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in illustrations, graphs, tables, or captions.

A
Acidifying drip systems, 133–135
Actinomycetes

defined, 151
as soil microbes, 15

Adapters
accessory (speed couplings), 64–65, 157
bung fittings for surge tanks, 102, 102
compression ring, 41–42, 41
defined, 151
hose threads to pipe threads, 39, 152
installing, 39, 40
threaded adapter busing, 67

Aerators, SDI tubing damaged by, 142
Aerobic soils

defined, 151
soil microbe populations, 15, 16, 49, 99

Agrifim (Dura-Flo and Dora-Flo PC) tubing
maximum length for flat ground, 149
for SDI systems, 141
suppliers, 163

Air vacuum relief valves, for SDI systems, 142–143, 145
Algae, as soil microbes, 15
American Rainwater Catchment Systems Association, web site, 166
Anaerobic soils

harmful pathogens in, 14
overwatering and, 16, 49–50, 104

Annual bedding plants
grey water used for, 98
See also Vegetable beds

Anti-siphon devices, 65–67
See also Backflow preventers

Atmospheric vacuum breakers, 20, 65
cost of, 65–66
defined, 151
function of, 19, 21
location of, 59, 65

B
Bacillus thuringiensis var. israeliensis, for mosquito control, 111, 111
Backflow preventers, 19–21

check valves, 19, 20, 21, 65, 151
for containers, 71
defined, 151
double check valves, 65, 65, 145
function of, 9, 19, 37
reduced-pressure, 156
yearly inspections of, 66–67
See also Atmospheric vacuum breakers

Bacteria
as soil microbes, 15
See also Diseases, plant

Ball-valves

defined, 151
in filters, 22, 23, 67
in-line, 63
installing, 46
manual, 45
shut-off, 59, 91, 154

Barbs. See Transfer barbs
Batteries, for timers and controllers, 119, 123–124
Blue Strip Drip, Toro, suppliers, 163
Boron, in grey water systems, 98
Buffer tanks. See Surge tanks, for grey water systems

C
Cadmium, in cistern water, 110
Center for Irrigation Technology, California State University at Fresno,     

   141, 144
Check valves, 65

as backflow preventers, 19, 20, 21
defined, 151
double, 65, 65, 145
installing, 21, 39
selecting, 21
for sump pumps, 106

Chlorine, in grey water systems, 98–99
Cisterns and tanks, 109–115, 113

50-gallon drums, 111–112
benefits of, 109–110
cleaning and repairing, 112, 113, 114
concrete slabs for, 111, 112
cost to install, 110, 111–112
delivery mechanisms, 111, 112–113
diverter valves, 109
drip irrigation from, 114–115
filters for, 109, 114, 114
location of, 112
pumps for, 112–113
rain barrels, 111, 111
size considerations, 110, 113–114
tank anatomy, 110–111
underground tanks, 112
water pressure, 36
water quality, 110
as water source for firefighters, 112
web sites, 165, 166

Clay soils
emitter spacing for, 42–43, 91–92
pattern of underground water spread, 26
problems associated with, 16
root patterns of fruit trees and, 81

Cleaning products
grey water systems and, 98–99, 102, 104
for water storage tanks, 114

Climate, drip irrigation efficiency and, 55–56, 55
Close nipples, defined, 151–152
Collection pipes, grey water, 100
Compression fittings

for 1/2-inch tubing, 29
for 3/8-inch tubing, 76

Index dd
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adapters, 41–42, 41
for buried main assemblies, 62
defined, 152
end caps, 45, 82
function of, 32, 33
installing, 40
for raised beds, 90, 91
tees, 44

Compression rings, defined, 152
Container plantings, 71–77

benefits of drip irrigation, 71
filters for, 71
hanging pots, 75–76, 75
hiding tubing in, 71, 72, 73
in-line emitter tubing for, 30
irrigation difficulties, 71
large pots, 73–75, 74
main assemblies for, 71
medium pots, 72–73
pressure regulators, 71
separate irrigation systems for, 76–77, 77
small pots, 72
stake emitters for, 32

Controllers. See Timers and controllers
Coupler fittings

defined, 152
types of, 29

Cover crops (green manure)
compatibility with drip irrigation, 7
defined, 154

Cross-threading, 61
Crown rot (Phytophthora), defined, 155
Cultivation, of unframed garden beds, 93

D
Daily Needs Formula (DNF), 53, 55, 82
Daily Water Use (ET), 83, 83
“Daylighting,” of grey water, 99, 100, 104
Degree of Dripology, 10
Dell, Owen, 119
Densitometers, soil water sensors, 125–126
Designing systems

checking water supply, 35–36
controlling system, 37
examples, 20, 35, 36, 44, 68
for existing plants, 42
laying out tubing, 41–47
for new plantings, 46–47
poor vs. good designs, 19

Diaphragms, defined, 152
Diseases, plant

anaerobic soil conditions and, 14
of container plants, 71
distance of emitters from plant crown, 43, 43, 47, 85
drip irrigation to reduce, 2, 6, 8, 71, 79–80
Phytophthora crown rot, 155

Diseases (human), transmitted in grey water, 97–98, 99
Double check valves, 65, 65, 145
Drain-down (exhaust) headers, 20

defined, 152
function of, 46
for grey water surge tanks, 102, 102

Drip-A-Tron Cleaner, 135
Drip hose. See Hose entries
Drip irrigation

benefits of, 1–2, 5–7, 51, 99
costs to install, 7
defined, 152
Germone Demonstration Orchard, 79–80
grey water for, 97–107
intimidation by technology, 8–9
kits, drawbacks of, 19
limitations of, 7–8
simplicity of, 8
suppliers, 161–164
system efficiency vs. climate, 55–56, 55
water pressure requirements, 156
from water storage tanks, 114–115
web sites, 165–167

Dripline, defined, 152–153
Drip lines, defined, 152
Dripology, defined, 153
Dripper line. See Hoses, in-line emitter tubing
The Drip Store, 161
Dripworks, 161
Drought-resistant plants

benefits of, 114
in containers, 73
emitter placement for, 43
ET efficiency rates, 53, 56
frequent, shallow watering for, 50–51

Drought stress
benefits of drip irrigation, 16
multiple emitters for each plant, 8, 14, 47
nutrient absorption and, 15–16, 49–50
root system function, 14–15, 49
water shortages and, 98, 99, 109–115

Drought (water shortages)
cisterns and, 109–115
defined, 153
grey water and, 98, 99

Dweebs, defined, 153

E
Elbow fittings

defined, 153
types of, 29

Elbow grease, defined, 153
Electricity

automatic timers and power failures, 121, 124
for electronic multistation timers, 122
for sump pumps, 105

Emitter-cleansing products, 135
Emitters

broken, 27
continuous zone of moisture below, 26
defined, 153
flow rate and, 24, 27, 56
for Germone Demonstration Orchard, 79–80
for grey water systems, 129
hidden by mulch, 8
for medium containers, 72–73
multiple for each plant, 8, 47
placement for trees, 81–82, 82
punched-in, 24, 24, 27, 32, 74
restricted root development and, 7
self-cleaning, 31
shape of moist area surrounding, 13, 26, 30
for small containers, 72
stake (spot spitters), 32, 72–73, 75, 157
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Treflan-impregnated (Rootguard), 141, 143–144
types of, 24, 27
for Ultra Low Drip Irrigation, 129
See also Hoses, in-line emitter tubing

Emitters, clogging
cistern water and, 106–107, 107
dissolved minerals and, 36, 133–135
emitter quality and, 7, 80
grey water and, 7
in-line emitter tubing to reduce, 30, 114–115
by insects, 134, 143
plant stress and, 8
SDI systems and, 142
See also Filters

Emitters, pressure-compensating, 28
for containers, 72
defined, 156
in-line tubing, 30, 30, 31–32, 82
for SDI systems, 141
when required, 27

End caps
defined, 153
flushing, 131–132, 131
removing in winter, 135
types of, 45, 64, 82, 153

Energy conservation, promoted by drip irrigation, 1–2, 7
Enteroviruses, transmitted in grey water, 97
ET System (Hunter Irrigation), 127–128
Evapotranspiration (ET), defined, 153
Evapotranspiration rate

calculations for specific crops, 56
daily water use table, 52, 83, 143
defined, 17, 50
ET-based automatic controllers, 126–127
irrigation based on, 50, 51–56
plant factor chart, 53
refining, 54–56
root zone and, 54, 55
for shrubs, 85
for trees, 82–84

Exhaust (drain-down) headers, 20
defined, 152
function of, 46
for grey water surge tanks, 102, 102

F
Farwell, Larry, 106–107
Faucets

defined, 153
as drip system “controller”, 37
hose threads, 38
location of, 19
selecting, 19
stabilizing legs for main assembly, 38, 157
timers or controllers attached to, 118, 119–120
See also Backflow preventers

Fecal matter, in grey water, 98
Female hose threads (fht), defined, 153
Female iron pipe threads (fipt), 38, 40, 60, 151, 153
Fertilizer injectors and proportioners

to acidify system, 133–135
Dosatron proportioner, 134
EZ-FLO Fertilizing System, 134
to fertilize plants, 6, 134
Mazzei injector, 133, 134

proportioners, defined, 156
Figure 8 end closures, 153
Filters, 22–23

for above ground main assemblies, 62–63
Amiad, 22
Arkal, 23, 23
for buried main assemblies, 59–60, 62
for cisterns, 109
cleaning, 21, 22–23, 22
for containers, 71
converting mesh to microns, 114
defined, 153
function of, 19
for Germone Demonstration Orchard, 80
for grey water systems, 99, 102, 103, 106
inability to remove soluble minerals, 133
in-line tube filters, 21, 22
installing, 39–40
location of, 66
mesh sizes, 155
for mist emitters, 76
for porous hose, 25
proportioners and, 135
sand, 115
for T-tape, 87–88
for water storage tanks, 114–115
winter protection, 135, 136
See also Y-filters

Fittings
check valves, 19–20, 20, 65
couplers, 29, 152
drain-down headers, 20, 46, 102, 102, 152
elbows, 29, 153
hot water to join parts, 33
insert, 29, 32, 154
mounting brackets, 40, 41
O-rings, 155
overview, 32
Perma-Loc, 155
for porous hose, 25
for rigid PVC pipe, 61, 93–94
schedule nomenclature, 156
slip, 38, 60, 69, 69, 157
speed couplings, 64–65, 157
swivel, 62, 92, 94, 157–158
tees, 29, 44, 61, 92, 158
transfer barbs, 28, 31, 76, 151
unions, 60, 62, 62–63, 67, 158
“x” plumbing symbol, 158
See also Adapters; Atmospheric vacuum breakers; Backflow 

preventers; Compression fittings; Spin Loc fittings; Transition 
fittings

Float switches, for sump pumps, 105
Flowering plants

benefits of drip irrigation, 2
grey water used for annuals, 98
raised beds, 90

Flow rates
calculating, 24, 56
for containers, 71, 72–73, 76–77
control of, 5
emitter spacing and, 42–43, 46
fitting types and, 32–33
for Germone Demonstration Orchard, 80
for hanging plants, 75
for in-line emitter tubing, 30

Index     175



low flow rates, 7
for Mono- and Bi-wall tubing, 87
for multiple-station systems, 67–68
for porous hose, 25
for proportioners, 134–135
PVC pipe size and, 147
for raised beds, 91–92
soil type and, 13–14
for T-tape, 87
tubing comparison, 32
for vegetable beds, 92
See also Emitters, pressure-compensating; Pressure regulators

Flushing end caps, 131–132, 131
Flushing hoses, 131–132

in container plantings, 73
drain-down headers and, 20, 46, 102, 102, 152
forgetting to flush, 59, 59, 62
line flushing valves, 131
SDI systems, 143
solenoid valves for, 133

Free lunch, defined, 154
Freeze sensors, for automatic timers and controllers, 126
Fruit trees. See Trees and shrubs
Fungi

as soil microbes, 15
See also Diseases, plant

Furrow irrigation
crop yields and, 6
water use efficiency, 5

G
Galbreath, Bob, 128
Galvanized pipes, for controllers, 119
The Gardener’s Supply Company, 161
Gate valves, defined, 154
Geoflow Subsurface Tubing

maximum length for flat ground, 149
suppliers, 141, 142, 143, 163

Germone Demonstration Orchard, 79–80
Gizmophobia (fear of technology), 8–9, 17, 154
Glossary, 151–159
GoDrip, suppliers, 163
Goof plugs, 31, 154
Gophers. See Rodents
Gould, Michael, 110
Gravity grey water systems, 101
Gray Water Pilot Project, Los Angeles, 98, 99
Green manure (cover crops)

compatibility with drip irrigation, 7
defined, 154

Grey water (GW)
pathogens transmitted by, 98, 99
potential health risks, 97–98

Grey water systems (GWSs)
collection pipes, 100
configurations, 100, 101
distribution valves, 104
for drip irrigation, 99
drip tubing/emitters for, 106, 129, 129
emitter clogging, 7, 106–107, 107
filter bags, 99, 102, 103, 106
gravity systems, 101
legality of, 97, 101
overview, 99
safe cleaners and soaps for, 98–99

subsurface distribution, 99, 100
sump pumps, 100, 101, 101, 102, 104–106, 104
surge tanks, 100–102, 100, 101, 104
switching (diversion) valves, 98, 99, 100, 102, 104
water sources for, 98, 99
web sites, 166, 167

H
Hand watering, 6, 91
Hanging plants

drip irrigation for, 75–76, 75, 134
irrigation controllers for, 120

Hansen, Dennis, 141, 142, 143
Hardware cloth, 59

defined, 154
to exclude gophers, 89, 89

Harmony Farm supply, 162
Head, sump pump pressure, 105–106
Hole-punch tools, 25, 27
Hose adapters

defined, 152
role of, 39
See also Adapters; Transition fittings

Hose bibs. See Faucets
Hose clamps, fitting types and, 32–33
Hose installation

to allow for winter draining, 136
painting plastic parts, 21, 38, 63, 76, 136
staking tubing, 31
when to install, 43

Hoses, drip
adding drip tubing to existing plants, 42
attaching to main assembly, 42–43, 63–64, 64
converting drip hose to in-line emitter tubing, 41–42, 41
flow rate comparisons, 32
laying out, 41–47
maximum length for flat ground, 148
Mono- and Bi-wall tubing, 87–88, 87
pressure regulator selection and, 23–24
with punched-in emitters, 24, 24, 32, 74
rodent damage, 7, 10, 38, 42, 99
solid, 76, 82, 91
spaghetti tubing, 8, 25, 31, 88
storing, 136–137
T-tape, 87–88, 87
Ultra Low Drip Irrigation, 129
See also Fittings; Flushing hoses; Spaghetti tubing

Hoses, hiding
in container plantings, 71, 72, 73
in hanging plants, 76
with mulch, 8, 14, 19, 47, 80, 99
See also Subsurface drip irrigation (SDI)

Hoses, in-line emitter tubing (tortuous path emitters), 29–31
1/2-inch, 24, 33, 41, 73–75
1/4-inch, 24, 28, 29, 31, 71, 74, 76
for cistern water, 114–115
for containers, 71, 73
converting drip hose to, 41
defined, 154
distance from plant crown, 43, 43, 47
flow rates for, 23, 32
flushing and, 131
laying out, 41–47
maximum length for flat ground, 148
noncompensating, 27, 141
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pressure-compensating, 28, 30–32, 30, 82, 91–92, 141, 144, 156
for raised beds, 88–93, 89, 90, 94, 94
sample layout, 20
for SDI systems, 141–145, 145
for shrubs, 85
space between emitters, 42–43, 46
suppliers, 141, 144, 162–163
supply headers, 44
tortuous path emitters, defined, 158
for trees, 82
winter protection, 135, 136

Hoses, laser, 24, 27, 29
defined, 155
flow rates for, 23
flushing, 133

Hoses, porous or soaker, 24, 24, 25
clogging, 25
flow rates for, 23, 32
flushing, 133
installing, 25
maximum length for flat ground, 148
rodent damage, 42
winter protection, 135

Hose shut-off valves, 59, 91, 154
Hose threads (ht)

adapters, 39
female (fht), 38, 153
male (mht), 38, 155, 158

Humidity
created by spot spitters, 73, 75–76
as drip system limitation, 8
plant diseases and, 2, 6, 8, 71

I
Injectors. See Fertilizer injectors and proportioners
Insects

mosquitoes in rain barrels, 111, 111
tubing clogged by, 134, 143

Insert fittings, 29, 32, 154
IPS Flex-PVC, 93–94, 154
Iron, in water supply, 36
Irrigation contractors, to inspect systems, 66–67
Irrigation Direct, Inc., 163
Irrigation duration, 49–56

for container plantings, 72, 76–77
Daily Needs Formula, 53, 55
daily water use, 52, 83–84, 83, 143
ET-based irrigation, 50, 51–56, 82–84, 85, 126–127
frequent, shallow watering, 16, 50–51
how long to leave system on, 51
nutrient absorption and, 14–15, 49–50
plant factor chart, 53
rate of application formula, 52, 53, 143
for SDI systems, 143–144
for trees, 17, 82–84
water use at various depths, 14–15, 14, 16, 49–50

The Irrigation Mart, 162
Irrometer Company, 126

J
Jandy 3-port NeverLube valve

function of, 102
web site, 166

Jean de Florette, cisterns depicted in, 109

Johnson, David, 56
Jorgensen, Greg, 141, 144
J-stakes, defined, 154

K
Klutzes, defined, 154
Kourik, defined, 155

L

Labyrinth
defined, 155
See also Hoses, in-line emitter tubing (tortuous path emitters)

Landscapers, QWELs, 166
Landscape staples (U-stakes), 47, 82, 158
Laser tubing. See Hoses, laser
Lateral hoses (subsystems), 20

connecting, 46
defined, 19, 155, 157
laying out, 41–47
one main assembly for multiple, 46
for raised beds, 92

Lawns
aerators, 142
SDI systems for, 142

Lead, in cistern water, 110
Liquid Wrench, 61
Loam soils, 16

M
Main assemblies, 37

assembling, 38–41
attaching drip tubing to, 42–43
attaching to hose (movable), 63–64, 64
automatic, 66
bracing, 37, 38, 40–41
components, 19
for containers, 71
defined, 155
flow rates, 32
hiding above ground, 62–63, 63
hiding below ground, 59–62, 59, 60, 65, 68–69
location of, 36, 36
for multiple-station systems, 46, 66, 68
one for several landscape sections, 65–69
painting, 38, 41, 63, 66, 67, 136
for SDI systems, 141, 145
stabilizing legs, 38, 157
for Ultra Low Drip Irrigation, 129
unions, 60, 62, 62–63, 67
winter protection, 59, 62, 135

Maintenance and repairs
acidifying system, 133–135
drip system requirements, 7
overview, 131
painting plastic parts, 21, 38, 63, 76, 136
replacing broken emitters, 27
storing drip parts, 136–137
of water storage tanks, 112, 113, 114
winter protection, 59, 62, 120, 135–136
See also Emitters, clogging; Flushing hoses; Pop Murphy’s Laws of 

Plumbing
Male hose threads (mht)

defined, 155
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transition nipples, 158
Male iron pipe threads (mipt), 38, 40, 61, 151

defined, 155
transition nipples, 158

Master Garden Program, Germone Demonstration Orchard, 79–80
Mesh size, for filters, 155
Mice. See Rodents
MicroIrrigation Forum, web site, 167
Miltenberger, Gary, 123
Minerals

acidifying system to remove, 133
in cistern water, 110
emitters clogged by, 36
in water supply, 36, 133–135

Moles. See Rodents
Mono- and Bi-wall tubing, for vegetable beds, 87–88, 87
Mosquitoes, in rain barrels, 111, 111
Mounting brackets, installing, 40, 41
Mulch

drip systems hidden by, 8, 14, 47, 80, 99
grey water applied beneath, 99
for landscape trees, 80
newspaper, 14
to protect tubing in winter, 135
for raised beds, 89
for weed control, 7, 14

N
The Natural Gardening Company, 144, 162
Netafim (UniRam) tubing

for grey water systems, 129
for SDI systems, 141, 143
suppliers, 31, 163
web site, 167

Nipples
close, 151–152
defined, 155
transition, 158

“Non-volatile memory”, for automatic timers and controllers, 124
Numero Uno, defined, 155
Nutrient absorption

by deep roots, 14, 49
soil structure and, 16
wet and dry soil cycles and, 15–16, 49–50

Nutrients, released by soil microbes, 15, 49

O
Ocean, Sidney, 136
O-rings, defined, 155

P
Pathogens (human)

survival time in soil, 97–98
transmitted in grey water, 98, 99

Perennial plants
grey water used for, 98, 106
See also Trees and shrubs

Perma-Loc fittings, defined, 155
Phytophthora crown rot, defined, 155
Pipe dope

defined, 155–156
Teflon, 39, 61

Pipe tape, Teflon, 39

Pipe threads
adapters, 39
fipt, 38, 40, 60, 151, 153
mipt, 38, 40, 61, 151, 155, 158
transition nipples, 158

Plant factor chart, ET efficiency rates, 53
Plant growth

benefits of drip irrigation, 2, 5–6, 16–17
evapotranspiration rate, 17
wet and dry cycles, 15–16, 49–50
See also Root systems

Plantings, new, 46–47
Plumbers, professional

to design/install grey water systems, 101
dweebs, 153
to install cistern pumps, 112–113
to install reduced pressure backflow preventers, 156

Plumbing
collection pipes for grey water systems, 100
fear of, 9, 17
getting to know plumbing parts, 2
for proportioners, 135
reality-based, 10

Point-source drip irrigation, defined, 27
Pop Murphy, defined, 156
Pop Murphy’s Laws of Plumbing (PMLP), 2, 9, 9–10, 139

cheap system components and, 19
defined, 156
digital irrigation timers and, 119

Porous blocks, soil water sensors, 125–126
Pots, for container plantings, 72
Pressure gauges, 35, 36
Pressure regulators, 23–24, 23

for containers, 71
defined, 156
installing, 40
limit of, 46
location of, 147
for multiple-station systems, 67–69
for porous hose, 25
ratings, 23
Senninger, 23–24

Preston Vineyards, raised vegetable beds, 89–91, 90
Proportioners. See Fertilizer injectors and proportioners
Psi (pounds per square inch), defined, 156
Pumps. See Sump pumps, for cisterns; Sump pumps, for grey water 

systems
PVC glue

for rigid PVC pipe, 67, 93–94
for slip fittings, 38
toxicity of, 10, 38

PVC pipe, rigid
attaching fittings, 61, 93–94
cross-threading, 61
defined, 156
flow rates and size of, 147
IPS Flex-PVC, 93–94, 154
maximum length for flat ground, 148
for multiple-station systems, 65, 67–69, 69
to prevent gopher damage, 42, 147
schedule nomenclature, 156
slip fittings for, 157
for unframed garden beds, 93–94, 93
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Q
Qualified Water-Efficient Landscapers (QWELs), web site, 166

R
Rain, summer

storage tanks and lack of, 110
weed control and, 14

Rain barrels, 111, 111
See also Cisterns and tanks

Rain Bird
Landscape Dripline PC, 163
Simple-to-Program timers, 121, 121

Raindrip, suppliers, 163
Rain sensors, for automatic timers and controllers, 125, 126
Rainwater collection

American Rainwater Catchment Systems Association, 113
for drinking water, 110
roof-collection systems, 110–114, 113
tanks and cisterns, 109–110
Texas Rainwater Catchment Guidelines, 113

Raised beds
for annual flowers, 90
framed, 88–93, 89, 90
unframed, 93–94, 93

Rate of application formula, 52, 53, 143
Rats. See Rodents
Repairs. See Maintenance and repairs
Risers

for buried main assemblies, 60–62
defined, 156

Rodents (gophers, moles, mice, rats)
in grey water systems, 102
hardware cloth to exclude, 59, 89, 89
hoses eaten by, 7, 10, 38, 42, 99, 142, 147

Roofs, collecting rainwater from. See Rainwater collection
Rootguard (Treflan-impregnated emitters), 141, 143–144
Root systems

damaged by waterlogged soil, 49–50
deep root function, 14–15, 49
of desert plants, 56
ET-based irrigation and, 54, 55
of fruit trees, 81, 81
moisture extraction vs. root depth, 15
restricted by drip irrigation, 7
SDI systems invaded by, 141
sinker roots, defined, 157
water use at various depths, 14–15, 14, 16, 49–50, 79
width of, 43, 47, 81

S
Safety

health risks of grey water, 97–98
PVC glue toxicity, 10, 38

Salco Products, SMARTInline PC, 163
Saline water

drip irrigation and, 6
municipal water as, 109

Sandy soils
emitter spacing for, 42–43, 91–92
pattern of underground water spread, 26
root patterns of fruit trees and, 81

Santa Monica demonstration project
ordinances, web site, 167
WBICs, 127–128

Sch (schedule), PVC pipe and fittings, 156
Schultz, Warren, 8
Sewage waste, grey water classified as, 97, 98
Sewer systems or septic tanks, valves to divert grey water to, 98, 99, 

100, 102, 102, 104
Shut-off ball valves, 59, 91, 154
“Simple-but-not-easy” concept, 8
Sinker roots, defined, 157
Slip fittings (PVC), 38, 60, 69, 69, 157
Slopes

benefits of drip irrigation, 6, 51
pressure-compensating emitters for, 30, 141

SMARTInline PC (Toro), suppliers, 163
Soaps

grey water systems and, 98–99, 102, 104
water storage tanks and, 114

Soil compaction
grey water irrigation and, 104
sprinkler irrigation and, 6–7

Soil depth, 16, 50
Soil microbes

aerobic layers, 16, 49, 99, 104
conditions favorable to, 13–14, 15
function of, 15, 49
human pathogens as, 97–98
populations vs. soil depth, 15, 15, 49–50
toxic vapors emitted by, 49
wet and dry soil cycles and, 16, 49–50

Soil Moisture Equipment Corporation, 126
Soil moisture level

maintained by drip irrigation, 5–6
tools for testing, 117–118, 117, 125–126
See also Drought entries

Soils
aerobic layers, 15, 16, 49, 99, 104, 151
anaerobic layers, 14, 16, 49–50, 99, 104
clay, 16, 26, 42–43, 81, 91–92
emitter spacing and, 42–43
loam, 16
sandy, 26, 42–43, 81, 91–92
structure promoted by drip irrigation, 6–7
testing flow of water through, 13–14, 13
understanding, 11, 13–14

Solenoid controllers
for automatic flushing, 133
defined, 157
for multistation timers, 66, 122, 123, 124

Spaghetti tubing (1/4” or 1/8”)
barbed fittings for, 28
for containers, 71, 72–75, 74
defined, 157
hanging pots and, 76
limitations of, 8, 25, 25, 31, 88
maximum length for flat ground, 148
stakes for, 157, 158
See also Hose entries

Speed couplings (accessory adapters), 64–65, 157
Spin Loc fittings

defined, 157
function of, 32, 33
installing, 43, 44, 46
Perma-Loc, 155
for trees and shrubs, 82
types of, 29
for vegetable beds, 90, 91, 92

Sprinkler irrigation
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 tt    Texas Rainwater Catchment Guidelines, web site, 166
Timers and controllers

Bermadon Automatic Metering Valve, 118–119, 118
for container plants, 76, 77
controllers, defined, 117, 153
function of, 124
Gardena, 118
manual, 117–118
manual-on, automatic-off, 118–119, 118
multistation, manually controlled, 120–121, 120
Orbit Irrigation Products, 120, 121, 125
overview, 117
Rain Bird Simple-to-Program timers, 121, 121
seasonal plant needs, adjusting for, 119, 122, 125
soil moisture testing, 117
timers, defined, 158
used in Germone Demonstration Orchard, 80
web sites, 165, 167
winter protection, 135

Timers and controllers, computerized
battery-operated, 119, 123–124
costs of, 124, 126
DIG hose-thread watering timer, 119–120
drawbacks, 117
for ET-based irrigation, 126–127
freeze sensors, 126
location of, 126
microchip, faucet-mounted, 119–120
multistation digital timers, 122–124
“non-volatile memory”, 124
overview, 119
Rain Dial (Irritrol), 122, 123, 124
rain sensors, 125, 126
remote controls, 126
soil water sensors, 125–126
solenoid controllers, 122, 123, 124, 133, 157
Weather Based Irrigation Controllers, 127–128
Weather TRAK ET, 124, 128
web sites, 167
winter protection, 120, 135

Toro Company
Blue Strip Drip, 163
SDI system components, 143, 144

Tortuous path emitters. See Hoses, in-line emitter tubing
Transfer barbs, 28, 31, 76, 151, 158
Transition fittings, 69

installing, 20, 40, 69
transition nipples, 158

Trees and shrubs, 79–85
amount of water required for trees, 82–84
benefits of drip irrigation, 2, 5
dripline, defined, 152–153
emitter placement for trees, 81–82, 82
ET-based irrigation and, 54, 55–56
ET efficiency rates, 53
Germone Demonstration Orchard, 79–80
grey water used for, 98, 106
irrigation controllers for, 120
irrigation frequency, 17
leaf litter on roofs, 114
root patterns of fruit trees, 81, 81
shrubbery, defined, 156–157
sinker roots, defined, 157
water use at various depths, 14

costs compared to drip, 7
defined, 157
diseases spread by, 2, 6, 8, 71
saline water and, 6
soil compaction and, 6–7
water use efficiency, 5, 13, 51, 79–80

Stabilizing legs, 38, 157
Stake emitters (spot spitters), 32, 72–73, 75, 157
Stakes

combination, 152
in container plantings, 72, 74, 75
function of, 31
J-stakes, 154
for risers, 60–61
for spaghetti tubing, 157, 158
U-stakes, 47, 82, 158

Storage tanks. See Cisterns and tanks
Subsurface drip irrigation (SDI)

Agrifim tubing, 141, 149, 163
air vacuum relief valves, 142–143, 145
Geoflow Subsurface Tubing, 141, 142, 143, 149, 163
gophers and, 142
for grey water, 99, 100
main assemblies, 141, 145
maximum length for flat ground, 149
Netafim tubing, 141, 143
overview, 141
timing, 143–144
Treflan-impregnated emitters, 141, 143–144
tubing depth, 142, 145
tubing layout, 141, 142, 145
water requirements, 143
winter protection, 143

Subsystems. See Lateral hoses
Sump pumps, for cisterns, 112–113
Sump pumps, for grey water systems, 100, 101

cost of, 104
failure of, 101
overview, 104–105
specifications, 105–106

Suppliers
irrigation equipment, 161–163
SDI system components, 141, 144
web sites, 165–167

Supply headers, 43–44, 44, 157
Surge (buffer) tanks, for grey water systems, 100–102, 100, 101, 104

adapter (bung) fittings, 102, 102
draindown valves, 102, 102
leak protection, 102

Sustained pumping rate, for water supply, 35–36
SWAT (Smart Water Application Technologies) controller, 127–128, 165, 

167
Switching valves, for grey water systems, 98, 99, 100, 102, 104
Swivel fittings, 62, 92, 94, 157–158

T
Techline tubing

benefits of, 31
maximum length for flat ground, 147, 148

Tee fittings
for buried main assemblies, 61
compression, 44
defined, 158
swivel, 62, 92
types of, 29
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Treflan-impregnated emitters (Rootguard), 141, 143–144
T-tape, for vegetable beds, 87–88, 87
Tubing. See Hose entries; Spaghetti tubing

U
Ultra Low Drip Irrigation (ULDI), 129
Unions, for main assemblies, 60, 62–63, 67, 158
UniRam tubing. See Netafim tubing
The Urban Farmer Store, 162
U-stakes (landscape staples), 47, 82, 158

V
Valves

air vacuum relief valves, 142–143, 145
check valves, 19, 20, 21, 39–40, 106, 151
for cistern bottom drains, 112
clogging, 124
distribution, for grey water systems, 104
diverter, for cisterns, 109
double check valves, 65, 65, 145
draindown, for grey water surge tanks, 102, 102
gate valves, 154
Jandy 3-port NeverLube, 102, 166
line flushing, 131–132, 131, 143
shut-off ball, 59, 91, 154
solenoid controllers for, 66, 122, 123, 124, 157
switching, for grey water systems, 98, 99, 100, 102, 104
winter drain-down, 134
Y-valves, 21, 40, 63–64, 64, 159
See also Ball-valves; Timers and controllers

Vegetable beds, 87–95
benefits of drip irrigation, 5–6
grey water used for, 98
inline tubing for, 94, 94
Mono- and Bi-wall tubing for, 87–88, 87
at Preston Vineyards, 89–91, 90
raised beds, framed, 88–93, 89, 90
separate irrigation systems for, 77
spaghetti tubing for, 88
T-tape for, 87–88, 87
unframed garden beds, 93–94, 93
water use at various depths, 14
web sites on, 165

Vines, ET efficiency rates, 53
Vossen, Paul, 79, 82–84

W
Water conservation

benefits of drip irrigation, 1–2, 5
benefits of frequent, shallow watering, 16, 50–51
water storage tanks and, 114–115
weather-based controllers, 127–128

Watering areas (zones), rotating grey water between, 104
Waterlogged soils

anaerobic conditions, 14, 16, 49–50, 104
drip irrigation to reduce, 13–14, 51
plants damaged by, 49–50
zone of continuous moisture, 26

“Water Management for Fruit Trees and Other Plants” (P. Vossen), 82–84
Water pressure

pressure gauges, 35, 36
for proportioners, 134–135
psi, defined, 156
sustained pumping rate, 35–36

See also Pressure regulators
Water quality

acidifying system to remove minerals, 133–135
of cistern water, 110
emitter clogging and, 36, 80, 133
minerals in water, 36, 110, 133–135
saline water, 6, 109

Water shortages (drought)
cisterns and, 109–115
defined, 153
grey water and, 98, 99

Water sources
city water, 23, 25
dissolved minerals in, 36
pH testing, 114
shutting off in winter, 135
supply pipes for multistation timers, 123
trucked-in water, 110
well water, 23, 25, 30, 35–36, 133
See also Cisterns and tanks; Grey water systems

Water storage tanks. See Cisterns and tanks
Water SWAT Testing List, web site, 167
Water use, calculating, 113–114
Weather and Soil Moisture-Based Irrigation Scheduling Devices,       

  Technical Review Report, web site, 167
Weather Based Irrigation Controllers (WBICs)

Santa Monica demonstration project, 127–128
suppliers, 127
SWAT controller, 127–128, 167
Weather TRAK ET Plus, 124, 128, 128
web sites, 165, 167

Weather stations, for ET-based automatic controllers, 126–127
Weather TRAK ET controllers, 124, 128, 128
Web sites, 165–167
Weed control

benefits of drip irrigation, 6, 14
mulching, 7, 14
weeding around drip systems, 7, 25, 88

Wet spots, defined, 158
Winter protection

for computerized timers and controllers, 120
for drip systems, 135–136
for main assemblies, 59, 62, 135
for SDI systems, 143
for timers and controllers, 135
winter drain-down valves, 134

X
“x” plumbing symbol, defined, 158

Y
Y-filters, defined, 158–159
Yields, impact of drip irrigation on, 2, 5–6, 16–17
Y-valves

to attach main assembly to hose, 63–64, 64
for backflow preventers, 21
defined, 159
installing, 40

Z
Zamora, Lonnie, 136
Zones (watering areas), rotating grey water between, 104
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