the sand grade. The
concrete floor is poured level with the top of the
blocks. A half piece of PVC is placed on a slope (using
wood chocks) in the lintel trough to serve as the
leachate conduit.

In the systems above, one could install water supply
lines under the concrete floor that supply water to an
outlet placed at the high end of each trough. Clean
water then can be run down the troughs for periodic
flushing of algae and debris. Another idea to help keep
the troughs clean is to drape a piece of white-on-black
polyethylene over one set of slabs or bags and trough.
Slabs or bags are then placed on top of the poly. Holes
are punched in the poly just above the trough.
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Leachate flows from the media containers over
the poly surface and funnels through the holes
in the poly and into the trough below.

Systems other than the ones proposed above can

be devised. The key is to design one that will
effectively move the leachate from the house.
The incline for the support for the rockwool

slab or perlite bag should be no more than about
one-half inch in 12 to 15 inches. Floor trough
incline probably should be 2 or 3 inches in 20
feet to move leachate from the collection-trough
to the cross-trough that takes the leachate to the
collection tank.

Te

Lintel block —

‘- Concrete floor

General layout of the collection system is
presented in Fig. 10. The reservoir tank size

should be at least 300 to 500 gallons and shoulcli_|a|f iece PVC pipe on angle Within lintel

be buried so the opening is lower than the return
troughs. Existing NFT (pipe) houses can use
the old nutrient sump tank as the leachate
reservoir. The outdoor reservoir should be
painted or covered so that light cannot enter the
tank, thus preventing algal growth. A sump
pump in the tank facilitates pumping out the
leachate which can be used for fertilizing
pastures, gardens, nurseries, or lawns. Leachate should
probably not be reused in the rockwool or perlite media
since the leachate might contain disease organisms.
Research on reuse is continuing.

Trellis system

Tomatoes and cucumbers need to be pruned of side
shoots (suckers) and trained on a trellis. The planting
pattern in the house consists of twin rows of slabs or
bags placed on the inclined leachate boards or mortar
pads. The distance from the center of one bag to the
center of the bag across the trough is about 15 to 20
inches. The distance between centers of one twin-row
and the next set, i.e., from one drain trough to the
center of the next, should be 60 inches. At the head of
each twin-row, a 4-inch iron pipe is concreted into the
ground and floor to serve as the main end anchor for
the trellis. It is a good idea to attach (bolt or weld) a
piece of angle iron or other suitable support between
the end post and the floor as a counter support or
“deadman” for each post (Fig. 11).

Across the top of each post, a 2x4 board or metal
bracket is bolted to which to anchor the trellis wires.
Each trellis wire (4/32 in. or 5/32 in. airplane cable) is

End view with
white-on-black poly

Figure 9. Lintel-block leachate collection trough system.

i
20-foot
runs

Cross
house
conduit
trough

'
.
T
'
1

Figure 10. Drainage diagram for trough system with
sump tank outside of greenhouse.

anchored to one endpost with an eye bolt and to the
other endpost through a cable tightener. There is one
cable for each row of plants. Each plant is trained to
the trellis cables using polypropylene twine.
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Irrigation system

In a rockwool or perlite house, water enters the house
directly from the well, is mixed with fertilizer stocks by
proportioners or injectors and applied to each plant via
drip or micro-irrigation emitters. The basic
components are outlined in Fig. 12. The drawing is not
detailed but only points out the major components in
the system. A backflow prevention system (check
valve, pressure relief, and low pressure drain) are
required for systems in which fertilizer will be injected.
The water from the well should be filtered (150 mesh)
to prevent damage to the fertilizer proportioners. A
union connection installed before all major components
will allow them to be removed for maintenance.
Proportioners usually operate on a pressure differential
basis so that installation in parallel is probably
preferred over series. Nutrient solution should be
filtered (150 mesh) prior to application to the plants. A
pressure regulator should be installed to ensure the
desired pressure in the greenhouse irrigation system.

Rockwool or perlite media receive water from
individual emitters placed at the base of each plant.
Emitters can be upright stake drippers. Each plant is
irrigated and fed from a short length of spaghetti tubing
plugged into a %-inch or ¥-inch black poly lateral line
(Fig. 13).

Fertilizer stocks are stored in two containers (30 to 40-
gallon size) under each proportioner. Stock tanks of
this size will provide for 7-14 days of nutrient
application. Stock tanks should be fitted with a lid

Proportioner

Solenoid to
controller

Pressure
gauges

\

Wooden cross member

[l//// // // J

Aircraft cable
(5/32 inch)

o - ® . « ]

Metal supports

Four-inch post
Figure 11. Tomato trellis system.

through which the proportioner suction hoses fit.
Fertilizer formulas and programs that have been
successful in Florida rockwool houses are presented in

Emitter Spaghetti tubing
Lateral
¥ Pressure gauge
4 Lateral .
Rockwool
slab Ot}
k— Main line
Porch with —=
proportioners —

Figure 13. Generalized irrigation tubing layout.

Backflow
prevention unit

Ball valve l

1

Pressure
regulator

Filter

/,t = =
I N

Filtration

Pump

Figure 12. Generalized layout of irrigation and fertilizer proportioner area.
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Appendix 1. More detail on fertilizer management for
rockwool- and perlite-grown vegetables is presented in
"Nutrient Solution Formulation for Hydroponic (NFT
and Rockwool) Tomatoes in Florida" (Fla. Coop. Ext.
Publication SS-VEC 44). These nutrient solution
formulas work equally well for rockwool and perlite.

In designing the fertilizer stock tank area, water lines
and valves can be positioned above each stock tank for
easy filling of stock tanks when mixing new nutrient
solution. When mixing new solutions, the controller
should be turned off so that proportioners will not
remove unmixed stock solution.

Irrigation Control

The irrigation system on/off cycles are controlled by a
"starting tray" placed under one rockwool slab in the
greenhouse. The same starter tray can be used for
perlite bag culture. The starting tray should be placed
somewhere in the center of the house. The tray
(Agrodynamics, Inc.) is wired to a relay box which is
wired to an irrigation controller that controls the length
of each water cycle by opening or shutting the electric
solenoid valve (Fig. 14). The relay, controller, and
solenoid can be placed in the entrance porch.
Controllers should have battery backup so that
programs are not lost during power outages. Growers
need to be sure that the plants chosen for the tray are
representative of the plants in the house (and remain so
through the season).

To set up the starter tray, a representative spot with
representative plants is chosen. It is best to choose a
spot at least 20 to 30 feet away from the endwalls. The
starter tray is positioned and leveled in all directions.
The poly sleeve is cut away from the bottom of the
chosen slab, and the exposed rockwool is positioned on
the capillary mat in the tray. For perlite bags, holes are
punched in the bottom side of the bag on a ¥2-inch grid.
Holes should be aboit to ¥ inch in diameter so

perlite media will have good contact with the capillary
mat in the starter tray. Emitters are repositioned at the
base of the plants.

The irrigation system might need to be operated for a
period to provide nutrient solution to fill the small "V"-
shaped reservoir at one end of the tray. The electrical
probe(s) is positioned so that the tip contacts the
solution in the reservoir. Electrical connections and
grounds are completed through the relay box and

controller following directions supplied with the
controller.

The basic irrigation scheduling theory revolves around
applying enough solution to each slab or bag to fulfill
plant needs and to maintain an acceptable electrical
conductivity (soluble salt) level in the media. For most
situations, this means that each irrigation event should
apply about 4 ounces solution per plant. The soluble
salt reading of the leachate should be in the range of
plus or minus 0.5 units from the applied nutrient
solution. More or less nutrient solution can be applied
to the plants to achieve this goal. Leachate for testing
is collected from the media by a syringe.

Emitters for rockwool and perlite vegetables should
have an inner diameter of at least .04 inch to reduce the
risk of clogging. The irrigation management scheme
involves designing a system that applies nutrient
solution in ample amounend in uniform fashion.
Depending on the chosen emitter flow rates at a chosen
operating pressure, the greenhouse irrigation might
need to be constructed in zones. Flow rates of
proportioners, pressure regulators, and pump capacity
need to be considered.

Once the properly designed delivery system is in place,
the starter tray determines when an irrigation event is
needed. The controller determines the duration, and
this setting will depend on the emitter flow rate, the
need for soluble salt control mentioned above; duration
will change as the crop develops. It is important that
growers monitor crop growth and adjust the irrigation

Solenoid valve

Relay box )
g o ([ I am
(S8 98 o9]

T Programmable controller

Rockwool slab

Contact

probe Starter tray

Figure 14. Irrigation starter tray and controller system.
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period accordingly. A full-grown tomato plant will use
1% to 2 quarts of water on a sunny day.

Probe placement depth in the reservoir helps fine-tune
the time interval between irrigation events. Shallow
placement will mean that the system will come on more
frequently because the plants will draw the reservoir
level down to the probe setting faster than if the probe
was set deep. Shallow setting might be useful early in
the season when roots are not completely established to
make sure the young plants receive ample nutrient
solution. Deep setting might be useful later in the
season to prevent overwatering on full-grown plants.
Immediately after planting and for 3 to 4 weeks
afterwards, irrigation should be controlled by timer to
ensure frequent irrigations until the root system is well
developed and the plants are large enough to draw
down the solution level in the starter tray to activate the
irrigation system frequently enough.

There is no single, general purpose program for setting
up the starter tray and controller. Each grower will
need to determine settings for each situation.
Assistance is available from the Univ. of Florida
Extension staff.

The starter tray will need attention to ensure continued
operation success. The probe tip will occasionally
develop a salt deposit. This salt must be scraped off
and any algae in the reservoir removed. Roots in the
probe area should be trimmed back. Growers should
periodically check to see that the system is properly
operated. One idea to help here is to place one or two
gallon jugs throughout the house into which an extra
emitter is placed. Growers can prevent back siphoning
of solution from the supply line to the jug by making
sure the emitter tube to the jug is placed in the jug so
the end of the tube is above the level of the irrigation
supply line. These jugs can help determine if the
system is operating and if the applications are uniform
in the house. Growers also should get in the habit of
making a periodic emitter flow rate check.

Winter heating

Greenhouse vegetable production in Florida requires
heating in the winter to ensure optimum production and
freedom from freezing. Heating fuel can be from any
source as determined by the grower. Most houses in
northern Florida use LP furnaces. Other sources, if
available, might be more economical than LP. Hot

water requires the investment in the pipe distribution
system. In designing the heating system for LP or gas
heater, it is probably a good idea to place 2 heaters in
the house. In the case of one heater failing, there will
be a backup.

Heat is most economically delivered by distributing it
on the floor of the greenhouse. For the LP furnaces,
this means blowing the heated air into a plenum
chamber attached to the front of the distribution fan.
Make sure the fan is designed to handle the static
pressure in the distribution system. Distribution ducts,
both metal and polyethylene, take the heat to the floor
ducts which run the length of the house under the
plants. The floor ducts should be 8- or 10-inch poly
distribution tubing with holes punched to evenly
distribute heat down the length of the house. The
tubing is placed on or near the floor between the rows
of plants in each twin-row set but above the drainage
troughs. Holes in the tubing should be positioned to
distribute heat out both sides of the tubing upward at
about a 45 angle into the plant canopy.

Placing the heat on the floor helps keep the roots warm
and places the heat where its use can be maximized (in
the plant canopy). If the distribution duct is placed in
the ceiling of the house, then the attic must be heated
before the plant area can benefit since hot air rises. In
this system, air distribution fans would be needed to
move the hot air downward. Floor tubes can be used
for ventilation even if heat is not required.

In the floor heat distribution system, a heat retention
cloth can be deployed on a cable system just above the
plants to help retain the heat in the plant zone. If a

polypropylene shade cloth is used as a heat retention
cloth, it should be a thicker cloth (1.5 to 2.0 oz per yd).

Horizontal air flow fans also are a good addition to a
greenhouse heating and ventilation system. These
small fans are placed above the plant canopy to move

air around the greenhouse to assist in heating and also

in drying the plants. For a typical single house, four
fans are probably needed, two to push air down one
side of the house and two to move air back. The net
result is a circular movement of air about the
greenhouse. Air flow fans are especially effective
during winter when condensation is high and

ventilation by exhaust fans is not needed. With the

paucity of pesticides for disease control, ventilation

and air movement to manage the greenhouse

environment are required to minimize disease outbreak.
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Shading systems

Vegetable culture in Florida during fall and
spring requires shading to reduce heat buildup
in the greenhouse. It appears that a double
shading system (roof and plant height level) is
needed. To maximize flexibility, both systems
should probably consist of shade cloths
although shade compound paint could be used
for roof shading.

The following information on shading is

shading system and timing for greenhouse

<—3/32-inch aircraft cable

<—Pull strings

Tomato trellis

f—

0

il I N A
= ) Iy Q . 50 — ‘
presented as a guideline since little research has @ l\% @ @ @
been conducted in Florida to determine the best
3

vegetables. Shade cloth thicknesses and

management might need to be modified basedFigure 15. Ceiling contour shade curtain.

on experience.

In the simple double-cloth system, a white cloth
(polypropylene) could be anchored to a cable at the
greenhouse floor and running the length of the house
(Fig. 15). The cloth can be pulled up by pulleys over
additional cables following the greenhouse ceiling
contour (Fig. 15). This shade curtain could provide
about a 30% level of shading when deployed. By
placing the curtain on pulleys, it can be deployed or
dropped depending on the weather. It can also be
deployed to varying heights. Another option would be
to place one cloth over the cables attaching it via
grommets to the lower cables on each side of the
house. The curtain can be deployed or removed by
sliding it from end to middle of the house or moving it
in halves.

There are available commercial shade cloth systems
similar to the simple, home-made system above. The
commercial system can be computer controlled.

Alternatives to this ceiling curtain are greenhouse
shading compound (that is applied to the poly cover
like paint) and the outside (over-the-house) cloth. The
drawbacks to these systems are that they are all-or-
nothing options and would require more time to apply
and remove than a movable inside curtain.

The second level of shading would consist of a plant-
height cloth used over the plants at the 7- or 8-foot
height (Fig. 16). No detailed research has been
conducted on a shade-cloth system for tomatoes in
Florida. However, the following is offered as a
suggestion for managing the two-cloth system.

Modifications might be needed in some situations.
These cloths (20 and 30% shade) are placed on 3/32-
inch cables running the length of the house spaced
about 5 feet apart. The 20% cloth would be used early
in the season (March-April) and the 30% cloth would
be used in May and June. The cloth is attached to the
outside cables by grommets and rings so that the cloth
can be moved back and forth. Moving the cloth is
easier if it is cut across the middle and moved in
halves, one half to the pad end of the house and one
half to the fan end. The cable and grommet systems
make it easy to deploy or remove the cover depending
on weather.

The plant-height shade cloth would provide a second
level of shade when temperatures rise so high that the
ceiling curtain cannot shade enough. With the plant-

/

Shade cloth on cable
(via grommets)

—

Trellis system

Figure 16 . Above-plant shade cloth system.
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height curtain, optional attic fans could be brought into
use to help remove the attic heat. In northern Florida,
the time to begin shading would depend on
temperatures inside the house. It is best to manage
shading so that day temperatures are no higher than 88
to 90°F for tomatoes. Maintaining temperatures in this
range, or slightly below if possible, will minimize fruit
ripening disorders such as solar yellowing. In Florida,
this means that shading will probably need to be started
by early March in most years. A suggested scheme for
managing the ceiling/plant-height cloth system is
presented in Table 1.

In the fall, both cloths might be needed for August,
September, and part of October. Shading can gradually
be reduced through October and completely removed
by mid November.

Table 1. Suggested spring shade management
scheme for the two-cloth shading system for Florida.

Approximate time period * Operation

March 1-15 Deploy 20% plant-height
cloth
March 16-31 Pull back plant-height

cloth and deploy 30%
ceiling cloth alone

April 1-June 30 Deploy both cloths

? Exact deployment periods will depend on specific
prevailing weather conditions.

Rockwool and perlite culture

Although rockwool slabs and perlite bags can be
reused, there is significant risk involved in multiple
cropping of these media. Media to be reused should be
inspected for damage or compression and any damaged
or crushed slabs or bags should be discarded. Old
media should be sterilized by approved methods such
as steaming. Simple disinfestation will probably not be
sufficient. For sterilization, the rockwool slabs are
partially dried by letting the plants withdraw water at

the end of the season. Slab covers are removed, slabs
are stacked and sterilized. New sleeves are then placed
over the slabs. Perlite media would need to be emptied
from the bags and bulk-sterilized, then re-bagged.

Successful media reuse requires significant time
investment and care to produce small financial savings.

For many growers, the risk is not worth the savings.
Some attempts to reuse rockwool slabs have not been
successful. One potential problem has to do with
irrigation management and Pythium root rot potential.
If slabs are not well sterilized, Pythium root rot can be
a problem in the second crop. Reused slabs also
contain considerable organic matter (old roots). The
organic matter might cause the reused slabs to stay
wetter early in the season for the second crop. If roots
for the second crop become water logged, root rot can
become serious.

When media is discarded, it should be disposed of
properly. Rockwool could be ground up and used in
potting mixes. Before doing this, the rockwool should
be tested to be sure it is free of pathogens that might
cause problems for the crop to be grown in the mix.

Another disposal mechanism might be to remove the
cover, spread the slabs on a crop field, and till the slabs
into the soil. Rototilling breaks the slabs into small
pieces and the fragments are unnoticeable in a year.
Perlite can be emptied onto the soil in a field and tilled
in or can be used in soil mixes for landscaping.

After the greenhouse crop is finished, the irrigation
supply lines should be cleaned and readied for next
season. In most situations, fertilizer deposits and lime
scale can be removed by acid cleaning of lines and
emitters. Emitters should be removed from the media
prior to acidification (if media is to be reused) so that
acid will not destroy the media. A 1% solution of acid,
phosphoric or sulfuric, should be sufficient to cleanse
emitters. After acidification, lines should be flushed.
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Appendix 1 - Fertilizer Formulas and Programs for Florida Rockwool and Perlite
Houses

Tables 1 and 2 give general reference information for handling dry fertilizer materials. Table 1 is a list of approximate
weight equivalents for dry measures of eight fertilizer ingredients. Table 2 gives handy equivalents between the weight
of a nutrient and the parts per million provided when it is diluted 1 to 100 in a 30-gallon tank. Table 3 gives
approximate weight equivalents for various chemicals measured with teaspoons, tablespoons and one-ounce dry
measures.

Tomato Nutrient Solution Formulations — Following these tables are four fertilizer recipes that have been
successful in Florida rockwool houses. More detail on fertilizer management for rockwool- and perlite-grown
vegetables is presented in "Nutrient Solution Formulation for Hydroponic (NFT and Rockwool) Tomatoes in Florida"
(Fla. Coop. Ext. Publication SS-VEC 44). These nutrient solution formulas work equally well for rockwool and perlite.

* Recipe 1 — Stock solutions and Final Concentrations
* Recipe 2 — Stock solutions and Final Concentrations
* Recipe 3 — Stock solutions and Final Concentrations
* Recipe 4 — Stock solutions and Final Concentrations

Table 1. Approximate equivalents for measuring dry fertilizer materials.

Approximate weight (grams) for several measuring utensils

Fertilizer 1 teaspoon (level) 1 tablespoon (level) one dry “ounce” in meas.
cup

Sequestrene Fe 330 4 14 20

Ammonium molybdate 7 - -

Sodium molybdate 4 - -

Solubor 2 6 10

S.T.E.M. 5 14 25

Manganese sulfate 6 16 30

Zinc sulfate 5 13 26

Copper sulfate 7 20 35
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Table 2. The ppm of a specific nutrient provided by a specified amount of a particular fertilizer material for a 30-gallon
stock tank and a final dilution of 1:100.

Amount of Material Material Chemical Analysis ppm Nutrient Provided
1lb Potassium nitrate 13% N, 36.5% K 5ppm N
14.5 ppm K
1lb Ammonium nitrate 33.5% N 13.3 ppm K
1llb Potassium chloride 51% K 20.3 ppm K
1lb Magnesium sulfate 10% Mg, 14% S 4 ppm Mg
5.6 ppm S
1 pint Liquid Ca(NO,), 7% N, 11% Ca 4.2 ppmN
6.6 ppm Ca
1lb Dry Ca(NO,), 15.5% N, 19% Ca 6.1 ppm N
7.5 ppm Ca
1lb Calcium chloride 36% Ca 14.3 ppm Ca
1 quart Phosphoric acid 23% P 30 ppm P
1 gram® Solubor 20.5% B 0.018 ppm B
051b Fe 330 chelated iron 10% Fe 2.0 ppm Fe
100 grams S.T.E.M. (Soluble Trace Element 1.35% B 0.12 ppm B
Mix)
3.2% Cu 0.28 ppm Cu
7.5% Fe 0.66 ppm Fe
8% Mn 0.70 ppm Mn
0.04% Mo 0.0035 ppm Mo
4.5% Zn 0.39 ppm Zn
1 gram CuSO, (copper sulfate) 25% Cu 0.021 ppm Cu
1 gram MnSO, (manganese sulfate) 28% Mn 0.024 ppm Mn
1 gram ZnSO, (zinc sulfate) 36% Zn 0.03 ppm Zn
1mP Liquid sodium molybdate 17% Mo 0.02 ppm Mo
1 gram Dry sodium molybdate 40% Mo 0.03 ppm Mo
1lb Monopotassium phosphate 23% P, 28% K 9 ppm P
11 ppm K

*Growers will need to use a gram scale or laboratory pipette to measure amounts of micronutrients or will need to calibrate
a measuring spoon set to provide the correct amount of micronutrient materials.
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Table 3. Approximate weight (grams) for several measuring utensils

Fertilizer 1 Teaspoon (level) 1 Tablespoon (level) one dry “ounce” in meas.
cup

Sequestrene Fe 330 4 14 20

Ammonium molybdate 7 -- --

Sodium molybdate 4 -- --

Solubor 2 6 10

S.T.E.M. 5 14 25

Manganese sulfate 6 16 30

Zinc sulfate 5 13 26

Copper sulfate 7 20 35
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Recipe 1 — Tomato Nutrient Solution Formulation — Stock solutions
Stage of Growth
1 2 3 4 5

Transplant to first

First cluster to

Second cluster to

Third cluster to

Fifth cluster to

cluster second cluster third cluster fifth cluster termination
A STOCK 3.3 pts 3.3 pts 3.3 pts 3.3 pts 3.3 pts
Phos. acid Phos. acid Phos. acid Phos. acid Phos. acid
6 Ib KCI 6 Ib KCI 6 Ib KCI 6 Ib KCI 6 Ib KCI
10 Ib MgSoO, 10 Ib MgSO, 10 Ib MgSO, 12 Ib MgSO, 12 Ib MgSO,
2 |Ib KNO, 2 Ib KNO, 6 Ib KNO,
11b NH,NO,
10 gr CuSO, 10 gr CuSO, 10 gr CuSO, 10 gr CuSO, 10 gr CuSO,
35 gr MnSO, 35 gr MnSO, 35 gr MnSO,, 35 gr MnSO,, 35 gr MnSO,
10 gr ZnSO, 10 gr ZnSO, 10 gr ZnSO, 10 gr ZnSO, 10 gr ZnSO,
40 gr Solubor 40 gr Solubor 40 gr Solubor 40 gr Solubor 40 gr Solubor
3 ml Na moly 3 ml Na moly 3 ml Na moly 3 ml Na moly 3 ml Na moly
B STOCK 2.1gal 2.4 gal 2.7 gal 3.3 gal 3.3 gal
Ca(NO,), Ca(NO,), Ca(NO,), Ca(NO,), Ca(NO,),
or or or or or
11.5 b dry 13.1 Ib dry 14.8 Ib dry 18.0 Ib dry 18.0 Ib dry
Ca(NO,), Ca(NO,), Ca(NO,), Ca(NO,), Ca(NO,),
0.7 Ib Fe 330 0.7 Ib Fe 330 0.7 Ib Fe 330 0.7 Ib Fe 330 0.7 Ib Fe 330

NOTE: Calculations in above table are for amount of fertilizer material in 30-gal stock tanks and then for a 1:100 dilution (1
gal each stock in 100 gals final nutrient solution). Fertilizer amounts placed in each stock tank will need to be doubled if

proportioner (1:100) pumps are installed in parallel in same water incoming line.
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Recipe 1 — Tomato Nutrient Solution Formulation — Final Concentrations

Stage of Growth

1 2 3 4 5
Transplant to first First cluster to Second cluster to Third cluster to Fifth cluster to
cluster second cluster third cluster fifth cluster termination
N 70 80 100 120 153
P 50 50 50 50 50
K 119 119 148 148 206
Ca 111 (86)° 127 (98) 143 (111) 174 (135) 174 (135)
Mg 40 40 40 48 48
S 56 56 56 66 66
Fe 2.8 2.8 2.8 2.8 2.8
Cu 0.2 0.2 0.2 0.2 0.2
Mn 0.8 0.8 0.8 0.8 0.8
Zn 0.3 0.3 0.3 0.3 0.3
B 0.7 0.7 0.7 0.7 0.7
Mo 0.06 0.06 0.06 0.06 0.06

“Numbers in parentheses are the ppm Ca when dry Ca(NOQ,), is used instead of liquid.

Calcium, magnesium, and sulfur values will vary upwards depending on the amount of calcium and magnesium coming
from the water source, and the amount of sulfur coming from the sulfuric acid used for acidification.
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Recipe 2 — Tomato Nutrient Solution Formulation — Stock solutions
Stage of Growth
1 2 3 4 5
Transplant to First cluster to Second cluster to Third cluster to Fifth cluster to
first cluster second cluster third cluster fifth cluster termination
A STOCK 3.3 pts 3.3 pts 3.3 pts 3.3 pts 3.3 pts
Phos. acid Phos. acid Phos. acid Phos. acid Phos. acid
6 Ib KCI 6 Ib KCI 6 Ib KCI 6 Ib KCI 6 Ib KCI
10 Ib MgSO, 10 Ib MgSO, 10 Ib MgSO, 12 Ib MgSO, 12 Ib MgSO,
2 Ib KNO, 2 |Ib KNO, 6 Ib KNO,
1 1b NH,NO,
100 gr S.T.E.M. 100 gr S.T.E.M. 100 gr S.T.E.M. 100 gr S.T.E.M. 100 gr S.T.E.M.
40 gr Solubor 40 gr Solubor 40 gr Solubor 40 gr Solubor 40 gr Solubor
3 ml Na moly 3 ml Na moly 3 ml Na moly 3 ml Na moly 3 ml Na moly
B STOCK 2.1gal 2.4 gal 2.7 gal 3.3 gal 3.3 gal
Ca(NO,), Ca(NO,), Ca(NO,), Ca(NO,), Ca(NO,),
or or or or or
11.5 b dry 13.1 Ib dry 14.8 Ib dry 18.0 Ib dry 18.0 Ib dry
Ca(NO,), Ca(NO,), Ca(NO,), Ca(NO,), Ca(NO,),
0.5 Ib Fe 330 0.5 Ib Fe 330 0.51b Fe 330 0.5 Ib Fe 330 0.5 b Fe 330

NOTE: Calculations in above table are for amount of fertilizer material in 30-gal stock tanks and then for a 1:100 dilution (1
gal each stock in 100 gals final nutrient solution). Fertilizer amounts placed in each stock tank will need to be doubled if

proportioner (1:100) pumps are installed in parallel in same water incoming line.
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Recipe 2 — Tomato Nutrient Solution Formulation — Final Concentrations
Stage of Growth
1 2 3 4 5

Transplant to first First cluster to Second cluster to Third cluster to Fifth cluster to

cluster second cluster third cluster fifth cluster termination
N 70 80 100 120 150
P 50 50 50 50 50
K 119 119 148 148 206
Ca 111 (86)* 127 (98) 143 (111) 174 (135) 174 (135)
Mg 40 40 40 48 48
S 56 56 56 66 66
Fe 2.7 2.7 2.7 2.7 2.7
Cu 0.28 0.28 0.28 0.28 0.28
Mn 0.7 0.7 0.7 0.7 0.7
Zn 0.39 0.39 0.39 0.39 0.39
B 0.84 0.84 0.84 0.84 0.84
Mo 0.06 0.06 0.06 0.06 0.06

“Numbers in parentheses are the ppm Ca when dry Ca(NOQ,), is used instead of liquid.

Calcium, magnesium, and sulfur values will vary upwards depending on the amount of calcium and magnesium coming

from the water source, and the amount of sulfur coming from the sulfuric acid used for acidification.
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Recipe 3 — Tomato Nutrient Solution Formulation — Stock solutions
Stage of Growth
1 2 3 4 5
Transplant to first First cluster to Second cluster to Third cluster to Fifth cluster to
cluster second cluster third cluster fifth cluster termination
A STOCK 5.5 Ib KH,PO, 5.5 Ib KH,PO, 5.5 Ib KH,PO, 5.5 Ib KH,PO, 5.5 Ib KH,PO,
4 1b KNO, 4 1b KNO, 5 Ib KNO, 8 Ib KNO, 8 Ib KNO,
10 Ib MgSO, 10 Ib MgSO, 10 Ib MgSO, 12 Ib MgSO, 12 Ib MgSO,
11b KCI 11b KCI 11b KCI
2 Ib NH,NO,
10 gr Cu SO, 10 gr Cu SO, 10 gr Cu SO, 10 gr Cu SO, 10 gr Cu SO,
359grMn SO, 359grMn SO, 35grMn SO, 359grMn SO, 35grMn SO,
10 gr Zn SO, 10 gr Zn SO, 10 gr Zn SO, 10 9gr Zn SO, 10 gr Zn SO,
40 gr Solubor 40 gr Solubor 40 gr Solubor 40 gr Solubor 40 gr Solubor
3 ml Na moly 3 ml Na moly 3 ml Na moly 3 ml Na moly 3 ml Na moly
B STOCK 1.5 gal 1.8 gal 2.2 gal 2.4 gal 2.5 gal
Ca(NO,), Ca(NO,), Ca(NO,), Ca(NO,), Ca(NO,),
or or or or or
8.2 Ib dry 9.8 Ib dry 12.3 Ib dry 13.1 Ib dry 13.7 Ib dry
Ca(NO,), Ca(NO,), Ca(NO,), Ca(NO,), Ca(NO,),
0.7 Ib Fe 330 0.7 Ib Fe 330 0.7 Ib Fe 330 0.7 Ib Fe 330 0.7 Ib Fe 330

NOTE: Calculations in the table above are for amount of fertilizer material in 30-gal stock tanks and then for a 1:100
dilution (1 gal each stock in 100 gals final nutrient solution). Fertilizer amounts placed in each stock tank will need to be
doubled if proportioner (1:100) pumps are installed in parallel in same water incoming line.
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Recipe 3 — Tomato Nutrient Solution Formulation — Final Concentrations
Stage of Growth
1 2 3 4 5

Transplant to first First cluster to Second cluster to Third cluster to Fifth cluster to

cluster second cluster third cluster fifth cluster termination
N 70 80 100 120 150
P 50 50 50 50 50
K 119 119 153 153 196
Ca 79 (61)° 94 (74) 118 (92) 126 (98) 131 (103)
Mg 40 40 40 48 48
S 56 56 56 66 66
Fe 2.8 2.8 2.8 2.8 2.8
Cu 0.2 0.2 0.2 0.2 0.2
Mn 0.8 0.8 0.8 0.8 0.8
Zn 0.3 0.3 0.3 0.3 0.3
B 0.7 0.7 0.7 0.7 0.7
Mo 0.06 0.06 0.06 0.06 0.06

“Numbers in parentheses are the ppm Ca when dry Ca(NOQ,), is used instead of liquid.

Calcium, magnesium, and sulfur values will vary upwards depending on the amount of calcium and magnesium coming

from the water source, and the amount of sulfur coming from the sulfuric acid used for acidification.
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Recipe 4 — Tomato Nutrient Solution Formulation — Stock solutions

Stage of Growth

1

Transplant to first

2

First cluster to

3

Second cluster to

4

Third cluster to

5

Fifth cluster to

cluster second cluster third cluster fifth cluster termination
A STOCK 3.3 pts 3.3 pts 3.3 pts 3.3 pts 3.3 pts
Phos. acid Phos. acid Phos. acid Phos. acid Phos. acid
8.3 Ib KNO, 8.3 Ib KNO, 10.3 Ib KNO, 10.3 Ib KNO, 13.8 Ib KNO,
10 Ib MgSoO, 10 Ib MgSO, 10 Ib MgSO, 12 Ib MgSO, 12 Ib MgSO,
100 gr S.T.E.M. 100 gr S.T.E.M. 100 gr S.T.E.M. 100 gr S.T.E.M. 100 gr S.T.E.M.
40 gr Solubor 40 gr Solubor 40 gr Solubor 40 gr Solubor 40 gr Solubor
3 ml Na moly 3 ml Na moly 3 ml Na moly 3 ml Na moly 3 ml Na moly
B STOCK 6.7 pts 9 pts 11.4 pts 2 gal 2.4 gal
Ca(NO,), Ca(NO,), Ca(NO,), Ca(NO,), Ca(NO,),
or or or or or
4.6 |b dry 6.2 Ib dry 7.9 b dry 11.1 b dry 13.3 b dry
Ca(NO,), Ca(NO,), Ca(NO,), Ca(NO,), Ca(NO,),
0.7 Ib Fe 330 0.7 Ib Fe 330 0.7 Ib Fe 330 0.7 Ib Fe 330 0.7 Ib Fe 330

NOTE: Calculations in these tables are for amount of fertilizer material in 30-gal stock tanks and then for a 1:100 dilution (1
gal each stock in 100 gals final nutrient solution). Fertilizer amounts placed in each stock tank will need to be doubled if

proportioner (1:100) pumps are installed in parallel in same water incoming line.
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Recipe 4 — Tomato Nutrient Solution Formulation — Final Concentratons
Stage of Growth
1 2 3 4 5

Transplant to first First cluster to Second cluster to Third cluster to Fifth cluster to

cluster second cluster third cluster fifth cluster termination
N 70 80 100 120 150
P 50 50 50 50 50
K 120 120 150 150 200
Ca 44 (35y° 59 (47) 75 (59) 105 (83) 127 (100)
Mg 40 40 40 48 48
S 56 56 56 67 67
Fe 2.7 2.7 2.7 2.7 2.7
Cu 0.28 0.28 0.28 0.28 0.28
MN 0.7 0.7 0.7 0.7 0.7
Zn 0.39 0.39 0.39 0.39 0.39
B 0.84 0.84 0.84 0.84 0.84
Mo 0.06 0.06 0.06 0.06 0.06

“Numbers in parentheses are the ppm Ca when dry Ca(NOQ,), is used instead of liquid.

Calcium, magnesium, and sulfur values will vary upwards depending on the amount of calcium and magnesium coming

from the water source, and the amount of sulfur coming from the sulfuric acid used for acidification.
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Appendix 2 — Estimated construction and operating costs for rockwool or perlite
tomatoes

Tables 4 and 5 present estimated costs to construct and operate a greenhouse for rockwool or perlite tomatoes. The
house is a 12835’ house containing 1100 tomato plants. Labor costs are assumed as $5.25 per hour. Some of the
cost estimates below were adapted from SVAREC 91-20 report by Hochmuth and Belibasis which deals with NFT.
The major differences for costs between NFT and rockwool solid media systems are:

No need for concrete floor with solid media systems.

Less construction labor for rockwool or perlite house due to lack of need for concrete floor.
Less operating labor for solid media due to automated irrigation system.

Slightly more cost for irrigation system with solid media.

Need to replace solid media.

agrwNE

In the final analysis, the total costs for NFT and solid media houses are very similar. The major difference is
consistently high yields from rockwool or perlite compared to NFT with PVC pipe. This makes profitability with
rockwool or perlite more consistent.

Table 4. Budget summary for rockwool or perlite tomatoes in Florida.

GENERAL INFORMATION

No. of greenhouse 1 Harvest period 30 weeks

Dimensions 35’ x 120’ Miles to packinghouse 15

No. plants 1,100 Trips 83

Crop 42 weeks Hourly wage $5.25

REVENUE Yields (Ibs) Price Total
Total 27,500 $0.90 $24,750
Per plant 25

COSTS Quantity Price Cost $ Total

PrEnar St . . . $14,364

Rockwool slabs’ 370 $2.25 835

Rockwool blocks 1100 325

Fertilizer 691

Pesticides 58

Other inputs 675

LP gas 1,624

Electric 1,179
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Interest (operating)
Labor (660 hrs)
Depreciation
Interest (investment)
Repairs

Taxes, insurance

Harvest, hauling
Packing, marketing (.25/Ib)
Total cost

Returns

240
3,465
3,491
1,433
143
205

2,235
6,875
23,474
1,276

! Perlite cost is 40 to 60% of the rockwool media when perlite is obtained in bulk locally and the grower makes up the

individual bags.

Table 5. Investment costs for rockwool or perlite tomatoes in Florida.

Original Cost Expected Life Depreciation
(Yrs)
Greenhouse: including site $24,760Y 10 $2,530
preparation, systems, and labor.
Durables: including poly cover, cooling pads, sprayer, media $3,905 3to5 $961
benches, leachate collection, and production tools.
Total investment $28,665 $3,491

YDoes not include well and pump.
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Appendix 3 — Sources for greenhouses and greenhouse supplies

The following sections are: |) a partial checklist of equipment and supplies for a perlite or rockwool house, 2) lists of
suppliers of greenhouses, and 3) a list of suppliers of greenhouse supplies and equipment for vegetable culture. The
lists might not be all-inclusive and mention of suppliers in this list does not constitute an endorsement over equivalent
suppliers. Growers are encouraged to contact several suppliers to develop competitive bids for price and quality.

Some growers may wish to design and construct their own houses. These growers are encouraged to be sure that
homemade houses are constructed to high quality standards.

Generalized budgets for costs to establish and operate a greenhouse are available from the Handbook for Greenhouse
Vegetable Production in Florida. Costs for equipment and supplies are comparable for rockwool, perlite, and NFT.

Partial checklist of equipment and supplies for a perlite or rockwool house

I. Pump and well
Il. Greenhouse structure

A. Galvanized pipe

1. Side wall columns
2. Arches

3. Endwall frames
4. Purlins

5. Heater hangers
6. Braces

B. Aluminum extrusion

Arch poly locking

Base board poly locking

Eave poly locking

Cooling pad cover poly locking
Endwall cross members

agroNE

I1l. Environmental control
A. Heating

Two furnaces

Jet fan and plenum

Heat distribution tubing

Inlet shutter for jet fan

Heat retention cloth
Thermostats or control system
Furnace ventilator stacks

Fuel tank and hook-up
Temperature alarm

CoNoR~LONE
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10. Thermometers
11. Electric generator (backup electricity)

B. Ventilation

C.

Exhaust fans (slant-wall) with shutters

Attic exhaust fans

Cooling pad and delivery and return system
Cooling pad sump tank, pump, and float control
Motorized shutter vents

Thermostats or controller

Insect screen or cloth

NogakwdrE

Shading System

1. Airplane cables, eyebolts, and tighteners
2. Shade cloth (20 and 30%)
3. Pulleys, grommets, etc.

IV. Greenhouse coverings

1.
2.
3.
4.

Polyethylene cover (roof, side walls) (double-layer) and inflating blower.
Endwalls - fiberglass, polycarbonate, etc.

Poly patching rolls

Foam sealant

V. Entrance porch

AN

Concrete floor

Covering - fiberglass

Wall framing-pipe, aluminum, or wood
Doors

VI. Contract services

1.
2.

Electrical (lights, wiring), at least 100 AMPS
Plumbing - well

VIl. Greenhouse floor

oakwdE

Sand, concrete, site prep.
Framing for concrete
Leachate trough system
Plumbing

Nursery cloth
Black-on-white poly

VIII. Irrigation

NogakwbE

Proportioners

Water supply-check valve, filters, pressure regulator
Black poly distribution tubing (1/2 and 3/4 inch)
Emitters

Irrigation starter tray

Relay box and wire

Controller and solenoid
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IX. Production supplies

CoNohA~WNE

Rockwool slabs or perlite lay-flat bags (2 to 3 plants per container)
Transplant seeding cubes and blocks, and trays

Seeds

Trellis lumber, posts, cable, and tighteners

Trellis twine

Soluble salt meter and standard solution

Pollinator

Plant clips, tapener machine, and tape

Light meter

. Fertilizer stock tanks

. Mist blower sprayer

. Fertilizer, chemicals, and acid

. Spray suit and safety equipment

. Harvesting buckets

. Scales-measure fertilizer

. Record book

. Insect monitoring yellow sticky cards
. Pruning shears

. Heating fuel

. Vacuum cleaner

. Copy of the "Handbook for Greenhouse Vegetable Production in Florida"
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Greenhouse Supplies and Equipment

The following is a patrtial list of suppliers of greenhouse supplies and equipment. Mention of a company name is not an
endorsement. The letters in bold following the supplier name are codes that indicate the products available; a key at the
end of the list explains the codes.

* AAA Associates Inc (G) « Armin Plastics Corp. (P)
Greenhouse Division 18901 East Railroad St.
1445 S. Third City of Industry, CA 91748

Niles, MI 49120
» Asgrow Seed Co. (SD)

» A & L Southern Agricultural Laboratories (LT) Rt. 2 Box 158-C
1301 W. Copans Road Alachua, FL 32615
Bldg. D, Ste. 8 904-462-7838
Pompano Beach, FL 33064
305-972-3255 * ASB Greenworld (M)
P.O. Box 1728
* A.H. Hummert Seed Co. (MM) Valdosta, GA
4500 Earth City Expressway 912-247-6218
Earth City, MO 63045
800-325-3055 * Atlas Greenhouse Systems, Inc. (C&E)
Hwy 82 E
« Agricultural Products, Inc. (1) P.O. Box 558
3857 W. Lake Hamilton Dr. Alapaha, GA 31622
Winter Haven, FL 33881 912-532-2905

813-294-1900
* BFG Supply Co. (G)

» Agro-Dynamics (R,M) P.O. Box 479
10 Alvin Ct. Burton, OH 44021
East Brunswick, NJ 08816
800-872-2476 * Branch-Smith Publishing (L)
Nursery Manager/Greenhouse Manager
« Airlite Processing Corporation of Florida (PER) P.O. Box 1868
Perlite Manufacturers and Contractors Fort Worth, TX 76101
3505 65th St.
Vero Beach, FL 32967 * Bruinsma Seeds (SD)
407-562-3518 or 800-432-4471 PR#3 Site 39C
Summerland
» American Coolair Corp./Farm Division (C&E) British Columbia
P.O. Box 2300 CANADA VOH-1Z0
Jacksonville, FL 32203
904-389-3646 » Buckman Laboratories, Inc. (LT)
1256 N. McLean Blvd.
» American Agrifabrics, Inc. (RC) Memphis, TN 38108
8607 Roberts Dr. Ste. 200 800-937-8660
Atlanta, GA 30350
404-594-0699 or 800-554-2218 * CASSCO (M)
Highway 231 North
P.O. Box 3508

Montgomery, AL 36193

April 1998



Archival copy: for current recommendations see http://edis.ifas.ufl.edu or your local extension office.

Vegetable Production in Perlite and Rockwool Media in Florida

Page 33

» Chapin Watermatics, Inc. (1)
740 Water St.
P.O. Box 490
Watertown, NY 13601-0490
315-782-1170

» Chemical Dynamics (FN, LT)
P.O. Box 486
Plant City, FL 33564-0486
813-752-4950

* Chicago Climate Systems, Inc. (C&E)
1675 Glen Ellyn Road
Glendale Heights, IL 60139

* C-I-L Plastics, Inc. (P)
142 Kennedy Road
S. Brampton
Ontario L6W 3G4 CANADA

« Citrus and Vegetable Magazine (L)
P.O. Box 9125
Winter Haven, FL 33883

* Consolidated Thermoplastics Co. (P)
North 8th St. and Monroe Ave.
Kenilworth, NJ 07033
201-276-8000

* CropKing, Inc. (M, PER)
5050 Greenwich Road
Seville, OH 44273
216-769-2002

» DeRuiter Seeds, Inc. (SD)
P.O. Box 20228
Columbus, OH 43220
614-459-1498

« Dosatron International, Inc. (FP)
2090 Sunnydale Blvd.
Clearwater, FL 34625
800-523-8499

* Dramm International (G)
P.O. Box 1960
Manitowoc, WI 54221
414-684-0227

» DuraGreen Marketing, Inc. (P)

P.O. Box 1486

436 East Fifth Ave.

Mount Dora, FL 32757-1486
904-383-8811 or 800-451-4016

 E. C. Geiger, Inc. (G,C)

P.O. Box 285
Harleyville, PA 19438
215-256-6511

» Enza Seed Co. (SD)

Paramount Seed Co.
Mount Dora, FL 32757
407-221-0653

* Filon, Div. of Sohio Engineered Materials (F)

P.O. Box 5006
Hawthorne, CA 90250

* G B Systems (C)

P.O. Box 39387
N. Ridgeville, OH 44039-0387
216-353-9437

* Green-Tek (SH)

407 N Main st.
Edgerton, WI
608-884-9454 or 800-747-6440

» Growers Supply Center (M)

3000 S. Hwy 77 Unit-214
Lynn Haven, FL 32444
904-785-8974

* Hoppman Corp./EGOR (C&E)

P.O. Box 601
Chantilly, VA 22021
800-368-3582

* Horticultural Products and Supplies (G,C)

P.O. Box 35038
Charlotte, NC 28235

* Hydro-Gardens, Inc. (M)

P.O. Box 25845
Colorado Springs, CO 80936
800-634-6362
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» Hydroponic Society of America (L)

P.O. Box 6067
Concord, CA 94524
510-682-4193

« Intergro, Inc. (C)
P.O. Box 15571
Tampa, FL 33684
813-885-7663

« Jaderloon Company, Inc. (C&E)
P.O. Box 685
Irmo, SC 29063
803-798-4000

* J.M. McConkey and Co., Inc. (G, C)

P.O. Box 1690
Sumner, WA 98390-0369
800-426-8124

* Kimberly-Clark Corp. (RC)
1400 Holcomb Bridge Road
Roswell, GA 30076
404-587-8090

« Klerk’s Plastic Products (P)
P.O. Box 368
Richburg, SC 29729
803-789-4000

* Ludvig Svensson (C&E)
11 Linden Crescent
Kirkland, Quebec
CANADA H9H 3K5
514-695-1510

 Meister Publishing Co. (L)
37733 Euclid Ave.
Willoughby, OH 44094
216-942-2000

* Monsanto Co. (P)
Dept 198
800 North Lindbergh Blvd.
St. Louis, MO 63167

* Netafim Irrigation Inc. (1)

4974 East Clinton Way, Ste. 125

Fresno, CA 93727
209-453-6800

» Oglevee Computer Systems, Inc. (C&E)

150 Oglevee Lane
Connellsville, PA 15425

* PAK Unlimited, Inc. (R)
3300 Holcomb Bridge Rd Ste. 230

Norcross, GA 30092
404-448-1917

* Partek Insulations, Inc. (R)

c/o Corporate Services
P.O. Box 120
Columbus, GA 31902

* Partek Insulations, Inc. (R)

908 SE Partek Dr.
Phenix City, AL 36869
205-291-6300

* Perlite Institute (PER)

88 New Dorp Plaza
Staten Island, NY 10306-2994
718-351-5723

* Polymers and Films, Inc. (P)

562 Tull Road
West Monroe, LA 71292
318-396-5167

* Precision Growth Systems (C&E)

4699 Old Ironsides Dr. Ste. 200
Santa Clara, CA 95054

* Premier Brands, Inc. (PB)

300 First Stamford PI.
Stamford, CT 06902

* Priva Computers, Inc. (C&E)

183 South Service Road
Grimsby, Ontario
CANADA L3M 4H7

* Reemay, Inc. (RC)

P.O. Box 511
Old Hickory, TN 37138
800-321-6271

* Sharp and Son (G)

19219 62nd Ave. S.
Kent, WA 98031

April 1998



Archival copy: for current recommendations see http://edis.ifas.ufl.edu or your local extension office.

Vegetable Production in Perlite and Rockwool Media in Florida Page 35

» Smithers-Oasis (C)
P.O. Box 118
Kent, OH 44240
800-321-8286

* SOLO, Inc. (SP)
P.O. Box 5030
Newport News, VA 23605
804-245-4228

 Spectrum Technologies, Inc. (LT)
12010 S. Aero Dr.
Plainfield, IL 60544
815-436-4440 or 800-248-8873

« Stuppy Greenhouse Mfg., Inc. (G)
P.O. Box 12456
North Kansas City, MO 64116
800-877-5025

* Terra Asgrow Company (M)
HWY 441/P.O. Box 728
Alachua, FL 32615-0728
904-462-1242

 The Buffalo Company, Inc. (G)
503 E.Lakeshore Dr.
Ocoee, FL 34761
407-656-3118 G

* Troy Hygro-Systems, Inc. (G)
4096 Hwy ES
East Troy, WI 53120
414-642-5928

* Vaughn's Seed Co. (C)
5300 Katrine Ave.
Downer’s Grove, IL 60515

* Vilmorin, Inc. (SD)
6104 Yorkshire Terr.
Bethesda, MD 20814
301-564-6246

* VJ Growers Supply (G,C, RC)
500 West Orange Blossom Trail
Apopka, FL 32712

» Wadsworth Control Systems (C&E)

5541 Marshall St.
Arvada, CO 80002

» Wager Co. of Florida, Inc. (G)
729 Industry Road
Longwood, FL 32750-3656
407-834-4667

« Waters Agricultural Laboratories, Inc. (LT)
257 Newton Hwy
P.O. Box 382
Camilla, GA 31730
912-336-7216 x346

» Weathashade Corporation (SH)
3000 West Orange Ave.
Apopka, FL 32703
407-889-3692 or 800-325-8790

Product Code Key

C&E - Computers and Environmental Equipment
C - Crop Production Supplies

FN - Fertilizer Nutrients

FP - Fertilizer Proportioners

F - Fiberglass

SH - Shadecloth, Insect Screens

| - Irrigation Supplies

PB - Peat Bags

PER - Perlite

G - Greenhouse Supplies

P - Polyethylene Film

R - Rockwool

RC - Rowcovers for Shade

SP - Sprayers

L - Literature

SD - Seeds

M - Most of the above

LT - Lab Tests for Water and Plants
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Greenhouses

The companies in the following list are suppliers of greenhouses. Mention of a company name is not an endorsement.

» Agra-Tech, Inc.
2131 Piedmont Way
Pittsburg, CA 94565

* A.H. Hummert Seed Co.
2746 Chouteau Ave.
St. Louis, MO 63103

« Atlas Greenhouse Systems, Inc.
Highway 82E
P.O. Box 558
Alapaha, GA 31622
912-532-2905

* B and K Installations, Inc.
246 Southwest 4th Ave.
Homestead, FL 33030
305-245-6968
800-624-7612

 Caves Enterprises, Inc.
40529 Pumpkin Center Road
Hammond, LA 70403
800-535-0800

* Clover Greenhouses
by Elliott, Inc.
200 Weakley Lane
Smyrna, TN 37167

* Crop King
5050 Greenwich Road
Seville, OH 44273
216-769-2002

« DACE
1937 High St.
Longwood, FL 32750

» Dalsen Greenhouses USA, Inc.
P.O. Box 54039
Jacksonville, FL 32245
904-221-2920

» Growers Supply
300 S. Hwy 77 Unit 214
Lynn Haven, FL 32444
904-785-8974

» Harnois Industries, Inc.
1044 Principale
Saint-Thomas-of-Joliette
PQ JOK 3LO
CANADA
514-756-1041

» Hydro-Gardens, Inc.
P.O. Box 25845
Colorado Springs, CO 80936
800-634-6362

« Imperial Builders & Supply,
Inc.
P.O. Box 670
777 S. Park Ave.
Apopka, FL 32704-0670
407-889-4147/800-442-4147

» Jaderloon Co., Inc.
P.O. Box 685
Irmo, SC 29063
800-258-7171

* Lord and Burnham
Division of Burnham Corp.
2 Main St.
P.O. Box 255
Irvington, NY 10533

* Ludy Greenhouse Mfg. Corp.
P.O. Box 141
122 Railway
New Madison, OH 45346
513-996-1921

* Nexus Greenhouse Corp.
10983 Leroy Dr.
Northglenn, CO 80233

303-457-9199

* Oehmsen Plastic Greenhouses
Mfg., Inc.
50 Carlough
Bohemia, L.I., NY 11716
516-567-5379

* Rounhouse By Groce
P.O. Box 1744
Cleveland, TX 77327
713-593-1118

 Sharp and Son
19219 62nd Ave. S.
Kent, WA 98032

« Structures Unlimited
2740 Leonard Reid Ave.
Sarasota, FL 33580

* Stuppy Greenhouse Mfg., Inc.
P.O. Box 12456
North Kansas City, MO
64116
800-877-5025

* Van Wingerden Greenhouse
Co.
4078 Haywood Road
Horse Shoe, NC 28742
704-891-7389

* Vary Industries
P.O. Box 248
Lewiston, NY 14092
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