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Section 1. Which floral bud types present in ‘Royal Gala’ and ‘Cripps
Pink’ apple trees have the greatest fruit size and quality and why?
Introduction
Within an apple tree, floral bud types include:
•
•
•

Spurs
Terminals
Axillaries (Figure 1)

Figure 1. Types of floral buds in apple: Spur (inflorescence at the terminal position of very
short one-year-old shoots < 2.5 cm long with minimal internode extension), terminal
(inflorescence at the terminal position of short to medium length one-year-old shoots
between 2.5 cm to 30 cm long) and axillary (inflorescence derived from axillary buds on oneyear-old wood).

Following bud break in spring, each floral bud type will develop a primary spur comprising of a
rosette of up to 8 leaves and an inflorescence at the terminal position (Figure 2). Along the
primary spur, 1 – 2 axillary buds typically break to form short to medium length annual shoots
called “bourse shoots” (Figure 2).
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Figure 2. (A) Pictorial example of the primary spur (PS) and developing bourse shoot (BS) at
petal fall in spring. (B) The primary spur and bourse shoot at harvest.
Recent studies in New Zealand using ‘Scifresh’ apple have shown that fruit borne on
“terminals” were 30 g heavier at commercial harvest than fruit derived from “spurs” or
“axillaries”. Improved fruit size for “terminals” was associated with a larger leaf area on both
the primary spur and bourse shoot, and a higher specific leaf weight (mg.cm-2) which
represents the photosynthetic potential of the leaves (Table 1).
Table 1. Mean leaf area and specific leaf weight (SLW) of the primary spur and bourse shoot
of spur, terminal and axillary floral buds and the influence of these floral bud types on mean
fruit fresh weight at harvest for ‘Scifresh’ (Jazz™) apple grown in Hawke’s Bay, New Zealand
(2006-2007 growing season).
Primary spur

Bourse shoot

Fruit

Leaf area

SLW

Leaf area SLW

fresh weight

(mg.cm-2)

(cm2)

(mg.cm-2)

(g)

Terminal 10.4 a

11.08 a

300.1 a

12.38 a

182.2 a

Axillary

4.2 b

11.97 a

103.1 b

10.35 b

152.2 b

Spur

5.5 b

11.87 a

64.6 c

10.06 b

153.7 b

Treatment (cm2)
Bud type

Means with a different letter are significantly different at P≤0.05.
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Given the above findings in New Zealand (Table 1), an early objective of the PIPS Tree Structure
programme was to understand the effect of different floral bud types on annual shoot
characteristics and fruit size of ‘Royal Gala’ and ‘Cripps Pink’ grown in different regions of
Australia (Lenswood South Australia, Stanthorpe Queensland, and Huon Valley Tasmania).

What have we found out so far?
Influence of floral bud type on fruit size of ‘Royal Gala’ and ‘Cripps Pink’ at harvest
‘Royal Gala’:
• Axillaries always produced smaller fruit regardless of growing region.
• Terminals produced bigger fruit than spurs (observed in Tasmania and Queensland
only);
• No differences in fruit size were noted between spurs and terminals in South Australia
(Table 2).
Table 2. Mean leaf area and specific leaf weight (SLW) of the primary spur and bourse shoot
of spur, terminal and axillary floral buds and the influence of these floral bud types on mean
fruit fresh weight at harvest for ‘Royal Gala’ apple grown in South Australia, Queensland and
Tasmania (2009-2010 growing season).

Bud type

Primary spur
leaf area
SLW

Bourse shoot
Leaf area
SLW

Fruit
fresh weight

(cm2)

(cm2)

(mg.cm-2)

(g)

(mg.cm-2)

Lenswood, S. Australia
Spur

27.7 b

8.6 a

116.4 b

7.2 a

114.8 a

Terminal

39.0 a

9.6 a

186.2 a

8.5 a

112.3 a

Axillary

16.4 b

8.4 a

70.8 c

7.3 a

101.5 b

Stanthorpe, Queensland
Spur

34.3 b

7.9 b

150.4 a

8.8 a

135.9 b

Terminal

52.5 a

8.6 a

157.3 a

9.7 a

140.0 a

Axillary

21.1 c

7.8 b

77.9 b

8.3 b

116.3 c

Huon Valley, Tasmania
Spur

41.0 b

10.5 a

79.5 a

10.0 b

150.5 b

Terminal

69.3 a

10.4 a

105.0 a

11.0 a

155.3 a

Axillary

22.8 c

9.6 b

32.1 b

10.3 b

139.0 c

Within a single column and region only, means with a different letter are significantly
different.
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‘Cripps Pink’:
• Fruit size was always largest on terminals,
• The next largest fruit were located on spurs
• Smallest fruit were grown on axillaries
• These differences were consistent across all growing regions (Table 3).
Table 3. Mean leaf area and specific leaf weight (SLW) of the primary spur and bourse shoot
of spur, terminal and axillary floral buds and the influence of these floral bud types on mean
fruit fresh weight at harvest for ‘Cripps Pink’ apple grown in South Australia, Queensland and
Tasmania (2009-2010 growing season).
Primary spur
Bud type

Bourse shoot

leaf area

SLW

Leaf area

SLW

Fruit
fresh weight

(cm2)

(mg.cm-2)

(cm2)

(mg.cm-2)

(g)

Lenswood, S. Australia
Spur

21.6 b

7.7 b

143.5 b

7.4 b

129.7 b

Terminal

41.4 a

9.1 a

300.4 a

9.1 a

140.3 a

Stanthorpe, Queensland
Spur
Terminal
Axillary

7.0 b

9.6 a

153.4 b

9.9 b

152.6 b

25.4 a

11.1 a

252.2 a

11.5 a

179.3 a

8.4 b

10.9 a

92.5 c

10.0 b

142.8 c

Huon Valley, Tasmania
Spur

18.8 b

9.9 b

197.9 b

9.4 a

158.9 b

Terminal

54.9 a

10.8 a

434.0 a

11.0 a

173.1 a

Axillary

29.5 b

10.0 b

53.0 c

9.0 b

146.3 c

Within a single column and region only, means with a different letter are significantly
different.

Greater fruit size potential of terminal floral buds was associated with a greater leaf area and
specific leaf weight (photosynthetic potential) of the primary spur and bourse shoot leaves
(Figures 3,4,5). These appear to be fundamental responses of apple where both cultivars
behave similarly.
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Figure 3. Relationship between mean leaf area of the bourse shoot of spur, terminal and axillary floral buds and mean fruit fresh weight at harvest for
‘Royal Gala’ and ‘Cripps Pink’ apple grown in South Australia, Queensland or Tasmania (2009-2010 growing season). In each region, fruit fresh weight
increases with increasing leaf area of the bourse shoot.
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Figure 4. Relationship between mean specific leaf weight (SLW) of the bourse shoot of spur, terminal and axillary floral buds and mean fruit fresh weight
at harvest of ‘Royal Gala’ apple grown in South Australia (SA), Queensland (QLD) and Tasmania (TAS) during the 2009-2010 growing season. Fruit fresh
weight increases with increasing SLW (photosynthetic potential) of the primary spur and bourse shoot leaves.
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Figure 5. Relationship between mean specific leaf weight (SLW) of the bourse shoot of spur, terminal and axillary floral buds and mean fruit fresh weight
at harvest of ‘Cripps Pink’ apple grown in South Australia (SA), Queensland (QLD) and Tasmania (TAS) during the 2009-2010 growing season. Fruit fresh
weight increases with increasing SLW (photosynthetic potential) of the primary spur and bourse shoot leaves.
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Section 2. How can we modify tree and crop management to benefit
from the understanding of bud type effects on fruit quality?
Introduction
Apple trees produce many more flowers than are required for a full commercial crop.
A mature dwarf apple tree has 350 to 500 floral buds, providing approximately 2000
flowers.
Cultivars and regions that induce flowering on 1-year-old wood (axillary buds) can add
another 1000 flowers per tree
In total trees produce 3000 flowers , whereas only 200-250 fruit are required.
Excessive flowering and fruit set reduces fruit size and induces biennial bearing. The
conventional solutions include chemical and hand thinning. Chemical thinning results are often
unpredictable. Delay in reducing the numbers of fruit on trees reduces fruit size at harvest.
Artificial Bud Extinction (ABE) is a new concept in crop management. What is it?
An alternative approach to crop load management (Figure 6).
Is a method of ‘thinning’ by removing excess floral buds just prior to the onset of spring
budbreak
Trees develop in a more-or-less ‘thinned’ state from the outset at budbreak
ABE applies the knowledge of which buds produce the best fruit – these buds are
retained preferentially
Floral buds are reduced to a number close to the target crop load fruit number
Control of floral bud number occurs at the individual branch unit level
The control of floral bud numbers enhances fruit set on those buds
The allocation of the limited early-season carbohydrate supply is targeted to the fruit
that make up the harvestable crop

Figure 6. Upper portion of a ‘Scifresh’ tree showing spaced floral buds after artificial bud
extinction (bud thinning and selection)(F arrows = floral buds, R bracket = zone of removal of
excess buds). Floral axillary buds are completely removed (A, bracket).
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Case Study: ‘Scifresh’ apple in New Zealand.
The natural total floral bud density of ‘Scifresh’ was 15 buds/cm2 branch cross-sectional area
(BCA) comprised of 8-9 spur and terminal buds and 6-7 axillary buds/cm2 BCA.
This is an excessive floral bud load so how does the tree respond under natural conditions?
More than 55% of spur and terminal buds failed to set any fruit
25 to 30% of buds set only a single fruit per bud
The remaining 15 to 20% set two or more fruit per bud (Figure 7, black bars).
Using Artificial Bud Extinction to reduce floral bud load to 6 or 3 buds/cm2 BCA
Progressively reduced the proportion of buds failing to set fruit (compare bars above 0
fruit number per spur)
Increased the proportion of buds setting two or more fruit (compare bars above 2, 3, 4,
5, 6 fruit per spur)
At all floral densities, a constant proportion of 25-30% of buds set a single fruit (Figure
7).

Figure 7. The proportion of floral buds setting between 0 and 6 fruit per bud in unmodified
‘Scifresh’ trees in Hawke’s Bay, New Zealand, compared with trees in which artificial bud
extinction was applied at densities of 6 and 3 floral buds/cm2 branch cross-sectional area.

Three consecutive years of ABE management using a range of floral bud densities enabled
development of a very accurate fruit set prediction model for ‘Scifresh.
The model uses the two aspects of fruit set that responded to change in floral bud density:
The proportion of floral buds that fail to set any fruit (Figure 8)
The proportion of floral buds that setting strongly (2+fruit per bud) (Figure 9)
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The closeness of responses in each of three consecutive years tell us that fruit set is intrinsically
strongly related to floral bud density. Choose any floral bud density and the fruit set result is
highly predictable from this model of ‘Scifresh’.
An important consideration of this approach: These fruit set responses are natural cultivar
behaviours in the absence of any use of chemical thinners.

Figure 8. Relationship between floral bud density (number of floral spur and terminal buds
per cm2 of branch cross-sectional area) and the proportion of floral buds failing to set fruit in
‘Scifresh’ trees grown in Hawke’s Bay, New Zealand, between 2006 and 2008.

Figure 9. Relationship between floral bud density (number of floral spur and terminal buds
per cm2 of branch cross-sectional area) and the proportion of floral buds setting more than
one fruit in ‘Scifresh’ trees grown in Hawke’s Bay, New Zealand, between 2006 and 2008.
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If no chemical thinning is used, what happens with biennial bearing?
Under Artificial Bud Extinction, more consistent return bloom occurred compared with
unmodified trees.
This is visible in the differences and annual swings in floral bud density (Figure 10).
Compare unmodified trees with trees set to 6 buds/cm2 BCA:
On the 2007 “off” year unmodified trees yielded 56 tonnes/ha of fruit with a mean fruit weight
of 175g. Trees managed with ABE yielded 67 t/ha of fruit with a mean fruit weight of 188g.
In the following 2008 “on” year yield was 20t/ha higher in ABE trees than in unmodified trees
yet there was no difference in mean fruit weight at harvest

Figure 10 Relationship between floral bud density (FBD) and return bloom in ‘Scifresh’ trees
in Hawke’s Bay, New Zealand, between 2006 and 2008. FBD in treatments 2 to 6 was set
using artificial bud extinction. FBD in unmodified trees was ~15 and included floral axillary
buds

11

Will this same approach work in Australian Orchards?
The same investigations and crop manipulation approaches make up a central theme in the
PIPS Tree Structure Programme. The project has had an early focus to characterise and
understand the fruit set responses of ‘Royal Gala’ and ‘Cripps Pink’ cultivars and to examine if
fruit set patterns differ across production environments. Our studies have used sites in
Queensland, Victoria and Tasmania with two objectives:
What are the natural fruit set patterns?
What changes in fruit set behaviour occur when Artificial Bud Extinction is used to
control crop load?
Results from 2010-11 season showed that natural floral bud density of ‘Royal Gala’ could be
variable. A low floral bud density of 4 buds/cm2 in the Huon Valley, Tasmania contrasted with
‘Galaxy’ in Shepparton, Victoria and ‘Royal Gala’ in Stanthorpe, Queensland both of which had
a floral bud density around 7 buds/cm2.
Each of these locations provided somewhat unique and different natural patterns of fruit set
(Figure 11). This is illustrated by the category of spurs that set zero fruit.
Tasmania - low floral bud density of 4 buds/cm2 with only 10% spurs failing to set fruit.
Victoria - floral bud density of 7 buds/cm2 and 30% of floral buds failed to set
Queensland - floral bud density of 7 buds/cm2, and 50% of floral buds failed to set

Figure 11. The proportion of floral buds setting between 0 and 6 fruit per bud in unmodified
‘Royal Gala’ and ‘Galaxy’ trees in Tasmania, Victoria and Queensland, Australia in December
2010. Total floral bud density in each region was 4, 7 and 7 in Tas., Vic. and Qld. respectively.

These results show that differences in natural fruit set can occur among regions and orchard
blocks. Characterising these different patterns of fruit set and understanding the likely causes
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contributing to them in specific cases is important to gaining more precise control of cropping
and fruit quality at harvest.
When Artificial Bud Extinction was applied to set floral bud densities of 5 and 3 buds/cm2:
‘Galaxy’ in Victoria:
The proportion of buds failing to set was reduced from 30% to 20%
The proportion of buds setting in most other categories of fruit set was enhanced
(Figure 12, lower).
‘Royal Gala’ in Queensland:
The proportion of buds failing to set was reduced from 52% to 25%
The proportion of buds setting preferentially increased in the categories 2-6 fruit per
bud (Figure 12, upper).

Figure 12. The proportion of floral buds setting between 0 and 6 fruit per bud in unmodified
‘Royal Gala’ and ‘Galaxy’ trees in Queensland and Victoria, Australia in December 2010,
compared with trees in which artificial bud extinction was applied at densities of 5 and 3
floral buds/cm2 branch cross-sectional area.
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Let us consider ‘Cripps Pink’ in Victoria:
The site that had a naturally high total floral bud density of 9 buds/cm2.
With this floral bud load, the natural set pattern was for 37% of floral buds to fail to set
fruit and only about 35% of the total buds to set two or more fruit per bud (Figure 13).
Artificial Bud Extinction was set at bud densities of 5 and 3 buds/cm2 aiming to achieve
75 /ha and 40 t/ha with target fruit size of 180-200g
The proportions of buds failing to set fruit was dramatically reduced, more-or-less
halving with each decrease in bud density.
Corresponding increases in set occurred across the other fruit set categories especially
two fruit per bud.

Figure 13. The proportion of floral buds setting between 0 and 6 fruit per bud in unmodified
‘Cripps Pink’ trees in Victoria, Australia in December 2010, compared with trees in which
artificial bud extinction was applied at densities of 5 and 3 floral buds/cm2 branch crosssectional area. Total floral bud density in the unmodified trees was 9 buds/cm2
Preliminary conclusions:
Taking all these responses together we can compare the fundamental underlying responses
with the New Zealand experience with ‘Scifresh’ for commonalities.
Decreasing floral bud density reduces the proportion of floral buds that fail to set any
fruit
As floral bud density is reduced, the intrinsic fruit set response is strengthened
The fundamental fruit set behaviour of apple grown in Australia and New Zealand
climates is not different.
The responses suggest that precise management of fruiting behaviour may be
possible by control of the floral bud type and floral bud density of trees.
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