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ABSTRACT
ROOTSTOCK AFFECTS FLOWER DISTRIBUTION AND PATTERNING IN
‘HEDELFINGER’ (Prunus avium L.) SWEET CHERRY AND ‘MONTMORENCY’ (P.
cerasus L.) TART CHERRY
By

Karen Maguylo

New precocious and highly productive cherry rootstocks have led to management
challenges for balancing of crop levels with adequate leaf area to assure good fruit size
and quality. To examine how different cropping potentials might be managed more
strategically, the influence of individual rootstock genotypes on flower bud distribution
and density was characterized using ‘Hedelfinger’ sweet cherry (Prunus avium L.) and
‘Montmorency’ tart cherry (Prunus cerasus L.) scions. Flower bud formation occurs
solitarily on one-year-old shoots, or on spurs of two-year and older shoot sections. In
2001 (trees planted spring 1998 as part of the NC-140 regional tree fruit rootstock
project), the second- year shoot section of branches was used to characterize rootstock
influence on the development of flowers, buds, spurs, blind nodes, lateral shoots, and
ultimately crop load. Both rootstock and position within the second-year-shoot section
affected flower number per bud. Rootstock genotype also influenced location of lateral
shoots, spurs, and vegetative axillary buds. These spur locational and flowering
characteristics provide helpful parameters for evaluating, and eventually managing, such

rootstocks that can dramatically alter sweet and tart cherry scion precocity and/or vigor.



Copyright by
KAREN MAGUYLO
2003



ACKNOWLEDGMENTS

I am grateful for everyone that was involved in the project. I would like to especially

thank Dr. Jim Flore, Dr. Steve van Nocker, Jim Olmstead, and Costanza Zavalloni.




(HaPT
Seet C




TABLE OF CONTENTS

LIST OF TABLES .........cooittctcrctcticinnetsaescsesiiesisessssssssesssaessenesnes vii
LIST OF FIGURES .........ccoooiiiiiiictccntsisesscsen st ssaesaesessessne XV

CHAPTER I Literature Review

INETOAUCTION......eeeeiieeeiicieieceeeceteee e e e e eeseesessareesssseessssressossasssssssnssssssessens 2
PatterIns 1N tIEES c..uvvvveeeiieeenrrreereeiiinreeeeesessreeresssssssreessessossssseesssessssnanes 3
FIOWETING ...ttt e sae s 7
Growth and fruiting habits of cherry trees..........cccceevevreeceececeennnnen. 18

RETEIENCES......coeeeeeceeictetieee ettt et e ceeeessssbe e s e ssesessasaesessseessssssesssnsnnees 21

CHAPTER II: Rootstock Affects Floral Distribution and Patterning in ‘Hedelfinger’

Sweet Cherry

ADSITACE ...ovoviiiiiiriiiiinecicnitetste s et st ssesasssee e st e e s sesassasssessassassassanensases 28
INtOAUCLION.....c..ccveieieeeetecteree et see sttt sse s e e e et essesseesessaesaesanessessssssessanns 29
Materials and Methods.........cccceveierererniiceinreneeeneerecresseeerseecsneseesaesesssessenne 32
Plant Materials ..........ccocovuevieiicniininiccetceeesicsecteteee e sasnene 32
Data COLIECHION ......ccueevirieerierieticrenreeieiessessesseseestessesseessesassssesaasnnas 32
Statistical ANALYSiS.......ccccoereerirrereriereeencreereeeeeeseeee e enenes 36
RESUIS .ottt ettt sa e ne s e s st e an s 36
Flower Bud Number per Spur...........ccocvuiiiinininiinininencnnenesnnnnne 36
Flower Number per Bud .........cccoceiiiiniiiiiiniiirecceeecceieecnene 36
Metamer Lengths ........c.coeevieirniiiininniniennncetneeeeceeenteseeseesasnesnees 41
Distribution of Metamer TYPES........cocceeeeiverenenenrrnerneenceresesesenanns 41

Trunk Cross-Sectional Area Increase and Spur Flowering
CharacteristiCs........cocueurereeerernerninsnceesissessasesessssneesesssesnenns 48
Flowers per Bud Versus Buds per Spur...........ccccccevvinvnienncnccncnncne. 51
DISCUSSION ...c.ceeuvieririiietieentecteetetrsresseeeestetesaesaessesatessessessasssessessessasssassasssanes 51
Literature Cited ..........covevverirnirnienineieetecreneetee et ses et e s s e sae s e saeseas s enne 56



TABLE

(5407
(ke

PEN]

AENT]



TABLE OF CONTENTS (Continued)

CHAPTER III: Rootstock Affects Floral Distribution and Patterning in ‘Montmorency’
Tart Cherry

ADSETACE ..ottt ssbe st e e st et sn s snasne e 58
INtOAUCHION.....c.ueieieiieieieeecete ettt ettt et et sresse s e sse s s e sressesnassnans 59
Materials and Methods..........ccecuevirviirieniirenieinenceteerre e seeseesaessesanens 62
Plant Materials .........cccooevvevinieniinincninininteeeescresecsesessnssnessesseenes 62
Data CollECtiON .......ccveeieriiiiiisiiiieniinenenireeseeeeseesseeesnesnsssessessesnes 64
Statistical ANALYSIS.......ccooveerrerirnrerieeneenieniieseesecsiesseesensresssesssessesnns 66
RESUIS ..ottt st sr et s e s s s et s sessnasseassaenanans 67
Flower Bud Number per Spur...........cccocevinviniinincinniniennicniennenn. 67
Flower Number per Bud .........cccocueviiiiiienineniiecccccceeecceeceecenn 67
Metamer Lengths ........ccccccviiiiincniiiininciininecenecececceee e 67
Distribution of Metamer Types........cccceceevureireurcuesneseesesseesnenneeeeseenne 75

Trunk Cross-Sectional Area Increase and Spur Flowering
CharacteriStiCs........coveeerrinsresrercrersersencsesssessssseessensssesnessens 75
Flowers per Bud Versus Buds per Spur.........ccccceeeecenveicerencnncrcneene 80
DISCUSSION.....cocueiiiiiirirereiterentesrest et estesatestestesseesbessaessesssesssesssassnassesssensnsan 80
Literature Cited .........cccoveiviiiiiniiiiiiieniniiiiectnieniest e ssee s sese s sessaesseesstesssans 86
APPENDIX A: Pairwise COmMPATiSONS........cc.coceerieerersirieesiesisseesseseenieseessessesseesesssessens 88
APPENDIX B: LEAFY PrOJECE ......cccevtieiiruenririecninieneeenieenesensesssessessessesssessessessassasses 137

vi

TSI R N TRy




LIST OF TABLES

CHAPTER II

Table 2-1

Table 2-2

Table 2-3

Table 2-4

Table 2-5

Table 2-6

Table 2-7

Rootstocks, listed in order of increasing vigor, characterized in
the 1998 NC-140 ‘Hedelfinger’ sweet cherry rootstock trial at the
NWHRS near Traverse City, Michigan. Vigor values are based
on 2001 TCSA. Genotypes are clonal selections unless

OthEIWISE NOLEA ....c.eevvveierireeeeeieeeeeiirreeeeeesrreeesessssaneessosssneeesesesssnnne

The effect of rootstock, listed in order of increasing vigor, on the
average number of flowers per bud and floral buds per spur (+
standard error) on the entire two-year-old shoot section of
‘Hedelfinger’ sweet cherry. Counts were taken in the 2001

BTOWINE SEASOM ....eeuvenerrirrnssesseeseesesssesssssessssssssesssssesssssesssssssssesssssessass

The effect of rootstock, listed in order of increasing vigor, on the
average number of flowers per bud and floral buds per spur (+
standard error) in the proximal part of two-year-old shoot section
of ‘Hedelfinger’ sweet cherry. Counts were taken in the 2001

BTOWINE SCASOM ...ccuviurrueeressesseresssesesstesessesstssasssesesssessesasesesssssessessesns

The effect of rootstock, listed in order of increasing vigor, on the
average number of flowers per bud and floral buds per spur (+
standard error) in the medial part of two-year-old shoot section
of ‘Hedelfinger’ sweet cherry. Counts were taken in the 2001

BTOWINE SCASOM ....cuveverueruersiesesesstisiesiestessessisaessessesssssesssessossessessessesse

The effect of rootstock, listed in order of increasing vigor, on the
average number of flowers per bud and floral buds per spur (+
standard error) in the distal part of two-year-old shoot section of
‘Hedelfinger’ sweet cherry. Counts were taken in the 2001

BIOWINE SCASOM ...curerurerrrrrensnsserssresssssssssnossosssssssssssssesssesssasssssssessessnss

Analysis of variances for the number of buds per spur, flowers
per bud, and metamer lengths from different rootstock treatments
and from different sections within the two-year-old shoots of
those treatments. Analyzed data were collected during the 2001

BIOWINE SCASOM. ....cevrverunireenernaeaseessesssessssssssssassssssesssssssssassssssssassesssans

Analysis of variances for percentages of blind nodes, single
vegetative axillary buds, lateral shoots, and spurs from different
rootstock treatments and from different sections within the two-
year-old ‘Hedelfinger’ shoots of those treatments. Analyzed data

were collected during the 2001 growing S€ason..........cccceeeeereesnrnnnns

vii

.42

R L




)
Tmis -

(P

%

LR
‘Q;e



Table 2-8

Table 2-9

Table 2-10

The effect of rootstock, listed in order of increasing vigor, on

relative amounts of different node types (blind node, single

vegetative axillary bud, lateral shoot, and spur) in the proximal

section of the two-year-old shoots of ‘Hedelfinger’ sweet cherry.

Shoots were analyzed as three sections (proximal, medial, and

distal) of equal length. Counts were taken in the 2001 growing

season, and are reported in each column as percentage of the

total number of nodes (£ standard error). .......c.ccceeveeeiieeeineeercnieennnnen. 45

The effect of rootstock, listed in order of increasing vigor, on

relative amounts of different node types (blind node, single

vegetative axillary bud, lateral shoot, and spur) in the medial

section of the two-year-old shoots of ‘Hedelfinger’ sweet cherry.

Shoots were analyzed as three sections (proximal, medial, and

distal) of equal length. Counts were taken in the 2001 growing

season, and are reported in each column as percentage of the

total number of nodes (£ standard error). ..........cceceevcerverseereenenseeneenne 46

The effect of rootstock, listed in order of increasing vigor, on

relative amounts of different node types (blind node, single

vegetative axillary bud, lateral shoot, and spur) in the distal

section of the two-year-old shoots of ‘Hedelfinger’ sweet cherry.

Shoots were analyzed as three sections (proximal, medial, and

distal) of equal length. Counts were taken in the 2001 growing

season, and are reported in each column as percentage of the

total number of nodes (+ standard error). .........cccceevevereveecceecceeenee. 47

CHAPTER I

Table 3-1

Table 3-2

Table 3-3

Rootstocks, listed in order of increasing vigor, characterized in

the 1998 ‘Montmorency’ tart cherry trial at the NWHRS near

Traverse City, Michigan. Vigor values are based on the 2001

TCSA. Genotypes are clonal selections unless otherwise noted ......... 63

: The effect of rootstock, listed in order of increasing vigor, on

the average number of flowers per bud and floral buds per spur

(% standard error) on the entire two-year-old shoot section of
‘Montmorency’ tart CherTy........cccocvvvirniinieneecenrenreerennereessesnesseseseseenes 68

The effect of rootstock, listed in order of increasing vigor, on the
average number of flowers per bud and floral buds per spur (+

standard error) in the proximal part of the two-year-old shoot

section of ‘Montmorency’ tart cherry. Counts were taken in the

2001 ZrOWINE SEASOM ......coeruerruerreneeernrserserseraeeasessessssassasessessassesessaen 69



« (L2}

.2 as
- =
= (o




Table 3-4  The effect of rootstock, listed in order of increasing vigor, on the
average number of flowers per bud and floral buds per spur (+
standard error) in the medial part of the two-year-old shoot
section of ‘Montmorency’ tart cherry. Counts were taken in the
2001 GroOWING SEASOM .......cevverueruerriereireiseessesstresesssessessesstessesseessesssessense 70

Table 3-5  The effect of rootstock, listed in order of increasing vigor, on the
average number of flowers per bud and floral buds per spur (+
standard error) in the distal part of the two-year-old shoot section
of ‘Montmorency’ tart cherry. Counts were taken in the 2001
BTOWING SCASOM ....coueeuencnriaeniescesierensesseessessesstessessssessessessessssassensessensen 71

Table 3-6  Analysis of variances for the number of buds per spur, flowers
per bud, and metamer lengths from different rootstock treatments
and from different sections within the two-year-old shoots of
those treatments. Analyzed data were collected during the 2001
BTOWING SCASOM ....coucuvenrrnrnreiereeresresiesestessesesssssesessssssnsessessssesncsessesaens 74

Table 3-7  The effect of rootstock, listed in order of increasing vigor, on the
relative amounts of different node types (blind node, single
vegetative axillary bud, lateral shoot, and spur) in the distal
section of the two-year-old shoots of ‘Montmorency’ tart cherry.
Shoots were analyzed as three sections (proximal, medial, and
distal) of equal length. Counts were taken in the 2001 growing
season. Numbers reported in each column are percents of the
total number of nodes (£ standard error) .........c.ccceeeeeveveeeecereererersenenns 77

Table 3-8  Analysis of variances for the percentages of blind nodes, single
axillary vegetative buds, lateral shoots, and spurs from different
rootstock treatments and from different sections within the two-
year-old ‘Montmorency’ shoots of those treatments. Analyzed
data were collected during the 2001 growing S€ason ..........ccceceeeuerueeene 78

Table 3-9  The effect of rootstock, listed in order of increasing vigor, on the
relative amounts of different node types (blind node, single
vegetative axillary bud, lateral shoot, and spur) in the medial
section of the two-year-old shoots of ‘Montmorency’ tart cherry.
Shoots were analyzed as three sections (proximal, medial, and
distal) of equal length. Counts were taken in the 2001 growing
season. Numbers reported in each column are percents of the
total number of nodes ( standard €rror) ........c.cccccvververcerreennenrensennnenne 79

Table 3-10 The effect of rootstock, listed in order of increasing vigor, on the

relative amounts of different node types (blind node, single
vegetative axillary bud, lateral shoot, and spur) in the proximal

ix



section of the two-year-old shoots of ‘Montmorency’ tart cherry.
Shoots were analyzed as three sections (proximal, medial, and
distal) of equal length. Counts were taken in the 2001 growing
season. Numbers reported in each column are percents of the

total number of nodes (x standard error) ...........cceeeceeeccrirvneersecennenn.

APPENDIX A

Table Al

Table A2

Table A3

Table A4

Table AS

Table A6

Table A7

Table A8

Table A9

Table A10

Comparison of buds per spur values in the proximal section of
‘Hedelfinger’ sweet cherry two-year old shoots from 16 different

rootstocks. P-values show significance of each interaction..............

Comparison of buds per spur values in the medial section of
‘Hedelfinger’ sweet cherry two-year old shoots from 16 different

rootstocks. P-values show significance of each interaction..............

Comparison of buds per spur values in the distal section of
‘Hedelfinger’ sweet cherry two-year old shoots from 16 different

rootstocks. P-values show significance of each interaction..............

Comparison of marginal buds per spur values of ‘Hedelfinger’
sweet cherry two-year old shoots from 16 different rootstocks.

P-values show significance of each interaction. ..........c.cceeveeveerueennne

Comparison of flowers per bud values in the proximal section of
‘Hedelfinger’ sweet cherry two-year old shoots from 16 different

rootstocks. P-values show significance of each interaction..............

Comparison of flowers per bud values in the medial section of
‘Hedelfinger’ sweet cherry two-year old shoots from 16 different

rootstocks. P-values show significance of each interaction..............

Comparison of flowers per bud values in the distal section of
‘Hedelfinger’ sweet cherry two-year old shoots from 16 different

rootstocks. P-values show significance of each interaction..............

Comparison of marginal flowers per bud values of ‘Hedelfinger’
sweet cherry two-year old shoots from 16 different rootstocks.

P-values show significance of each interaction. ...........ccceevveerveenenee

Comparison of internode length values in the proximal section of
‘Hedelfinger’ sweet cherry two-year old shoots from 16 different

rootstocks. P-values show significance of each interaction..............

Comparison of internode length values in the medial section of

.92

... 96



T
Tehie .

2 .z e 3 <
d o G G =4
i o e o [



Table A1l

Table A12

Table A13

Table A14

Table A15

Table A16

Table A17

Table A18

Table A19

‘Hedelfinger’ sweet cherry two-year old shoots from 16 different

rootstocks. P-values show significance of each interaction.............

Comparison of internode length values in the distal section of
‘Hedelfinger’ sweet cherry two-year old shoots from 16 different

rootstocks. P-values show significance of each interaction.............

4

Comparison of marginal internode length values of ‘Hedelfinger
sweet cherry two-year old shoots from 16 different rootstocks.

P-values show significance of each interaction. ..........ccccceccevvevurnnene

Comparison of percentage of blind node values in the proximal
section of ‘Hedelfinger’ sweet cherry two-year old shoots from
16 different rootstocks. P-values show significance of each

INEETACLION. ..eevviienreiieeeieeireeeeseeeeesseeeesstesessseessssseesessessessssssessnesssnnn

Comparison of percentage of blind node values in the medial
section of ‘Hedelfinger’ sweet cherry two-year old shoots from
16 different rootstocks. P-values show significance of each

INEETACHION. ceeeevreeeeerereeceeeeesessseressessssssseesssssssssssosssnsssssossssssasessssesssnns

Comparison of percentage of blind node values in the distal
section of ‘Hedelfinger’ sweet cherry two-year old shoots from
16 different rootstocks. P-values show significance of each

INEETACHION. weeeeeeriiiirieieiriiesreseesseeesrseessesessesssessssssssssnsesssssssssssssassssesses

Comparison of percentage of vegetative axillary bud values in
the proximal section of ‘Hedelfinger’ sweet cherry two-year old
shoots from 16 different rootstocks. P-values show significance

Of €aCH INLETACLION. ...cccovrrrrreeerrrereeeisssserrerecssssrseesessssssssesssssssssssssssenas

Comparison of percentage of vegetative axillary bud values in
the medial section of ‘Hedelfinger’ sweet cherry two-year old
shoots from 16 different rootstocks. P-values show significance

Of €aCH INTETACHION. ...cccorereeriierireeeeeeirraereeecessseseeesessssssessssssssssaseessssas

Comparison of percentage of vegetative axillary bud values in
the distal section of ‘Hedelfinger’ sweet cherry two-year old
shoots from 16 different rootstocks. P-values show significance

Of €aCH INTETACLION. ...ceeirrerrrereiirirereeeeisinrreeeeeesesseessesssssssessssesssssnssssssas

Comparison of percentage of lateral shoot values in the proximal
section of ‘Hedelfinger’ sweet cherry two-year old shoots from
16 different rootstocks. P-values show significance of each

INEETACHION. veeeevurreeeeriiinrrereresssnreresssssssnseesesssssssesssssssssssssssssssnssssssasssnne

..100

..101

.. 102

..103

..107




LYt R

Tehle /

Lahie A

-
1ie A

Taole 4

Taxie o

Tibe A

]
pig
L=

Qe o

».
P8

TN
Qi




Table A20

Table A21

Table A22

Table A23

Table A24

Table A25

Table A26

Table A27

Table A28

Table A29

Table A30

Comparison of percentage of lateral shoot values in the medial

section of ‘Hedelfinger’ sweet cherry two-year old shoots from

16 different rootstocks. P-values show significance of each

INEETACHION. ....cuveeueeieerererrteeterte st e e et e sae s e et e sae s e e ssessnessasaaensessaassaenns 108

Comparison of percentage of lateral shoot values in the distal

section of ‘Hedelfinger’ sweet cherry two-year old shoots from

16 different rootstocks. P-values show significance of each

INEETACLION. ..eoueiuiiniiiriieneecntcnie et tet et et et essaesssssessessnsnssansnneneene 109

Comparison of percentage of spur values in the proximal section

of ‘Hedelfinger’ sweet cherry two-year old shoots from 16

different rootstocks. P-values show significance of each

INEETACHION. ....vruieeiiriiricieieet ettt et e b ss e e sb e sesne s 110

Comparison of percentage of spur values in the medial section of
‘Hedelfinger’ sweet cherry two-year old shoots from 16 different
rootstocks. P-values show significance of each interaction................ 111

Comparison of percentage of spur values in the distal section of
‘Hedelfinger’ sweet cherry two-year old shoots from 16 different
rootstocks. P-values show significance of each interaction................ 112

Comparison of buds per spur values in the proximal section of
‘Montmorency’ tart cherry two-year old shoots from 11 different
rootstocks. P-values show significance of each interaction................ 113

Comparison of buds per spur values in the medial section of
‘Montmorency’ tart cherry two-year old shoots from 11 different
rootstocks. P-values show significance of each interaction. ............. 114

Comparison of buds per spur values in the distal section of
‘Montmorency’ tart cherry two-year old shoots from 11 different
rootstocks. P-values show significance of each interaction............... 115

Comparison of marginal buds per spur values of ‘Montmorency’
tart cherry two-year old shoots from 11 different rootstocks. P-
values show significance of each interaction...........ccccceeevereerveennennee. 116

Comparison of flowers per bud values in the proximal section of
‘Montmorency’ tart cherry two-year old shoots from 11 different
rootstocks. P-values show significance of each interaction............... 117

Comparison of flowers per bud values in the medial section of

‘Montmorency’ tart cherry two-year old shoots from 11 different
rootstocks. P-values show significance of each interaction............... 118

Xii

= 4




¢ A

Tim
i

-

s

-1,
a2

=

L



Table A31

Table A32

Table A33

Table A34

Table A35

Table A36

Table A37

Table A38

Table A39

Table A40

Table A41

Comparison of flowers per bud values in the distal section of
‘Montmorency’ tart cherry two-year old shoots from 11 different
rootstocks. P-values show significance of each interaction............... 119

Comparison of marginal flowers per bud values of
‘Montmorency’ tart cherry two-year old shoots from 11 different
rootstocks. P-values show significance of each interaction............... 120

Comparison of internode length values in the proximal section of
‘Montmorency’ tart cherry two-year old shoots from 11 different
rootstocks. P-values show significance of each interaction............... 121

Comparison of internode length values in the medial section of
‘Montmorency’ tart cherry two-year old shoots from 11 different
rootstocks. P-values show significance of each interaction............... 122

Comparison of internode length values in the distal section of
‘Montmorency’ tart cherry two-year old shoots from 11 different
rootstocks. P-values show significance of each interaction............... 123

Comparison of marginal internode length values of
‘Montmorency’ tart cherry two-year old shoots from 11 different
rootstocks. P-values show significance of each interaction............... 124

Comparison of percentage of blind node values in the proximal

section of ‘Montmorency’ tart cherry two-year old shoots from

11 different rootstocks. P-values show significance of each

INEETACLIONL. ...ecvvecueeenierueerrerreeseneseesseesueesssoneossessseeseosssssasssnsssnasssesssesssens 125

Comparison of percentage of blind node values in the medial

section of ‘Montmorency’ tart cherry two-year old shoots from

11 different rootstocks. P-values show significance of each

110100 £ 71110 o O 126

Comparison of percentage of blind node values in the distal

section of ‘Montmorency’ tart cherry two-year old shoots from

11 different rootstocks. P-values show significance of each

INEETACHIONL. ....veeueiureeereeereereeenerserseesseenessessassesnesaessessessassnassessassesseenses 127

Comparison of percentage of axillary vegetative bud values in

the proximal section of ‘Montmorency’ tart cherry two-year old

shoots from 12 different rootstocks. P-values show significance

Of €aCh INtEraCtioN. .......cccueeerruiereecrrerneenernreesiseeestneseesssessessessessssensens 128

Comparison of percentage of axillary vegetative bud values in

xiii



Table A42

Table A43

Table A44

Table A45

Table A46

Table A47

Table A48

the medial section of ‘Montmorency’ tart cherry two-year old
shoots from 12 different rootstocks. P-values show significance
Of €aCh INtEraCtION. .......ceevieeeeeerereereeerteeeeetet et ee e se et e saessesaenns 129

Comparison of percentage of axillary vegetative bud values in

the distal section of ‘Montmorency’ tart cherry two-year old

shoots from 12 different rootstocks. P-values show significance

Of €aCh INtETACHION. .......cccverreierieeecereectreeceree s e e s saesre e e saesnesanes 130

Comparison of percentage of lateral shoot values in the proximal
section of ‘Montmorency’ tart cherry two-year old shoots from

12 different rootstocks. P-values show significance of each

INEETACHION. ..vveeeruricrernecreeseesteeseeseerseeereeseessessaessessanssessssssnesaassnessaessanes 131

Comparison of percentage of lateral shoot values in the medial

section of ‘Montmorency’ tart cherry two-year old shoots from

12 different rootstocks. P-values show significance of each

INEETACHION. ..eveererreesreeeesuneseesrersnesressaesaessaessesasssessessssssasssaesnasnsessesssans 132

Comparison of percentage of lateral shoot values in the distal

section of ‘Montmorency’ tart cherry two-year old shoots from

12 different rootstocks. P-values show significance of each

INEETACLION. ...vciueniieiniininniitisniisisneesesaseresasssessesassssasssssssssssssssssssesnsenes 133

Comparison of percentage of spur values in the proximal section

of ‘Montmorency’ tart cherry two-year old shoots from 12

different rootstocks. P-values show significance of each

INEETACHION. ...eveeurreueerrreeseessnessessssssesesssesnessesansssessssssesnssssasssesssassesnans 134

Comparison of percentage of spur values in the medial section of
‘Montmorency’ tart cherry two-year old shoots from 12 different
rootstocks. P-values show significance of each interaction............... 135

Comparison of percentage of spur values in the distal section of
‘Montmorency’ tart cherry two-year old shoots from 12 different
rootstocks. P-values show significance of each interaction............... 136

APPENDIX B

Table B1

Sequence of 923 bp region (see section 2-6 and 2-7) used as a
probe for the northern analysis. Sequence shows 86% identity
with Malus x domestica AFL2 mRNA.. ........c.ccoceeverveeveenreecrerinenneennes 149

Xiv




(HA

i
-

Sy

helts

]

|99

LETe

el




CHAPTER 1I

Figure 2-1*

Figure 2-2*

Figure 2-3

Figure 2-4

Figure 2-5

CHAPTER I

Figure 3-1*

Figure 3-2

LIST OF FIGURES

Illustration of a two-year-old (and associated one-year-old)
cherry shoot. Red lines indicate the different sections by

which the shoot was analyzed...........cccccevueerereerveenreeceenenceennnen.

Percentage of nodes within each section (proximal, medial,
distal) of a two-year-old ‘Hedelfinger’ sweet cherry shoot
having no buds (black), only vegetative axillary buds
(green), lateral shoots (brown), or spurs (red). Rootstocks

are listed in order of decreasing Vigor. ........cccceeveeereeecivereneennnnnn.

Floral bud number per spur in each section of two-year-old
‘Hedelfinger’ sweet cherry shoots versus 2000 TCSAL
Bud counts were made during spring 2001. Each point
represents the average floral bud number per spur for the

specified section of a single rootstock treatment.........................

Flower number per bud of two-year-old ‘Hedelfinger’
sweet cherry shoots versus 2000 TCSAIL Flower counts
were made during spring 2001. Each point represents the
average flower number per bud for a single rootstock

L1 (<2114 4 1S3 o | U RPN

Flower number per bud of each shoot section plotted
against its corresponding floral bud number per spur. Each
point represents the average number of flowers per bud and
floral buds per spur in the specified section of two-year-old
‘Hedelfinger’ sweet cherry shoots of a single rootstock

L8 (=210 4 15 o | SRS

Illustration of a two-year-old (and associated one-year-old)
cherry shoot. Red lines indicate the different sections by

which the shoot was analyzed............cccceeverruenrencenveniencsennreninenns

Floral bud number per spur in each section of two-year-old
‘Montmorency’ tart cherry shoots versus 2000 TCSAL
Bud counts were made during spring 2001. Each point
represents the average floral bud number per spur for the

specified section of a single rootstock treatment. .............coe.e..

XV

..... 43

..... 49

..... 50

..... 52

..... 72



Fiau

by
bal

*Som




Figure 3-3

Figure 3-4*

Figure 3-5

APPENDIX B

Figure B1

Figure B2

Flower number per bud of two-year-old ‘Montmorency’
tart cherry shoots versus 2000 TCSAI. Flower counts
were made during spring 2001. Each point represents the
average flower number per bud for a single rootstock

L0 7210 0 () 1 | OO

Percentage of nodes within each section (proximal,

medial, distal) of a two-year-old ‘Montmorency’ tart
cherry shoot having no buds (black), only vegetative
axillary buds (green), lateral shoots (brown), or spurs

(red). Rootstocks are listed in order of decreasing vigor.........

Flower number per bud of each shoot section plotted
against its corresponding floral bud number per spur.
Each point represents the average number of flowers per
bud and floral buds per spur in the specified section of
two-year-old ‘Montmorency’ tart cherry shoots of a single

(010103101 4= 10 141 0 | AR

Southern blot (see section 2-5). Arrow shows the 763 bp

fragment. .........cooviiieiiiiiicctr e

Northern Analysis (see section 2-7) of bud samples
collected during 2002 (see section 2-2). Arrow shows the
Gisela 6, August 14™ 923 bp band, which was the only

one observed in the northern analysis........ccccceeeveeecreeriveencnennnns

* Some images in this thesis are presented in color.

Xvi

....... 73

..... 150

- m. - .



CHAPTER ONE

Literature Review



N\ A
arg

an!

-ang
ALy

ke

2}

“




INTRODUCTION
Cherry Production

The United States (US) produced 369.3 million pounds and 230,100 tons of
tart (Prunus cerasus L.) and sweet (P. avium L.) cherries, respectively, during 2001
(NASS, 2002). Michigan is the largest U.S. producer of tart cherries and one of the four
largest sweet cherry — producing states (Westwood, 1993). ‘Montmorency’ is the main
tart variety, and ‘Hedelfinger’ is one of the main sweet varieties grown in Michigan.
Both varieties are also grown extensively worldwide (Westwood, 1993).

Many of the fruit crops in the US are becoming less profitable due, in part, to
increased labor costs and increased foreign competition. However, fresh market sweet
cherries are one of the few fruit crops in the US increasing in value (NASS, 2001). A
short postharvest life and limited climatic adaptability foster a profitable niche in world
markets and reduced competition. Although cherry production has increased worldwide
due to current profitability, the US has a higher labor cost than many production areas. If
production and labor costs can be reduced for sweet and tart cherries, the US has the
potential to remain among the leading world cherry exporters. Growers, then, must
explore ways to reduce input costs and increase productivity, thereby maintaining or
increasing their profits. One strategy to both increase productivity and reduce input costs
is to improve and utilize knowledge of flowering (and ultimately fruiting) habits, which
can lead to the optimization of cultural practices such as tree training and pruning. This,
in turn, can increase production efficiency.

Flowering and fruiting habits can be explored on a variety of levels. The

whole plant as well as the individual bud is influenced by both exogenous and
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endogenous factors. These factors can contribute to location of flowers and the density
of flowers in a given area of the plant or shoot. This review will cover:
- Patterns in trees
The concept of pattern and different levels of patterning within trees
- Flowering
Juvenility, flower initiation, and factors affecting flower initiation

- The growth and fruiting habit of cherry

PATTERNS IN TREES
The concept of pattern

The three components in the study of living systems are theorized to be: (1)
pattern, (2) structure, and (3) process (Maturana and Varela, 1987). The description of
the pattern involves an abstract mapping of relationships within an organism, whereas the
description of the structure involves describing the system’s actual physical components
(shape, chemical composition, etc.). The third component, process, is the link between
pattern and structure. It is necessary to continually maintain patterns in living organisms
and move matter and energy through the structure. In summary, patterns can be
recognized only if they are embodied in a physical structure, and in living organisms, this
embodiment is an ongoing process.

The study of trees can be divided into the study of pattern, structure, and
process as well. Godin and Caraglio (1998) have divided the study of trees into the study

of their different ‘structures’ such as spatial structure (the study of plant constituents in 3-
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dimensional space), mechanical structure (distribution of mechanical constraints),
topological structure, etc. Topological structure is the breaking down of a plant into
elementary constituents and then describing the connection between the constituents.
Topological structure, by this definition, is the same as pattern as defined by Maturana

and Varela (1987).

Levels of Pattern in Trees

Flower bud “quality” is a parameter often questioned by tree fruit growers,
and Crabbé (1984) stated that better forecasting of flower location would provide a more
accurate base from which to study this characteristic. Commitment of a meristem to one
developmental pathway (flowering) stops that meristem from following another
developmental pathway. The location of specific reproductive or vegetative meristems
has been suggested to be a more accurate predictor of resource allocation in plants than
fixed carbon or nutrients, and this resource allocation influences flowering and fruit
quality. So far, it is hard to predict where and when flower buds are initiated. It is
suggested that the rate of node production (plastochron) is related to the resultant
meristem activity, such that shorter plastochrons result in floral meristems while longer
plastochrons result in vegetative meristems (Crabbé, 1984).

The productive potential of a tree consists of three levels of growth: (1) general
architecture, or the growth pattern of the main stem and its scaffolds, (2) type and
arrangement pattern of the spurs on the branch, and (3) natural evolution, or aging, of the
spurs (Lespinasse and Lauri, 1996). Clearly, then, pattern is a large part of the productive

potential of the tree. Practical applications of studying pattern in fruit trees include: (1)
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the creation of new tree types through breeding due to the selection of specific growth
and flowering habits, (2) development of new training systems that will have reduced or
simplified pruning and thinning requirements, and natural regulation of fruit production,
and (3) a more rational approach to cultivation, for example, pruning that would lead to
an improvement in fruit quality characteristics and less labor costs (Lespinasse and Lauri,
1996). Another useful aspect of studying patterns is that the resulting training systems
can be applied to other species with similar branch and flower patterns.

The study of pattern in trees can be accomplished at many levels. Tree
architecture organizes a tree in both space and time. The two main purposes for the study
of tree architecture are: (1) plant growth modeling, and (2) analysis of architecture. The
analysis of architecture can be used as a base to study the application of architecture in
horticultural or forestry contexts. The application of architectural analyses, however,
requires the quantification of architecture.

Hallé and Oldeman (1970) characterized the architecture of trees through the
use of the architectural model. The parameters used to separate individual species into
groups are based on patterns of meristematic development and branching behavior. The
analysis of meristem development led Hallé and Oldeman (1970) to distinguish at least
25 architectural models. These models are stable and usually constant throughout the life
of the plant. Architectural models allow the classification of trees into one of these
models or the combination of two models via quantifying the architecture of the tree.

For a more specific analysis of pattern, a single tree can be divided into parts
either artificially or naturally. Artificial division of a tree simply means that there is no

biological reason for the division, such 10 cm of shoot length. Natural division uses
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morphological features to identify plant components, such as nodes on shoots. Plants can
be divided into components with identical nature, called modules. Modules are the
products of a single apical meristem, and so pattern is related to growth of each apical
meristem (Godin and Caraglio, 1998; White, 1984).

Growth of angiosperm shoots can be described as a series of repeating units
(metamers) that are formed sequentially by the apical meristem. In the most basic form,
a metamer consists of a node with the associated leaf-like organ, lateral meristem in the
axil of the leaf, and the internode (White, 1984). According to this concept, much, if not
all, of the variation observed in shoot patterns can be accounted for by differences in the
number of metameric units produced per shoot, their rotational orientation with respect to
each other (phyllotaxy), and the metameric unit type (meristem fate). The developmental
significance of the metameric unit concept in plants has not been established clearly
(Rutishauser and Sattler, 1985), but it offers a logical and easy way to describe variation
in shoot patterns (van Groenendael, 1985). Schultz and Haughn (1991) suggest that there
is an ordered array of different metamers in a mature Arabidopsis thaliana (Arabidopsis)
and that there must be mechanisms that specify the type of metamer to be produced at a
particular time in development. This suggestion can also be applied to trees.

Pattern and arrangement of flowers have been noted across various fruit tree
species. Perez-Gonzalez (1993) demonstrated that, of 50 different peach (P. persica L.
Batsch) cultivars, there was a difference in flower bud distribution based on origin of the
cultivar. Three broad classes were found: (1) genotypes with more than 60% of nodes
having one bud, which were from Mediterranean climates, (2) cultivars with more than

30% of nodes having three buds, originating from colder climates, and (3) cultivars with
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a relatively even distribution of nodes having one, two, or three buds. The proportion of
blind nodes was correlated negatively with bud number per node in peach, and that
proportion of nodes with one bud was correlated negatively with nodes that have 2 or 3
buds. Schaumberg and Gruppe (1985) reported that the effect of rootstock on the number
of floral buds per spur was small on ‘Hedelfinger’ sweet cherry, but that there was a
significant effect on the number of flowers per bud. They also noticed that the number of
buds per spur was correlated strongly with the location of the spur within the branch.

The number of buds per spur increased distally along two-, three-, and four-year old
shoots. The greatest spur flowering and fruiting occurred on the two-year-old shoot
sections, while flowering and fruiting of individual spurs declined with spur age
(Schaumberg and Gruppe, 1985). In a similar rootstock trial in Germany, rootstock
affected the distribution, as well as density, of spurs within the shoot (Franken-Bembenek

and Gruppe, 1985).

FLOWERING
Juvenility

The growth of flowering plants is divided into two different phases. First,
there is a juvenile vegetative phase, during which leaves and lateral shoots are produced,
and a reproductive phase, during which (concomitant with leaves and lateral shoots)
flowers are produced. Currently, there is no accurate way to distinguish the end of the
juvenile phase from the non-flowering adult phase in trees, so the period during which

the tree has the ability to flower, but is not currently flowering, is called the transition
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period (Zimmerman, 1973). The transition period is qualitatively the same as the adult
phase, but cannot be distinguished accurately from the juvenile phase in trees (Hackett,
1985). The ability to distinquish between the juvenile and transition (adult vegetative)
phases via molecular pathways may be possible.

The length of the juvenile phase is determined genetically, and once the juvenile
phase has ended, flower initiation can occur. Many attempts have been made to shorten T
the juvenile phase (Zimmerman, 1972), since a long juvenile phase creates problems for

both the tree fruit production industry (long time to first crop) and breeders (long time

between breeding cycles) (Egea-Cortines and Weiss, 2001). Once a tree has reached the E
adult phase, each axillary meristem will either remain vegetative or make the transition to

produce flowers (Pidkowich, 1999). Upon transition to flowering, the meristem takes on

new characteristics. Most practices that result in early flowering of fruit trees probably

do so by shortening the juvenile period. Treatments that speed the development of

seedling trees probably shorten the transition period. Once a tree has reached the adult

phase, it cannot make the transition back to the juvenile phase. However, cultural

practices, such as the use of vigorous rootstocks, may influence a delay in flowering in

adult scions by shifting them back into the transitional period, which is still part of the

adult phase (Zimmerman, 1973).

Flower Initiation
Once the adult phase has been reached, an annual cycle of flowering occurs.
The flowering process is composed of three parts: (1) flower initiation (or flower

induction), (2) differentiation (or development) of the growing floral meristem, and (3)



bloom (Kozlowski, 1971). Flower initiation is a qualitative change in which a meristem
is programmed to form flowers (Bewley et al., 2000). In trees, the partially developed
buds receive a signal for flower initiation to begin, although the nature of this signal is
unknown (Faust, 1989). Flower bud differentiation is when visible morphological
changes occur at the growing point. One idea is that hormones have a large influence
over the early parts of bud development, and that carbohydrates and nitrogen availability
are more of the limiting factor in later parts of bud development (Faust, 1989). Flower
differentiation culminates in bloom (Bewley et al., 2000).

In both sweet and tart cherry trees, differentiation of the growing point has been
observed using the scanning electron microscope by Guimond et al. (1998a) and Diaz et
al. (1981), respectively. Changes in the sweet cherry meristem are evident 91-105 days
after full bloom. Early in the visible transformation of a vegetative bud to a floral bud is
a broadening and flattening of the rounded meristem. Then two to four small lateral
protuberances (primordial), representing primordial bracts, which subtend each flower,
develop. Individual flower primordia are then evident in the axil of each bract. Over the
summer, sepal primordia differentiate first, then petals, stamens, and finally pistils. By

leaf fall, all the floral parts are visible in an immature stage (Thompson, 1996).

Pathway of Flower Initiation

Progress has been made in understanding the pathway of flower initiation using
molecular biology (Pidkowich et al., 1999). The shoot apical meristem (SAM) of higher
plants is the site of floral initiation. The SAM consists of a small number of

undifferentiated dividing cells that are laid out in an organized manner (Evans and



Barton, 1997). In the juvenile phase, the SAM is characterized by the production of
primordia that develop into leaves, with a pattern of differentiation that is distinct from
those produced in the adult phase (Simpson et al., 1999). The importance of the
transition period to flower initiation is that, normally, only the adult vegetative meristem
is competent to induce flowers (Telfer and Poethig, 1998; Weigel and Nilsson, 1995).
Environmental signals that would normally induce flower initiation fail to during the
juvenile phase, even though the transition period may appear phenotypically similar to
the juvenile phase (Zimmerman, 1972).

Newly discovered pathways for flower initiation have shed some light on the
question of whether a plant is in the adult or juvenile phase. Up until the discoveries of
genes associated with flowering, the only consistent characteristic to assess the end of the
juvenile period was the attainment and maintenance of the ability or potential to flower
(Hackett, 1985). In Arabidopsis, an early-flowering mutant, hasty, is the result of a faster
movement from the juvenile to adult vegetative phase (Telfer and Poethig, 1998). The
vegetative-to-floral transition, however, is unchanged relative to wild-type. The gene,
HASTY, promotes a juvenile pattern of vegetative development and inhibits flowering by
reducing the competence of the SAM to respond to activity of the floral initiation genes
(Telfer and Poethig, 1998).

The fate of a floral meristem is highly regulated (Ma, 1998). Floral initiation is
accomplished and regulated by floral meristem identity genes (Weigel and Meyerowitz,
1993; Blazquez et al., 1997), which are also called FLIP (Floral Initiation Process) genes
(Schultz and Haughn, 1993). Floral initiation is followed by pattern formation and

organogenesis of the flower, which is carried out by floral homeotic genes (Weigel and
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Meyerowitz, 1993). Floral fate of a meristem is not due to a single switch, but is a
condition that is acquired progressively. Interactions between at least five FLIP genes
have been found to determine meristem fate in Arabidopsis. These genes include
LEAFY (LFY), APETALAI (AP1), CAULIFLOWER (CAL), APETALA2 (AP2), and
UNUSUAL FLORAL ORGANS (UFO) (Pidkowich et al., 1999). Multiple pathways
that regulate the timing of the floral transition act directly or indirectly on the FLIP genes,
which are responsible for switching the fate of the meristem from vegetative to floral
(Blazquez et al., 1997). Constitutive expression of some of these regulatory genes
promotes precocious flowering (Ma, 1998).

All or some of these genes have been found to be well-conserved in species as
diverse as Pinus radiata (Mellerowicz et al., 1998), Populus trichocarpa (Rottman et al.,
2000), and Eucalyptus globulus (Southerton et al., 1998). The requirement for LFY to
make the transition is well documented (Schultz and Haughn, 1991; Huala and Sussex,
1992; Shannon and Meeks-Wagner, 1991). Although experiments have shown that LFY
is sufficient to determine floral fate in Arabidopsis, it also has been suggested that
interactions between other genes are required (Liljegren et al., 1999). Evidence suggests
that LFY, AP1, and AP2 gene products all have a role in switching meristems from a
vegetative fate to a floral fate by suppressing the vegetative pathway and activating floral
pathway. It has been shown that AP1 and LFY act together to specify floral meristem
fate, even though constitutive expression of LFY alone can determine floral meristem
fate, and cause precocious flowering in Arabidopsis. In an experiment by Weigel and
Nilsson (1995), in which LFY was constitutively expressed via the 35-S promoter, both

aspen (Populus spp.) and Arabidopsis formed solitary flowers instead of shoots in the
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axils of vegetative leaves. AP1 has been demonstrated to positively regulate LFY, and in
turn, LFY can positively regulate AP1. They appear to work together to specify the floral
meristem fate (Liljegren et al., 1999). Early expression of AP1 has been found to be the
result of transcriptional activation by LFY, and was independent of protein synthesis
(Wagner et al., 1999). It has been shown that TFL (TERMINAL FLOWER1) is a
negative regulator of both LFY and AP1 in Arabidopsis (Liljegrin et al., 1999; Mandel
and Yanofsky, 1995). Because constitutive expression of LFY results in a phenotype in
Arabidopsis that is similar to mutations in TFL, and TFL is a spatial regulator of LFY, it
has been suggested that LFY and TFL are antagonists (Shannon and Meeks-Wagner,
1991; Alvarez et al., 1992). UFO, another FLIP gene, requires LFY activity for its
function, but not its expression, so UFO could lie downstream of LFY and only control a
part of LFY function (Pidkowich et al., 1999). UFO appears to play a role in floral
meristem identity, although it is known better for its function in defining the boundaries
between floral organs in adjacent whorls of the flower as well as between floral organs of
the same whorl (Levin and Meyerowitz, 1995). CAL is partially redundant with AP1.
cal mutants have no significant phenotype alone, but cal mutations greatly enhance ap1
mutants, such that the resulting inflorescences of cal/ap! double mutants look like
miniature cauliflowers, because there is a massive proliferation of floral meristematic
tissue (Bowman et al., 1993).

Ectopic expression of LFY or AP1 only is not sufficient to direct floral
development immediately after germination. A period of vegetative growth still occurs.
As in wild-type plants, the duration of this vegetative growth is sensitive to

environmental conditions such as photoperiod (Coupland, 1995). The connection
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between the flowering time genes and LFY has been addressed directly (Blazquez et al.,
1998; Nilsson et al., 1998). Indeed, the flowering time genes CO, GI, FCA, FVE, GAl,
and GAI all play a role in activation of LFY and are required to some extent for the full

expression of LFY function.

Factors that Influence Flower Initiation

Flower bud initiation is genetically, as well as biochemically, multifactorial,
meaning that there are many genetic and biochemical factors that directly or indirectly
affect flower initiation (Bewley et al., 2000). In reviews of the subject by Zimmerman
(1972), Ryugo (1986), Buban and Faust (1982), Kozlowski (1971), Hackett (1985), Gur
(1985), and Bernier (1988), the common factors included length of the juvenile period
(and therefore, age of the tree), environmental considerations such as light and
temperature, internal processes such as growth regulators and carbohydrate supply, and

cultural practices.

Environmental Factors

Temperature has been shown to affect flower bud initiation in apricot
‘Moorcot’ (Prunus armeniaca L.). High temperatures in winter increased the number of
‘Moorcot’ flower buds per tree by increasing the number of flower buds per node
(Jackson, 1970). It has also been demonstrated that leaf emergence and development are
dependant upon temperature and are directly related to degree-day accumulations in tart
cherry (Eisensmith et al., 1980). This is significant since a minimum leaf area is required

for flower bud initiation.
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Light is a major factor in initiation of flower buds. Research has shown that
under artificial conditions (shade houses) ‘Montmorency’ tart cherry will not flower
below a light level of 21% full sun, and at 36% full sun, flower number per tree is greatly
reduced, although flower number per bud is not different than 100% full sun conditions
(Flore, 1980). Under field conditions, there was a significant decrease in flowering at

light levels below 20% full sun (Flore, 1980). Lower light levels have also been known

~oTRSy

to decrease leaf dry weight, total leaf dry weight per spur, and specific leaf weight in
‘Delicious’ apple (Malus domestica) (Barritt et al., 1987). Although this is not a direct

effect on flowering, exposure of spur leaves to light impacts flowering in the following

season since a minimum spur leaf area is necessary for flower bud formation (Harley et
al., 1942). In apricot trees, shading results in a very pronounced decrease in flower bud
initiation (Jackson, 1970). The impact of light levels on flower bud initiation, then,
influences placement of flower buds within the canopy of larger trees where within
canopy shading is present at levels that inhibit flower bud initiation. In apple, spur leaf
area and spur leaf size were positively related to long-term productivity of the spur (Rom
and Ferree, 1984). It has been suggested that the greater yield efficiency of apple trees on
a more dwarfing rootstock, M.9, relative to more vigorous rootstocks, was due to
improved light distribution in the canopies of smaller trees (Schecter et al., 1991;
Heinicke, 1964). This increase in yield efficiency is most likely due to an increase in
fruit number, the result of an increase in flower initiation, since variation in fruit number
rather then fruit weight account for most of the variation in yield in fruit trees

(Browning, 1985).
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Plant Hormones

Since flower initiation is multifactorial, the influence of a specific hormone
on flower initiation is dependant on such things as time of the season, levels of other
hormones, and availability of nutrients (Faust, 1989). Although many hormones and
other molecules have been found to promote flower initiation, none have been found to
be completely responsible for the control of this process (Bewley et al., 2000). It has
been hypothesized that a universal flowering hormone, florigen, exists, although isolation
and characterization of the hormone has been unsuccessful (Taiz and Zeiger, 1998). The
floral initiation stimulus may involve the interaction of the hormones cytokinins and
gibberellins (GAs) (Bernier, 1988). In fruit trees, GAs have been found to inhibit floral
initiation (Westwood, 1993), while in conifers GAs promote flowering (Ekberg and
Eriksson, 1985). High endogenous levels of GAs in angiosperms appear to be associated
with the vegetative or juvenile condition (Hackett, 1985). Cytokinins have been
implicated in cell division and enlargement, and in overcoming apical dominance by
promoting growth of inactive lateral buds (Kozlowski and Pallardy, 1997). The
interaction of cytokinins and gibberellins may be more important in floral initiation than
the action of either hormone alone (Taiz and Zeiger, 1998). Another hormone implicated
in flower initiation is ethylene. In pineapple (4nanas comosus), ethephon, an ethylene-
releasing agent, increased flower initiation when an adequate amount of the ethephon was
taken up by the plant (Tumbull et al., 1999).

The application of gibberellic acid (GA) accelerates precocious flowering of

Arabidopsis (Langridge, 1957). GAs accelerate primordium initiation at the apex, and
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therefore, early manifestation of flower induction (Evans and Blundell, 1996). The role of
GA:s in activation of the LFY promoter has recently been analyzed (Blazquez et al.,

1998). The level of LFY promoter activity is lower in GA-deficient, gal, mutants.
Therefore, GAs promote flowering in Arabidopsis at least in part by activating LFY

expression (Blazquez et al., 1998).

Cultural Practices:

The time of floral initiation and the number and location of flower buds
initiated are influenced by certain orchard management practices (Thompson, 1996).
Since flowers tend to set when growth ceases, cultural practices that decrease vigorous
shoot growth also enhance floral bud initiation (Forshey and Elving, 1989). Summer
pruning was shown to encourage flower bud formation, while pruning during the dormant
period encourages more vigorous growth and so reduces flower bud formation. If
summer pruning is done before growth ceases, there is generally an early vigorous
growth of new shoots. Pruning during early summer results in a delay of the maturation
of seasonal tree growth, including fruit ripening (Chandler, 1923). Rootstocks, apart
from their influence on vigor, can influence both precocity and the amount of flowering
in consecutive years (Thompson, 1996). With very dwarfing cherry rootstocks, early
senescence was observed in shoots and spurs of branches four years and older. Removal
of 60 — 70% of the canopy in August rejuvenated shoot growth (Schaumberg and Gruppe,

1985).
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Rootstocks:

Rootstock use in commercial fruit production is common due to their beneficial
effects on the growth and development of the scion. In tree fruits, rootstocks are known
to affect tree size, precocity, flowering, yield efficiency, dry matter partitioning, and fruit
quality (Autio et al., 1996; Anthony et al., 1938; Warrington et al., 1990; Westwood et
al., 1976; Yadava and Doud, 1989). The tendency for trees on dwarfing rootstocks to
produce more fruit relative to tree size has been well established (Hirst and Ferree, 1996).
There is evidence, however, that tree size, as affected by rootstock, is not strongly related
to spur density (number of spurs per unit shoot length) or flower density (number of
flowers per unit shoot length) in ‘Delicious’ apple (Hirst and Ferree, 1996) or to yield in
‘Montmorency’ tart cherry (Westwood et al., 1976). In an experiment with ‘Delicious’
apple on nine rootstocks, there was a strong correlation between the number of spurs per
limb circumference and limb yield efficiency (g fruit per cm limb circumference)
(Schecter et al., 1991). Schecter et al. suggested that yield potential is influenced by
rootstock, in part, by altering the spur density of the scion. In a study by Hirst and Ferree
(1996), only half the variation observed in flower density could be explained by trunk
cross-sectional area (TCSA) or shoot length, implying that rootstock has an effect on
flowering independent of its affect on tree size. In this same study, rootstock effect on
flower density was unrelated to its affect on spur density, so rootstocks did not influence
flowering by producing a higher number of spurs. The number of leaves per spur, leaf
area per spur, and leaf area per leaf of ‘Delicious’ apple were lowest on the dwarfing

rootstocks, while specific leaf weight was higher. This means that the most dwarfing
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rootstocks influenced both shoot growth as well as vigor of individual spurs, in terms of
leaf area (Warrington et al., 1990).

Rootstock trials in Germany and the U.S. show an effect of rootstock on
flowering in both sweet and tart cherry. Gruppe (1985a) noticed that rootstocks with at
least one tetraploid species (P. cerasus and P. fruticosa) as a parent induced significant
precocity on the scion. It is also interesting to note that the amount of dwarfing had no
effect on precocity (Gruppe, 1985b). ‘Montmorency’ tart cherry on the precocious
Gisela rootstocks produced a lot of blind wood, the result of a high percentage of
flowering in one-year-old laterals (Perry, 1996). Sweet cherry trees on dwarfing
rootstocks have an early senescence of the spurs, as well as decreasing amounts of

vegetative growth each year (Gruppe, 1985a).

GROWTH AND FRUITING HABITS OF CHERRY TREES

Sweet and tart cherries produce simple buds, which contain either leaves or
flowers. Floral buds are borne either in a lateral (axillary) position on one-year old
shoots, or on spurs (shoots less than 4 cm) on two-year and older wood (Flore et al.,
1996; Thompson, 1996). In sweet cherry, the most generative spurs are located on the
two- and three-year old wood, so this is where the majority of flowers occur
(Wustenberghs and Keulemans, 2000). Spurs differ between the tart and sweet cherries
in general. In sweet cherries, spurs can remain active for up to 10 years, as long as
sufficient environmental requirements are met, therefore can providing a sustainable form
of flowering and fruiting. In tart cherry, spurs are most likely to be solely on the two- and

three- year-old shoots, with only a few persistant spurs in four- and five- year old shoots
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(Thompson, 1996). In tart cherry, a greater percentage of flowers are borne on axillary
buds than on spurs. This is in contrast to sweet cherries, where most of the flowers are
borne on spur buds. In sweet cherries, each floral bud is surrounded by several bud
scales, and contains two to four flowers; from one to six or more buds may occur on each
spur (Thompson, 1996). In tart cherries, there are also two to four flowers per bud. The
percent of flowers borne on one-year-old laterals relative to spurs varies between
cultivars, as well as within a cultivar, depending on cultural management. Thompson
(1996) reported that 68% of ‘Montmorency’ flowers are on one-year-old shoots, whereas
another study (not cited in Thompson, 1996) showed ‘Montmorency’ bore only 35-45%
of its flowers on the one-year-old laterals.

Sweet cherry trees are characterized by their strong apical dominance. This
apical dominance causes strong growth of terminal shoots and an inhibition of bud-break
for long distances below the growing point. The tart cherry has less apical dominance
and a greater tendency for production of blind wood (see below) and poor branch angles.
Lateral shoots just below the leader of tart cherry trees have a tendency to become
dominant over the leader (Flore et al., 1996)

If the axillary bud on a one-year-old shoot flowers, in the following year the node
will be blind because it cannot initiate vegetative growth (Flore et al., 1996 ).
Production of blind nodes is cultivar dependent (Wustenberghs and Keulemans, 2000),
and decreases the productive area of the shoot. Because tart cherries have a significant
percentage of flowers borne on axillary buds (e.g. ‘Montmorency’ produces only about
30 % of its flowers on spurs), there can be a large amount of blind nodes produced (Flore

et al., 1996). Blind nodes can also be the result of buds that were vegetative in the first
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year and inactive in the second, or spurs that did not have vegetative buds and were thus
rendered inactive in the following season (Wustenburghs and Keulemans, 2000). The
latter production of blind nodes occurs because cherries initiate flowers only in buds that
have attendant leaves opening early in the summer. If the leaves are not present, then the

buds become inactive (Westwood, 1993).
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Rootstock Affects Floral Distribution and Patterning in ‘Hedelfinger’ Sweet

Cherry.

ABSTRACT

The NC-140 regional tree fruit rootstock project established a trial of cherry
rootstocks across North America in 1998 to evaluate their performance with the sweet
cherry scions ‘Bing’ and ‘Hedelfinger’. One ‘Hedelfinger’ trial was established near
Traverse City, Michigan. This plot was used to characterize rootstock influence on the
development of flowers, buds, spurs, blind nodes, lateral shoots, and ultimately crop load,
on two-year-old shoots. Both rootstock genotype and node location on the shoot
influenced bud number per spur and flower number per bud. Both bud number per spur
and flowers per bud increased, in general, as tree vigor decreased. The exception was in
the Gisela/Giessen series of rootstock, in which both bud number per spur and flower
number per bud decreased with a decrease in tree vigor. Both parameters increased
distally along the shoot. Rootstock genotype influenced location of lateral shoots, spurs,
vegetative axillary buds, and blind nodes on two-year old shoots. Spurs dominated in the
medial section, and lateral shoots in the distal section, of the less vigorous rootstocks,
while vegetative axillary buds dominated in all sections of the more vigorous rootstocks.
These spur locational and flowering characteristics provide helpful parameters for
evaluating, and ultimately managing, such rootstocks that can dramatically alter sweet

cherry scion precocity and/or vigor.
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INTRODUCTION

Cherry rootstocks have been selected for various reasons, including precocity,
productivity, vigor control, disease tolerance, and adaptability to different soils. With
some of these rootstocks, there is a potential problem of excessive cropping levels when
grafted to very productive scion cultivars. Excessive cropping can result in poor fruit
quality and stunted vegetative growth (Lang, 2000). One approach to study this
phenomenon, and potentially develop strategies to manage it, is to more precisely
characterize how rootstock genotype influences tree architecture and flower placement on
the scion; that is, how the development of nodes is affected differentially within a shoot
by different rootstocks. Determining growth and location patterns of different nodes can
be used to assess how nodes are affected differentially within a shoot.

P'attem.can be studied within a tree by dividing the tree either artificially, e.g.,
empirically dividing a shoot into equal units of length, or naturally, e.g., using biological
growth parameters that are repeated throughout the tree or have an identical nature
(Godin and Caraglio, 1998; White, 1984). Growth of angiosperm shoots can be
described as a series of repeating units (metamers) that are formed sequentially by the
apical meristem. In the most basic form, a metamer consists of a node with an associated
leaf-like organ, a lateral meristem in the axil of the leaf, and the proximally located
internode (White, 1984). It has been suggested that there is an ordered pattern of
different metamers (Schultz and Haughn, 1991).

Distribution of different metamers within the plant plays a large part in the
productive potential of tree fruit species (Lespinasse and Lauri, 1996). Metamer types in

sweet cherry include blind nodes, lateral shoots, single vegetative buds, and spurs.
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Lespinasse and Lauri suggested that studying the patterns and distribution of different
metamer types in fruit trees would result in several practical applications including the
development of new tree growth habits through breeding, new training systems that
reduce pruning and thinning, and a more rational approach to cultivation that could lead
to an improvement in fruit quality characteristics. A better ability to predict flower
location would also provide a more definitive base for the study of flower bud ‘quality’
(Crabbé, 1984).

Rootstocks are known to affect spur characteristics. Franken-Bembenek and
Gruppe (1985) found that yield potential in sweet cherry was mainly dependent on
rootstock. One of the main ways the rootstock altered yield potential was by altering
location of spur insertions. Schaumberg and Gruppe (1985) tested ‘Hedelfinger’ sweet
cherry on some of the Giessen series rootstocks, and observed that the number of buds
per spur was not altered, but that the number of flowers per bud was greatly affected by
rootstock. The number of floral buds per spur depended greatly on the position of the
spurs within the shoot. More distally located spurs produced a greater number of buds
per spur. Other correlations have been made between location of the spur and the number
of floral buds per spur in sweet cherry cultivars, indicating that position within the shoot
affects spur flowering characteristics (Wustenberghs and Keulemans, 2000).

The limitation of the above trials is that they were done on a limited number
of rootstocks, and some rootstocks not in the trial may be more ideal for conditions in
Michigan. A regional tree fruit rootstock (NC-140) trial has been established in the US to
evaluate rootstocks for suitability in the US. Rootstock can significantly influence flower

density, as well as vigor and yield efficiency. Vigor and yield efficiency are not enough,
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however, to predict where the flowers will be borne within the canopy, which is
important for predicting and managing the productive potential of the tree.

Sweet cherries initiate flowers in the summer before flowering occurs, after
active growth has ceased (Guimond et al., 1998). Spurs are first produced in the two-
year-old shoot sections in sweet cherry. Flowering and fruiting of individual spurs
declines with spur age, therefore the two-year old shoot section is a good predictor of the
predominant distribution of spur flowering and different metamer types.

The greatest spur flowering in ‘Hedelfinger’ sweet cherry occurs in the two-
year old shoot section. Schaumberg and Gruppe (1985) reported that the effect of
rootstock on the number of floral buds per spur was small on ‘Hedelfinger’ sweet cherry,
but that there was a significant effect on the number of flowers per bud. They also
noticed that the number of buds per spur was correlated strongly with the location of the
spur within the branch. The number of buds per spur increased distally along two-, three-
, and four- year old shoots.

Schaumberg and Gruppe’s (1985) trials were in Germany, and so may not have
accurately assessed rootstocks examined in trials in the US. The objectives for this
experiment were (1) to assess the effect of rootstock and node location within two-year-
old wood on spur flowering characteristics (flower number per bud and bud number per
spur) and (2) to assess the effect of rootstock on location of the different metamer types
(blind nodes, single vegetative buds, lateral shoots, and spurs) in ‘Hedelfinger’ sweet

cherry in Michigan.
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MATERIALS AND METHODS

Plant Materials

As part of the NC-140 regional tree fruit rootstock project, a plot of ‘Hedelfinger’
sweet cherry (Prunus avium L.) trees on 21 rootstocks was established in spring 1998 at
Michigan State University’s Northwest Horticultural Research Station near Traverse
City, Michigan. The trees were planted in an Emmet-Leelenau sandy loam in a
randomized complete block design with 8 replications; however, a completely
randomized design was used for this study since the 5 most uniform replications of 16
selected rootstocks (Table 2-1) were used. The trees were trained to a modified central
leader and drip irrigated. Fertilization and protective sprays were applied as by local
standard recommendations.

Five trees per rootstock were selected for uniformity in early spring 2001.
Three shoots of comparable size and including second-year wood were randomly selected
from each tree’s central leader. Markings were made using paint so that the second-year
section of each shoot was divided empirically into three equal sections (proximal, medial,
and distal) (Figure 2-1).
Data Collection

In 2001, data for each node along the two-year-old section of each tagged
shoot were collected throughout the season. Each node was characterized according to its

placement within the shoot section and its type. Node types used for this study were: (1)
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vegetative (“axillary’’) bud; (2) spur; (3) lateral (axillary) shoot (“lateral”); and (4) blind
node.

Three spur parameters were measured. Bud number in each spur was counted in
April 2001 and the number of floral buds was determined by subtracting one (for the
vegetative bud) from the total buds within the spur. Flowers within each spur were
counted on 3 May 2001. Flower number per bud was estimated by dividing the flower 1
number per spur by the floral bud number per spur.

The only parameters measured on nodes with lateral shoots were length of

growth that occurred during 2000, and length of growth that occurred during 2001 (made

in November 2001, after active growth had ceased and the leaves had dropped). Metamer
lengths were estimated for each section (proximal, medial, distal). Since shoots were

split into three equal sections, the estimate was done using the following equation:

total section length

Metamer length (sectlon) = umber of nodes within the section

Blind nodes were considered to be those that did not exhibit any active growth,
whether vegetative or reproductive. Although there are different reasons for blind node
development (Wustenberghs and Keulemans, 2001), these were not ascertained in this
study. Most blind nodes of sweet cherry are due to the formation of solitary flower buds
at the base of one-year-old shoots; blind nodes in this study are most likely due to such
flowering during 2000.

Trunk cross-sectional area (TCSA) is an indicator of tree size (Westwood and
Roberts, 1970). Trunk cross-sectional area increase (TCSALI), then, indicates vigor of the
scion. TCSAI measurements used in this study were taken as part of the NC-140 regional

tree research project (Cowgill and Clements, 2002).
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at the base of one-year-old shoots; blind nodes in this study are most likely due to such
flowering during 2000.

Trunk cross-sectional area (TCSA) is an indicator of tree size (Westwood and
Roberts, 1970). Trunk cross-sectional area increase (TCSAI), then, indicates vigor of the
scion. TCSAI measurements used in this study were taken as part of the NC-140 regional

tree research project (Cowgill and Clements, 2002).
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Statistical Analysis

Statistical analyses were performed using the SAS proc glm program (SAS
Institute, 1989). In all studies, pairwise comparisons and the analysis of variance were
used in the comparisons among rootstocks. When comparing effects of rootstock on

metamer location and flowering characteristics, all values were expressed as mean +

standard error. Statistical significance was calculated using Student’s t-test. For the

regression analyses, highest R? was used to determine the best fitting regression curve.

—————

RESULTS

Flower Bud Number per Spur

In general, the more vigorous rootstocks had fewer buds per spur (Table 2-2).
Trees more vigorous than those on W. 10 had no flowering spurs in the proximal section
(Table 2-3) and very few flowering spurs, if any, in the medial section (Table 2-4). Spur
location within the shoot section also affected flower bud number per spur. The distal
section had significantly more buds per spur than the proximal section for all rootstocks
(Table 2-5).
Flower Number per Bud

The number of flowers per bud followed the same trends as the number of buds
per spur. Rootstock affected flower number per bud, with the more vigorous rootstocks
having fewer flowers per bud (Table 2-2). No spurs were present in the two-year-old
shoot section of trees more vigorous than those on W. 10. There was a difference in the

number of flowers per bud between the proximal and distal sections for all rootstocks
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Table 2-3. The effect of rootstock, listed in order of increasing vigor, on
the overall number of flowers per bud and floral buds per spur (
standard error) in the proximal part of two-year-old shoot section of
‘Hedelfinger’ sweet cherry. Counts were taken in the 2001 growing
season.

Buds per spur Flowers per bud

Gi. 209/1 0.9 £0.5 1.2+ 0.7
Edabriz 0.0 + 0.0 0.0 + 0.0
W. 53 0.8+04 1.6 £ 0.6
W. 72 0.6 +0.2 1.7+ 0.7
Gi. 5 1.7+ 0.3 2.9+ 0.4
Gi.7 2.2+0.6 2.4+0.7
Gi. 195/20 3.2+0.3 3.3+0.1
Gi. 6 1.8+ 0.6 2.6+ 0.9
W. 158 0.1 +0.1 0.4+0.4
W. 10 0.3+0.2 0.8 + 0.6
W. 13 0.0 £ 0.0 0.0+ 0.0
Mazzard 0.0+ 0.0 0.0 £ 0.0
Mahaleb 0.0 £ 0.0 0.0 + 0.0
MxM 2 0.0 + 0.0 0.0 +0.0
MxM 60 0.0 + 0.0 0.0+ 0.0

38



Table 2-4. The effect of rootstock, listed in order of increasing vigor, on
the overall number of flowers per bud and floral buds per spur (
standard error) in the medial part of two-year-old shoot section of
‘Hedelfinger’ sweet cherry. Counts were taken in the 2001 growing

season.

Gi. 2091
Edabriz
W.53
W. 72
Gi. 5

Gi. 7

Gi. 195/20
Gi. 6

W. 158
W. 10
W. 13
Mazzard
Mahaleb
MxM 2
MxM 60

Buds per spur Flowers per bud

32+04 25+0.5
1.7+ 0.1 3.3+0.2
2.2+0.2 3.4+0.2
1.8+0.2 2.8+0.2
3.0+0.3 3.6+0.1
3.9+0.6 3.5+0.1
4.5+0.2 3.4+0.1
2.8+0.4 35+0.2
1.5+0.2 3.0+ 04
1.6+ 0.5 2.1+0.6
0.4+0.3 0.9 + 0.6
0.1+0.1 0.1 +0.1
0.3+0.2 0.7+ 0.5
0.0 +£ 0.0 0.0+ 0.0
0.1+0.1 0.2+0.2
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Table 2-5. The effect of rootstock, listed in order of increasing vigor, on
the overall number of flowers per bud and floral buds per spur (
standard error) in the distal part of two-year-old shoot section of
‘Hedelfinger’ sweet cherry. Counts were taken in the 2001 growing
season.

Buds per spur Flowers per bud

Gi. 209/1 4.1+ 0.5 2.6+ 0.4
Edabriz 35+0.2 3.6+0.3
W. 53 4.0+ 0.3 3.1+0.2
W. 72 4.1+0.3 2.7+0.2
Gi. 5 4.1+ 0.5 3.1+0.2
Gi. 7 5.1+0.3 33+0.2
Gi. 195/20 5.1+0.2 3.2+0.2
Gi. 6 4.2+0.3 3.2+0.2
W. 158 3.2+£0.5 3.1+0.1
W. 10 3.40.6 24+0.3
W.13 1.7+0.3 2.6 +0.4
Mazzard 0.4+0.2 0.8+ 0.4
Mabhaleb 1.9+0.3 2.0+0.2
MxM 2 1.3+0.8 1.5+ 04
MxM 60 0.7+04 0.9 +0.5
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(Tables 2-3, 2-5). Proximal sections had fewer flowers per bud than distal sections, and

medial sections (Table 2-4) were intermediate between the proximal and distal sections.
Metamer Lengths

Metamer lengths did not differ significantly between rootstocks, but did by
location within the shoot (Table 2-6). Average metamer lengths were: 4.44 + 0.11 for
the proximal, 2.62 + 0.04 for the medial, and 2.13 + 0.03 for the distal sections. Proximal
section metamer lengths ranged from 3.8 cm (Gi. 209/1) to 5.0 cm (Mahaleb). Distal
section metamer lengths ranged from 2.0 cm (Gi. 209/1) to 2.4 cm (Gi. 7). Medial
metamer lengths ranged from 2.4 cm (CT500) to 3.0 cm (Gi. 7). All proximal section
metamer lengths were significantly different from those of the distal section.
Distribution of Metamer Types

The distributions of four different metamer types (blind node, vegetative axillary
bud, lateral shoot, and spurs) were analyzed as a percentage of the total metamer number
within each section (proximal, medial, and distal) (Figure 2-2). For all four types, there
were significant differences both among rootstocks as well as among shoot sections
(Table 2-7). The proximal section (Table 2-8) had a relatively large amount of blind
nodes, ranging from 12 % (MxM 60) to 72 % (Gi. 209/1). A large number of vegetative
buds also occurred in the proximal section; however, no lateral shoots occurred in this
area. Laterals were mostly in the distal section (Table 2-10). In fact, most of the
metamers in the distal section were either lateral shoots or spurs, particularly in the less
vigorous rootstocks. In the more vigorous rootstocks, with few spurs and lateral shoots,
the single vegetative axillary buds were the most common metamer type. Relatively few

blind nodes occurred in the distal section. A broader distribution of metamer types was
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Table 2-6. Analysis of variances for the number of buds per spur,
flowers per bud, and metamer lengths from different rootstock
treatments and from different sections within the two-year-old shoots of
those treatments. Analyzed data were collected during the 2001
growing season.

Buds per spur
Source df F P>F
TRT 15 89.64 <0.0001
Tree(TRT) 67 43 <0.0001
Section 2 410.29 <0.0001
TRT*Section 30 5.31 <0.0001
Flowers per bud
Source df F P>F
TRT 15 30.84 <0.0001
Tree(TRT) 67 1.76 0.0028
Section 2 83.64 <0.0001
TRT*Section 30 3.78 <0.0001
Metamer lengths
Source df F P>F
TRT 15 1.62 0.0775
Tree(TRT) 65 1.78 0.0028
Section 2 395.61 <0.0001

TRT*Section 30 0.73 0.8395
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Table 2-7. Analysis of variance for percentages of blind nodes, single
vegetative axillary buds, lateral shoots, and spurs from different
rootstock treatments and from different sections within the two-year-
old ‘Hedelfinger’ shoots of those treatments. Analyzed data were
collected during the 2001 growing season.

Blind nodes
Source df F P>F
TRT 15 4.58 <0.0001
Tree(TRT) 61 1.92 <0.0001
Section 2 199.86 <0.0001
TRT*Section 30 3.55 <0.0001
Vegetative axillary buds
Source df F P>F
TRT 15 78.99 <0.0001
Tree(TRT) 61 1.97 <0.0001
Section 2 206.88 <0.0001
TRT*Section 30 7.85 <0.0001
Lateral shoots
Source df F P>F
TRT 15 6.25 <0.0001
Tree(TRT) 61 1.68 <0.0001
Section 2 782.82 0.0017
TRT*Section 30 4.99 <0.0001
Spurs
Source df F P>F
TRT 15 57.76 <0.0001
Tree(TRT) 61 2.23 <0.0001
Section 2 155.26 <0.0001
TRT*Section 30 10.82 <0.0001




Table 2-8. The effect of rootstock, listed in order of increasing vigor, on
relative amounts of different node types (blind node, single vegetative
axillary bud, lateral shoot, and spur) in the proximal section of the two-
year-old shoots of ‘Hedelfinger’ sweet cherry. Shoots were analyzed as
three sections (proximal, medial, and distal) of equal length. Counts
were taken in the 2001 growing season, and are reported in each column
as percentage of the total number of nodes (+ standard errors).

number of

blind vegetative  shoots spurs nodes
Gi. 209/1 72+7.5 8+3.2 0 20+6.3 4103
Edabriz 36+9.3 64+9.3 0 0+0.0 5+03
W. 53 374179 47+8.7 0 16+ 7.1 4+0.2
W. 72 34 +10.1 53+104 0 13+ 6.0 5+03
Gi. 5 27+5.8 48+ 7.0 0 254173 4104
Gi.7 511104 13+78 0 36+ 103 4104
Gi. 195/20 28+ 6.4 9+46 0 62+5.3 5+04
Gi. 6 27+88 26 £9.0 0 48+ 11.4 5+04
W. 158 25+7.6 72+7.5 0 4+3.8 4103
W. 10 31+10.5 66 + 10.1 0 2+23 5+0.5
W. 13 28+7.8 72+7.8 0 0+0.0 5+04
Mazzard 37482 63182 0 0+0.0 5+09
Mabhaleb 15+ 6.7 85+6.7 0 0+0.0 7+0.8
MxM 2 25+ 6.7 75+6.7 0 0+0.0 6+1.7
MzxM 60 12435 88+3.5 0 0+0.0 4109
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Table 2-9. The effect of rootstock, listed in order of increasing vigor, on
relative amounts of different node types (blind node, single vegetative
axillary bud, lateral shoot, and spur) in the medial section of the two-
year-old shoots of ‘Hedelfinger’ sweet cherry. Shoots were analyzed as
three sections (proximal, medial, and distal) of equal length. Counts
were taken in the 2001 growing season, and are reported in each column
as percentage of the total number of nodes (+ standard errors).

number of

blind vegetative branches spurs nodes
Gi. 209/1 16+5.5 14145 1408 69 + 8.8 6105
Edabriz 2+18 47480 0+0.0 51+78 8+0.5
W. 53 0+0.0 20+ 8.0 0+0.0 80 + 8.0 7405
W. 72 7+74 26+ 7.4 0+0.0 66 + 8.6 8+0.5
Gi. 5 3+1.9 12+4.0 7+£3.6 78 1 6.0 7408
Gi. 7 0+0.0 6+3.1 3+1.7 92+3.2 6+0.5
Gi.195/20 | 0+0.0 3+19 11038 97420 7405
Gi. 6 2+1.5 1+0.8 3421 94+2.5 9+0.6
W. 158 1408 55+9.2 0+0.0 45+9.2 7+0.6
W. 10 2+16 | 661101 | 0+0.0 32+10.1 | 808
W. 13 5426 89+3.8 0+0.0 7+3.6 9+0.7
Mazzard 0+0.0 98+ 1.6 2+16 0+0.0 9+0.9
Mabhaleb 1+1.0 93 +3.9 0+0.0 6+34 11+0.8
MxM 2 7+43 93+4.3 0+0.0 0£0.0 10+1.2
MxM 60 5+2.8 95+2.8 0+0.0 0+0.0 6+0.7
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Table 2-10. The effect of rootstock, listed in order of increasing vigor,
on relative amounts of different node types (blind node, single
vegetative axillary bud, lateral shoot, and spur) in the distal section of
the two-year-old shoots of ‘Hedelfinger’ sweet cherry. Shoots were
analyzed as three sections (proximal, medial, and distal) of equal length.
Counts were taken in the 2001 growing season, and are reported in each
column as percentage of the total number of nodes (+ standard errors).

number of

blind vegetative  shoots spurs nodes
Gi. 209/1 1+1.0 2+15 66+ 5.4 31+£5.0 7+0.3
Edabriz 1+0.9 2+1.0 38+5.2 59+5.4 9+0.5
W. 53 0+0.0 1+0.6 47+5.0 53+49 9+0.5
W. 72 2+ 1.7 1+0.8 43+5.5 54+5.5 10+ 0.7
Gi5s 1+1.2 140.7 66 +4.8 32+4.7 8+0.9
Gi.7 0+0.0 0+0.0 46+ 9.0 54 +9.0 8+0.7
Gi. 195/20 0+0.0 1+£1.0 31+£5.9 68 + 6.1 8+0.5
Gi. 6 4+26 2+1.2 47+8.5 47+83 12+ 1.5
W. 158 8+5.2 5+25 38+£5.9 50+6.3 9+0.5
W. 10 2+14 18+5.4 27+4.5 52+5.0 9+0.7
W. 13 315 30+ 6.4 38+4.0 29+6.2 10+ 0.5
Mazzard 1+0.8 60 + 4.6 36 +4.8 3+1.2 11109
Mahaleb 5+3.2 341 6.0 26 6.1 35+3.9 14+0.8
MxM 2 2+1.2 65 +4.7 24+5.3 8+4.8 12+ 1.7
MxM 60 5423 56+3.7 30 +4.4 9+4.0 7+0.9
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located in the medial section, with the exception of lateral shoots, which were still
relatively few (Table 2-9). Blind nodes were also less common. On most of the
rootstocks, shoots had < 7 % blind nodes; only Gi. 209/1 had a considerable amount, with

16 % of the total nodes being blind.
Trunk Cross-Sectional Area Increase and Spur Flowering Characteristics

Trunk cross sectional area increase (TCSALI) is an indicator of tree vigor or
size. With the use of TCSAI, tree size at planting can be eliminated as a variable, and
relative vigor in a single year can be quantified. The spur flowering characteristics
assessed in this study (flower number per spur, and flower number per bud) were plotted
against TCSAI during 1999 (the year that the shoots grew) and TCSAI during 2000 (the
year that the flowers were initiated). The R? values for the relationship between floral
bud number per spur and TCSAI were similar for 1999 and 2000. The regression
equation describing floral bud number per spur to TCSAI was more linear in 2000.
However, the R? values for the relationship between flower number per bud and TCSAI
were higher for 2000 than 1999. Therefore, only the relationships for spur flowering
characteristics versus 2000 TCSAI will be shown.

No strong relationship was found between TCSAI and flower number per bud or
bud number per spur in the proximal section (Figures 2-3, 2-4). The floral bud number
per spur in the medial section was related more to 2000 TCSAI (Figure 2-3) than to 1999
TCSAI (data not shown). Flower number per bud in the medial section also had a
stronger relationship to 2000 TCSAI (Figure 2-4). Bud number per spur in the distal
section showed the greatest relationship to TCSAI, with 2000 TCSAI having the highest

R?(0.70) (P<0.0001) (Figure 2-3). This trend did not hold true for the flower number
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per bud in the distal section, since 1999 TCSAI was related more to flower number per

bud (data not shown) than was 2000 TCSAI (Figure 2-4).
Flowers per Bud vs. Buds per Spur

Average flower number per bud was plotted against the floral bud number per
spur, across all rootstocks. In all sections, the relationship between flower formation and
bud formation was positive and strong (Figure 2-5). Rootstock affected both variables,

with the strongest relationship (R? = 0.93) in the medial section (P<0.0001).

DISCUSSION

It is important to be able to predict the location and flowering characteristics
of spurs within the canopy (Lespinasse énd Lauri, 1996; Crabbe, 1984). A general
conclusion of our study is that rootstock influenced both spur floral characteristics (bud
number per spur and flower number per bud) and location of spurs along the shoot,
results that also occurred in the ‘Montmorency’ trial (Chapter Three). This could be
attributed, at least partially, to the rootstock effect on tree size (vigor); however,
differences in TCSAI only accounted for ~ 2/3 to 3/4 of the variability in spur floral
characteristics for ‘Hedelfinger’ sweet cherry.

In the Gisela / Giessen series, bud number per spur and the flower number per bud
increased as tree size increased (Table 2-2), while those parameters generally decreased
in other rootstocks as size increased. The importance of this finding is that when
selecting rootstocks for a balanced vegetative to reproductive ratio, more must be
considered than simply TCSAI or tree size, such as location of the spurs and quantity of

flowers produced per spur.
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Another major effect of rootstock on spur flowering characteristics was the
difference in numbers of flowers per bud and buds per spur between the proximal and
distal sections of the two-year-old shoot. The two-year-old shoot had both the
characteristic of being the first location of spur growth, as well as an indicator of where
spurs will be produced in the future. Location within this two-year-old section affected
both spur flowering characteristics. It seems reasonable that in larger trees with more
dense canopies, the more proximal sections of the shoots would have fewer spurs because
of within-canopy shading. However, in our trial, the trees were only in their fourth year,
and therefore small enough to have very little within-canopy shading. Assuming there
was not a strong effect of light, the increase in number of flowers per bud and buds per
spur in the distal sections of the shoot relative to the proximal were probably due to
internal or genetic factors. In the ‘Montmorency’ trial, the bud number per spur and
flower number per bud were greatest in the proximal section, supporting the theory that
the spur flowering characteristics were due to internal or genetic factors (Chapter Three).

Average metamer length did not predict metamer type in our study since, among
rootstocks, there were differences in percentages of different metamers within each
section (Figure 2-2), even though metamer length was the same among rootstocks.
However, a limitation existed in the way that metamer length was assessed. The number
of nodes was counted per section and the length of that section was taken. Metamer
lengths were not equal throughout the shoot section (personal observation). In some
cases, a very short metamer was adjacent to a long metamer. Because of this, a more
accurate presentation of these lengths might be relative phyllotactic length. The length

can only be relative since the actual number of phyllotactic units was not counted, and it
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must be assumed that nodes had the same orientation among rootstocks. An interesting
observation would be to look at phyllotactic differences among rootstocks.

Even though average metamer length was the same between rootstocks, some
general conclusions can be made about the location of different metamer types within the
shoot. For trees on all rootstocks, there were no lateral shoots in the proximal sections.
The medial sections also had a very small amount of lateral shoots. Almost all of the
metamers in the proximal sections of trees smaller than those on W.158 were lateral
shoots. Determining the location of different metamers within the shoot based on
dividing the total section lengths into thirds may be a useful, if artificial, way to divide
the shoot, and so could be useful in developing training sytems for different rootstocks.
Earlier work in apple by Lespinasse and Lauri (1996) showed that neither distal nor
proximal node number orientation predicted node type accurately.

Knowing the location of spurs and the spurs flowering characteristics could be
helpful in managing the tree. The one variable not measured, which may be useful for
future work, is the evolution of the branch, or how spurs within a branch age. We did not
look at the way that the metamer types and quality change in these shoot sections over
time, particularly as the tree canopy matures. This is also a major factor in tree
management, since rootstock may also affect how the spurs age.

The effect of rootstock on spur flowering characteristics, independent of its effect
on tree size, underscores the value of more accurate assessment of spur flowering
characteristics on different rootstocks. Lespinasse and Lauri (1996) have noted that

prediction of the distribution of specific metamers is one the three variables that must be
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understood before an accurate prediction and assessment of the tree’s productive
potential can be found. This is currently a critical step in the evaluation and adaptation of

new precocious and/or vigor-controlling rootstocks for sweet cherry production.
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CHAPTER THREE
Rootstock Affects Floral Distribution and Patterning in ‘Montmorency’

Tart Cherry
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Rootstock Affects Floral Distribution and Patterning in ‘Montmorency’ Tart

Cherry.

ABSTRACT

The NC-140 regional tree fruit rootstock project established a trial of cherry
rootstocks across North America in 1998 to test their performance with the tart cherry
scion ‘Montmorency’. One ‘Montmorency’ trial was established near Traverse City, MIL.
This plot was used to characterize rootstock influence on the development of flowers,
buds, spurs, blind nodes, and lateral branches on two-year-old shoots. Both rootstock
genotype and node location on the shoot influence bud number per spur and flower
number per bud. Both floral bud number per spur and flower number per bud were
influenced, in general, by rootstock. This effect was not completely due to the
rootstock’s effect on scion vigor. For the Gisela/Giessen and Weiroot series of
rootstocks, the flower number per bud and bud number per spur increased with increasing
vigor with the exception of Gi.6, whereas the other rootstock had decreasing flowers per
bud and buds per spur with increasing vigor. Both variables had the lowest values in the
distal areas of the shoot, which is opposite that in ‘Hedelfinger’ sweet cherry (Chapter
Two). Rootstock genotype influenced location of lateral shoots, floral buds, and axillary
vegetative buds within two-year-old shoots; however, the location of blind nodes was not
affected by rootstock. Blind nodes occurred in all sections. These characteristics are
useful for evaluating, and ultimately managing, production of "Montmorency’ tart cherry

on rootstocks that alter scion precocity and/or vigor.
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INTRODUCTION

Cherry rootstocks have been selected for various reasons, including precocity,
productivity, vigor control, disease tolerance, and adaptability to different soils. With
some of these rootstocks, there is a potential problem of excessive cropping levels when
grafted to very productive scion cultivars. Excessive cropping can result in poor fruit
quality and stunted vegetative growth (Lang, 2000). In tart cherry, one of the potentially
major problems associated with dwarfing rootstocks is the large proportion of flowers on
the one-year-old laterals (Perry, 1996). On dwarfing rootstocks, there may be less growth
and so less fruiting, since the fruiting potential is dictated by the annual vegetative
growth that occurs. One approach to study this phenomenom, and potentially develop
strategies to manage it, is to more precisely characterize how rootstock genotype
influences tree architecture and flower placement on the scion; that is, how the
development of different nodes can be used to assess how nodes are affected
differentially within a shoot.

Pattern can be studied within a tree by dividing the tree either artificially, e.g.,
empirically dividing a shoot into equal units of length, or naturally, e.g., using biological
growth parameters that are repeated throughout the tree or have an identical nature
(Godin and Caraglio, 1998; White, 1984). Growth of angiosperm shoots can be
described as a series of repeating units (metamers) that are formed sequentially by the
apical meristem. In the most basic form, a metamer consists of a node with an associated
leaf-like organ, a lateral meristem in the axil of the leaf, and the proximally located
internode (White, 1984). It has been suggested that there is an ordered pattern of

different metamers (Schultz and Haughn, 1991).
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Distribution of different metamers within the plant plays a large part in the
productive potential of tree fruit species (Lespinasse and Lauri, 1996). Metamer types in
sweet cherry include blind nodes, lateral shoots, single vegetative buds, and spurs.
Lespinasse and Lauri suggested that studying the patterns and distribution of different
metamer types in fruit trees would result in several practical applications including the
development of new tree growth habits through breeding, new training systems that F
reduce pruning and thinning, and a more rational approach to cultivation that could lead

to an improvement in fruit quality characteristics. A better ability to predict flower

location would also provide a more definitive base for the study of flower bud ‘quality’
(Crabbe, 1984).

Rootstocks are known to affect spur characteristics. Franken-Bembenek and
Gruppe (1985) found that yield potential in sweet cherry was mainly dependent on
rootstock. One of the main ways rootstock altered yield potential was by altering
location of spur insertions. Schaumberg and Gruppe (1985) tested ‘Hedelfinger’ sweet
cherry on some of the Giessen series rootstocks, and observed that the number of buds
per spur was not altered, but that the number of flowers per bud was greatly affected by
rootstock. The number of floral buds per spur depended greatly on the position of the
spurs within the shoot. More distally located spurs produced a greater number of buds
per spur. Other correlations have been made between location of the spur and the number
of floral buds per spur in sweet cherry cultivars, indicating that position within the shoot
affects spur flowering characteristics (Wustenberghs and Keulemans, 2000).

The limitations of the above trials were that they were done on a limited

number of rootstocks, some rootstocks not in the trial may be more ideal for conditions in
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Michigan, and most of the trials were not done with tart cherry. Location of different
metamer types has not received a lot of attention in tart cherry trees, since they are
harvested mechanically. With the recent U.S. introduction of a new tart cherry with fresh
market potential, ‘Balaton’, it would be beneficial to understand how rootstocks affect
tart cherry tree habit. A regional tree fruit rootstock (NC-140) trial has been established
in the US to evaluate rootstocks for suitability in the US. Rootstock can significantly
influence flower density, as well as vigor and yield efficiency. This is not enough
information, however, to predict where the flowers will be borne within the canopy,
which is important for predicting and managing the productive potential of the tree.

Spurs are first produced in the two-year-old shoot sections in tart cherry.
This is because tart cherries initiate flowers in the summer before flowering occurs, after
active growth has ceased (Diaz et al., 1981). The two-year old shoot section, then, is a
good predictor of the distribution of different metamer types since it is the first area
where spurs form.

Schaumberg and Gruppe (1985) reported that the effect of rootstock on the
number of floral buds per spur was small on ‘Hedelfinger’ sweet cherry, but that there
was a significant effect on the number of flowers per bud. They also noticed that the
number of buds per spur was correlated strongly with the location of the spur within the
branch. The number of buds per spur increased distally along two-, three-, and four- year
old shoots.

Schaumberg and Gruppe’s (1985) trials were in Germany, and so may not have
accurately assessed rootstocks and scions examined in trials in the US. The objectives

for this experiment were: (1) to assess the effect of rootstock and node location within
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two-year old wood on spur flowering characteristics (flower number per bud and floral
bud number per spur) and (2) to assess the effect of rootstock on location of the different
metamer types (blind nodes, single vegetative buds, lateral shoots, and spurs) in

‘Montmorency’ tart cherry.

MATERIALS AND METHODS

Plant Materials

As part of the NC-140 regional tree fruit rootstock project, a plot of
‘Montmorency’ tart cherry (Prunus ceraus L.) trees on 12 rootstocks was established in
spring 1998 at Michigan State University’s Northwest Horticultural Research Station
(NWHRS) near Traverse City, Michigan. The trees were planted in an Emmet-Leelenau
sandy loam in a randomized complete block design with 8 replications; however, a
completely randomized design was used for this study since 12 rootstocks (see Table 3-1)
and only S replications were used. The trees were trained to a modified central leader
and drip irrigated. Fertilization and protective sprays were applied as by local standard
recommendations.

Five trees per rootstock were selected in early spring 2001. Three shoots of
comparable size and including second year wood were selected from each tree’s central
leader. Markings were made using paint so that the second-year section of each shoot

was divided into three equal sections (proximal, medial, and distal) (Figure 3-1).
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Data Collection

In 2001, data for each node along the two-year-old section of each tagged
shoot were collected throughout the season. Each node was characterized according to its
placement within the shoot section and its type. Node types used for this study were: (1)

vegetative (axillary) bud; (2) spur; (3) lateral (axillary) shoot (or lateral); and (4) blind

node. !
Vegetative buds had two fates by the end of active growth that were easily

distinguishable: 1) bud break occurred late in the 2001 season and a lateral shoot formed,

or 2) the bud produced only leaves during the 2001 season, and so remained only a E

vegetative bud. Whether the bud remained vegetative or became a lateral shoot in 2001
was not assessed in this study. Assessment of the distribution of vegetative buds
included all that were vegetative at the beginning of the season.

Three spur parameters were measured. Bud number in each spur was counted
in April 2001 and the number of floral buds was determined by subtracting one (for the
vegetative bud) from the total buds within the spur. Flowers within each spur were
counted in spring 2001. Flower number per bud was estimated by dividing the flower
number per spur by the floral bud number per spur.

The only parameters measured on nodes with lateral shoots were length of
growth that occurred during 2000, and length of growth that occurred during 2001 (made

in November 2001, after active growth had ceased and the leaves had dropped). Metamer
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lengths were estimated for each section (proximal, medial, distal). Since shoots were
split into three equal sections, the estimate was done using the following equation:

total section length
number of nodes within th e section

Metamer length (section) =

Blind nodes were considered to be those that did not exhibit any active growth,
whether vegetative or reproductive. Although there are different reasons for blind node
development (Wustenberghs and Keulemans, 2001), these were not ascertained in this 1

study. Most blind nodes of sweet cherry are due to the formation of solitary flower buds

at the base of one-year-old shoots, so blind nodes in this study are most likely due to
flowering during 2000 in the tagged shoots.

Trunk cross-sectional area (TCSA) is an indicator of tree size (Westwood and
Roberts, 1970). Trunk cross-sectional area increase (TCSALI), then, indicates vigor of the
scion. TCSAI measurements used in this study were taken as part of the NC-140 regional
tree research project (Win and Jon, 2002).

Statistical Analysis

Statistical analyses were performed using the SAS proc glm program (SAS
Institute, 1989). In all studies, pairwise comparisons and the analysis of variance were
used in the comparisons among rootstocks. When comparing effects of rootstock on
metamer location and flowering characteristics, all values were expressed as mean +
standard error. Statistical significance was calculated using Student’s t-test. For the

regression analyses, highest R was used to determine the best fitting regression curve.
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RESULTS

Floral Bud Number per Spur

In general, the more vigorous rootstocks had more floral buds per spur (Table
3-2). Spur formation occurred in all sections, except for the distal part of Gi.209/1
(which had no floral buds per spur) (Table 3-3, 3-4, 3-5). Spur location within the shoot
section also correlated with floral bud number per spur. The highest number of floral
buds per spur occurred in the medial section, and the lowest in the distal section. The
floral bud number per spur increased with increasing tree size to a point and then
decreased (Figure 3-2).
Flower Number per Bud

Rootstock affected the flower number per bud, and the more vigorous
rootstocks generally had more flowers per bud (Tables 3-4). The fewest flowers per bud
were in the distal sections (Table 3-5). In the smaller trees, there were generally more
flowers per bud in the proximal section, while in the trees larger than those on Gi.7, the
higher number of flowers per bud occurred in the medial section (Figure 3-3).
Metamer Lengths

Metamer lengths did not differ significantly among rootstocks, but did by
location within the shoot (Table 3-6). The differences in metamer lengths were strongly
related to location within the shoot. The main difference was observed between the
proximal and distal sections, as well as between the medial and distal sections. Average
metamer lengths were: 3.8 + 0.09 for the proximal, 2.7 + 0.04 for the medial, and 2.2 +

0.04 for the distal sections. Metamer lengths in the proximal section ranged from 3.2 cm
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Table 3-2. The effect of rootstock, listed in order of increasing vigor, on
the average number of flowers per bud and floral buds per spur (
standard error) on the entire two-year-old shoot section of
‘Montmorency’ tart cherry. Counts were taken in the 2001 growing
season.

Buds per spur Flowers per bud

Edabriz 23+04 21+04
W. 53 3.5+0.5 23+0.3
Gi. 5§ 22+04 1.7+04
Gi. 6 3.0+0.6 20+04
W. 158 32+04 26+04
W, 72 3.7+0.3 2.8+0.3
Gi.7 3.3+04 27+03
Gi. 195/20 3.9+04 3.0+0.3
W. 10 3.7+04 25+0.3
W. 13 32+05 2.0+0.3
Mahaleb 3.2+0.3 2.7+0.2

68




Tab
the
i)
\
s



Table 3-3. The effect of rootstock, listed in order of increasing vigor, on
the average number of flowers per bud and floral buds per spur (
standard error) in the proximal part of two-year-old shoot section of
‘Montmorency’ tart cherry. Counts were taken in the 2001 growing
season.

Buds per spur Flowers per bud

Gi. 209/1

24+ 1.0 1.5+0.5
Edabriz 23+04 2.8+0.5
W. 53 43+0.5 3.0£0.2
Gi. S 32+03 2.7+0.5
Gi. 6 39+0.3 3.0+£0.2
W. 158 3.5+0.3 34+£0.3
W. 72 34+04 34+0.3
Gi.7 3.8+0.3 3.7+ 0.4
Gi. 195/20 4.0+0.1 34+0.5
W. 10 36+0.3 2.7+£0.2
W.13 3604 2.3+0.2
Mahaleb 26+04 2.8+0.1
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Table 3-4. The effect of rootstock, listed in order of increasing vigor, on
the average number of flowers per bud and floral buds per spur (
standard error) in the medial part of two-year-old shoot section of
‘Montmorency’ tart cherry. Counts were taken in the 2001 growing

70

season.
Buds per spur Flowers per bud
Gi. 209/1 1.0+ 1.0 0.6 +0.6 H‘,
Edabriz 39+0.8 3.0+£0.6
W. 53 4.7+0.7 29+0.5 y
Gi. 5 2.7+0.8 2.0+0.6
Gi. 6 35+14 20+0.7
W. 158 4.7+£0.3 33+0.2
W. 72 49+0.2 3.3+0.1
Gi.7 4.0+0.6 29+0.5
Gi. 195/20 53+£04 36+0.2
W. 10 49+04 34+0.3
W. 13 4.9+0.2 2.8+0.1
Mahaleb 40+04 29+0.2
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Table 3-5. The effect of rootstock, listed in order of increasing vigor, on
the average number of flowers per bud and floral buds per spur (
standard error) in the distal part of two-year-old shoot section of
‘Montmorency’ tart cherry. Counts were taken in the 2001 growing
season.

Buds per spur Flowers per bud

Gi. 209/1 0.0£0.0 0.0+0.0
Edabriz 0.8+04 0.6+0.3
W. 53 1.4+£0.6 0.8+0.4
Gi. 5 0.6+£0.6 0.4+0.6
Gi. 6 1.7+ 1.0 1.1+0.7
W. 158 1.7+ 0.8 1.1+£0.6
W. 72 28+0.8 1.7+ 0.5
Gi. 7 1.9+ 0.6 1.4+04
Gi. 195/20 24+0.7 1.9+0.7
W.10 26+0.9 1.5+ 0.6
W. 13 1.2+0.8 0.7£0.5
Mahaleb 3.1+0.8 23+0.7
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Table 3-6: Analysis of variances for the number of buds per spur,
flowers per bud and metamer lengths from different rootstock
treatments and from different sections within the two-year-old shoots of
those treatments. Analyzed data were collected during the 2001
growing season.

Buds per spur

Source df F P>F
TRT 11 491 <0.0001
Tree(TRT) 52 1.38 0.0817
Section 2 48.35 <0.0001
TRT*Section 22 1.2 0.2636
Flowers per bud

Source df F P>F
TRT 11 8.83 <0.0001
Tree(TRT) 52 252 <0.0001
Section 2 89.32 <0.0001
TRT*Section 22 1.33 0.1713
Metamer Length

Source df F P>F
TRT 1 324 0.0003
Tree(TRT) 52 2.04 <0.0001
Section 2 328.45 <0.0001

TRT*Section 22 2.25 0.001
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(Gi.209/1) to 4.3 cm (W.13), while the range was from 1.8 (Gi. 209/1) to 2.6 (W.13) in

the distal section.
Distribution of Metamer Types

Distributions of four different metamer types (blind node, vegetative axillary
bud, lateral shoot, spur) were analyzed as a percentage of the total number of metamers
within each section (proximal, medial, and distal) (Figure 3-4). A significant effect of
rootstock was observed in the relative amounts of vegetative (axillary) buds, blind nodes,
and spurs (Table 3-7). However, rootstock genotype did not affect the percentage of
lateral shoots. Location within the shoot affected distribution of metamer types. Very
few vegetative (axillary) buds were present in any of the rootstock treatments or sections;
in the medial and distal sections, vegetative buds never exceeded 5 % of the total
metamers present (Tables 3-8, 3-9). Blind nodes were found in all sections. The greatest
percent of nodes in the medial section were either lateral shoots or spurs, and in the distal
section were lateral shoots and blind nodes (Figure 3-4). A relationship between vigor

and distribution of specific metamer types was not apparent.
Trunk Cross-Sectional Area Increase and Spur Flowering Characteristics

Trunk cross sectional area increase (TCSAI) is an indicator of tree vigor or
tree size. With the use TCSAI, tree size at planting can be eliminated as a variable, and
relative vigor in a single year can be quantified. The spur flowering characteristics
assessed in this study (floral bud number per spur, and flower number per bud) were
plotted against TCSAI during 1999 (the year that the shoots grew) and TCSAI during
2000 (the year that the flowers were initiated). Only spur flowering characteristics

plotted against 2000 TCSALI are presented. For both 1999 and 2000, there was no
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Table 3-7. The effect of rootstock, listed in order of increasing vigor, on
relative amounts of different node types (blind node, single vegetative
axillary bud, lateral shoot, and spur) in the distal section of the two-
year-old shoots of ‘Montmorency’ tart cherry. Shoots were analyzed as
three sections (proximal, medial, and distal) of equal length. Counts
were taken in the 2001 growing season. Numbers reported in each
column are percents of the total number nodes ( standard errors).

number of

blind vegetative shoots spurs nodes
Gi. 209/1 83+6.0 0+0.0 17459 0+0.0 6+0.7
Edabriz 47+9.5 0+0.0 52+88 11£1.0 6+04
W.53 28+11.7 0+0.0 66+9.6 6+3.1 8+0.5
Gi. 5§ 441155 000 54+15.1 115 6+0.7
Gi. 6 344149 010.0 50+7.5 16 + 10.2 7404
W. 158 33+8.9 0+0.0 62+5.9 5+5.2 7+0.4
W. 72 24+11.1 0+0.0 69 +9.2 7+£2.6 7403
Gi. 7 40 +10.5 0+0.0 48 + 6.0 12458 6+0.7
Gi. 195/20f 25192 0+0.0 68+7.5 7426 7403
W.10 22468 0+0.0 70 + 6.1 8+3.0 8+0.2
W.13 21439 0+0.0 77429 2+14 7+0.7
Mahaleb 22+6.6 2+1.8 69 +3.7 7+34 8+1.0
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Table 3-8. Analysis of variance for percentages of blind nodes from
different rootstock treatments and from different sections within the
two-year-old ‘Montmorency’ shoots of those treatments. Analyzed
data were collected during the 2001 growing season.

Blind nodes

Source df F P>F
TRT 1 2.53 0.0134
Tree(TRT) 47 2.36 0.0002
Section 2 3247 <0.0001
TRT*Section 22 1.46 0.1096
Legetative axillary buds

Source df F P>F
TRT 11 3.31 0.002
Tree(TRT) 47 1.18 0.2474
Section 2 126.87 <0.0001
TRT*Section 22 2.74 0.0004
Lateral shoots

Source df F P>F
TRT 1 1.42 0.1968
Tree(TRT) 47 1.06 0.3972
Section 2 102.58 <0.0001
TRT*Section 22 4.4 <0.0001
Spurs

Source df F P>F
TRT 1 3.25 0.0023
Tree(TRT) 47 2.05 0.0017
Section 2 178.35 <0.0001

TRT*Section 22 3.17 <0.0001
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Table 3-9. The effect of rootstock, listed in order of increasing vigor, on
relative amounts of different node types (blind node, single vegetative
axillary bud, lateral shoot, and spur) in the medial section of the two-
year-old shoots of ‘Montmorency’ tart cherry. Shoots were analyzed as
three sections (proximal, medial, and distal) of equal length. Counts
were taken in the 2001 growing season. Numbers reported in each
column are percents of the total number nodes (+ standard errors).

Gi. 209/1
Edabriz
W. 53
Gi.§

Gi. 6

W. 158
W. 72

Gi. 7

Gi. 195/20
W. 10

W. 13
Mahaleb

number of
blind vegetative shoots spurs nodes
12 +5.4 111 79 £ 8.0 8483 3104
11+8.6 0+0.0 51+7.8 38+ 11.1 5+0.6
1016.7 1+1.4 58+3.8 31£7.0 740.5
20+10.5 010.0 60+ 10.6 20+ 8.4 5403
1178 0+0.0 47+ 18.4 424223 5104
18411.9 010.0 45+15.5 374199 610.6
8+4.1 2+19 21167 70+ 10.1 610.5
20472 3130 421123 35+8.0 6103
14+4.3 0+0.0 334102 53 £10.0 6+0.2
2+13 5+3.1 1749.2 76+ 8.7 6104
6+3.9 2+18 234108 70 £ 14.5 610.5
9+8.0 4142 13+3.7 73410.5 740.7
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difference in the relationship between TCSAI and floral bud number per spur. The R?
value for the relationship of flower number per bud to TCSAI however, was higher for
2000 than 1999.

The proximal section showed the strongest relationship, perhaps due to the
greater concentration of spurs in this area (Table 3-10). There is a general trend in which
both floral bud number per spur and flower number per bud increased with vigor to a
point and then decreased, resulting in a curvilinear relationship between spur
characteristics and vigor. This point for both flowers per bud and buds per spur occurred
at TCSAI values of ~8 cm’ (1999) and 6 to 8 cm’ (2000).

Flowers per Bud vs. Buds per Spur

Average flower number per bud was plotted against floral bud number per
spur for the proximal, medial, and distal sections, across all rootstocks. Rootstock
affected both of these variables positively (Figure 3-5). The weakest relationship
occurred within the proximal section (R* = 0.32, p=0.054); the R? values for the other
sections were higher than 0.89. As the bud number per spur increased, the number of

flowers per bud also increased.

DISCUSSION

It is important to be able to predict the location and flowering characteristics
of spurs within the canopy (Lespinasse and Lauri, 1996; Crabbe, 1984). Although tart
cherries flower extensively on axillary buds of one-year-old lateral shoots (Thompson,

1996), only flowering on spurs is sustainable. Flowering on the one-year-old lateral
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Table 3-10. The effect of rootstock, listed in order of increasing vigor,
on relative amounts of different node types (blind node, single
vegetative axillary bud, lateral shoot, and spur) in the proximal section
of the two-year-old shoots of ‘Montmorency’ tart cherry. Shoots were
analyzed as three sections (proximal, medial, and distal) of equal length.
Counts were taken in the 2001 growing season. Numbers reported in
each column are percents of the total number nodes (+ standard
errors).

number of
blind vegetative shoots spurs nodes
Gi. 209/1

45+ 16.2 10 +3.2 26 +15.0 19+ 7.0 3+0.3

Edabriz 28 + 14.0 22+9.3 19+6.2 31+7.1 4102
W. 53 11+6.2 12+8.7 17 +6.1 61+5.7 4104
Gi. 5§ 29+7.7 16 + 10.4 16+5.3 39+7.1 4104
Gi. 6 23+3.7 13£7.0 13+11.4 51+8.7 4104
W. 158 30+3.9 14+7.8 8+8.3 48 + 8.0 410.6
W. 72 13+4.0 36+ 4.6 0+0.0 50+ 8.2 4102
Gi. 7 21492 16 £ 9.0 5+5.0 58+ 5.9 4103
Gi. 195/20 9+4.6 15+ 7.5 2417 74499 4103
W.10 12+4.1 34 +10.1 4123 51+ 10.1 5+0.2
W. 13 17+ 8.0 37+78 0+0.0 46+ 6.5 5+04
Mahaleb 13+3.8 42+75 1+14 44+7.7 5+0.7
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shoots does account for more precocious flowering, since the earliest flowering of spurs
is on two-year-old shoots (Thompson, 1996). However, dwarfing rootstocks have
already been shown to reduce the time to flowering in ‘Montmorency’ (Perry, 1996).
Further acceleration in time to flowering may not be beneficial since tart cherry trees
currently are harvested mechanically, and trees must reach a certain size before they are
large enough to withstand the mechanical harvesting equipment (Nugent, 2001).

A general conclusion of our study is that rootstock influenced both spur floral
characteristics (floral bud number per spur and flower number per bud), as well as the
location of spurs and lateral shoots within the two-year-old ‘Montmorency’ tart cherry
shoot. The same conclusion was also drawn from the ‘Hedelfinger’ sweet cherry study
(Chapter Two). This could be attributed, at least partially, to the rootstock effect on tree
size (TCSAI); however, TCSAI accounted for only 1/2 to 2/3 of the variability in spur
floral characteristics for ‘Montmorency’ tart cherry.

In the Gisela/Giessen series, floral bud number per spur and flower number per
bud increased as tree size increased (Table 3-2). This trend also occurred in the Weiroot
series, although to a lesser extent compared to the Gisela series.

The balance between vegetative and reproductive growth is important for reasons
other than fruit size and yield. Overcropping is thought to be one of the contributing
factors to the soft tart cherry problem in Michigan (Nugent, 2001). Vigorous Weiroot
and Gisela/Giessen rootstocks alleviate some of this problem, since with an increase in
reproductive growth, there is also an increase in vegetative growth.

Another major effect of rootstock on spur flowering characteristics was the effect

of location on both numbers of flowers per bud and buds per spur. The two-year-old
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shoot had both the characteristic of being the first location of spur growth, as well

as an indicator of where spurs will be produced in the future. In tart cherries, it is
important to identify spur location as well as how many buds and flowers occur on that
spur. Location within the two-year-old shoot affected both spur flowering characteristics.
A lower floral bud number per spur and flower number per bud were found in the distal
sections of all rootstock treatments (Table 3-5), which is probably due to the very low
quantity of spurs in this area (Figure 3-4).

Metamer length did not predict metamer type in our study. Metamer length
differed not only between treatments, but also between sections and was different
according to the section x treatment interaction. Metamer length did decrease distally
along the shoot in ‘Montmorency’, as well as in ‘Hedelfinger’, but there does not appear
to be a relationship between this change in metamer length and location or quantity of
any of the metamer types assessed (Figure 3-4; Chapter Two).

General conclusions can be made about where certain metamers are located, or
where certain metamer types are not found. For example, vegetative axillary buds are not
found in the medial or distal sections. Very few, if any, lateral shoots are found in the
proximal section, except on the less vigorous rootstocks, which could be due to the
shorter length of the two-year-old shoot. It is also interesting to note that blind nodes are
found in all sections, but mainly in the distal section, which was where the fewest spurs
formed. So, even if the distal section of the shoot appears more productive, this is not the
case, since the more sustainable fruiting occurs in the medial and proximal sections.

Knowing the location of spurs and the spurs flowering characteristics could be

helpful in managing the tree. The one variable not measured that may be useful for
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future work is the evolution of the branch, or how spurs within a branch age. Branch
evolution in this trial may be implied since tree habit tends to repeat itself, such that one-
year-old shoots may repeat pattern of the shoots in this trial (Tomlinson, 1983). Spur
evolution, however, is something that we cannot predict from this trial. Whether the
spurs will continue to produce the same number of buds and flowers, and at what point
these spurs will change the number of buds and/or flowers they produce, is not yet
known. A second question arises as to whether the same amount of flowering will occur
in the one-year-old shoots, causing the same relative amount of blind node production in
the succeeding years. We did not look at the way that the metamer types and quality
change in these shoot sections over time. This is a major factor in tree management,
though, since rootstock may also affect how well the spurs age.

This effect of rootstock on location of different metamer types, independent of the
rootstock effect on tree size, implies a need to more accurately assess tree growth habit in
tart cherry. Lespinasse and Lauri (1996) have noted that prediction of the distribution of
specific metamers is one the three variables that must be understood before an accurate
prediction and assessment of the tree’s productive potential can be found. This is
currently a critical step in the evaluation and adaptation of new precocious and/or size-

controlling rootstocks for tart cherry production.
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LEAFY project:

1. Rationale

1.1 History

The idea behind this project was to find a gene that could be involved in the early

stages of flower induction in sweet cherry.

The LEAFY (LFY) gene of Arabidopsis thaliana is a well-conserved gene in many
plant species, including gymnosperms and angiosperms, and appears to be involved

in the transition to flowering (see section 1.2)

1.2 LEAFY gene

The LFY gene and its activity has been one of the most promising genes for
increasing precocity as well as flower density in trees (Egea-Cortines and Weiss,
2001). LFY is well-conserved, and its homologues have been found in many diverse
species. The location of LFY was found to be on chromosome 5 of Arabidopsis
(Schulz and Haughn, 1991). Mellerowicz et al. (1998) showed that, although LFY
homologues are found in pre-angiosperm species, some differences exist in their
sequences and, subsequently, proteins. The proline-rich and acidic domains in LFY

and FLORICAULA (FLO) [the snapdragon (Antirrhinum spp.) homologue of LFY],
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whose presence indicates that they are transcription factors, are not evident in
conifers. However, the C-terminal part of the protein, whose function is not yet
known, is highly conserved between conifers and angiosperms (Mellerowicz et al.,
1998). Blazquez et al. (1997) demonstrate that LFY is both necessary and sufficient
for the initiation of individual flowers. LFY expression and flower formation are not

strictly coupled, because LFY expression in the wild-type Arabidopsis precedes

flower formation (Blazquez et al., 1997). However, upregulation of the LFY
promoter appears to be an indicator of subsequent flowering, because failure to

flower in short days in the GA-deficient gal-3 mutant goes hand in hand with the

elimination of LFY upregulation (Blazquez et al., 1998). LFY also appears to
suppress leaf development (Weigel et al., 1992; Weigel and Meyerowitz, 1993). LFY
is of primary importance in the transition from the vegetative to reproductive phase of
meristems: /fy mutants of Arabidopsis have leaves in the locations where the first
flowers form and later-arising flowers are replaced by structures with partial shoot
characteristics (Blazquez et al., 1997). In Iy mutants, normal flowers are never
produced. Instead of flowers, /fy mutant shoots resemble lateral shoots in that they
produce an indeterminate number of metamers with elongated internodes, bract-like
organs, tertiary lateral shoots, and spiral phyllotaxy (Schultz and Haughn, 1991).
Blazquez et al. (1997) also observed that LFY is expressed in lateral primordia
continuously from the vegetative to reproductive phase, changing only in intensity.
Quantitative increases in LFY expression to a threshold level are a major factor in the
transition to flowering (Blazquez et al., 1998). Blazquez et al. (1997) suggest that

LFY is expressed in emerging leaf primordia because this is where floral induction is
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effective, as these primordia have the ability to make the transition to become floral
once LFY activity reaches a critical level.

When transformed into other species, LFY still specifies a floral fate. Weigel
and Nilsson (1995) have demonstrated that in aspen, a perennial tree, LFY is
sufficient to determine floral fate in lateral meristems and increase precocity. When
transformed into aspen, LFY was sufficient to trigger flower initiation. Aspen
normally flowers after 8 years, but transgenic LFY aspen flowered within just a few
months of germination (Coupland, 1995). Constitutive expression of LFY in aspen
results in solitary flowers being produced in the axils of normal leaves, as well as the
number of vegetative leaves being limited, the shoot apical meristem being turned
prematurely into a terminal flower, and precocious flower development (Weigel and
Nilsson, 1995). In citrus, the juvenile phase normally lasts from 6 to 20 years, but in
both LFY and AP1 transgenic citrus trees flowers were initiated in the first year (Pena
et al, 2001). In both cases, trees flowered in consecutive years, as well as under the
control of environmental signals, and LFY and AP1 expression were found in the
leaves. The LFY transgenic lines, compared to the controls, had a weeping growth
habit and thin stems, reduced leaf size and a curling of the leaves. Citrus flower buds
normally give rise to a range of inflorescence types, including solitary flowers to
mixed flowers to leaf racemes, and all of these inflorescence types were found in the
transgenic LFY citrus lines. Transgenic AP1 trees on the other hand had a more
normal growth habit than the transgenic LFY lines (Pena et al., 2001).

LFY homologues and LFY-like genes have been identified and cloned in a

diverse range of plant species (Weigel and Nilsson, 1995). Although LFY is well-
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conserved, its role in transition to flowering is not very conserved. Overexpression of
PTLF, the homologue of LFY in Populus trichocarpa (poplar), resulted in no early
flowering phenotype or other differences as compared to the control trees, even
though when PTLF was transformed into Arabidopsis, it caused flowering to occur 5
days earlier than the control (Rottmann et al., 2000). Even without the early-
flowering phenotype of PTLF in poplar, the strongest PTLF expression was in the
lateral floral meristems. FLORICAULA (FLO), the LFY homologue in Antirrhinum
majus, shares 70% amino acid identity. Both LFY and FLO are expressed in the
floral meristem prior to initiation of floral organ primordial, while expression at later
stages of floral development is less conserved (Coen et al., 1990; Weigel et al., 1992).
The LFY homologue cloned in Pinus radiata, PRFLL, shares 53% similarity with
LFY (Mellerowicz, 1998). Expression of PRFLL was found in vegetative buds of
juvenile, adolescent, and mature trees, but not in vascular cambium, roots or
secondary needles. PRFLL mRNA was detected in buds [in which cone and shoot
primordia will develop] and in developing male cones, but not in developing female
cones. Expression was particularly high in buds of the axillary meristems prior to
their differentiation as male cones, which is consistent with PRFLL being involved in
determination of male cone primordia. (Mellerowicz et al., 1998). Southerton et al.
(1998) have isolated a LFY homologue, ELF, in Eucalyptus (Eucalyptus L 'Her. spp.)
whose sequence and expression pattern in floral primordia is very similar to LFY and
FLO. A LFY homologue, LtLFY, has also been found in the grass species Lolium
tementulum (Gocal et al., 2001). LtLFY has only 56% amino acid identity with LFY.

Like the other LFY homologues, the C-terminal region of LtLFY is more highly
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conserved than the amino-terminal region. In Lolium tementulum, AP1 homologue
expression precedes LtLFY expression, implying that the regulatory pathway of floral

initiation may not be well-conserved in monocots (Gocal et al., 2001).

1.3 Brief overview

The idea behind this project was to isolate a gene in sweet cherry that had homology

to the Arabidopsis LFY gene, and to see if it was upregulated during the flower

initiation period in floral buds. As an addition to this experiment, we also looked at

the same sweet cherry scion cultivar (‘Hedelfinger’) on two different rootstocks: a
vigorous rootstock with little to no flowering (‘Mazzard’), and a nonvigorous
rootstock that has already begun to flower (‘Gisela 6°) to see if upregulation of LFY

occurred in both of these rootstock/scion combinations similarly or differently.

2. Materials and Methods

2.1Plant materials

Sweet cherry (Prunus avium L.) ‘Hedelfinger’ trees grafted on Gisela 6 (Gi.6) and

Mazzard rootstocks were used in this study. Trees were four years old and located at

the Michigan State University’s Northwest Michigan Horticulture Research Station

near Traverse City, Michigan.
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2.2 Plant tissue collection

Buds were collected from one-year-old shoots of ‘Hedelfinger’ trees on Gi.6 and
Mazzard. Seven buds from each of eight trees on Gi.6 and eight buds from each of
seven trees on Mazzard were collected on the following dates and stored at —-80° C
until RNA was extracted:

17 May 2001

5 June 2001

22 June 2001

4 July 2001

17 July 2001
14 August 2001

‘Hedelfinger’ buds were collected in mid-March 2002 (these were used to prime for

the conserved regions of LFY)

Young leaves, sepals, petals, and floral buds were collected in spring 2002 for use as

controls.

2.3 RNA extraction

Total RNA was isolated from ‘Hedelfinger’ buds and leaves using a method based on

hot borate and proteinase K adapted from Hunter and Reid (2001). Approximately 1

gram of frozen tissue was ground into a fine powder. Crushed tissue was added to

hot borate buffer (0.2 M sodium borate decahydrate, 30 mM EGTA, 1% (w/v) SDS,
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1% (w/v) sodium deoxycholate, at 80° C) and vortexed for 30 s in a 14 mL Falcon
2059 tube. Proteinase K (37.5 puL of 0.75mg per 5 mL) was added to the tube and
incubated horizontally on a shaking air incubator for 1.5 h at 42° C. 0.08 volumes of
2 M KCl was added and tubes were incubated horizontally on ice with shaking for 30
min. Tubes were centrifuged at 12,000 rpm for 20 min at 4° C, and supernatant was
decanted into new sterile 2059 Falcon tubes. One volume of 4 M LiCl was added and "1
tubes were incubated overnight at 4° C. RNA pellet was precipitated by centrifuging |

at 12,000 rpm for 30 min. at 4° C. Pellet was resuspended in 630uL H,O/70 pL of

3M sodium acetate, precipitated with 1 volume of isopropanol, and pelleted by J
| 2

centrifugation at 16,000 x g for 30 min at 4°C. RNA pellet was washed with 70%

ethanol, resuspended in 100 pL double-distilled RNase-free H;0, and stored at -20°C.

One gram of frozen tissue produced 25.4 pg of RNA at 25.4 pug/uL.
2.4 RT-PCR

First strand cDNA synthesis of total RNA from 1 gram of bud sa.mpleé (2.2) was
performed using SUPERSCRIPT ™ Reverse Transcriptase according to protocol ().
RNase was added to resultant cDNA mix to a final concentration of 10 ng/ pL, and
solution was incubated at 37° C for 10 min. cDNA was purified using QIAquick®
PCR Purification Kit (Qiagen, 2001), and eluted in 40 pL buffer EB(10mM Tris-Cl,
pH 8.5). This was used as a template to amplify the conserved 763 bp fragment of

Arabidpsis thaliana LFY homologue cDNA. Primer sequences were: 5'- ATG AAR
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GAY GAD GAR MTY GAN GA -3'and 5'- BCA RAG CTG RCG NAR YTT NGT

KGG MAC RTA CCA AAT -3'.

PCR protocol: 0.1 pL cDNA, 0.5 dNTPs, 0.5 pL pol, 2.5 pL buffer, and H,O to
25uL was gently mixed and PCR was done as follows: 2 min at 94° C, 25 x (30 sec
at 94° C; then 2 min 30 sec at 68° C), 2 min 30 sec at 68° C. These were

electophoresed through 2% agarose.

2.5 Southern analysis

A southern analysis was performed according to a protocol based on Church and
Gilbert (1984). The gel (see 2.4) was blotted onto a nylon membrane. Figure A-1
shows, with an arrow, the 923 bp fragment. Arabidopsis LFY probe was denatured,
labeled with radioactive phosphorous, and hybridized to blots overnight (> 8h) at
55°C in hybridization buffer (1ImM EDTA pH 8.0, 250 mM Na,HPO4(7H;0),
7%SDS, adjusted to pH 7.4 with H;PO,). Blots were rinsed twice in the wash

solution (1ImM EDTA pH 8.0, 40 mM NaHPO,, 1% SDS) for 30 min at 55°C.

2.6 Ligations

The 923 bp band was extracted from the 2% agarose gel using QIAquick® Gel

Extraction Kit (Qiagen, 2001), and eluted in 50 uL Buffer EB. Ligations were done

using the pPGEM-T and easy vectors and the 2X Rapid Ligation Buffer (in each tube,
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mix 5 uL 2X Rapid Ligation Buffer, 1 pL pGEMT Easy Vector, 1 uL T4 DNA
Ligase, deionized water to a final volume of 10 pL, and either 3uL of the 923 bp
band, or the positive control, or the negative control. Tubes were incubated overnight
at 4° C). 3 uL of ligations were mixed with 1 mL LB and competent cells, and then
they were zapped with voltage. Cells were grown for 1 hour at 37°C on a shaker.
These were then centrifuged in 1 mL tubes a few times. Supernatant was taken off,
and ~ 100 pL of solution plus cells was left. The cells were resuspended with a
pipette, and spread on a LB/carbenicillan/X-Gal plates. Plates were stored at 37°C

upside down.

Two white patches were collected from the plate. These 2 single well-isolated
colonies were collected into tubes with 3 mL LB culture medium and 3uL
carbenicillin 100. These tubes were incubated overnight at 37°C in a shaking
incubator. A cleared lysate was produced from these colonies, and DNA was isolated

and purified according to Promega.

DNA was digested with EcoRI enzyme (200 ng DNA, 2 puL EcoRI 10X buffer, 0.25
UL EcoRI, 1 uL BSA, H,0 to 20uL at 37°C for 1 hour). These were

electrophoresced through 2% agarose.

Sequencing was done at the Genomics Technology Support Facility (Michigan State
University; http://www.genomics.msu.edu).
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2.7 Northern Analysis

A northern analysis was performed according to a protocol based on Church and
Gilbert (1984). The gel was blotted onto a nylon membrane. The sequenced 923 bp
region was used as a probe, and was denatured, labeled with radioactive phosphorous,
and hybridized to blots overnight (> 8h) at 55°C in hybridization buffer (ImM EDTA
pH 8.0, 250 mM Na;HPO4(7H;0), 7%SDS, adjusted to pH 7.4 with H3;PO,). Blots
were rinsed twice in the wash solution (ImM EDTA pH 8.0, 40 mM NaHPO,, 1%

SDS) for 30 min at 55°C.

3.1 Results

3.1 Identification of a LFY homolog

Primers for LFY were made in areas that were well-conserved in many species and

used to prime sweet cherry cDNA. Table B-1 shows sequence obtained that has 86%

identity with Malus x domestica AFL2, the apple LFY homolog.
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Table B-1: Sequence of 923 bp region (see section 2-6 and 2-7) used as a probe for
the northern analysis. Sequence shows 86% identity with Malus x domestica AFL2
mRNA.

Sequence:

gacatgatgagtagcctctctcagatattcaggtgggatttgetigtgggtgagaggtacggtatcaaageggecgtcagageag
agcgtcgecgcectcgatgaccaggactcgaggegecgeccc. . . gtctccggegacaccaccaccaatgecctagatgetcte
tcccaagaagggttgtcagaggagccggtgcaacaagagaaggagatggtggggaccggeggaggggecgegtgggaag
tggtggegtctgcaggggagaageggaagaagcagegaaggacgaaaaatgggceaatataggaattttaatggeatcggaag
ggggcataataataatgatcataatgagggtgtggacgacgaggacgacaacgacatggacgatatgaatgggcacgggaac
ggtggaggaggggggtigecgagegagagagigagggageaccegticattgtgactgatcctgaggaggtggcacgtggc
aaaaagaacggcctagattacctcttccatctctacgagcagtgccgtgatttcttgatccaggtccaaaacattgcagaggageg

cggtgaaaaatgtccaaccgaggtaacaaaccaagtgtgtatgtttgccaaaaaggcanggggeagcetacatcaacaagecaa
aaatgcgacacta
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Figure B-1: Southern blot (see section 2-5). Arrow shows the 763 bp fragment.
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Figure B-2: Northern Analysis (see section 2-7) of bud samples collected during
2002 (see section 2-2). Arrow shows the Gisela 6, August 14" 923 bp band, which
was the only one observed in the northern analysis.
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