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Crop load management of fruit trees is a challenge for producers. For this experiment
apple, peach, and sweet cherry trees were thinned using mechanical blossom thinning (MBT), and
hand blossom thinning (HBT) to mimic MBT. Apple bloom was reduced by MBT, but only one
treatment consistently reduced fruit set. Marketable yield, fruit weight, and quality were
unaffected by thinning treatments. An apple spur leaf study found that damage from MBT was
negligible. Mechanical blossom thinning of peach significantly reduced fruit set and hand
thinning requirements at ‘June drop’. Marketable yield, fruit firmness, and soluble solids
concentration were largely unaffected by thinning treatments, but fruit weight and size increased
in one year. The two highest rates of sweet cherry MBT and HBT reduced fruit set but total yield,
fruit weight, and quality were unaffected. Overall, MBT may be a viable option for tree fruit
producers, especially peach growers.
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CHAPTER 1 - GENERAL INTRODUCTION

The Ontario tree fruit industry is the largest by area and production in Canada (Statistics
Canada, 2011), as the province’s climate allows for the cultivation of several species, including
apple (Malus domestica Borkh.), peach (Prunus persica [L.] Batsch.) and sweet cherry (Prunus
avium L.) to name a few (OMAFRA, 2009a). This is in large part due to Ontario’s proximity to
the Great Lakes, and their moderating effect on the climate, and winter temperatures specifically.
In 2010 there were approximately 6,232 ha of apple production in Ontario, representing a farm
gate value of $ 61 million. The peach industry was smaller, consisting of 1,720 ha of land with a
farm gate value of $ 20 million. Of the three, though, the sweet cherry industry was the smallest,
consisting of 156 ha of land and a farm gate value of $ 1.9 million (Statistics Canada, 2011).
While these numbers represent a significant portion of the Canadian industry, there has been a
long-term decline in the number of farms in Ontario (Statistics Canada, 2003). This is believed to
be the result of a combination of factors including rising production costs, decreasing commodity
prices, aging and retiring farm operators, and reluctance of younger generations to continue
family farming practises (Statistics Canada, 2009).
Ontario tree fruit growers face a number of obstacles including pests, disease, high
amounts of maintenance and horticultural management, and high production costs (OMAFRA,
2009a). Those unfamiliar with the industry are largely unaware of the large annual input required
for fruit tree production. For example, in one year alone, an apple producer must prune and train
branches, pollinate flowers with bees, spray for disease and pests repeatedly, thin fruit to manage
crop load, and harvest (Westwood, 1988). Innovations such as new chemical spray formulations
and new mechanized technologies could help growers produce a superior product, while ideally
saving time and reducing costs.
One challenge tree fruit producers face annually is thinning to manage crop load. Many
fruit trees will yield more fruit than needed for a good crop (Dennis, 2000). To mitigate this
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problem, growers will thin, which can increase fruit size, improve fruit colour and quality, and
mitigate biennial bearing in apples (Byers, 2003). Biennial bearing is a phenomenon by which a
heavy crop load one year is followed by a light crop load the following year (Monselise and
Goldschmidt, 1982). In apple, it is thought that gibberellic acids (GAs) produced by developing
fruitlets in the spring inhibit the formation and development of flower buds the following season
(Dennis, 2003). Therefore in years with high crop loads, many fruitlets collectively release a large
amount of GAs, thereby limiting flower bud formation for the following year. In the following
year there is a low crop load, with fewer fruitlets releasing GAs, therefore much less inhibition of
flower bud formation occurs for the subsequent year. This process not only results in an
unfavourable crop every other year, but also leads to inconsistent crop loads over the long term.
There are several ways for fruit producers to mitigate heavy crop loads, including hand,
chemical and mechanical thinning (Byers, 2003; Marini and Reighard, 2008). Hand thinning is
the most desirable method of thinning, as it allows growers to evenly distribute fruit throughout
the canopy (Webster and Spencer, 1999). This method is very labour and time consuming, though
(Embree et al., 2007), and not economically viable for some growers. Chemical thinning has been
used to thin tree fruit for many years with varying levels of success (Williams, 1979). Mechanical
thinning has been suggested as an alternative, and several devices have been designed and tested
over the years (Baugher et al., 1991; Bertschinger et al., 1998; Menzies, 1980). With an industry
shift in the manner of planting, pruning, and training fruit trees (Barritt, 1992; Lang, 2000;
Robinson et al., 2006), mechanical thinning may be well suited for new orchard systems (Schupp
et al., 2008).
One such device is the Darwin 300 (Fruit-Tec) mechanical string thinner, developed in
Germany. It consists of a 3-metre tall spindle mounted to the front of a small tractor. The tractor
is driven through the orchard while the spindle rotates, and nylon cords attached to the spindle
strike and remove flower buds. Research conducted in the USA has suggested that this
mechanical string thinner could be a viable thinning solution for growers (Baugher et al., 2009;
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Baugher et al., 2010b; Schupp et al., 2008), but it has yet to be tested empirically in Ontario.
There are also several questions that need to be explored more thoroughly with this piece of
machinery such as its viability in Canada, and its effect on fruit quality and tree health.
The purpose of this thesis research was to test the usefulness and viability of a
mechanical string thinner for Ontario apple, peach and sweet cherry growers. Specifically, the
hypotheses tested in this thesis were: i) mechanical blossom thinning using a mechanical string
thinner reduces crop load of apple, peach, and sweet cherry early in the growing season; ii)
blossom thinning mechanically and by hand are similar with respect to reduction in crop load; iii)
mechanical blossom thinning improves fruit size and quality, and; iv) damage inflicted on apple
spur leaves by mechanical blossom thinning has negligible effects on marketable yield and fruit
quality at harvest.
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CHAPTER 2 - LITERATURE REVIEW

2.1 Introduction
2.1.1 Apples, Peaches and Sweet Cherries
Apples (Malus x domestica Borkh.), peaches (Prunus persica [L.] Batsch.), and sweet
cherries (Prunus avium L.) are members of the Rosaceae family and represent some of the most
commercially popular fruit species. With the advent of new breeding, training and grafting
technologies, one challenge fruit growers face is over-cropping and in some instances, biennial
bearing. This literature review will focus on why fruit trees may over-crop, and how this problem
is managed commercially.

2.1.1.1 Apple
The domesticated apple is one of the hardiest commercially grown tree fruit species and
is believed to have originated in Western Asia, Southwestern Siberia, and Eastern Europe
(Westwood, 1988), before making its way to North America in the 16th and 17th centuries (Luby,
2003). This deciduous tree has cymes of white to pink epigynous flowers containing inferior
ovaries (Fig.2.1A) (Westwood, 1988), although the inflorescence classification of ‘cyme’ has
been disputed (Pratt, 1988). Apple cymes consist of six or more flowers, with the terminal flower
advancing before the others, and often producing the largest fruit (Dennis, 2003). Each flower
consists of five carpels, each containing two ovaries, for a possibility of 10 seeds per fruit.
Initiation of flowers occurs in the previous summer, and in some cultivars developing fruit can
inhibit initiation, resulting in biennial bearing (Westwood, 1988). After successful pollination the
pome fruit of the apple, formed by the fusion of pericarp and extracarpellary tissues (Westwood,
1988), begins to grow via cell division and expansion in a sigmoidal fashion (Pratt, 1988). Direct
sunlight exposure is needed for red colour development in apple (Westwood, 1988). Indicators of
fruit maturity include the changes in background fruit skin colour, flesh colour, increased soluble
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solids concentration, decreased starch levels (Westwood, 1988), and ethylene production (Smith
et al., 1969).

2.1.1.2 Peach
The peach is believed to be native to China, however its exact centre of origin within
China remains unknown (Faust and Timon, 1995). It was introduced to North America in two
waves during the 16th and 19th centuries (Bassi and Monet, 2008). Unlike apple, it is only
moderately hardy and requires warm summers (Westwood, 1988). It generally blooms earlier
than apple, making it susceptible to spring frosts. Flower buds develop on one-year-old wood,
and in each node there are three buds, consisting of a leaf bud in the centre flanked by two flower
buds (Faust, 1989). In the spring, the solitary pink, white, or red perigynous flowers bloom prior
to leaf development (Fig.2.1B) (Bassi and Monet, 2008). Initiation of flowers for the following
year occurs midsummer, and there is a tendency for trees to crop lightly following heavily
cropped years (Westwood, 1988). The drupe fruit is formed from ovarian tissue and contains a
seed encased in a large pit. The ovary contains two ovules, only one of which is usually fertilized
(Bassi and Monet, 2008). Unlike apples, fruit growth follows a double sigmoidal growth curve
(Westwood, 1988). The first period of slowed growth occurs at pit hardening, followed by a
period of rapid cell enlargement, after which it slows down again until fruit is ripe. As in apple,
direct sunlight exposure is needed for development of red colouration. Indicators of maturity
include a change in background colour from green to straw-coloured, as well as reduced flesh
firmness.

2.1.1.3 Sweet Cherry
The sweet cherry is believed to have originated in the Caucasus (Eastern Europe)
(Westwood, 1988). Its perigynous flowers are white or rose-coloured with long pedicels, and
arranged in fascicles (Fig.2.1C). Flowers develop on two-year or older spurs (Thompson, 1996).
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Initiation of next year’s flowers occurs the summer prior, but this date varies with cultivar and
tree condition (Thompson, 1996). Similar to peach, the cherry fruit growth curve follows a
double sigmoidal pattern (Westwood, 1988). Leaves in sweet cherry unfurl quickly, often at the
same time as bloom, or just prior or following bloom (Whiting et al., 2006). Flowers contain two
ovules, one of which is fertilized while the other aborts (Thompson, 1996). The sweet cherry is an
early maturing crop and indicators of maturity include a change in skin colour from straw-green
to pink-red, increased fruit size and soluble solids concentration (Westwood, 1988), and fruit
softening.

2.1.2 The Tree Fruit Industry - International
Fruit and nut trees are grown all over the world, but several countries have emerged as
major producers. In 2009, the top five countries for apple production were China, the United
States of America, Turkey, Poland, and the Islamic Republic of Iran (Table 2.1) (FAOSTAT,
2009). For peaches and nectarines, as the FAO groups these crops together, the top countries were
China, Italy, the United States of America, Spain, and Greece. Top cherry countries were Turkey,
the United States of America, the Islamic Republic of Iran, Italy, and Spain.
In recent years, one of the most dramatic changes in the international tree fruit has been
the adoption of new management techniques focused on increasing tree density, while reducing
labour and production costs. These high-density orchard systems have been widely adopted in
apple production, and peach and sweet cherry industries are following suit (Robinson et al., 2006;
Whiting et al., 2006).
The impetus for change began in Europe in the middle of the 20th century, when apple
growers in The Netherlands were dealing with an economic crisis (Barritt, 1992). The Dutch
market was being inundated with imported ‘Golden Delicious’ apples, and change was needed to
maintain the industry. New management techniques were adopted in the 1960’s to meet the
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demand for diversification of cultivars, hastening the time from planting to fruiting, increasing
yield, and reducing expenses.
This initiated the evolution of the ‘standard’ tree, to the ‘bush’ tree, the palmette, the
spindlebush, the vertical axis, and finally to the slender spindle (Barritt, 1992). In the standard
tree system, orchard densities were <198 trees·ha-1, but densities doubled with the adoption of the
bush tree form through less vigourous rootstocks such as ‘M.2’, ‘M.4’, and ‘M.7’. The
spindlebush system came to The Netherlands from Germany in the 1950’s, and density increased
again to 990 - 1480 trees·ha-1. In the late 1950’s the Dutch-designed slender spindle system
increased densities to 2000 - 3200 trees·ha-1. With these increases in density, pruning and training
became a primary concern, and trees were limited to ~2.1 meters in height and 1 to 1.5 meters in
width. Thirty years on, the slender spindle system had spread throughout Europe (Barritt, 1992),
and has since made its way to Canada and the United States.

2.1.3 The Tree Fruit Industry - Canada
Tree fruit are grown from coast to coast in Canada. The farm gate value for Canadian
apple, peach, and sweet cherry crops in 2010 were $142 million, $25 million, and $34 million,
respectively (Table 2.2) (Statistics Canada, 2011). The major areas of tree fruit production in
Canada are Ontario, British Columbia, Quebec and Nova Scotia. The top apple producing
provinces in 2010 included Ontario (126,623 t), British Columbia (92,146 t), and Quebec (90,151
t). The provinces producing the most peaches were Ontario (17,704 t), British Columbia (4,755 t),
and Nova Scotia (103 t). Finally, sweet cherries were produced in British Columbia (9,091 t),
Ontario (572 t), and Nova Scotia (2 t).
Slender spindle and the newer and higher-density super spindle orchards, with densities
from 4,900 - 12,400 trees·ha-1 (Barritt, 1992), are currently being planted in British Columbia
(Hampson and Bedford, 2011) and Ontario (Cline, 2010). With the adoption of these new orchard
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systems comes the need for management practices specific to the growing conditions and
cultivars of the Ontario market.

2.1.4 The Tree Fruit Industry - Ontario
Ontario is among the top tree fruit producing provinces in Canada, with apples being the
major crop (Statistics Canada, 2011). Although apples, peaches and sweet cherries are the focus
of this review, a wide variety of fruit crops are grown in Ontario such as grapes, strawberries,
raspberries, blueberries, and pears (OMAFRA, 2009a). One advantage of growing tree fruit in
Ontario is the moderating effect of the nearby Great Lakes on local climate. These large bodies of
water help regulate temperatures in the area and extend the growing season by lowering the
chance of late spring and early fall frosts. Other benefits to growing in Ontario include a variety
of well-drained coarse textured soils and the Niagara Escarpment, which also moderates the
climate. Large-scale production of tender fruit such as peaches and cherries is limited almost
exclusively to Ontario and British Columbia. The major areas for production of tender fruit in
Ontario are the area between the Niagara Peninsula plus an additional 12% of total production in
Essex and Chatham-Kent counties (OMAFRA, 2009a; OMAFRA, 2011).
Ontario produces the most apples in Canada, but from 1995 to 2006 the number of
imported fresh apples increased from 51.6 to 75.8 t, while exports decreased, with some
fluctuation, in the same timeframe (OMAFRA, 2009b). One negative aspect of growing in
Ontario are high production costs, ranging from 8,500-10,000 $·ha-1 (OMAFRA, 2009a). The
adoption of new management techniques, such as dwarfing rootstocks and high-density orchard
systems, has helped to increase production and labour efficiencies. Improvements in storage
techniques have also allowed growers to extend the shelf-life of Ontario apples. Another
important consideration for growers is the availability and cost of labour. Development of
management techniques that could lower labour input while increasing yields would benefit
Ontario and Canadian producers. Increasing the number of high-density orchards in Ontario could
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help rejuvenate our market as was accomplished in Europe nearly sixty years ago. With the
adoption of these techniques, though, come demands such as high initial costs for establishment,
and the ongoing challenge of over-cropping which is observed in apples, peaches, and sweet
cherries grafted on dwarfing and precocious rootstocks (Whiting et al., 2006).

2.2 Flowering and Fruiting
2.2.1 Introduction
Much of the literature on flower bud development in tree fruit species focuses on apples
and pears specifically (Bubán, 1996), and although this information is not necessarily applicable
to stone fruit, a brief summary of apple flower bud initiation and development will be presented
below, interjected with information available on stone fruits.

2.2.2 Flowering
Flower bud initiation and development of temperate zone fruit trees occur the year prior
to flowering (Faust, 1989; Miller, 1988; Sedgley, 1990). However, for a period of time, a
‘juvenility’ period exists when young trees are unable to produce flowers (Faust, 1989).
Juvenility can significantly impede production in commercial orchards (Westwood, 1988). The
advent of grafting has caused some confusion over the definition of ‘juvenility’, as vegetatively
propagated trees lose their ability to flower for a period of time - usually 2 to 3 years - but the two
conditions are not equal (Faust, 1989). The ability to flower earlier is often termed ‘precocity’,
with more ‘precocious’ cultivars and rootstocks being ones which have a shorter vegetative
phase, allowing trees to flower earlier (Westwood, 1988).
The mechanism behind the induction of flower bud development is not fully understood
(Faust, 1989), but the process begins in early summer (Dennis, 2003). Apple flower buds tend to
develop on spurs in northern temperate zones (Faust, 1989), or on long shoots (Pratt, 1988). In
order for a vegetative bud to change into a flowering bud, it must reach a certain maturity. In
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apples, flower induction does not occur until a critical node number is met, which can differ
between cultivars; such as 16 for ‘Golden Delicious’ and 20 for ‘Cox’s Orange Pippin’ (Faust,
1989). Some authors have also suggested that a critical bud appendage number must be reached
prior to floral initiation; i.e. 20 for ‘Starkspur Supreme Delicious’ (Hirst and Ferree, 1995).
Flower bud development can be affected by abiotic factors, such as shading (Cain, 1973; Dennis,
2003). Pruning can help (Dennis, 2003), but pruning too heavily can decrease flower bud
formation by promoting vigorous growth (Faust, 1989). Pruning is important in peach production
though, as flower buds are located on new growth (Faust, 1989).
In the second half of the summer, after receiving the appropriate signals, the apical
meristem becomes an embryonic flower (Bubán, 1996), often characterized by the broadening or
flattening of the apical meristem (Dennis, 2003; Pratt, 1988). A multi-year study in Hawke’s Bay,
New Zealand on ‘Royal Gala’ showed that floral initiation begins between 72 and 99 days after
full bloom (DAFB), and lasted 22 - 50 days (McArtney et al., 2001). The authors also suggested
that if floral initiation was completed earlier, more time could be allocated to floral organ
differentiation, resulting in larger future fruit the following year. Hoover et al. (2004) have
suggested that timing of floral commitment can also vary with different cultivars. Flower bud
development proceeds rapidly until leaf fall, slows for a period in the winter, before accelerating
again near spring (Bubán, 1996).
In the fall after fruit trees become dormant, buds enter a rest period where exposure to
cold temperatures is required, called chilling (Dennis, 2003). If chilling requirements are not met,
buds may be adversely affected (Westwood, 1988). A required amount of chilling is necessary to
break the rest period, and temperatures required to break rest usually range from 0 - 7oC. Chilling
requirements differ between and within species, but apples tend to require 800-1700, peaches
400-1100, and sweet cherries 500-1300 hours below 7o C. After this is met, rest will be broken,
and growth will resume once conditions are favourable. The timing of bloom in spring varies, and
is highly dependent on temperature (Faust, 1989). If proper flower bud initiation and
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development occur, followed by dormancy and chilling requirements, and if bloom is not
adversely affected by spring frosts, the next step in fruit development is pollination.
Fruit tree pollination is primarily done by insects - apples, peaches and cherries are all
insect-pollinated, primarily by bees (Westwood, 1988). The majority of fruit trees, with the
exception of peaches (Faust, 1989) and some sweet cherries (Bargioni, 1996), are selfincompatible. This means that pollinizer trees, which provide pollen for self-incompatible
commercial cultivars, must be carefully chosen and planted in the orchard to ensure adequate
pollination and subsequent fruit set (Westwood, 1988). The ovules of fruit tree flowers are only
temporarily viable, which means that pollination must occur quickly (Faust, 1989). For example,
ovule longevity for ‘Delicious’ is estimated at 5 days, whereas it is 7 to 8 days for ‘Jonathan’.
Germination of pollen and pollen tube growth can also be greatly affected by temperature (Faust,
1989; Williams, 1979). Work by Yoder et al. (2009) found that under ideal temperatures, pollen
tubes could reach the bottom of the flower style within 48 hours of contacting the stigma. This
was corroborated in another study by the same authors, where liquid lime sulphur and fish oil
were applied 4 or 24 hours after pollination. It was found that pollen germination and subsequent
fruit set was inhibited, but when applied 48 hours after pollination, there was no effect.
Pollinators, such as honeybees, are greatly affected by weather conditions (Westwood, 1988).
Their activity is decreased during cold, wet and overcast conditions (Sedgley, 1990), therefore
environmental conditions can also significantly affect pollination and fruit set (Westwood, 1988).
After successful pollination, the pollen tube grows down the style to the ovary,
fertilization occurs, and an embryo begins to develop (Faust, 1989). Once fruit has set, several
periods of ‘shedding’ are common, where small fruits abscise and drop from the tree canopy.
Shortly after petal fall there is a large drop of flowers or fruitlets, however later in the season
there are two more conspicuous drops of larger fruitlets that tend to overlap, known collectively
as ‘June drop’. Many factors are believed to influence the severity of drop, including successful
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fertilization, floral position (‘king’ versus lateral flowers), competition between developing
fruitlets, and cloudy weather limiting photosynthesis (Dennis, 2003).

2.2.3 Fruiting
When establishing high-density orchards, there are many important considerations for
producers, one of which is cost (Miller, 1988). High-density orchards can be expensive, and if not
planned, executed, and maintained carefully, there can be financial risks (Barritt, 1992). These
types of orchards allow the grower to obtain yields faster than traditional systems, resulting in
earlier returns on investment. One of the keys to bearing faster is the use of dwarfing rootstock.
Dwarfing rootstocks decrease tree size and partition more carbohydrate to fruiting versus
structural wood (Forshey and McKee, 1970), and therefore trees can be planted at high densities,
and less labour is required to manage them (Barritt, 1992). Some popular cultivars, such as
‘Gala’, ‘Fuji’, and ‘Granny Smith’ are very vigorous, and must be grafted onto dwarfing
rootstocks such as ‘M.9’ and ‘M.26’ if high tree densities are required (Barritt, 1992). Proper
management techniques such as minimizing pruning and training branches horizontally can also
help with early production. Supporting trees is also necessary, as dwarfing rootstocks cannot
support themselves properly (Barden and Neilsen, 2003; Westwood, 1988), but adding
reinforcement helps young trees grow faster, since energy is not allocated to trunk growth
(Barritt, 1992). One disadvantage to high-density systems is that in some instances fruit trees will
over-crop, a persistent issue that can negatively affect crop yield and quality, and in extreme
cases cause biennial bearing (Westwood, 1988).

2.2.4 Biennial Bearing
Biennial bearing occurs in many temperate fruits and nuts including apple, pear, filbert,
walnut, pecan, and pistachio (Westwood, 1988). Biennial bearing is characterized by a heavy
crop load one year, followed by a light crop load the subsequent year (Monselise and

12

Goldschmidt, 1982). Biennial bearing has long been a problem in apple, and a research focus for
years (Hoblyn et al., 1936). One of the most popular explanations for biennial bearing is the
export of gibberellins (GA) originating from young developing fruits (Dennis, 2003; Dennis and
Neilsen, 1999). High amounts GA-like substances, believed to be GA4 and GA7 have been found
in immature seeds of developing fruit (Dennis and Nitsch, 1966); and work by Chan and Cain
(1967) suggests that these substances may be involved in inhibiting flower bud formation.
In years of heavy cropping, referred to as the ‘on’ year, high amounts of GA prevent the
induction of flower buds (Faust, 1989). It is postulated that GA diffuses from the developing
seeds to newly developing buds, but the evidence for this theory remains unclear (Dennis and
Neilsen, 1999). The following year, referred to as the ‘off’ year, the number of blossoms is
greatly reduced, and thus fruit production is very low (Faust, 1989). Since there are fewer fruits,
induction of flower buds is uninhibited, and in the next year, the ‘on’ year, bloom is heavy again.
Other causal theories for biennial bearing centre around the notion that nutrients are diverted from
buds to fruit, and there exist interactions between bourse shoots and seeds (Dennis and Neilsen,
1999). Control treatments in thinning experiments have highlighted the severity of these
alternating extremes in crop load (Embree et al., 2007). Some cultivars have a greater tendency to
crop biennially than others (Hoblyn et al., 1936) such as ‘Fuji’ (Guak et al., 2002), ‘Northern
Spy’ (Nichols et al., 2004), and ‘Honeycrisp’ (Embree et al., 2007). It has also been suggested
that choice of rootstock may affect biennial bearing (Hoblyn et al., 1936).

2.3 Thinning
2.3.1 Introduction
When presented with ideal environmental conditions, many types of fruit trees will overcrop, and in some cases exhibit biennial bearing (Sedgley, 1990; Westwood, 1988). For example,
fruit set of only 5% of flowers is necessary to establish a good commercial apple crop (Williams,
1979). Over-cropping can lead to smaller fruit of inferior quality, carry-over effects on tree
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health, and poor bloom the following season (Westwood, 1988). To prevent these negative side
effects, thinning of blossoms or fruitlets is done to improve marketable fruit size, colour, shape
and quality, and to minimize biennial bearing (Lurie, 2000).
Thinning is not a new concept (Williams, 1979), having been recognized by Langley as
early as 1729 in peach and apricot (Faust, 1989). The goal of apple thinning is to sufficiently
reduce the potential crop load early in the season to increase the amount of photosynthates
available for growth of fruit, as well as flower bud development (Nichols et al., 2004). There is
also demand from consumers for consistently large dessert (fresh market) apples, such as the
cultivars ‘Queen Cox’ and ‘Royal Gala’ in the United Kingdom (Webster and Spencer, 1999). If
these two cultivars are allowed to blossom and fruit naturally the resulting fruit will be
unfavourably small. Also, since flower buds for the next season are initiated in early summer
during the current season (Dennis, 2003; Pratt, 1988), it is important that apples are thinned
earlier rather than later in the season (Chan and Cain, 1967; Dennis, 2003; Westwood, 1988).
Thinning is also done in peaches to improve fruit size, again by partitioning
photosynthates to fewer fruits, thereby increasing individual size (Coneva and Cline, 2006). If
peaches are allowed to bloom freely, there will be an overabundance of flowers and fruit (Marini
and Reighard, 2008). If allowed to develop, these fruit will be of poorer quality, and can also
damage trees by weighing down and breaking branches (Marini and Reighard, 2008). Earlier
thinning is considered better, as it positively affects size and quality (Leuty and Bukovac, 1968).
Unfortunately thinning is the largest pre-harvest cost in annual peach production, but it is vital for
producing a marketable crop (Marini and Reighard, 2008).
Thinning of sweet cherries has recently become a cultural practise in some instances
where grafting on dwarfing rootstocks has resulted in small-fruited crops (Fallahi et al., 2006).
For example, the adoption of the dwarfing ‘Gisela 5’ rootstock has been limited in North
America, despite its precocity and reduced vigour, due to large yields of small fruit (Whiting et
al., 2006). Other incentives for the development of alternative thinning methods are increasing
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labour concerns and cost of production in the global competitive stone fruit market (Fallahi et al.,
2006). Over the years, several management techniques have emerged to meet the demands of tree
fruit crop load management including hand, chemical and mechanical thinning.

2.3.2 Hand Thinning
Hand thinning is the ideal method of thinning, because it results in the even distribution
of fruit throughout the canopy (Webster and Spencer, 1999). This method involves the physical
removal of blossoms at bloom, or fruitlets after ‘June drop’ (Westwood, 1988). The basic concept
of thinning is that by removing fruit, the leaf area to fruit ratio increases, thereby increasing the
amount of available assimilates to be partitioned to remaining fruit (McArtney et al., 1996). Hand
thinning is usually done after natural fruit drop to ensure a good crop load, but studies with apple,
Asian pear and peach have shown that earlier thinning resulted in better sized fruit at harvest
(McArtney et al., 1996). In apples, hand thinning has been done for many years to improve fruit
quality, but equally importantly, to reduce biennial bearing. Crop load of many stone fruits is
often managed by hand thinning (Whiting et al., 2006). With cherries, though, hand thinning is
not a practical management technique due to the high number of fruit produced per tree. For
example, in Israel it takes 500 h·ha-1 to thin cherry blossoms (Stern et al., 2009). Hand thinning in
general is very laborious and expensive (Webster and Spencer, 1999), and therefore not
considered practical (Wertheim, 2000), however some orchardists continue to hand thin (J. Cline,
personal communication).
Efforts have been made to determine the ideal blossom density to optimize crop load for
several apple cultivars (Embree et al., 2007; McArtney et al., 1996; Wociór, 2008; Wright et al.,
2006). Embree et al. (2007) blossom thinned ‘Honeycrisp’ trees to 50, 100 and 150 clusters per
tree at 80% full bloom (FB), followed by crop adjustment 50 days after full bloom to 3, 6, or 9
fruit·cm-2 trunk cross sectional area (TCSA), respectively. Thinned trees were then compared to
untreated control trees. Thinning to 3 and 6 fruit·cm-2 TCSA resulted in more consistent crop
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loads (fruit·cm-2 TCSA) across four years representing two ‘on’ and two ‘off’ years. During ‘on’
years, treated and control trees differed greatly with respect to fruit colour, which was reduced in
the untreated control. In all but one year of the study, fruit weight was lower in the untreated
control. The authors suggested that for ‘Honeycrisp’ trees with a TCSA of 16-35 cm2, adjustment
to 100 clusters/tree followed by 6 fruit·cm-2 TCSA would optimize production. The authors also
noted that hand thinning is costly, and chemical thinning is a more practical thinning method to
regulate crop load.
Wright et al. (2006) adjusted the crop load of ‘Honeycrisp’ to 3, 6, and 9 fruit·cm-2 over
two years at three different sites. Yield was highest in the untreated control, with 1.62 kg·cm-2
TCSA, and lowest in the 3 fruit·cm-2 TCSA treatment, with 0.74 kg·cm-2 TCSA. Conversely,
individual fruit mass was highest in the 3 fruit·cm-2 TCSA treatment (217 g), and lowest in the
untreated control (113 g). This observed increase in individual fruit mass though, did not
compensate for the lower yield. Applying the thinning treatments at 50 DAFB did not benefit
return bloom compared to the control. Research done on ‘Royal Gala’ and ‘Braeburn’ apples has
found that when hand thinning was delayed after full bloom, fruit weight at harvest decreased
(McArtney et al., 1996), emphasizing again that earlier thinning leads to larger fruit size.

2.3.3 Chemical Thinning
To help alleviate workload and save labour costs, one thinning method that has received
much attention in the pomology literature is chemical thinning. What follows is an overview of
chemical sprays used in thinning apples, peaches and sweet cherries. The literature on this topic is
extensive and beyond the scope of this thesis, therefore the following summary is broad.

2.3.3.1 Apples
Apple producers have been using chemical sprays to thin apple blossoms and fruitlets for
decades (Fallahi and Fallahi, 2004). At one time, Elgetol (sodium 4-6-dinitro-ortho-cresylate,
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DNOC) was commonly used in the Northeast USA, but some growers were reluctant to use this
chemical due to phytotoxicity observed at slower drying times (Greene, 2004). Elgetol acted by
inhibiting pollination and fertilization by burning flowers (Williams, 1979). Growers also worried
about its combined effect in the event of frost or poor pollination, and were concerned of its
inconsistent tendency (Greene, 2004; Moran and Southwick, 2000). In 1989, Elgetol was
removed from the market (Wertheim, 2000) due to high re-registration costs and the search for a
replacement continues (Greene, 2004). Many chemicals have been tested recently in a variety of
apple cultivars, including ammonium thiosulphate (ATS) (Fallahi and Fallahi, 2004; Janoudi and
Flore, 2005; Webster and Spencer, 1999), fish oil lime sulphur (FOLS) (Bound, 2010; Hampson
and Bedford, 2011; McArtney et al., 2006), endothalic acid (Endothal, endothall) (Fallahi, 1997;
Fallahi and Fallahi, 2004; Greene, 2004; Webster and Spencer, 1999), sulfcarbamide (Wilthin)
(Fallahi and Fallahi, 2004; Greene, 2004; Webster and Spencer, 1999), pelargonic acid (Thinex)
(Fallahi, 1997; Greene, 2004; Webster and Spencer, 1999), benzyladenine (BA) (Webster and
Spencer, 1999), NAA (2-[1-naphthyl] acetic acid) (Guak et al., 2002), MCPB-ethyl (ethyl 4-[4chloro-2-methylphenoxy] butanoate) (Guak et al., 2002), ethephon (2-chloroethylphosphonic
acid) (Guak et al., 2002), hydrogen cyanamide (Dormex) (Fallahi, 1997; Fallahi et al., 1998;
Fallahi and Fallahi, 2004), and carbaryl (1-naphthyl N-methylcarbamate, Sevin, Thinsec) (Fallahi
and Fallahi, 2004; Guak et al., 2002).
Ammonium thiosulphate (ATS) is an agricultural fertilizer that can reduce fruit set by
damaging flowers and preventing fertilization (Lenahan and Whiting, 2006). When applied at
full bloom, ATS at 5000 to 15000 mg·L-1 and Endothal at 500 to 2000 mg·L-1 effectively reduced
initial set in ‘Queen Cox’ and ‘Royal Gala’, while sulfcarbamide at 1000 to 4000 mg·L-1 and
pelargonic acid at 750 to 3000 mg·L-1 were less effective and more inconsistent (Webster and
Spencer, 1999). These four chemicals caused shriveling and browning of flowers and some
marginal necrosis on spur leaves. One method of minimizing leaf damage in apples from thinning
chemicals is rinsing trees with water after treatment, as rinsing with water after ATS treatment
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still reduced fruit set in ‘Jonagold’ trees compared to control trees which did not receive ATS
(Janoudi and Flore, 2005). This suggestion stems from Janoudi and Flore’s (2005) findings that 5
or 10 % ATS applications burned ‘Jonagold’ leaves and desiccated branches, if not rinsed after
application. Additional work by Fallahi and Fallahi (2004) has found that ATS, Endothal, and
hydrogen cyanamide can effectively reduce fruit set of ‘Red Delicious’, ‘Law Rome’, ‘Fuji, and
‘Jonathan’ cultivars.
Fish oil and lime sulphur (FOLS) has been tested in several studies for potential use as a
blossom thinner (Bound, 2010; Hampson and Bedford, 2011; McArtney et al., 2006), although
the sulphur component is generally used to control pests and disease (Hampson and Bedford,
2011). A possible mode of action for fish oil and liquid lime sulphur may be inhibition of pollen
germination (Yoder et al., 2009), and/or suppression of leaf photosynthesis (McArtney et al.,
2006). Hampson and Bedford (2011) found that 2% + 2% (vol/vol) FOLS effectively thinned
both ‘Aurora Golden Gala’ and ‘Ambrosia’ apple trees, although in some cases hand thinning
after ‘June drop’ was not reduced. Work by Bound (2010) found that two applications of 2% +
2% FOLS significantly decreased fruit set, and increased return bloom in ‘Royal Gala’ compared
to an untreated control.
Work by Greene (2004) found that sulfcarbamide, endothall, pelargonic acid as well as a
combination of NAA plus carbaryl all significantly thinned blossoms on ‘Starkrimson
Delicious’/‘M.7’ trees. While it was found that sulfcarbamide and pelargonic acid reduced crop
load to the same extent as NAA plus carbaryl, endothall thinned excessively. NAA and carbaryl,
considered a “standard thinning treatment” (Greene, 2004) did not yield larger fruit, which was
also observed for the pelargonic acid treatment, while sulfcarbamide and endothall increased fruit
size at harvest. In fact, the NAA and carbaryl treatment substantially increased the number of
pygmy (small) fruit, also noted in the untreated control. Russetting was observed in the
pelargonic as well as the higher sulfcarbamide treatments (3.75 mL·L-1), but was not found with
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endothall. Some leaf edge burning was noted with sulfcarbamide treatments, while burning of
leaf margins, yellowing, and chlorotic spotting were observed with endothall treatments.
Work by Fallahi (1997) on ‘Early Spur Rome’/‘M.26 EMLA’ apple trees found that
treatments including only postbloom fruit thinners (carbaryl, and carbaryl combined with NAA)
did not significantly reduce fruit set. Hydrogen cyanamide effectively thinned blossoms when
applied at full bloom. Endothalic acid when applied once at approximately 70% bloom and again
at full bloom at 59.9 mg a.i.·L-1 reduced fruit set, and 59.9 mg a.i.·L-1 followed by a postbloom
mixture of carbaryl and NAA increased fruit size and decreased fruit set and yield. Only at the
concentration of 1.12 mL a.i.·L-1 applied once at 40% bloom and then again at full bloom did
pelargonic acid thin effectively. In one of two years, pelargonic caused fruit marking (Fallahi,
1997), which may limit fruit for fresh market use (Byers, 2003).
For ‘Early Spur Rome’/‘M.26 EMLA’ trees, hydrogen cyanamide significantly reduced
fruit set, while hydrogen cyanamide followed by carbaryl caused fruit set to be significantly
lower and fruit size significantly larger than merely hydrogen cyanamide alone (Fallahi et al.,
1998). Both of these treatments were more effective than hand thinning, while costing less and
requiring less labour. Some spur leaves exhibited chlorosis and leaf burning following hydrogen
cyanamide treatment, but most phytotoxicity decreased over the growing season and was only
slightly visible at harvest time. In treatments involving carbaryl, fruit russetting was common,
whereas hydrogen cyanamide did not mark fruit. For ‘Law Rome Beauty’/‘MM.106’ trees,
hydrogen cyanamide followed by postbloom carbaryl and NAA resulted in lower fruit set than
only carbaryl and NAA, and larger fruit were observed in treatments which included a dose of
hydrogen cyanamide compared to only carbaryl and NAA and hand-thinned treatments. The
largest fruit was observed with 1610 mg a.i.·L-1 hydrogen cyanamide plus carbaryl and NAA and
hand thinning, although it had the lowest yield. For ‘Law Rome Beauty’ no fruit russetting or
major phytotoxicity was present at harvest time. One downside to hydrogen cyanamide, though,
is that it is phytotoxic to bees (Wertheim, 2000).
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Work with ‘Fuji’/‘M.9’ and ‘M.26’ trees by Guak et al. (2002) found that carbaryl,
ethephon, and ATS were best for reducing fruit set within clusters, while MCPB-ethyl and NAA
mostly thinned whole flower clusters. MCPB-ethyl and NAA also did not improve return bloom,
and in some treatments even suppressed return bloom. The postbloom carbaryl treatment, in
contrast, improved return bloom in all experiments. The combination of ethephon and NAA
caused more clustering than ethephon alone, which necessitated hand thinning. The authors
concluded that they would not recommend the use of bloom-time MCPB-ethyl or NAA sprays as
they tended to increase only whole cluster removal, while oversetting remaining clusters. They
also inconsistently thinned, suppressed return bloom and overthinned at higher rates; therefore the
authors recommended carbaryl application at 11mm ‘king’ fruit diameter. Carbaryl’s approved
use is however hampered by worries over toxicity to predatory mites (Laurin and Bostanian,
2007) and bees (OMAFRA, 2009c; Wertheim, 2000). This concern is one of several reasons for
developing more environmentally-friendly sprays, as well as exploring alternative thinning
methods.
There are several potential problems with apple thinning sprays, such as timing of
spraying (Nichols et al., 2004). The effectiveness of blossom thinners can be greatly influenced
by temperature, application frequency, application time, chemical concentration, and flower
fertilization (Fallahi and Fallahi, 2004). Although a large amount of research has been completed
on a wide range of chemical sprays, many of these studies have highlighted the unreliable nature
of their efficacy, attributed in part to environmental conditions prior to and/or following
treatment. There is also concern over undesired effects of sprays due to prolonged drying times
(Janoudi and Flore, 2005). In crabapple trees, it was observed that the effect of 10g·L-1 ATS on
flower damage was the lowest when drying was the most rapid (30 min versus 50, 58 and 71 min)
(Janoudi and Flore, 2005). The effect of drying time could be partially compensated for if the
concentration of ATS was increased to 2%. It has also been suggested that rates of blossom
thinners should be determined only after assessing frost damage to blossoms to avoid over-
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thinning (Fallahi, 1997). Since temperature can influence the efficacy of blossom thinners such as
hydrogen cyanamide, Fallahi et al. (1998) suggest that the effects of all chemical blossom
thinners be tested in various geographical regions for all cultivars - a daunting task. One method
of hastening the process of testing the innumerable combinations of sprays, environmental
conditions, and cultivars could be to test field-collected flowering spurs in a laboratory setting
(Bound, 2006).

2.3.3.2 Peaches
Hand thinning is a widely accepted method of managing peach crop load, but it is also
very time consuming (Leuty and Bukovac, 1968). It was originally believed that effective
methods of thinning stone fruit would follow success with apples, but peach thinning has proved
much more difficult (Faust, 1989). The incentive for finding chemicals to thin peach blossoms, as
in apples, is not a new idea, but research involving caustic and desiccant chemicals over the years
has produced mixed results (Osborne et al., 2006). Use of growth regulating chemicals such as
NAA have been studied since the 1940’s, but these results have been mixed (Leuty and Bukovac,
1968). Many of the studies involving chemically thinning peaches have proven only partially
successful, and often hand thinning is still required (Osborne et al., 2006). Chemical sprays
researched for use in thinning peaches include but are not limited to, hydrogen cyanamide
(Dormex) (Fallahi, 1997; Fallahi et al., 1998), endothalic acid (Fallahi, 1997), pelargonic acid
(Fallahi, 1997), ATS (Coneva and Cline, 2006; Osborne et al., 2006), decyl alcohol (Coneva and
Cline, 2006), lime sulphur (Coneva and Cline, 2006; Osborne et al., 2006), sulfcarbamide
(Wilthin) (Osborne et al., 2006), N,N-Bis-2-(omega-Hydroxypolyoxyethylene/poloxypropylene)
ethyl alkylamine (Entry) (Osborne et al., 2006), soybean oil (Osborne et al., 2006), and TergitolTMN-6 (2,6,8-trimethyl-4-nonyloxypolyethyleneoxyethanol) (Fallahi et al., 2006; Osborne et al.,
2006).
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Hydrogen cyanamide has been explored for use in peaches, and apples (Fallahi et al.,
1998). With ‘Flavorcrest’ peaches, hydrogen cyanamide significantly reduced fruit set, and in
June fruit were larger than unthinned controls (Fallahi et al., 1998). Larger fruit were observed for
trees that were hand-thinned early in the season, compared to later hand thinning or hydrogen
cyanamide treatment alone. Similar sized fruit and yields were observed in trees which were
thinned with hydrogen cyanamide followed by hand thinning and trees that were only handthinned in May and June - but the time needed to thin the hydrogen cyanamide and hand thinning
treatments was less. More fruit splitting was noted in trees that received treatments, compared to
unthinned controls, but this could be explained by the fact that ‘Flavorcrest’ tends to split at
larger sizes. Hydrogen cyanamide did not cause any fruit marking. Additional work by Fallahi
(1997) on ‘Redhaven’ peach found that hydrogen cyanamide effectively thinned blossoms when
applied at full bloom. Also, in one year of the experiment, pelargonic acid at 1.5 mL a.i.·L-1 or
2.25 mL a.i.·L-1, and endothalic acid at 60 mg a.i.·L-1 or 90 mg a.i.·L-1 effectively thinned peach
blossoms.
Osborne et al. (2006) also studied several thinning sprays, using ‘Rising Star’/‘Lovell’
and ‘Redhaven’/‘Bailey’ peach trees. Their study focused on Tergitol-TMN-6, Entry,
sulfcarbamide, ATS, soybean oil, and lime sulphur. In both cultivars, ATS treatment at 5% (v/v)
thinned most effectively, followed by sulfcarbamide, lime sulphur at 4%, Entry at 3% and
Tergitol-TMN-6 at 1.5%. A treatment of 3.5% ATS was suggested though, as 5% excessively
thinned and reduced crop value, while 3.5% thinned similarly to the hand-thinned control and
significantly raised the crop value.
Work by Coneva and Cline (2006) on ‘Redhaven’ and ‘Harrow Diamond’/‘Bailey’ trees,
studied the efficacy of ATS, lime sulphur, and decyl alcohol sprays. It was found that for
‘Redhaven’ trees, ‘early’ (80% full bloom) 30 mL·L-1 ATS and ‘late’ (100% full bloom) 30
mL·L-1 ATS and 30 mL·L-1 decyl alcohol spray treatments reduced final fruit set beyond the
extent observed in the hand-thinned treatment. At harvest, fruit number per tree was lower in the
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spray treatments, compared to the untreated control, and while numbers were similar in most
spray treatments to the hand-thinned treatment, the ‘late’ ATS treatment at 30 mL·L-1 had even
fewer fruit per tree than the hand-thinned treatment. Although fruit on trees treated with ‘late’ 40
mL·L-1 lime sulphur and ‘early’ 15 mL·L-1 ATS were smaller, fruit size in most trees sprayed with
blossom thinners was similar to hand-thinned controls. There was no observed leaf phytotoxicity
caused by spray treatments. In the subsequent study year, when ‘Harrow Diamond’ trees were
compared to the untreated control, all chemical sprays significantly reduced fruit set. The most
potent treatment was decyl alcohol, followed by ATS and lime sulphur, with a suggested timing
effect, as ‘early’ (80% bloom) treatments greatly reduced fruit density at fruit set. All of the
treatments reduced number of fruit per tree, compared to the untreated control, and thinners also
increased the percentage of fruit equal to or larger than 67 mm diameter. In the second year,
severe phytotoxicity was observed a week after treatments were applied, with ATS treatments
being the most severe. Overall, decyl alcohol had the greatest effect on increasing fruit size, with
fruit weight being almost two times greater than that of control trees at harvest.
In a study involving Tergitol-TMN-6 by Fallahi et al. (2006), it was found that in several
stone fruit species (peach, nectarine, plum) in a variety of areas, effective rates of Tergitol-TMN6 for blossom thinning were between 5 mL·L-1 and 12.5 mL·L-1. It was also determined that an
ideal time for spray application was when 75% to 80% of blossoms were open, but temperature
and pollinator activity should also be monitored when determining when to spray. No fruit
marking was noted in any of the stone fruit species studied, at any of the different concentrations
of Tergitol-TMN-6. Leaf burning was observed with Tergitol-TMN-6 application, but most
symptoms disappeared after a few weeks.

2.3.3.3 Sweet Cherries
Considerably less research has been conducted on chemical thinning of sweet cherries,
although a few reports have emerged in the past few years (Whiting et al., 2006). In traditional
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cherry growing systems, crop load management was not a major concern, but with the advent of
new rootstocks and scion cultivars which are more precocious and productive, new crop load
management techniques are needed to obtain marketable fruit size. Blossom thinning products
which have been tested on sweet cherries include ATS (Lenahan and Whiting, 2006a; Whiting et
al., 2006), FOLS (Lenahan and Whiting, 2006a; Whiting et al., 2006), vegetable oil emulsion
(VOE) (Lenahan and Whiting, 2006a; Whiting et al., 2006), Tergitol (2,6,8-trimethyl-4nonyloxypolyethyleneoxyethanol) (Lenahan and Whiting, 2006a), and uniconazole (E-1-(4chlorophenyl)-4,4-dimethyl-2-(1,2,4-triazol-1-yl-1-penten-3-ol)) (Stern et al., 2009).
Work by Whiting et al. (2006) on ‘Bing’/‘Gisela 5’ sweet cherries investigated the
efficacy of ATS, fish oil and lime sulphur (FOLS), and vegetable oil emulsion (VOE) on blossom
thinning. Trees were sprayed twice - once at 10% full bloom, and again at 90% full bloom with
2% ATS or 2% fish oil + 2.5% lime sulphur. FOLS and ATS reduced fruit set consistently,
whereas VOE did not. In the first year of the experiment, ATS caused an 80% reduction in fruit
set, while FOLS and VOE caused a 60% reduction. All treatments decreased yield while
increasing fruit quality, compared to the unthinned control trees. In the second year, VOE was
ineffective, while ATS and FOLS caused an approximately 33% reduction in fruit set. The
reasons for these differences are not completely understood, but may have to do with factors such
as spray coverage, tree carbon balance, and abiotic factors. The estimated gross crop value,
though, was highest for the unthinned control in the first year, as experimental treatments thinned
excessively and reduced yields. In the second year, yield was not affected by treatments, even
though fruit set was reduced by ATS and FOLS. The highest crop values in the second year,
though, were ATS and FOLS, while VOE trees produced the lowest valued crop.
Lenahan and Whiting (2006a) examined a number of chemical sprays including 2% ATS,
4% VOE, 2% fish oil and 2.5% lime sulphur (FOLS), and 1% Tergitol for their efficacy in
blossom thinning nine- and 12-year-old ‘Bing’/‘Gisela 5’ sweet cherry trees. Sprays were
administered twice - once at 20% full bloom, and then again three or four days later at 80% full
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bloom. In the first year of study, there was no positive effect of blossom thinners on fruit set,
yield, fruit weight, firmness and soluble solids. With FOLS, average fruit size was about 24.2
mm, while fruit from Tergitol and ATS treatments did not reach the premium fruit size category,
and only peaked at 21.4 mm. Crop values ($·tree-1) were highest in Tergitol, ATS, and FOLS
treatments, whereas VOE treated-trees had the lowest value, about 25% lower than untreated
control trees. This value is reflected in the fact that VOE produced low yields of poor quality
fruit. In the second year results were more variable. Tergitol, ATS and FOLS all reduced fruit set
significantly, while VOE did not affect fruit set. There was no effect of thinners on fruit weight,
but Tergitol, ATS and FOLS increased firmness and soluble solids to a similar degree. In contrast
to the previous year, the highest crop value was found in the untreated control, which was mostly
due to higher yields of fruit. Based on control tree results, and the fact that spray treatments
reduced fruit set but did not compensate by increasing fruit weight, fruit thinning was probably
not necessary in that particular treatment year.
The gibberellin inhibitor uniconazole was used as a blossom thinner on ‘Bing’/‘Mahaleb’
sweet cherries in Israel by Stern et al. (2009) to determine if fruit set could be reduced, as
gibberellin is thought to be involved in pollen germination and pollen tube growth in Arabidopsis
thaliana (Singh et al., 2002). In one year, applications of 125, 250 and 500 mg·L-1 uniconazole at
30% full bloom as well as 125 mg·L-1 at full bloom reduced fruit set and yield, but only the 125
mg·L-1 treatment improved yields of large fruit (> 26mm) (Stern et al., 2009). The following year,
100, 125, and 250 mg·L-1 uniconazole reduced fruit set, the 125 and 250 mg·L-1 treatments
reduced yield, and the untreated control improved yields of large fruit. When the yields of control
treatment trees were compared across years, yield in the second year was less than half of that in
the first year. This may have been why benefits to fruit size after uniconazole thinning treatments
were not observed in the second year.
Chemical thinning at best currently yields unpredictable results (Wertheim, 2000), as
efficacy appears to be dependent on several factors such as temperature, humidity, drying time,
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cultivar, tree fruit species, and chemical concentration. There are also increasing consumer
concerns over use of chemical applications in food production, which warrants research into more
environmentally-friendly thinning options.

2.3.4 Mechanical Thinning
Another option for thinning fruit trees is mechanical thinning, which can be implemented
in several ways. Mechanical thinning methods include the use of a stiff-wire brush to “comb” off
small fruit at early stages, use of a high pressure stream of water to dislodge blossoms or fruit
(Westwood, 1988), pruning (Marini, 2002; Marini, 2003), the use of a tree shaker to cause partial
fruit drop (Menzies, 1980), and finally a rotating rope or string thinning mechanism (Baugher et
al., 1991; Schupp et al. 2008). These processes do not require the application of chemicals, and
involve the physical removal of flowers or fruitlets.
There are advantages and disadvantages to several of the mechanical thinning methods
mentioned above, especially tree shaking. Pruning to manage crop load has garnered attention
over the years. Work by Marini (2002) suggests that when one-year-old wood is headed back by
50%, fruit set could be reduced without compromising final fruit size. Further work has suggested
that pruning to different numbers of fruiting shoots per tree can affect both fruit set and the
magnitude of hand thinning required later (Marini, 2003). One disadvantage to this thinning
method is that crop load is reduced before fruit set is known, therefore increasing the risk of overthinning.
Rope and string thinning has gained interest in the last decade, particularly because of
increasing labour costs and the introduction of new orchard systems, which lend themselves to
mechanical thinning (Glenn et al., 1994). Different methods of thinning mechanically have been
developed, but none of these have been able to replace hand thinning (Schupp et al., 2008).
Interest in alternative methods of thinning fruit without the use of chemicals is growing, as the
number of available workers decrease and labour costs increase (Ngugi and Schupp, 2009;
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Schupp et al., 2008). Another advantage of mechanical thinning is that it lends itself to organic
production systems, or growers who are looking to reduce the amount of sprays applied in their
orchards (Schupp et al., 2008). One benefit of mechanical thinning compared to chemical
thinning is that with mechanical thinning, treatment effects are immediately observed. Blossom
numbers prior to and post treatment can be compared to ascertain the magnitude of thinning.
An early form of mechanical thinning was the use of rope curtains for thinning peach
blossoms (Baugher et al., 1991). Baugher et al. (1991) used two tractor-mounted devices: a
stationary tree-width rope curtain and a rotating rope curtain. To achieve a density of one flower
per 9 cm of fruiting shoot length, one pass with the rotating rope curtain was needed, while six
trips were needed with the stationary rope curtain. With rope thinning, hand thinning time was
reduced by 40% and fruit size at harvest increased. Modifications to tree training were also
highlighted by the authors as a means to improve efficacy of mechanical thinning.
A study by Schupp et al. (2008) explored two mechanical thinners. The first was a
rotating string thinner (Model Darwin 300, Fruit-Tec, Germany) used to thin apple and peach
blossoms, consisting of a 3.0 m tall vertical spindle attached to a tractor with a total of 648 plastic
cords attached to the spindle. The angle of the spindle could be modified to suit tree canopy and
thinning intensity could be altered by changing the number of strings attached to the spindle,
adjusting the rotation speed of the spindle, and changing the groundspeed of the tractor. The
second machine tested was a vibrating direct drive double spiked-drum shaker. This machine was
originally designed for harvesting citrus fruit but was used for peaches, and consisted of two 1.52
metre high and 2.44 metre wide drums with six whorls with sixteen rods on each whorl. The
drum shaker was used on ‘KV93479’/‘Lovell’ peaches in 2005 and 2006, oscillating at 180, 200,
or 260 cycles·min-1, and ‘Redhaven’ and ‘Babygold 5’ peach trees in 2007, oscillating at 220
cycles·min-1. The string thinner was used on ‘Redhaven’, ‘White Lady’, and ‘Babygold 5’ peach
trees in 2007 with 162 cords rotating at 180 rpm. In 2007 the string thinner was also used on
‘GoldRush’/‘M.26’ apple trees in a certified organic orchard. All 648 cords were used, and the
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spindle rotated at 245 rpm. While these studies varied in timing of treatment and operating speed
of thinners, some general trends will be discussed.
In the 2005 and 2006 experiments, the drum shaker reduced peach crop load and time
required for follow-up hand thinning (Schupp et al., 2008). In the 2007 experiments, the
mechanical thinners reduced peach crop load, decreased time needed to hand thin, and increased
fruit in higher size categories. The string thinner was an effective means of thinning organic apple
trees, while hand thinning time was reduced and fruit size increased. The authors concluded that
both methods of thinning could be viable options for supplementing hand thinning. The drum
shaker studies also highlighted the fact that tree training greatly influences the efficacy of a
mechanical thinner. The shaker also caused some minor damage to the trees, but pruning and
training could possibly minimize negative effects by accommodating mechanical thinning.
In another experiment by Baugher et al. (2009), a modified version of the string thinner
used in the Schupp et al. (2008) study was used on several varieties of peaches. The thinner was
altered so that it pivoted 30o upwards or downwards on the horizontal, whereas the original
thinner pivoted left or right by 30o and the spindle was vertically oriented (Baugher et al., 2009).
For this study, 144 cords were attached to the spindle, and the spindle rotated at 200 rpm. Again,
this study looked at many different combinations of timing of treatments as well as ground speed
of the tractor. Overall this study also highlighted that decreases in blossom density, crop load, and
hand thinning time translated into significant cost savings. It was found that the optimal tractor
speed was 2.0 km·h-1, which reduced crop load on average by 47%, reduced hand thinning 32%
and increased the fruit in higher size categories by 22 to 31%. The study also discussed the
benefits of training trees to accommodate thinners, as a means to ensure desirable thinning
results.
Despite these findings, there are several concerns over negative side effects of
mechanical thinning. Ngugi and Schupp (2009) studied the risk of spreading fire blight (Erwinia
amylovora) with a mechanical string thinner. The string thinner used in the experiment was the
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‘Darwin 300’, consisting of a 3.0 m tall vertical spindle mounted onto a tractor. The tractor was
driven at 2.4 km·h-1 while the spindle rotated at 245 rpm. Trees were previously inoculated with
prepared cultures of E. amylovora. It was found that healthy trees thinned with a mechanical
string thinner after it had been used on trees inoculated with fire blight significantly increased
prevalence of the disease. In another study, trees were grown in pots in a greenhouse, inoculated
with E. amylovora, and then brought outdoors for thinning treatments. In this study, it was also
found that disease incidence was significantly higher in healthy trees which were placed adjacent
to inoculated trees and thinned, while the other treatments were not significantly different from
each other. Although the inoculum pressure in this experiment was most likely higher than that
found in commercial orchards, the authors suggested that a string thinner not be used in orchards
suffering from fire blight in the past three years, or during weather conditions ideal (i.e. wet) for
transmitting the bacteria.
Another concern with the use of mechanical thinners is physical damage to leaves,
fruiting spurs and limbs. In part, because of the apple flower’s long pedicel, it takes an
appreciable amount of force for a mechanical string thinner to remove floral tissue which can
result in damage to spurs and shoots (J. Cline, personal communication; Ngugi and Schupp,
2009). The extent of damage depends on not only the timing of application, but also tree fruit
species, since leaves unfurl at different times across species. Apple spur leaves are important
early in the season, as they are thought to be the main source of photosynthates for developing
fruit (Corelli Grappadelli, 2003). Several studies have suggested that reducing spur leaf area can
reduce calcium concentration in fruit (Ferree and Palmer, 1982; Lang and Volz, 1998), and fruit
set (Ferree and Palmer, 1982). With mechanical thinning there are also concerns about overthinning, but one solution could be to use mechanical thinning as a method to reduce, but not
eliminate hand thinning, and adjust crop load by hand after thinning mechanically (Schupp et al.,
2008).
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2.4 Implications for the Tree Fruit Industry
Use of mechanical thinning methods could provide a means to either eliminate or reduce
the amount of hand thinning needed for crop load adjustment of apples, peaches, and sweet
cherries. Mechanical thinners provide a means of thinning flowers and fruit without the use of
chemicals. Chemicals involve years of testing followed by certification and listing by federal
and/or local governing agencies, which can take a number of years. In the past there have been
concerns over the safety of some chemical thinners, not only to the consumers purchasing and
eating the fruit, but also to the native fauna present in orchards. Mechanical thinning warrants
more research, especially in terms of optimal thinning rates for specific cultivars across tree fruit
species.

2.5. Research Objectives
The objective of this research project is to explore mechanical blossom thinning of apple,
peach, and sweet cherry trees. Ontario is one of the most important areas in Canada for
commercial tree fruit growth because of its warm climate, topography, the presence of large
bodies of water for temperature regulation, and its centralized location for distribution. The tree
fruit industry is in need of revival, and new methods of reducing costs, increasing efficiency, and
improving fruit quality would be of significant benefit to the industry. Ontario is well suited to be
a major source of both local and export produce for the fresh and processed markets. The specific
objectives of this research project will focus on determining the optimal rates for blossom
thinning in apple, peach, and sweet cherry using a mechanical string thinner, as well as to
compare mechanical blossom thinning to hand blossom thinning to ascertain if there are negative
effects of mechanical thinning.
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Figure 2.1. Apple, peach, and sweet cherry flower phenologies at the time of treatment application. A. A cyme of apple blossoms. The
centre, or ‘king’ blossom is fully opened, and the lateral or side blossoms are beginning to open. B. Solitary peach blossoms at full bloom,
and C. Sweet cherry blossoms at ~80% full bloom. Some blossoms remain closed.
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Table 2.1. Apple, peach and sweet cherry worldwide production (t) in 2009. Data source: FAOSTAT.
Apple
Peach (and nectarine)
Sweet Cherry
China
31,684,445
China
10,170,038
Turkey
United States of America
4,514,880
Italy
1,692,500
United States of America
Turkey
2,782,370
United States of America
1,197,670
Islamic Republic of Iran
Poland
2,626,270
Spain
1,191,300
Italy
Islamic Republic of Iran
2,431,990
Greece
734,000
Spain
Italy
2,313,600
Turkey
547,219
Syrian Arab Republic
France
1,953,600
Egypt
425,000
Russian Federation
India
1,795,200
Islamic Republic of Iran
396,059
Romania
Russian Federation
1,596,000
Chile
388,000
Uzbekistan
Brazil
1,222,890
France
347,476
Chile

Table 2.2. Canadian fruit production in 2010, represented by marketed production and farm
gate value. Data source: Statistics Canada - Fruit and Vegetable Production. June 2011.
Crop
Marketed production (t)
Farm gate value ($M)
Apples
346,677
142.3
Apricots
619
0.9
Blueberries
83,507
148.7
Cranberries
75,405
70.0
Grapes
75,555
110.2
Nectarines
2,897
4.5
Peaches
22,561
24.7
Pears
7,833
6.9
Plums and prunes
2,372
3.8
Raspberries
11,864
28.8
Sour cherries
5,875
2.7
Sweet cherries
9,664
34.2
Strawberries
19,318
68.8
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417,694
390,000
225,000
116,200
96,400
78,289
69,000
67,874
67,000
56,000

CHAPTER 3 - MECHANICAL BLOSSOM THINNING OF APPLES AND INFLUENCE
ON YIELD, FRUIT QUALITY AND SPUR LEAF AREA

3.1 Abstract
Despite many recent advances in apple orchard growing systems, one problem that
continues to plague growers is crop load management. Apples tend to crop too heavily, and if
fruit are not thinned adequately, tree health, fruit size, fruit quality, and return bloom can be
negatively affected. There are several methods available to adjust crop load. Removal of fruit by
hand, referred to as hand thinning, is the most preferred but also the most time consuming and
expensive. Thinning with chemicals has been practiced for years, but the thinning response
remains unpredictable. One area of growing interest is the use of mechanical thinning devices at
bloom to manage crop load, to replace or supplement chemical thinning.
Trees growing in high-density systems were subjected to mechanical blossom thinning
(MBT) and hand blossom thinning (HBT) at bloom over two years beginning in 2010. An
additional study examined the effect of damage to spur leaves by a mechanical string thinner on
crop yield and quality. In both years, MBT effectively thinned trees and reduced fruit set,
however no time-savings in the amount of follow-up hand thinning after ‘June drop’ were
observed in 2011. In both years of the study, no significant treatment effects from thinning were
observed on harvest and fruit quality parameters. Trees that were mechanically thinned had
significantly reduced spur leaf area, but did not differ from the unthinned control with respect to
any of the yield or quality parameters measured.

3.2 Introduction
Apples are grown in temperate regions or at high elevations in all continents but
Antarctica (Luby, 2003). Apples are grown across Canada, although production is concentrated in
five provinces: New Brunswick, Nova Scotia, Quebec, British Columbia, and Ontario (Fig. 3.1)
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(Stats Canada, 2011). While provinces such as Ontario are producing farm gate values in excess
of $60 million per year, there is room for expansion through high-density growing systems.
Commercial apple trees consist of a rootstock and scion. The rootstock forms the root and
basal portion of the trunk while the scion is the cultivar of interest or fruiting portion of the tree,
both grafted together at the graft union (Webster and Wertheim, 2003). Rootstocks provide
vigour control as well as influence precocity, disease susceptibility, tolerance to abiotic stress,
cropping efficiency, growth habit and fruit quality. It is not fully understood how rootstocks
control scion vigour, but one leading hypothesis is that concentrations of plant growth hormones
are altered when grafting with rootstocks (Webster and Wertheim, 2003). Before bearing fruit,
apple trees experience a juvenility period that can last seven to nine years (Dennis, 2003), but
dwarfing rootstocks can shorten this period markedly (Byers, 2003). Despite these advances, one
management practise that still burdens growers is thinning to manage crop load.
Apple trees often flower heavily and bear more fruit than needed for a commercial crop
(Solomakhin and Blanke, 2010). Flower initiation in apples occurs the year prior to bloom, and
when trees crop heavily, biennial bearing can occur (Dennis, 2003). The mechanism in which
developing fruit inhibit flower initiation remains unclear (Dennis, 2003), but gibberellins GA4
and GA7 have been isolated from young developing apple seeds (Dennis and Nitsch, 1966),
which are believed to be involved in the inhibition process (Chan and Cain, 1967). Chan and Cain
(1967) used the two parthenocarpic apple cultivars, ‘Spencer Seedless’ and ‘Ohio 3’, to study
whether pollination and subsequent production of seeds would affect flowering the following
season. They discovered that hand-pollinated spurs displayed a drastic reduction in flowering the
following year. These results suggested that the presence of seeds were involved in the inhibition
of flower bud formation. They also discovered that the positive effect of thinning on bloom the
following year was drastically reduced when thinning was delayed.
There are several methods to mitigate over-cropping in apple trees including hand
thinning (Embree et al., 2007; Hampson and Bedford, 2011), chemical thinning (Williams, 1979),
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thinning using environmentally-friendly products such as corn oil emulsion and essential oils (Ju
et al., 2001; Miller and Tworkoski, 2010), tree shakers (Menzies, 1980), and mechanical thinning
(Bertschinger et al., 1998; Schupp et al., 2008; Solomakhin and Blanke, 2010). Hand thinning is
mainly used as a means of supplementing other thinning strategies, such as chemical thinning
(Byers, 2003), because it requires time and is expensive (Menzies, 1980). Thinning apple trees
with chemicals is a common practise, but follow-up hand thinning is often required (Menzies,
1980) approximately four to six weeks after full bloom (WAFB), after a period of natural fruitlet
abscission called ‘June drop’ (Dennis, 2003).
Chemical thinning has been used for decades to manage apple crop load, but thinning
results can be variable (Byers, 2003), due to factors such as chemical uptake and abiotic effects
(Robinson and Lakso, 2011). There are also concerns with relying on certain chemical
compounds, such as sodium 4,6-dinitro-ortho-cresylate (Elgetol or DNOC), which was
discontinued by the Environmental Protection Agency in the 1990’s (Byers, 2003). Another
product commonly used is carbaryl, which is no longer registered in Europe, and may soon see
the same fate in the USA due to regulatory concerns (Warner, 2011). Carbaryl can improve fruit
size, as it is more selective for thinning smaller fruit compared to 6-benzyladenine (6-BA), 2chloroethylphosphonic acid (ethephon), and naphthaleneacetic acid (NAA), but there are some
concerns about carbaryl harming beneficial insects (Byers, 2003). Ammonium thiosulfate (ATS)
has been used as a blossom thinner in the USA for over ten years (Byers, 2003), but thinning
results have been inconsistent (Hampson and Bedford, 2011; Miller and Tworkoski, 2010).
Corn oil emulsion has been used as an environmentally friendly thinning option in apple,
peach and sweet cherry orchards (Ju et al., 2001). Work on ‘Delicious’ apple trees in China found
that its effectiveness could depend on application time and concentration (Ju et al., 2001). It is not
entirely clear how corn oil thins flowers, but it appears to reduce fruit set by reducing the number
of flowers that open. Using essential oils for thinning could be another option for organic growers
seeking more environmentally-friendly thinning methods (Miller and Tworkoski, 2010).
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One mechanical thinning method used to a much lesser extent is a limb or tree shaker,
which works by dislodging small fruit (Glenn et al., 1994). Menzies (1980) used an inertia tree
shaker to thin ‘Delicious’ apples in Australia, and found that hand thinning was not necessary
when fruit were thinned six to ten WAFB. Tree shakers can be problematic because trees must be
of an appropriate architecture, and also shaking is non-selective and can result in the removal of
large fruit (Byers, 2003).
One final alternative to hand and chemical thinning is thinning using a mechanical
thinner (MT). One major benefit of mechanical thinning compared to chemical thinning is that
effects are immediately apparent (Byers, 2003). An important consideration when using a MT is
tree canopy architecture (Schupp et al., 2008); trees should be slender with narrow canopies
(Bertschinger et al., 1998). As growers begin to adopt more high-density systems, MTs may be
well suited for super spindle growing systems (Hampson and Bedford, 2011; Schupp et al.,
2008). There are some concerns over using this approach at bloom, such as the risk of subsequent
frost events further diminishing set (Hampson and Bedford, 2011), and the possibility of
spreading fire blight (Ngugi and Schupp, 2009).
The objectives of this study were to determine: 1) the effectiveness of mechanical
blossom thinning for crop load reduction, 2) the effects of mechanical blossom thinning on fruit
quality, and 3) whether damage to spur leaves incurred by mechanical blossom thinning affected
yield and fruit quality parameters.

3.3. Materials and Methods
3.3.1 Experiment One: Mechanical Blossom Thinning of Apples
3.3.1.1 Experimental Layout
A two-year experiment was conducted at the University of Guelph Simcoe Research
Station in Simcoe, Ontario, Canada (42o51’27.50”N, 80 o16’06.09”W). In the first year (2010), a
2.4 m tall and 1.0 m wide super spindle trellised four-year-old ‘Empire’/‘M.26’ orchard, spaced
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0.9 m within and 3.5 m between rows (3,174 trees·ha-1) was used (Fig. 3.2B). In the second year
(2011), a 3.2 m tall and 2 m wide vertical axe trellised ten-year-old ‘Royal Gala’/‘M.26’ orchard,
spaced 2.2 m within and 4.4 m between rows (888 trees·ha-1) was used (Fig. 3.2C). ‘Gala’ is the
result of a cross made between ‘Kidd’s Orange Red’ and ‘Golden Delicious’, and ‘Royal Gala’ or
‘Tenroy’ is a strain of ‘Gala’ (Hampson and Kemp, 2003). Different trees were used in 2011 due
to insufficient bloom on the ‘Empire’ trees. Trees were drip irrigated daily using 2 L·h-1 emitters
spaced 45 cm apart for a total of 25.4 mm of water per week. The soil consisted of a combination
of the Colwood and Fox soil series, comprising mainly lacustrine silt loam with imperfect to poor
drainage, and mainly lacustrine sand and loamy sand with rapid to well drainage (Presant and
Acton, 1984). A 1 m weed-free strip on each side of the tree row was maintained by non-residual
1% (v/v) glyphosate herbicide with perennial sod planted between rows. Apart from thinning,
trees were exposed to standard cultivation practices for the region (OMAFRA, 2009c).
Prior to treatment application, individual trees were chosen based on uniformity of
canopy size and blossom density. All trees were dormant pruned prior to the experiment and were
suited for mechanical thinning. Each treatment was applied to two trees (experimental unit) with
untreated ‘guard’ trees flanking either side within the row, to avoid treatment carryover effects. A
randomized completed block design (RCBD) was used with four replications in both years.

3.3.1.2 Blossom Thinning Treatments
Treatments consisted of: 1) mechanical blossom thinning (MBT) at a rate of 180 rpm, 2)
MBT at a rate of 210 rpm, 3) MBT at a rate of 240 rpm, 4) hand blossom thinning (HBT)
mimicking the 180 rpm treatment (HBT low), 5) HBT mimicking the 210 rpm treatment (HBT
medium), 6) HBT mimicking the 240 rpm treatment (HBT high), and 7) an untreated control
treatment (hand-thinned at ‘June drop’).
Mechanical blossom thinning treatments were applied when the ‘king’ bloom and one or
two side blooms were open (29 Apr. 2010, 20 May 2011) using a mechanical string thinner
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(Darwin 300, Fruit-Tec, Deggenhausertal, Germany) (Fig. 3.2A-C). Hand blossom thinning
treatments were completed at full bloom (3 May 2010), or at petal fall (25-28 May 2011).
Untreated control treatments received no thinning at bloom, but fruit on all experimental trees
were thinned after ‘June drop’ to one fruit per cluster, with fruit spaced ~15 cm apart. In 2010
fruit set was light and hand thinning was not necessary.
The MT was mounted onto the front of a tractor (Model 3720, John Deere) (Fig. 3.2B).
Lengths of plastic cording (61 cm) were attached to three sides of a 3.0 m-tall rotating spindle in
groupings of nine cords per plastic segment. The spindle could tilt in two directions vertically by
15o to conform to tree canopies. Spindle rotation speed was controlled via an electronic control
(Systeme, Germany) attached to a hydraulic motor. As the tractor was driven forward, the plastic
cords physically removed blossoms from trees. Ground speed was kept constant at 3.2 km·h-1 for
all treatments in both years. Both sides of each row were thinned with the MT, in order to thin the
entire canopy. The cords used in this experiment were a newer rigid plastic version released by
the manufacturer, as opposed to an earlier coiled plastic cord model (Baugher et al., 2010b).
Hand blossom thinning treatments were used to determine if there were negative side
effects of mechanical thinning. To determine how many blossoms were removed by MT
treatments, branches were flagged and flowers were counted prior to treatments. In 2010, one
branch on both sides of each tree was flagged and 50 flowers were counted, for a total of ~100
flowers per tree. In 2011, two branches or sections of branches on both sides of each tree were
flagged, and 50 flowers were counted, for a total of ~200 flowers per tree. After imposing MBT
treatments, flowers were recounted, and the percentage of blossoms removed was calculated.
With this calculation, trees were then HBT to the same percentage as the corresponding MBT
treatments. No preference was given to which flowers were removed, meaning that both ‘king’
and lateral flowers were thinned, since the MT is not selective for which type of blossoms are
removed. Fruit set was recorded after ‘June drop’ on 7 June in 2010, and on 6 July in 2011.
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3.3.1.3 Hand Fruitlet Thinning, Harvest Yield, and Fruit Quality
To determine the economic savings of thinning at bloom, fruit thinned from trees after
‘June drop’ were collected, counted, and weighed. In 2010 the young ‘Empire’ trees set lightly
and hand thinning was not necessary. In 2011, hand thinning was done on 7-8 July, 46 days after
full bloom (DAFB). Fruit were collected in plastic bags, placed in refrigerated storage (~2-3oC),
and counted and weighed within five days. Mean fruit weight was determined by dividing the
weight of fruit (> 30 mm) from each tree by the number of fruit from each tree. The diameter of
ten fruit per tree was also taken at this time.
Due to the light crop in 2010, fruit were harvested in one pick on 21 Sept. In 2011, fruit
were harvested over three dates - 18, 28 Sept. and 5 Oct. At each harvest, the number and weight
of marketable fruit picked from each tree was determined. On the last harvest date in 2011 all
fruit that had dropped to the ground were weighed and counted. Total yield per tree was
determined by summing the weight of marketable fruit, plus the weight of dropped fruit.
Marketable yield calculations included only the weight of marketable fruit; fruit that were of good
size (> 63.5 mm) and quality (unblemished). The number of fruit harvested per tree included only
the number of marketable fruit. The mean fruit weight was determined by dividing the weight of
marketable fruit by the number of marketable fruit. Fruit that had been subsampled prior to
harvest for quality measurements and grading were weighed, counted, and included in the
marketable yield, marketable number and mean fruit weight calculations.
In 2010, fruit diameter was measured on a subsample of ten fruits per tree, where
possible, as there were not always enough fruit to justify grading for size. In 2011, samples of
~75-200 fruit were taken on the first day of harvest, 18 Sept., and kept in cold storage until
grading on 21 Oct. Fruit from each experimental unit of two trees were graded into four different
size categories: < 57 mm, 57 to 66 mm, 67 to 75 mm, or > 76 mm in diameter.
In 2010, fruit set was light; therefore fruit were not evaluated for harvest quality
parameters. On 15 Sept. 2011 ten representative fruit of good size and free of blemishes were
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chosen throughout the canopies of each experimental unit, and analyzed for surface blush colour,
ground colour, flesh firmness, and starch hydrolysis. Percent surface blush was estimated visually
as the percentage of the surface of the fruit covered in red blush, versus the amount of yellow
ground colour. Both the blush and ground colour were measured on each fruit using a
colourimeter (Model CR-400, Konica Minolta Sensing Americas, Inc., Ramsey, New Jersey,
USA). Chroma (C*), lightness (L*), and hue angle (Ho) colour measurements were generated in
the CIEL*a*b* (CIELAB) colour space using the colourimeter. Firmness was measured on either
side of each fruit using a penetrometer (Fruit Texture Analyzer, Güss, South Africa) after a 2 mm
circular section of skin was removed from either side using a straight razor blade. Original
firmness measurements were recorded in grams, but converted to Newtons (N), where 1 kg =
9.81 N. Apples were sliced latitudinally and dipped in an iodine solution to determine the residual
starch concentration. The iodine solution was made by dissolving 8.8 g of potassium iodide in 30
ml of warm water, to which 2.2 g of iodine crystals were added, and then diluted to 1 L with
water (OMAFRA, 2000). Apples were scored according to a Cornell University general cultivar
starch scale ranging from 1, high starch and no sugar conversion, to 8, no residual starch
remaining (Blanpied and Silsby. 1992.). Fruit were cut into quarters, and composite samples from
ten fruit were frozen (-20 oC) for soluble solids concentration measurements, which were
completed on 3 Oct. Soluble solids concentration was measured with a digital refractometer
(Model BRX-242, Shilac, Japan) from a composite juice sample from thawed, pressed, and
strained fruit.

3.3.1.4 Statistical Analysis
The SAS® system version 9.2 (SAS Institute Inc., Cary, NC, USA) was used for
statistical analyses. For all analyses, a Type I error rate of α = 0.05 was used for significance. The
SAS ‘Proc Mixed’ command was used to perform an analysis of variance, where variance was
partitioned into random and fixed effects. Means and residual values were analyzed using ‘Proc
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Univariate’ to ensure that the assumptions of variance analysis were met. Where necessary, data
were log-transformed to normalize data before statistical analysis, but reported in tables as
untransformed means. Contrast statements were used to determine significant differences
between MBT and HBT treatments. The means for each treatment were compared using Tukey’s
Studentized range test at a Type I error rate of α = 0.05. Regression analyses for both MBT and
HBT treatments were performed to determine whether there were linear or quadratic relationships
between the magnitude of thinning, and its subsequent effect. All graphs were made using
SigmaPlot version 11.0 (Systat Software, Inc., Germany).

3.3.2 Experiment Two: Effect of Mechanical String Thinning on Injury to Spur Leaves
3.3.2.1 Experimental Layout
Trees were located in orchards adjacent to the first experiment; hence soil types and
orchard management were similar to those previously described. This experiment was conducted
in 2011 on five-year-old super spindle trellised ‘Royal Gala’/‘M.9 EMLA’ trees. Trees were
planted 1.4 m within and 3.5 m between each row (2116 trees·ha-1) and were approximately 3.0 m
tall and 1.3 m wide. All trees were exposed to standard management practices for the region
(OMAFRA, 2009c), except for thinning after ‘June drop’. Prior to applying treatments, trees were
chosen based on uniformity of size and blossom density. Treatments were applied to experimental
units of four trees; data were collected from the two inner trees, while the two outer trees served
as ‘guards’, preventing treatment carryover effects. With respect to the two inner trees, one was
designated for destructive sampling of spur leaves, while the other was used for fruit set and
harvest measurements. The experimental design was a RCBD with four replications.
Treatments consisted of: 1) MBT at a rate of 180 rpm, 2) MBT at a rate of 210 rpm, 3)
MBT at a rate of 240 rpm, 4) 25% leaf blade removal (LBR), 5) 50% LBR, and 6) an untreated
control (0% LBR). Blossoms were not removed nor spur leaf area modified for the untreated
control, however they were hand thinned after ‘June drop’, as were all other treatments. Spur leaf
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treatments (4, 5) were imposed on 19-20 May, while MBT treatments were applied on 20 May
when the ‘king’ bloom of the flower clusters was open using the same MT as described in the
first experiment (Fig. 3.2B).

3.3.2.2 Spur Leaf Surface Area and Fruit Set
Prior to treatment application, five flowering spurs of similar size on both the east and
west side of each tree were flagged for a total of ten spurs per tree. Spurs were selected at
random, approximately 1-2 m from the ground. Whole spurs were harvested after treatment
application (Fig. 3.3C), and leaf area was measured using a leaf area meter (Model LI-3100, LICOR, Lincoln, Nebraska, USA). One branch was flagged on both sides of each tree, and
blossoms were counted before and after treatment application to determine fruit set on 6 July after
‘June drop’.
Mechanical blossom thinning treatments were applied as described above, and ground
speed was held constant at 3.2 km·h-1 for all treatments. Simulated MT injury to spur leaves was
imposed to the whole canopy by cutting the tip off each leaf perpendicular to the main vein
(treatment 4) or by cutting each leaf in half perpendicular to the main vein (treatment 5) using
scissors (Schröder and Link, 2002).

3.3.2.3 Hand Fruitlet Thinning, Harvest Yield, and Fruit Quality
To determine the treatment effect on requirement for hand thinning after ‘June drop’,
trees were thinned on 11 Aug. as described above, and number of fruit removed per tree was
recorded. On 16 Sept., fruit were harvested from one tree per experimental unit and the number
and weight from each tree were recorded. The number of dropped fruit was negligible; therefore
these data were not recorded. Mean fruit weight was determined by dividing the total weight per
tree by the total number of fruit per tree. Ten representative fruit were subsampled at random on
14 Sept. from each treatment replication, two days prior to harvest. Fruit were assessed for the
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same quality parameters, and in the same manner as described in the first experiment. Fruit that
had been subsampled for harvest quality measurements were counted and weighed, and added to
the harvest yield, number and mean fruit weight calculations.

3.3.2.4 Statistical Analysis
The statistical analysis for this experiment was performed using SAS® system version 9.2
(SAS Institute Inc., Cary, North Carolina, USA). A Type I error rate of α = 0.05 for all P-values
was used for significance in all analyses. An analysis of variance was completed using the SAS
‘Proc Mixed’ command. Means and residual values were analyzed using ‘Proc Univariate’ to
ensure that the assumptions of variance analysis were met. Contrast statements were used to
determine whether there were significant differences between MBT and LBR, for various
parameters. Means were compared using Tukey’s Studentized range test at Type I error rate of α
= 0.05.

3.4 Results
3.4.1 Experiment One: Mechanical Blossom Thinning of Apples
3.4.1.1 Blossom Thinning Effectiveness and Fruit Set
In 2010, a positive linear response in percentage of blossoms removed was observed with
increasing rates of both MBT and HBT (Table 3.1.1). The two methods of blossom thinning did
not differ from each other in terms of the percentage of blossoms removed. In the second year,
similar linear responses for MBT and HBT were noted, and treatment methods did not differ.
In 2010, a negative linear response on fruit set was observed with increasing MBT rates,
but not for HBT treatments (Table 3.1.1). Overall, the two methods of blossom thinning did not
differ from each other. Similar results were found in 2011, but in that year the two methods of
thinning were significantly different (P=0.0002).
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3.4.1.2 Hand Fruitlet Thinning, Harvest Yield, and Fruit Quality
In 2011, trees set heavily and required follow-up hand thinning after ‘June drop’, but
there was no significant treatment effect on the number or weight of fruit removed from each tree,
mean fruit weight, or fruitlet diameter (Table 3.1.2).
In 2010, fruit were harvested in one pick because of the light crop load and uniformity in
ripening. No significant treatment effects from the thinning treatments were observed on total
yield per tree, marketable yield per tree, number of fruit harvested per tree, mean fruit weight, or
fruit diameter (Table 3.1.3). In 2011, again no significant treatment effects were observed for all
parameters measured: total and marketable yield, number of fruit harvested per tree, and mean
fruit weight (Table 3.1.4).
For the 2011 crop, no treatment effects were observed for the percentage of fruit surface
covered by red blush, firmness of fruit, soluble solids concentration of fruit, or starch rating of
fruit (Table 3.1.5). When more detailed and descriptive colour parameters were measured in
2011, no significant treatment effects were observed for the blush colour measurements L*, C*,
and Ho, or the ground colour measurements L*, C*, and Ho (Table 3.1.6). In 2011, no significant
treatment effects were observed for the percentage of fruit which fell into the < 57 mm, 57-66
mm, 67-75 mm, or > 76 mm size categories (Table 3.1.7).

3.4.2 Experiment Two: The Effect of Mechanical Thinning on Spur Leaf Area
3.4.2.1 Spur Leaf Surface Area and Fruit Set
There was a significant treatment effect on spur leaf surface area after treatment
application (P=<0.0001) (Table 3.2.1). The spur leaf area of the control treatment did not differ
significantly from the MBT 180 rpm or 25% leaf blade removal (LBR) treatments. However,
control treatment spur leaf area was significantly greater than the 210 rpm, 240 rpm, and 50%
LBR treatments.
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There was a significant treatment effect on fruit set (P=0.0208) (Table 3.2.1). Contrasts
indicated that while MBT trees had significantly lower fruit set than the untreated control
(P=0.0334), no differences in fruit set were observed between LBR treatments and the control,
and MBT and LBR treatments.

3.4.2.2 Hand Fruitlet Thinning, Harvest Yield, and Fruit Quality
There was a significant effect from MBT and LBR on the degree of hand thinning
required after ‘June drop’ (P=0.0009) (Table 3.2.1). Trees receiving the control treatment
required the most amount of fruitlet thinning, followed by the 25% LBR treatment, and the MBT
180 rpm treatment. Neither of these three treatments differed significantly from each other, but
the control and 25% LBR treatment trees required significantly more fruit to be thinned than the
MBT 210 rpm and 240 rpm treatments, as well as the 50% LBR treatment. Both the MBT
(P=0.0008) and LBR (P=0.0205) treatments differed significantly from the control treatment
overall, but the two destructive methods did not differ from each other.
There was a significant treatment effect on marketable yield per tree (P=0.0488) and
number of fruit per tree (P=0.0394) (Table 3.2.2). For both parameters, MBT treatments had
lower values than the control (P=0.0244; P=0.0174), as well as LBR treatments (P=0.006;
P=0.0052). The LBR treatments did not differ significantly from the control. There was no
significant treatment effect on mean fruit weight at harvest.
No significant treatment effects were observed for the percentage of fruit surface covered
by red blush, fruit firmness, soluble solids concentration, or starch rating (Table 3.2.3). A
significant treatment effect on blush colour was observed for C* values (P=0.0492), but not for
L*, or Ho (Table 3.2.4). For C* results, treatments did not differ from each other significantly, and
contrasts did not indicate significant differences between both MBT and LBR treatments and the
control, nor were MBT and LBR treatments significantly different. The same trend was observed
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for ground colour, although the C* value for the MBT 240 rpm treatment was significantly higher
than C* values for the control, MBT 180 rpm, and 25% LBR treatments.

3.5 Discussion
3.5.1 Experiment One: Mechanical Blossom Thinning of Apples
3.5.1.1 Blossom Thinning Effectiveness and Fruit Set
Results from this experiment demonstrate that in both years of this study, MBT and HBT
were effective at thinning at bloom, and as the magnitude of MBT and HBT increased, so did the
severity of thinning blossoms (Table 3.1.1). These data are consistent with Baugher et al. (2010a)
in Pennsylvania who observed a significant increase in the number of ‘Nesstar’ peach blossoms
removed at petal fall when thinning was increased from 200 rpm to 220 rpm using the same MT.
Also, contrasts established that MBT and HBT treatments were not significantly different in
either year, suggesting that HBT successfully mimicked MBT (Table 3.1.1).
A noticeable difference was observed when comparing the removal rates of blossoms in
2010 versus 2011. In 2011, a greater percentage of flowers were thinned from trees by the MT
than in 2010, using the same rates. The trees used in 2011 were both larger, and a different
cultivar than those used in 2010. Other studies have noted that the effectiveness of the MT may
differ based on canopy architecture and growth habits (Schupp et al., 2008). Menzies (1980)
found that flexible trees were affected less by a tree shaker than more rigid trees, which may
explain some of the differences observed across years in the present study. Trees in the second
year were older, and appeared to be more rigid than trees used the year prior.
Fruit set also decreased by increasing thinning rates, albeit these differences were not
always statistically significant. In both years, the MBT 240 rpm treatment reduced fruit set the
most, and significantly in some instances. Other apple mechanical thinning studies have shown
that blossom thinning can reduce fruit set (Schupp et al., 2008; Solomakhin and Blanke 2010).
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Using the same mechanical thinning device with a different configuration in
Pennsylvania, Schupp et al. (2008) found that fruit set on ‘GoldRush’ trees that were thinned at
245 rpm was reduced to levels about half of those observed on trees thinned with liquid lime
sulfur or by hand 40-50 DAFB. Moreover, mechanical thinning prior to bloom significantly
reduced fruit set to 35% compared to an unthinned control where fruit set was 69%. Work by
Solomakhin and Blanke (2010) on ‘Gala Mondial’ apples in Germany used a different MT device
consisting of three adjustable horizontal rotors with rotating brushes attached to a vertical
scaffold, mounted to the front of a tractor. At rates of 420 rpm and ground speeds of 5 km·h-1 and
7.5 km·h-1, and 360 rpm at a ground speed of 5km·h-1, fruit set (fruit per 100 flower clusters), was
significantly lower than the untreated control: 57.8, 62.7, and 66.7 respectively, versus 92.8.
In this study, fruit set and MT rotation speed were not consistently related in a negative
linear fashion. This may have been due to a number of factors. Firstly, apple flowers tend to
require a considerable amount of force to be removed (Ngugi and Schupp, 2009), therefore
thinning may have been variable due to difficulty thinning flowers. Secondly, others have noted
the risk of frost associated with thinning early in the season (Hampson and Bedford, 2011). It is
plausible that linear reductions in fruit set were confounded by frost injury to flowers before or
after treatment application (see Table A.1, Appendix A for weather conditions). Thirdly, the
manner in which blossom removal was calculated might have overestimated set. After MBT,
blossom removal rate was calculated by recounting branches to determine the percentage of
flowers remaining. Flowers with intact ovary tissues were deemed ‘remaining flowers’ (Fig.
3.2E). It was not possible to determine whether a damaged flower with intact ovary tissues would
produce fruit; therefore the flower counts may have overestimated potential to set fruit.

3.5.1.2 Hand Fruitlet Thinning
In 2011, trees set a heavy crop and it was necessary to thin after ‘June drop’. ‘Gala’ is a
very precocious cultivar that tends to set and bear high crop loads (Hampson and Kemp, 2003). In
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apple, crop load adjustment at 35 to 60 DAFB is a standard practise (Miller and Tworkoski,
2010). Also, the amount of time required to hand-thin a tree at ‘June drop’ can vary depending on
factors such as cultivar (Hampson and Bedford, 2011). While there was no significant difference
between the number and weight of fruit removed after ‘June drop’ for MBT and control
treatments in this study (Table 3.1.2), other studies have found that mechanical thinning can save
time spent adjusting crop load (Menzies 1980; Schupp et al., 2008). Schupp et al. (2008) found
that while control trees required on average 6.4 min·tree-1 to thin after ‘June drop’, trees which
were thinned with a MT prebloom required only 4.8 min·tree-1. Menzies (1980) used an inertia
tree shaker to thin ‘Delicious’ apples in Australia, and observed that the need for hand thinning
was eliminated when fruit were thinned six to ten WAFB. A chemical thinning study by
Hampson and Bedford (2011) found that HBT essentially eliminated the requirement for followup thinning at ‘June drop’.

3.5.1.3 Harvest Yield
In both years of this study, no significant treatment effects on total yield, marketable
yield, or the number of fruit harvested per tree were observed (Table 3.1.3; Table 3.1.4). In 2010,
with increasing MBT magnitude, total yield, marketable yield, and the number of fruit harvested
per tree decreased numerically. Results for the HBT treatments were more inconsistent. In 2011,
the reverse was observed; MBT results did not differ greatly from the control, and when HBT rate
increased, so did the total yield, marketable yield, and the number of fruit harvested per tree.
Results from other apple thinning studies have shown inconsistent effects on yield; in several
cases yield decreased (Hampson and Bedford, 2011; Palmer et al., 1997; Schupp et al., 2008) and
in at least one study it was unaffected (Hampson and Bedford, 2011). Crop load studies with
‘Braeburn’/‘M.26’ indicated that as HBT rate increased, yield decreased (Palmer et al., 1997). A
study by Schupp et al. (2008) found that when trees were thinned with a MT at prebloom, yield
was significantly reduced compared to the control. Results of the Hampson and Bedford (2011)
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study were not as straightforward. Yield from ‘Aurora Golden Gala’ HBT trees did not differ
from unthinned trees. In a separate ‘Ambrosia’ study, though, yield from HBT trees was
significantly lower than yield from unthinned trees. A number of parameters such as weather,
time of thinning, thinning method, thinning effectiveness, cultivar, and choice of control probably
affected yield in these studies. Yield differences between treatments were not observed in our
experiment, which may have been due to tree to tree variability, weather conditions affecting fruit
set, or hand thinning after ‘June drop’.

3.5.1.4 Fruit Quality
Apple trees can crop heavily and produce poor fruit (Menzies, 1980), therefore it is
important to thin to improve fruit size and quality (Bound and Jones, 2004). When fruit quality
parameters were measured in the second year, no treatment effects were observed for mean fruit
weight, surface blush, colour parameters, firmness, soluble solids concentration, starch index, or
the percentage of large sized fruit. Many of these quality parameters are interlinked, and changes
in one parameter can affect another. For example, fruit from trees with low crop loads tend to
mature faster than fruit from heavily cropped trees (Dennis, 2003; Palmer et al., 1997). While no
treatment effects on quality were observed, other work has found significant links.
Apple fruit size is determined mainly by its cultivar type (genetics), and crop load
(Dennis, 2003). At the cellular level, large apples tend to have more cells, and earlier thinning can
increase fruit size by increasing cell number. No significant treatment effect on mean fruit weight
was observed in either year of this study (Tables 3.1.3; 3.1.4), or in 2011 on the percentage of
fruit in larger size categories (Table 3.1.7). In both years, almost all thinning treatments resulted
in numerically larger fruit compared to the control, but these differences were not significant.
Mean fruit weights observed in this experiment were similar to weights observed in other ‘Royal
Gala’/‘M.26’ experiments (Miller and Tworkoski, 2010). Conversely, the fruit sizes observed in
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this experiment were slightly lower than those observed in a separate ‘Royal Gala’ and
‘Braeburn’ study (McArtney et al., 1996).
Other studies have shown varied results for fruit size following thinning. In
‘Honeycrisp’/‘M.26’ experiments, regardless of whether it was an ‘on’ or ‘off’ year, significant
treatment effects on fruit weight were observed in every year (Embree et al., 2007). For this
experiment, trees were thinned to three different rates and in every year but one, fruit from
control trees were significantly smaller than fruit from any trees that were thinned. Hampson and
Bedford (2011) found that for ‘Aurora Golden Gala’/‘M.9’ trees, only the HBT treatment differed
significantly from the unthinned treatment in terms of average fruit weight, whereas none of the
thinning treatments differed significantly from the unthinned control for ‘Ambrosia’/‘M.9’ trees.
In a previous year, ‘Aurora Golden Gala’/‘M.9’ trees treated with FOLS and ATS produced
significantly smaller fruit compared to HBT trees, while none of the same three treatments
differed from each other for ‘Ambrosia’/‘M.9’ trees. McArtney et al. (1996) have studied the
effect of both thinning and timing of thinning on apple fruit. Only for the ‘Royal Gala’/‘M.9’
apple trees did the level of thinning significantly benefit fruit size, with keeping the ‘king’ fruit of
every fourth spur resulting in the largest fruit. Overall, the authors found that timing was more
crucial than magnitude with respect to thinning. In one ‘GoldRush’ mechanical thinning study in
Pennsylvania, the proportion of fruit greater than 76 mm was increased by treatment with
mechanical string thinning (Schupp et al., 2008). In another MT study in Germany, many
treatments produced significant increases in size (Solomakhin and Blanke, 2010).
Timing of treatment may also be an important factor for determining ultimate size of
fruit. McArtney et al. (1996) found that delaying thinning of ‘Royal Gala’/‘Mark’ trees by four
weeks, compared to thinning at full bloom resulted in a ~30 g loss in potential fruit weight,
compared to only ~11 g·fruit-1 by postponing thinning by a further four weeks. For
‘Braeburn’/‘M.26’ trees, delaying thinning until four weeks after bloom only resulted in a loss of
~11 g·fruit-1, while waiting an additional four weeks to thin resulted in a further loss of ~74
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g·fruit-1. Another experiment with ‘Royal Gala’ found that delaying thinning by three WAFB
resulted in a loss of ~33 g·fruit-1, while waiting another three weeks to thin only resulted in a loss
of an additional ~6 g·fruit-1.
Surface colour of apples is an important factor in determining price for the fresh market
(Embree et al., 2007). Fruit exposure to sunlight is very important in the late stages of fruit
maturation, and it can greatly improve red colouration (Dennis, 2003). No significant treatment
effects on percentage of surface with red blush, or colour L*, C*, or Ho were observed in this
study in spite of the contrary being observed in other thinning studies. Palmer et al. (1997) found
that when ‘Braeburn’/‘M.26’ trees were thinned at bloom, surface blush increased in a
significantly linear fashion with increasing magnitude of thinning. In work with
‘Honeycrisp’/‘M.26’ trees, differences in percent fruit colour were only found in ‘on’ years,
because control trees set heavily, resulting in poor colouration of fruit (Embree et al., 2007). It is
important to note, though, that the control trees in the Embree et al. (2007) study received no
thinning, whereas control treatments for this experiment received hand thinning after ‘June drop’.
All soluble solids concentrations observed in this study were similar, and unaffected by
thinning (Table 3.1.5). As mentioned earlier, sunlight exposure is important for fruit maturation.
Sunlight causes photosynthesis stimulation in adjacent leaves, thereby increasing the sugar
content of nearby fruit (Dennis, 2003). Soluble solids concentrations obtained in this experiment
were similar to other studies (Mata et al., 2006). Other work has shown a significant negative
linear trend for soluble solids, with lighter cropped trees resulting in higher values (Palmer et al.,
1997). In another experiment using a MT, in all but one treatment, Solomakhin and Blanke
(2010) found that mechanical thinning treatments improved soluble solids concentration
compared to an unthinned control.
Two other important quality parameters for apples are firmness and starch content. In this
experiment there were no significant treatment effects on firmness. Overall, our firmness
measurements are comparable to those found in other ‘Royal Gala’ studies (Mata et al., 2006;
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Molina-Delgado et al., 2009). Treatment effects on starch index values were variable and not
statistically different as a result (Table 3.1.5). Work by Palmer et al. (1997) found a significant
linear trend for starch/iodine scores, with lighter cropped trees resulting in the highest scores.
When apple trees are thinned at bloom, generally the subsequent yield and number of
fruit at harvest decrease, while the mean fruit weight increases (Palmer et al., 1997). In this
experiment, no significant treatment effects were observed for any of the yield or quality
parameters at harvest. This may be due to a number of factors. ‘Royal Gala’ is an inherently small
to medium sized cultivar, often requiring three picks during harvest (Hampson and Kemp, 2003).
Also, the MBT and HBT rates tested in this experiment were not as severe as those studied by
others (Palmer et al., 1997). If greater rates had been chosen, perhaps larger differences would
have occurred between treatments, resulting in significant differences. In 2011, ‘Royal Gala’ trees
set heavily and required follow-up thinning after ‘June drop’. If these trees had not been thinned,
greater differences may have been seen between thinning treatments and the control; however this
would not reflect commercial practices, as a producer would rarely permit a tree to set so heavily.
Also, differences may not have been found for quality parameters because fruit were subsampled
once just before harvest. Perhaps if fruit had been subsampled and tested throughout the harvest
period differences between treatments would have been apparent.

3.5.2 Experiment Two: The Effect of Mechanical Thinning on Spur Leaf Area
3.5.2.1 Spur Leaf Surface Area and Fruit Set
Several authors have reported that mechanically thinning apple trees with devices similar
to that used in this study may result in spur leaf damage (Bertschinger et al., 1998; Ngugi and
Schupp, 2009). For this study, fruit set was significantly affected by MBT and LBR treatments,
but only the MBT treatments differed significantly from the control (Table 3.2.1).
Several studies have focused on injury to spur leaves and its negative effect on
subsequent fruit set. Multiple studies by Schröder and Link (2002) found that the effect of LBR
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on fruit set differed depending on cultivar and year. In one year, 50% LBR to ‘Jonagold’ trees
significantly reduced fruit set compared to an untreated control. However, the following year both
the 25% and 50% LBR treatments significantly reduced fruit set. Work with ‘Elstar’ found that
neither the 25% nor the 50% LBR treatments altered fruit set compared to an untreated control,
while a ‘Golden Delicious’ study found that 50% LBR treatment had no effect on fruit set. Miller
and Tworkoski (2010) found that fruit set was significantly decreased by defoliation studies on
‘Golden Delicious’/‘B.9’ whereby shoot and spur leaves were completely removed at the petiole
at FB. Initial crop load for control trees was 11.2 compared to 2.3 fruit·cm-2 limb cross sectional
area (LCSA) for hand defoliated trees, whereas at harvest, there were no harvestable fruit for the
hand defoliated trees. Ferree and Palmer (1982) have suggested that the effect of spur leaf
damage is most significant early in the growing season, as there was a greater treatment effect on
fruit set than fruit size in their study.

3.5.2.2 Hand Fruitlet Thinning, Harvest Yield, and Fruit Quality
After ‘June drop’, all trees were thinned to a uniform crop load where possible. The
control and 25% LBR trees required the greatest amount of hand thinning, while the MBT 210
rpm, 240 rpm, and 50% LBR treatments required the least (Table 3.2.1). It was expected that
MBT would reduce the requirement for hand thinning, and based on the reduced fruit set
observed for the 50% LBR treatment, it is not entirely surprising that less fruit needed to be
thinned from these trees after ‘June drop’. Other studies have shown reduced fruit set after foliar
injury (Ferree and Palmer, 1982; Schröder and Link, 2002).
Early in the growing season carbohydrate reserves from woody tissues and
photosynthates from developing spur and extension shoot leaves play an important role in apple
fruit set and initial fruit growth (Ferree and Palmer, 1982). While yield was relatively unaffected
in this study, yield results from other leaf damage studies have been contradictory. Schröder and
Link (2002) found that in both 1995 and 1996, there was no significant difference for ‘Jonagold’
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between the 25% and 50% removal treatments and the untouched control in terms of crop load.
Similarly in 1996, neither the 25% nor the 50% removal treatments for ‘Elstar’ altered crop load
significantly from the control. In a subsequent year, 50% leaf removal of ‘Golden Delicious’ did
not differ significantly from the control with respect to crop load. In another defoliation
experiment, when half of the leaves plus the bourse shoot from a spur were removed,
significantly fewer fruit were harvested compared to the control (no leaf removal) (Ferree and
Palmer, 1982). This was also reflected in a lower weight of fruit for the 50% leaf removal
treatment compared to the control.
Quality parameters are important for marketing fresh fruit (Hampson and Bedford, 2011).
In this study there was no significant treatment effect on mean fruit weight, and most other fruit
quality parameters, at harvest. Similar results were reported by Schröder and Link (2002), who
found no difference between fruit weight of 25% and 50% removal treatments and an untouched
control. In another study comparing 50% removal of spur leaves and the bourse shoots and a
control, there was a higher yield from control trees, but the size of the individual fruit was
unaffected (Ferree and Palmer, 1982).
Lakso et al. (1996) explored the relationship between apple leaf damage and yield and
fruit quality using European red mites (ERM) (Panonychus ulmi [Koch]). A negative relationship
was observed between cumulative mite-days (CMD), a measure used in this experiment to
represent severity of mite injury, and final fruit weight. Negative relationships were also observed
between CMDs, and both leaf and whole canopy leaf net CO2 exchange rates (NCER). Further
work by Palevsky et al. (1996) using ‘Golden Delicious’ trees found that as ERM adult female
cumulative mite days (ACMDs) increased, fruit weight decreased. In the first experiment, when
levels reached 573 ACMDs, fruit weight began to decline significantly compared to lower
ACMD levels. In a second experiment, when levels reached 464 ACMDs or above, fruit weights
declined significantly. For ‘Oregon Spur’, a significant reduction in weight was only observed for
levels of 1214 ACMDs. No substantial differences were observed for all other quality parameters
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in this study, and this was reflected by work by Lakso et al. (1996), where CMD levels and yield,
firmness, percent soluble solids, starch rating, and colour were not related.
Finally, spur leaf damage may also affect accumulation of calcium (Ca) in fruit, which
has been implicated in disorders such as bitter pit (Saure, 1996). Lang and Volz (1998) found that
61 DAFB, defoliation of spurs resulted in lower calcium content of fruit. Schröder and Link
(2002) found that fruit Ca content was most closely correlated to fruit set, followed by fruit
weight, crop load, and the least by leaf area. Ferree and Palmer (1982) found that for trees where
50% of spur leaves plus the bourse shoot were removed, calcium content was significantly lower
than the control (no leaf removal). The authors suggested that bourse and spur leaves may be
important for increased xylem flow, and therefore increased calcium accumulation in fruit.
Although it was not measured in the present experiment, future studies could measure fruit
calcium levels at harvest to explore whether calcium is affected by spur leaf damage from MBT.

3.6 Conclusions
Crop load adjustment of apples is necessary to improve fruit size, shape, colour, quality,
and reduce biennial bearing (Byers, 2003). In the past decade, mechanical thinning has emerged
as a viable alternative for thinning apple trees at bloom (Bertschinger et al., 1998; Schupp et al.,
2008; Solomakhin and Blanke, 2010). However, due to concerns such as spur leaf damage, it may
be a helpful tool to reduce, but not completely replace other thinning methods.
The results of this two-year study demonstrate that MBT can effectively reduce fruit set
of apple trees. Contrasts for many parameters measured over the course of two years suggest that
MBT and HBT were comparable, and that MBT did not negatively affect trees. Overall, MBT
had no effect on marketable yield and fruit number in both years. This could have been due to
increased fruit size compensating for reductions in crop load, or due to control trees having fewer
marketable fruit, thereby evening out differences in marketable fruit weight and number across
treatments.
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No treatment effects were measured on fruit quality in the spur leaf damage study. This
may have been due to the young age and light crop load of the trees. If there was less competition
for photosynthates between fruit due to light cropping, then differences in size, colour, and
soluble solids concentration may have not been as apparent. These results should be carefully
interpreted, though, as they only represent one experimental year with one cultivar. More research
is required to thoroughly evaluate the potential risks to spur leaves by MBT.
Finally, for both studies, numerical differences were observed between treatments for
several parameters that did not result in significant differences, perhaps due to variability. Further
studies should aim to identify methods of reducing variability so that these potential areas for
research can be further investigated.
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Table 3.1.1. The effect of mechanical and hand blossom thinning on flower removal and fruit set of ‘Empire’ and ‘Royal
Gala’ apple trees at the University of Guelph Simcoe Research Station, Simcoe, Ontario, Canada in 2010 and 2011,
respectively. Data for percent fruit set in 2010 were log transformed to normalize data. The means and data presented
below are untransformed.
2010
2011
Blossoms
Blossoms
Thinning treatmentz
Fruit set (%)
Fruit set (%)
removed (%)
removed (%)
NA
NA
Untreated control
9 ab
31 a
MBT 180 rpm
16y bx
9a
28 cd
22 ab
MBT 210 rpm
25 b
5 ab
41 bc
22 ab
MBT 240 rpm
37 a
3b
54 a
13 b
HBT low
18 b
7 ab
23 d
32 a
HBT medium
26 b
6 ab
37 bc
27 a
HBT high
37 a
5 ab
50 ab
26 a
P-value
<0.0001
0.0422
<0.0001
0.0008
Regressionw
Mechanical
L***
L***
L***
L*
NS
NS
Hand
L***
L***
Contrast
Mechanical vs. Hand
0.7502
0.4636
0.0943
0.0002
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of eight trees.
x
Means within the same column with the same letter are not significantly different according to Tukey’s Studentized
range test at P = 0.05.
w
L, Q denote linear or quadratic relationships, respectively.
NA, NS, *, **, ***
Not applicable, non-significant at P = 0.05, or significant at P = 0.05, 0.01, and 0.001, respectively.
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Table 3.1.2. The effect of blossom thinning on number and weight of fruit removed, mean fruit weight, and fruit diameter
during follow-up hand thinning after ‘June drop’ of ‘Royal Gala’ apple trees at the University of Guelph Simcoe Research
Station, Simcoe, Ontario, Canada in 2011.
Fruit removed
Wt. of fruit removed Mean fruit weight
Fruit diameter
Thinning treatmentz
(fruit·tree-1)
(kg·tree-1)
(g)
(mm)
y
Untreated control
262
5.7
22
36.0
MBT 180 rpm
237
5.1
22
36.4
MBT 210 rpm
250
5.5
22
35.9
MBT 240 rpm
225
5.1
23
36.4
HBT low
280
6.2
22
36.6
HBT medium
250
5.7
23
36.1
HBT high
227
5.3
23
36.6
P-value
0.7759
0.8465
0.2551
0.8946
Regressionx
NS
NS
NS
Mechanical
NS
NS
Hand
L*
Contrast
Mechanical vs. Hand
0.5031
0.3232
0.1864
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of eight trees.
x
L, Q denote linear or quadratic relationships, respectively.
NS, *, **, ***
Non-significant at P = 0.05, or significant at P = 0.05, 0.01, and 0.001, respectively.
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NS
NS

0.7092

Table 3.1.3. The effect of blossom thinning on total yield, marketable yield, number of fruit per tree, mean fruit weight, and fruit diameter of
‘Empire’ apple trees harvested at the University of Guelph Simcoe Research Station, Simcoe, Ontario, Canada in 2010.
Total yield
Marketable yield Number of fruit per
Mean fruit
Fruit diameter
Thinning treatmentz
(kg·tree-1)
(kg·tree-1)
tree
weight (g)
(mm)
Untreated control
3.1y
2.7
24
115
66.7
MBT 180 rpm
3.2
2.8
24
120
68.0
MBT 210 rpm
2.2
2.0
17
127
69.7
MBT 240 rpm
1.6
1.5
11
142
72.4
HBT low
2.5
2.0
20
114
65.7
HBT medium
2.5
2.3
19
124
68.7
HBT high
2.5
2.3
21
118
67.7
P-value
0.074
0.1079
0.0983
0.437
0.2983
Regressionx
Mechanical
L**
L**
L**
NS
NS
NS
Hand
Contrast
Mechanical vs. Hand
0.4735
0.6675
0.2502
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of eight trees.
x
L, Q denote linear or quadratic relationships, respectively.
NS, *, **, ***
Non-significant at P = 0.05, or significant at P = 0.05, 0.01, and 0.001, respectively.
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L*

L***

NS

Q**

0.1563

0.1011

Table 3.1.4. The effect of blossom thinning on total yield, marketable yield, number of fruit per tree, and mean fruit weight of ‘Royal Gala’
apple trees harvested at the University of Guelph Simcoe Research Station, Simcoe, Ontario, Canada in 2011.
Total yield
Marketable yield
Thinning treatmentz
(kg·tree-1)
(kg·tree-1)
Number of fruit per tree Mean fruit weight (g)
y
Untreated control
47.5
42.7
301
142
MBT 180 rpm
44.5
40.7
304
135
MBT 210 rpm
43.5
40.0
275
144
MBT 240 rpm
46.4
42.9
289
148
HBT low
48.2
41.2
296
140
HBT medium
58.0
48.9
327
148
HBT high
60.8
52.5
349
150
P-value
0.0623
0.1442
0.482
0.2041
Regressionx
NS
NS
Mechanical
NS
Hand
L*
Contrast
Mechanical vs. Hand
0.0057
0.0375
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of eight trees.
x
L, Q denote linear or quadratic relationships, respectively.
NS, *, **, ***
Non-significant at P = 0.05, or significant at P = 0.05, 0.01, and 0.001, respectively.
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NS
NS

NS

0.112

0.3394

L*

Table 3.1.5. The effect of blossom thinning on percent blush, fruit firmness, soluble solids concentration, and starch rating of
‘Royal Gala’ apples harvested at the Simcoe Research Station, Simcoe, Ontario, Canada in 2011.
Soluble solids
Thinning treatmentz
Blush (%)
Fruit firmness (N)
concentration (%)
Starch rating (1-8)
Untreated control
69y
86.7
11.6
3.3
MBT 180 rpm
69
84.8
11.8
3.8
MBT 210 rpm
69
86.1
11.6
2.8
MBT 240 rpm
80
83.9
11.8
4.1
HBT low
62
84.0
11.8
3.3
HBT medium
64
82.7
11.2
4.0
HBT high
71
81.3
11.4
3.7
P-value
0.4186
0.3745
0.5717
0.3271
Regressionx
NS
NS
NS
Mechanical
NS
NS
NS
Hand
Contrast
Mechanical vs. Hand
0.1501
0.1299
0.1829
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of four pooled samples of 10 fruit taken from both experimental trees, N = 40.
x
L, Q denote linear or quadratic relationships, respectively.
NS
Non-significant at P = 0.05.
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NS
NS

0.7182

Table 3.1.6. The effect of blossom thinning on blush L*, C*, Ho and ground L*, C*, Ho colour parameters of ‘Royal Gala’
apples harvested at the University of Guelph Simcoe Research Station, Simcoe, Ontario, Canada in 2011.
Blush
Ground
Thinning treatmentz
L*
C*
Ho
L*
C*
Ho
y
Untreated control
51.9
38.1
37.6
72.8
35.5
93.2
MBT 180 rpm
51.0
38.0
37.2
74.9
35.5
95.6
MBT 210 rpm
50.6
38.7
34.4
73.9
33.4
88.8
MBT 240 rpm
48.9
39.9
31.6
72.5
32.9
84.8
HBT low
50.6
38.5
35.0
74.3
34.8
94.8
HBT medium
52.3
36.4
38.0
74.3
33.7
95.7
HBT high
52.3
36.3
38.5
74.4
33.5
94.0
P-value
0.6626
0.1207
0.5416
0.6739
0.062
0.3818
Regressionx
NS
NS
NS
Mechanical
L*
L***
NS
NS
NS
Hand
L*
L*
Contrast
Mechanical vs. Hand
0.2035
0.0253
0.2258
0.5229
0.8779
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of four pooled samples of 10 fruit taken from both experimental trees, N = 40.
x
L, Q denote linear or quadratic relationships, respectively.
NS, *, **, ***
Non-significant at P = 0.05, or significant at P = 0.05, 0.01, and 0.001, respectively.
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L**
NS

0.1226

Table 3.1.7. The effect of blossom thinning on the percentage of fruit in grading size categories of ‘Royal Gala’ apples
harvested at the Simcoe Research Station in Simcoe, Ontario, Canada in 2011. Values for the first and last size categories
were log transformed to normalize data. For both size categories the means and data presented below are untransformed.
Thinning treatmentz
< 57 mm
57 - 66 mm
67 - 75 mm
> 76 mm
Untreated control
3y
71
24
2
MBT 180 rpm
7
71
21
2
MBT 210 rpm
3
60
35
2
MBT 240 rpm
1
58
37
4
HBT low
3
67
28
3
HBT medium
2
54
41
2
HBT high
3
56
39
3
P-value
0.8123
0.1954
0.1784
0.9277
Regressionx
NS
NS
NS
Mechanical
NS
NS
NS
Hand
Contrast
Mechanical vs. Hand
0.7529
0.4107
0.3167
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of four pooled samples taken from both experimental trees.
x
L, Q denote linear or quadratic relationships, respectively.
NS
Non-significant at P = 0.05.
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NS
NS

0.6671

Table 3.2.1. The effect of mechanical blossom thinning and leaf blade removal on leaf area, fruit set, and follow-up
hand thinning of ‘Royal Gala’ apple trees at the University of Guelph Simcoe Research Station, Simcoe, Ontario,
Canada in 2011.
Leaf area remaining
Fruit removed
Treatmentz
(cm2)
(fruit·tree-1)
Fruit set (%)
y x
Untreated control
1195 a
35 a
96 a
MBT 180 rpm
990 ab
33 a
68 ab
MBT 210 rpm
761 bc
19 a
53 b
MBT 240 rpm
590 c
14 a
43 b
25% LBR
960 ab
31 a
94 a
50% LBR
632 c
15 a
44 b
P-value
<0.0001
0.0208
0.0009
Contrasts
MBT vs. LBR
0.7502
0.8537
0.0905
MBT vs. control
<0.0001
0.0334
0.0008
LBR vs. control
<0.0001
0.0563
0.0205
z
Mechanical blossom thinning (MBT) and leaf blade removal (LBR).
y
Data represent the mean of four trees, with 10 spurs sampled from each tree.
x
Means within the same column with the same letter are not significantly different according to Tukey’s
Studentized range test at P = 0.05.
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Table 3.2.2. The effect of mechanical blossom thinning and leaf blade removal on marketable yield, number of
fruit per tree, and mean fruit weight of ‘Royal Gala’ apple trees harvested at the University of Guelph Simcoe
Research Station, Simcoe, Ontario, Canada in 2011.
Marketable yield
Treatmentz
(kg·tree-1)
Number of fruit per tree
Mean fruit weight (g)
Untreated control
9.6y ax
70 a
141
MBT 180 rpm
7.7 a
52 a
147
MBT 210 rpm
6.2 a
48 a
126
MBT 240 rpm
5.9 a
40 a
144
25% LBR
10.0 a
73 a
139
50% LBR
9.3 a
65 a
146
P-value
0.0488
0.0394
0.4468
Contrasts
MBT vs. LBR
0.006
0.0052
0.6465
MBT vs. control
0.0244
0.0174
0.8556
LBR vs. control
0.9815
0.9356
0.8639
z
Mechanical blossom thinning (MBT) and leaf blade removal (LBR).
y
Data represent the mean of four trees.
x
Means within the same column with the same letter are not significantly different according to Tukey’s
Studentized range test at P = 0.05.
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Table 3.2.3. The effect of mechanical blossom thinning and leaf blade removal on percent blush, fruit firmness, soluble solids
concentration, and starch rating of ‘Royal Gala’ apples harvested at the Simcoe Research Station, Simcoe, Ontario, Canada in 2011.
Soluble solids
Treatmentz
Blush (%)
Fruit firmness (N)
concentration (%)
Starch rating (1-8)
y
Untreated control
79
83.9
12.4
4.1
MBT 180 rpm
83
80.0
12.5
4.4
MBT 210 rpm
77
81.9
12.3
4.4
MBT 240 rpm
89
81.8
13.5
5.3
25% LBR
83
82.6
12.2
3.9
50% LBR
83
84.2
12.8
4.2
P-value
0.459
0.4311
0.1621
0.3298
Contrasts
MBT vs. LBR
0.9289
0.1347
MBT vs. control
0.4213
0.1493
LBR vs. control
0.4103
0.8025
z
Mechanical blossom thinning (MBT) and leaf blade removal (LBR).
y
Data represent the mean of four samples of 10 fruit, N = 40.
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0.3738
0.319
0.7769

0.1283
0.2409
0.9618

Table 3.2.4. The effect of mechanical blossom thinning and leaf blade removal on blush L*, C*, Ho, and ground L*, C*,
Ho colour parameters of ‘Royal Gala’ apples harvested at the University of Guelph Simcoe Research Station, Simcoe,
Ontario, Canada in 2011.
Blush
Ground
Treatmentz
L*
C*
Ho
L*
C*
Ho
y
x
Untreated control
42.7
39.8 a
25.6
68.3
34.2 b
73.4
MBT 180 rpm
42.3
41.5 a
26.1
68.2
33.9 b
72.2
MBT 210 rpm
43.8
40.1 a
28.5
67.5
34.3 ab
77.0
MBT 240 rpm
39.9
43.4 a
24.3
62.4
38.1 a
55.7
25% LBR
41.9
39.6 a
25.1
66.3
33.8 b
67.8
50% LBR
41.3
41.2 a
24.5
65.8
34.7 ab
68.5
P-value
0.475
0.0492
0.4584
0.4579
0.0199
0.3332
Contrasts
MBT vs. LBR
0.7534
0.1162
0.319
0.9942
0.1523
0.9795
MBT vs. control
0.6761
0.0787
0.7201
0.3975
0.2103
0.5148
LBR vs. control
0.5317
0.5997
0.6776
0.4275
0.9141
0.5265
z
Mechanical blossom thinning (MBT) leaf blade removal (LBR).
y
Data represent the mean of four samples of 10 fruit, N = 40.
x
Means within the same column with the same letter are not significantly different according to Tukey’s Studentized
range test at P = 0.05.
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Figure 3.1. Apple production in Canada by province in 2010, expressed in marketed
production and farm gate value. Data source: Statistics Canada - Fruit and Vegetable
Production. June 2011.
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Figure 3.2. Mechanical blossom thinning of apple trees (Malus x domestica Borkh.). A.
Apple blossoms at ‘king’ bloom open stage, side blooms have yet to open. B. Thinning
with the mechanical string thinner at ‘king bloom’ open stage in 2010. C. The orchard
used for 2011 mechanical thinning. D. In some instances, complete removal of
reproductive structures was observed. E. A range of damage was observed such as
(clockwise L-R): partial removal of petals, complete removal of reproductive structures,
undisturbed flower, removal of petals, and undisturbed flower.
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Figure 3.3. Assessing spur leaf damage to apple (Malus x domestica Borkh.) by
mechanical string blossom thinning. A. & B. Damaged apple leaves were sometimes
observed following mechanical blossom thinning treatments. C. To assess spur leaf area
removal, flowering apple spurs were removed after mechanical blossom thinning and leaf
blade removal treatments.
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CHAPTER 4 - THE EFFECTS OF MECHANICAL BLOSSOM THINNING OF
PEACHES ON YIELD AND QUALITY

4.1 Abstract
One challenge that peach growers face is management of crop load to ensure adequate
fruit size to meet market requirements. Peaches tend to set heavily, and if crop load is not
managed properly growers can expect poor returns due to small fruit. Mechanical thinning is
emerging as a method to manage potential crop load during bloom, while reducing labour costs.
‘Allstar’/‘Bailey’ peach trees grown in a spindle orchard system were subjected to three rates of
mechanical blossom thinning (MBT) and hand blossom thinning (HBT) at bloom and compared
to an untreated control in 2010 and 2011. Both methods effectively removed blossoms, and with
increasing thinning rate, fruit set was reduced in a negative linear fashion. In 2010, only the
highest rate of HBT treatment reduced the time needed to hand-thin after ‘June drop’, but in 2011
nearly all thinning treatments saved time. In 2010, total and marketable yield, and number of fruit
per tree at harvest decreased with increasing thinning rate in a linear fashion. In 2011, total yield
and number of fruit decreased in a linear fashion with increasing thinning rate, while fruit weight
increased in response to thinning. Firmness and soluble solids concentration were not affected by
thinning in both years. The percentage of fruit in a market incentive size category was unaffected
in 2010, but in 2011 the percentages of fruit in this category from the two highest rates of MBT
were significantly higher than the control. These results highlight the benefits of thinning peaches
at bloom, that the string thinner used in the study was effective, and that there exists a high
variability in response across multi-year studies.

4.2 Introduction
Peaches (Prunus persica [L.] Batsch) are grown in several Canadian provinces, but the
major production area is centered in southern Ontario (Fig. 4.1) (Statistics Canada, 2011).
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Canada’s smallest producer, Nova Scotia, produced a total of 103 t in 2010, worth a farm gate
value of $0.1 million, while British Columbia produced 4,755 t, representing a farm gate value of
$5 million. Ontario, though, produced the most peaches by far with 17,704 t, valued at $20
million.
One way that Ontario could maintain or increase its share of the Canadian peach industry
is through expansion and adoption of higher-density growing systems (Miles et al., 1999). More
traditional, low-density plantings of peach trees produce low yields in the initial years after
planting, whereas higher-density systems offer distinct productivity and crop value advantages
(Miles et al., 1999; Robinson et al., 2006). Regardless of system, managing peach crop load
remains critical, as peaches tend to set more fruit than needed for an adequate crop (Marini and
Reighard, 2008).
Excessive crop loads can cause limb damage, and can result in poor fruit size and inferior
quality (Marini and Reighard, 2008). Peaches are commonly hand-thinned approximately 40 to
50 days after full bloom (DAFB) (Stern and Ben-Arie, 2009) to increase fruit size of the
remaining crop (Miller et al., 2011). Hand thinning is usually done shortly after a period of
natural abscission, which is thought to be the result of competition amongst developing fruit for
finite photosynthetic resources (Byers, 1989; Costa and Vizzotto, 2000), or inadequate
fertilization at bloom (Byers, 1989). Hand thinning is however very labourious and consequently
expensive (Marini and Reighard, 2008), with estimates ranging between 860-1480 $US·ha-1 in the
eastern USA to 2470-3700 $US·ha-1 in California (Baugher et al., 2009).
Other thinning methods that have been investigated include various forms of chemical
and mechanical blossom removal. Of the chemical approaches, many have not been effective or
the response has been variable (Byers, 1989; Schupp et al., 2008), and of those that have been
effective, many are not registered for commercial use in the USA (Schupp et al., 2008) or Canada
(Coneva and Cline, 2006). Despite efforts, no sound and reliable approaches to chemical blossom
thinning are currently available (Baugher et al., 2010a).
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Various methods of mechanical thinning include the use of tree shakers (Marini and
Reighard, 2008), rope curtains (Baugher et al., 1991), hand-held devices (Martin et al., 2010),
spiked drum-shakers (Schupp et al., 2008; Miller et al., 2011), and more recently mechanical
string thinners (Schupp et al., 2008; Baugher et al., 2009; Baugher et al., 2010a; Baugher et al.,
2010b; Miller et al., 2011; Schupp and Baugher, 2011) to either remove blossoms or immature
fruitlets.
Mechanical blossom thinning using a string thinner has not been evaluated in Ontario, but
has undergone limited testing the United States. These studies indicate that factors such as
climate (Baugher et al., 2010b), canopy design (Baugher et al., 2009), and cultivar (Miller et al.,
2011) influence the response of peach to mechanical string thinning, and that over-thinning can
occur (Schupp et al., 2008). The objectives of this experiment were to determine: 1) whether
mechanical string thinning can effectively reduce crop load, and 2) whether mechanical blossom
thinning affects crop yield and quality.

4.3. Materials and Methods
4.3.1 Experimental Layout
A two year study was conducted on a commercial farm in Virgil, Ontario, Canada
(43o14’14.61”N, 79o07’48.69”W) using seven-year-old ‘Allstar’/‘Bailey’ peach trees. ‘Allstar’ is
a medium-sized fresh market red-skinned, yellow-fleshed peach which is normally harvested at
the end of August (OMAFRA, 2007). Trees were 3.7 m tall and 1.7 m wide, and spaced 1.8 m
within a row and 4.9 m between rows (1,121 trees·ha-1). Trees received supplemental irrigation
when deemed necessary by the grower. The soil type was a Beverly soil series, consisting of 1540 cm of loamy textures over a lacustrine, silty clay with imperfect drainage (Kingston and
Presant, 1989). Weed-free strips were maintained underneath the row, and grass was planted inbetween rows. Orchards were fertilized according to local industry standards, and pest and
cultural management followed standard practises (OMAFRA, 2009c).
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Experimental trees were selected based on uniformity and blossom density. Trees were
pruned approximately one week prior to treatment. Treatments were applied to experimental units
of five trees, with the outer two serving as ‘guards’, preventing treatment carryover effects. Data
were collected from the centre three trees and treatments were imposed following a randomized
complete block design (RCBD) with four replications.

4.3.2 Blossom Thinning Treatments
In 2010, the following six treatments were applied to each experimental unit: 1) MBT at a
rate of 180 rpm; 2) MBT at a rate of 210 rpm; 3) MBT at a rate of 240 rpm; 4) HBT mimicking
the 180 rpm treatment (HBT low); 5) HBT mimicking the 210 rpm treatment (HBT medium); and
6) HBT mimicking the 240 rpm treatment (HBT high). In 2011, the same six treatments were
applied, plus an untreated control treatment. The untreated control did not receive thinning during
full bloom (FB), but was hand thinned following ‘June drop’ to grower specifications (~15 cm
between fruit, OMAFRA, 2009c), as were all other treatments. All MBT treatments were selected
based on previous studies (Schupp et al., 2008; Baugher et al., 2010a; Miller et al., 2011). The
MBT treatments were applied at 80-90% FB (21 Apr. 2010, 12 May 2011) using a mechanical
thinner (MT) (Fig. 4.2B). Hand blossom thinning treatments were completed at FB (22 Apr.
2010), or at petal fall (17-21 May 2011).
The mechanical string thinner was a tractor-mounted (Model 3720, John Deere)
implement (Darwin 300, Fruit-Tec, Deggenhausertal, Germany) (Fig. 4.2B) consisting of a 3.0 mtall rotating spindle, which could be tilted by 0 to 15o to conform to tree canopies. Groupings of
nine moulded plastic cords (61 cm) were attached in three vertical rows to the spindle using metal
screws. The spindle rotated by a hydraulic motor controlled via an electronic actuator (Systeme,
Germany). As the tractor was driven forward, the spindle rotated and blossoms were physically
removed by the plastic cords. The cords used in this experiment were a newer moulded version
provided by the manufacturer, as opposed to an earlier type of coiled plastic cords (Baugher et al.,
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2010b). The mechanical thinner made two passes, to thin either side of each tree row. Ground
speed was held constant at 3.2 km·h-1 for all treatments in both years.
Hand blossom thinning treatments were used to simulate thinning at the same magnitude
as mechanically thinned trees, but without any leaf or mechanical damage to the tree. Prior to
MBT treatment application, branches were flagged and blossoms were counted on each branch.
In 2010, two branches on either side of each tree, two in the upper (~2.5 m from the ground) and
two in the lower (~1.0 m from the ground) canopy were counted, for a total of four branches per
tree. Approximately 50 blossoms were counted on each branch, for a total of ~200 flowers per
tree. In 2011, eight similarly sized branches were chosen on each tree, four in the upper canopy,
and four in the lower canopy, and their entire lengths were counted for a total of ~150 flowers per
tree. After MBT, the number of flowers remaining were counted, and the percent removed was
calculated. A flower was counted as ‘remaining’ if its ovary tissues were intact (see Fig. 4.2D).
This same percentage was then the aim for HBT treatments that corresponded with each of the
three MBT treatments. Approximately six weeks after full bloom (WAFB) branches were
recounted and fruit set was determined. Initial fruit set was recorded on 4 June 2010, and final set
prior to hand thinning after ‘June drop’, 28 June - 4 July 2011.

4.3.3 Hand Fruitlet Thinning
After ‘June drop’ each tree was hand thinned to a spacing of ~15 cm between fruitlets.
Hand thinning was done on 17-18 June 2010, and 28 June - 4 July 2011. Using a stopwatch, the
time required to thin one and three trees per experimental unit was recorded in 2010 and 2011,
respectively. This time was then extrapolated to hours per hectare (h⋅ha-1) for each treatment
based on orchard tree density. Additionally, all fruitlets were collected and stored in a cooler for
two days until they were counted and weighed. The mean fruit weight was then calculated by
dividing the total weight of fruitlets removed by the number of fruitlets removed from each tree,
excluding exceedingly small fruit (< ~25 mm), because they most likely would not have set.

75

4.3.4 Harvest Yield
Fruit were harvested over a one-week period each year, because not all fruit matured at
the same time on each tree. Fruit were harvested on 19, 23, 27 Aug. 2010, and on 29 Aug., 1, 6
Sept. 2011. During each harvest, the total number and weight of fruit harvested from each tree
was recorded. For each experimental unit of three trees, the dropped fruit under each grouping of
three trees was also counted and weighed. During the final pick, all remaining fruit on the trees
were harvested. In 2010, by error the majority of the first harvest (19 Aug. 2010) was picked by
the farm crew before data could be collected. Therefore, 2010 harvest data only include data from
the second and third harvest (23, 27 Aug. 2010). Data are presented as total yield including
dropped fruit, as well as marketable yield, which includes only marketable fresh fruit. Marketable
fresh fruit constituted fruit free of blemishes that were of good size and colour. Mean marketable
fruit weight was calculated by dividing the total fruit weight by the total number of fruit.

4.3.5 Fruit Quality
Fruit quality was determined on the second harvest date in both years of the study (23
Aug. 2010, 1 Sept. 2011). Mature, blemish-free fruit were randomly subsampled from harvested
baskets. One basket (~7 kg) of fruit from each experimental unit of three trees was collected for
quality measurements, while another was collected for grading. Shortly after harvest, several
harvest quality parameters were measured. In 2010, fruit were stored overnight in a cold storage
room (~14 oC), and brought to room temperature before soluble solids concentration was
measured. In 2011, fruit were stored at room temperature overnight, after which firmness
measurements were taken. A subsample of 15 fruit from each experimental unit of three trees was
used for all harvest quality measurements.
Firmness measurements were completed on 23 Aug. 2010, and on 2 Sept. 2011. Fruit
firmness was measured on either side of each fruit using a penetrometer (Fruit Texture Analyzer,
Güss, South Africa) after a thin (~3 mm) circular section of skin was removed from either side
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using a straight blade. Although original firmness measurements were recorded in kilograms, they
were later converted to Newtons (N), where 1 kg = 9.81 N. Colour measurements were completed
on 23 Aug. 2010, and on 1 Sept. 2011. Colour measurements were taken of both the blush and
ground coloured areas of each fruit using a colourimeter (Model CR-400, Konica Minolta
Sensing Americas, Inc., Ramsey, New Jersey, USA). Chroma (C*), lightness (L*), and hue angle
(Ho) colour measurements were generated in the CIEL*a*b* (CIELAB) colour space by the
colourimeter. Soluble solids concentration was measured using a digital refractometer (Model
PR-32α, Atago Co. Ltd., Japan) from a composite juice sample. Fruit were cut into quarters, and
composite samples consisted of one quarter from each of 15 fruit. In 2010, soluble solids were
measured on 24 Aug., while in 2011, peaches were frozen and soluble solids were measured on
25 Oct. after fruit had thawed. In 2010, juice was extracted using a juicer, while in 2011 thawed
fruit were pressed and strained.
Peaches were graded on 26 Aug. 2010, and on 7 Sept. 2011 to determine size
distribution. Thirty-eight fruits from each experimental unit were graded into seven different size
categories: <2 3/8” (<60 mm), 2 3/8-2 1/2” (60-64 mm), 2 1/2-2 5/8” (64-67 mm), 2 5/8-2 3/4”
(67-70 mm), 2 3/4-2 7/8” (70-73 mm), 2 7/8-3” (73-76 mm), and >3” (>76 mm). The minimum
size category for commercial production of mid and late-season peaches is 2 3/8” (60 mm) (The
Ontario Tender Fruit Producers’ Marketing Board, 2011), and there was a $0.10 incentive per
kilogram for fruit larger than 2 3/4” (70 mm) in 2011 (Vineland Growers Co-operative Ltd.,
2011, personal communication). Therefore, grading data were also analyzed as the percentage of
fruit >70 mm.

4.3.6 Statistical Analysis
The statistical analysis for this experiment was performed using SAS® system version 9.2
(SAS Institute Inc., Cary, NC, USA). For all analyses, a Type I error rate of α = 0.05 for all Pvalues was used. The SAS ‘Proc Mixed’ command was used to perform an analysis of variance,
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where variance was partitioned into random and fixed effects. Means and residual values were
analyzed using ‘Proc Univariate’ to ensure that the assumptions of variance analysis were met. If
necessary, data were normalized by log transformation, but means reported in tables are
untransformed. To determine whether there were significant differences between MBT and HBT
treatments, contrast statements were used. The means for each treatment were compared using
Tukey’s Studentized range test at a Type I error rate of α = 0.05. Regression analysis between
MBT and HBT treatments was performed to determine whether there were linear or quadratic
relationships for the magnitude of thinning. All graphs were made using SigmaPlot version 11.0
(Systat Software, Inc., Germany).

4.4 Results
4.4.1 Thinning Effectiveness and Fruit Set
In 2010 and 2011, as thinning magnitude increased, the percentage of blossoms removed
increased in a linear fashion with increasing rates of MBT and HBT (Table 4.1). In 2010, the two
methods of thinning removed between 44-75% (MBT) and 37-74% (HBT) of blossoms, and there
was no difference between the two methods of thinning. In 2011, MBT removed 42-75% and
HBT 41-76% of blossoms, and again there was no difference between the two methods. In both
years, the percentage of blossoms removed was similar across all treatments. Immediately after
MBT treatments were applied an assortment of damage was observed, including minor limb
breakage, removal of flower petals, damage to reproductive structures, and complete flower
removal (Fig. 4.2C-D).
In 2010, fruit set decreased linearly with increasing MBT and HBT (Table 4.1), while
there was no difference between the two methods of thinning. Fruit set values in 2011 were
numerically lower than those in 2010. Fruit set for the control treatment was higher than all of the
MBT and HBT treatments in 2011 (Table 4.1). Overall fruit set of both methods decreased
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linearly with increasing rates of thinning, except that fruit set among trees receiving the HBT
treatments showed slightly greater fruit set than those receiving MBT treatments (P=0.0242).

4.4.2 Hand Fruitlet Thinning
Initial fruit set was sufficiently high in both years that hand thinning after ‘June drop’
was required. In 2010 for HBT treatments, the number of fruit removed decreased linearly with
increasing thinning rate (Table 4.2). Mechanical blossom thinning required more fruit to be
removed than HBT (P=0.0296). In the second year, the untreated control required more fruit to be
removed compared to all but the 180 rpm MBT treatment (Table 4.3). For both methods, the
number of fruit removed decreased linearly with increased thinning, while the two thinning
methods were similar.
In 2010, only the HBT high treatment showed a lower weight of fruit removed at ‘June
drop’ compared to the other treatments (Table 4.2). The weight of fruit removed from HBT trees
decreased in a linear fashion, and there was no significant difference between the two methods of
thinning. In 2011, the greatest weight of fruit was removed from trees receiving the control
treatment (Table 4.3). For both methods of thinning, the weight of fruit removed decreased with
increasing thinning rate in a linear fashion, and there was no significant difference between
thinning methods.
In 2010, the mean fruit weight for the 210 rpm MBT treatment was lower than the HBT
high treatment (16 vs. 20 g, respectively) (Table 4.2). The mean fruit weight increased linearly
with increased HBT, but not for MBT treatments. The MBT treatments showed lower mean fruit
weights than HBT treatments (P=0.0069). In 2011, the 240 rpm, HBT medium and HBT high
treatments resulted in the largest fruit (Table 4.3). No trends were observed with increasing
thinning magnitude, and there was also no difference between MBT and HBT.
In 2010, only the HBT high treatment required significantly less time to thin compared to
the HBT low treatment (Table 4.2). There was no difference in the time spent thinning the MBT
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and HBT treatments. In the second year there was a significant treatment effect on the amount of
time required to thins (P=<0.0001), with the control and HBT low treatments requiring the most
time (Table 4.3). For both MBT and HBT thinning treatments, the amount of time needed to thin
decreased in a linear fashion in relation to the rate of thinning, and the two thinning methods did
not differ from each other.

4.4.3 Harvest Yield
In 2010, the total yield of fruit per tree decreased with increasing thinning rate for both
MBT and HBT (Table 4.4), while there was no difference between the two thinning methods. In
2011, again the total yield of fruit per tree decreased with increasing MBT and HBT rate (Table
4.5), and there was no difference between thinning methods. In 2010, marketable yields
decreased linearly with increasing MBT and HBT thinning, and the two methods did not differ
(Table 4.4). In 2011 there was no significant treatment effect on the weight of marketable fruit
per tree (Table 4.5).
In 2010, there was a linear decline in the number of fruit harvested per tree with
increasing MBT and HBT thinning rates, with both methods producing similar results (Table 4.4).
In 2011, as the magnitude of both MBT and HBT increased, the number of fruit on each tree
decreased in a linear fashion, and there was no significant difference between either thinning
method (Table 4.5). In 2010 there was no significant treatment effect on mean fruit weight (Table
4.4). In 2011, with increasing magnitude of both MBT and HBT, fruit became larger, and overall
MBT fruit were larger than HBT fruit (P=0.0224).

4.4.4 Fruit Quality
In both 2010 and 2011, there were no significant treatment effects on fruit firmness or
soluble solids concentration (Table 4.6). Overall, fruit firmness tended to be higher in 2010 than
2011, and soluble solids concentrations were similar across years.
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In 2010, there were significant treatment effects on fruit surface blush characteristics, L*
(P=0.0184), C* (P=0.0312), and Ho (P=0.0101) (Table 4.7). For L* measurements with both
MBT and HBT methods, there was a linear relationship between L* values and thinning rate, and
MBT and HBT methods did not differ from each other for all colour parameters. For MBT there
was a quadratic relationship between the thinning magnitude and C* value, while there was a
linear relationship for HBT, and the two methods did not differ from each other. For Ho
measurements, there was a significant linear relationship for increased MBT and HBT rates, and
neither method differed from each other. In 2011, there were no significant treatment effects on
L*, C*, or Ho for blush colour characteristics (Table 4.7). In both 2010 and 2011, there were no
significant treatment effects on ground colour characteristics for L*, C*, or Ho (Table 4.8). Values
in all three categories, though, appeared to be similar across both years.
When fruit were graded, there was no significant treatment effect on the percentage of
fruit in the size incentive category (> 70 mm) in 2010 (Table 4.9), however in 2011 a significant
treatment effect was observed (P=0.0079) (Table 4.9). The 210 rpm and 240 rpm treatments had
91 and 92% of fruit in the size incentive category, respectively. The control treatment had the
lowest amount (57%) of fruit in this category. There was also no significant difference between
HBT and MBT methods with respect to percentage of fruit in the size incentive category.

4.5 Discussion
4.5.1 Blossom Thinning Effectiveness and Fruit Set
Over the two years of this experiment, the MBT treatments effectively removed blossoms
from trees (Table 4.1). Also, MBT and HBT treatments did not differ from each other in both
2010 and 2011 for the percentage of blossoms removed. Both of these results suggest that at the
time of treatment application, MBT and HBT were comparable. Any differences observed beyond
this time point were then associated with the fact that the only fundamental difference between
the two treatment methods was that one was imposed with a MT.
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These thinning data are consistent with other MT studies that reported a reduction in the
number of flowers at bloom after treatment. In West Virginia, Baugher et al. (1991) determined
that a rope-curtain blossom thinner significantly reduced the number of flowers per cm2 branch
cross sectional area (BCSA) compared to a hand thinned after ‘June drop’ control, across two
different cultivars (‘Redhaven’, ‘Cresthaven’), and several different pruning strategies. Baugher
et al. (2009) also studied a variety of different thinning methods in Pennsylvania and in almost all
cases, mechanical thinning significantly reduced the amount of flowers per cm2 BCSA in the
upper canopy compared to a hand thinned control.
Previous reports suggest that approximately 50% of blossoms should be removed in any
given year (Marini and Reighard, 2008), in order to achieve a commercial crop. However, overthinning is a concern prevalent amongst producers because of the high probability of frost at
bloom (Baugher et al., 1991), and therefore some follow-up hand thinning would likely be
required using a more conservative approach. In the present study, the percentage of blossoms
removed was comparable to other experiments. Results of MBT at 180 rpm in 2010 and 2011
were similar to those found by Baugher et al. (2010b) where ‘Sugar Giant’ peaches were thinned
at bloom at 180 rpm and a ground speed of 4 km⋅h-1. Furthermore, our data are consistent with
those observed by Schupp et al. (2008), where approximately 30 to 46% of blossoms were
removed at 180 rpm. The 240 rpm and HBT high treatments may have over-thinned, but one
purpose of this study was to observe the thinning response across a wide range of magnitudes.
The reason why there may have been higher percentages of blossom removed in this
study compared to others (Baugher et al., 2010a), is the fact that trees were very well suited for
thinning. The tree height (3.7 m) and relatively narrow width (1.7 m), combined with the
columnar shape provided good access to the canopy. Marini and Reighard (2008) have
highlighted the fact that one downside to MBT using the same or similar devices, is that trees
need to be pruned and trained in an appropriate manner to provide access to the tree canopy.
Findings by Miller et al. (2011) also highlight the importance of canopy uniformity. They found
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that having to re-adjust the mechanical string thinner to fit canopies may have resulted in poorer
thinning in lower regions of trees (Miller et al., 2011). Schupp et al. (2008) found for several
cultivars that flower density was significantly reduced compared to the control in the upper
canopy, but results in the lower canopy were not as effective.
Significant treatment effects on fruit set were also observed in both years of this study.
Annual differences may have been due to the fact that final fruit set may have been determined
before fruit had finished their period of natural abscission in 2010. In 2010, MBT and HBT
methods did not differ from each other in terms of fruit set, but did in 2011. When the means of
percent fruit set were compared in 2011 across hand and mechanical treatments, though, they did
not appear to differ greatly. However, it has been observed that peach fruit set can vary from year
to year for a variety of reasons (Ju et al., 2001; Marini and Reighard, 2008). In this study, the
2011 differences could have also been caused by cool weather during the bloom period (see
Appendix A, Table A.2 for weather conditions), which may have inhibited successful pollination
and fertilization, or perhaps resulted in more severe abscission during the ‘June drop’ period.

4.5.2 Hand Fruitlet Thinning
Hand thinning peaches 40 to 60 DAFB is a common cultural practise to reduce crop load
(Costa and Vizzotto, 2000). However, thinning peach trees to optimize fruit size is expensive,
requiring 74 hours or 1,000 $US·ha, for an orchard with a planting density of 348 trees·ha-1
(Pennsylvania State University, 2010). Ontario estimates are 126 h·ha-1 for hand thinning, or
1,236 $·ha-1 (OMAFRA, 2006). We hypothesized in the present study that MBT would provide
labour savings in the amount of hand thinning required, as has been suggested elsewhere
(Baugher et al., 1991). Indeed, in 2011 it was observed that MBT and HBT reduced the amount
of follow-up hand thinning after ‘June drop’ by 33-57 h⋅ha-1 and 24-70 h⋅ha-1, respectively (Table
4.3). Similar time-savings have been observed in other peach MBT studies (Baugher et al., 2010a;
Baugher et al., 2010b).
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Although not statistically comparable, a marked difference was evident in the time
required to thin between the two years of the study (Table 4.2, Table 4.3). Also, when the weight
of fruit removed in each year was compared, it appeared that less fruitlet thinning was required in
2011 (Table 4.2, Table 4.3), most likely due to lower fruit set. Thinning time requirements in
2011 were comparable to work by Schupp et al. (2008) and Miller et al. (2011). Marked
differences in the severity of hand thinning required across years have been observed in other
studies as well (Baugher et al., 2010b).
Miller et al. (2011) found variable results for time saved at follow-up hand thinning after
‘June drop’ using a MT. In 2008, ‘Sugar Giant’ peaches that were mechanically thinned at a rate
of 180 rpm at 80% FB required significantly less time to thin, compared to the untreated control
treatment. Time reductions were also observed with ‘John Boy’ peaches thinned at a rate of 150
rpm at 60% FB in 2009, but significant time-savings were not observed in 2008, when thinned
more severely at a rate of 180 rpm. These differences could have been the result of a number of
factors such the need for ladders to thin tall trees, which adds time to the thinning process (Miller
et al., 2011). In another experiment (Baugher et al., 2009), the results for time-savings during
follow-up hand thinning after ‘June drop’ were variable. In some instances, MBT using a string
thinner reduced the time needed to thin, whereas other times it did not differ from the hand
thinned control.
Clear differences between potential crop loads were observed between 2010 and 2011
(Table 4.2; Table 4.3). For example, nearly the same number of fruit were removed for the HBT
high treatment in 2010, and the HBT low treatment in 2011. In 2011, even fewer fruit needed to
be removed from the HBT medium and HBT high treatment trees, highlighting the lighter crop
load that year. Clearly, several studies have shown an advantage in terms of hand thinning timesavings (Baugher et al., 2010a; Baugher et al., 2010b), while others have been more inconsistent
(Baugher et al., 2009; Miller et al., 2011). Overall, mechanical thinning could be used as a
method of reducing the amount of hand thinning needed after ‘June drop’, but not to completely
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replace follow-up hand thinning. A good strategy is to partially thin at bloom, and then adjust
crop load later after set has been determined (Myers et al., 2002). An important consideration for
altering crop load in peach at ‘June drop’ is the relative size of fruit at this time. Two studies by
Marini have highlighted the difficulty of obtaining specific desired crop load densities due to the
difficulty in distinguishing fruit at this time due to their small size (Marini, 2002; 2003).

4.5.3 Harvest Yield
During the early part of the growing season, developing fruitlets are competing for
limited carbohydrate reserves that were translocated during the previous fall to storage reserves
(Marini and Reighard, 2008). In order to optimize fruit size, earlier thinning during or prior to
bloom is best (Marini and Reighard, 2008) in contrast to the period of ‘June drop’. The benefits
of early thinning include increases in fruit size and market size and value, and decreased need for
hand thinning (Baugher et al., 2010b).
There was a significant treatment effect on total yield in 2010 (Table 4.4). Trees that
were thinned more heavily had lower total yield per tree, but this did not necessarily mean that
heavy thinning was unnecessary. When the marketable yields were analyzed, though, it was
apparent that thinning did not offset the amount of marketable yield, and therefore was probably
too severe. For example, the 240 rpm treatment resulted in 11.6 kg of marketable fruit per tree,
compared to 24.5 kg for the HBT low treatment. Also, the number of fruit harvested from each
tree was lower for the 240 rpm and HBT high treatments. There also was no increase in mean
fruit weight, suggesting that thinning was either too severe, or in the very least not necessary in
2010.
Conversely, in 2011 the treatment differences in total yield did not appear to differ as
significantly as in 2010, although the 240 rpm treatment again had the lowest yield per tree
(Table 4.5). Importantly, though, there was no significant treatment effect on marketable yield,
indicating that thinning treatments in 2011 compensated for the reduced number of fruit per tree

85

by increasing the weight of each fruit. When the number of fruit harvested from each tree are
considered, the number of fruit per tree decreased numerically with increased thinning, but only
the 240 rpm treatment was significantly lower than the control, 180 rpm, or HBT low treatments.
More importantly, there was a significant effect on mean fruit weight (P=0.0001), with the
control producing the smallest fruit at 171 g, and the 240 rpm treatment producing the largest
fruit at 221 g. To meet commercial standards, fruit need to weigh between 180 to 230 g (Bassi
and Monet, 2008), or measure at least 57 to 60 mm diameter in Ontario (The Ontario Tender Fruit
Producers’ Marketing Board, 2011). The results indicate that the reduced crop load of the trees
that were severely thinned was offset by increased weight of the remaining fruit. The yield results
from 2010 should be interpreted with caution, though, as they only include data from two of three
harvests, compared to all three harvests in 2011 (Table 4.5). Data for 2010 may have been
skewed to the lower portion of the size and weight spectrum, as peaches are picked by maturity,
and sometimes the fruit left on the tree after the first and second pick may never reach adequate
size (George Lepp, personal communication, 2011).
Marketable yield has benefited from mechanical blossom thinning in other studies as
well. For example, Baugher et al., (1991) observed that in all cases, trees that received rope
curtain blossom thinning treatments produced larger fruit compared to a hand thinned control.
Similarly, in a more recent study Baugher et al. (2009) observed that nearly all mechanical string
thinning treatments increased fruit size, and when calculated, the yield of high market value
(large) fruit was either the same as control, or increased with mechanical thinning. Additionally,
‘Loring’ peach trees that received mechanical string thinning also had larger harvest yields in the
early harvests, compared to hand thinned and untouched controls, suggesting that fruit on
mechanically thinned trees matured faster. This again emphasizes the fact that 2010 yield data
should be carefully interpreted.
Work by Miller et al. (2011) highlights the variability of harvest yield response to
thinning, and the danger of over-thinning. For ‘Sugar Giant’ peach trees in 2008, control trees had
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higher total yields as well as higher yields of marketable fruit. For ‘John Boy’ in 2009, there was
no difference in total yield of mechanically string thinned trees and control trees, but control trees
did have a significantly higher yield of marketable fruit. Collectively, the results of Miller et al.
(2011) indicate that trees were over-thinned in both years of their study. Overall, one of the key
goals of thinning is to improve fruit size through reductions in crop load without sacrificing
economic yield (Marini and Reighard, 2008). If these benefits are not realized, then mechanical
and other forms of thinning should be carefully reassessed.

4.5.4 Fruit Quality
Treatment effects on fruit firmness and soluble solids concentration were negligible in
both years (Table 4.6), while consistent with those observed previously (Coneva and Cline,
2006). Peaches are a multi-pick crop that are harvested based on ground and blush colour, as well
as size to indicate their level of maturity. It was therefore expected that firmness and soluble
solids concentration would be similar across treatments for fruit harvested on the same date and at
the same stage of visual maturity. Perhaps if fruit had been tested on each of the three picking
dates, differences may have been observed. The soluble solids concentration measurements did
not differ greatly between the two years, but firmness levels in 2011 were numerically lower than
those in 2010, especially for the 240 rpm and HBT high treatments.
Significant treatment effects on fruit blush L*, C*, and Ho levels were found in 2010
(Table 4.7), but not in 2011. When values in 2010 are compared to those in 2011, they appear to
be numerically similar. There were no significant treatment effects on any ground colour
parameters in both years (Table 4.8). Significant treatment effects on blush may have been
observed in 2010 due to a higher crop load and mutual shading on trees which received lighter
thinning treatments. In 2011, the grower installed reflective mulch throughout the orchard, which
may have improved colour on shaded fruit which would have been poorly coloured had it not
been used.
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Thinning has been used to increase peach fruit size for decades (Marini and Reighard,
2008). A significant treatment effect on the percentage of fruit in the size incentive category (> 70
mm) was not noted in one of the two years of the study. Overall, there was a numerically larger
percentage of fruit in the size incentive category in 2011 compared to 2010. Significant size
differences may have been observed in 2011 because there was a lighter crop load overall
compared to 2010. Indeed, the number of fruit harvested per tree are similar in 2010 and 2011,
although 2010 data only include data from the second and third harvests (Tables 4.4, 4.5).
Miller et al. (2011) found no significant difference between trees thinned with a MT at
bloom and hand-thinned control trees for fruit diameter. Furthermore, there were no treatment
differences between the percentage of fruit in large size categories. Schupp et al. (2008) also
found that the effect of thinning treatment on total yield, yield of high market value size fruit, and
percentage of high value fruit varied across treatments and cultivars. For example, when
‘Redhaven’ peaches were thinned with a MT at 20% and 80% FB, total yield was significantly
lower than the hand-thinned control, but more importantly, for the 20% FB treatment, yield of
high value fruit was significantly higher than the control, while it was similar for the 80% FB
treatment. The same trend was observed for the percentage of high value fruit. Similarly, when
‘White Lady’ peaches were thinned with a MT at 80% FB, total yield did not differ from the
hand-thinned control, but yield and percentage of high value fruit were significantly higher. Work
by Myers et al. (2002) has shown that waiting just two weeks to thin, compared to thinning at FB
can affect fruit size at harvest, which highlights the advantage of thinning earlier in the growing
season. A study on ‘Floridaprince’ peach by Chanana et al. (2002) explored the effects of
different timings of hand thinning. While all treatments decreased yield per tree compared to an
unthinned control, the earlier thinning treatments had higher yields than later treatments. Overall,
earlier thinning treatments resulted in larger fruit, with higher total soluble solids compared to the
control. All of these results suggest that the timing of thinning treatment is most likely an
important factor in determining ultimate fruit size.
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4.6 Conclusions
It has been widely accepted for many years that peaches produce too many flowers, and
set more fruit than needed for a decent crop (Marini and Reighard, 2008). To mitigate this
problem growers thin by hand, which remains the most commonly used thinning strategy (Myers
et al., 2002). Thinning can provide many benefits such as improved fruit size, crop consistency,
and tree structure (Byers, 1989). Chemical thinning results have proved promising (Coneva and
Cline, 2006; Greene et al., 2001; Osborne et al., 2006), but at times are inconsistent, possibly for
reasons such as orchard training systems, air temperature, and humidity (Marini and Reighard,
2008). One alternative thinning method gaining interest in the peach industry is mechanical
blossom thinning (Baugher et al., 2009; Baugher et al., 2010a; Baugher et al., 2010b; Schupp et
al., 2008).
In 2011, MBT decreased the time needed to thin after ‘June drop’, increased mean fruit
weight, and did not affect marketable yield compared to an unthinned control. Benefits were not
as clearly apparent in 2010 as there was no unthinned control, and harvest data were limited due
to a picking error. When MBT and HBT were compared, significant differences were observed
for several parameters: fruit set was slightly higher for HBT treatments in 2011; significantly
fewer, and larger fruit were removed from HBT trees at ‘June drop’ in 2010; and in 2011, mean
fruit weight of MBT trees at harvest was slightly higher than HBT trees. Overall, these
differences are negligible, as total yield and marketable yield were comparable for the two
thinning methods in both years. As a result, it could be concluded that although HBT may not
have perfectly mimicked MBT, it does not appear that MBT had a notable harmful effect on
peach trees.
Further research is needed to better understand the effect of thinning in different growing
areas, under different growing conditions, and with different cultivars to be able to make adequate
recommendations to growers (Marini and Reighard, 2008). Mechanical thinning represents a

89

viable method for partially reducing crop load initially (Myers et al., 2002), coupled with hand
thinning after ‘June drop’ to reach a final optimal crop load (Schupp and Baugher, 2011).
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Table 4.1. The effect of mechanical and hand blossom thinning on flower removal and fruit set of ‘Allstar’ peach trees in
Virgil, Ontario, Canada in 2010 and 2011.
2010
2011
Blossoms removed
Blossoms removed
Thinning treatmentz
(%)
Fruit set (%)
(%)
Fruit set (%)
NA
NA
NA
Untreated control
56 a
MBT 180 rpm
44y cdx
51 ab
42 c
32 bc
MBT 210 rpm
59 b
35 cd
63 b
23 de
MBT 240 rpm
75 a
21 e
75 a
15 f
HBT low
37 d
57 a
41 c
37 b
HBT medium
57 bc
41 bc
61 b
26 cd
HBT high
74 a
23 de
76 a
17 ef
P-value
<0.0001
<0.0001
<0.0001
<0.0001
Regressionw
Mechanical
L***
L***
L***
L***
Hand
L***
L***
L***, Q***
L***
Contrast
Mechanical vs. Hand
0.2768
0.0952
0.878
0.0242
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of 12 trees.
x
Means with the same letter are not significantly different according to Tukey’s Studentized range test at P = 0.05.
w
L, Q denote linear or quadratic relationships, respectively.
NA, NS, *, **, ***
Not applicable, non-significant at P = 0.05, or significant at P = 0.05, 0.01, and 0.001, respectively.
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Table 4.2. The effect of blossom thinning on number and weight of fruit removed per tree, mean fruit weight, and time
spent thinning during follow-up hand thinning at ‘June drop’ of ‘Allstar’ peach trees in Virgil, Ontario, Canada in 2010.
Time spent
Fruit removed
Wt. of fruit removed
Mean fruit
thinning (h⋅ha-1)
Thinning treatmentz
(fruit·tree-1)
(kg·tree-1)
weight (g)
MBT 180 rpm
283y ax
4.5 a
16 ab
289 ab
MBT 210 rpm
302 a
4.6 a
16 b
318 ab
MBT 240 rpm
236 ab
4.0 a
17 ab
280 ab
HBT low
323 a
5.3 a
17 ab
379 a
HBT medium
223 ab
4.0 a
19 ab
272 ab
HBT high
111 b
2.1 b
20 a
177 b
P-value
0.0009
0.0004
0.0181
0.0361
Regressionw
Mechanical
NS
NS
NS
NS
Hand
L***
L***
L**
NS
Contrast
Mechanical vs. Hand
0.0296
0.0703
0.0069
0.5286
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of 12 trees, except for time spent thinning where N = 4.
x
Means with the same letter are not significantly different according to Tukey’s Studentized range test at P = 0.05.
w
L, Q denote linear or quadratic relationships, respectively.
NS, *, **, ***
Non-significant at P = 0.05, or significant at P = 0.05, 0.01, and 0.001, respectively.
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Table 4.3. The effect of blossom thinning on number and weight of fruit removed per tree, mean fruit weight, and time
spent thinning during follow-up hand thinning at ‘June drop’ of ‘Allstar’ peach trees in Virgil, Ontario, Canada in 2011.
Data for number of fruit removed per tree were log-transformed. The means and data presented below are untransformed.
Time spent
Fruit removed
Wt. of fruit removed
Mean fruit
thinning (h⋅ha-1)
Thinning treatmentz
(fruit·tree-1)
(kg·tree-1)
weight (g)
Untreated control
210y ax
4.0 a
19 b
116 a
MBT 180 rpm
121 ab
2.5 b
21 ab
83 bc
MBT 210 rpm
96 b
2.1 bc
22 ab
80 bc
MBT 240 rpm
54 cd
1.2 cd
22 a
59 cd
HBT low
113 b
2.4 b
22 ab
92 ab
HBT medium
71 bc
1.6 bcd
23 a
69 bcd
HBT high
30 d
0.7 d
23 a
46 d
P-value
<0.0001
<0.0001
0.0097
<0.0001
Regressionw
Mechanical
L***
L***
NS
L***
Hand
L***
L***
NS
L***
Contrast
Mechanical vs. Hand
0.3578
0.063
0.1524
0.3201
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of 12 trees.
x
Means with the same letter are not significantly different according to Tukey’s Studentized range test at P = 0.05.
w
L, Q denote linear or quadratic relationships, respectively.
NS, *, **, ***
Non-significant at P = 0.05, or significant at P = 0.05, 0.01, and 0.001, respectively.

93

Table 4.4. The effect of blossom thinning on total yield, marketable yield, number of fruit per tree, and mean fruit weight of
‘Allstar’ peach trees harvested in Virgil, Ontario, Canada in 2010.
Total yield
Marketable yield
Number of fruit per
Mean fruit weight
Thinning treatmentz
(kg·tree-1)
(kg·tree-1)
tree
(g)
MBT 180 rpm
25.2y abx
22.2 ab
171 ab
138
MBT 210 rpm
20.2 abc
17.6 ab
124 ab
146
MBT 240 rpm
13.3 c
11.6 b
78 b
153
HBT low
28.1 a
24.5 a
190 a
137
HBT medium
24.9 ab
21.8 ab
163 ab
143
HBT high
16.1 bc
14.4 ab
93 b
158
P-value
0.004
0.0151
0.0078
0.0871
Regressionw
Mechanical
L***
L**
L***
L*
Hand
L***
L**
L***
L**
Contrast
Mechanical vs. Hand
0.1013
0.1479
0.1663
0.8819
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of 12 trees.
x
Means with the same letter are not significantly different according to Tukey’s Studentized range test at P = 0.05.
w
L, Q denote linear or quadratic relationships, respectively.
NS, *, **, ***
Non-significant at P = 0.05, or significant at P = 0.05, 0.01, and 0.001, respectively.
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Table 4.5. The effect of blossom thinning on total yield, marketable yield, number of fruit per tree, and mean fruit weight of
‘Allstar’ peach trees harvested in Virgil, Ontario, Canada in 2011.
Total yield
Marketable yield
Number of fruit per
Mean fruit weight
Thinning treatmentz
(kg·tree-1)
(kg·tree-1)
tree
(g)
Untreated control
36.8y abx
30.9
184 a
171 d
MBT 180 rpm
37.1 ab
32.4
175 a
190 bcd
MBT 210 rpm
35.2 ab
29.9
144 ab
212 abc
MBT 240 rpm
27.3 b
24.1
112 b
221 a
HBT low
38.5 a
33.0
181 a
185 cd
HBT medium
31.4 ab
27.0
144 ab
189 bcd
HBT high
30.0 ab
25.5
122 ab
213 ab
P-value
0.0117
0.0544
0.0049
0.0001
Regressionw
Mechanical
L**
L**
L**
L**
Hand
L**
L**
L***
L***
Contrast
Mechanical vs. Hand
0.9688
0.8722
0.6174
0.0224
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of 12 trees.
x
Means with the same letter are not significantly different according to Tukey’s Studentized range test at P = 0.05.
w
L, Q denote linear or quadratic relationships, respectively.
NS, *, **, ***
Non-significant at P = 0.05, or significant at P = 0.05, 0.01, and 0.001, respectively.
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Table 4.6. The effect of blossom thinning on fruit firmness and soluble solids concentration of ‘Allstar’ peaches
harvested in Virgil, Ontario, Canada in 2010 and 2011.
2010
2011
Fruit firmness
Soluble solids
Fruit firmness
Soluble solids
Thinning treatmentz
(N)
concentration (%)
(N)
concentration (%)
Untreated control
NA
NA
24.3
9.7
MBT 180 rpm
32.5y
10.0
29.0
8.7
MBT 210 rpm
34.4
9.8
25.2
9.5
MBT 240 rpm
29.7
9.7
13.5
9.7
HBT low
36.4
9.8
22.2
9.7
HBT medium
34.1
9.4
22.4
10.3
HBT high
35.7
9.9
16.7
9.9
P-value
0.4538
0.8053
0.0712
0.2347
Regressionx
Mechanical
NS
NS
L***
NS
Hand
NS
Q*
L*
NS
Contrast
Mechanical vs. Hand
0.0112
0.5692
0.4504
0.0529
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of four pooled samples of 15 fruit taken from all three experimental trees, N = 60.
x
L, Q denote linear or quadratic relationships, respectively.
NA, NS, *, **, ***
Not applicable, non-significant at P = 0.05, or significant at P = 0.05, 0.01, and 0.001, respectively.
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Table 4.7. The effect of blossom thinning on blush L*, C*, Ho colour parameters of ‘Allstar’ peaches harvested in Virgil, Ontario,
Canada in 2010 and 2011.
2010
2011
Thinning treatmentz
L*
C*
Ho
L*
C*
Ho
Untreated control
NA
NA
NA
37.8
32.5
30.5
y
x
MBT 180 rpm
38.0 ab
31.0 b
25.5 b
37.6
34.5
31.6
MBT 210 rpm
37.5 b
34.1ab
25.3 b
37.2
35.1
30.3
MBT 240 rpm
40.8 ab
36.0 ab
28.9 ab
38.0
35.7
30.4
HBT low
38.1 ab
34.4 ab
27.0 ab
37.7
35.4
30.5
HBT medium
38.9 ab
32.6 ab
27.1 ab
38.6
34.8
32.4
HBT high
41.2 a
36.7 a
29.4 a
39.2
35.5
31.1
P-value
0.0184
0.0312
0.0101
0.8692
0.5932
0.6515
Regressionw
Mechanical
L***
L***
L***
NS
NS
Hand
L***
Q*
L*
NS
NS
Contrast
Mechanical vs. Hand
0.3498
0.3637
0.0681
0.3103
0.9234
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of four pooled samples of 15 fruit taken from all three experimental trees, N = 60.
x
Means with the same letter are not significantly different according to Tukey’s Studentized range test at P = 0.05.
w
L, Q denote linear or quadratic relationships, respectively.
NA, NS, *, **, ***
Not applicable, non-significant at P = 0.05, or significant at P = 0.05, 0.01, and 0.001, respectively.
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NS
NS
0.4529

Table 4.8. The effect of blossom thinning on ground L*, C*, Ho colour parameters of ‘Allstar’ peaches harvested in Virgil, Ontario,
Canada in 2010 and 2011.
2010
2011
Thinning treatmentz
L*
C*
Ho
L*
C*
Ho
Untreated control
64.9
47.0
70.2
NA
NA
NA
MBT 180 rpm
66.5y
49.3
67.3
67.4
48.2
77.2
MBT 210 rpm
69.0
49.1
72.1
67.8
48.5
75.5
MBT 240 rpm
67.9
49.5
70.1
64.1
47.7
68.1
HBT low
69.4
50.1
73.9
65.6
48.0
70.5
HBT medium
69.1
48.9
72.6
65.8
48.4
73.6
HBT high
68.6
48.7
71.1
65.0
47.6
69.2
P-value
0.1938
0.1745
0.1612
0.3751
0.6215
0.0711
Regressionx
Mechanical
Q*
NS
Q*
Q**
NS
Hand
NS
L**
NS
NS
NS
Contrast
Mechanical vs. Hand
0.0899
0.7326
0.0675
0.3556
0.7483
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of four pooled samples of 15 fruit taken from all three experimental trees, N = 60.
x
L, Q denote linear or quadratic relationships, respectively.
NA, NS, *, **, ***
Not applicable, non-significant at P = 0.05, or significant at P = 0.05, 0.01, and 0.001, respectively.
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L***
Q*
0.181

Table 4.9. The effect of blossom thinning on the percentage of fruit in grading size categories of ‘Allstar’ peaches harvested in Virgil,
Ontario, Canada in 2010 and 2011.
2010
z
Thinning treatment
<60 mm
<64 mm
<67 mm
<70 mm
<73 mm
<76 mm
>76 mm
% >70 mm
MBT 180 rpm
3y (1.1x)
10 (3.8)
27 (4.0)
22 (2.9)
29 (6.0)
7 (2.7)
3 (1.9)
39w
MBT 210 rpm
1 (0.7)
7 (3.3)
22 (7.3)
18 (4.2)
38 (6.9)
10 (2.9)
5 (2.2)
52
MBT 240 rpm
1 (0.8)
9 (3.1)
20 (5.1)
14 (4.7)
28 (3.6)
16 (4.7)
11 (4.3)
56
HBT low
3 (2.0)
14 (5.0)
25 (8.1)
16 (3.6)
24 (6.4)
9 (5.0)
8 (2.8)
41
HBT medium
3 (2.6)
3 (2.0)
26 (9.0)
14 (2.9)
30 (3.1)
15 (6.7)
9 (5.6)
54
HBT high
0 (0.0)
3 (1.9)
14 (5.1)
21 (4.2)
32 (6.1)
18 (5.0)
13 (3.2)
63
P-value
0.4755
Contrast
Mechanical vs. Hand
0.6276
2011
Untreated control
0 (0.0)
3 (1.9)
21 (5.6)
19 (2.2)
36 (2.3)
11 (1.7)
11 (8.0)
57w bv
MBT 180 rpm
0 (0.0)
0 (0.0)
11 (4.0)
16 (6.1)
29 (4.6)
20 (4.5)
24 (8.3)
73 ab
MBT 210 rpm
0 (0.0)
1 (0.7)
1 (1.3)
7 (1.7)
27 (3.9)
22 (3.1)
42 (1.1)
91 a
MBT 240 rpm
0 (0.0)
0 (0.0)
6 (2.2)
2 (0.7)
28 (6.8)
22 (3.1)
42 (11.2)
92 a
HBT low
0 (0.0)
1 (0.7)
5 (2.4)
16 (6.7)
37 (1.9)
20 (3.6)
21 (5.4)
78 ab
HBT medium
0 (0.0)
1 (0.8)
9 (2.7)
7 (2.9)
37 (8.0)
24 (2.4)
22 (5.0)
83 ab
HBT high
0 (0.0)
1 (0.7)
11 (3.2)
7 (3.1)
18 (4.7)
28 (6.5)
36 (3.9)
82 ab
P-value
0.0079
Contrast
Mechanical vs. Hand
0.3448
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Arithmetic means, and x standard error of arithmetic means.
w
Least square means.
v
Means with the same letter are not significantly different according to Tukey’s Studentized range test at P = 0.05.
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Figure 4.1. Peach production in Canada by province in 2010, expressed in marketed
production and farm gate value. Data source: Statistics Canada - Fruit and Vegetable
Production. June 2011.
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Figure 4.2. Mechanical blossom thinning of ‘Allstar’ peach trees (Prunus persica [L.]
Batsch.). A. Peach blossoms at full bloom. B. Mechanical blossom thinning of peach
blossoms using a mechanical string thinner at 80-90% full bloom. C. Peach branch
damage from mechanical thinning. D. Peach blossom damage from mechanical blossom
thinning involving removal of petals, while the pistils and ovaries remain.
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CHAPTER 5 - MECHANICAL BLOSSOM THINNING OF SWEET CHERRIES AND
ITS EFFECTS ON CROP YIELD AND QUALITY

5.1 Abstract
Crop load management of sweet cherry trees has become a priority for growers with the
introduction of new dwarfing and precocious rootstocks, and self-fruitful cultivars. While new
size-controlling rootstocks offer higher crop loads, some do not possess the required vigour and
subsequent canopy volume to offset the demands of a high crop load, resulting in fruit of poor
size and quality. Reducing crop load by thinning fruit is of interest to growers wishing to improve
fruit size and quality while taking advantage of these new rootstocks. Trellised ‘Tehranivee’
sweet cherries on ‘Gisela 6’ (‘G.6’) and ‘Mazzard’ rootstocks were subjected to a series of
mechanical blossom thinning (MBT) and hand blossom thinning (HBT) treatments during two
growing seasons in Vineland, Ontario. At full bloom, trees were thinned to two levels, either by
hand (HBT low; high) or with a mechanical string thinner (MBT 180 rpm; 240 rpm). Thinning
significantly reduced fruit set compared to the untreated control treatment in both years,
irrespective of method. However, trees that were thinned did not differ from the unthinned control
for total yield per tree, mean fruit weight, or fruit diameter. These results confirm that mechanical
blossom thinning of sweet cherries is possible, however yield and fruit quality were unaffected
during the two years of this study.

5.2 Introduction
Of the tree fruit species grown in more temperate regions, sweet cherry (Prunus avium
L.) is considered to be one of the more profitable crops because of the high economic return per
hectare (Lang, 2000). In 2010, the sweet cherry industry in Ontario accounted for 572 t of
production (Statistics Canada, 2011). In Canada, British Columbia and Ontario produced 94.5%
and 5.5% of total production, valued at $32.3 million and $1.9 million, respectively. There is a
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small industry in Nova Scotia that currently represents a minor portion of overall Canadian
production. Expansion of the Ontario sweet cherry industry may be realized through the adoption
of new, more precocious cultivars and rootstocks in combination with high-density orchard
systems.
Traditionally, sweet cherry trees are slow to come into bearing, and exhibit vigorous
growth (Bargioni, 1996). Large trees that are slow to bear fruit, meaning that they are not
precocious, present several challenges to producers. Large trees require maintenance, and
delaying full production up to 8 to 12 years (Whiting et al., 2005) means that growers must wait
longer before they see returns on their orchard investments (Bargioni, 1996). Currently, a number
of dwarfing and precocious rootstocks are being evaluated for adoption by the sweet cherry
industry (Lang, 2000).
The ability to decrease tree size would benefit growers in several ways. Smaller trees are
easier to harvest, better suited for machinery such as sprayers and harvesting platforms, can be
planted at higher densities (Bargioni, 1996), and are easier to protect from birds and rain with
protective coverings (Cahn et al., 2001). Two rootstocks from the Gisela series developed at
Giessen in Germany (Webster and Schmidt, 1996) that are garnering interest are ‘Gisela 5’
(‘G.5’) and ‘Gisela 6’ (‘G.6’) (Whiting and Ophardt, 2005). In comparison to the standard
‘Mazzard’ rootstock, ‘G.5’ and ‘G.6’ have been shown to be less vigorous, and more precocious
(Whiting et al., 2005).
Despite these findings, there has been some hesitation over adopting new precocious and
dwarfing rootstocks in the USA because of concerns over small fruit size (Whiting and Ophardt,
2005). On occasion, new dwarfing rootstocks such as the ‘Gisela’ series have yielded small fruit
because of an alleged imbalance in source-sink relations, thought to be caused by reduced canopy
volume and increased crop load (Lenahan and Whiting, 2006a). The adoption of new orchard
systems for sweet cherries has required the development of modern management methods for
these new cultivar-rootstock combinations that were not needed in more traditional orchard
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systems (Whiting et al., 2006). For example, work at Washington State University has explored
the possibility of managing crop load through blossom thinning agents such as ammonium
thiosulphate (ATS), vegetable oil emulsion (VOE), and fish oil and lime sulphur (FOLS)
(Whiting et al. 2006), as well as blossom and spur removal (Whiting and Ophardt, 2005). Whiting
et al. (2006) found that ATS and FOLS were effective blossom thinners compared to an
unthinned control, while VOE was not as consistent. ATS and FOLS also improved fruit quality.
Another small FOLS study found that FOLS reduced fruit set compared to an untreated control,
but fruit quality was unaffected (Lenahan and Whiting, 2006b). In another approach to thinning,
Whiting and Ophardt (2005) observed that spur and blossom thinning significantly reduced final
fruit number for both ‘G.5’ and ‘G.6’ trees. They also found that for ‘G.6’ trees, blossom thinning
improved fruit weight (g) compared to an unthinned control, but for ‘G.5’, both spur and blossom
thinning improved fruit weight.
The enormous potential for cherries to set fruit is often most appreciated at bloom, when
trees are covered in blossoms (Thompson, 1996) (Fig. 5.2A). Excessive set and over-cropping,
while improving yield, can result in poor fruit size and quality. Shading, for example, can
negatively affect fruit size, colour, soluble solids concentration, set, drop, and yield (Flore and
Layne, 1999). While hand thinning is an ideal solution to mitigate heavy crop load, thinning
cherry blossoms by hand is simply not a feasible option for growers (Whiting and Ophardt,
2005), especially due to cost (Whiting et al., 2006). For example, in Israel sweet cherry thinning
requires approximately 500 hours·ha-1 (Stern et al., 2009). However, growers in the Pacific
Northwest will often prune selectively to improve fruit size (Flore and Layne, 1999).
The purpose of this experiment was to thin trees at bloom with a mechanical string
thinner (Fig. 5.2C) to determine whether it could be a viable option for growers wishing to
manage crop load. Experimental trees were thinned either by a mechanical string thinner, or by
hand, to comparable levels. The objectives of this experiment were to determine: 1) whether
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mechanical thinner could effectively reduce crop load, and 2) whether mechanical thinning
improved crop yield and quality.

5.3. Materials and Methods
5.3.1 Experimental Layout
‘Tehranivee’ sweet cherry trees grafted onto ‘G.6’ and ‘Mazzard’ rootstocks, in a central
leader orchard planted in 2007 at the Vineland Research Station in Vineland, Ontario
(43o11’04.76”N, 79o23’22.37”W) were used in this study. Experimental trees were
‘Tehranivee’/‘G.6’ planted 1.75 m apart within a row, and 4.0 m between each row (1,429
trees·ha-1), and ‘Tehranivee’/‘Mazzard’ trees planted 2.5 m apart within a row, and 4.0 m between
each row (1,000 trees·ha-1). The cultivar ‘Tehranivee’ (formerly ‘V.690620’) is the result of a
‘Van’x‘Stella’ cross made at the Horticultural Research Institute of Ontario, Vineland Station
(Tehrani et al., 1999). ‘Tehranivee’ is a self-fertile cultivar that produces large, mahoganycoloured fruit with indistinct dots. Trees were approximately 3 m tall and 1.5 m wide, and the
rows were planted in a north-south orientation. Weed-free strips were maintained underneath the
row, and sod was planted between rows. The soil consisted of a Vineland series, fine sandy loam
and very fine sandy loam soil of lacustrine origin with imperfect drainage (Kingston and Presant,
1989). In 2010, trees received daily supplemental irrigation with 2 L·h-1 emitters spaced 45 cm
apart, for a total of 25.4 mm of water per week. In 2011, no supplemental irrigation was applied
because of abundant natural rainfall. All trees were exposed to standard cultivation practices for a
commercial orchard in the region (OMAFRA, 2009c).
Thirty-five trees were chosen based on uniformity of size and bloom, and were pruned
prior to treatment application. Experimental units of one tree per treatment were used, and where
necessary, experimental trees were flanked by ‘guard’ trees on either side to minimize treatment
carry-over. The experimental design was a randomized complete block design (RCBD), with
experimental units blocked by rootstock. Treatments were blocked on the three ‘G.6’ and four
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‘Mazzard’ rootstocks, respectively. The same trees were used in both years, and treatments rerandomized in the second year.

5.3.2 Blossom Thinning Treatments
The five experimental treatments were: 1) MBT at a rate of 180 rpm; 2) MBT at a rate of
240 rpm; 3) HBT mimicking the 180 rpm treatment (HBT low); 4) HBT mimicking the 240 rpm
treatment (HBT high); and 5) an untreated control. The untreated control trees were left
untouched, and were only exposed to standard cultural practices within the commercial orchard.
The 180 rpm and 240 rpm treatments were subjected to MBT at full bloom (FB) (26 Apr. 2010,
17 May 2011) by a mechanical thinner (MT) (Fig. 5.2). Hand blossom thinning was completed at
FB (27 Apr. 2010) or at petal-fall (27 May 2011).
The MT consisted of a mechanical string thinner (Darwin 300, Fruit-Tec,
Deggenhausertal, Germany), mounted to the front of a tractor (Model 3720, John Deere) (Fig.
5.2C). The MT had a 3.0 m-tall rotating spindle, which could be tilted up to 15o, with three
vertical rows of moulded plastic cords (61 cm) running down the spindle. Different combinations
of plastic cords can be attached to the MT, but for all experiments, three rows of plastics sections
containing eights cords each were used. Plastic cords used in this experiment were a newer
moulded version produced by the manufacturer (Baugher et al., 2010b). The rotation speed (rpm)
of the spindle was controlled by an electronic control (Systeme, Germany) attached to a hydraulic
motor at the base of the spindle. For this experiment the ground speed was kept constant at 3.2
km·h-1 for both years. The MT passed alongside both sides of each row, to thin the entire canopy.
In an attempt to mimic the two mechanical blossom thinning (MBT) treatments, flowers
were hand thinned at bloom (HBT) at the same rate. The HBT low and high treatments were
imposed to mimic the MBT 180 and 240 rpm treatments, respectively. This was done by
calculating the number of blossoms removed in each of the MBT treatments. To assess the
effectiveness of mechanical and hand blossom thinning treatments, where possible, two branches
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were flagged on both the east and west side of each tree. Blossom numbers were approximated by
counting clusters of blossoms, and then multiplying clusters by the average number of blossoms
observed per cluster (~ 2-3 blossoms per cluster). Fruit set was calculated on 7 July 2010 and 14
July 2011, by counting the number of fruits per flagged branch prior to harvest and comparing
this figure to the original number of blossoms counted at bloom.

5.3.3 Harvest Yield and Fruit Quality
At harvest, 7 July 2010 and 15 July 2011, all cherries were picked, counted, weighed, and
mean fruit weight was calculated by dividing the total fruit weight by the total fruit number.
Several quality parameters were measured shortly after harvest. In 2010, fruit were stored
overnight for two nights at 17oC between measurements, while all measurements in 2011 were
completed the same day of harvest (15 July 2011). Fruit firmness was measured with a FirmTech
2 (BioWorks, Inc., Wamego, Kansas, USA), using 10 representative cherries from each
experimental unit on 8 July 2010. Fruit surface colour measurements were taken from either side
of each fruit using a colourimeter (Model CR-400, Konica Minolta Sensing Americas, Inc.,
Ramsey, New Jersey, USA) on 9 July 2010. Colour measurements were recorded in the
CIEL*a*b* (CIELAB) colour space, and the measurements for chroma (C*), lightness (L*), and
hue angle (Ho) were used for colour analysis. Soluble solids concentration was measured on a
composite sample of juice from 10 cherries using a digital refractometer (Model PR-32α, Atago
Co. Ltd., Japan) on 9 July 2010. Fruit were first crushed, and then strained to obtain a juice
sample.

5.3.4 Statistical Analysis
All statistical analyses for this experiment were performed using SAS® system Version
9.2 (SAS Institute Inc., Cary, NC, USA). All analyses were completed using a Type I error rate of
α = 0.05 for all P-values. An analysis of variance was performed using the SAS command ‘Proc
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Mixed’ and variance was partitioned into random and fixed effects. Means and residual values
were analyzed using ‘Proc Univariate’ to ensure that the assumptions of variance analysis were
met. If necessary, data were transformed using a natural log transformation to normalize data.
Data from trees with uncharacteristically low harvest numbers (< 12 fruit per tree) were removed.
Treatment effects were further analyzed using contrasts, with a focus on whether there were
measurable differences between MBT and HBT treatments. The means for each treatment were
also compared using Tukey’s Studentized range test at P = 0.05. A regression analysis between
mechanical and hand treatments was not performed because there were too few degrees of
freedom (df), as there were only two treatments for each method of thinning. All graphs were
made using SigmaPlot 11.0 (Systat Software, Inc., Germany).

5.4 Results
5.4.1 Thinning Effectiveness and Fruit Set
In both years of this study, the MT treatments effectively removed blossoms during
bloom (P=<0.0001) (Table 5.1). In 2010, the 180 rpm and 240 rpm MBT treatments removed
38% and 60% of blossoms, respectively, while the corresponding HBT low and HBT high
treatments removed 48% and 65% of blossoms, respectively. In 2011, the percentage of blossoms
removed was similar for all treatments, albeit lower than 2010 (Table 5.1). In 2010, the two
methods of thinning were statistically different as more blossoms were removed from HBT trees
(P=0.0274), while in 2011 the two methods were equivalent. A wide range of damage to
blossoms was observed including petal removal, entire blossom removal, and entire spur removal
(Fig. 5.2D-E).
In 2010, there was a significant treatment effect on fruit set (P=0.0015), with almost all
thinning treatments resulting in a lower percentage of fruit set compared to the untreated control
(Table 5.1). In 2011, again there was a significant treatment effect on fruit set (P=0.0004), but
only the MBT 240 rpm and HBT high treatments differed significantly from the control (Table
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5.1). Again, in 2010 the two thinning methods were statistically different as HBT trees set more
fruit (P=0.0288), but were similar in 2011.

5.4.2 Harvest Yield and Fruit Quality
In 2010, there was no treatment effect on total yield, the number of fruit per tree, or mean
fruit weight (Table 5.2). In the 2011, there was again no treatment effect on total yield, the
number of per tree, or mean fruit weight (Table 5.2). Across both years, total yield, number of
fruit per tree, and mean fruit weight were numerically similar.
In 2010, there were no treatment effects on any of the fruit quality parameters such as
fruit firmness, fruit diameter, and soluble solids concentration (Table 5.3). In 2011, there was a
treatment effect on fruit firmness (P=0.013), but not on fruit diameter or soluble solids
concentration (Table 5.3). Fruit from trees treated with 240 rpm MBT were slightly firmer than
untreated control fruit. Overall, values for firmness and soluble solids concentration were
numerically lower in 2010, while fruit diameter was similar compared to 2011.
In both years of this study there were no treatment effects on fruit colour parameters L*,
C*, or Ho (Table 5.4). Across years, L* numbers were numerically similar, while C* and Ho
values appeared to be higher in 2010.

5.5 Discussion
5.5.1 Thinning Effectiveness and Fruit Set
Thinning treatments effectively removed flowers at bloom, which translated into lower
fruit set compared to the unthinned control (Table 5.1). The HBT and MBT treatments were
comparable in 2011, but statistically different in 2010 (Table 5.1). Fruit set of cherries varies
annually due to factors such as environmental stress and winter stress, however a range of 2065% set is required for a commercial crop (Thompson, 1996). In a study by Whiting et al. (2006)
in Washington, fruit set of control ‘Bing’/‘G.5’ treatment trees was found to be ~30% in both
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years of the study. When thinning treatments for the present experiment were compared to
thinning treatments in the Whiting et al. (2006) study, similar levels of fruit set were observed in
the first year of this study, but a lower fruit set was observed in the second year. Fruit set values
observed in this study were also lower than those previously reported in another two-year study
involving ‘Bing’/‘G.5’ trees (Lenahan and Whiting, 2006a). Furthermore, another study involving
‘Bing’ sweet cherries noted fruit set of 90% for control treatment trees (Ju et al., 2001), which
was significantly higher than that found in the present study for unthinned control treatments.
In 2011, poor fruit set was mostly likely related to inclement weather during the bloom
period (late Apr. - early May 2011) when cold and wet weather (see Appendix A, Table A.3) was
not ideal for pollinators such as bees (Sedgley, 1990). Total rainfall in 2011 for April and March
was more than double that of 2010, and mean maximum temperature was also lower. Bees are
often critical for good fruit set, especially with self-incompatible sweet cherry cultivars
(Delaplane and Mayer, 2000), but their foraging and subsequent pollination of blossoms can be
affected by weather conditions (Thompson, 1996). Bees do not tend to be very active at
temperatures below 12oC, and their activity is also negatively impacted by high winds and rain
(Thompson, 1996).
Compared to the period of FB in 2011 (17 May), FB occurred much earlier in 2010,
around 27 Apr. While in 2010 the period before bloom was marked by unseasonably warm
weather that may have advanced bloom, in 2011 the period leading up to bloom was cold and
wet, and therefore possibly delayed bloom. In 2010, the advanced bloom period may have also
put the sweet cherries at risk for frost (Thompson, 1996). Even if successful fertilization did take
place, low temperatures could still be a concern because they can slow the rate of pollen tube
growth, and hinder fertilization.
Inconsistent sweet cherry fruit set has been observed in other work. In a study by Neilsen
et al. (2007), ‘Lapins’/‘G.5’ sweet cherry trees were subjected to different crop load and
fertigation treatments. Yield was reduced in 2005 because of cold, wet weather during the
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pollination period and the month following. As a result of low set, only fruit thinning treatments
produced measurable yield reductions, while fertigation and irrigation effects were negated. Work
by Stern et al. (2009) has also highlighted the unpredictable nature of sweet cherry set and yield.
In one year of their study, control treatments yielding 62 kg, but only 26 kg the following year.
This phenomenon highlights the importance of assessing expected fruit set each year. While cold
weather was likely involved in the reduced set observed in 2010 and 2011, many different factors
can influence fruit set, making it difficult to interpret exactly what happened.

5.5.2 Harvest Yield and Fruit Quality
In both years of this study, there was no significant treatment effect on total yield and
number of fruit per tree, which may have been due to variability between the two rootstocks used.
Variability in crop load can be partially explained by the higher precocity of ‘G.6’ over
‘Mazzard’ rootstock (Lang, 2000; Whiting et al., 2006). Additionally, over a period of seven
years, Whiting et al. (2005) found that mean fruit weight for ‘Mazzard’ trees was often higher
than that of ‘G.5’ and ‘G.6’. Whiting and Ophardt (2005) have also noted that a thinning response
may not be the same across rootstocks. In their experiment using ‘G.5’ and ‘G.6’, they observed
different responses to spur thinning and blossom thinning. Total yields in the present study were
lower than those reported in other cherry thinning studies (Ju et al., 2001; Lenahan and Whiting,
2006a; Whiting and Ophardt, 2005; Whiting et al., 2006; Stern et al., 2009), but this may be due
to differences in tree age. The trees used in this study were in their 4th and 5th leaf, and therefore
had not reached full cropping potential. Mean fruit weight, though, was similar to that observed in
other studies (Ju et al., 2001; Robinson et al., 2007; Whiting and Lang, 2004; Whiting and
Ophardt, 2005; Whiting et al., 2006).
In one of the two years of this study, cherries were found to be firmer when thinned at
MBT 240 rpm (Table 5.3). No other significant treatment effects on fruit quality were observed in
either year. Again, this is most likely due to the relatively light crop loads in both years of this
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study. Choi and Andersen (2001) studied the effects of thinning on fruit quality of ‘Hedelfingen’
sweet cherry for both ‘Mazzard’ and ‘G.6’ rootstocks, and found no difference between control
and thinned trees for soluble solids concentration. Concentrations of soluble solids in this study
were slightly lower than those measured in several thinning studies (Ju et al., 2001; Lenahan and
Whiting, 2006b; Whiting and Lang, 2004), but comparable or higher to other work (Robinson et
al., 2007; Usenik et al., 2010). A study by Lenahan and Whiting (2006a) has also highlighted the
annual variability in crop load and its effect on yield, soluble solids concentration, fruit weight
and firmness. In one year, nine-year-old ‘Bing’/‘G.5’ trees had lower soluble solids
concentration, mean fruit weight, firmness, and crop values compared to 12-year-old ‘Bing’/‘G.5’
trees in the second year of the study. The authors suggested that in the first year fruit set was
high, while in the second year thinning had been unnecessary.
The mean fruit diameter at harvest was similar to those reported by others (Whiting and
Lang, 2004; Whiting and Ophardt, 2005; Whiting et al., 2006), or larger (Choi and Andersen,
2001), and may have even qualified for a ‘premium’ size category (≥ 26.5 mm) (Whiting et al.,
2006), although there were no significant differences between treatments. Choi and Anderson
(2001) observed that when trees were thinned by hand, there was a significant treatment effect on
fruit diameter for ‘Hedelfingen’ trees on ‘G.6’ but not ‘Mazzard’ rootstock. When crop load or
yield per tree is very low, sometimes treatment differences in fruit size are no longer measurable,
despite application of thinning treatments (Choi and Andersen, 2001; Neilsen et al., 2007). The
large fruit size observed among all treatments in this study is likely a direct result of the light crop
loads in both study years.
Fruit size is an important aspect of marketability, as there is a preference for large sweet
cherries (Looney et al., 1996). Several physiology studies have focused on how sweet cherry fruit
size is regulated. Work by Usenik et al. (2010) has explored the effects of altering the leaf to fruit
ratio of ‘Lapin’/‘G.5’ sweet cherries by manually removing fruit 38 days after full boom (DAFB).
They found that as leaf to fruit ratio increased, fruit mass increased. Another study by Choi and

112

Andersen (2001) in New York with ‘Hedelfingen’ found that when flowers or fruitlets were
thinned and compared across five rootstocks, only trees on ‘Gi.196/4’ and ‘G.6’ rootstock
exhibited benefits in size. Whiting and Lang (2004) in Washington found that when ‘Bing’ trees
were thinned to one flower bud per spur, fruit weight increased significantly compared to an
untreated control. Lauri and Claverie (2005) have found that when treatments of 20, 30 or 50%
spur extinction pruning cuts were applied, fruit size of ‘Summit’ increased compared to an
untreated control.
In order to determine the limiting factor for sweet cherry fruit size, Olmstead et al. (2007)
studied a number of different cultivars, of varying sizes, across different environmental
conditions. Overall, it was found that mesocarp cell number of fruit flesh was the main factor
influencing size across genotypes. It was also found that when compared across location and
years, cell number was frequently unaffected by location. When large fruit and small fruit were
compared within cultivars it was found that cell length influenced fruit size more than cell
number. This led the authors to conclude that in order to increase fruit size of cherries,
management practices that increase cell length should be adopted. Their findings corroborate
those of Yamaguchi et al. (2004) which found a stronger correlation between fruit weight and cell
number than cell size, although both affect final fruit size. Also, when flowers were thinned,
mesocarp cell number was unaffected (Yamaguchi et al., 2004), suggesting that cell number is
relatively constant for a particular cultivar.

5.6 Conclusions
The topic of crop load management for improving fruit size of sweet cherries (Neilsen et
al., 2007) is relevant to cherry growers as newer, more dwarfing and precocious rootstocks are
adopted (Lang, 2000; Whiting et al., 2006), as well as self-fruitful cultivars (Bargioni, 1996).
Research has investigated chemical blossom thinning options for cherry growers (Whiting et al.,
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2006), but mechanical thinning is another option that warrants investigation with the advent of
new technology.
When contrasts were used to compare the effect of MBT and HBT on percentage of
blossoms removed and fruit set, it was found that HBT did not successfully mimic MBT in 2010,
but did in 2011. Despite this fact, further contrasts found no difference between MBT and HBT
for all other parameters measured in both years. These results suggest that MBT did not
negatively affect sweet cherry trees in this study. With regards to treatment effects overall, the
MBT 240 rpm and HBT high treatments consistently decreased fruit set, but no subsequent yield
or fruit quality benefits were realized.
Thinning may not always be necessary each year, and it has been suggested that set be
evaluated before treatment application (Lenahan and Whiting, 2006a). While this may be possible
if using chemical fruitlet thinning, mechanical and chemical blossom thinning must be completed
at bloom. While waiting until fruit set is determined is an option for apple, pear and peach
producers, it is not a viable option for cherry producers due to the shorter growing season (Roper
and Kennedy, 1986) and lack of available chemical fruitlet thinners. Crop value must also be
considered; if thinning reduces set and any yield reduction is not offset by improvements in fruit
size, crop value will diminish (Lenahan and Whiting, 2006a). This study, and other recent work
highlight the fact that thinning strategies used for crop load management of cherry requires
further investigation (Whiting and Ophardt, 2005).
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Table 5.1. The effect of mechanical and hand blossom thinning on flower removal and fruit set of ‘Tehranivee’ sweet cherry trees
at the University of Guelph Vineland Research Station, Vineland, Ontario, Canada in 2010 and 2011.
2010
2011
Blossoms removed
Blossoms removed
Thinning treatmentz
(%)
Fruit set (%)
(%)
Fruit set (%)
Untreated control
NA
22 a
NA
17 a
MBT 180 rpm
38y cx
8b
30 b
14 ab
MBT 240 rpm
60 ab
5b
52 a
4c
HBT low
48 bc
15 ab
32 b
12 ab
HBT high
65 a
11 b
48 a
8 bc
P-value
<0.0001
0.0015
<0.0001
0.0004
Contrasts
Mechanical vs. Hand
0.0274
0.0288
0.6677
0.4197
NA
NA
Control vs. Mechanical
<0.0001
0.0012
NA
NA
Control vs. Hand
0.0058
0.006
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of seven trees.
x
Means within the same column with the same letter are not significantly different according to Tukey’s Studentized range test at
P = 0.05.
NA
Not applicable.
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Table 5.2. The effect of blossom thinning on total yield, number of fruit per tree, and mean fruit weight of ‘Tehranivee’ sweet cherry
trees at the University of Guelph Vineland Research Station, Vineland, Ontario, Canada in 2010 and 2011. Data for harvested yield and
number of fruit per tree in both years were log-transformed for analysis. Untransformed means are presented below.
2010
2011
Total yield
Number of
Mean fruit
Total yield
Number of
Mean fruit
Thinning treatmentz
(kg·tree-1)
fruit per tree
weight (g)
(kg·tree-1)
fruit per tree
weight (g)
Untreated control
2.0y
248
7.6
1.8
241
7.1
MBT 180 rpm
1.6
193
7.7
1.4
195
7.0
MBT 240 rpm
0.9
113
7.7
1.0
134
7.1
HBT low
1.3
151
7.9
1.4
195
7.0
HBT high
1.2
140
8.1
1.6
216
6.8
P-value
0.1872
0.1677
0.4026
0.4002
0.4198
0.9129
Contrasts
Mechanical vs. Hand
0.5201
0.6075
0.1603
Control vs. Mechanical
0.0841
0.0744
0.6637
Control vs. Hand
0.2205
0.165
0.1118
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of seven trees.
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0.6562
0.2012
0.1087

0.6982
0.2067
0.1225

0.4795
0.9227
0.4854

Table 5.3. The effect of blossom thinning on fruit firmness, fruit diameter, and soluble solids concentration of ‘Tehranivee’ sweet
cherries harvested at the University of Guelph Vineland Research Station, Vineland, Ontario, Canada in 2010 and 2011.
2010
2011
Soluble solids
Soluble solids
Fruit firmness Fruit diameter concentration
Fruit firmness Fruit diameter concentration
(N)
(mm)
(N)
(mm)
Thinning treatmentz
(%)
(%)
y
x
Untreated control
2.4
26.8
17.7
3.0 b
26.0
19.4
MBT 180 rpm
2.6
27.0
18.1
3.0 ab
26.1
19.2
MBT 240 rpm
2.7
26.7
18.3
3.3 a
25.6
19.6
HBT low
2.7
27.1
18.1
3.2 ab
25.8
19.5
HBT high
2.6
27.2
18.5
3.0 ab
25.7
19.7
P-value
0.1613
0.5021
0.2864
0.013
0.7246
0.6565
Contrasts
Mechanical vs. Hand
0.6337
0.176
0.8559
0.6945
0.756
0.4471
Control vs. Mechanical
0.0563
0.8921
0.1068
0.0274
0.6627
0.8998
Control vs. Hand
0.0253
0.2105
0.08
0.0613
0.4951
0.6024
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of seven samples of 10 fruit, where possible, N = 70.
x
Means within the same column with the same letter are not significantly different according to Tukey’s Studentized range test at P
= 0.05.
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Table 5.4. The effect of blossom thinning on L*, C*, Ho colour parameters of ‘Tehranivee’ sweet cherries harvested
at the University of Guelph Vineland Research Station, Vineland, Ontario, Canada in 2010 and 2011.
2010
2011
Thinning treatmentz
L*
C*
Ho
L*
C*
Ho
Untreated control
30.1y
21.1
14.3
29.3
17.9
12.0
MBT 180 rpm
30.7
23.0
15.1
29.9
19.8
12.7
MBT 240 rpm
30.0
21.3
14.2
30.4
21.4
13.4
HBT low
31.0
24.6
15.7
30.0
20.5
13.0
HBT high
30.0
20.5
14.1
29.1
16.1
11.0
P-value
0.1826
0.1991
0.2441
0.1758
0.0588
0.0817
Contrasts
Mechanical vs. Hand
0.6807
0.7488
0.6049
0.1549
Control vs. Mechanical
0.4931
0.5157
0.6493
0.1159
Control vs. Hand
0.3115
0.3659
0.383
0.693
z
Mechanical blossom thinning (MBT) and hand blossom thinning (HBT).
y
Data represent the mean of seven samples of 10 fruit, where possible, N = 70.
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0.0895
0.0913
0.7868

0.1043
0.1892
0.9517

Figure 5.1. Sweet cherry production in Canada by province in 2010, expressed in marketed
production and farm gate value. Data source: Statistics Canada - Fruit and Vegetable
Production. June 2011.
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Figure 5.2. Mechanical blossom thinning of ‘Tehranivee’ sweet cherry trees (Prunus avium
L.). A. A sweet cherry branch at full bloom. Flowers are numerous, and tightly clustered.
B. Sweet cherry flower phenology at the time of treatment application. C. Mechanical
blossom string thinner used in this study at full bloom. D. Sweet cherry flower damage
from mechanical blossom thinning involving complete removal of ovary, petals, pistil, and
stamens. E. Sweet cherry flower damage from mechanical blossom string thinning resulting
in removal of petals and stamens, while the pistil and ovary remain.

120

CHAPTER 6 - GENERAL DISCUSSION AND CONCLUSIONS

Managing the crop load of fruit trees is an important consideration for producers.
Thinning of apple and peach trees has been practised for decades (Faust, 1989; Williams 1979),
while thinning and adjustment of cherry crop loads is a relatively new requirement (Whiting and
Lang, 2004, Whiting and Ophardt, 2005) with the advent of new dwarfing and precocious
rootstocks (Whiting et al., 2005) and self-fruitful cultivars (Kappel, 2002). Tree fruits are
considered high-value horticultural crops, and as such have high costs of production (OMAFRA,
2009a). New orchard management techniques should therefore aim to be cost and time effective,
and mechanical blossom thinning represents an option for meeting this challenge (Schupp et al.,
2008). The objective of this research was to explore the effectiveness of using a mechanical
blossom string thinner to adjust the crop load of apple, peach, and sweet cherry.
When apple trees were mechanically and hand blossom thinned over a two year period,
the only treatment which consistently reduced fruit set was mechanically blossom thinning at 240
rpm. Assessment of hand thinning of trees after ‘June drop’ revealed no additional reduction in
thinning requirement among any of the blossom thinning treatments. Moreover, marketable yield
and mean fruit weight were unaffected by thinning treatments. Fruit quality parameters measured
in 2011 were also unaffected by treatments. These findings indicate that for apple, no benefits
were realized from mechanical blossom thinning at bloom using a string thinner.
In a two year peach study, fruit set was significantly reduced with increased thinning rate,
and compared to an unthinned control in 2011, all thinning treatments significantly decreased
fruit set. This reduction in fruit set was reflected in time saved during hand thinning after ‘June
drop’. The labour savings were generally proportional to the rate of mechanical of hand blossom
thinning. In 2010, only the highest mechanical and lowest hand blossom thinning rates differed
from each other in terms of marketable yield, while mean fruit weights were similar. In 2011,
there was no significant treatment difference in marketable yield, but mean fruit weight was
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increased for trees treated with the highest blossom thinning treatments. In 2010, the percentage
of high market value fruit (> 70 mm) was unaffected by treatments, while in 2011, the 210 and
240 rpm MBT treatments yielded the largest number of fruit in this category. Overall, the results
of this study suggest that mechanical blossom thinning of peach trees benefits producers by
saving time during follow-up hand thinning at ‘June drop’, and by increasing fruit size at harvest.
Mechanical thinning of sweet cherries over a two year period indicated that most
mechanical and hand blossom thinning treatments reduced fruit set compared to the unthinned
control treatment. However, mean fruit weight of cherries was unaffected by thinning treatments,
as were fruit quality and total yield. These results suggest that thinning was unnecessary in both
years, most likely because of low fruit set.
One impediment to the adoption of mechanical blossom thinning among apple producers
is concern over damage to trees early in the growing season inflicted by the rotating spindle and
plastic cords (Bertschinger et al., 1998; Ngugi and Schupp, 2009). Early in the growing season,
following dormancy, the majority of the apple tree canopy consists of spur leaves (Rom, 1990),
which are thought to be an important source of photosynthates for young fruit (Corelli
Grappadelli, 2003). Reduction in leaf area has been shown to reduce fruit set and fruit calcium
concentration (Ferree and Palmer, 1982), and damage may also affect fruit set and weight (Lakso
et al., 1996; Schröder and Link, 2002).
In peach, flowers bloom prior to leaf emergence (Bassi and Monet, 2008), and during this
study only minor leaf growth had occurred by the time of treatment application. Another study
has noted only minor limb breakage while thinning peaches (Miller et al., 2011), as was the case
in this study. Whiting and Lang (2004) have emphasized that thinning strategies for sweet
cherries must not remove leaves. With sweet cherries, a short season suggests that sweet cherries
may rely heavily on carbohydrate reserves for growth (Flore and Layne, 1999; Roper and
Kennedy, 1986), but new leaves may also supplement reserves (Roper and Kennedy, 1986).
Sweet cherry bloom can occur before (Roper and Kennedy, 1986), during, or after leaf expansion
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(Whiting et al., 2006), as emergence can be affected by weather conditions. In this experiment, a
minor amount of sweet cherry leaf growth was observed at bloom.
Our apple spur leaf study found that although there was a significant reduction in spur
leaf area from trees that were mechanically blossom thinned, no effect on fruit set, yield, or fruit
quality was observed. Although peach and sweet cherry were not explored in this leaf damage
study, the effect on spur leaf area would most likely have been considerably less, since leaf
development was most progressed in apple at full bloom.
Another concern associated with mechanical thinning at bloom, although not examined in
the present study, is the potential risk of spreading fire blight (Erwinia amylovora [Burrill]
Winslow et al.) (Ngugi and Schupp, 2009). Fire blight can decimate orchards, and is known for
the characteristic ‘shepherd’s crook’ bending of infected shoots (Grove et al., 2003). Ngugi and
Schupp (2009) have studied the risk of spreading fire blight through the use of a MT using field
and potted tree experiments. They found that when a MT was used on non-inoculated trees
immediately after thinning trees infected with fire blight, infection with fire blight was
significantly increased in the previously non-inoculated trees. An increased risk of infection was
also observed when non-inoculated potted trees were placed adjacent to trees infected with fire
blight and then thinned with a MT. In their experiment, though, conditions were optimized for
risk of infection, including increased inoculum pressure. Obviously, the risk of spreading disease
is not limited to fire blight in apples, but could also be applicable to stone fruit diseases such as
leaf curl and bacterial canker (Westwood, 1988), and therefore is an important consideration for
widespread adoption of mechanical thinning.
Another worry with mechanically thinning at bloom is the risk of frost afterwards
(Baugher et al., 1991; Byers, 2003), which could further decrease crop load. When using blossom
thinning strategies, it is always important to consider the possibility of poor fruit set afterwards
(Myers et al., 2002). Traditionally, apple crop load is not altered until after a period of natural
drop, to ensure a reliable crop load (McArtney et al., 1996). If trees are thinned at bloom with a
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MT, crop load could be further reduced by an unexpected frost event. To avoid this, mechanical
thinning at bloom could be completed at a lower rate, and used in combination with hand or
chemical thinning later in the season.
Another important consideration with mechanical blossom thinning is canopy suitability.
Follow-up thinning will often be required due to inconsistent thinning throughout the canopy;
lower portions of the canopy tend to be thinned less (Baugher et al., 1991). The trees used in this
study were well suited for thinning by a MT because they were pruned in a columnar habit.
Baugher et al. (2009) observed variable results in different portions of the canopy, suggesting that
mechanical thinning may be better suited for spindle-type peach canopies. Miller et al. (2011)
also found that a mechanical string thinner effectively removed blossoms in the upper canopy of
‘Sugar Giant’ and ‘John Boy’ peaches, but thinning efficacy in the lower portion of the canopy
was poor. Indeed, when trees were selectively pruned to fit MT requirements, improvements in
thinning efficacy were observed by Schupp and Baugher (2011). These findings highlight the
importance of matching the device to the canopy structure, as changes in canopy architecture will
be an important consideration for the adoption of this technology (Schupp et al., 2008). Coupled
with this issue is flower morphology. Overall, the MT proved to be most effective for peach trees
in this study, and this may have been due to the solitary flower morphology of this species (Bassi
and Monet, 2008). Apple and sweet cherry trees have groupings of flowers (Westwood, 1988),
which may have made thinning more difficult, or more sporadic. These inconsistent results across
tree fruit species should be explored further in future mechanical thinning studies.
One final consideration for mechanical blossom thinning is timing of application (Costa
and Vizzotto, 2000). Results observed by Schupp et al. (2008) when comparing trees thinned at
20% FB versus 80% FB suggest that the timing of MBT treatment warrants more investigation.
The effect of MBT has been studied over a range of flower phenologies, including pink to petal
fall (Baugher et al., 2010b). Previous work has suggested that there is a relatively long period
where early thinning could benefit peach fruit, from pink to petal fall, although it is difficult to
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remove blossoms at pink (Baugher et al., 2010b). Only one treatment timing was explored in this
study, and therefore this factor warrants investigation in the future.
Overall, mechanical blossom thinning appears to be a viable option for tree fruit
producers, especially peach growers. Although apple chemical thinning sprays have produced
promising results (Williams, 1979), there are few registered and effective products available to
organic producers (Hampson and Bedford, 2011). Mechanical blossom thinning could be a viable
alternative for organic fruit producers, or for conventional growers looking to reduce their
reliance on chemical sprays.
Based on the results of this thesis, the response of apple and sweet cherry to mechanical
blossom thinning should be explored further, and peach results should be confirmed. This study
was limited to only a few cultivars of each tree fruit species, and therefore more cultivars should
be examined. Further work should also be completed to confirm that apple spur leaf damage
incurred from mechanical blossom thinning is negligible.
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APPENDIX A

Table A.1. Weather data for Simcoe, Ontario, Canada from the period 1 Mar. through 31 Oct. 2010 and 2011.
(Data sources: Simcoe Research Station; Weather Innovations Network; Environment Canada).
Mean minimum
Mean maximum
Total rainfall
Accumulated GDDz
o
o
temperature ( C)
temperature ( C)
(mm)
(base 5oC)
Month
2010
March
-1.5
8.9
37.4
25
April
4.0
16.8
19.6
165
May
9.5
20.2
107.3
307
June
14.7
25.3
174.3
450
July
16.9
28.0
189.4
541
August
16.7
26.9
140.2
521
September
11.9
21.8
133.4
356
October
5.4
15.8
126.8
174
Total
928.4
2538
2011
March
-5.3
3.8
115
8
April
2.0
11.4
143
75
May
9.4
18.9
140.4
284
June
13.8
24.0
60.6
417
July
17.9
29.4
31.8
578
August
15.9
26.2
88.2
498
September
12.6
21.4
86.6
360
October
6.0
14.2
140.6
170
Total
806.2
2390
z
Growing degree days.
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Table A.2. Weather data for Niagara-on-the-Lake, Ontario, Canada from the period 1 Mar. through 31 Oct. 2010 and
2011. (Data source: Weather Innovations Network).
Mean minimum
Mean maximum
Total rainfall
Accumulated GDDz
o
o
Month
temperature ( C)
temperature ( C)
(mm)
(base 5oC)
2010
March
-1.2
8.6
56.4
21
April
4.2
17.3
57.8
174
May
9.1
22.0
54.2
327
June
14.9
25.0
164.8
449
July
17.2
29.3
61.0
566
August
16.6
27.9
75.2
535
September
10.7
22.1
57.4
342
October
5.2
15.3
72.6
163
Total
599.4
2575
2011
March
-3.5
4.4
72.0
10
April
2.1
12.5
124.0
85
May
8.5
18.7
139.0
267
June
13.6
25.1
58.6
432
July
17.2
31.0
22.4
591
August
15.4
27.6
88.4
512
September
12.6
22.9
94.6
383
October
5.5
15.6
99.0
180
Total
698.0
2461
z
Growing degree days.
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Table A.3. Weather data for Vineland, Ontario, Canada from the period 1 Mar. through 31 Oct. 2010 and 2011.
(Data source: Environment Canada)
Mean minimum
Mean maximum
Total rainfall
Accumulated GDDz
o
o
Month
temperature ( C)
temperature ( C)
(mm)
(base 5oC)
2010
March
0.4
7.8
65.7
25
April
4.6
15.4
52.7
152
May
9.4
20.0
66.2
301
June
15.2
23.8
138.1
435
July
18.3
28.5
64.6
569
August
17.8
27.2
57.5
542
September
12.2
21.3
57.4
353
October
7.1
15.3
70.5
192
Total
572.7
2569
2011
March
-2.9
4.0
99.2
10
April
2.4
10.9
114.2
71
May
8.3
16.6
152.7
231
June
14.1
23.7
54.9
417
July
18.9
29.4
38.3
593
August
17.0
26.7
84.9
521
September
13.3
21.7
150.7
375
October
6.8
15.0
88.4
188
Total
783.3
2408
z
Growing degree days.
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