Acknowledgements

| would like to thank my advisor, Dr. Erik H. Ervin for his guidance
throughout this research and also with my professional development. | would
also like to thank my co-chair Dr. David J. Parrish for his dedication to my writing.
The other members of my committee also deserve thanks for their assistance
during this process. Dr. A. Ozzie Abaye, Dr. Boris Chevone, and Dr. Shawn
Askew all helped in significant ways.

The technicians at the Virginia Tech Turfgrass Research Center all
deserve thanks for plot mowing, chemical mixing, etc. They are: Dickie
Sheppard and Charlie McCoy. | am also appreciative of the help from Dr. Chao
Shang and Dr. Xunzhong Zhang who were of enormous assistance with fatty
acid and proline determination.

Jeffrey (Big N) and Kendall Beasley not only would work side by side with
me in the field, but they were also my temporary Blacksburg family—you guys
rock! (Which way does water run, Jeff?). | am grateful to Roque Lemus for his
friendship over the past three years and also his guidance with statistics. Also
thanks to Adrienne LaBranche for her friendship (gullibility) and assistance with
teaching.

| am also very appreciative to all members of my family for their love and
prayers throughout this process—I've got the best family in the world! | would

like to especially thank my parents, Dr. Vern and Jerilyn Munshaw for their



undying support, encouragement and assistance with this dissertation. Me and

who can do it together, Mom?



TABLE OF CONTENTS

ADSITACT. ... ii
ACKNOWIEAGEMENTS .. ..o iii
Table Of CONtENES. ... e %
LiSt Of TADIES ..o e Vi
LiSt Of FIQUIES ..ottt e e X
Chapter |. Review of Literature ............coooveeiiiiiiiiieci e, 1
INEFOAUCHION .. e 1
Bermudagrass and Winterkill ..............ccoooiiiiiiii e, 4
Cold Hardiness Mechanisms .............cooeiiiiiiiiiiiieiice e, 6
Membrane Lipid Unsaturation.............coooiiiiiiiiieeeeee, 6
Osmoregulants and Plant Cold Hardiness ...........cccoeevvvviciiieieeeeeeeees 8
Carbohydrate Influence on Cold Hardiness ............cccoevvvviicieeeeeen, 10
Acclimation to Winter Environments ... 11
Bermudagrass and Cold Tolerance ............oooouvvieiieeieiiieeiicce e 13
Seaweed Extract and Cold Hardiness ...........ccoovviieiiiiiiiiiiiieee e, 18
Late-season Nutrition and Cold Hardiness ............ccccccvveiiviiieieniinnninnnnns 20
NItrogen EffECES ......uuiiiiiiiiiiiiiiei 20
Potassium EffECtS .........uuuuiiiiiiiiiiiiiiiiiiiii 23
[rON EffECtS. ..o 24
Ethylene (Ethephon) and its Relation to Cold Hardiness ........................ 25
Literature Cited .......oooeieiie e 28

Chapter Il. Influence of Late-Season Iron, Nitrogen, and Seaweed Extract
on Fall Color Retention and Cold Tolerance of Four Bermudagrass

L0 11 7= TS 36
] (oo 11 o (o] o [ 36
Materials and Methods...........oooiiiiiiiiii e 38

Plant Material, Establishment, and Experimental Design................... 38
Fall Chemical Treatments .............uuuuiiiiiiiiiiiiiiiiiiiieees 39
Fall Quality and Spring Greenup...............eeeeeeeiiiiiiiiiiiiiiiiiees 40
Controlled Fre€zZing........cccooeieiieiiiieie e e 41
Total Lipid Extraction and Fatty Acid Quantification........................... 42
[ | IO o fo Tt (U 44
Proline Determination ............cooo i 45
Results @and DiSCUSSION.........coiiiiiiiiiiiiiiii e 46



Turfgrass Quality...........ooooiiiiiii 46

Controlled Fre€zZing.......ccccoeeiiiiiiiiicie et 53
Fatty ACIA ANAIYSIS.......uiiiiiiiiiiiiiiiiiiiiiii e 60
Proline Concentration ..................uueuueiiiiieiieiiiiiiiiiieeeeeeeeennaees 67
T o141 e [ €1 =TT o1 o SRR 72
SUMMAIY ...ttt e e e e e e e e et e e e e e e e e eeennaes 76
CONCIUSIONS ..o 79
Literature Cited ...........ueeeiiiiiiiiiiiiiiiiiiiiie e eneeenennnennnnnees 81
Chapter Il Effects of Late-Season Ethephon Applications on Bermudagrass
Senescence and Cold TOoleranCe..........cooveeeiiiiiiiiiee e 88
INEFOAUCHION .. 88
Materials and Methods...........oooiiiiiiiii e 89
Plant Material, Establishment, and Experimental Design................... 89
Fall Chemical Treatments .............uuuuuiiiiiiiiiiiiiiiiiiieeeees 90
Fall Quality and Spring Greenup...............eeeueeiieiiiiiiiiiiiiiiiiieens 91
Controlled Fre€zZing.......cccoceeiiiiiiiiieee e 91
Total Lipid Extraction and Fatty Acid Quantification........................... 93
[ | IO o {o Tt (U 94
Proline Determination ............coooiiiiiii i 96
Results @and DiSCUSSION.........ciii i 98
Turfgrass Quality..........oooooiiiiiii 98
Controlled Fre€Zing.......ccccoeeiiiiiiiieiee e 103
Fatty ACIA ANAIYSIS......uuiiiiiiiiiiiiiiiiiiiiiie it eeeeeeeeeeeeaeanaee 105
Proline Concentration ..................eeeueeieeiieiieiiiiiiiieieieiieeeeeeeeeeeeeeeenennnnes 107
o141 o [ €1 =TT o1 o SRR 114
SUMIMAIY ..ot e e e e ettt e e e e e e e e eeaa s e e e e aaeeennnes 118
(@7 0] o T3 U1 1] o 1< SR 120
Literature Cited ...........uuuiiiiiiiiiiiiiieiiiii i 122
CUITICUIUM VItBE ... 124

Vi



LIST OF TABLES

Chapter Il
Table 2.1. Bermudagrass cultivar sensitivity to cold temperatures ............. 39

Table 2.2. Analysis of variance for chemical treatment and cultivar effects

on bermudagrass visual quality (2001 & 2002)............uuvuummmmmmmmeiiiiniiiiieinennns 48
Table 2.3. Year x observation date interaction for visual quality across
cultivars and chemical treatments (2001 & 2002). ........coovvvviiieeeeeeieeeeeiinn, 48
Table 2.4. Breakout of observation date x cultivar interaction for visual
quality across all chemical treatments (2001 & 2002).........ccccoiiiiiiiiiiiiinnnns 50
Table 2.5. Breakout of observation date x fall chemical treatment

interaction for visual quality across all cultivars (2001 & 2002).................... 52
Table 2.6. Analysis of variance for post-freeze regrowth .............ccccueeeeee.. 54

Table 2.7. Breakout of the sampling date x temperature x cultivar
interaction for post-freeze regrowth of bermudagrass stolons across all
chemical treatments. ....... ... 55

Table 2.8. LSD comparisons for cultivars and temperatures across all
dates in Table 2.7 ... e 56

Table 2.9. Breakout of sampling date x cultivar x fall chemical
treatment interaction for post-freeze regrowth of bermudagrass stolons
across all tempPeratures. ..........oooouuii i 58

Table 2.10. LSD comparisons for cultivars and chemical treatments
across alldates in Table 2.9 ... 59

Table 2.11. Summary of the absolute amounts of the four major fatty acids
in total polar lipids of untreated (control) Midiron, Riviera, Tifway, and
Princess at all sampling dates. ... 61

Table 2.12. Analysis of variance table for fraction of linolenic acid to
L0 £= 1IN oTo] F= Tl 110 (o LS 62

Table 2.13. Breakout of year x sampling date x cultivar interaction for
percent linolenic acid across chemical treatments...............cccccoieinnil. 63

Vi



Table 2.14. Analysis of variance table for fraction of linolenic acid to
total polar lipids during the second year of the study (2002-03)................... 65

Table 2.15. Sampling date and cultivar main effects for percentage of
linolenic acid to total polar lipids during the second year of the study
24002 X T 66
Table 2.16. Analysis of variance table for proline concentration................. 67
Table 2.17. Breakout of sampling date x chemical treatment x cultivar

interaction for proline concentration in the first year of the study (2001-

Table 2.18. Breakout of sampling date x chemical treatment x cultivar
interaction for proline concentration in the second year of the study (2002-

7200 R 68
Table 2.19. Analysis of variance table for proline concentration

during the second year of the study (2002/3)............uuuumiiiiiiiiiiiiiiiiiiiiiiiiieees 71
Table 2.20. Sampling date x cultivar x chemical treatment interaction for
proline concentration during the second year of the study........................... 71
Table 2.21. Analysis of variance table for spring greenup ............cc..ouueee.... 73

Table 2.22. Breakout of year x date x cultivar interaction for spring
(o L=T=T 01U o PRSP 73

Table 2.23. Breakout of year x chemical treatment interaction for spring
greenup across all CUItIVArs. .........coooiiiii i 75

Table 2.24. Breakout of cultivar x chemical treatment interaction for
spring greenup across all observation dates and both years. ...................... 76

Chapter lll

Table 3.1. Analysis of variance for chemical treatment, ethephon
treatment, and_cultivar effects on bermudagrass visual quality (2001 &
1220022 T 99

Table 3.2. Breakout of year x observation date x cultivar x ethephon
treatment interaction for visual quality across all chemical treatments
02400 < 2 00 2 R 100

Table 3.3. LSD comparison for cultivars and ethephon treatments over
all dates iN Table 3.2.... ... nnnnnnnne 101

viii



Table 3.4. Analysis of variance for post-freeze regrowth (2001, 2002,
LS 0 X 3 TR PRRSTPRI 104

Table 3.5. Breakout of sampling date x cultivar x ethephon interaction
for post-freeze regrowth across all temperatures..........ccccoovvviiiiiciienneeen. 105

Table 3.6. Analysis of variance for ratio of linolenic acid to total polar
lipids in fall and winter (2001-2003). .....cccooiiiiiiceeee e 106

Table 3.7. Breakout of cultivar x ethephon interaction for percent linolenic
acid across fall chemical treatments. .............oceiiiiii i, 107

Table 3.8. Analysis of variance for ratio of linolenic acid to total polar lipids
during the second year of the study. ..........ooovviiiiiiiiiiiii 108

Table 3.9. Analysis of variance for proline concentration during fall and
winter (2001-2003). .....cccoeiiieeeeee e 109

Table 3.10. Breakout of year x sampling date x cultivar x ethephon
interaction for proline concentration. Data are averaged over fall chemical
treatmMENtS. ... 110

Table 3.11. Breakout of year x sampling date x chemical treatment x
ethephon interaction for proline concentration .............cccccccceeeiieiiiiiiiiiininnen. 112

Table 3.12. Analysis of variance for proline concentration during the
second year Of the STUAY. ...........uuiiiiiiiii e 113

Table 3.13. Breakout of sampling date x cultivar x ethephon interaction
for proline concentration during the second year of the study. Data are
averaged across fall chemical treatments. ..., 114
Table 3.14. Analysis of variance for spring greenup. .........cccceeeeeviiiiineeeennn. 115

Table 3.15. Year x date x cultivar x ethephon interaction on spring
greenup across all chemical treatments............cccooooiiiiiiiicii, 116

Table 3.16  LSD comparison for cultivars and ethephon treatments over
alldatesin Table 3.15. ... 117



LIST OF FIGURES

Chapter Il

Figure 2.1. Daily mean temperature data (September-May 2001-2003)..... 47

Chapter lll

Figure 3.1 Daily mean temperature data (September-May 2001-2003......... 102



