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• 9111 International Symposium 
on Integrating Canopy, Rootstock 

• and Environmental Physiology 
• -	 in Orchard Systems 
• 
• ProgramI1 it' Vrr 

Welcome to the Symposium 

• n behalf oí the International Society for Horticultura¡ Science and (he Orchard and Plantaton 0 • Systems Working Group, the Rootstock Breeding and Evaluation Working Group anci (he 

Environmental Physiology oí Fruit Crops Working Group oí the Pome and Stone Fruit Section oí .
ISHS, 1 welcome you lo the 9th International Symposium on lntegrating Canopy, Rootstock and 

• Environmental Physiology in Orchard Systems held at Geneva, New York, USA from Aug. 4-8, 2008. 

•
At this meeting we welcome more than 220 oí the world's leading fruit scienlists, extension 

workers and fruit growers who are working on genetics and genomics oí rootstocks, rootstock 

breeding and evaluation, tree and rootstock physiology, and crop and canopy management. Over the 

• five days oí the symposium we will hear 79 oral presentations arid see 131 poster presentations oí 

• recent research on fruit crops. Collectively, these research reports will provide substantial information 

•
un recerit advances in fruit science and culture that will ultimately benefit fruit growers and fruit 

. consumers worldwide.	 In addition, as we listen to and see these reports they will undoubtedly spark 

new research ideas for future experiments leading to íurther advances. Thus this meeting like the 

• past eight meetings oí the Orchard Systems working group will led lo dramatic changes in orchard 

•
systems, rootstocks and management across the world for the benefit oí mankind. 

. In addition, these quadrennial meetings are wonderful opportunities to renew friendships 

and acquaintances between fruit scientists and enthusiasts the world over. This interaction can be 

very enriching and can also be a catalyst to new collaborative research efforts lo further advance fruit 

• science. These meetings also provide an opportunity for new scientists lo interact with established 

scientists lo help launch their careers. The past six symposia 1 have attended have been invaluable 
in my career as a fruit scientist and have resulted in many new research projects and numerous 

• friendships.	 1 hope this meeting will be a place oí new friendships and greater understanding oí 

• people from different parts oí the world. 

•
Lastly, 1 welcome each oí you to Geneva, New York State, and the home oí Cornell 

• University's New York State Agricultura¡ Experiment Station. It has been my dream to host my many 

friends from around the world al the wonderful New York State Agricultura¡ Experiment Station in 

• beautiful Geneva, New York. Geneva is a small city oí 25,000 inhabitants in the heart oí the scenic 

• Finger Lakes Region oí Western New York State. It is located al the northern end oí (he beautiful and 

scenic 55 km long Seneca Lake. Geneva is located midway between Rochester, Syracuse and Ithaca 

(home oí Corneil University) and is close to the main apple, pear, peach, cherry, plum and apricol 
• production areas oí New York State, which are located along the shores oí Lake Ontario the Iast oí the 

• chain oí great lakes in the Eastern USA. Also nearby is the Finger Lakes grape and wine region. We 

•
hope you will enjoy the beautiful surroundings oí the Finger Lakes Region. 

We appreciate our hosts HobartA'Villiam Smith Colleges who have graciously allowed us .
tu use Iheir campus and food service facilities for this meeting. We hope you enjoy your time in 

• Geneva and the tours to the surrounding fruit growing districts. Thank you for coming. 

•
Sincerely, 

• Terence Robinson 

Convener 9th International Symposium on 

• lntegrating Canopy, Rootstock and 

• Physiology in Orchard Systems 

• 
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Hongqiang Yang ShandongAgricu}tural University labftsdau.edu.cn China 

Pro. Yuncong Yao Beijing Unis'ersity oí Agriculture yaoyc_201 26.c:c,m China 

Tac-MyungYoon Kyungpook National University tmyoontknu.ac.kr Korea 

Dennis Zander lnfotonics Tedinology Center dennis.zander!titcmems.com USA 

Maojun Zhang Jilin Academy oí Agricultura¡ and maojunzhangtyahoo.com.cn China 
Science 

Edward Zurawicz Skieriewke edward.zurawiczinsad.pl Poland 

Debbie Rreth Cornel? Cooperative Extension dibl@Tcomeli.edu USA 

Alan Casasantes Washinton State University alancasavantesrhotnsail.com USA 

Ziv (:haritt NETAFtM LiD ziv.charittnetafim.com Israel 

Romrnel Corral Frujt Grower rommelcorraIhotmaiLcom Mexico 

Alison DeMarree Corneil Cooperative Extension amd15i!cornell.edu USA 

Leonel Domínguez Corneil University-Genes'a lid6tcomell.edu USA 

kevin lungerman Cornell Cooperative Extension kai3tcornell.edu USA 

lan Merwin .... Cornell University imi3comell.edu USA 

Adam Peters Fruit Grower Petey7295€thotmail.com USA 

Pbil Sdwallier Michigan State Univrrsity schwallimsu.edu USA
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SYMPOSIUM SCHEDULE 

Date • Time	 J.Session	 ..ToPfc ROoIfl 

Saturday August 2 arn-6pm Pre-snipsiurn 
tour re-s> mj	 suín Loor ol NYC and 1 ludson Valle> 

Sunday August 3 8am-4pm Pre-symposium 
tour Pre-symposium tour of lihaca 

4pm -9pm Registration Registration Warren Hunter Smith
Library 

7pm-9pm Dinner Welcome Reception at l-lobart Scandling Center 

Monday August 4 8:00-8:30am Opening Session Welcome co Lhe Symposium and CorneH lJniversity Albright Auditorium 

8:30am-10:00am Oral Session 1 Rootstock Genomjcs and Genetics Albright Auditorium 

10:30am-11:30arn Oral Session 2 Rootstock Genomics and Genetics Albright Auditorium 

11:30am- 12:30pm Poster Session 1 Posters 1-26 Poster Tent 

1:30pm-3:00pm Oral Session 3 Environmental Physiology Albright Auditorium 

3:30pm-4:30pm Poster Session 2 Posters 27-52 Poster Tein 

4:30pm-6:00pm Oral Session 4 Environmental Physiology Albright Audiorium 

6:30pm-8:30pm Optional Dinner Dinner at Hobart Scandling Center Scandling Center 

Tuesday August 5 8: lSam-10:OOam Oral Session 5 Orchard Systems Albright Auditonum 

10:30am-1 1:30am Oral Session 6 Orchard Systems Albright Audiorium 

11:30am-12:30pm Poster Session 3 Posters 53-78 Poster Tent 

1:30pm-2:30pm Oral Session 7 New Technologies for Orchards Workshop Alhright Auditorium 

2:3Opm-6:OOpm Orchard tour Orchard tour of P]ots al New York State Agricultural 
Experiment Station 

7:00pm-10pm Opcional Dinner Dinner along Seneca Lake Ventosa Vineyards 

Wednesday August 6 8:OOam-6:OOpm Orchard tour Orchard tour of New York Fruit Industry in Wayne 
County 

6:30pm-8:30pm Optional Dinner Dinner at l-lobart Scandting Cerner 

Thursday August 7 8:15am- 10:00am Oral Session 8 Rootstock Breeding and Evaluation Albright Auditorium 

10:30am-11:30am Oral Session 9 Rooistock Breeding and Evaluation Albright Auditoriom 

1 l:3Oam-12:3Opm Poster Session 4 Posters 79-104 Poster TenÉ 

1:30pm-3:00pm Oral Session 10 Environmental Physiology Oral Session ¡-1 igh
Albright Aud itoriuinTemperature Stress) 

3:30am-4:30pm Poster Session 5 Posters 105-132 Poster Tent 

4:30prn-6:00pm Oral Session 11 Environmental Physiology Albright Auditoriurn 

7pm-10pm Banquet Symposium E3anquet and Awards Ceremony Yatch Club 

Friday August 8 8:00am-8:30am Business Orchard Systems. Rootstocks and Environmental
Albright Auditorium Meeting Physiology Working Groups 

8:45am-10:00am Oral Session 12 Orchard Systems Albright Auditorium 

10:30am-12:15pm Oral Session 13 Orchard Systems Albright Auditorium 

1:30pm-3:00pm Oral Session 14 Rootstock Breeding and Evaluation Albright Auditorium 

3:30pm-5:30pm Oral Session 15 Environmental Physiology Albright Auditorium 

6:30pm-8:30pm Optional Dinner Dinner al Hobart Scandling Ccntcr 

Saturday August 9 8am-6pm Post symposium New York Fruit Industry in Orleans County and 
tour Niagara Falis 

Sunday August 10 8am-5pm Post symposium Niagara Falls and New York Fruit lndustry in Niagara 
tour County

10 



PRE-TOUR PROG RAM

.	 1(1	 1 

Pre-Syrnposum Tour: NVC and Hudson VaIley Fruit !ndustry 

Tour Leader: Skve i1oyng 8:00am-6:00prn 

Time Topie Presenter 

8:00-II :OOarn Tour of New York City Professionat Tour Guide 

1 1:00-1 2:Oønoon Tour of Oreen Market Steve Hoying 

12:00-I:00pm Lunch at Oreen Market Steve Hoying 

2:00-3:00pm CG rootstocks at Crists Stcve Hoying and JeffCrist 

3:00-4:00pm Porpiglia Orchards Steve Hoying and Joe Porpiglia 

4:00-5:00pm Production for Retail Markets Steve Hoying and Steve Clarke 

5:00-6:00pm Dressel Systems Trial Steve Hoying and Rod Dressel 

7:00-9:00prn Dinner at New PaRz Restaurant Steve Hoying 

Pre-S;niposiumn Tour: Corneil Campus and Ithaca Friiit Research 3-Áug 

Tour Leader: Steve Hoying 8-00am-4:OOpm 

Tune Type of Presentation Presenter 

8:00-II :ÚOam Bus Tnp from Hudson VaIley to Corneli Liniversity Steve Hoying 

11:00-1 2:O0noon Tour of Corneli University Campus Lailiang Cheng 

12:00-I:00pm Lunch at Ithaca Research Farm Lailiang Cheng 

I :00-2:OOpm Research Plots at Ithaca Lailiang Cheng, lan Merwin, Chris Watkins 

2:00-3:00pm Research Plots at Lansing lan Merwin and Lailiang Cheng 

3:00-4:00pm Bus Trip to Oeneva Steve Hoying 

4:00-9:00pm Symposium Registration Nancy Long and Kateri Reagan 

7:00-9:00pm Welcome Rcccption at Hobari Scaridling Cerner Terence Robinson

E' 



MONDAY AUGUST 4,2008 

Openng Pienary -	 .. 8:00-8:30arn 
Session Mbright Auditoriuni 

:OO-S:	 5 VeIcome to lhc Symposium 

8:15-8:30 Welcome tO Corneli Univcrsity Director Tom Burí 

Oral Session 1: Rootstock Cenornies and Cenetjcs 	 . 8;30-10:00am 

Session Chair: Ilerb Aldwinckle Albright Auditoriurn 

Time
Oral Abstract

. Titie	 . Presenter Nu mber 

8•309'Oo Implementation of Molecular Marker Technologies in the Apple Rootstock •
Breeding Program in Geneva - Challenges and Succcsses Gennaro Fario 

Initial Alteration of Shoot Architecture by Dwarfing Apple Rootstocks 
9:00-9:15 2 Involves ShootlRootiShoot Signaling Between Auxins, Gibberellins and Ben van Hooijdonk 

Cytokinins 

9:15-9:30 3 UsingGenomics Tools To Understand Rootstock-Induced Floral Bud
Amit Dhingra Initiation In Rosaccae 

9:30-9:45 4 Rootstock-regulated Gene Expression Profihing in Apple Trees Reveals
Phihp Jensen i Genes whose Expression Level s Associated with Fire Blight Resistance 

9:45-10:00 5
Non-Dormant Evergrowing Peach as a Tool for Discovering Genes

Sergio Jiménez Invo] ved in \'egctative Growth Cessation 

10:00-10:30 Coifee, Jujee and Snack Break in the Courtyard 

Oral Session 2: Rootstock Cenoinics aud Geneties 10:30-111:30ani 

Session Chair: Gennaro Fazio Albright Auditoriurn 

Time
Oral

 
Oral Abstract

Presenter Number 

10:30-10:45 6
Molecular Markers for Fire Blight Resistance (Erwinia Amvlovora) in

John Norelli Apple (Malus) 

10:45-11:00 7 Fire blight Resistance of Budagovsky 9 Apple Rootstock Nicole Russo 

11:00-11:15 8
Physiological and biochemical parameters involved in waterlogging

María José Rubio-Cabetas tolerance in Prunus rootstocks 

11:15-11:30 9 Physiologica] and Morphological Effects of Size-Controlling Rootstocks
Thomas Tworkosk i on Fuji Scion

Poster Session 1
	 11 :3Oam-12:3flpni 

Poster Tent 

Posler 
Abstract	 Titie	 Presenter 
Nu mber 

1	 Establishment and Growth Parameters of Sorne Wild Almonds in Iran 	 Alireza Rahcnii 

Results Conceming the Behaviour of Sorne Rootstocks for Pcach Tree in the 
2

	

	 Alexandra lndreias Nursery Field  

A RAPD Marker Linked to the Resistance Gene to Alternaria Leaf Spot 
3

	

	 Gennaro Fazio (A/ternaria mali Roberts) in Qinguan' Apple 

12 



MONDAY AUGUST 4, 2008

4 Influence of the Rootstock Qn the Morphological Differentiation of the 
Flower Buds in Two Chcrry Cultivars Alexandros Papachatzis 

Selecting and Fingerprinting the Next Generation of Size-Controlling 
Rootstocks for Sweet Cherry Matt Whitting 

6 Effect of Different Seed Trcatmcnts on the Germination and Seedling 
Growth of Alrnond Ashaq Pandit 

7 Dormant Carbohydrate Reserves of Two Peach Cultivars Grafied on 
Differcnt Rootstocks Greg Reighard 

8 Sampling Lo Determine Relative Root Distribution Brent Black 

9 Effect of Nitrogen Forms on IPT3 Expression and Hormone Contcnts of 
Pingyitiancha (Ma/us hupenensis Rehd.) Futian Pcng 

10 Effect of Soil Type on Root Architecture and Nutrient Uptake by Roots of 
Young Apple Trce Hongqiang Yang 

Propagation of Fruit-Tree Rootstocks in Vitro and Thcir Behavior in Stock II
Plantations Ivan Kulikov 

12 Possible Physiological Mechanism of Premature Fruit Drop in Mango 
(Magnfera indica L.) in Northern Vietnam JensWünsche 

13 Initial Results About Low Chilling Nectarine Culture in Environmental 
Conditions of Spanish Southeast Jesus García Brunton 

14 Development of a New Apple Rootstock Framework Map Kate Evans 

15 Performance of Four Semi-Dwarf Apple Rootstocks from Foreign Breeding 
Programs at Three Sites in Eastern Canada. Jean-Pierre Privé 

16 St Jean 84 (SJ84) DwarfWinter Hardy Rootstock Series Jean-Pierre Privé 

17 Time of Hedging Affects Fruit Retention and Yield in Macadamia Lisa McFadyen 

18 PrunusMolecular Bases of the Waterlogging Tolerance in	 Rootstock: 
Candidate Genes Approach María Luisa Amador 

19 Effects of Pruning on the Apple Tree: froni Tree Architecture to Modeling Pierre-Erie Lauri 

20 Effects of Rootstock on Leafand FruitMacro-element Composition in 
Reinders Golden Delicious' Apple Pieter Stassen 

21 Using Naphtalene Acetic Acid (NAA) to Reduce Shoot Growth When a 
Heading Cutis Used to Lower Tree Height in Super-Spindle Apple Trees Win Cowgill

 

22 Method of Constructing Core Collection for Malus sieversii Xuesen Chen 

23 Effects of Climate Change on Apple Phenology - 50 Years of Weather and 
Phenology Records at Klein-AltendorffBonri Michael Blanke 

24 Effects of Supplementation of Benzoic Acid on Anti-oxidative Capacities of 
Roots in Malus hupehensis Rehd. Seedlings Zhiquan Mao 

25 Effects of Temperature and Light Level ori Efficiency of Chemical Thinners 
on 'Empire Apple trees Tac-MyungYoon 

26 Mapping Genes Expressed Preferentially in Apple Rootstoek Angela Baldo 

12:30-1:30	 Lunch Lunch at the Scandling Center
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MONDAY AUGUST 4, 2008 

Oral Session 3: Eiivironmental Physiology 1:30-3:00pm 

Session Cliair: John Palmer Albright Auditorium 

Time Oral Abstract 
Number

Title Presenter 

1:30-2:00 10 Early Fi-uit Growth and Drop - The Role of Carbon Balance in the Apple 
Ti-ce Alan Lakso 

2:00-2:15 11 Sorbitol Availability and Sorbitol Dehydrogenase Exprcssion During Apple 
Bud Development Fi-orn Budbreak to Bloom Marta Nosarzewski 

2:15-2:30 12 DocsAvailability of Soluble Carbohydrate Reserves Determine Apple 
Fi-uit Set? Douglas Archbold 

2:30-2:45 13 Seasonal Responses of Apple Fi-uit Growth, Abscission and Fi-uit 
Carbohydrate Concentrations to Low Light Duane Greene 

2:45-3:00 14 Isolation and Characterization of Genes Associated with Shade-Induced 
Apple Abscission SushengGan 

3:00-330 Coifee Juice and Snack Break rn thc Courtyard 

Pos$er Scssion 2 3:30pni-4:30prn 
l'oster Tent 

l'oster 
Number

Tille	 - Presenter 

27 Agronoinical Performance and Fi-uit Quality of 'Confirence' ori 
Sorne Clonal Pear Rootstocks L. Asin 

28 Interactions Between Rootstock and Scion Growth and Productivity of 
Peach Alexandra lndreias 

29 Improvement of the Fi-uit Set of'Jonagold' JefVercamrnen 

30 Effects of Two Planting Systems on Florina and Generos Apple Cultivars 
Grafted on M.26 Rootstock loan Platon 

31 Results From the 1 1-Year Exarnining of Rootstocks of the Series Gisela 
and Weiroot in Bulgaria Alexandros Papachatiis 

32 Intersterns but not Grafting Height Controlled Vegetative Growth on Young 
Redhaven Peach Trees Greg Reighard 

33 Effect of lndolbutyric Acid (IBA) on the Cuttings Of MM-106 and MM-1 11 
Apple Rootstocks Ashaq Pandit 

34 Whole-Photosynthesis and Transpiration in Field-Grown Papaya Plants Eliernar Campostrini 

35 Climate Change in the Western Cape of South Africa: Trends, Projections 
and Implications for ChilI Unit Accumulation Elmi Lótze 

36 lmproving Water Use Efficiency by Root Treatment in Orchard Hongqiang Yang 

37 Influence of the Rootstock on the Agronomical Behavior of 'Jesca' Peach
José Manuel Alonso Under Replant Conditions 

38 Performance of 0.30 Apple Rootstock in the Annapolis Vallcy Charlie Embree 

39
A Multi-Cultivar Annual Topworking System for Asian Pear Production in

Kuo-Tan Li Subtropical Taiwan 

40
Growth, Development, Yield and Fi-uit Quality of 'Forelle' Pear is

Mike North Influenced by Rootstock, Mulching and Nitrogen Application.

14 



MONDAY AUGUST 4, 2008

41 The Effect of Eight Clonal Rootstocks on the Growth and Yiclding of 
'Kordia' Sweet Cherry Trees Miroslaw Sitarek 

42 Performance of 'Coscia' Pear (Pyrus communis) on Nine Rootstocks in ¡he 
North of Israel Raphael (Raffi) Stem 

The Effect ofTiming of Scoring on Yield, Fruit and Shoot Growth and 
43 Reproductive Bud Development on 'Royal Gala', 'Fuji' And 'Cripps' Pink' Stcphanie Midgtey 

Apple Trees 

44 Model Prediction of the Spring Phenology for 'Fuji'Apple Toshikazu Asakura 

45 Features of Anatomic Structure of the Grafled Young Apple Trees as ihe 
Factor Which Forms Potential Efficiency Volodymyr Zamorskyi 

Performance of Gala Apple Trees on Supporter 4, P. 14, and Different 
46 Strains of B.9, M.9, And M.26 Rootstocks As Part OfThe 2002 NC- 140 Wesley Autio 

Apple Rootstock Trial 

47 Effect of Exogenous Nitric Oxide on Active Oxygen Metabolism and 
Respiration in the Cause of Waterlog Resume of Sweet Cherry Root Zhiquan Mao 

4X Blossom Thinning of 'Babygold 5' and 'Rcdhaven' Peach with Different 
Chemicals Tac-Myung Yoon 

49 Changes of Shoot Growth Habit in MdMADS2 Gene Introduced Transgenic
Daeil Kim Apples (Malus sp.) 

50 '03A' Apple Rootstock Jean-Pierre Privé 

51 Comparative Evaluation of Hungarian Bred Mahalebs as 
Cherry Rootstocks Geza Bujdosá 

52 Confirmation by QTL Mapping of the Malus robusta (Cv. Robusta 5) 
Derived Powdeiy Mildew Resistance Gene P11 Gennaro Fazio 

Oral Session 4: Environinental Physiology 4:30-6:00pin 

Session Chair: Greg Lang Albright Audiloriuin 

Time Oral Abstract 
Numb er

Titie Presenter 

4:30-4:45 15 The Effcct of Temperature and Developmental Stage on Carbon Dioxide 
Exchange ofAttached 'Royal Gala', 'Fuji'And 'Cripps' Pink' Apple Fruits Stephanie Midgley 

4:45-5:00 16 PredictingChemical Thinner Response with a Carbohydrate Model Terence Robinson 

5:00-5:15 17 Contributions of short and long shoots to yietd of 'Kerman' pistachio 
(Pistacia vera L.) Timothy Spann 

5:15-5:30 18 Genetic versus Environmental Effccts on Hexose Characteristcs of Peach i 
Fruit BenhongWu 

5:30-5:45 19 Weather Conditions Affect Fruit Weight, Harvest Date and Soluble Solids 
Content of 'Cresthaven' Peaches. Scott Johnson 

5:45-6:00 20 Using Concept-bascd Computer Simulation Modeling to Study and Develop 
an Integrated Understanding of Tree Crop Physiology. Ted DeJong 

6:30-8:30 Optional Dinner at the Hobart Scandling Center

E1 



TUESDAY AUGUST 5, 2008 

0r41 Session 5: Orchard Systems 8:15-10:00am 

Session Chair: Michael Blanke .klbrightAuditox-ium 

Time Oral Abstract Tutie Presenter Number 

8:15-8:45 21 Changing Concepts of Efficiency in Orchard Systems John Palmer 

8:45-900 22 Sweet Cherry Trees Planted as Sleeping Eyes' Have Less Survival but 
Greater Growth Compared to Standard Nursery Trees Maew Whiting 

9:00-9:15 23 High Tunnel Sweet Cherry Studies: Innovative Integration of Precision 
Canopies, Precocious Rootstocks, and Environmental Physiology Gregory Lang 

9:15-930 24 Effect of Timing of Topping to Reduce Tree I-leight on Subsequent Year 
Tree Vigor of Early-Season Arctic Star Nectarine Kevin Day 

9:30-9:45 25 Bibaum®: A New Training System for Apple Orchards Stefano Musacchi 

9:45-10:00 26 Apple Crop and Fruit Quality Influenced by Low and High Planting Densi- 
ties on M9 and M27 in Northcm Gcrrnany RolfStehr 

10:00-10:30 Coffee Juice and Snack Break 

Oral Session .6: Orchard Systems 10:30-11:30arn 

Session Chair: Alan Lakso \Ibz1ght Aiiditoriu,n 

Time Oral Abstract litie Presenter Number 

10:30-10:45 27 Comparing the Economics of Mechanical and Traditional Sweet Cheny
Matthew Whiting Harvest 

10:45-11:00 28 The Productivity and Economic Comparison of High Density Production 
Systems for Pink Lady and Sundowner Apples n South Australia i Paul James 

11:00-11:30 29 Reflections en My 40 Years of Fruit Research Fritz Lenz

Poster Sesslon 3	 11 :3Oam-12:30pni 
Poster Tent 

Pos ter 
Abstract	 Titie	 Presenter 
Number

Thc Distribution of Wild Apple Gcrmplasm in Northwest China and [heir 53

	

	 Gennaro Fazio Potential Application to thc Apple Rootstock Brecding 

54	 Different Planting Systems for 'Conference' 	 Jef Vercamnien 

Effect of Rootstoek on Yield and Taste-Related Properties of Nordic Apple 
55

	

	 Leila Mainla Cultivars 

56	 Metroglyph and Index Score Analysis of Almond Gerrnplasm Collected
Ashaq Pandit Froni Kashmir ValIcy 
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TU[SDAY AUGUST 5, 2008

57 Performance oíCorncll Geneva Apple Rootstocks in South Africa Carlo Costa 

Apple Rootstocks in Latvian Orchards: Situation and Tcndencies Edgars Rubauskis 

59 Pruning and Cytokinnin Sprays to Improve 'Swcethcart' Chcrry Fruit Size Gabino Reginato 

60
Reduction of Shoot Growth and Wintcr Pruning by Prohcxadione Calcium 

Application Gabriel Berenhauser 

61
Differences in Mineral Nutrient Contents of Dormant Cherry Spurs as Af- 

fected by Rootstock, Scion, and Orchard Site
GregoryLang 

62 Rootstock Studies in Kinnow Mandarin Under North Indian Conditions Jagdev Singh Josan 

63
Results of Apple Rootstock Testing with Variety 'Belorusskoye Mal ¡no- 

voye' in Project "Baltic Fniit Rootstock Studies" Janis Lepsis 

Evaluation of ihe OH°F Selections as an Alternative tu Quince Root-
64 stocks for Pear: Agronomical Behavior of 'Conferencc' and 'Doyenne du José Manuel Alonso 

Comice' 

65 Evaluation of Dwarfing Rootstocks in Washington Apple Replant Sites Jim McFerson 

66 Digital Techniques for Yield Prediction ofFruit Michael Blanke 

67 St Jean Morden (SJM) DwarfWinter l-lardy Rootstock Series Jean-Pierre Privé 

68 Ovei-view of Pcach and Nectarine Rootstocks in South Africa Pieter Stassen 

69 CoId Temperature Tolerance of Apple Roots Renae Moran 

70 Influence of Training System on Production of Three Apple Cultivars Robert Crassweller 

71 Apple Scion and Rootstock Selection and Planning for Michigan Ron Peny 

72
High Density Trial of Bramley's Seedling Apple (Malus pumila Mil]) 

Clones on M9 and M27 Rootstocks Seán Mac an tSaoir 

73
The U.F.O. System - A Novel Architecture For High Efficiency Sweet 
Chcriy Orchards Matthew Whiting 

74
Performance of Severa] Dwarfing Rootstocks with 'Fuji' and 'Mclntosh' as 

Scion Cultivars in the 1999 NC-140 Dwarf Apple Rootstock Trial
Wesley Autio 

75 Early Performance Of 'Buckeye Gala' Grafted On 13 Apple Rootstocks Carlos Chávez 

Peach Flower Buds Thinned with Domiant Applications of Vegetoil® 

Adjuvant Plus Ethephon
Gregory Reighard 

77 DcvelopmentofCold Resistant Apple Rootstocks in China Maojun Zhang 

78
Effect of Different Growh lnducing Rootstocks on Alternate Bearing of 

'Roya¡ Gala' and 'Vista Bella' Apples
JozsefRacsko 

132 Thc c-DNA-AFLP Profiling of Salt-Stress Response in Apple Zhen Ha¡ Han 

12:30-1:30	 Lunch Lunch at Hobart Scandling Center

17 



TU[SDAY AUGUST 5, 2008 
Oral Sessou 7: New Techno1ogie for Orchard,	 - 1:302:30piu 

Session Chair: Alan Lako Albright Audilorium 

Tune Oral Abstract Title Presenter Number 

1:30-2:00 30 New Opportunities with Microtcchnologies and Photonics for Fruit Tree Dennis Zander Research. 

2:00-2:30 31 Geospatial Technologies Kai-en Kwasnowski 

FieldTour: New York State Agricultura! Experiment Station 2:30-6:00pni 

Tour Leader: Terence Robinson 

Time Topic Presenter 

Steve Hoying, ('sabino 
2:45-3:15 Cherry Rootstocks, Systems and FruitSize Reginato, and Tae-

Myung Yoon 

3:15-3:45 Corneil-Geneva Rootstocks Gennaro Fazio and 
Herb Aldwinckle 

Terence Robinson, Leo 
3:45-4:15 High Density Apple Management and CG Rootstocks Domínguez and Darius 

Kviklys 

4:15-4:45 Whole Tree Photosynthcsis and Carbon Model Alan Lakso 

4:45-5:15 Pear Rootstocks and Systems Terence Robinson 

5:15-6:00 High Tunneis for Stone Fruits Terence Robinson

7:00-10:00	 Optional Dinner at Ventosa Winery 

18 



WEDNESDAY AUGUST 6, 2008

Tour of Fruit Industiy. in \Vayne County 8:00arn-6:00pm 

Tour Leader: Steve Hoying Albnght Auditorium 

Time Topic Presenter 

8:00-9:00am Overview of the NY Fruit lridustry Steve Hoying and Alison DcMarrcc 

9:00-12:00 nuon Nursery Production at Waflers Nursery Paul Waficr and Bit] Pitts 

LII Spindle System at Waflers Tercnce Robinson and Paul Wafler 

Super Spindle System at Fowler Farms JD Fowler and Steve Hoying 

CG Rootstocks al Cahoon Famis Gcnnaro Fazio 

12:00-1 :30pm Sodus Bay Restaurant Alison DeMarree 

1 :0-4:00pm Pnining (jala for Improved Fruit Size at Vanderwalle s
Scott Vanderwalle and Steve 
Hoying 

Apple Orchard Systems and Rootstock Trial Terence Robinson 

V-system and Mechanical Thinning of Peach at Furber Farms Alison DeMarree and Todd Furber 

Organic Apple Production in Humid Climates at Schwartz Farms Steve Hoying 

4:00-5:00pm Club Varieties at DeMarree Fruit Farrn Tom DeMarree 

Reta¡¡ Frult Marketing Ed and Jan Bumap 

Mike and Kendra Maloney 

5:00-6:00om Bus Trip tu Geneva Steve Hoying and Alison DeMarree 

6:30-830pm Optional Dinner at Hobart Scandling Center
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Oral Scssion S , Rootstock Breeding arid Evaluation
8:15-10:0021n 

Session Chair: Frank Maas
Albright Auditoriurn 

Oral Abstract 
Time Number Titie

Presenter 

Guardian® l'each Rootstock Performance and Preplant Soil Fumigation 
8:15-8:30 32 Effects in a Fallow Site

Michael Parkcr 

Degree of Dwarfing and Productiviry of Eight Apple Rootstocks with Winter 
8:30-8:45 33 Hardy Scions

Emily 1-boyer 

8:45-9:00 34 Performance of Nectarine Rootstocks on Different Soil Types
Pieter Stassen 

GiSeIA® Cherry Rootstocks Compared for Virus Tolerance and Ficid 
9:00-9:15 35 Performance

Christa Lankcs 

Peach Rootstocks Differ in Their Growth Responses to Both High and 
9:15-9:30 36 Low Root Temperatures.

Peter Malcolm 

The Impact of Rootstock and Irrigation on Water Use, Tree Growth, 
9:30-9:45 37 Nutntion, Yield, and Fruit Quality of 'Paciflc Gala' Apple

Essie Fallahi 

Controller 5, Controller 9 and Hiawatha Pcach Rootstocks: Their 
9:45-10:00 38 Performance and Physiology

Ted [)cJong 

10:00-10:30 Coifee, Juice and Snack Break 

Oral Session 9: Rootstock Breeding and Evaluation 10:30-11:30noon 

Session Chai r: C reg Reighard 

Oral Abstrae( 
Time Number Tille Presenter 

10:30-10:45 39 Effect of Different Rootstocks and Interstems on the Growth and Yield of
Elzbieta Rozpara Sorne Sweet Cherry Cultivars 

10:45-11:00 40 French Evaluation of the CG Rootstock Selections: History and Results Marie Helene Simard 

11:00-11:15 41 Peach Rootstocks Inducing Different Vigour to Grafied Cultivars Reflcct
Filiberto Loretti Genornic And Physiological and Morphological Diversity in Roots. 

11:15-11:30 42 Performance of Geneva Rootstocks in On-farm trials in New York State Terence Robinson 

1 l:39ani-12:3Oprn 
Poster Session 4 Poster Tent

Poster 
Abstract 

	

Number	 Titie	 Presenter 

	

79	 Optimization of Geneva Rootstock Micropropagation 	 Amit Dhingra 
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80 Retlective Ground Covers mercase Yiclds ofTargct Fruit Jim McFerson 

SI Performance of Plum (Prunus salicina) Rootstocks on Diffcrent Soil Typcs Picter Stassen 

82 An apple-specific ET model Alan Lakso 

83 lnflucnce of Rootstock Thickness, Nut Hardiness and Environmental 
Conditions on Vegetative Propagation of Walnut

Ashaq Pandit 

84 Effcct of Foliar Application ofBoron and Zinc on Fruit Set and 
Productivity of Alrnond

Ashaq Pandit 

85 A Survey of Cultivar/Rootstock and Orchard Management Factors 
lnfluencing the Incidence of Sunburn Damage on Apple Fruit in Hungary 
and South Africa

JosefRacsko 

86 Overview of Apple Rootstocks in South Africa Carlo Costa 

87 Relationship Between Vigor and Genetic Similarity mdcx in Seedlings of 
Polyernbryonics Varicties of Mang/era indica L.

Claudia Barbosa 

88 Investigation of Apple Rootstocks in the Nursery Darius Kviklys 

89 Comparison of Sorne Size Control ling CG Apple Rootstocks on the 
Performance of Jonagold' and 'Novaspy' in Atlantic Canada.

Jean-Pierre Privé 

90 Effects of Three Planting Systems on Apple Tree Growth and Productivity Florin Stanica 

91 Rootstocks Affect Four Apple Cultivar Yield in Kiasar Hosein Sadeghi 

92 Evaluation of Pear Rootstocks in Latvia Janis Lepsis 

93 Regulated Deficit Irrigation Affects Fruit Quality, Yield and Growth of 
'Montmorency' Tart Cherry

Kylara Papenfuss 

94 Ethephon as a Bloom and Post Bloom Thinner for Surnmerred' Apple Trees Mekjell Meland 

95 Precision Selective Thinning to Regulate Fruit Set and Improve Apple 
Fruit Quality

Michael Blanke 

96 The Effect of Planting Density of Bramley's Seedling Apple (Maluspumila 
Mil]) on MI 1119 Rootstocks with an M9 control in sites suffering from 
Specific Apple Replant Disease.

Seán Macan tSaoir 

97 Performance of Severa[ Semidwarfing Rootstocks with Fuji' and Mclntosh' 
as Scion Cultivars in the 1999 NC-140 Semidwarf Apple Rootstock Trial

Wesley Autio 

98 Studies on Diagnosis of Tree Architecture in Young Red Fuji Apple Tree Yuanmao Jiang 

99 Rehahilitation of Shiwaliks Through Agro- llorticulture Modets Pushpinder Singh 
Aulakh 

100 The History of Apple Breeding in Peoplc's Republic of China Gcnnaro Fazio 

101 Evaluation and Selection of Fruit Rootstocks for the Climate of Belarus Zoya Kazlouskaya
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102	 Regulation of Calcium Uptakc and Transiocation in Planis 	 Hongqiang Yang 

103	 Effects of Shoot and Leaf Distribut ion on Microcljmate and Fruit Quality in Qinping Wci 
Fuji Apple 

104 Malusxiaojinensis — APromisingApple Rootstock Zhen ha¡ Han 

12:30-1:30 Lunch at Hobart Scandling Center 

Oral Session 10: Environmental Physiology 1:30-3:00pm 
Session Chair: Jens Wünsche Albright Auditoriurn 

Time Oral Abstract 
Number

Tille  Presenter 

1:30-2:00 43 I-ligh Temperature and Solar Radiation: Sunburn, Fruit Quality, and Skin 
Pigments of Apple Lar	 Schrader 

2:00-2:15 44 High Temperature Coupled with High Light Alters the Balance Between
LailaingChene Photooxidation and Photoprotection in the Sun-Exposed Peel of Apple 

2:15-2:30 45 Effect of Temperature and Light on Sunscaid in Apple Fruit and the 
Acquisition of Partial Temporal Tolerance Amos Naor 

2:30-2:45 46 Why Do Early High Spring Temperatures Reduce Peach Fruit Size and Yield 
at Harvest? Ted DeJon 

245-300 47 Effect of Row Orientation and Canopy Inclination on Gas Exchange and Luca Corelli-
Energy Management of the "Asymmetric Peach Orchard" Grappadclli 

3:00-3:30 Coifee, Juice and Snack Break 

PosterSession 5 3:30pm-4:30pm 
PosterTent 

Poster 
Abstract Title Presenter 
Number 

105 Apomictic Dwarfing Apple Rootstocks Providc New Prospccts for Apple 
Rootstock Propagation Gennaro Fario 

106 An Apple Dwarfing Rootstock: Liaoz.hen 2' Gennaro Fario 

107 Apple Stocks Function Differcnce Between Root and Shoot with Differcnt 
Fertility Leve] Xiang Shcri 

108 Annual Large Limb Removal to Contain Canopy Spread in thc Kcntville Free 
Standing Tree Wall Chartie Embree 

109 Scrcening of Apple Rootstocks for Response to Apple Proliferation Discase Christa Lankes
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110 Etrect of lnterstock in Breaking Juvenility in Ambri Apple Ashaq Pandit 

III Evaluation of Different Wced Control Measures in Apple Nursery Ashaq Pandit 

112 Hybridizing Mclntosh Wijcik and Heat-Tolerant Apple Cultivars to Develop 
Precoeious Scedling Trees with Improved Tree Architecture Christophcr Walsh 

113 Interactions of Apple Rootstocks and Budding F{eight Darius Kviklys 

114 Field Performance of Different Species and Hyhrids as Rootstock For Peach Roberto De Salvador 

115 Preliminary Report on the Selection of Cold-and-Drought Resistant 
oDwarfing Apple Rootstocks JianbaoTian - 

116 INRA-!NTA Pear Rootstock Breeding Program Aiming for Tolerance to 
olron Chlorosis and Low Vigor Luis Asin 

117 Preliminary Evaluation of Supported and Free Standing 'Honeycrisp' Trees Jean-Pierre Privé 

118 Evaluation of Resistance to Pathogens Attack in the Rootstock Breeding 
Apricot Program Marioara Trandafirescu 

119 Reflective Ground Covers Improve Fruit Quality, Yield, and Canopy Michael Blanke 

120 lmproving Fruit Quality and Microclimate Under Hailncts in an Apple A. Solomakhin 

121 The Rcsults of the Estonian Apple Rootstocks Breeding Programrne Neeme Univer 

122 Varietal Difference of Apple Fruit in Response to High Temperature and Pengmin Li 

123
Millennium Planting Density Trial of Bramley's Seedling Apple (Malus 
pumila Mil]) on M9 and M27 Rootstocks - Yield and Econornic Returns, 
Phase 2 (2004-2007)

Seán Mac an tSaoir 

124 Breeding of Stone Fruit Rootstocks Adapted to South African Soil and Sonwabo Booi 

125 Overview of Plum (Prunus salicina) Rootstocks in South Africa Pieter Stassen 

126 Progress in Developing Armillaria Resistant Rootstocks for Use with Peach Thomas Becknian 

127 Pear Rootstocks for the Central Zone of Russia Vadjm Girichcv 

128 Method of Constructing Core Collection for Malus sieversii Using Molecular 
Markers XuesenChen 

129 Rootstock Effect on Fruit Drop Patterns and Quality of 'Galaxy' and 
, Golden Reinders Apples JosefRacsko 

130 Management of Crop Load and Vegetative Growth en Honeycrisp to 
Optirnize Fruit Size, Fruit Quality, Rctum Bloom and Fruit Set ames Flore  

131 Carbon Supply, Demand, and Storage in Relation to Current Seasons 
Growth and the Following Years Yield James Flore 

132 The C-DNA-AFLP Profihins of SaIt-Stress Response in Apple Zhen ha¡ Han
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Oral Session 11: Environmental Physiology 4:30-6:00pm 

Session Chair: Lailaing Cheng Albright Auditorium 

Time Oral Abstract 
Number

Titie Presenter 

4:30-4:45 48 High Temperature Effects On Citrus Leaf Gas Exchange, Fiowering, Fruit
Jim Syvertscn Yield And Quality 

Decreased Stomatal Aperture and Increased LeafTemperature Should be two 
4:45-5:00 49 Jmportant Factors in Regulating Photosynthcsis Under Low Sink Demand in Shao Hua Li 

Fruit Trees 

5:00-5:15 50 Susceptibility of Sweet Cherry to Polycarpy is Related to Tissue
Michael Whiting Temperature and Stage of Bud Development 

Structure of Colored Hailnets Affects Light Transmission, Light Spectrum, 
5:15-5:30 51 Photo-Synthesis, Phytochrome, Vegetative Growth, Yield and Fruit Matthew Blanke 

Coloration in Apple 

5:30-5:45 52 Modifications to Peach Phenology by Inoculation with Single and Multiple
Phillip Gibson Grafi-transmissible Agents 

5:45-6:00 53 A Primary Study on Freezing Damage of Citrus in Ma2andran
Hosein Sadeghi Foliowing January Frost, 2008 

7:00-10:00 Syrnposium BanquetandAwards at Seneca Yacht Club
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FRIDAY AUGUST 8, 2008 

Business Meeting 8:00-8:30am
Albright Auditorium 

Time Title Presenter 

800-8:30 Business Meeting of Orchard Systems, Rootstock aud Environmental 
Physiology Working Group Tcrcnce Robinson 

Session 13: Orchard Systems 8:45-10:00ain 

Session Chair: Cabino Reginato Albright Auditorium 

Time Oral
 

Oral Abstract
Presenter Number 

8:45-9:00 54 Performance of Go1den Russet' Bose Pear on Five Training Systems and 
Nine Rootstocks Rachael Elkins 

9:00-9:15 55 An Architectural-Based Tree Training and Pruning - Identification of Key 
Fearures in the Apple Pierre-Erie Lauri 

9:15-9:30 56 Search for a More Dwarfing Rootstock for Jonagold' JefVercammen 

9:30-9:45 57 The Tal] Spindle System: Principies and Performance Terence Robinson 

9:45-10:00 58 Changes in Frulting Behaviour and Vegetative Development of 'Scifresh' 
Apple in Response to Artificial Spur Extinction Using Centrifugal Training Stuart Tustin 

10:00-10:30 Coifee, Jujee and Snack Break 

Session 13: Orchard Systems 10:30-12:30pm 

Session Chair: Stuart Tustin AlbrightAuditoriurn 

l'itnc Oral Abstract 
Number

Tille Presenter 

10:30-10:45 59 Prohexadione-Calcium and NAA Sprays Increase Fruit Weight of
Gabino Reginato Cast1ebnte'Apricot Over Other Management Techniques 

10:45-11:00 60 Effects Of Different Crop Loads and Time of Thinning on Yield, Fruit 
Quality and Retum Bloom of the Apple Cultivar 'Elstar' Mekjell Meland 

11:00-11:15 61 Thc Impact of Dormant Spur-Wood Pruning Severity on Vegetative
Douglas Nichols Growth, Blossom Density and Fruit Size Of'Honeycrisp' 

The Effect of Organic and Conventional 1PM Management Programs on 
11:15-11:30 62 Apple and Asian Pear Tree Growth, Productivity, Expenses and Revenues Christopher Walsh 

in a Hot, 1-fumid Climate
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11:30-11:45 63 Crop Load Alters Water Potential axid Daily Vascular Fiows in Peach Fruit Luca Core Ili-Grapadelli 

11:45-12:00 64 Preharvest Thinning Effects on 'Scifresh' Apple Fruit Production and
John Palmer Quality 

12:00-12:15 65 Crop Load Management of Pacific Northwest Tree Fruits Jim McFerson 

12:30-1:30 Lunch Scandling Center 

Session 14: Rootstock Breeding and Evaluadon 1 :30-3:OOpm 

Session C'hair: Elizbieta Roipara AlbrightAuditurium 

Time Oral \bstract
Titie Presenter Nu mber 

1:30-1:45 66 Brccding of Apple Rootstocks in Poland Edward Zurawicz 

1:45-2:00 67 Five-Year Evaluation of Apple Rootstocks for Orchard Performance and 
Resistance to Rootstock Blight Herb Aldwinckle 

2:00-2:15 68 Qingzhen 1 ' and 'Qingzhen 2', Two Apomictic Apple Rootstocks Guangli Sha 

2:15-2:30 69 Performance of Prunus Rootstocks in tlie 2001 NC-140 Peach Trial Greg Reighard 

2:30-2:45 70 The Krymsk® Rootstock Series. I. Kiymsk®1 (VVA-1), a Dwarfing 
Rootstock At The Basis Of High Dcnsity Plum Orchards in the Netherlands. Frank Maas 

2:45-3:00 71 Review of Fruit Rootstock Research in Europe Performed by EUFRIN 
Rootstock Group Darius Kviklys 

3:00-3:30 Coifee, Juice and Snack Break 

Scssion 15: Enironmenta1 Physiology 3:30-5:30pni 

Session Chair: Luca Correlli-Grappaddlli Álbright Auditorium 

Time Oral Abstract
Title Presenter Number 

3:30-3:45 72 Water Consumption in Lysimeter-grown Apple and Pear Trees with 
Differcnt Training Systems Joan Girona 

3:454:00 73 Mitigation of Water Stress in Peach Trees by Using Summer Pruning and 
Fruit Thinning Gerardo Lopez 

4:00-4:15 74 Effects	 of Partial	 Rootzone	 Irrigation	 on	 Growth	 and	 Physiological
Qinping Wei Characteristics in Apple and Water-saving Efflcicncy
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Thc Pedicel's Role in Postharvest Weight Loss of Two Sweet Cherry 

	

4:15-4:30	 75	 Erick Smith 
Cultivars  

The Rclationship Betwccn Shoot Length and Utilization of Stored 

	

4:30-4:45	 76	 OsamuArakawa
AssiniIatesafter Heading Cut in Young Apple Trees 

Thc Systematic Influence of Crop Load, Spur Type, 3D-Canopy Structurc, 

	

4:45-5:00	 77	 and Leaf Zonal Chlorosis on LeafPhotosynthesis of Honeycrisp' Apple 	 Stefan Fieck 
Trees 

	

5:00-5:15	 78	 The Molecular Basis of Flowering in Longan 	 Jens Wunschc 

	

5:15-5:30	 79	
Aspects ofMacadamia Flowering and the Applications to Canopy 
Mient	

1 Wilkie 

	

6:30-8:30	 Optional Dinner at Hobart Scandling Centcr
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POST-TOUR PROC RAM 

.	 (liii' r	 p 

Post-Syinposiujn Tour: Western New York Fruit lndustry and Niagra Falis Saturday 9-Aug 

TourLeader: Steve Hoying 8:00am-5:00pm 

Time Topic Pre,enter 

8:00-10:00am The Western NY Fruit lndustry Steve Hoying and Craig Kahlke 

10:00-10:45am CG Rootstock Piot at Burch's Orchard Steve Hoying arid Jim Burch 

11:00-12:00noon Systems Tnal and New Orchards Steve Hoying and Erie Brown 

12:00-1 2:30pm Browns Berry Patch U-Pick Steve Hoying and Bob Brown 

12:30-1:30pm Lunch at Browns Berry Patch Bob Brown 

1 :30-2:3Opm Super Spindle Apples at Laxuont Fruit Farms Steve Hoying and Rod Farrow 

2:30-4:00pm High Density Cherries at New Roya] Fruit Farrn Steve Hoying and Tim Buhr 

4:00-5:00pm Niagara Falis Steve Hoying 

6:00-8:00pm Dinner at Niagara Falis Steve Hoying 

Post-Symposium Tour:

I1	 Ftl tI' 
Niagara FalIs and the Western New York Fruit Industry Sunday 10-Aug 

Tour Leader: Steve Eloying 9:00am-5:00pni 

Time Topic Presenter 

9:00-11 :OOam Maid of thc Mist boat tour Steve Hoying 

11 :00-12:Oønoon Caves behind the falis Steve Hoying 

12:00-1 :OOpm Falis Restaurant Stcvc Hoying 

1 :00-2:OOpm Travel to Niagara County Steve 1-loying and Craig Kahlkc 

2:00-3:00pm Peach Systems Trial Steve Hoying 

3:004:00pm Frult Wines Steve Hoying 

4:00-5:00prri Travel to Rochester Steve 1-Ioying
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Oral Session 1 
Rootstock Genomics and Genetics 

Oral Abstract 1 

Implementation of Molecular Marker Technologies in the Apple Rootstock Breeding 
Program in Geneva - Challenges and Successes 

Gennaro Fazio-1, Herbert S. Aldwinckle 2 , Terence L. Robinson' and Yizhen Wan4 
USDA-ARS, Plant Genetics Resources Unit, 630 W. North Street, Geneva, NY 14456 USA 
Department of Plant Pathology, New York State Agricultural Experiment, Geneva, NY 14456 USA 
DepartmentofHorticu1tura1 Sciences, New York State Agricultura! Experiment Station, Corneli University, Geneva, 

NY 14456, USA 
4AppIe Research Center, College of Horticulture, Northwest A&F University, Yangling, Shaanxi 712100, Pcople's 
Repuhlic of China 

Tlie Geneva® Apple Rootstock Breeding program vas initiated in the early 1970's with the overarching goal of 
developing disease resistant, productive and precocious apple rootstocks. Near the turn of the century the program was 
joined with USDAARS resources and in addition to focusing on releasing improved rootstocks it took the challenge 

. of irnplementing molecular marker technologies to aid in the active breeding and release process. The first step was 
to characterize current genetic resources in the elite gene pool of the program and place them in context of other 
rootstock br eeding programs and the larger Malus gene pool. This step yielded knowledge about the uniqueness of 
the germplasm that Cummins had created and opportunities for novel germplasm to be implemented. The second step 
was to gather phenotypic information about different haif sib populations within the breeding program to identify the 
best parents. This was followed by a series of controlled crosses where the progeny was used to discover marker-trait 
associations. Conversely existing half sib breeding populations were also used for marker-trait association discovery. 
The main goal and third step ofthis effort was to implement MarkerAssisted Breeding which for traits such as dwarfing 
and precocity could save several evaluation years in the breeding program. It turns out that in the meantime the 
most useful implementation of marker technologies has been the ability to fingerprint insidious apple rootstocks with 
mistaken identity resulting from mixed propagation beds, or tissue culture mistake. We are currently developing a 
marker assisted breeding protocol that will streamline the breeding process, hopefully yielding more diverse productive 
rootstocks, resistant to biotic and ahiotic stresses and adapted to modem orchard management practices. 

:	
Oral Abstract 2 

Initial Alteration of Shoot Architecture by Dwarfing Apple Rootstocks Involves Shoot/ 
Root/Shoot Signaling Between Auxins, Gibberellins and Cytokinins 

B.M. van Hooijdonk1, D.J. Woolley', I.J. WaMí ngton I and D.S. Tustin2 
Institute of Natural Resources, College of Sciences, Massey University, Palmerston North, New Zealand. 

1The Horticulture and Food Research Institute of New Zealand Ltd, Hawke's Bay Research Centre, Havelock 
North, New Zealand. 

The reduction of scion vigor by dwang apple rootstocks is attributed to reduced basipetal transport of indole-3- 
acetic acid (IAA) to the roots, and lower concentrations of root-produced cytokinins and gibberel!ins transported 
in the xylem to the scion. Although the literature presents a basic hypothesis of how dwarfing rootstocks may alter 
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tree hormone balance and scion vigor, it is poorly understood when scion dwarfing first occurs in relation to tree 
phenology, how scion architecture is first modified, and what hormone group(s) may regulate these changes. 
Understanding when and how dwarfing of the scion first occurs is essential to clearly identify those signais and 
processes that are the first physiological causes of scion dwarfing from those that are subsequent developmental 
effects. 'Royal Gala' scions were grafted onto 'Royal Gala' (self rooted, very vigorous; control), M.793 
(vigorous), MM. 106 (semi-vigorous) and M.9 (dwarf) rootstocks to deiermine how each rootstock modified 
scion architecture during growth of the primary shoot in the first year after grafting. These modifications were 
compared with those of plant growth regulators applied to either the scion (± GA 471 ± benzylaminopurine 
(BAP)) or an auxin transport inhibitor (± 1-N-Naphthylpthalamic acid (NPA)) applied to the stem tissue of 
the rootstock. Compared with the 'Royal Gala' rootstock (control), M.9 reduced the number of axillary shoots 
formed along the primary axis. The final length of both the primary and axillary shoots was also reduced because 
of earlier meristem termination. Collectively, these reductions in vegetative growth caused by M.9 resulted 
in measurable scion dwarfing in the first year of growth. Reductions in branching for M.9 were fully reversed 
with exogenous BAP, however, newly initiated axillary shoots gerieraily terminated without exogenous GA47. 
GA447 increased the length of shoots for scions of M.9 by stimulating meristem activity, thereby decreasing 
the proportion of meristems that terminated early. In contrast, reducing the basipetal transport of IAA to the 
roots of vigorous rootstocks, by applying NPA to stem tissue of the rootstock, resulted in a major change in 
scion form that was similar to M.9 (reduced branching and shoot lengths). The application of BAP to scions 
of NPA treated rootstocks reinstated branching but, as observed with M.9, new axillary shoots terminated 
without exogenous GA47. For rootstocks treated with NPA, GA 47 reactivated growth of the primary and 
axillary shoots, although few additional axillary shoots developed without BAP. Endogenous signaling that 
may occur between scion and rootstock, together with the analytical work required to confirrn the mechanisrn 
of vigor control, are discussed. 

Oral Abstract 3 

Using Genomics Tools to Understand Rootstock-Induced Floral Bud Initiation in 
Rosaccae	 1:	 ) 
Amit Dhingra', Tyson Koepke 1 , and Matthew Whiting2 
'Dept. of Horticulture, Washington State University, Pullman, WA, USA 
2lrrigated Agriculture Research and Extension Center, Washington State University, Proser, WA, 
USA 

Understanding the programmatic progression of floral bud initiation and development in Rosaceae is vital 
for mediating control of fruit yield and quality. Rootstocks used for sweet cherry (Prunus aviurn L.), exert 
paramount control over floral bud density in the scion. We have documented 1 0-fold variability in sweet cherry 
precocity and floral bud density induced by rootstock. Determining the genetic controls and mechanisms for 
the interaction of the rootstock on fruit production can be extremely important for tree fruit growers. A systems 
biology approach combining transcriptomics, proteomics and translational genomics is being undertaken to 
dissect this developmental program. Buds collected from rootstocklscion combinations exhibiting high and 
low floral bud density are being probed to identify the repertoire of genes involved in determining the number 
of floral bud primordia. In the future, protein-protein interactions of the gene products will be examined to 
ascertain the major players in floral bud density determination. Functional validation of the identified genes 
will be performed via either strawberry or sweet cherry transformation systems. Rootstock/scion interactions 
represent a novel biological process operative only in certain perennial fruit bearing crops without a parallel 
in existing model systems. Genomics assisted dissection of the influence that rootstocks cxert on scion 
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fiowering density vil1 enable identification of pertinent genes that can thcn be used for breeding new sweet 
cherry cuitivars. Information gained from this work can be applied to other Rosaceae fruit crops that rely on 
prccocious rootstocks for cfficient production. 

Oral Abstract 4 

Rootstock-regulated Gene Expression Profiling in Apple Trees Reveals Genes whose 
Expression Leve¡ is Associated with Fire Blight Resistance 

Philip J. Jensen', Noemi Halbrendt 5 , Izabela Makalowska 2, Naomi Altman 3 , Craig A. Praul 4 , Sida N. 
Maximova2, Robert M. Crassweller2 , James W. Travi 5 , Gennaro Fazio 6, and Timothy W. McNellis' 
Department of Plant Pathology, 210 Buckhout Lab, Pennsylvania State University, University Park, 

PA 16802, USA 
2Department of Horticulture Pennsylvania State University, University Park, PA 16802, USA 
3Department of Statistics Pennsylvania State University, University Park, PA 16802, USA 

DNA Microarray Facility Pennsylvania State University, University Park, PA 16802, USA 
The Pennsylvania State University Fruit Research and Extension Center, P.O. Box 330,290 University 

Dr., Biglerville, PA 17307, USA 
/

USDA-ARS, Plant Genetics Resources Unit, 630 W. North Street, Geneva, NY 14456, USA 
'l5esirable apple varieties are clonaily propagated by graffing vegetative scions onto rootstocks. Rootstocks 

influence many phenotypic traits of the scion, including disease resistance. Fire blight has become increasingly 
more of a problem with the shift to high-density orchard planting as the strongly dwarfing rootstocks used 
are generaily more susceptible to the disease. The susceptibilities of the major rootstocks are relatively well 
established; however the influence of the rootstock on the susceptibility of the scion is less well characterized. 
In the spring of 2007 we performed fire blight inoculations on 3 yr oid trees of 'Gala' grafted on seven different 
rootstocks and measured the growth of the resultant cankers. 'Gala' grafted on G30 showed the lowest rate of 
canker growth while 'Gala' on M27 showed the highest rate of canker growth. Using an apple DNA microarray, 
ve examined the gene expression patterns in greenhouse grown 'Gala' scions grafled to the same series of seven 

different rootstocks that we examined for the susceptibilities to fire blight. Over 100 genes were identified whose 
expression levels correlated with the degree of fire blight susceptibility of the scion!rootstock combinations. 
We will use Quantitative PCR to test these correlations in an orchard-grown population of different scionl 
rootstocks combinations that have been rated for fire blight susceptibility. This study demonstrates the utility of 
using rootstock-regulated gene expression profihing for the identification of genes associated with agriculturally 
important traits. These genes may be useful for apple breeding programs. 

Oral Abstract 5 

Non-Dormant Evergrowing Peach as a Tool for Discovering Genes Involved in 
Vegetative Growth Cessation 

S. Jiménez' Z. Li', G. L. Reighard' and D. G. Bielenberg2 
1 Department of 1-lorticulture, Clemson University, Clemson, SC, USA 
2 Department of Horticulture and of Biological Sciences Clemson University, Clemson, SC, USA 

Thc pcach [Prunus persica (L.) Batsch] mutant evergrowing (evg) fails to cease growth and enter dormancy 
under dorniancy inducing conditions. We used the evg mutant to filter gene expression associated with exposure 
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to short days (SD) but not involved in the induction of dormancy itself. Peach wild-type and evg plants were 
grown under controlled conditions of long day (LD, 1 6h18h) followed by eight weeks of SI) (8h11 6h). Growth 
cessation was evaluated and apical tissues were sampled at LD and one, two, four and eight weeks of SI). Wc 
identified and analyzed genes involved in vegetative growth cessation by PCR c-DNA subtraction between 
both genotypes tissues. Wild-type plants showed apical growth cessation after two weeks of SI). We found a 
small number of differentially expressed genes associated with the development of dormancy, 19 up-regulated 
genes in the wild-type with respect to the mutant. Wc used the quantitative real time PCR reaction to study 
the expression of the differentially expressed genes along the short-day treatment and observed two patterns 
of expression: early expression that decreased at time of growth cessation, and late expression that peaked at 
eight weeks of SI). In conclusion, the use of the dormancy-incapable mutant evg has allowed us to reduce the 
number of genes typically detected by differential display techniques on dormancy experiments. These genes 
will be the target of future investigation. 
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Oral Session 2 
Rootstock Genomics and Genetics 

Oral Abstract 6 

Molecular Markers for Fire Blight Resistance (Erwinia amylovora) in Apple 
(Malus) 

John L. Norclli1 , Susan E. Gardincr 2 , Mickael Ma1noy' llcrb S. Aldwinck1e 3 , Robert E. Farreil, 
Jr.', Mary B. Horner6, Jean-Marc Ce!ton2, Angela M. Baldo', Deepa R. Bowatte 2 , Charmaine M. 
Carlisle2 , Donna A. Lalli', Vincent G.M. Bus', Carole L. Bassett', Gennaro Fazio7 and Michael E. 
Wisniewskit 
1 USDA-ARS, Appalachian Fruit Research Station, 2217 Wiltshire Rd., Kearneysville, WV, 25430, 
USA; Email: jay.norelll@ars.usda.gov  
2 HortResearch, Private Bag 11030, Palmerston North 4442, New Zealand 
Department of Plant Pathology, NYSAES, Comeil University, 630W. North St., Geneva, NY, 14456, 

USA 

current address: Istituto Agrario San Michele all'Adige, E. Mach Foundation, Via E. Mach 1,38010 
San Michele all'Adige (TN) Italy 

Department of Biology, Pennsylvania State University, 1031 Edgecomb Ave., York, PA, 17403, 
USA 

HortResearch, Private Bag 1401, Havelock North, New Zealand 
' USDA-ARS, Plant Genetic Resources Unit, 630 W. North St., Geneva, NY, 14456, USA 

Fire blight, caused by Envinia amylovora (Ea), is a destructive disease of apple (Malzis), pear (Pvrus) and 
sorne woody ornamentais in the rose family (Rosaceae). The goal of this project is to use a functional genomics 
approach to develop tools to breed fire blight resistant apples. Six hundred fifly expressed sequence tags (ESTs) 
associated with fire blight were identified from Ea-challenged apple leaf tissue by suppression subtractive 
hybridization (SSH) and cDNA-AFLP analysis. ESTs were ranked for their potential impact on resistance 
based on bioinformatics and inferences drawn from model systems. Simple sequence repeat (SSR) and single 
nucleotide polymorphism (SNP) markers denved from highly ranked fire blight-associated ESTs were mapped 
in a 'M.9' x 'Robusta 5' population in which a major QTL for fire blight resistance has been located on Linkage 
Group 03. Highly ranked fire blight-associated ESTs were mapped to this QTL, as well as to the positions 
corresponding to the location of at least two QTLs reported in other populations (Calenge et al. 2005, Khan 
al. 2006). Markers for heat shock protein 90 (Hsp8 1-2), a secretory class III peroxidase and a serine/threonine-
protein kinase mapped to the LG03 fire blight resistance QTL and reduced its size from 12cM to 4cM. Markers 
for a "putative disease resistance protein" (NCBI AY347778) and Skp 1 (SCF-type E3 ubiquitin ligase) mapped 
to positions corresponding to the location of two known QTLs on LG07 and LG 12, respectively (Calenge etjJ 
2005, Khan et al. 2006). To date, of 28 candidate fire blight resistance gene markers that have been mapped, 
6 have co-located to or near known fire blight resistance QTLs. This research will facilitate new methods of 
marker-assisted selection to efficiently breed superior apple cultivars with fire blight resistance.
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Oral Abstract 7 

Fire blight Resistance of Budagovsky 9 Apple Rootstock 

N.L. Russo', T.L. Robinson2, G. Fazio 3 , and H.S. Aldwinckl& 
1 Department of Plant Pathology, New York State Agricultura! Experiment Station, Come!! University, 
Geneva, NY 14456, USA 
2Department of Horticultura! Sciences, New York State Agricultura! Experiment Station, Corneli 
University, Geneva, NY 14456, USA 
3USDA-ARS, Plant Genetics Resources Unit, 630 W. North Street, Geneva, NY 14456, USA 

The rootstock phase of fire blight, caused by the bacterium Erwinia amylovora, results in significant economic 
losses through decrease in production and high orchard replacement costs. Identification of novel apple 
rootstocks similar to M.9 in orchard productivity, with confirmed resistance to fire blight is a priority. B9, a 
cold-hardy, dwarfing rootstock has been shown to have high levels of resistance to fire blight, despite historical 
characterization as a fire blight susceptible rootstock. Leafinocu!ations of non-grafted B.9 rootstocks becarne 
severely infected with whereas scion inoculated trees grafted to B.9 remained unaifected by rootstock blight. 
Microsatellite analysis using 23 SSRmarkers confirmed the genetic uniformity of B9 rootstocks in commerce, 
indicating cultivar misidentification was not a cause of the contradictory results. Investigation was made 
into the effect of scion cultivar, tissue age, bacterial migration, and grafting on resistance. In 2002, four scion 
cultivars, 'Roya] Gala', 'Red Yorking', 'Jonagold', and 'Gingergoid', were planted in combination with four 
rootstocks, B.9-OR, B.9-NE, M.9 and G.16, and non-grafied rootstocks, at Geneva, NY. In 2003 and 2004, 
trees were scion inoculated with E. amylovora and trunks were sequentially sampled to assess the level of 
bacteria! migration. Results indicated that neither scion nor rootstock cultivar influenced bacteria] migration 
into the rootstock through vascular tissues. In 2005 and 2006 rootstock tissue was wound inoculated with E. 
amylovora. Results indicated that older B9 rootstock tissue was resistant in both grafted and non-grafted plants 
and that scion cultivar did not influence symptom deve!opment. Reciprocal grafting experiments validated 
these results. Further experiments investigating tissue age and its effect on resistance suggest that B.9 asserts 
a form of persistent adult plant resistance in response to E. amylovora. Thus the contradictory deterrninations 
of resistance of B.9 in the past appear to be entirely due to the age of tissue inoculated. 

Oral Abstract 8 

Physiological and Biochemical Parameters Insolved In Waterlogging Toicrance In 
Prunus Rootstocks 

M. J. Rubio-Cabetas, M.L. Amador and S. Sancho 
Unidad de Fruticultura, CITA de Aragón. Avda. de Montaña 930, 50059 Zaragoza, Spain 
E-mail: mjrubioc@.aragon.es 

Water!oggirig induces an abiotic stress associated with poor drainage in soils affecting stone fruit (Prunus spp.) 
crop productivity and physiology. The main consequence of ffiis stress is anoxia and hypoxia in root environment. 
Stone fruit rootstocks are known to show different tolerance leveis to low oxygeri conditions. Peach is the most 
sensitive species arnong the stone fruits. Flooding tolerance is based on complex anatomical and biochemical 
adaptations, taking place niostly in roots, as root respiration decreases as well as ATP production. Under 
hypoxia conditions tolerantplants maintain respiration rates with the oxygen availahie. Alcoholic fermentation 
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from pynivate to ethanol is considered an important metabolic pathway for energy production in a two-step 
process where pyruvate is converted into acetaldehyde by pyruvate decarboxylase (PDC) and acetaldehyde is 
subsequently converted into ethanol by alcohol dehydrogenase (ADH). Two different assays were established to 
compare long and short terrn waterlogging stress response. Trials were carried out with a set of two myrobalans, 
'P.2175' and 'P2980', as tolerant rootstocks, and a set of two interspecific hybrids, 'Garnem' and 'Felinem', 
as sensitive ones, in long terms response. Only the myrobalan 'P.2175' and the hybrid 'Felinem' were used 
in short term trials. Plants were kept under different flooding treatments, in similar soil and water conditions. 
Stomatal conductance and chlorophyll content were measured during two consecutive years in the flrst trial, 
both during flooding and recovery periods. Enzymatic activity of ADH and the antioxidant activity of SOD, 
CAT and POD were measured during flooding and recovery periods. Moreover, gas chromatography was used 
to determine acetaldehyde and ethanol concentrations released in root medium. Physiological parameters and 
enzymatic activity results of both trials are used to discuss differences in flooding tolerance degree in this 
abiotic stress. 
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Oral Abstract 9 

Physiological and Morphological Effects of Size-Controlling Rootstocks on 'Fuji' 
Scion 

T. Tworkoski' and G. Fazio2 
'Research Plant Physiologist, Appalachian Fruit Research Station, ARS, USDA, 2217 Wiltshire Rd., 
Kearneysville, WV 25431 USA 
2 Apple Rootstock Breeder and Geneticist, Plant Genetics Resources Unit, ARS, USDA, Come!l, 
University, 630 W. North St., Geneva, NY 14456 USA 

The size-controlling effects of apple rootstocks were partially characterized in greenhouse experiments. Two-
year-old 'Fuji' scions on 25 size-controlling rootstocks, from the USDA apple rootstock breeding program 
in Geneva, NY, were grown for one season and shoot development was measured each month. Discriminant 
analysis associated the rootstocks into three clusters based on similarity of shoot secondary and primary growth 
and tree height. Total shoot growth for one season was 367, 283, and 149 cm for rootstock cluster (RC) A, B, 
and C, respectively. RC-A had significantly greater photosynthesis and transpiration rates than RC-C (18.3 
and 12.3 jimol CO 2 m 2 leafarea sec 1 and 4.2 and 3.1 mmol H 2O m 2 leafarea sec', respectively). At the 
end of the first growing season, trees were placed in controlled coid environments to provide chilling. At the 
beginning of the second growing season, trees were removed from chilling, the roots were pressurized, shoots 
were removed 40 cm aboye the graft union, and hydraulic conductivity was measured. Xylem exudate was 
collected and analyzed for cytokinin (CK), abscisic acid (ABA), and inole-3-acetic acid (IAA). Less hydraulic 
conductance was associated with the more dwarflng rootstocks, RC-C, compared with the more invigorating 
RC-A (0.58 and 1.41 mL cmStem' hr' MPaLeaf', respectively). Abscisic acid flux was higher in xylem 
exudates from dwarfing (RC-C) than vigorous (RC-A) rootstocks (2.28 and 0.23 pmo! . mL' hr', respectively). 
The concentrations of CK and IAA were variable and rootstock-related difierences were not determined. Stem 
samples of scion and rootstock from aboye and below the grafi were collected and anatomical differences of 
stem cross-sections are being analyzed with scanning electron microscopy. Initial results show that fiber wall 
thickness in late wood was greater in 'Fuji' scion on RC-C than RC-B and RC-A rootstocks. The data indicate 
that chemical signa!s, such as hormones, as well as hydraulic signais, may play a role in size-controlling 
processes of apple rootstocks.
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Oral Abstract 10

e 
Early Fruit Growth And Drop - The Role of Carbon Balance in the Apple Tree 

Alan N. Lakso 

Dept of Horticultural Sciences, New York State Agricultura! Experiment Station, (Torne!! University, 
Geneva, NY 14456, USA 

Recent research has focused on determining the role in early app!e fruit growth and drop of tree carbon balance 
and competition amongst organs. Experimentation and carbon balance modeling have combined to provide 
a better picture of these relationships. It appears that the time of greatest carbon supply-to-demand deficit 
occurs at about 1-3 weeks after bloom. Carbon reserves reach their minimum about bloom, so the carbon 
supply for fruit is developing fairly linearly with leafarea growth, but early demand is increasing more rapidly 
due to large fruit numbers and exponential growth. For non-stressed trees, generally radiation has the greatest 
effect on supply, while fruit and competing organ numbers and temperature tend to control the demand. Bcst 
carbon balance occurs at moderate day temperatures (20-25°C) and cool nights (8-12°C) to support adequate 
canopy growth but !imit demand and with high radiation to maxirnize supply. Competition for carbon at this 
early stage appears to be primarily between shoots and fruits, with shoots having apparent priority, at Ieast 
under low light conditions. In general it appears that trees with normal fiower density, initial set and relatively 
normal weather become source limited typically a week afier bloom. Fruit growth and set is lirnited by carbon 
availability. Combining organ and tree-level physiology and modeling with rnodern genctic tools vi11 greatly 
enhance our ability to undcrstand these critical cropping processes. 

Oral Abstract 11 

Sorbitol Availability and Sorbitol Dehydrogenase Expression During Apple Bud 
Development From Budbreak to Bloom 

Marta Nosarzewski and Douglas D. Archbold 
Department of Horticulture, University of Kentucky, Lexin gton, KY 40546-0091, USA 

Sorbitol is the primary photosynthate and translocated carbohydrate in apple (Maltis doinestica Borkh.) aud is 
converted to fructose by SORBITOL DEHYDOGENASE (SDH) in sink tissues. To date there have been no 
studies comparing sorbitol availability, SDH activity, and SDH gene expression patterns in apple buds from 
dormant buds to bloom. Thus, the objectives of this work were to determine 1) the patterns of sorbitol availability 
and SDH activity and 2) iftissue-specific SDH expression occurs in fiower buds during this period. Sorbitol 
was the main soluble carbohydrate in expressed xylem sap from the ful!y dormant stage until bloom, with 
concentration levels 5-10 fold higher than for fructose or glucose, and it increased 2-3 fold over this period. 
Bud SDH activity per g FW and per mg protein increased significantly from dormant bud to bloom. Four out 
of the nine known SDH genes, SDHI, SDH2, SDH3, and SDFI6, were consistently expressed in fiower huds 
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during dorrnant and all postdormant developrnental stages, while one gene, SDH9, vas expressed at fuli bloom 
only. The SDH genes exhibited tissue-speciflc expression at fuli bloom with three, SDH1, SDH2 and SDH3, 
expressed in all floral tissues. This work indicates that sorbitol and other sugars are abundantly available from 
dormant hud to bloom stages, and that sorbitol expression and metabohism are at least in part developrnentally 
regulated within the emerging buds. 

Oral Abstract 12 

e
	

Does Availability of Soluble Carbohydrate Reserves Determine Apple Fruit Set? 

Douglas D. Archbold, Marta Nosarzewski, Benhong Wu, and Pavani Vuppalapati 
Departrnent of Horticulture, University of Kentucky, Lexington, KY 40546-0091, USA 

Sorbitol is the dominant photoassimilate imported by reproductive and vegetative sink tissues in apple (Maliis 
domestica Borkh.). Within these sinks sorbitol dehydrogenase (SDH, EC 1.1.1.14) is the primary enzyme that 
catalyzes the oxidation of sorbitol to fructose. SDH activity is present during this early period in both thc cortex 
and seed tissues with a higher level per mg protein in the seed. SDH activity increases during bud development 
fohlowed by a relatively constant level of activity in bud tissue and fruit cortex from prebloom to at least 6 
weeks after bloom, while seed SDH activity continues to increase. Thus, it is likely that SDH plays a critical 
role in establishing young apple fruit as sinks during the fruit set phase. A comparison of SDH activity in seed 
and cortex of fruit that were clearly abscising during natural fruit drop to those that were persisting indicated no 
significant differences in SDH activity between the two types. The lack of change in SDH activity in dropping 
fniit indicates that the capacity to utilize sorbitol may not be limiting. A study of expressed sap from shoots 
subtending fiower buds and fruit indicated that sorbitol concentration was in greatest abundance, fohlowed by 
glucose, fructose, sucrose, and myo-inositol with evidence of galactose, raffinose, and stachyose. The leveis 
of all of the major carbohydrates declined appreciably in the 2 to 3 week period leading up to natural fruit 
drop. In the 3 week period foliowing chemical fruit thinning applications, fruit SDH activity was not affected 
but leveis of sorbitol and other soluble sugars were lower for a longer period of time. Thus, considering both 
SDH activity and soluble carbohydrate availabihity, fruit drop at 4-6 weeks after bloom may be due to limited 
availabihity of carbohydrates and not to an inability to utihize them, and this himitation may be enhanced by 
chemical thinning. 

Oral Abstract 13 

Seasonal Responses of Apple Fruit Growth, Abscission, and Fruit Carbohydrate 
Concentrations to Low Light 

Alan N. Lakso', Duane W. Greene 2 and Lailiang Cheng3 
'Dept of Horticultural Sciences, New York State Agricultura! Experiment Station, Corneli University, 
Geneva, NY 14456 USA 
2 Dept of Plant Science, University of Massachussets, Amherst, MA, USA 
1 Dept of Horticulture, Corneil University, Ithaca, NY, USA 

Thc responses of fruit growth and drop to low hight after bloom are well known. The strongest effect is 
greatest at about 10-15 mm fruit diaineter and decreases with later fruit development. The hypothesis was 

37



tested that the reduced response of larger fruit was due to the utilization of carbohydrate reserves in the fruit. 
Low light (20% of fuli light) was applied with shade cloth over groups of Empire trees at 10, 17, and 34 mm 
fruit diameter stages in 2 studies. Low light reduced fruit growth rates and induced drop at all stages with 
the strongest effects at the 17-18 mm stage. At about 10 mm the effects were not as strong. Later at 35 mm, 
shade effects were variable. Fruit drop was closely related to fruit growth rate at 10 and 17 mm stages, but at 
the 34 mm stage drop occurred, but was much hess for the same reductions in growth. This indicates that thc 
relationship between fruit growth rate and drop changes after the celi division period. During each shading 
period fruit growth was monitored and representative fruits were sampled for carbohydrate analyses. Soluble 
carbohydrates were essentially constant at each time period regardless of hight or growth rate. Starch leveis in 
the controis increased from about 2-4% at 12 mm to 35-40 m to about 15-20% starch. The starch concentration 
in the shaded fruit did not increase but also did not decrease very much even with very low fruit growth rates. 
Sorne shaded fruit with zero growth rates that would induce drop still had 12-15% starch. So, it does not appear 
that apple fruit utilize their starch reserves to maintain fruit growth when light is low. 

Oral Abstract 14 

Isolation And Characterization of Genes Associated with Shade-Induced Apple 
Abscission 

Chunjiang Zhou', Alan N. Lakso 2 , Terence L. Robinson 2 and Susheng Gan' 
'Department of Horticulture, 134A Plant Science, Corneil University, Ithaca, NY 14853-5904, USA 
2Department of Horticultural Sciences, New York State Agricultural Experirnent Station, 630 West 
North Street, Geneva, New York 14456, USA 

Apple trees generally produce too many fiowers and fruitlets, which negatively affects commercial value. 
Thus thinning is an important practice by which excessive fiowers and fruitlets are induced to abscise. Many 
factors including shading can cause fruit to drop. In order to understand the molecular basis of shade-induced 
thinning, Empire' apple trees were shaded to approximately 20% of fuil light for three days, starting at the 
fruit diameter stage of 12 mm. King fruit were marked on treated and control trees and measured for 3 days 
before shading to ensure consistent growth. At 24 and 72 hours after shade began, fruit were sampled from 
shaded and control trees. At 24 hours the sampling was random as growth could not be measured accurately, 
but at 72 hours sampled fruits had only grown 40% as much as controis. Two cDNA libraries were constructed 
using the suppression subtractive hybridization (SSH) method and 347 expressed sequence tags (ESTs) were 
obtained. 168 ESTs represent transcripts that are preferentially expressed after 24h of shading, and the other 
179 are derived from RNAs of small apple fruits that were. shaded for 72h. Sequence analyses revealed that 
these clones represent 68 (24h) and 44 (72h) unique genes. These genes belong in 8 functional categories. The 
largest set of genes is related to carbohydrate metabohism. The second largest group contains unclassifled or 
unknown genes. RNA gel biot analysis confirmed that at least 26 genes are up-regulated afler shade treatment. 
Sorne of these genes may serve as molecular rnarkers for apple thinning. 
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Oral Abstract 15 

The Effect of Temperature and Developmental Stage on Carbon Dioxide Exchange 
of Attached 'Roya¡ Gala', 'Fuji' and 'Cripps' Pink' Apple Fruits 

Jeremias J.B. Pretorius, Karen 1. Theron and Stephanie J.E. Midgley 
Department of Horticultural Science, University of Stellenbosch, Private Bag XI, Matieland 7602, 
Steilenbosch, South Africa 

In the Western Cape region of South Africa post-bloom spring temperatures can be high, resulting in high 
fruit respiration rates during a period when carbohydrate supply can be potentially limiting. Chlorophyllous 
apple fiesh tissues exposed to Iight are capable of assimilating CO., diffusing through stomata or lenticeis, or 
re-fixing CO, lost through respiration. This couid represent a significant contribution to the carbon balance 
of growing fruits. In this fleid study, light-saturated net CO. assimilation rate (Amax), dark respiration rate 
(Rd), and light-saturated photosynthetic rate (Prnax, the difference between Amax and Rd), were measured at 
different fruit surface temperatures on attached 'Royal Gala', 'Fuji' and 'Cripps' Pink' apple fruits in the Ceres 
and Elgin regions (Western Cape, South Africa). Measurements were performed during the ccli division stage 
(20-30 days after fuil bloom, DAFB) and during the ceil enlargement stage (50-60 DAFB) of fruit growth. In 
all cultivars, Pmax and Rd increased, and Amax decreased with increasing fruit surface temperature. After the 
ccli division stage, Pmax and Rd decreased and Amax increased with increasing fruit fresh weight. 'Fuji' fruit 
reached compensation point (Amax = positive due to Pmax exceeding losses by Rd) during the mid-season 
(55 DAFB) at temperatures of up to 30°C, but Amax remained negative at 35°C. 'Royal Gala' alrnost reached 
compensation at 20 and 25°C (53 DAFB), but Amax remained negative at 30 and 35°C. The rapid increase in 
dark respiration rate with increasing temperatures during the ccli division stage of fruit growth creates a high 
demand for assimilates and could have serious implications for fruit growth and final size in warm climates 
such as the Western Cape. 

Oral Abstract 16 

Predicting Chemical Thinner Response with a Carbohydrate Model 

Terence Robinson and Alan N. Lakso 
Department of Horticultural Sciences, New York State Agricultura! Experiment Station, Corneli 
University, 630 W. North Street, Geneva, NY 14456, USA 

Chemical thinning remains one of the more unpredictable parts of apple production with large variations from 
year to year and within years. To quantify the variability within years and between years we have conducted 

e spray timing trials each year from 2000-2008 on mature vertical axis 'Royal Gala'/M.9, Mclntosh/M.9 and 'Ace 
Delicous'/M.26 trees. Wc applied a tank mix of either 7.5 ppm of naphthaleneacetic Acid (NAA) plus 600ppm 
of carbaryl or 75 ppm of 6-benzlyadenine (BA) plus 600ppm of Carbaryl at 3 or 4 day intervals beginning at 
petai faIl until 21 days afier petal fail. Normally about 7 timings were achieved during the thinning period. 
Through our trials we liave learned that conditions that niake the tree difÍicult to thin are: cool temperatures 
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(especially night temperatures) with high sunlight, and a light initial crop while conditions that make the tree 
easier to thin are: high temperatures (especially high night temperatures) with Iow light leveis during the day, 
and heavy initial set. The combined effects of temperature and sunlight on thinning efficacy have been difficult 
to predict. Many of the factors that affect tree sensitivity to chemical thinners seem tobe related to the balance of 
carbohydrate supply from tree photosynthesis in relation to the demands for growth by all the competing organs 
of the tree (fruits, shoots, roots, and woody structure). Over the last 15 years a simplified computer model was 
developed by Alan Lakso that uses daily maximum and minimum temperatures and sunlight level to estimate 
whole tree carbohydrate supply and demand by the various organs of the tree. To evaluate the usefulness oí' 
the carbohydrate model in explaining the variability in thinning response we compared the model estimates of 
early season carbohydrate surpius or deficits to look for periods of particularly good or poor supply:demand 
balance. These patterns of supply to demand were then compared to our observed thinning responses from the 
spray timing studies each year. Model simulations from several years showed that there are oflen periods of 
particularly negative or positive supply:demand balance which were associated with severe thinning or mild 
thinning. There were also years in which there was essentially a balance in carbohydrate demand and supply. 
These years were used to discover the underlying pattern of chemical thinning response from petal fali to 
20mm fruit size. This pattern shows that at petal fail there is the least thinning while the greatest thinning 
occurs at 10-1 Smm fruit size which is followed by reduced thinning at greater fruit sizes. Periods of significant 
carbohydrate deficit (or surpius) as estimated by our model can dramatically change the underlying pattern 
which gives rise to the year to year variability in thinning response. The carbohydrate model was useful in 
explaining chemical thinning response in New York state over the last 9 years. The carbohydrate model may 
be useful to help growers predict and understand chemical thinning response in two ways: (1) The results fi-orn 
the model from petal fali until fruits are lOmm in size will provide growers with an estimate of the thinning 
achieved with petal fail thinning sprays before additional sprays are apphied at the 10-1 2mm fi-uit stage; and 
(2) With accurate weather forecasts, the model may also provide predictions of thinning efficacy of sprays 
applied at the 10-12mrn fi-uit stage. 

Oral Abstract 17 
Contributions of Short And Long Shoots to Yield of 'Kerman" Pistachio 
(Pistacia vera L.) 

Timothy Spann 

Citrus Research and Extension Center, University of Florida, Lake Alfred, FL, USA 

The canopy of a mature pistachio (Pistacia vera L.) tree is composed of two types of shoots: short-shoots 
composed entirely of preformed units, and long-shoots composed of both preformed and neoformed units. 
Since the production of these two types of shoots is known tobe related to rootstock and rootstock influences 
yield of pistachio the relatioriship of these two types of shoots to yicld was investigated during two cropping 
years. Short-shoots produced signiflcantly less total yield and had fewer fruit clusters per shoot compared with 
long-shoots. Long-shoots positively affected yield components in one year, but had no effect in the other year. 
Whether the differences in the one year were due to canopy position and light interception or differences in the 
carbohydrate allocation within the two types of shoots could not be determined from the current data. Long-
shoots initiated more inflorescence buds, although inflorescence bud formation was restricted to the preformcd 
growth and only the 3-4 earliest neoformed nodes. However, when expressed as a percentage, long-shoots 
retained a lower percentage of initiated inflorescence buds, compared with short-shoots. Regardless of shoot 
type, less than halfofthe inflorescence buds that were retained from the previous season produced mature fruit 
clusters, indicating that inflorescence bud retention from the previous season may not be thc primary lirniting 
factor to y ield in pistachio. 
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•	 Oral Abstract 18 

e'	 Genetic versus Environmental Effects on Hexose Characteristics of Peach Fruit 
• 
•	 Benhong Wu', Jianbo Zhao 2 , Jun Yang', Yanqiu Wang', Benedicte Quilot 3 , Miche! Genard3 , Jing Niu', 
•	 and Shaohua Li1 

•	 'Institute of Botany, ChineseAcademy of Sciences, Beijing 100093, China 

•	 2lnstitute of Forestry and Fruit, Beijing Academy ofAgriculture and Forestry Scicnces, Beijing 100093, 

•	 China 
3 lnstitut National de la Recherche Agronomique (INRA), Plantes et Systémes de culture Horticoles, 
Domaine St Paul, Site Agroparc, 84914 Avignon cedex 9, France 

•	 In a study of 146 peach genotypes over two successive years, fruit from nearly alI Chinese, Japanese, European 
•	 and American bred cultivars, and most native Chinese cultivars, exhibited glucose-to-fructose concentration 
•	 ratios (GIF) of about 1. Sixteen of 43 native Chinese cultivars, 4 wild species from different regions in China, 
• Prunus kansuensis, P. ferganensis, and the European rootstock 'Siberian C' contained a much higher glucose 

concentration than fructose for a G/F of 23-7.6, while P. davidiana had a G/F of 0.8-0.9. The results showed 
that it is likely that Chinese wild species are the origin of gene(s) controlling low fructose concentration, and 

•	 that genes controlling low fructose may be derived from either maternal or paternal parents. An advanced 
e'	 backcross population derived from a cross between cornmercial cultivars with P. davidiana were also studied 
•	 over two successive years. The results showed that about 20% of this population had a G/F >3.4, Detection of 

•	 QTLs by RFLP, AFLP and SSR markers for glucose and fructose in this population showed that positive QTLs 
for both sugars were detected in linkage groups 2, 4, 5 and 7 and might vary with year, while a QTL in Iinkage 

.	 group 1 was always found to be negatively correlated to fructose with a large contribution to its variation (r2), 
from 46-55%. The characteristic G/F for a peach genotype was independent of environment (year, location, 
and dcvelopmental period). Moreover, leaves showed similar G/F characteristics as peach fruit. 
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•	 Oral Abstract 19 

e 
•	 Weather Conditions Affect Fruit Weight, Harvest Date and Soluble Solids Content 
•	 of 'Cresthaven' Peaches 
e 
•	 S. Johnson', M. Newell 2 , G. Reighard 3 , T. Robinson4, K. Taylor5 , C. Walsh 2, and D. Ward6 
•	 'Departmerit of Plant Science, University of California, Davis, CA, USA 

2 Departrnent of Horticulture, University of Maryland, College Park, MD, USA 
Departrnent of Horticulture, Clemson University, Columbia, SC, USA 
Department of Horticultural Sciences, New York State Agricultural Experirnent Station, Corneli 

S	
University, Geneva, NY 14456, USA 

Department of Horticulture, University of Georgia, Athens, GA, USA 
•	 6 Departrnent of Florticulture, Rutgcrs University, NJ, USA 

111 the spring of 2002, Cresthaven' peach trees on Lovell rootstock were planted in six locations in tI1e states 
•	 of CA, GA, MD, Ni, NY and SC. A!l trees carne from the same nursery. During the three seasons of 2004 to 

•

	

	 2006, five healthy trees were selected at each site and thinned heavily and early to obtain maximum fruit size. 
Fruit were first harvested when a few began to soften and aH remaining fruit were harvested within one week. 
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Defective, green or abnonnaily small fruit were thrown out. Fruit were individually weighed and a wedge was 
taken from each to obtain a composite percent soluble solids content (%SSC) reading for each tree. Other data 
collected iricluded bloom date, daily solar radiation, maxlmin temperatures and rainfail. Of the 16 locationlyear 
combinations (NY was frozen out two years), there was substantial variation in all parameters measured. For 
example average fruitweight (FrtWt) ranged from 131 to 394 grams, %SSC from 10.2 to 15.1%, bloom dates 
from March 7 to May 2 and time from bloom to harvest (B1-Hrv) varied from 109 to 143 days. Correlation 
analysis was conducted to identif, weather parameters that could account for the variability in FrtWt, Bl-Hrv 
and %SSC. First, FrtWt and Bl-Hrv were well correlated (positively) with each other (r = 0.86) and thus their 
correlations with weather parameters were similar. In general, large FrtWt (and longer B1-Hrv) was associated 
with cooler temperatures and lower solar radiation in the spring. Greater %SSC was associated with a lack oí' 
rain before harvest and lower minimum temperatures during the season 

Oral Abstract 20 

Using Concept-based Computer Simulation Modeling to Study and Develop an 
Integrated Understanding of Tree Crop Physiology 

Theodore DeJong', Yaffa Grossman 2, Gerardo López3 and Romeo Favreau' 
1 Department of Plant Sciences, University of California, Davis, CA 95616, USA 
2 Department of Biology, Beloit Cohlege, Beloit, WI, , USA 
3 lrrigation Technology, Institut de Recerca i Tecnologia Agroa1imentries, Lleida 25198, Spain 

Studying and developing an integrated understanding fruit tree physiology and growth and developrnent is 
a difficult endeavor. Plants are very complex organisms that are governed and influenced by a multitude of 
factors. Traditional experimental approaches to study and integrate plant function has been largely himited to 
only dealing with a couple factors at a time and communicating those interactions verbaily or with two or three 
dimensional static diagrams. These approaches result in valuable insights into the interactions of a limited 
number of variables (usually 1 or 2) on a similarly limited number of somewhat isolated processes (like organ 
growth or functions such as photosynthesis, respiration, etc.). However it is very difficult to develop and 
comniunicate an integrated understanding of natural processes that involve multiple interacting factors. The 
study and understanding of environmental and endogenous influences on carbon assimilation, partitioning, 
transport and utihization in plants is a good example of these limitations. Quantifying carbon partitioning and 
utilization a complex problem because of the dynamic nature and relationships among carbohydrate partitioning, 
growth and plant architecture as wehl as the multitude of factors that can influence each process and individual 
organs. One way to dynamically integrate the influence ofmuhtiple factors on multiple processes is to use recent 
advances in computer technology to develop concept-based, computer simulation modehs of tree crop growth 
and physiology. For the past two decades research in our haboratories has focused on developing environmental 
and endogenous influences on carbon assimilation, partitioning, transport and utihization in peach trees. This 
has resulted in the L-PEACH model which has been described elsewhere. Modehing has allowed us to develop 
a systematic analysis and integration of concepts regarding the factors that control peach fruit growth, crop 
yield, and tree growth; as well how these processes respond to management practices. 
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Oral Session 5 
Orchard Systems 

Oral Abstract 21 

Changing Concepts of Efficiency in Orchard Systems 

John Palmer 

The Horticulture and Food Research Institute of New Zealand Lirnited, Nelson Research Centre, 
Motueka, New Zealand. 

Looking back over the symposia organized by the Orchard and Plantation Systems Working Group from 
1976, we have been seeking to improve the efliciency of carbon acquisition and distribution to the fruit for 
each hectare of orchard land, primarily by our choice of rootstocks, training systems, tree quality etc. Issues 
such as light use efficiency and harvest index have featured prominently, as we have sought to understand 
and compare different systems of production for our perennial fruit crops. These concepts have proven to be 
very useful and robust and will continue to guide our future thinking as they describe the basic physiological 
processes. We have also considered issues of sustainability, which initially focused on issues such as IFP to 
reduce chemical pesticide use and on occasions mechanization to improve economic sustainability. Currently, 
however, we are being forced to look at not only the whole system within the orchard (trees, soil, understorey, 
windbreaks) but also the energy costs and carbon footprint of our production and distribution systems - the 
orchard system in a much wider dimension. What we are seeing is an ever-widening horizon of the orchard 
system. The relevance of, for example, light use efficiency is as important today as it was back in the 1970s, 
but we now have to add other measures of efflciency in addition to those we have worked with historically. 
En many ways the need for whole plant physiology has never been more important than today as we seek to 
understand the carbon fiows within the orchard. As we have sought to tackle our more limited horizon of the 
"orchard system puzzle" with scientific rigor, we now need to understand the whole system of our production 
cycle with equal rigor. Future advances are likely to involve step changes and paradigm shifts as profoundly 
transformational as those experienced with intensive planting systems technologies implemented in the past 
30-40 years. 

Oral Abstract 22 

Sweet Cherry Trees Planted as 'Sleeping Eyes' Have Less Survival but Greater 
Growth Compared to Standard Nursery Trees 

Brett Adams and Matthew Whiting 

Irrigated Agriculture Research and Extension Center, Washington State Univcrsity, Prosser, WA, 
USA 

Assessing the costs of establishing a high density sweet cherry orchard and forecasting return on investment 
and breakeven price underscore the importance of tree costs in orchard profitability. Adopting novel planting 
strategies such as sleeping eyes may reduce orchard establishment costs. We initiated a comparison among 
planting system (sleeping eye vs. standard nursery tree), cultivar ('Bing', 'Chelan', and 'Tieton'), rootstock 
('Gisela®6', MxM 60, and Mazzard), and virus status (+1- Prunus necrotic ringspot virus) in a factorial design. 
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Afi trees were Fall-budded in 2005 at a commercial nursery in Ephrata, Washington. Sleeping eye (SE) trees 
were dug, shipped, and planted in the spring, 2006 at the Washington State University Roza experimental farm. 
Standard nursery (SN) trees were nursery-grown in 2006, dug in November, stored commercially, and shipped 
and planted adj acent to the sleeping eye orchard in spring, 2008. Tree spacing of both orchards was 1.25 m 
x 3 m. In 2007 and 2008 tree growth (trunk diameter, tree height, and mean shoot length) was assessed at 
14-day intervais. In addition, total abo ye- and below-ground dry weights were assessed in the winter after the 
first (2006) and second (2007) growing seasons. Overail, tree survival was 76% for SE trees vs. 87% for SN 
trees. Greatest tree survival was for virus-free SN trees (94%) and Iowest for virus-infected SE trees (7 1%), 
irrespective of cultivar and rootstock. After the first growing season, there were subtle differences arnong 
cultivars in vigor - 'Tieton' was slightly more vigorous than 'Bing' and 'Chelan' which were similar. MxM 
60 rooted trees exhibited significantly more vigor (total lateral growth, total abo ye ground dry weight) and 
root growth than Mazzard and 'Gisela®6', which were similar. Overail, virus-free trees had slightly greater 
(+6 - 10%) tree height, root and shoot dry weight, but significantly more total lateral growth compared to trees 
made from virus-infected budwood. After the second growing season, SE trees exhibited significantly greater 
vegetative growth (more than two-fold) compared to SN trees. We hypothesize that this increased growth of SE 
trees will lead to greater and earlier productivity. Our results show great potential for the sleeping eye planting 
system to create high density sweet cherry orchards, particularly when virus-free budwood is utilized. 

Oral Abstract 23 

High Tunnel Sweet Cherry Studies: Innovative Integration of Precision Can opies, 
Precocious Rootstocks, and Environmental Physiology 

Grego Lang, Husnu Dernirsoy, Leyla Demirsoy, and Tara Valentino 
Department of Horticulture, Michigan State University, East Lansing, M, USA 

Plastic-covered high tunnels are most often used for protected production of herbaceous vegetables and small 
fruits. However, for intensive sweet cherry (Prunus aviurn L.) production in non-ideal environments, tunnel-
covered orchard systems offer a primary advantage ofreducing rain-induced fruit cracking and the potential for 
many other secondary advantages. Research to incorporate high tunnels, dwarfing precocious rootstocks, and 
precision canopy training systems for sweet cherries was initiated at two Michigan State University experiment 
stations in 2005. At the CHES site, three 8.6 m wide x 50 m long high tunnels were established over existing 
'Rainier' trees on Gisela 5 (Gi.5) and Gi.6. At the SWMr.EC site, four 7.4 m  62 m long tunneis were established 
and planted to a new orchard of 'Rainier'/Gi.5, 'Skeena'/Gi.5, and 'Early Robin'/Gi.12 trees, with 35 other 
varieties planted in guard rows. Comparison plots were duplicated as uncovered standard orchards. Sub-plots 
have included timing of pruning for canopy developrnent, orchard floor management (herbicide vs. weed 
barrier fabric), use of a reflective orchard floor fabric, and use of plastic covers having different light spectral 
transmittance and dispersion properties. Research objectives have included docurnentation of environmental 
modifications (air and soil temperatures, relative humidity, leafwetness, PAR, and wind speed), evaluation of 
tree growth (TCSA, lateral shoot number and length, terminal growth), evaluation ofreproductive performance 
(yield, fruit quality, time of ripening, floral bud formation), and irnpact on insect pests and diseases with minimal 
or no use ofpesticides. Three-year results will be discussed; in general, mature tree yields in the tunnel systems 
have been very good (--18 mt/ha), fruit size has been excellent (10 to 12.5 g), young tree growth has becn 
improved (up to 35%), and incidence of sorne major pests (Japanese beetie, cherry leafspot) has been reduced 
drarnatically (>90%). There are many tunnel management variables that influence the various environmental 
parameters and tree responses. More than standard orchards, high tunnels provide perhaps thc ultimate challenge 
for integration of environmental physiology, performance-enhancing rootstocks, and precise canopy structurcs 
into intensive orchard systems. 
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Oral Abstract 24 

e

Effect of Timing of Topping to Reduce Tree Height on Subsequent Year Tree Vigor 
of Early-Season Arctic Star Nectarine 

Kevin R. Day', Theodore M. DeJong 2 , and R. Scott Johnson2 
University of California Cooperative Extension, Tulare, CA 93274,USA 

2 Department of Plant Sciences, University of California, Davis, CA 95616, USA 

e
It is widely recognized that production costs could be substantially reduced if the height of fruit trees could 
be lowered enough to eliminate the need for, or reliance upon, ladders in the orchard. Our recent research 
demonstrates that high yields can be obtained on shorter trees with appropriate management techniques, but 
vigor control can be a problem. One technique that growers use to uniformly reduce tree height is mechanical 
topping, and there are many theories about optimal timing of topping operations. Physiological reasoning predicts 
that the earlier and more severely one tops afier the primary period of shoot growth (approximately June 30th), 
the greater the loss in carbohydrate storage for the subsequent year, which should also result in Iess vigorous 
re-growth in the subsequent year. However, there have been no systematic studies to test this theory. In 2004, 
selected rows of Arctic Star nectarine trees growing the Dinuba, CA area were topped in July, September and 
November. In July and September the plots chosen for topping were divided into two sub-treatments. One 
sub-treatment was topped to 3 m (down from approximately 5.5 m) and the other was topped at 3.75 m. In 
November, each of the 3.75 m July and September sub-treatments were re-topped to 3 m along with a block 
that was previously not topped. One treatment was also left untopped, and received normal dormant pruning 
during which height was reduced to 3.7 m. All trees were hand pruned during dormancy to select fruiting wood, 

Ø

	

	
and pruning weights were recorded. Trunk and rootstock samples of wood tissue were taken from four trees of 
each treatment by using a 12 mm hole saw to extract a plug of wood from about 20 cm abo ye the graft union 0 and 10 cm below the graft union on December 1 2004. Contrary tu our hypothesis, stored carbohydrates in the 
roots were greatest in the early topping treatments and lowest in the late topping events. The effect of these 
treatments on light penetration, regrowth, return bloom, and subsequent year regrowth will also be discussed, 
and a proposed integrated strategy for successfully reducing tree hcight using topping will be given. 

e

Oral Abstract 25 

e
Bibaurn®: A New Training System for Apple Orchards 

Stefano Musacchi1, Paolo Lezzer2 , Sara Sena 1 and Alberto Dorigoni2 
'Dipartimento Colture Arboree - Alma Mater Studiorum - University of Bologna 
Viale G. Fanin 46 40127 Bologna Italy Email: musacchi@agrsci.unibo.it  
2 IASMA - Trento Italy 

e
In apple orchards the dwarfing rootstocks M9 is widespread due to the high tree efficiency that is able to 
induce. Today it is possible to purchase a given type of tree congruent with desired orchard design. Alongside 
the traditionally chip-budded trees in a two-year cycle are types like two-year knip plants, trees obtained with 
the June bud (1-year-old) and bench-budded plants in a one-year cycle. Al! this different types of plants are 
suitable for spindle training system. The innovative 'Bibaum®' system is a pre-formed, split-branch trees in 
nursery that obviate the need for orchard topping and the year delay in shoot-system formation. In apple orchards 
spindle is largely adopted and are suitable to mercase plantirig density, until 3,000. New ideas regarding tree 
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shape include plants with 2 axes so as to divide the vigor over more branches. The first of two trials involves 
trees trained to the Bibaum® system and spindle with cv. Fuji done Toshiro in a MDP orchard, now at year 4. 
A comparison of the two systems has so far shown no significant differences both in yield and trunk area. The 
fact that vigor is distributed over two axes in the Y-shape appears to positively affect tree-growth control, fruit 
size. The second is a comparison, in a yield-perforn . ance trial of Rosy glow, of two training system: Bibaum 
and Spindle. 

Oral Abstract 26 

Apple Crop and Fruit Quality Influenced by Low and High Planting Densities on 
M9 and M27 in Northern Germany 

RolfStehr 
Fruit Research Station Jork, Moorende 53, D-21635 Jork, Germany 

Apple cultivars 'Elstar' (Elshof) and 'Jonagoid' (Rubinstar) on rootstocks M9 and M27 were planted in autumn 
1994 at the Fruit Research Station Jork in Northern Germany at densities 1500, 2000, 2500, 3000, 4000, 6000 
and 8000 trees/hectare. During the past 13 years, orchard data were recorded as yield per tree and per hectare 
as well as fruit size and fruit color. During the first years yields per tree were similar in the different planting 
densities. Later on the yield per tree remained static in the high density piot while the lower density plots 
showed continued yield increases. High yields per hectare were quickly obtained with high densities, whilc 
lower densities took much longer to reach full production per hectare. Highest cumulative yields per ha were 
obtained with 5000 trees/ha on rootstock M9 and these were not surpassed even with very high densities on 
rootstock M27 (5000, 6000 or 8000 trees/ha). With higher densities and higher yields, the average fruit size 
decreased slightly in the range of about 1 mm diameter. In a similar manner, average fruit color was inferior at 
higher densities, decreasing between 5 - 10%. The semi-colored 'Elstar Elshof' was more affected by decreasing 
fruit color at higher tree densities than the nearly fuil and dark red colored 'Jonagoid Rubinstar'. Among other 
factors the economic success of different planting densities depends on the cost of trees and labor and is very 
much influenced by the price per kg/fruit. Although no calculation was done to determine which was the most 
successful tree density from the economic point of view, the mass of recorded data during a long orchard lif-
time provides a strong database for further economic calculations. 
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Oral Session 6 
Orchard Systems 

Oral Abstract 27 

Cornparing thc Econornics of Mechanical and Traditional Swect Cherry Harvest 

Clark Scavert and Matthew Whiting 

'Mount Hood Research and Extension Center, Oregon State University, Mt. Hood, OR, USA 
2 lrrigated Agriculture Research and Extension Center, Washington State University, Prosser, WA, 
USA 

lii the western United States, the cost of skilled labor for sweet chcrry harvest continues to increase whilc thc 
availability of this workforce declines. Tremendous competition for harvest labor exists and the sweet cherry 
industry ranks improving labor efficiency among its greatest research needs. At Washington State University 
the sweet cherry improvement program has evaluated the potential to improve labor efficiency and harvest 
fresh market quality fruit using a USDA-ARS-designed mechanical harvester. As part of this comprehensive 
program we are: 1) studying the physiology and genetics of fruit abscission, 2) evaluating the effect of the 
mechanical harvest system on fruit quality and storability, 3) designing novel fruiting wall orchard systems, 
4) assessing consumers' perceptions of stem-free sweet cherries, and 5) investigating the economics of the 
mechanical harvest system. This presentation will compare the economics ofharvesting sweet cherries manually 
vs. mechanically. Data were collected from harvesting entire rows of Y-trellised 'Bing' sweet cherries by 
machine or hand near Prosser, Washington between 2005 and 2008. Our preliminary analyses reveal tremendous 
potential advantages to a mechanical harvest system - harvest costs declines from ca. $0. 19/lb to $0.02/lb for 
hand- and mechanizcd-harvest, respectively. Assuming cash costs increased 3 percent per year over a 20-year 
period and brought back to present value using a 10% discount rate, the net present value after establishing 
a high-density orchard, utilizing tTaditional hand labor to harvest fruit, was $148,748 per hectare. However, 
the net present value with the same assurnptions except that a mechanical harvester was used during harvest 
was $244,019 per hectare. Furthermore, utilizing a mechanical harvester could reduce the breakeven price to 
establish an orchard by $077 per kilo ($2.40 vs. $ 1.63). High efficiency mechanically harvested sweet cheriy 
orchard systems have significant potential economic advantages conipared with traditional orchard systems. 

Oral Abstract 28 

The Productivity and Economic Comparison of High Density Production Systems 
for 'Pink Lady' and 'Sundowner Apples' in South Australia 

P.A. James' and S.G. Middleton2 
Rural Solutions, Lenswood Research Centre, Lenswood, South Australia, Australia 

O A trial evaluating both the economic and production performance of 72 different intensive apple production 
systems under Australian conditions has been established at Lenswood Research Centre, South Australia. The 
project is evaluating the performance of the varieties Cripps Pink and Cripps Red on 4 different rootstocks 
(M.9, Ottawa.3, M.26 and MM.106) at 3 different in row spacings (0.75m, 1.Om, 1.25m) using 3 different 
training systems - conventional single row planting, V trellis - open centers and V trellis - inline planting. 
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The production performance of each system has been recorded and compared and the economic evaluation 
has considered all of the production performances and the economic factors for each combination, including 
cost inputs and capital investrnent required. Clear differences are shown in i-ootstock and "orchard system" 
performance The economic comparison over 7 years is presented in temis of Interna] Rates of Return and Net 
Present Values. 

Oral Abstract 29 

Reflections 011 my 40 Vears of Fruit Research 

Fritz Lenz 
University of Bonn, Bonn, Germany 

Lenz, recipient of the Environmental Physiology award for lifetime contributions, wihl present his reflections 
on 40 years of research and guidance of students and young scientists at the University of Bonn, Germany. 
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Oral Session 7 
New Technologies for Orchards 

Oral Abstract 30 

New Opportunities with Microtechnologies and Photonics for Fruit Tree 
Res ea rc h 

Dennis R. Zander 
Infotonics Technology Center, Canandaigua, NY, USA 
Ernail: Dennis.Zander@ITCMEMS.com  

The new fleid of microtechnology has opened many opportunities in research and commercial production due 
to the unprecedented ability to produce tiny fully-integrated devices inexpensively with computer chip-like 
manufacturing. The manufacturing process and advantages will be shown. Examples of relevance to crop 
research includc cnvironment and plant rnicrosensors, wireless sensor networks, and micro spcctral cameras. 

Oral Abstract 31 

Geospatial Technologies 

Karen Kwasnowski 
Institute forApplication of Geospatial Technologies, Auburn, NY, USA 

The Institute for Application of Geospatial Technologies (IAGT) is a nonprofit organization in Auburn, NY 
that is dedicated to accelerating the application of geospatial information technology across government, 
cducation, and commercial sectors. Geographic information Systems (GIS) is a powerful tool that can help 
growers visualize and manage agricultural data. Several GIS services are provided, ranging from providing 
base map Iayers, building databases to store information, doing GPS surveys of farms, and creating web 
applications that allow growers and researches to access data via the Internet. An example in fruit production 
has been to collaborate with Corneli in providing GIS services for several viticulture research projects and to 
vineyard managers in the Finger Lakes region of New York State. Examples of these and future applications 
vi11 be provided
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Oral Session 8 
Rootstock Breeding and Evaluation 

Oral Abstract 32 

Guardian® Peach Rootstock Performance and Preplant Soil Fumigation Effects 
in a FaIIow Site 

Michael L. Parker', David F. Ritchi& and Gregory L. Reighard2 
1 Departrnent of ilorticultural Science and Department of Plant Pathology, North Carolina State 
University, Raleigh, NC, 27695 USA 
2 Department of Horticulture, Clemson University, Clemson, SC, 29634 USA 

A study was initiated in North Carolina at the Sandhills Research Station in Jackson Springs to cvaluate the 
performance of the peach rootstock Guardian®, 'BY520-9', compared to Loveli. Guardian® is reported to be 
tolerant to both root-knot and ring nematodes. Ring nematodes contribute to the incidence of peach tree short 
life (PTSL), a limiting factor to peach production in the Southeastern United States. The use of Guardian® 
rootstock and preplant soil fumigation in PTSL prone sites are advantageous and recommended practices for 
commercial peach production. However, on a site that has no history of PTSL and has been fallow for the last 
5 years, would preplant soil fumigation and Guardian® be beneficial? The study site selected had been fallow 
for more than 5 years after a peach orchard was removed with good tree survival. Loveli was used as the 
industry standard and five selections that are components of cornmercially soid bulked Guardian® seed were 
used. One haif of each replicate was preplant ft1migated with Telone 11 (3.7 m strip, 281 L/treated ha). Four 
peach cultivars, developed in North Carolina, were used in this study and included 'Challenger', 'Intrepid', 
'Contender' and 'China Pearl'. Each cultivar was a fully replicated trial and the four trials were adjacent to 
one another. In 2007, all four trials had significant tree death from PTSL which was the most severe on 'China 
Pearl', followed by 'Contender', 'Intrepid' and 'Challenger', respectively. In addition, a severe freeze during 
bloom eliminated the entire 2007 crop. For all cultivars, survival ja the initial 7 years was greatest for the 
trees grown on Guardian® compared to those on Loveli. Survival for trees on Loveli ranged from 13-58% and 
73-96% for trees on Guardian®. No significant differences in trunk cross-sectional area (TCSA) or yield per 
tree were detected on the surviving trees when comparing trees grown on Loveil compared to those grown on 
Guardian®. However, due to large differences in tree survival between Guardian® and Loveli, ifyield was 
evaluated based upon a per hectare area, differences are considerable. Fumigation effects in the initial years 
across cultivars were less pronounced. TCSA and cumulative yield per tree, using the surviving trees, were 
numerically greatest for trees grown on fumigated soil compared to those grown in non-fumigated sol] although 
the differences were not significant in the initia] 7 years. 

Oral Abstract 33 

Degree of Dwarfing and Productivity of Eight Apple Rootstocks with Winter Hardy 
Scions 
Emily Hoover, Steven J. McKay, Adriana Telias, and David Bedford 
Dcpartment of llorticulture, University of Minnesota, St Paul, MN, LISA 

Rootstock evaluation is an ongoing research project at the University of Minnesota. Our apple growing 
region is one of the most northern (45°N latitude) and coldest average mid-wintertemperature localions in the 
50



United States. To further understand the degree of dwarfing and productivity of rootstocks, we analyzed eight 
rootstocks (Bud.9, M. 9EMLA, M. 26EMLA, M. 7EMLA, Vi, V.3, G.16, and G.30) present in ten different 

. trials regardless of cultivar. In the analysis we used trunk circumference measurements and yield at the 4th and 
7th leaf for each trial. The mixed effects modeling allowed us to differentiate rootstock cffects from cultivar 
cliaracteristics. Of the eight rootstocks analyzed, Bud. 9 consistently produced the srnallest tree but was not 
always the most productive. 

O

Oral Abstract 34 

lo	 Performance of Nectarine Rootstocks on Different Soil Types 

P.J.C. Stassen and C. Costa 
O	 ARC Infruitec-Nietvoorbij, Private Bag X501 3, Stellenbosch 7600, South Africa 

During the past decade, the nectarine cultivars 'Mayglo', 'Sunlite' and 'Alpine' were tested on a range of available 
potential rootstocks in five diverse and representative soil types and conditions. 'Mayglo' was planted on eight 

. rootstocks in an area where sporadic waterlogged conditions occur during winter and early spring. Under these 
conditions the rootstock SAPO 778 performed better than the standard Kakamas seedling rootstock. 'Sunlite' 
on Cadaman, GF 677 and Viking outperformed 13 other rootstocks in temis of yield, including Kakarnas 
seedling, in high pH soils (where free lime occurred). The fruit mass of both Cadaman and Viking rootstocks 
however was significantly higher than on Kakamas and GF 677. 'Alpine' on Atlas, SAPO 778, Viking and 
Flordaguard gaye the best results in soils infested by ring nematodes although fruit rnass of all rootstocks was 
lower than at other sites. On a poor, sandy sol], highly infested with root knot nernatodes, where 'Alpine' was 
the scion cultivar, Flordaguard, Atlas, and SAPO 778 done, performed better than Kakamas seedling but OF 
677 performed significantly poorer than Kakamas seedling. 'Alpine' on Atlas, Kakamas seediing, Tsukuba 
4 ex 4 performed well on higher potential red sandy soils with low nematode counts. This was however not 
significantly better than on the rootstocks Viking, Flordaguard, SAPO 778 as seedling and Tsukuba 4 ex 5. 
Waterlogged and high pH conditions as well as nematodes, affect fruit mass negatively but certain rootstocks 
(SAPO 778, Cadarnan, Viking, Atlas and Flordaguard) can largely overcome certain of these conditions to 
improve fruit mass. 

lo

Oral Abstract 35 

GiSe1A® Cherry Rootstocks Compared for Virus Tolerance and Field 
Performance 

Christa Lankes 

Institute of Crop Science and Resource Conservation (INRES) - Horticultural Science , University 
of Bonn, Germany 

W	 Cherry rootstocks developed by the Giessen breeding program were already screened for response to Prune 
O Dwarf Virus (PDV) and Prunus Necrotic Ringspot Virus (PNRSV) in previous studies (Lankes, 2003). Under 

heavy virus pressure applied to the 1-year-old ungrafted liners forced in the greenhouse GiSelA® 5 proved tobe 
virus tolerant, whereas GiSeIA® 3 and GiSe1A® 6 showed sorne reductions in shoot growth. For these studies 
'Regina' was grafted onto the GiSeIA® rootstocks mentioned abo ye as well as onto Alkavo, an invigorating 
cornrncrcially-important sweet cherry rootstock used as a reference. Half of the plants were inoculated with 
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PDV and PNRSV by bark grafting in 2005 at the time of leafing-out and in addition to that by budding in the 
sumnier of the same vegetative period. In 2005, the year of virus inoculation, a clear enhancement of growth was 
noted for the trees on Alkavo compared to those on the GiSe1A® clones with Alkavo impairing fiowering and 
fruiting. During the shock phase of the disease in 2006 growth on GiSelA® 3 was reduced by virus infection. 
With the other rootstocks no virus effect was to be observed. Alkavo had no longer any invigorating effects. 
This was probably due to the limited space for root development in the Containers used. In 2007 the virus 
infection had no more impacts on vegetative (shoot growth, stem diameter, specific leafweight) or generative 
(no. of fiower clusters, no. of fruits, fruit size, yield per tree) parameters. It is to be concluded that the impact 
of virus infection was restricted to the shock phase and that there was more virus tolerance in grafled trees 
compared to the ungrafled rootstocks which suifered much stronger virus pressure . When grown in the fleid 
G1SeIA® 3 proved to be the most dwarfing rootstock, especially in combination with 'Regina'. 1-lowever, in 
the flrst two years the three GiSe1A® clones did not differ significantly. The same was true for the fruiting 
parameters with GiSeIA® 3 allowing acceleration of maturity by four to six days and GiSelA® 5 enabling 
largest averaged fruit sizes. 

Oral Abstract 36 

Peach Rootstocks Differ in Their Growth Responses to Both High and Low Root 
Temperatu res 

Peter Malcolm', Paul I-Iolford 2 , Bany McGlasson2, and Idris Barchia1 
1 NSW Department of Primary Industries, Locked Bag 4, Richrnond, NS\V 2753, Australia. 
2Centre for HortiCulture and Plant Sciences, University of Western Sydney, Locked Bag 1790, Penrith 
South DC, NSW 1797, Australia. 

This paper examines the hypotheses that hoth high and low root zone temperatures (RZT) reduce growth in 
peaches and, that peach rootstocks differ in their growth responses to RZTs. These hypotheses were tested by 
growing plants of flve peach rootstocks, Fay Elberta, Green LeafNemaguard, Golden Queen, Okinawa and Red 
LeafNemaguard at constant RZTs of 50, 13°, 210, 29° and, diurnally variable 29/21°C. Growth for all varieties 
was maximized at RZTs of 21 T. There was a positive correlation between RZTs and growth over the RZT 
range 5 to 21 oc and a negative correlation over the RZT range 21 to 29 °C. Growth in plants, whose roots were 
exposed to diurnally variable 29/21°C RZTs, was similar to that in plants exposed to constant RZTs of 29 °C 
the reduced growth in both groups being attributed to exposure to unfavorable RZTs for part or ah of the day. 
For the pooled data, over the RZT range 5 - 29°C, the relationship between RZTs and total growth could he 
described as beli shaped curve peaking near 21°c, with the mathematical relationship between the two being lii 
TG = 2.080 + 0.01 5RZT 2— 0.0004RZT 3 (r2 = 0.82, p <.00 l).  Significant differences in RZT induced growth 
responses among varieties were observed, as were varietal differences in the distribution of that growth among 
roots, stems and heaves. These trials demonstrate that both sub and supra-optimal RZTs, independently of air 
temperature and light intensity, reduce growth and, that peach rootstocks differ in their RZT induced growth 
responses. This research has imphications for future rootstock development and selection, orchard management 
practices and, for the development of models examining peach tree growth and developmcnt, particularly with 
respect to the cffects of potential changes in the global c!irnate. 
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Oral Abstract 37 

The Irnpact of Rootstock and Irrigation on Water Use, Tree Growth, Nutrition, 
Yield, and Fruit Quality of 'Pacific Gala' Apple 

Esmacil Fallahi, Bahar Fallahi, and Bahman Shafii 
Parma Research and Extension Center, University of Idaho, 29603 U of 1 lane, Parma, Idaho 83660, 
USA 

Fniit growers may prefer to use sprinkler system to produce high quality fi-uit and to cstablish a cover crop 
in the orchard. However, worldwide water shortage mandates the use of more efficient methods of irrigation 
such as drip. En this long-terni experiment, effects of four rootstocks and two irrigation systems on 'Pacific 
Gala' tree growth, water use, fi-uit quality and mineral nutrients were studied. Full drip systems (FD) used less 
water than fuil micro-sprinkler (SP). Each tree with SP used about 5397 L, 6249 L, 6673 L, while each tree 
with FD used about 2403 L, 3872 L, and 4118 L in 2005, 2006, and 2007, respectively. Thus, trees with fuil 
drip used 38% to 72% less water than those with SP system between 2003 and 2007, depending on the stage 
of tree maturity, without any reduction in fi-uit quality. When the difference of water usage between these two 
systems reached at 38% at fuil tree maturity, it stayed constant. This leads to a major saving in the cost of fruit 
production. Fruit weight in trees with full di-ip was sorne times greater than those with PS. Leafminerals were 
affected by imgation systems. Rootstock had a major effect on fruit quality and the effect was more severe in 
sorne years. 'Pacific Gala' trees on B.9 rootstock were more precocious than those on Supporter-4 rootstock. 
G 30 rootstock appeared to advance maturity of 'Pacific Gala' and induced slightly better fruit color in most 
years of our evaluations. Trees on M.9 forrned their terminal buds about one month earlier than other rootstocks 
and thus can be sampled earlier for leaf mineral analysis. In general, 'Pacific Gala' on RN-29 had better tree 
performance and fruit quality than those on other rootstocks. Calculation of water requirement on a tree-use 
basis provided an excellent guide for drip irrigation. 

Oral Abstract 38 

Five-Year Evaluation of Apple Rootstocks for Orchard Performance and Resistance 
To Rootstock Blight 

N.L. Russo', T.L. Robinson2 , G. Fazio 3, and H.S. Aldwinckle' 
'Department of Plant Pathology, New York State Agricultural Experiment Station, Corneli University, 
Geneva, NY 14456, USA 
2 Department of Horticultural Sciences, New York State Agricultura! Experiment Station, Cornel! 
University, Geneva, NY 14456, USA 
3 USDA-ARS, Plant Genetics Resources Unit, 630 W. North Street, Geneva, NY 14456, USA 

Fire blight, caused by the bacteriurn Erwinia arnylovora, is a devastating bacterial disease of apple and pear 
throughout the world. Reliance on susceptible dwarfing rootstocks in combiriation with susceptible scion 
cultivars in high-density systems has increased the incidence of rootstock blight, the rootstock phase of fire 
blight. The only proven method of prevention for rootstock blight is the use of resistant rootstock cultivars. 
The objective of the Geneva Rootstock Breeding Program, a joint venture bctween Corneli University and 
the USDA-ARS, has been to develop high performing rootstocks, which carry resistance to the main apple 
rootstock pathogens. Initiated in 1968 the prograni has released severa] rootstocks to date, includirig Geneva® 16, 
GenevwK 11, and Geneva®30. In 2005, 64 dite rootstock clones from several breeding programs were tested 
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for orchard performance using three cultivars, 'Royal Gala', 'Honeycrisp', and 'Golden Delicious', and for 
resistance to rootstock blight. Two fleid plots were maintained in Geneva NY from 2002-2006, and rootstocks 

rere evaluated yearly for tree size, yield (kg), and fruit size (g). In 2005 a single plot was inoculated at bloom	 e 
with E. amylovora strain Ea4001, using a backpack sprayer tili runoff. Symptom development was assessed 
three times during the 2005 season. Three rootstocks, similar in size induction to M.9, G.935, G.41 and B.9 
performed well for ah three scion cultivars with regard to yield and fruit size, and exhibited high resistance 
to rootstock bhight. Several new and unreleased rootstock clones performed abo ye commercial standards, 
demonstrating the potential of new rootstocks with enhanced disease resistance in future production. 	 - 

. 

e 
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Oral Abstract 39 

Effect of Different Rootstocks and lnterstems on the Growth and Yielding of Sorne 
Sweet Cherry Cultivars 

Elzbíeta Rozpara, Zygmunt S. Grzyb, Agnieszka Glowacka 
Research Institute of Pomology and Floriculture 96-100 Skierniewice, Poland 

In an experiment carried out in Central Poland in 1995-2006, two generative rootstocks and four dwarfing 
interstems, grafted on these rootstocks, were assessed in terms of their effect on the growth, yielding, fruit 
quality and tree health status of three sweet cherry cultivars: 'Burlat', 'Vega', and 'Kordia'. Four Prunus fruticosa 
Pali. types and 'Northstar' sour cherry were used as intersterns, and Prunus avium L. and Prunus mahaleb 

. seedlings were used as rootstocks. Trees grafted o n Prunus avium seedlings, without interstems, served as 
the control combination. The interstems clearly inhibited the growth vigor of the trees of the studied cultivars, 
but the degree of growth inhibition depended on the type of interstem. It was found that the interstems grafled 
on Prunus mahaleb seedlings restricted tree size more effectively than the same interstems grafted on Prunus 
avium seedlings. The trees with interstems carne into bearing earlier than the control trees, and produced higher 
total yields. The rootstocks and interstems also had an effect on fruit quality and tree health status. In rnost 

. cases, the fruits collected from the trees with the interstems grafted on Prunus mahaleb seedlings were srnaller 
than those from the control trees. 'Northstar' sour cherry used as interstern proved to be incompatible with CV. 

'Burlat'. The best interstem for the three sweet cherry cultivars turned out to be 'Frutana' (Prunus fruticosa 
No. 8). The trees on this interstern were healthy and produced good yields of high-quality fruit. 

•	 Oral Abstract 40 

e
French Evaluation of the CG Rootstock Selections: History and Results 

M.H. Simard', C. Cattanéo 2 , S. Codarin3 , L. Roche3 and H. Aldwinck1e4 
INRA, UMr. 1259 GenHort, BP 60057, F-49071 Beaucouzé, France. 

Tel: 33 (0) 2 41 22 57 60, Fax: 33 (0) 2 41 22 57 55, E-mail:simardangers.inra.fr 
2 Unité Expérimentale « le Bois l'Abbé », BP60057, F-49071 Beaucouzé, France. 

Ctifl, centre de Lanxade, Prigonrieux, BP21, 24130 La Force, France 
e	 Department of Plant Pathology Corneil University, Geneva, NY 14456, USA 

The INRA-Corneli University collaboration started 20 years ago, by the introduction of 18 Corneli-Geneva 
selections to France. They were first selected over 8 years for their ability to propagate. Then they were pianted 
at 2 Iocations (INRAAngers and Ctifl Bergerac) within the framework of the experiment Network called 'Niveau 
1' and selected for their induced vigor, their yield and the fruit size. The CG selections show a variability in the 
ability tu root but numerous selections have a rooting percentage higher than 70%. Layers generaily develop a 
lot of side-branching but sorne genotypes are promising like G.11, CG13 and CG7. The CG selection led to a 
scale of vigor from M27 to MM 106. At the extreme levels of vigor, there is CG707 which looks like MM 106 
and CCi9 which is quite similar to M27. In thc PAJAM 2 to X2765 (an INRA selection which is 20% less 
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vigorous than PAJAM 2) range of vigor, there are sorne interesting numbers, including CG30A, CG 13, and 
G.202, and also G. 11 and G.41, whose agronomic traits are very good and similar. In 1998, layers were given 
to Davodeau-Ligonniere nursery in order to begin propagation for European market. In 2001, an international 
trial was planted in 6 countries to see whether the French agronomic performances of the CGs extended to 
South and North European countries. In 2003, CG7, G. 11, CGI 3, CG30A and CG202 were planted in the main 
French production regions within the framework of the INRA-Cti fi- Regional Stations Network called 'Niveau 
2'. Results of all the French experirnents will be discussed. 

Oral Abstract 41 

Peach Rootstocks Inducing Different Vigor to Grafted Cultivars Reflect Genomic 
and Physiological and Morphological Diversity in Roots 

Muleo R), lacona C. 2, Maggi E. 2, and Loreti F., 
I Dipartimento Produzione Vegetale, Tuscia University, Italy 
Ernail: rnuleo@unitus.it 
2 Dipartimento di Coltivazione e Difesa delle Specie Legnose, Pisa University, Italy 

Rootstocks have a relevant agronomic significance, because they greatly affects normal cultivar characteristics, 
and among them vigour and productivity. Relevant effects have also the mechanisms that regulate the initiation 
and development of new roots. Recently, molecular and genetic studies have increased the knowledge about 
root formation. Genes involved in asymmetric division of celis, ceil fate decision, lateral root development 
and auxin signal have been isolated with the help of the large number of A. thaliana mutants. Despite this, 
very little is understood about how adventitious root formation is regulated in woody plants, because in this 
case the approach using morphogenetic mutants is very difficult. With the aim to enrich the krowledge about 
adventitious rooting formation and the regulation of vigour in fruit trees. Studies have been done on three 
peach rootstocks, PSA5, PSA6 and PSB2, selected from a population of seedlings by the Department of Fruit 
Science and Crop Protection of Pisa University, which have different rooting ability and are able to induce 
different vigour in grafted peach cultivars. Molecular, physiological and morphological approaches have been 
used with the aim to characterise the rootstocks. PS132 showed the highest percentage of rooted cuttings, 
while the lowest value was observed for PSA5. The number of roots per cutting was highest in both PS132 and 
PSA6 genotypes. Histological analyses of apex of adventitious and primary roots showed differences among 
the three rootstocks. Plant development was also different among the seedlings of the three rootstocks. From 
the analysis of trnT/trnD, non-coding region of chloroplast DNA, a difference at the nucleotide level was 
detected, while no difference was detected in the DNA mitochondrial NAD-reductase sequence. A total of 14 
ISSR primers were screened and amplification profiles obtained through simple repeat containing primers were 
able to reveal polymorphism among the genotypes and cultivar Armking (Ar) used as a control. Out of a total 
number of 76 analysed fragments 15 were polymorphic. The amplified band data were reported in a matrix 
and processed by the RAPD Distance Program, version 1.04, to obtain a similarity matrix. 2 fragments one oí' 
about 800 bp the other of about 700 bp, present in PSA6 and Armiking and absent in PSA5 and PSB2, were 
cloned and sequenced. From the analyses of data bank the largest fragment shown a high similarity with a 
desaturase gene. Molecular analyses on the self-polhinated progeny of all genotypes are in progress. The roots 
of the three rootstocks showed different spatial ion flux exchange organisation. which 'ere characterised by 
strong ifltcflsity peaks of acidification of the surrounding environmental soil. 
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Oral Abstract 42 

Performance of Geneva Rootstocks in On-farm Trials in New York State 

Terence Robinson', Steve I-Ioying2, and Gennaro Fazio3 
'Department of Horticultura! Sciences, New York State Agricultural Experiment Station, Corneli 
University, Geneva, NY, 14456 
2 Departrnent of Horticultura¡ Sciences, New York State Agricultura! Experirnent Station, Corneli 
University, Geneva, NY, 14456 
1 USDA-ARS, Plant Genetics Resources Unit, 630 W. North Street, Geneva, NY, 14456 

A series of replicated fleld trials on growers farms in New York State were begun in 1997 to evaluate the 
Corneli-Geneva series of apple rootstocks which have been bred for tolerance to fire blight and Phytophthora 
root rot, high yield efficiency and good tree survival. In the 1997 trial severe natural infections of fire blight in 
2000 confirmed the high resistance of the Geneva rootstocks to rootstock b!ight and proved that although the 
scion had significant canopy loses the trees could re-grow and begin production in 1 year while the Mal!ing 
rootstock which served as controis were killed. In the 1999 trial two dwarfing rootstocks G.41 and G.935 have 
shown the greatest yield efficiency and have exceeded the performance of M.9 or M.26. G.41 has shown sorne 
tendency for brittleness of the graft union but in all trials it has had better survival than M.9. In the 2002 and 
2003 trials G.41, G.l 1 and G.935 have had the greatest yield efficiency and good fruit size. These 3 stocks 
appear to be good alternatives to M.9 for parts of the world that have accepted dwarfing rootstocks. In the 
2001-2005 trials the best dwarfing rootstocks have continued to perform very well but we have also identified 
a group of 5 new semi-dwarflng rootstocks which have high productivity and fire bhight resistance. These are 
scheduled to be released at the end of 2008. These rootstocks will be free-standing but will need trunk and 
limb support for the high crops which they produce in the early years. These may be useful in parts of the world 
where dwarfing rootstocks are not adapted.
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Oral Abstract 43 

High Temperature and Solar Radiation: Sunburn, Fruit Quality, and Skin Pigments 
of Apple 

Schrader, L. E., Felicetti, D.A., Sun, J., Xu, J., Zhang, J. and Kahn, C.B. 
Tree Fruit Research & Extension Center, Washington State University, Wenatchee, Washington 98801, 
USA 

Three types of sunburn in apple (Malus xdomestica) have been identified and the specific causes of each 
determined. The first type, sunburn necrosis, appears after high fruit surface temperature (FST) (-52 °C) 
causes thermal ccli death. The second type, sunburn browning, is caused by concomitant exposure to high 
FST (45 to 49 oc depending on cultivar) and UV-B radiation. It does not result in ceil death. The third type, 
photooxidative sunburn, requires only visible light and affects shaded apples that are suddenly exposed 
to solar radiation. Sunbum browning is most prevalent and oflen the major cause of cullage of apples; it 
has been the focus of most of our research. Fruit quality was affected by sunburn browning in all cultivars 
studied (j.c. 'Fuji', 'Gala', 'Jonagoid', 'Golden Delicious', and 'Granny Smith'). Flesh firmness and soluble 
solids content (SSC) increased, but titratable acidity (TA) decreased in all cultivars as the severity of sunburn 
browning increased. During 6 months of coid storage, firmness, ssc and TA all decreased. The ratio of SSC 
to TA increased dramatically after 3 and 6 months in cold storage because TA declined sharply. changes in 
pigment concentrations that result from sunbum browning were also studied. In ah five cultivars studied ('Fuji, 
'Gala', 'Delicious', 'Golden Dehicious', and 'Graimy Smith'), chlorophyll a and b concentrations were lower 
in sunburned peel. Anthocyanin (idaein) concentrations in the red cultivars were also lower in sunburned peel. 
Total quercetin glycoside concentrations were typically higher in sunburned peels than in non-sunbumed pecis. 
chlorogenic acid concentrations were typically highest in sunburned pee!, except in 'Granny Smith' where 
it was not detected. Changes in carotenoid concentrations were cultivar dependent and less consistent from 
year to year. RAYNOX®, a sunburn protectant invented during the course of these studies, reduces sunburn 
browning by about 50%, on average. 

Oral Abstract 44 

High Temperature Coupled with High Light Alters the Balance Bctween 
Photooxidation and Photoprotection in the Sun-Exposed Peel of Apple 

Lisong Chen, Pengmin Li, and Lailiang cheng 
Departrnent of Horticulture, Corneil University, Ithaca, NY, 14853, USA 

Sunbum browning is the most common type of sunburn that occurs on the sun-exposed peel of acclimated 
apple fruit. Both high temperature and bigh light are required for sunburn browning to occur. Wc hypothesized 
that high temperature disrupts the oxygen-evolving (OEC) coniplex of PSII, which triggers severe oxidative 
damages to fruit peel when coupled with high hight, eventually leading to sunburn browning. The sun-exposed 
peel of 'Gala' apple with or without sunburn was compared in terms of photooxidation and photoprotection, and 
a controlled experirnent was conducted to probe the initial responses ofPSII tu high light and high temperature. 
The content of carotenoids, lutein and xanthophylls on a chlorophyll basis vas higher in the sunhurned peci 
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although tbey were lower when cxpressed on a peel arca basis. Significant loss of i3-carotene and neoxanthin 
vas observed relative to chlorophylls in the sunburned pee!. 0., evolution rates and the activity of key enzyrnes 
in the Calvin cycle were !ower in the sunburned pee!, but the activity of these enzymes decreased to a lesser 
extent than the 0, evolution rates. The activity of antioxidant enzymes in the asco rbate-glutathione cycle 
and the level of total ascorbate, total glutathione, and reduced glutathionc were higher in the sunbumed peel. 
However, the sunburned peel had higher H,0, and malondialdehyde contents. Fruit peels treated with high 
temperature (45°C) alone showed a clear "K" step in their chlorophyll fluorescence transients whereas high 
temperature coupled with high light (1600 limo  m2 s') led to the disappearance of the "K" step and a further 
decrease in FV/FM, which is similar to what was observed in the sunburned peel. High light first followed 
by high temperature treatment induced a clear "K" step in chlorophyll a fluorescence transient, whereas high 
temperature first followed by high light treatment did not induce a "K" step, but decreased fluorescence intensity 
lo a very similar level as in the simultaneous high temperature and high light treatment. We conclude that 
high temperature coupled with high light results in severe photooxidative damage on the sun-exposed peel by 
causing photoinhibition to PSII comp!exes at both the donor and acceptor sides. The damage to OEC by high 
temperature may have made the PSI1 more sensitive to high light damage. Both the xanthophyll cycle and the 
antioxidant system are up-regulated in response to the photooxidative stress, but this up-regu!ation does not 
provide enough protection against the photooxidative damage. 

Oral Abstract 45 

Effects of Temperature and Light on Sunscaid in Apple Fruit and the Acquisition 
of Partial Temporal Tolerance 

Amos Naor, Shaul Naschitz, Yosepha Shahak, Yolanta Sax, Haim D. Rabinowitch 
The Golan Research Institute, Israel 

The effects of temperature and Iight on conditioning and on the development of sunscaid injury were studied in 
'Smoothie' apples (Malus x domestica Borkh.) under controlled conditions. lmmature green apples were picked 
from the inner (shaded) part of the canopy in mid-summer and were used in the experiments: Conditioning 
temperature significant!y affected injury severity: conditioning at 21 or 36°C for 24 h in the light resulted in 
80 and 20% injured fruit, respectively. Tolerance to sunsca!d increased with conditioning time, reaching 100% 
in fruit pre-exposed to 38°C for 24 h. Tolerance was temporary and gradually diminished with de-conditioning 
time at 25°C. Sunscald injury developed only in fi-uit exposed to the combination of light and temperatures 
aboye 40°C, and the percentage of injured de-conditioned apples increased in a sigmoidal pattern to 100% 
bleaching in fruil exposed to 46°C for 8 h. Conditioned fruit required harsher induction conditions for the 
development of sunscaid damage, the response curve shifting by —2°C. Development of brown stains in the 
bleached areas followed a sigmoidal curve in response to temperature. Maximum Fv/Fmax was apparent after 
24 h conditioning at 38°C in the light, indicating that little or no substantial photodynaniic stress occurs in 
the apple chloroplast grana. Thus, the build-up of an anti-oxidative defense mechanism is enab!ed which may 
contrihute to increased tolerance to sunscaid injury.
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Oral Abstract 46 

Why Do Early High Spring Temperatures Reduce Peach Fruit SLze and Yield at 
Harvest? 

Gerardo López', Kevin Day 2 and Ihodore DeJong2 
'Irrigation Technology, Institut de Recerca i Tecnologia Agroalirnentiries, Lleida 25198, Spain 
2Department of Plant Scienccs, University of California, Davis, CA 95616, USA 

Heat stress is often considered to involve situations when temperatures are abo ye the typical optima for plant 
assimilatory functions but high temperatures aL specific times can also negatively influence source-sink relations 
to the detriment of fruit growth and yields. Previous research has documented that years with abo ye normal 
early spring temperatures (within 30 days after bloom) correspond to years with early fruit harvest and below 
average frult sizes. This has been a particular problem for California peach growers because the market is 
increasingly intolerant of small fruit. Our research indicates that fruit development and growth potential of 
a given cultivar is governed by a relative growth rate function which is driven by both time and temperature. 
However it is clear that fruit development and growth potential do not always equate to actual fruit growth. 
Furthermore, fruit potential that is not realized within a period of time is lost and cannot be made up. In this 
paper we will show how high temperatures within 30 days of fuil bloom can result in increased fruit growth 
potential per day but decreased actual fruit growth over the fruit development period. This represents a form 
of heat stress that would not be typically considered as heat stress because the temperatures involved are not 
aboye temperature optima for assimilatory processes but can have important practical consequences for fruit 
size and yield. 	
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Oral Abstract 47 

Effects Of Row OrientationAnd Canopy Inclination On Gas ExchangeAnd Energy 
Management In The "Asymmetric Peach Orchard" 
P. Losciale, M. Zibordi, L. Manfrini and L. Corelli Grappadelli 
Dipartimento Colture Arboree, University of Bologna, Viale Fanin 46, 40127 Bologna, Italy 

Net photosynthesis is strictly related to irradiance. CO, assimilation increases with photon pressure up to tlie 
saturation point. Abo ye this level, incoming light becomes excessive. Exposed leaves can't escape absorbing 
photons, therefore severa¡ photoprotective mechanisms have evolved, to cope with the incoming photon pressurc 
trying to reduce photoinhibition risks. The "Asymmetric Peach Orchard" features rows of varying orientation 
(0-180°; 30-210°; 330-150°) and canopy inclination (vertical, N-S; slanted, 30° from vertical to the West and 
30° to the East in the other two, respectively) which create quite different light conditions at any given hour. 
As the day progresses, the interception of each row changes, giving it a different, and asymmetric relative to 
solar noon, daily Iight interception profile. Peach trees intercepting the highest light levels in the morning 
(30-210°, slanted 30° to the West) did not show higher CO, net uptake, and their assimilation appeared to be 
stomata-limited in the afternoon. The highest photodamage was recorded on the same trees. The N-S, vertical 
trees showed the same net photosynthesis as the others, but a 33% lower photodamage. The best photosynthetic 
perforrnances were recorded in the trees that received the highest light levels in the afternoon (330-150°. 
slanted 30° to the East), although they showed the highest daily H 2O loss and their photodamage was only 81.0 

lower than that of the moming high light samples. The quenching analysis conducted at the single leaflevel 
pointed out that light excess was dissipated via severa] photoprotective pathways, of which the main one was 
the controlled, ApH-dependcnt therrnal dissipation (Non Photochemical Quenching), supported by the non-
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net carboxylative transports (Water-water cycle, Cyclie transport around PSI, Glutathione-ascorbate cycle and 
photorespiration) particularly under conditions of about 50% fuIl sunlight. In conclusion, Too much Iight may 
not improve net photosynthesis but will increase stomatal limitation and photodamage. Further research is 
needed to investigate the consequences of photoinhibition and thc subsequent resource allocation for recovcry 
on plant productivity.
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Oral Abstract 48 

High Temperature Effects on Citrus Leaf Gas Exchange, Fiowering, Fruit Yield 
and Quality 

J. P Syvertsen', F. García-Sanchéz 2, J. L. Jifon3 , A. Otero' and C. Goni4 
'UF, IFAS, Citrus Research and Education Center, Lake Alfred, FL 33850-2299, USA 
2CEBAS, CSIC, Campus Universitario de Espinardo, Espinardo, 2E-30 100 Murcia, Spain 
3Texas A&M University, 2415 E. Highway 83, Weslaco, TX 78596, USA 
4INIA, Salto Grande, Salto, Uruguay 

High midday temperatures in subtropical citrus growing regions can lead to excessively high leafteniperaturc 
(Tif) and large leaf-to-air vapor pressure difference (D) in sun exposed leaves. This heat stress can reduce nct 
CO2 assimilation (AC), growth, fruit yield and quality. Shading from 50% shade screens or spraying canopies 
with kaolin particle film reduced average mid-day Tlfand D. This increased AC, stomatal conductance (gs) 
and leaf water use efficiency but decreased the internal concentration of CO 2 (Ci) in the mesophyll compared to 
untreated trees throughout the season. However, shade had little effect on leaftranspiration. Heat stress increased 
non-stomatal limitations to AC in the mesophyll of sunlit leaves that were greater than stomatal lirnitations. 
Shade treatment reduced leafcarbohydrates but did not affect tree canopy volume or fruit size. Shading in the 
late fail until harvest increased grapefruit yield and juice content that more than compensated for the lower 
total soluble sugars (TSS) and resulted in net increases in TSS per tree. Shaded 'Navel' orange fruit developed 
better extemal color but lower TSS than sun-exposed fruit. Shade did not affect orange fruit yields. In warrn 
citrus producing regions, shading could improve photosynthesis and fruit quality especially in young trees 
where most of the leaves are exposed to direct sunlight. Improved fruit color, yield andlor TSS per hectarc oí' 
high-value varieties could offset the costs of particle film sprays or shading in cornmcrcial orchards. 

Oral Abstract 49 

Decreased Stomatal Aperture and increased Leaf Temperature Should be two 
Important Factors in Regulating Photosynthesis Under Low Sink Demand in Fruit 
Trees 

Shao H. Li, Wei Duan', Jie S. Cheng', Pei G. Fan', Li J. Wang', Wei D. Li', Shu T. Yan' and Man 
Xu' 

'Institute of Botany, Chinese Acaderny of Sciences, Beijing 100093, China 
2 Wuhan Botanical Garden, ChineseAcademy of Sciences, Wuhan 430074, China 
3 Corresponding author (shhli@ibcas.ac.cn ; shhl i(2iwbgcas.cn) 

Compared with the retained fruit, low sink demand by removing fruit in fruit trees resulted in a significantiv 
lower photosynthetic rate, stomatal conductance, and transpiration rate, but generally higher leaftemperaturc. 
The activities of related enzymes of carbon metabolisrn did not decrease in the low sink demand Icaves although 
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•	 a significant accumulation of sorbitol and starch in leaves was observed. So that the decreased photosynthetic 
•	 rates observed in the low sink demand should not result from the direct feedback effect via decreased activities 

•	 of these biosynthetic enzyrnes. There was a positive linear relationship between stomatal conductance and the 

•	 net photosynthesis rute. Moreover, the response of net photosynthesis rate to leaf temperature showed that 
net photosynthesis rate increased with leaf temperature until leaf temperature reached a critical level (34 to 

.	 39°C depending upon genetic background of the cultivar in peach trees). Abo ye the critica¡ temperature, net 
photosynthesis rate sharply decreased. It is hypothesized that the regulation of the stomatal aperture may be 

•	 considered as the trigger and Ieafternperature as the actor to regulate photosynthesis under low sink demand. 
•	 Based on the previous hypothesis, decreased net photosynthesis rate could be due to both non-stomatal and 

•	 stomatal limitations. The decrease in stomatal aperture should be the first reaction under low sink demand. 

•	 the one hand, small stomatal aperture reflected by low stomatal conductance resulted in low sub-stomatal CO, 
.	 that occurred in general at early period or under low photosynthetically active radiation at mid or late period 

after removing the sink demand. In the previous case, stomatal limitations in photosynthesis took place. On 
•	 the other hand, small stomatal aperture in the case of low sink demand results in reduced leaf transpiration 
•	 and leaf temperature increases foliowing a decrease of transpiration rate. Higher leaf temperature than the 

•	 optimum may be instrumental in regulating photosynthesis by weakening the activities of enzymes linked to 

•	 assimilate metabolism or by inflicting reversible or irreversible damage to chloroplast structure. So low sink 
demand resulted in lower quantum efficiency of PSII as a result of both a decrease in the efficiency of excitation 

.	 capture by open PSI! reaction centers and an increase in closure of PSII reaction centers. At the same time, both 
xanthophyll-dependent thermal dissipation and the antioxidant system were up-regulated providing protection 

•	 from photo-oxidative damage. 

•	 Oral Abstract 50 
• 
•	 Susceptibility of Sweet Cherry to Polycarpy is Related to Tissue Temperature and 
•	 Stage of Bud Development 

•	 Matthew D. Whiting and Rolando Martin 

•	 Irrigated Agriculture Research and Extension Center, Washington State University, Prosser, WA, 

•	 USA 

Swect che	 (Prunus avium L.) acreage and production in the Pacific Northwest have increased ca. two- 
fold in the last 10 years. This places great importance on producing superlative fruit and maximizing 

•	 packout. A significant cause of cullage and economic Ioss in several important cultivars is polycarpy 
•	 (i.e., 'doub!ing'). The sweet cherry irnprovement program at WSU has evaluated critical temperatures and 

•	 periods of susceptibility to doubling by heating (ambient tissue temperature + 5C) and cooling (ambient 

•	 -5C) entire 'Bing' spurs in situ throughout sequential stages of floral organ differentiation. To relate 
susceptibility or resistance to doubling to stage of bud development, we evaluated the seasonal trend (May 
to November) in floral bud initiation and organ differentiation via scanning electron microscopy. 'Bing' buds 
were susceptible to high temperature-induced doubling between late July (ca. 1400 growing degree days 

•	 (GDD)) and early September (ca. 2 10 GDD). Scanning electron microscopy of differentiating 'Bing' floral 

•	 buds in late July revealed distinct individual floral initials but no organ development. By early September, 

•	 initial stages of pistil development were visible. Our atternpts to induce doubling in June and early July 

•	
were unsuccessful, suggesting buds are not susceptible at early stages of development. Once pistil initials 

•	 form, it appears that buds are no longer susceptible to doubling. Interestingly, ve documented variability 
in stage of organ differentiation (equivalent to 1 to 2 weeks) among individual fiowers within a single 

•	 bud (i.e., sorne fiowers are more advanced than others). Therefore, not all fiower buds in a bud may be at a 
•	 susceptible/resistant stage of development.
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Oral Abstract 51 

Structure of Colored Hailnets Affects Light Transmission, Light Spectrum, Photo-
Synthesis, Phytochrome, Vegetative Growth, Yield And Fruit Coloration in Apple 

Michael M. Blanke 

Institute of Crop Science and Resource Conservation (INRES) - Horticultural Science, University of 
Bonn, Germany 

The incidence of hailstonns during the vegetation period is on the increase, possibly due to climate changc. 
Hence, fruit crops are increasingly grown under hailnets, which adversely affect vegetative and reproductive 
growth primarily due to light deprivation. Recently, colored, "photo-selective" hailnets carne onto the European 
market, which allegedly improve photosynthesis and yield. The objective ofthisjoint project was to examine 
these colored hailnets and study their plant physiology effects at Klein-Altendorf nr Bonn, Germany. White, 
black, red and green hailnets comprised double twisted longitudinal (parallel to the tree rows) and single 
transverse high density polyethylene (HDP) fibres of 288 j.tm to 356 l.tm diameter, irrespective of hailnet color. 
Black and green-black hail nets contained double black longitudinal fibres. White-translucent, grey or red hall 
nets contained double longitudinal translucent or red fibres. Visible or photosynthetically active radiation (PAR: 
400-700 nm) was reduced by white (by 5.7%), red-white (12.8 %), green (13.6 %) or red-black (16.8%) hail 
nets 50 cm underneath the net. Double black, thick fibres in the green-black hail net may cause their lower UV 
and visible light transmission relative to white hail nets with their translucent fibres and larger mesh size. The 
use of reflective cloth on the grass alleys could overcome the light losses. Overall, the apparent visual color of 
a hail net was not indicative of its light transmission. Spectral analysis showed that colored hail nets transmitted 
more NIR than PAR/visible light with a U y peak at 375 nm. Light transmission increased by 3% aboye 500 
nm (green) in green and by 2-5% aboye 570 am (orange-red) in red hall nets, affecting neither the red (666 
nrn) : far red (730 nm) (R:FR) ratio nor the phytochrome system. The mesh size, i.e. the distance in between 
the fibres, varied from translucent (white) hail nets with the largest mesh size of 3 x 9 mm, followed by 3.9 x 
6.9 with green-white, 3.3 x 7.7 mm with red-white, 3.5 x 6.5 with green-black nets, 2.8 x 6.9 mm with grey as 
well as red-black and black hall nets both with the smallest mesh of 2.5-3 x 6.5 mm; these large variations in 
mesh size between hail nets predominantly influenced their light transmission, which was also affected by the 
proportion of translucent or black fibres in a hail net. A simple test is proposed to estimate the geometric light 
transmission without a rnagnif'ing glass based on measuring mesh size with a ruler and correcting for fiber 
strength and proportion of translucent or black fibres. Fruit coloration of the poorly colored apple ev. 'Pinova' 
followed this geometric light transmission, while that of the late-ripening, well-colored cv. 'Fuji Kiku 8' was 
sufficient and unaifected by hall net color; fruit yields of the young apple tress were unaffected by net color. 
Black hail nets appear suitable for single-colored green, or bi-colored apple varieties with good coloration, or 
those otherwise susceptible to sunburn in Southem Europe. Crystal hall nets (with their translucent fibres, widest 
mesh size and largest light transmission), or grey hail nets (with twin translucent longitudinal, single black 
0.32 mm transverse fibres and 2.5-3.5 mm x 6-8 mm mesh) appear suitable for apple crops in NW Europe with 
sunlight deficiency and without risk of sunburn. Red-white nets appear unsuitable due to the greater shading 
than the translucent fibres and for landscape reasons; their alleged photo-selective effects as reported from 
Southern countries are interpreted to be due to reversal of photo-inhibition under high light intensities and heat 
in these regions. Labeling of ha¡] ncts with tear and Langley values for UV durability is also suggested. 
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Oral Abstract 52 

Modifications to Peach Phenology by Inoculation with Single and Multiple Graft-
transmissible Agents 

P.G. Gibson', G.L. Reighard', S. Scott 2 and D. Marini2 
'Department of Horticulture, Clemson University, Clemson, SC 29634, , USA 
2 Department of Entomology, Soils, & Plant Sciences, Clemson Univcrsity Clernson, SC 29634, 
USA 

Peach trees in the southeastern U.S. are susceptible to late spring frosts, which pose a significant threat to 
the peach crop. Additionally, pcach trees require intense pruning to maintain productivity in the orchard. 
Inoculation with graft-transmissible agents has been shown to both delay spring bloom and reduce summer 
pruning requirement. Virus-indexed trees of the peach cultivar 'Springprince' grafted to Guardian® rootstock 
were inoculated in March 2005 with chip buds to initiate eleven treatments. These consisted of two isolates 
of Apple chlorotic leafspot virus (ACLSV), an unknown high-chill peach-like genotype (acronym 'PK'), 
Peach latent mosaic viroid (PLMVd), ACLSV & PLMVd, 'PK' & ACLSV, PLMVd & ACLSV, PLMVd & 
'PK', ACLSV & PLMVd & Sour cherry green ring mottle virus (SCGRMV), the peach cultivar 'Ta Tao 5,' 
and 'PK' & ACLSV & PLMVd. Virus-indexed trees of the peach cultivar 'Juneprince' grafted to Guardian® 
rootstock were inoculated in September 2006 with chip buds to initiate seven treatments consisting of 'Ta Tao 
5,' ACLSV, 'PK', PLMVd, Heat-treated 'Ta Tao 5,' ACLSV & PLMVd, Heat-Treated 'Ta Tao 5'& ACLSV. 
Virus and viroid transmissions were verified by ELISA, dot-biot hybridization, and PCR. Numerous growth 
characteristics and harvest data were recorded through Spring 2008. Bloom delay and pruning reduction 
were successfully accomplished through the use of graft-transmissible agents. These agents offer protection 
against damaging spring frosts, extends the harvest season for peach cultivars and reduces labor requirements 
in commercial orchards. Modification of peach phenology with graft-transmissible agents bridges the gap 
betwcen natural and technological innovation. 

Oral Abstract 53 

A Primary Study on Freezing Damage of Citrus in Mazandran Foliowing January 
Frost, 2008 

II. Sadeghi' and P. Sheiqi2 
'College of Agriculture ,Sari , Iran 
2 Kiasar research Station ,Sari ,Iran 
Email: sadeghiah@yahoo.com 

Northern Iran regions have been hit by an unusually bad cold snap this year. Temperatures in many mazandaran 
cities dropped in to -6 to -13°c from 7°C. After 12 days of heavy snow and cold weather Mazandaran citrus 
crop have been damaged. In present study, we evaluated the extent of damage for citrus fruits and trees. Frost-
damaged fruits showed frost symptoms on fruit skin and fruit Juice became bitter and frozen fruit were failing. 
Afterward medium and srnall fruits vith 13% sugar content and those orchards which were not irrigated well 
during summer showed Iess damage. However, in total 600 thousands tons of Orange fruits were destroyed. 
The most darnaged young trees belonged to lime and lemon. Cultivars such as Eureka lemon, Torn less lime, 
Swect lenion, Persian lime and local Sweet lemon .Among Orange cultivars Washington nave¡ orange sustained 

65



less damage but Shamooty orange destroyed completely. Harnlin frost nave] and Valencia orange had up to 
50% shoot burn. Among mancjarjns, the Ieast damage was observed in Wase .Mandarins cultivars like Dancy, 
Frement furtun, and Ferchiler sustained 30 to 70% damage. Moroccan shaddock was destroyed completely. 
Among commercial orchard those trees which were cultivated 200 to 350 meters aboye see level did not suffcr 
while to 20 % of low land orchards showed sorne damages including leafdrop and shoot burning. Thompson 
navel orange are dominant citrus trees in the region. Lemon, Lime and Sweet lime adult trees destroycd 
completely. Mature mandarin trees showed almost no sign of damaged (there was no fruits on these trees , thcy 
were hat-vested in November) In western Mazandaran with coid snap and heavy snow, most of the branches 
were broken, up to 50% of trees in a orchard.

e 

e 
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Oral Abstract 54 

Performance of 'Golden Russet' Bosc Pear on Five Training Systems and Nine 
Rootstoc ks 

R.B. Elkins', and T.M. DeJong2 
'University of California Cooperative Extension University of California, Lakeport, CA, 95453, 
USA 
2Dept. of Plant Sciences, Davis, CA, 95616, USA 

The need for size-controlling, precocious rootstocks to enable earlier profits and lower management costs has 
. led to increased use of Oid Home x Farmingdale (OHxF, Brooks series) rootstocks in U.S. pear orchards. A 

RCBD trial was established in a commercial orchard to evaluate the performance of' 'Goiden Russet 'Bosc 
on five training systems and fine rootstocks (45 combinations of five single tree replicates). The first group 
of trees consisted of 2-year-o1d nursery-grafted trees on clonal OHxF 69, 97, 217, 333 and 513 and seediing 
Pyrus betulifolia, pianted in May 1993. The second group consisted of 1-year-o1d OHxF 40, 87 seedlings and 
2-year-o1d Comice/Quince BA29C trees field-grafted to GR Bose at planting time. Spacing was 1.5 x 5m (797 
tlha) for the freestanding perpendicular fan and Tatura trellis (centered-planted single tree) systems, and 3 x 
Sm for the central leader, three-leader, and parallel hedgerow ("grower control") systems. Final tree height was 
approxirnately 4.5-4.7m for the freestanding trees and 2.7m for the Tatura trellis. No fruit thinning was performed 
and delayed heading and summer pruning was performed on all systems except the parallel hedgerow, in keeping 
with the grower's practice of dormant pruning only. Trunk circumference and tree height were measured from 
1994-2002 and in 2005. Light interception for each training system was measured in 2002. Total yield and fruit 
number per tree were measured and average fruit size, yield per hectare, yield efficiency (per TCSA and meter 

. of tree height), and per year and accumulated economic return calculated for all treatments from 1996-2002 
(4-1Oth leaf) and for OHxF 40, 69, 97, and Q.BA29C in 2005 (13th leaf). Data was analyzed separately for the 
rootstocks grafted in the field (40, 87, 29C) as they fruited one year afler the nursery-grafted trees. Of the first 
group, Tatura trehlis and paraliel hedgerow training systems had the highest accumulated gross retums from 

Ø

	

	 1999-2002; they also had significantly higher light interception and subsequently higher per hectare yields. 
OHxF 69 had the highest accumulated gross return (AGR) of the six rootstocks, and the combination of Tatura 

. trelhis/OHxF 69 the highest AGR of all combinations. There were no significant differences among the second 
group. In 2005, there were no significant differences in gross return among training systems or combinations, 
however OHxF 69 and 97 grossed significantly higher among rootstocks based on yield. The second group of 
rootstocks, though only one year behind the first group, failed to attain equivalent yields or returns by 2005, 
indicating either inherent lesser quahities or persistent effects of competition.
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Oral Abstract 55 

An Architectural-Based Tree Training and Pruning - Identification of Key Featu res 
in the Apple 

P.É. Lauri', B. Hucbourg2 , M. Ramonguilhem 3 and D. Méry4 
[NRA (Institut National de la Recherche Agronomique), UMr. DAP, équipe AFEF, 2, place Pierre 

Viala, 34 060 Montpellier Cedex 1, France 
2 GRCETA de Basse Durance, Extension service, Route de Mollégés, 13 210 St Rémy de Provence, 
France 

AQUIFRUIT, Extension service, Techniques et Développement, ZA Perilley, 47 200 Marmande, 
France 

CIREA, Station de DORDOGNE-Franchemont, Experimental station, 24 130 Prigonricux, France 

High density planting systems are facing major challenges: a fast entrance into production and a high, regular 
production level of high quality fruit. In this context the development of minimal pruning strategies is crucial 
to reach and maintain the economic profitability along the orchard life span. Abetter knowledge of the cultivar-
related growth, branching and fruiting habits, referred to as tree architecture, is of major iniportance to tackle 
the understanding of reactions to manipulations depending on the cultivar. This is especially true in the apple 
which is the first worldwide temperate fruit species with a great range of architecturally contrasted cultivars. 
Based on works developed at INRA during the 50's, Lespinasse's typology established four main tree types. 
Type 1 trees have a strong disjunction between upright scaffolds and lateral fruiting spurs whereas type IV trees 
have a profuse tip-bearing habit leading to a more globular crown. This typology has not only a descriptive 
interest, it is also related to fruiting behaviour: type 1 cultivars have an alternate bearing pattern whereas type 1\' 
cultivars have a more regular bearing pattern. Recent works carried out on cultivars and hybrids proposed other 
entena to better characterize intrinsic cultivar characteristics. Three features are observed at the tree or brandi 
level: aptitude to reiterate, i.e. to develop vigorous shoots within the tree structure; effect of bending on fruiting; 
fruiting on 1 -year-old wood. Three features are observed at spur level: bourse-over-bourse, spur extinction, 
bourse volume. Based on this knowledge, practical training and pruning schemes suited to the architectural 
characteristics of each cultivar or group of cultivars are now proposed in the context of the improvement of 
Centrifugal Training system which is under development in France and sorne other countries. Whether these 
rules are valid in various environmental conditions (climate, soil) rernains to be validated. 

Oral Abstract 56 

Search for a More Dwarfing Rootstock for 'Jonagoid' 

JefVercarnmen and Ann Gomand 
Pcfruit-Proeftuin pit- en steenfruit, Fruittuinweg 1, 3800 Sint-Truiden, Belgium. 
E-mail: jef.vercammenpcfruit.be 

For rnost fruit growers the ideal tree is a tree that does not grow to vigorously, deniands little labor and yields 
a good production and high quality every year. In order to achieve this, our vanieties are grafted or inoculated 
on a rootstock. For the Belgian apple culture this is mostly M9, a rootstock with moderate vigor. Though 
M9 satisfies in most cases, there are conditions where trees with less vigor are needed. In the first instance the 
use of M27 as rootstock springs to mmd, but M27 is not always suited to rep]ace M9. lo many cases a tree 
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with vigor between M9 and M27 is needed. One possibility to achieve this is the use of M27 as intcrstock, 
in thc hope that the advantages of M9 (production and size) and of M27 (color and labor) will be found in the 
interstock tree. in practice however this does not seern to be so. En our search for a more dwarfing rootstock we 
have examined the possibilities of several rootstocks: Bud 9, Bud 146, Bud 491, J.TE.E, J.TE.F, J.TE.G, Pi80 
(Supporter 4), PiAu733, PiAU916, P59 and P60. Ve compared them with M9 and M27. Vp until flOW we did 
not find a better rootstock than M9 in our rootstock experiments. Nevertheless there are a couple of promising 
rootstocks for Jonagoid, namely J.TE.G. and P16. J.TE.G. is 15% less vigorous than M9. The production 
efficiency and coloring remain the same, but there are more kilos of A2++ in the 70-85 mm size class because 
of its smaller fruit size. P16 is 30% less vigorous. The coloring and the production are comparable to those 
of M9 and over the years the fruit size remains somewhat smaller on average. The combination of the lesser 
vigor and the same yield causes the production efficiency of P16 tobe clearly better than that of M9-29. Where 
the vigor of M9 is too strong, other selections of M9 with Iess vigor can be used. The most suitable selections 
to this purpose are M9 F156, M9T337 and M9T339. These selections have the weakest growth. The fruit size 
of M9-F337 is smaller than that of M9-29. With respect to coloring, there is no improvement. 

Oral Abstract 57 

•	
The Tafi Spindle System: Principies and Performance 

Terence L. Robinson', Stephen A. Hoying 2 and Gabino H. Reginato3 
'Dept. of Hort. Science, Corneli University, Geneva, New York, 14456 USA 

•

	

	 2Dept. of I-Iort. Science, Come!! University, Highland, New York, 12528 USA 
'Universidad de Chile, Casilla 1004, Santiago, Chile 

The Tal! Spindle system is an amalgamation of several orchard systems that incorporates aspects of the siender 
. spindle system, the vertical axis system, the solaxe system and the super spindle system. The important 

components of this system are: 1) the optimum economic planting density in New York State (-.2,500-3,500 
trees/ha), 2) highly feathered nursery trees (10-15 feathers), 3) minimal pruning at planting, 4) bending 
feathers and branches below horizontal soon after planting, 5) no permanent scaffold branches and 6) limb 
renewal pruning to remove and renew branches as they get too large. Each of the components is important and 

•	 ignoring one or more of the components will result in less than optimum performance. We began testing the 
. Tal! Spindle system in 1994 at Alb ion NY, in 1997 at Geneva, NY, in 2002 at Peru, NY and in Alton and New 

Paltz NY in 2006 in replicated plantings of both higher and lower densities. The Tal! Spindle system has been 
thc second highest yielding system only exceeded by the much higher density Super Spindle system but was 
more profitable. The first trial was planted with moderately highly feathered trees while the later trials had more 
highly feathered trees. With highly feathered trees significant yield (20 t!ha) has been achieved in the second 
year and 50 t/ha in the fifth year. This has resulted in a total of 120 t/ha over the first five years. Pruning and 
training costs have been lower than lower density systems. As trees have matured, limb renewal pruning has 

. allowed the maintenance of good light distribution with high light interception. Iftree height exceeded 90% 
or the between row spacing, fruit quality in the lower part of the canopy was reduced. Profitability has been 
greatest with the tall spindle systcm with NY State economic costs and returns. 

• 

• 
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Oral Abstract 58 

Changes in Fruiting Behaviour and Vegetative Development of 'Scifresh' Apple in 
Response to Artificial Spur Extinction Using Centrifugal Training 

D.S. Tustin, G.A. Dayatilake, R.E. Henriod, K.C. Breen and M. Oliver 
The Horticulture and Food Research Institute of New Zealand Ltd, lIawke's Bay Research Centre, 
Private Bag 1401, Havelock North, New Zealand 

The new apple cultivar 'Scifresh' (marketed internationally as JazzTM) has severa] genotypic traits that impair 
commercial productivity and fruit quality from intensive planting systems. This study concerns consequences 
of the exceptional floral precocity of 'Scifresh' trees, where almost all terminal, spur and axillary buds fiower 
annually, producing many weakly-developed floral spurs. Observed low fruit set, sensitivity to chemical thinning 
and high axillary bud and spur extinction are thought to be responses to 'Scifresh' floral behaviour and may 
be related to competition for resources during early fruit development. This hypothesis suggests that changes 
in tree management to improve resource allocation to floral spurs early in seasonal development may enhance 
fruit set and fruit development, thereby increasing productivity and fruit quality. Centriftigal Training (CT) 
tree management, which regulates the density of fruiting sites on branches, was investigated as a manipulation 
technique to alter the early-season physiological status of 'Scifresh' trees to improve both cropping and fruit 
quality. At budbreak, spurs on branches of CT trees were thinned to numbers calculated to produce 4, 5, or 6 
fruit per cm2 of branch cross-sectional area when cropped using either one (CT1) or two (CT2) fruit per spur. 
These treatments were compared with standard New Zealand Vertical Axe, tall spindle tree management (VA) 
thinned to the same crop treatments after final drop. Between 50 and 65% of floral spurs on standard VA trees 
failed to set any fruit. The proportion of spurs failing to set any fruit was reduced to 25-35% in CT1 and to 
18-25% in CT2 treatments. The proportion of spurs that set two or more fruit more than doubled in response 
to CT. Although CT increased fruit set, both crop density and yields at harvest were lower than with standard 
VA training for equivalent crop treatments. Mean fruit weight declined in response to increasing crop density, 
although it was further reduced in treatments cropped using two fruit per spur. Centrifugal Training modified 
the composition of vegetative annual shoots at the branch unit level, resulting in a ratio of extension shoots to 
spurs of 1.36 compared with 0.39 for VA-trained trees. Node number, internode length and basal diameter of 
extension shoots increased in response to Centrifugal Training. 
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Oral Abstract 59 

Prohexadione-Calcium and NAA Sprays Increase Fruit Weight of 'Castiebrite' 
Apricot Over Other Management Techniques 

Reginato, G. and K. Mesa 
Facultad de Ciencias Agronómicas, Universidad de Chile, Santiago, Chile 

Over a three séason period several experirnents were performed in order to elucidate the effect of pruning 
iiethod, trunk girdling, thinning date and plant growth regulator sprays on fruit weight and yield efficiency 
of'Castlebrite' apricots. Trials were done in a mature commercial orchard in the central part of Chile (33°45' 
S; 70°41'W). Trees were planted 4 by 2,5 m and ypsilon trained. Pruning treatments were: heading back of 
shoots arising from laterais along the ypsilon axes, and stubbing back laterals without heading back of lateral 
renewais from axes. Trunk girdling was performed at the begirining of pit hardening (BPH). Thinning date at 
BPH and petal fali were compared. CPPU (15 mg.L'; 15 days before harvest), Prohexadione-calcium (P-Ca; 
3 sprays), NAA (15 mg.L 1 ;1 or 2 sprays) and Maxim® (10 rng.L'; 1 spray) applications were also assayed. 
No effect of pruning method was detected. Fruit size was increased 5% with girdling, and 20% when thinning 
was performed at petal fail in a season of extremely high fruit set. P-Ca, NAA (2 year trial) and Maxim® 
(tried 1 year) showed 10 to 20% fruit size mercase. The greatest effect on fruit size was obtained when P-Ca 
vas combined with two NAA sprays, but severe growth stunt was evident. No effect on fruit size was detected 

with CPPU. 

Oral Abstract 60 

Effects of Different Crop Loads and Time of Thinning on Yield, Fruit Quality and 
Return Bloom of the Apple Cultivar 'Elstar' 

M. Meland and M.E. Moe 
Norwegianlnstitute forAgricultural and Environmental Research, Bioforsk Vest Ullensvang, N-5781 
Lofihus, Norway 
Email: mekjeIl.melandbioforsk.no  

The apple cultivar 'Elstar' is the latest commercial maturing cultivar in Norway of high fruit quality when 
properly managed. However, it is a strong alternate bearer in this climate ifnot the crop is regulated. In May 
2006 a four years crop load experiment started and is one part of the integrated EV project ISAFRUIT. Four 
different crop loads (2-4-6-8 fiowers/fruitlets per TCSA) were established at two stages (flrst bloom open and 
20 mm fruitlets diameter) and compared to unthinned. It is factorial experimental design with six reps and single 
trees treatments. Preliminary results from the two first seasons are presented. Fruit growth determination was 
conducted on individual fruits on each treatment during the season. Bloom thinned had larger fruits during the 
whole season. Thinning at bloom ga ye a significant lower fruit set than thinning at the fruitlets stages to the 
same leveis the first year. However, the fruit weight and the soluble solid contents were significant larger and 
ground color improved. The final fruit numbers at harvested was less than the amount established at bloom and 
fruitlets. There were significant differences between the different treatments in final fruits per TCSA and fi-uit 
set wbich reflected the differcnt crop levels. Fruit weight and soluble solid contents were largest with lowest 
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crop load and decreased with increasing crop levels. There was a strong crop load effect from the year before 
on the amounts of return bloom per tree. The trees thinned at bloom had significant more fiower clusters than 
thinned at the fruitlet stage. The untreated, control trees had the lowest amount of fiower clusters. The amount 
of return bloom declined with increasing crop load on the trees. The second year yield and fruit weight were 
larger when thinned at bloom. The highest crop load the second year was when thinned at bloom to the leveis 
of 2 and 4 apples per TCSA the year before. The trees with the highest crop load the last year managed to give 
only a small crop. The fruit quality was in general high for all treatments. 

Oral Abstract 61 

The Impact of Dormant Spur-Wood Pruning Severity on Vegetative Growth, 
Blossom Density and Fruit Size of 'Honeycrisp' 

Douglas S. Nichois' and Charles G. Embree2 
Nova Scotia Fruit Growers Association, Nova Scotia, Canada 
Agriculture Canada, Nova Scotia, Canada 

The cultivar Honeycrisp' weak growth habit coupled with a strong teridency to biennial crop poses a management 
challenge for most orchardist. The potential impact of dormant spur-wood pruning to overcome this problcm 
was tested in three commercial orchards in the Annapolis valley of Nova Scotia, Canada. Initial trunk cross-
sectional area (TCSA) and canopy volume (CV) was measured and treatments were applied inApril - May 2006. 
Three levels of spur-wood pruning were compared in a randomized block design with four replications evenly 
distributed across the range in original tree vigor. Prior to iniplernenting the spur-wood pruning treatments, 
scaffbld pruning was conducted on the treatment trees at each site and pruning weight recorded, the pruning 
severity varied between orchard sites. The goal was to prune spur-wood densities down to approximately 40, 
60 & 80 spur buds per m 3 of CV. In 2006 and 2007seasons blossom intensity (BI) and fruit yield (FY) per 
cubic meter m3 of CV was recorded. In spring 2007 TCSA, shoot number (SN) and shoot length (SL) was 
recorded. Dormant maintenance pruning (DMP) was conducted in the spring of 2007 in an effort to maintain 
blossom densities and pruning weight was recorded for each tree. The greater the degree of spur-wood prunirig 
severity increased the number of new lateral shoots and slightly increased the average shoot length. BI and 
FY were reduced by spur-wood removal treatment. All spur pruning treatments enhanced fruit weight (FW) 
in 2007. This work indicates that spur-wood removal effectively lowered blossom density and could become 
an effective management practice for assuring annual bearing of 'Honeycrisp'. 
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Oral Abstract 62 

The Effect of Organic and Conventional 1PM Management Programs on Apple and 
Asian Pear Tree Growth, Productivity, Expenses and Revenues in a ¡-lot, Humid 
Climate 

Christopher S. Walsh, Andrea R. Ottesen', Michael NewelP, James Hanson 2 and Erin Leone3 
'Department of Plant Science and LandscapeArchitecture, University of Maryland, College Park, MI) 
20742-4452 USA 
2 Departrnent of Agricultura] and Resource Economics University of Maryland, College Park, MI) 
20742-4452 USA 
-Department of Animal and Avian Sciences, University of Maryland, College Park, MI) 20742-4452 
USA 

Organic orchard crops may provide adequate returns to allow producers to continue farming on high value 
land while simultaneously offering them an opportunity to reduce pesticide-related complaints in densely-
populated areas. We hypothesized that newly-set organic orchards on size-controlling rootstocks could be 
operated successfully in the hot, hurnid conditions of the mid-Atlantic region of the USA. A one-hectare 
apple and Asian pear orchard was established in April 2003. Trees planted in this plot were selected from 
three broad categories; conventional apple cultivars, disease-resistant apple cultivars, and Asian pears. One 
plot in each of five blocks was managed using integrated pest management (1PM) methods. The other piot 
vas managed using OMr.I-approved organic inputs and certified by tbe Maryland Department of Agriculture. 
Trees survived and grew under both organic and 1PM production prograrns but tree size and fruit yields were 
greater in the 1PM plantings. We encountered three general difficulties in the organic blocks; slow growth of 
young trees, as difficulty in controlling weed competition and problems with direct pests affecting the fruit. A 
cultivar-by-treatment interaction on tree size and yield was strong in Enterprise apple. Enterprise trees grew 
well and were very productive under the conventional 1PM program but were far smaller and less productive in 
the organic blocks. An economic analysis was conducted to compare organic and 1PM management programs. 
This economie evaluation focused on farming practices and input materials that differed; pest control, nutrient 
applications, fleid labor operations, and tree support. Organic production took more time than conventional 
production. This stemmed from difficulties with organic weed control and the added needs for organic pesticide 
applications. Between 2005 and 2007, organic apple yields ranged from 57% to 70% of apple yields harvested 
in the 1PM management blocks. A great difference in the relative system profitability was caused by these 
differences in yields. Lower organic yields also appeared to be a far greater barrier to profitability than the 
higher expenses required for organic chemicals or labor. 

Oral Abstract 63 

Crop Load Alters Water Potential and Daily Vascular Fiows in Peach Fruit 

B. Morandi, P. Losciale, L. Manfrini, M. Zibordi, and L. Corelli Grappadelli 
Dipartimento Colture Arboree , University of Bologna, Viale Fanin 46, 40127 Bologna, Italy 

The daily patterns of peach fruit growth and of phloem, xylem and transpiration inlout-flows were determined 
during celI expansion on 12 trees with different crop levels: unthinned (HCL), heavily (LCL) and commercially 
thinned (CTRL). Vascular fiows and transpiration were quantified by comparing the diurnal patterns of diameter 
change of fruit left intact at first, which were then girdled and subsequently detached. These measurements 
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were carried out using highly sensitive, custom-bujlt fi-uit diameter gauges which allow determination of minute 
variations in fruit diameter. In addition, the daily patterns of leaf, stem and fruit water potential were determined 
in the same period using a Scholander pressure chamber. For ah treatments, intact fruit shrunk in the morning 
and expanded during the afternoon and night. Daily shrinkage was caused entirely by transpiratory water loss 
foliowing VPD, as xyiem backflow was never detected. At sunrise, the xyiem flow was quite low and did not 
balance transpiration water losses, whereas in the aflernoon it increased and supplied enough water for the fruit 
to exceed transpiration and achieve positive growth. For all the fruit monitored, the daily phioem flow was 
lower than the xylem one and contributed to fruit growth especially during mid-day hours. As expected, fruit 
in low competition conditions showed higher daily growth rate than HCL fruit. Such a difference was apparent 
mainly during the afternoon, because of the higher phloem flow and the lower transpiratory losses shown by 
LCL and CTRL fruit at this time of day. However, phloern flow at midday was higher in HCL than in LCL and 
CTRL fruit. Crop load affected fruit and stem water potential during the iight period, with HCL and CTRL fruit 
reaching lower values than LCL fruit. In all treatments fruit, stem and leaf water potential decreased as VPD 
increased and an inverse relationship was found between fruit transpiration and fruit water potential. Xylern 
flow was positively related to stem-to-fruit water potential gradient whereas phloem flow responded just to 
fruit water potential suggesting that a passive mechanism may drive phloem unloading during ceil expansion. 
Our results show that at this stage, vascular fiows, and thus peach fruit growth, are driven by daily changes in 
water potential parameters and are affected by crop load. 

Oral Abstract 64 

Preharvest Thinning Effects on 'Scifresh' Apple Fruit Production and Quality 

R.E. Ilenriod', J.W. Palmer and D.S. Tustin' 

'The Horticulture and Food Research Institute of New Zcaland Ltd, Private Bao 1401, Ilavelock Norlh, 
New Zealand 
2The Horticuhure and Food Research Institute of New Zealand Ltd., Oid Mill Rd, RD3, Motucka, 
New Zealand 

'Scifresh' apple trees display a genetic tendency to produce commercially small fruit. Cultural management 
practices such as application of appropriate thinning regimes to overcome this commercial problem have not yct 
been fuhly explored. Therefore, this study investigated the effects of thinning time (0, 30, 60 and 90 days after 
ful! bloom (DAFB) and thinning intensity (target crop Ioads of 4 (low), 8 (medium) and 12 (high) fruitltrunk 
cross sectional area (TCA) on fruit size, production and quahity at harvest and after storage at two locations 
in New Zealand. In general, the highest net yields of between 60 - 80 tonnes per hectare were obtained whcn 
trees were thinned to a medium and high crop load and when thinned early in the season (0 to 30 DAFB). Low 
and medium crop loads and early thinning, however, increased the mean fruit weight by up to 20%, reaching a 
maximum fruit weight of 202 g. Reduced cropping leveis produced fruit with higher flrmness (c. 1 kgf), soluble 
solid (0.7-0.9%) and titratable acidity (0.06-0.11%) levels. in relation to thinning time, fruit firmness and soluble 
solids were highest on trees thinned early or in the middle of the season. Overall, the severity of postharvest 
disorders fohlowing 16 weeks of cold storage was low, except for superficial scald, which was highest for high 
cropped trees thinned at 60 DAFB (mean 36%). In conclusion, it is recommended that 'Scifresh' trees with 
mature canopies are cropped to an equivalent of around 8 fruit per TCA and thinned early in the season (0 to 
30 DAFB) to maximise fruit size without overly compromising on fruit production and quahity. 
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Oral Abstract 65 

Crop Load Management of Pacific Northwest Tree Fruits 

Jim McFerson 
Washington Tree Fruit Research Commission, Springwater St. Wenatchee, WA 98801, USA 

The economic viability of commercial tree fi-uit orchards in the Pacific Northwest requires consistently high 
yields of target fruit for the fresh market. Optimizing crop load is essential. Traditional reliance on hand 
fruitlet thinning is increasingly costly as labor markets tighten and occurs too late phenologically to confer the 
desired impact on fi-uit size and return bloom. Since 1998, the Washington Tree Fruit Research Commission 
has conducted more than 300 replicated crop load management trials in commercial apple, pear, cherry, peach, 
nectarine, and apricot orchards throughout Washington, testing 60 materials as apple chemical bloom thinners, 
including caustic salts, growth regulators, photosynthetic inhibitors, plant oils, surfactants, particle films, fish 
byproducts, and weak acids and bases. Results from trials on 11 apple scion cultivars clearly indicate lime 
sulfur is the most effective bloom thinner, whether applied alone or in combination with horticultural spray oils. 
These programs have consistently reduced fruit set, increased harvest fruit size, and promoted return bloom in 
chemical bloom thinning tnals and are acceptable in organic systems. In apple postbloom chemical thinning 
trials, tank mixes of carbaryl and 6-benzyladenine (BA) have produced similar responses more consistently 
than tank mixes of carbaryl and naphthaleneacetic acid (NAA). Serial summer applications of NAA and 
ethephon have rarely increased return bloom in apple. Gibberellic acid applications to reduce return bloom 
in biennial apple orchards have shown promise. Fruit size has been increased by both BA and ammonium 
thiosulfate (ATS) in trials on three pear cultivars, even when fruit set has not been reduced. ATS and tergitol 
have reduced fruit set and increased fi-uit size in Prunus trials, but results have been inconsistent. We continue 
to refine integrated programs tailored to specific root-scion combinations and microclimates using chemical, 
mechanical, and internet-based decision assist models.
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Oral Session 14 
Rootstock Breeding and Evaluation 

Oral Abstract 66 

Breeding of Apple Rootstocks in Poland 

E. Zurawicz, P. Bielicki, A. Czynczyk, and M. Lewandowski 
Research Institute of Pomology and Floriculture, 96-100 Skierniewice, Poland 

Breeding of apple rootstocks was started in Poland in 1954 when the first crossing programs were implernented 
at the Research Institute of Pomology and Floriculture in Skierniewice (Central Poland). From the beginning, 
the most important aim of the breeding work was to develop rootstocks that would be well-adapted to the 
local agro-clirnatic conditions. In the first crossing prograrn, rootstocks M.4, M.9 and M. 11, as well as two 
apple cultivars, Antonovka and Longfleld, were used. As a result, a series of several rootstocks was released 
and introduced into commercial apple production in Poland in the middle of the 1980s. They were designated 
with the Ietter 'P' (the first letter of the Polish word 'podkladka', meaning 'rootstock'). The series consisted 
of the foliowing rootstocks: Pl, P2, P14, P16, P18 and P22. Of these rootstocks, only P14 (semi-dwarfing), 
P 16 and P 22 (both dwarfing) gained a wider acceptance among apple growers and are still used in apple 
production in Poland. The second and a more intensive stage of the apple rootstock breeding program took 
place between 1969 and 1979. During that time, sorne other rootstocks were also included in the crossing 
program, such as A2, B9, B146, M.7, M.26, MM. 106, Pl, P2, P16, P22, and also the wild species of apple - 
Malzis robusta 5. The main goal of that breeding work was to produce new, dwarfing rootstocks that would be 
resistant to Phytophthora cactorum. More than 40 cross-cornbinations were made, and over 25,000 seedlings 
were produced. Out of those, more than 500 individuals were initially selected and propagated. Following 
the next cycle of selection, around sixty clones were chosen for nursery and orchard trials. The subsequent 
evaluation and selection resulted in a series of new rootstocks which included P59 (very dwarfing), P60, P61 
and P62 (all three semi-dwarfing). In 1997, all of these rootstocks were officially entered in the Polish register 
of fruit plant varieties. In addition, rootstock P59 has been protected by plant breeders rights in Poland. In that 
new series of rootstocks, only P59 and P60 gained sorne economic importance in Poland (both originated from 
the cross between A2 x 139; however, P59 is a dwarfing rootstock, while P60 is semi-dwarfing, but both havc 
characteristic red leaves and wood). Continued evaluation and selection of the breeding material resulted in thc 
release of new rootstocks designated: P63, P64, P65, P66, P67 and P68. Since the year 2000, they have been 
on the Polish national list of registered fruit plant varieties. After additional orchard trials, the rnost valuable 
seem to be P66 (P22 x M.26), P67 (A2 x P2) and P68 (A2 x B9). All of them are dwarfing rootstocks and 
highly resistant to Phytophthora cactorurn, apple scab and apple mildew. They are also easy to propagate in 
stoolbeds. Their precocity and productivity are similar to those of M.9 or P22. The third crossing prograrn 
has been conducted since the year 2000. It focuses on obtaining new, semi-dwarfing and dwarfing rootstocks 
with good winter-hardiness and improved resistance to diseases, including fire blight. New parental forrns 
not included in the earhier crosses are being used. They are: Bemali, BW, Jork, M.27, Mark, P14, P22, P60, 
P62, Pajam, and also wild apple species like Malus purnila, M robusta, and M prunifolia. Over one thousand 
seedlings have already been produced, and thcy are now under comprehensive assessnient. 
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Oral Abstract 67 

Controller 5, Controller 9 and Hiawatha Peach Rootstocks: Their Performance and 
Physiology 

Theodore DeJong', R. Scott Johnson' and Kevin Day2 
'Department of Plant Sciences, University of California, Davis, CA 95616, USA 
2 Tulare County Cooperative Extension, University of California, Visalia, CA 93291 ,USA 

The primary factor limiting the use of size controlling rootstocks in California peach and nectarine production is 
the lack of suitable, cornmercially available size-controlling rootstocks with a wide range of compatibility with 
scion cultivars. From 1986 t 1994 a broad range of genotypes with widely varying genetic backgrounds were 
evaluated for their rooting capacity, compatibility with O'Henry peach and size- controlling characteristics. In 
February, 1996, a rootstock trial was planted at the Kearney Agricultural Center (Parlier, CA) to evaluate the 
commercial potential of eight rootstocks identified in the previous trial. The main part ofthis experiment involved 
ten different rootstocks and two scions. The ten rootstocks were: Alace, Hiawatha, Sapalta (open pollinated 
seedlings of a Prunus bessevi x E salicina hybrid), K-145-5, K-146-43, K-146-44, P-30-135, (E salicina x E 
Persica hybrids) K-119-50 (P salicina x E dulcis hybrid), and two commercially available rootstocks, Citation 
and Nemaguard. The two main scion cultivars were Loadel (an early clingstone processing cultivar) and 
Flavorcrest (an early fresh market freestone cultivar). The trial contained thirty-six trees of each rootstockl 
scion combination. Four replications of 5 trees each were planted and trained to the KAC-V perpendicular V 
system, and 4 replications of 4 trees each were planted and trained to the standard open vase system. In-row 
tree spacings for each rootstocklscionitrainirig system combination varied according to expectations of linal tree 
size. By the fourth leaffour rootstocks (Alace, Citation, Sapalta, K-145-5) were discarded because of signs of 
delayed scion incompatibility. Due to positive size-controlling performance, K146-43, P30-135 were patented 
and commercially released as Controller 5 and Controller 9 in 2004 and we began recommending commercial 
trials of these two rootstocks along with Hiawatha because they provided a range of size-controlling options 
(-50%, 70% and 90% of trees on Nemaguard for Controller 5, Hiawatha and Controller 9, respectively). This 
paper will report on relative tree growth, crop yield and pruning requirements of trees on these three rootstocks 
compared to the industry standard (Nernaguard) over twelve years and discuss research related to the physiology 
of the size-controlling mechanism and their overali potential as commercial rootstocks for California. 

Oral Abstract 68 

'Qingzhen 1' and 'Qingzhen 2', Two Apomictic Apple Rootstocks 

GuangliSha', Yujin Hao 2, Xianghui Gong', Huairui Shu 2 , Yue Huang', Yongchun Shao', and Tao 
YinI 

Apple Experirnent Station of Qingdao, Academy of Agriculture Science of Qingdao, 266100, 
China 
2 College of Horticulture Science and Engineering, Agricultural University of Shandong, Ta jan, 271018, 
China 

'Qingzhen 1 'and'Qingzhcn 2' are two new apomictic apple rootstocks relcased in 2007. Their seedlings bchavc 
dwarfand uniform in appearance when propagated with seeds. 'Gala', 'Jonagoid' and 'Fuji' have already been 
grafted on these two rootstocks. The yield, vigor, precocity and resistance ofunions are evaluating in different 
apple production arcas of China. 'Qingzhen 1' was a hybrid from cross Pingyitiancha'(Malus hupehensis 

77



Rehder) x 'co 1 '(Malus purnila Mill ) made in 1999 at the Academy of Agriculture Science of Qingdao. The 
paternal parent 'CO 1' is a selection of columnar apple. As a result, 'Qingzhen 1' combined column trait and 
apomictic ability in the same individual. Its apomictic fruit-setting ability was higher than its female parent 
'Pingyitiancha'. The population of one-year-old seedlings are uniform in appearance, columnar and strong as 
well as compatible when grafted with 'Gala', 'Fui¡', 'Jonagoid'. 'Qingzhen 2' was a dwarfmutant screened from 
X-ray radiated seeds of 'Pingyitiancha' in 1997 at the Academy of Agriculture Science of Qingdao. 'Qingzhen 
2' has similar apornictic rate with its background 'Pingyitiancha'. Its population of one-year-old seedlings are 
uniform and dwarf as well as compatible when grafled with 'Gala', 'Fuji', 'Jonagoid'. Four-year-old 'Gala' 
trees grafted on 'Qingzhen 2' were similar to those on M7 in size. 

Oral Abstract 69 

Performance of Prunus Rootstocks in the 2001 NC-140 Peach Trial 

G.L. Reighard' T. Beckman, R. Belding, B. Black, J. Cline, W. Cowgill, R. Godin, R. S. Johnson, 
M. Kaps, H. Larsen, T. Lindstrom, D. Ouellette, R. Pokharel, L. Stein, K. Taylor, C. \Valsh, and M. 
Whiting2. 

'Clemson University, Department of Horticulture, Clemson, South Carolina, 29634-0319, USA Email: 
GRGHRD@CLEMSON.EDU 
2Co-authors were NC-140 cooperator members from USA states of California, Colorado, Georgia, 
Maryland, Missouri, New Jersey, South Carolina, Texas, Utah, Washington and Ontario, Canada. 

Fourteen Prunus rootstock cultivars and selections budded with either 'Redtop', 'Redhaven' or 'Cresthaven' 
peach were planted at 11 locations in North America in 2001 in a randomized block design with a tree spacing 
of 5 by 6 m and 8 replicates. These rootstocks included three peach seedling rootstocks: Lovell, Bailey, and 
Guardian® 'BY520-9' [selection SC-17]. Clonal rootstocks were peach x almond hybrids 'BH-4' (Bright's 
Hybrid selection) and 'SLAP' ('Cornerstone'); peach x plurn hybrids 'K146-43' ('Controller 5'), '1(146-44', 
and 'P30-13 5' ('Controller 9'); interspecific plum hybrids 'Hiawatha', 'Jaspi' and 'Julior'; interspecific Prunus 
hybrids 'Cadaman®' and 'VVA-l' (Krymsk® 1); and Prunus pumila selection 'Pumiselect®'. The largest 
trees were froni Georgia, Maryland, and South Carolina. 'Cornerstone', 'BH-4', Guardian®, LovelI, and 
'Cadaman®' were the most vigorous rootstocks. 'Jaspi', 'Controller 5', 'K146-44' and 'Krymsk01' were the 
least vigorous, having trunk circumferences 30-40% smaller than Loveil. No rootstock had a significantly 
higher survival rate than Lovell at all locations. 'Julior', 'Jaspi', and 'Krymsk® 1' had significantly more 
root suckers. Curnulative fruit yields were highest on the peach seedling, peach x almond, and 'Cadaman®' 
rootstocks. Lowest cumulative yields were from trees on 'Jaspi', 'Krymsk® 1', and 'K146-44' rootstocks. 
Fruit weight was significantly larger on 'BH-4', 'Cornerstone' and Bailey rootstocks. Bailey and 'Jaspi' had 
the highest and Iowest cuniulative yield efficiency, respectively.
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Oral Abstract 70 

The Krymsk® Rootstock Series. 1. Krymsk®1 (VVA-1), a Dwarfing Rootstock at 
the Basis of High Density Plum Orchards in the Netherlands 

F.M. Maas, J.M.T. Balkhoven, G. Heijerman-Peppelman, P.A.I-l. van der Steeg, and H. Kemp 
Applied Plant Research, Wageningen University and Research Centre, Lingcwal 1, 6668 LA Randwijk, 
The Netherlands 
E-mail: frank.maas@wur.nl  

•	 Krymsk®1 ( Prunus tomenlosax Prunus cerasftra) was selected by dr. Genriady Eremin at the Kryrnsk Breeding 
•	 Station in Russia in 1966. From 1994 onwards, it has been tested as a rootstock for several plum cultivars in 

•	 The Netherlands. Graft compatibility was good for scion cultivars 'Avalon', 'Excalibur', 'Jubileum', 'Opa¡', 
and 'Victoria'. Growth and production efficiency of plum on Kryrnsk01 was compared with that on rootstock 

.	 St. Julien A and, depending on the cultivar, also with Ferlenain, Otesani 8 and Pixy. With all cultivars, trees 
on rootstock Krymsk®l were by far the least vigorous, most precocious, and most production efficient. The 

•	 production efflciency of 'Avalon' and 'Excalibur' on rootstock Krymsk®l grown for 10 years was 0.41 and 
•	 0.26 kg/cm 2 trunk cross sectional area, respectively, 3.4 and 4.3 times higher than on St. Julien A. With 'Opal' 

•	 the production efficiency calculated over the first 4 years after planting was 2 to 3 times higher than on St. 
• Julien A, but this difference became non significant after 6 years of cultivation. This was due to the much higher 

increase in production per tree during 5th and 6th leaf of the trees on St. Julien A than on Krymsk® 1. Fruit 
size per cultivar of'Opal', 'Avalon' and 'Excalibur' was similar for trees grown on Krymsk®l and St. Julien 

•	 A. With 'Victoria' fruit size was significantly larger (5 g) with Krymsk®1 than with St. Julien A. Krymsk®1 
•	 also increased the percentage of first pick by 15%, the sugar content by 9%, enhanced the development of 

fruit overcolour and reduced the percentage of fruits with gummosis in 'Victoria' plums. Dutch fruit growers 

•	 show great interest in Kryrnsk®1 as a rootstock for plum, as this rootstock makes high density plum orchards 
feasible. Combined with the early and high production leveis, the profitability of plum production has increased. 

.	 Growers switching to trees on Krymsk®1 have to take more care of their trees, especially in the first years after 
planting. Pruning, irrigation, and fertilization of the trees need much more attention in order to keep the trees 

•	 vigorous and ensure good production leveis. From 2002 to spring 2008, 120,000 plum trees on Krymsk®l 
*	 have been planted in The Netherlands and planting densities have increased from 830 up to 2450 trees/ha. The 

•	 main cultivar planted is 'Victoria' 

Oral Abstract 71 

Review of Fruit Rootstock Research in Europe Performed by EUFRIN Rootstock 
Group 

Darius Kviklys 
Lithuanian Institute of Horticulture, Kauno str. 30, LT-4335 Babtai, Kaunas distr., Lithuania 
E-mail: dkviklyslsdi.lt 

• Rootstock research takes an important place across the Europe. 41 scientist representing 19 Fruit research 
institutions from 15 countries joined the EUFRIN (European Fruit Research Institutes Network) Rootstock 
working group. EUFRIN is an informal, voluntary organization ofuniversity departments and research institutes 
that specializc in research, development, and extension on temperatc fruit crops and which are based within 

•	 79 

e



e 

e 

e 
e 

e 

0 
e 
O 

e 
e 
e 
e 

countries of the European Union, Switzerland, and Eastern Europe. It was set up and heid its first meeting in 
Bonn in 1993. This review intends to show more about ongoing projects atthe institutions - members ofEUFRIN 
Rootstock group, objectives of rootstock research in separate countries and ah over the Europe. Extensive list 
(more than 150) of newest scientific papers published by members of EUFRIN Rootstock group and the data of 
pome and stone fruit rootstocks in the trials and collections is available. Gathered information and knowledge 
hopefiully will promote more efficient cooperation and facilitate rootstock research by sharing experience, 
methodology and plant material. Ongoing international cooperative trials are presented and suggestions for 
future cooperation are discussed. On the whole main rootstock evaluation programs are performed on apples. 
106 apple rootstocks and their clones are included in various trials of EUFRIN Rootstock group, followed by 
rootstocks for apricot, plum and peach (81 accessions), cherry (70) and pear (51). 
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Oral Session 15 
Environmental Physiology 

Oral Abstract 72 

Water Consumption in Lysimeter-grown Apple and Pear Trees with Different 
Training Systems 

Joan Girona, Jesús del Campo, Gerardo López, Mercé Mata, Jordi Marsal 
Institut de Recerca i Tecnologia Agroalimentáries (IRTA), Irrigation Technology. Centre UdL-IRTA, 
Avda. Rovira Roure, 191, 25198 Lleida. Spain 

A five years experiment vas conducted to determine apple (Cv 'Golden Smoothee') and pear (Cv 'Conference') 
water consumption. We monitored three apple trees and three pear trees grown in large weighing lysimeters. 
We evaluated daily reference evapotranspiration (ET0) and crop evapotranspiration (ETc). Midday canopy light 
interception was determined on a weekly basis from bud-break until leaf fail in each of the five experimental 
years. Wc established relationships between canopy light interception and the calculated Kc (ETc/ETo) from 
bud-break until harvest. There were significant differences in Kc values between apple and pear trees. When 
daily Kc frorn bud-break until harvest was adjusted to a quadratic curve, the adj usted curves in pear tress were 
very similar among years. However, in apple trees, the value at which Kc saturation was observed increased 
with years. Regarding light interception, both apple and pear trees exhibited a similar progressive increase 
in midday light interception during the five-year experirnent. Although there was a clear positive correlation 
between midday canopy light interception and K in apple and pear trees, the behavior of the established 
relationships was different among crops. While apple data fitted the same equation independently of years, 
the pear data fitted different equations for each year of evaluation. This discrepancy between apple and pear 
trees may be related with their different tree growth habits and training system. While pear trees exhibited a 
very rapid vertical growth, apple trees exhibited a slow growth rate in height. We think that midday canopy 
light interception did not reflect the differences in tree height and that the variation in tree light interception 
from year to year only accounted for sorne expansion of latera! branches. For this reason, when comparing 
fruit tree orchards with different training systems, similar values of midday canopy light interception may be 
related with different canopy volume and thus different water demand. From a practical standpomt, midday 
canopy light interception may be a useful tool for irrigation scheduling in apple trees under the conditions of 
this experiments. However, in 'Conference' pear trees, once fuil canopy cover is achieved, Kc may be estimated 
through a traditional calendar approach. 

Oral Abstract 73 

Mitigation of Water Stress in Peach Trees by Using Summer Pruning and Fruit 
Thinning 

Gerardo López, Joan Girona and Jordi Marsal. 
Institut de Recerca 1 Tecnologia Agroalirnentáries (IRTA), Irrigation Technology. Centre UdL-IRTA, 
Avda. Rovira Roure, 191, 25198 Llcida. Spain 

Reccnt!y many fruit orchards in the Mediterranean are liave suffered irrigation water shortages hecause of 
drought. Under drought conditions, fruit growers could experience problems with attaining thc fruit sizes 
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desired by the market. Moreover, water stress could also have negative effects during the subsequent years. 
In this research, we compared severe summer pruning and heavy fruit thinning as techniques for water stress 
relief during periods of extreme drought. We also studied the long-term effects of water stress. Although 
both severe summer pruning and heavy fruit thinning improved the water status of the tree (expressed as 
midday stem water potential), only fruit thinning produced a benefit in fruit growth. Our results indicated that 
improvements in water status in response to pruning may be insufficient to promote fruit growth ifthe pruned 
trees are unable to provide an adequate supply of assimilates to the developing fruits. A suitable technique 
for mitigating the adverse effects of a water deficit on fruit growth should produce a benefit in tree water 
status and at least maintain assimilation capacity. Fruit thinning, therefore, can be considered as an adequate 
technique for mitigating the adverse effects of a water deficit on fruit growth. Regarding long-tenm effects of 
water stress, severe water stress reduced tree reserve concentrations (expressed as root starch concentration 
in winter) and subsequent fruit set. Reductions in fruit set may be a negative long-term effect depending on 
the level of fruit load management. When low crop loads are required in order to promote fruit quality (fresh 
market), thc reductions in fruit set could not be a negative effect. 

Oral Abstract 74 

Effects of Partial Rootzone Irrigation 011 Growth and Physiological Characteristics 
in Apple and Water-saving Efficiency 

Qinping Wei 

The Institute of Forest arid Pomology, Beijing Academy of Agriculture and Forest Science, Beijing, 
China 
Email: pwei(jsina.coni 

In experiment we used partial rootzone apple trees where the root system was divided to four containers 
There were four experiment groups (1/4, 2/4, 3/4 and 4/4 root zone) of irrigations, and three different amounts 
(500m1, 750m1 and 1 000ml per basin every time.) water of irrigation. We had studied effects of partial rootzone 
irrigation on growth and physiological characteristics of apple tree and water-saving efficiency. The results 
showed that sol] water potential (SWP) of treatments 4/4, 3/4 and 2/4 were increased in the same amounts 
water of irrigation. Under the every amount of irrigation, the leaf water potential (LWP) at dawn and moon, 
the photosynthesis of 1/4 treatment were at the lowest value alt the time, while 4/4 treatment was at the biggest 
value. The photosynthesis was no significant difference among different treatments.114 irrigation treatrnent 
and 500m1 amount of water treatment significantly inhibit the growth of new shoots, trunks and roots. The 
content of ABA in root and Ieafwere increased in the same amounts water of irrigation. Without sacrificing 
the accumulation of biomass, the WUE under two fourths (2/4) of the rootzone irrigation and 750m] amount 
of irrigation treatrnent was higher than that of other treatments, but the biomass decreases only by 26.2% and 
water consumption reduces by 64.0%, and the water-saving profit was signiñcant. 
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Oral Abstract 75 

The Pedicel's Role in Postharvest Weight Loss of T%vo Sweet Cherry Cultivars 

Erick D. Smith and Matthew D. Whiting 
Irrigated Agriculture Research and Extension Center, Washington State University, Prosser, WA, 
USA 

Mechanized sweet cherry (Prunus aviwn L.) harvest yields stem-free fruit, raising concerns over storability. 
In 2007, we evaluated storability of 'Bing' and 'Skeena' fruit with and without pedicels. The entire fruit 
surface andlor pedicels were sealed with petroleum jelly (Pi) to form barrier to water loss. Six treatments 
were compared for both cultivars: 1) no Pi, with stem, 2) no Pi, stem-free, 3) pedicel and fruit sealed with PJ, 
4) pedicel treated with PJ, 5) fruit surface sealed with Pi, and 6) stern-free fruit with Pi applied to abscission 
zone. At harvest, individual fruit were labeled, weighed, placed into modified atmosphere packaging, and stored 
at 40 C for three weeks. Every 3 to 4 days, replicate sets of fruit were removed from storage and analyzed for 
weight and quality attributes. Untreated, stem-free, 'Bing', lost significantly more weight (9.0%) than stemmed 
Bing' (6.5%) over the trial period. In contrast, weight loss from stem-free and stemmed 'Skeena' fruit was 

not different (7.8% Vs. 8.7%, respectively). For both cultivars, treatments 4 and 6 did not significantly reduce 
weight loss compared to control treatment 1. However, treatments 3 and 5 significantly and similarly reduced 
weight loss for both cultivars - mean weight loss was 1.5% and 0.5% for 'Bing' and 'Skeena', respectively. 
These results demonstrate that weight loss occurs predominantly via the fruit exocarp and not the pedicel. 
Furthermore, we recorded a subtle increase in 'Bing' pedicel-fruit retention force throughout storage, a trend 
that was not observed for 'Skeena'. In addition, static dye uptake experimertts using basic fuchsin (0.1%) 
revealed no uptake into pediceis from either the stylar or stem end of 'Bing' fruit. In contrast, we observed dye 
uptake into the pedicel from stylar end immersion of 'Skeena' fruit. Implications of these results for storability 
of mechanically-harvested stem-free fruit will be discussed. 

Oral Abstract 76 

The Relationship Between Shoot Length and Utilization of Stored Assimilates After 
Heading Cut in Young Apple Trees 

Osamu Arakawa, Jianbo Xu and Takenori Asada 
Faculty of Agriculture and Life Science, Hirosaki University, Bunkyocho 3, Hirosaki, Aomori, 036-
8561 Japan 

The shoot growth and shoot length in apple trees are controlled by apical dominance, and the upper shoots 
grow longer than the lower shoots. The difference of the utilization of stored assimilates (nitrogen and carbon) 
might affect on the shoot growth as well as the level of plant hormones such as auxins and cytokinins. ¡u this 
research, the relationship between the shoot length and the utilization of stored assimilates was investigated with 
using young apple trees. Also the effect of ringing and bending the trunk on this relationship vas examined. 
Apple trees ('Fuji' on Malus prunfiuia(Wil ld.) Borkh.) were treated with 15N and 13C in the year prior to the 
cxperiment. Ringing and bending the trunk were conducted at March afler heading cut. The trees were examined 
early (in May), at mid-term (June) and when mature (September). Shoot growth stages and nitrogen and carbon 
status were analyzed at each harvesting. There vas no relationship between the Iength of the shoot and the 15N 
excess% of the shoot at each stage in al] examined trees. The leveis of 15N excess% were stable frorn May 
to Junc. The 13C excess 'Yo decreased during the period from May to June, Therc vas a significant positive 
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correlation between the lengths of the shoot and 15N or 13C distribution in the shoot. It was suggested that, as 
they grew the longer shoots absorbed higher amounts of stored assimilates than the shorter shoots. Although 
the degree to which stored versus current absorbed assimilates contributes to new shoot growth might be the 
same in ah shoots, stored nitrogen plays an important role in new shoot growth. Also, the ringing and bending 
the trunk has no effect of this relationship. 

Oral Abstract 77 

The Systematic Influence of Crop Load, Spur Type, 3D-Canopy Structure, and Leaf 
Zonal Chlorosis on Leaf Photosynthesis of 'Honeycrisp' Apple Trees 

Stefan Fieck 
University of Goettingen, Germany 

Leaf photosynthesis of Honeycrisp has been characterized by gas-exchange measurement using the LCPro+ 
system (ADC) and the Li-6400 system (LiCor) in order to establish a fully parameterized mechanistic model 
of leaf photosynthesis (Farquhar et al. 1980) for this cultivar. Light- and CO2-response curves of 42 leaves 
have been measured at 3 different temperatures in order to derive photosynthesis capacities Jmax and Vcmax 
for 3 classes of leaves, representing trees with Iow, medium, and high crop load (3, 6, and 9 fruits/cm 2 TCA). 
The leaves were also chosen to cover the relevant physiological stages of spurs: 2 year old fruiting spurs 
(FS), older non-fruiting spurs (NFS), and non-fruiting extension growth (EXT). The area affected by leaf 
zonal chlorosis of each leafwas estimated by eye and specific leafarea was determined. Canopy position of 
each leaf was characterized by the gap fraction abo ye it, as determined by hemispherical photography. The 
parameterized model was validated by daily course measurements on the same trees as well as on Honeycrisp 
trees at another orchard in the Annapolis Valley, about 50km away from the former. The results show that 
neither crop load nor spur type had any significant influence on leafphotosynthesis, while leaf zonal chiorosis 
reduced photosynthesis rates proportionally to the leaf area affected. Canopy structure aboye the measured 
leaf had by far the biggest effects on leaf photosynthesis rates. 3D-canopy structure of the validation trees 
was determined in a subsequent experiment using a 313-laser scanner. Transpiration of the trees was assessed 
by sapfiow measurements as an integrating measure for gas-exchange. The relation between canopy leaf area 
distribution and measured gas-exchange is discussed. Gap fraction abo ye the investigated leaf vas the most 
relevant factor for leaf photosynthesis. 

Oral Abstract 78 

The Molecular Basis of Fiowering in Longan 

Jens N. \Vünsche', Patumporn Tiyayon', Kridsana Poiigsriwat 2 , Pittaya Sruamsiri 2 , Alon Samach3, 
and Martin Hcgel& 

'Department of Specialty Crops and Crop Physiology, Univcrsity of Uohenheim, Gcrmany 
2 Faculty of Agriculture, Chiang Mal University, Chiang Mal, Thailand, 
3Thc Robert H. Smith Institute for Plant Sciences and Genetics in Agriculture, Faculty of Agriculture, 
Thc Ilebrcw Ijniversity of Jerusalem, Israel 

Longan (Dimocarpu.r ¡aligan Lour.) is a commercial fruit crop mainly cultivated iii subtropical countries oí'  
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Southeast Asia. In Thailand, longan fiowers from late December to late February due to fiower inducing clirnatic 
conditions with a relatively dry cool (<18°C) environment throughout the natural period of fiower induction 
from niid November to mid December. However, the application of potassium chiorate (KCIO 3 ) can induce 
off-season fiowering within 20-30 days even so climatic conditions may not be suitable. Thus, this chemical 
offers a unique opportunity not only to improve the irregular bearing behaviour of longan but also to use it as 
a potent inducer of longan fiowering all year. In addition, farmers obtain a higher price for off-season fruit 
due to the imbalance between supply and dernand in the market place. It is hypothesized that an alteration 
in the hormonal status triggers the programmed sequential morphogenetic events and tums the switch from 
vegetative to reproductive bud meristem. Speciflc genes, coding for hormone biosynthesis andlor fiowering vill 

a therefore be up-regulated, temporarily or spatially, with a transition to fiowering in tree crops. Several genes 
involved in the switch from vegetative to floral bud meristem have already been identified and characterized 
in Arabidopsis. A network of interactions and regulatory hierarchies among these genes encoding for specific 
proteins is slowly forming. Sorne of the molecular basis in this fiowering process has been shown to play a 
similar role in other annuals. A central protein in this process is FLOWERING LOCVS T (FT), which triggers 
fiowering once it accumulates to high enough levels in the plant tissue. In Arabidopsis, the temporal increase 
in FT expression can be triggered by environmental stimuli such as extended periods of coid temperature or 
long photoperiods. Wc attempt to identify the molecular basis of lower induction in Longan by expression 
patterns of genes that encode for proteins similar to Arabidopsis fiowering genes. Six-year-old potted longan 
trees located at Chiang Mai University were used. The experimental design consisted of lO trees treated 
with KCIO 3 and 10 trees served as controis. Potassium chiorate was applied as soil drench at lg/pot to fully 
mature plants in November 2007. Samples for RNA extraction from terminal buds, lateral buds and leaves 
were collected 6 times at 5 day intervais foliowing application. Eight degenerate primers of FT (FTDEG) were 
designed by using five highly conserved regions of Arabidopsis thaliana, Vitus vinifera, Citrus unshiu, Oryza 
sativa, Hordeurn vulgare. Four of the FTDEG primers were successfully amplified in longan and fragments 
were subsequently cloned and sequenced. BLAST searches with this sequence aligned with the Arabidopsis 
genome identifled FT with an amino acid identity of 68% and homology of 68%. It was concluded that longan 
homologue of FT was successfuhly isolated. 

Oral Abstract 79 

Aspects Of Macadamia Flowering And The Applications To Canopy Management 

J.D. Wilkie, M. Sedgley' and T. Olesen2 
'Faculty of Arts and Sciences, The University of New England, Armidale, NSW 2351, Australia. 
2 Centre for Tropical Horticulture, NSW Department of Primary Industries, Alstonville, NSW 2477, 
Australia. 

The macadamia (Macadainia integrfolia, M tetraphylla, and hybrids) is a subtropical, evergreen, recurrent 
flushing tree, native to and cultivated in eastern Australia, for its premium quahity nut. We discuss the physiology 
of macadamia fiowering, inchuding sorne new data, and applications to macadamia canopy management. 

.

	

	 Macadamia fiowers in response to cool temperature, producing racemes containing several hundred fiowers 
that originate from axillary buds. Fiowering in macadamia, similar to other tropical and subtropical trees such 1	 as lychee and mango, is dependent on sensing the floral inductive stimulus (cool temperature), and release of 

•	 buds for inflorescence production. Fiowering is affected by the timing of vegetative growth; immature 
during early winter (floral initiation and differentiation) suppresses fiowering. The mechanism for this inhibition 
is unknown but may be due to feedback by growth regulators exported from the developing flush that inhibits 
bud release: reproductive or vegetative. Fiowering also varles with characteristics of the stems; short non-
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vigorous stems are more likely to fiower than long stems, possibly because axillary bud release is inhibited 
less in short stems, or related to a positional effect within the canopy. Stem age also affects the likelihood 
of fiowering although it is unclear whethcr this is due to stem age per se, or a positional effect related to the 
environment. The most common form of canopy management in Australian macadarnia orchards is mechanical 
hedging, generaily undertaken in early spring, around the time of anthesis. The purpose being to control 
tree size for a range of indirect benefits generally unrelated to irnproving yield and quality. The relationship 
between fiowering and yield in macadamia is Iargely unknown, so increasing fiowering may not necessarily 
mercase yield as with sorne other subtropical and tropical tree crops, however we can assume that a at least a 
moderate level of fiowering is necessary for optimum yields. Canopy management techniques that promote 
the production of sufficient short stems that are likely to fiower may maintain productivity. The timing of 
hedging also needs to be considered because the resultant vegetative flush may feedback to fiowering. Well 
timed autumn hedging or hedging in early winter would ensure the absence of immature vegetative flush that 
has the potential to suppress fiowering. 
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Poster Session 1 

Poster Abstract 1 

Establishment and Growth Parameters of Sorne WiId Almonds in Iran 

Alireza Rahemi', Reza Fatahi2, Afi Ebadi2 , Darab I-Iasani3 
'Depatment of Horticultural Science, Azad University, Science and Research Branch, Iran 
2 Department of Horticultural Science, University of Tehran, Karaj, Iran 

Florticulture Section, Seed and Plant Improvement Institute, Karaj, Iran 

Iran ¡san important area for world almonds gene pool. It was suggested thatAmygdalus comrnunis spread from 
Iran, Caucasia and south ofTurkey to Syria, Lebanon and Jordan. Up to now, 21 wild species and 7 inter species 
hybrids have been identified in Iran, which ten supposed to be endemic species. Wild almond species have 
been used traditionally as rootstocks in sorne areas of Iran. Species A. spartioiedes and A. spinosissima grafted 
by local almond growers in arid regions and species A. scoparia, A. eriocalda, A. horrida and A. elaengi/blia 
are used as their rootstocks. For investigating the emergence, establishment and vigor of 15 ecotypes from 4 
provinces, seeds of seven species have been evaluated. The germinated seeds were planted in a Completely 
Randomized Design with four replicates. Seedlings have been planted in plastic bags in outdoor condition. 
The percentage of establishment and growth parameters of seedlings were recorded during growing season. 
The results showed that two ecotypes of A. reticulata had the highest growth and highest stem length at ah 
growing stages. 

Poster Abstract 2 

Results Concerning the Behaviour of Sorne Rootstocks for Peach Tree in the Nursery 
Field 

Alexandra lndreias 
Research Stat ion for Fniit Growing Constanta, Pepinierei 1, 907300 Valu lui Traian, Romania 
E-mai 1: indreiasalexandra@yahoo.com  

Tbe research carried out in Research Station for Fruit Growing Constanta, Romania, studied the 
behaviour in the nursery field of five rootstocks for peach tree: three from Romania (T16, Tomis 28 
and Tomis 39) and three from another countries (PSC 12 from Italy, AID1 and AID2 from Greece). 
These rootstocks were grafted with 6 cultivars in the research tree nursery field: Delta, Cora, Stark 
Delicious (nectarine cultivar), Raluca and Redhaven (peach cultivar). As results of the investigations 
we were found that Romanian rootstocks had seeds smaller than rootstocks from Italy or Greece. 
Studied rootstocks had a good and very good germination, seedlings with vigorous growth and very 
high standard seedlings yields. The rootstocks were behaved very well at rooting and in grafting 
process. They ga ye trees with different vigor, depending on rootstocks and cultivars and high yiehds 
of standard grafted trees/ha. They present good compatibility with grafted cultivars, with no externa! 
deformations. All ofthese results show that studied peach rootstocks are good for peach and nectarine 
trees.
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Poster Abstract 3 

A RAPD Marker Linked to the Resistance Gene to Alternaria Leaf Spot (Alternaria 
mali Roberts) in 'Qinguan' Apple 

Lei Zhao, Zhengyang Zhao 1 , Yizhen Wan', Zhiguo Dang' and Gennaro Fazi& 
'Coilege of Horticuiture, NorthwestA&F University, Yangling, Shaanxi 712100, China 
2 U Department of Agricuiture, Agriculture Research Service, Piant Genetic Resources Unit, New 
York State Agricultural Experiment Station, Come!! University, Geneva, New York 14456, USA 
Email:zhaozy@nwsuaf.edu.cn, zhaozy@nwsuaf.edu.cn , wyz689hotmail.com, wyz689hotmaii. 
com 

Resistance in Fi popuiation of the cross of 'Qinguan x Fuji' and its reciprocal cross 'Fuji x Qinguan' was 
determined under natural evaluation in 2006 and 2007. The ratio ofresistant seedlings to susceptible seedlings 
in both crosses have been tested in accordance with X20.01 distribution of 1:1 segregation (X2 Qinguan x 
Fuji = 2.645; X2 Fuji x Qinguan = 0.743; X20.01=3.84). Among the progenies of both crosses, the SI values 
revealed genetic features of quantitative traits demonstrating successive distribution. This indicates that 
Altemaria leaf spot resistance in these two crosses may be controlled by a major gene in combination with 
sorne minor genes. Forty resistant, thirty-one susceptible progenies ofthe cross 'Qinguan x Fuji' and 325 RAPD 
prirners were chosen to detect markers iinked to resistance based on the Bulked Segregant Analysis (BSA). A 
fragment, 'S428-854, presenting in the 'Qinguan' and the resistant DNA pool, and absent in the 'Fuji' in the 
susceptible DNA pool was obtained from the amplification by the primer 'S428'. The distribution of'S428-854' 
in the Fi individuals showed that the molecular data of the 56 individuals (78.9%) were consistent with the 
field identification data. The S428-854 RAPD marker was sequenced. Its actual iength was 854bp. Results of 
blasting this sequence with the NCBI database indicated that its homology to known sequences was no more 
than 30%. Structure analysis using DNASTAR software showed that this sequence did not have an open read 
frame, meaning that it does not have a complete gene structure. We have submitted this sequence to NCBI 
GeneBank as accession EU7 10766. 

Poster Abstract 4 

Influence of the Rootstock on the Morphological Differentiation of the Fiower Buds 
in two Cherry Cultivars 
A. Papachalzis' and V. Lichev2 

'Technological Education Institute, Larissa, Bulgaria 
2Agricultural University, Plovdív, Greece 
papachad@teilar.gr 

The studies were conductcd in the years 2004-2006 on 8-10-old ti-ces of the cultivars 'Bigarrcau burlat' and 
'Stella' grafted on the rootstocks P 1 (seedling of Prunus inahaleb L.) Gisela 5 , Weiroot 13 and Weiroot 72. 
From the end of May ti!l the end of September (in a 7-day period) spurs have been collected from the two-
year-old wood and their lateral buds have been examined under a stereo-microscope. It has been established 
that the type of rootstock does not influence significantly the rate of initiation of the appendages (bud scales 
and bracts) on the axes of the buds. A greater number of fiower prirnordia have been formed in one fiower 
bud under the influence of Gisela 5 (in comparisori with P 1). The bud scales of the fiower buds in the two 
cu!tivars differ in shape. In 'Bigarreau burlat' they are almost triangular with a srna!l notch in the upper part, 
whereas in 'Stelia' they are more rounded, with a bigger notch in the upper part, which forms considcrably 
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well two segnlents. These differcnces are bcst established in the 4th - 6th bud scale. They could have been 
used for identifying the two cultivars in auturnn and winter, when fresh fruit are not accessible. It is advisable 
to study thc morphological characteristics of the bud scales in other cultivars too, with a view to improving 
their pomological characteristics. 

Poster Abstract 5 

Selecting and Fingerprinting the Next Generation of Size-Controlling Rootstocks 
for Sweet Cherry 

Amy lezzoni, Matthew Whiting and Jim Olmstead2 
'Department of Horticulture, Michigan State University, East Lansing, MI USA 
2 lrrigated Agriculture Research and Extension Center, Washington State University, Prosser, WA, 
USA 

Dwarfing precocious sweet cherry rootstocks are needed to increase the profitability of fresh market sweet cherry 
production. Although several dwarfing rootstocks from Europe are cornmercially available, these rootstocks 
may not be ideal for U.S. fresh market sweet cherry production. The tendency for sweet cherry cultivars to 
over crop on these precocious rootstocks makes it difficult to achieve the large fruit size needed for maxirnum 
profitability. To address this problern, a rootstock selection program began at Michigan State University 
(MSU) in 1997 to identify precocious dwarfing rootstocks. Eleven rootstock candidates have bcen selected 
from an initial set of 91 MSU rootstocks. Four of these rootstocks produce trees that are smaller than those 
on 'Gisela®5', six produce trees that range from that expected on 'Gisela®5' to trees similar to 'Gisela06', 
and one selection is more vigorous than 'Gisela®6'. In addition, sorne of these rootstocks confer wide branch 
angles in the scion and reduce fiower bud density compared to the Gisela® series that may be more suitable 
for highly productive cultivars. Polymerase chain reaction primer pairs that exhibited sufficient polymorphisms 
in fragment size to discriminate among the 11 rootstock candidates have been identified. These four primer 
pairs are PceGA59, PMS40, PMS67 and the S-locus RNase. With these markers the identity of each of the 
11 rootstocks can be easily verified. Growth, floral bud density, and fruit quality data from test plots of these 
rootstocks in Clarksville, Michigan and Prosser, Washington will be presented. 

Poster Abstract 6 

Effect Of Different Seed Treatments on the Germination and Scedling Growth of 
Almond 
AH. Pandit, M. A. Mir, R. A. Wani and M. S. Wani 
Division of Pomology, S.K. University ofAgricultural Sciences and Technology of Kashrnir, Shalimar, 
Srinagar-India-19l 121 
E-mail: ashaqpanditgrnai1.com  

An evaluation of the effects of various seed treatments on alrnond nuts (boiling in water for 15 minutes, dipping 
in 10% sulphuric acid for 30 minutes, soaking in GA3 50ppm for 24 hrs, thiourea 2% for 24 hrs, IBA lOOppm 
for 24 hrs, shell breaking with hammer and an untreated control) was conducted. The maximum germination 
percentage (49.21), maximum seedling height after 150 days (158.60), and minimum number of days to 
germinate (58.40) was observed in almond nuts sown after treatment with 15 minute boiling in 2005. Similar 
results were noted in the foliowing two years (2006 and 2007). Almond nuts treated with 15 minute boiling 
produced plants with the maxirnum budding ability as compared to othcr treatments and control.
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Poster Abstract 7 

Dormant Carbohydrate Reserves of Two Peach Cultivars Grafted on Different 
Vigor Rootstocks 

A.M. WeibeP, G. L. Reighard2, N. C. Rajapakse2 and T. M. DeJong3 
'INTA EEA Junín, P.O. 78 - San Martín 5570, Mendoza, Argentina. 
2Department of Horticulture, Clemson University, Clemson, SC 29634, USA 

Department of Plant Sciences, University of California, Davis, CA 95616, USA 
E-mail amweibel@junin.inta.gov.ar  

In temperate fruit trees, early spring shoot growth depends on carbohydrate reserves accumulated in the previous 
season. Vigorous rootstocks can accumulate more reserves, which contribute to a higher initial fiush of shoot 
growth. Total dormant, non-structural carbohydrates (TNC) in abo ye and below ground tissues were studied 
in mature 4-year-o1d 'Redhaven' and 5-year-old 'Redtop' peach trees at three different locations (California, 
Georgia and South Carolina), and in 1-year-o1d 'Redhaven' trees grown near Clemson, South Carolina. The 
rootstocks included Loveil (Prunus persica), Pumiselect® (P pumila), Krymsk® 1 (P tomentosa x P cerasfera), 
Cadaman®-Avimag (P persica x P davidiana), Controller® 5 (P salicina x P persica) and Cornerstone (P 
persica x P dulcis). Shoot and root samples were taken from the mature trees' while the 1-year-o1d peach 
trees were removed from the ground for tissue analysis. Carbohydrates were also quantified in bark and wood 
tissues in the mature 'Redtop' trees. Greater concentrations of TNC were found in 'Redhaven' and 'Redtop' 
roots in California compared to the other two sites; however, shoot TNC did not differ significantly among 
sites. Concentration of TNC in roots were at least two fold compared to shoot TNC concentration. Loveil roots 
had the greatest accuniulation of reserves and Krymsk® 1 the Iowest. Rootstock bark accumulated the largest 
amount of TNC, followed by scion bark, and Loveil had the greatest TNC content. One-year-old 'Redhaven' 
trees had the highest TNC accumulation in LovelI roots. About 70% of TNC were accumulated in root tissues, 
where smaller roots accounted for most of the carbohydrates (>80%). The more vigorous rootstocks, in this 
case Lovell, not only had the greatest accumulation of dormant carbohydrates, but also had the greatest root 
and shoot dry weights per tree, suggesting that the initial differences in spring shoot growth could be attributed 
to both. 

Poster Abstract 8 

Sampling to Determine Relative Root Distribution 
Brent Black, Dan Drost and Thor Lindstrorn 
Department of Plant and Soil Science, Utah State University, Logan UT, USA 

A sampling method for mapping root distribution was tested in a replicated peach (Prunus persica L.) rootstock 
trial from the multi-site NC-140 Regional Rootstock Research Project. The 2001 planting vas destructively 
sampled at the end of the 2006 season. Sampling was carried out on a subset of five replicate trees of five 
rootstocks, representing a wide range of tree sizes. Root distribution was determined by collecting nine soil 
cores in a radial array around a randornly selected quarter section of each tree trunk. The core diameter was 
10 cm and sarnpling points were at 45 cm intervals, with three cores taken along each of three transects that 
were parallel, diagonal and perpendicular to the tree rows. Each soil core was taken to a depth of 90 cm. The 
upper 60 cm of thc soil core was divided into 15 cm segrnents while the lower 30 cm was Ieft undivided due 
lo limited rooting. Tree roots were separated from the soil, assigned to one of three size classes, dried at 70C 
and weighed. Root dry weights were analyzed by standard analysis of variance to determine main effects 
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and interactions of root stock, sampling deptli and location. The general linear model procedure (SAS lnst., 
Cary, NC) was used for analysis of variance. Root distribution graphs were generated from these data using a 
coritouring program in Surfer 7 (Golden Software, Inc.). Distribution of larger scaffold roots was proportional 
to above-ground tree size. Fine root biomass distribution differed among rootstocks, but was less correlated 
with tree size. This core sampling approach provided an efficient method for comparing distribution of support 
and fine-roots among rootstocks. 

Poster Abstract 9 

Effect of Nitrogen Forms on IPT3 Expression And Hormone Contents of 
Pingyitiancha (Malus hupenensis Rehd.) 

PENG Fu-Tian, PENG Jing, WEI Shao-Chong, ZHU Chun-Fu 
Institute of Horticulture Science and Engineering, Shandong Agricultura! University, State Key 
Laboratory of Crop Biology, Tajan, Shandong 271018, China 

Experiments were carried out to study the mechanism about the effects of nitrate and ammonium on the 
growth of Malus hupenensis Rehd. Seedlings and the relationship among nitrogen forms, MhIPT3 expression 
and the concentrations of cytokinin . Under water culture condition, analyzing the effect of nitrogen forms 
on the growth of Malus hupenensis Rehd, on the MhIPT3 expression by quantitative real-time PCR and on 
the contcnts of Z+ZR,iP+iPA, IAA, as well as ABA by ELISA. Results indicated that the leaf arcas did not 
cxist signiflcant difference between the treatrnent and the control in 24 hours after nitrate supply, but the leaf 
arcas of nitrate treatment were larger than ammonium treatment in 72 hours and 168 hours. When nitrate 
vas supplied to seedlings, MhIPT3 transcripts rapidly accumulated within 0.5 hour, the manner of MhIPT3 
induction corresponded well with that the accumulation of Z+ZR and iP+iPA. The leveis of IAA were similar 
between nitrate treatment and ammonium treatment. The amounts of ABA by supplied nitrate were upper 
than ammonium treatment in 24 hours, then decreasing lower than ammonium treatment. Wc presumed that 
nitrate can act as signal to induce the expression of MhIPT3 and promote the synthesis of cytokinin. That is 
the origination reason why nitrate is better than arnmonium for the early growth of Malus 

Poster Abstract 10 

Effect of Soil Type on Root Architecture and Nutrient Uptake by Roots of Young 
Apple Tree 

FAN Wei-guo', and YANG HonggiangU 
'College of Horticulture, Shandong Agriculture University, 
2 State Key Laboratory of Crop Biology, Shandong Agricultura! University, Tajan, Shandong 271018, 
and China, 
E-mail: hqyang@sdau.edu.cn  

To raise the nutrient uptake efficiency of apple, a systematic study was made, with Malus hupehensis Rehd 
adopted as materials and by means of pot-culture approach, about the change of uptake of nutrient by roots 
and root architecture (RA) parameters of apple under conditions of soil texture. The results show that when 
growing in sandy soil, primary root of young apple tree is obviously thin and short, the first and the second 
lateral roots of young apple trees are obviously less, thinner and shortcr, and the nurnbers of fine root of young



el 

la 

0 
O 
O 

O 
O 

apple tree is also obviously Iess; when growiilg in the soil of organic manure, primary root becomes thick 
and long, the first and the second lateral roots Lccome more, thicker and longer, and the numbers of fine root 
become more. And the uptakc ability of P, K, C. Fe and Zn of the RA type produced in sandy soil is higher. 
There exists a close relat ion between the uptakc ability of nutrient and the RA type changes, owing to various 
forms of soil-texture, correspondingly different types of RA have been produced. 

PosterAbstract 11 

Propagation of Fruit-Tree Rootstocks in Vitro And Their Further Behavior in Stock 
Plantations 

Ivan Kulikov and Valeriy Vysotskiy 
Al1-Russian Horticultural Institute for Breeding, Agrotechnology, and Nursery, Moscow, Russia 

The apple rootstocks Paradizka Budagovskiy, 54-118, 57-233, 57-490, 57-545, 62-396, 3-4-25, 3-5-53, 34777, 
3-1-91, pear rootstocks Beriozka, Zheltaya, cherry and sour cherry rootstocks Moskoviya, P-7 and VP-! were 
successfully propagated by means of in vitro technique. Planted in the fleid conditions micropropagated piants 
have shown the higher degree of branching in comparison with traditionally propagated ones, especially cherry 
rootstocks. Furthermore, softwood cuttings of these rootstocks had better rooting capacity due to modified 
physiological status (rejuvenilization). 

Poster Abstract 12 

Possible Physiological Mechanism of Premature Fruit Drop in Mango (Mangifera 
indica L.) in Northern Vietnam 

Jens N. Wünsche', Maite G. Roerner', Pham Thi Huong 2, Pittaya Sruamsiri 3 , Martin I-Jegel& 
'Department of Specialty Crops and Crop Physiology, University of Hohenheim, Germany 
2Department of Horticulture, Hanoi Agricu!ture University, Vietnam 

Faculty of Agriculture, Chiang Mai University, Chiang Mal, Thailand 

A major problem in mango production in Northem Vietnam is a premature fruit drop. However, the underlying 
plant processes in response to environmental andlor crop managernent factors are not understood. There is a 
general belief that this phenomenon is caused by different combinations of stressing factors which may vary 
between different regions and sites. In the mountainous area of northern Vietnam (Son La Province), fruit drop 
in mango may be caused by relative!y hot, dry prevaiiing winds which typically occur in February/March. 
Consequently, it has to be determined which plant process responds sensitively to specific environmental 
conditions and subsequently causes, through its alteration, premature fruit drop. The identification of the 
physiological basis of premature fruit drop not only is of scientific interest but also of commercial significance, 
aliowing the development of effective, fruit drop reducing crop management strategies and thus ensuring a 
economicaliy sustainable cultivation of mango in this region. The working hypothesis investigates whether 
premature fruit drop is caused by high temperature/vapor pressure deficit (VPD) conditions and related to 
possible limitations of carbon supply to developing mango fruit andlor altered basipetal auxin export from fruit 
and fruit ethylene concentration. The experimental design includes 20 randomly selected 10-year-o1d mango 
trees (cvs. 'Hoi' and 'Tron'), respectively. Halfofthe trees were irrigated with micro-sprinklers (2 h every 4 
days with 120 l/h) and the remaining trees served as non-irrigated control trees. An automated weather station 
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O	 (DELTA-T) recorded various microclirnatic pararneters, including sol¡ moisture and sol¡ ternperature, within 

•	 the orchard throughout the growing season. Air temperature and relative humidity within the canopy 
recorded using HOBO loggers. Fruitlet drop was counted on 20 randomly selected inflorescences on each of 

.	 five irrigated and non-irrigated mango trees of both varieties, respectively. Leafand fruit samples at different 
stages of development were taken frorn four irrigated and non-irrigated trees of both cultivars, respectively, for 
subsequent analysis of plant hormones such as indole-3-acetic acid (IAA), cytokinins (CKs), abscisic acid (ABA) 

•	 and gibberellins (GA 3 )measured as GA 3 equivalents. To understand the formation of the separation layer, 
• samples of the fruit peduncle from attached and abscised fruit of both cultivars at different developmental stages 

(pm- to marble size) were taken for microscopic analysis. Determination of timely changes of plant hormones 
and microscopic analysis of the fruit stem are ongoing and results vil1 be presented at the Symposium. 

•	 Poster Abstract 13 

•	 Initial Results About Low Chilling Nectarine Culture in Environ mental Conditions 
•	 of Spanish Southeast 
O 
•	 García B. J., M.C. Sánchez J., J. Garcia G., and A. Soler M. 

•	 Imida. Murcia. Spain. 

Thc Spanish southeast is an arca of traditional peach crop in Spain. The favorable wintcr environrncntal 
•	 conditions, allow the cultivation of 'Iow chilling' peach, but it is also a dry arca with strong demand of irrigation 
•	 water, which does not disposable, and should therefore be optimized. In this paper we will show the preliminary 

•	 results obtained with Casasil ® a low chilling, early ripening and white flesh nectarine, growth under different 

•	 leveis of imgation water and we will discuss their both agronomic and pests - diseases control consequences 
and their financia] implications. 

•	 Poster Abstract 14 

•	 Development of a New Apple Rootstock Framework Map 

•	 K.M.Evans, F.Fernández- Fernández, C.L.Govan, J.B.Clarke and K.R.Tobutt 

•	 East Malling Research, New Road, East Malling, Kent, ME 19 6BJ, UK. 

Email: kate.evans@eMr..ac.uk 

•	 Rootstocks have been bred and selected at East Mailing since the 1920's. The apple and pear rootstock breeding 
program is still active and a new East Malling Rootstock Club vil1 be established in April 2008 with support from 
• die INN (International New Varieties Network) and elsewhere to fund and commercialize rootstock improvement. 

Developing and releasing a new rootstock can take as long as 30 years as there are few reliable early selection 
• techniques for breeders to use. The development of molecular markers linked to key traits would enable the 

breeder to select improved material at a much earlier stage. The production of a saturated molecular map is the 
first stage towards the identification of such markers. Here we present a framework SSR (microsatellite) map 
of the progeny from the back-cross between the dwarfing 'M27' and the new, more Vigorous, aphid resistant 

•	 'M116'. Markers were chosen to span the genome using the recently published 'Fiesta' x 'Totem' map as a 

•

	

	 reference. The presented map has al! 17 linkage groups representing the 17 chromosomes in apple. Work is 
oil-going to saturate the map furthcr and to add phenotypic traits to enable thc developrncnt of niarkers. 

• 
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Poster Abstract 15 

Performance of Four Semi-Dwarf Apple Rootstocks from Foreign Breeding Programs 
at Three Sites in Eastern Canada 

J-P. Privé', C. Embree 2, and S. Khanizadeh3 
1 Agriculture andAgr-Food Canada, P.O. Box 2069, Bouctouche, NB, MS 2J2 Canada, Email: privej 
agr. ge. ca 
2Agriculture andAgr-Food Canada, 32 Main Street, Kentville, NS, B4N 1J5, Canada, Ernail: embreec@ 
agr.gc.ca 
3 Agriculture and Agr-Food Canada, 430 Gouin blvd., St-Jean-sur-Richelieu, QC, J3B 3E6, Ernail: 
Khanizadehs@agr.gc.ca 

This study was conducted to evaluate the performance of the apple cvs. 'Idared' and 'Mclntosh' (spur type 
done, 'Hartenhoff') planted at 890 trees/ha, on the semi-dwarf rootstocks AR 86-1-25, 13.490, Y.P. and KSC.07. 
Their performance was evaluated in three provinces of Eastern Canada (Quebec, New Brunswick and Nova 
Scotia) over a period of 5 to 10 years depending on the site. In addition to those cultivars and rootstocks, 
'Fuji' was also evaluated on KSC. 18, MM. 106 and M.26 in NS only. The results from these trials and their 
implications for recommendation in Eastern Canada will be discussed in terrns of tree vigor, fruit size, yield 
and yield efficiency. 

Poster Abstract 16 

St Jean 84 (SJ84) DwarfWinter Hardy Rootstock Series 
Shahrokh Khanizadeh', Jean-Pierre Privé, Yvon Groleau 1 , Martine Deschénes', Raymond Granger', 
Gules L. Rousselle', Odile Carisse' and Vicky Toussaint' 
'Agriculture andAgri-Food Canada, Horticultura! Research and Development Centre, 430 Bou!. Gouin, 
St-Jean-sur-Richelieu, QC, Canada, J3B 3E6, Canada 
2Agriculture and Agri-Food Canada, 1045 St- Joseph Rd, P.O. Box 2069, Bouctouche NB E4S 2J2, 
Canada 

In early 1970, a breeding program was initiated in Agriculture and Agri-Food Canada, Quebec to develop winter 
hardy rootstocks for coid climates. Seeds harvested in 1975 from controlled crosses between 'Malus robusta 
R-5' and 'M.26' or with 'Budagovsky 579490' were germinated under greenhouse conditions and about 1000 
seedlings were subsequently planted in 1980 in a nursery. 'Spartan' was used as scion in 1982 and trees were 
planted in 1984 at the experimental farm of AAFC - HRDC in Frelighsburg, Quebec in a non-replicated grid 
pattern (5.5 x 3.Om spacing). Of the 1000 trees started in 1984, 499 were used for further evaluation and the 
rernainder was eliminated due to undesirable characteristics e.g. lack of winter injury, disease susceptibility 
or difficulty to propagate in stool bed or susceptibility to woolly aphids. Sorne of promising rootstocks were 
further tested in vitro for four isolates of crown rot (Phvtophihora caclorurn (Leb. & Cohn) Schroet) and 
Fire blight (Erwinia amylovora (Burril) Winslow). Based on the overali evaluation of rootstocks in severa] 
locations in Quebec fine of the SJ84 series rootstocks (SJP84-5218, S284-5217, SJP84-5230, W84-5198, 
SJP84-5 162, SJP84-523 1, SJP84-5 174, SJP84-5 189 and SJP84-5 180) were released for comrnercial evaluation 
and presently available from Canadian Food Inspection Agency in BC or from Meiosis Inc. in UK. Interested 
Nurseries may inquire about "non-exclusive licenses" directly from AAFC in Canada or Meiosis Inc. in Europe 
(http://www.rneiosis.co.uk ). 
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Poster Abstract 17 

Time of Hedging Affects Fruit Retention And Yield In Macadamia 

McFadyen. L., Robertson, D., Priddle, R. and Olesen, T. 
New South Wales Department of Primary Industries, Centre for Tropical Horticulture, Alstonville, 
Australia. 

In the Australian macadamia industry, the sides and sometimes tops of trees are mechanically hedged to control 
tree size for efficient and sustainable orchard management. However, hedging reduces yield. Typically, trees are 
hedged post harvest in early spring around the time of anthesis and it is likely that shoot regrowth from pruned 
branches competes with early fruit development and contributes to the yield loss associated with hedging. 
We undertook a series of experiments to determine if this was the case and if the reduction in yield could be 
minimized by varying the time of pruning. We pruned trees at anthesis and allowed sorne trees to reshoot during 
early fruit development (R treatment) and physically removed shoots on others (NR treatment). Compared to 
NR trees, R trees had far fewer fruits set per raceme; a lower percentage of racemes at anthesis with fruit at 
harvest; and lower yield. In a subsequent experiment trees pruned in winter had less fruit drop and a higher 
yield than trees pruned in early spring (anthesis). In a third experiment, trees pruned in late spring, at the end 
of the premature fruit drop period, also had higher fruit retention per racerne and higher yield than trees pruned 
in early spring. It appears that shoot growth stimulated by pruning competes with developing fruit and reduces 
fruit retention and yield. This can be avoided by pruning at a time that does not stimulate shoot growth during 
the premature fruit drop period. 

Poster Abstract 18 

Molecular Bases of the Waterlogging Tolerance in Prunus Rootstock: Candidate 
Genes Approach 

Amador, M.L, Sancho, S. and M.J. Rubio-Cabetas 
CITA - Gobierno de Aragon Avd. de Montañana 930, 50059 Zaragoza, Spain 
E-mail: mjrubiocaragon.es 

Breeding strategy for adaptive traits is based upon the understanding of the physiological and molecular aspects 
involved. Waterlogging induces an abiotic stress associated with poor drainage in soils affecting stone fruit 
(Prunus spp.) productivity. The main consequence of this stress is anoxia and hypoxia in the root environment. 
Traditionally, the only screening had been done empirically through the selection of the rootstocks with standing 
longer under flooding. Fermentation pathways play essential roles for survival under these conditions. Alcoholic 
fermentation, a two step process where pyruvate is converted into acetaldehyde by pyruvate decarboxylase 
(PDC), and acetaldehyde is subsequently converted into ethanol by alcohol dehydrogenase (ADH). PDC is 
the first enzyme channeling carbon towards ethanolic fermentation pathway and is considered to be the rate-
lirniting step in this pathway. This suggests a key regulatory role for the first enzyrne of ethanolic fermentation. 
A candidate gene approach was used attempting to identify genes which may be responsible for this adaptation. 
ESTs and cDNA sequences from Genomic Rosaceae Database (GRD) and ESTree database were downloaded. 
After performing BLAST comparisons with published gene sequences and screened for vector tentative 
consensus sequences were obtained by specific oligo design. The expression of an unknown subset of ADH 
and PDC was evaluated using relative quantitative RT-PCR in the sensitive almond x peach hybrid 'Felinem' 
and tolerant genotypes myrobalan plum 'P.2175'. Results of cloning and characterizatjon of PDC and ADU 
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genes families involved in this adaptation will be presented as a valuable tool to understand the importance of 
ethanolic fermentation in flooding tolerance in Prunus rootstocks. 

PosterAbstract 19 

Effects of Pruning on the Apple Tree: from Tree Architecture to Modeling 

D. Fumey 1,2 ' 3 , P.E. Lauri, Y. Guédon' 3 ' 4 C. Godin 1 4 , E. Costes','. 
'UMr. DAP CIRAD/INRAIMontpellier SupAgro/UMII, France 
2 INRA, Equipe Architecture et Fonctionnement des Espéces Fruitiéres, Montpellier, France 

CIRAD, Montpellier, France 
"INRIA, Equipe Virtual Plant, Montpellier, France 

In recent years, L-systems have been increasingly used to model the development of plants oriented toward 
agronomical applications (e.g. ADEL-maize, Fournier et al., 1999; L-Peach, Allen et al., 2005). In this context, 
we recently developed a L-system-based simulation project of the development of apple tree architecture. This 
approach featured a new combination of stochastic and mechanistic modeis describing realistic branching habits 
and branch bending due to gravity, (Smith et al., 2007). This model, called MappleT, does not take into account 
cultural practices such as pruning, reaction to artificial bending or fruit thinning. Nevertheless, these practices 
are crucial interventions in the orchard management and are used for controlling tree size, light penetration 
within canopy and the equilibrium between vegetative and reproductive growth. The aim of this project is to 
integrate the possibility of such practices in our model of tree development. Based on a quantitative experimental 
analysis of apple tree reactions to pruning and on a stochastic formalization of the competition between the 
growing points in the plant, we are developing a model of growth, reactive to pruning interventions Estimation 
of model parameters and model validation will be carried out on different corpora of fleid data. En this paper, 
we shall describe the fleid experiments that we designed to study pruning effects on two apple cultivars with 
contrasted architecture, 'Fuji' and 'Braeburn'. These experiments make it possible to analyze the cross effects 
of i) architectural position (i.e. on order 1 or 2 axes), ji) cut type (i.e. heading cuts, thinning cuts) and iii) time 
in the growing season (during and after vegetative growth) ofpruning cuts on vegetative growth and fiowering. 
First results will be presented as well as a sketch of the model. 

Poster Abstract 20 

Effects of Rootstock on Leaf and Fruit Macro-element Composition in 'Reinders 
Golden Delicious' Apple 

J. Joubert', P.J.C. Stassen2 and J. Wooldridge3 
'Department of 1-lorticultural, Science, University of Stellenbosch, Private Bag XI, Matieland 7602, 
South Africa 
2Division of Florticulture, ARC Infruitec-Nietvoorbij, Private Bag X5026, Stellenbosch 7600, 
Stellenbosch, South Africa 
3 Division of Soil Sciencc, ARC Infruitec-Nietvoorbij, Private Bag X5026, Stellenbosch 7600, 
Stellenbosch, South Africa 

The effects of six rootstocks: M9 (Cepiland), CG222, M7A, CG707, M793 and CG239, on macro-elerneni 
concentrations in 'Reinders Golden Delicious' apple fruit and leaves were studied over two consecutive seasons: 
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2004/05 and 2005/06. Mineral analyses were perforined on fruit and Ieafsarnples collected at harvest during 
mid February. Average yields were I91°/ greater, and average fruit masses slightly (7.5%) lower, in 2005/06 
than the previous season. In the fruit, nitrogen tended to be high in CG239, relative to alt other rootstocks. 
Similarly, phosphorus vas high in CG707 and CG239, relative, amongst others, to M9. High fruit potassium 
(K) concentrations were observed in CG707, whereas magnesium tended tobe Iow in CG222. These tendencies 
were consistent in both seasons. Other differences were observed in a single season only. Fruit calcium (Ca) 
concentration in M793 and M7A, and total fruit Ca content, were higher than in other rootstocks in 2004/05, 
but did not differ significantly in 2005/06. Both fruit Ca concentration and frult Ca content were marginally 
higher (15.7% and 4.4%, respectively), on average, in 2004/05 than 2005/06. Fruit KJCa ratios also showed 
rootstock-induced difference in 2004/05, when ratios decreased in the sequence: CG707, CG239> (significantly, 
P 0.05) CG222> M7A, but not in 2005/06. The average KICa ratio was 35.1% higher in 2005/06 than the 
previous season. Rootstock had no effect on fruit mass in 2004/05, but fruit mass from CG239 significantly 
exceeded that from M7A and M9 in 2005/06. The effects of rootstock on leaf element composition were 
generaily not significant. 

Poster Abstract 21 

Using Naphthalene Acetic Acid (NAA) to Reduce Shoot Growth When a Heading 
Cutis Used to Lower Tree Height in Super-Spindle Apple Trees 

Win Cowgill', Wesley R. Autio2, and Jon M. Clements3. 
Professor and Area Fruit Agent, New Jersey Agricultura! Experiment Station-Cooperative Extension, 
P.O. Box 2900, Flemington, NJ 08822, USA 
2 Professor of Pomology, University of Massachusetts Amherst, 205 Bowditch Hall, Amherst, MA 
01003, USA 
3 Extension Educator, University of Massachusetts Amherst, 393 Sabin St., Belchertown, MA 01007, 
USA 

In a super-spindle apple planting, tree height can easily exceed the desired ratio of 1:1.2 (tree height:row width), 
particularly when the scionlrootstocklsoil combination results in more vigorous growth than anticipated. This 
results in excess shading of the lower canopy and reduced fruit production. The cornmon solution to reduce 
tree height is to use a dormant pruning cut to adjust tree height, however, this practice often results in vigorous 
re-growth which can compound the problem of shading in the lower tree canopy. In this experiment in 2007 and 
in two states (New Jersey and Massachusetts), we measured re-growth of shoots in the vicinity of a heading cut 
made to reduce tree height. NAA(1.5%) in tree wound healing compound was compared to a heading cut alone 
on four apple cultivars in New Jersey and three in Massachusetts. In New Jersey, the NAA treatment reduced 
new shoot growth by 97.5% in Carneo ('Caudie' ev.), 63.2% in 'Buckeye Gala', and 60% in 'Lindamac.' It did 
not significantly reduce shoot growth in 'Golden Suprerne.' In Massachusetts, NAA treatrnent reduced shoot 
growth by 28.3% in 'Buckeye Gala;' however, it did not differ in re-growth from pruned- .only trees in 'Golden 
Suprerne' or 'Carneo.' Because varieties differ in their response to the NAA treatment, more research is needed 
to adjust the rate and treatrnent details for use in the tops of super-spindle apple trees.
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Poster Abstract 22 

Method of Constructing Core Collection for Malus sieversii 

ZHANG Cun-Yu, CHEN Xue-Sen, ZHANG Yan-Min, ZHANG Xiao-Yan, WU Chuan-Jin, WANG 
Hai-Bo, and SF11 Jun 

State Key Laboratory of Crop Biology, Shandong Agricultura! University, Tajan, Shandong 271018, 
China 

The genetic diversity of lO traits from 300 Malus sieversii accessions was used to study method for constructing 
Malus sieversij core collection. The total of3O Malus sieversii core collections were constructed at 20% sampling 
proportion by two cluster distances, Mahalanobjs distance and Eucljdean distance, combining with five cluster 
methods including UPGMA, Ward's method, Single linkage, Median method and Complete linkage, and three 
sampling strategies including random sampling, preferred sampling and deviation sampling, respectively, 
using stepwise clustering. A homogeneous test and t-tests are suggested for use in testing variances and means, 
respectively. The coincidence rate (CR%) for range and the variable rate (VR%) for the coefficient of variation 
are designed to evaluate the property of core collections. The results showed that Mahalanobis djstance was 
the much better than Euclidean distance, preferred sampling was more suitable than random sampling and 
deviation sampling, and UPGMA, Ward's method and Complete linkage was better than Single linkage and 
Median method for constructing core collection. Mahalanobis distance and Ward's method using stepwise 
clustering combining with preferred sampling can construct a most reprehensive core collection and was the 
most suitable method for constructing Malus sieversii core collection. 

Poster Abstract 23 

Effects of Climate Change on Apple Phenology -50 Years Of Weather and Phenology 
Records At Klein-Altendorf/Bonn 

A. Kunz and M. Blanke 

Instjtute of Crop Science and Resource Conservation (INRES) - Horticultura! Science, University of 
Bonn, Germany 

Weather and phenological data at Klein-Altendorf of the University of Bonn, Germany (50.5°N, yearly mean 
temp 9.4°C) had been recorded for 50 years from 1958-2007. These detailed weather and phenology records 
were digitalized and used to assess any changes in fruit tree viz. plant physiology possibly associated with 
climate change and for a careful prediction of future effects on tree physiology. The latter includes a) cultivation 
of late ripening/late coloring varieties, b) varieties less susceptible to heat, drought stress or sunburn and c) 
varieties with less chilling requirement. The phenology data included fiower opening, fuli bloom and end of 
fiowering, harvest date and beginring and end of leafdrop for apple cvs 'Boskoop', 'Berlepsch', 'Cox' and 
'Golden Delicious' as well as pear cv 'Alexander Lucas'. The data also include years without harvest. The 
weather data included minimum, average and maximum (day, month and year) temperatures, precipitation and 
years with a late spring frost. No change in overail annual precipitation was observed, but a shift towards more 
rain in winter and spring and also August. Over the last 50 years, the average air temperature (2 m height, 365 
days) increased from 8.75°C in 1958 to 10.18°C in 2007, equivalent to by 1.45°C in 50 years. Similarly, thc 
average temperature in the vegetation period (1 April- 30 October) increased from 1 3.65'C in 1958 to 15. 10°C 
in 2007 over the last 50 years at Klein-Altendorf, i.e. also by 1.45'C. Two phases could be distinguished on 
the basis of climate and phenology: phase 1 with a moderate temperarure increase and from 1958 -1987 and 
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phase II with a more pronounced temperature increase. The vegetation period was calculated for each year 
and cultivar employed. Average and peak temperatures were correlated with phenology data. Hence, three 
scenarios were calculated: a) 1958-2007, b) 1958-1987 and c) 1988-2007. Phenology data, i.e. fiowering dates 
showed a good correlation with temperatures in January, February and March with an earlier fiowering of ca. 
0.8 days/year since 1988. 

Poster Abstract 24 

Effects of Supplementation of Benzoic Acid on Anti-oxidative Capacities of Roots 
in Maliis hupehensis Rehd. Seedlings 

MAO Zhi-Quan, HU Yan-Li, GAO Xiang-Bin, ZHAO Feng-Xia,GUO Ling 
State Key Laboratory of Crop Biology, College of Horticultural Science and Engineering, Shandong 
Agricultura! University, Ta jan, Shandong 271018, China 

Malus hupehensis Rehd. seedlings were chosen as experiment materiais. This experiment was conducted to 
explore the effects of benzoic acid on antioxidant enzyme activity, and the contents of superoxide (02—), 
malondialdehvde (MDA), sulfhydryl group activity(-SH), and mineral elements in roots under different 

.	 concentrations. The results showed that 5 mgkg-1(soil) benzoic acid increased the activity of SOD, POD, and 
CAT, while it decreased the contents of 0 2 MDA, the contents of–SH and mineral elements (K expelled) 
were higher than the controi(CK), respectively. In addition, there were no significant differences between 5 
mg'kg-l(soil) and CK in abo ye data. At 25 mgkg-1(soi1) and 125 mgkg-i(soi!), activities of SOD and POD 
increased firstly, then decreased, CAT activity decreased firstly and increased over the time, but lower than CK. 
0,— and MDA contents improved in the early period and declined fol!owing the time, -SH content declined 

. during the treatment time, mineral elements were decreased. Benzoic acid in low concentration improved 
antioxidant enzyme activity and –SH content, declined 02— and MDA contents, and the absorption of mineral 
elements were promoted. In conclusion, with the concentration of benzoic acid was improved, the effect of 
benzoic acid to Malus hupehensis Rehd. seediings were reverse to Iow concentration's. 

Poster Abstract 25 

Effects of Temperature and Light Level on Efficiency of Chemical Thinners on 
'Empire' Apple Trees 

Tae-Myung Yoon', Terence L. Robinson2 and Gabino Reginato3 
'Dept. of Horticulture, Kyungpook Nationa! University, Daegu 702-701, Korea 
2 Dept. of Hort. Science, Corne!l University, Geneva, New York, 14456. USA 
3Universidad de Chile, Casilla 1004, Santiago, Chile 

Six-year oid potted 'Empire' apple trees on M.9 rootstock were sprayed with either 7.5mg•L' Napthaleneacetic 
acid (NAA)+1240 mg . L' Carbaryl or 100mg•L Benzyladenine(13A)+1240 mg-L- 1 Carbaryl when fruits were 
1 Omm in diameter. A third group of trees was untreated. Foi!owing the application of chemical treatments, 
the trees were placed in three giasshouse rooms for 5 days. Each room had the different temperature regime 
controlled by air-coolers, heaters and ventilators; the high temperature house ranged from 31-35°C Day tu 
21-25'C Night (HT), the intermediate temperature house from 26-28°C Day to 18-20°C Night (IT), the low 
temperature house from 23-25°C Day to 10-15°C Night(LT). Halfofthe trees in each room were covered with 
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70% shade net and the other haifreceived 100% of sunlight. Afler the 5 days treatment period in the glasshouse, 
the trees were moved back to the fleid for the rest of the season. Net  photosynthesis (Pn) was significantly reduced 
under 70% shade at each temperature regime regardless of chemical treatments. Pn of trees in the fuli sunlight 
vas higher (9.0-11.9 pmol . m 2s') in the IT room than those in the LT room (6.1-9.8 jmo1.m2st), however 

the HT room, Pn was dramatically reduced to almost compensation leve!. No significant differences among 
chemical treatments were observed in the three temperature regimes. The daily increase in fruit diarneter was 
slowed down in the LT room and in the HT room after 2 days in the glass house, however fruits in IT room kept 
their previous growth patterns. Fruits growth under 70% shade decreased sharply after placing the trees in the 
glasshouse, meanwhile fruits on trees exposed to fuli sunlight grew continuously. Among the chemical thinner 
treatments, there was no different in fruit growth between NAA+carbaryl and BA+carbaryl combinations. 
Regardless of the temperature regime, fruit set of trees under 70% shade vas significantly lower (0.2-6.2%) 
than of trees in fuli sunlight (8.6-46.4%). Fruit set of trees in fuli sunlight was much higher in the LT room 
(33.2-46.4%) than in the IT room (8.6-27.4%) or in the 1-IT room (15.8-22.7%) where day temperature was 
over 30°C and night temperature was abo ye 20°C. Fruit set was somewhat different among fruit thinners but 
the differences were not large enough for statistical significance. In this study shading had the largest effect 
on fruit set, followed by temperature and lastly chemical thinner treatment. 

Poster Abstract 26 

Mapping Genes Expressed Preferentially in Apple Rootstock 

Angela Baldo' 2 Yizhen Wan23 Ksenija Gasic4 ' 5 Schuyler Korban4 and Gennaro Fazio' 
'USDA-ARS Plant Genetic Resources Unit, Geneva, NY, 14456 USA 
2 Horticultural Sciences Department, Comeli University, Geneva, NY 14456 USA 

Current Address: Horticultural Sciences College, Northwest A&F University, Yangling, Shaanxi 
712100, China 

Department of Natural Resources & Environmental Sciences, University of Illinois, Urbana, IL 
61801 USA 

CurrentAddress: Department of Horticulture, Clemson University, Clemson, SC 29634 USA 

There are a number of phenotypic traits conferred by apple rootstock upon the scion and desirable rootstock-
specific traits. In an attempt to identify genes which may be responsible for these traits, we have used the 
public expressed sequences (EST and cDNA) to identify genes expressed imiquely in apple rootstock. 203,2211 
ESTs and cDNA sequences from apple were downloaded, screened for vector, and separated into9,228from 
root and 193,993 non-root tissues. Each set of sequences was separately clustered (root: 1,868 contigs, 3247 
singletons; non-root:23,340 contigs, 10,668 singletons). 189 contigs and 955 singletons expressed in root 
tissue had no match among the non-root sequences(Blast E-value> 1  -20). These sequences were annotated 
against SwissProt and the Genbank NR databases. Annotations were used as a basis for selection of 44 genes 
potentially involved in hormone and other developmental pathways. Unique PCR primers were designed and 
used to screen a BAC library of the commercial dwarfing apple rootstock Geneva4 1. Of these, 35 amplified, 
and 9 were polymorphic between parents of mapping population 'Ottawa 3' X 'Robusta Y. All 9 regions were 
mapped, among 9 linkage groups. These rnarkers are included in a larger map containing 551 markers total, 
which is being used to identify QTLs affecting tree architecture and disease resistance. Effort is being made 
to map the monomorphic markers using novel allele discrimination techniques like High Resolution Melting 
Curve analysis. 
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•	 Agronomical Performance and Fruit Quality of 'Conference' on Sorne Clonal 

Pear Rootstocks 

1. Iglesias and L. Asín 
IRTA-Estació Experimental de Lleida, Avda Alcalde Rovira Roure, 191, 25198— Lleida, Spain 

Six pear rootstocks grafled with 'Conference' pear have been evaluated during the 2002-2007 period at the 
IRTA Experimental Station of Lleida (Spain). Five of them were quince rootstocks, including the EMH (QR 
193-16). Pyriam°" was the only clonal rootstock from Pyrus communis. Trees were planted in February 
2002 using a planting distance of 4 x 1.2 m, and conducted in central axis. Significant differences were 
recorded on tree vigour, thus the most vigorous vas Pyriamc0' and the weakest one was EMC, providing 
EMH intermediate vigour between EMA and EMC. Similar vigour vas recorded for EMA, Sydo and 
Adams. Al! the quince rootstocks provided significantly greater annual and cumulative yields, and greater 
yield efficiency than Pyriamc0. Sydo and M-H provided the higher values of yield efficiency. The blooming 
time and harvest data were not affected by the rootstock, and in general there were no differences in fruit 
firmness, soluble solids content and titratable acidity. The average of fruit skin covered by russeting was 
lower on Pyriam0v rootstock than on quince rootstocks and Pyriam0%r provided more elongated fruits than 
quince rootstocks. Fruit size and fruit weight were always larger for quinces than Pyriam. Considering 
quince rootstocks, fruit size was similar for EMA, Adams and Sydo, which provided greater values than 
EMC. All the rootstocks were more or less sensitive to ¡ron chiorosis recording better tolerance for Pyriamc0 
and lower for EMC. 

Poster Abstract 28 

Interactions between Rootstock and Scion Growth and Productivity of Peach 

Alexandra Indreias 
Research Station for Fruit Growing Constanta, Pepinierei 1, 907300 Valu tui Traian, Romania 
E-mail: indreiasalexandra@yahoo.com  

• The researches were carried out in a period of 7 years, in the Research Station for Fruit Growing Constanta, 
Romania. An experimental orchard vas planted in spring 1997, at 4,5/4 m, to investigate the interactions 
bctween 5 rootstocks and 2 cultivars (Springcrest and Redhaven). As rootstocks we used T16, well known 

•	 in Romania, Tomis 39 (T16 x Hui Hun Tao), H.CT. 83.07.024 (T16 x Siberian C), H.CT. 84.1 3.005 (Bailey 
•	 x Siberian C) and Tomis 28 (T16 x Bailey). The foliowing traits were recorded: production per tree and per 
•	 hectare, trunk cross-sectional area, the growth of shoots, average fruit weight, fruit sizes, acidity and dry 

•	 of the fruit juice and stone weight ratio. As results of the investigations ve found that the tested rootstocks 
induced high productivity, different growth of trees and fruit sizes to al! cultivars. Significant differences were 

C	
found between cultivars and rootstocks for almost observed parameter. Acidity and dry matter were similar 
for rootstocks and the studied cultivars. 
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Poster Abstract 29 

Improvement of the Frujt Set of 'Jonagoid' 

Jef Vercammen and Ann Gomand 
Pcfruit-Proeftuin pit- en steenfruit, Fruittuinweg 1, 3800 Sint-Truiden, Belgium. 
E-mail: jef.vercammenpcfrujt.be  

Each year, around fiowering time most (apple) growers get nervous. Afier all this is a crucial period, because 
a good yield is based on a good fi-uit set. Even a lot of fiower buds is not a guarantee of a good yield. The 
quality ofthe fiower buds and the weather during and after fiowering are very important factors. Consequently 
growers want to exploit afl possibilities that can contribute to a good fruit set, especially in a year with (severe) 
frost damage or when there are only few fiower buds. At our research station we did a lot of trials with Amid-
thin and GA4-7 to improve fruit set of'Jonagold'. On a parcel with severe frost damage (1997) it is possible 
to have a better fri.iit set with a treatment of Amid-thin or GA4-7 at fuil dose immediately (1 day) after the 
frost damage. But there were more fruits with a deformed fruit shape and without seeds. A treatment with a 
low dose ofAmid-thin (0.25 kg/ha) or GA4-7 (0.5 1/ha Novagib) 3 to 7 days after fulI bloom can also improve 
fruit set. But there must be still fiowers on the 1 -year-old wood without polhination (= fiowers that are closed) 
and there must be pollen available from the pollenizers. Also the weather must be good. Both products can 
improve pollination, but the pollination period is shorter. High doses (compared with low doses) give not a 
better final fruit set, no improvement of the fruit quality, more deformed fruits and more biennial bearing. The 
treatment with a Iow dose ofAmid-thin or GA4-7 is an insurance and the effect is comparable with a spraying 
with boron at low doses during fiowering time. Do not combine both products during or after fiowenng and add 
no acids or surfactants. Sprayings before bloom (or beginning of bloom of the more-year-old wood) can give 
a strong improvement of fruit set. Because there are too many fruits on the tree immediately after bloom, the 
risk of biennial bearing is very high. Afterwards there is always a severe June drop, so the final improvement 
(at harvest) is not big. These sprayings are only recommended in a year with strong biennial bearing or severe 
frost damage. After bloom an mercase in fruit set can indeed be observed after a treatment with Amid-thin 
or GA4-7, but often this is Iost for the most part during June drop. Therefore we also did trials with Regalis 
(Prohexadione-Ca). It acts also as an anti-ethylene agent when it is sprayed between 2 and 4 weeks afler ful! 
bloom. Regalis can reduce June drop, but the moment of spraying is important and the effect is only short (4 to 
5 days). So it is better to spray 2 times 0.5 kg/ha 2 and 3 weeks after full bloom. Higher doses are not better. 
The sprayments must be done before the occurrence of stress. Stress can be caused by dryness, not enough 
hight (= 2 to 3 dark days), too coid. In contrast to pears it is not recommended to combine Amid-thin or GA4-7 
and Regalis. The best strategy for parceis of Jonagoid with a difficult fruit set depends on the situation. 
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•	 Poster Abstract 30 
e

Effects of Two Planting Systems on Florina and Generos Apple Cultivars Grafted 
•	 on M.26 Rootstock 
e

LPlaton' and F. Stanica2 
'Fruit Research and Development Station, Bistrita, Romjnia 
2 Faculty of 1-lorticulture, University of Agronomic Sciences and Veterinary Medicine, Bucuretti, 
Romnia 

•	 Bistrita is one of the most important apple production areas in Northern part of Romania. The traditional 
•	 orchards are planted with Jonathan, Golden delicious and Starkrimsori cultivars grafted on MM 106, Palmette 

•	 and Siender spindle being the most common canopies. At Bistrita Fruit Research and Development Station 

•	
was studied the behaviour of two scab resistant apple cultivars: Florina and Generos grafted on M26 rootstock. 

C

	

	
To improve the orchard productivity, two canopies was tested: Spindle and V planting system, both with trees 
planted in two densities: 1666 and 2500 trees/ha, respectively. Soil was maintained with grass between rows 

•	 and clean on the row. During three years, each genotype was studied regarding the trees dimensions and fruit 
•	 production was recorded for each planting system. Florina showed a more vigorous growth than Generos cultivar 

•	 in ah variants. y planting system and the density of 1666 trees/ha determined both a higher growth rate of the 
• trunk cross section arca. Fruit production was significantly influenced by variety and very significantly by the 

planting density. The influence of the canopy, and of the interaction variety x density, variety x canopy, canopy 
x density or of the interaction of the three factors was not statistically significant. The first experimental results 

•	 showed that in the Northem part of Romania the use of M26 rootstock can be extended in order to increase 
•	 the planting density. This will be the first step to obtain higher apple production. The use of scab and other 
•	 diseases & pests resistant varieties is a key factor to reduce the chemical pressure on the orchard environment 

•	 and to develop its sustainability. 

Poster Abstract 31 

•	 Results from the 11-Year Examining of Rootstocks of the Series Gisela and Weiroot 
•	 in Bulgaria 
1 
•	 V. Lichev t and A. Papachatzis 

•	 'Agricultural University, Plovdiv, Bulgaria 

•	 2Technological Education Institute Larissa, Greece 

In the years 1997-2007 the influence of the rootstocks Gisela 5, Gisela 4, Gisela 12, Weiroot 10, Weiroot 13, 
Weiroot 53, Weiroot 72 , Weiroot 158, the elite from the series Giessen: G1-497/8, and also P 1 (seedhing of P 

•	 rnahaleb L.) on the growth and fruiting of the cultivar 'Bigarreau burlat' was studied. The trees were planted 
•	 in December 1996 in the experimental fleid oftheAgricultura] University in the town of Plovdiv at distances 

•	 of 6,0 x 4,5 m and they were grown under the conditions of irregular gravity irrigation . By the end of thc 1 lth 
• vegetation the most vigorous growth was induced by P 1, Weiroot 10 and Weiroot 13, the differences between 

them being insignificant. The trees on the remaining rootstocks (in comparison with the crown volume on 
P 1) have the fo1owing growth vigor: Gisela 4 - 39%, Gi-497/8 - 36%, Gisela 12 , Weiroot 158, Weiroot 
53 and Weiroot 72 - 34% each and Gisela 5 - 19%. Also on the basis of the data on the trunk thickness and 

•	 tree height, we can determine P 1, Weiroot 10 and Weiroot 13 as vigorous, Gisela 5 - dwarfing, whereas the 
•	 remaining rootstocks (Gisela 4, Gisela 12, Gi-497/8, Weiroot 53, Weiroot 72 and Weiroot 158) - as dwarfing 
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to semi-dwarfing. \Veiroot 13 and Weiroot 10 have the strongest suckering ability, whereas - Gisela 4, Weiroot 
53, Weiroot 72 and Weiroot 158 are characterized by a poorer one, and the rootstocks P 1, Gisela 5, Gisela 
12 and Gi-497/8 - do not forrn suckers. For the total period 1999 - 2007 the highest yield of the trees was 
induced by (kg/cm 2 , kg/m 2 or kg/m 3 ) Gisela 12, Gisela 4 and Gisela 5, the lowest - P 1, Weiroot 13 and Gi-
497/8, whereas the remaining rootstocks occupy an intermediate position. On the basis of the fruit loading 
of the trees per 1 cm2 of the trunk cross-sectional area, it has been established that the examined rootstocks 
do not have a significant effect on the frujt size. The trees on Weiroot 53, Weiroot 72 and Gisela 5 have poor 
soil fixture - about 50-60% of them are significantly tilted and sorne of them even fallen. During the last 3 
vegetations the trees on Gisela 5 , Gisela 4, Gisela 12, Gi-497/8, Weiroot 53, Weiroot 72 and Weiroot 158 
appear to have been exhausted— their mean annual shoot length is under 20 cm. Gisela 12 is distinguished by 
the best complex results. 

Poster Abstract 32 

Interstems but Not Grafting Height Controlled Vegetative Growth Of Young 
Redhaven Peach Trees 

A. M. Weibel' and G. L. Reighard2 
INTA EEA Junín, P.O. 78 - San Martín 5570, Mendoza, Argentina. 
2Department of Horticulture, Clemson University, Clemson, SC 29634, USA 

Interstem and rootstock grafling heights are practices used especially in apple to restrict excessive scion vigor. 
The objectives of this study were to evaluate the effect of interstems and grafting heights on the vegetative 
growth of young 'Redhaven' peach trees grown near Clemson, South Carolina, and to determine if a dwarfing 
mechanism independent of the root system was involved. In October 2005, 'Redhaven' peach was chip budded 
on Loveli seedling rootstock, Pumiselect® and Krymsk® 1 clonal rootstocks, and Pumiselect/Lovell and 
Krymsk® 1/Loveil interstem trees. In another experiment, Loveli, Pumiselect® and Krymsk® 1 rootstocks 
were budded with 'Redhaven' at 5, 25 and 45 cm from the ground. Trunk cross-sectional area (TCSA), number 
of shoot tip growing points, tree height, fresh and dry weight, and midday stem water potential were evaluated 
during the period 2006-2007. Purniselect® and Krymsk® 1 interstem trees were 81% and 88%, respectively, 
the size of trees grafted on Loveil at the end of the first year, while Krymsk® 1 interstem trees were almost 
50% smaller than those trees on Loveil at the end of second year. Height and fresh and dry weight of whole 
trees were also reduced by interstems, compared to Loveli. In the second experiment, graft height did not 
affect the vegetative parameters of 'Redhaven' trees. Differences in growth were due to rootstocks where trees 
on 1(rymsk0 1 vas significantly smaller than both Loveil and Purniselect® independent of grafting height. 
Midday stem water potential reduction followed a similar pattern observed in most of the measured growth 
parameters. Interstem genotype but not grafting height affected the size of 'Redhaven' trees in the studied 
combinations. These data suggest the dwarfing mechanism in sorne Prunus rootstocks involves both the root 
system and other plant tissues. 
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Poster Abstract 33 

Effect of Indolbutyric Acid (IBA) on the Cuttings of MM-106 And MM-hl Apple 
Rootstocks 

A. 1-1. Pandit, K. M. Bhat, and M. S. Wani 
Division of Pornology, S . K. University ofAgricultural Sciences and Technology ofKashrnir, Shalimar, 
Srinagar-India- 191121 
E-mail: ashaqpanditgmai1.com 

Semihardwood cuttings of MM-106 and MM-hl apple rootstocks were given a 10 sec. dip in IBA (0, 1000, 
2000, 3000, 4000 and 8000 ppm) to find the optimum rate of IBA for rooting. The results revealed that 3000ppm 
IBA on both the rootstocks ga ye significantly better results as regards sprouting percentage, shoot length, 
percentage survival, number of roots per plant and root length as compared to control. 

Poster Abstract 34 

Whole-Photosynthesis and Transpiration in Field-Grown Papaya Plants 

Tiago Massi Ferraz', Eliemar Campostrini 2, Alena Torres Netto', Fabricio de Oliveira Reis', and David 
M. Glcnn2 
1 State University of North Fluminense, CCTA, Av. Alberto Larnego, 2000, 28015620, Brazil 
2USDA-ARS, Appalachian Fruit Research Station, 2217 Wiltshire Road, Kearneysville, WV 25430, 
,USA 

Papaya (Carica papaya L.) is a principal horticultural crop of tropical and subtropical regions. Knowledge 
of papaya response to environmental factors provides a scientific basis Lo develop management strategies to 
optimize fruit yield and quality. In papaya, the photosynthetic capacity also influences papaya fruit quality. In 
this research we measured the whole-plant photosynthesis and transpiration rate in field grown papaya plants 
(6 months of age, plant leafarea of 3.5 m 2 with drip fertigation) using chambers (3,400L) made of transparent 
(97%) Mylar® (Dupont, Wilmington, DE, USA) film. In addition, we measured the relationship between the 
chamber whole-plant transpiration and whole-plant transpiration measured with sap flow gauges inserted in 
the trunk of the plants (TDP30, Dynamax, Houston, Texas, USA). For the conditions of the study, [sunny 
days (maximum PAR=1600jimol m 2 s'), average air temperature of 23 oc and maximum VPDair 3.5kPa), 
papaya plants transpired (6:00 am to 17:00 pm) 8.6 L of water/day and assimilated 67g of CO 2 /day (1 8.27g 
of C/day) with a water use efficiency of 3.2 mmol CO 2/mol H 2 O. There was no evidence of heat accumulation 
in the chambers. The mathematical sap flow model proposed by Reis et al. (2006) using Granier's coefficient 
overestimated whole-plant transpiration but there was a high correlation (R 2=0.85) between sap flow rates and 
instant transpiration measured in the chambers. There was also a high correlation (R 2=0.90) between hourly 
transpiration measured in the whole-plant chamber and the calculated reference evapotranspiration (ET Ø mm 
h'), which may represent a Iow cost methodology to estimate papaya water demand. These results are important 
for irrigation management and drip fertigation in papaya, and can promote greater water and fertilizer use 
efficiency in commercial plantings.
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Poster Abstract 35 

Climate Change in the Western Cape of South Africa: Trends, Projections and 
Implications for Chili Unit Accumulation 

Stephanie J.E. Midgley', Laura A. Allderman 3 , Frikkie Calitz2 , Elmi Ltze' and Nigel C. Cook3 
'Department of Horticultural Science, University of Stellenbosch, Private Bag XI, Matieland 7602, 
Stellenbosch, South Africa 
2ARC Infruitec-Nietvoorbij, Private Bag X5026, Stellenbosch 7599, South Africa 

DFPT Research, PO Box 12789, Stellenbosch 7613, South Africa 
Email: sjew@sun.ac.za 

The Western Cape region of South Africa, a major producer of deciduous fruit, has been identified as highly 
vulnerable to climate change. Climatic trends were analyzed on a monthly basis for 12 rural meteorological 
stations across the region for the period 1967 to 2007. Significant warrning trends were found for mid- to late-
summer and end-winter to spring for daily minimum temperature (Tmin), and for mid-summer, autumn and 
spring for daily maximum temperature (Trnax). Mean annual Tmin and Tmax over the same time period showed 
significant warming trends at most stations. Chili unit accumulation has decreased significantly, particularly in 
autun-rn. Surface ternperat-ures are predicted to increase by a further 1-2°C within the next 30 years, together 
with decreasing rainfail especially in autumnlwinter. An analysis of possible impacts of regional projections 
of climate change on deciduous fruit production was conducted, with the emphasis on chilling accumulation 
and dormancy. The progression of bud dormancy is now quantified in temis of both the entrance into and the 
exit from dormancy. This vill be used to assess possible impacts of warming on dormancy in apples and pears. 
The warmer or otherwise more marginal production areas, and high chili cultivars are likely to be the first to 
experience negative impacts of warming. 

Poster Abstract 36 

Improving Water Use Efficiency by Root Treatment in Orchard 

Iionggiang YangU, and Yuling Jie' 
'College of Horticulture, Shandong Agriculture University, Tajan 271018, China 
2State Key Laboratory of Crop Biology, Ta jan, Shandong27 1018, China 
E-mail of Yang: labft@sdau.edu.cn 

Root is able to perceive the water change in soil and synthesize sorne rnessengers, such as abscisic acid (ABA), 
transporting to aerial parts. These messengers can regulate the relation of photosynthesis and transpiration and 
the distribution of photosynthate, and then regulate the water use efficiency (WUE) of plant. The save-water 
technique of PRD (partial root-zone dryirig) irrigation had been developed according to abo ye opinion. Here 
we offer sorne new designs improving WUE by root treatment: (1) decreasing the ratio of root in upper-layer 
soil, (2) optimizing the balance between root and shoot, (3) pruning of root and shoot, decreasing redundant 
root system, and (4) row-separated alternating irrigation in orchard. 
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Poster Abstract 37 

Influence of the Rootstock on the Agronomical Behavior of 'Jesca' Peach Under 
Replant Conditions 

J.M. Alonso', J.Romero2 , R. Socias i Cornpany' and José L. Espada  
Unidad de Fruticultura, CITA de Aragón, Av. Montafiana 930, 50059 Zaragoza, Spain 

2 Área de Cultivos Leñosos, Centro de Transferencia Agroalimentaria de Aragón, Avda. Montañana 
930, 50059 Zaragoza, Spain 

Little information is available on the behavior of the new interspecific hybrid Prunus rootstocks released in 
Europe in calcareous soils and in replant conditions. Sorne arcas have soils with undesirable properties for 
peach growing, such as alkalinity, high density, waterlogging and drought. In addition, the availability of 
irrigated land is limited in sorne traditional peach growing arcas. Thus, the evaluation of rootstocks in relation 
to regional soil and climate conditions and to replanting becomes necessary. A trial was set up in the "Calanda 
Peach Denomination" growing area (NE Spain) to assess the behavior of six different rootstocks, 'GF-677', 
'Barrier', 'Cadaman-Avimag', 'Felinem', 'Garnem' and 'Monegro', just one year after uprooting a 20-year-
oId peach orchard. Rootstocks were planted in February 1998 at a 6 x 5 m spacing and grafted the foliowing 
September with scions of the late-ripening clingstone peach 'Jesca'. Trees were trained in the standard open vase 
system. All rootstocks showed a suitable behavior in relation to replant conditions and to climate adaptation. 
The prelirninary results showed that 'Barrier' and 'GF-677' induced sorne prccocity in obtaining commercial 
yields in relation to 'Garnem'. Tree vigor was strongly affected by rootstock and replanting conditions, with 
'Cadaman' and 'Barrier' showing the lowest vigor. However, the productivity indexes of these two rootstocks 
were higher than for 'GF-677', thc reference rootstock in Europe. Similar productivity indexes were obtained on 
'Felinem' and 'GF-677'. On the other hand, fruit size was not influenced by the rootstock, except for 'GF-677', 
which induced a significant reduction of fruit size. Finally, the chlorophyll measures (Spad mdcx) in leaves of 
'Jesca' were higher on 'GF-677' and 'Cadaman' than on 'Garnem'. These differences on Spad mdcx lectures 
may irnply less susceptibility to ¡ron chlorosis in cultivars grafied on 'GF-677' and 'Cadarnan'. According to 
the edaphic and climatic conditions of the trial, a replant site in a calcareous sol] without nernatode problems, 
'Barrier' and 'Cadaman' induce less vigor, a larger fruit size and a higher productivity than 'GF-677' in this 
cultivar. However, 'Jesca' also showed an acceptable behavior when grafted on 'Felinem' and 'Monegro' in 
these conditions. 

Poster Abstract 38 

Performance Of CG.30 Apple Rootstock in the Annapolis Valley, Canada 

•	 K. D. Fuller and C.G. Embree 
•	 Atlantic Food & Horticulture Research Centre, 32 Main Street, Kentville, Nova Scotia, Canada 

The effect of soil and climate on apple rootstock performance is well known. Apple trees grown under Nova 
.	 Scotia's uniquely short, cool season conditions, tend to be about 25 % smaller than trees grown in many 

other apple growing arcas in North Arnerica. Local rootstock research as well as ad hoc fleid investigations 
•	 in Nova Scotia's Annapolis Valley, have pointed to opportunities for the use of rootstocks in the in the serni-
•	 dwarfing to semi-vigorous range. In this study, the performance CG.30 apple (M. domestica. Borkh.) rootstock 

•	 was evaluated at four grower sites within the Annapolis Valley of Nova Scotia, over a period of 6 years. In 

•	 Kingston and Rockland, CG.30 was compared with the traditional rootstocks M.26 and MM. 106 using Jonagold 
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as cornmercial variety, in Morristown CG.30 was compared with M.26 and M.7 using Royal Cort and in 
Blornidon, CG.30 was compared vith M.26 and M.7 using Northern Spy. At all sites, CG.30 was found to be 
as vigorous as MM. 106 and M.7 and approximately 30 % larger than M.26 when trunk cross-sectional area 
was used as an mdcx of canopy size. In addition, CG.30 exhibjted the early bearing characteristic trait of M.26, 
but ultimately out-yielded this rootstock at all four sites. At the Blornidon site, CG.30 showed itselfto be far 
superior to M.7 both with regard early bearing as well as cumulative yield of Northern Spy, a variety known 
for it's long transitional phase and biannual tendencjes. This rootstock can be recommended as a replacement 
for M.26 on droughty soils in the Annapolis Valley where it can be expected to produce a medium size tree. 
In more vigorous situations, it may well prove to robust for higher density plantings. 

Poster Abstract 39 

A Multi-Cultivar Annual Topworking System for Asian Pear Production in 
Subtropical Taiwan 

Kuo-Tan Li' and Jer-Chia Chang2 

'Department of Horticulture, College of Bio-resources and Agriculture, National Taiwan University, 
Taipei 10617, Taiwan 
2 Secion of Crop Irnprovement, Miaoli District Agricultural Research and Extension Station, Kung-
Kuan, Miaoli 36343, Taiwan 

Annual topworking or nursemaid forcing culture system has made possible for commercial production of high 
chilhing requiredAsian pear(Pyruspyrfo1ia) cultivars in Central Taiwan's low altitude arcas with a subtropical 
chimate. With this system, sorne premiurn Japanese cultivars can be harvested on early June, two months ahead 
of their harvest seasons in Taiwan's high elevation arcas or in Japan and Korea. Recently a muhti-cultivar 
system has been practiced. In which, dormant extension shoots of various cultivars or of different origins 
were trirnmed to one-bud scions and grafted onto low chihling required stock trees on carefully chosen dates 
every winter. Fruit were selectively harvested according to their maturity on individual grafts and the rnarket 
demand. In 2007 we investigated a commercial pear orchard operated with this system on Jhoulan (ca. 600 m 
alt.) in Central Taiwan. Scions of 'Hosui' from Fukushima, Japan and 'Shinko' from either Fukushima, Japan 
or Lishan (ca. 2000 m ati.), Taiwan were grafled onto 1 8-year-old 'Henshan' stock trees between 20 Dec. 2006 
and 20 Jan. 2007. An average of 156 scions was grafled orno every stock tree. Fruit were harvested between 
late June and mid September. Ayield of 42.7 ton/ha, including 10.2 tons 'Hosui', 18.1 tons 'Shinko', and 14.4 
tons 'Henshan', was recorded. Compared with the alrcady expensive mono-cultivar topworking system, this 
multi-cultivar system increased the cost and complicity of orchard management, required superior skihls and 
experiences, but offered growers a great fiexibility of harvest windows and a possibility ofinstanttransitions 
among cultivars in response to ever changing consurner preferences and rnarket trends, 
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poster Abstract 40 

Growth, Development, Yield and Fruit Quality of 'Forelle' Pear is Influenced by 
Rootstock, Mulching and Nitrogen Application 

M.S. North and K. de Kock 
ARC Infruitec-Nietvoorbij, Private Bag X5026, Stellenbosch, 7600, South Africa. 

Most commercial pear cultivars in South Africa are established on semi-vigorous (P comrnunis, BP 1) rootstocks 
but iii higher density modem orchards more dwarfing precocious Quince (Cydonia oblonga, QA) rootstocks 
are gaining in importance. Careful irrigation and fertilization management is essential in order to promote rapid 
growth and production in the prevailing hot dry summers and potential water shortages. Three conceritrations 
(leveis) of Limestone Ammonium Nitrate (LAN) were applied three, six or twelve times annually (regimes) 
to muiched or un-muiched 'Forelle' pear trees on either BP1 or QA rootstocks for four seasons and growth, 
production and fruit quality monitored. Trees on QA were 20% larger and had improved shoot development 
than trees on BP1 for the first three seasons. BP1 responded to the highestlevel of LAN during the first year 
regardless of regime and to the highest level and most frequent regime during the second and third seasons. QA 
responded to small frequent applications of LAN only after the third season. After the second season mulching 
became the dominant treatment resulting in improved shoot development on BP1 but not on QA where yield 
was due to improved tree size. Muiched BPland QA were larger (16% & 6% respectively) and had higher 
(44% & 26% respectively) fruit set. Muiched BP1 had 28% higher yield but mulching had no effect on QA 
yield. Mulching tended to result in bigger more mature blushed fruit of both rootstocks. BP1 responded to 
smaller more frequent LAN applications while QA responded to larger less frequent applications. Mulching, 
possibility through its effect on reducing water stress during the dry summers, together with smaller more 
frcquent LAN applications, influence growth, development, precocity, yield and fruit quality. 

Poster Abstract 41 

The Effect of Eight Clonal Rootstocks on the Growth and Yielding of 'Kordia' Sweet 
Cherry Trees 

M. Sitarek, Z.S. Grzyb and L. Sas-Paszt 
Research Institute of Pomology and Floriculture, Pomologiczna 18, 96-100 Skierniewice, Poland 
Email: msitarek@insad.pl  

In a fleid experiment, 7-year-old 'Kordia' sweet cherry trees grafted on 'GiSeIA 5', 'P-HL A', 'P-HL B', 
P-HL C', 'Maxma Delbard 14 Brokforest', 'Weiroot 158' and 'Tabel Edabriz' semi-dwarfing and dwarflng 

rootstocks were compared with trees of the same cultivaron the vigorous rootstock 'F 12/1'. One-year-old 
trees were planted at a spacing of 5 x 3 m in the spring of 2000 at the Experimental Station in Dabrowice, near 
Skierniewice, in the central part of Poland. The data collected included tree vigor (expressed as trunk cross-
sectional area), yield and fruit weight, as well as the soluble solids content of fruit. The results revealed that in 
comparison with the 'F 12/1' rootstock all the rootstocks tested, with the exception of'Maxma 14', significantly 
reduced the growth of 'Kordia' sweet cherry trees. The most dwarfing rootstock was 'Tabel Edabriz', followed 
closely by 'P-HL A', 'P-HL C and 'GiSeIA 5'. Depending on the rootstock, the mean cumulative yield per 
tice ranged from 29.8 kg to 56.2 kg. The highest cumulative yields for the years 2003-2006 were obtained 
from trees grafted on 'GiSeIA 5', However, it is important to note that fruiting ofali the trees in 2005 was very 
low due to a spring frost. Thercfore, tbe total yield from sweet cherry trees was generaily lower than expected.



The rootstocks with ihe highest cumulative yield efficiencies were 'GiSe1A 5', followed by 'Tabel Edabriz'. 
The lowest yield efflciency in this study was recorded for trees on 'F 12/1'. Trees grafted on 'Weiroot 158' 
and 'P-HL B' produced Iargcr fruits than those grafled on 'F 12/1'. The rest of the rootstocks tested in terms 
of their effect on fi-uit weight were of a value similar to 'F 12/1'. The rootstocks also influenced the soluble 
solids content of fruit. Compared to 'F12/l', higher concentrations of soluble solids in fi-uit were promoted 
by the rootstocks 'Weiroot 158', 'Tabel Edabriz', and all of the P-HL series. 

Poster Abstract 42 

Performance of 'Coscia' Pear (Pyrus coinmunis) on Nine Rootstocks in the North 
of Israel 

Raphael (Raffi) Stern 
MIGAL, Israel 

The vegetative and reproductive performance of 'Coscia' pear (Pyrus communis L.) grown on nine rootstocks 
[OHF 69, OHF 97, OHF 217, OHF 333, OHF 513 and BP 1 (P communis), clonal seedling (DavisAxB) of P 
betul/blia and quince BA 29 and EMA (Cydonia oblonga)] were compared during a 9 year period. The trial 
was conducted at the Experimental Station 'Avnei Eitan' in northern Israel (elevation 400 m abo ye sea level 

a.s.l.), on a well-drained soil with pH 7. 1. Trees were planted in December 1998, spaced at 4.0 x 2.0 m and 
trained with a central axis. The most vigorous trees were on P betuIfolia seedlings, followed by the four OHF 
rootstock (69, 97, 333, 513) and BP 1 (with no signiflcant difference between them). All the aboye rootstocks 
demonstrated greater vigor than OHF 217 and quince BA 29 or EMA. The highest curnulative yields per tree 
were harvested from trees on the four OHF rootstocks (69, 97, 333, 513) and P. betulifolia followed by the BP 
1. The two quince rootstocks, as well as OHF 217, had the lowest cumulative yield and the Iowest yield of large 
fruit. A positive correlation was found between the vigor of the tree, as affected by the rootstock, and both the 
total yield and the fi-uit size. We conclude that in a warm climate, yield efficiency is not the only parameter 
that should be taken into account, and building a strong tree for a weak cultivar is the flrst requirement for 
establishing an orchard. 

Poster Abstract 43 

The Effect of Timing of Scoring on Yield, Fruit and Shoot Growth and Reproductive 
Bud Development on 'Royal Gala', 'Fuji' and 'Cripps' Pink' Apple Trees 

Jeremias J.B. Pretorius, Karen 1. Theron and Stephanie J.E. Midgley 
Department of Horticultural Science, University of Stellenbosch, Private Bag XI, Matieland 7602, 
Stellenbosch, South Africa 
Email: sjewsun.ac.za 

The effects of scoring of apple tree trunks at one, two, four, six or eight weeks after fuli bloom (WAFB) were 
investigated with respect to fi-uit and shoot growth, yield and return bloom. Scoring at one and two WAFB 
improved fruit set (higher yield efficiency) on 'Roya] Gala', but not on 'Fuji' or 'Cripps' Pink'. The high crop 
load on 'Roya] Gala' trees scored one WAFB resulted in smaller fi-uit size during the sccond harvest (main 
crop) compared to the other treatments. Final extension shoot length was reduced only on scored 'Fuji' trees 
(all scoring times) compared to control trees. Final fruit size was iniproved on 'Fuji' (although not statisticahly 
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significant) and 'Cripps' Pink' trees scored two or four WAFB compared to the control and other scoring 
treatments. Scoring improved reproductive bud development on all cultivars and on ah bearing positions. On 
'Royal Gala' and 'Cripps' Pink', the efficiency of scoring to stirnulate reproductive bud developmcnt on oid 
and new spurs dechined four VAFB and thereafter. [rl 'Fuji', scoring later than one WAFB lcd to a decreasing 
positive response on oid and new spurs. In contrast, reproductive bud development on long shoots increased 
with later scoring (six and eight WAFB) on all cultivars. It seems that the most beneficia] time of scoring is 
two to four WAFB, as early as possible during the celi division stage of fruit growth, but not before natural 
drop has occurred, and as soon as possible after the cessation of bud elongation. 

Poster Abstract 44 

Model Prediction of the Spring Phenology for 'Fuji' Apple 

T. Asakura 
National Institute of Fruit Tree Science, Fujimoto, Tsukuba 305-8605, Japan 

Global warming, especially remarkable in winter and spring, has potentialiy iarge impacts on apple production 
because temperature affects dormancy, bud break and bloom. The accelerated tree phenology and unusual 
weather of spring time could increase the probability of frost ínjury. The aim of this research is to construct a 
model to predict the spring phenoiogy from bud break, leaf unfoiding to bloom of 'Fuji' apples from several 
locations, analyzing chilling and forcing temperatures. The prediction model consisted of the temperature based 
submodels for endodormancy and ecodormancy stages, and thcir transient dormancy stage. in the transient 
stage, the temperature curve used in ecodormancy was weighed by a sigmoid curve, representing the gradual 
transition from the chili effective to heat effective stage. The heat requirement for bloom was accumulated 
during the transient and endodormancy stages. The accuracy of the model was evaluated with the RMSE 
between predicted and observed dates. 

Poster Abstract 45 

Features of Anatomic Structure of the Grafted Young Apple Trees as the Factor 
Which Forms Potential Efficiency 

Volodymyr Zamorskyi 
Uman State Agrarian University, Ukraine 

A wide use of grafting as the main method of growing planting materials of an apple-tree causes the necessity to 
study the structural processes in calluses which define thejoining during the process of grafting. While studying 
grafted young apple trees, special attention is paid to the place ofjoining rootstock and scion, which piays a 
crucial role in the general movement of substances, such as ions, water and growth regulating hormones, in 
xylem. The anatomical studies of the grafting place of young trees, grown in an experimental nursery of Uman 
state agrarian university, made it possible to fix its nature and tissue structure. it has been found out that (he 
width of the water-absorbing ceil system is not very large and ranges from 0.3 mm in the place where callus 
celis of the rootstock and grafted eyejoin to 3 mm in the arca of intensive eye growth. Agricuitural techniqucs 
are substantiated to enhance processes of developing apple tree potential efficiency.
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Performance of Gala Apple Trees on Supporter 4, P.14, and Different Strains of 
B.9, M.9, and M.26 Rootstocks as Part of the 2002 NC-140 Apple Rootstock Trial 

Wesley Autio', Terence Robirison 2 , Winfred Cowgill 2 , Cheryl Hampson2, Mosbah Kushad 2, Joseph 
Masabni2, Rafael Parra 2 , Ronald Perry2 , and Curt Rom2 
'Department of Plant Science, University of Massachusetts Amherst, 205 Bowditch Hall, Amherst, 
MA 01003, USA 
2Co-authors are NC- 140 cooperator members from New York, New Jersey, British Columbia Callada, 
Illinois, Kentucky, Chihuahua Mexico, Michigan and Arkansas in the USA, Canada and Mexico. 

In spring, 2002, a trial of apple rootstocks was established under the coordination of NC-140. 'Buckeye Gala' 
was used as the scion cultivar, and rootstocks included B.9 Treco (the strain commonly used in North America), 
B.9 Europe (the strain commonly used in Europe), M.26 EMLA, M.26 NAKB, M.9 Burgmer 756, M.9 Nic 
29, M.9 NAKB T337, P. 14, and Supporter 4. The ti-ial was planted in Arkansas, British Columbia (Callada), 
Chihuahua (Mexico), Illinois, Kentucky, Massachusetts, Michigan, New Jersey, and New York. Trees were 
spaced 2.5x4.5m and trained as vertical axes. After six growing seasons, P.14 resulted in the Iargest trunk 
cross-sectional area, significantly greater than alI other rootstocks. Smallest trees were on the two B.9 strains, 
significantly smaller than all other trees. Trees on B.9 Europe were significantly smaller than those on B.9 
Treco. Supporter 4 resulted in the Iargest trees of the intermediate group, followed by M.26 NAKB, M.26 
EMLA, M.9 Burgmer 756, M.9 Nic 29, and M.9 NAKBT337, in descending TCA. Cumulatively (2004-07), 
trees on M.26 NAKB, M.9 NAK13T337, and M.9 Nic 29 yielded more than those on P. 14 or B.9 Europe. The 
most cumulatively (2004-07) yield efficient trees were on the two B.9 strains, and the least efficient were on 
P. 14. Yield efficiency was very closely associated with tree size. In fact, TCA accounted for almost ah of 
the variance in cumulative yield efficiency (r2=0.94, P<0.0001). On average over the fruiting life of the trial 
(2004-07), M.9 Burgmer 756 resulted in larger fruit than did B.9 Europe or M.26 NAKJ3. Other rootstocks 
resulted in intermediate fruit size.

1• 
Poster Abstract 47 

Effect of Exogenous Nitric Oxide on Active Oxygen Metabolism and Respiration in 
the Cause of Waterlog Resume of Sweet Cherry Root 

MAO Zhi-guan, HU Yan-li, ZHANG Yu-shuai 	 e 

College of Horticulture Science and Engineering, Shandong Agricultura! University, State Key 
Laboratory of Crop Biology, Tajan 271018, China 

The study was conducted by watering the waterlogged plants equably with worked hiquid to investigate the 
effect of exogenous nitric oxide on active oxygen metabolism, respiration intension and releasing content of 
ethylene in the cause of waterlog resume of sweet cherry .The results showed that 0.1 mmoliL exogenous sodium 
nitroprusside(SNP),a nitric oxide donor significantly alleviated the injury to Prunuspseudocerasus Lindl after 
waterlog and increased the activity of SOD,POD,CAT ,the content of proline and the aspiration intension of 
brown ligneous roots. However exogenous nitric oxide markedly decreased membrane pernieability rate of O, 
production , the content of MDA and H 2O., , releasing content of ethylene. So it decreased the hurt to brown 
Iigneous roots and advanced the smooth recovery of the functions of sweet cherry roots after waterlog. 
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Blossom Thinning of 'Babygoid 5' and 'Redhaven' Peach with Different 
Chemicais 

Tae-Mng Yoon, and Tcrence L. Robinson2 
'Dept. of Horticulture, Kyungpook National University, Daegu 702-701, Korea 
2Dept. of Hort. Science, Corneil University, Geneva, New York, 14456. USA 

The objectives of this study was to determine the rate and application times response of ammonium thio-
sulfate(ATS), lime sulfur andTergitol on 'Babygoid 5' and 'Redhaven' peach. Treatments included 1) untreated 
control, 2) hand thinning to 6 inches spacing at 45 days after fuil bloom (Hand thin 6" @ 45 DAFB), 3) Hand 
thin 6" at shuck split (@ SS), 4) Hand thin 3" @ SS, 5)1.5% ATS applied at 80% fulI bloom (1% ATS @ 80% 
FB), 6) 3.0% ATS @ 80% FB, 7) 4.5% ATS @ 80% FB, 8) 1.0% lime sulfur applied at 80% ful! bloom (1.0% 
LS @ 80% FB), 9) 2.0% LS @ 80% FB, 10) 3.0% LS @ 80% FB, 11)1.0% Tergitol applied at 80% fulI bloom 
(1.0% Tergitol @ 80% FB), 12) 2.0% Tergitol @ 80% FB, 13) 3.0% Tergitol @ 80% FB, 14) 1.5% ATS @ 50 
and 80% FB, 15) 3.0%ATS @ 50 and 80% FB, 16) 1.0% LS @ 50 and 80% FB, 17) 2.0% LS @ 50 and 80% 
FB, 18) 0.5% Tergitol @ 50 and 80% FB, 19) 1.0% Tergitol @ 50 and 80% FB. In 'Redhaven' peach, Tergitol 
caused higher thinning as the rate increased, and so 3.0% of Tergitol resulted in sever over-thinning such as a 
95.7% reduction in fruit set. 4.5% ATS application induced a heavy thinning with an 11.1% fruit set, however 
1.5% or 3.0% ATS treatments did not significantly reduce fruit set compared to control. Twice applications of 
ATS, LS and Tergitol reduced significantly fruit set except for 1.5% ATS. Twice application of 1.0% Tergitol 
burned most of all blossom and lead to only 5.2% fruit set. Considering the yield efficiency and fruit size, once 
or twice applications of 1.0 or 2.0% LS and 2.0% Tergitol seems to be proper to thin blossoms in 'Redhaven' 
peach. In 'Babygold 5' peach, Tergitol andATS caused higher thinning as the rate increased, however 3.0% of 
Tergitol burned almost all blooms off. Twice app!ications of 1.5% ATS and 2.0% LS reduced effectively than 
a single. Twice application of 0.5% Tergitol caused also effective bloom thinning, however twice applications 
of 1.0% Tergitol and 3.0% dropped almost all fruits. Considering the yield efficiency and fruit size, Single 
application of 4.5% ATS, 1.0% Tergitol or 3.0 % LS at 80% full bloom seems to be proper to thin blossoms in 
'Babygold Y. Twice apphications of 1.5% ATS, 0.5% Tergitol or 2.0% LS were a!so acceptable for 'Babygoid 
Y. 

Poster Abstract 49 

Changes of Shoot Growth Habit in MdMADS2 Gene Introduced Transgenic App les 
(Máliis sp.) 

•	 Daeil Kiml*, Seong Heo2 , Jeong-Hee Kim2 , and Cheol Choi3 

1	

'International Technical Cooperation Center, RDA, Suwon 441-707, Korea 

•	 2National Horticultura! Research Institute, RDA, Suwon 441-706, Korea 

•	 3Division of P!ant Biosciences, Kyungpook National University, Daegu 702-701, Korea 
* Tel: +82-31-299-2273, E-mail: dkimrda.go.kr  

Transformations for fruit crops with useful genes give possibi!ities to overcome the limitation of fruit tree 
breeding. Flowering related MADS-box gene, MdM4DS2, was isolated from Ma!iis domestica Borkh. CV. 

•	 Fuji and shares a high degree of amino acid sequence identity with the SQUAMOSA subfamily of genes. 
•	 The Md1vMDS2 gene expressed early fiowering and shorter bolts without any homeotic changes in thc floral 
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organs in transgenic tobacco. To confirm the expression pattern of MdMADS2 gene in the apple trees, the gene 
was introduced using the 35S promoter into the 3 apple cultivars: 'Fuji', 'Gala', and 'McIntosh Wijcik'. The 
MdM4DS2 transformed apples were grafted on M.9 rootstock and its developrnental expression pattern was 
studied for 3 years at isolated net screen house to prevent contamination. The first fiowering was 17 nionths 
later after grafting in 'Gala'. In the third year, 24 months later after grafting, 35% of transgenic apples flowered 
compare with every wild typed apples are still in vegetative growth period. The phenotype of floral organ and 
fruit was also very normal similar to wild typed each cultivar. Especially, growth habit of shoot was much 
changed into weeping, twisting, and rolling in several unes of every cultivar. A result of southern biot analysis 
showed numbers of copy might not affect to changes of shoot growing habit in MdMADS2 introduced apples. 
Columnar habit in 'McIntosh Wijcik' was also broken and wept by MdMADS2 expression. Shoot growth habit 
is very important to establish efficient orchard system. These kinds of abnormal growth habit but originated 
from apple gene can be a possibility to change apple growing system. 

Poster Abstract 50 

'03A' Apple Rootstock 

Shahrokh Khanizadeh', Jean-Pierre Privé, Yvon Groleau', Martine Deschénes', Raymond Granger', 
Gules L. Rousselle', Odile Carisse t and Vicky Toussaint' 
'Agriculture andAgri-Food Canada, Horticultura! Research and Development Centre, 430 Boul. Gouin, 
St-Jean-sur-Richelieu, QC, J3B 3E6, Canada 
2Agriculture and Agri-Food Canada, 1045 St- Joseph Rd, P.O. Box 2069, Bouctouche NB E4S 2.12, 
Canada 

'03A' (Ottawa 3 Amélioré in English 'Ottawa 3 improved') is a new rootstock resulting from a mutation in 0.3 
stool bed discovered at the Agriculture and Agri-Food Canada (AAFC) Research Station, St-Jean-sur-Richelieu, 
Quebec. It produces dwarftrees equal size to 'Ottawa 3'(0.3) but with better precocity (early fruiting), higher 
yield efficiency (based on yieldltrunk cross sectional area), lower suckers and wider branch angles. '03A' is 
similar to '0.3' in susceptibility to two races of Erwinia amylovora (Burrili) Winslow and four isolates of 
Phytophthora cactorum (Leb. & Cohn) Schroet). It was planted in 1997 in replicated trials in several plots at 
the Frelighsburg, L'Acadie, Quebec substations and also at two grower sites. Limited quantities of indexed 
budwood are available for research purposes (universities and research stations) from Canadian Food Inspection 
Agency or from Meiosis Inc (Europe) with a written request. Interested Nurseries may inquire about "non-
exclusive licenses" directly from AAFC in Canada or Meiosis Inc. in Europe (http://www.meiosis.co.uk ). 

Poster Abstract 51 

Comparative Evaluation of Hungarian Bred Mahalebs as Cherry Rootstocks 

Bujdosó, G.', Gyeviki, M. 2 , Magyar L. 2 and Hrotkó, K.2 

1 Research Institute for Fruitgrowing and Omamentais, Budapest, Hungary 
2 Corvinus University of Budapest, Faculty of Horticultura! Sciences, Department of Fruit Sciences, 
Budapest, Hungary 

The Mahaleb breeding as cherry rootstock resulted in Hungary seedlings as well as clonal rootstocks. Our 
breeding airns were to have more precocious rootstocks with moderate vigor, high productivity, good fruit 
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e
quality, good compatibility and drought tolerance. For comparative evaluation a trial was set up in the spring 
of 2004 at the Experimental Fields of the Research Institute for Fruitgrowing and Ornamentais and at Corvinus 
University of Budapest on foliowing rootstocks: Prunus mahaleb 'Cemany' (as control), 'Erdi V.', 'Korponay', 
'SM 11/4', 'Bogdány', 'Egervár', 'Magyar', as well as Mazzard (Prunus avium C. 2493) seedling, P. cerasus 
x canescens hybrid 'Gisela 6' and P. fruticosa 'Prob'. Four new Hungarian sweet cherry cultivars from the 
Research lnstitute's breeding work were grafted on the rootstocks: 'Rita', 'Peter', 'Carmen', 'Vera'. The orchard 
spacing was 2 m in the row and 4 m between the rows and the trees are trained to a Hungarian type spindle. 

e Based on the vigor of trees rootstocks are classified into three groups. Standard vigor (80-100%) rootstocks 
are: Bogdany, Cema, Cemany, Erdi V. Cherry trees on rootstocks Korponay, Egervar, Magyar and SM 11 are 
moderate vigorous (50-80%), while on Gisela 6 and Prob are dwarf(25-50%). The tree survival ratio was good 
only few trees did off. Trees on Gisela 6 and Prob are highly precocious, but from among clonal mahalebs 
Bogdany and SM 11/4 showed considerable precocity. In the first crop the most productive rootstocks/sc ion 
combinations were on 'Bogdány', 'Prob' and 'GiSelA 6'. 

Poster Abstract 52 

Conlirmation by QTL Mapping of the Malus Robusta (cv. Robusta 5) Derived 
Powdery Mildew Resistance Gene P11 

Yizhen Wan' and Gennaro Fazi& 
'Apple Research Center, College of Horticulture, Northwest A&F University, Yangling, Shaanxi 
712100, China 
2 USDA-ARS, Plant Genetics Resources Unit, 630 W. North Street, Geneva, NY 14456, USA 

The Geneva® apple rootstock breeding program has made extensive use of Malus robusta ev. Robusta 5 as a 
source of resistance to fire blight. Robusta 5 has also been used as the source of powdery mildew resistance by 
other breeding programs and a single locus P11 has been associated with this resistance and recently mapped on 
LG12 of the EuropeanApple Framework Map [Plant Breeding 126:476-481, 2007] using a qualitative approach. 
We collected quantitative data on fleid powdery mildew resistarice in 2006 and 2007 on a segregating population 
made up of 186 individuals from a cross between Ottawa 3 (a susceptible apple rootstock) and Robusta 5; the 
correlation between the two years was 0.84 (p=0.000). This quantitative data were used in combination with 
a molecular marker linkage map derived from the same cross to scan the genome using interval and MQM 
mapping in MapQTL 5 software. The result was the identification of a large QTL on the dista] end of LG12 
with a peak near the SSR marker CHO lb 1 2z. No other regions in the apple genome had any significant effects 
on resistance in this population. Future plans include scanning of a BAC library containing PI! and utilizing 
existing markers for marker assisted breeding.
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Poster Abstract 53 

The Distribution of Wild Apple Germplasm in Northwest China and Their Potential 
Application to the Apple Rootstock Breeding 

Yizhen Wan', Dan Li', Lixin Mei', Heidi Schwaninger 2 , Mingyu Han', Zhengyang Zhao l * , andGennaro 
Fazio* 

'Apple Research Center, College of Horticulture, Northwest A&F University, Yangling, Shaanxi 
712100, China 
2US Department of Agriculture, Agriculture Research Service, Plant Genetic Resources Unit, New 
York State Agricultural Experiment Station, Corneil University, Geneva, New York 14456, USA; 
* corresponding author: zhaozy@nwsuaf.edu.cn, gennaro.fazio@ars.usda.gov ) 

China is one of the major gene centers of Malus species with the origination of more than 25 species. The 
Northwest China includes the three provinces of 'Shaanxi', 'Gansu' and 'Qinghai' and the two autonomies of 
'the Ningxia Huis' and 'the Xinjiang Uighur'. It contains an unusually high diverse of wild apple germplasm 
resources. Sixteen Malus species were found in this district. The species and the! genotypes around the Qinhing 
Mountains are richer, accounting for 80% of those in theNorthwest China (65% of those of the overali China). 
Among 16 species, the genotypes of M baccata were most abundant and they were mainly found in the 
moist conditions. M sieversii mostly distribute in the valley around the Tianshan Mountains with its central 
distribution areas of the counties of 'Yili', 'Gongliu' and 'Xinyuan' in Xinjiang covering the area of 14,000 
hectares. The wild Malus species of China are differentiated and adapted to local climates. Chinese wild 
Malus has been used for rootstocks for a long time in China. Among them, the seedlings of M sieversii, M 
baccata, M. prunfo1ia are widely used for rootstocks. However, it is important to make the additional effort 
to incorporate the desirable genes in this germplasm into apple dwarfing rootstocks. We hope that this review 
familiarizes more researchers with the distribution of the wild apples of China and will lead to more efficient 
collection and informed development of this germplasm. 

Poster Abstract 54 

Different Planting Systems for 'Conference' 

Jef Vercammen 

Pcfruit-Proeftuin pit- en steenfruit, Fruittuinweg 1, 3800 Sint-Truiden, Belgium. 
E-mail: jef.vercamrnen@pcfruit.be  

In order to help fruit growers with the choice ofthe planting system, 7 different planting systems for 'Conference' 
on Quince Adams were planted in the spring of 2002. Besides production and quality a lot ofattention was paid 
to costs and labor. In order to enable a precise comparison, the test results of one planting system (bush-spindle 
shape with a planting distance of 3.50 x 1.50 m) are being fixed at 100 %. The other planting systems included 
in the test are: the hedge of Tienen, the long pruning, candlestick system (trees with 3 leaders), an intensive 
V-systern, spindle trees and the "Drapeau"system (trees were planted under an angle of 450) At planting the 
"Drapeau"system, the hedge of Tienen and ihe long pruning were cheaper in construction than the bush-spindle 
shape and the candlestick system. For this last system placing the bamboos demanded extra labor. The intensive 
V-system and the spindle trees were the highest in cost and labor. From the third year of growth on, the costs
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e
wcrc more or lcss the same for all the systems, cxcept for the "Drapeau"system. The high costs of ths system 

•	 from the second tui the sixth growing year were the resu!t of placing extra wires to complete the system. The 
long pruning systcm and tbe hedge of Tienen had the iowest total costs after 6 years of growth. The highest 

.	 yields were obtained with the intensive V-system, followed by the long pruning and the "Drapeau"system. AH 
other planting systems obtained comparable yields, that are 50 to 60 % sma!ler than with the V-system. Over 
six years the largest pears were found in the candlestick system, while the smallest were found on the long 

•	 pruning and the spindle trees. After 6 years the best financial result is obtained by the long pruning, foilowed 
by the intensive V-systern and the candlestick system. The financial result was calculated starting from the 
real costs and the real labor. The calculation of the total costs after 6 years does not consider depreciation of 
investment costs, j.c. investment costs from trees and supporting materials were ful!y inciuded. However, when 

-	 interpreting these results one has to take ¡tito account the fact that the trees are still very young. 

Poster Abstract 55 

Effect of Rootstock on Yield and Taste-Related Properties of Nordic Apple 
Cultivars 

Leila Mainla, Merrit Noormets, Ulvi Moor, Kadri Karp 
Institute of Agricultura! and Environmental Sciences, Estonian University of Life Sciences, Estonia 

The effect of rootstock on yield and taste-related properties of four Nordic apple (Ma!us x domestica Borkh.) 
cultivars ('Valge Klaarun', 'Maikki', 'Pirja', 'Krasnoje Rannjeje') grafted on three different rootstocks (M-
26, M-9, 62-396) was studied. The experiment was carried out in South Estonia in 2003 and 2004. In both 
years cultivars grafted on 62-396 had the highest yield and the lowest yield was obtained on M-9. In 2003 
rootstocks had no effect on apple titratable acidity (TA). Soluble solids content (SSC) was highest with M-26 
and lowest with 62-396. In 2004 TA was highest in 'Valge Klaaróun' and 'Maikki' grafted on 62-396 and 
!owest in 'Pirja' grafted on 62-396. As an average of experiment, rootstocks did not have significant effect 
on SSC/TA in apples either of experimental years. However, in 2004 SSC/TA was significantly higher in 
'Krasnoje Ranneje' grafied on M9. The mean ascorbic acid content (AAC) in apples was 14.4 mgIlOOgFW 
un 2003 and 11.6 mg/100gFW in 2004. The average effect of rootstock on apple AAC was not significant, but 
single cultivars were affected. 'Krasnoje Ranneje' grafted on M9 had significantly higher fruit AAC in both 
years and 'Pida' on M9 in 2003. 

Poster Abstract 56 

Metroglyph and Index Score Analysis of Almond Germplasm Collected From 
Kashmir Valley 

A.H. Pandit, M. A. Mir and M. S. Wani 
Division of Pomology, S.K. University ofAgricultural Sciences andTechnology of Kashmir, Shalimar, 
Srinagar-India- 191121 
E-mail: ashaciXpandit@gmauI.com 

Metroglyph and mdcx score analysis for 8 characters, viz., nut weight, kernel weíght, kernel percentage, shell 
thickness, shell color, kernel color, kernel shrivel and time of maturity were analyzed in 92 almond genotypes 
collected from Kashmir valley during 2005-2007. Three distinct rnorphological complexes could be recognized 
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on the basis of nut weight and kernel percentage. Within these groups, the rnorphological and biochemical 
variations of low order were observed. Majority of high scoring genotypes are in group II and III and these are 
characterized by high nut weight with superior quality attributes. 

Poster Abstract 57 

Performance of Corneil Geneva Apple Rootstocks in South Africa 

Carlo Costa 

Horticulture Division, ARC Infruitec-Nietvoorbij, P Bag X5013, Stellenbosch 7599, South Africa 

The South African apple industry urgently requires an improved range of rootstocks adaptable to local conditions 
and which can replace the standard M793 and M7. Promising results have been obtained with sorne of the 
Corneli Geneva rootstocks regarding growth control and yield efficiency in a fleid trial established in 2000. 
When tree performance over the first five cropping years is considered, al! Corneil Geneva rootstocks tested are 
more yield efficient than the current standards, the most promising rootstocks being CG 222 (M9 vigor class), 
CG 189 (M7 vigor class), CG 228 (in the M793 vigor class) and CG 778 (MM 109 vigor class). Data of pot 
triais over the past season show that sorne of these selections are more tolerant to replant disease than others. 

Poster Abstract 58 

Apple Rootstocks in Latvian Orchards - Situation and Tendencies 

Edgars Rubauskis, Mara Skriveie, and Laila Ikase 
Latvia State Institute of Fruit-Growing, Graudu 1, Dobele, LV-3701, LATVIA 
www. lvai .1v; edgars.rubauskislvai.lv 

In the first haif of the previous century only East Mailing done rootstocks were known in Latvia, which did 
not have sufficient winter hardiness. More extensive research of rootstocks began in the second half of the 20th 
century, when winter-hardy rootstocks were introduced from Michurinsk (Russia). Establishment of intensive 
apple plantations became urgent after private property of land was restored in Latvia. Now there are aimost 1000 
hectares of commercial apple orchards on different rootstocks. The first cornrnercial orchards on done rootstocks 
were planted only a decade ago. The variety of cultivars and rootstock forms in the orchards is large. About 
20 % of the orchards have been planted on vigorous seedling rootstocks and are approximately 40 to 50 years 
oid. Of newer orchards, 53 % are on rnedium vigor rootstocks, rnostly MM 106 and M 26, with 666 or 1250 
trees per ha. Apple-trees on dwarfing rootstocks, rnostly B 9 and B 396, are usually planted as 1250 trees per 
ha. Only a small part of orchards on dwarfing rootstocks has been planted as 1660 trees per ha. Recent research, 
as well as experience obtained at the farms confirms that the selected rootstock forms and intensive plantations 
have promise in Latvia. The early winter-winter cultivar 'Auksis', which is the most widely planted and rnost 
used in trials, in average gives 29 - 39 tons per ha from 7 - 10 year oid trees on rootstocks B 9, B 396, M 26 if 
planted as 1250 trees per ha. Similar yield has been obtained on the new rootstock forrns Mark and G 30 with 
1250 trees per ha, as wefl as on MM 106 with 666 trees per ha. The yield efficiency was higher on rootstocks 
B 396 and G 30. Other widely planted cultivars 'Antei', 'Kovalenkovskoe', 'Saltanat', 'Sinap Orlovskii', 
'Zarya Alatau' also have good tree health and yield on these rootstocks. The rootstocks Pure 1 (Laman origin) 
and P 60, which have shown promise in trials, are not yet widely used in orchard establishment. Of the other 
tested rootstocks, clones of M 9 5 P2, P 22, B 146, B 257, B 476, B 490, B 491 can not be considered suitable 
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jn Latvian conditions, for different reasons. 

Poster Abstract 59 

Pruning and Cytokinin Sprays to Imp rove 'Sweetheart' Cherry Fruit Size 

Gabino 11. Rcginato1 , Terence L. Robinson 2 , and Tac-Myung Yoon3 
'Universidad de Chile, Casilla 1004, Santiago, Chile 
2Dept. of I'lort. Science, Corneli University, Geneva, New York, 14456. USA 
1 Dept. of 1-lorticulture, Kyungpook National University, Daegu 702-701, Korca 

The effcct of crop regulation strategies of pruning severity or cytokinin sprays (CPPU or Benzyl Adenine) on 
the fruit size of 'Sweetheart' cherry fruit was evaluated at Geneva, NY, USA in 2006 and 2007. A split piot, 
randomized complete block design was used, where each of 5 blocks were assigned to four trees of the same 
pruning system (Zahn or Vogel). Crop regulation (CR) were Iight pruning (control), hard pruning (stubbing back 
branches with less than 25cm growth; HP), spur extinction (SP) and fiower bud extinction (FE) both on light 
pruned trees. CPPU at 10 mg L 1 was sprayed to selected branches at bailoon stage or at bailoon stage plus at 
petal fall or not sprayed at ah. Leafarea per cm' branch cross sectional arca (BCSA) was primarily dependant 
on block (training system). New leaf arca (on 1 -year oid shoot) was mostly affected by pruning system (block) 
but not by CR treatments. Final fruit set was around 70%, and not affected by treatments. Fiower and fruit 
density was affected most by fiower extinction but only slight!y by HP or SE. Fruit size was affected mainly 
by training system and crop regulation treatment. Fruit size was highly dependant on leaf arca per fruit and 
maximum fruit size is obtained with 200 cm' per fruit. If fruit size was adj usted by leafarea per fruit, fruit size 
was not affected by any treatment, which means that ail observed differences were explained by differential 
leafarea per fruit obtained by different treatments. Yieid efficiency expressed as g cm 2 BCSAwas reduced by 
FE while the control treatment had the greatest efficiency. Benzyl adenine did not improve fruit size whether 
applied at petal fall, 10, 20, or 30 days afier petal fa!!. 

Poster Abstract 60 

Reduction of Shoot Growth and Winter Pruning by Prohexadione Calcium 
Application 

José Luiz Petri, Gabriel Berenhauser L., and Fernando José Hawerroth 
Epagri/Caçador Experimental Station, Caçador, SC, Brazil 
petri@cpagri.sc.gov.br ; gabrielepagri.sc.gov.br 

App!e trees growing on mild winter regions, without enough chilling, have excessive annual shoot growth, 
de!ayed come into bearing, Iess spraying effectiveness, and increased labor for summer and winter pruning. 
The mild winter c!imate of the main apple growing areas in Brazil induces longer vegetative growth than on 
traditional regions with enough chilling, resulting in more shoot growth. Chemicals may reduce excessive 
growth by himiting plant size or by restricting growth for a whi!e, giving a better balance between growth 
and fruiting, and, consequently, reducing pruning requirement. The objective of this work was to evaluate the 
effectiveness of Prohexadione calcium (Viviful) on reducing and del aying shoot growth o  'Gala' and 'Fuji' apple 
trees, with a consequent reduction of pruning labor. The experiments were carried out in mild winter rcgions 
of Southern Brazil, with no enough chilhing for the apple varieties Gala and Fuji. Experiment 1: Carried out 
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with 'Imperial Gala' and 'Fuji'/M7, in Fraiburgo (Santa Catarina state), during three growing seasons, with an 
average of 550 hours of chilling bellow 7.2°C. The experimental design was a RCB, with four treatments and 
ten replications. Treatments were: 1- Check; 2- Prohexadione calcium 582 g ha'; 3- Prohexadione calciurn 1164 
g ha-'; 4- Prohexadione calcium g ha', ah then applied twice. Experiment 2 was carried in Campo do Tenente 
(Paraná state), in an orchard of two years oid 'Imperial Gala'/Marubakaido/M9, were there was less than 300 
hours of chiliing bellow 7.2°C. Treatments were a check and Prohexadione calcium 1200 g ha', applied twice 
during the growing season. The evaluations in the experiment of Fraiburgo were number, length and weight of 
the pruned shoots, and yield per tree and mean fruit weight. There were effects on number, length and weight 
of the pruned shoots of 'Imperial Gala' and 'Fuji'/M7. In relation to the check, there was a significant reduction 
on the number of pruned shoots, which was 76.4% and 73.8% for 'Fuji', and 52.0% and 61.0% for 'Imperial 
Gala', respectiveiy for the concentrations of 1. 160 g ha-' and 2.320 g ha* Yield data varied according to the year 
evaluated, with a tendency of increasing the yield in the third year of Prohexadione calcium appiication. The 
mean fruit weight was not affected by the application of Prohexadione caicium, although ah Viviful treatments 
had constantly larger 'Imperial Gala' fruit than the check treatment, in the growing season 2006/07. In the 
young 'Imperial Gala'/Marubaka1do/M9 orchard, it was observed reduction on number, length, and weight of 
pruned shoots due to the Viviful application. These resuits show that Prohexadione calcium may be helpful 
to train apple trees. It may be applied as early as in the second fleid growing season, reducing labor to prune 
adult orchards. 

Poster Abstract 61 

Differences in Minera! Nutrient Contents of Dormant Cherry Spurs as Affected by 
Rootstock, Scion, and Orchard Site 

Gregory Lang1, Jay Freer2 , Harold Larsen 3 , Rarnesh Pokharel 3 , Terence Robinson 2 , and Tara 
Valentino 

'Department of Horticulture, Michigan State Universtiy, East Lansing MI, USA, 
2Department of Horticultural Sciences, New York State Agricultural Experiment Station, Corneli 
University, Geneva, NY 14456, USA 

'Colorado State University —Western Colo. Research Center, 3168 B 1/2/ Rd Grand Junction, CO 
81503-9621, USA 

Dormant sweet (Prunus avium) and sour (P cerasus) cherry spur nutrient levels can influence a number of 
initial growth activities in spring, including fruit set and leaf expansion. Rootstock genotypes vary in uptake 
and transiocation of mineral nutrients to sites of utilization within the canopy. Consequently, at the conclusion 
of the most recent 10-year North American (NC-140) cherry rootstock trial, a collaborative study was initiated 
to analyze and compare dormant fiowering spur nutrient contents at three of the trial sites: Traverse City, 
Michigan; Geneva, New York; and Hotchkiss, Colorado. Replicated spur tissue samples of sweet cherry on 
eighteen rootstocks (11 common to all three Sites) and of sour cherry on 12 rootstocks (10 common to both 
tart cherry sites) were collected in winter, prepared at Michigan State University, and analyzed for N, P, K, 
Ca, Mg, Fe, Zn, B, Cu, S, Mn, Al, and Na. The rootstock comparisons included Mazzard seedling, mahaleb 
seedling, Gisela (Gi) 3, Gi.5, Gi.6, Gi.7, Giessen 195/20, Edabriz, P50, Weiroot (W) 10, W.13, W.72, W. 158, 
Mazzard x Mahaleb (MxM) 2, MxM.60, and the Hungarian mahaheb inbred seedling lines CT500, CT2753, 
and Erdi V. Nearly 300 samples were used for site comparisons of 'Hedelfinger' sweet cherry trees on sandy 
soil in Michigan vs. heavy soil in New York, as well as between site and scion genotype for the trees at those 
two sites and trees of 'Bing' sweet cherry on clay-loam soil in Colorado. Simiiarly, more than 150 samples 
were used for site comparisons of 'Montmorency' tart cherry trees on sandy soil in Michigan vs. heavy sol] in 
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New York, and between [he two scion species at each of the two common locations. At tlie time of abstract 
submission, analyses and comparisons were almost complete; results will be fully analyzed for presentation 
and discussion 3 months before the Symposium. 

Poster Abstract 62 

Rootstock Studies in Kinnow Mandarin Under North Indian Conditions 

Jagdev Singh Josan and Satish Kumar Thatai 
Punjab Agricultural University, Regional Station, Abohar-152116, Punjab, India 

Citrus is one of the most important fruit crop and its cultivation is considered to be highly paying. In India, 
citrus fruits are being grown over an area of about 2,64,500 ha which produces 47,50,000 MT of fruits. The 
rootstocks play an important role in the success or failure of a particular crop. In citrus, rootstocks are known 
to have a profound effect on the vigor, precocity, production, longevity of the trees, fruit quality, disease 
resistance and adaptation to soil and climatic conditions. No single rootstock has been considered to be ideal 
for a single species or even for varieties within a species. Hence a rootstock trial on Kinnow mandarin was 
started at Punjab Agricultural University, Regional Station, Abohar during 1988 on seven rootstocks viz., Rough 
Lemon (Citrusjarnbhiri Lush), Karun Jamir (Citrus aurantium L), Jambhiri (Citrusjarnbhiri Lush), Shekwasha 
(Citrus depressa Hayata), Pectinifera (Citrus depressa Hayata), Estes Rough Lemon (Citrus jambhiri Lush) 
and Cleopatra ( Citrus reshni Tanaka). Rough Lernon has been observed to be the most vigorous rootstock. 
Tree survival en Rough Lernon rootstock was the maximum (83.33%) after nineteen years of tree age while, 
in sorne rootstock declining starts at the age of twelve years. Pooled mean of fruit yield of thirteen years was 
the maximum (610 fruits/tree) on Rough Lemon whereas, it was the minimum (351 fruits/tree) in plants on 
Cleopatra rootstock. No significant variation was recorded in the quality attributes of kinnow fruits on various 
rootstocks. On the basis of thirteen years data (7th te l9th year of tree age), it is concluded that Rough Lernon 
is the most suitable rootstock for Kinnow mandarin under the North Indian conditions. 

Poster Abstract 63 

Results of Apple Rootstock Testing with Variety 'Belorusskoye Malinovoye' in 
Project "Baltic Fruit Rootstock Studies" 

A.Bit&, J.Lepsis', D.Kviklys2 and E.Haak3 
'Pure Horticultural Research Station, Pure, Tukuma r. LV-3 124 Latvia 
2Lithuanian Institute of 1-lorticulture ,Babtai, Kauna r. LT-4334, Lithuania 
3Polli Horticultural Research Centre, Karksi-Nuia, EE-2944, Estonia 

The research project "Baltic fruit rootstock studies" was started in 1998 with the aim to study rootstocks of the 
main fruit species in Baltic States and Byelorussia. Two cultivars: 'Belorusskoye Malinovoye' and 'Auksis' 
were budded on twelve rootstocks (M 9, M 26, B 9, B 146, B 396, B 491, P 2, P 22, P 60, Pure 1, Jork 9 and 
Bulboga). In the spring of 2001 trees of these cultivar/rootstock combinations were planted in the orchards 
of four scientific institutions according to joint methodology. In 2007 the smallest trunk cross section arca 
(TCSA) of 'Belorusskoye Malinovoye' trees were en the rootstocks P 22, Pure 1 and M 9. Biggest trees were 
en Bulboga and B 146. The highest cumulative yield per tree was obtained on rootstocks M 26. The productivity 
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of trees expressed as yield efficiency (kgcm 2 of TCSA) show the best combinations were with rootstocks M 9, 
P 22 and B 396. The lowest productivity was obtained on rootstocks Bulboga and B 146. The tree vigor and 
productivity of cultivar/rootstock combinations strongly depend on different growing places. 

Poster Abstract 64 

Evaluatjon of the OHxF Selections as an Alternative to Quince Rootstocks for Pear: 
Agronomical Behavior of 'Conference' and 'Doyenne du Comice' 

J.M. Alonso, M.T. Espiau, J. Gómez-Aparisi, M. Carrera 
Unidad de Fruticultura, CITA de Aragón, Avda. Montañana 930, 50059 Zaragoza, Spain 

Quince has been reported as the more suitable pear rootstock whenever there is no problem of lime-induced 
chiorosis. However, when the soils are alkaline or have a high active lime content, the use of quince as a pear 
rootstock becomes probiernatic, or even impossible, thus requiring the search for a reasonable alternative to 
quince. The 'Oid Home' x 'Farmingdale' clonal rootstocks (OHxF) were released as a good alternative for pear 
production in chlorotic conditions, showing a range of vigor reduction, a high productivity in relation to tree 
size and a good resistance to fire blight and pear decline. The possibility of using sorne of the OHxF clones 
instead of seedling rootstocks has been evaluated in the calcareous soils of the Ebro basin in Spain, with two 
important cultivars, 'Conference' and 'Doyenné du Comice'. The trial vas planted in February 1992, with 
the most important semi-dwarfing OHxF clones (40, 69, 87, 282 and 333) to be compared with a commercial 
seedling (only with 'Conference') and two quince rootstocks, 'Adam's 232' and 'Provence INRA BA 29'. The 
trial stood on a sandy - loam soil with medium to low fertility, and low risk of lime-induced chlorosis to avoid 
this important handicap in the performance of quince rootstocks. In 'Conference', after eleven crops, the highcst 
cumulative yields were obtained on 'OHxF 69', 'OHxF 40' and 'OHxF 87', and the lowest on 'Adam's 232' 
The vigor on seedlings was significantly higher than on any other rootstock. The OHxF clones produced trees 
of similar vigor, intermediate between the seedlings and the quince rootstocks. The productivity was higher 
on both quinces, intermediate on 'OHxF 69', 'OHxF 87' and 'OHxF 40', lower on 'OHxF 333' and 'OHxF 
282', and the lowest on the seedlings. The average fruit size was slightly larger on 'BA 29' and seediings than 
on the other rootstocks. In 'Doyenné du Comice', the highest cumulative yields were on the quince rootstocks, 
'Adam 's 232' and 'BA 29', both significantly higher than on all the 'OHxF' clones, with 'OHxF 333' producing 
the lowest yield of the trial. After eleven crops no differences were found for vigor. Productivity was higher on 
the quince 'Adam's 232', intermediate on 'BA 29', lower in the 'OHxF clones without differences between 
thern. In reference to fruit size, only on 'OHxF 333' was statistically smaller than on the other rootstocks. The 
conditions of the trial indicate a possible interaction between cultivars and rootstocks, as shown by the lower 
vigor induced by quince rootstocks to 'Conference'. These results imply that, from an economically point of 
view, the suitability of the 'OHxF' selections as an alternative to quince rootstocks may depend not only on 
the sol] characteristics but also on the scion grafted. 
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Poster Abstract 65 

Evaluation of Dwarfing Rootstocks in Washington Apple Replant Sites 

Jim McFerson 
Washington Tree Fruit Research Commission, Wenatchee, WA 98801, USA 

Replant disorder is an increasingly significant challenge to establishment and consistent production in 
Washington apple orchards. Standard fumigation practices with Telone or Vapam offer effective control, but 
must be handied safely and applied correctly, are expensive, subject to restrictive regulation, and not acceptable 
in organic systems. Dwarfing rootstocks with resistance or tolerance to apple replant disorder offer a clear 
alternative to producers in the irrigated tree fruit production areas of Washington, as long as their genotypes 
are suitably adapted to the diverse production conditions of the region. In collaboration with the USDA-ARS 
national apple rootstock breeding program in Geneva, NY, the Washington Tree Fruit Research Commission 
has established and maintained eight apple rootstock trials in commercial Washington orchards since 2003. 
These trials collectively include 65 rootstocks and three scion cultivars (Gala, Fuji, Honeycrisp) planted in 
modem, high density systems in sites with a range of replant disorder potential. They feature 46 Geneva series 
selections, as well as 19 other test genotypes. Trials are designed as split plot (fumigated vs. non-fumigated) 
randomized complete blocks with a minimum of four replications and typically five or more trees per piot. 
To date, most Geneva rootstocks are outperforming the industry standards of B.9, Pajam2, and M.26 in terms 
of yield, trunk cross sectional area, and fruit size. Supporter 1, Supporter 2, and Supporter 3 have performed 
similarly to M.9 clones and have shown no advantage over standard commercial rootstocks. Several Geneva 
selections (G.41, G.935, 4214, 4814) have performed well in non-fumigated plots. G.41 and G.1 1 have shown 
less vigor than G.935, 4214, G.202 and 4814. Many of the Geneva series also show significant improvement 
over currently available rootstocks for other critical production traits: wooly apple aphid resistance, fire blight 
resistance, ease of propagation, winter hardiness, etc. Our collaborative trials under commercial conditions 
clearly indicate the enormous potential certain genotypes have for apple production in Washington. 

Poster Abstract 66 

Digital Techuiques for Yield Prediction of Fruit 

Denis Stanjko' and Michael M. Blanke2 
'University of Maribor, Siovenia 
2lnstitute of Crop Science and Resource Conservation (INRES) - Florticultural Science, University 
of Bonn, Germany 

Yield prediction on a European scale is a pre-requisite for effective planning, fruit quality assessment (fruit 
number and fruit size) as well as food chain (storage and transport capacities) and traceability of the commodity. 
Yield prediction is necessary for the farmer to organize his work force, bins and storage space, for the whole 
sale market to provide these bins and for the retail chain to identify theirflow and source of fruit. The objective 
of this joint work is to predict the yield as early as July of the harvest in September and October and detect 
young, small green fruit against a green-leaved background. Traditional yield predictions like the Wintcr 
model rely on empirical data and skilled personal, mostly extension service. They assess fruit trees in the 
same orchards every year for their respective fruit numbers for each cultivar after June drop. Fruit counts are 
taken for every other tree in a row from two angles on both sides, which makes it time-consuming. This takes 
2-3 people almost one week for each fruit growing region. A new approach to predict yields in apple is based 
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on digital technoiogy in a five step processing of digital photos taken from one side of an apple tree using a 
tennis ball as reference only for size and dimension. Currently, two digital photos are taken from one side of 
the tree from 30 trees per piot or variety. Step 1 recognizes fruit by their light green color, i.e. discriminates 
dark green ]caves (upper sides of leaves), branches and soil or brown or other color. The image analysis uses 
image analysis to distinguish between fi-uit and leaves of a tree by shape and size at a time when fruit are stili 
green. Step 2 eliminates the tennis ball afier scanning its dimensions, which waives problems with assessing 
the distance from which the photo was takenStep 3 checks the remaining objects for their physical form, i.e. 
recognizes fruit or fi-uit sections and discriminates lower leafsurfaces which are also light green. Step 4 eliminates 
are small fruit of iesser than a defined fruit diameter, which are attributed to another tree row or tree. Step 5 
finaiiy counts the number of identified fruit in a photo, averages the two photos per tree, calcuiates tree volume 
and the future harvest. Correlations for 2006 and 2007 are presented between predicted and actual yieids of 
cv. 'Braeburn', 'Gala' and 'Elstar' apple trees. Different thinning techniques, including the new mechanical 
thinning, were ernployed for these experiments to achieve fruit trees with different magnitudes of cropping to 
test the techniques and their accuracy. 

Poster Abstract 67 

St Jean Morden (SJM) DwarfWinter Hardy Rootstock Series 

Shahrokh Khanizadeh', Jean-Pierre Privé, Yvon Groleau', Martine Deschénes', Raymond Grangert, 
Gules L. Rousselle', Odile Carisse' and Vicky Toussaint' 
'Agriculture andAgri-Food Canada, Horticultural Research and Development Centre, 430 Boul. Gouin, 
St-Jean-sur-Richeiieu, QC, J3B 3E6, Canada 
2Agriculture and Agri-Food Canada, 1045 St- Joseph Rd, P.O. Box 2069, Bouctouche NB MS 2J2, 
Canada 

In 1960, a breeding program was initiated in Morden, Manitoba to develop winter hardy rootstocks for coid 
climates and then the program was transferred toAAFA, HRDC, at St-Jean-sur-Richelieu, Quebec. Two hundred 
and fine seedlings were selected from the initial popuiation and evaluated since 1970 in Agricuiture and Agri-
Food Canada (AAFC), Horticultura! Research and Deve!opment center (HRDC), Quebec, Canada. Sorne of 
these rootstocks obtained from crossing 'Nertchinsk' with M.9 and M.26 were found to be winter hardy, disease 
resistant, dwarfing, with good yield efficiency and easier to propagate than 0.3 and were tested further in several 
locations in Quebec. Excised shoot assay of the selected unes were also tested for four isolates of crown rot 
(Phytophthora cactorum (Leb. & Cohn) Schroet). Most of the rootstocks were more susceptible to PC04-02 
isolate foliowed by PC04-03 and PC04-0 1 and iess susceptible to PC04-04. SiM 189 was the least susceptible 
while SJM15, SJM188, MM. 111, SJMI27 and MM. 106 were the most susceptible. SJMI67, M.44, SJM15O 
and M.26 were ranked as !ow to moderate susceptibility toP cactorurn. 0,3, SiM 150, SJM 167 and M9 were 
the most susceptible rootstocks to Erwinia arnylovora (Burrrii) Winslow while M.7, SJM 189 and SiM 188 were 
the ieast susceptible. Seven of SJM series rootstocks (SJMI5, SJM44, SJM127, SJM15O, SJMI67, SiM188 
and SiM 189) were released for commercial evaluation and presently availabie fi-orn Canadian Food Inspection 
Agency in BC or from Meiosis Inc. in UK. . Interested Nurseries may inquire about "non-exclusive licenses" 
directly from AAFC in Canada or Meiosis Inc. in Europe (http://www.rneiosis.co.uk ). 

124



Poster Abstract 68 

Overview of Peach and Nectarine Rootstocks in South Africa 

P. J. C. Stassen and E.Y. Reinten 
ARC lnfruitec-Nietvoorbij, Private Bag X5013, Stellenbosch 7600, South Africa 

Twenty trials with more than 40 rootstocks were conducted over a period of 30 years. For niany ycars 
Kakamas seedling was the standard rootstock for the South African peach industry. However many soil 
conditions occur that limit the use of this rootstock. In soils with a high pH (free lime with iron-induced 
chiorosis), GF 677 showed no symptoms and yielded significantly better than Kakamas seedling rootstock. 
Fruit mass of the scion however was not more ori GF 677 than that on Kakamas seedling. The rootstocks 
Cadaman and Viking, ga ye the same high yield as GF 677 but fruit mass was higher than that of Kakamas 
and GF 677. Flordaguard showed serious chiorosis symptoms in high pH soil. Kakamas seedling is 
susceptible to root knot nematodes (Meloidogne incognita and M. javanica) that occur in most sandy soils. 
Flordaguard performs better than Kakamas in poor sandy condition with or without root knot nematodes 
but are too vigorous for higher potential soils. Atlas, Viking and SAPO 778 also perform better than 
Kakamas where root knot or ring (Mesocriconema xenoplax) nematodes occur. SAPO 778 is currently 
the preferred rootstock for many situations but with a high chilling requirement it is not recommended 
for low chilling (less than 300 CU) requirement areas. This rootstock and Viking perform better than 
Kakamas where sporadic rising water tables occur. The rootstocks Cadaman, Atlas, GF 677, Flordaguard 
and Kakamas on the other hand are sensitive to wet soil conditions. Kakamas as rootstock still performs 
well in higher potential soil without any limitations. In such situations Atlas and Viking also perform welL 

Poster Abstract 69 

Coid Temperature Tolerance of Apple Roots 

Renae E. Moran, Donglin Zhang, and Youping Sun 
Department of Plant, Soil and Environmental Sciences, University of Maine, PO Box 179, Monmouth, 
ME 04259, USA 

Root tissue coid hardiness of G. 16 and M.26 EMLA rootstocks was compared in 2007 using controlled freezing 
to -14C. Rootstocks were dug from the nursery in late October and stored in a coid room at temperature of-1 
to 0°C until late February. Rootstocks were subjected temperatures from -6 to -14 °C at a rate of 3°C per hour. 
Significant root death (>10%), based on visual estimates, occurred in both rootstocks foliowing exposure to 
temperatures below -10 °C. Following 40 days in a greenhouse, root survival and shoot growth were reduced 

. by exposure to -10 oc and colder. There vas no difference between G.16 and M.26 in root survival or shoot 
growth. The lethal temperature was -12 for both rootstocks. Root tissue coid hardiness of G.5935 and M.26 
EMLA rootstocks was compared in 2008. Trees were grown in pots outdoors until late Oct. at which time 
they were placed in coid storage atO °C. Trees were subjected to controlled freezing temperatures of-8 to -16 
OC in Feb. Root tissue survival was assessed by measuring electrolyte leakage of root tissue and by growth 
analysis after 40 days in a greenhouse. 
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Poster Abstract 70 

Influence of Training System on Production of Three Apple Cultivars 

R. M. Crassweller, and D. E. Smith 

Department of Horticulture, Penn State University, University Park, PA 16802, USA 

A planting of 'Ginger Goid', 'Crimson Gala' and 'Fuji' (BC#2) all on M.9 NAKB T337 rootstock was established 
in 1997 at the Horticultural Research Farm at Rock Springs in central Pennsylvania, USA. The cultivars chosen 
represented three distinct growth habits. The trees were trained to one of four training systems; a vertical axe 
(A), a siender spindle (SS), 4 wire trellis (T) and an V-axe (VA), where alternate trees were trained to opposite 
sides at a 60o angle. Trees in the first three systems were planted at 1.8 x 3.6 m or 1495 trees/ha. The VA vas 
planted at 0.9 x 4.9 m or 2241 trees/ha. Within all cultivars trees in the VA were the smallest trees as measured 
by trunk cross sectional area. Between cultivars 'Fuji' were the largest trees in ah training systems followed 
by 'Gala' and then 'Ginger GoId'. In general the tallest trees were those trained to the A; while the shortest 
were those in the T system. Within a system 'Fuji' tended tobe the shortest trees; significantly so for three out 
of four systems. Within each cultivar the cumulative yield per tree has been greatest for trees trained to the A, 
although with 'Fuji' the yields were not significantly different from the SS or T. The lowest yields per tree were 
consistently from trees trained to the VA; although for 'Ginger Goid' and 'Gala' they were not significantly 
lower than the other two systems. In the SS and the T 'Fuji' had significantly greater per tree yields than either 
'Ginger Goid' or 'Gala'. Cumulative yields on a per hectare basis for 'Ginger Gold' and 'Gala' was greatest 
on the VA system but not significanthy better than trees trained to the A system. With 'Fuji' the greatest yields 
were on tree in the A system but not significantly better than the VA or SS system. In general due to the shorter 
height of the T system yields were lower. The different responses of each cultivar to a particular training system 
and efficiency will be discussed. 

PosterAbstract 71 

Apple Scion and Rootstock Selection and Planning for Michigan 

R.L. Perry', J. Hu11 1 and J. M. Clements2 
IDept. of Horticulture, Michigan State University, East Lansing, MI 48824, USA 

2 University of Massachusetts, Amherst, 393 Sabin Street, Belchertown, MA 01007, USA 

The training system that an apple (Malus x domestica) grower selects must be one that best maximizes al] the 
resources in making the enterprise a profitable venture. There are many parts to the orchard system decision 
"puzzle" which must fit together in a complementary arrangement to gain maximum precision and profitability. 
The most immediate question that must be answered regarding the establishment of a new orchard is tree 
spacing. Extension agents and growers often need assistance in determining optimum tree density for sites. Trees 
planted too close, cause excessive shading and competition for resources results in inadequate light penetration, 
poor quality fruit, low cropping, excessive labor in pruning to reduce shading irnpact, etc. Excessive distance 
results in inefficient planting designs where the land surface is under utilized and long-term profitability may 
be comprornised. In 1989, we made an initial attempt at trying to simplify the decision making process by 
considering the most important variables and assigning them values (number codes in parentheses) in a formula. 
The primary factors affecting spacing include; scion vigor, rootstock vigor, soih type, irrigation, management 
system and the interactions that take place between them. Assessments on vigor are derived from rootstock 
and cultivar triahs and field obscrvations. Our experience gained from working with high-dcnsity orchards in(¡ 
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with new cultivars and rootstocks has encouraged us to frequently updatc the model. The formula is availahie 
on the Michigan State University Department of Horticulture web site for general use by the public, students 
and extension fleid agents in an interactive rnode (spacing calculator): http:/lwww.hrt.msu.eduldepartrnentl 
Perry/Spacing_FruitlmispacingPC.htm, and on the University of Massachusetts Amherst 'Fruit Advisor:' http:// 
www.umass.edulfruitadvisor/ . A mobile version for use on srnart-phones' is also available. More revision in 
the future will be necessary as we learn more of the technical intricacies of new rootstocks, cuhivars, marketing 
demands and management constraints. This spacing recommendation is only relevant Lo Michigan sites and 
for single row arrangement of trees. Consideration needs to be given to adapting the spacing tool to more 
growing regions. 

Poster Abstract 72 

High Density Trial of Bramley's Seedling Apple (Maluspuínila Mill) Clones on 
M.9 and M27 Rootstocks 

S. Mac an tSaoir and J. Mansfield, 
Agri-food and Bio-Sciences Institute Horticulture, Loughgall, Co Armagh, N. Ireland 
sean.macantsaoirafbini.gov.uk 

As traditional Bramley orchards in Ireland are being replaced with high density orchards; it is imperative that as 
these new orchards generate much higher yields as they have a much highcr capital charge against them. The 
highest yielding orchards are those which are close planted and grown on wire trellis systems. The traditional 
system for growing Bramley's has been as single staked trees with trellis systems rejected on the grounds that 
vigor control would be too difficult. The compact Bramley clones produced by gamma radiation in 1968 had 
been rejected by the industry as being unsuitable for the traditional growing systems in Ireland. However, the 
compactness of the clones and the high density trellis systems combined, potentially could be very useful to 
the Irish apple industry. Thus a replicated fleid trial of Bramley clones (numbers 20, 36, 58, 68, and 91) on 
M27 and M9 rootstocks was established at Loughgall with the trees tied to a wire trellis. Standard Bramley's 
were used as controis. All but one done (58) yielded more fruit than the control under the trelhis system. 
Significant differences were found in yield quality and mineral content between the controis and the mutants 
and there is definite potential in combining sorne of the clones with a trellis system for Bramley's seedling 
apple under Irish conditions. 

Poster Abstract 73 

The U.F.O. System - A Novel Architecture for High Efficiency Sweet Cherry 
O rch a rds 

Matthew Whiting 
Irrigated Agriculture Research and Extension Center, Washington State University, Prosser, WA, 
USA 

Traditional sweet cherry (Prunus avium L.) orchard systems in the western United States (e.g., open-center 
vase, steep leader, central leader, bush) can be complex and exhibit significant tree-to-tree variability in canopy 
architecture. Moreover, these chaotic systems comprised of multiple tiers of vegetative growth are not well-
suited to automation (e.g., platforms) or mechanization (e.g., harvest, thinning). From years of orchard system 
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research at Washington State University, a vision for an angled or upright compact, single-plane fruiting wall 
architecture has evolved. The system is based upon size-controlling, precocious rootstocks, features a systematic 
approach to training/pruning (renewal pruning in particular), utilizes sweet cherry growth habit, and facilitates 
the incorporation of labor-saving technologies. Briefly, a permanent horizontal scaffold is established at planting 
by clipping an unheaded whip to a low trellis wire. Whips are planted at about 450• From this scaffold, upright, 
fi-uiting offshoots are borne at 15 cm —25 cm apart. Lateral growth on uprights is removed with dormant thinning 
cuts. The most vigorous upright fruiting wood is renewed each year with dormant heading cuts, leaving a 5 
cm - 10 cm stub. Regrowth from dormant stub cuts is reduced to a single renewal upright with subsequent 
thinning cuts. Our experience with angled sweet cherry fruiting walis has demonstrated the potential for high 
yelds of excellent quality fruit - Sth-leaftrees on Gisela® rootstocks in an experimental orchard (ca. 600 trees/ 
acre) yielded 6— 10 tons per acre of 9.5-row and larger fruit. This presentation will describe the establishment 
and maintenance of the U.F.O. (upright fruiting offshoots) system as well as report on fruit yield and quality 
data from WSU and grower-cooperator orchards. 

Poster Abstract 74 

Performance of Several Dwarfing Rootstocks with 'Fuji' and 'Mclntosh' as Scion 
Cultivars in the 1999 NC-140 Dwarf Apple Rootstock Trial 

W.R. Autio', Ti. Robinson2, T. Bradshaw2, J.A. Cune2 , R.M. Crassweller 2, C.G. Embree 2 , E.E. 
1-boyer2, J. Masabni 2 , M.L. Parker2 , R.L. Perry2 , G.L. Reighard2, T. R. Roper2 , J.R. Schupp2, and M. 
Warmund2 

'Department of Plant Science, University of Massachusetts Amherst, 205 Bowditch Hall, Amherst, 
MA 01003, USA 
2Co-authors are NC- 140 cooperator rnembers from New York, Minnesota, Ontario Canada, Pennsylvania, 
Nova Scotia Canada, Minnesota, Kentucky, North Carolina, Michigan, South Carolina, Wisconsin, 
Pennsylvania and Missouri. 

In spring, 1999, two trials ofdwarfapple rootstocks were established under the coordination of the NC-140 
Technical Committee. One trial included 'Fuji' as the scion cultivar, and the other included 'McIntosh.' 
Rootstocks were CG.40 13, CG.5 179, G. 16N (liners from stool beds), G. 16T (liners from tissue cultured plants), 
G.41, G.202, M.9 NAKBT337, M.26 EMLA, Supporter 1, Supporter 2, and Supporter 3. The 'Fuji' trial 
was planted in Kentucky, Missouri, North Carolina, and Pennsylvania (Biglerville), with partial plantings in 
Pennsylvania (Rock Springs) and South Carolina. The 'Mclntosh' trial was planted in Massachusetts, Michigan, 
Minnesota, Nova Scotia, New York (Williamson), Vermont, and Wisconsin, with partial plantings in New York 
(Peru), Ontario, and Pennsylvania (Rock Springs). Trees were spaced 3x5m and trained as vertical axes. At 
the end of fine growing seasons (2007), 'Fuji' and 'Mclntosh' trees with the greatest trunk cross-sectional 
area were on CG.4013. Trees on G.202, and M.26 EMLAwere significantly srnaller than those on CG.4013. 
The smallest trees were on Supporter 1, Supporter 2, Supporter 3, and M.9 NAKBT337. Trees on CG.5 179, 
CG.3041, G.16N, G.16T, and Supporter 3 were intermediate between the smallest and CG.5202 and M.26 
EMLA. Cumulatively (2001-07) for both cultivars, the greatest yields were from trees on CG.40 13. The lowest 
'Fuji' yields were from trees on G.16N, M.9 NAKBT337, M.26 EMLA, Supporter 1, Supporter 2, and Supporter 
3. For 'McIntosh,' lowest cumulative yields were from trees on M.9 NAKBT337, M.26 EMLA, Supporter 
1, and Supporter 2. Cumulatively (2001-07), 'Fuji' trees on Supporter 1 were more yield efficient than thos 
on CG.4013, G.202, M.26 EMLA, or Supporter 1, with all other intermediate. The most cumulatively yield 
cfficient 'McIntosh' trees were on Supporter 1, Supporter 2, Supporter 3, G.41, and CG.5 179. The least yicld 
efficient trees were on M,26 EMLA and G.202. On average over the fruiting life of this trial (2001-07), M.9 
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NAKBT337 and M.26 EMLA resulted in the largcst fruit, and the thrce Supporter rootstocks resulted in thc 
smallest. M.26 EMLA resulted in larger Mclntosh fruit than did G. 16T, witli all other interniediate. 

Poster Abstract 75 

Early Performance of 'Buckeye Gala' Grafted on 13 Apple Rootstocks 

C. H. Chávez 1 , R.A. Parra 2 , R. Ramírez2 , and J. L. Jacobor2. 
Universidad Autónoma de Chihuahua, Chihuahua, Chih. C.P. 31320, Mexico 

2 INIFAP, Campo Experimental Sierra de Chihuahua, Cd. Cuauhtemoc, Chih. C.P. 31500, Mexico 

The objective of this study was to evaluate 13 apple rootstocks grafted with 'Buckeye Gala' in an apple growing 
district of Chihuahua, Mexico. The trial was established in sandy loam soil, 0.8m deep, pH 6.3, and organic 
matter 0.53%. The planting distance was 4.5 X 2.5 m. Trees were pruned in winter and trained as vertical axis. 
The results showed that the rootstocks with better survival in this region were CG.5935, M26NAKB, B9 
Europe, and B9USA. The rootstocks that showed low to medium vigor were B9, M9T337, CG.3041, CG.3953, 
and G. 11. The Geneva series (G and CG) had the highest accumulated yield and production efficiency. 

Poster Abstract 76 

Peach Fiower Buds Thinned with Dormant Applications of Vegetoil® Adj uvant 
Plus Ethephon 

Gregory L. Reighard, David R. Ouellette, and Kathy H. Brock 
Department of 1-lorticulture, Clemson University, Clemson, SC 29634, USA 

Early removal of fiower buds, fiowers or small fruitlets increases peach fruit size and value at harvest. Due 
to the scarcity of labeled or consistent thinning chemicais, peach growers generaily wait 30 days afier fuli 
bloom before hand-thinning fruit, which limits potential fruit size. Experiments were conducted near Clemson, 
South Carolina to determine the efficacy of combining Vegetoil® ( yO), an emulsified soybean oil adjuvant 
(93% soybean oil), with Ethrel® (a.i. 21.7% ethephon) for pre-bloom fiower bud thinning of peach cultivars, 
'Contender', 'Cresthaven' and 'Rubyprince' peach in January 2006 and 2007 were sprayed with 10% VO 
except for 'Rubyprince' in 2006 (8% yO). Ethephon concentrations used (varied by year) were 25, 50, 75, 
100, or 150 ppm. Dorrnant oil (DO) at 3% and VO at 10% were the control treatments in 2006 and 2007, 
respectively. VO (10%) plus ethephon at 100 andlor 150 ppm significantly delayed bloom in 'Contender' and 
'Cresthaven' in 2006 and in 'Cresthaven' and 'Rubyprince' in 2007. In 2006, VO (10%) significantly reduced 
the number of fiower buds alive at bloom for 'Contender' and 'Cresthaven', and the addition of Ethrel® to 
the VO spray significantly increased flower bud mortality when compared to the 10% YO application. There 
were no differences observed among the 'Rubyprince' treatments in 2006, but the addition of 75 and 100 ppm 
ethephon slightly increased fiower bud death in 2007. Basal flower buds on marked shoots had significantly 
lower survival than the distal or terminal fiower buds in the YO treatments in both years and all cultivars except 
'Cresthaven' in 2006. Generally, 'Rubyprince' is easier to flower bud thin with soybean oil than 'Cresthaven', 
but the opposite was observed in this study when using the Vegetoil® soybean oil product. Data from 2008 
trials will also be presented.
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Development of Coid Resistant Apple Rootstocks in China 

Maojun Zhang, Lihua Ding, Wang Qiang, Yuebo Li, Xingkai Yan and Guojie Xing 
Pomology Institute, JilinAcademy ofAgrjcultural Sciences, No 1363 Caiyu Str., Changchun, Jilin, 130033, 
China, 

Apple is a very important cash crop and grown in all over China from north to south with a diverse climatic conditions 
(min and max temp —5°C and 40°C respectively). According to the China statistics total apple grown area and yield 
from the three districts, Inner Mongolia Autonornous Region, Jilin and Heilongjiang province, are about 100,000 
hectare and 641,000 ton respectively in 2003. Several fruit breeding units, such as Gongzhuling pomology institute 
of Jilin province and Xiongyue pornology institute of Liaoning province, have been devoted to develop hardy apple 
rootstock varieties, by combining the 'Mailing series' dwarf stock with hardy small-size apple variety or wild stock 
Chinese types. Presently sorne new coid resistant dwarf unes (GM256, 63-2-9, 77-42, CX3) have been selected 
and their grafting compatibility and precocity were tested and also being tested in several locations. The GM-256 
had been released in 1980 and presently is being used as intermediate stock because of its difficult rooting and its 
shallow root system. Shandingzi (Malus baccata), is another wild apple type which have been used as vigor stock 
for coid district apple production. Zaai Shandingzi is a new mutation dwarf type of Shandingzi which has potential 
to replace Shandingzi because of its coid hardiness and dwarfing affect. 

Poster Abstract 78 

Effect of Different Growth Inducing Rootstocks on Alternate Bearing of 'Royal Gala' 
and 'Vista Bella' Apples 

Jozsef Racsko and Diane Doud Miller 
The Ohio State University, Department of Horticulture and Crop Science, Ohio Agricultura] Research and 
Development Center, Wooster, OH, USA 

Alternate bearing can be outlined as a physiological imbalance between the vegetative and reproductive organs of 
a tree. As vegetative growth and productivity can be greatly influenced by rootstcoks, they should affect altemate 
bearing cropping habit as well. Up to now, literature sources on the definite relation between stocks and altemate 
bearing of their scions are not available. Therefore, the aim of this study was to investigate the effect of different 
growth inducing rootstocks on the alternate bearing cropping habit of apple. Afleid trial was set up in an experimental 
orchard at Nagykutas, Western Hungary, in five consecutive years with the regular-cropping 'Roya] Gala' and the 
alternate-bearing 'Vista Bella' cultivars. Each of those was grafted onto M.9, MM.106 and seedling rootstocks 
representing dwarf, semi-vigorous and vigorous growth habit, respectively. Flowering time of both cultivars was 
not influenced by alternate bearing and rootstocks. The rate of fruit set was significantly higher for off-year trees on 
alI three stocks. The amount of flower-inhibiting gibberellins (A3 and A7) in the seeds was significantly higher and 
the prornoting A4 was lower for on-year trees, especially on seedling rootstock. No significant differences, howevcr, 
were observed in Al content among rootstocks. Better fruit quality pararneters were usually measured for fruits 
from off-year trees on M.9 and MM. 106 rootstocks. There was no consequent difference in quality between on-
and off-years on seedling. Alternate bearing index (Al) was also calculated for both cultivars. lis values, however, 
could not represent the altemate bearing cropping habit exactly because it takes the yield (as a consequence of the 
alternate bearing) mio consideration by the calculating. For describing the alternate bearing habit more accurate, 
the modified alternate bearing index (AIm) was developed based on the fiower production of the cultivars. 
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Poster Abstract 79 

Optimization of Geneva Rootstock Micropropagation 

Scott Schaeffer 1 , Danielle Druifel', Tammy Magrath', Salma Tariq', Nathan Tarlyn', Tianbao Yang1, 
Tom Auvil2 and Amit Dhingra' 
'Department of Horticulture, Washington State University, Pullman WA, USA 
'Washington Tree Fruit Research Commission, Wenatchee, WA, USA 

The Geneva apple rootstocks are highly promising as they harbor severa] desirable genetic traits for facilitating 
efficient apple production. However these rootstocks are unavailable in required quantity owing to slow-paced 
micropropagation, perhaps due to sub-optimal tissue culture media formulations. In our program we integrate a multi-
pronged approach tu control in vitro growth of perennial crops. Optimization of media formulations and light quality, 
intermittent desiccation stress and chemical genomics approaches are employed to regulate plant multiplication. We 
have optimized a single formulation solid media that efficiently multiplies Geneva 41 and Geneva 935 rootstocks with 
multiple root formation. Since incident light has a profound effect on hormone production in plants, we are testing the 
impact of different light wavelengths on rootstock growth and multiplication in the established media formulation. 
We are also studying the impact of intermittent desiccation stress on the rate of rootstock micropropagation. In 
combination with the approaches described abo ye the effect of small bioactive molecules, which act as agonists or 
antagonists of hormone action, on rootstock growth is also being studied. With our studies we expect to establish 
an efficient micropropagation platform for Geneva apple rootstocks that is amenable for scale up in a commercial 
cnvironment. 

Poster Abs tract 80 

Reflective Ground Covers Increase Yields of Target Fruit 
Jim McFerson 

Washington Tree Fruit Research Commission, Wenatchee, WA 98801, USA 

In order to maintain profitability, it has become increasingly necessary for orchardists to consistently produce high 
yields of target fruit with defined quality for intemal and external characteristics, size, and storability. Reflective ground 
covers, such as ExtendayTM or DaybrightTM, increase the amount of light available for photosynthesis, especially in 
lower, shaded portions of tree canopies. These durable white woven polyethylene materials can be moved between 
crops in a single growing season and re-used for up to ten years, thus reducing waste. Since 2005, researchers at 
Washington Tree Fruit Research Commission, Washington State University, and Extenday Ltd. have collaboratively 
evaluated the horticultural effects of reflective ground covers in commercial Washington apple, cherry, pear, peach, 
and nectarine orchards, Extenday TM and DaybrightTM have consistently improved fruit color and yields of target 
fruit by increasing fruit set andlor harvest size; neither fruit set nor harvest size have ever been reduced relative to 
untreated controls. Fruit maturity has frequently been advanced by these materials, enabling earlier harvests and 
in sorne cases, fewer picks. Harvest yields have increased every year in Extenday-treated apple plots, suggesting 
a cumulative effect on increasing productivity, particularly in the lower parts of the orchard canopy. Mylar-based 
ground covers have not increased Gala apple color as much as ExtendayTM , and have shown no effect on fruit size or 
yields. While initial capital costs for these products are high, our results showing their positive impact on production 
of target fruit suggest an immediate significant retum on investment. These impacts are most clear in high density, 
well-managed systems. Ongoing research will further define long-term horticultura¡ and econoniic effects.
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Performance of Rootstocks for Plums (Prunus salicina) on Different Soil Types 
P.J.C. Stassen 
ARC Infrui tec-Nietvoorbjj, Private Bag x5013, Stellenbosch 7600, South Africa 

During the past decade, the plum cultivars 'Sapphire', 'Pioneer', 'Angeleno', 'Laetitia' and 'Fortune' were 
tested on a range of available potential rootstocks in five diverse and representative soil types and conditions. 
'Sapphire' planted on high pH soils perform well in terms of yield and fruit mass on the rootstocks Maridon, 
Marianna 1, SAPO 778 and Viking. GF 677 showed signs of incompatibility with the scion cultivar Sapphire. 
Under waterlogged conditions the rootstocks Maridon, Marianna 1, SAPO 778 and Viking performed well 
but both Maridon and Marianna 1 showed signs of incompatibility with the scion 'Pioneer'. In sandy soils 
free from nematodes the rootstocks Flordaguard and GF 677 gaye high yield efficiency as well as good fruit 
mass. On sandy soils heavily infested with ring nematodes (Mesocriconerna xenoplax), SAPO 778, GF 677, 
Viking and Maridon gaye good yield and fruit size with the scion cultivar Laetitia although yield in general 
was lower on this site. On a high potential shale soil both 'Sapphire' and 'Fortune' perform well on severa] 
rootstock including Atlas, Viking, SAPO 778, Flordaguard and GF 677. 

Poster Abstract 82 

An Apple-specific ET Model 

Danilo Dragoni' and Alan N. Lakso 
'Departrnent of Geography, Atmospheric Science Program - Indiana University, Bloomington, IN 
47405, USA 
2Department of Horticultura! Sciences, New York State Agricultural Experiment Station,, Geneva, 
New York 14456, USA 

A comrnon method for estimating crop water use for inigation is to use a crop coefficient, Kc, that is a fraction at 
any time ofthe estimated potential evapotranspiration (ET0), often modeled for a reference grass. The modified 
Penman Monteith (PM) equation used for the standard reference grass adopts average values typical for healthy 
short grass. These include a relatively heavy boundary layer common for grass that tends to uncouple the grass 
from the bulk air. This leads to the estimated ET0 values that are overwhelmingly controlled by net radiation 
(Rn) and relatively insensitive to vapor pressure deficit (VPD). Conversely, due to the tail irregular structure of 
an apple orchard, the canopies of apple trees are highly coupled to the bulk air. This rneans that apple trees are 
dependent on VPD and stomatal conductance as well as Rn. We have developed an apple-specific ET model 
based on the PM equation. The model is a 'big leaf' model and estimates the total transpiration of the tree as 
a distinct product of sunlit and shaded leaves. The moclel has a much smaller boundary ]ayer resistance than 
the ET model. Stornatal conductance has a unique dependence on VPD with limitations imposed by stornatal 
coupling to leafphotosynthesis rate. The model has been very promising in explaining variations in apple tree 
transpiration and Kc measured in the humid climate of NY. 
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Poster Abstract 83 

Influence of Rootstock Thickness, Nut Hardiness and Environmental Conditions 
on Vegetative Propagation of Wainut 

A. 11. Pandit, M. A. Mir, K. M. Bhat and M. S. Wani 
Division of Pomology, S.K. University ofAgricultural Sciences andTechnology of Kashmir, Shalimar, 
Srinagar-India- 191121 
E-mail: ashaqpanditgmai1.com 

Existence of a large number of bearing trees of seedling origin is a highly negative aspect of walnut culture 
in Jammu and Kashmir state. Propagation through seeds results in non-descript type of seedling plantation 
which gives rise to heterozygosity in plant material, coupled with long juvenile period and a great degree 
of variability in relation to nut shape, size, color, quality and maturity. However, this large genetic diversity 
of invaluable material can serve as a source of selection. Clonal selection and propagation of wainut is vital 
from standpoint of tree improvement. Walnuts generally respond well to the vegetative propagation methods 
under fleid conditions as is possible with other temperate fruits. The present investigation was carried out at 
the experimental fleid of Division of Pomology, SKUAST-K, Shalimar during 2005 and 2006.The experiment 
involved three environments viz., Zero-energy poly house, Hot Callusing Cable (HCC) system and open 
fleid conditions with three ranges of rootstock thickness viz., thin (0.5- 1.0 cm), medium (1.0-1.5cm) and 

. thick (1.5-2.0cm) and two types of seedling rootstocks (Hard shell and Soft shell). Cleft grafting technique 
was used for propagation. Zero-energy poly-house environment comprised of higher relative humidity (85-
90%) and temperature (26-28± 20C), while under Hot Callusing Cable (HCC) system, temperature of 26-
280C was maintained around the graft un ion without controlling the relative humidity. The grafting success 
was assessed after three months with maximum success (63.33%) observed under zero-energy poly house 
with thick rootstock followed by medium and thin rootstocks. However, there was no significant effect of 

. rootstocks raised from hard shell and soft shell. Shoot length, number of leaves, number of leaf-lets, leaf 
arca, rootstock girth at crown leve], scion girth and days to leaf fali were found significantly higher under 
zero-energy poly house conditions with thick rootstocks in comparison to HCC and open fleid conditions. 
Our results suggest that grafting performed on thick rootstocks under zero-energy poly house proved superior 
as compared to other environments and thicknesses. 

Poster Abstract 84 

Effect of Foliar Application of Boron and Zinc on Fruit Set and Productivity of 
Almond 

A. H. Pandit, M. S. Wani, M. A. Mir and K. M. Bhat 
Division of Pomology, S.K. University ofAgricultural Sciences andTechnology of Kashmir, Shalimar, 
Srinagar-India- 191121 
E-mail: ashaqpanditgmai1.com 

As almond is the first tree to bloom amongst fruit crops in Kashmir valley, the temperature during this period 
usually rernain low thereby hampering pollinationlfertilization, thus resulting in low fruit set and productivity. 
The effect of boron (2000 and 4000ppm) and zinc (1000 and 2000ppm) and their combinations on the fruit 
set and productivity of almond cv, Shalimar was investigated in an experiment conducted in 2006 and 2007 at 
Shalimar, J&K, India. The treatments were applied before bloom and after harvest but before leaffall. Treatment 
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combinations of 4000ppm boron and 2000ppm zinc recorded the highest fruit set and nut yield during both the 
years. However, fruit set and yield was not significantly affected by zinc alone compared to control. Application 
of boron resulted in increasing the fruit to sorne extent. Fruit yield (kg/tree), nut weight (g), kernel weight (g) 
and kernel % was found higher in all the treatments compared to control. 

Poster Abstract 85 

A Survey of Cultivar/Rootstock and Orchard Management Factors Influencing the 
Incidence of Sunburn Damage on Apple Fruit In Hungary and South Africa 

Midgley SJ . E . * I , Racskó J., Lakatos L. 2 , Soltész, M. 2, Szabó Z. 2 , Nyéki J. 2 , Steyn W.S.', Volschenk 
T. 3 , and Costa C.3 

Department of 1-Torticultural Science, Universit-y of Stellenbosch, Private Bag XI, Matieland 7602, 
Stellenbosch, South Africa 
2 lnstitute for Extension and Development, University of Debrecen, Bósz&ményi Street 138, 4032 
Debrecen, Hungary 
3Agricultural Research Council Infruitec-Nietvoorbij, Private Bag X5026, Stellenbosch 7599, South 
Africa 
Email: sjew@sun.ac.za 

Sunburn damage is a disorder which has serious economic impacts in many apple-growing regions worldwide, 
including Hungary and South Africa. In both countries, field surveys have been conducted to assess the incidence 
and severity of sunburn damage as related to genetic traits (cultivars and rootstocks), irrigation and crop load 
management, row orientation, and climate ameliorating technologies such as evaporative cooling and shade 
netting. In Hungary, evaluation of 586 varieties in an apple gene bank showed that most varieties are more or 
less susceptible to sunburn, and only 18 varieties were not damaged. Based on other fruit quality parameters, 
only 12 of these are suitable as potential parents in future breeding prograrns. lo Hungary, sunburn decreased on 
rootstocks in the foliowing order: M.9, MM. 106 and crabapple seedling, and in South Africa sunburn was also 
highest on M.9. In general, sunburn damage was higher on rootstocks which favoured cropping over vegetative 
growth thus causing fruit to be exposed to strong direct radiation. in South Africa, high crop loads and water 
deficits were associated with higher sunburn damage in sorne cultivars. Under Central European conditions, 
rnost of the examined varieties were highly damaged with a N-S row direction but not with an E-W row 
direction; in South Africa the trend was not as clear. In both countries, the incidence of sunbum on apple fruit 
was significantly decreased by evaporative cooling due to the reduction of fruit surface temperature. In South 
Africa, 20% black shade netting was also highly effective in reducing sunburn. Future cultivar development 
and orchard management advances should take cognisance of sunburn as one of the most irnportant pre-harvest 
quality deterrninants in both countries, and increasingly so in many other regions exposed to the effects of 
global warrning. 

Poster Abstract 86 

Overview of Apple Rootstocks in South Africa 

Carlo Costa and Piet Stassen 
Horticulture Division, ARC Infruitec-Nietvoorbij, P Bag X5013, Steflenbosch 7599, South Africa 

There are currently around 21,000 hectares ofapples grown in South Africa. High sol] temperatures in sumrner, 
insufficient winter chilling, variable, poor and shallow soils, replant problems and virulent Woolly Apple Aphid 
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strains place speciflc demands on rootstock choice. Merton 793 was established as thc standard rootstock in 
South Africa since the late 1960s, yet the use of seedling rootstock also found wide application until fairly 
recently. From results of rootstock trials conducted from 1967 to 2003 in the main producing regions with a 
range of scion cultivars, M793 was conditionally confirmed to be the best standard sized rootstock available 
at the time, while M7 , which is susceptible to Woolly Apple Aphid and suckering and MM 106, susceptible to 
Phytophthora, were conditionally recommended as semi-dwarfing stocks, while MM 109, a high vigor stock, 
was recommended for soils of low fertility. There is thus a need for an improved range of rootstocks which 
is more dwarfing, precocious, yield efficient, resistant to major pests and diseases and which are adapted to 
various soil types and conditions. Hence a range of Geneva rootstocks was imported and a trial established in 
2000 in order to find alternatives more suited to modem and sustainable apple production. 

Poster Abstract 87 

Relationship Between Vigor and Genetic Similarity Index in Seedlings of 
Polyembryonics Varieties of Mangifera indica L. 

Claudia Barbosa', Felipe Sánchez-Teyer2, Antonio Rescalvo', Manuel L. Robert2 and Leticia Ponce 

de León' 
Universidad Autónoma Metropolitana - Iztapalapa, San Rafael Atlixco No. 186, Col. Vicentina, Del. 

Iztapalapa, C.P. 09340, México, D. F., México. Tel: (55) 5804- 4697. 
2Centro de Investigación Científica de Yucatán, A.C. Calle 43 # 130, Col. Chuburná de Hidalgo, C.P. 
97200, Mérida, Yucatán. México. Tel: 01(999) 9428-330. 

The variety Haden of Mangfera indica produces seeds monoembryonics; with an only sexual zygotic embryo. 
While Manila and Ataulfo that are polyembryonics can also develop between 2 and 8 asexual nucellar 
embryos or clones of the plant mother in the same seed. The plants of nucellar origin are used as rootstocks 
in the plantations for their uniformity. In the orchards the trees should be vigorous, productive, adapted to the 
ecological conditions of the region and resistant to diseases. The distinction of the zygotic or nucellar origin 
in the seedlings would have advantages to select materials for propagation. The objective of the present study 
was evaluate the vigor and comparing the germination parameters and the relative growth rate (RGR) of the 
seedlings of each seed with the genetic similarity index (GSI) between the seedlings of zygotic and nucellar 
origin and the plants mother. A hundred seeds of each variety were collected in The Rosario,Sin., Méx. The 
seeds were sowed and vas evaluated the capacity and velocity germination during 16 days. The seedlings were 
transplanted and growth parameters were evaluated during 3 months. The seedlings that germinated first in the 
same seed also presented high growth rates. DNA was extracted from leaves of seedlings and plants mother 
and analyzed by AFLP. Using only two AFLP primers produced 135 bands, of these 74% was polymorphics. 
The results show a cluster among the seedlings in the same seed; however, we observed that the embryos that 
germinates first are lightly different that the rest of the embryos. In this sense we are deepening in the analysis 
between plants mother and seedlings coming from diverse embryos in the same seed.
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Poster Abstract 88 

Investigation of Apple Rootstocks in the Nursery 

Darius Kvi1çly, Juozas Lanauskas, Jurga Sakalauskaite, Nomeda Kvikliene and Nobertas Uselis 
Lithuanian Institute of Horticulture, Kauno str. 30, LT-4335 Babtai, Kaunas distr., Lithuania 
E-mail: d.kviklys@lSdj.lt  

The effects of apple rootstocks M.9, M.26, MM. 106, B.118, 13.396, P60, P2, P22, P59 and Antonowka 
seedlings on the quality of one year oid pianting material were studied at the Lithuanian Institute of Horticulture 
in 2005-2007. Two apple cultivars 'Auksis' and 'Shampion' were included in the trial. The influence of rootstock 
on tree height, stem diameter, leafarea and weight was estimated. Rootstocks determined tree characteristícs. 
Significant differences among rootstocks were found when tree height, stem diameter, leafarea and leafweight 
were estimated. The highest one year oid trees grew on B.118, M.9 and Antonowka seedling rootstocks. 
Significantly lower trees grew on P 22, P 2 and B.396 rootstocks. The taller planting material had bigger stem 
diameter. Trees propagated on P 2, P 60 and 13.396 rootstocks had smaller stem diameter. M.9, P 22, P 59 and 
B. 118 rootstocks determined larger leaves of apple planting material. Trees on P2, M.26, MM. 106 and seedling 
rootstock had significantly smaller leaves. Though there was a positive correlation between rootstock growth 
vigor and vegetative growth characters of planting material, one year oid trees on dwarf M.9 rootstock were 
taller and thicker than semidwarfM.26 and semi vigorous MM. 106. The same was noticed with very dwarfing 
P 59 rootstock which produced trees with similar growth characteristics as M.26 or MM. 106. 
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Comparison of Sorne Size Controlling CG Apple Rootstocks on the Performance of 
'Jonagoid' and 'Novaspy' in Atlantic Canada 

J-P. Privé-', C. Embree 2 , andA. LeBlanc' 
'Agriculture andAgr-Food Canada, P.O. Box 2069, Bouctouche, NB, MS 2J2, Canada, Email: privej 
agr.gc.ca 
2Agricuiture andAgr-Food Canada, 32 Main Street, Kentville, NS, B4N 1J5, Canada, Email: embreec@  
agr.gc.ca 

In 1999, a trial was estabiished in Atlantic Canada at Bouctouche, NB (46°26'N) and Kentville, NS (4504'N) 
to assess the performance of the apple cultivars 'Jonagoid' and 'NovaSpy' pianted at 890 trees/ha. 'Jonagoid' 
trees were grafted on six rootstocks (CG052, CG054, M.7 EMLA, M.26, P.14 and P.60) while 'NovaSpy' was 
grafted on 7 rootstocks (CG052, CG090, M.7 EMLA, M.26, MM. 106, P. 14 and P.60). This paper presents 
seven year results from this trial and will discuss their implications for recomrnendation in Atlantic Canada 
based on terms of tree vigor, fruit size, yield and yield efficiency. 
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Effects of Three Planting Systems on Apple Tree Growth and Productivity 

F. Stanica' and 1. Platon2 
'Faculty of Horticulture, University of Agronomic Sciences and Veterinary Medicine, Bucuretti, 
Romnia 
2Fruit Research and Development Station, Bistrita, Románia 

With the aim of testing and prornoting new planting systems, at the Faculty of Horticulture in Bucuretti, a 
trial was organized with sorne of most diffused apple cultivars in the Romanian orchards: Florina, Idared and 
Aura, a new scab resistant Romanian cultivar. Trees were grafted on M 9 and M 26 rootstocks and plarited in 
the spring 2005 at 3.5 m between rows. The distance between the trees on the row varied from 1.0 m for M 9 
to 1.5 m for M 26 for Spindle and from 1.5 m for M 9 to 2.0 m for M 26, for Drilling and Mikado canopies. 
Soil was maintained grass covert between rows and with polypropylene fabric mulch on the row. An iritegrated 
pests and diseases management was applied. The canopy formation consisted mainly in summer pruning and 
shoots tiding. From the first growing season, the shoots type, shoots number and length was determined. Every 
spring the percentage of fruit set was calculated and during the ripening period, fruit production was weight 
per tree and the yield (tlha) was calculated. The formation of the fiowering shoots was positively influenced 
by M9 rootstock in all studied cultivars, meanwhile there were not significant differences between the two 
rootstocks, regarding the vegetative shoots formation. The highest number of total fiowering shoots was 
registered at Drilling and Mikado canopy and at Idared cultivar. Generaily, M26 rootstock determined a more 
vigorous vegetative growth expressed by the total shoots length, shoots average length and shoots number. 
An exception was represented by the higher values registered on M 9 rootstock at Mikado canopy. Aura was 
the most vigorous cultivar. The three cultivars had different behaviour related to the canopy and the rootstock 
used. The highest yield was obtained on M 9 rootstock and with Mikado canopy. 

Poster Abstract 91 

Rootstocks Affect Four Apple Cultivar Yield in Kiasar 

Sadeghi H.' and Mojdah H.2 

'Dep. Of Horticulture, College of Agriculture, San' ,Iran 
2Dep. Of 1-lorticulture , College of Agriculture Sari, Iran 

Yield and other fruit traits of Gala, Granny Smith, Delval and Golden Dehicious on M9 and MM 106 rootstocks 
were studied for 5 years. The research conducted in complete randomized design at 3 replication in Kiasar 
research station (Lat. 36.23 , Lon. 53.55 , El. 1290 m. Sari, Iran). In sixth years afler planting the most important 
finding are : cultivars on different rootstocks had different yield. Golden Dehicious on M9 (35kg/tree) had 
more yield than MMI06 (27kg/tree) but Granny Smith yield on MM106(32kg/tree) was significantly more 
than M9 (30.5kg/tree). Yield of Gala and Delvar on both rootstocks was the same. Sunscald affected Granny 
Smith fruits on M9 more than MM 106 . Trees trunk breakdown due to fruit weight or wind on MM 106 were 
higher than trees on M9. MM 106 rootstock was more sensitive to phytophthora crown decaying. Flowering 
of Golden Delicious and Granny Smith on M9 happened 6-7 days earlier than other cultivars. Gala, Golden 
Delicious, Granny Smith and Delval were more sensitive to apple scab, respectively.
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Evaluation Of Pear Rootstoks in Latvia 

J. Lepsis. and 1. Drudze 
Pure Horticultura! Research Centre, Abavas iela 2, Pure LV - 3124, Latvia 

The main problem in the pear orchard management is the lack of growth limiting rootstocks. Quince (Cydonia 
oblonga) rootstocks used in the Western Europe probably have insufficient winter-hardiness in Latvia cliniatic 
conditions. In addition, all pear cultivars recommended for intensive orchards in Latvia have insufficient 
physiological compatibility with quince. The aim of the study was to evaluate pear rootstocks used in Western 
European tree-nurseries in Lama conditions with local cultivar 'Suvenirs'. In the trial five vegetative propagated 
rootstocks were included: three quince (Cydonia oblonga) rootstocks - QA, QC and BA 29; two rootstocks 
originated from Pyrus communis -OH x F333 and 'Pyrodwarf, as well as two seedling rootstocks of Pyrus 
communis - 'Kirchensaller Mostbirne' and 'Kazraushu'. The double inoculation (nicolation) was used (as 
interstock was used cultivar 'Shtaras 31', of Lithuania selection) to prevent physiological incompatibihity 
with the quince rootstock. Trial was established in 2001 in the frame of the project "Baltic Fruit Rootstock 
Studies". Trunk cross section area (TCSA), tree height, crown volume and crown projection area were used as 
characteristic traits for trees vegetative growth evaluation. Rootstocks influences on TCSA was stated starting 
with the 3rd year afier planting, when the biggest TCSA was obtained on 'Kazraushu' seedling rootstock and the 
smallest on quince. In the 7th year after planting the lowest TCSA was registered for trees grafted on quinces, 
but the biggest one on 'Kirchensaller Mostbirne' and 'Kazraushu', rootstocks OH x F333 and Pyrodwarr are 
between. Similar division was observed also according to the crown parameters: the srnallest trees are registered 
on the quince rootstocks, trees on OH x F333 and 'Pyrodwarf' have bigger crowns than on quince, but in sorne 
parameters do not significantly differs from seedhing rootstocks 'Kirchensahler Mostbirne' and 'Kazraushu'. 
Marked physioiogical incompatibility was stated between cultivar and rootstock BA29. Significant difference 
between other rootstocks was not stated. The most root offsprings were observed for rootstock 'Pyrodwarf'. 
Due to unfavorable weather conditions (!ow winter temperatures, spring frosts) yield was obtained only in the 
6th year after planting. Yield was quite low, 5-13 kg per tree or 3-8 t ha'. Differences between rootstocks are 
not significant. Main conclusions: rootstocks OHxF333 and 'Pyrodwarf' a little influence tree height; the most 
dwarfing effect showed rootstocks QA, QC and BA 29; rootstock BA 29 is inappropriate due lo physiological 
incompatibihity; it is necessary to continue investigation to evaluate the rootstock influence on tree winter 
hardiness and yield. 
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Regulated Deficit Irrigation Affects Fruit Quality, Yield and Growth of 'Montmorency' 
Tart Cherry 

Kyhira Papenfuss and Brent Black 
Departrnent of Plant and Soi! Science, Utah State University, Logan UT, USA 

Regulated deficit irrigation (RDI) has been tested in a variety of fruit crops to iniprove efficiency of limited 
irrigation water, control vegetative growth, and improve fruit quaiity. However, little is known about the 
potential benefits of RDI for tart cherry (Prunus cerasus). The effects of regulated deficit irrigation on fruit 
quaiity, yieid and growth of 'Montmorency' were studied during the surnmer of 2007. Five irrigation leveis 
were apphied from pit hardening (24 May) to harvest (23 July) in a uniform 13 year oid commerciai orchard. 

138



The irrigation leveis supplied 30, 48, 61, 78 or 102% of crop evapotranspiration (ETc). Each level had six 
replicate plots consisting of 3 rows by 12 trees per piot, with data collected from the 10 central trees. The 
effectiveness of cach irrigation level was determined by monitoring atmospheric conditions, soil water potential 
and midday stem water potential. Midday stem water potential was closely correlated with irrigation levels 
and ranged from 0.8 to 1.2 MPa by harvest. Fresh and dry weight yield did not differ significantly among 
irrigation levels. Average fruit size ranged from 4.02 to 4.26 glfruit, but only the lowest irrigation level had 
noticeably more undersized (culi) fruit. Fruit soluble solids content was inversely proportional to irrigation 
level and ranged from 13.1 to 14.7%. The effects of deficit irrigation on tree health, including trunk injury and 
return bloom will be discussed. 
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Ethephon as a Bloom and Post Bloom Thinner for 'Summerred' Apple Trees 

M. Meland and M.E. Moe 

Norwegian Institute for Agricultura! and Environmental Research, Bioforsk Vest Ullensvang, N-5781 
Lofthus, Norway 
Email: mekjel1.melandbioforsk.no 

The apple cultivar 'Summerred' is a strong alternate bearer in Norway ifnot properly thinned in order to achieve 
regular bearing and high fruit quality. For three seasons started in 2003 mature 'Summered'/M9 apple trees 
were treated with ethephon when king fiowers opened at concentration of 250, 375 and 500 ppm and at 10 mm 
fruitlet stage at concentration of 500, 625 and 750 ppm. The experimental design was complete randomized 
blocks with 6 reps and single trees applications. The trees were sprayed to running off with a hand sprayer when 
temperature was aboye 15 T. When thinned at bloom and fruitlet stage, the final fruit set was achieved two 
weeks later. All the thinning treatments reduced the fruit set of the trees significantly included the hand thinned 
trees. The thinning effects increased linearly with the ethephon concentration and the highest dosages at bloom 
and fruitlet overthinned. The yield did confirm the fruit set and the yield reductions were significant. Al! thinned 
treatments gaye higher percentage of grade 1 fruits larger than 60 mm fruit size and the fruit weight became 
increased as well. The thinning managed to increase the soluble solid content significantly, especially the hand 
thinned trees. The other fruit quality parameters like ground and surface color showed minor improvements 
due to the thinning. Fruit firmness declined slightly from the ethephon thinned trees. Ethephon is known for 
advancing maturity and will likely give a bit sofler fruits at harvest compare with the untreated. Return bloom 
was iniproved for all the thinned trees. In conclusion, spraying with ethephon at a dosage of 375 ppm applied 
when king fiowers were open or 750 ppm at 10 mm fruit diameterthinned 'Summerred' apple trees to a target 
of about 3-4 fruits per TCSA or 30-40 fruits per 100 fiower clusters. 
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Precision Selective Thinning to Regulate Fruit Set and Improve Apple Fruit 
Quality 

Lutz Damerow and Michael Blanke 
Institute of crop Science and Resource conservation (INRES) - Horticultural Science, University of 
Bonn, Gerrnany 

The objective of this contribution is to present a new device for precision fiower thinning in fruit crops. The 
device was tested for the last three years on apple to thin fiowers without use of chemicais, in order to improve 
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fruit quality, reduce labor for hand thinning and overcome alternate bearing. The newly developed device 
comprises three rotors with adjustable angles and vertically rotating ropes, which remove excess apple fiowers. 
The device can be used to precisely remove any combination of peripherai andlor inner fiowers, fiowers in the 
top, middle andlor bottom part of the tree. The portion of removed fiowers can be controlled by a combination 
of rotor versus tractor speed. Apple cv. ';Gala', 'Golden Delicious', 'Pinova' and 'Braeburn' apple trees were 
thinned at fiower opening (growth stage 930 DD) with the new device in Klein-Altendorf near Bonn, Germany. 
Adjacent untreated, hand-thinned or chemically (benzyladenine-) thinned apple trees of the same rows served 
as controls. Tree branches remained un-damaged by the vertically rotating ropes. Slight leafdamages of less 
than 8% were observed at the fastest rotor speed of 320 rpm, which also ga ye the best thinning results. The 
portion of class one fruits >70 mm was increased by 10 % without yieid loss and by up to 20 % with yield Iosses 
of ca. 5-10%, depending on the settings, relative to the untreated control. This was equivalent to fruit mass 
gains of 10 g without yield loss and of 20 g with 10 % - 20 % yield Ioss with economic gain in both cases. The 
mechanical thinning required 1 h ha-' at a tractor speed of 5 km h-' and reduced the subsequent hand thinning 
by 45% (by 15 h!ha or its cost by ca. US $ 150/ha). The new device gently removed up to one third of both 
peripheral and central fiowers at a cost of less than 120 US $/ha and with a negligible risk of over-thinning 
and with positive effects on ret-urn bloom. The positive results with thinning of apple shows its potential use 
in other pome and stone fruit crops. 
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The Effect of Planting Density of Bramley's Seedling Apple (Malus purnila Mill) 
011 M111/9 Rootstocks with an M9 Control in Sites Suffering from Specific Apple 
Replant Disease 

S. Mac an tSaoir1, J. Mansfield 1 , G.Cross2 and R.Harun2 
'Agri-food and Bio-Sciences Institute Horticulture, Loughgall, Co Armagh, Northern Ireland. 
'CAFRE, Greenmount College, Antrirn, Co Antrim, Northern Ireland 
Email: sean.macantsaoirafbini.gov.uk 

Specific apple replant disease is caused when an oid orchard is grubbed out and a significant pathogen population 
develops in the soil as the remaining root fragments rot. New roots from young tees planted into such sites 
are often attacked by these soil pathogens and suifer accordingly. M 111 rootstocks with M9 interstems are 
promoted in the British Isles as suitable for replant sites. Because Bramley's seedling apple is such a vigorous 
cultivar, it is sometimes claimed that a replant site provides a useful check on Bramley growth and is therefore 
an advantage. On both clean and replant sites the foliowing densities were planted in 2000; Dl - 24' x 18' 
open centre on a short stake, D2 - 12' x 18' central leader on 2.5 m stake; D3 - 16' x 10' central leader on 2.5 
m stake and the control D4 - 14'x 8' M9 central leader. The accumulated results for 2004-2007 (three central 
trees recorded) prove that in the case of Bramley's seedling, SARD infected ground significantly increased 
yield compared to the clean ground - 107 kg vs 36 kg. On the clean sites the traditional planting density (Dl) 
produced the lowest yield (16 kg whilst the M9 treatment generated the highest yield (61 kg). 
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Performance of Severa¡ Semidwarling Rootstocks with 'Fuji' and 'Mclntosh' as 
Scion Cultivars in the 1999 NC-140 Semidwarf Apple Rootstock Trial 

W.R. Autio', T.L. Robinson 2 , T. Bradshaw 2 , J.A. Cune2 , R.M. Crassweller2, C.G. Embree, E.E. 
floover2 , J. Masabni2 , M.L. Parker2 , R.L. Periy2 , G.L. Reighard 2, T. R. Roper2 , J.R. Schupp 2, and M. 
Warmund2 

'Department of Plant Science, University of Massachusetts Amherst, 205 Bowditch Hall, Amhcrst, 
MA 01003 
2Co-authors are NC-140 cooperator rnembers from New York, Minnesota, Ontario Canada, 
Pennsylvannia, Nova Scotia Canada, Minnesota, Kentucky, North Carolina, Michigan, South Carolina, 
Wisconsin, Perinsylvannia and Misouri. 

In spring, 1999,  two trials of sernidwarf apple rootstocks were established under the coordination of the NC-
140 Technical Committee. One trial included 'Fuji' as the scion cultivar, and the other included 'Mclntosh.' 
Rootstocks were CG 4814, CG.7707, G.30N (liners from stoolbeds), M.7 EMLA, M.26 EMLA, and Supporter 
4. The 'Fuji' trial was planted in Kentucky, North Carolina, Ohio, and Pennsylvania (Biglerville), with partial 
plantings in Missouri and South Carolina. The 'Mclntosh' trial was planted in Massachusetts, Michigan, 
Minnesota, Nova Scotia, New York (Williamson), Ontario, and Wisconsin, with partial plantings in New York 
(Peru), Pennsylvania (Rock Springs), and Vermont. Trees were spaced 4x6m and trained as free-standing 
central leaders. 'Fuji' trees on M.7 EMLA had larger trunk cross-sectional area in 2007 than those on CG.48 14. 
'Mclntosh' trees on M.7 EMLA and Supporter 4 were larger than those on M.26 EMLA, CG.4814, or CG.7707. 
Root suckering (cumulative, 1999-2007) was much more prominent with 'Fuji' as the scion cultivar than 
with 'Mclntosh.' M.7 EMLAresulted in the most root suckering with both scion cultivars, and M.26 EMLA 
resulted in the least. Cumulatively (2001-07), 'Fuji' and 'Mclntosh' trees on G.30N yielded more than those 
on M.26 EMLA, CG.4814, or M.7 EMLA. Rootstock did not affect cumulative (2001-07) yield efficiency 
of 'Fuji' trees. For McIntosh, however, trees on CG.4814 were more yield efficient than all others, and trees 
on M.7 EMLA were the least efficient, significantly less than those on CG.4814, CG.7707, and G.30N. On 
average over the fruiting life of the trial (2001-07), CG.7707 resulted in larger 'Fuji' fruit than did CG.4814, 
and rootstock did not affect McIntosh fruit size. 
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Studies on Diagnosis of Tree Architecture in Young Red Fuji Apple Tree 

Jiang Yuanmao1, Peng Futian', Shu fluairui', Li Xiaolin 2 and Zhang Fusu02 

Shandong Agricultural University, Ta jan 271018, China 
2 China Agricultural University, Beijing 100094, China 

Based on tree architecture analysis to young Fuji apple orchard with high planting intensity, four types of Fuji 
tree architecture : weak tree, high yield tree in plain, moderate growth tree and young tree with active growth 
were defined. The discrimination function of four tree types were listed as follows according to discrimination 
analysis: Weak tree: Y=2.004x 1-0.000011 x2+0.465x5+0.70x6-0.00 1 2x7+99. 1 x8+0.05 79x9. High yield tree 
in plain: Y= 2.121 xl +0.000068x2+ 0.50x5+0.80x6+0.000045x7+ 121.1 x8+0.064x9. Moderate growth tree: 
Y= 1 .86x 1 +O.000057x2+0.55x5+0.734x6-0.000 1 25x7+ 129.1 X8+O.0785x9. Young tree with active growth: 
Y2.93x 1 -0.000029x2+0.63x5+0.83x6-0.00098x7+ 1 05.9x8+0.054x9 (xl -stem conference<cm> ,x2-branch 
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numbers per mu<piece> ,x5-proportjon of fine short branch<%>, x6-proportion of weak short branch<%>,x7-
yield per mu<kg>, x8-fruit color index, x9-individual fruit weight<g>) 
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Rehabilitation of Shiwaliks Through Agro-Horticulture Modeis 

Pushpinder Singh Aulakh 
Punjab Agricultural University Regional Station, Abohar-15211 6, Punjab, India 
E-mail : ps_aulakh @yahoo.com 

Agro-horticulture has emerged as one of the most viable option for sustaining the rural livelihood of rainfed 
areas under lower Shiwaliks of Punjab, has about 10% of its area which is mostly affected by highly streams 
(rainy season torrents) popularly known as "Choes". Though annual precipitation is about 1200 mm, yet uneven 
distribution of rain both in space and time ieads to severe drought conditions during spring, summer and autumn 
months. Light textured soil having poor water holding capacity and fertility status further aggravate the situation 
rendering the cultivation of arable crops un-sustainable. Therefore to have a sustainable production to meet 
out the livelihood of the rural masses, there is option to shift land use from traditional established needs by 
incorporating agro-horticulture system, because, deep root system of the trees are Iess affected by the droughts, 
thus, ifthe crops are grown associated with the trees, the production in this zone can be greatly increased and 
made sustainable. Keeping this in view, the present studies were carried out at Zonal Research Station for 
Kandi Area, Baliowal Saunkhri during the year 1992-93 on the performance of different sub tropical fruits with 
the potential of economic returns and as a cover to protect the land from on going degradationBased on the 
studies (1992-93 to 2005-06) conducted have shown a good deal of success with participatory involvement 
of people in the plantation of different subtropical fruits viz; Aonla(Emblica officinalis Gaertn), Ber (Zizyphus 
mauritiana Lamk), Guava( Psidiurn guajava L.), Galgai( Citrus limon Burm), Pomegranate( Punica granatum 
L) & Olive( Olea cuspkjata). The results also revealed that Chakiya cv. of Aonia, Sanaur No. 2 Ber, Allahabad 
Safeda and Lucknow-49 Guayas, Gangian Selection 6 and Kandi local 1 Gaigals, Ganesh cv of Pomegranate 
and Ascolona & Cornicobra cvs of Olive shown a good performance with respect to survival, growth, fruit 
yield and quality characteristics. It was also observed that Inter cropping with leguminous crops viz; moong 
and mash during kharifseason and gram, mustard and taramira during rabi season as well as grasses i.e. Anjan 
(Cenchrus cilliaris), Dhanjan (C. setigerous) and guinea did not affect the growth of fruit trees adverseiy. Based 
on these studies, it can be concluded that agro-horticulture systems improve the soil fertility and also checked 
the run off and soil erosion in the iower Shiwaiiks of Punjab. 
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The History of Apple Breeding in People's Republic Of China 

IIua Gao', Zhiguo Dang', Dan Li', Lixin Mei', Yizhen Wan', Leicun Wang', Zhengyang Zhao' and 
Gennaro Fazio2 

'College of Horticulture, Northwest A&F University, Yangling, Shaanxi 712100, China 
2 US Department of Agriculture, Agriculture Research Service, Plant Genetic Resources Unit, New 
York State Agricultural Experiment Station, Corneil University, Geneva, New York 14456, USA 
Ernail: wyz689hotrnail .com, wyz689@hotmall.com and zhaozy@nwsuaf.edu.cn 

China is the leading apple production country in the world. lts apple area and production in 2006 was 
1,898,000 hectares and 26,000,000 tons, accounting for more than 35% of the global apple area and production, 
respectively. New cultivars are very important to development of the apple industry. China has a history of 
more than 50 years in apple breeding. Over 260 apple breeders from 40 universities or institutes all over the 
country, including the provinces of Liaoning, Hebei, Shaanxi, Shandong and Shanxi, devoted themselves to 
the apple breeding career. China released 270 apple varieties in the past 50 years by crossing and using 'Fuji', 
'Ralis', 'Delicious', 'Golden Delicious', 'Jonathan', and 'Toko' as the parents in the crosses. Among them, two 
varieties of'Qinguan' and Yanfeng' bred in Shaanxi, two varieties of'Huaguan' and 'Huashuai' in Henan, five 
varieties of'Liaofu', Yueshuai', 'Hanfu', 'Qiujin', and 'Huahong' in Liaoning, two varieties of'Guohong' and 
'Yanshanhong' in Hebei, Danxia'in Shanxi, and 'Dailv'in Shandong exhibited comprehensively high qualities 
and had a certain large extension area in the history of China apple industry. Now China has also initiated 
program for breeding red flesh apples andjuice apples with high acidic contents. Traditional crossing, sports 
selection, and open-pollinated seedlirigs selection combined with marker-assisted selection, anther culture, 
transgenic engineering, were the approaches used for breeding new apple varieties. Research on inheritance of 
important traits in apples, pre-selection and early evaluation for the seedlings, methods to shorten thejuvenility 
in apples, resistance to apple canker and apple ring rot, transgenic engineering in apples was also conducted 
in the apple breeding program. China began apple rootstock breeding program thirty years ago. Traits of 
dwarfing, high disease resistance, drought endurance, and coid hardiness, are the primary consideration in the 
apple rootstock breeding program. China has released a handful of apple rootstocks as 'S19', 'S20', 'SHI5', 
'63-2-19', '77-34', 'Liaozhen No. 2', 'GM2 56', 'CX3', '75-9-5', and '75-7-1'. ANational Apple Breeding 
Association in China will lead to coordination among breeding groups across the country and to development 
of the apple industry in China. 
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Evaluation and Selection of Fruit Rootstocks for the Climate of Belarus 

Kazlouskaya Z.A., Samus V.A. 
The Republican Research and Production Unitary Enterprise, Institute for Fruit Growing, 
Samokhvalovitchy, Minsk reg., 223013 Belarus, 
e-mail: zoya-kozlovskaya@tut.by, belhort@it.org.by 

The climate of Belarus presents special challenges to orchards growers. Winter hardiness is an essential 
rootstock characteristic as it easy to propagate, precocious in bearing and productive in the orchard. Since 
the 1960s, selection of dwarfing clonal apple and pear rootstock was carried out in the Brest Agricultura! 
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Experimental Station (AES) and Grodno AES, than in Belarusian Research institute for Fruit Growing 
(Minsk reg.) including dwarfing clonal plum and cherry rootstock also. According collaboration between our 
Institute and different Russian Research Centers (Barnaul, Kryrnsk, Michurinsk, Voronezh, Orel etc.) there was 
a success to collect big pool of diversity fruit rootstocks. In 1990s set up good relations with sorne European 
countries. New development of evaluatjon of fi-uit rootstocks was begun in 1990s. Objects of research were the 
foliowing groups of rootstocks: 39 hybrid forms of apple which parentage include Malus species: M baccata, 
MXdomestica, MXprunfolia, MXmicroma/us, Mzurkmenorum; 60 - pear (Pyrus communis, P.ussuriencis, 
P.salicifolia) and quince (Cydonia oblonga); 34— plum, which parentage include species: Armeniaca vulgaris, 
Prunus cerasfera, P americana, Psalicina, P.sjmonij, Pdomestica ssp.insititia, Microcerasus tomentosa, 
M.incana, M.pumila, Persica vulgaris, 36 - cherry, which parentage include species: Cerasua vulgaris, 
C.maackii, Cfruticosa, C.lannesiana, Prunus mahaleb. According to the complex indices the following apple 
rootstocks are recommended for cultivation in the Belarus: PB-4 (from Belarusian breeding program), 62-
396, 54-118 and 57-545 (Budagovsky series), M9, M26, MM 106 (M and MM series). There are in the State 
Testing of Belarus: apple rootstocks 106-13 (from Belarusian breeding program), plum - VPK-1, OD 2-3, 
VVA- 1 (from Russian breeding program), for cherry - AVCh-2, VSL-2 (from Russian breeding prograrn), 
Gisella-5, Damil GY-79. 

Poster Abstract 102 

Regulation of Calcium Uptake and Transiocation in Plants 

Honggiang Yang' 2 and Yuling Jie1 
'College of Horticulture, Shandong Argricu!ture University, Tajan 271018, China; 
2 State Key Laboratory of Crop Biology, Tajan, Shandong27 1018, China 

Calcium is an essential plant nutrient and a second messenger in ceil signal transduction. Recently, most of 
researches on calcium in plants have been focused on the role of calcium in cellular level. But the uptakc 
and transport are also very important for calcium lo accornplish its function in whole plant level. The uptake 
of calcium in whole plant level must enter one celi then exit from this celi and enter another ceil, which is 
influenced by metabolism and temperature. The over expression of Ca 2`H' transporter can increase calciurn 
leveis of transgenic plant significantly. Ca 21 enter syrnplast from apoplastic pathway through Ca l' channeis. Ca2

-ATPase can drive Cal ' flux from syrnplast to apoplast. The uptake and transport of calcium are also regulated by 
phytohormone, rootstock and genotype. There is a tight linkage of calcium and auxin countercurrent fluxes. 

Poster Abstract 103 

Effects of Shoot and Leaf Distribution on Microclimate and Fruit Quality in Fuji 
Apple 

Oinping Wei 

The Institute of Forest and Porno!ogy, Beijing Academy of Agriculture and Forest Science, Beijing, 
China 
Email: pwei@sina.com 

The method of space subdivision, dynamic monitor of microclimate and investigation of different shoots and 
leaves were applied to study the relationship between distribution of shoots and fo!iage and microclirnate factors, 
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fruit qualities in different stratum and position of canopy for 12 years oid tree of 'Fuji' apple. The resuits were 
shown that 57.68% of total shoots and 75% of spur shoot were mainly distributed in I.5--2.5 height of canopy, 
relative light intensity in different layers of canopy was graduaIiy descended of negative exponent from top 
to bottorn, the percent proportion of <35% reiative light intensity itt volurne of canopy were separately 16%, 
28% and 3 1% during May to June, Juiy to August and September to October, fruit qualities in different stratum 
and position of canopy were significantly difference and mean fruit rnass, firmness, soluble solids content and 
surface of blush were higher in upper than lower and outer than inner of canopy. Statistic method were used 
to set up regression equations relationship between shoot type, number and relative light intensity, temperature 
and relative humidity and obtain total shoots, proportion of long, medium, spur shoot abo ye 30%,40% and 80% 

O relative light intensity of canopy. The optimum total population shoots, leaf areas mdcx and spur proportion 
were 900—l000 thousands, 154.0 and about 75% separately for good quality and high yield of 'Fuji' apple. 
The equations of relationship fruit qualities and reiative light intensity, temperature and relative humidity were 
shown that fruit qualities of 'Fuji' apple were affected main microclimate factors in different growing season. 
The theory bases were provided for propriety pruning and management in 'Fuji' apple. 
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O	 Maiiis xiaojinensis - A Promising Apple Rootstock 

Zhen Ha¡ HAN, Xue-Feng XU, Tsuin SHEN, Yi WANG, Tian-Zhong LI, Jin KONG, and Xin-Zhong 
ZFIANG 

Institute for Horticultura! Plants, China Agricultural University, Beijing 100094, China 
Email: rschan@cau.edu.cn  

Malus xiao/inensis Cheng et Jiang is a new species native in China in Malus spp being named in 1983. This new 
species had not only traits of tolerance to waterlogging or coid, particuiarly but also a strong ability ofresistance 
to ¡ron deficiency chiorosis. Our experiments showed that under Fe deficiency stress in room condition M 
xiaojinensis had physiological responses to Fe stress with an alleviated or much later time of chiorosis, and in 
fleid condition trait of resistance to the chiorosis of M. xiaojinensis was genetically stabie. After confirmation 
of the trait being genetically controlled by a pair ofmajor genes with slightly modification of minor genes, the 
Fe-efficient genes were primarily localized by tool of molecular biology. The experiment of both in room and 
in the field also indicated that as an apple rootstock M xiaojinensis had a well developed roots, good grafting 
affinity with 17 major cuitivars of apple, or semi-dwarfing effect. Naturally M xiaojinensis had a Iow seeding 
rate (abortion rate of 85%), also easily with genetic variation of seeds, although M xiaojinensis was in majority 
of apomixes. With regarding to this trait, fast propagation in vitro of M. xiaojinensis seedlings was developed 
by tissue culture. Overall, as a valuable genetic resource, M xiaojinensis would be a rootstock of apple, being 
promisingly used in apple planting area in China.
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Poster Abstract 105 

Apomictic Dwarfing Apple Rootstocks Provide New Prospects for Apple Rootstock 
Propagation 

Feng Yang', Kai YP, Yizhen Wan 2, Jing'e Zhang', Zhi Liu', Gennaro Fazi&, Zhengyang Zhao 2 and 
Zhixiang Rong' 

'Liaoning Research Institute of Poinology, Xiongyue 115009, China 
2 CoIlege of Horticulture, Northwest A&F University, Yangling, Shaanxi 712100, China; 
3 US Department of Agriculture, Agriculture Research Service, Plant Genetic Resources Unit, New 
York State Agricultural Experiment Station, Corneil University, Geneva, New York 14456, USA 
Email: wyz689hotmail .com, wyz689hotmai1. com , chinayikai@hotmail.com, chinayikai@hotmail. 
com 

Forty-nine hybrids were obtained from a cross using an apomictic selection 'Pingyitiancha' (Malus hupehensis 
var. pinyiensis) as the maternal parent and a dwarfing diploid rootstock, 'Budagovsky 9 (Bud.9)' (Malzis 
domestica) as the paternal parent. These 49 individuals exhibited different leveis of apomictic behavior, from 
0.0 to 94.2 %, showing that apomixis in this cross was segregating possibly as a dominant trait. The doniinant 
red-leaf color and dwarfing in Bud 9 also segregated in the FI generation. Twenty of these 49 seedlings were 
identified to be apomictic. Apomictic hybrids had characteristics of many seeds in a fruit as those in the 
'Pingyitiancha' and big seeds as those in the Bud 9. A few hybrids had both traits of apomixis and dwarfing. 
The coid hardiness of all the hybrids was much stronger than that in M 26. These hybrids were able to survive 
-35°C. 

Poster Abstract 106 

An Apple Dwarfing Rootstock: 'Liaozhen 2' 

Zhixiang Rong', Kai Yi', Feng Yang', Zhi Liu', Xisen Li', Dongrnei Wang', Yizhen Wan 2 and Gennaro 
Fazio2 

'Liaoning Research Institute of Pornology, Xiongyue 115009, China 
2ColIege of Horticulture, Northwest A&F University, Yangling, Shaanxi 712100, China 
3US Department of Agriculture, Agriculture Research Service, Plant Genetic Resources Unit, New 
York StateAgricultural Experiment Station, Corneli University, Geneva, New York 14456, USA: 
Email: chinayikai@hotrnail.com, wyz689@hotmail.com 

Liaozhen 2' is a promising apple dwarfing rootstock. It was selected from the Fi progenies of a cross of 'Al. 
prunifolia x M9' made by the Liaoning Research Institute of Pornology, Xiongyue, China in 1980. A22-year 
investigation on this apple rootstock showed that effects of its dwarfing efficiency, precocity, productivity on 
scions and its rooting ability were similar to those of 'M26'. The coid hardiness of 'Liaozhen 2' was better 
than that of 'M26'. Grafting compatibility studies of this rootstock with Ma/zis baccata L., and with the major 
commercial apple cultivars such as 'Fuji', 'Ralis', 'Yueshuai', showed good graft unions. This apple rootstock 
can also be used as the inter-stem for the apple propagation. 

146



Poster Abstract 107 

Apple Stocks Function Difference Between Root and Shoot with Different Fertility 
Leve¡ 

SHEN Xiang, HU Yan-Ii , LI Xiao-lei, GUO Ling, and SHU Hai-rui 
State Key Laboratory of Crop Biology, College of Horticulture Science and Engineering, Shandong 
Agricultural University, Tai-an, Shandong, 271018, China 

The aim is to analyze the difference between root and shoot of apple stocks function with different fertility leve]. 
The one-year seedling of Malus hupehensis 'Pingyitiancha', Mmicrornalus 'Huailaihaitang', !ví.,nicrornalus 
'Laiwunanyan', were used as the materials of the experiment. The responsive patterns of between roots of 
different apple stock seedlings and different fertilizer level. The chiefresults was followed: In the proportion 
of the overground and underground part, the total current followed the enhancement of the soil's fertility with 
the decrease of the shoot root ratio. But the ratio's decrease in different of species had diversity. In high soil 
fertility the content of chlorophyll was richness. The result indicated that pigments degradation vas affected 
by soil fertility. Diurnal changes of Pn were double peak curve; the average of Pn was proportional to soil 
fertility. There were many differences between different apple stocks; the Pn of 'Laiwunayan' was higher 
than the other two apple stocks. There are significant correlation hetween RJT and WUE. The chlorophyll 
fluorescence was determined. The result indicated that the thermal dissipation ability of same apple stock was 
distinctness in different soil fertility. It was possibility because that the component of photosynthetic pigment 
was changed by the supply of soil fertility. Three apple stocks were used to analyze the physiological function 
of the overground and underground part with different fertility level. The thesis summarize a effective method 
to figure tree structure, 

Poster Abstract 108 

Annual Large Limb Removal to Contain Canopy Spread in the Kentville Free 
Standing Tree Walt 

Charles Embree 
Agriculture and Agri-Food CanadalAgriculture et Agroalimentaire Canada, 32 Main Street, Kentville, 
Nova Scotia, B4N 1J5, Canada 
embrcecagr.gc.ca 

Pruning is a niajor cost in apple production therefore an orchard design that utilizes a novel more efficient 
pruning system throughout the production cycle is an importaflt advancement. It is even more beneficial if 
thc new pruning technique can be incorporated into a precocious, productive, high density system. In 1998 an 
orchard management study was designed to explore the potential for using the vigor reducing characteristics 
of spur type McIntosh strains and Empire on vigorous and Semi-vigorous rootstocks. Empire and the Spur 
McIntosh strains MacSpur, Hartenhof, Stirling were grafted on each of the five self supporting rootstocks 
MM. 106, MM. 111, Alnarp 2, KAS 13 and KAS 3. After seven years and each year thereafter two or three 
of the largest limbs were completely removed with a slant (20 degree) cut at the trunk. At eighteen years of 
age MacSpur on KSC 13 and KSC 3 are the largest and barely contained in the 2 by 4 m spacing while the 
highly spurred Hartenhofand Stirling strains of McIntosh on MM. 106 are not fully occupying the available 
space. Tree canopy for Empire is approximately mid range betweefl that of the largest and smallest Mclntosh 
strain rootstock cornbinations.
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Screening of Apple Rootstocks for Response to Apple Proliferation Disease 

Christa Lankes1 and Gerhard Baab2 

'Institute of Crop Science and Resource Conservation (INRES) - Horticultural Science, University 
of Bonn, Germany 
2Center of Competence in Horticulture; DLR Rheinpfalz; Bad Neuenahr-Ahrweiler, Germany 

Apple proliferation disease (ApPL) is an economically important disease in Europe. Since there is no possibility 
ofplant protection or cure, growers can only rely on means of phytosanitary precautions or genetically mediated 
tolerance. One-year-old liners of 16 apple rootstock clones (AP 4551, AR 2956, AR 6282, B.9, B.491, G. 16, 
CG.3041, JTE-F, M.8, M.9, M.20, M.25, M.27, MM. l 11, P.16, Supporter 2) were potted into 7.51 containers 
(n = 15) fihled with commercially available nursery substrate fertilized by adding Osmocote 8M. The Containers 
were kept outdoor under automatic water supply by drip imgation adjusted to weather conditions. In autumn of 
the same year 10 plants of each rootstock done were inoculated with apple proliferation disease by grafting with 
scions ofwitches' broom shoots taken from heavily infected 'Boskoop' trees which had been under observation 
for five years. Homogenity of the inocula was achieved by testing the leaves and tips of each witches' broom 
shoot for ApPL by ELISA and selecting only those with high and similar titre. The plants were observed for 
three years for overail vitality and syrnptorn expression. Progress of the disease incidence was checked for by 
ELISA each year in October. Shoot growth was measured once a year and in 2007 also specific leaf weight 
(SLW) vas determined. In addition to these studies the rootstocks were tested for response to fire blight and 
woolly apple aphid. Two out of 16 clones showed growth depression and died off because of undetectable 
reasons. These were omitted of shoot measurernents. Also two had no positive ELISA results forApPL infection. 
For 14 clones within three years, inoculation efficiency ranged between 10 to 50%. Therefore, it is suggested 
that the genetically mediated response to apple proliferation disease of the rootstocks under study vanes. Orily 
six out of these 14 clones developed sorne kind of witches' broorn syrnptorns. There was no irnpact of ApPL 
infection on shoot growth or specitic leafweight in general. Only for one rootstock done a reduction in shoot 
growth was observed in the first and second year afler inoculation but was overcome in the third year. For the 
same done SLW was increased in the third year. Lacking growth response to ApPL infection with 15 clones 
it was not possible to quantify their disease response by means of shoot growth. Nevertheless, the results will 
allow a rough estimation of the rootstocks' relative sensitivity to ApPL. For quantification further research is 
necessary to find appropriate parameters. Based on the current results an overview will be given on the response 
of the rootstock clones under study to ApPL, fire blight and woolly apple aphid. 
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Effect of Interstock in Breaking Juvenility in Ambri Apple 

Z. A. Bhat, A. H. Pandit, W. M. Wani, and K. A. Rather 
Division of Pomology, S.K. University ofAgricultural Sciences and Technology of Kashmir, Shalimar, 
Srinagar-India- 191121 
E-mail: ashaqpanditgmail .com 

Long gestation period (nearly 15-17 years) is a serious problein in ambri apple leading to its cxtinction from 
the fruit map of the country. Arnong diffcrent procedures which lcd to reduction injuvenile phase, interstock o  
various clonal rootstocks (M-9, MM- 106 and MM- 111) with different lengths (10, 15 and 20cm) ga ye prornising 
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results during 2006 and 2007. The greater the length of the interpiece, the narrower thejuvenile period. However, 
as the length of interstock increased, the tree becanie weaker. Besides reducing juvenile period to 3-4 years, it 
became possibie to establish high density orchards on seediing rootstock under high altitude conditions with 
water scarcity in contrast to high density orcharding on clonal rootstocks directly under irrigated conditions. 

Poster Abstract 111 

Evaluation of Different Weed Control Measures in Apple Nursery 

M.R. Dalai, W.M. Wani, A.I1. Pandit and M. A. Mir 
Division of Pomology, S.K. University ofAgricultural Sciences andTechnology of Kashmir, Shalimar, 
Srinagar-India- 191121 
E-mail: ashaqpandit@gmail.com  

l'hc present investigation was carried out in Apple Nursery Block at Fruit Research Station, Palmoo, Shopian, 
J&K, India during 2006 and 2007. The experiment involved fine treatments viz. Ti (atrazine @ 4 kg hat), 
T2 (diuron 4 kg ha'), T3 (daiapon 5 kg ha'), T4 (glyphosate 2'/2 1 ha), T5 (black poiyethene punched), T6 
(black polyethene unpunched), T7 (dry Da] weed), T8 (mechanical weeding) and T9 (control). The design 
of experiment was RCBD with three replications. The study revealed that mulching with unpunched black 
polyethene resulted in less weed populationím2 and gaye maximum per cent weed control. Significant effect 
vas observed on the growth of nursery plants. Maximum incremental height (43.5 cm), incremental girth 
(0.75 cm), number of feathers (4.36) and Iength of feathers (27.95 cm) was recorded under black polyethene 
unpunched followed by black polyethene punched and diuron. Maximum growth of roots in terms of length 
of prirnary roots (19.87 cm) and length of secondary roots (13.46 cm), number of primary roots (23.52) and 
number of secondary roots (9.74) was aiso recorded in black polyethene unpunched. The same treatment 
resulted in maximum conservation of soil moisture (19.78%) whereas minimum soil moisture conservation was 
recorded in mechanical weeding (14.62%). Highest soil temperature (23 .43°C) was observed in black polythene 
unpunched and also maximum available N, P and K content was noted in same treatment. High pH (6.67) was 
recorded in mechanical weeding whereas a slight decrease in pH was observed in afl other treatments. Diuron 
gaye maximum benefit-cost ratio (2.34) followed by 2.25 in glyphosate and atrazine and minimum benefit-cost 
ratio (1.57) vas recorded in mechanical weeding. 
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Hybridizing Mclntosh Wijcik and Heat-Tolerant Apple Cultivars to Develop 
Precocious Seedling Trees with Improved Tree Architecture 

Christopher S. Walsh', Julia Harshman', Kendall Sparks', Julie Daberkow 2 , Michael Newell 3 and G. R. 
Welsh3 
'Department of Plant Science and LandscapeArchitecture, University of Maryland, College Park, MD 
20742-4452, USA 
2 Department of Mathematics, University of Maryland, Coltege Park, MD 20742-4452, USA 
3 Agricultural Experiment Station, University of Maryland, College Park, MD 20742-4452, USA 

This project vas initiated in 1991 with an open polhination of McIntosh Wijick by Gala to produce a prototype 
population ofcompact seedling trees (Compact Gala Macs or CGMx). Thc goal ofthat cross vas to incorporate 
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the precocity of Gala into a short-statured, spur-type tree. Precocious seedlings from the original cross tolerant 
to late-spring freezes were selected at Keedysville, MI). Field tolerance to fire blight was also evaluated 
foliowing summer hailstorms at that site. Fi-uit fi-orn these CGMx seedling selections ripens during August and 
September. Fruits have good flavor and firn-iness although fruit size on most CGMX seedling trees is inadequate 
for commercial production. Thirty CGMx trees were dug with a Vermeer tree spade and reset at a 12.3 m by 
12.3 m spacing. Seed from open pollinations of CGMx trees was collected two years later. Seedlings were 
stratified, germinated and grown for two years in the greenhouse. These seedlings were planted at Queenstown, 
MI). CGMx trees were also used as pollen parents. Trees were hybridized with commercial cultivars adapted 
to the hot, humid climate of the mid-Atlantic region. This second generation of crosses used Pink Lady, Fuji, 
Braebum, GoldRush, Commander York and Red Yorking as seed parents. Seedlings from these crosses were 
initially germinated and evaluated in the greenhouse and then planted at Keedysville. The open-pollinated 
CGMx seedlings block was rated for tree architecture. Field evaluations were based on four entena: internode 
length, tree vigor, branching angle and top dominance. About ten percent of the trees evaluated exhibited sorne 
commercially-desirable tree structures. Wild-type trees and trees with excessive burrknots were removed, 
leaving about 100 trees for continued trial at Queenstown. Short-internode trees at Keedysville had a greater 
range of phenotypes and branch angles. Trees in these plots ranged from columnar to mesotonic. Single axis, 
non-branching trees were also identified. Thirty seven Pink Lady x CGMx trees and 128 Fuji x CGMx trees 
were selected for tree architecture studies. Despite a late-spring freeze, both populations began fruiting in 
2007. Fi-uit on sorne Fuji and Pink Lady x CGMx hybrid trees had good size, red color and flavor. In addition 
to fruiting trees at Keedysville, a block of non-bearing York x CGMx with a similar range in tree types is also 
being evaluated. 
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Interactions of Apple Rootstocks and Budding Height 

Darius Kviklys 

Lithuanian Institute of Horticulture, Kauno str. 30, LT-4335 Babtai, Kaunas distr., Lithuania 
E-mail: d.kviklys@lsdi.lt  

In 2002-2007 budding height effect on tree growth and productivity was investigated in the apple orchard. The 
experiment was carried out with ev. 'Auksis' on four rootstocks (M.26, M.9, P22 and P 59) budded at fue height 
of 0, 10, 20 and 30 cm. Increased budding height on all rootstocks reduced tree growth. Significant differences 
for M.26 appeared at the height of 20 cm, for P22 and P 59 - at 10 cm. Apple trees on M.9 rootstock were 
reducing their growth gradually. Independently of budding height total fi-uit yield per tree on P 22 rootstock 
was the same. Trees on P 59 budded higher then 10 cm gaye lower yield. Apple yield increased up to 20 cm 
and decreased when trees on M.26 were budded higher. Trees on M.9 rootstock ga ye gradually lower yield 
when budding height increased. Tree productivity on all rootstocks with the exception of P59 was increasing 
up to 20 cm and had a tendency to decrease when trees were budded higher. Mean fruit weight depended on 
budding height too. Decrement of fruit weight for M.26 and M.9 rootstocks was noticed at 30 cm, for P 59 aiid 
P 22 rootstocks already at 10 cm budding height. 
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e

Field Performance of Different Species and Hybrids as Rootstock for Peach 
e

F.R. De Salvador, G. Proietti 
Tree Fruit Research Institute - Rome, Via Fioranello,52 00134 Rorne, Italy 

Within the framework of a national coordinated program supported by the Ministry forAgricultural and Forestry 
Policy, in the autumn of 2002, a trial was established in Latiun Region (Rome, 41.6N - 12.4E, 20 m a.s.l), 
on 'Suncrest' trees grafled onto rootstocks of different vigor: Adesoto 101 (done of P insitilia); Cadaman (P 
persica x P davidiana); Mayor(P amygdalus x P persica); Montclar (P persica); Mr.s2/5 (P ceras jfera); GF677 
(P persica x P.amygdalus), Penta (E domestica); Tetra (E domestica); Fire (Prunuspersica x Nemared); Sirio 
(open pollination of GF 655). The trial plot, characterized by a clay 10am soil, hosted before, a fifteen year oid 
peach orchard. The experimental design was a randomized complete block with twelve single-tree replicates for 
each rootstock. The planting distance was 5 x 5 m and the trees were trained as open vase. Management was 
done according to good local practices; weed control was achieved by mechanical tiiiagc between rows and 
chemical spray along the row. A drip irrigation system guaranteed a regular water availability. After five years 
alI the tree on Cadaman, resulted healthy while in the other graft combination, tree mortality ranged between 
64 and 90%. The rnost vigorous rootstocks resulted Cadaman (100%) foliowed in the order by Penta, Tetra, 
Fire (65-75%); Mayor Gf677, Adesoto, Montclar (40-45%) and two weaker hybrids Sirio (25%) and Mr.s 2/5 
(18%). Cadaman and GF677 have the highest accumulated yield (100%) but the lowest crop efficiency. The 
other rootstocks showed a decreasing yieid: Penta and Fire (80%); Mayor, Montclar, Sirio (70%); Tetra and 
Adesoto (50%); Mr.s2/5( 40%). Trees on Cadaman consistently produced the largest individual fruit size(1 00%), 
foliowed by GF 677, Penta, Tetra, Sirio, Mayor, Fire (90-97%); Mr.s 2/5 and Montclar (88%). Fruit weight, 
as expected, was negatively affected by the crop load, but the relationship between the two variables, was 

-	 strongly influenced by rootstock. 

e
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Preliminary Report on the Selection of Cold-and-Drought Resistant Dwarfing Apple 
Rootstocks 

Yang Tingzhen, Wang Qian,Gao Jingdong, Li Kunpeng, Han Feng and Tian Jianbao* 
Pomology Institute of Shanxi Academy of Agricuitural Sciences, Shanxi Taigu 030815 China 
*tjanjb001@163c0m 

Wc select dwarfing apple rootstocks from Malus baccata L. Borkh. in Northwest-Shanxi, which is a wild Maius 
rootstock resource. Among the 150 000 mature seedlings ofgrafling apple varieties, we chose 571 plants, which 
form fiower buds in the same year and can bloom the next year. Amorig these, 325 plants bear fruit in the same 
year it is planted, which we named "Y series" temporarily. In addition, we carried out fleld investigation and 
synthetic evaluation on blooming, fruiting, the amount of growth, as well as the over-winter performance of 
these plants. After 6-year hard work, we have preliminarily seiected 75 major clones. As the preliminary test 
shows, Y series of apple stocks have a strong resistance, an outstanding habit of early-blooming and early-
fruiting, a good cornpatibility of varieties after grafting. Sorne single clones have a distjnct trend of dwarfing, 
whích brings it a bright application future. 
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INRA-IRTA Pear Rootstock Breeding Program: Aiming for Tolerance to Iron 
Chiorosis and Low Vigor 

Luis Asín', Ramon Dolcet-Sanjuan 2 , Elisabet Claveria 2 , Pere Vilardell 3 , Joan Bonany3 , Marie Héléne 
S imard4 

'IRTA-Estació Experimental de Lleida, Rovira Roure 177, E-28196 Lleida, Spain. 
2 IRTA-Cabrils, Ctra. de Cabrils Km 2, E-08348 Cabrils (Barcelona), Spain. 
3 IRTA-Estació Experimental Agrícola Mas Badia, E-17 134 La Tallada (Girona), Spain. 
4 INRA, UMr. Genllort (fl'TRAI[NH/UA), BP60057, F-49071 Beaucouzé Cedex, France. 

In 1998 a pear rootstock breeding program was initiated, at INRAAngers, to enhance tolerance to ¡ron chlorosis. 
Crosses were done between the new INRA pear rootstock selection 'Pyriam' and four "Mediterranean" Pyrus 
species: Pvrus communis cordata hybrid, P amygda1fortnis, P a nygda1forrnis persica, and P elaeagrfolia. 
Up tul 2005, foliowing the latter integrating selection process, 71 clones were selected out of619 individuals. 
Selected individuals had an average chiorosis rating 42.3% lower than the initial population, vigor 34.3% 
lower, and registered a trunk section area 75% lower than the 'BA-29'. Compared with the unselected initial 
population, the selected clones have increased their in vitro chlorophyll content to an average 29.4%.. 
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Preliminary Evaluation of Supported and Free Standing 'Honeycrisp' Trees 011 24 
Apple Rootstocks 

J-P. Privé and A. LeBlanc 
Agriculture and Agr-Food Canada, P.O. Box 2069, Bouctouche, NB, E4S 2.12, Canada 
Email: privej@agr.gc.ca  

Trees of 'HoneyCrisp' apple (Malus domestica Borkh.) grafted on 24 rootstocks were planted at 890 trees/ha in 
2004 at Bouctouche, NB, Canada (46°26'N) and grown with and without a trellis support system. The rootstocks 
included two selections from the Budagovski (B) series (B.118, 13.490), five from the Corneil-Geneva series 
(CG008, CG052, CG054, CG090, G.30), five from the East Mailing series (M.4, M.7 EMLA, M.26 EMLA, 
MM. 106, MM. 111), three from the Kentville series (KSC.6, KSC 7, KSC.28), and three from the Vineland 
series (V.1, V.4, V.7). In addition, trees were included on Alnarp 2 (A.2), Maruba Kaido, Novole, Ottawa 8 
(0.8), Polish 18 (P. 18) and Yltdinen Piikkió (YP.). Fiowering was most precocious on G.30, CG008, 0.8 and 
V.7. Trees that have yet to fiower in their third leafinclude CG090, KSC.6 and YP. The highest yields and yield 
efficiencies were obtained from trees on G.30, M.26 EMLA, V.7, CG054, CG008 and V. 1 rootstocks. For thesc 
rootstocks, the trellis support had a positive impact on precocity resulting in a general two-fold increase in their 
crop load and total yield. High winds in 2007 caused a high level of breakage with most darnage occurring to 
the free-standing trees. This breakage was most prevalent in sorne rootstocks, notahly G.30. 
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Evaluation of Resistance to Pathogens Attack in the Rootstocks Breeding Apricot 
Program 

Marioara, Trandafirescu 1 , Alexandra, Indreias', and lulian, Trandafirescu2 
'Research Station for Fruit Growing Constanta, Pepinierei No.! Street, 907300 Valu lui Traian, 
Rornani a 
2"OVIDIUS" University Constanta, B-dul Mamaia 124 RO-900527 Constanta, Romania 

Introduction into the culture of a new rootstocks is based on several characteristic. Among these, we can mention 
small fruits and seeds, different vigor, data of blooming and ripening are essential. The combination of these 
characteristics, with the traits of resistance on specific pathogen attack increase even more the value of the 
new rootstocks. The apricot rootstocks can be damaged by a wide range of specific pathogens (Monilinia laxa, 
Stigrnina carpophila, Cytospora cincla, etc.) very hazardous, which can destroy both the yield and the trees 
health or life. Therefore, the study of apricot rootstocks resistance to these pathogens is the rnajor objective of 
these rootstock species breeding program carried out in Research Station for Fruit Growing Constanta. In order 
to achieve this goal, the researches were developed in 3 major stages. In the first stage the resistance sources 
were identified, by recording the frequency and intensity of the specific pathogens on rootstocks, collected in 
the apricot germplasm fund. In the second stage of the researches, the resistance sources identified were utilized 
in the breeding work to create new apricot rootstocks. As a result of there researches were registered the high 
quality and resistant cultivars (Constanta 14, Constanta 16, etc.). Now days in the third stage, there are under 
the evaluation the hybrid generation represented by many valuable apricot rootstocks selection. 

Poster Abstract 119 

Reflective Ground Covers Imp rove Fruit Quality, Yield, and Canopy Source-Sink 
Relations in Prunus 

Matthew Whiting', mes I-Ianrahan 2 , Jim McFerson 2 and Tory Schrnidt2 
'Irrigated Agriculture Research and Extension Center, Washington State University, Prosser, WA, 
USA 
2Washington Tree Fruit Research Commission, Wenatchee, WA, USA 

Worldwide, tree fruit management systems have become progressively more intensive: higher inputs, higher 
outputs. Light has a fundamental role in fruit productivity and quality, yet is oflen overlooked as an input that can 
be managed. Trials with reflective ground covers in Australia, Chile, New Zealand, and USA have investigated 
their potential to improve productivity and quality, and manipulate harvest maturity through light management. 
This presentation will highlight results from reflective fabric trials with Prunus species conducted in commercial 
orchards in Washington between 2005 and 2008. From a trial on 'Johanna Sweet' peach in 2007 we observed 
increased fruit size and significant advancement in fruit maturity in trees treated with DaybrightTM reflective 
fabric between popcom bloom and harvest. In 2006, uive-year-old 'Honey Haven' nectarine trees treated with 
DaybrightTM between fuli bloom and harvest yielded more (+ 17%) and larger fruit (+ 19%) compared to 
untreated control trees. In 2007, trials with the early-maturing sweet cherry 'Chelan' revealed no significant 
improvements in fruit quality but an advancement of fruit maturity by five to seven days from DaybrightTM-
treated trees compared to untreated. Moreover, cornmercial packout analysis reported a decrease in cullage 
(-7%) from fruit grown with a fuli-season application of DaybrightTM Vs. those without a reflective ground 
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cover treatment. In a 'Bing' orchard that had ExtendayTM applied for four consecutive growing seasons (2004 
- 2007), fruit weight and soluble solids in 2007 were significantly higher flian from untreated trees and fruit 
maturity was advanced by five days. DaybrightTM and ExtendayTM reflective ground covers improve canopy 
source-sink relations by increasing il]umination of shaded leaves/fruit. Sweet cherry leafnet CO2 exchange 
rates are ca. 50% greater in the lower canopy tiers of ExtendayTM-treated trees compared to untreated trees. 
This presentation will describe preliminary economic assessment of utilizing reflective fabnc as well as potential 
management strategies for practical implementation. 

Poster Abstract 120 

Improving Fruit Quality and Microclimate Under Hailnets in an Apple 

A. Solomakhin' and M. Blanke2 
'Michurinsk, Russia 
2lnstitute of Crop Sciencc and Resource Conservation (INRES) - Horticultural Science, University 
of Bonn, Germany 

With the increase of hailstorms as a possible result of global warming, fruit crops are increasingly grown under 
hailnets. This may result in lesser fruit quality in terms of coloration, fruit mass, firmness, starch and taste, 
i.e. sugar and acid as well as vitamin content under hailnet due to altered microclimate and particularly light 
deprivation. Hence, reflective mulches (Extenday and Daybright) were spread to improve fruit quality and 
light utilization under hailnet at Klein-Altendorf Research Station near Bonn, Gerniany. A monophosphate 
(Seniphos) was applied twice for the same purpose; untreated apple Cv. 'Elstar' trees served as control. Under 
the translucent 'white' hailnet, humidity was increased by ca. 6%, soil temperature increased by ca. 0.5°C and 
light reduced by 11-15% resulting in lesser fruit quality of 2.5% less sugar and less taste. The two reflective 
muiches increased light reflection at 45° and 90° angles by 2.5-6.3-foid. No significant differences in fruit 
ripening and firmness were observed, but fruit from trees under hailnet with reflective mulch contained up to 
2.4 % (from 13.3 to 15.7 %) more sugar than those of the control (uncovered grass alleys). A less negative 
NDVI (normalized differential vegetation index) of -0.3 on the red compared with -0.5 on the green fruit 
side indicated more chlorophyll in the outer, sun-exposed red side of the apples relative to the shaded side. 
Monophosphate-treated fruits maintained the peel chlorophyll with a greener ground color of 92-97°hue and 
a NDVI of -0.3 as in the grassed control. Fruit in the lower canopy with reflective mulch were darker red (a 
value 30; 22° hue) relative to the grassed control with a=25 and 43° hue (light red), expressed in a 4-foid 
increase in NAI (normalized anthocyanin index), but showed enhanced chlorophyll breakdown (NDVI was 
declined from -0.2 to -0.5); similarly, the monophosphate increased the NA! by up to 2.5-foid. Overail, the 
effect of both reflective niulches was most pronounced on apple fruit in the lower canopy under hailnet, which 
synthesized large vitamin C contents and developed a dark red top color relative to the grassed control with 
enhanced chlorophyll breakdown. Both reflective mulch cloths improved the fruit quality by increasing the 
percentage of class 1 fruitwith >25% coloration by 12% (from 82 tu 94%) without and underhailnet by 23% 
(from 69 to 89 %) relative to the grassed control resulting in financial net gains of up to 1,300 E/ha. We thank 
Deutscher Akademischer Austauschdienst DAAD for a grant to the first author. 
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The Results of the Estonian Apple Rootstocks Breeding Program 

Toivo Univer, Neerne Univer and Krista Tiirmaa 
Polli Research Centre for Horticulture, Institute ofAgricultural and Environmental Scicnces, Estonian 
University of Life Sciences, Estonia 

[ti this paper, the authors review the stages of apple rootstock breeding in Estonia: the parentage, intensity of 
selection, the changes of the mother plants' reproductive capacity over time, the winter hardiness of roots and the 
fruit-bearing capacity of different grafting combinations. The Estonian breeding program was initiated in 1954, 
with the goal of obtaining rootstocks best suited for local soil and climatic conditions. The foliowing parents 
were used: M2, M4, Mli, winter-hardy cultivars 'Anoka', 'Tchulanovka', a seedling of'Ranetka purpurovaya' 
and local cultivars of Malus prunifolia. The program resulted in the release of 10 semi-vigorous and vigorous 
clones, marked with the letter E (for Estonia). A semi-vigorous rootstock E20 and vigorous rootstocks E53 and 
E56 were selected for production in nurseries. In more recent breeding activity (starting from 1970), E-series 
rootstocks and MM 106 have been used as donors. 267 clones were selected from the resulting seedlings, from 
which 43 promising clones were taken into orchard trials. Two semi-dwarfing clones (comparable to M26) 
and three dwarfing clones (comparable to B9) were chosen in the orchard trials. E-series rootstocks are easy to 
propagate in stoolbeds and their roots tolerate temperatures up to -14 to -16 °C. The rootstocks E53 and E75 
are good donors for breeding winter hardy and productive mother plants. Propagation by layers in stoolbeds 
the rooting capacity of apple rootstock's may decrease in older plants. Potential donors for breeding dwarfing 
and semidwarfing rootstocks in Estonia are the F2 generation from MS (62-396, Purel, P59). 

Poster Abstract 122 

Varietal Difference of Apple Fruit In Response to High Temperature and High Light 
Stress Evaluated by Chlorophyll Fluorescence 

Pengmin Li and Lailiang Cheng 
Department of Horticulture, Comeil University, Ithaca, NY, 14853 USA 

The sun-exposed peel of detached Carneo, Fuji, Gala, Golden Delicious and Red Delicious fruit was treated 
at 30, 35, 40, 42, 44, 46 or 48 °C in the dark or under a photon flux density of 1200 jirnol m-2 s-1 for 30 mm, 

. and chlorophyll a fluorescence transients were measured afler 1-hr dark adaptation. When treated in the dark, 
maximum PSI! efficiency (Fv/Fm) of all the cultivars remained unchanged as the treatment temperature increased 
from 30 to 40 °C. With further increases in treatment temperature, varietal difference showed up. The Fv/Frn 
of Carneo peel started to decrease at 42°C, whereas that of Red Delicious didn't decrease until temperature 
reached 46°C. At any given temperature from 42 to 48 °C, Red Delicious had the highest FvIFm (relative to 
tIiat at 30°C) whereas Carneo had the lowest Fv/Fm (relative to that at 30 0C). When treated under 1200 jimol 
rn-2 s- 1, Fv/Fm of all the cultivars decreased as the Ueatment temperature increased. At any given temperature, 

. Red Delicious had the highest Fv/Fm (relative to that at 30 °C) whereas Carneo had the lowest Fv/Fm (relative 
to that at 30 °C). These data indicate that apple cultivars differ in terms of tolerance to high temperature and 
high light stress, and chlorophyll fluorescence is an effective tool for testing genotypic differences in tolerance 
to high temperature and high light stress.

155 

0



Poster Abstract 123 

Millennium Planting Density Trial of Bramley's Seedling Apple (Maluspumila Mil¡) 
on M9 and M27 Rootstocks - Yield and Economic Returns, Phase 2 (2004-2007) 

S. Mac an tSaoir', J. Mansfield', G.Cross 2 and R.Harun2 
1 Agri-food and Bio-Sciences Institute Horticulture, Loughgall, Co Arrnagh, Northern Ireland. 
'CAFRE, Greenmount College, Antrim, Co Antrim, Northern Ireland 
Email: sean.macantsaoir@afbini.gov.uk  

As traditional Bramley orchards in Ireland are being replaced with high density orchards; it is imperative that 
as these new orchards generate much higher yields as they have a much higher capital charge against them. 
In 2000, a range of different densities was planted : M9's at 672, 961 and 1492 trees per ha and M27's at 
1279, 1492 and 1957 trees Ha-1 (imperial spacings were used to suit the local industry). Since the start of 
the experiment, yield has steadily increased with yields matching costs of production by year 4. By 2007 
the most economical planting density was found to be the M9 rootstock at 1492 trees per ha which generated 
double the national yield. Both the highest M9 planting density (58 tonnes/ha) and the highest M27 planting 
density (38 tonnes/ha) generated the highest yields respectively suggesting there may be still further potential 
for increasing planting density. 

Poster Abstract 124 

Breeding of Stone Fruit Rootstocks Adapted to South African Soil and Climatic 
Conditions 

S. Booi and 1-1. Ham 

Agricuiture Research Counc u (ARC), Infruitec-Nietvoorbij, Private Bag X5026, Stellenbosch, 7599, 
South Africa 

The stone fruit industry of South Africa has been challenged during the last decade by changes in climatic, 
market demand and consumer preferences, both Iocally and on the export market. For stone fruit cultivars to 
perform optimally, a combination of correct orchard practices as well as rootstocks is a key factor iii competitive 
and successful farming. Therefore, the stone fruit rootstock breeding program concentrates on the breeding 
of new resistant rootstocks for stress conditions associated with low chilling (warmer winters), water logging, 
drought, high salinity soil, lime induced ¡ron chiorosis and nematodes (ring and root knot). Special emphasis 
is also on assisting second economy producers (emerging farmers) who are often farming under less than 
optimal site conditions. New rootstocks are bred conventionally and then tested under controlled conditions to 
determine the leve] of stress res¡ stance/tol eran ce, The most promising resistant selections are tested in rooting 
and horticultural trails to determine their compatibility with commercial cultivars. Exciting new results were 
obtained during the past season (2006-2007). Eight different screening trials were conducted with rootcd 
cuttings and cross-pollinated seedlings. One of the evaluation trials included inoculation of both ring and root 
knot nematodes (Al. javanica and C. xenop1ca). A number of selections showed resistance/tolerance to both 
ring and root knot nematodes under experimental conditions. These results will be confirmed in a statistical 
trial before they can be promoted to Phase 2 for further evaluation trials that will concentrate oti (he rooting 
ability and horticultural traits. 
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Overview of Plum (Prunus salicina) Rootstocks in South Africa 

P.J.C. Stassen and EX. Reinten 
ARC Infruitec-Nietvoorbij, Private Bag X5013, Stellenbosch, 7600, South Africa 

Over a period of three decades, 20 trials with more than 50 different rootstocks have been conducted. From 
results, several rootstocks were made available to the plum industry to assist in the huge soil diversity and soil 
borne pathogen problems. In South Africa, Marianna is used for more than 70 years. This rootstock is immune 
against root knot nematodes, and adapted with its shallow rootstock to higher clay soil and rising water tables. 
It is however very sensitive to Pseudornonas syringae which is a problem in winter rainfali arcas. Maridon, 

. a Marianna progeny selected in South Africa is less affected by P syringae. This rootstock is however not 
compatible with the plum cultivar Pioneer. There is no real difference in yield, fruit mass and tree size between 
Marianna and Maridon. The inter specie hybrid SAPO 778 was found to be a rootstock well adapted to a wide 
range of soil conditions and is currently widely use in the plum industry. GF 667 is recommended for high pH 
soils but showed signs of incompatibility with the plum cultivar Sapphire. The inter specie crossings Viking 
and Atlas render high yields and fruit mass to plum scions in higher potential soils, but Atlas is sensitive to 
wet soil conditions. Viking is adaptable to a range of soil conditions but performs poorly in sandy soils, where 
GF 667 and Flordaguard perforrn wel]. Viking can be uscd on high pH soil. 

Poster Abstract 126 

Progress in Developing Armillaria Resistant Rootstocks for Use with Peach 

T.G. Beckman 
USDA-ARS, 21 Dunbar Road, Byron, Georgia 31008, USA 

Guardian (BY520-9) peach seedling rootstock was released in 1993 to provide a rootstock with superior 
resistance to peach tree short life (PTSL) which at the time was the number one cause of premature death 
of peach trees in the southeastern US production area. Since that time Guardian has become the dominant 
rootstock in this industry principally due to its exceptional resistance to PTSL. However, Guardian, like most 
peach seedling rootstocks, is highly susceptibility to Armillaria Root Rot (ARR) which, prior to Guardian's 
release, was the second most important cause of peach tree death in this industry. Since Guardian's release the 
rootstock development program at Byron has shifted its focus to the development of peach, plum and plum-
peach interspecific hybrid materials with resistance to ARR, here incited principally by A. tabescens. In 2007 
the USDA, in cooperation with the Univ. of Florida, released 'Sharpe' rootstock for grower trial on Armillaria 
infested sites. 'Sharpe' is a clonal plum hybrid rootstock with resistance to PTSL, ARR and root-knot nematodes 
(Meloidogyne spp). 'Sharpe' is semi-dwarf; producing trees ca. 60% the size of those budded on Guardian. A 
number of plum hybrid, and plum x peach interspecific hybrids are nearing release in the Byron program that 
provide not only superior resistance to PTSL, ARR and root-knot nematodes but also offer a range of vigor 
fi-orn 50% to 110% that of seedling peach with comparable, if not superior, horticultural productivity. An 
overview of advanced selections nearing release will be presented.
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Pear Rootstock for Central Zone of Russia 

Vadim Girichev 

Al1-Russian Horticultural Institute for Breeding, Agrotechnology, and Nursery, Moscow, Russia 

The main rootstock for a pear in the central zone of Russian horticulture is seedlings of Pyrus communis. 
However, in northern regions the winter hardiness of such rootstock is insufficient. In our Institute along with 
breeding of pear varieties, the breeding of rootstocks is conducted too. At present time a new seed rootstock 
for pear 17-47-62 (F, from Pyrus ussuriensiss) with the high level of winter hardiness (wood is resistant up 
to 38°C below zero) is received and investigated. Furthermore, this form is characterized by high yielding 
capacity (62.2 kg per tree) and its seedlings have fibril root system. Alongside with the mentioned characteristic 
the fruits of this new rootstock have dessert taste. 

Poster Abstract 128 

Method of Constructing Core Collection for Malus sieversii Using Molecular 
Ma rkers 

ZHANG Chun-Yu, CHEN Xue-Sen, ZHANG Yan-Min, LIU Zun-Chun, WANG Yan-Ling 
State Key Laboratory of Crop Biology, ShandongAgricultural University, Tai'an, Shandong 271018, 
China 

The method fbr constructing core col lection of Malus sieversii based on molecular rnarkers data was proposed. 
According to 128 SSR allele of 109 Malus sieversii, an allele preferred sampling strategy was proposed to 
construct M sieversii core collection using UPGMA cluster method according to Nei&Li, SM and Jaccard 
genetic distances by stepwise clustering and compared with the random sampling strategy. The number of lost 
allele and t-test ofNei's gene diversity and Shatmon's Information index were used to evaluate representative of 
core collections. The results showed that compared with the random sampling strategy, allele preferred sampling 
could construct more representative core collections. SM, Jaccard and Nei & Li genetic distance had not distinct 
difference for construction of M sieversii core collection. SRAP data showed that allele preferred sampling 
strategy was a good sarnpling strategy for constructing core collection of M sieversii. When 25 M sieversii 
accessions was selected, allele preferred sampling strategy combined with SM, Jaccard and Nei&Li genetic 
distances using stepwise clustering was the suitable rnethod for constructing Al. sieversii core collection. 

Poster Abstract 129 

Rootstock Effect on Fruit Drop Patterns and Quality of 'Galaxy' and 'Golden 
Reinders' Apples 

Diane Doud Miller and JozsefRacsko 

The Ohio State University, Department of 1-lorticulture and Crop Science, Ohio Agricultural Rcsearch 
and Development Center, Wooster, OH, USA 

Generaily, three main dropping periods are known in apples: i.) drop oí' the unfertilized fiowers; u.) June 
drop; and iii.) prcharvest fi-uit drop, the rates of each can be influenced by varietal properties, environmental 
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conditions and tcchnological elements. This study aimcd to investigate the effect ofdiffercnt growth inducing 
rootstocks on fruit drop and quality of the dropped and persisting fruit. A fleid experiment was conducted at 
Nagykutas, Western Hungary for 4 consecutive years . on 'Galaxy' and 'Golden Reinders' apple trees. Three 
different growth inducing rootstocks were used for both cultivars: M.9 (dwarf), MM. 106 (semi-vigorous) and 
seedling (vigorous). There were 3 exact fruit shedding periods for 'Galaxy' on M.9 and MM. 106 rootstocks, 
but only 2 on seedling. Since 'Golden Reinders' is known as a cultivar with strong fruit-persisting habit, only 2 
dropping waves could be found on all of three rootstocks; first at the end of bloom which can be characterized 
by the highest rate then a second at the end of June or early July with a very srnall amount. The rate of fruit drop 
was closely related to the seed count of the fruit; seed number vas the lowest, fruit drop was the highest. The 
lowest seed number was counted in fruit from both examined cultivars on seedling. Fruit quality evaluations 
showed that persisting fruits are usually bigger in size with higher rate of red skin color and of dry matter 
content compared to the dropped ones. Flesh firmness of persisting fruit did not significantly differ from that 
of dropped ones. Decreasing tendency of fruit quality parameters was measured in the order of M.9, MM. 106 
and seedling rootstocks, except flesh firmness which was the highest in fruit from trees on seedling. Seasonal 
changes of leaf7fruit ratio was greatly influenced by shoot growth and the rate of fruit drop. 

Poster Abstract 130 

Management of Crop Load and Vegetative Growth on Honeycrisp to Optimize Fruit 
Size, Fruit Quality, Return Bloom and Fruit Set 

Jim Flore, Paolo Sabbatini, Lynne Sage and Phil Schwallier 
Department of Horticulture, Michigan State University, East Lansing, MI. 48824 

The variety Honeycrisp is being widely planted by Michigan growers. It has outstanding fiavor, crispness, and 
market demand. It currently is the most profitable variety in the industry. However, uniformity and regulation 
of fruit size and return bloom can greatly be influenced by crop load and tree vigor. This variety tends to 
be strongly biennial, which leads to very low crops one year and high crops the next. The objectives of this 
study were to:( 1) conducta detailed study on the effect of crop load on return bloom in relation to tree and 
seasonal variability, and (2) on crop quahity (fruit firmness, total acidity, soluble solids, color and starch). This 
was accomplished by establishing 5 or 6 different crop Ioads (control, low, medium, high) at 4 different sites 
in two different years (2006, 2007) crop loads were adjusted by hand thinning. We also conducted a survey 
on several (n=9) different orchards in different locations (n=4) within Michigan. Data recorded were: crop 
characteristics (size, weight, color, bitter pit) vegetative growth (shoot length or vigor) and return bloom and 
fruit set, and physiological (zonal chlorosis or leafphotosynthesis). Results indicate the foliowing: l.There 
vas a direct effect of crop load on current seasons crop quality. 2.Tree age affected this relationship. 3.There 
was a strong relationship between crop load and next years bloom, however crop load was not as negatively 
related to next years yiehd. 4.Bitter pit was not strongly related to crop load, except at the low crop (large 
fruit) level. 5,Leafyelhowing was related to crop load. 6.Yellowing was positively related to return bloom. 
7.Vigorous rootstocks had less yehlowing. 8.Photosynthesis was highly related to crop load. 9.Photosynthesis 
in green arcas of low crop load trees had high rates and did not decrease in the afiernoon. The information from 
this study will help producers have a better understanding of the factors that influence fiower bud initiation 
and how they can improve annual cropping.
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Carbon Supply, Demand, and Storage in Relation to Current Seasons Growth and 
the Foliowing Vears Yield 

J. A. Flore 

Departinent of Ilorticulture, Michigan State University, East Lansing, MI. 48824 

Crop production and quality are dependent upon the supply and dernand for carbon. The leaves are the prirnaiy 
organs responsible for photosynthesis in cherry. The carbon produced is utilized to produce fruit, leaves, stems, 
roots and buds for the next year. Since leaves are only on the tree about 7 months out of the year, any damage 
to the leaves will reduce the supply of carbon. Several approaches have been taken to determine the effect of 
foliage damage on current and next seasons fruit production. Experiments were conducted to determine the 
effect of leaf damage on both current and next years crop. Two approaches were used to model the supply 
of carbon. One, the Lakso Apple model of carbon supply and distnbution for apple was modified for cherry 
(now about 70% complete) and two, modification of "Cherry Grower" a model based on Degree Days and past 
vigor is proposed and being modified to predict if supply and demand for carbon were in balance. 1-lowever, 
neither of theses modeis predict the effect of stored carbohydrate on yield the next year. It was hypothesized 
that storage starch in the root or shoot could be a good indicator of performance the next year. We did not find 
a good association between Starch content and return yield or hardiness unless values were extremely low. 
Based on published and experimental data we developed a set of leaf damage thresholds for "Montmorency" 
cherry grown under Michigan conditions. On vigorous trees, greater than 20 cm of terminal growth, foliage 
must be reduced by approxirnately 50% for the duration of the season before there is a substantial decrease 
in deep winter hardiness. Reduced vigor (less than lO cm growth, shading, or foliage damage due to mites) 
causes the relationship to move to the right, and hardiness begins to decrease at 65-70% foliage. These are 
estirnates but are based on hardjness ohsei-vatjon in different experirnents in diffcrent years. 

Poster Abstract 132 

The cDNA-AFLP Proliling of Salt-stress Response in Apple 

Jin Kong and Zhen Ha¡ Han 

Institute of Horticultural Plants, China Agricultura] University, Beijing 100094, China 

The cDNA-AFLP (cDNA Amplified Fragment Length Polymorphism) analysis was used to identify genes 
involved in salt-stress response in Apple. After salt treatment, 68 up-regulated fragments and 28 down-
regulated fragments amplified by 64 combinations of prirners were recollected from salt resistant rootstock 
Malus zumi Mats. 17 fragments expressed differencially under salt-stress between Malus zumi Mats and salt 
sensitive rootstock Malus baccata Brokh were obtained as well. Reverse Northern was applied to confirm the 
fragments relative with salt-stress, which were sequenced. It provided a draft transcriptional profile of salt-
stress responses in apple. 
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1. The Integrated System of Growing Sweet Cherries in New York 
Tereiice Robinson, and Steve Hoying 

With Rafael Parra, Gabino Reginato and Tae-Nlvung Voon 
Dept. of Horticultural Sciences, Geneva and Highland 

Therc is a significani opportunity lo produce sweet cherries in New York state since there is a large and lucrative market iii 
ihe Northeast for high quality sweet cherries. The introduction ofdwarfing cherry rootstocks and newer varieties has allowed 
new, possibilities for developing high-density cherry orchards thai are more precocious and productive. Over the last 10 years 
a suite of improved management practices liave been developed thai togethcr form ihe "Integrated Sysiem for Producing 
lligh Quality Sweet Cherries ¡ti NY". The system includes: 

• intensive preplant soil tiling to reduce winter tree damage and reduce summer fruit cracking. 
• planling trees on large herms Lo reduce winier tree damage and reduce sumnier fruit crackini. 
• new varieties thai are large and firm such as Regina or are late ripening such as Sweetheart to extend fue harvest 

SC1SOfl. 

• Semi-dwarfing rootsiocks such as Gisela 6, and 12 for small fruited varieties and dwarfing rootstocks such as Gisela 5 

for large fruited varieties. 
• high tree planting densities (750-1000 trees/ha with Gisela 6 and 12 and 1200-2000 trees/ha with Gisela 5) 

• bud removal to obtain branching without pruning, 
• use of ihe vertical axis training system and minimal pnining for high early production or the modified Spanish Bush 

system for pedestrian orchards. 
• hranch bending through the use of clothespins and weights, 
• limb renewal pruning using long stubs for limiting canopy size and reduced bacteria¡ canker, 
• intensive spring and fali copper spray programs to control bacteria! canker, 
• trickle irrigation to improve fruit size, 
• stubbing back pruning aud spur extinction to improve fruit size vith (iisela rootstocks. 
• a spray of gibberellic acid growth regulator at straw color lo delay fruit maturity and Lo improve fruit firmness, 
• rain protection nets or automatic Ca spray systems lo control 

rain cracking,	 - - 
• bird nets lo eliminate bird predation,	 . 
• immediate hydro cooling or forced air cooling of the fruit 	 °	 • 

after harvest,	 A ( 12 

• modifled atmosphere bags (MAP bags) to extend shelf life. 	 O \I.uarJ 

Our results froni this piot show (he value oíihe precocious Gisela 
rootstocks and the value of high tree densities forearly yields. The 
combination ofGisela 5 rootstock and Vertical Axis tree training 
produced a yield of5.3 tons/acre ni (he 4th leafand 8.6 tons!acre 
in (he Sth leafwith Regina. The only draw back of (he Vertical 
Axis system is tree height of 1 3f1. The Modified Spanish Bush 
liad lower yields but can be picked froni the ground 
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Loomis 1 Cherry Systems Trial 
Planted May 1999 

¡ 

N
Repi 

:Roiil Riii2 Re. 3 Roii4 Riii5 Ron6 koii7 Roi8 Ro,s9 28 S'hri GiS 
27 Shri GiS

28 Ucd] M\M2 
27 Go]d MVd2

1528 (ap	 (iil, 33 SihiGiS 33 Ucd] MX\12 33 (ap	 Gir3 2 SIIilGi 32 1-lcd] \IXM2 ;	 32 (ap	 Gil' 

'6 Shri	 (,i '6 Uadl Ci ,
27 (ap	 G16 

'
z	 32 SwhiGiS 32 ucd] MX\12 32 Lap	 Gil, SI	 SIiiCii5 31 Ilcil] MXM2 3 1	 ap Gi6 

25 Sihrt GiS 25 HcdI (ii6
6 tap	 Gi >.'	 31	 Shi( i5 i	 II di Ci6 

Zr
31 Lap	 Gi6 ..	 II S	 ti, (	 5 (1 U di Ci 5)) Lap Gi( 

24 Swhrl GiS 24 1-ladI GiS
25 Lap	 GiS 30 Swhi GiS 30 Ucd] Gi6 30 (-ap	 (liS 29 SwliiGr5 29 1-ladI Gil, 29 Lap GiS . 24 Lap GiS 29 SiIiiGi5 29 Ucd] GIS ?	 29 LIIP	 GiS 28 ShiGiS ?c- 28 HcdI Gi ?a 28 Lap Gis > 28 SsvhiGiS 28 UcdI GIS 28	 ap	 GiS ;	 27 S"hiGiS 27 UcdI GiS 2	 27 Lap GiS 

27 Ss'.hi GiS 27 lIad] GiS 27 1..p	 GiS 26 S'i lit (iiS 26 -ladi GiS 26 Lap (liS 26 SwhiGi5 26 Ucd] GiS 26 La 	 GiS 25 SwIiiGiS 25 llcdI (liS 25 Lap GIS 
25 SshiGiS 25 Ucd] GiS 25 tap	 GIS ii	 24 S"liiÇi5 24 Ucd] GiS 24 Lap Gi5 

23 Sn hrt GiS 23 Ucd) GiS 23 Lap	 GiS
i	 24 SwhiGi(, 

23 S'SIIIGI(,
-i	 24 Ucd] Gi6 '	 24 (ap	 Gi6 23 Ssih,GiS  23 Ucd] GiS 23 Lap Gi'. 

22 Ssilirt	 (,iS 22 Ucd] GiS 22 Lap	 GiS 2 S, lit
23 liad] Gil, 23 tap	 Gil' E	 22 S'. ti¡ Gi5 22 Hcdl (116 22 La, (116 

21 Suho Gil' ?	 21 HcdI Gil' ?	 21 Lap	 Gil' 21	 Su ti ,
22 llcdI Gil, 22 Lap	 Gui 21 Swh,Gil, 21 Ucd] Gil' 21 Lap G 16

- 2(1 Salir! G,6 21) FIcdI (]i6 20 Lap	 Gil, 20 Tal,'. Slah
21	 Uculi Gi8 21	 Lap	 lii)' 21) SwhiGil, 20 lIad) Gil' 2(1 tap	 Gil, 

19 rch'.	 Mali 19 1-lcd] MXM2 19 Rau	 \1.ili
.

19 Tel,'. Mali
.	 20 1-lcd1 SIXM2 

9 (lcd] \l'(NI
20 Rciu	 Mali 
9 Rau Mali

19 S, ti , Gil' 
111 Sah,Gil,

>	 19 Ilcdl Gi7 l	 19	 Gil, 
18 Echa ha	 Mali ¡8 1-lcd] MXM2 IX Rau	 Mali 15 Tau, \lah

,
18 lIad] \IXS12 IX Rcg	 Mali 17 TcIis Mali

8 Ucd] Gil' 
17 Hcdl MXM2

1$ lup	 (ii6 
7 lchv	 Mali 17 Ucd] MXM2 17 Rau,	 Mali "	 17 Tch, M.ih '."	 1' 1-lcd] \1X'l2

. 
"	 17 Rc	 Sial'  Tch'. \iah 

15 Tal" Sial'
1	 16 I-lcdl MXM2 
7	 15 1-lcd] k,1X\12

1717 Rag Mali 

21 It, Rap Mali 
2	 15 Rag Mali 

lO S'hn GiS 
5 Swlirt	 (nS

16 Had] (jiS 
II UadI GiS

16 Lap	 GiS 
5 Lap	 Gis

16 Sa lit GiS 
1 5 S'.IiuGi5

16 lIad) C. t 5 Iii (ap	 GiS 

14 Sahrt	 Gil ii	 14 HcdIGuS
-

4 Lap	 (liS 14 Sw lit Gi5
15 UcdI GiS 
14 1-lcd] GiS

15 (ap	 GiS 14 Tch, Mal, 14 Ucd] MXM2 4 RaX \Iah 

13 Sahrl	 GiS 13 HcdI GiS 13 Lap	 (liS 3 SahiGi5 13 Ucd] GiS
14 Lap	 GiS 13 Tab'. SI-ah 13 Ucd) MXM2 13 Ra5 Mali 

12 SwliiGiS 12 UcdI GIS 
12 Su ¡in	 G i S 12 Sa ¡ti CIiS 2 Lap	 GIS 2 Sal,iGiS 1 2 1-lcd] GiS

3 L-ap	 C i'. 
12 Lap	 GIS llSahrt	 GiS II Ucd]UiS liLap	 GiS IlSaliiGiS II Ucd] GiS lILap	 GIS lISwhiGiS 1I1-lcdI GiS

12 tap	 ( j IS 
lO Salin Gil, III	 -ladi Gil' lo Lap	 (16 II) Sa lit Gi6 lO Hcd] Gil, III Lap	 Gil' lO Si'.hiGiS 2	 II) Hcd] GiS

Iltap	 GIS 

13 Salir! Gil' 9 Ucdl Gil' 9 tap	 G17 11 Swliu G16 9 1-ladI Gil, 9 Lap	 Gil' 1	 9 S1khiGi5 9 HcdI GiS
lO Lap	 (liS 

8 Sahrt Gil' 8 Hcdl Gil' $	 8 Lap	 Gil' $ S".hiGi6 8 Ucd] Gil, 8 Lap Gil, 8 Swh,Gil, 8 Ucd] Gi8
9 Lap GiS 

7 Sali ri 6i6 
6 S

7 Hcd](ii7 7 Lap	 Gil, 7SnhiÇ,i6 <	 7 1-lcd] Gi7 <	 7 Lap	 Gil, 7 Swhiuil, 7 HadI Gil'
1) Lap	 (117 
7 Lap C, 16 S,% ¡in	 Gil' 

4	 8
1' Ucd]Gi7 6 (ap Gi (i SwhiGi6 5	 ti Ucd] G16 6 Lup Gil, <	 6 Si, liiGi6 X	 ti Ucd] Gil, )(	 6 Lap	 (1,6 ralo	 Mali 4	 5 1-lcd) 515512 4	 5 Rau,	 Sial' 5 Tcli, Sial' S 1-ladI 515512 5 Rau	 M.ih 5 SahiGil' UcdI Gil 5 Lap Gil' a	 (cli'.	 Mali 

3 Echa	 Mali
-1 1-lcJl 515512 4 Rau,	 \lali 4 Tch, Mal' 4 [lu,o]i Sial, 4 l3u,i']i \lah 4 Tcli'. Mal' Í1p	 4 (lcd] SIXM2 4 Rcg Mali 

2 B iiold	 SIal'
3 Hcd] \l\ 'i12 
2 HciJI 515512

3 Bu,o] Mali 3 Tch'. Mali 3	 ladI 515512 3 Reg	 Malí 1-ch, Mali >	 3 Ucd] SIX-M2 >	 3 Rcg Sial' 
1	 (cli'.	 Mali 1	 I-lcdl 515512

2 Rcu,	 Slah 2 Tch, Mal, 2 llcdl 51.5512 2 R 	 Mali 2	 Idi, Mali 2 liad] 515512 2 Rug SIal, 1 1 Rau	 Slah 1 rcli, Mali 1	 lcd]	 515512 1 Rc g	 Mali 1	 Mali 1 Ucd] 515512 1 1 Rau, Rois 1 Roe, 2 Rosi 3 Ros. 4 Ross 5 Ross 6 Ross 7 Ross 8
1	 Mali 

Ro., 9 

Road

[ft = 0.3048 m 
[1 ha = 2.471 acres 
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Loomis 2 Cherry Systems Trial 

¡

	
Planted June 2002 

N 
Idi	 II

	
Ri,is 12	 Ro,s 11	 I8uu 14	 I	 Ita., 16	 7	 Ia,, III 

21 Hud (25 21 Hud (1(2 
20	 Rzg (15 20	 (ap (25 
19	 RegG5 S	 19 LapGS 
18	 Res GS 8 LapC5 

liad (112 l tIud (112 2	 (7	 Reg (15 2	 27 LapOs 
6 Res .	 (6 (ap 65 (6	 Res G5 Ib LapG5 

I S
 

Rey (15 -	 (5 1 ap (15 15	 Reg 6(2 25	 Lap 612 
14 Res G5 14 6%G(i5 <	 14	 Res 

Gil
<	 14	 LapGI2 

23 Re8 (25 1 3 1apUS 13	 Res Cl2 .	 23	 "p G12 
22 Reg 622 -	 12 tap (212 .	 12	 Ske66 22	 Lap (322 
II Re6l2 1 tapGI2 .	 II

	
Res G6 .	 II	 LapG6 

10 ((cg (112 -	 lo tap (112 lO	 ((cg (ib 9	 20 Lap (lb 
9 Res Gis Z2.	 9 LapGb 9	 Res (i6 9	 t.apGb 
8 [(cg (16 8 Lap (16 8	 Reg 66 8	 2 ap 66 
7 ((cg 66 7 2 ap (16 7	 ((cg 66 7	 tap (36 
2' Rcg (16 6 Lap 66 2'	 ((cg Maz 2'	 tap Mai 
5 Rcg Maz 5 tap Maz 5	 ((cg Ma, 5	 1 ap Maz 
4 ((cg \liiz 4 La 	 Maz 4	 ((cg Mai 4	 Lap Maz 

Rcp 61.w 3 Lap 6Ta, 3	 Reg Mm 3	 tap Mal 
((cg Maz 2 tap Ma, 2	 Reg Maz 2	 tap \la, 

1 lIud (16 1	 1 Hud (16 1	 1	 llud (26 1	 liad (ib

27	 11ud (15 27 Hu,d (25 27 liad (25 
26	 ((ud 65 26 ((cg (25 26	 tap (15 
25	 I(ud (15 25 ((cg (25 25	 tap (25 
24	 llud (15 24 Reg 65 24	 Ial, (25 
23	 llud (15 23 Reg (25 23	 tap 65 
22	 ilud (15 12 ((cg 65 22 Lap 65 
21	 lIud 65 21 Reg (15 21	 Lap 65 21 Hud 05 21 liad (15 
20 OId 65 20 ((cg 612 20	 Lap 612 20 ((cg (15 20	 tap (25 
19 flud 65 19 ((cg 622 19	 Lap (2(2 19 Rey (25 19	 (ap 65 
8	 (ludOS 18 RegGt2 18	 1apG12 8 RcgGS IR Lap65 

17	 (-ludOS 17 HudGó 17	 tap(i22 17 RcgCaS 17	 LapC.5 
6	 FludGS .	 6 RcgGb Ib	 t.ap(112 16 RcgGS 6 LapC5 

15	 ((ud(iI2 (5 Res G6 15	 LapC,6 15 Rcg(15 15	 LapGI2 
Sc	 14	 lIud (212 k	 14 ((cg (02 (o	 14	 Lap (16 14 ((cg 6(2 4	 Lap (212 

x	 13	 11 lid 622 X.	 13 Reg 66 ,.	 3	 (ap (26 13 ((cg 6(2 > 	 13	 La1, (1(2 
Zr	 12	 (-ludGl2 (o	 (2 Res GIS lo	 12	 LapGb (2 Reg(3I2 12	 Lap(1I2 

II	 I(udGb -	 II Res 6,6 .	 II	 I.apGb '	 II RcgG6 II	 LapGb 
10	 11ud 66 N	 10 ((cg 66 (O tap 66 >	 lO ((cg 66 >	 (O	 Lap (16 
9	 ((ud (16 9 Rcg (0' 9	 Lup (ib 9 Ra( (ib 9	 Lap (it' 
8	 Hud 66 8 Reg 6ta, 8	 tap 6taz 8 ((cg (22" 8	 Lap 66 
7	 FIud 66 7 ResMaz 7	 tap Maz 7 ((iii (16 7	 Tap (16 
6	 Hud Maz 6 Reg Maz 6 Lap Mn 6 ((cg Ma, ('	 tap Maz 
5	 liad Maz 5 Reg Ma, 5 1 a Maz 5 ((cg 6ta, 5	 tap Maz 
4	 ttud Maz 4 Reg Maz 4	 tap Maz 4 ((cg Maz 4	 tap Maz 
3	 liad Maz 3 t8eg Maz 3	 tap Maz 3 ((cg Maz 3	 1,11, Mal 
2	 liad Maz 2 ((cg 6laz 2	 tap 6ta? 2 ((cg Staz 2	 1 al,	 62.,, 
2	 (1,id Maz 1	 1 Ilud (16 1	 1	 lIud (12' 1	 1 liad (16 2	 lIad (ib 

KO' III	 KOS% II	 KO" 12	 ROO 13	 ROM 14	 ROO 15	 RoO It,	 1)5% 17	 Ross 18 

Ros, 1	 Pnss 5	 la,,,, a	 la.,, Ç	 Rn., O	 lan., 7	 y 
27 lIad 27	 Lap (1(2 
26 ((cg 65 26	 Lap (25 
25	 Rep (15 25	 Lap (25 
24	 ((cg 65 24 Lap 65 
23	 Reg 65 23 Lap 65 
22	 Reg (25 22	 Lap (.5 

22	 H lid CS 12	 La 	 612 II	 ((cg 65 22	 tap (15 21	 Hud(iS 
21'	 ((cg 65 222	 tap (25 20	 ((cg (15 20	 tap (122 2')	 llud (25 
19	 ((cg (25 1 9	 Lup (25 19	 ((cg (35 1 9	 (ap 6(2 29¡¡Ud (15 
18	 ((cg (25 18	 Lar G5 18	 Res Çll IR	 t.apGI2 19	 11ud65 

2	 17	 Res GS 11	 (?	 L ar (25 17	 Res Gl2 7	 LapGI2 (7	 (ludOS 
6	 ((cgGS (6	 LapLS -.	 16	 Rcg Gl2 6	 LapUl2 lb	 ((udGS 

15	 Res G5 15	 1ap(i12 15	 Res G6 15 6%666 5	 ((udGl2 
4	 ((cg (112 14	 Lap (122 14	 ((cg (ib un	 14 (VG 66 14	 (lud 612 

13	 ((cCl2 X	 1 3	 Lat,612 13	 ((cg 66 <	 (3	 Lup(16 3	 Rud 622 
12	 Rey G12 (2	 LapGI2 (o	 (2	 RcgGb (o (2	 tap (16 .	 2	 F(uJ(212 
II	 RcgGh ('	 II	 LapG6 .	 12	 Rey GIS .	 11	 LapG6 .	 II	 Hu466 

>	 0	 ((cg (02 >	 IP	 Lap 66 '	 lO	 Rol (0' ((2	 tap (26 1(2	 llud (26 
9	 ((cg (.15 9	 tap (26 1)	 ((cg (26 9	 (ap (26 9	 ((lid (26 
2'	 ((cg (16 tap (ib 2'	 ((cg %laz 8	 tap 6ta, 8	 llud (16 

Rcg (26 -	 tap 66 7	 Reg 6ta, 7	 (ap Maz 7	 ((cd 66 
1'	 ((cg \laz o	 Lap Maz 2'	 ((cg Maz 6	 Lap Maz 6	 ((ud Maz 
5	 ((cg Ma, 5	 Lap 6ta, 2'	 ((cg 61u, 5	 tap Maz 5	 llud \ia, 
4	 ((cg Maz 4	 tap Maz 4	 ((cg Maz 4	 tap Maz 4	 llud 61az 
3	 ((cg 6ta, 3	 l.ap 6ta, ((cg \ta, 3	 (ap Maz 3	 1 (uit Mal 
2	 ((cg \ljj 2	 Lap ',tal, 2	 Re, 6Ta, 2	 (al, Maz 2	 ((cd Maz 
2	 lIad (5 1	 1	 2 ap	 61.,, 1	 1	 lIad (16 1	 1	 1 ap	 61:,, 1	 1	 1 (ud 6ta,

ROIS U	 RL" 2	 ROdI .1 

lft = 0.3048 m 

1 ha = 2.471 acres

22 HudG5 
20 ((cg (15 
(9 [(cg 65 
(8 Rcg(i' 
(7 Res G5 
(6 [(cg (15 
(5 
< 14 Res 612 

(3 Res (112 
12 ((cg (312 
II RegCb 
1 f Rcg (26 

• 9 ((e,, (II' 
8 Re,, 66 
7 ((cg (16 
6 ((cc 6ta, 
5 Re,, Ma, 
4 Rcg Mal 
3 ((cg 6ta, 
2 ((cg 5I.tz 
1 lIad (II'

21 I.ap G 
20 Lap (15 
19 Lap (15 

un 18 (ap (15 
7 1 a C. 

(6 (ap (15 
51 5 (ap 622 

(4 Lap 612 
13 tap (322 
12 tap (122 

.5 II tap6h
(0 tap 
'1 tap (ib 
(2 tup 2,2' 
7 (ap (11, 
15 tap Maz 
5 t ap 61;ii 
4 tap Maz 

( ap 61:,, 
2 2 ap 6ta, 

1 ap (21'

7 Hud (lS 
Ib ((cg (25 

- 15 ((cg (25 
(4 Rcg (25 
(3 ((cg (35 
(2 ((cg (312 

15	 1 Rcg G 12 
O ((cg (112 
9 Res Gb 
12 Rey (.6 
7	 Ru( (11, 
6 ((cg (16 
5 ((cg \lui 
4 ((cg 61,, 
3 ((cg 61.,i 
2 ((cg Ma, 
2 llud (iIi 

It,,,. (1

17	 2 ,'i (5 
16 tap (25 

- (5 (ap (25 
14 tap (35 
13 tap 65 

• 	 12 Lap(l(2 
tI	 tap (112 
lo 1 i (iL 
9 tap (ib 
2' (ap (.16 
7 tap (lb 
6 tap (i2 

5 (ap Maz 
-1 tap 6ta, 
3 1. al) 61.,, 
2	 1..ip \1,l, 

'5 9 [(o'. 4	 ((u,, 5	 Roo 6	 Ras. 7 

Ruad
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Loomis 3 Cherry Systems Trial 

¡

	
Planted may 2008 

N 

Oh	 S%t'b'C (iii 

35	 Roen, Cii, 35 Rulner Gi5

56	 ECIOSI (liii 

l 21	 L.pmns (13 2°	 Inpin, (13
Sssooi (¡lb 

26	 Lu(C(nu (15 26	 ICmi,ei (15 34	 Soro, (lib 94	 SCIrnI (lii, 54	 Roinrr (lib 

25	 ((mmci (i3 15	 Ruino, CC 35	 Sos-e, (iii, 13	 Roinor (lib -	 33	 Susoni (lib 

24	 Ruines (3 14	 Romo, (13 51	 Siseo, (1mb 32	 Ruinnr (lib 5	 12	 So, Cli!, 
.11	 Si,rni (lii' 5 (1	 Swnoi II	 Ruliflor CC 23	 ((ono, 113 -e.	 ib	 Soroi (i1, 1	 Ruine, (lib

('5, 
iii	 Siseo, (14, 

22	 R.~ Ç,5 22	 Ron0, 1,3 2$	 Steel (14. SIl	 Ruino, (lib 2$	 Surs'I (:1(1 

II	 Ruinen 63 II	 R.iinor lis 1°	 Sor,, ( j i, -	 29	 RImes (1,5 27	 Surol (lib 

li)	 Ruino, (13 III	 Romo, (15 lb	 S—t (lii' liC	 Ri,,no	 (liS lb Htduun (it' lb	 Siseo, (lib 

ii	 Lopín. (13 It	 Lspinn (15 °	 25	 Sunoem Clii, 27	 Ruino, (liS
•	

25	 Ilqen., (lib eS	 25	 Sisoni (lib 

lii	 Rui,ner (,3 lb	 ILmi,.ei (15 24	 Soro, (mml, li	 Ruino, (lib, 1	 14	 Rr,ino (1, 1, 24	 Sonut (lib 
23	 Rumor (oh 0? 

-	 11	 ((oit,, 1, 5 1°	 Ruino', (C - It	 Sutut (liii 14	 Ruine, 6,0 23	 llngino (lii. 5721	 Sn (rl (ib 
E 22	 Suon, (lib 23	 ((ono, (lib - ''	 Si, ' 
3	 (0,	 Ruine, C5 ib	 ((ono,, (15 e.	 21	 So,oi (lib -22Ruino, (lib 22	 Rogus. (1,1, So:e, (tu, 

20	 Sonto (li, II	 R.m,nn, i;i' -	 '9	 5	 1 - 15	 R.—, liS '	 (1	 Ruines 1,5 7	 9	 Suesi (1:,. .2	 lii	 Rmuinoi (15 IC	 hin(in,i (lib 7	 6	 Suoi (o: 
- It	 ii,nnni (lS 

''	 4	 ((tino, (i S -	 II	 R,.inne (1 3 CI	 t.up(n. (iii. ib	 R.inrr (¡lb 26 hludnnn (iii, 18	 Lspins (lib 
9	 lO	 ((rItmo., (ib 

13	 9.~(15 ,	 II	 R¿.~,(,5 1	 "pl., (lii 1'	 Rumor Cii, (5	 iiogiiu (iii. r	 upu,.	 Clii, 
ae G6 

12	 R— 1 1	 6	 i U	 1	 p	 C.,1' Ii	 O	 h Ih	 Kg	 ( Ib	 [;.P""	 e 

1 	 Ruinen (ib II	 ((tutor Ci 15	 Luipini. (ui, 15	 Ruine, (1mb, 14 hudson (lib 15	 1 upuo 

(II	 Luspinu (.5 Iii	 Luipu,s (5 9	 14	 Lupino (iii. 4	 ((toni', i ib Ii HCCCCIOn (0 	 o (4	 (opIne (lib 
i	 Lupino (lib - II	 1	 pus	 (' Ii U	 ((oir,,-, CuS O	 Amin,-, (' -	 12	 1	 (iii ''	 1 	 Rm.inrr lib II	 Rrgino (lii,	 - 12	 Lupn,s (1,5, 

II	 Lu'ins (iue. 7 E	 - II	 (opio, (11. 1	 Roo,on C. 0	 (ono, (lb to	 Iii	 Lupin. (lii' 1 2 	 (honor ((5 II	 kogeo (iii, iii	 lupino (lib 

Rotor (, -	 ((mio, i -	 U	 (opIos loti II	 Ilinflnr (lii '	 iii	 Repino (lib 'u	 Lupino iii, 

RUin,', 115 b	 R,minni i	 5 (pino (jI, Iii	 Rius,-'	 (mu 3 O	 ((como (1,,,	 20 ,ip,n' (lib 

b.iufls'i	 i ¡3 Amino, (mo ''	 -	 L.pin. Lib Rumor (iii Rebino i lib  
Roinoi (lib

 

4	 Ruino, (.5 4	 Rainei 1.5 h	 (opino (1,i. 3	 -	 R,iu,or (lib '	 Hudson	 ' mi, h	 (opio. (lib 
i.	 Rui,,,ni	 (lib 0	 0	 Rre:n.i (lib 

i	 Romo, u> 1	 R.,ine, (apios i'- Ruiner (lib ÑRog:'iui i lib	 E (opios Ciii, 
4	 L,ir:.'io	 (lii, 1	 ((,iuiin, (liS -	 U	 Rroin,i iii, -1	 1 .ipoi.	 (hO, 

1	 lino,-, (5 2	 Ruine, ('u -	 1	 L'uri	 liii, 7	 1	 (une, (liS :	 Reui,.i i,,i, i	 1 .i(''ir	 (lib 
2	 (iriso iii, 2Rumie,	 u,'' 7  

1 opine i..' 1	 (apIos uS 7	 1	 E upin. (.1'
1	 1	

1	 ((mier iii, i	 Iiud,on  
R— 1 Roso 1 Ro,. 3 R,n. 4 (lii,,	 O Rio 

Road 

1'	 L.ip,i,s (iii

Ru, 1 Roo	 4 
ib	 Sot'oI liii, 

1	 Suosi i 1	 Rlnor (liii -	 Rolusn (lib 

Ib	 apin	 (iii Ii,	 bono, (lib Iii	 Kuiiioi	 i,uh iii	 Sotol (lii, 

1	 1	 rn, iiu, - 15	 iLnno, (lib 5	 Rii,nor (iii, 15	 Sosci (lib 

II	 LPn	 (iii , 4z 14	 (iii, 14	 I(,nbr li i i, 14	 Suoni (1:i 
11.1	 Lopiiii 114, 5	 So	 i (lb 

3	 Roinin (lii 13 	 Rinnsr (iii,
,

12	 Si,00r (11, 
II	 Lopiou 0,1' 'o r	 Si, uni (14. 
Iii	 Luplus (lib 2	 i(iinn, G. 5 2	 km— (1,0 >	 II)	 ShtCl 11,6 

9	 Lopins r (0 II	 Ronior (liS II	 RiCinos (liS 1	 Sssnol (liii 

L,ipini (ob iii	 Riliote Ç,iS Ii)	 Romo, 6,5 z	 5	 Sonoi (lib 

9	 RoitorCmb 1	 1'r' iu 9	 R.¡.- (lii, 7	 Sotor (lib 
1 R—', Gil, II	 Rumor (lib 

1	 ,piiis	 (iii' 7	 (lino, Gil, 7	 Ruino, Cm, h	 So tul (7,6 
20 t,	 Roinr GiO h	 Ra,rmnr (lib 

Lopins (ii' 5	 Romo, (lib 0b Romo, (lib E	 3	 Suoti (lib 
4	 Lumpin	 (lib 4	 Rner GiS 4	 R.~, (liS 4	 Sotum 

1 3	 Lapins Cmb 3	 Ri,mnn, (,i5 'o Ruine, (1,5 o'	 l	 So ro, (lib 
=	 2	 (upu,, (lii, 2	 Rninrr (li b 2	 R--(1,1'  51	 (;,l, 

r	 I.tpitCs (iii 1	 Roinor (lib 1	 Ruino, (lii i	 ç..., mu,.

(("ii	 15 6,,,,	 lb 
lii hudson ii, 
I I	 Romo,,, 1 

I(Oiiiflii (iib 1 1	 1< Siioei	 (ji', 
- 1	 Rr 1imn.m (iii' ¡ 

li	 RC(iflii (ii5' 12 SUiiOi	 (lib 
'o 13	 Ro(inti (CI

- 
E 

4 Hudson (14' Z 1 Si,rs'i	 (lib 

3	 hudson i	 :5' lb OmiteS	 (lib 

II	 Rntin,m ii i ' U So no,	 (lib 

u	 4in,n (,ih mi 5o,,	 (lib 

(0	 Rogmu (¡lb -	 hiud,on C7i1 

U	 Rogmnm, (lib ti	 Romin.i ini, 

Roino (lib 5	 Rogino (1,6 

7	 hudson (jiS, 

Rni,ino (,ih 
'	 i(Oil i nC (lib - Ropino (1.6 
4	 Reimnu (1,6 
i	 i(o,,n., (lib 1	 Rogo.. (lib 

7 2	 Roitiu.0	 iii 
1	 114.111,4 i	 5 1	 hudson (lib 

1 lft = 0.3048 m 

[ha = 2.471 acres 

4	 Ruine, ib 

1	 RumieS iC 

51	 Ruino, Co 

31	 Romo, (lib 

i(i	 Rumor Cii, 

19	 Ajume' it0 

10	 Ruino' CuS lb	 IIud,nn (lib 

Ruino, (li b 23	 Rrmnu (lib 

le.	 Rm.inr, iii' 14	 (hogmnu (liS, 
25	 Ruino, (lb - 

24	 (un no, (lib  
23	 RonCo (lib - 

0? 21	 Ruino, (lib 11	 Ilo(inu (lib 
II	 Ruine, (,is 

- 29	 Ruino	 (u5 II	 Rooiimu liii, 
U	 Ruine, (it 

Ib	 Ruinen it' lii	 Hudson 114, 
ib	 R(l.'immu (iii 

Raster i, i Ib	 Rcgmo.i (iii 
0? r	 R,u,i, (liii 

lb	 Ii.i:,,e'	 lii', Ii.	 Iiuuimii,m	 i mii' 
1'	 Rui,'uimoC.ih 

-	 7	 ((monor (ib 14	 hhudso,, Clin' 

14	 Ruino,	 (lii, 1 	 hudson (,ih 

e.
Ii	 R.lner (lib II	 Rogiui (ob 

II	 ROinri (i ( II	 Rogmi. Cliii 

1 	 (mino, 1(3 lii	 bomn	 (iii, 

(1!	 R.,inor (ii < U	 AO9inu (,ih 

((sin,, i,ib Rnmiiii,,	 ti,!. 

'	 R.une,i,ih 
-	 Con, SuC. -	 I*udsnn Clii, 

R.iiiioi	 i	 '. O fi	 Rqiinj
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2. Promising New Apple Rootstocks 
T'erence Robinson, Gennaro Fazio and Herb Aldwinckle 

Depi. of 1-Jorticultural Sciences and USDA, Geneva 

\Ve are evaluating rootstocks from around the world to identifv improved apple rootstocks which are dwarflng and higlily 
productive but also Nave resistance to fire hlight and tolerance to the winters iri upstate NY. The winler of 2002/2003 in the 
Champlain VaIIey has shown that M.26, M.9 and 13.9 are susceptible to wiriter coid when there is no snow cover. 

Iii Ihis plot ve are evaluating new rootstocks from (ieneva (G and CG series), Japan (JM series), Czech Republie (.¡TE series), 
(iermany (PiAu series), and Russia (E3ud series) using Golden Delicious as the scion. After 4 years the smallest trees were 
on JTE-G, and B.9. A siightly larger group included M.9T337, G.41, G.16, G.935, M.26, Bud62-396, JM. 10 CG.5 179, JM.7, 
and M.9 Pajam2. An intermedlate group included CG.4210. PiAu.51-1 1 M.4, JM.8 and JTE-H. The largest Irees were on 
JM.5. PiAu.36-2, PiAu 56-83, PiAu5t-4and JM.2. 

Arnong CG stocks, G.16 and (].41 were the smallest followed by G.935, CG.5179 and CG.4210. Among the JM stocks 
JM.l0 was iNc srnallest íollowed by JM.7. JM.l, JM.8, M.4, JM.2 and JM.5. Among M.9 clones, M.9T337 was smaller 
ilian M.9Pajam2. Aniong Budagovsky stocks 13.62-396 was signiflcantly larger than B.9 and similar to M.9Pajam2. Among 
JTE stocks, JTE-H was much larger than JTE-G which was the most dwarfing stock in the trial. Among PiAu stocks PiAu 
51.11 was the mosi dwarfing followed by PiAu 36-2, PiAu 56-83 and PiAu 51-4. Al¡ of the PiAu stocks were relatively 
vigorous and non-productive. 

Cumulative vield was greatest with CG.4210, followed by G.4l, JM.8, JM.7 G.935 and JTE-H. The greatest yield efficiency 
was with G.41 followed by JTE-G, B.9 G.16, G.935, and JM.8. 

Froni this trial ve conclude: 
• Alt CG stocks perfornied very well with G.41 being the best dwarflng stock and G.935 being the best semi-dwarfing 

stock. 
• Among the JM stocks. JM.8 was the best followed by JM.7 and JM.4. Four JM stocks (1, 2, 5, and 10) performed 

very poorly and should he discarded. M.4, 7 and 8 warrant further testing. 
• Among Budagovsky stocks B.9 was too dwarfing in this replant soil while 13.62-396 was significantly larger and similar 

in size and productivity to M.9Pajarn2. It has potential in preplant sites. 
• Among JTE stocks, JTE-G was too dwarflng white JTE-H performed similarly to M.9Pajan12. 
• None of INc PiAu stocks performed well and should alt be discarded. 

2003 NC-140 Golden Del. Trial (Five years of data) 

	

1._A	 .	 .	 .	 (. um 
.iir ivat	

1Nov	
C um ¡'ruti	 Cuto	 Av Frwt	 Cuto	

1 ILL	 1. anupv 

Stock
2007	 .,	 No	 Yld	 Stze (g)	 Suckers	

Height	 Voume 

JTEG 100 5.6 117.4 15.8 2.85 353.4 0.0 1.74 0.53 

BudQ 100 9.3 216.4 26.4 2.82 147.3 1.3 2.09 1.36 

M9T337 100 15.4 250.9 32.2 2.14 147.7 0.6 2.44 2.48 

CG3041 lOO 15.9 305.0 42.1 2.69 151.5 0.0 2.49 2,02 

G 16 88 16.3 264.1 30.2 1.89 139.4 0.4 2.25 1.58 

('G5935 lOO 18.6 363.3 40.8 2.22 133.2 1.1 2.65 2.78 

R[D62396 lOO 18.7 270.9 38.0 2.03 153.8 0.4 2.54 2.09 

M26E\ILA lOO 19.7 308.8 37.3 1.91 143.3 1.6 2.66 2.80 

('G5179 88 20.0 383.6 38.1 1.93 122.7 2.5 2.92 3.49 

iM7 100 20.4 321.6 44.0 2.17 160.1 0.0 2.53 2.77 

M9Pajam lOO 20.9 321.0 39.9 1.97 151.1 0.4 2.56 2.63 

J\1 lO 100 22.1 174.8 22.4 1.02 144.1 0,3 2.80 2,26 

JTEI-1 lOO 23.8 329.1 43.3 1.85 156.6 0.5 2.61 3.69 

.IMS lOO 24.8 288.2 41.0 1.96 162.7 0.3 2.67 4,67 

J\1 1 100 26.2 120.8 15.3 0.77 130.9 0.7 2.72 1.89 

PiAuSl 1 lOO 29.4 257.6 33.3 1.16 154.1 0.8 2,94 3.02 

JM4 100 30.1 217.0 29.7 1.00 154.4 (3(1 2.92 2.59 

('G42 lO 100 30.3 553.3 63.2 2.10 140.7 0.4 3.01 4,15 

F'i,\u5683 100 40.5 237,6 30.9 0.77 148.2 0.3 3.31 4,89 

I'iAuSl4 lOO 4 1. 5 312.0 42.6 1.04 149.11 0.6 332 4,51 

1'iAu3O2 100 41.8 3470 49.9 1.20 170.7 0.0 3.33 5.37 

J\12 lOO 45,8 131.9 15.5 0.34 145.2 (3.1 3.24 2.91 

JMS lOO 465 225.2 33.2 0.68 150.7 1.4 3.26 3.89 

1,81) U<0.05 12 6.2 97,1 30.0 0.51 17.6 2.1 0.34 353
*1 t ,, l( k rankcd hv l'runk ('ro-Scticma1 Arca 



Hansen 16 2003 NC-140 Rootstock Trial 
Spacing 2.5 X 4.5m, planted April 2003 

(iuird

-
(hiarj 1	 Uuard (iuurd 
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-

0.16 - M.26EMLA M.26EMLA 
G.16 M.26EMLÁ 0.16 0.16 
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Ti. 261iN•IL,A M.9T337
-

M.26EMLA 0.16 
G.16 G.16 M.26EM1 - - M.91'337 
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0.16 M.9 337 - Guard Ouard 

M.9T337 0.16 PiAu.fl - M.26ENTL 
M.26EMLA

-

Guard CG.5935 J.TE.I-{ 
M.9T337 7.97ajarii JM.8 PiAu.5f3 

Guird CG.4210 JM.7 - M.91-337 
J.]E.H

- 

-

J.TE.G PiAu.51.4 CG.5935 
JM.7 PiAu.56.83 PiAu.56.83 JM.2 

BUD.62.396 M.26EMLA JM.! 0.16 
M.9Pajam CG.5935 BU D.62.396 CG.42 10 

0.36 CG.5935 CG.5179 M.9Pajam 
P1Au.56.83 PiAu5.1 1 CG3041 0.16 

J,TE.H JM.4 CG.4210 JM.5 
CG.3041 

M.26EMLI
0.16 PiAu.56.83 J.TE.G 

CG.3041 JM.4 J.TE.H 
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-
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BUD.62.396 0.16 0.36 M.9T337 
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PAu.5 3.4 CG.5935 CG.5935 CG.42 1(1 
('0.5935 JM.2 0.36 PiAu.51.4 

M.9Pajít 
M.9Pajam 

J.TE.G PiAu.56.83 JM.5 
JM.4 Bud.Y J.TE.H 

M.9T337 CG.5179 C0.5179 PiAu5.1 1 
JM.$ JM.2 JM.8 JM.8 

JM.5 - 
M.26EMLA 

¡Sí ALI.36.2 

-Mi Au..S6.83
JM.7 PiAu.36.2 
JM.1 JM.1 
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PiAu.56.83 

J NI. 7 
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- 
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29 
28 
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3. Apple Physiology 
Alan N. Lakso

Dcpartment of Horticultural Sciences, Geneva 

Several techniques used in our apple physiology viIl he dernoiistrated. These include whole canopy gas exchange with an 
automated datalogging system, sap flow gauges (used vith calibration by canopy gas cxchange), minirhizotron root observalion 
system. laser canopy analyzer, and fruit growth sensors. Examples of results will he provided. 

4. Return Bloom With Honeycrisp 
Terence Robinson and Steve Hoy ing 

Depariment of Horticultura] Sciences, Geneva and Highland 

llorreycrisp apple has shown extreme biennial bearing in NY State. Our studies iii this piot llave shown thai cropload exceeds 
5 fruitslcni 2 TCA fruit size return bloom the next year kvas almost nonexistent. In our current study we are studying ihe 
interaction of cropload and mineral nutrient content. Efforts lo reduce bienniality by either high nitrogen, high potassium or 
foliar N.B,Zn,Mg or Ca have not heen successful. More successf'ul has been the application of summer sprays of either 2oz 
NAA/100 gallons or 0.5 pt Ethrel/100 gallons. Our trials liave shown that 4 weekly sprays starting in late June are betier 
than 2 or 1 spray. We have also shown that 4 sprays of Ethrel lcd lo increase pre-harvest drop and advanced nlaturity. It is 
likely that ihe last sprays ¡u ihe 3rd week of July were too close lo harvest and affected fruil ripening. 

Despite many growers utilizing summer NAA sprays in 2005 there vas widespread lack of bloom across the stale ¡ti 2,006 
followed by snowball bloom M2007. 1 t ati effort toso ¡ve this problem we are conducting 3 trials in 2007 (Geneva, Il ¡gil land 
and Champlain) lo determine the proper timing of NAA or Ethrel sprays and ifthe rate of NAA can be increased for better 
response. We are also studying the effect of different croploads on the return bloom response lo summer NAA sprays. 

To manage biennial bearin g we currently recomrnend a multi-spray thinning program beginning with a petal fail application 
of2oz NAA + 1 p Sevin XLR fillowed by a spray of 3oz NAA'lOO gallons -- 2pt Sevin XLR1I00 gallons al 12 mm fruil size. 
This should be f'ollowed by a summer NAA prograrn of 4 weekly sprays of 3oz NAAIIOO gallons heginning on .June 21. 
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Frcc fi Ro 5
59 Zestar 
58 Zestar 
57 11Crip 
56 HCrkp 
55 Zestar 
54 11Crp 14 
53 llCrkp 14 
52 1-lCrisp 14 
SI HCrkp 14 
St) Zestar 
49 HCrisp 6 
48 HC'risp 6 
47 IlCrisp 6 
46 }ICrisp 6 
45 HCri'p 9 
44 HCrkp 9 
43 IlCrisp 9 
42 H(ri'.p 9 
41 Zestar 

U UL 1 IJ II I1LflS	 12 

39 11Crip II HCrkp	 12 
38 HCrisp II HCrisp	 12 
37 HCrisp 11 HCrkp	 12 
36 Zestar Zestar 
35 HCrisp 3 l4Crkp	 1 
34 HCrkp 3 I-lCrisp	 I 
33 HCrisp 3 HCrisp	 I 
32 I'ICrisp 3 HCrisp	 I 
31 Zestar Zestar 
30 HCrisp 2 llCrkp	 4 
29 HCrisp 2 HCrkp	 4 
28 HCrisp 2 HCrip	 4 
27 HCrisl) 2 11Crir,	 4 

¿i 11;- risp	 1 F-l. rIp	 14 

24 HCrkp	 1 ll('risp	 14 
23 FICr1p	 1 HCrip	 14 
22 I-ICrisp	 1 Hcrisp	 14 
21 Zestar Zestar 
20 1 lCrisp	 10 HCrkp	 8 
19 UCrisp	 II) Hcrisp	 8 
18 HCrip	 lo HCrisp	 8 
17 Zestar I-lCrkp	 8 
16 HCnp	 5	 1 Zestar

Hansen 14E, Nutrition/Cropload Study 
Honeycrisp/M.9, 4x1m, planted May 2002 

¡ 

N

Row 4 Trt 
Zestar 
IlCrisp 
IlCrisp 
Zestar 
1-lCrisp	 2 
HCrisp	 2 
H('risp	 2 
JiCrisp	 2 
Zestar 
1	 13 
HCrisp	 13 
HCrisp	 13 
1-lCrisp	 13 
Zestar 
HCrisp 7 
HCrisp	 7 
HCrisp	 7 
!-ICris p	 7

Row 3 TrI 
Zestar 

HCrisp 
Zestar 
HCrkp 3 
llCrisp	 3 
HCrisp	 3 
HCrkp 3 
Zestar 
HCrisp 8 
HCrip 8 
HCrisp 8 
HCrkp 8 
Zestar 
HCrkp ID 
HCri\p lO 
1 ¡Cri'p	 II.) 
1 1(rip	 1 
Zesiar 
1'lCrrp	 9 
llCnsp 9 
HCrisp 9 
UCrkp 9 
Zestar 
HCrisp	 ¡3 
1-lCrisp	 13 
HC'rkp 13 
1-ICrist,	 13

Ron 2 Tri 
Zestar 
HCrip 5 
HCrisp 5 
Zestar 
HCrip 12 
HCrip 12 
I-IC'rkp	 12 
[lCrisp	 12 
Zestar 
HCrisp	 1 
HCrkp 1 
HCrkp	 1 
IICri 'p 	 1 
Zestar 
llCrisp 7 
HCrisp 7 
HCrisp 7 
HCrkp 7 
Zestar 
1-lCrisp	 5 
HCrisp 5 
l-ICrisp 5 
HCrisp 5 
Zestar 
l'{Crisp	 lO 
HCrisp lO 
F{Crisp	 lO 
RCrkp lo

Ross 1	 Tri 
Zestar 
HCrip	 5 
HCrip	 5 
Zestar 
HCrkp 4 
HCrkp 4 
FlCrisp 4 
HCrkp 4 
Zestar 
H('rkp	 II 
liCrip	 II 
1-ICrip	 II 
HCrip	 II 
Zestar 
HCrip	 6 

HCri.p	 6 
HCrkp ( 
HCrisp	 6 
Zestar 
HCrisp	 8 
HCrisp	 8 
HC'risp	 8 
¡-ICrisp	 8 
Zestar 
HCrisp	 14 
HCrisp	 14 
HC'rip	 14 
l'lCri p	 14 

HCrisp 6 HCrisp 9 HCr1p 7 
HCrI\p 6 HCrisp 9 HCrisp 7 
lICrkp 6 HCrkp 9 HCrkp 7 
HCnsp 6 llCrisp 9 HCri'p 7 
Zestar Zestar Zestar 
HCrip II HCrip 13 HCrisp 3 
HCrisp II HCrisp 13 HCrkp 3 
Hcrkp II HCrisp 13 HC'risp 3 
HCrisp II HCrisp 13 l'iCrisp 3 
Zestar Zestar Zestar 
HCrkp 12 HCrisp 4 HCrisp 2 
HCrI\p 12 HCrisp 4 1-ICrisp 2 
HCrkp 12 HCrisp 4 HCrkp 2 
HCnsp 12 HCrisp 4 UCrisp 2 

15	 HCrisp	 5 HCrkp 9 HCrkp 14 HCrkp 11 }-lCrkp lO 
14 HCrisp 5 ilCrisp 9 HCri.p 14 HCrkp II HCrisp lO 
13 HCrisp 5 l-lCrkp 9 HCrkp 14 FlCrkp II L{Crisp lO 
12 HCrtsp 5 H(.'risp 9 Hcrkp 14 HCrisp II HCrisp lO 
II Zeslar Zestar Zestar Zestar Zestar 
lo HCrip 4 HCrip 13 E-lCrkp 5 HCrkp 2 HCrisp 1 
9 I-ICrp 4 HC'risp 13 HCrip 5 HCrisp 2 FlCrisp ¡ 
8 I-tCrkp 4 ilCrkp 13 HCrip 5 HCrkp 2 HCrisp 1 
7 NCrip 4 HCrkp 13 HCrkp 5 HCrkp 2 HCrkp 1 
6 Zestar Zeslar Zestar Zestar Zcstar 
5 HCrip 6 HCrisp 7 HCrip 3 HCrkp 12 HCrip 8 
4 1 ICrkp 6 HC'rkp 7 HCnsp 3 HCrip 12 HCrisp 8 
3 KCrp 6 l ¡Crkp 7 1{Crisp 3 HCri\p 12 HCnp 
2 NCrp 6 I'1Crip 7 HCrisp 3 HCrisp 12 HCrip 8 
1 Zestar Zestar Zeslar Zestar

Tree fi Ross 5	 Trt	 Ro%s 4 To	 Ross 3 Tri	 Ross 2 Tít	 Ross 1	 '[rl 

Trt 1+2=Unfertilized Control 
'Frt 3+4=100Kg N = 258g CaNO3/tree 
TrI 5+6=2(1(1Kg K20 = 133g KCl/trcc 
'[rl 7+8=100Kg N +200 Kg K20 = 258g CaN()3/tree + 133g KCl/iree 
TrI 9+10=59Kg N + 100 Kg K2(( =60.6g N114O3,tree + 66.7g KCl/tree 
TrI 11+12=5(1Kg N + 109 Kg K20 + Foliar NRZN\IG = 60.6g Nl14NO3tree + 66.7g K('I.trcc 
'[rl 13+14=50Kg \ + lOO Kg K2O + Foliar NI(ZN\IC+ Foliar Ca = 60.6g N114NOYtree + 66.7g KCI!Iret 
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5. CHEMICAL THINNING OF APPLE 
Terence Robinson and Alan Lakso

\Vith Rafael Parra, Gabino Reginato, Tac-Myung Yoon and Darius Kviklys 
Department of Horticultural Sciences, Geneva 

This trial compares the timing of applicalion of 75ppm Maxcel±Sevin or 7.51)pm NAA+Sevin to eilher Gala, Mclntosh 
or Delicious. In 2008 there vas good thinnirig temperatures (70-85°F) from petal tjll to 21 days after petal fali. The hest 
thinning vas achieved between 7 and 11 days afer petal fali. By 21 days afier pelal fidi fruits were 20mm in size and neither 
NAA or Maxcel ga ye appreciable lhinning with Gala. However w,th Mclntosh and Delicious even ihe later limings gaye 
reasonabk thinning. A single application ofeither Maxeel or NAA did not adequately thin Gala regardless oftiming. Much 
of Ihe prohlem with Gala is dije lo bloom on one year wood on thin weak shoots. These do liot respond to thinners while 
more vigorous shoots do. 

Chemical ihinning studies at Geneva over the Iast 8 years have shown that: 

1. The optirnum tirning of thinning can be estimated from temperature and sunlight dala using a carbon balance model 
developed by Alan Lakso. On cool years (he optiniurn tinhing is when fruit size is 13-15mm. Iii warm year the optirnum 
timing is when fruit size is l0mrn. 

2. The hesi thinning of Gala and oiher hard to thin varieties is achieved with a multiple thinning program. For Gala a 3 
spray prograrn consisting of a fulI bloom spray of 2% ATS followed by a petal fail spray of 1 200ppm Sevin XLR followed 
hy, a 1 2nim spray of lOOppm BA + 600ppni Sevin XLR has been the most successful. This will in most years give Gala 
fruit sizes peaking on 88's. 

3. An econornic analysis of Gala thinning has shown thai 
aggressive thinning to produce 80-88 count Gala has trnt 
produced the greatest grower returns hut rather a less 
aggressive thinning program which produces lOO count 
fruits coupled with a high yield has resulted in greater grower 
returns. The production of 80-88 count fruit size is possible 
in NY state hut requires an excessive reduction in yield 'iili 
a lower total crop value. 

4. Thinning of Honeycrisp is best acconiplished with a 2 spray 
thinning program beginning with a petal fali application of 
lüppm NAA + 600ppm Sevin XLR followcd by a spray of 
7.5ppm NAA + ÓOÜppm Sevin XLR at 12 mm fruit suc. 
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6. The Tau Spindle Apple Orchard System 
Terence Robinson and Stephen Hoying and Gabino Reginato 

Dept. of Horticultura! Sciences, Geneva and Highland 

Our most recent economic studies indicate than an optirnurn tree density for NY state is 2,500-3200 trees/ha unless fruit price 
vas very high. This tree density led to the development of a training system we cal[ the Tall Spindle. 

It is an amalgamation of the siender spind!e, the vertical axis and the super spindie systems Tlie system utilizes the concept 
of high tree densities from the siender spindle system but utilizes lower planting densities iban ihe Super Spindle. The system 
uses tall trees similar to the Vertical Axis hut very narrov. 7 canopies like ihe Super Spindle. A key component is the use of 
hih!y íeathered tres (10-15 feathers) and pendant limb angles to induce cropping and reduce hranch growth and vigor. 
The system also utilizes minimal pruning at planting and during the first 3 years. \Vithout pruning of the leader at planting 
and with feathers starting at 30 in abo y e the soil, the tall spindle tree can be allowed to crop in the second year which gives 
natural bending of lateral branches which keeps them weak. At maturity, the Tall Spind!e canopy has a dominant central 
trunk and no permanent scaffold branches. Limb renewal pruning is utilized to remove and renew branches as they get too 
large (>2cm diarneter). 

Tree density with Tal! Spindle orchards can vary from a high of3700 trees'ha (90cm X 3m) to a low of 2.300 trees/ha (1.21-n X 
36m). The proper density considers the vigor of the variety, vigor of the rootstock, and soi! strength. For weak and moderate 
growing cultivars such as Honeycrisp. Delicious, Braeburn, Empire, Jonamac, Macoun, !dared, Gala, NY674, and Golden 
De!icious we suggest an in-row spacing of 90cm. For vigorous varieties such as Mclntosh. Spartan, Fuji, Jonago!d, Mutsu, 
etc, and tip bearing varieties such as, Cortland, Rome Beauty, Granny Smith and Gingergold we suggest an in-row spacing 
of 1.2m. Between-row spacing should be 3m on !evel ground and 3.6m on siopes. 

Dwarfing rootstocks such as M.9, 13.9 or the new fire b!ight resistant dwarfrootstocks from Geneva (G. 16, G. II. G.41 and 
G.935) have heen used successfully in Tal! Spindle plantings. The weaker stocks such as M.9T337, B.9, G.1 1 and G.41, are 
especiaily useful with vigorous scion varieties on virgin soil. The more vigorous stocks such as M.9Pajam 2, M.9Nic29, 
G. 16 and G.935 are much better when on replanted soil or when weak scion cuitivars are used, 

An essential component of the Tail Spindle system is a high branched (feathered) nursery trees. Wc recomniend that the 
caliper of trees used ¡ti tail spindle plantings be a minimum of 1.6 cm andthat they have l0-!5 well positioned feathers with 
a maxinium length of 30cm and starting ata minimum height to 75cm on the tree. Generaily nurscry trees in North Arnerica 
have 3-5 long feathers instead of 10 short feathers. The tree with fewer long feathers requires more branch management 
than the tree with more short feathers. If trees have long feathers they should he tied or weighted below the horizontal at 
planting to induce cropping and to prevent them from developing into substantial lower scaffolds. This simple change in 
feather management allows for long-term cropping of many feathers and little invasive pruning for the first 5-8 years at the 
very close spacing of the Tafl Spindle system. 

The Tal! Spindle has no permaneni lower tier of branches. As lower branches become too large they are removed back to the 
trunk with a bevel cut and replacement shoots are produced. This renewal pruning strategy is used on ihe upper part of the 
tree as tlie trees age to remove larger limbs and maintain a conic tree shape. 

In summary, the tall spindle system uses higher tree densities than most NY growers plant, but the adoption of this system 
by NY growers will increase lifetinie proflts of new orchards and help improve thc competitive position of the NY fruit 
industry. 
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Hansen 10, Orchard Systems Trial
Planted April 1997 

N-ø
Rep. 2 

R34
2 3 4 5 (	 7 8 9 U) II 12 

GalaM.7	 OX	 8' FujiM.7	 OX 18' 

123456 789101112 

Enipire 	 IO'X 18 1 Mac,NL7 10'X	 8' 

1	 2	 3	 4	 5	 6 7	 8	 9	 10	 11	 12 

IGa117	 OX 18 FujiM.7 IO'X	 8 

1	 2	 3	 4	 5	 6	 7 8	 9	 lO	 II	 12	 13	 14 

FmpircM.26 8'X 16' MacM.26 8 X 16 

1	 2	 3	 4	 5	 6	 7 8	 9	 lO	 II	 12	 13	 14 

Gala M.26 8' X 16 , FujiM26 8'X 16' 

1	 2	 3	 4	 5	 6	 7 8 9	 lO	 II	 12	 13	 14	 15 
Empire 1,1.9 7' X 1 5 , Mac.M.9 7' X 15' 

1	 2	 3	 4	 5	 67 8 9101112131415 

Gala M.9 7 X 1 5' Fuji M.9 7' X 15'	 1 
1	 2	 3	 4	 5	 6	 7 8	 9 lO	 II	 12	 13	 14	 15	 lO	 17 

Empin.' M.9 6'X 14' MacM.9 6'X	 4' 

1	 2	 3	 4	 5	 6	 7 $	 9 lO	 II	 12	 13	 14	 15	 16	 17 

¡Gala/M.9 6 X 14' FujiM.9 6 X 14' 

1	 2	 3	 4	 5	 6	 7 8	 9 10 II	 12	 13	 14	 15	 16	 17	 18 

IE1p195'x 13' MacM.95'X 1 3' 

1	 2	 3	 4	 5	 6	 7 8	 9 lO	 II	 12	 13	 14	 15	 16	 17	 1$ 

Gala M.9 S'X 13' Fuji M.9 5'X 13' 

l	 2	 3	 4	 5	 6	 7 8	 lO II	 12	 13	 14	 15	 lO	 17	 1$	 19	 20	 21 

I EmplreM.94'X 12' MaeM.94'X 12' 

1	 2	 3	 4	 5	 6	 7 8	 lO	 II 12	 13	 1.1	 15	 lO	 17	 18	 1921)21 

Gala 81.94' X 12' Fuji M.9 4' X 12' 

1	 2	 3	 4	 5	 67 $	 9	 lO	 II	 12	 13 14	 15	 lO	 17	 1$	 192021	 22 23	 24252627 

Empire M.9 3 X II' Mac 81.93' N II' 

1	 2	 3	 4	 5	 6	 7 8	 9	 lO	 II	 12	 13 l4--l';	 16	 17	 18	 192021	 222324352027 

1 (jilj M,9 3' X II' FujiM 93' X II' 

1	 2	 3	 4	 5	 6	 7 8	 9	 lo	 II	 12	 13	 14	 1 5 16	 17	 18 192(21 222324:5	 o 27 28293031 32 333435 3(	 1 

Empire M.9 2' X lO Mac M.9 2'X lO' 

1	 2	 3	 4	 5	 6	 7 8	 9	 lO	 II	 12	 13	 14	 15 16	 17	 18 19202!	 22232425	 0728293()3!	 323334	 '5	 3( 

Gala \l 9 2 X lO' lii» 81.9 2' X lO

lft = 0.3048 m 
1 ha = 2.471 acres 
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7. High Density PearTraining Systems and Rootstocks 
Terence L. Robinson

[)epartiiient of Horticu Itural Sciences, Geneva 

Pear production in the Easteni USA is characterized by low density orchards (150 trees/acre) on seedling rootslocks which 
have low early production and low rnature yields. Recently severa¡ new semi-dwarfing rootstocks have become available 
which could be used in high densily pear orchards that could be nianaged similarly lo high density apple orchards. In addition 
several new liigh-quality tire blight resistant pear varieties ofíer the potential íor pears (o be an attractive alternative fruit 
crop for NY growers. 

Iii this field trial al Geneva, we are cornparing íourtraining systems: Central Leader (242 trees/acre), Vertical Axis (51 8 trees' 
acre). Tall Spindle (908 trees/acre) and Super Spindle (2178 treeslacre) on 6 rootstocks (seedling. 01lF97. OHF$7, Pyrodwarf, 
Pyro 2-33 and Quince A) with 3 varieties (Bartlett, Bose and Taylor's Goid Comice). The sigtifficani results lo date are: 

1. lncreasing tree density liad a significant negative effect on tree size as measured by trunk cross-sectional arca for each 
roolstock with trees al the highest plariting density being only 55% the size of the trees iii the lowest planting density. 

2, With Bartien, ihe largest trees were on 0HF97 followed by 0HF87, Pyro 2-33. Pyrodwarfand the smallcst trees were 
on Quince A. Ilowever, with Bosc and Taylor's GoId the largest trees were on 0HF87 followed by 0HF97, Pyro 2-33 
and Pyrodwarf. Trees of Taylor's Goid on 0HF97 and on seedling were damaged in the wiifler of 2004/05 with 37% of 
the scions killed. The damage was greatest in the central leader system which had fue most vigorous trees. None of the 
other rootstocks were damaged. 

3. Tree density liad a large posilive effect on yield in the third and fourth years with Bartlet on 01-11787 or Bosc on Pyrodwarf 
achieving 24 t/acre(1,l00 bu/acre) in the fourth year. In contrast.thelowestdensity system (central leader)had only IO% 
of the yicld of ihe highest density systeni. 0HF87 being the best rootstock for Bartktt but Pyrodwarfperformed best wifli 
Bose and Taylor's GoId. 

Fruit size was negatively related lo planting density with the super spindle system producing significantly smaller fruit 
size (han either the vertical axis or the central leader. Part of the effect was due lo greater crop loads on the super spindlc 
system. Ilowever, when fruit size was adjused for crop load there was still a negative effect of planting deiisity on fruit 
size of Bartlett. 

5. With Bartlett, Quince A produeed the largest fruit size while Pyrodwarf and seedling liad significantly smaller size. 
01lF97, 0HF87 and Pyro 2-33 had intermediate fruit size. With Bose and Taylor's Gold, there was no dif'ference in fruit 
size hetween (he rootstocks. 

The results of this study show that there is great poenfial lo improve (he early yield of pears with increased tree planting 
density and new rootsocks. The extremely high planting density of (he Super Spindle achieved a yield of 1,100 bu/acre in 
fue fourth years hut (he long term nianageability of such higli planfng densiies withom thc use of fully dwarfing rootstocks 
is questionahie. The more moderate planting densities of (he TalI Spindle (908 trees/acre) niay have greater long-term 
nuanageahi 1 ity. 
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Post-Tour
Western NY ¿md Niagara Falis 

Saturday August 9, 2008 

8:30am Leave Geneva 
9:30am Arrive Burch Orchards — CG Roofsfock Piot Honetjcrisp apples 

10:15am Arrive Zingler Orchards - Appk' Planting Systems a,id Tree Quality 
11:30am Orchard Dale - Agri-tourism WNY Style Mnrket, LI-Pick berries, Appk's, 1992 Apple Pianting Sijstem Trial Gala, 

Cortland, Red Delicious, Enipire 
12:30pm Lunch at "The Berry Patch" 
1:45pm Stillwater Lamont Farms - Super Spiudie Apple Plantings 
3:15pm LynOaken Farms - Peaclies, Equipineut, Ciderand juice production, wineri/ 
6:00pm Days Inn, Niagara Falis Eveiiinç 00 your own. Suçgestions: Casino, Palis nf NigJit, Travel fo Canada Gardeus nud 

niglit life (be sure fo linve proper papers (Passport aud VISA if necessary depending mi i/our residence) for rcent n iota tite LISA 

Sunday August 10, 2008 

8:30am Lea ve Days Inn Hotel, Niagara Falis, NY. Be sure fo itave cizecked oitf, prepared iuggagefor loading onfo fue bus 
and lave Izad breakfast. 

9:00am Cave of the Winds Tour — Waiking taur bL'lzind tite FalIs 
11:00am Fvlaid of the Ntist Tour — Boat Tour fo tite base of Niagara Palis 

12:00 noon Lunch — MarJim Manor 
1:00pm Marjim Winery Tour and Singer Farms — Wineri, nud Stonefrtiit 
2:45pm Peach Planting systems trial Niagara Orchards — Plan fed 1999 
3:45pm New Royal Sweet Cherry Plantings — Various ages Sweet Clierries on mi exceilent site 
6:00pm Arrive Rochester Airport Holiday Inri - Overnigl:t
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Farm Descriptions 

Frank & Hale Burch Farms, Inc. 
Operators: John & Jim E3urch 
Total Farm Size: 260 acres 

of farm Units: 3 
Futi-time Employee5: 5 
Crops: Apples, Peaches, Cherries, Strawberries, Raspberries, 

BI ueberrjes, Cu rrants, ¿md Gooseherrjes 
Marketing Strategies: Apples 50% processing, 50% fresh 

0/4 through two packing houses 1,4 retail at our own 
farrn.) AH other fruit soid reta¡[ at our farrn either oii a 
roadside stand or pick your own 

lnfrast-ructure: Owned and operated by farnily with seasonal 
help as needed 

Planting Systems: Central leader (7,26,9/111,1 06,111) Vericat 
Axis(rootstock trial) 3-wire vertical Trellis (9) 

Varieties (Apples): 20+ varieties. Empire, Golden & 
Red Delicious, Gala, Fuji, Idared, Crispen Hon-
eycrisp, Mclntosh, Cortland, Austin and others 
Advantages: Weather, Good sites, abundant niarkets 
Challenges: Costs of operating ¡ti NY 
Future Trends: Plant high value varieties on higher 
density planting systems 

Research Cooperation: Rootstock trial, fire b!ight triat with 
hiological control 

R.M. Zingler Jr. Farms 
Operators: Mike Zingler 
Total Farm Size: 590 acres (490 owned, 100 rented) 

of farin Units: 8, hut mainly conti guous in Kendall area 
Fuli-time Employees: 11-12 
Crops: Apple, pears, peaches, nectarines, apricots, sweet 

cherries, plums, strawherries, raspberries 
Marketing Strategies: Wholesale (apples, pears), Farrn 

markets, sorne direct-marketing to stores (rnost other 
crops) 

Infrastructure: Partner iii Lake Ontario Fruit, Inc. (Packing 
¿md Storage) 

Planting Systems: Standard (free-standing/central leader) 
on older plantings to variation on tall-spindle (5X13) on 
nev plantings (M9 mainly; along vith sorne M26, B9) 

Varieties (Apples): 20+ ¿ipples cuttivars grown- never club/ 
managed varieties such as Honeycrisp, MN-1914, and 
Pinata; along with significant acreage of Empire, Gala, 
Carneo, Fuji, and Mclntosh 

Advantages: Diversified tree fruitand herry crops, different 
marketing strategies, using Srnart Sprayers excl usivelv 
for over 10 years 

Challenges: Labor, cost of replanting, and vhat to plant 
Future Trends: Phasing out processing acreage that svas in-

herited ¿md pointing towards nearly alt fresh. Predict-
ing ¿md planhng high-value varieties using the rnost 
prohtahle planting systems 

Research Cooperation: Apple lhinning Trials, Growth Regu-
lator lrials •vith Steve l-loying

Orchard Dale Fruit Farm & Brown's Berry Patch 
Operators: Robert, Dehorah, Eric and Bohhv Brown 
Total Farm Size: 200 acres 

of farm Units: 1 
Fui¡-time Employees: 8 
Crops: Apple, sveet cherr\ peach, strawberry, raspberry, 

blueberr 'quince 
Marketing Stra Legi es: Wholesale (packed, processed, store-to-

door), Retail (PYQ, farrn rnarket, agri-entertainrnent) 
Infrastructure: Vertically integra ted with nursery, orchards, 

storage, packing and retail 
Planting Systems: Standard to super spindle (M9 for past 

twenty years) 
Varieties (Apples): 15+ including Empire, Mclntosh largest 

pe rcen tage 
Advantages: Next generation involved, diverse marketing, 

good employees 
Challenges: Labor costs, meeting rnarket demands 
Future Trends: Planting profitable varieties (including man-

aged varieties) 
Research Cooperation: Planting systems trials, various crop 

protectant trials 

l.amont Fruit Farm Inc. 
Operators: Rod Farrow and George Larnont 
Total Farm Size: 420 acres apples 

of farni Units: 5 
Fuil-time Employees: 10 
Crops: Apples (400,000bu) 
Marketing Strategies: 75% Fresh wholesale, mostly through 

Lake Ontario Fruit in which ve are partners with 6 other 
entities. 25% Processing. Partner in NBT cooperative for 
Níanaged Varieties 

Infrastructure: Vertically integrated, nurser frult production, 
storage and packing 

Planting Systems: New plantings Super spindle (11'x 2' - 
2000trees/acre B9), Vertical Axis (14'x5'- 520 trees/acre 
ENILA 9) Central Leader (16-18'x10-12' 200-272 trees/ 
acre M26, MM 106) 

Major Vaneties (Apples): Enipire, Honeycrisp, Acey Mac, 
Cala 

Others: Red Del, Mac, Gingergold, Macoun, Jonagold, Red 
Cort, Crispin 

Advantages: Good sites with irrigation water, strong van-
ety mix, great group of employees and pickers (H2A). 
Strong demand for east coast apples (food miles). Price 
of fuel! 

Challenges: Imrnigration, global warming? (hail), new site 
availability 

Future Trends: Improve fruit quality with hetter practices, 
varieties ¿md storage. Excellent opportunity to grow 

Research Cooperation: Varietv trials, Lime Tnials, Foliar 
Nutrient tnials, Nlating disruption



lynOaken Farms 
Operators: Darryl Oakes, Linda Oakes, Jeff Oakes, Wendy, 

Wi Ison 
Total Farm Size: 350 acres 

of farm Units: 6 
Fuil-time Employees: 12 
Crops Apples, Sweet Cherries, Tart Cherries, Peaches, Wine 

Grapes 
Marketing Strategies: 2 vholesale distributors, own store 

and delivery program, own farrn market, svinery, and 
cider mill 

Infrastructure: CoId storage, CA, and srnall packing une. 
Planting Systems: Mainly vertical axis (500-600 trees/acre), 

new planting tal¡ spindle (1,200 trees/acre) mainly on 
M9, 

Varieties (Apples): A new variety collection of over 400 cul-
tivars, markets about 20 varieties, major ones: Ginger 
GoId, Gala, Mclntosh, Empire, Cortland, l-Ioneycrisp, 
Jonagold, Crispin, Red Delicious, Idared, and Fuji. 

Advantages: Great soil, a good clirnate, diverse crops and 
diverse marketing strategies 

Challenges: Labor 
Future Trends: An increase in direct marketing, and fresh-

market peach acreage, investing in nianaged apple 
varieties 

Research Cooperation: !Iultiple trials with the departments 
of Entomology and Horticulture with Corneli Univer-
sity. 25 plus years of cooperative research 

Singer Farms 
Operators: Owned by Tom Singer and Jim Bittner 
Total Farm Size: About 500 acres of tree fruit 

of farm Units: 1 
Fuli-time Employees: 7 
Crops: Fresh sweet cherries, processing sweet cherries, tart 

cherries, apricots, plurns, fresh peaches, processing 
peaches, apples and lO ac of certified organic apples. 
Planted blueberries ¡ti 2008 

Marketing Strategies: Produce vhat the costunier wants. 
Infrastructure: Qn farrn cold and CA storage. 
Varieties (Apples): Red Del, Empire, Spartan, Cala. No 

apples planted in lO years 
Advantages: Biggest assets are well drained soils along the 

lake 
Challenges: Controlling labor costs. 
Future Trends: Packing stone fruit for superrnarkets 
Research Cooperation: Sveet cherry variety and rootstock 

trials 

Niagara Orchards, Inc. 
Operators: Dan and Debra Sievert 
Total Farm Size: 2100 acres 
# of farm Units: Several 
Full-time Employees: 15-18 
Crops: Apples, Peaches, Tart Cherries 
Marketing Strategies: Apples al 1 wholesale to 1 packinghouse, 

peaches al¡ fresh niarket, niainlv vholesa!e toa large 
su permarket chai n, Tart cherries, part owner in a Co-Op

(Niagara Orchard, Inc. , continue(1) 
Infrastructure: Fully integrated orchards 
E'lanting Systems: Apples - older plantings oii M26 or M9/ 

Nl\1106 interstems (12X20 spacing), central leader, 
ne\',er on M9, closer spacing (4X14) 

Varieties (Apples): More than 20 varieties, Main varieties - 
Enipire, Red Delicious, McIntosh 

Advantages: Diverse crops and marketing strategies, largest 
tart cherry producer in NY state, produce over 20% of 
tarts jo the state 

Challenges: Labor, large farm size, increased costs of all 
inputs	 - 

Future Trends: downsizing a bit due to labor (Apple 
prod uction) 

Research Cooperation: Peach orchard planting systems trial 
ivith Terence Robinson & Steve Hoving 

New Royal Orchards 
Operators: Allan, Dennis, and Timothy Buhr 
Total Farm Size: 370 acres planted 
* of farm Units: 5 within 5 mile radius 
Full-time Employees: 10 
Crops: Apples (300 acres), Pears (Bartlett, Bosc, Asian-40 

acres), Sweet Cherries (30 acres). 
Marketing Strategies: Wholesale, mostly fresh fruit. 50% 

market own fruit and broker sorne other growers, 50% 
market through Sun Orchards & Niagara Fresh 

Infrastructure: CoId storage (20,000 bu.), CA (25,000 bu.) 
Planting Systems: Apples - central leader mainly with 

interstems, sorne M7, MM106, sorne vertical axis M9 on 
single wire, sorne 4 wire trellis on M9 

Varieties (Apples): 20+ cultivars grown-Major varieties 
Golden Delicious, Empire, Red Delicious, Mclntosh, 
Ginger Gold 

Varieties (Sweet Cherries): Marketed prirnarily wholesale 
to those who can freeze them. Over 30 acres grown. 8 
acres on Mazzard planted early 1980's- Hedelfingen, 
Emperor Francis, Rainier, Cavalier, Hardy Giant, 
Royalton, Hartland, and Van. 5 acres on Gisela, planted 
1995-6. Royalton, l-Iartland, Somerset, Kristen, Surnmit, 
Emperor. Francis, Hudson, Black GoId, Hedelfingen. 15 
acres on Gisela, planted 1999, 2000, and 2004. Hartlarid, 
Emperor Francis, 1-ledelfingen, Black Gold, Royalton, 
Surnmit, Vhjte Goid, Goid, Ulster, Tieton, Blushing 
Gold. 7 acres on Gisela *6 and #12 planted 2007 and 
2008. Hudson, Tieton, Regina, Chelan, GoId 

Advantages: Close to rnarkets in Pennsylvania, Ohio, and 
New York, 

Challenges: Labor, weather (hail-damaged fru it) 
Future Trends: lnvolving next generation 
Research Cooperation: Nlarkets sweet cherries from 

NYSAES Geneva, ¿md Allari serves on NYARD prograrn. 
Fumigation trials, Apple variety, trials
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Wednesday-Tour, August 6, 2008 • Wayne County 

Time Topic 

8:00-9:00am Overview of ¡he NY Fruit lndustry 

9:00-12:00 noon Nursey Production at Waflers Nursery 

Tall Spiridle System at Waflers 

Super Spindle System at Fowler Farms 

CG Rootstocks at Cahoon Farms 

12:00-1 :3Opm Sodus Bay Restaurant 

1 :30-4:OOpm Fruning Gala for Improved Fruit Size al Vanderwalle's 

Apple Orchard Systems and Rootstock Trial 

V-system and Mechanical Thinning of Pcach at Furber Farrns 

Organic Apple Production in Humid Climates at Knapp Fanns

4:00-5:00pm	 Club Vaneties at DeMarree Fruit Farm 

Retail Fruit Marketing

í'r&	 1 r 

Steve Hoying and Alison DcMarree 

Paul Wafler and Bili Pitts 

Terence Robinson and Paul Watier 

JD Fowler and Steve Hoying 

Gennaro Fazio 

Alison DeMarree 

Scott Vanderwalle and Steve l-loying 

Tercnce Robinson 

Alison DeMarree and Todd Furber 

Steve Knapp and Steve 1-!oying 

Tom DeMarree and Alison DeMarree 

Ed and Jan Burnap 

Mike and Kendra Maloney 

5:00-6:00orn	 Bus Trip to Geneva	 Steve Hoying and Alison DeMarree 

ip-



August 6 111 Tour of Wayne County Frult Farms 

Wafler Farrns & Nursery 

Wafler Nurseries has been operating for 46 years in Wayne County. Its owner, Fritz Wafler, carne to the United States in 
1952 from Switzerland and after working across the country as a migrant worker hought this farm in 1958. Nowadays 
his son Paul Wafler has become the operator and manager of the farrn. 

The farm currently consists of 350 acres planted with apples for fresh rnarket. Wafler family rnembers are very innovative 
farmers, always adopting new technologies such as the trend for newer blocks heing planted at 3.5 feet hetween the trees 
and 13 feet hetween the rows in Tal! Spind!e system. 

Approximately 200,000 trees (rnostly apple and a few tart cherries) are produced annually in Wafler Nursery. Trees are 
cornmonly shipped to Michigan, Ohio, North Carolina and the northeastern United States. About 60% of the trees are 
produced for Wayne County apple growers. Cornmon rootstocks are: B.9, M.9 and Corneil Geneva rootstocks. Thc most 
popular varieties inc!ude: Honeycrisp, Gala, Linda and Ruby Mac and Royal Empire. 

As mariy of the soils along the Lake Ontario are heavy with good water holding capacity and a surnmer characterized by 
frequent rains, the nursery plots are irrigated only during drought years. Trees produced here do not have the caliper 
of trees produced in warmer areas hut usuafly have a better root system. 

Bu! Pitts is in charge of sales and nursery management, Susan Wafler (Paul's wife) is the office manager and Joyce LeRoy 
is the office assistant. Contacts: Phone: 315-594-2399, fax: 315-594-8829, e-mail: irifo@waflernursery.com  

Van De Waile Fruit Farm 

Van De Waile Fruit Farm started with fruit production in 1983, heing a first generation involved in fruit business. Van 
De Walle Fruit Farm and Wayne County Fruit Sales is owned and operated by Scott (Orchard), Marshall (Packinghouse) 
and their parents Ken and Donna Van De Walle. The fruit farm operation consists on approximately 320 acres of apples 
for fresh market. Recent plantings are being planted to 2.5 x 12 feet spacing supported by black locust poles and wires. 
Varieties recently planted include: Honeycrisp, Gala, MN 1914 and McIntosh. Fruit grown on the farm is either packed 
in their own facilities or at l-less Brothers in Pennsylvania. 

Knapp Orchards 

Knapp Orchards started its fruit operation as a first generation 11 years ago. Steve Knapp, the owner and operator farms 
400 acres of both process (70%) and fresh market app!es. Steve has heen growing organic apples on approximately 60 
acres for six years. The latest orchard planted has two spacings: 3 x 13 feet on B.9 in its tbird leaf and 6 x 14 ft on G.30 
rootstock in its 2' leaf. TI-te two main varieties are scab-resistant Liberty and Florina. There are also planted approximately 
10 disease resistant Geneva numbered varieties from Cornell's Apple Breeding Program produced at the Agricultural 
Experirnent Station at Geneva under Dr. Susan Brown direction. 

Cahoon Farms 

Cahoon Farms is owned by third generation farmers. The family, four brothers, a sister and their children operates over 
1,500 acres and a process fruit business. They produce both fiesh market and process apples, which are either processed 
into fresh or frozen slices or dices or dried, and tart cherries that are frozen as IQF or 5+1 (sugar and fruit ratio). Their Dry 
House Fruit division in.fuses and dries apples, cranberries, blueherries and cherries for bakeries and as snáck foods. 

Bob Cahoon is in charge of the orchards. Check their website at: www.dhousefits.com  or orchards sales at: rcahoon@ 
cahoon fa rrn s.corn



Cherry E.awn Farms 

Todd, Ted and Ron Furber (father) are the owners and operators of Cherrv Lawn Farms. They opera te over 300 acres of 
fresh rnarket and process apples, process peaches and tart cherries. Fresh apples are the main crop. 

About 50 acres of peaches are grown, mainly trained as a Three Leader (8 ft x 18 ft) and Perpendicular Vee (6 ft x 18 ft). 
Peach varieties include Babygoid 5, Virgil, Veriture and Catherina. Peaches are first thinned rnechanically, then by hand 
(plastic bat) with workers standing on a worker platform pulled by a tractor. 

Fowier Farms 

John and Bob Fowier are the 5 ` generation of Fowiers as farmers. John's son, J.D,, is in charge of the orchard operation 
and Bob's son, Austin, of the storage and packinghouse facilities, making thern the 61h generation involved in the 
operation of Fowier Farms. Over 2,500 acres of fruit, mostly apples (over 21 varieties) with sonie sweet cherries are 
under production. 

Al! the new orchards planted by Fowier Farms have been planted to 1 ½ - 2 ft x 10 ft spacing to be trained as Super 
Spindle. The support system consists on black locust posts that are locally grown. The leader of each tree is supported 
by a vertical wire fastened to a high tensile steel wire at 18 inches off the ground and to another wire at approxirnately 
7 1/2 - 8 feet height. Drip irrigation tubing is fastened to the low wire to keep it off the ground and prevent the tubing 
from being kicked hito the path of an orchard mower. 

Check their wehsite: www.fowlerfarms.com 

Burnap Frult Farms & Farm Market 

Burnap Fruit Farms is owned by second generation farmers heing the farm started by Ed Burnap in 1970 and expanded 
in 1976, 1980 and 1998. The farrn is now organized as an LLC (Limited liability corporation) owned and operated by 
Ed's son-in-law Mike Maloney (farm) and daughter Kendra (farm market) and Jan and Ed. The farm market was started 
in 1980. Nowadays, approxirnately 180 acres are currently in production; 150 apples (60% for fresh rnarket), 25 acres 
of peaches (1.5 acres for fresh rnarket), 3.5 acres of strawberries, raspherries and blackherries, 1 acre of sweet cherries, 1 
acre of asparagus and 4 acres of sweet corn. 

In 1984, they planted Y-trellis developed at Geneva. Current apple plantings are trained as Vertical Axe with 2 wires. 
All plantings are 15 feet hetween the rows and 3.5 (Honeycrisp) to 5 feet (Empire) between the trees. New plantings are 
for both fresh rnarket (Empire, Carneo, Macoun, Honeycrsip, Gala, Fuji, Jonagold, Royal Court, and Ginger GoId) and 
process (Idared, Rome Beauty) markets. 

Donaid DeMarree Fruit Farm, Inc. 

Tom DeMarree is a second generation fruit grower. Tom's father, Don, started the farm in the early 1960's and he and 
Tom increased their acreage in 1985. Tom took over management of the farm in 1989 and added acreage in the spring of 
2005. Fresh rnarket and process app!es (over 24 varieties) and process peaches are the main fruit crops produced by the 
farrn on approximately 160 acres with over half of that acreage under trickle irrigation. 

Fresh market apple plantings are currenthy planted at 1,200 trees per acre (3ft xl2ft). Row width in past years ranged 
from 13-14 ft with 3.5 - 6 ft between the trees. Recent plantings are on a 3-4 vire trelhis using 12 feet lodgepole or red 
pine poles every 35-40 feet. DeMaree Fruit Farm has been characterized for being very innovative irlcorporating newer 
varieties, and plantings in recent years include; Horieycrisp, NY 674, Pinova, Brookfield Gala, Topaz, Carneo, Eve Braehurn, 
Ambrosia, Macoun, Fuji, Snapp Stayrnan and MN1914 planted on Bud.9, EMLA.9, M.9 and CG.16. 

15 acres of process peaches have heen planted at 16-18 feet between the rows and 5-6 feet hetween the trees to he trained 
as Perpendicular V system. Varieties include: Venture, Catherina, Virgil and Vinegold.
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Cahoon CG Rootstock Trial -Dutch Street 
cv. Golden, planted May 2001 
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CG.5029	 M.7 

CG.5029	 M.7 

CG.3041	 M.7 
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CG.3041	 M.7 
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Cahoon CG Rootstock Trial 
Planted Mav 2001 

Stock
Tree 

Survival 
(%)

Trunk 
X-sectional 
area 2007 

(cm2)

Cum. 
Fruit 

(#/ tree)

Cuin. 
Yield 

(kg/tree)

Av. 
Fruit 

Size (g)

Cum . 
Root 

Suckers 
(#/tree)

Cum \'ield 
Effiency 

(kg/cm2 TCA)

Rank of 
Cum. Yield 
Efficiency 

G.11 100 21.0 692 85.0 139 0.1 4.1 7 
CG.5029 100 23.7 649 78.1 143 2.4 3.3 11 
M.26 100 25.5 578 69.7 147 0.3 2.8 12 
G.41 92 25.8 860 115.5 150 0.7 4.5 3 
CG.4214 100 26.6 1033 100.4 134 2.0 3.9 8 
CG.6006 92 26.7 985 111.4 134 0.0 4.2 6 
CG.5005 87 27.3 979 122.2 150 0.9 4.5 2 
CG.5087 100 27.4 1065 115.5 132 0.2 4.4 5 
CG.5012 100 28.6 1048 128.6 145 0.0 4.5 4 
CG.6874 78 29.0 1066 141.0 152 1.7 4.9 1 
M.7 100 31.8 522 62.8 152 9.5 2.1 13 
CG.6969 100 32.6 930 119.2 147 0.2 3.7 10 
CG.5890 100 40.0 1070 152.6 153 0.5 3.8 9 
CG.6589 93 71.2 914 121.7 147 0,5 1.7 14

LSD P0.05	 20	 7.2	 201	 28.3	 12	 3.4	 0.8 

*Rootstocks ranked by increasing trunk x-sectional area 

r.



Vanderwall Apple Systems Trial 
4	 (Planted May 2906) 
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iaoie 1. Rankings oT apple production by US stale. 
Total Apple Production: Selected States and United SIales 41 

tate

Production 

Million pounds 1,000 42-pound equivalents 
2005 2006 2007 2005 2006 2007 

New York 1,045.0 1,250.0 1,260.0 24,881 29,762 30,000 
California 1/ 355.0 355.0 340.0 8,452 8,452 8,095 
Michigan 760.0 850.0 780.0 18,095 20,238 18,571 
New England 112/ 130.6 139.5 159.5 3,110 3,321 3,798 
Ohio 1/ 99.0 102.0 55.0 2,357 2,429 1,310 

Pennsylvania 500.0 470.0 455.0 11,905 11,190 10,833 
Virginia 250.0 220.0 210.0 5,952 5,238 5,000 
Washington 5,700.0 5,650.0 5,400.0 135,714 134,524 128,571 
United States 3/ 9,704.9 9,931.7 9,254.7 231,069 236,469	 1 220,350 
11	 Estimates for current year carried forward from eartier (orecast. 
21	 Includes Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont. 
31	 National total includes amounts for other states not usted. 
4/	 lo orchards of 100 or more bearing ase trees. 

Table 2. Apples: Number o iarms and acres, by size, 2001 and 2006 

Size Group

2001 2006 
Farms Acres Farms Acres 

Number Percent Number Percent Number Percent Nurnber Percent 
(apple acres 
per farm) 
<10 257 37 1	 1,022 2 299 43 786 2 
10-19.9 95 14 1,478 3 88 13 1,216 3 
20-49.9 137 20 5,364 12 110 16 3,312 8 
50-99.9 106 15 8,540 19 88 13 6,410 15 
100.199.9 58 8 9,917 23 56 8 7,352 17 
200+ 42 6 18,242 41 56 8 23,284 55 
Total 1/ 695 100 44,563 100 697 100 42,360 100 
1/ TotaIs may not add due to rounding.

Fruit Production in New York 
Stephen A. Hoyng

Mike Fargione
Terence Robinson 

Corneil University 

Corneil Universit» Cooperative Extension, 
ami the Regional Fruit Programs in NY 

N
cw 'iork's tree fruit crops include apples, pears, sweet and 
tart cherries, peaches, nectarines, apricots, and plums. 

Apples predominate with 89% oí the acreage and peaches and 
sour cherries each comprise 3.5% oí the acreage. 

New York ranks second in the United States in the production 
of apples behind Washington State recently averaging 25 million 
bushels (525,000 tons). About 30 million busheis can be produced 
in good seasons and average production has been increasing in 
recent years with renovation oí orchards and die establishment oí 
more efficient planting systems (Table 1).	 .

since a greater proportion oí growers have direct relationships 
with customers by servicing green markets and operating farm 
stands. 

A shorter growing season and the harsher winters in the 
Champlain Valley limit the varieties oí apples that can he 
grown. This region has 315lacres or 7% oí the state's total. This 
region has built their reputation on the finest qualitv McIntosh 
grown in the liS and lately have been very successful witE thc 
cold-adapted Floneycrisp variety developed at the Universitv 
of Minnesota. Most oí this regions production is marketed 
nationaily and interna tionallv. 

Clirnate 
The climate oí New York State is hroadly representative of the 
hurnid continental type, which prevails in the northeastern 
United States, but its diversity is not usually encountered within 
an area oí comparable size. Differences in latiWde, character oí 
the topography, and proximity to large bodies of water have 
pronounced effects on the climate. Masses oí cold, dry air 
frequently arrive from the northern interior oí the continent. 
Prevailing winds from the south and southwest transport warm, 
humid air, which has been conditioned by the Gulf of Mexico 
and adjacent subtropical waters. These two air rnasses provide 

According to 2007 USDA-NASS release New 
York currently has 81,662 acres (33,048 ha) 
oí tree fi-uit and grapes. Apples account for 
42,360 acres (17,142 ha), grapes 33,692 acres 
(13,373ha), stone fi-uit 4,392 acres (1,777ha). 
Fi-uit crops are produced on approximately 
700 family farms. Forty-three percent oí 
these farms are less than 10 acres and many 
are leased to larger operators. At the other 
end of the scale, 8 percent oí fi-uit farms are 
over 200 acres (81 hectares). Tahle 2 shows 
the distribution oí these farms by apple 
acres per farm. 

NY Fruit Production Regions 
Most oí NY's commercial fruit is grown in 3 
production regions (Figure 1), Westerri New 
York on the south shore oí Lake Ontario, 
the Hudson ValIey in Southeastern NY 
bordering the Hudson River within 100 
miles oí New York City, and the Champlain 
ValIey bordering Lake Champlain and 
Vermont in Northeastern NY. Each region 
has its own strengths and caters to different 
but overlapping markets. 

The Western New York or Lake Ontario 
region is the largest with 28,800 acres or 715o 
of the acreage. This region produces about 
a 50:50 mix oí fresh and processing apples, 
processing tart cherries, and a smattering of 
sweet cherries, pears and peaches. 

The Hudson Valley with 8350 acres or 22 
% oí the acreage is more diversified with a 
wide variety oí stone fi-uit and herries and 
is focused on fresh rnarket production for 
NYC and local markets. In this region, pears 
and stot-te fruit are a larger part of the mix 
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the dominant continental characteristics oí the climate. The third great air mass fiows inland 
from the North Atlantic Ocean and produces cool, cloudy, and damp weat}ter conditions. This 
maritime influence is important to New York's clirnatic regirne, especially in the southeastern 
portion oí the state, hut it is secondary to that oí the more prevalent air mass flow from 
the continent. 

Nearly al! storm and frontal systems moving eastward across 
the continent pass through or in close proximity to New 
York State. Storm systems often move northward 
along the Atlantic coast arid have an important 
influence on the weather and clima te oí Long Island 
and the lower Hudson VaIley. Frequently, arcas 
deep in the interior oí the state feel the effects oí such 
coastal storms. Coid winter temperatures prevail 
over New York whenever Arctic air masses 
flow southward from central Canada or CU.q 
from Hudson Bay. l-ligh-pressure systems 
often move just off the Atlantic coast, 
hecome more or !ess stagnant for severa! Figure 1. L.eading Nc 
days, and then a persistent airflow from 
the southwest or south affects the state. Tbis circulation brings 
the very warm, often humid weather oí the summer season and 
the mi!d, more pleasant temperatures during the fali, winter, and 
spring seasons. 

Temperature 
The average annual mean teniperature is near 55F° in the New 
York City area. In January, is about 26° along Lake Erie and in 
the lower Hudson Va!!ey and to 31° on Long Island. The highest 
temperature on record in New York State is 108F° near Troy, NY 
on July 22, 1926. Temperatures oí 107F° have beco observed at 
Lewiston, Elmira, Poughkeepsie, and New York City. The record 
coldest temperature in NY is -52° on February 18, 1979. 

The winters are long and cold and in the majority oí winter 
seasons, temperatures from -15 to -25F° can be expected inland. 
The Adirondack region records from 35 to 45 days with below 
zero temperatures in normal to severe winters, with a somewhat 
fewer number oí such days occurring near Lake Champlain and 
the St. Lawrcnce River. In tlie upper Hudson Valley, below zero 
niinimums are observed on about 15 days in most winters and 
on more than 25 days in notahly coid seasons. 

Winter temperatures are moderated considerably in the Great 
Lakes Plain oí western New York. The moderating inf]uence of 
Lakes Erie and Ontario is comparable to that produced by the 
Atlantic Ocean jo the southern portion oí the Hudson Valley. In 
hoth regions, the coldcst temperature jo most winters will range 
bctween 0° and -10F°. Long Island and New York City experience 
helow zero minimums jo 2 or 3 winters out oí 10, with the low 
temperature generaily near -5F°. 

The moderating effect oí lakes Erie and Ontario on temperatures 
assumes practica¡ iniportance during the spring and faIl seasons. 
The lake waters warrn slowly lo the spring, the effect oí which 
is to reduce the warn-iing oí the atmosphere over adjacent land 
arcas. Plant growth is therehy retarded, allowiog a great variety 
oí freeze-sensitive crops, especially tree and vine fruits, to reach 
critical ear!y stages oí deve!opment when the risk oí freeze injury 
is minirnized or greatly reduced. in the fali season, the lake waters 
cool more slowly than the land arcas and thus serve as a heat 
source. The cooling oí the atmosphere at night is moderated or 
reduced, the occurrence oí freezing temperatures is delayed, and 
the growing season is lengthened for freeze-sensitive crops and 
vegetables. 

The summer cimate in the lower Hudson Valley is warm with 
sorne periods oí high, uncornfortahle hurnidity. The reniainder

oí New York State enjoys 
pleasantly warm surnmers, 
marred by only occasional, hrief 
intervais oí sultry conditions. Summer 
daytime temperatures usually range 
from tbe upper 70s to mid 80s over much 
oí the State, producing an environment favorable 
to the production oí pome and stone fruit as well as many other 
outdoor activities. 

Temperatures oí 90°or higher occur from late May to mid- 
September in most oí the Hudson Valley whjch records an 
average oí 18 to 25 days wíth such temperatures during the warm 
season. In western NY this normal quota usually does not exceed 
2 or 3 days. Temperatures oí 100F° are rare. Minimum nighttime, 
temperatures regularly drop to the 40's and 50's 

The average length oí the freeze-free season jo New York State 
'aries from 100-120 days in the Adirondacks to 180-200 days 

on Long Island. The important fruit arcas in Western NY and 
(he Hudson Valley enjoy a frost-free growing season oí from 
150 - 180 days jo duration. The Lake Champlain regions llave 
an average duration oí 120 - 150 days between the last spring 
and first fali freezes. 

Precipitalion 
Average annual precipitation is 30-50 inches per year. Arcas oí 
least rainfali occur near Lake Ontario jo (he extreme western 
counties aod in the vicinity oí Lake Champlain. 

New York State has a fairly uniform distribution oí precipitation 
during the year. Almost any calendar month has (he poteotial 
oí having (he smallest, or largcst nionthly accumulation oí 
precipitation within a calendar ycar ata given location. There are 
no distinctly dry or wet seasons. Minimum precipitation occurs 
in the winter season, with an average moothly accumulation 
ranging from about 3.5 ioches on Long Island to 2.2 inches in the 
Finger Lakes and Lake Champlain regions. Maximum amounts 
are noted in (he summer season throughout the state except along 
(he Great Lakes where slight peaks 

oí 
similar magnitude occur 

in both the spring ¿md falI seasons. Average monthly arnounts 
in (he sumrner vary from 3 inches south oí Lake Ontario and 4.0 
inches in (he Hudson Valle)'. 

The amount and distribution oí precipitation are oorrnally 
sufficient for fruit production although trees are generaily 
at water deficit during July and August most years. Severe 
droughts are rare, hut deficiencies oí precipitation may occur 
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from time to time, which cause at least temporary concern over 
declining water supplies and moisture stress in crops and other 
vegetation. 

Snowfall 
The clirnate of New York State is rnarked by abundant snowfall. 
The state receives art average seasonal accurnulation of 40 inches 
or more with the average snowfall greater than 70 inches over 
sorne 60 percent of New York's area, The moderating influence 
of the Atlantic Ocean reduces the snow accumulation to 25 to 
35 inches in Hudson Valley region. Topography, elevation, and 
proximity to large bodies of water result in a great variation 
of snowfall in the state's interior, even within relatively short 
distances. Seasonal snowfall of 40 to 50 inches occurs upstate in 
WNY near the south shore of Lake Ontario, In northern New 
York, about 60 inches in the vicinity of Lake Champlain. 

Lake effect snow produced in the lee of Lakes Erie and Ontario 
isa prominent and very important aspect of New York's climate. 
As coid air crosses the unfrozen lake waters, it is warrned in 
the lower la yers, picks up moisture, and reaches the land in art 
unstable condition. Precipitation in the form of snow is released 
and heavy snow squalls frequently occur, generating from 1 
to 2 feet of snow and occasionally 4 feet or more. Areas near 
Lake Ontario, especially those to the southeast and east, are 
exposed to severe snow squalls well into February because the 
Lake generalty retains considerable open water throughout the 
winter rnonths. 

A durable snow cover generally begins to develop with a 
continuous snow cover from about niid-Decernher to mid-
March, with maximum depths usually occurring in February. 
Bare ground frequently occurs hriefly in these regions during 
most winters. 

History of Fruit Growing in New York 
Apples and other fruit carne to the Americas with the first 
settlers. The pilgrims hrought apples with them in 1629 to the 
Massachusetts Bay Company. According to written records, 
Governor Peter Stuyvesant planted art apple tree from Holland 
in 1647 ori the comer of Third Avenue and l3th Street in New 
York City. In Eastern New York, apples were introduced to the 
Hudson Valley by the Dutch while the English planted apples on 
Long Island. Fruit rapidly spread across the state with sorne of 
the earliest orchards in Western New York were established near 
Niagara Fail by 1700 by French missionaries. Jesuit missionaries 
were helieved to have introduced apples into central New 
York at about the sarne time. Indians including the Iroquois, 
Cayuga, and Seneca acquired seeds from these rnissionaries and 
established seedling orchards near their campgrounds. One of 
these campgrounds was located near the present site of the NYS 
Experiment Station at Geneva. 

The first commercial nursery (Prince Nurseries, Flushing, LI) was 
established on Long Island by the Huguenot's in 1730. Through 
the years, settlers continued to bring seeds and trees from Europe 
for establishment in their new homes. New varieties were 
reconized, such as 'Jonathan" discovered in 1800 by Jonathan 
Hasbrouck near Woodstock NY, as seedlings were cultivated or 
naturaily sown. "The Apples of New York", published as a 2 
volume set in 1905 by Beach, described over 1000 varieties of 
apples existing at that time. 

During the time of the Revolutionary War, settlers continued to 
plant fruit trees throughout NY. Alrnost all early settlers planted 
apple trees as they established thernselves. To these pioneers, the 
planting of apple trees provided proof of their intentions to stay.

One Ohio land company required that settlers plant 50 apple 
trees and 20 peach trees within the first three years of settlement 
in order to lay claim to a 100 acre site. 

Perhaps the rnost farnous disseminator of apples was John 
Chapman known as "Johnny Appleseed". He participated in 
the introduct-iort of apples to IVestem Pennsylvania, Ohio, and 
Indiana, hut not New York State. 

Apples were art important part of the diet of these early settlers. 
They attempted to grow enough apples to consume fresh from 
the fafi through the winter. Prirnitive storage was accomplished 
by storing the apples in insulated pits. However, perbaps the 
larger portion of the crop was consumed as juice and (fermented) 
cider. An established farmer rnight put up from 20 to 50 barreis 
of cider each fali for his own enjoyment and for bis guests. 

The first cornmercial orchard in eastem NY was planted hetween 
1820-1825 in Ulster County at Esopus by Robert PelI. The 20 
acre farrn grew Newton Pippin apples that were packed in 
wooden barreis and exported to England by sailing schooner. 
Most fruit from early cornmercial orchards in the Hudson Valley 
were transported by horse-drawn wagon to the Hudson River 
for transportation to New York City by boat and later by rail. 
Delivery of fruit by truck to large City cornrnission merchants or 
stores hegan un the 1930's. By the 1940's, much Hudson Valley 
fruit was being soid at the storage or packing house F.O.B. 

1850 to 1900 saw rapid changes in the Western NY fruit industry. 
An increased volume of fruit moved on the Erie Barge Canal. 
The railroads allowed more rapid shipment of fruits to eastern 
markets and made cornmercial production possihle at sites 
located further from the canal. The possibiities of growing apples 
for sale to distant niarkets changed the apple industry from one 
of several crops grown on subsistence farn1s into a cornmercial 
enterprise. As a result, apple production expanded greatly 
during this period artd New York emerged as the leading apple 
producing state in tbe country. That position was heid until the 
1920's when New York was eventually surpassed in production 
by Washington State. 

The New York census of 1875 counted 18,278,636 apple trees. 
It's heen calculated that if these trees were planted at art average 
spacing of 27 feet apart, that the land area represented by this 
number of trees would equal approxirnately one percent of the 
total area of New York State. 

This widespread expansion of an introduced plant species 
almost caused the apple industry to nearly collapsed hetween 
1870 and 1880 when insect and disease pressure huilt up to 
alrnost unmanageable levels. This development was one of 
the key events that lead to the establishment of the New York 
Agricultural Experiment Station in Geneva, New York in 1870. 
Research carried out in the 1880's restored the industry by 
providing chemical pesticides with which to combat the principal 
apple pests, Codling Moth and Apple Scab, The Horticulture 
department at Lhis station has made many contributions to the 
apple industrv worldwicle including the testingand development 
of many important apple varieties including Jonagold, Empire, 
Cortland, and Macoun. 

In 1896, New York State reached its record production of 
54,178,000 hushels. The per capita supply of apples averaged 
nearlv 100 pounds per person near the tum of the century and 
exceeded 150 pounds during several years. The volume of «pples 
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dried increased throughout the late 1800' s and peaked during 
World War 1 when over 37 million pounds of dried apples were 
produced in New York. The entire production from sorne farms 
were dried. Canning of fruit in NY increased at the turn of the 
century coinciding with the heginning of rnass production of tin 
cans in Fairport, NY. 

County associations of the Cooperative Extension Service 
were formed soon after the passage of the Smith Lever Act of 
1914. The mission of the Extension Service then, as now, was to 
disseminate the information developed at the land grant colleges 
and the experiment stations. Cornrnunicating information on 
pest control was one of its earliest functions. Prior to the use 
of radio, telephone relays among growers were used to advise 
growers when to spray. 

The New York State Fruit Testing Association was formed in 1918 
for the purpose of aiding in the dissemination and industry trial 
of the varieties released by the New York fruit hreeding program. 
The most notable apple releases from the breedirig program since 
its formation are Cortland, Macoun, Empire, and Jonagold. 

The dominant apple varieties in the early 1900's were Baldwin 
representing over 30% of the apples packed in Westem New York, 
and Rhode Island Greening which accounted for approxirnately 
25 % of the crop. Mclntosh was the thirteenth ranking variety 
and amounted to only about 1 % of the packed crop. 

During the 1930's, the New York State Rootstock Cooperative 
played an important role in the developrnent of clonal roostocks 
in North America. The Rootstock Cooperative was housed at the 
Geneva Experiment Station like the Fruit Testing Association. 
In the late 1920's, the U S governrnent prohihited the irnport of 
rootstocks from Europe to prevent the introduction of foreign 
pests. Just prior to the embargo, the Rootstock Cooperative under 
the direction of H. B. Tukey and Karl Brase acquired the Mailing 
series of rootstocks. During the 1930's, the association provided 
the source of these stocks for other researders in North Arnerica. 
Over 190,000 stocks and 16,000 trees were eventually distrihuted 
to 238 individuals and experiment stations in 36 states and 
Canada. Most of the tests of rootstock performance conducted 
on this side of the Atlantic during the thirties and forties resulted 
from materials supplied either directly or indirectly by the 
Rootstock Association. 

The first coid storages using ice cut from local ponds were 
established prior to 1900. K. M. Davis storage in Williamson 
hegan in 1902 and continues in operation today. Electric power 
refrigeration units were used as early as 1919 in the Hudson 
ValIey. A survev conducted for the New York Central Railroad 
in 1926 counted 55 apple storages in Western New York with a 
combined capacity of two million barrels (6 mil bu). 

The use of controlled atmosphere (CA) storage began in New 
York State jo the early 1940's. Corneli University's Dr. Robert 
Srnock hecame convinced of the comrnercial potential for CA 
storage hased upon his own work and experirnents performed 
in England and California. The first successful commercial CA 
storage room was built in the Hudson Valley in 1941 by M.G. 
Hurd of Clintondale. At the time of its early developrnent, CA 
storage vas designed prirnarily to Iengthen the storage season 
for Mclntosh while reducing the risk of the variety developing 
storage disorders associated with chilling injury. 

By 1955, the US CA storage capacity liad reached one million 
hushels. During that era, approxirnately 70 '. of the national CA 
holdings werc Mclntosh. In the 1960's, Washington State hegan

a rapid expansion in the construction of CA storage and the 
average holdings of Red Delicious in CA surpassed McIntosh. 
Today, the US CA capacity is over 70 million busheis. There are 
approxirnately three million bushels capacity in Western New 
York and approximately 4.5 million busheis capacity in Eastcrn 
New York. 

The average grower was just heginning to learn about the 
Mailing rootstocks for high density plantings in the 60's. These 
staternents were made by William Blackhurn at the Western NY 
Horticulture Show jo 1965. He said, "successful new plantings 
must have smaller tree units and greater per acre potential 
production", and ' ....a row of M.9's planted 7 feet apartare very 
interesting and lead to a lot of speculation. Vast production is 
certainly possible if the maxirnum number of this size tree were 
planted on an acre." 

lnterestingly, Mailing 9 was one of the first clonal rootstocks to 
find its way into comrnercial orchards in Westem New York. It 
was first planted in 1958 at 16 X 25 ft spacing by John B. Henry in 
a block on North Geneva Road in Sodus. And despite the spacing 
mistake made a big irnpression on him. This block began to bear 
just 3 years after planting. Eventually, interplants were rnade in 
this block which changed the spacing to a tolerable 8 X 12.5 ft. 
This block was eventually removed jo 2001 after 45 years. 

Mr. Richard L. Norton, Area Extension Specialist with Cornell 
Cooperative Extension's Lake Ontario Fruit Program made his 
first experimental plantings of fuil dwarf M.9 rootstocks on 
comrnercial operations in 1962-65. Although he was convinced 
shortly after this that this was the best rootstock for the future, 
he conceded to the majority of growers desire to have self-
supporting trees and he began to rescarch and promote the 
cornbinations of the Mailing 9/106 and 9/111 interstems. By 
the mid 1960's many growers were able to obtain appropriate 
varieties on dwarfing rootstocks. The most popular originally 
were MM.106 and M.7. Subsequently, MM.111 was used in place 
of MM. 106 when this rootstock's susceptibility to collar rot/ wet 
feet (Phyfof/iplwra cactorimi) was discovered. 

Mr. Norton's early demonstrations with M.9 were successful 
and convincing, and hetween 1975 and 1979 over 20% of the 
trees planted in Western NY were 00 this rootstock. lo addition, 
Norton's promotion of the cornbinations M.9 / MM.1 11 and M.9 / 
MM.106 and his dogged determination to instruct the grower 
on their culture succeeded in making interstem combinations 
the most widely planted stocks in Western New York during 
the 1980's. These stocks were planted at an average spacing of 
10 X 18 feet or 242 trees per acre. 

On-farm research and demonstration trials carried out 
throughout New York State by Dr. Terence Rohinson, Steve 
Hoying, Warren Smith, Mike Fargione and Kevin Iungerman 
from 1988-2008 continued to gather information and instruct 
growers of the culture and benefits of high density planting 
systems. Fjeld workshops, In-depth High Density Planting 
Systems Schools, Fruit School talks, and demonstration trials on 
grower farms combined to convirice growers to rapidly adopt 
apple planting densities nearing 1000 trees per acre. Currently, 
forms of the Vertical Axis system and the Tali Spindle Systems 
are being planted most widely in New York. 

The preceding account illustrates the rich history of apple 
production in New York. This discussion is by no means 
complete. I-lowever, the future importance of tlie fruit industry 
iii New York is assured by its desirable climate, gond soils, 
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progressive growers and rnarketers, and the support of research 
and extension programs. 

Farm Structure 
Fruit farms in New York are primarily family-owned and 
operated as small businesses. Growers and their farnilies uve on 
the same property as their orchards. There are typically many 
farm buildings in the complex iricluding barns and equiprnent 
storage, frult storage, shop for mechanical work, and sometimes 
packing sheds. Typically 2 or more generations uve and work 
on the farm. 

According to the 2006 NY Fruit Tree and Vineyard Survey, 
the average holding is 60 acres of apples, 12 acres of (art 
cherries, 6.5 acres of peaches, 4,8 acres of pears, and 3.5 acres 
of sweet cherries. However, there are large differences in the 
fruit coniposition and orchard size by region. For example, in 
Western NY according to the 2006 Lake Ontario Region Fruit 
Farrn Business Summary, the average number of acres of fruit 
of the 17 participants in the study approaches is 267 acres. 
Many of these growers operate severa! rental orchards as part 
of their holdings. 

Many of the larger operations have geographically separated 
orchards to take advantage of the hest soils and sites and to 
reduce the risk of frost and hail damage. 

P!anting and Pruning Systems 
There has been a steady transition of planting system types since 
the establishment of fruit production in New York. There has 
been a steady increase in density and the evolution of pruning 
techniques. The typical grower now plants new orchards at 500-
650 trees per acre depending on variety. Recently the increase in 
tree density has accelerated with the many progressive growers 
now planting orchards with nearly 1000 trees/acre and as high 
as 2,500 trees per acre. One thousand trees per acre appear tobe 
the rnost profitab!e apple orchard density for the future using 
(he Tal! Spindle system. Single rows are preferred. 

Most fruit farms have a wide range of orchard ages, sizes, and 
spacings. The oldest orchards in the state (which are 75 years 
or older) are dedicated to the production of fruit for processing 
products such as apple sauce or juice. These orchards are on 
seed!ing rootstocks and have 35-50 trees per acre. They are most 
commonly found in the eastern part of (he Lake Ontario region. 
Mid-sized central leader orchards typical!y on M.26 and M.7 
date from the 1970's are found across the state. lndividually 
staked interstem orchards (9/106 and 9/111) with densities 
of 250-350 trees are common in Western New York. Most new 
orchards are planted using fully dwarf trees with various clones 
of M.9 and B.9 at 600-700 trees/acre (5-6 X 12). Most recently 
growers are trying orchards approaching 1000 or even 2500 
trees/acre. These orchards can be found in Western New York 
and the Hudson Valley. 

The information required to estab!ish higher density plantings 
has come frorn Come!! University, the International Dwarf 
Fruit Tree Association meetings tours, and from fruit grower's 
personal observations from private trips and tours lo other fruit 
production arcas around the world. A short list of plantation 
systems currently in use in NY would include, free form, 
Güttingen V, 3, 4, and 5-wire vertical trellis, Open Center, 
Modified Open Center, MIA, many forrns of Slender Spind!e, 
SolAxe, Super Spind!e, Tall Spindlc, Tatura types, V-Super 
Spindle, Vertical Axe, Geneva Y-Trellis.

Varieties 
NY has approxiniately 30 varieties in commercial production as wel! 
as numhers of new varieties constantly under test. This isa very 
high number compared to other production regions in the United 
States. Listed in the latest NY Fruit Tree and Vineyard Survey 
are 22 varieties. Other  
varieties of importance Table 3. Signifucant apple %'arletles 

rroduced in Ne%% 'ork. that are not listed but 
increasing in importance  
include Carneo, Fuji, and 
Braeburn. The New York 
Apple Association lists 20  
varieties that seasona!ly  
can be easily found. These 
apple varieties have 
originated from all over the  
world includingsignificant  
varieties developed iii New 
York. Table 3 lists the most 
important varieties and  
acreage of each. 

Tart and sweet cherries are 
harvested in July, apricots, 
peaches, nectarines, and 
plums in August and 
apples in Septernber and 
October. 

Rootstocks 
The Mailing and Mailing Merton series of apple rootstocks are 
the most comrnon in use in New York. These include MM.111, 
MM.106, M.7, M.26, and M.9. There are several clones of M.9 that 
are important including M.9 EMLA, NAKB 337, Nicolai 29, and 
Pajarn 2. AlI of these clones have shown high yield efficiency, and 
with the range in vigor they express, it is possihle for a grower 
lo fine tune the choice of M.9 to match his particular soil and 
the variety he will plant. 

Other apple stocks currently being propagated for sale to NY 
include B.9, B.118, G.30, G.11, and G.16. The NC-140 Regional 
Rootstock Testing Group, whose main objective is to evaluate the 
field performance of porne and stone-fruit rootstocks in various 
environments and under different management systems, have 
many other candidate rootstocks from around the world under 
test in the NY and the United States. 

Sweet cherry rootstocks used on farrn include Mazzard and 
Mabaleb and Gisela 5, 6, 7 and 12. 

Peach, nectarine and plum rootstocks are the seedling Loveil 
and Bailey for peach, and Myroha!an for plums. 

Marketing 
NY markets it fruit in man y different ways. The majority of 
apples are distributed nationally ¿md internationally through 
sales agencies and cornrnercial packing facilities iviiich package 
fruit in many different ways. The most comnion package isa 40 
pound cardboard hushel carton. Fruit are categorized by count 
size or the number of apples per hushel. Common counts are 
64, 88, 100, 120. Preferred sizes depend on the rnarket with 
supemniarkets and fruit stands preferring the lamger sizes. Fruit 
is also packed in 3, 5, and 10 pound p!astic hags, and in paper 
totes with handles. 

Variety Acres 

Mclntosh 7,365 

Empire 4,989 

Rome 3,466 

Red Delicious 3,455 

Cortland 3,068 

Idared 2,676 

Golden Delicious 2,278 

Gala 1,809 

Crispin 1,570 

lonagold 1,344 

Macoun 1,286 

Gingergold 1,053 

Honeycrisp 890 

Others 9,111
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Local distrihution from farm lo store is practiced in each region Appendix: 
with delivery arrangements made between individual store 
manager and the grower. The more perishable crops such as 
stone fruit and herries are handied this way. 	 =o 

Grower-owned farm markets and fi-uit stands are comnion and 
popular. Growers store and seil their own fruit along with other 
seasonal produce, haked goods, processed foods, gifts, and other 
items. These markets are often managed by family members. 
Oftcn U-pick opportunities for seasonal fruit are offered in 
conjunction with a farm store. 

Fruit is also soid through organized community "farmers 
markets" held in puhlic arcas on a regular hasis. One of the 
most inlportant is the "Greenmarket" in New York City which 
includes 44 separate market iocations. Its function is lo promote 
regional agriculture and ensures a continuing supply of fresh, 
local produce for New Yorkers. Greenmarket has organized 
and managed open-air farmers markets in NYC since 1976. 
Greenmarket supports farmers and preserves farmland for 
the future by providing regional small family farmers with 
opportunities to seli their fruits, vegetables and other farm 
products lo New Yorkers. Generaily, growers rent space and 
set up tables in these public places lo seil their produce right 
out of the truck. These markets provide a wide range of in-
season produce depending on what is currently available at 
the participating farms. Fruit, vegetables, wine, and other farm 
products are generaily available. 

CosE and Earnings 
New York regularly publishes a "Fruit Farm Business Summary" 
that outlines the economic health of a subsample of the fruit 
industry. Picase refer Lo this bulletin for more information on 
the economic situation in New York. 

References 
1) New York State Climate Office, Bradíield Hall Corneli 

University. http: / / nysc.eas.cornell.edu  / 
2) New York Apple Association, Fishers, NY 
3) The Fruit Industry in Wayne County, New York 1823-1984 
4) History of Fruit Growing and Handling in United States of 

America and Canada 1860 - 1972 by contrihuting authors. 
The American Pomological Society, University Park, 
Pennsylvania, 1976- 360 p. 

5) The Apples of New York Volume 1&2 by S. A. Beach. State of 
New York, Department of Agriculture, 1905. 409 p. 

6) "An Historical Review of the Mailing apple Rootstocks in 
America" by D. Zeiger and H. B. Tukey. Circular Bulletin 
226 published by Michigan State University, East Lansing, 
Michigan, 1960.74 p. 

7) History of the Village of Ciintondale from its Beginning to 
1959 by Jerome and Elizabeth Hurd, Ralph and Alice Van 
Siclen. 1959. 52 pp. 

8) New York apple Association Web Site, http://www. 
nyapplecountry.com 

9) Fruit Farm Business summary - Lake Ontario Region 2006 GB 
White, AM DeMarree, and J Neyhard Bulietin E.B. 2007-15.

To converi 
Column 1 

into Coturnn 2, 
multiply by: Column 1 Column 2

lo converi 
Column 2 

mIo Column 1 
multiply by: 

Length 
.621 kilometer, km mlle 1.609 

1.094 meter, ¡Ti yard .914 

3.281 meter, m foot, ft .3048 

39.4 meter, ni inch .0254 

.03281 centinieter, cm foot, fi 30.47 

.394 centimeter, cm inch 2.54 

.0394 mullimeters, mm Inches 25.40 

metric:	 1 km = 1000 ni; 1 meter = 100 cm; 1 meter r 1000 mm 
English:	 1 mije = 5280 ft; 1 mile = 1760 yards; 1 yard = 3 ft; 

1 0 = 12 inches

Arca 

	

247.1	 kilometers2, km 2	 acre	 .004047 

	

2.471	 hectare, ha	 acre	 .4047 

	

.4047	 trees/hectare	 brees/acre	 2.471 

metric:	 1 ha = .............10,000 m = . 01 km 
F.nglish:	 1 acre = 43.560 ft

Volusne 

	

1.057	 liter	 quart (US)	 .946 

English:	 1 L I S gallan = 4 quarls 

Mas.s—Weight 

	

1.102	 ton (metric), MT	 Ion (English)	 .9072 

	

2.205	 kilogram (kg)	 pound, lb	 .454 

	

52.5	 Ion (mctric) of appks apple packedbox,	 .01905 

carton 

rnetric:	 1 metric Ion = 1000 kg 
English:	 1 Ion = 2000 lb; 1 packed box or carton* of apples = 42 lb 

Yield or Rate 
0.446 Ion (metric)/hectare, 	 Ion (English)/acre 2.242 

MT/ha 
.892 kilogram/hectare,	 pound/acre 1.121 

kg/ha 
.991 Ion (mctric) of 	 bins	 of applesfacre 1.009 

apples/hectare, MT/ha 
.4047 (rees/hectare	 trees/acre 2.471 

0.107 liter/hectare	 gallon (US)/acre 9.354 

metric: 1 melric Ion = 1000 kg; 1 hectare = 10,000 mi 
F.nglish: 1 Ion = 2000 lb, apple bin	 = 900 lb; 1 acre	 43,560 f1i

Temperature 
1.8 C + 32	 Celsius, C	 Fahrenheit, F 	 .555 (F-32) 

•Commercial cartons (packed boxes) of (ni! ano (i&dlstorage bios ol fruir do nor have 
universal weighls. The weighr of (rail in a packed hes or Canon vanes ano und ¡he world 
and w,th (he type of trufÉ, bul fa here laken fon apples as 42 lbs (19.05 kg). (he werght of 
frust jo a bín also varias but la hene taken fon apples as 900 lbs (408,2 kg). 

1. Reproduced from the Compact Fruit Tree, lDFTAJournaI
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