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INDEX
Acid treatment (see also pH control of water 

quality), 414-416, 424 
Activated sludge, 331 
Activity coefficient factor, 413-414 
Aggregate breakdown, 133, 152-153 
Air lock, 562 
Air relief valve, 562 
Algae, 397, 399-400, 401, 423, 424 
Allowable head or pressure variation, 196, 561-

562, 592-593 
Anoxia, 133 
Antibacterial issue, 334 
Application efficiency, 15, 95, 447-448, 605 
Atmometer, 90-91 
Automation and control, 14, 15, 16, 18-19, 259-

284 
control theory, 260-263, 265, 268, 273 
controller, 280 
definition, 260 
environmental sensor, 280 
filtration, 281 
flowmeter, 280 
instrumentation and hardware (see also 

sensors), 279-281 
method 

evapotranspiration, 277-278 
plant water, 272-277 
soil water, 268-272 

valve, 280 
Available soil water, 93-94 
 
Backflow prevention, 289-290, 294, 295, 297, 

298-300, 301, 304, 420, 425 
device (see chemigation equipment), 420, 425 

Backpressure, 524-526 
Bacterial survival, 340 
Bernoulli Equation, 174, 556-557 
Biochemical oxygen demand (BOD), 332-333 
Biofilm, 351-352 
Biological effluent, 12, 243-245, 329-356, 392, 

414-416, 480, 516-517, 529 
advantages, 330 
antibacterial issue, 334 
characteristics, 331-335 
chemical treatment, 351-352 
composition, 333 
definition, 329 
degree of treatment, 331-332 
design consideration, 347-352 
disadvantages, 331 
dripline characteristics, 347-349 
emitter characteristics, 347-349, 352 
filtration requirement, 349-350 
health hazard, 340-341, 341-343 
increasing use, 329 

pathogenic organisms, 335, 340-341 
pharmaceutical issue, 334 
site considerations, 343-347 
system components, 347-349 
water source, 331-332 
application, 243-245, 329-356, 480, 516-517, 

529 
Biphasic salt tolerance model, 135 
Blasius Equation, 179, 556 
Bleeder valve (see chemigation equipment) 
Blending water quality, 149 
Boron toxicity, 139 
Brake power, 176, 210 
Brooks and Corey soil water parameter, 30-31 
Bubbler, 22, 553-573 

advantages, 554-555 
crop issues, 554, 571 
definition, 553-555 
design, 560-563 
design criteria, 563-569 
design example, 556-569 
disadvantages, 555-557 
emitter characteristics, 560-563 
evaluation, 570-571 
lateral design, 563 
maintenance, 570-571 
management, 569-570 
manifold design, 569-570 
soil issues, 570 
suitability, 554 
system components, 555-563 
topographical considerations, 553, 563 
water source, 570-571 

 
C50 value, 135 
Calcium carbonate, 394, 413, 414-416 
Calcium phosphate, 395 
Caldera, 524-525 
Canopy-air temperature difference, 108-109, 

273-275 
Capacitance soil water measurement, 33, 101-102 
Capital recovery factor, 211 
Centrifugal separator (see cyclonic filter) 
Check valve (see chemigation equipment) 
Chemical 

application (see also chemigation), 11, 242-
243, 285-327 

characteristic, 318-319, 320 
compatibility, 318-319 

test, 293, 391 
containment (see chemigation equipment) 
mixing, 319-320 
precipitation, 293, 301, 303, 352, 390-391, 

393-396, 398, 412-416, 441, 455, 483 
regulations, 302 
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resistance (see material durability) 
safety and precautions, 318-319, 420, 425 
tank (see chemigation equipment) 
treatment, 351-352, 412-420, 424-425  

Chemigation, 11, 285-327, 420 
advantages, 286-287 
definition, 285 
disadvantages, 287-288 
emulsifiable chemical, 288 
equipment 

air bleeder valve, 301 
backflow prevention device, 420, 425 
check valve, 289-290, 294, 295, 297, 298-

300, 301, 304 
chemical tanks and storage, 302, 420 
injection line components, 273-275, 300-301, 

304 
injector, 281, 290, 294-295, 304 
injector line check valve, 301 
maintenance, 304 
metering pump, 290, 294-295, 304 
pollution prevention, 297-301 
safety devices and procedures, 289-290, 291, 

294, 295, 297, 298-300, 301, 304, 
325, 420 

Venturi injector, 294, 295-296 
fertigation, 304-324 
gas injection, 289, 530 
general considerations, 290-294 
insecticide application, 325, 511, 528-529 
mixing procedure, 319-320 
pesticide application, 325 
pH concerns, 293 
pollution prevention, 297-301 
problems with chemical mixes, 292-293 
regulation, 302 
safety devices and procedures, 289-290, 291, 

294, 295, 297, 298-300, 301, 304, 325, 
420 

uniformity, 290 
water soluble chemical, 288 
wettable powder, 288 
travel time, 499-500 

Chimney effect, 524 
Chloride injury, 139 
Chlorination, 351-352, 416-419, 421-422, 427 

continuous treatment, 351 
effectiveness, 418-419 
form and reaction, 416-417 
intermittent treatment, 351 
shock treatment, 351 

Chlorine 
free residual, 418-419, 424 
source, 417-419 

Christiansen's uniformity coefficient, 62-64, 359-
360, 362-363, 364, 378, 381, 491, 492 

Climatic factors, 68-71 
Clogging (see emitter clogging) 

Coefficient of variation (see also manufacturer's 
coefficient of variation and uniformity 
factors), 62-64 

Combined hydraulic and manufacturer's variation 
(see uniformity factors) 

Compensating exponent, 193 
Conjunctive use of various waters, 149-150 
Conjunctive water and nutrient management, 

532-536 
Control theory (see also automation and control), 

260-263, 265, 268, 273 
closed loop, 260, 262, 263, 265, 268 
continuous control, 260, 263 
feedback control, 260, 262, 263, 265, 268 
linear systems, 260, 263 
on-off control, 260-261 
open loop, 260, 261, 273 
stepwise control, 260, 262 

Controlled soil wetted volume, 518 
Corrosion, 302-303, 325 
Corrosion resistance (see material durability)  
Cost (see also economics), 14, 15 
Crop coefficient, 72-80, 279 
Crop height, 71-72 
Crop production functions 

salinity effects, 144-145 
Crop rooting, 80-82 
Crop rotation, 14 
Crop row spacing, 494-495 
Crop water stress index, 108-109, 112, 273-275 
Crusting, 133 
Cycling water quality, 149 
Cyclonic filter, 405, 412, 423 
 
Darcy's Law, 33-35 
Darcy-Weisbach Equation, 179, 192, 504, 507, 

556, 560 
Decision support system, 104 
Deep percolation, 67, 365 
Deficit irrigation, 365-366 
Dendrometry (see plant size changes) 
Denitrification, 336 
Depositional crust, 524-525 
Design (see also emitter hydraulics and hydraulic 

principles), 8, 9, 14-18, 161-220, 438-
446, 454-456, 492-514, 555-563, 579-
600 

and electrical technology, 515-516 
basic steps, 167-169 
bubbler, 555-563 
criteria (see also uniformity), 563-569 
emission uniformity (see emission uniformity 

and distribution uniformity), 498 
example  

bubbler, 556-569 
microsprinkler, 596-600 
subsurface drip irrigation (SDI), 508-510 
surface drip irrigation (DI), 442-446 

flowchart, 166, 168-169 



 611

initial assessment, 165-166 
lateral line design procedure, 203-206 
layout and components, 163 
mainline pipe design procedure, 210-213 
maintenance, 420-421 
manifold design procedure, 206-210 
microsprinkler, 579-600 
minimum pressure location, 198-199 
overview, 161 
pipeline economics, 211-213 
subsurface drip irrigation (SDI), 492-514 
summary, 214-215 
surface drip irrigation, 438-446, 454-456 

Desorption, 30 
Developing countries, 247 
Disk filter, 405, 407, 423 
Dispersion, 133, 152-153 
Distribution uniformity (see also emission 

uniformity), 62-63, 246, 436, 454-455, 
491, 492 

Drainage reduction, 133 
Drained upper limit, 93 
Drawdown, 171 
Drip tape, 431, 451-454 
Dripline  

characteristics, 347-349, 431, 451-454, 492-
493, 499-500, 521 

depth (see subsurface drip irrigation) 
length, 441, 499-502 
spacing, 441, 456, 494-495, 496, 522 

 
Economics, 14, 15, 221-257 

biological effluent application, 243-245 
chemical application, 242-243 
citrus, 232 
cotton, 237-239 
crop yield effect, 231-240 
deciduous fruits and nuts, 231-232 
effect (see also uniformity) 
farm benefit, 221-222, 245-247 
fertigation, 241-242 
field commodity crops, 226-229 
fixed cost, 223-224 
frost and freeze protection, 240-241 
incentives, 229, 247-248 
irrigated vegetables, 224-226 
melon, 234-235 
miscellaneous crops, 229-231 
other fruits and vegetables, 235-237 
public benefit, 223, 247-248 
saline water application, 243-245 
small fruit, 232-233 
sugar cane and sugarbeet, 239-240 
system comparisons, 225-226, 227-229, 229-

231 
tomato, 233-234 
variable cost, 223-224 
of pipeline design, 211-213, 561, 594-595 

Electrical conductivity, 132, 332-333 

Electrical interlock (see safety interlock) 
Electrical resistance water measurement (see 

gypsum block) 
Elevation head, 174, 186, 187, 197, 211 
Emission uniformity (see also distribution 

uniformity), 62-63, 201-202, 436, 442, 
454-455, 492-493, 498, 516, 581-584, 
592 

Emitter  
characteristics and types, 16, 347-349, 352, 

436-440, 451-454, 492-493, 516, 560-
563, 581-584 

clogging  
bacteria problem, 392, 393, 397-399 400-

401, 425 
biological, 390, 393, 395 
categories, 390, 393 
causes, 397-402 
chemical, 390, 393, 398 
chemical precipitation, 293, 301, 303, 352, 

390-391, 393-396, 398, 412-416, 
441, 455, 483 

classification, 393 
effect on uniformity (see uniformity factors) 
emitter clogging, 483 
evaluation, 389-392 
iron problem, 391-392, 395, 397, 398, 400-

401 
Langelier Saturation Index, 441, 455, 483 
macroorganisms, 401-402 
microorganisms, 397-399, 400-401 
particle size, 403-404 
physical, 390, 393, 398 
regional aspects, 397 
root intrusion, 402 
soil ingestion, 483, 484-485, 493 
sulfur problem, 391, 392, 394, 395, 400-401, 

416 
temperature effect, 483 
uniformity considerations, 483 
water quality criteria, 390 
water source effect, 389-392 
water treatment, 402-420 

connection loss, 189-191 
definition, 16 
description, 16 
discharge coefficient, 192, 194, 438, 451, 579 
discharge equation, 192, 438-439, 579 
discharge exponent, 192-196, 438-439, 451, 

454, 579-580 
flow variation (see also uniformity factors), 63, 

199, 358, 359-360, 362, 498 
grouping effect (see uniformity factors)  
hydraulics, 191-196, 438-439, 579-580 
reclamation, 427 
spacing, 441, 456, 493, 494-495, 501 

Emulsifiable chemical, 288 
Energy grade line, 197 
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Energy requirement (see also brake power and 
water power), 11 

Equivalent length, 189-190 
Evaluation, 357-387, 449, 481, 491-492, 570-

571, 604-606 
Evaporation pan, 87-91, 278, 464 

equation, 87, 89, 90 
type, 87-88 

Evapotranspiration 
atmometer, 90-91 
automation methods (see automation and 

control) 
equations, 68-71, 277-278 

crop coefficient, 72-80 
direct ET approach, 86-87 
FAO 56, 69 
Penman, 69 
Penman-Monteith, 69 
reference surface, 69 

scheduling principles, 91-96 
soil factor  

Ohm's Law, 83 
plant available water, 83, 93, 94 
salinity, 82-83 
soil water evaporation, 84-86 
soil water redistribution, 83 
water deficit function, 83-84 

Expansion in developing countries, 8 
Extraction of surface driplines, 456-457 
 
Fecal coliform, 342-343 
Fertigation (see also chemigation), 11, 241-242, 

304-324 
economics, 241-242 
nutrient requirements, 305-316 
principle, 304-305 

Fertilization (see nutrient management, 
chemigation and fertigation) 

Fertilizer  
compound, 318-319 
conversion factor, 317 
requirement, 305-316 
selection, 316-325 
solubility, 318-319 

Field capacity, 92 
Field emission uniformity (see emission 

uniformity and distribution uniformity) 
Filtration, 19, 281, 213-214, 403-412, 422-424 

criteria, 403, 422-423, 425, 480 
filter capacity, 349-350, 412 
type, 19, 404-412, 422 

centrifugal separator (see cyclonic filter) 
cyclonic filter, 405, 412  
disk, 405, 407 
media, 20, 405, 407-410 
sand separator (see cyclonic filter) 
screen, 404, 405, 406 
settling basin, 405, 410-412 

Fitting loss, 186-189 

Flow variation (see emitter flow variation) 
Flowmeter, 280 
Flushing, 352, 425, 449 
Flushing flowrate, 426, 503-504 
Flushing velocity, 352, 425, 426, 427, 480 
Flux controlled irrigation, 94 
Freeze protection (see frost and freeze protection) 
Freezing effect, 514 
Frequency (see irrigation frequency) 
Frequency domain reflectometry (FDR), 101, 

102-103, 268-270 
Friction factors, 179, 186-189 
Frost and freeze protection, 240-241, 603-604 
Fuel use factor, 210 
Fullstop wetting front detector, 271-272 
Fully enclosed subirrigation (FES), 517 
Fumigation, 511 
 
Galvanic corrosion (see also corrosion), 303  
Gardner fitting parameter, 39, 40 
Gas injection, 289, 530 
Germination problems, 478-479, 520-521 
Gravimetric soil water measurement, 32 
Gypsum block, 33, 101-102, 266 
 
Hazen-Williams Equation, 177, 506, 560 
Head loss gradient, 177, 180-184, 556-557 
Health hazards and considerations, 341-343 
Heat dissipation, 33, 101-102, 266 
Heavy metal, 150, 334, 338-339 
History, 2-5, 473-474 
Human exposure hazards, 341-343 
Hydraulic coefficient of variation (see uniformity 

factors) 
Hydraulic conductivity, 33-36, 41 
Hydraulic principles, 172-191 

allowable head variation, 196, 561-562, 592-
593 

Bernoulli Equation, 174, 556-557 
Blasius Equation, 179, 556 
brake power, 176 
Darcy-Weisbach Equation, 179, 192, 504, 507, 

556, 560 
elevation head, 174, 186, 187, 197, 211 
emitter connection loss, 189-191 
energy grade line, 197 
fitting loss, 186-189 
flow variation, 199 
friction factors for fittings and valves, 186-188 
Hazen-Williams Equation, 177 
headloss gradient, 177, 180-184 
minimum pressure location, 198-199 
multiple outlet factor, 179, 185-186 
pressure head, 174, 197, 211 
pressure headloss ratio, 197-198 
pressure head ratio, 199-200 
pressure head variation, 196, 199 
pump energy requirement, 175-176 
Reynolds Number, 179 
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total friction head, 176-177 
total head, 173-175, 197, 211 
velocity head, 174, 197, 211 
water power, 175 

Hydrus-2D, 38, 51 
 
Infiltration reduction, 133, 134, 152-153 
Infrared thermometer, 273-275 
Injection line components (see chemigation 

equipment) 
Insect damage, 489 
Insectigation (see also chemigation), 325, 511, 

528-529 
Interlock (see safety interlock)  
Intestinal nematode, 342-343 
Iron control, 422 
Iron problems (see emitter clogging) 
Irrigation control factor, 264 
Irrigation controller (see also automation and 

control), 91, 98, 101, 103, 104, 107 
Irrigation efficiency (see application efficiency)  
Irrigation frequency, 1, 10, 11, 16, 94, 95-96, 

448, 463, 530, 531-532, 533 
Irrigation interval (see irrigation frequency) 
Irrigation scheduling, 61-130 

considerations, 66 
constraints, 65-66 
definition, 61, 94 
maintenance effects, 64-65 
technique  

checkbook method, 92 
evapotranspiration based, 66-96 
plant water deficit control, 103-112 
soil water control, 96-103 
water balance, 66-96 

criteria (see irrigation strategy) 
factors, 263-265 

Irrigation set time, 465-466 
Irrigation strategy, 369-376, 382-383 

adjustments, 382-383 
conventional irrigation, 370, 371, 372 
for environmental protection, 371-372, 373, 

375, 376 
for water conservation, 372, 374, 375, 376 
optimal irrigation, 370, 372, 373, 374, 376 
simple irrigation schedule, 371, 372, 373, 374, 

375 
 
Jar test (see chemical compatibility test) 
 
Langelier Saturation Index (LSI), 303, 441, 455, 

483 
Lateral (see also dripline) design, 203-206, 563, 

591-600 
length (see also dripline length), 441, 455, 483 
spacing (see also dripline spacing), 441, 456 
tubing connector, 587 
tubing durability, 590 
tubing friction loss, 591 

Leaching, 139-144, 153-157, 337, 340 
fraction 

definition, 139 
equation, 140 

phosphorus, 337 
requirement  

definition, 140 
effect of irrigation nonuniformity, 142 
model, 140-141 

Leaf area index, 71-72 
Leaf water potential (see plant water stress 

indicator) 
Localized irrigation, 1 
Longevity, 491-492 
Low cost system, 247 
Lower limit of plant extraction, 93 
Lysimeter, 278 
 
Mainstem elongation, 107-108 
Maintenance, 12, 14, 19, 389-430 

bubbler, 570-571 
microsprinkler, 606 
subsurface drip irrigation (SDI), 480-481 
surface drip irrigation (DI), 435, 449 
design characteristics, 420-421 
irrigation scheduling effects, 64-65 
preventive, 421, 422-425 
time, 95 

Management  
bubbler, 569-570 
microsprinkler, 600-604 
subsurface drip irrigation (SDI), 517-536 
surface drip irrigation (DI), 446-449, 463-466 

Management allowed depletion, 92 
Manifold design and arrangement, 505, 569-570, 

591-600 
Manufacturer's coefficient of variation (see also 

uniformity factors), 62-64, 201, 358, 
360, 361, 439, 440, 451, 454, 498, 581 

ASAE criteria, 440 
Material durability, 577-579, 606 

chemical resistance, 578-579 
corrosion resistance, 578-579 
mechanical stress, 577 
temperature exposure, 577 
ultraviolet exposure, 577-578 

Maximum daily shrinkage (see also plant size 
changes), 107, 275-277 

Mechanical damage, 486-487 
Mechanical interlock (see safety interlock) 
Mechanical stress (see material durability) 
Media filter, 405, 407-410, 423 

backwashing, 409-410 
bank arrangement, 408 
grade of sand media, 409 
media caking, 410, 423 

Metering pump (see chemigation equipment) 
Microirrigation  

advantages, 9-12 
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characteristics, 1 
Congress, 3-4 
definition, 1 
disadvantages, 12-14 
economics, 8, 14, 15 
expansion in developing countries, 8 
history, 2-5 
irrigated area, 5-7 
localized irrigation, 1 
low cost system, 8 
patents, 2-3 
principal crop, 5 
status and trend, 5-7 
system components, 15-19 
system consideration, 14-15 
system description, 15-19 
system schematic, 17, 164 
system type 

bubbler, 22, 553-573 
microsprinkler, 23, 575-608 
subsurface drip (SDI), 21, 473-551 
surface drip (DI), 19-20, 431-472 

Micronutrient, 338-339 
Microsprinkler, 23, 240-241, 575-608 

advantages, 576 
description, 575 
design example, 596-600 
disadvantages, 576-577 
emitter characteristics, 581-584 

orifice control, 582, 583 
pressure compensating, 583, 584 
vortex control, 582-583, 584 

evaluation, 604-606 
freeze protection, 603-604 
irrigation efficiency, 605 
lateral design, 591-600  

head loss, 592 
pressure variation, 592-593 

lateral tubing connector, 587 
lateral tubing durability, 590 
lateral tubing friction loss, 591 
management, 600-604 
manifold design, 591-600 
material, 577-579 
stake assembly, 585, 587-590 
suitability, 575-577 
system capacity, 601-602 
system cost, 575 
uniformity, 604-605 
wetting pattern, 585, 586, 605-606 

Minimum pressure location, 198-199 
Mixing procedure, 319-320 
Monitoring procedure, 352 
Multiple outlet factor, 179, 185-186, 506, 561 
 
Neutron moderation or scattering, 32, 102 
Nitrate leaching, 336 
Nitrification, 336 
Nitrogen  

management, 534-536 
potential loss, 335-337 
transformation, 335-337 
uptake, 335-337 
volatilization loss, 336-337 

Non-compensating exponent, 193 
Nutrient  

management, 11, 304-324, 532-536 
requirement, 305-316 

 
Ohm's Law, 83, 104 
One-tenth size filtration rule, 403, 422-423, 425, 

480 
Osmotic potential, 97-98 
Overirrigation, 365, 369 
Oxidation pond (see settling basin) 
Oxygen sensor, 267 
 
Partial root zone wetting, 94-95 
Particle settling behavior, 410, 502 
Particle size, 403-404 
Pathogenic organism, 335, 340-341 

bacterial survival, 340 
virus survival, 341 

Pedotransfer functions, 37-38, 40 
Pest damage, 480, 488-489, 513 
Pesticide application, 325 
pH concerns, 293 
pH control of water quality, 392, 417 
Pharmaceutical issue, 334 
Phosphorus  

leaching loss, 337 
management, 532-533 
potential loss, 337-338 
solubility in soil, 337 
synergy with nitrogen, 337 
uptake, 337 

Photosynthetic pathway, 72 
Pipeline design economics (see economics) 
Plant available water, 83-84, 92, 93, 94 
Plant size changes, 107-108, 275-277 
Plant stem shrinkage (see plant size changes) 
Plant turgor (see plant size change) 
Plant water automation methods (see automation 

and control) 
Plant water deficit control, 103-112, 272-277 

feedback control, 103-104 
Plant water stress indicator 

canopy-air temperature difference, 108-109 
crop water stress index, 108-109, 112 
infrared thermometer, 108-109 
leaf water potential, 104-106, 272, 273, 276 
plant size change, 107-108 
plant temperature, 108-109 
sap flow gauge, 109-112 
time-temperature threshold, 109 
transpiration measurement, 109-112 

Pollution prevention, 297-301 
Porous body resistance, 101-102 
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Positive displacement pump, 290, 294-295, 304 
Potassium management, 533 
Pressure compensation, 436, 437 
Pressure differential injector, 294, 295-296 
Pressure head, 174, 197, 211 
Pressure head ratio, 199-200 
Pressure head variation, 196, 199 
Pressure headloss ratio, 197-198 
Primary treatment, 331 
Pulsing water application, 458-459, 520-521 
Pump energy requirement, 175-176 
 
Regulated deficit irrigation, 272, 276 
Regulations, 302 
Repairs, 381 
Required irrigation depth, 364 
Retention time, 343 
Reuse water (see also biological effluent), 148-

149 
Reynolds Number, 179 
Richard's Equation (see soil water modeling), 35-

36, 39 
Rodent damage, 480, 487-489, 513 
Root development, 13 
Root intrusion, 325, 402, 484-486 
Root pinching, 402, 486 
Root water uptake, 45-55 

transient uptake function, 51-53 
Rooting depth, 80-82 
Rosetta program, 38 
Runoff, 67 
Rzynar Index, 303 
 
Safety devices and procedures, 289-290, 291, 

294, 295, 297, 298-300, 301, 304, 325, 
420 

Safety interlock, 289-290, 294, 295, 298, 301, 
420 

Saline water application economics, 243-245 
Salinity 10, 13, 82-83, 96, 131-160, 340 

aspects for subsurface drip, 480, 520, 521-523 
crop considerations, 152 
crop tolerance, 134-139 

continuous exposure, 134 
foliage exposure, 134, 144, 145-146 
intermittent exposure, 134 
root exposure, 134 

definition, 132 
distribution, 146-147, 150-151, 459-461, 462, 

521-523 
effect of emitter placement, 150-151 
modeling, 147 

effect on crop production functions, 144-145 
effect on water use, 144 
environmental consequences, 150 
influence of irrigation method, 145-147, 153 
management, 131-160, 340 
nutrient interaction, 135, 152 
plant growth effect, 134-135 

rainfall interaction with microirrigation, 142-
144 

soil reclamation, 153-157 
boron leaching, 157 
growing salt tolerant plants, 153 
ponding, 153-155 
problems with tile drain, 155 
saline soil, 153-155 
sodic soil, 155-157 

terms of expression, 132 
yield reduction, 136 
distribution (see soil salinity distribution) 
effect on evapotranspiration, 82-83 
yield decline slope, 135 

Salt concentration, 132 
Salt precipitation, 135 
Salt sensitivity range, 136-137 
Salt tolerance table, 136-137 
Sand media filter (see media filter) 
Sand separator (see cyclonic filter) 
Sap flow gauge, 109-112 
Scale forming, 394, 395 
Screen filter, 404, 405, 406, 423 
Screen size, 403, 422-423, 425, 480 
Secondary treatment, 331, 343 
Sediment accumulation, 349 
Sedimentation pond (see settling basin) 
Semi-hemispherical (see soil water modeling), 

38-39 
Sensors (see soil water sensors) 
Settling basin, 331, 405, 410-412, 424 
Slime control, 421-422 
Slope (topography) effect, 455 
Sodicity, 133 
Sodium absorption ratio, 133 
Sodium injury, 138 
Soil compaction effect, 489-490, 526 
Soil overburden, 489-490 
Soil reclamation, 153-157 

boron leaching, 157 
growing salt tolerant plants, 153 
ponding, 153-155 
problems with tile drain, 155 
saline soil, 153-155 
sodic soil, 155-157 

Soil water  
automation methods (see automation and 

control) 
characteristic curve, 30 
concepts, 27-59, 98-103, 464-465 
content, 96, 98, 268-270 
control, 94, 96-103, 265-272 
evaporation, 84-86 
measurement, 32-33, 98-103, 464-465 

capacitance, 33, 101-102 
electrical resistance, 33 
feel method, 98-99 
frequency domain reflectometry, 101, 102-

103 
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gravimetric, 32, 98-100 
gypsum block, 101-102 
heat dissipation, 33, 101-102 
neutron moderation, 102 
neutron scattering, 32 
porous body resistance, 101-102 
psychrometer, 101 
sensor, 101-103 
tensiometer, 32-33, 101-102 
tile probe, 100 
time domain reflectometry (TDR), 32, 101, 

102-103 
wetting front detection, 270-272 

modeling  
Hydrus-2D, 38, 51 
quasi-linear solution to Richard's Equation, 

39 
semi-hemispherical, 38-39 
steady state solutions, 41-45 
transient solutions, 45 

movement and redistribution, 33-38, 457-459, 
517-521 

backpressure, 524-526 
caldera, 524-525 
chimney effect, 524 
Darcy's Law, 33-35 
depositional crust, 524-525 
flow geometry, 41-43 
Hydrus-2D, 38 
influence of soil variability, 53-55 
pedotransfer functions, 37-38, 40 
Richard's Equation, 35-36, 39 
Rosetta Program, 38 
surfacing, 524-526 

parameter  
content, 27-28 
Gardner fitting parameter, 39, 40 
hydraulic conductivity, 33-36, 41 
hydraulic functions, 30-31 
hydraulic parameter estimate, 37-38 
hydraulic parameter measurement, 36-37 
potential, 28-29, 96-98, 265-268 

regime, 27 
sensor, 101-103, 465 

capacitance, 101-102 
frequency domain reflectometry, 101, 102-

103 
gypsum block, 101-102 
heat dissipation, 33, 101-102 
neutron moderation, 102 
placement, 103 
porous body resistance, 101-102 
soil water psychrometer, 101 
tensiometer, 101-102 
time domain reflectometry, 101, 102-103 
wetting front detection, 270-272 

variation, 100-101, 104 
Soil-plant-atmosphere water continuum, 104 
Sorption, 30 

Stake assembly, 585, 587-590 
Statistical uniformity coefficient (see uniformity 

factors) 
Steady state solution (see soil water modeling) 
Stem diameter (see plant size changes) 
Stoke's Law, 410, 502 
Subirrigation, 2, 473, 517 
Subsidy, 229, 247-248 
Subsurface drip irrigation (SDI), 21, 473-551 

advantages, 474-475 
biological effluent application, 480, 516-517, 

529 
comparison to subirrigation, 473, 573 
comparison to surface drip, 461-463 
conjunctive water and nutrient management, 

532-536 
controlled soil wetted volume, 518 
cracking soil problem, 478 
crop growth, 530-531 
crop issues, 530-536 
crop row spacing, 494-495 
crop water uptake, 530-531 
definition, 473 
design, 492-514 

and electrical technology, 515-516 
biological effluent, 516-517 
example, 508-510 
manifold arrangement, 505 
recycled water, 516-517, 522 
special considerations, 515-517 
wastewater, 516-517 

disadvantages, 476-477 
dripline characteristics, 492-493 

diameter, 493, 499-500 
impervious barriers, 521 
wall thickness, 493 

dripline depth, 473, 510-514, 516, 526-527 
biological effluent effect, 516 
crop effect, 510-512, 513 
evaporation effect, 512-513 
freezing effect, 514 
fumigation, 511 
germination effect, 510-511, 520-521 
insectigation, 511 
rodent effect, 513 
soil effect, 510-514 
soil layering effect, 512 
surfacing effect, 512, 520-521 

dripline inlet pressure, 503-504, 505 
dripline length, 498-501 

chemigation travel time, 499-500 
dripline diameter, 499-500 
emitter flowrate effect, 498-499 
emitter spacing, 501 
topography, 501-502 

dripline spacing, 494-495, 496, 522 
economics, 478-479 
emitter characteristics, 492-493, 516 
emitter flow rate, 496-497 
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emitter spacing, 493, 494-495, 501 
fertigation, 532-536 
flush valve, 507-508, 509-510 
flushing velocity, 480, 502-503 
flushline, 493-494, 502-510 

sizing, 504-507, 508-509 
frequency, 530, 531-532, 533 
gas injection, 530 
germination problem, 478-479, 520-521 
history, 473-474 
injector implement, 514-515 
insect damage, 487-489, 513 
insecticide application, 511, 528-529 
installation, 514-515 
longevity, 480-482, 491-492 
maintenance, 480-481 
nitrogen management, 534-536 
nutrient management, 532-536 
permanent vs. annual installation, 473 
phosphorus management, 532-533 
potassium management, 533 
record keeping, 480-481, 482 
rodent damage, 480, 487-489, 513 
salinity aspect, 462, 480, 520, 521-523 
salinity distribution, 462, 521-523 
schematic, 494 
soil compaction effect, 489-490, 526 
soil physical characteristics, 517-518 
soil water budget components, 526-527 
soil water redistribution, 517-521 

backpressure, 524-526 
caldera, 524-525 
chimney effect, 524 
depositional crust, 524-525 
surfacing, 524-526 

soil wetting pattern, 518-519 
suitability consideration, 473-492, 530 

geographical consideration, 478-479 
problem crops, 478 
suitable crops, 478, 530 
topographical consideration, 478-479 

surfacing, 520-521 
undulating soil problem, 478 
uniformity considerations, 482-492 

emitter clogging, 483 
longevity, 491-492 
mechanical damage, 486-487 
pest damage, 487-489 
root intrusion, 484-486 
root pinching, 486 
soil compaction, 489-490 
soil hydraulic parameters, 490 
soil overburden, 489-490 
temperature effect, 483 

water quality, 479-480 
water source, 479-480 
weed control, 527-528 
wetting pattern, 518-519 

Sulfide problem, 391 

Surface drip irrigation (DI), 19-20, 431-472 
advantages, 431-433, 449-450 
application rate, 447 
comparison to subsurface drip, 461-463 
crop response, 447 
design example, 442-446 
disadvantages, 433-434, 450 
evaluation, 449 
extraction, 456-457 
flushing, 449 
frequency, 448, 463 
geographical consideration, 434 
installation, 446, 456-457 
irrigation efficiency, 447-448 
longevity, 435, 457 
maintenance, 435, 449 
management, 446-448, 463-466 
permanent crop, 431-449 
pulsing water application, 458-459 
row crop, 449-467 
salinity distribution, 459-461 
salinity pattern, 459-461 
schematic, 432 
soil water distribution, 457-459 
suitability, 434-435, 450-451 
system capacity, 447, 465 
use of plastic mulch, 466 
water requirement, 446-447, 464 
water source, 435 
wetting pattern, 457-459 

Surfacing, 524-526 
Swelling, 133, 152-153 
System capacity, 62, 95-96, 447, 465, 601-602 
System components  

biological effluent, 347-349 
bubbler, 555-563 
microirrigation, 15-19 
subsurface drip (see also surface drip), 492-494 
surface drip (see also subsurface drip), 436-

440, 451-456,  
System cost, 575 
System flowrate, 162 
System schematic 

bubbler, 565 
microirrigation, 17, 164 
microsprinkler, 599 
subsurface drip (SDI), 494 
surface drip (DI), 432 

 
Temperature effect, 483 
Temperature exposure (see material durability) 
Tensiometer, 32-33, 101-102, 266, 268 
Tertiary treatment, 331 
Thin-walled collapsible emitting hose (see drip 

tape) 
Threshold tolerance, 134-138 

climatic effect, 138 
irrigation modification, 137 
soil modification, 137 
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specific salt effect, 138 
waterlogging effect, 138 

Time domain reflectometry (TDR), 32, 101, 102-
103, 268-270 

Time-temperature threshold, 109, 275 
Timing of saline water application, 148 
Titration curve, 415, 421-422 
Topographical considerations, 455, 553, 563 
Total dissolved solid, 332-333, 395 
Total friction head, 176-177 
Total head, 173-175, 197, 211 
Total suspended solids, 332-333 
Total variation (see uniformity factors) 
Toxicity issue, 333-334, 339, 340 
Trace elements, 338-339 
Transient solution (see soil water modeling) 
Transpiration measurement, 109-112 
Tubing friction loss, 440 
Turbidity, 332-333, 391, 403 
 
Ultraviolet disinfection, 351 
Ultraviolet exposure (see material durability) 
Unavailable soil water, 93 
Uniformity, 7, 10, 14, 16, 45, 62-64, 357-387, 

436, 454-455, 482-492, 498-501, 604-
605 

and nonuniformity paradox, 359 
and total yield, 365-366 
chemigation, 290 
considerations 362-368 

emitter clogging, 483 
longevity, 491-492 
mechanical damage, 486-487 
pest damage, 487-489 
root intrusion, 484-486 
root pinching, 486 
soil compaction, 489-490 
soil hydraulic parameters, 490 
soil overburden, 489-490 
temperature effect, 483 

design criteria, 376-380, 382 
economic effect, 367-368 
factors, 357-358, 376, 378 

Christiansen's Uniformity Coefficient, 359-
360, 362-363, 364, 378, 381 

clogging effect, 358, 361-362 
coefficient of variation, 360, 362-363, 364, 

378, 379, 381, 383 
combined hydraulic and manufacturer's 

variation, 360 
design emission uniformity, 363, 378, 379, 

381 
emitter flow variation, 63, 199,  358, 359-

360, 362, 498 
emitter grouping effect, 358, 360-361, 363 
hydraulic coefficient of variation, 358 
manufacturer's coefficient of variation, 358, 

360, 361 
relationship between factors, 360, 378 

statistical uniformity coefficient, 362-363, 
381, 383 

total variation, 362 
measurement, 381 
microsprinkler, 604-605 
subsurface drip irrigation (SDI), 482-492 
surface drip irrigation (DI), 442 

 
Valve, 280 
Van Genuchten soil water parameter, 30-31 
Velocity head, 174, 197, 211 
Venturi injector (see chemigation equipment) 
Virus survival, 341 
 
Wastewater (see also biological effluent), 12, 

329-356, 392, 414-416, 480, 516-517, 
529 

Water balance equation, 67 
Water deficit function, 83-84 
Water power, 175 
Water quality criteria, 14, 170, 390, 479-480 
Water soluble chemical, 288 
Water source, 170-172, 331-332, 389-392, 479-

480, 570-571 
Water table uptake, 68 
Water treatment (see also chemigation), 402-420, 

421-422 
Water use efficiency, 8, 9, 10 
Waterlogging, 139 
Watters-Keller Equation, 178 
Weed control, 527-528 
Wettable powder, 288 
Wetting depth probe, 272 
Wetting front detection, 270-272 
Wetting pattern  

microsprinkler irrigation, 585, 586, 605-606 
subsurface drip irrigation (SDI), 518-519 
surface drip irrigation (DI), 457-459 


