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ABSTRACT

Three different bud types were identified on vigorous horizontal to
upright (replacement) branches growing on the outer tree canopy of several
apple (Malus domestica Borkh.) cultivars (‘Granny Smith', 'Royal Gala' and
'Braeburn'). These bud types were termed two-year spur, one-year lateral and
one-year terminal buds. Fruit quality and productivity characteristics of these
bud types, and those of old spur buds (> three years) located inside the canopy,
were investigated and compared.

Final fruit set on the replacement branch was consistently greater for
buds on two-year old wood than for those on one-year wood. However, there
was little difference in budbreak or flowering characteristics between wood
ages. When three different bud types were compared, fruit set was greatest on
two-year spur buds, intermediate on 6ne-year terminal buds and lowest on one-
year lateral buds. A similar pattern in the timing of flower bud opening during
bloom was also measured for the different bud types. In contrast, flower
number per bud, primary leaf area at bloom and bourse leaf area after bloom
were greatest on one-year terminal, lowest on one-year lateral and intermediate
on two-year spur buds.

Fruit from two-year spur buds were larger at harvest than those borne
on one-year lateral buds. Differences in average size ranged from 12 to 36%,
depending upon cultivar and year. Fruit on one-year terminal buds were

intermediate in size ('Granny Smith' only). There was no difference in seed




iv

number per fruit between fruit of various bud types. Fruit on old spurs were
also consistently smaller than fruit on two-year spur buds.

Cumulative fruit growth followed a sigmoidal curve for fruit from two-
year spur buds and one-year lateral buds (fruit from one-year terminals were
not considered). Absolute growth rate was greater for fruit from two-year
spurs compared with fruit from one-year laterals, although relative growth rates
were similar. Flower receptacle size at bloom was consistently larger on two-
year spurs than on one-year lateral buds. These differences in receptacle size
probably accounted for differences in fruit size at harvest.

Fruit from two-year spur buds had higher internal ethylene
concentrations and starch index score at commercial harvest and were softer
and had yellower flesh ('Royal Gala' and 'Braeburn') or skin colour ('Granny
Smith") than fruit from one-year lateral buds. There was little influence of bud
type on fruit soluble solids concentration, amount of red blush coverage on the
fruit or intensity of red blush ('Royal Gala' and 'Braeburn’).

Fruit on old spurs inside the canopy had lower internal ethylene
concentrations than fruit from two-year spurs or one-year lateral buds for all
cultivars at commercial harvest. Fruit from old spurs also had lower soluble
solids concentration, poorer red skin colour development and intensity ('Royal
Gala' and 'Braeburn’), greener flesh colour ('Royal Gala' and 'Braeburn') and
greener skin colour ('Granny Smith') than fruit on the replacement branch.

Fruit mineral concentrations from different bud types of 'Braecburn’ and

'Granny Smith' were also compared at commercial harvest. One-year terminal




buds on 'Granny Smith' produced fruit which had higher calcium, potassium
and magnesium concentrations than fruit on two-year spurs, one-year lateral
and old spur buds. When fruit of the same size was compared, fruit calcium
concentrations, Ca:K and Ca:Mg ratios were generally highest for one-year
terminal buds, lowest for one-year lateral buds and intermediate for the other
bud types. For 'Braeburn’, fruit on the replacement branch had similar mineral
concentrations, but had lower calcium concentrations than fruit from old spurs
inside the canopy.

One-year lateral buds had the lowest fruit calcium, magnesium and
potassium contents for 'Granny Smith' and 'Braeburn'. One-year terminal
buds produced fruit with the highest fruit mineral content for 'Granny Smith’
whilst for 'Braeburn’ two-year spurs had the highest mineral content.
Differences in 'Granny Smith' fruit calcium content between bud types on the
replacement branch were associated with similar differences in bourse leaf area.

Manual reduction in leaf area at bloom on two-year spurs reduced fruit
calcium content on 'Gala' and 'Royal Gala' throughout the season. Partial
removal of primary leaves reduced calcium accumulation earlier than total
bourse shoot removal. On a per leaf basis, removal of primary leaves was
more effective in reducing calcium uptake than removal of the bourse shoots.
However, neither fruit growth, magnesium nor potassium accumulation during
the season were generally affected by such treatments.

These results are discussed in terms of (1) physiological limitations to

productivity and fruit quality on apple replacement branches and trees; (2)
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refining current management techniques. so that yield and fruit quality are

maximised on such branches and trees.




vii

ACKNOWLEDGEMENTS

I wish to acknowledge the assistance of my supervisors, Professor E.W.
Hewett, Drs D.J. Woolley and I.B. Ferguson for their guidance and support
during the course of this work. I would also like to acknowledge the financial
support of DSIR Fruit and Trees and the New Zealand Apple and Pear
Marketing Board.

I also wish to extend my thanks to Dr D.S. Tustin, DSIR Fruit and
Trees, Havelock North, and Dr K. Patterson, DSIR Fruit and Trees, Auckland,
for helpful discussions during the initiation of the project and preparation of the
manuscript. A special thanks to Messrs A. White, Havelock North, and D.
Hirst, Hastings, for use of their apple trees, and to Mrs M. Green for typing
this thesis.

Finally, I wish to thank my wife, Robyn, for her patience, tolerance and

support throughout this project.




Table

3.1

3.2

3.3

3.4

3.5

3.6

4.1

4.2

4.3

4.4

4.5

4.6

4.7

viii

LIST OF TABLES

Page
Influence of wood age on budbreak, flowering buds and
fruit set for apple 22
Flower cluster opening stages for apple . 27
Influence of bud type on the stage of flower but opening
and flower number per bud for apple 28
Influence of wood age and bud position on flower bud
opening for apple 29
Influence of wood age and bud position on flower number
per bud for apple 31
Influence of bud type on primary and bourse leaf
characteristics for apple buds cv. 'Granny Smith'
measured 14/11/86. . 33
Bud productivity and seed number per fruit for two apple
bud types 66
Average fruit weight for different bud types and fruit
positions on a bud for apple e 67
Seed number per fruit for different bud types and fruit
positions on a bud for apple 69
Fresh weight of king flower receptacles at king full bloom
for different apple bud types 71
Definitions of flower opening stages for apple . 79
Calculated receptacle weight at bloom, calculated fruit
weight at the final harvest and seed number per fruit, for
two different apple bud types as influenced by flower bud
stage . e e 76
Relationships between final fruit weight and seed number
per fruit, and between final fruit weight and receptacle
weight : 78




4.8

4.9

5.1

5.2

5.3

54

55

5.6

5.7

5.8

59

5.10

5.11

1X

Equations developed to describe relationships between final
weight, seed number per fruit and receptacle weight for
individual fruit for two-year spur and one-year lateral

buds . . . . . . . . . L L L. 79

Summary of stepwise regression procedure relating individual
final fruit weight to seed number per fruit and receptacle
weight forapple. . . . . . . . . . . 79

Commercial and experimental harvesting dates for apple in
Hawkes Bay (1988) . . . . . . . . . . 110

Summary of the significance of F values from the balanced
split plot ANOVA . . . . . . . . . . 116

Internal ethylene concentrations for apple fruit for all
bud types at different harvest dates . . . . . 117

Internal ethylene concentrations for apple fruit from
all harvest dates picked from different bud types . 120

Correlation coefficients (r) across all bud types and

harvest dates for the relationships between log internal

ethylene concentration and other maturity indices for

apple . . . . . . . . . . . L. L. 124

Correlation coefficients (r) across all bud types and
harvest dates for the relationships between fruit weight
and log internal ethylene concentration for apple . 125

'Ripening Index' of 'Royal Gala' apple fruit for all bud
types from different harvest dates and from all harvest
dates for different bud types . . . . . . . 127

Red blush coverage for apple fruit for all bud types from
different harvest dates . . . . . . . . . 128

Blushed skin colour and flesh colour for apple fruit for
all bud types from different harvest dates . . . 129

Red blush coverage for apple fruit from all harvest dates
for different bud types . . . . . . . . . 130

Red blush coverage for apple fruit from all harvest dates
for different bud types . . . . . . . . . 131




5.12

5.13

5.14

6.1

6.2

6.3

6.4

7.1

7.2

7.3

7.4

7.5

Skin colour of 'Granny Smith' apple. for all bud types from
different harvest dates and from all harvest dates for
differentbud types . . . . . . . . . . 133

Fruit fresh weight, flesh firmness, soluble solids
concentration and starch index pattern for apple for all
bud types from different harvest dates . . . . 136

Fruit fresh weight, flesh firmness, soluble solids
concentration and starch index pattern for apple from all
harvest dates for different bud types . . . . . 137

Fruit fresh weight, fruit mineral concentration, fruit mineral
content and fruit mineral ratios for different bud types
for apple cv. 'Bracburmn’ . . . . . . . . 165

Fruit fresh weight, fruit mineral concentration, fruit mineral
content and fruit mineral ratios for different bud types for
apple cv. 'Granny Smith' . . . . . . . . 166

Coefficients of determination for linear regression lines
relating fruit mineral concentrations and ratios to fruit
fresh weight by bud type and cultivar . . . . 169

Fruit calcium content at harvest and primary, bourse and
total leaf area for different bud types for apple . 183

Correlation coefficients between fruit mineral content,
primary leaf area and fruit weight during the early growing
season for individual apple fruit . . . . . . 198

Correlation coefficients between fruit weight and primary
spur leaf area during the early growing season for apple 199

Summary of the significance of F values from the factorial
ANOVA in Experiment B (1989) for fruit calcium content,
concentration and rate of calcium uptake . . . 203

Effect of leaf removal at bloom on calcium content 22 days
after anthesis for apple e e e e e 204

Correlation coefficients between fruit mineral content,
primary and bourse leaf area and fruit weight during the
growing season forapple . . . . . . . . 211




xi

7.6  Correlation coefficients between primary and bourse
leaf area and fruit weight during the growing season for

apple .

7.7  Equations developed to describe relationship between final
fruit calcium content and fruit weight, bourse and primary
leaf area for individual 'Royal Gala' apple spurs at
commercial harvest after four bloom leaf removal
treatments

7.8  Summary of stepwise regression procedure relating
individual primary leaf areas and fruit weights for each
leaf removal treatment for apple

7.9 Observed and predicted final fruit calcium content for
four leaf removal treatments for apple

7.10  Final fruit size for apple from spurs with different
leaf:fruit ratios

8.1 Carbon balance model for an apple tree .

212

214

215

216

220

246




Figure

3.1

3.2

3.3

4.1

4.2

4.3

4.4

4.5

4.6

4.7

xii

LIST OF FIGURES

Page

Fruit drop on apple cv. 'Granny Smith' from different
budtypes . . . . . . . . . . L. 24

Changes in primary leaf characteristics after full bloom
as influenced by bud type for apple cv. 'Granny
Smith' . . . . . . . . L L L L. 35

Changes in bourse leaf characteristics after full bloom
as influenced by bud type for apple cv. 'Granny
Smith . . . . . . . L 0 L. 36

Definitions of sink strength according to various conditions
53

Relationship between predicted and actual fresh fruit
weights from samples harvested periodically throughout
the growing season forapple . . . . . . . 74

Influence of receptacle fresh weight on final fruit
weight for 'Royal Gala' and 'Braeburn' fruit with 5 seeds,
and 'Granny Smith' fruit . . . . . . . . 80

Cumulative growth curves of apple fruit (cv. 'Royal Gala'),
expressed as a function of date or days after full bloom,

and fruit growth rates for two-year spur buds and one-year
lateralbuds . . . . . . . . . . . . 82

Cumulative growth curves of apple fruit (cv. 'Braeburn'),
expressed as a function of date or days after full bloom,

and fruit growth rates for two-year spur buds and one-year
lateral buds . . . . . . . . . . . . 83

Cumulative growth curves of apple fruit (cv. 'Granny Smith),
expressed as a function of date or days after full bloom,

and fruit growth rates for two-year spur buds and one-year
lateralbuds . . . . . . . . . . . . 84

Average relative growth rates of apple fruit (cv. 'Royal

Gala') from two-year spur buds and one-year lateral buds
expressed as a function of days after full bloom for each
budtype . . . . . . . . . . . . . 86




4.8

4.9

5.1

5.2

5.3

54

55

5.6

5.7

5.8

6.1

6.2

6.3

Xiii

Average relative growth rates of apple fruit (cv. 'Royal

Gala') from two-year spur buds and one-year lateral buds
expressed as a function of days after full bloom for each
budtype . . . . . . . . . . . .. 87

Average relative growth rates of apple fruit (cv. 'Royal

Gala') from two-year spur buds and one-year lateral buds
expressed as a function of days after full bloom for each
budtype . . . . . . . . . . L .. 88

Increase in internal ethylene concentration over the
commercial harvest period for apple for three bud
types . . . . . . o o 118

Proportion of fruit in each of five internal ethylene
concentration classes, for three bud types, at three
harvests for apple cv. 'Royal Gala' . . . . . 121

Proportion of fruit in each of five internal ethylene
concentration classes, for three bud types, at three
harvests for apple cv. 'Braecburn' . . . . . . 122

Proportion of fruit in each of five internal ethylene
concentration classes, for three bud types, at three
harvests for apple cv. 'Granny Smith' . . . . 123

Red blush on apple fruit over the harvest period for
different bud types . . . . . . . . . . 132

Change in skin colour over the harvest period for different
bud types for 'Granny Smith' apple . . . . . 135

Reduction in flesh firmness over the harvest period for
different bud types for 'Royal Gala' apple . . . 139

Increase in starch index over the harvest period for different
bud types forapple . . . . . . . . . . 140

Relationship between fruit fresh weight and calcium
concentration for each of four different bud types . 168

A comparison of the relationship between fruit fresh weight
and calcium concentration, as influenced by bud type 171

A comparison of the relationship between fruit fresh weight
and Ca:Mg ratio, as influenced by bud type. . . 172




6.4

7.1

7.2

7.3

7.4

7.5

7.6

1.7

7.8

7.9

7.10

7.11

Xiv

A comparison of the relationship between fruit fresh weight
and Ca:K ratio, as influenced by bud type . . . 173

Change in primary leaf area during the early growing season
for apple following two leaf removal treatments . 192

Change in fruit fresh weight during the early growing season
expressed on a logarithmic scale for apple following two leaf
removal treatments . . . . . . . . . 193

Change in fruit calcium content and concentration during the
early growing season for apple following two leaf removal
treatments . . . . . . . . . . . . 194

Change in fruit magnesium content and concentration during
the early growing season for apple following two leaf
removal treatments . . . . . . . . . . 196

Change in fruit potassium content and concentration during
the early growing season for apple following two leaf
removal treatments . . . . . . . . . . 197

Changes in primary and bourse leaf areas throughout the
growing season for apple cv. 'Royal Gala' following several
leaf removal treatments . . . . . . . . 201

Change in fruit fresh weight during the growing season,
expressed on a linear or logarithmic scale, for apple cv.
'Royal Gala' following several leaf removal treatments 202

Changes in fruit calcium content, rate of calcium uptake

into fruit and fruit calcium concentrations for apple cv.

'Royal Gala' following partial removal of primary

leaves . . . . . . . . . . . . . . 205

Changes in fruit calcium content, rate of calcium uptake
into fruit and fruit calcium concentrations for apple cv.
'Royal Gala' following partial removal of bourse shoots 207

Changes in fruit magnesium content, rate of magnesium uptake
into fruit and fruit magnesium concentration for apple cv.
'Royal Gala' for several leaf removal treatments . 209

Changes in fruit potassium content, rate of potassium uptake
into fruit and fruit potassium concentration for apple cv.
'Royal Gala' for several leaf removal treatments . 210




Xv

7.12  Average fruit weight for different spur leaf:fruit ratios

7.13

following leaf removal treatments . . . . . . 221

Influence of primary leaf area on final fruit calcium content
for spurs with different bourse leaf areas for a 150g 'Royal
Gala' apple fruit . . . . . . . . . . 230




XVi

LIST OF PLATES

Plate Page

1.1 Example of a replacement apple branch showing position of
different bud types for apple cv. 'Royal Gala' . . 7






