T. Aamlid
D. Aldous
S, Askew
C. Bigelow
D. Bowman
D. Bremer
L. Brillman
J. Brosnan
R. Brown
M. Carroll

D.Li

VOLUME 12

2013

Editor-in-chief

M. Fidanza
Assistant Editors
D. Loch J. Murphy
Associate Editors
J.C. Chong P. Johnson
M. DaCosta K. Jordan
1.S. Ebdon J. Kaminski
E. Ervin K. Kopp
S. Hejduk S. Kostka
J. Henderson C. Lambrides
G. Henry H. Liu
B. Horgan R. Mann
I. Inguagiato J.S. McElroy
Y, Jiang D, Minner

RESEARCH PAPERS PRESENTED AT THE

INTERNATIONAL TURFGRASS SOCIETY
RESEARCH JOUNRAL

N. Mitkowski
C. Peacock
B. Schwartz
D. Soldat

M. VYolterrani
Z. Wang

S. Warnke

H. Wetzel

R.C. Williamson

12" INTERNATIONAL TURFGRASS RESEARCH CONFERENCE,

BELJING, CHINA, 14-19 JULY 2013



Note

All papers published in this volume of the Research Journal of the International Turfgrass
Society have been refereed (peer-reviewed) and have been subject to editing to achieve uniformity of
layout and reasonable consistency in nomenclature and units as established by the Board of Directors of
the International Turfgrass Society.

Papers in the Journal are published without liability for any loss or damage suffered as a result of
their application or use. Occasional references in this publication to trade names and proprietary
products are inevitable, but such references are not to be constructed as constituting an endorsement of
the named products, nor is any criticism implied of similar products which are not mentioned. The
points of view expressed in the papers are those of the authors and do not necessarily reflect the views of
the International Turfgrass Society.

Copyright © 2013 by International Turfgrass Society
All rights reserved. No part of this publication may be reproduced in any form without the prior
permission of the International Turfgrass Society.

ISSN 1817-0641
Key title: International Turfgrass Society research journal
Abreviated key title: Int. Turfgrass Soc. res. j.

Printed by OMNIPRESS
2600 Anderson Street
Madison, WI 53704
1-800-828-0305
wwiv.omnipress.com



The editors gratefully acknowledge the following scientists who served as reviewers for the papers in

this volume:

Aamlid, T.
Aldous, D.
Askew, S,
Baldwin, C.
Bell, G.
Bigelow, C.
Bowman, D.
Bremer, D.
Brillman, L.
Brosnan, J.
Brown, R.
Carroli, M
Carrow, IR,
Chandra, A.
Chong, J.C.
Christians, N,
Cisar, .
DaCosta, M.
Danneberger, K.
Dempsey, J.
Dernoeden, P,
Ebdon, J.S.
Elmore, M.
Ervin, E.
Fidanza, M.
Flessner, M.
Frank, K.

Friell, I.

Fry, J.
Gaussoin, R,
Geurtal, E.
Golembiewski, R,
Guillard, K.
Harris-Shultz, K.
Hejduk, S.
Henderson, J.
Henry, G.
Horgan, B,
Horvath, B,
Hoyle, J.
Huang, B.
Hull, R,
Huyghe, C.
Inguagiato, J.
Jiang, Y.
Johnson, P.
Jordan, K.
Kaminski, J.
Karcher, D.
Keeley, S.
Kerns, J.
Kopec, D.
Kopp, K.
Kostka, S.

Kruse, I.
Lambrides, C.
Landschoot, P.
Lehman, V,
Lewis, J.
Slavens, M.
Li, D,

Li, Z.

Linde, D,

Liu, H.

Loch, D.
Lulli, F,
Lyons, E.
Magni, S.
Mann, R.
Martin, D.
Martin, S.B.
Massey, J.
McCarty, L.

McCullough, P.

McCurdy, J.
McElroy, S.
Menchyk, N.

Milla-Lewis, S.

Minner, D.
Mitkowski, N.
Moss, I.

Munshaw, G.
Murphy, I.
Nikolopoulou, A.
Park, D.
Patton, A.
Peacock, C.
Poulter, R.
Qian, Y.
Reicher, Z.
Reynolds, C.
Rowland, J.
Schwartz, B.
Snyder, G.
Soldat, D.
Sorochan, J.
Totten, W.
Trappe, J.
Volterrani, M.
Unruh, B.
Wang, Z.
Warnke, S.
Watkins, E.
Wetzel, H.
Wherley, B.
Williamson, R.C.
Wong, F.
Zhang, X.



INTERNATIONAL TURFGRASS SOCIETY

Board of Direetors, 2009 - 2013

President Yiece-President Treasurer Seeretary Historian Past-President President-Elect
Licbao Han  Richard Gibbs John Cisar James Murphy Stephen Baker Carol Muller-Turina Bruce Clarke
China New Zealand USA USA UK Chile USA

Officers, 2009 - 2013

Australia: Don Loch Austria; Alexander Richter Canada: Tom Hsiang

China: He Zhou China: Zhaolong Wang France: Remy Dorbean
Germany: Wolfgang Pracmassing Greeee: Panayiolis Neklarios Ttaly: Simone Magni

Japan: Shoichi Kimura New Zealand: Richard Gibbs Norway: Trygve Aamlid
Sweden: Maria Strandberg Switzerland: Otto Weilenmann United Kingdom: lain James
USA: James Murphy USA: Karl Danneberger

Editor-in-chief: Michael Fidanza (USA) Newsletter: Nathan Walker (USA) Websile: Tom Hsiang (Canada)

www.turfsocicty.com

International Turfgrass International Published Published
Research Couference, Turfgrass Society, Research  Technical
Year Location President Proceedings/Journal Editor-in-chief  Papers’  Abstractst
1969 Harrogate, England, UK James B, Beard Proceedings of the First LR. Escritt 99 --
Intemnational Turlgrass
Research Conference
1973 Blacksburg, Virginia, USA  Richard R. Davis Proceedings of the Second  Eliot C. Roberts 71 10

International Turfgrass
Research Conference

1977 Munich, West Germany P. Boeker Praceedings of the Third Jamnes B, Beard 59 --
International Turfgrass
Researeh Conference

1981 Guelph, Ontaric, Canada C.W. Switzer Proceedings of the Fourth ~ R.W. Sheard 62 13
International Turfgrass
Research Conterence

1985 Avignon, France P. Mansat Proceedings of the Fifth Franeis Lemaire R4 10
Iniernational Turfgrass
Research Confergnce

1989 Tckyo, Japan Y. Maki Proceedings of the Sixth Hiroshi Takaloh 98 -

International Turfgrass
Research Conlerence

1993 Palm Beach, FL, USA James Watson International Turfgrass R.N. Carrow 149 -

Society Researeh Journal, N.E. Christians
_ _ _ __Volune 7 _ R.C Shearmanr

1997  Sydnoey, Australia Peler McMaugh International Turfgrass P.M. Madin 144 23
Society Research Journal, A.E. Baumann
Volune 8

2001 Toronto, Ontario, Canada  Pam Charbonneau International Turfgrass Ken Carey 163 --
Sociely Research Journal,
Volune 9

2005 Llandudno, Wales, UK William Adams International Turlgrass Danie! Thorogood 175 53

Soeiely Research Journal, J.A. Lovatt
Volume 10

2009 Santiago, Chile Cacol Muller-Turina  International Turlgrass Gwen Stahnke 111 27
Soeiety Research Journal,
Volume 1¢

2013 Beijing, China Licbao Han International Turfgrass Michael Fidanza 123 --

Soeiety Research Journal,
Volume 12
TRefereed/peer-reviewed research papers, review papers, issue papers, case studies and short communications published and prescnted
during the conference.
eehmical ahstracts published and presented during the conference.




Table of Contents
SECTION 1

CONSERVATION AND ENVIRONMENTAL QUALITY

A REVIEW OF DIGITARIA DIDACTYLA WILLD,, A LOW-INPUT WARM-SEASON TURFGRASS IN
AUSTRALIA: BIOLOGY, ADAPTATION AND MANAGEMENT

Donald S. Loch, Peter McMaugh and Walter J. SCAHDL ........cococceineereiniiiiniiinnnesisiesinmsesisississianssssssessesesesseseasnsssecissss

NITROGEN AND PHOSPHORUS IN NATURAL RAINFALL RUNOFF FROM A BERMUDAGRASS
GOLEF COURSE FAIRWAY OVER A 5-YEAR PERIOD

Gregory E. Bell, Justin Q. Moss and Kyungjoon Kol s

LAWN-WATERING PERCEPTIONS AND BEHAVIORS OF RESIDENTIAL HOMEQOWNERS IN

THREE KANSAS (USA) CITIES; IMPLICATIONS FOR WATER QUANTITY AND QUALITY

Dale ], Bremer, Steven J. Keeley, Abigail Jager and Jack D. Fry ...

DIFFERENT NITROGEN MANAGEMENT REGIMES AFFECT NITROUS OXIDE EMISSIONS
AMONG ONE COOL-SEASON AND TWO WARM-SEASON TURFGRASSES

Jason D, Lewls aid Dale J. BIOINET ... cvocveri it rereieets st ese e seesrsrsses st s tse st easesss s sassabestssbabessesasons seentansssassesrinsessernanssnsnsussnsssens

IDENTIFYING HIGH RISK AREAS OF N LEACHING IN THE SALT LAKE VALLEY, UTAH, USA

Hongyan Sun and Kelly KOPP ....ovoeiiiecee s ssen sttt st s e es s st et s ebsaseas e s vetason s sios

INFLUENCE OF SPRAY VOLUME, POST-APPLICATION IRRIGATION AND CANOPY HEIGHT ON
THE PERSISTENCE AND DISTRIBUTION OF PRODIAMINE RESIDUES FOLLOWING
APPLICATION TO A TALL FESCUE LAWN

Richard J. Cooper, Damian Shea, Charles H. Peacock, Grady L. Miller and Christopher V. John ..o

EVALUATION OF SIX SUBSURFACE DRIP IRRIGATION CONFIGURATIONS FOR TURFGRASS IN
THE MIDWESTERN USA

Brad T. Debels and Douglas J. SOIAL .........coveieeimeiriiieierisisrse st sesestesessssstssst s srs s essassssssrste ssussesessssanssssesessssesasnsnens

SECTION 2
DISEASES (PLANT PATHOLOGY)

FUNGICIDES FOR TURF DISEASE CONTROL

RICTIATA LLAKIN .....covcveceeiieesireieeiesinsseoriestestasssessnsvme s s rabestis b sbd s d e st aesms 1ot s 1E a2 e T eR T e vbasbananssnms sueontanrasasenbestitontantsans ssnssnessesausatnssnneras

EVALUATION OF FREEZING TOLERANCE AND SUSCEPTIBILITY TO MICRODOCHIUM NIVALE
OF VELVET BENTGRASS CULTIVARS IN CONTROLLED ENVIRONMENTS

Ame Tronsmo, Tatslana Espevig, Linda Hjeljord and Trygve S. Aamlid......cocivviuiiiiicrcrmnereneenenittesecresressesscsennens

GENOTYPE-BASED VARIATION IN INDUCED SYSTEMIC RESISTANCE ACTIVATED BY THE
VOLATILE ORGANIC COMPOUND, (2R 3R)-BUTANEDIOL IN AGROSTIS SPECIES
J. Tung, P.H. Goodwin and T, Hslang.... e b et et e n et

THE EFFECT OF COMBINATION DEW REMOVAL AND CURATIVE FUNGICIDE TREATMENTS ON
DOLLAR SPOT DISEASE OF CREEPING BENTGRASS

Kenneth L. Cropper and David W. WIANIS.........c.co ittt s st sbaeasrere e trase s snet s e ameas

ix

15

.23

31

39

47

53

61

69

..81

a1



IMPACT OF SPRING AND FALL FUNGICIDE TIMINGS ON THE DEVELOPMENT OF TYPHULA
BLIGHT ANDDOLLAR SPOT ON GOLF COURSE TURFGRASS
Paul L, Koch and JAmES P, KEIMS .uvveveeereeiseiseicessivsssseassseesesssensessesassesesssasnsessssenssassasoseason

A QUALITATIVE ASSAY FOR IN VITRO DETECTION FOR POTENTIAL PROPICONAZOLE FIELD
RESISTANCE IN ISOLATES OF THE DOLLAR SPOT FUNGUS SCLEROTINIA HOMOEOCARPA

James T. Popko, Jr., Chang-Ho Ok, Katle Campbell-Nelson, Jon Hulvey and Geunhwa JUNg .........ccoovccerecmmnnniecssniecnens

DIFFERENCES IN THE TIMING AND MECHANISMS OF THE INFECTION PROCESSES OF
MICRODOCHIUM NIVALE AND MICRODOCHIUM MAJUS ON WHEAT (TRITICUM AESTIVUM) AND
KENTUCKY BLUEGRASS (POA PRATENSIS)

L.E. Jewell and T. Hslang....

RESPONSE OF SEASHORE PASPALUM GENOTYPES TO DOLLAR SPOT DISEASE

N.C. Flor, P. Munoz, P. Harmon and K. KenWorthy ... ettt sessessissssssssseasssssens

TOPDRESSING SAND PARTICLE SHAPE AND INCORPORATION EFFECTS ON ANTHRACNOSE
SEVERITY OF AN ANNUAL BLUEGRASS PUTTING GREEN

John C. Inguagiato, James A. Murphy and Bruce B. Clarke ..ottt sensrssr s s ses st st sasasseas

SECTION 3

ESTABLISHMENT AND MAINTENANCE

A REVIEW OF THE BIOLOGY, ADAPTATION AND MANAGEMENT OF DACTYLOCTENIUM
AUSTRALE STEUD. (DURBANGRASS) AS A TURFGRASS WITH PARTICULAR REFERENCE TO
AUSTRALIA

David E. Aldous and Donald S. LOCK ...ttt sesiaeicse s rentsasabsesssnessssssstant srnatsssssssssrssntonsssnsssstassssnessssssscsssres

EFFECT OF SHOOT DENSITY ON THE RECUPERATIVE POTENTIAL OF CREEPING BENTGRASS
CULTIVARS

Marcus A. Jones and NICK E. CRISHIANS..........ooeveciirmiririsiie s iisresaetesis e sestassatesserenssrenrstass reasssensassssssssressnssansisastsnsessensasvars sos

CORE AERATION PROGRAMS AND SAND TOPDRESSING IMPROVE CREEPING BENTGRASS
FAIRWAYS

Matthew T. Klingenberg, Deylng L1, Nick E. Christlans and Chiristopher J. BIUME .....occovvreecsinmer s

INVESTIGATING LIGHTWEIGHT ROLLING THRESHOLDS FOR PUTTING GREEN QUALITY AND
PERFORMANCE

Paul R. Giordano, Colin Johnson, ]acob S, Richards, Mlchael D, Richardson, Douglas E. Karcher and

Thomas A. Nikolai...

TRINEXAPAC-ETHYL AND OVERSEEDING EFFECTS ON SHEAR STRENGTH OF FOUR

BERMUDAGRASS CULTIVARS GROWN ON SAND-BASED SYSTEM

MlIchael T. Deaton and Davld W. Wllliams...

BIOSTIMULANTS AND MYCORRHIZAS DO NOT INCREASE POA PRATENSIS ESTABLISHMENT
ON A SAND-BASED ROOTZONE

RM. G085 ANG R.E. GAUSSOIIL «.....ciciiiviivimniniiiieirisresiens e iiississsivntvabesssasssstsrssssnsnsetsss tasinsiarssnssssssiissstossssasissostiostorsessnstasianssasras

ZOYSIAGRASS CULTIVAR RESPONSES UNDER A LINEAR GRADIENT IRRIGATION SYSTEM

JIng Zhang, J. Bryan Unruh and Kevin E. Kenworthy ... s

SALTGRASS GERMINATION RESPONSES TO SALINITY WITH DIFFERENT SEED TREATMENTS

Kory Nickell and Yaling Qian...

91

103

w1

119

127

135

143

151

. 107

... 163

169

179

.. 187



EVALUATION OF TURF REINFORCEMENT MATS FOR ESTABLISHMENT OF BUFFALOGRASS
AND ZOYSIAGRASS FROM VEGETATIVE PLUGS
AL, GOldShY AN LI FIY ottt ettt sr b aa s b bbb a4 b s bbbt 193

BERMUDAGRASS GROWTH REGULATION WITH FLUCARBAZONE
J. Scott McElroy, Michael L. Flessner and Tim R, MUIPhY ..o e snssens 197

SPRIG ESTABLISHMENT RATE VARIES AMONG ZOYSIAGRASS SPECIES AND CULTIVARS
Richard J. Cooper, Grady L. Miller, Charles H. Peacock and Jason Hinton ...........ceconniccecinnncnnmiiccnineveneeenesennneennes 201

PHOSPHORUS AND NITROGEN RATE EFFECTS FOR TURFGRASS SOD ESTABLISHED ON A
PHOSPHORUS DEFICIENT SOIL
Sang-Kook Lee, Kevin W. Frank, James Crum and Darryl Warncke ... msiscnisissnen s 207

BERMUDAGRASS SURFACE HARDNESS VARIES WITH CULTIVAR
Gregg C. Munshaw, H, Wayne Philley, Barry R. Stewart, D. Wayne Wells and ].S. Beasley........ccccoiviininninccniceninann, 217

INFLUENCE OF SAND TOPDRESSING ON THATCH DECOMPOSITION OF TWO BERMUDAGRASS
SPECIES
Jeffrey S. Beasley, Gregg C. Munshaw, Ron E. Strahan and Kathryn Fontenot ..., 223

IMPROVING PERENNIAL RYEGRASS OVERSEEDING IN ‘PATRIOT' BERMUDAGRASS USING
CULTURAL AND CHEMICAL TREATMENTS
M.C. Cox, T.L. Mittlesteadt and S.D. ASKEW .....cvvvirriiicisieeis i st ssre s ssesr e s ssssses et shssssersssontssssbestosserentsssnsnesnsstnansan 231

EFFECT OF SEEDING DATE, GROWING DEGREE DAYS AND SEED COATING ON TURFGRASS
ESTABLISHMENT IN THE NORTHERN GREAT PLAINS
Qi Zhang, Sheng Wang, Alan Zuk and Kevin RUB......oiiimicricenencinse et sest s smssas s sessiebinsssess bt osssesesesesenes 60 1

A COMPARISON OF TURFGRASSES FOR CEMETERIES AND OTHER LOW-INPUT AREAS
W. B. Askew, ]. M. Goatley, Jr., S. D. Askew, K. L. Hensler and D. R, McKissack........covmvieneimconcnmnien, 245

SEASHORE PASPALUM GREEN ESTABLISHMENT AFFECTED BY SPRIG RATES, NITROGEN
SOURCES AND RATES
Stiglbauer J.B., H. Liu, L.B. McCarty, D.M. Park and J.E. TOIET ......ccoerviivienminirinrmseisssemiesmseosesesssssmssssessssssessssesnensss 291

WINTER CULTURAL PRACTICES AND SHADE IMPACTS ON ‘TIFEAGLE’ BERMUDAGRASS
SPRING GREEN-UP
C.M. Baldwin, H. Liy, L.B. McCarty, H. Luo and J.E. TOLeT......ccccomimiimiininiinninincsiississssesissssssssesssssssssisssessss 201

SECTION 4

GENETICS AND BREEDING

ECOTUREF - A CASE STUDY ON GENETIC VARIATION AND AGRONOMIC POTENTIAL OF
BERMUDAGRASS (C¥NODON SPP.) GERMPLASM COLLECTED FROM AUSTRALIAN

BIODIVERSITY

Christopher ], Lambrides, Yi Zhou, Shu Fukal, Margaret Jewell, Don Loch, lan Godwin, Tim Holton, David innes,

Celine Frére, Wayne Hanna, Changrong Ye, Thinh Van Tran, The Ngo, Thu Le, Ninh Cao, Halder Al Dabbagh,

Chris O’Brien, Matt Roche, Garry Fullelove, Emma Ballard, Ryan Kearns, Will Pearce, Andrew Hacker, Meena

Puachuay, Max Shelton, Scott Dalzell, Bill Anderson, Karen Harels-Shultz and Julia Cremer ... vceeerernicereerroennsensrrrarenns 263

MOLECULAR MARKERS ENABLE THE IDENTIFICATION OF CONTAMINANTS IN PRODUCTION

FIELDS OF ‘CAPTIVA’ ST. AUGUSTINEGRASS
Jennifer A, Kimball, M. Carolina Zuleta, Kevin E. Kenworthy, Huanjung Lu and Susana R. MIHa-Lewis ......c.ccocreiinnns 267

xi



BREEDING AND DEVELOPMENT OF ‘ALEXA II,' ‘BLUECHIP PLUS,’ 'FRONT PAGE,’ ‘GINNEY 11,
AND ‘NUBLUE PLUS’ KENTUCKY BLUEGRASS (POA PRATENSIS L)
A. Douglas Brede... e Lot L4 b e e bt s R et Rt e kSt ER b e E R s R e e ket et tb ek ent e pmstsnaene g g eene S0 D

GENETIC ANALYSIS OF A ST. AUGUSTINEGRASS GERMPLASM COLLECTION USING AFLP

MARKERS

Steven E. Mulkey, M. Carolina Zuleta, George A. Van Esbroeck, Huangjun Lu, Kevin E. Kenworthy and Susana R.
IVLIA-LLBAVES 11.vceosecseiscet et et enese eyt er st ae s eg et s bbb e r S e bR bbb s b RS b bR p e R b e ettt srarrs 281

SELECTION OF MUTANTS IN CENTIPEDEGRASS WITH DWARFISM AND INCREASED STRESS
RESISTANCE INDUCED BY GAMMA-RAY RADIATION
S.Lu, Y. Fan, B, Xing, Y. Chen and Z, GUO ......uv.cceeieivrivereseiermiareseivarnsssiesessvaersaers sisstansssrsssssstasesssmssasetssessosssanasssesssissastraes 293

SSR/CISP MARKER ANALYSIS FOR GENETIC RELATIONSHIPS OF ZOYSIA CULTIVARS AND
EXPERIMENTAIL GENOTYPES
Loreto Araneda, Jeonghwa Lee, Zhenbang Chen, Paul Raymer and Geunhwa JUng ... 299

EVALUATION OF CHINESE AND KYRGYZSTAN GRASS GERMPLASM COLILECTIONS FOR
MAINTENANCE OF GREEN COVER UNDER LIMITED IRRIGATION IN WESTERN NORTH

AMERICA

Paul G. Johnson, Douglas A. Johnson and Kevin J. COMNOTS........ccceiiiimimescinisin s sessssssesssessssenssssesesssasssseserssssens 909

INFLUENCE OF SOLAR RADIATION AND PHOTOPERIOD ON FLOWER INITIATION OF
SEASHORE PASPALUM (PASPALUM VAGINATUM SW.)
Na Wang, Hazel Y. Wetzstein, Brian M. Scbwariz and Paul L. RAYMET ... s 319

CREATION OF ARTIFICIAL TRIPLOID AND TETRAPLOID CENTIPEDEGRASS USING

COLCHICINE AND BREEDING

Brian M. Schwartz, Karen R. Harris-Shultz, Ryan N. Contreras, Christian S. Hans, Wayne W. Hanna and Susana R.
Mila-Lewis .. DO PP TO PO ST PO SO POPUPT PP VRTPPPORPOIS Y. |
PHENOTYPIC SELECTION FOR WINTER SURVIVABILITY AND MOLECULAR

CHARACTERIZATION IN TURF BERMUDAGRASS POPULATIONS
Yanqi Wu, Tim Samuels, Chengcheng Tan, Justin Q. Moss, Dennis Martin, Yuanwen Guo and Laxman Adhikari............. 335

SECTION 5

INFORMATION TECHNOLOGY AND EDUCATION

A CASE STUDY ON THE HISTORICAL PERSPECTIVE OF ESTABLISHING TURFGRASS ON
PUBLIC SCHOOL GROUNDS IN JAPAN
Kenichiro Fujisaki and Michael FIGANZA ... et ssesicsiisarsessisssersssss st imvasssesssssarsresssssssmaerssossssss onrs 34

SECTION 6

PESTS (INSECTS AND NEMATODES)

MANAGING EXCESSIVE EARTHWORM CASTING ON GOLF COURSES AND SPORT FIELDS
D.A. Potter, C.T. Redmond and D.W. WHIHAMS .. ...c.cvn ittt ccsrisssnn e ssssr s emssesssrnsssessessssnrsssssssssesasssssssssssasssses S

LANCE NEMATODE EFFECTS ON ROOTING OF TWO ST. AUGUSTINEGRASS CULTIVARS

Kenneth H. Quesenberry Kevin E. Kenworthy Willlam T. Crow, Phl]lpF Harmon, Huanglnn Lu and Susana
Milla-Lewis .. O S ISP s e PP RORUOTUIOIOR. 1)

Xii



TIMING OF NEMATICIDE APPLICATIONS ON TURFGRASS TO REDUCE DAMAGE CAUSED BY
BELONLAIMUS LONGICAUDATUS

P. C. Mc Groary, W. T. Crow, R. M. GiblIn-Davis and R McSOrley ........cccccccunirmeimeinensinssmsie s s esrerssssssssssersesies

RESIDUAL ACTIVITY OF CHLORANTRANILIPROLE AND OTHER TURFGRASS INSECTICIDES
AGAINST BLACK CUTWORM (LEPIDOPTERA: NOCTUIDAE)

R.C. Williamson, P.J, LIeSCI and G.R. DDEAI .....c..cciiceririereeisrint st ersessemstseestsresssesssensnsssassssessssssstessssssssssssssns sesss seasssesseses

SECTION 7

PHYSIOLOGY AND STRESS PHYSIOLOGY

RESEARCH ADVANCES IN DROUGHT RESISTANCE MECHANISMS OF TURFGRASS SPECIES

Emily Merewitz and BiNgIu HUAIE ........ocvoceieimieiirinc it ese e sess et sse e s easssnssstre s ren s st snsenesassssnsasseseseansan

DROUGHT RESISTANCE OF WARM-SEASON PUTTING GREEN CULTIVARS ESTABLISHED FROM
SOD ON NATIVE SAND

J.H. Rowland, J.L. Cisar, G.H. Snydez, J.B. Sartain, A.L. Wright and J.E. ErlcKSOR ..o e vee s

AESTHETIC AND PHYSIOLOGICAL CHARACTERISTICS OF 42 BERMUDAGRASS CULTIVARS
GROWN IN THE TRANSITION ZONE

Christan M. Baldwin and Halho Lill.........cceveriieiiiin oo inisiressseneissisesessersssssstosssssesessesussasssostesse sasssos vsasssssiatossesanessnens

EVAPOTRANSPIRATION AND PERFORMANCE AMONG TURFGRASS AND ORNAMENTAL
LANDSCAPE SPECIES IN RESPONSE TO IRRIGATION DEFICIT

J.C. Domenghini, D.]. Bremer, L.D. Fry and G.L. DaVIS....c..ccccivimininiiniii st esesisssiesesesssinseserssssatsnenssssns

DROUGHT STRESS RESPONSE OF EIGHT BERMUDAGRASS CULTIVARS

James M. Rutledge, Charles H. Peacock and Richard J. COOPET.......c.coiiimiinminieninii s saens

ANTIOXIDANT ENZYME RESPONSES OF PERENNIAL RYEGRASS ACCESSIONS DURING COLD
ACCLIMATION

D. Sarkar, P, C. Bhowmik, M. DaCosta, K. Shetty and E. WatKIUS ........ccceriiiiieeninre s

FOLIAR AMINO ACID-BASED FERTILIZER IMPACT ON CREEPING BENTGRASS DROUGHT
RESISTANCE

Xunzhong Zhang, Paul Summer and Erik H. ETVIN.....oooimimimie e et rsssn s eromsansnes

ANTIOXIDANT ENZYME AND PHOTOSYNTHESIS RESPONSES TO COLD ACCLIMATION IN TWO
ZOYSIAGRASS CULTIVARS

Xunzhong Zhang and E. H. Ervin and RE. SCRIMIGL.......ccerieierieneinrieiecneen et neeeese e sessrsnssstes s snessssssasns

MEMBRANE LIPID COMPOSITION AND DROUGHT TOLERANCE IN BERMUDAGRASS

Kemin Su, Justin . Moss, Guolong Zhang, Yanqgi Wu and Dennis L. Marti.........cveeicmmiesssonee

PHYSIOLOGICAL FACTORS AND ANTIOXIDANT ENZYME ACTIVITIES ASSOCIATED WITH
INTERSPECIFIC VARIATION IN SALINITY TOLERANCE OF COOL-SEASON TURFGRASS
SPECIES

Mahalaxmi Veerasamy and Bingru HUBNE. ..o st sens s ses

PHYSIOLOGICAL TRAITS AND GENETIC VARIATIONS ASSOCIATED WITH DROUGHT AND
HEAT TOLERANCE IN CREEPING BENTGRASS

David Jespersen, William Meyer and BINru HUANE. ...ttt sers s seseseeensaseassessreessieeeaseses

TALL FESCUE PERFORMANCE AND PROTEIN ALTERATION DURING DROUGHT STRESS

Xiaowel Pan, Justin (}. Moss, Yangi Wu, Niels O, Maness and Kemin Su..........oocreccimeneceneesenessesne s sesses

xiii

363

369

375

383

391

405

415

419

429

437

445

453

459

465



ORGANIC ACID CHANGES IN BERMUDAGRASS ROOT EXUDATES UNDER ALUMINUM STRESS

Yang Tian, Justin Q. Moss, Niels O. Maness, Bruce L. Dunn, Shiping Deng and Gregory E, Bell......o.ccvicncnciirvennrenronnns
INFLUENCE OF AN AMINO ACID COMPLEX ON THE GROWTH OF AGROSTIS STOLONIFERA L.

CV. PENNCROSS

Quincy D. Law, Marcus A. Jones, Aaron J. Patton, and Nick E. Christians ...........ovcoecineinencineaennenen.
PERFORMANCE AND PHYSIOLOGICAL PROCESSES OF ‘BRILLIANT’ KENTUCKY BLUEGRASS

{POA PRATENSIS L) IN RESPONSE TO SALINITY AND MOWING MANAGEMENT

J.Z. Wang, IM. Fu, S. ). WilheIm and Y.L. QAN oo bt e ssss e st bis
FATTY ACID METABOLISM IN LEAVES AND ROOTS ASSOCIATED WITH IMPROVED DROUGHT
TOLERANCE IN AGROSTIS STOLONIFERA EXPRESSING SAG12-IPT GENE CONTROLLING
CYTOKININ SYNTHESIS

Patrick Burgess, Thomas Gianfagna and Bingru HUAIE ..........c.coooiemiiemicnisiess s iesisisssenssssssssasssssssssarsssessans
NITROGEN PARTITIONING COMPARISONS AMONG WARM-SEASON TURFGRASS SPECIES

Bishow Poudel, Diane Rowland, John Erickson, Bryan Unruh and Kevin Kenworthy.......ocviiinensemoon.

ROOT AND SHOOT CHARACTERIZATION OF MUTANT TURF-TYPE BAHIAGRASSES

Esteban Rios, Ann Blount, John Erickson, Kenneth Quesenberry Fredy Altpeter Catherine Cellon and Kevin

Kenworthy ....

THE EFFECTS OF SHORT-TERM EXCESSIVE IRRIGATION ON GROWTH AND PHYSIOLOGY OF
CREEPING BENTGRASS ON SAND AND SOIL GREENS
Kehua Wang and Yiwei Jiang ... Certte et e s eEed

FREEZING TOLERANCE AND THE HISTOLOGY OF RECOVERING NODES IN ST.
AUGUSTINEGRASS

Susana R, Milla-Lewls, Jennjfer A. Kimball, Tito E. Claure, Tan D. Tuong Consuelo Arellano and David P.

Livingston 111...

SALT STRESS RESPONSIVE TESTS FROM PERENNIAL RYEGRASS AND RED FESCUE

S, Krishnan A R, NN, BIOWILcu.uecuieersirssisssirsosisrcesireeittsinnesrssssrssrsssssssssnssssmsssssestosiatosssssssarsotersstesontrnte sestasiatostssonsostnronsanasan

SECTION 8

SOIL BIOLOGY, CHEMISTRY AND PLANT NUTRITION

SOIL CHEMICAL PROPERTIES OF GOLF GREENS AFFECTED BY AGE, INITIAL CONSTRUCTION
AND ESTABLISHMENT

Yichun Wang, Wenjuan Fang, Deying Li and Roch Gaussoli.......coiiimire st ssssasiins

SPATIAL VARIABILITY OF SOIL AMINO SUGAR NITROGEN ON GOLF COURSE FAIRWAYS

Davld S. Gardner, Brian P. Horgan and Brandon J. Horvath ...

BERMUDAGRASS (CYNODON DACTYLON X C. TRANSVAALENSIS ‘TIFWAY’) RESPONSE TO SLOW
RELEASE FERTILIZERS

Charles H. Peacock, Daniel C. Bowmiau and RIChard J. COOPEI ......coiiicimiirnecissssiesessssssiorsrisersesesasssisssesssssaseseseseesns

SOIL CHEMICAL PROPERTY CHANGES ON GOLF COURSE FAIRWAYS UNDER EIGHT YEARS OF
EFFLUENT WATER IRRIGATION

David J. Skiles and Yaling QUan......c.ccouviimiimmiiiiiissninie s s s s sass sssssss s e sessese e

Xiy

475

.. 485

491

497

503

..509

017

.. 523

551

561



THATCH AND SOIL MICROBIAL ACTIVITY IN RECENTLY CULTIVATED TURFGRASS

Y. MU AN VLT, CAITOM oottt et et abt st ese s e b e st st s 4 et b aetere e sraatsaeaseneasesensans s sresn bt an e cabonsasonsanrenar sasntsasserns

EVALUATING THE RESPONSE TO NITROGEN SOURCE OF TWO ZOYSIAGRASS CULTIVARS IN
SEPARATE FIELD TRIALS

Jon M. Trappe and AQron J. PALOM.. ..o i cesssstseerssare s sesensasssasessssesesessnsssass s e semssneassnsssvasesvasesesns

BASIC CATION SATURATION RATIO THEORY APPLIED TO SAND-BASED PUTTING GREENS

R.A, St JOhN and NLE, CIEISHANS. ....veieeieiiriiirireireesesesssiissssorsssresis aessssssssssssssnssmmesissassssessssnemmnentsbasssssssesaeretmesissssssssonesroenss

COMPARISON OF SOIL TEST KITS FOR ASSESSING PLANT AVAILABLE PHOSPHORUS IN
FLORIDA URBAN SOILS

P.C. McGroary, J.L. Cisar, G.H. Snyder, J.E. Erlckson and E.J. Nangle ... e seinis

EFFECTS OF FOLIAR NUTRIENT AND BIOSTIMULANT APPLICATIONS AND SOIL MOISTURE
AND NUTRIENT STATUS ON ESTABLISHMENT OF NEWLY-LAID SOD OF ZOoYSsiA4 SPP,

DONAld S, LOCH @1 YE ZIOU c....overierevs st it e ereeseieeisaeiresessessevesssassassasesassessabossstassssonsssonsetassssosssssnsssntsbesinsonsesvnssesastssatosis

POTASSIUM AND SODIUM APPLICATION EFFECTS ON SOIL-TEST VALUES, AND TURFGRASS
QUALITY, CLIPPING YIELD AND ELEMENTAL COMPOSITION OF BERMUDAGRASS GROWN IN
A SAND SOIL

John L, Cisar, George H. Snyder, Dara M. Park, Michael A. Fidanza, E.J. Nangle and Karen E. Williams ........coocveevevnneee

SECTION 9

SOIL PHYSICS AND ROOTZONE CONSTRUCTION

A NEW APPARATUS TO EVALUATE TURFGRASS DIVOT RESISTANCE

J.T. Brosnan, W.E. Hart, A.W. Thoms and J.R. SATIEIN ......coveeieieiciniee e viesc et reseesssstsssstsnereseesessstessssnsaesnsassissssissssrareses

PEAK TORQUE AND ROTATIONAL STIFFNESS OF BERMUDAGRASS, PERENNIAL RYEGRASS,
KENTUCKY BLUEGRASS AND TALL FESCUE

Phillip G. Ford and Dara M, TWOINEY ....vvciviierimieitsiiniesis s rensstseiasssssresreronstussinssnssass oo s sussssreseassssers sessassassasnssesstssasanssarsaen

ASSESSMENT OF ROOTZONE MIXES WITH INORGANIC AND ORGANIC AMENDMENTS FOR
ATHLETIC FIELDS

Chad C. Follis, Stephen H. Anderson, Erik H. Exvin and Brad 5. Fresenburg ..........ccocovviiiinenerennniiinsinconrennestiissiionennnenes

SEEDBANKING POTENTIAL OF KENTUCKY BLUEGRASS AND PERENNIAL RYEGRASS IN
ATHLETIC FIELDS
Andrew H. Hoiberg and David I MINDer..........coeeisiienin

SECTION 10

WEED SCIENCE

INFLUENCE OF PHOSPHORUS AND NITROGEN ON ANNUAL BLUEGRASS ENCROACHMENT IN A
CREEPING BENTGRASS PUTTING GREEN

R. B. Raley, P.]. Landschoot and J.T. BrOSNAN ......ccooiimimiiiiiii e i i s sess tissss e ssssiesss ieassses sesses

EFFECTS OF TEMPERATURE AND NITROGEN FERTILIZER ON MESOTRIONE ACTIVITY
AGAINST ANNUAL BLUEGRASS (POA ANNUA L.)

M.T. Elmore, J.T. Brosnan, D.A. Kopsell and G.K. Breeden.... oot semsesereeestinesesonseeseseassisesessssess

Ryl

567

575

581

593

597

607

619

625

633

.. 641

649

657



MESOTRIONE-IMPREGNATED FERTILIZER USE DURING ESTABLISHMENT OF COOL-SEASON
TURFGRASSES

William J. Johnston, Matthew W. Williams, Charles T. Golob, Joseph P. Yenish and Eric D, Miltner .........c.ccocovovvrirnencnenns

ANNUAL BLUEGRASS (POA ANNUA L) CONTROL WITH INDAZIFLAM AT VARIOUS STAGES OF
GROWTH

J.T. Brosnan antd G.K, BICRUERI .....ccovvivrev e iriire s eiisss sesss e restessaessesssesnessenesssassotestasssabessasenes sassnrentensessanesnesneestssnnenres

ENHANCED HERBICIDAL ACTIVITY OF CORN GLUTEN MEAL THROUGH PH MODIFICATION

N.J. Dunlap, N.N. Boersma and N.E. CHIESHANS ....ovevivciiirnerrnrseeicieenicsrerersisseisssssiarssssssssstessvesssnsresesssns sssasassasesssssssasssassasanss

RESPONSE OF TEN ZOYSIAGRASS {Z0YSIA SPP,) CULTIVARS TO METAMIFOP

Diego Gémez de Barreda, Patrick E. McCullough and Brian M. SCAWArLZ ..........c..ccovreriinninnnremeiissosinnranas e esesssssaneres

ABSORPTION AND TRANSLOCATON OF FLUZASULFURON APPLIED TO SHOOTS AND ROOTS
OF LOLIUM PERENNE L.

Adam N, Smith, John B, Willis and Shawn D, ASKEW ..ot iieeni et siere s seessssass rente sassss sesssenmssastsssssnsssesssases

EFFECT OF TRIFLOXYSULFURON SODIUM RATE AND SEQUENTIAL TREATMENTS ON
TRANSITION OF OVERSEEDED BERMUDAGRASS FAIRWAYS

Shawn D, Askew, Matthew ]. R. Goddard, Whitnee L. B, Askew, Josh B, Beam and Renee J. Keese ......ccoovivvmiinnnne

NUTSEDGE (CYPERUS SPP.) CONTROL AND PERENNIAL RYEGRASS OVERSEEDING
TOLERANCE TO SP25052
G.M. Henry, C. Straw, L.L. Beck, T. Cooper, ]. Brosnan and G.K. Breeden............ccoonuien

EVALUATION OF POTENTIAL ADMIXTURES TO IMPROVE POSTEMERGENCE SMOOTH
CRABGRASS (DIGITARIA ISCHAEMUM SCHREB. EX MUHL)) CONTROL IN COOL-SEASON
TURFGRASS WITH MESOTRIONE

Angela R. Post, Daniel B. Ricker and Shawn D, ASKEW .......oo.iviiiiirininiciiine s sesissssssssss e sassiessnis

IMPROVING QUALITY OF BERMUDAGRASS POST-DORMANCY TRANSITION USING PARTIAL
CONTROL TECHNIQUES
K. A Venner, T. L. Mittlesteadt and S. D. ASKEW .....cciviiv v ceistesserresssestssressisevessaiass soatessesrsstastonsannernnsssass

EFFICACY OF CORN GLUTEN MEAL AND HYDROLYZED CORN GLUTEN MEAL ON WEED
SUPPRESSION AND COOL-SEASON GRASS ESTABLISHMENT

Francois Hébert, Eric M. Lyons and Katerina S. JOrdan ... et

SECTION 11

SHORT COMMUNICATIONS

HPLC DETERMINATION OF PHOTOSYNTHETIC PIGMENTS IN KENTUCKY BLUEGRASS WITH
AN ENDCAPPED ODS-2 C18 COLUMN

Xiaoling Sun, Yuefel Xu ant He ZR0U ... it e ses bbb s brs s s i ne

DIFFERENTIAL RESPONSE OF BERMUDAGRASS (CYNODON DACTYLON) AND ZOYSIAGRASS
(ZOYSIA JAPONICA) VARIETIES TO ARYLOXYPHENOXYPROPIONATE HERBICIDES

Enzhan Song, Justin Q. M0s3, and X1 XIONE.......ciciiiiimiieirensrcninninensisese e insrsinssstsessesessaepessssssessses et ssesessesssensssesnessseens

RESPONSE OF FINE FESCUE TURF SPECIES TO SIMULATED WEAR IN NEW JERSEY
James Crass, Erlc Koch, Dirk A. Smith, Melissa Mohr, Eric Weibel, Ronald Bara, SlacyA Bonos and
William A. Meyer.... . e reete ettt are bR SRt ee b eabe s eRne b ant st eat bRt nn e

xvi

663

671

675

679

685

689

... 695

701

e 107

713

721

121

.. 131



SELECTIVE AGROSTIS STOLONIFERA L. REMOVAL FROM LOLIUM PERENNE L. WITH
MESOTRIONE
Charles T. Golob, William J. Johnston, Matthew W. Williams and Christopher A. PrOCIOT......c..cveererieivineieseireseeeiiisoees 739

A METHOD TO EVENLY APPLY FOOT TRAFFIC TO TURFE PLOTS
J.A. Roberts, ].C. Inguagiato and J.A. MUIPRY ....covcnirriiiiiiicisienr it e ssssssassssessesssisssessassssmesssssssssasesssssensnss 143

EVALUATION OF WARM-SEASON GRASSES FOR USE IN DOG PARKS IN THE SOUTHEASTERN
USA
Barry R. Stewart, H, Wayne Philley, . Wayne Wells and Gregg C. Munshaw...........ccocvivceenneneonsinsiecscneinnessesenseseneens 147

SUPPRESSION OF PASPALUM NOTATUM FLUEGGE (BAHIAGRASS) ALONG AUSTRALIAN

ROADSIDES
T.W Gannon, 5.C. Navle, F.H. Yelverton, N. Bloor and S.J. HAMPION ....c.oeoviiiircrienin s veesseessssreesissesssssenesssoreennens 131

TURFGRASS ADAPTATION IN CENTRAL CHILE
Alejandra A. Acuna, T. Karl Danneberger and Claudio PaStenes ........c.veveicineinnniesenscnnisiisnsessnesssssssessssesssessmssesssess 190

‘DIAMOND’ ZOYSIAGRASS PUTTING GREENS IN THE TRANSITION ZONE
Haibo Liu, Nick Menchyk, Frank G. Bethea Jr. and HONE LU0 ... see e cmensssranasns 761

FAIRY RING DISTRIBUTION, INCIDENCE AND SEVERITY ON UK GOLF COURSES
J. Keighley, M. Hare, S, Edwards, R, Mann, IX. Walley ..o e enssssssssins 767

A CASE STUDY OF NON-STRUCTURAL CARBOHYDRATES IN CREEPING BENTGRASS ({GROSTIS
STOLONIFERA L) TISSUE OF PUTTING GREENS IN JAPAN
Tetsu Cho, Takayuki Imada and Shoichl Kimura... O OO SO PO UP T PRRTOOOORY i |

ASSESSMENT OF THE IMPACT OF NITROGEN SOURCE AND PH ON THE SPRING DEAD SPOT
PATHOGENS, OPHIOSPHAERELLA HERPOTRICHA AND O. KORRAE WITH AN IN VITRO

MYCELIAL GROWTH ASSAY

Derek J. Cottrlll and Gerald L. MELLEE.......coviveririernireiinieiniees e eve s issssnesseresesentesnessasaessonssressassssessessessesnsssssesesasrasoressnsasssnoress 10T

BIOCHEMICAL RESPONSE OF SOME NATIVE IRANIAN LOW MAINTENANCE TURFGRASSES
UNDER DROUGHT STRESS
1. Rohollahi, N.A. Khosh kholgh Sima and M. Kafie......ccoeiienincciniencnnnrencssonimsensssssensisssssessssssesesesssssnsesnsssesnives 180

THE FUTURE OF TURFGRASS MANAGEMENT - CHALLENGES AND OPPORTUNITIES IN

EUROPE
M. Strandberg, K. Blombick, A M. Dahi Jensen and J.W. KNOX....c....ccconmeiiiriieimieenmeniniseesesesrsssnesnesssesserssesssresssssses 181

THREE-DIMENSIONAL OBSERVATION OF LEAF EPIDERMIS OF CREEPING BENTGRASS BY
CONFOCAL LASER SCANNING MICROSCOPY
Masakazu J. Ushllo, Shoko Kajlwara, Taro Takemura and Takashi MiNOWa ..........ovveerviviveriiesinneninessssinsnmsssssiessssessrssneens 191

SELECTION FOR TOLERANCE TO BOTH DROUGHT AND FROST AMONG A LARGE NUMBER OF
BERMUDAGRASS (C¥NODON SPP.) ECOTYPES COLLECTED FROM DIFFERENT CLIMATIC

ZONES
Y1 Zhou, Shu Fukal, Donald S. Loch, Ian D. Godwin and Christopher J. Lambrides ........cccouiociievvrreieinerseisesaseriesessesnses 199

EFFECT OF THE PLANT GROWTH REGULATOR TRINEXAPAC-ETHYL ON TURF QUALITY,
CONCENTRATION OF TOTAL NONSTUCTURAL CARBOHYDRATES, AND INFECTION OF
MICRODOCHIUM NIVALE IN GREENS-TYPE POA ANNUA IN SCANDINAVIA

Trygve S. Aamlid and TTond Petersen. ... sssssisssiessssenssssssssssmsssssssssssaserorersssssess S0 1

Xvif



CLONING AND IDENTIFYING THE STRESS-INDUCIBLE PROMOTER RD29A OF ZO¥SI4 JAPONICA
STEUD

Ying Wang, Lixin Xu, Huiming Zeng, Wel Tang and Liebao Han ... e

EVALUATION OF WEAR DURING WINTER DORMANCY ON THE ROTATIONAL TRACTION OF
HYBRID BERMUDAGRASS

M. RODINSON GNH P. FOI .......cveevieriis it eiesiesssees et enee s sessssassrsss st ess seesbesastasessassatonsessessanssabossstanterassassssesasns sasssessssans

MONITORING SEASONAL SOIL WATER REPELLENCY IN USA GOLF COURSE PUTTING GREENS

M.F, McMillan, S. Kostka, T, Boerth, M. Fidanza, C. Blgelow J. Clsar, D. Soldat, A. Van Dyke 1. Karas and K.

Williams...

A GREENHOUSE STUDY COMPARING LOCAL SOIL AMENDMENTS WITH OVERSEAS PEATS AS
AN ORGANIC SOURCE FOR ROOTZONE MIXES IN KOREA

KN, Kim, R. G088, S.H. Park @it B.J. KKIITL ...cuviieeiereeeiiiesriisiiiietstesreresmassessssssssssesasonsasesssass sabens seeassnsosssrensessssmssssnsensanssnes

CORRELATION BETWEEN SOIL PHOSPHORUS TESTS FAILED UNDER FIELD CONDITIONS IN
SOUTHEAST AUSTRALIA

JAames Hull @it PELer W, MEATLIN ..ovveceeeee i issisre st veerevesciss e sabess sasosenseaere sasesseasantessasssassssassstante sresassesassnsbessssnssnnernsress

USE OF TRINEXAPAC-ETHYL TO REDUCE MOWING REQUIREMENTS OF WARM-SEASON
GRASSES IN SUBTROPICAL AUSTRALIJA

Matthew B. Roche, Jonothan D, Penberthy and Lin O Brien ... ssessssressesasessnsesssssnes

BRISBANE AND BANGKOK 2011 - A TALE OF TWO FLOODS

John J. Neylan, Donald S. Loch, Shane G. Biddle, Christopher J. Lainbrides and Dennis E. Baker ........cooinoiimvesiiiseninennes

EFFECTS OF FIVE ROOTZONE MIXES ON ROOT GROWTH OF ‘LANYIN I’ ZOYSid JAPONICA

TURF FOR EROSION AND SEDIMENT CONTROL - CONSTRUCTION OF AN AUSTRALIAN
NATIONAL DEMONSTRATION FACILITY

Shane Holhorn and WILHAIN PRaICE ......iveeieviesieiissiesiiei et sinetesseisissisesstrsssssess seesssens sesssenss savsssstentesasssssassessesassasassasarassasasen

Xviii

805

811

.- 815

819

825

829

831

841

845




