fl

Taylor & Francis Group

CRC Press




Contents

Preface, .................................................................................................................... Xvil

The AU OIS 1ot e e e e a bt e st Xix

Part 1

Chapter 1

Chapter 2

Understanding Assessment of Irrigation Water

Overview of Irrigation Water Quality Concerns........ovvevviniiiinn 3
1.1 Potable Water Dilemma.....ccooovneniiiniiicinminnn, 3
1.2 Alternative Irrigation Water SOUICes..........ccocenriiciniinninne 4
1.3 Overview of Irrigation Water Quality Challenges ..o 7
L Our FOCUS oo L
Constituents of Concern in Irrigation Water ... 13
2.1 Constituents in Irrigation Water .......ooovivicivvinnniniecinnnn, {3
2.2 GUIAETINES . cvrvirr e TR 18
22,1 General CoOmmMENTS. ..o 18
22,2 Guideling ASSUmpPLons ... 20
2.2.3  Common Sense and Guidelines ..., 21
2.3 Biological Water Quality Factors .....cccoviiiiinn e 22
23,1 Human Pathogens. ... 23
2.3.2  Plant PAthOZens ......ccoooierieiincine e 25
233 ALZEC i 26
234  Cyanobacteria (Blue-Green Algae) ... 26
2.3.5 Iron, Manganese, and Sulfur Bacteria .............c....... 27
2.3.6  Plant Nematodces (Plant Pests) .o iciiiiniciinannn 27
24 Physical Water Quality Factors ... 27
2.4.1  Total Suspended Solids ... 28
242 Rurbidity oo 29
243 C0l0 ittt e 30
244 OdOT i 30
245 TeMPErallle. oo oo e e e e sese e 31
2.5 Chemical Water Quality Factors ..........occvorennnvccerinnenn e, 31
2.5.1  Dissolved Oxygen (DO) Lo 32
2.5.2  Biodegradable Organics (BOD, COD, TOC)............ 33
2.5.3  Free, Residual, and Combined Chlorine.................... 35
254 SUMTACLANLS et 33
2.5.5  Hydrogen Sulfide (Gas) cocvvvviniiciic 36
256 PestiCIdes ..o, 36

257 Greaseand Oil... e 37



Chapter 3

Chapter 4

2,58 Endocrine-Disrupting Chemicals.....on 37

2.5.9  Pharmaccutically Active Compounds........ccoevni 37
2.6 Total Maximum Daily T.oads ..o 37
Understanding Irrigation Water Quality Tests ... 39
3.1 Water Quality TestnE . oo 39
3.1 Tmportance of Testing ..o 39
3.1.2  Units and CONVErSIONS ....eceereereeiin e 41
3.1.3  Routine [rrigation Water Quality Report
IR LOrMIATION . s vec st eee e 42
3.2 General Water Quality Characteristics.....oiniines 45
321 Water PHuuiiee e 45
3.2.2  Alkalinity, Bicarbonate, and Carbonate...........ooevvs 46
323 HABARGSS i s 47
3.3 Total Soluble Salts (Total Salinity)......cccoovviiimn 48
3.4 Sodium Permeability Hazard ... 53
341 SARw, ad) SARw, and adj RNa oo 54
3.4.2  Residual Sodium Carbonate ..o 38
3.5 Specific Ton Impact (Root Injury and Shoot
Aceumidationt [NJUry) ..o 60
3.6 Direct Foliage Injury and Miscellaneous Problems................ 63
37 INUIZIEIIES coveereie s eecvrn e n bbb a e s 63
3.8 Trace EISMEnts . ..o 66
3.9 Summary TADIE ccoocer i 68
FAEld MOBIOTINE vt teventerevrerisii it ieeeee e be e st bbbt 71
4.1 Field Assessment by Visual Observalion ... 71
42  In-Field Moenitoring with Hand-Held Devices ... 73
4.3 Mobile Field Monitoring of Salinity ..o, 76
43.1 Mobile Four-Electrode Sensors ... 77
4.3.2  Mobile Electromagnetic-Induction (EM) Sensors ... 78
4.4  Insitu Monitoring and Sensors ..., 79
45  Water Samples and Testing in the Laboratory ... 80
4.5.1 Procedures and Frequency ..o 30
4.5.2  Sample Collection ... USTOR 82
4573 ‘Water Test Data to Request from L'1b01 ALOTY vevernrnns ¥3
454  Assessing Laboratory Water Test Results
ACCUTACY e vreviieeen et 83
4.6 Laboratory Testing from Soil Samples......conn 35
4.6.1  Soil Sample Colleclion ... 85
4.6.2  Laboratory Analysis of Soil Samples.......cccoe. 87
4.7  Historical Soil and Water Quality Records ..o 89



Part 2 Irrigation Water Quality Situations
and Management

Chapter 5 UltraPure/Low-Electrolyte/Low-Salinity Irrigation Water .............. 93
5.1 INreduCtion 93
5.2 UltraPurc/Low-Salinity Irrigation Water Sources.........ooe. 93
5.2 ldentifying UltraPure/Low-Salinity Irrigation Water............. 94
5.4 Problems Asscciated with Low-Saline Irrigation Water......... 94

54.1  Fluctuation of pH....ooooooiii e 94
5.4.2  Infiltration and Percolation...........ccooviicinninnnn. 94
5.4.3  Corrosion Problems and UltraPure Water ... 96
5.4.4  Nutritional Concerns .. g1
3.5 Management Practices Specific to UlwaPure/Low-Salinity
IPTIZAlION SOUTTES cooveii ittt 98
Chapter 6 Irrigating with Saline Water Sources.................. 101
6.1 Salinity Problems: An Overview.............. 101
6.1.1  Salinity: A Dominant ISSue ........ccovieivniiiinnn. 101
6.1.2  Lessons of HIStOrY..oooiiiiicceee 104
6.2 Sustainable Turfgrass Management and BMPs.................... 106
6.2.1  BMPs and Sustainable Management........cecevinnn, 106
6.2.2  Understanding the Primary Problems.........c...ocoe 106
0.3 BMPs for Turfgrass and Landscape Management................ 107
6.3.1  Turfgrass and Landscape Plant Selection................. 108
6.3.2  Selection of Irrigation Water ..o 110
6.3.3  lrrigation System Design and Devices for
Efficient Water Use ... 112
A, Sprinklers, Design, Zoning....ccccovvevecniniiiinineene 113
B. Control SYSeIM .o eeeseee e 115
6.3.4  lirigation Scheduling........ooiiice 116
0.3.5  Drailage oo 118
6.4  Drainage Water REUSE ..o 119
Chapter 7  Seawater and Seawater-Blended Irrigation Water...........ocoocieen 12}
7.1 Seawater ITTIZAON .ovveevve et e 121
7.1.1  Scawater Irrigation: A Possibility7....cooccovniiniin 121
702 The DIlemuma. ..o 123
7.2 Basic Principles e 124
7.3 Construction Considerations: Infrastructure Improvements ... 125
7.3.1  Trrigation System Capabilities.......ccniininn 125

7.3.2  Sand-Capping and Drainage ......coiivinicren 127



Chapter 8

733 Salt DiSposali.. oo 129

7.3.4  Site Assessment for Seawater Intrusion .................. 130
7.4 Establishment, Grow-In, and Management of Turf.............. 13t
741 Grass Selection e 131
7.4.2  Establishment and Grow-In.......................cco.. 132
7.5 Mature Turf and Fertility Implications .........ceocoeeeiocieeenne, 135
7.6 LongTerm Maintenance COStS........ooiiivcrrnirnroesc e 136
T SUIMMIATY coeoeeriiciie ety v es e aae e e e 139
Reclaimed Irrigation Water...........occooeieiiinoiiiiecee e 141
8.1 Reclaimed Water Use on Tuslgrass ... 141
8.1.1  Nota Trend but Mainstream ............ccocooieeeneiennn, 141
8.1.2  What Is Reclaimed Water? ..., 141
8.1.3  Urban Reuse ........oovovvieevieeeeen, e 142
8.1.4  Water Conservation or Pollution Abatement............ 143
8.1.5  Balunce of Water Conservation and Salinity ........... 144
B CHAEIZES oot 145
8.2 Regulatory ASPECES ..ot s 145
8.2.1  Cross CONNECtion .....c.oovoeveveieeeeeeeeesvver s e 147
8.2.2  Public NOtfiCation. ..o ceeee e 148
8.2.3  Operational Guidelines ..., 149
8.2.4  Other Regulations. ..o v 149
825 NegoliationS.....oiiiicece e 150
8.3 Overall Water QUality ..o e 151
8.4  Total Soluble SAlS ..covvie o et 152
25  Sodium Permeability Hazard ......ocoooev v, 154
8.6 Specific Jon Problems. ..o, 156
8.6.1  Bicarbonates and Carbonates ..........c.ocooeveeeervreeennn.. 156
8.6.2  Toxicities from Excess Na, CLand B ..o 157
8.6.3  Excess SUFUE. ..o 158
8.7 Nutrient Considerations.......ccooveviieiiivnnnorrees e, 158
8.8  Total Suspended Solids (TSS) .o 164
8.9 Management ASPECTS......ccoiiiiiiiiiieieiies e e 164
8.9.7  MONIOTING. ..ottt s 1635
8.92 Drainage and Leaching ...cc.o.o.oooooviviiinieerincvveene 165
8.9.3  Cultivation Programs and Leaching...........c.ovvevee 165
8.9.4  Supptementary/Dual Sprinkler Systetns ........ocovvnie. 166
895  Species Selection ..o 167
8.9.6  Management COSLS oviiirircreriineeececeeesiee s 167
8.9.7  Other Management Considerations...............ccoeeeen.. 169
8.97.1  Fertilizer Selection......cccovvvvieiiisienninn, 169

8972 Orpamental Lakes and trrigation
RESEIVOITS vt e 170
8973 ClHMAE oo 171

B.LO SUMMARY (i s 171



Chapter 9 Stormwater Reuse and Iitigation ... 173

9.1

9.2
9.3
9.4
9.5

8.6
8.7

Transitions in Stormwater Management..................... 173
9.1.1  Stormwater RCUSEC.....ooooiioie e 173
9.1.2  Scale of Stormwater Capture.............oo. 174
Uses of STOrMWALET ... 177
Characteristics of StOrMWaLer oo 178
Regulatory Overview. ..., 181
Stormwater Management. ..., 183
9,51 Treatment Trains ..o 183
9.5.2  Additional Comments on Pollutant Treatments .,..... 187
Stormwater Reuse on Golt Courses ..o 188
SUIMNITLALY 1.veee e e e e e aee e sae e e ar e eenae 191

Part 3 Management Options for Site-Specific

Problems
Chapter 10 Irrigation System Design for Poor-Quality Water...................... 195
10.1  Irrigation Operation and Poor Water Quality.....ooooviiinn 195
10.1.1  Salt Distribution and Leaching .....c.ocovveiniennnin, 196
10.1.2 Distribution Uniformity Effecis on Leaching and
Salt DISTETDULION .opitrtr e e 196
10.1.3  Water Quality, Salinity Threshoids, and
Leaching Fractions ... reneerennenens 197
10.1.4 ILeaching Fractions and Irrigation Systems
Hydraulic Desigh. ..o 198
10.1.5 Soil Types and Water Quality Effect on Control
Systems and Designs oo 198
10.2 Irrigation System Design Considerations for Managing
Poor-Qualily Water.....cooooviiiiie e 199
10,3 Irrigation Systemn Maintenance to Maintain Optimum
Distribution Uniformity......ooiicne, 209
10.3.1  Evaluating and “Tuning Up” Irrigation Systcms...... 209
10.3.2  Catch-Can Uniformity Evaluations..........coeeecnnnnn, 212
10.3.3  Evaluation ot Catch-Can Test Data ..o, 213
10.3.4 Future Potential for Enhancing Trrigation System
Design and Scheduling.........coiveivic, 215
10.3.5 Developing Base Irrigation Schedules ...t 216
10.3.6 Other Miscellaneous Irrigation System
Maintenance ... e 216
10.3.7 Managing a Poor System Using Poor Water Quality..... 217

10.3.8  Economic lmplications of Poor Irrigation System
DESIZNS ittt 218



Chapter 11 Effective Leaching of Saline/Sodic Sites with Irrigation Water...... 221

LT Salinity Management..........ovvveneniiniiesenieeeoe 221
11.2 Salt Type and Salinity Management..............ccovveiieer oo 223
11.3 Soil Factors and Salinity Management..........cc.oooerooevioenne 227
1.4 Grass Type and Salinity Management..........cooveioiniieneeen 232
115 Water Quality and Salinity Management ............ocooeecvienne.. 233
11.5.1 Maintenance I.eaching, Leaching Reguirement,
and Irrigation Water Qualily ..., 233
11.5.2 Reclamation Leaching and trrigation Water
QUAlIEY o, 237
1.6 Climatic Conditions and Salinity Management .................... 241
11.7  Enhancing Effectivencss of Salt Leaching ..o, 242
L7 Errigation Sysiem Design.... oo, 242
[1.7.2 Irrigation Water Application Method..................... 243
1173 Cultivation and Draingage ..o 245
LL74 Sand-Capping......ccovvvevevereeienieiiesrieines e 246
1175 Soil and Water Amendments......ooooooiiieeeneeeen, 247
1176 Accurate Determination of Total Irrigation
ReqUITemMEnt .....ccooeverivrieei s 247
11777 Salinity Monitoring ... 249
P8 SUMIMAIY vttt e 249
Chapter 12 Water Treatment for Specific Problems ..., 251
12,1 Overview of Water Treatmeat ...ooovveiocivieiniieee 251
122 Water Acidification...............ococoooivvniiieeies e 253
12.2.1 Moderate-to-High Na and High HCO,/CO,............. 253
12.2.2 Moderate-to-High Na Plus Calcareous Soils ........... 254
12.2.3  High Ca/Mg; High HCO,/CO,; Low Na.........c.c...... 255
12.2.4 Moderate-to-High Na and Low HCO/CO, ............. 257
12.2.5 Water Acidification for the Purpose of
Acidifying the Soil ... 257
12.2.6  Acidifying Products ... 258
12.2.7 Excessive SO, in Trrigation Water......o.ococoeeveereinen. 26(}
12.3  Calcium Water TIeatiments ..o 201
12,4 Calcium Injection and UltraPure Water.........ccoococee 262
12,5 Wastewaler Treatment lssues for Irrigation. ..., 264
126 Jron and Manganese ......ooecoeees oo iveeeeeeeeeeeeeeeeeee . 267
12.6.1 Problems ... 267
12.6.2 Mechanical Oxidation and Sedimentation............... 268
12.6.3 Chemical Oxidation, Sedimentation, and
FUEIING ..ot e, 268
12,7 CRIornation...........oovv et 269
12.8  Carbonate Scaie and Salt Encrustation Problems ................. 271
L2.9 COrTOSION ..o et 273



12,10 Sulfur Bacteria and Sulfides............ . 273

12,11 OdOrs oo 274
1212 FIRTALON 1ot 274
12.13 Desalination ..o 276
12.14 “In-Line” Water-Conditioning Devices. ..., 279
12.15 Congluding Statements ... 280
Chapter 13 Nutritional Considerations with Variable Water Quality ............... 281
13,1 Water Quality and NUutrition ... 281
13.2  Irrigation Water Quality Tests, Soil Tests, and Tissue
TREES 1ottt 282
13.3  Saline and Reclaimed Irrigation Water and Nutritional
Challenges .....ovoiveiiers e s 284
13.3.1 Factors Contributing to Nutritional Challenges ....... 284
13.3.2 Important Nutrient Relationships and
INTEraCTiONS covvtvi ittt 286
13.4  UltraPure Irrigation Water and Nutritional Challenges........ 295
13,5 Products and Label Problems o, 296
136 SUIMIMEATY ©oceiiiieecce ettt et 297
Chapter 14 Lake, Pond, and Stream Management............ooooooviienn, s 299
14.1  Overview of Surface Water Quality and Storage .................. 299
14.1.1 Water Quality Parameters or Stressors ......ooevvvinnan, 269
14.1.2  Sources of Stres80IS v 300
14.1.3 Water Storage Considerations .......ococoiieen o, 303
f4.2 Lake and Pond EcCology....ccoovvneiiiiii e 305
14.2,1  Lake Ecelogical Characteristics.........ovveeeveeeen, 305
14.2,2 Trrigation Pond or Lake Design............o.ocooeeennnn. 308
143 TUIBIAILY «ooviiiiie e 309
14.3.1  Causes and Problems..........ccooviiiniiiiiniiinean 309
14.3.2  Turbidity Clarification and Other Treatments .......... 310
14.4  Algac and Cyanobacteria (Blue-Green Algac)........ooooeeei. 312
14.4.}  Descriptions and Problems.........coevveeeveiiinirine. 312
14.4.2  Phosphorus/Nutrient Control .......co.ooovvveiiinirinnenn, 314
14,43 ACTAION .ot 315
14.4.4 Shading ChemicalS...........coivniciniiiiiiin e, 317
14.4.5 Ozone Generators ..o, 317
14.4.6 Barley Straw for Algae Control........oovoviinininn 317
14.4.7  Ultrasonic DevICes ..ooovevviiiiiiii e 318
{4.4.8 Sulfurous Acid Generator ........c.ocoveviiiiviieeeeen 318
14.4.9 Other Possible Algae Control Measures ..o, 318
145 Anaerobic BOLIOm ZOMNC ..o, 319
14,6 Aquatic PIANtS. ... e 324

L4 7 0ot and COlOr oo rree et e s sttt eainreees 321



Part 4

14.8 Pond and Lake Color Indicators ..o sreeneeis 322

149 SIBAMS coi i 322
14.10 Unstable Water pH (Lake Liming} ..o, 322
14,11 Natural Treatment (Leach Fields).......cccomveinminiicoinninnnin 322

Environmental Concerns Related to
Irrigation Water Sources on the Watershed/
Landscape Level

Chapter 15 Iategration of Irrigation Water Sources to Minimize

Chapter 16

Environmental Concerns; An Increasing Challenge
te Turfgrass Performance ..o 327

15,1 Introduction: Water Sources and Salinity Load

TNERETATION Lottt et 327
15.2 The Holistic Management STrategy ......coooovovievnicisiineieniees 327
15.3  Multiple INt@ractions.........cccoeriiiiiiecinmmi s 328
15.4  Critical Management Considerations ..o 328

1541 Proactive MOmitoring. ..o eeeeeeeineiis oo, 328

15.4.2 Reactive MONIOTIE ovvvvrvie e 329

15.4.3  Sampling Sralcgies. i 329

15.4.4 Understanding the Salinity Impact ..o, 330

15.4.5 Additional Limitations ..o 330

15.4.6 The Reality Check: Salt Loading from the

Irrigation Water Sousce or SOUICES ..vvvveicnirernn. 331

15,5 The TUrfZrasges .oocivesriis s 333

15.5.1 Blending Options for %peu‘ﬂc Turfgrasses......o....... 334

15.5.2 Water Quality Effects on Herbicides..............cocoeee. 335
F560 0 SUIMIMALY 2eoririeiiii et nie st e anesssinens 336
Case Studies: Water Data Analysis and Interprefation .................. 339
Case Study 1: Irrigation Lake (Hawaii).......cooocooveriiiiiiieiiieeccinans, 339
Case Study 2: Three Water Sources (Hawadi) ..o 340
Case Study 3: Lake (Nevada) ......cccoooeaorie e 341
Case Study 4: Hawthorn Aquifer Well Water (SW Florida)............. 342
Case Study 5: Lake blended with Hawthorn Aquifer Well Water

(SW FLOMIAa) 11 iciiiieeci st 343
Case Study 6: Orange County (Southern California) Potable

Versus Recycled Water Quality oo 344
Case Study 7: California/Nevada State Line Groundwater

Quality—Variability of Three Wells ... 345

Case Study 8: TPC, Scottsdale, AFZONA ...vvveerreeeec e, 346



ReETCIRIICES (oot e e 349

APPEIEN oo cvere e e 367
Saft- and Boron-Tolerant Ornamental Plants .......oooeveveeveinii. 367
REFEIENCES oottt 442



