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A
ABA, see Abscisic acid
Abaxial leaf surface, 61
Abiotic stresses, mowing and tolerance

of, 197
Abscisic acid (ABA), 13, 66–68

and cold acclimation, 89
and drought resistance, 70–71, 284, 285

Acclimation:
to cold, 86–89, 181, 206
to heat, 101

Acibenzolar-S-methyl (ASM), 294–295
Acid-reacting fertilizers, 238
Adaxial leaf surface, 61
Adenine, 292
Adenosine triphosphate (ATP), 4–6,

15–17, 226
ADP, 13, 15, 226
Aerification, 254–264

and environmental stresses, 260–261
and hard pan formation, 259–260
and pests, 261–264
and root growth, 256, 259
and shoot growth, 256
and thatch depth, 269
with vertical mowing, 264

Aerobic respiration, 15–16
Age of plants, respiration rates and, 17
Agrostis canina L., see Velvet bentgrass
Agrostis palustris L., see Creeping bentgrass
Agrostis tenius L., see Colonial bentgrass
Allelopathy, 115–116
Aluminum sulfate, 235–236
Amidochlor, 291
Ammonium, 17
Ammonium chloride, 238
Ammonium sulfate, 238
Anaerobic respiration, 16
Anatomical responses to shade, 116–117
Annual bluegrass, 24–25

and clipping removal, 210
cultural practices affecting, 126

drought resistance of, 73, 74
and fertilization, 235
freezing resistance of, 95, 96
heat resistance of, 104, 106
and irrigation management, 184
mefluidide and rooting of, 281, 282
mowing height and water use by, 203
nitrogen and diseases of, 239
nitrogen application to, 223, 231, 235
PGR use and suppression of, 289–291
trinexapac-ethyl and freezing stress

on, 285
weeds and cultivation of, 261, 262

Antioxidant enzymes, 101
Apical meristem, 193, 194, 196
Artificial light, 11, 114
ASM, see Acibenzolar-S-methyl
Atmometers, 162, 165
ATP, see Adenosine triphosphate
Augusta National, 114
Avoidance, drought, 68–71

B
Bahiagrass, 52–53

drought resistance of, 74
evapotranspiration rate of, 157
freezing resistance of, 90
mowing height for, 196

B (boron), 228
Bellani plate, 162–163
Bentgrass(es). See also specific types

aerification and growth response of,
256, 259

colonial, 38–39
creeping, 36–38
groomers for, 267, 268
and heat stress from lack of wind, 154
nitrogen application to, 221
phosphorus application to, 226
syringing of, 182–183
velvet, 39–40

Benzyladenine, 293
Bermudagrass, 41–44

acid-reacting fertilizers for, 238
aerification and growth response of,

256, 257
biostimulants with, 293
cultivation and weeds in, 261
cultivation for disease control in, 264
cultural practices affecting, 126
deficit irrigation of, 176–178
diseases in, 211, 213, 214, 240
drought resistance of, 72, 74, 77
evapotranspiration rate of, 156, 165
freezing injury in, 85
freezing resistance of, 89–92
and freezing stress, 285
groomers for, 267, 268
heat resistance of, 106
irrigation strategy and disease in, 188
mowing height and encroachment of,

209
mowing height for, 196, 206, 211, 213
nitrogen and diseases of, 240
nitrogen and invasion of, 234
nitrogen application for, 222–224
optimum PAR light intensity for, 113
plant growth regulator use and sup-

pression of, 288
potassium fertilization of, 230–232
return of clippings and diseases in, 214
in shade, 117
shade tolerance of, 122
and soil compaction stress, 253
stomatal control in, 65
temperature stresses and mowing

height for, 206
topdressing of, 273
trinexapac-ethyl and freezing stress

on, 285
vertical mowing of, 269–270
weeds and cultivation of, 261
zones of use for, 21
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Bermudagrass decline, 212, 213
Bicarbonate (HCO3), 8
Biostimulants, 292–295
Biotic stresses, mowing and tolerance of,

197
Black cutworms, 131, 211
Black layer, 271
Blue grama, freezing resistance of, 90
Bluegrasses. See also specific types

annual, 24–25
freezing injury in, 85
freezing tolerance of, 87
Kentucky, 25–27
roughstalk, 27–28
supina, 85

Blue light, 112, 113
Boron (B), 228
Boundary layer, leaf, 63–64
Broadleaf plantain, 129–130, 262
Broadleaf weeds, 129–130, 234
Brown patch, 118, 134–135

aerification and control of, 263
and combination fertilization, 240
irrigation and suppression of, 186, 188
and mowing height, 211–213
and nitrogen level, 236, 237
and organic fertilizers, 238
and return of clippings, 213–214
and silicon application, 241
and time of day of irrigation, 188

Buchloe dactyloides [Nutt.] Engelm., see
Buffalograss

Buffalograss, 46–48
deficit irrigation of, 176, 177
drought resistance of, 72, 74
evapotranspiration rate of, 157, 165
freezing resistance of, 90, 92, 94
hairs on, 65
heat resistance of, 106
hydraulic lift in, 69–70
mowing height for, 196
nitrogen application for, 221, 222
and phosphorus application, 226
shade tolerance of, 122

Bulk density, 250, 259–260
Bunchgrasses, nitrogen and thatch for-

mation with, 225
Bundle sheath cells, 7–9

C
(C) carbon, 218
Calcium (Ca), 218
Calvin-Benson cycle, 5–6, 8, 9
Calvin cycle, 5, 6
Carbohydrates:

freezing injury and reserves of, 87
maintaining balance of, 18–19

mowing height and reserves of, 197,
198, 206–207

production/consumption of, 18
respiration and availability of, 16
storage, 18–20, 87, 197

Carbohydrate metabolism, 3–20
during drought, 70
and heat stress, 99–101
and photosynthesis, 3–14
and respiration, 14–20
of shaded plants, 116

Carbon balance, 70
Carbon (C), 218
Carbon dioxide (CO2):

assimilation of, 4–5
compensation point, 12
concentration of, 8, 12–13
fixation of, 3, 7, 8, 11, 12
release of, 6
in shaded areas, 115

Carboxylation, 5
in cool-season grasses, 6
and drought stress, 68
in warm-season grasses, 8

Carotenoids:
light wavelengths absorbed by, 11
maximum PAR absorption of, 112

Cell division inhibitors, 277–278
Cell membranes:

during freezing stress, 88–89
oxidation of lipids in, 101

Cellular growth, 66
Centipedegrass, 51–52

cold acclimation and survival of, 206
drought resistance of, 74, 77
evapotranspiration rate of, 157
freezing resistance of, 86, 87, 90, 95
mowing height for, 196
nitrogen application for, 224
shade tolerance of, 121, 122
vertical mowing of, 269

Chelated iron, 293
Chemical signaling, 67–68
Chewings fescue, shade tolerance of, 120
Chinch bugs, 132, 185
Chloride (Cl), 228
Chlorophyll(s):

drought and loss of, 68
iron and synthesis of, 228
light wavelengths absorbed by, 11
maximum PAR absorption of, 112
mowing height and amount of, 196

Chloroplasts, 3, 7
Chlorothalonil, 291
Chlorsulfuron, 278
Cl, see Chloride
Clay:

compaction in, 249

water holding capacity of, 166
Clippings, removal of, 210, 213–124
CO2, see Carbon dioxide
Cobalt (Co), 228
CO2 compensation point, 12
Colbert Hills Golf Course, 167–170, 179
Cold hardening, 86–87
Colonial bentgrass, 38–39

minimum light duration for, 114
nitrogen level and diseases of, 237

Competition, plant, 115–116, 118, 183,
208

Cool-arid zone, 21, 22
Cool-humid zone, 21, 22
Cool-Season (C3) turfgrasses, 1, 22–40.

See also specific types
aerification and growth response of,

256, 259
annual bluegrass, 24–25
carboxylation in, 6
and CO2 concentration, 12
colonial bentgrass, 38–39
compaction stress and water use by,

254
creeping bentgrass, 36–38
cultivation and heat stress in, 260–261
deficit irrigation of, 177
drought resistance of, 73–76
evapotranspiration rate of, 156
fine fescues, 32–33
freezing resistance of, 95–96, 231
heat stress in, 99, 181
heat stress resistance of, 104–106, 181
heat tolerance of, 207–208
and light intensity, 9–11
light saturation in, 117
mowing heights for, 197–198, 207–208
nitrogen recommendations for,

220–221
optimal temperatures for, 11–12, 83
optimum PAR light intensity for, 113
oxidative damage to, 101
perennial ryegrass, 33–36
photorespiration in, 5–7
photosynthesis in, 4–7
relative shoot and root growth pat-

terns for, 23
respiration in, 14–20
roughstalk bluegrass, 27–28
shade tolerance of, 118–120
stomata in, 62
summer decline in, 198, 200, 233
tall fescue, 29–32
velvet bentgrass, 39–40
warm-season grasses vs., 1
wear tolerance and nitrogen applica-

tion in, 223
zones of use for, 21
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Copper (Cu), 228
Core aerification, 259, 261
Crabgrass, 128

and cultivation, 261
cultural practices affecting, 127
and irrigation management, 184
and mowing height, 208–209
and nitrogen application, 234
plant growth regulator use and sup-

pression of, 289
Creeping bentgrass, 36–38

aerification and growth response of,
258

biostimulant use with, 293
and clipping removal, 210
diseases in, 213, 237, 239, 240
dollar spot reduction in, 291
drought resistance of, 73–74
heat injury to, 99
heat resistance of, 104–106
and heat stress, 100, 101
irrigation and growth of, 172
irrigation strategy and disease in, 188
localized dry spot on, 175
manganese application for, 241
mowing height for, 196, 198–200, 203,

205–206, 213
nitrogen and diseases of, 239, 240
nitrogen application for, 223, 224,

233–234
nitrogen level and diseases of, 237
PGRs and rooting of, 282
PGRs and suppression of, 289, 290
potassium and wear resistance of, 227
prolonged light duration for, 114
return of clippings and diseases in,

213
self-cooling ability of, 154
shade and growth of, 114
silicon application and disease reduc-

tion in, 241
soil/air temperatures and growth of,

102–103
and soil compaction stress, 253
summer decline of, 233
topdressing of, 272–274
trinexapac-ethyl use and shade toler-

ance of, 286–288
urea fertilization of, 238
verticutting of, 268–269
water use and mowing height of, 203,

205–206
weeds and cultivation of, 262
wilt-based irrigation for, 170
winter desiccation of, 181
winter open aerification holes for, 261
zones of use for, 21

Crested hairgrass, effect of shade on, 117

Crider, Franklin, 200–202
Crown, 193–195, 207, 264, 265
C3 turfgrasses, see Cool-Season

turfgrasses
C4 turfgrasses, see Warm-Season

turfgrasses
Cu (copper), 228
Cultivars, see specific turfgrasses
Cultivation, 249–274

aerification, 254–264
and soil compaction, 249–254
and thatch, 264–267
topdressing, 270–274
vertical mowing, 266–270

Cultural practices:
affecting drought, 59
affecting pests, 125. See also specific

grasses; specific pests
affecting shade, 111
affecting temperature, 83
and evapotranspiration, 156–157

Cycohexanedione herbicides, 286
Cynodon spp., see Bermudagrass
Cytokinins, 103, 292, 293

D
Dandelion, 129–130
Dark reaction (photosynthesis), 3
Deep drill aerifiers, 256, 257
Deficit irrigation, 175–178
Dehydrins, 73
Density:

bulk, 250, 259–260
and mowing, 194, 197

Diffusion resistance, internal, 61–62
Direct heat stress, 98
Diseases:

and aerification, 263–264
biostimulants and reduction of,

293–295
brown patch, 134–135
dollar spot, 136–137
foliar-infecting fungi, 134–144
gray leaf spot, 137–138
and irrigation management, 184–188
large patch, 139–140
and mowing height, 211–214
necrotic ring spot, 145, 147
pink snow mold, 140
and plant growth regulator use,

291–292
Pythium blight, 141–142
red thread, 143
root-infecting fungi, 145–149
rust, 144
and shaded areas, 115
spring dead spot, 146, 147

summer patch, 148–149
take-all patch, 149
topdressing for control of, 274
wet conditions and promotion of,

185–186
Dollar spot, 118, 136–137

and biostimulant use, 293–294
and combination fertilization, 240
and compost-amended topdressings,

236
effects of nitrogen on, 239
irrigation and suppression of, 186, 188
and nitrogen level, 236, 237
plant defense activator use with,

294–295
and return of clippings, 213
and silicon application, 241
topdressing for control of, 274
trinexapac-ethyl and reduction of, 291
urea and suppression of, 238

Doorenbos-Pruitt-Makkink model, 165
Drought, 59–78. See also Irrigation

avoidance of, 68–71
cultural practices affecting, 59
effects of, 66–73
escape from, 73
fertilization and resistance to, 229–230
genetic variability in resistance to,

73–78
PGR use and resistance to, 283–284
and plant water balance, 60–65
potassium and resistance to, 227
preconditioning for, 181
preparing for, 175–178
resistance to, 68–78, 227, 229–230,

283–284
and root injuries, 173
thatch and susceptibility to, 264
tolerance of, 71–73
and transpiration, 61–65
and water absorption, 60–61

Dual heat probes, 160–161

E
Electromagnetic spectrum, 111–112
Electron transport, 13, 68
Energy, 4

heat stress and consumption/assimila-
tion of, 99–100

respiratory, 14–16
Environmental stresses, 57

and aerification, 260–261
annual bluegrass resistance to, 25
bahiagrass resistance to, 53
bermudagrass resistance to, 42
buffalograss resistance to, 48
centipedegrass resistance to, 52
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Environmental stresses (continued)
colonial bentgrass resistance to, 39
creeping bentgrass resistance to, 37–38
drought, 59–78
and fertilization, 230–234
fine fescues’ resistance to, 32–33
and irrigation, 180–183
Kentucky bluegrass resistance to, 26
and mowing, 203–208
perennial ryegrass resistance to, 34–35
and plant growth regulators, 283–288
roughstalk bluegrass resistance to, 29
St. Augustinegrass resistance to, 50
seashore paspalum resistance to, 54
shade, 111–121
tall fescue resistance to, 29–30
temperature, 83–106
and topdressing, 273–274
velvet bentgrass resistance to, 40
zoysiagrass resistance to, 44–45

Enzymes, 5
antioxidant, 101
at high temperatures, 17
iron and synthesis of, 228
potassium activation of, 227
temperature and function of, 11
temperature-sensitive, 11
water availability and function of, 17
water stress and function of, 13

Eremochloa ophiuroides [Munro] Hack., see
Centipedegrass

Escape, drought, 73
ET, see Evapotranspiration
Ethephon, 278, 280–283, 289
Evaporation pans, 162, 165
Evapotranspiration (ET), 153–157

drought avoidance and rate of, 68
environmental factors influencing,

154–155
as heat avoidance mechanism, 103
measurement of, 161–163
and mowing height, 203–204
nitrogen and rate of, 229
PGR treatment and rate of, 283
plant and cultural factors influencing,

156–157
prediction of, 163–166
in shaded turf, 183

Extracellular freezing, 84, 85, 206

F
FAO-Penman model, 165
Far-red light, 112, 113
Fatty acids, 88–89
FC (field capacity), 166
Fe, see Iron
Fenarimol, 280
Fermentation, 16

Fertilization, 217–241
and nutrition requirements, 217–229
and pests, 234–241
and salt accumulation, 174
and temperature stresses, 230–234
and water use/drought resistance,

229–230
Fertilizers:

acid-reacting, 238
irrigation frequency and leaching of,

174–175
organic, 236, 238

Fescues. See also specific types
fine, 32–33
tall, 29–32

Festuca arundinacea Schreb., see Tall
fescue

Festuca spp., see Fine fescues
Field-capacity-based irrigation, 170,

174–175, 186
Field capacity (FC), 166
Fine fescues, 32–33

drought resistance of, 74
heat resistance of, 104, 105
mowing height for, 196
shade tolerance of, 118–119

Fluorescent lights, 11
Flurprimidol, 278–281, 283, 289–291
Foliar-infecting fungi, 134–144

aerification and control of, 263
brown patch, 134–135
dollar spot, 136–137
gray leaf spot, 137–138
large patch, 139–140
and mowing height, 211–213
pink snow mold, 140
Pythium blight, 141–142
red thread, 143
rust, 144
and time of day of irrigation, 188

Foxtails, 127, 128
Free radicals, heat stress and induction

of, 100–101
Freezing stress, 84–96

controlled freezing tests for, 89
and cultivation, 260–261
and fertilization, 230–232
genetic variability in resistance to,

89–96
injuries from, 85
and irrigation management, 180–181
physiological responses/resistance to,

86–89
and plant growth regulator use, 285
types of, 84–85

Fructans, 18, 87, 100
Fungi, 134–149

brown patch, 134–135

dollar spot, 136–137
foliar-infecting, 134–144
gray leaf spot, 137–138
large patch, 139–140
necrotic ring spot, 145, 147
pink snow mold, 140
Pythium blight, 141–142
red thread, 143
root-infecting, 145–149
rust, 144
spring dead spot, 146, 147
summer patch, 148–149
take-all patch, 149

Fungicides:
as type II growth regulators, 278, 280
used with plant growth regulators,

291–292

G
Gene expression, heat stress and, 101
Gibberellic acid, 288
Gibberellic acid inhibitors, 278–280
Gibberellin, 89, 117, 279
Glucose, 18, 100
Glycolysis, 15–16
Glyphosate, 278
Goosegrass, 128

and cultivation, 262
cultural practices affecting, 127
and irrigation management, 184
plant growth regulator use and sup-

pression of, 288
Gray leaf spot, 137–138

irrigation and suppression of, 188
and mowing height, 213
and nitrogen level, 237
and silicon application, 241
trinexapac-ethyl use and reduction of,

291
Green light, 112
Groomers, 266–268
Grow lights, 114
Growth, see Plant growth
Grubs:

and aluminum sulfate application,
235–236

cultivation and control of, 262
irrigation and damage from, 185

Gypsum blocks, 160

H
H, see Hydrogen
Hard fescue:

deficit irrigation of, 177
mowing frequency for, 202
shade tolerance of, 120

Hard pan formation, 259–260
HCO3 (bicarbonate), 8
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Heat shock proteins (HSPs), 101–102
Heat stress, 97–106

and cultivation, 260–261
and cytokinins, 293
direct, 98
and fertilization, 232–233
genetic variability in resistance to,

104–106
indirect, 97–98
injuries from, 98–99
and irrigation management, 181–183
and photosynthetic rates, 11
physiological responses and resistance

to, 99–102
and plant growth regulator use, 286
root regulation of plant responses to,

102–104
types of, 97–99

Henbit, 210
Herbicides. See also Plant growth regula-

tors
cycohexanedione, 286
pre-emergence, 261, 262
as type I growth regulators, 277, 278

Hollow tine aerifiers, 256–259
Hormones. See also specific hormones

for biostimulation, 292
during cold acclimation, 89
cytokinins, 103
drought and interrupted synthesis of,

67
HSPs, see Heat shock proteins
Humic acids, 292, 293
Hydraulic lift, 69–70
Hydrogen (H), 218

I
Imazamehtth, 278
Incandescent lights, 11
Indirect heat stress, 97–98
Injuries:

freezing, 84–85, 87, 180, 206, 231, 261
heat, 98–99
from high light intensity, 10
root, 173
and shade, 118

Inorganic solutes, 87, 88
Insects:

and aerification, 262–263
black cutworms, 131
chinch bugs, 132
and irrigation, 184, 185
Japanese beetles, 133
and mowing height, 210–211
soil compaction and control of, 262
southern masked chaffers, 133–134

Insecticides, irrigation and application
of, 185

Intercalary meristem, 194
Internal leaf diffusion resistance, 61–62
Intracellular freezing, 84–86
Iprodione, 291
Iron (Fe), 228–229, 235, 293
Irrigation, 153–188

deficit, 175–178
determining need for, 157–170
with drought/water restrictions,

175–178
and environmental stresses, 180–183
and evapotranspiration, 153–157,

161–166
field-capacity-based, 170, 174–175, 186
management of, 170–179
manipulating frequency of, 178
and pests, 184–188
and rooting depth, 158
soil type and rate of water depletion,

166–167
and soil water content, 159–161
and visible turf response, 157–158
water saving alternatives to, 179
wilt-based, 170–175, 183, 185, 186

J
Japanese beetles, 133

irrigation and peak flights of, 185
and mowing height, 210–211
soil compaction and control of, 262

K
K, see Potassium
Kentucky bluegrass, 25–27

acid-reacting fertilizers for, 238
aerification and growth response of, 257
and allelopathic plants, 115, 116
cultivation for disease control in, 264
deficit irrigation of, 178
diseases in, 188, 211, 240
drought resistance of, 70–71, 74–75
evapotranspiration rate of, 156, 157,

183, 283
heat resistance of, 103–105, 181
heat stress on, 286
insects and irrigation of, 185
iron-deficient, 229
irrigation of, 171, 172, 178, 185, 188
mowing frequency for, 202
mowing height for, 196, 198, 199, 203,

209, 211, 213
multiple stresses on, 181
nitrogen and diseases of, 240
nitrogen application for, 223
nitrogen-deficient, 229–230
and phosphorus application, 226–227
plant growth regulators used with, 283
potassium fertilization of, 230

rooting of, 171, 172, 282
and shade, 117, 119–120, 288
and soil compaction stress, 251, 252
summer patch in, 186
trinexapac-ethyl use with, 272, 286,

288
water use and mower factors for, 203,

204
wilted, 158

Krebs cycle, 15. See also Respiration

L
Lamb’s-quarters, 210
Large patch, 139–140

aerification and control of, 263
and mowing height, 211–213

LCP, see Light compensation point
Leaching, irrigation type and, 174–175
Leaves, 195

hairs on, 65
heat injury to, 98
mowing of, 194
nitrogen applications and water con-

tent of, 224
photosynthesis and characteristics of,

14
photosynthesis and structure of, 4, 7
potassium deficiency symptoms in,

227
production of, 193–194
purpling of, 225–226
respiration rates of, 16, 17
of shaded plants, 116, 117
and transpiration, 61–65
visible response to water deficit in,

157
water content of, 13
wilt-based irrigation and drought

resistance of, 173
Leaf-firing damage (LFD), 231
Leaf spot, 137–138, 188, 213, 237, 241, 291
Lethal temperature, 89
LFD (leaf-firing damage), 231
Light:

artificial, 11
duration of, 11, 114
intensity of, 9–10, 113
and photosynthesis, 9–11
quality of, 11, 111–113
visible spectrum of, 112

Light compensation point (LCP), 10–11
Light reaction (photosynthesis), 3
Light saturation point (LSP), 9–10
Loam soil, 249–250
Localized dry spot, 175
Lolium perenne L., see Perennial ryegrass
LSP, see Light saturation point
Lysimeters, 161–162
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M
Macronutrients, 218–228

nitrogen, 218–225
phosphorus, 225–227
potassium, 227–228

Magnesium (Mg), 218, 235
Maleic hydrazide, 277, 278, 291
Maltate, 8
Manganese (Mn), 228, 241
Mefluidide, 277, 278, 281–283, 289, 291
Meristems, 193–194, 196
Mesophyll cells, 3
Mg, see Magnesium
Microclimate, 115, 163, 209–210
Micronutrients, 228–229
Mitochondria, 14
Mn, see Manganese
Molybdenum (Mo), 228
Morphological responses to shade,

116–117
Mowing, 193–214

blade sharpness, 204
and carbohydrate depletion, 19
and environmental stresses, 203–208
and evapotranspiration rate, 157
and extracellular freezing, 84
frequency of, 200–203
one-third rule for, 200–202
and pests, 208–214
and plant growth/carbohydrate

metabolism, 195–205
root growth and height of, 61
standard heights for, 196
topdressing and height of, 273
vertical, 261–262, 264, 266–270

N
N, see Nitrogen
NADPH, see Nicotinamide adenine

dinucleotide phosphate
Native grass areas, 179
Necrotic ring spot, 145, 147, 186, 188
Nicotinamide adenine dinucleotide

phosphate (NADPH), 4, 5
Nitrogen (N), 218–225

and carbohydrate levels, 19
deficiency of, 218
and diseases, 236, 237, 239–240
and drought resistance, 230
and evapotranspiration rate, 229
in fertilizers, 218
and heat stress, 232–233
negative turf responses to, 221–222
and plant growth, 219–220
and respiration rates, 17
and root growth, 61
and weed resistance, 234–235

“No mow” areas, 179
Nucleic acid, 225
Nutrients, 217–229

iron, 228–229
irrigation frequency and leaching of,

174
macronutrients, 218–228
micronutrients, 228–229
nitrogen, 218–225
phosphorus, 225–227
photosynthesis and availability of, 14
potassium, 227–228
respiration and availability of, 17
tissue content sufficiency range for,

217
Nutrient uptake:

drought and interruption of, 67
with high soil temperatures, 103

O
O, see Oxygen
One-third rule (mowing), 200–202
Organic fertilizers, disease reduction

and, 236, 238
Osmotic adjustment:

during cold acclimation, 88
during drought, 71–72
and frequency of irrigation, 173

Overseeding, 21
Oxidative damage, 10, 101
Oxygen (O), 5–6, 16, 218

P
P, see Phosphorus
Paclobutrazol, 278–283, 289–292
PAR, see Photosynthetically active radia-

tion
Paspalum notatum Flugge, see Bahiagrass
Paspalum vaginatum Swarz., see Seashore

paspalum
Pathogenesis-related proteins, 294
Penman model, 165
Penman-Monteith model, 163, 164
PEP, see Phosphoenolpyruvate
Perennial ryegrass, 33–36

brown patch in, 186, 187
combination fertilization of, 240
deficit irrigation of, 178
diseases in, 211, 213, 237
drought resistance of, 74, 283–284
effect of shade on, 117
evapotranspiration rate of, 157
fertilization of, 236
freezing injury in, 85, 180
freezing resistance of, 87, 95–96
heat resistance of, 104, 105

irrigation strategy and disease in, 188
mowing frequency for, 202
mowing height for, 196, 211, 213
nitrogen application for, 224, 231, 232
nitrogen level and diseases of, 237
PGRs and rooting of, 282
plant growth regulators used with,

283–284
return of clippings and diseases in,

213
shade tolerance of, 120
and soil compaction stress, 251–253
trinexapac-ethyl use with, 291

Permanent wilting point (PWP), 166
Perpetual shade, 114
Pests, 125–149

cultural practices affecting, 125. See
also specific grasses; specific pests

diseases, 134–149
foliar-infecting fungi, 134–144
insects, 131–134
and irrigation, 184–188
and mowing, 208–214
and plant growth regulators, 288–292
root-infecting fungi, 145–149
shade and susceptibility to, 118
thatch and susceptibility to, 264
topdressing for control of, 274
weeds, 126–130

Pesticides, irrigation frequency and
leaching of, 174–175

PGA, see Phosphoglyceric acid
P-glycolate, 6
PGRs, see Plant growth regulators
Phosphoenolpyruvate (PEP), 8, 13
Phosphoglyceric acid (PGA), 4–6
Phospholipids, 225
Phosphorus (P), 218, 225–227

and disease reduction, 240
environmental regulations limiting

use of, 240–241
and evapotranspiration rate, 230
and respiration rates, 17

Photons, 111–112
Photorespiration:

in cool-season grasses, 5–7
in warm-season grasses, 9

Photosynthesis, 3–14
balance between respiration and, 18–20
and carbon dioxide concentration,

12–13
and changes in cell membranes, 88
in cool-season grasses, 4–7
diurnal pattern of, 11
during drought, 67, 68, 70
factors affecting, 9–14
and heat stress, 99–101
and leaf characteristics, 14
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and light, 9–11, 112, 113
and nutrient availability, 14
process of, 3
in shaded plants, 117
and temperature, 11–12
in warm-season grasses, 7–9
and water, 13

Photosynthetically active radiation
(PAR), 112, 113

Photosynthetic carbon reduction cycle, 5,
6

Physiological condition:
and respiration, 17
and transpiration, 61–65
and water absorption, 60–61

Physiological responses:
to drought, 67–68
to freezing stress, 86–89
to heat stress, 99–102
to shade, 116–117

Pink snow mold, 140
Plant defense activators, 294
Plant growth. See also parts of plants, e.g.:

Roots
and biostimulant use, 293
effects of drought on, 66
with low light intensity, 10
and nitrogen application, 219–220
and respiration rate, 17
and shade stress, 111–116
and soil compaction, 250–251

Plant growth regulators (PGRs),
277–292. See also Biostimulants

definition of, 277
and environmental stresses, 283–288
and pests, 288–292
root responses to, 280–283
shoot responses to, 277–280
type I, 277–278
type II, 278–280

Plant water balance, 60–65
Poa annua L., see Annual bluegrass
Poa pratensis L., Kentucky bluegrass
Poa trivialis L., see Roughstalk bluegrass
Potassium (K), 218, 227–228

as cellular antifreeze, 88
and changes in soil temperature, 103
and disease reduction, 240
and evapotranspiration rate, 230

Power rakes, 266–268, 270
Pre-emergence herbicides, 261, 262
Propiconazole, 280, 291
Prostrate knotweed, 129–130, 262
Prostrate spurge, 184
Protein synthesis:

during cold acclimation, 87
and drought tolerance, 72–73
and heat stress, 101–102

Purple nutsedge, 288
Purpling (of leaves), 225–226
PWP (permanent wilting point), 166
Pyruvic acid, 15
Pythium blight, 118, 141–142

aerification and control of, 263
diseases in, 212
irrigation and suppression of, 186, 188
and mowing height, 212, 213
and nitrogen application, 221
and nitrogen level, 236, 237

R
Radiant energy, storage of, 4
Red fescue, shade and, 117, 120
Red light, 112, 113
Redroot pigweekd, 210
Red thread, 143, 236, 237
Relative humidity:

and evapotranspiration, 154
in stoma, 64
and susceptibility to disease, 118

Respiration, 14–20
aerobic, 15–16
anaerobic, 16
balance between photosynthesis and,

18–20
and carbohydrate availability, 16
and changes in cell membranes, 88
in crown, 193
in dormant warm-season grasses,

206–207
drought and interruption of, 67
factors affecting, 16–17
and heat stress, 99–101
at low light levels, 117
and nutrient availability, 17
and oxygen availability, 16
and plant physiological condition/age,

17
and temperature, 17, 19
and water, 17

Rhizomes, 195, 197
Rhizome-forming grasses. See also spe-

cific grasses
freezing resistance of, 90
thatch development in, 264

Ribulose bisphosphate (RuBP), 5–6, 13
Ribulose 1,5-bisphosphate carboxylase

(rubisco), 5, 6
Riviera Country Club, 114
Roots. See also Rooting

aerification and growth of, 256, 259
cool-season, relative growth patterns

for, 23
cool-season, soil temperature for

growth of, 22

drought and length/mass of, 66
drought avoidance and development

of, 69–70
factors limiting growth of, 60–61
and heat stress, 98–99
irrigation and depth of, 158
mowing height and elevation of, 207
mowing height and growth of,

198–201
of plants interfering with turf, 115
regulation of soil temperature

responses by, 102–104
respiration rates for, 17
of shaded plants, 116
and soil compaction stress, 253–254
in thatchy turf, 264
warm-season, relative growth pat-

terns for, 41
warm-season, soil temperature for

growth of, 41
water content of, 13

Root-infecting fungi, 145–149
aerification and control of, 263–264
and mowing height, 212–214
necrotic ring spot, 145, 147
spring dead spot, 146, 147
summer patch, 148–149
take-all patch, 149

Rooting:
and mowing height, 197
mowing height and depth of, 198
and nitrogen applications, 224
and phosphorus application, 226–227
plant growth regulator effects on,

280–283
and soil compaction stress, 253–254
with wilt-based irrigation, 171

Rough areas, irrigation water savings
and, 179

Roughstalk bluegrass, 27–28
cultural practices affecting, 126
heat resistance of, 104, 106
and irrigation management, 184
shade tolerance of, 119–120

Rubisco, see Ribulose 1,5-bisphosphate
carboxylase

RuBP, see Ribulose bisphosphate
Rushes, 184
Rust, 144, 236, 237
Ryegrass, perennial, see Perennial

ryegrass

S
S, see Sulfur
St. Augustinegrass, 49–50

deficit irrigation of, 177
diseases in, 188, 214, 241
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St. Augustinegrass (continued)
drought resistance of, 74, 77
evapotranspiration rate of, 156, 157,

283
excessive thatch in, 267
freezing injury in, 180
freezing resistance of, 86, 89, 90, 94–95
irrigation of, 177, 188
mowing height for, 196
plant growth regulators used with,

283
return of clippings and diseases in,

214
shade tolerance of, 121, 122
silicon application and disease reduc-

tion in, 241
Salicylic acid, 294
Salts, 174
Sand:

topdressing with, 270–271, 274
water holding capacity of, 166

Sandal aerifiers, 263
Sandy soils, compaction in, 249
Scalping, 202, 203
Seashore paspalum, 54

deficit irrigation of, 178
drought resistance of, 74
effect of shade on, 117
evapotranspiration rate of, 157
freezing resistance of, 86, 89, 90
shade and growth of, 114

Seaweed extract, 293
Sedges, 184
Seed stalks, 194
Sethoxydim, 278
Shade, 111–121

and carbohydrate depletion, 19
cultivation of turf in, 261
cultural practices affecting, 111
and fertilization, 233–234
genetic variability in tolerance for,

118–121
and growth of turfgrass, 111–116
and irrigation management, 183
light wavelengths received in, 11
in morning vs. afternoon, 114
mowing height for turf in, 208
perpetual, 114
and plant competition/allelopathy,

115–116
plant growth regulator use and toler-

ance of, 286–288
plant responses to, 116–117
and susceptibility to stresses/pests,

118
and turf microclimate, 115

Shoots, 195
aerification and growth of, 256

cool-season, air temperature for
growth of, 22

cool-season, relative growth patterns
for, 23

drought and growth of, 66
drought avoidance and changes in, 68
heat injury and density of, 98
irrigation frequency and growth of,

170–171
mowing and growth responses of,

195–198
mowing and longevity of, 194
and plant growth regulators, 277–280
rooting and growth of, 172
of shaded plants, 116, 117
soil compaction and growth of, 251
soil temperatures and growth of, 102,

103
warm-season, air temperature for

growth of, 41
warm-season, relative growth pat-

terns for, 41
water content of, 197

Silicon, 241
Silver crabgrass, 127
Smooth bromegrass, 89
Snow, protection by, 84, 85
Snow mold, 236, 237
Sod, trinexapac-ethyl-treated, 286
Sod-forming grasses. See also specific

grasses
mowing height and thatch accumula-

tion by, 207
mowing height and water require-

ments of, 205–206
nitrogen and encroachment of, 234
nitrogen and thatch formation with,

225
verticutters for, 269

Soils:
evapotranspiration and water content

of, 154–155
and extracellular freezing, 84
phosphorus in, 226–227
physical properties of, 249–251
and root growth, 60
water content of, 159–161
water depletion rate and type of,

166–167
water holding capacity of, 166

Soil compaction, 249–254
and hard pan formation, 259–260
for insect control, 262
and physical properties of soil,

249–251
and root growth, 253–254
and shoot growth, 251

and total nonstructural carbohydrates,
251, 254

and water use, 254
Soil slicer aerifiers, 256, 257
Soil temperature, 102–104
Solid tine aerifiers, 256–259
Soluble sugars, 87, 88, 206
Southern climate turfgrasses, 41–48. See

also specific grasses
bermudagrass, 41–44
buffalograss, 46–48
zoysiagrass, 44–46

Southern masked chaffers, 133–134
irrigation and peak flights of, 185
soil compaction and control of, 262

Split-root technique, 67
Spring dead spot, 146, 147

and acid-reacting fertilizers, 238
cultivation for control of, 264
and mowing height, 211, 213
and nitrogen, 237, 240

Starch, 5, 18, 87, 100
Statistics, interpretation of, x–xi
Stenotaphrum secondatum [Walt.] Kuntze,

see St. Augustinegrass
Stolons, 195, 197
Stoloniferous grasses. See also specific

grasses
freezing resistance of, 90
thatch development in, 264

Stomata, 4, 7, 13, 61–65
chemical signals controlling response

of, 67–68
drought and conductance of, 67
opening/closing of, 62–63
potassium and function of, 227
relative humidity in, 64
transpiration and density of, 65
wax formation over, 68

Storage carbohydrates, 18–20, 87, 197
Stresses:

environmental, see Environmental
stresses

mowing and tolerance of, 197
nitrogen application after, 222–223
related to cultural practices, see Cul-

tural practices
Stripe smut, combination fertilization

and, 240
Sucrose, 5, 18, 87, 100, 206
Sugar phosphate, 225
Sulfur (S), 218, 235, 238
Summer annual grasses, 128

cultural practices affecting, 127
and irrigation management, 184

Summer patch, 148–149
and acid-reacting fertilizers, 238
cultivation for control of, 264
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effects of nitrogen on, 240
irrigation and suppression of, 186, 188
and mowing height, 211, 213

Sunlight, 11, 111–113. See also Light
Supina bluegrass, freezing injury in, 85
Syringing, 181–183

T
Take-all patch, 149

and acid-reacting fertilizers, 238
effects of nitrogen on, 240
and managanese application, 241

Tall fescue, 29–32
aluminum sulfate and grubs in,

235–236
biostimulant use with, 293
brown patch in, 186
deficit irrigation of, 177, 178
diseases in, 188, 211–214, 237, 238, 241
drought resistance of, 68, 69, 71, 72,

74–76
estimating ET for, 164–165
evapotranspiration rate of, 156, 157,

283
freezing resistance of, 95–96
frequency of irrigation and quality of,

178
heat resistance of, 104
insects and irrigation of, 185
irrigation of, 171, 172, 177, 178, 185,

188
minimum light duration for, 114
mowing frequency for, 202
mowing height for, 196, 204, 208–209,

211–213
nitrogen and weed resistance of, 234
nitrogen level and diseases of, 237
organic fertilizers and diseases in, 238
plant growth regulators used with,

281, 283
potassium fertilization of, 230
return of clippings and diseases in,

213–214
rooting of, 171, 172, 281
shade tolerance of, 119, 120
silicon application and disease reduc-

tion in, 241
and soil compaction stress, 251, 252
soil drying and root hair development

in, 173
wilt-based irrigation for, 170

TDRs, see Time domain reflectometers
TE, see Trinexapac-ethyl
Temperature(s), 83–106

carbohydrate reserves and tolerance
ofto, 206

for cool-season grass shoot growth, 22

cultural practices affecting, 83
and evapotranspiration, 154
freezing stress, 84–96
heat stress, 97–106
optimal, 11, 83
and photorespiration, 7
and photosynthesis, 11–12
plant growth regulators and stresses

of, 285–286
potassium and stresses of, 227
and respiration, 17, 19
shade as moderator of, 115
thatch and stresses of, 264–266
for warm-season grass optimal

growth, 9
Tensiometers, 159
Thatch, 264–267

control treatments for, 269
mowing height and accumulation of,

207
nitrogen and accumulation of, 225
topdressing for reduction in, 272

Time domain reflectometers (TDRs),
160–161

TNCs, see Total nonstructural carbohy-
drates

Tolerance:
drought, 71–73
freezing, 86–89
heat, 207–208
shade, 118–122, 286–288
temperature, 206
wear, 223, 227–228

Topdressing(s), 270–274
and black layer formation, 271
compost-amended, 236
for thatch reduction, 272

Total nonstructural carbohydrates
(TNCs), 18, 100, 251, 253

Tradimefon, 280
Transition zone, 21–22
Transition zone turfgrasses, 41–48. See

also specific grasses
bermudagrass, 41–44
buffalograss, 46–48
zoysiagrass, 44–46

Transpiration, 61–65. See also
Evapotranspiration

definition of, 61
as heat avoidance mechanism,

103–104
physics of, 61–64
plant factors affecting, 64–65

Trinexapac-ethyl (TE), 277, 278, 280–289
Tropical climate turfgrasses, 49–55. See

also specific grasses
bahiagrass, 52–53
centipedegrass, 51–52

freezing resistance of, 94–95
St. Augustinegrass, 49–50
seashore paspalum, 54

Tungsten lights, 11
Turfgrasses, 21–54. See also specific

grasses
annual bluegrass, 24–25
bahiagrass, 52–53
bermudagrass, 41–44
buffalograss, 46–48
centipedegrass, 51–52
colonial bentgrass, 38–39
cool-season, 22–40
creeping bentgrass, 36–38
fine fescues, 32–33
perennial ryegrass, 33–36
roughstalk bluegrass, 27–28
St. Augustinegrass, 49–50
seashore paspalum, 54
for southern climates and transition

zone, 41–48
tall fescue, 29–32
for tropical climates only, 49–55
velvet bentgrass, 39–40
warm-season, 41–54
zones of adaptation for, 21–22
zoysiagrass, 44–46

U
Unstirred layer, 63
Urea, 236, 238

V
Vapor pressure gradient, 63–64

and evapotranspiration, 154
and mowing height, 203

Vascular system, 61
Velvet bentgrass, 39–40
Vertical mowing, 261–262, 266–270

combined with aerification, 264
groomers for, 266–268
power rakes for, 266–268, 270
and thatch depth, 269
verticutters for, 266–270

Verticutters, 266–270
Visible spectrum, 112

W
Warm-arid zone, 21, 22
Warm-humid zone, 21, 22
Warm-Season (C4) turfgrasses, 1, 41–54,

211–212. See also specific types
bahiagrass, 52–53
bermudagrass, 41–44
buffalograss, 46–48
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Warm-Season (C4) turfgrasses (continued)
carbohydrate response to nitrogen fer-

tilization in, 223
carboxylation in, 8
centipedegrass, 51–52
and CO2 concentration, 12
cool-season grasses vs., 1
cultivation and freezing stress in,

260–261
deficit irrigation of, 176
diseases in, 211–212
drought resistance of, 77–78
evapotranspiration rate of, 156–157
freezing resistance of, 89–95
freezing stress in, 260–261
heat stress resistance of, 106
irrigation of, 176
and light intensity, 9–11
mowing height for, 206–207
nitrogen fertilization of, 223, 231
nitrogen recommendations for, 221
optimal temperatures for, 11–12, 83
optimum PAR light intensity for, 113
photorespiration in, 9
photosynthesis in, 7–9
potassium fertilization of, 231
respiration in, 14–20
St. Augustinegrass, 49–50
seashore paspalum, 54
shade and winter injuries to, 118
shade tolerance of, 120–121
for southern climates and transition

zone, 41–48
stomata in, 62
temperature stressors for, 206–207
topdressing of, 274
for tropical climates only, 49–55
wear tolerance and nitrogen applica-

tion in, 223
zones of use for, 21

zoysiagrass, 44–46
Water. See also Irrigation; Transpiration

absorption of, 60–61
conservation of, 59, 203
lack of, see Drought
nitrogen and use of, 229
phosphorus contamination of, 227
and photosynthesis, 13
plant water balance, 60–65
preparing for restricted use of,

175–178
and respiration, 17

Water injector aerifiers, 256, 258, 259, 262
Water potentials, frequency of irrigation

and, 173
Water-soluble carbohydrates (WSCs), 18,

19
Water stress, 13. See also Drought
Water uptake, drought and interruption

of, 67
Wear tolerance:

and nitrogen application, 223
and potassium levels, 227–228

Weather stations, 163–166
Weeds:

and aerification, 261–262
broadleaf, 129–130
and cultural practices, 125
and irrigation management, 184
and mowing height, 208–210
and plant growth regulator use,

288–291
shade and competition with, 118
summer annual grasses, 127–128

White clover, 129–130, 235
Wilt-based irrigation, 170–175

and disease suppression, 186
and grub damage, 185
for shaded areas, 183

Wind:

and CO2 concentration, 13
and evapotranspiration, 154

Winter desiccation, 181
“Winterizers,” 231
WSCs, see Water-soluble carbohydrates

Y
Yellow foxtail, 128

Z
Zeatin, 292
Zeatin riboside, 293
Zinc (Zn), 228
Zones of adaptation, 21–22
Zoysiagrass, 44–46

deficit irrigation of, 177, 178
diseases in, 211, 213
drought resistance of, 72, 74, 77–78
effect of shade on, 117
estimating ET for, 165
evapotranspiration rate of, 156, 157
freezing resistance of, 90–93
freezing stress on, 285
frequency of irrigation and quality of,

178
irrigation and leaf tissues of, 173
irrigation and rooting of, 171
irrigation of, 177, 178
mowing height for, 196, 211, 213
nitrogen application for, 221, 224
and phosphorus application, 226
shade tolerance of, 122, 286–288
thatch removal with, 266
topdressing of, 273
trinexapac-ethyl use with, 285–288
vertical mowing of, 269
wilt-based irrigation of, 170–171

Zoysia spp., see Zoysiagrass
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