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Abstract. Tree fruit growers use chemical and mechanical thinning techniques in an
attempt to maintain regular annual flower production and maximum repeatable yields of
varieties susceptible to biennial bearing. If the percentage of floral buds an apple tree
could produce without causing yield depression in subsequent years was known, it would
be possible to better manage crop-thinning regimes. This study proposes that thinning is
a partial transfer of potential flower buds from one year to the next year and estimates the
maximum repeatable sequence of flower buds without biennial bearing. The conceptual
framework is tested on a 50-year simulation with 0% to 100% transfer of thinned flower
buds. Results indicate that the maximum repeatable sequence of flower buds rises
sharply when the final years of the orchard approach and declines when the percent
transfer of thinned buds is near 0%.

Regular yields of good-quality fruits are
essential for modern apple growers; however,
many cultivars such as Honeycrisp suffer al-
ternate bearing and, more precisely, biennial

bearing (Davis, 2002). This recurring oscil-
lation in fruit number between numerous
small, poor-quality fruits in 1 year and, in al-
ternate years, a few large fruits or no fruits at
all causes the total marketable yield over the
lifetime of a biennial tree to be less than that
of a regular bearing apple tree (Dennis, 2003;
Pavičić et al., 2004). The problem can be viewed
as a failure to produce sufficient flower buds
annually.

Although cultivar is the main factor in
biennial bearing, other endogenous factors such
as rootstock and hormones associated with
anthesis and seed development and environ-
mental factors such as drought, spring frost, and

diseases can all induce biennial bearing in
apple trees (Landsberg and Thorpe, 1975;
Singh, 1948; Wilkie et al., 2008). In years of
heavy bloom, fruit growers may remove ex-
cess flowers and fruitlets chemically or by
hand to increase fruit size of the current crop
and encourage return bloom (Davies, 1950;
Wertheim, 2000). To increase flower bud
initiation, timing of flower removal is critical;
it is most effective to remove whole flower
buds, including leaves, during winter dor-
mancy [termed bud or spur extinction by Lauri
et al. (1995)] and least effective to remove only
the flowers or fruitlets during or after flowering
because anthesis and seed development both
significantly impact return bloom (Dennis,
2000; Nichols et al., in press; Singh, 1948).

Removing flowers in one year can be
viewed as partially transferring potential flowers
and fruit to the subsequent year; this has been
demonstrated in numerous studies on thinning
biennially bearing apple cultivars described in
the review by Dennis (2000). Hypothetically
there must be an optimal thinning regime that
would provide good fruit size and consistent
return bloom and yield every year, leading to
predictable annual harvest and maintenance of
healthy trees.

Observation of data from the 10-year NC-
140 ‘Royal Gala’ rootstock trial in Geneva,
NY (Barritt et al., 1997) and the six-year
fertigation trial in Summerland, British Co-
lumbia, Canada (Neilsen et al., 2009) pro-
vided the conceptual framework behind this
study. The data show distinct year-to-year
fluctuations in yield. Potentially higher yields
in one year might be considered to be ‘‘trans-
ferred’’ to a year of subsequently lower yield
by thinning. The purpose of this article is to
model the effects of thinning on yearly flower
bud number and determine the maximum
annual number of flower buds on an apple
tree for the life of the orchard. The maximum
annual number of flower buds is defined as
the largest number of flower buds an apple
tree could produce in any year and maintain
or increase numbers in every year thereafter.

Theory and Model

Biennial apple trees produce alternate
numbers of few or many flower buds each
year. To regulate the number of flower buds,
fruit growers remove (thin) some when they
are too numerous. For this model, the percent-
age of floral buds is assumed to be a random
value between 0% and 50% and in alternate
years between 50% and 100%. The percentage
of floral buds is defined as the number of floral
buds relative to the total number of buds on
a tree (Lombard and Richardson, 1982). This
assumes that the biennial tendency of a mature
apple tree is constant.

Suppose the number of flower buds (FBs)
is recorded for three consecutive years as
FB1, FB2, FB3.

Thinning done in any year i removes ai

flower buds from FBi leaving FBi = FBi � ai:
Suppose for ai flower buds removed, aib
are added to the next year where b is the
percentage of floral buds removed in one year
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and transferred to the next as a result of thinning.
The parameter b is a measure of thinning
effectiveness. The value b = 1.0 represents
100% transfer of floral buds removed in one
year to the next as a result of thinning before
anthesis. The value b = 0.0 represents 0%
transfer of floral buds removed in 1 year to the
next as a result of thinning after fruit set,
which is ineffective at improving return bloom
(Dennis and Neilsen, 1999; Singh, 1948).
Thinning in the first year increases the number
of flower buds in the next year, which would
decrease the number of flower buds in the year
after and affect every upcoming year in the
following way. FB1 – a1, FB2 + a1b, FB3 –
a1b. This model fixes the value of b to be the
same for all years to show how different thinn-
ing regimes influence the maximum annual
flower bud number.

To prevent biennial bearing, there should
be no decrease in flower bud numbers from
year to year. This restricts the maximum an-
nual percentage of flower buds for the first year
to be FB1 = MIN FB1; ðFB2 + FB1 * bÞ=f
ð1 + bÞ; ðFB3 + FB2 * bÞ=ð1 + bÞg and the
general equation to be

FBi = MIN FBi + ai�1 * b;f
ðFBi+1 + FBi * bÞ=ð1 + bÞ;.;

ðFBn + FBn�1 * bÞ=ð1 + bÞg
[1]

ensuring that FB1 # FB2 # . # FBn and
maximizing the values beginning from FB1

to FBn. A simulation of 50 seasons was run
as a macro in Excel 2007 (Microsoft Inc.,
Redmond, WA) with parameter b run from
0 to 1 at intervals of 0.01 and replicated
10,000 times with half the seasons beginning
with a random value between 0 and 0.5 and
half beginning with a random value between
0.5 and 1.

Results

Values for maximum annual percent of
flower buds from Years 2 to 50 were plotted
using SigmaPlot 11.0 (Systat Software Inc.,
San Jose, CA) (Fig. 1). The first value is
unique to the number of years and considered
an artifact of the model; therefore, this value
is ignored in the results.

Figure 1 shows the simulation running for
50 years, clearly beyond the normal cropping
life of an apple tree. The model suggests that
the percentage of floral buds that should re-
main on a tree is dependent on the number
of years into the future the tree is expected to
be producing fruit. Running the model over
shorter periods produces the same result; for
example, if a 30-year production period were
simulated, it would look like Years 21 to 50
shown in Figure 1. The percentage of floral
buds does not form a straight line from the
first to final years of production. The strong
increase predicted by the model in the per-
centage of floral buds that can be kept on the
tree as the final years of the orchard approach
results from the decreasing mathematical prob-
ability of a year of poor return bloom as the
number of years remaining in the model calcu-
lation diminishes. This is not what is observed
in reality but is because Eq. [1] uses data from
future years to calculate the maximum repeat-
able flower number for any one year.

The parameter b is a measure of thinning
effectiveness. The value b = 1.0 represents
100% transfer of floral buds removed in one
year to the next as a result of thinning before
anthesis. The value b = 0.0 represents 0%
transfer of floral buds removed in one year to
the next as a result of thinning after fruit set,
which is ineffective at improving return bloom
(Dennis and Neilsen, 1999; Singh, 1948).

The maximum annual percentage of floral
buds is sensitive to values of b near b = 0 as
indicated by the steepening slope from b = 1
to b = 0 (Fig. 1). According to the model, if
thinning were done when b = 0.5 on trees
intended to produce fruit for another 20 years,
flower bud thinning should leave 26% bloom
on the tree as indicated at the intersection of
the vertical line with the graph in Figure 1.

Discussion

The theory may be useful for apple
growers because it offers a conceptual frame-
work on which to base a blossom management
program to regulate cropping throughout the
life of the tree. Simply stated, the flower bud
number next year should always be at least the
flower bud number this year. Ensuring that
flower bud numbers are maintained allows for
regular annual cropping.

The equation presented in this article can
determine a maximum repeatable number of
flower buds from real or simulated flower bud
data and may be useful in managing biennial
apple cultivars such as Honeycrisp. It may
be possible to develop a management strat-
egy to control biennial bearing based on this
model.

Early flower bud thinning of high-value
cultivars is becoming more practical with
new mechanical methods (Embree and Nichols,
2005; Roche and Masseron, 2002; Schupp et al.,
2008). This model may offer a way to better
manage biennial bearing; it may act as a catalyst
for development of more real and useful tools to
manage flower bud numbers and regulate crop-
ping from year to year. Data are needed to refine
the model and investigate major environmental
and endogenous factors that affect bienniality.
The model will be improved by iteration with
more data sets and field testing in various
management systems and growing conditions.
We welcome input from other researchers and
look forward to collaborating and refining this
tool. As this work continues, growers may be
able to access information like this for any
cultivar and rootstock combination.
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