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ABSTRACT 
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Biennial bearing, low precocity, and vigorous vegetative growth are major production 

constraints of „Northern Spy‟ apple trees. Experiments were conducted in bearing and non-

bearing „Northern Spy‟/M.9 orchards to determine whether plant bioregulator applications of 

ethephon (ETH), napthaleneacetic acid (NAA), prohexadione-calcium (P-Ca), and/or 

benzyladenine (BA) could be used to overcome these production constraints of „Northern Spy‟. 

Ethephon application at 150, 300, or 450 mg∙L-1
 in the „on‟ year increased return bloom, fruit 

yield, and alleviated biennial bearing in the „off‟ year in a positive linear relationship to 

concentration when trees were moderately biennial in cropping. Applications applied 22 June 

were more effective than 27 July or 31 Aug. applications. However, single or multiple (2, 3, or 4) 

application(s) of 150 mg∙L-1
 ETH or 5 mg∙L-1 

NAA were ineffective when trees were not 

biennial. Two ETH applications at 1500 mg∙L-1
 to non-bearing trees significantly increased 

flowering and fruit yield the year following treatment. The combination of P-Ca with ETH had an 

additive effect on shoot growth and improved growth control compared to P-Ca alone. Two BA 

applications at 500 mg∙L-1
 had no effect on lateral branching of young trees.  
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CHAPTER 1: GENERAL INTRODUCTION 

 

The „Northern Spy‟ apple [Malus sylvestris (L.) Mill. var. domestica (Borkh.) Mansf.], 

originating in the early 1800s (Dennis, 1998), is an important processing apple in Ontario. 

„Northern Spy‟ is grown on  700 ha in the province, ranking fourth among cultivars in terms of 

planted area, and represents a mean annual (2005-2009) grower value of approximately $6.9 

million (Ontario Apple Growers, 2005-2010). While its popularity as a fresh eating apple has 

diminished, it remains a prized fruit for processing – particularly baking. This cultivar has an 

exceptional ability to retain the characteristic flavour, texture, and essence of apple after storage, 

baking, freezing, and shipping (Sanford et al., 2006).  

Morphologically, the tree is vigorous and upright with narrow crotch angles (Dennis, 

1998). The large fruit (75 to 100 mm diameter) are often borne terminally and are relatively late 

maturing (approximately mid-October in Ontario) compared to many other cultivars. Despite a 

declining trend in total production of „Northern Spy‟ apples during the past decade, there remains 

a strong demand for processing fruit (Figure 1.1). It is estimated the orchard area of „Northern 

Spy‟ will increase to reflect commercial bakery requirements and growing demand (T. Chudleigh, 

personal communication). 

Producers of „Northern Spy‟ face several production constraints which complicate 

management of the cultivar. Mature trees have a tendency to crop in alternate years – a 

characteristic known as „biennial bearing‟ (Dennis, 1998). Biennial bearing is a physiological 

phenomenon characterized as a repetitive cycle of a heavy year of flowering and cropping 

followed by a lighter year. Yields in the light year are limited by a reduced number of flowers to 

set fruit. Secondly, when compared to other cultivars, „Northern Spy‟ trees have a long non-



2 

 

bearing period following planting – termed „low precocity‟. Biennial bearing and low precocity 

create inconsistencies in yield and revenue for producers and in market supply for processors. 

Aside from biennial bearing and low precocity, excessive shoot growth and a lack of 

lateral branching leading to large sections of „blindwood‟ is especially problematic with 

vegetatively vigorous trees such as „Northern Spy‟ and other tip-bearing apple cultivars such as 

„Cortland‟ (Faust et al., 1995). Blindwood, also known as barewood, refers to sections of branch 

which do not have fruiting potential due to the absence of lateral shoot or spur development 

(Palmer et al., 2005). Reduction of excessive vegetative vigor through the use of dwarfing 

rootstocks (Maguylo and Lauri, 2007) and tree training (e.g. branch bending) (Parker and Young, 

1995) improves the balance between vegetative growth and fruiting for increased early yields. 

In tree fruit production, plant bioregulators (PBRs), also known as growth regulators, are 

commonly used for many applications including altering flowering and fruiting habits and 

vegetative growth control (Petracek et al., 2003). Several such PBRs may be useful for 

overcoming the production constraints associated with „Northern Spy‟. Sprays of the synthetic 

auxin napthaleneacetic acid (NAA) have been observed to enhance apple flowering the year 

following application (Cline, 2006a; Harley et al., 1958; McArtney et al., 2007; Stover et al., 

2001) and are mentioned as a flower-promoting treatment in several tree fruit production guides 

(Cowgill and Autio, 2009; Schwallier, 2006; Washington State University Extension, 2009). 

Ethephon (ETH) treatments have also enhanced flowering in bearing apple trees the year 

following application (Cline, 2006a; McArtney et al., 2007; Schmidt et al., 2009; Williams, 1972) 

and have been effective at reducing the severity of biennial bearing in „Delicious‟ trees (Bukovac 

et al., 2006). Applications of ETH are also recommended to promote flowering in young, non-

bearing apple trees in addition to bearing trees (Washington State University Extension, 2009). 

On two-year-old „Northern Spy‟/M.9, two 500 mg∙L-1
 ETH sprays significantly increased 

flowering the following season by  25% compared to untreated control trees (Cline, 2006a). 
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Vigorous vegetative growth, even on a dwarfing rootstock such as M.9, is another 

production challenge facing „Northern Spy‟ producers. The PBR prohexadione-calcium (P-Ca), 

an inhibitor of gibberellic acid (GAs) biosynthesis, reduces shoot extension when applied to 

several tree fruit species including apple (Rademacher et al., 2006). Prohexadione-calcium is 

commonly used in apple orchards for vegetative growth control and suppression of the disease 

fireblight [Erwinia amylovora (Burr.) Winslow et al.]. Due to its ability to reduce excess 

vegetative growth, P-Ca has been proposed as a tool to achieve an improved balance between 

vegetative growth and fruiting in apple production (Ramirez et al., 2006). To limit blindwood and 

improve canopy development, exogenous cytokinin application of benzyladenine (BA) has 

effectively improved lateral branching of nursery trees (Hrotko et al., 1997) and young apple 

orchards (Jacyna and Barnard, 2008; Miller and Eldridge, 1986), and has exhibited some potential 

for inducing spur development from otherwise blind buds (Palmer et al., 2005). Improved lateral 

branching and spur development would also contribute to early orchard productivity. 

Several PBR treatments have been used effectively in other apple cultivars, however, 

previous research on „Northern Spy‟ is limited. The primary objective of this research was to test 

the effectiveness of PBR treatments for increasing flowering, fruit yield, and alleviating biennial 

bearing in bearing and non-bearing „Northern Spy‟. As a secondary objective, PBR treatments 

were tested to determine their effects on vegetative growth characteristics of „Northern Spy‟ trees 

during establishment. 

The present study tested the following hypotheses: 

1. Ethephon and napthaleneacetic acid application to bearing „Northern Spy‟ apple 

trees can alleviate the effects of biennial bearing by increasing flowering and fruit 

yield the year following treatment.  

2. Ethephon application to young, non-bearing „Northern Spy‟ trees enhances 

flowering and fruit yield the year following treatment.  
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3. Prohexadione-calcium application reduces vegetative growth of „Northern Spy‟ trees 

in the season of application.  

4. Benzyladenine application induces increased lateral branching in young „Northern 

Spy‟ trees.
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Figure 1.1: Marketed production of „Northern Spy‟ apples in Ontario and volume of fruit sold for 

processing into non-juice uses from 1998 to 2008. Data source: OMAFRA Horticultural Statistics 

(1998 - 2002); Ontario Apple Growers (2003 - 2008). 
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CHAPTER 2: LITERATURE REVIEW 

 

2.1 Biennial Bearing 

Biennial bearing, also known as alternate bearing, is a physiological phenomenon 

observed in many tree fruit species including: olive (Olea europaea L.), citrus (Citrus spp.), 

avocado (Persea americana Mill.), mango (Mangifera indica L.), pear (Pyrus communis L.), and 

apple, as well as tree nuts (Monselise and Goldschmidt, 1982). Commercially important apple 

cultivars which exhibit tendency towards biennial bearing habits include: „Delicious‟, „Fuji‟ 

(McArtney et al., 2007), „Honeycrisp‟ (Cline and Gardner, 2005) and „Northern Spy‟ (Dennis, 

1998).  

In its simplest form, biennial bearing can be described as the repetitive cycle of a heavy 

year of flowering and cropping followed by a light year. Fruit producers and pomologists often 

refer to the heavy and light years as the „on‟ and „off‟ years, respectively. Biennial bearing is also 

a term used to describe irregular cropping cycles where two or more „on‟ or „off‟ years occur in 

sequence. Fruit yield (i.e. total weight of fruit harvested per tree) in an „on‟ year can be two or 

more times greater than the „off‟ year. Both „on‟ and „off‟ year scenarios potentially result in fruit 

of unmarketable quality. In the „on‟ year, heavily laden trees produce many undersized fruit with 

reduced colour (Wright et al., 2006). In the „off‟ year, large fruit can be more prone to the 

disorder bitter pit resulting in marketing and storage losses (Ferguson and Watkins, 1992). 

Typically as trees mature and their trunk cross-sectional area (TCSA) increases, differences 

between „on‟ and „off‟ years intensify (Barritt et al., 1997). Finally, cumulative yields from 

biennial bearing apple cultivars are often lower than cultivars which do not display an alternation 

in cropping tendency (Jonkers, 1979).  
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2.1.1 Quantifying Biennial Bearing 

Quantitative measurements of biennial bearing in pomology are commonly achieved 

using the biennial bearing intensity parameter, first proposed by Hoblyn et al. (1936). Intensity is 

calculated as the difference in yield on an individual tree divided by the sum of that yield over 

two consecutive years. The result is a numeric value between 0 and 1 (0 = uniform cropping; 1 = 

strongly biennial) indicating the intensity of alternation between years. Biennial bearing intensity 

may also be averaged over several years and expressed as a percentage. 

2.1.2 Flowering and Flower Formation in Apple  

The apple fruit botanically is derived from a flower, and therefore, in order to study an 

aspect of fruit production, the process of flowering must be considered. In apple, flowers develop 

in buds found on fruit „spurs‟ and laterally or terminally on longer shoots (Figure 2.1). Fruit spurs 

are short shoots with a compressed rosette of leaves, often producing a flower cluster terminally 

at the apex. Found within the axils of the spur leaves are vegetative axillary buds which may 

grow out to form a secondary shoot known as a „bourse‟. The bourse shoot itself then may flower 

and fruit the following season. Flowering in apple mainly occurs on two-year-old and older 

growth (Westwood, 1993). As „Northern Spy‟ is a partial tip-bearing cultivar (Dennis, 1998), 

flowering and fruiting tend to occur toward the end of longer shoots and fruit spurs are not as 

prevalent as in spur-type cultivars (e.g. „Delicious‟). 

The flower formation process includes all aspects of flower production, from initial 

expression of flower-formation genes through floral development – including the growth of 

flower parts right up to meiosis (Wellenseik, 1977, as cited by, Buban and Faust, 1982). The two 

basic steps involved in flower formation are initiation and development. 

2.1.2.1 Flower Initiation 

Flower formation begins with initiation, also referred to as induction, when 

differentiation of a floral meristem from a vegetative meristem occurs. Flower initiation in apple, 
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like most temperate tree fruits occurs autonomously (i.e. from internal cues), whereas many 

tropical trees are induced to flower based on external environmental stimuli such as temperature 

or photoperiod (Wilkie et al., 2008). 

Vegetative meristems can only differentiate to become floral once the structure of the 

vegetative bud is nearly complete (Jackson, 2003). A complete structure comprises, in ascending 

order: nine bud scales, three transition leaves, six true leaves, and three bracts (Abbott, 1970). In 

differentiated floral meristems, this structure includes a terminal primordium (i.e. king flower) 

and lateral flower primordia found in the axils of the bracts. The point at which the vegetative 

meristem can become committed to floral development is believed to be dependent on the stage 

of leaf formation (i.e. node number) (Jackson, 2003; McArtney et al., 2001). The critical node 

number is influenced by genetics:  20 for „Cox‟s Orange Pippin‟ and 16 for „Golden Delicious‟ 

(Luckwill, 1974). Critical node numbers of 19, 18, and 22 have also been reported for „Golden 

Delicious‟, „Baldwin‟, and „Early MacIntosh‟, respectively (McLaughlin and Greene, 1991).  

Although the critical node number appears to be cultivar dependent, differences within individual 

cultivars grown at the same location have been observed across years, suggesting some 

environmental influence (McArtney et al., 2001). The critical node number is also dependent on 

shoot type as axillary or terminal meristems of long shoots have a lower critical node number 

than spur meristems (Jackson, 2003).  

In order for the shoot to achieve the required node number, the rate of production of new 

primordia (termed „plastochron‟) must be appropriate. A very short plastochron (i.e. rapid 

production of primordia) leads to continued growth as a leafy shoot, however, a long plastochron 

(i.e. slow production of primordia) results in failure of the meristem to reach the critical node 

number and it remains as a vegetative bud (Jackson, 2003). A plastochron resulting in flower 

initiation and the development of a floral bud is somewhere in between; Fulford (1966) suggested 

about seven days for „Cox‟s Orange Pippin‟ grown in England. 
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2.1.2.2 Flower Initiation Period 

Buban and Faust (1982) suggested the period of flower initiation normally occurs in 

spring, 20 to 40 days after full bloom (DAFB). However, as a function of the plastochron and 

critical node number, the flower initiation period can vary based in relation to: the type of bud 

(spurs initiate before meristems on long shoots) (Faust, 1989), cultivar, environmental conditions, 

and tree management (Jackson, 2003). Late summer flower initiation has been observed on both 

bearing (J. A. Cline, personal communication; McArtney et al., 2007) and non-bearing trees and 

also in certain years, cultivars, or areas with a long growing season (Buban and Faust, 1982).  

Foster et al. (2003) studied early floral development in „Royal Gala‟ bourse shoots in 

New Zealand and reported vegetative meristems were competent (i.e. had attained the ability to 

initiate flowers) between zero and 100 DAFB, peaking at  50 DAFB. McArtney et al. (2001) 

examined floral development for six consecutive seasons also in „Royal Gala‟ in New Zealand 

and observed flower initiation commenced between 72 and 99 DAFB and was completed by 108 

to 149 DAFB. The duration of the flower initiation period lasted as little as 22 days up to  50 

days, with the mean flower initiation period lasting  42 days (McArtney et al., 2001). Neither the 

onset nor the duration of the flower initiation period was determined to be related to seasonal heat 

accumulation following full bloom. The results of Foster et al. (2003) are in agreement with the 

earlier statement by Buban and Faust (1982), however, the latter work by McArtney et al. (2001) 

suggests a later period of flower initiation. 

It can be concluded that at best, the timing of flower initiation in apple is poorly 

understood, but occurs between bloom and  150 DAFB. Once flower initiation commences, the 

length of time required for meristems to complete differentiation is relatively short, lasting one to 

two weeks (Faust, 1989). Floral meristems then undergo development, in order to produce 

functional flowers by the following spring. 
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2.1.2.3 Flower Development 

Morphological development of flower primordia continues following initiation, with 

most of the anatomical parts of the flower present by autumn (Faust, 1989). The primordia 

continue to increase in size throughout the fall – particularly the terminal primordium (i.e. king 

flower) (Buban and Faust, 1982). At the beginning of winter, the diameter of the terminal 

primordium is  740 µm, while the lateral primordia are  560 µm (Buban et al., 1979). Both 

development and growth continue throughout the winter, when possible, as both processes are 

slowed by decreasing temperature or even arrested below 5
o
C (Landsberg, 1974). Primordia 

growth resumes rapidly in the spring. By the green tip stage (approx. mid-April in Ontario), mean 

diameters of the terminal and lateral primorida have reached  1900 and 1400 µm, respectively 

(Buban et al., 1979). The slower developing lateral primordia are less mature than the terminal 

primordium which explains their later bloom (Buban and Faust, 1982). Full bloom, defined here 

as greater than 80% of flowers open (generally coinciding with mid-May
 
in Ontario), occurs 

about one month after the green-tip stage. Flower development is finally complete, nearly a year 

after its inception. 

Although the exact botanical definition for the inflorescence of apple is debated (Jackson, 

2003), it is a determinate inflorescence and usually produces between five and seven individual 

flowers – one king flower and four to six laterals (Silbereisen, 1988), collectively known as a 

cluster (Figure 2.2). The flowering process ultimately culminates with successful pollination and 

fruit set. 

2.1.3 Physiology of Biennial Bearing and Factors Influencing Flower Initiation 

Biennial bearing in fruit trees, particularly in apple, has been studied several times 

previously, dating back to works such as Hoblyn et al. (1936). The most recent extensive reviews 

on apple have been Jonkers (1979) and Monselise and Goldschmidt (1982). Jonkers (1979) lists 

fifteen factors which affect biennial bearing tendency in a tree, of which cultivar, fruit 



11 

 

development (including seed production), fruit thinning (i.e. crop load), and spring frosts exert 

the most influence. Cultivar is a very important factor as it determines the genetic susceptibility to 

biennial bearing. Some cultivars such as „Northern Spy‟ have an inherent tendency towards 

biennial bearing, whereas others such as „Idared‟ (Jonkers, 1979) and „Empire‟ (J. A. Cline, 

personal communication) normally display little variation in cropping. It is well understood that 

environmental events such as late spring frosts, prolonged droughts, and temperature extremes 

can induce biennial bearing in regular-cropping trees by greatly reducing crop load (Monselise 

and Goldschmidt, 1982). Temperature has been shown to influence flower initiation under some 

conditions and this effect has been attributed to changes in the plastochron (Tromp, 1980). Low 

light intensity in apple (Jackson and Palmer, 1977) and drought stress in both apple (Fallahi et al., 

In press) and sweet cherry (Prunus avium L.) (Engin, 2008) have been demonstrated to reduce 

flower initiation. However, such environmental factors are considered by some as “modulating 

effects” and not directly associated with flower initiation or biennial bearing (Bangerth, 2006). 

To explain biennial bearing, certainly one must consider the competition for resources, 

both nutritional and energetic, between vegetative and reproductive growth, although, this effect 

is not considered to be of primary importance (Dennis and Neilsen, 1999). Despite decades of 

research, the exact cause(s) of biennial bearing remain unknown, with various proposed theories 

including nutrient diversion (Sachs, 1977), carbohydrate supply, endogenous hormonal 

regulation, and seed-induced inhibition of flower initiation (Buban and Faust, 1982). However, 

the evidence still suggests the strongest inhibiting factor and best explanation of biennial bearing 

originates from the presence of fruit (Dennis and Neilsen, 1999). 

2.1.3.1 Effect of Fruit and Seeds on Flowering 

In cultivars susceptible to biennial bearing, heavy cropping in one year will inhibit flower 

initiation, and therefore, reduce flowering and cropping in the subsequent season. This effect 

generally occurs very locally within the tree. Parry (1974) demonstrated that apple trees could be 
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manipulated so one half is „on‟ and one „off‟ each year. Additionally, individual branches within 

a canopy can be „on‟ or „off‟ in a given year (Buban and Faust, 1982). Even within the same 

branch, Fulford (1962) showed the presence of fruit inhibited flowering towards the basal end of 

the branch, but not towards its apex. Inhibition is dramatic in the terminal buds of long shoots, 

where typically only two to five percent of shoots form flowers at the terminal bud in consecutive 

years (Jonkers, 1979). 

In a classic experiment, Chan and Cain (1967) used the parthenocarpic apple cultivar 

„Spencer‟s Seedless‟ to study the effect of seeds on flowering. „Spencer‟s Seedless‟ normally 

bears seedless fruit, however, the cultivar can be manipulated to produce seeded fruit by manually 

pollinating flowers. After hand-pollinating half the tree, Chan and Cain adjusted the crop loads to 

ensure uniformity between the hand-pollinated half (seeded) and non-pollinated (seedless) half. 

The following season the seedless half of the tree flowered profusely, whereas the seeded half did 

not produce any flowers. Chan and Cain observed the presence of one or more seeded fruit per 

spur for just 20 to 30 days after hand pollination provided enough inhibition to prevent about 50% 

of spurs from flowering in the following year, compared to less than five percent for spurs with 

either seedless fruit or no fruit. Furthermore, the percentage of spurs flowering the following 

season was further reduced if seeded fruits were left on the tree for 150 days after pollination. 

These findings demonstrated the importance of seeds on flowering and led to the development of 

the hypothesis that developing seeds are the primary source of inhibition for flower initiation. 

The hypothesis of seed-based inhibition of flower initiation has been questioned by 

Weinbaum et al. (2001) who observed seeded „Bartlett‟ pears, when grown in California, do not 

affect flower initiation any differently than seedless fruit. This observation may be unique to 

California conditions as seeded „Bartlett‟ pears are believed to be more inhibitory towards flower 

initiation than seedless fruit in other production regions (Schmidt et al., 2009). Weinbaum and 

colleagues suggest the relative importance of nutritional factors, including metabolites, and 

hormonal inhibitors (i.e. gibberellic acids) on flower initiation may be affected by both genotype 
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and environment, therefore, the influence of seed-based inhibition may be overstated in some 

circumstances. 

An interaction between bourse shoot length and seed number has been observed to be a 

determining factor of terminal flower initiation in bourse shoots of „Spencer‟s Seedless‟ (Dennis 

and Neilsen, 1999). Short bourse shoots (< 2 mm length) fail to initiate flowers, while nearly all 

longer bourse shoots (> 2 mm length) initiate flowers when the adjacent spur carried a seedless 

fruit in the previous season (Neilsen and Dennis, 2000). However, if the spur carried a seeded 

fruit, the percentage of spurs undergoing flower initiation declines as the number of seeds present 

per spur increases. In „Northern Spy‟, seed number per square centimetre TCSA (number of 

seeds∙cm
2
 TCSA

-1
) combined with crop load has been suggested as a predictor of return bloom 

(i.e. next season‟s flowering) (Nichols et al., 2004). Nichols and colleagues reported return bloom 

significantly increased as the number of seeds∙cm
2
 TCSA

-1
 declined. The authors also suggest 

that crop load in „Northern Spy‟ can increase to a higher level without affecting return bloom if 

the seed load (number of seeds∙cm
2
 TCSA

-1
) is reduced.   

An entirely different hypothesis described by Dennis and Neilsen (1999) considers the 

seeds to be competitors for „florigen‟ (i.e. the flower-inducing compound), where the seeds divert 

the signal away from the meristem and thus inhibit flower initiation. Since flowering locus T (FT) 

protein is likely an important component of florigen in Arabidopsis thaliana (L.) Heynh. and FT 

has been observed to move through the phloem from source-to-sink tissues (Turck et al., 2008), 

this explanation remains plausible. The observation that sink-strength potential is greater in 

seeded compared to seedless fruits (Abbot, 1984, as cited by, Jackson, 2003; Weinbaum et al., 

2001) also supports the florigen-competition theory. Despite a number of possible theories, the 

seed-based inhibition hypothesis remains the most popular based on the scientific literature 

(Dennis and Neilsen, 1999). 
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2.1.3.2 Inhibition of Flower Formation by Gibberellic Acids 

Gibberellic acids are a large family of endogenous plant hormones with a broad range of 

physiological effects. Originally discovered for their action on stem elongation, GAs are now 

known to be involved in all stages of the plant life cycle, through germination, leaf expansion, 

flower induction, flower development, seed set, and fruit development (Phillips, 1998).  

Gibberellic acids were reported to inhibit the early stages of flower development or 

perhaps the initiation of flower buds in apple by Luckwill (1970). Further research by Dennis 

(1976) demonstrated that seeds in developing apple fruits are high in GA-like substances, and 

therefore, GAs were implicated in flower initiation inhibition. Subsequently, diffusion of GAs 

from developing fruit was stated to be the main cause of biennial bearing (Williams and 

Edgerton, 1981). In a heavy crop year (i.e. „on‟ year), diffusing GAs inhibit flower initiation thus 

reducing flowering and cropping in the following year. In a light year (i.e. „off‟ year), there is 

little or no GA to inhibit flower initiation. This is the main reason postulated for yield alternation 

between years (Faust, 1989). 

2.1.3.2.1 Types of Gibberellic Acids and Their Effect on Flowering  

Several GAs have been identified in apple seeds including: GA3, GA4, GA7, and at least 

10 others (Hoad, 1978; Stephan et al., 1999). Hoad (1978) reported the quantity of GA3 diffusing 

from the biennial bearing cultivar „Laxton‟s Superb‟ was much greater than that of the more 

regular bearing „Cox‟s Orange Pippin‟. However, „Cox‟s Orange Pippin‟ can export larger 

quantities of GA4 (Hoad, 1978) which does not appear to inhibit flowering (Prang et al., 1997; 

Tromp, 1982). Along with GA3, flowering in apple is also reported to be inhibited by GA7 

(Tromp, 1982). Since the concentration of GAs in growing apple fruits have been demonstrated to 

vary significantly between cultivars (Eccher et al., 2008; Stephan et al., 1999), as well as 

phenological stages of development, it is no surprise that cultivars differ in their propensity 

towards biennial bearing when such differences in endogenous GA contents exist. 
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Gibberellic acid inhibition of flower initiation is further supported by the fact that 

exogenous application of various GA compounds can inhibit flowering in apple. Both GA7 and 

GA3 will inhibit flower initiation when applied to apple trees and reduce flowering the following 

year (McArtney and Li, 1998; Unrath and Whitworth, 1991). Davis (2002) ranked the relative 

strength of GAs as inhibitors of flower initiation in apple in the following order: GA7 > GA3 > 

GA4. Combinations of GA4 + 7 are intermediate in activity and their inhibitory effect on flower 

initiation is positively related to concentration (Davis, 2002; McArtney and Li, 1998). This 

ranking is supported by Bertelsen and Tustin (2002) who reported higher concentrations of GA3 

compared to GA 4+7 were needed to achieve the same effect on flower initiation. 

Exogenous GA applications have been most effective at inhibiting flower initiation on 

spurs when applied during the first 14 DAFB (Bertelsen and Tustin, 2002; Davis, 2002). Delayed 

applications require higher concentrations and typically have reduced efficacy. Conversely, 

flower initiation on long shoots was most inhibited when GAs were applied later, 42 to 84 DAFB 

(Bertelsen and Tustin, 2002; McArtney and Li, 1998). The difference between spurs and shoots 

provides further evidence that flower initiation occurs earlier in spur meristems than it does in 

axillary or terminal meristems of long shoots, as described previously [Section 2.1.2.2]. 

2.1.3.2.2 Physiological Mechanism of Gibberellic Acid Inhibition 

While there seems to be some consensus that GAs are critically involved in the inhibition 

of flower initiation, whether they act directly or in concert with another messaging signal is 

debated (Bangerth, 2006). It has been demonstrated that a considerable amount of GAs are 

exported from developing apple fruits during the period of flower initiation (Stephan et al., 1999). 

However, further metabolic activity of GAs at the shoot meristem has not been determined 

(Bangerth, 2006). This allows for speculation regarding the pathway for GAs to inhibit flower 

initiation. 
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An alternative hypothesis to direct inhibition has been proposed, whereby GAs acting as 

primary messengers in the seed move into nearby shoot tips and stimulate the synthesis and 

transport of the auxin idole-3-acetic acid (IAA) (Callejas and Bangerth, 1998). Polar IAA 

transport acts as a secondary messenger transferring the inhibiting signal of flower initiation to 

the meristem (Bangerth, 2006). The fact that GA application has been observed to enhance IAA 

movement out of treated tissues supports this hypothesis (Kuraishi and Muir, 1962). Indole-3-

acetic acid has also been observed in considerable quantities in developing seeds and spurs of 

apple during the period of flower initiation (Kondo et al., 1999). Auxin-transport inhibitors such 

as triiodobenzoic acid [2,3,5-triiodobenzoic acid] have been reported to stimulate flower initiation 

and return bloom in some (e.g. Bukovac, 1968) but not all instances (Grochowska et al., 2004; 

Ludders, 1978). Nevertheless, polar IAA transport remains a viable explanation for flower 

initiation inhibition. 

One of the above theories, a combination thereof, or perhaps a yet unknown mechanism 

may be demonstrated to be responsible for the inhibition of flower initiation in the future. 

However, this will require a considerable advancement in the current knowledge of flower 

initiation in perennial plants. For although the complexities of flower initiation in annual plants 

are beginning to be understood, this is not as true in the former, and for fruit trees in particular is 

described by some as “still an enigma” (Bangerth, 2006).   

2.1.3.2.3 Exogenous Gibberellic Acid Application and Interference 

The GA-floral inhibition theory led to the notion that applying GAs during the „off‟ year 

(i.e. heavy year of flower initiation) could be a useful tool for regulating biennial bearing by 

suppressing flowering in the following „on‟ year (Buban and Faust, 1982). This has indeed been 

proven successful in several experiments using various GAs and concentrations (e.g. Davis, 

2002). However, in commercial orchards this has not been adopted, in part because of the high 
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product cost to apply GAs at effective rates (McArtney et al., 2007) but also because of 

difficulties predicting the response (Davis, 2002). 

Compounds that counteract GAs, either by interfering with their biosynthesis or action 

tend to promote flowering (Faust, 1989). The GA biosynthesis inhibitors daminozide [butanedioic 

acid mono(2,2-dimethylhydrazide)], former trade name „Alar 85‟ (Jones et al., 1989), and 

paclobutrazol [(αR,βR)-rel-β-[(4-chlorophenyl)methyl]-α-(1,1-dimethylethyl)-1H-1,2,4-triazole-

1-ethanol] (El Hodairi and Canham, 1990) have been demonstrated to increase flowering the year 

following application. Paclobutrazol applications can, however, encourage biennial bearing – 

particularly when it substantially increases yields in younger trees (Khurshid et al., 1997). 

2.1.3.3 Ethylene and Flower Initiation 

Ethylene is produced by almost all plants and mediates a large number of physiological 

responses and numerous developmental processes including flower initiation (Abeles et al., 

1992). In apple trees, ethylene concentrations are likely higher at locations where flower initiation 

is occurring (e.g. spur) as opposed to non-fruiting wood (e.g. actively growing extension shoot) 

(Klein and Faust, 1978) as the natural production of ethylene stimulates flower initiation (Buban 

and Faust, 1982). Treatments such as pruning, wounding (Klein and Faust, 1978), and bending 

branches horizontally (Tromp, 1973) can increase the natural rate of ethylene evolution and 

promote flower initiation. Application of the ethylene-generating compound ETH can enhance 

flower initiation and increase return bloom as will be discussed in further detail. This effect may 

also be related to the inhibition of polar IAA transport (Bangerth, 2006), described previously 

[Section 2.1.3.2.2]. 

2.1.4 Consequences of Biennial Bearing on Orchard Economics and Apple Industry 

The consequences of biennial bearing on orchard productivity and fruit quality are well 

known. As mentioned previously, cumulative yields from biennial bearing apple cultivars are 

often lower than those of regular bearing cultivars (Jonkers, 1979). Yields in the „on‟ year may be 
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two or more times greater than the „off‟ year, in which the latter, trees may produce little or no 

fruit. For example, un-thinned „Delicious‟ apple trees in the initial „on‟ year produced 69.4 t∙ha
-1

 

of fruit, whereas in the subsequent „off‟ year yields declined to 16.7 t∙ha
-1

 and the following „on‟ 

year yields increased to 71.4 t∙ha
-1 

(Bukovac et al., 2006). Assuming the 2007 average Ontario 

producer price for fresh market apples of 38.2 cents per kilogram (Ontario Apple Growers, 2008), 

estimated returns per hectare based on harvest weight alone were $26,510, $6,379 and $27,274, 

respectively. Clearly, these three consecutive production years have large variations in annual 

income which may affect farm profitability and long-term viability. 

Reduced fruit size on trees carrying a heavy crop load is also a problem of biennial 

bearing. In pomology, crop load is commonly expressed as the number of fruit per square 

centimetre of TCSA (fruit∙cm
2 
TCSA

-1
). For example, „Empire‟/M.9 trees carrying an un-thinned 

crop load of 16.9 fruit∙cm
2 
TCSA

-1
 produced an average fruit weight of 96 g, whereas thinned 

trees carrying 9.5 fruit∙cm
2 
TCSA

-1
 produced an average fruit weight of 145 g (Stover et al., 

2001). Given standard weight to size relationships (OMAFRA, 2009), this corresponds to a fruit 

diameter of  55 and 70 mm for the un-thinned and thinned trees, respectively. Fruits below 60 

mm are generally not acceptable for the fresh market but can be sold for processing into juice. 

Considering the average price for juice apples is about one-quarter that for fresh market fruit 

(Ontario Apple Growers, 2008), the value of the large crop of small fruit is much less than the 

smaller crop of large fruit. In addition, it is also much more labourious to pick many small fruit 

than fewer large ones on a per tree or hectare basis.  

Inconsistent cropping from year-to-year, due to biennial bearing, may cause additional 

pressures for the industry including: problems when long-term contracts are unfulfilled, issues 

surrounding storage capacity, and difficulties estimating labour requirements for thinning and 

harvesting. 
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2.1.5 Non-Plant Bioregulator Strategies of Alleviating Biennial Bearing 

As cultivar is a critical factor in the predisposition to biennial bearing, discarding biennial 

bearing plant material during breeding is a preferred method of control. However, decisions in a 

breeding program are often based on seedling trees which are not managed (e.g. thinned, pruned, 

and trained), and therefore, not necessarily indicative of a particular selection in a managed 

orchard setting (D.M. Hunter, personal communication). It is therefore very difficult to accurately 

select for biennial bearing in fruit tree breeding, not to mention the amount of time required. As a 

result, some of the most commonly planted apple cultivars in new orchards (e.g. „Honeycrisp‟) 

possess the trait of biennial bearing (Cline and Gardner, 2005). Perhaps breeding for reduced 

biennial bearing when it is more understood at the genetic and molecular level is a possibility in 

the future. However, management approaches, particularly crop-load adjustment through 

chemical and hand thinning, have been fairly successful at reducing biennial bearing in most 

cultivars. 

Manageable factors related to biennial bearing include tree selection, pruning, nitrogen 

fertility, and crop load. Spur-type cultivars, which are compact with a shorter internode length, 

are more susceptible to biennial bearing (Jonkers, 1979). One might conclude to avoid spur-types, 

however, their compact habit and high productivity potential is desirable (Walsh and Miller, 

1984). Various pruning treatments including the combination of canopy and root pruning have 

been demonstrated to have some regulatory influence on the intensity of biennial bearing in 

„Elstar‟ apple (Pavicic et al., 2009). Pruning itself does not provide an effective management 

strategy; provided it is not too severe, pruning is considered to have relatively little influence 

compared to factors like the presence of fruit (Jonkers, 1979). Nitrogen fertilizer application may 

increase or decrease flowering depending on existing fertility of the orchard and the application 

rate. When nitrogen is applied excessively flower initiation can be reduced and cause biennial 

bearing. Excessive nitrogen extends and accelerates the period of shoot extension growth (i.e. 

shortens the plastochron) and terminal bud formation is delayed (Jackson, 2003) potentially 
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resulting in the bud remaining vegetative. Conversely, nitrogen deficiency reduces flower 

initiation and the addition of nitrogen fertilizer can promote flowering the following season 

(Raese et al., 2007). It is also known that rootstock selection, water relations, viruses, pests, and 

diseases can all influence biennial bearing but generally to a lesser extent than the major factors 

listed previously (Jackson, 2003) [Section 2.1.3]. It is well understood the most important 

manageable factor of biennial bearing is crop load. 

2.1.5.1 Importance of Crop Load Management on Biennial Bearing 

Removing a portion of the fruit early in their development (i.e. thinning – referred to 

more formally as crop load management) is a common orchard practice in horticulture. An 

important objective of thinning is to improve the quality of the current season‟s crop, particularly 

fruit size, but also colour (Wright et al., 2006). As discussed previously [Section 2.1.4], fruit size 

is inversely related to fruit number present on the tree. Since the value of fruit generally increases 

with larger fruit size (to an extent), producers use thinning as a tool to obtain larger fruit and 

reach an optimum fruit size and number. Thinning by hand is the safest method as there is little 

risk of removing an excess number of fruit. Hand thinning is normally performed  55 to 70 

DAFB following natural fruit drop (i.e. „June-drop‟) at which time the requirement for thinning 

can be estimated (Tromp, 2000). However, hand-thinning is extremely labour intensive, and 

therefore, methods of chemical fruit abscission have been developed. 

Compared to hand-thinning, chemical thinners are most effective when applied earlier: at 

bloom in the case of blossom thinners, or up to about one month later for fruitlet thinners, but 

before fruit reach  15 mm in diameter. This is before natural fruit drop, and therein lies the risk 

of relying on chemical thinning methods as excessive fruit removal can occur. However, earlier 

thinning will have a greater effect on return bloom, as post-bloom thinning treatments applied 

later than 30 to 40 DAFB will increase fruit size but tend to have a reduced effect on return 

bloom (Williams and Fallahi, 1999). The potential rewards of earlier thinning are causing some 
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producers to consider blossom thinning, particularly with high value cultivars such as 

„Honeycrisp‟, which also have a propensity for biennial bearing (J.A. Cline, personal 

communication). However, a lack of effective products, unpredictability, and a short application 

window (full bloom periods can last two days or less) limits their current use. 

Reducing crop load in the „on‟ year to limit inhibition of flower initiation and prevent 

biennial bearing is another important purpose of thinning. For example, un-thinned „Empire‟/M.9 

trees with a crop load of 11.0 fruit∙cm
2 
TCSA

-1
 had a return bloom of 30.6% of spurs flowering 

(Stover et al., 2001). In contrast, blossom-thinned trees with a crop load of 8.6 fruit∙cm
2 
TCSA

-1
 

had significantly greater return bloom of 50.4%. This is a direct effect of reducing crop load, and 

early in this case, which limits flower initiation inhibition. 

Since a typical apple tree retains only four to ten percent of flowers as fruits to harvest 

(Lakso, 1994), a tree with a greater return bloom will be more likely to produce a full crop at 

harvest. However, on the contrary, it is possible to have too much bloom. A light bloom or late 

frost in the previous season may lead to what is known as a „snowball bloom‟ where a high 

percentage ( 75% or greater) (J. A. Cline, personal communication) of spurs and lateral buds 

flower in one season (Williams, 2000). This may lead to excessive crop load, and if not properly 

thinned, can initiate a biennial bearing habit. In orchard practice, thinning fruits in the „on‟ year 

has been stated to be the most practical treatment to prevent biennial bearing (Luckwill, 1977, as 

cited by, Jonkers, 1979). Maintaining a full crop (i.e. maximizing yield) while encouraging a 

strong return bloom remains the objective of crop load management strategy (Nichols et al., 

2004). Mathematical modeling to predict the maximum allowable bloom while minimizing 

biennial bearing is being undertaken in some cultivars which may help by improving thinning 

strategy (Pellerin et al., 2011). The importance of early crop load management and its future 

impacts on flowering patterns and biennial bearing habit has been demonstrated with „Golden 

Delicious‟ (Unuk et al., 2008). 
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2.1.6 Conclusions on Biennial Bearing 

Biennial bearing is a complex problem involving a number of processes, the exact 

mechanisms of which remain a mystery. Ultimately, controlling biennial bearing lies in the 

regulation of flower initiation and achieving a balance between the formation of floral and 

vegetative buds. Advances in controlling biennial bearing have been made with the adoption of 

thinning technology, however, it remains a problem in some cultivars. „Northern Spy‟ can be 

included with this category as it “does not respond readily to chemical thinners” (Dennis, 1998, 

as cited by, Nichols et al., 2004) which leads to the investigation of PBRs for the specific purpose 

of altering bearing habits. 

2.2 Juvenility and Precocity 

2.2.1 Juvenility 

Seedlings of fruit trees are unable to produce flowers for a certain period of time (i.e. 

years) after germination, known as the „juvenile‟ phase. For apple seedlings, juvenility generally 

lasts 4 to 7 years, although, some seedlings require longer (Visser et al., 1976). Following the 

juvenile phase is the „adult‟ phase where trees can begin reproductive growth (i.e. flowering and 

fruiting). The seedling tree must reach a minimum size, likely a number of main stem nodes, 

before emerging from the juvenile phase (Jackson, 2003). A defining characteristic of the juvenile 

phase is that flowering cannot be induced by any means (Faust, 1989). However, since fruit trees 

are commonly propagated vegetatively by grafting, the resulting tree can be induced to flower 

and fruit long before the original seedling tree leaves the juvenile phase. 

Zimmerman (1971) grafted a flower-producing, adult-phase crab apple [Malus 

hupehensis (Pamp.) Rehder] shoot onto a juvenile-phase plant and demonstrated that the grafted 

shoot retained its flowering status. Therefore, the transition signals of maturity reside in the tissue 

itself (Faust, 1989). Once grafted, adult-phase tissue loses the ability to flower temporarily but is 

able to regain flowering status relatively quickly compared to seedlings in the juvenile phase. 
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Consequently, young, non-flowering grafted trees are not considered juvenile because the scion 

(i.e. shoot portion) consists of adult-phase tissue. The non-flowering period of grafted trees is 

called the „vegetative adult phase‟ and the length of this period is referred to as „precocity‟ in fruit 

growing (Westwood, 1993). 

2.2.1.1 Strategies to Reduce Juvenility 

The only imposable treatment which can accelerate the transition from the juvenile to 

adult phase is through enhancing growth rate. By growing seedlings under improved conditions 

such as in a greenhouse, the length of the juvenile phase can be shortened (Aldwinckle, 1976; 

Visser et al., 1976). Seedlings growing in a milder climate where more nitrogen fertilizer can be 

applied without the risk of decreasing winter hardiness will also have a shorter juvenile phase 

(Faust, 1989). These effects can probably be attributed to the trees attaining the critical size (i.e. 

node number) faster, as juvenile buds grafted on dwarfing rootstocks (e.g. M.9) also have a 

shorter juvenile phase (J.A. Cline, personal communication). As commercial orchards are 

established with buds or shoots from mature wood (i.e. adult-phase tissue) grafted on dwarfing 

rootstocks, juvenility is not a direct concern of the producer, however, precocity is a major 

concern of the producer. 

2.2.2 Precocity 

Horticulturally, precocity is defined as the period of time required by the tree following 

planting in an orchard to first flowering (Westwood, 1993). A precocious cultivar begins to bear 

fruit in a relatively short time and vice versa, while non-precocious cultivars take longer. 

Precocity in a cultivar is directly related to the length of its original juvenile period, the longer the 

juvenile period the lower the precocity (Visser and de Vries, 1970). „Northern Spy‟ has a very 

low precocity and often requires four to six years to flower and produce a crop following planting 

of grafted trees in the orchard (Dennis, 1998). Therefore, one could infer that the original seedling 

which became „Northern Spy‟ would most likely have had a lengthy juvenile period. 
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2.2.2.1 Consequences of Low Precocity 

Low precocity, or an extended period before initial cropping following orchard planting, 

is a problem with several tree fruit crops, particularly pear. Within apple this is especially true 

with „Northern Spy‟, which may require up to five additional years to begin bearing compared to 

other cultivars planted in the same year, on the same site. Establishment costs can exceed $30,000 

per hectare for new orchards depending on the system and training (Gardner, 2005), and 

therefore, early returns on investment are important for apple producers especially in high-cost, 

high-density orchard systems. Waiting up to six years for „Northern Spy‟ to begin fruiting places 

additional financial pressure on producers. The lack of production for this extended period may 

also affect the supply of „Northern Spy‟ apples for baking and other processed products. 

2.2.2.2 Strategies of Enhancing Precocity without Plant Bioregulators 

There are many treatments which can influence the precocity of newly planted orchards, 

the first being the use of rootstocks. By using dwarfing rootstocks such as M.9, not only is tree 

vigour reduced, the time to bear the first crop is advanced at least one year compared to seedling 

rootstocks (Maguylo and Lauri, 2007). This effect is drastic in „Northern Spy‟ which takes 10 to 

12 years to begin fruiting on apple seedling rootstock, whereas only four to six years on dwarfing 

rootstock (Dennis, 1998). Even on dwarfing rootstocks, „Northern Spy‟ remains a shy bearer, as 

many other cultivars will begin producing fruit the year after planting (e.g. „Honeycrisp‟) (Cline 

and Gardner, 2005). 

Cultural practices that influence precocity include pruning and training, choice of 

rootstock, and irrigation practices. Pruning invigorates young trees, delays cropping, and thus 

decreases precocity (Robinson, 2007). Avoiding pruning during the first few years of 

establishment combined with bending branches horizontally, which reduces vegetative growth, 

will lead to greater precocity (Robinson, 2007). Tree branches of high density plantings can be 

bent more horizontally since trees fill their allotted space quicker, and therefore, precocity can be 
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further increased. Planting older nursery stock such as two-year-old, feathered (i.e. branched) 

trees instead of one-year-old whips (i.e. unbranched) will also lead to earlier production in the 

orchard (Webster et al., 2003), albeit these trees are more expensive. Irrigation can improve 

precocity when young orchards are drought stressed (Webster et al., 2003), and optimal fertility 

will also help to maximize precocity. 

Biotechnology has also emerged as a potential method of altering precocity. A gene 

identified as Malus domestica terminal flower 1 (MdTFL1) was transgenically expressed in A. 

thaliana and was suggested to be associated with the maintenance of the juvenilty phase in apple 

(Kotoda and Wada, 2005). Micropropagated shoots of „Orin‟ apple were subsequently 

transformed with an antisense version of MdTFL1 and grafted onto the dwarfing rootstock JM.8 

(Kotoda et al., 2006). Transformed trees showed greatly enhanced precocity, most producing 

flowers in less than one year after grafting, whereas non-transformed, grafted control plants did 

not flower for nearly six years. However, mutant plants displayed some negative attributes 

including a general lack of vigour and irregular flowering habits. One particular individual even 

possessed a constitutively flowering (i.e. ever-flowering) characteristic. It was noted that in 

general MdTFL1 mutants had an increased tendency to bear parthenocarpic fruit. A similar result 

was obtained with transgenic apple clones containing the BpMADS4 gene from silver birch 

(Betula pendula Roth.), a floral identity gene, known to cause early flowering in other species 

(Flachowsky et al., 2007). Applications for these results remain in the realm of research but 

provide interesting molecular insights into juvenility and precocity in apple. 

2.2.3 - Conclusions on Juvenility and Precocity 

Before fruit tree seedlings reach reproductive maturity they must undergo a juvenile 

phase that varies between and within species. Non-bearing trees which are grafted are composed 

of scions obtained from adult tissue, and therefore, are not considered as juvenile. Instead, these 

trees are said to be in the vegetative-adult phase. Cultivars which require a long period to begin 
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producing after grafting have low precocity. For the apple producer, the lack of early production 

or low precocity is an important concern. Precocity can be enhanced through the use of 

rootstocks, cultural management techniques such as pruning and training, and biotechnology 

approaches.  

2.3 Plant Bioregulators 

Plant bioregulators are compounds used to alter the growth and/or development of whole 

plants or specific plant components. Generally synthetic compounds, PBRs stimulate, mimic, or 

inhibit the biosynthesis or action of naturally occurring plant hormones. These compounds are 

often applied to the foliage where they are absorbed and translocated to other organs or tissues in 

the plant. In apple production, PBRs find numerous uses such as enhancing fruit ripening, fruit 

thinning, inhibiting ethylene synthesis, preharvest fruit-drop control, vegetative growth control, 

and to alter flowering and fruiting habits (Petracek et al., 2003). The compounds described below 

exhibit potential for altering flowering, cropping, and/or vegetative growth of apple. 

2.3.1 Ethephon 

The chemical ETH readily generates ethylene when it decomposes above pH 5 (Edgerton 

and Hatch, 1972). Radio-labelled ETH [
14

C(2-chloroethyl)phosponic acid] applied to apple leaves 

was observed to move in significant amounts to adjacent fruits (Edgerton and Hatch, 1972) 

indicating transport is likely occurring via phloem elements in a source-to-sink relationship 

(Weaver et al., 1972). In Canada, ETH is registered as Ethrel (Bayer CropScience; Calgary, AB, 

Canada) for use on apples as a ripening stimulant, flower-promoting agent for young trees, and 

pre-harvest loosening treatment. 

2.3.1.1 Effect of Ethephon on Flowering 

Ethylene, a plant hormone, mediates a large number of processes including fruit ripening 

and flower initiation (Abeles et al., 1992). Since the mode-of-action of ETH is the release of 
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ethylene, its effect on flowering is identical to that of ethylene, as has been described previously 

[Section 1.1.3.3]. 

2.3.2 Napthaleneacetic Acid 

Napthaleneacetic acid is a synthetic auxin, part of a class of plant hormones with a wide 

array of functions including: cell enlargement and division, root initiation, tropic responses, 

apical dominance, leaf and fruit abscission, fruit setting and growth, fruit ripening, flowering, and 

flower part growth (Davies, 2004). Similar to GAs, there are many naturally occurring and 

synthetic auxins which affect plants, however, the most common endogenous compound is IAA 

(Normanly et al., 2004). Exogenously applied auxins can be absorbed through the foliage and the 

vast majority of transport occurs basipetally (Morris et al., 2004). Napthaleneacetic acid, a 

growth-promoting auxin, acts in a similar manner to IAA by binding to the same auxin receptors 

(Hagen et al., 2004); these receptors then activate a downstream cascade of auxin-response genes. 

2.3.2.1 Effect of Napthaleneacetic Acid on Flowering 

Products containing NAA such as Fruitone-N (AMVAC Chemical; Los Angeles, CA, 

USA) are commonly used in apple production for thinning treatments (Tromp, 2000). Thinning 

apple fruitlets with NAA, as is part of the expected outcome of thinning treatments, usually 

produces greater return bloom in the subsequent season. Although most of this response can be 

attributed to reduced crop load, there is evidence NAA sprays can increase return bloom beyond 

what is expected to due thinning alone (Harley et al., 1958; Stover et al., 2001). Harley et al. 

(1958) hypothesized NAA in the vegetative bud may supplement the flower initiation mechanism 

in apple. Since 2000, several publications and tree fruit production guides have supported the use 

of NAA as a flower-promoting agent (Cline, 2006a; Cowgill and Autio, 2009; McArtney et al., 

2007; Schwallier, 2006). Fruitone-N is also registered for this purpose in the state of Washington. 
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2.3.2.2 Possible Mechanism of Flower Promotion Activity 

Exactly how NAA can promote flower initiation and return bloom in apple is unclear but 

could be related to the production of ethylene (Williams and Fallahi, 1999). Research with A. 

thaliana indicates exogenous auxin application induces endogenous ethylene production in a 

variety of plant tissues, however, the greatest activity occurs near meristems in the tips of the 

inflorescence and root (Arteca and Arteca, 2008). The authors also demonstrate that synthetic 

auxins NAA and 2,4-D [(2,4-dichlorophenoxy)acetic acid] seem to be more active in this regard 

than IAA. As discussed previously, ethylene stimulates flower initiation, and therefore, the 

promotional effect of NAA on flowering may be partially due to increased production of ethylene 

within competent meristems. The observation that NAA application promotes flower initiation 

while transport of the naturally-occuring auxin IAA may be inhibitory [Section 2.1.3.2.2] seems 

contradictory. However, Bangerth (2006) states NAA is often inhibitory towards flower initiation 

when it is “applied in a way that feeds the hormone directly into the basipolar transport pathway”. 

Therefore, foliar-applied NAA may be capable of some alternative method of translocation 

compared to the naturally-occurring IAA. 

2.3.3 Prohexadione-calcium 

Apogee (BASF; Mississauga, ON, Canada) is the trade name for P-Ca, a synthetic PBR. 

Prohexadione-calcium is absorbed through foliage and translocates acropetally via xylem 

elements to the growing points of individual shoots (Evans et al., 1999). There is little movement 

towards the basal portion of the shoot, and therefore, usually only the treated shoot is affected 

(Evans et al., 1999). The activity of P-Ca results from inhibition of the 3β-hydroxylation step 

necessary for conversion of GA20 to GA1, a biologically-active form (Evans et al., 1999). As a 

result, there is less GA1 and stem elongation is reduced. Prohexadione-calcium is commonly used 

in apple orchards for vegetative growth control and suppression of the disease fireblight. 

Effective rates for vegetative growth control are typically 63 to 125 mg∙L-1
, depending on the 
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vigour of the tree, and usually a minimum of two applications are required per season (Cline, 

2006b). 

2.3.3.1 Effect of Prohexadione-calcium on Flowering 

Prohexadione-calcium is not considered to have a direct flower-promoting effect or any 

influence on return bloom in apple (Byers et al., 2004; Cline et al., 2008). Byers et al. (2004) 

describe the effect of P-Ca on return bloom as “rather neutral”, although, in one treatment P-Ca 

did significantly increase the number of flower clusters per square centimetre of limb cross-

sectional area as well as the percentage of spurs flowering. Prohexadione-calcium has been 

reported to increase return bloom in „Golden Delicious‟, „Braeburn‟ and „Fuji‟ (Costa et al., 

2000), however, reports of P-Ca promoting return bloom are limited. It is understood that higher 

concentrations, above 125 mg∙L-1
 (label rate in Canada), carry the risk of increased fruit set, 

reduced fruit size and lower return bloom (Greene, 2008; Byers et al., 2004). 

The explanation for P-Ca‟s lack of activity on flower initiation when other GA inhibitors, 

for example paclobutrazol and daminozide, clearly enhance return bloom [Section 2.1.3.2.3] is 

unclear, but again, could be related to ethylene synthesis. In the plant ethylene is synthesized 

from aminocyclopropanecarboxylic acid (ACC), catalyzed by the ACC oxidase enzyme (Abeles 

et al., 1992). Ascorbic acid is utilized by ACC oxidase as a co-substrate, to which P-Ca has a 

structural resemblance, and thus can inhibit this reaction (Rademacher et al., 2006). 

Consequently, P-Ca applications lead to reduced ethylene synthesis in the plant (Grossmann, 

1992), and therefore, a possible reduction in flower initiation. Reduced ethylene synthesis also 

may explain the increase in fruit set sometimes observed when high P-Ca concentrations are 

applied (e.g. Greene, 2008). Inhibition of GA biosynthesis combined with reduced ethylene 

formation could counteract their individual effects and may explain the neutrality of P-Ca on 

flower initiation and return bloom. 
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2.3.4 Benzyladenine 

Benzyladenine is a synthetically produced, naturally occurring, cytokinin plant hormone. 

Cytokinins are involved in several critical plant growth and development processes including: cell 

division, delaying senescence, regulation of apical dominance, and transmission of nutritional 

signals (Sakakibara, 2004). Similar to auxins, there are several endogenous and synthetic 

cytokinin compounds, zeatin being the first identified from maize endosperm (Zea mays L.) 

(Sakakibara, 2004). Cytokinin precursors have been identified in both xylem and phloem sap of 

various plant species (Sakakibara, 2004), however, BA is reported to have limited translocation in 

apple trees (Faust, 1989). Physiological effects of cytokinin are initiated through cytokinin 

primary response genes, regulated by several cellular cytokinin receptors (Maxwell and Kieber, 

2004). Cytokinin and auxin are believed to regulate shoot branching in plants through a third 

hormone class known as strigolactones (Rameau, 2010). 

2.3.4.1 Effect of Benzyladenine on Branch Development 

Cytokinin treatment with compounds such as BA can be used to overcome apical 

dominance in apple trees by stimulating the growth of lateral buds (Faust, 1989). Application of 

BA has been effectively improved lateral branching of nursery trees (Hrotko et al., 1997) and has 

exhibited some potential for inducing spur development on otherwise blind buds of 

„Scifresh‟/M.9 (Palmer et al., 2005). Specific treatment details (i.e. concentrations and application 

dates) vary, however, some cultivars can be more responsive than others and „Northern Spy‟ is 

considered to be a “difficult-to-treat” cultivar (Buban, 2000). Benzyladenine treatments have 

effectively improved canopy development in young orchards for many, but not all, cultivars 

tested (Jacyna and Barnard, 2008, Miller and Eldridge, 1986). No BA products are currently 

registered in Canada for promoting branching in apple trees. 
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2.4 Plant Bioregulators to Alleviate Biennial Bearing and Enhance Precocity 

2.4.1 Use of Ethephon 

Previous studies on the use of ETH for the specific purpose of altering flowering and 

cropping habits in apple have mostly been limited to one or two years of observation. Notable 

exceptions are Elfving and Cline (1990) and Bukovac et al. (2006) who performed long-term 

studies on „Northern Spy‟/M.106 and „Delicious‟/M.111, respectively.  

2.4.1.1 Alleviating Biennial Bearing with Ethephon 

 Elfving and Cline (1990) applied a single application of 250 mg∙L-1
 ETH plus 1500 

mg∙L-1
 daminozide as a tank mix to vigorous, biennial, five-year-old „Northern Spy‟/M.106 for 

five consecutive years from 1982 to 1986. The treatment was initially applied beginning in an 

„off‟ year (1982) and subsequently applied annually until 1986. Application occurred between 42 

and 49 DAFB each season. Each year the number of flower clusters, fruit set, and yield was 

recorded and biennial bearing intensity (Hoblyn et al., 1936) was determined at the completion of 

the five year study. A single application of 250 mg∙L-1
 ETH plus 1500 mg∙L-1

 daminozide 

significantly increased flowering in each of the „on‟ years, while flowering was unaffected in the 

„off‟ years. Fruit set was similar on trees receiving treatment and control trees, therefore, 

increased flowering also led to increased yield per tree in each of the „on‟ years. Over the five 

year period, cumulative yield was significantly increased as a result of the treatment by  36% 

over the control. Biennial bearing intensity between „on‟ and „off‟ years averaged 0.46 on control 

trees compared with 0.38 on treated trees. Therefore, biennial bearing tendency of the „Northern 

Spy‟/M.106 trees was unaffected, likely due the year of initial treatment. As trees were initially 

treated in the „off‟ year, flowering and yield were promoted beginning in an „on‟ year, which 

would enhance the natural tendency towards biennial bearing. Therefore, if they intended to 

control biennial bearing, Elfving and Cline (1990) actually applied the treatment in the wrong 

year. However, application of 250 mg∙L-1
 ETH in combination with 1500 mg∙L-1

 daminozide did 
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increase flowering and yield, a promising result. Unfortunately, in this study, ETH application 

alone was not tested, therefore, it is not possible to discern the effect of ETH in the combination 

treatment. As daminozide application on edible crops is no longer permitted in Canada, ETH plus 

daminozide would not be a practical control for biennial bearing in commercial orchards. 

Bukovac et al. (2006) applied 200 mg∙L-1
 ETH to “strongly” biennial bearing 17-year-old 

„Delicious‟/MM.111 trees in Michigan for three „on‟ years over consecutive seasons from 1998 to 

2004. Ethephon applications occurred at three different timings: 21, 21 + 42, or 21 + 42 + 63 

DAFB. Each year, flower density (visually rated 0 to 10), yield, fruit number, and flower number 

were recorded, and a floral initiation index (estimated flower number per tree divided by yield 

weight in previous season) and biennial bearing intensity (Hoblyn et al., 1936) were calculated. 

A single ETH application at 21 DAFB was ineffective at altering return bloom or yield 

throughout the study, with the exception of 2003, where it significantly increased flowering. Two 

or three applications in the „on‟ years (1998, 2000, 2002) significantly increased return bloom in 

the following „off‟ years (1999, 2001, 2003) compared to the untreated control. In addition, 

multiple applications significantly reduced return bloom in the subsequent „on‟ years (2002, 

2004), except in 2000. In two „off‟ years (1999, 2001), significant yield increases occurred 

following multiple applications in the previous „on‟ year (1998, 2000, 2002). Ethephon treatment 

did not influence yield in 2003, the supposed „off‟ year, probably due to a late spring frost in 

2002 which “reset” the biennial bearing cycle. Yield in the „on‟ years was not affected by ETH 

with the exception of 2002, where the late frost reduced cropping potential when flower density 

was already lowered by ETH.   

Multiple ETH applications increased the flower density rating by 20% to 50% of the 

control in the „off‟ years, while decreasing it by 20% to 40% in the „on‟ years (except 2000). Two 

or three applications increased yield by 20% to 80% of the control in the first two „off‟ years 

(1999, 2001), while no difference was observed in 2003, again probably related to the late frost in 
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2002. Two or three ETH applications reduced the intensity of alteration between „on‟ and „off‟ 

years, as measured by biennial bearing intensity, by  35% compared to the control. 

The results presented by Elfving and Cline (1990) and especially Bukovac et al. (2006) 

demonstrate the potential of ETH for regulating flower initiation and alleviating the yield 

alternations associated with biennial bearing. Ethephon treatments alone for alleviating biennial 

bearing have not yet been reported on bearing „Northern Spy‟. 

2.4.1.2 Promoting Return Bloom with Ethephon 

The following studies do not specifically examine biennial bearing, however, ETH is 

applied for the purpose of promoting return bloom in bearing apple trees, and therefore, are 

relevant to the topic.  

McArtney et al. (2007) performed several experiments using ETH on bearing „Fuji‟, 

„Golden Delicious‟, „Mutsu‟, and „Cameo‟ / M.7 over the period of 2002 to 2006. Four 

applications of ETH at 150 mg∙L-1
 ( 56, 70, 84, 98 DAFB) in 2002, significantly increased 

return bloom (percent of spurs flowering) in 2003 compared to the control. A single application 

of ETH at 444 or 666 mg∙L-1
 applied 42 DAFB in 2004 significantly increased return bloom in 

2005 for „Fuji‟ and „Golden Delicious‟, with a similar effect as the four 150 mg∙L-1 
applications. 

A negative linear relationship was found between flower cluster density in 2004 and percentage 

of floral spurs in 2005 for „Golden Delicious‟. The proportion of floral spurs on control trees in 

2005 decreased by nine percent for each unit increase in 2004 flower cluster density. Trees 

treated with ETH experienced only a two percent reduction in floral spurs for each unit increase 

in flower cluster density, indicating the efficacy of ETH to promote return bloom. However, four, 

two, or a single ETH application(s) at 316, 634, or 1268 mg∙L-1
, respectively, applied between 56 

and 98 DAFB in 2005 was not effective at promoting return bloom in 2006 with „Cameo‟, 

‟Mutsu‟, and „Golden Delicious‟. McArtney et al. (2007) stated these trees were carrying a heavy 

initial crop load which remained un-thinned until after „June-drop‟ which may explain the lack of 
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response in 2006. Overall, ETH application in the „on‟ year generally increased return bloom in 

the year after treatment. However, the authors conclude ETH does not influence return bloom 

when the initial crop load is high, and therefore, an effective and early chemical thinning program 

is a prerequisite for the efficacy of ETH on promoting return bloom. 

Cline (2006a) demonstrated the effectiveness of one, two, or three 150 or 300 mg∙L-1
 

ETH applications applied 35 to 50 DAFB for promoting return bloom in seven-year-old 

„Jonagold‟/M.9, „Fuji‟/M.26, and „Redsport Fuji‟/M.9 apple trees. Although not always 

significant, ETH-treated trees always produced a higher flower cluster density than control trees. 

Cline stated that at least two applications of ETH were required to be effective, as was observed 

by Bukovac et al. (2006). 

Aside from the scientific literature, other reports of ETH as a return bloom promoting 

agent for both bearing and non-bearing trees can be found, such as in some tree fruit production 

guides (Alicandro and Alicandro, 2006; Cowgill and Autio, 2009; Schwallier, 2006; Washington 

State University Extension, 2009). These reports generally recommend two to four ETH 

applications at concentrations of 150 to 200 mg∙L-1
 in the window of 30 to 60 DAFB, as is 

consistent with the scientific literature. To date, no reports of specifically ETH applications for 

increasing return bloom of bearing „Northern Spy‟ apple trees exist. 

2.4.1.2.1 Influence of Crop Load on Response to Ethephon 

The influence of crop load on the response of bearing trees to ETH treatment for 

promoting return bloom was examined further in a study by Schmidt et al. (2009). Crop load was 

manually adjusted before bloom by removing all (100%), half (50%), or none (0%) of the flower 

clusters from bearing, seven-year-old „Cameo‟/M.9 and „Cameo‟/B.9 and nine-year-old 

„Cameo‟/Nic.29. The former block was described as severely biennial bearing, while the latter 

block was relatively annual in cropping. In 2004, the „on‟ year for the biennial bearing 

„Cameo‟/M.9 B.9, ETH was applied 45 DAFB at 300, 600, or 900 mg∙L-1
. In 2005, the return 
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bloom (number of flower clusters∙cm
2
 TCSA

-1
) and yield efficiency (kg fruit∙cm

2
 TCSA

-1
) were 

measured. In all cases where crop load was not altered or was decreased by half, ETH treatment 

significantly improved return bloom in a linear relationship to application concentration. Where 

the crop had been completely eliminated by removing all flower clusters, ETH treatment did not 

generally increase return bloom. Furthermore, ETH treatment also had a significant positive 

linear effect on yield efficiency. In contrast, in the annual cropping „Cameo‟/Nic.29, which 

received identical treatments in 2005, ETH did not improve return bloom or yield efficiency. In 

summary, ETH increased return bloom when a poor return bloom was otherwise expected, such 

as biennial bearing trees carrying a full „on‟ year crop load. However, ETH did not increase 

return bloom in decropped trees, or annual cropping trees when the baseline level of return bloom 

was relatively high. The authors conclude that ETH application may be relatively ineffective in 

orchards with reasonable balance between vegetative and reproductive growth. 

2.4.1.3 Potential Disadvantages of Ethephon 

There are two considerable potential side effects of using ETH to promote return bloom 

on bearing apple trees – undesired fruit thinning and advanced fruit maturity. Thinning fruit with 

ETH is not registered in Canada, however, it is commonly used in other apple growing regions of 

the world including on some cultivars in Washington State (Washington State University 

Extension, 2009; Williams and Fallahi, 1999). It can be effective as both a blossom and post 

bloom thinner. As a non-selective thinner, ETH is applied to thin blossoms and fruitlets from 

petal fall up to about 20 mm fruit diameter (Williams and Fallahi, 1999). In some cases, ETH 

may be an effective thinning treatment up to 25 mm diameter (Autio and Cowgill, 2009). 

Concentrations considered effective are typically in the range of 300 to 450 mg∙L-1
. Ethylene 

evolution from ETH application is highly dependent on temperature before and after application, 

as well as adequate drying time, and therefore, the plant response is also dependent on these 

factors (Stover and Greene, 2005). Ethephon application at 400 mg∙L-1
 successfully thinned 



36 

 

„Golden Delicious‟/M.27 apple trees at a range of day/night temperatures when applied at 20 mm 

fruit diameter (Yuan, 2007). However, ETH did not have any thinning effect when applied to the 

same cultivar at 28 mm fruit diameter. Thinning response in apple, particularly with ETH, can be 

unpredictable, and is affected by both environmental and genetic factors. Because of this 

uncertainty in response, applying ETH in a bearing orchard at concentrations at or above 300 to 

450 mg∙L-1 
is not without risk and has potential to lead to unwanted fruit abscission and yield 

losses. 

The second potential negative effect of ETH application to bearing trees is the possibility 

of advancing fruit maturity. It is clear that foliar-applied ETH can increase fruit ethylene 

production following treatment (Yuan, 2007). Whether or not early- to mid-season applications 

and subsequent increases in ethylene synthesis translate into changes in fruit quality at harvest 

seems to be variable. McArtney et al. (2007) reported four early summer (56, 70, 84, 98 DAFB) 

ETH applications of 316 mg∙L-1 
reduced flesh firmness at harvest for „Mutsu‟ but had no effect on 

the other cultivars tested. Reductions in firmness were also typically associated with lower starch 

content indicating advanced fruit maturity. Non-significant increases in fruit internal ethylene 

concentration, starch index, and soluble solids were reported for ETH-treated „Redchief 

Delicious‟ fruit compared to control fruit at harvest (Bukovac et al., 2006). 

To advance fruit maturity, the Ethrel label recommends a concentration of 105 to 420 

mg∙L-1
 ETH applied two to three weeks before harvest, however, this must be applied with a stop-

drop treatment to prevent fruit abscission (e.g. NAA or aminovinylethoxyglycine [L-alpha-(2-

aminoethoxyvinyl)glycine hydrochloride]). The ideal concentrations are dependent on 

environmental and genetic factors and must be determined over several growing seasons. 

Therefore, potential exists for ETH applications intended to promote return bloom to 

inadvertently and undesirably advance fruit maturity, which can lead to storage problems after 

harvest. 
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2.4.2 Promoting Return Bloom with Napthaleneacetic Acid 

McArtney et al. (2007) also performed several experiments with NAA on a number of 

apple cultivars, including those tested with ETH previously [Section 2.4.1.2]. Early summer 

applications of 5 mg∙L-1
 NAA applied 60 to 90 DAFB increased the percentage of floral spurs the 

following year by 14% to 60% in six of ten experiments, compared with the untreated control 

trees. Furthermore, in experiments where NAA did not significantly increase return bloom, the 

initial crop load was said to be excessive (McArtney et al., 2007). Throughout the study, the 

response to the number of NAA applications was inconsistent. Four 5 mg∙L-1
 NAA applications 

were required to maximize return bloom in „Delicious‟/M.7 apple in 1999, while only a single 

application was required for „Smoothee Golden Delicious‟/M.7 in the same year. With one 

cultivar, „Golden Delicious‟/M.7, there was a positive linear relationship between return bloom in 

1999 and the number of NAA applications in 1998. McArtney and colleagues attribute the 

differences here to non-genetic factors such as the initial crop load in the year of treatment. 

McArtney et al. (2007) also examined the effect of preharvest NAA treatments applied 

120 to 150 DAFB (harvest occurred at  150 DAFB) on return bloom. Four preharvest 

applications of 5 mg∙L-1 
NAA significantly increased return bloom of „Delicious‟ and „Golden 

Delicious‟ trees to a similar effect as the early summer applications mentioned above. Combining 

early summer and preharvest applications did not increase return bloom compared with either 

treatment alone. The fact that NAA treatments applied as late as 150 DAFB can influence return 

bloom is interesting. It is clear that NAA was able to alter floral commitment later than the 

generally stated timing of flower initiation in apple, however, this is within the range reported by 

McArtney et al. (2001) [Section 2.1.2.2].  

Cline (2006a) applied three NAA applications at 4 mg∙L-1 
to seven-year-old 

„Jonagold‟/M.9, „Fuji‟/M.26, „Redsport Fuji‟/M.9, and seven-year-old „Empire‟/M.9 trees at 35, 

42, and 49 DAFB. Application of NAA resulted in a considerable increase in return bloom in all 

cultivars tested except „Fuji‟, although, this increase was significant only in „Empire‟. 
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Similar to ETH, there are also reports of NAA as a return bloom-promoting agent outside 

of the primary literature, including in tree fruit production guides. These reports generally 

recommend two to three NAA applications at 5 mg∙L-1
 in the window of 30 to 60 DAFB 

(Alicandro and Alicandro, 2006; Cowgill & Autio, 2009; Schwallier, 2006), however, a single 

application is stated to be effective in the Washington State production guide (Washington State 

University Extension, 2009). The NAA product Fruitone-N is registered for the purpose of 

promoting return bloom in Washington. The Washington label recommends 1 to 3 NAA 

applications applied  42 to 60 DAFB at concentrations of 3 to 15 mg∙L-1
 depending on cultivar 

sensitivity to NAA. 

2.4.2.1 Potential Disadvantages of Napthaleneacetic Acid 

Compared to ETH, NAA treatments for return bloom are considered quite safe and do not 

come with the same undesirable side effects. One potential problem which can occur is the 

development of „pygmy‟ fruit. Pygmy fruit are small, underdeveloped, seedless fruit which would 

normally abscise, but instead are retained on the tree until harvest (University of Kentucky 

Extension, 1998). This effect is more frequently observed when NAA is combined with BA, such 

as in thinning treatments, but NAA is primarily responsible as NAA treatments alone can cause 

pygmy fruit (Robinson, 2006). It is also more pronounced on „Delicious‟ than other cultivars 

(Bukovac et al., 2008). The development of pygmy fruit is stated to be induced by NAA 

concentrations above 10 mg∙L-1 
(Washington State University Extension, 2009), however, this is 

generally higher than the recommended NAA concentration for promoting return bloom on most 

cultivars, and therefore, pygmy fruit should not be a major concern when applying NAA to 

enhance return bloom. 

2.4.3 Enhancing Precocity of Young Apple Orchards 

Precocity is an important concern for commercial apple producers because of the 

necessity for early returns on investment, particularly in high-density plantings. The use of PBRs, 
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most notably ETH, to encourage early production and enhance precocity has been studied and is 

being recommended in some tree fruit production guides (Cowgill and Autio, 2009; Washington 

State University Extension, 2009). As there are no fruit to alter or abscise with non-bearing trees, 

ETH can be used at concentrations exceeding the recommended safe levels on bearing trees. 

Cline examined the use of ETH to encourage early production in young „Northern 

Spy‟/M.9 orchards in Ontario (Cline, 2006a). In early July ( 35 and 42 DAFB for flowering 

trees of „Northern Spy‟ at the same location), ETH was applied to two-year-old trees as a single 

application of 500 or 1000 mg∙L-1
, or two applications of 500 mg∙L-1

 applied one week apart. The 

split-application of two 500 mg∙L-1
 sprays resulted in significantly greater return bloom (number 

of flower clusters∙cm
2 
TCSA

-1
) the following season. This however, did not translate into 

increased yield per tree at harvest. In another experiment, a single ETH application of 1500, or 

two applications of 375 mg∙L-1
 applied early July to one-year-old trees significantly increased 

return bloom. A single or double application of 750 mg∙L-1
 did not result in a significant increase 

in return bloom, although, flower cluster density was considerably higher for treated trees. 

These results demonstrate the potential for ETH to increase early flowering in „Northern 

Spy‟ apple trees. Cowgill and Autio (2009) suggested applying ETH at 300 to 450 mg∙L-1
 

beginning 14 to 28 DAFB on non-bearing apple trees to promote return bloom; treatments 

starting in the year before the expected first crop. In Washington, ETH application to enhance 

early production in non-bearing apple trees is recommended to be applied 14 to 28 DAFB at a 

concentration 300 to 600 mg∙L-1 
(Washington State University Extension, 2009). In Canada, 

Ethrel is registered to promote flowering on young apple trees at concentrations of 480 to 1020 

mg∙L-1 
applied 7 to 14 DAFB - time of flowering observed with flowering trees of same cultivar 

at the same location. On young trees beginning to bear fruit, the label recommends delaying 

applications to 21 to 35 DAFB to avoid potential fruit abscission. Whether or not improving 

return bloom with the above treatments translates into increased yield is unclear. 
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While there seems to be no doubt that ETH applications to non-bearing apple trees can 

increase flowering in their first year of production, this has not been demonstrated to increase 

yields. The lack of fruit set and yield data from the prescribed precocity enhancing treatments 

merits further investigation.  

2.4.4 Approximate Cost of Applications 

The practical success of applying PBRs for reducing biennial bearing and enhancing 

precocity in apple production will ultimately be determined by the relative cost of applications 

compared to their economic benefit. It is therefore important to consider the approximate cost of 

the above stated treatments. Based simply on the cost of chemicals (i.e. excluding labour, fuel, 

machinery costs etc.), for each 100 mg∙L-1 
ETH applied in 1000 L of water the approximate 

chemical cost (N.M. Bartlett Inc., personal communication) is $8.34. Assuming the same 

conditions, an application of 5 mg∙L-1
 NAA costs  $34.91. Therefore, considering the suggested 

ETH concentration to promote return bloom mentioned in some tree fruit production guides (e.g. 

Cowgill and Autio, 2009; Schwallier, 2006; Washington State University Extension, 2009) is 150 

to 200 mg∙L-1
, the approximate cost per application to promote return bloom with ETH is lower 

compared to NAA applied at 5 mg∙L-1
. A 5 mg∙L-1

 NAA application is equivalent to about 420 

mg∙L-1
 ETH in terms of chemical cost. Calculating more precise estimates of the potential 

profitability of such ETH and NAA treatments requires more specific data including: the number 

of applications, relative efficacy, and application volume. As such data is not yet available, the 

economics of applications will not be discussed further here.  

2.5 Implications for Canadian Apple Industry 

Biennial bearing and low precocity are major production constraints of „Northern Spy‟ – 

an extensively grown cultivar in both the Ontario and Nova Scotia apple industries (AgraPoint, 

2009; Ontario Apple Growers, 2008). Breaking the biennial cycle and shifting „on‟ year yield to 

the „off‟ year would be valuable to producers by stabilizing returns over the life of the orchard. 
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Meanwhile, reduced variation in annual production would also ensure a steady market supply of 

product for fruit processors. Increased precocity together with reduced biennial bearing would 

enable expanded production of „Northern Spy‟. 
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Figure 2.1: Schematic of apple shoot illustrating: A) Fruit spur with developing fruit; B) Bourse 

shoot; C) Shoot apical meristem; D) Axillary bud. Note this diagram is not drawn with reference 

to relative scale. Modified with permission from and Dennis and Neilsen (1999). 
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Figure 2.2: Apple flower and fruit clusters. A) Flower cluster prior to bloom in what is commonly 

referred to as the „open cluster‟ stage. B) Flower cluster in early „king bloom‟ stage. C) Flower 

cluster in „king bloom‟ stage as the terminal flower has opened. D) Fruit cluster after pollination, 

but before natural fruit abscission, referred to as „June drop‟. A portion of the developing fruits on 

this cluster will likely get aborted during „June drop‟. Photos courtesy of J.A. Cline.
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CHAPTER 3: RESPONSE OF BEARING ‘NORTHERN SPY’ TO ETHEPHON 

AND NAPTHALENEACETIC ACID APPLICATIONS ON RETURN BLOOM, 

YIELD COMPONENTS, BIENNIAL BEARING, AND FRUIT QUALITY 

 

3.1 Abstract 

 Foliar application of ETH or NAA in the „on‟ year to promote return bloom and yield in 

the „off‟ year has been recommended as a treatment to reduce biennial bearing in apple trees. 

Experiments were conducted in a commercial orchard to determine the effects of ETH or NAA 

applications on return bloom, yield components, biennial bearing, and fruit quality of bearing 

„Northern Spy‟/M.9 apple trees. Ethephon application enhanced return bloom and yield in the 

„off‟ year when trees were moderately biennial in cropping, while neither chemical affected 

return bloom or yield components when trees were not biennial. A single application of ETH at 

450 mg∙L-1
 in the „on‟ year (2009) resulted in  30% greater yield in the „off‟ year (2010) 

compared to the control. Biennial bearing intensity, calculated from 2009 to 2010, was 

significantly reduced from 0.30 ± 0.05 on control trees to 0.07 ± 0.05 on trees receiving a 450 

mg∙L-1
 ETH application in 2009. Treatments applied 39 DAFB were more effective than 

treatments applied 74 or 109 DAFB. Fruit quality was not affected by ETH application on 22 

June or 27 July, however, fruit maturity was markedly advanced by 31 Aug. applications. 

Ethephon application alleviated biennial bearing on bearing „Northern Spy‟/M.9 apple trees with 

no negative effects on fruit quality. 

3.2 Introduction 

The „Northern Spy‟ apple cultivar is an important processing apple in Ontario. This 

cultivar has an exceptional ability to retain the characteristic flavour, texture, and essence of apple 

after storage, baking, freezing, and shipping (Sanford et al., 2006). 
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Producers of „Northern Spy‟ face several production challenges including biennial 

bearing, low precocity, and vigorous vegetative growth. Biennial bearing is a physiological 

phenomenon characterized as a repetitive cycle of a heavy year of flowering and cropping 

followed by a light year. Fruit producers and pomologists often refer to the heavy and light years 

as the „on‟ and „off‟ years, respectively. The consequences of biennial bearing on fruit quality and 

orchard productivity are well known. Both „on‟ and „off‟ year scenarios potentially result in fruit 

of unmarketable quality. In the „on‟ year, heavily laden trees produce many small, unmarketable 

fruit with reduced colour (Wright et al., 2006). In the „off‟ year, large fruit can be more prone to 

the disorder bitter pit resulting in marketing and storage losses (Ferguson and Watkins, 1992). 

Cumulative yields from biennial bearing apple cultivars are often lower than cultivars which do 

not display an alternation in cropping tendency (Jonkers, 1979).  

The causes of biennial bearing have been reviewed previously (Hoblyn et al., 1936; 

Jonkers, 1979; Monselise and Goldschmidt, 1982). In the „on‟ year, floral initiation is reduced, 

resulting in a lower return bloom and reduced number of fruit per tree in the „off‟ year. During 

the „off‟ year, floral initiation is higher, resulting in a greater bloom and number of fruit per tree 

in the „on‟ year. This alternation has largely been attributed to effects of crop load and hormonal 

inhibitors produced by seeds (i.e. GAs) (Bangerth, 2006; Dennis and Neilsen, 1999; Schmidt et 

al., 2009). Environmental events such as late spring frosts, prolonged droughts, and temperature 

extremes can induce biennial bearing in regular-cropping trees by greatly reducing crop load 

(Monselise and Goldschmidt, 1982). Aside from environmental factors, individual cultivars are 

known to vary in their susceptibility towards biennial bearing. Cultivars such as „Idared‟ 

(Jonkers, 1979) and „Empire‟ (J. A. Cline, personal communication) normally display little 

variation in cropping, whereas „Northern Spy‟ (Dennis, 1998) and „Honeycrisp‟ (Cline and 

Gardner, 2005) display a greater propensity towards biennial bearing. Crop load management 

through chemical thinning has been a sucessful approach for alleviating biennial bearing in many 

cultivars. However, despite advances in chemical thinning, biennial bearing may remain a 
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problem in some cultivars including „Northern Spy‟ as it “does not respond readily to chemical 

thinners” (Dennis, 1998). Alternative strategies of controlling biennial bearing are necessary, 

which includes the specific use of PBRs for altering flowering and cropping habits.  

Several PBR compounds including paclobutrazol (El Hodairi and Canham, 1990), 

daminozide (Jones et al., 1989), triiodobenzoic acid (Bukovac, 1968), NAA (Harley et al., 1958), 

and ETH (Williams, 1972) have enhanced flowering in apple trees the year following application. 

Several studies in the literature report enhanced flowering in bearing apple trees from foliar 

applications of ETH at concentrations ranging from 150 to 1000 mg∙L-1
, treatments varying by 

number of applications, application dates, and cultivars (Bukovac et al., 2006; McArtney et al., 

2007; Schmidt et al., 2009; Williams, 1972). Similar results have been obtained with NAA at 

concentrations of 4 to 5 mg∙L-1
, also with varying number of applications and application dates 

(McArtney et al., 2007, Cline 2006a). Spray programs of ETH or NAA are recommended to 

enhance flowering in bearing and non-bearing apple trees in tree fruit production guides (e.g. 

Cowgill and Autio, 2009; Schwallier, 2006; Washington State University Extension, 2009). 

The application of PBR sprays to promote flower initiation during the „on‟ year can 

enhance return bloom in the „off‟ year when bloom would otherwise be expected to be poor. 

Ethephon application at 200 mg∙L-1
 applied twice or three times during the „off‟ year has 

effectively promoted return bloom and reduced the effects of biennial bearing over multiple 

seasons in bearing „Delicious‟ trees (Bukovac et al., 2006). By promoting additional crop load in 

the „off‟ year, excessive „on‟ year crop load was also subsequently reduced (Bukovac et al., 

2006), further alleviating the severity of biennial bearing.  

Predicting the ideal treatment for bloom enhancement sprays is difficult, as a wide range 

of concentrations, application dates, and number of applications have been demonstrated to be 

equally successful. Identifying the flower initiation period, the target of bloom enhancement 

sprays, stands as one of the main challenges. Previous research indicates flower initiation in apple 

occurs during the first two-thirds of the growing season between  0 and 100 DAFB (Buban and 
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Faust, 1982; Foster et al., 2003). Therefore, bloom enhancement treatments typically have been 

applied within this timeline (e.g. Bukovac et al., 2006; Cline, 2006a; Schmidt et al., 2009). 

However, a later period of flower initiation has also been reported (McArtney et al., 2001), as has 

successful bloom enhancement from NAA applied as late as 150 DAFB (McArtney et al., 2007).  

Impacts of such bloom enhancement sprays on fruit maturity indices are variable. Early- 

to mid-season applications, applied within 90 DAFB, of both ETH (Bukovac et al., 2006) and in 

most cases NAA (McArtney et al., 2007) have been reported to have little or no effect on fruit 

maturity. Applications of ETH in the month before harvest at 450 mg∙L-1
 have resulted in reduced 

starch content, lower flesh firmness, and enhanced ethylene production of „Gale Gala‟ at harvest 

and following storage, indications of advanced maturity (Drake et al., 2006). Application of NAA 

in the month prior to harvest has also been demonstrated to lower flesh firmness and advance 

maturity of „Marshall McIntosh‟ apples (Stover et al., 2003). 

Previous research on bearing „Northern Spy‟ is limited. Elfving and Cline (1990) applied 

ETH in a tank mix with daminozide annually for five consecutive years to biennial „Northern 

Spy‟/M.106. Cumulative yield was increased over the five-year period, however, the biennial 

cropping habit of the trees was not overcome. The success reported with ETH and NAA 

treatments in other apple cultivars merits further investigation in „Northern Spy‟. The primary 

objective of this study was to determine the response of bearing „Northern Spy‟ apple trees to 

foliar ETH and NAA application and its effect on return bloom, yield components, and biennial 

bearing. The hypothesis that ETH and NAA applications to bearing „Northern Spy‟ apple trees 

increases return bloom and fruit yield the year following treatment and alleviates the effects of 

biennial bearing was tested. Experiments were conducted to determine the optimal concentration, 

application date, and number of applications of ETH or NAA to minimize biennial bearing in 

bearing „Northern Spy‟ trees. As a secondary objective, the effects of ETH or NAA treatments on 

fruit quality at harvest and following controlled-atmosphere (CA) storage were evaluated. 
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3.3 Materials and Methods 

Two experiments were conducted in 2009 on bearing 13-year old „Northern Spy‟/M.9 

apple trees growing in a commercial orchard in Norfolk County, Ontario (42° 52' 00" N Long., 

80° 14' 00" W Lat.). Each experiment was conducted in a separate orchard block located about  

50 m apart in the orchard. Trees were spaced 2.4 m within rows and 4.5 m between rows (926 

trees∙ha
-1

), trained to a supported central leader, and managed according to standard practices for 

Ontario (OMAFRA, 2009) with the exception of being pruned mechanically using a tree-hedging 

unit. According to the grower, 2009 was expected to be an „on‟ year, with yields estimated to be          

 25% higher compared to typical „off‟ years. 

3.3.1 Expt. 1 – Ethephon Concentration and Application Date 

 Twelve treatments were applied in 2009 to three-tree plots in a two-factor factorial 

randomized complete block design with four replications. A minimum of one guard tree was 

included between experimental units to minimize potential effects of spray drift during spray 

application. Spray treatments were applied with a commercial sprayer (Model „TurboMist 30-P‟, 

Slimline Manufacturing; Penticton, BC, Canada) at  2.8 L∙tree
-1

 (2600 L∙ha
-1

) to whole trees at 

tree-row-volume dilute. The following treatments were imposed: four ETH (Ethrel, Bayer 

CropScience; Calgary, AB, Canada) concentrations (0, 150, 300, or 450 mg∙L-1
) and three 

application dates (22 June, 27 July, or 31 Aug.), corresponding to 39, 74, and 109 DAFB, 

respectively. Full bloom occurred on 14 May 2009. All treatments included 0.1% (v/v) Regulaid 

adjuvant (Kalo; Overland Park, KS, USA). 

3.3.2 Expt. 2 – Ethephon vs. Napthaleneacetic Acid and Number of Applications 

Twelve treatments were applied in 2009 to two-tree plots in a two-factor factorial 

randomized complete block design with five replications. A minimum of one guard tree was 

included between experimental units to minimize potential effects of spray drift during spray 

application. The following spray treatments were applied as described in Expt. 1: 1) untreated 
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control; 2) 150 mg∙L-1 
ETH; and 3) 5 mg∙L-1 

NAA (Fruitone N, AMVAC Chemical; Los Angeles, 

CA, USA). Treatments were applied one, two, three, or four times, with the first application 

occurring on 22 June and repeated at approximately three-week intervals on 13 July, 5 Aug., and 

21 Aug. 2009. Treatment dates corresponded to 39, 60, 83, and 99 DAFB, respectively. Full 

bloom occurred on 14 May 2009. As in Expt. 1, all treatments included 0.1% (v/v) Regulaid 

adjuvant. 

3.3.3 Vegetative Growth 

Extension shoot growth on four randomly selected extension shoots per tree, two each 

from the north and south sides, was recorded at approximately biweekly intervals throughout the 

summer in 2009. Tree growth was determined by measuring trunk circumference at 30 cm above 

the soil line in the spring and in the fall of each growing season. Trunk cross-sectional area was 

calculated from the trunk circumference. 

3.3.4 Yield Components in 2009 

The number and weight of preharvest fruit drop from each experimental unit were 

recorded on 5 Oct., approximately one week prior to harvest. Fruit were harvested the week of 12 

Oct. based on commercial starch and internal ethylene standards. Harvested yield per tree was 

estimated by counting the number of picking baskets harvested from each experimental unit and 

the average weight per basket. A random sample of 20 fruits were collected immediately before 

harvest from the entire canopy of each experimental unit and a mean fruit weight was calculated. 

An estimated total number of fruit harvested per experimental unit was calculated from the 

estimated harvest weight and the mean fruit weight. On 20 Oct., the number and weight of 

postharvest drops was recorded. The number of preharvest and postharvest fruit drops was 

expressed as a percentage of the total number of estimated fruit per tree. Total yield, which 

included harvest weight plus preharvest and postharvest drop fruit, was also calculated. Harvest 
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measurements were recorded and analyzed per experimental unit (two or three trees), however, 

results have been expressed as mean values per tree. 

3.3.5 Fruit Quality Analysis 

A random sample of ten fruit from each experimental unit were collected prior to harvest 

in 2009 on 7 Oct. to determine fruit firmness, soluble solids, starch index, and fruit ground 

colour. Fruit firmness was measured using an electronic penetrometer (Model „Fruit Texture 

Analyzer GS-14‟, GUSS; Strand, Western Cape, South Africa) after a 2 mm tangential section of 

skin was removed from opposite sides on the equator of the fruit. An 11 mm stainless steel blunt 

probe was inserted at a rate of 10 mm∙s-1
 to a depth of 8.9 mm and the peak force recorded. One 

measurement was taken on each side of the fruit and the mean of the two measurements was used 

for subsequent analysis. Total soluble solids were measured using a temperature-compensating 

digital refractometer (Model „PR-100‟, Atago; Tokyo, Japan) from a composite juice sample 

collected while measuring fruit firmness. Starch index was assessed by cutting each apple in half 

across the equator and soaking the cut end with the stem up in iodine solution for about one 

minute. The pattern of iodine staining was compared to a reference starch chart to determine the 

starch index (Blanpied and Silsby, 1992). Fruit ground colour was measured on one side of the 

fruit using a tri-stimulus colorimeter (Model „CR-300‟, Minolta; Toronto, ON, Canada) and 

recorded in CIE L*a*b* coordinates. The data were expressed as CIE lightness (L*), chroma 

(C*), and hue angle (H
o
) values. Fruit blush colour was not recorded as it is typically not 

commercially important in processing cultivars. 

In addition to the ten fruits collected for analysis at harvest, a further 20 fruits were 

collected on 7 Oct. from each experimental unit and placed in hand-perforated plastic bags.  

Samples were sealed in commercial controlled atmosphere (CA) storage on 10 Oct. 2009 held at 

0
o
C with a CA target of 2.5 kPa O2 and 2.5 kPa CO2. After 108 days in storage on 26 Jan. 2010, 

the samples were removed from CA and placed temporarily into air storage at 0
o
C. Ten sound 
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fruit from each experimental unit were tested for firmness and soluble solids concentration as 

described above. On 27 Feb., ten fruit from each experimental unit were weighed and placed into 

airtight 16.1 L plastic pails and left sealed for 10 minutes. A 3 mL sample of the pail headspace 

volume was withdrawn through a rubber septum inserted into the pail lid. Ethylene concentration 

of the sample was measured using a gas chromatograph (Model „5890 Series II‟, Hewlett-

Packard; Palo Alto, CA, USA) equipped with an FID detector and capillary column maintained at 

constant temperature of 200
o
C. Ethylene evolution, expressed as µl∙kg

-1
 fruit∙hr

-1
, was calculated 

from the known headspace volume, fruit weight, and duration of sealing. 

3.3.6 Return Bloom and Yield in 2010 

Return bloom was assessed on individual trees in 2010 by three people using a visual six-

point rating scale where 0=none, 1=light, 3=moderate, 5=heavy. In addition, prior to bloom, one 

randomly selected branch on each of the north and south sides of the tree was tagged and the 

number of flower clusters was counted. The number of fruit set on each tagged branch was 

recorded on 28 June following natural abscission („June drop‟) and the final fruit set was 

determined. Fruit set was expressed as the number of fruit per 100 flower clusters. 

In 2010, fruit were harvested on 7 and 8 Oct. and the harvested yield and number of fruit 

harvested per tree was estimated using the methods described previously. Preharvest and 

postharvest fruit drop was visually monitored in 2010; since no differences between treatments 

were apparent upon preliminary observations, further data were not collected.  The „intensity‟ 

parameter of the biennial bearing index was calculated from 2009 to 2010 according to method of 

Hoblyn et al. (1936) and reported as biennial bearing intensity. To account for the preharvest drop 

occurring as a result of some ETH treatments, total yield per tree was used in place of harvested 

yield per tree in 2009 for the biennial bearing intensity calculation. 
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3.3.7 Statistical Analysis 

Data were subject to an analysis of variance using SAS ver. 9.2 (SAS Institute; Cary, NC, 

USA), with a chosen significance level of 5% (α=0.05). For Expt. 1, a mixed analysis model 

(Proc Mixed) was used with block as a random effect and concentration, application date, and 

concentration by application date interaction as fixed effects. For Expt. 2, a mixed analysis model 

(Proc Mixed) was used with block as a random effect and chemical, number of applications, and 

chemical by number of applications interaction as fixed effects. Extension shoot growth data were 

analyzed using a repeated-measures analysis, with the most appropriate covariance structure 

chosen on the basis of the Akaike information criterion (Littell, et al. 1998). Plots of residuals 

were examined to determine whether plots displayed patterns of homogeneity of error variance, 

according to the methods described by Bowley (2008). No data transformations were required to 

meet analysis assumptions in these experiments. Treatment means were separated using Tukey‟s 

Studentized range test. In addition, regressions were tested by partitioning treatment effects 

(including both factors and their interaction) into linear, quadratic, and residual (higher order 

regression) responses. Where significant factor interaction occurred, regression of concentration 

was performed for each application date in Expt. 1 and regression of number of applications for 

each chemical was performed in Expt. 2. Analysis of variance P values have been included to 

indicate significance where reported. Treatment means are reported as mean ± standard error of 

mean (SEM). 

3.4 Results 

3.4.1 Expt. 1 – Ethephon Concentration and Application Date 

3.4.1.1 Vegetative Growth 

Neither ETH concentration nor application date affected extension shoot length in 2009 

(Table 3.1). Similarly, TCSA growth in 2009 was also not affected by any treatments, however, 
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TCSA growth in 2010 declined significantly (P=0.021) in a linear relationship with increasing 

ETH concentration applied the previous year (Table 3.2). 

3.4.1.2 Yield Components in 2009 

 In 2009, there was no significant (P=0.073) ETH concentration or application date effect 

on harvested yield per tree (Table 3.3). However, control trees did have  25% higher harvested 

yield than ETH-treated trees but this difference was not statistically significant (Table 3.3). The 

number of fruit harvested per tree declined (P=0.032) in a linear fashion with increasing ETH 

concentration. Mean fruit weight at harvest was not significantly different between any of the 

treatments. Total yield (including preharvest and postharvest drop fruit) was also not significantly 

affected by ETH concentration (P=0.170) or application date (P=0.063), however, ETH-treated 

trees did have considerably lower ( 20% to 30%) total yield compared to control trees. 

Significant (P<0.001) treatment interaction between ETH concentration and application 

date occurred for preharvest drop in 2009. Ethephon treatments had no significant effect when 

applied on 22 June or 27 July, however, preharvest drop increased significantly in a quadratic 

relationship with increasing ETH concentration when treatments were applied on 31 Aug. (Figure 

3.1A, B). Preharvest drop averaged two percent of the total number of fruit on control trees but  

12% and 25% for the 300 and 450 mg∙L-1
 ETH treatments applied on 31 Aug., respectively. Mean 

fruit weight of preharvest drops was not influenced by ETH concentration, however, preharvest 

drops from trees receiving ETH applications on 31 Aug. were smaller (P=0.001) than drops from 

the 22 June or 27 July applications (Table 3.4). 

 Significant treatment interaction between ETH concentration and application date 

occurred for postharvest drop, but no clear relationships were apparent (Table 3.4). Generally, 

higher ETH concentrations applied later in the season increased postharvest drop, however, this 

trend was not consistent across all treatments. No significant differences in mean fruit weight of 

postharvest drops were observed as a result of ETH concentration or application date. 
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3.4.1.3 Fruit Quality Analysis 

 All measures of fruit quality including firmness, soluble solids, starch index, and CIE 

L*C*H
o 
colour parameters had a significant (P<0.001) interaction between ETH concentration 

and application date at harvest in 2009 (Table 3.5, 3.6). A significant interaction between ETH 

concentration and application date was also observed for fruit firmness and soluble solids of CA-

stored fruit. Ethephon applied on 22 June or 27 July did not impact fruit firmness, while 300 or 

450 mg∙L-1
 ETH applied 31 Aug. significantly reduced firmness by  13% and 18% of the 

control, respectively (Figure 3.2A). Soluble solids were not significantly different between 

treatments at harvest. Starch index was unaffected by ETH applied on 22 June or 27 July, 

however, the starch index responded quadratically to ETH concentration applied on Aug. 31 

(Figure 3.2B). Higher lightness (L*) values were associated with increased ETH concentrations, 

as was chroma (C*), although this was inconsistent across application dates. Significant decreases 

in hue angle (H
o
) were observed from higher ETH concentrations, especially from the 31 Aug. 

application. Similar to fruit firmness at harvest, ETH treatments applied 22 June or 27 July did 

not impact firmness after CA storage, while 300 or 450 mg∙L-1
 applied 31 Aug. significantly 

reduced firmness by  13% of control. Ethephon applied on 22 June at 450 mg∙L-1
 resulted in the 

highest soluble solids concentration in CA-stored fruit, whereas ETH applied 27 July or 31 Aug. 

did not significantly affect soluble solids compared to the control. No significant differences in 

ethylene evolution were observed on ETH-treated fruit compared to the control.  

3.4.1.4 Return Bloom and Yield in 2010 

Biennial bearing was evident as harvested yield and number of fruit harvested per tree 

were reduced in 2010 compared to 2009 (Table 3.7). Biennial bearing intensity, calculated from 

2009 to 2010, was significantly (P=0.013) reduced by ETH treatment in 2009. Increasing ETH 

concentrations reduced biennial bearing intensity in a linear relationship. The lowest biennial 

bearing intensity of 0.07 ± 0.05 resulted from a 450 mg∙L-1
 ETH treatment in 2009, while the 
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mean intensity value of control trees was 0.30 ± 0.05. A significant (P=0.008) application date 

effect on biennial bearing intensity was also observed, with 22 June applications resulting in more 

consistent cropping than 27 July or 31 Aug. applications. 

Factors contributing to reduced biennial bearing including return bloom (P=0.054), 

harvested yield per tree (P=0.123), and number of fruit harvested per tree (P=0.082) in 2010 were 

not significantly affected by 2009 ETH concentration (Table 3.7). However, while differences 

between ETH treatments were not significant, regression analysis indicated significant positive 

linear relationships between 2009 ETH concentration and each of the previous factors (Figure 

3.3A, B, C). For each 100 mg∙L-1
 ETH applied in 2009, return bloom rating increased by 0.06 ± 

0.02, harvested yield increased by 3.1 ± 1.3 kg∙tree
-1

, and number of fruit per tree increased by 14 

± 5. The highest return bloom rating of 2.5 ± 0.1 was observed on trees receiving a 300 or 450 

mg∙L-1
 ETH application the previous year, compared to a rating of 2.2 ± 0.1 for the control. 

Return bloom was significantly (P=0.003) greater for treatments applied on 22 June compared to 

the 31 Aug. application, but not compared to the 27 July application. No significant differences in 

fruit set in 2010 were observed as a result of 2009 ETH treatments. Harvested yield was  30% 

higher for trees receiving an application of 450 mg∙L-1
 ETH in 2009 compared to the control and 

was not affected by application timing (P=0.238). Mean fruit weight at 2010 harvest was not 

significantly affected by 2009 ETH concentration, however, 31 Aug. applications had 

significantly (P=0.016) lower mean fruit weight than 22 June applications. 

3.4.2 Expt. 2 – Ethephon vs. Napthaleneacetic Acid and Number of Applications 

3.4.2.1. Vegetative Growth 

Neither ETH or NAA had a significant effect on extension shoot growth in 2010. A 

single application had a similar effect as multiple applications (Table 3.8). Similarly, TCSA 

growth in 2009 or 2010 was also not affected by any of the treatments (Table 3.9). 
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 3.4.2.2 Yield Parameters in 2009 

 No significant treatment effects on harvested yield, number of fruit harvested per tree, 

mean fruit weight, or total yield were observed in 2009 (Table 3.10). Preharvest and postharvest 

fruit drop and mean fruit weight of drops were also not significantly affected by chemical or 

number of applications (Table 3.11). 

3.4.2.3 Fruit Quality Analysis 

 Application of NAA did not affect any fruit quality measures including fruit firmness, 

soluble solids concentration, starch index, CIE L*C*H
o
 colour parameters, or ethylene evolution 

compared to the control at harvest or after 15 weeks in CA storage (Table 3.12, 3.13). Fruit from 

ETH-treated trees had significantly (P<0.001) lower firmness in comparison with fruit from 

untreated control trees. Additional ETH applications resulted in further reductions in fruit 

firmness. Soluble solids concentration of fruit at harvest or of CA-stored fruit was not 

significantly affected by any treatments. A significant interaction between chemical product and 

number of applications on starch index, lightness (L*), and hue angle (H
o
) was observed in 2009. 

Ethephon treatment increased starch index at harvest in a linear fashion with increasing number 

of applications (Figure 3.4). Lightness (L*) and chroma (C*) values were not significantly 

different between treatments, however, hue angle (H
o
) was reduced by ETH treatment but only 

significantly after four applications. Significant interaction between chemical and number of 

applications was also observed for firmness following CA storage, with three or four ETH 

applications significantly reducing firmness by  10% compared to the control. No significant 

(P=0.059) differences in ethylene evolution on CA-stored fruit were observed, however, the 

highest ethylene evolution rates were observed on fruit receiving ETH treatment. 

3.4.2.4 Return Bloom and Yield in 2010 

 No significant effects of chemical product or number of applications on return bloom, 

fruit set, harvested yield, number of fruit harvested per tree, mean fruit weight, or biennial 
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bearing intensity, as calculated from 2009 to 2010, were observed in 2010 (Table 3.14). The 

mean biennial bearing intensity of the control treatment was 0.00 ± 0.08. 

3.5 Discussion 

3.5.1 Expt. 1 – Ethephon Concentration and Application Date 

3.5.1.1 Vegetative Growth 

Ethephon applications had no effect on extension shoot growth in 2009. Effective control 

of extension shoot growth on several „Delicious‟ cultivars has been reported with multiple 

applications of 100 or 200 mg∙L-1
 ETH or a single application of 500 to 1500 mg∙L-1 

applied 

within the first 30 DAFB, when additional shoot extension growth is expected (Byers, 1993; 

Williams, 1972). At the date of the first ETH application, a majority ( 95%) of extension shoot 

growth had occurred, resulting in limited potential for ETH to have an effect, which explains why 

shoot growth was unaffected in this experiment. 

Overall tree growth, represented by TCSA, was not affected by ETH treatments in 2009. 

Ethephon has been reported to reduce TCSA growth in the year of application (Byers, 1993), 

however, this occured at concentrations of 1000 to 1500 mg∙L-1
; several fold the concentrations 

used in this experiment. Ethephon treatment in 2009 did reduce TCSA growth in 2010, with a 

greater effect from a higher concentration. Since ETH is metabolized within weeks of application 

(Edgerton and Hatch, 1972), multi-year carry-over (i.e. residual) effects are typically not 

expected, unlike those observed with other plant bioregulators such as soil-applied paclobutrazol 

(Khurshid et al., 1997). Previous season ETH applications have had no effect on current season 

vegetative growth of nectarine [Prunus persica (L.) Batsch var. nucipersica] (Blanco, 1990). 

Therefore, reduced TCSA growth observed on ETH-treated trees in 2010 is unlikely a result of 

direct inhibition from 2009 applications. Instead, as these treatments resulted in higher 2010 

harvested yield per tree, reduced TCSA growth was probably a result of greater competition with 

developing fruit (Palmer et al., 1997). 
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3.5.1.2 Yield Components in 2009 

 Ethephon treatment resulted in reduced, although not significantly (P=0.073) lower, 

harvested yield per tree in 2009. Lower harvested yield in 2009 may have had an important 

influence on 2010 yield components as a result of the effects of crop load. Several factors might 

possibly explain the reduction in harvested yield in 2009 associated with ETH treatments: 1) 

fruitlet abscission from early and midseason ETH applications; 2) increased pre and postharvest 

fruit drop; 3) reduced fruit size; 4) non-uniform initial crop load; or 5) a combination thereof.  

Ethephon can be effective as both a blossom and post bloom thinner. As a non-selective 

thinner, ETH is applied to thin blossoms and fruitlets from petal fall up to about 20 mm fruit 

diameter, with effective concentrations typically ranging between 300 to 450 mg∙L-1
 (Williams 

and Fallahi, 1999; Yuan, 2007). In some cases, ETH may be an effective thinning treatment up to 

25 mm fruit diameter (Autio and Cowgill, 2009). Fruitlet thinning from ETH application in mid 

July at concentrations as low as 250 mg∙L-1
 has been reported on „Delicious‟ apple (Greene et al., 

1977a). As fruit set data was not recorded in 2009 in the current study, it is possible that ETH 

treatments applied on 22 June and 27 July resulted in a thinning effect. Thinning should not have 

been expected from the 31 Aug. application as fruit size would have been sufficiently large to 

prevent such an effect. 

Differences in fruit drop, particularly preharvest, were also associated with later season 

ETH treatments at higher concentrations. Significant preharvest fruit drop resulted from ETH 

applications at 300 and 450 mg∙L-1
 on the last application date (31 Aug.). Ethephon treatments 

intended to advance fruit maturity in the month prior to harvest have resulted in enhanced 

preharvest fruit drop in apple (Greene et al., 1977b). Conversely, up to three ETH applications at 

200 mg∙L-1
 applied before 45 DAFB (Bukovac et al., 2006), or an application of 200 mg∙L-1

 

applied in mid July did not significantly affect preharvest drop in „Delicious‟ (Greene et al., 

1977a). Therefore, early to midseason ETH applications are unlikely to have increased drop near 

harvest. Preharvest and postharvest drop weight was included in the total yield, however, only 
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partially accounted for the observed differences in harvested yield per tree, and therefore, factors 

other than increased fruit drop must explain the differences in harvested yield. 

Fruit size may also impact harvested yield per tree, however, this was not significantly 

different between the control and any of the treatments (Table 3.3), so reduced fruit size does not 

explain the difference in harvested yield. Therefore, fruitlet abscission and/or non-uniform initial 

crop load likely explain the differences in harvested yield per tree in 2009. 

3.5.1.3 Fruit Quality Analysis 

 Fruit maturity at harvest was significantly advanced only by the 31 Aug. ETH 

applications. Advanced maturity was evident by reduced firmness and higher conversion of starch 

to sugar. Colour measurements, including CIE lightness (L*), chroma (C*), and hue angle (H
o
), 

also indicated fruit from ETH-treated trees tended to be lighter, less green, and more yellow than 

control fruit. Advanced fruit maturity observed from latter season ETH applications on apple is 

consistent with previous results on several cultivars (Drake et al., 2006; Greene et al., 1977b; 

Larrigaudiere et al., 1996; Stover et al., 2003; Whale et al., 2008). The interaction between ETH 

concentration and application date observed on fruit quality measures can be explained by the 

climacteric ripening exhibited by apple fruit. Climacteric fruit are typically not responsive to 

exogenous ethylene until just prior to the rise in respiration associated with the onset of ripening 

(Kader, 2002). Ethephon application to trees in late August would have stimulated autocatalytic 

ethylene production associated with the beginning of ripening in the fruit, and therefore, 

consequently advanced fruit maturity. Few effects of early- or mid-season ETH applications on 

fruit quality were observed in this experiment supporting previous results that preclimacteric 

stage fruit are unresponsive to ethylene (Bukovac et al., 2006; McArtney et al., 2007). 

 Fruit quality measurements on fruit from CA storage were similar to the observations at 

harvest. Advanced maturity of ETH-treated fruit persisted through storage, as reported previously 

(Greene et al., 1977b). Ethylene evolution measurements did not indicate a higher rate of ethylene 
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production on fruit receiving ETH treatment. Ethylene measurements were not conducted until 

approximately four weeks after removal from CA storage due to technical challenges, during 

which time samples had to be stored in regular refrigerated storage. Previous research indicates 

that significant increases in fruit ethylene production occur in air storage within two weeks after 

removal from CA storage (Toivonen et al., 2010). It is possible any effect of latter season ETH 

treatment on fruit ethylene production, as is frequently (Greene et al., 1977a,b; Larrigaudiere et 

al., 1996; Stover et al., 2003; Whale et al., 2008) but not always observed (Drake et al., 2006), 

was masked by the recovery of physiological activity – and therefore accelerated ethylene 

production – in control fruit during air storage. 

3.5.1.4 Return Bloom and Yield in 2010 

 Control trees averaged a total yield of 80 ± 6 kg∙tree
-1

 in 2009 and a yield of 43 ± 4 

kg∙tree
-1

 was harvested in 2010. The mean biennial bearing intensity of control trees was 0.30 ± 

0.05, indicating a moderate level of biennial bearing. Therefore, the „Northern Spy‟/M.9 trees in 

this orchard exhibited an alternating cropping habit and a reduced level of return bloom would be 

expected in the „off‟ year compared to trees which are not biennial. 

Ethephon application in 2009 did not result in significantly higher return bloom rating, 

harvested yield, or number of fruit harvested per tree in 2010. However, since significant linear 

regressions were determined for each of the components (Figure 3.3A, B, C) and P values were 

reasonably low (Table 3.7), the lack of significance between treatments may be explained by 

inherently high tree-to-tree variability in the orchard. 

Ethephon concentration in 2009 did influence return bloom in 2010 in a positive linear 

fashion. This is consistent with previous results reporting greater return bloom following ETH 

application in the previous season (Bukovac et al., 2006; McArtney et al., 2007; Schmidt et al., 

2009; Williams, 1972). Ethephon application in the „on‟ year to promote return bloom in the „off‟ 

year has been reported to be effective when return bloom is expected to be low (Bukovac et al., 
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2006; Schmidt et al., 2009). Control trees in this experiment had considerably poorer bloom 

ratings (2.2 ± 0.1) compared to control trees in Expt. 2 (2.9 ± 0.2), indicating this orchard block 

was a good candidate for bloom enhancement sprays. 

Correctly targetting the application date to coincide with the period of flower initiation 

remains challenging as the flower initiation period in apple is poorly understood. Previous 

research indicates flower initiation occurs during the first two-thirds of the growing season 

between  0 and 100 DAFB (Buban and Faust, 1982; Foster et al., 2003). However, a later period 

of flower initiation has also been reported (McArtney et al., 2001), as has successful bloom 

enhancement from NAA applied as late as 150 DAFB (McArtney et al., 2007). In this 

experiment, early-season ETH applications (22 June) increased return bloom ratings compared to 

later season applications on 27 July or 31 Aug. A greater effect from the 22 June application 

coincides with the earlier ( 50 DAFB) reported period of flower initiation in apple (Buban and 

Faust, 1982; Foster et al., 2003) compared to a later (≥ 100 DAFB) reported period (McArtney et 

al., 2001). Based on this result, PBR sprays to enhance flower initiation in „Northern Spy‟ should 

be applied during the earlier reported period of flower initiation. 

In addition to enhanced return bloom, harvested yield per tree also followed a linear 

relationship to increasing ETH concentration the previous year. Ethephon treatments which 

successfully enhance return bloom have previously been demonstrated to increase harvested yield 

per tree for bearing apple trees (Bukovac et al., 2006; Schmidt et al., 2009). In this experiment, 

ETH treatment in 2009 decreased harvested yield in 2009 by  25% of control, while harvested 

yield in 2010 increased in response to ETH concentration, and the biennial bearing intensity value 

over the two-year period was significantly reduced (Figure 3.5A). 

 Part of the reduction in biennial bearing intensity following ETH treatment may be 

associated with the higher total yield on control trees in 2009 which would have resulted in lower 

2010 harvested yield. As discussed, this difference must have been a result of fruitlet abscission 
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and/or non-uniform initial crop load. However, total yield in 2009 was approximately equal 

between the ETH treatments, yet return bloom rating and harvested yield per tree in 2010 

increased in a linear relationship to increasing 2009 ETH concentration. Therefore, differences in 

initial crop load and/or fruitlet thinning do not fully explain the reduction in biennial bearing 

intensity following ETH treatment, which provides evidence for an ETH-dependent effect. At 

least part of the reduction in biennial bearing intensity must be attributable to ETH application in 

2009. An application at 450 mg∙L-1
 on 22 June proved to be the most effective in alleviating the 

effects of biennial bearing based on the reduction of biennial bearing intensity value (Table 3.7). 

3.5.2 Expt. 2 – Ethephon vs. Napthaleneacetic Acid and Number of Applications 

3.5.2.1 Vegetative Growth 

 Neither ETH nor NAA influenced extension shoot or TCSA growth in 2009. Similar to 

Expt. 1, the majority of seasonal growth had already occurred by the date of first application, and 

therefore, treatments were unable to appreciably reduce any further extension shoot growth. In 

addition, NAA application has been reported to result in negligible effects on vegetative growth 

in apple when applied at 5 mg∙L-1
, however, higher concentrations at 10 to 20 mg∙L-1

 may result 

in a stronger effect (Sharma and Ananda, 2004). Therefore, it is not unexpected that NAA 

treatment did not affect vegetative growth in this experiment as the application concentration was 

only 5 mg∙L-1
. 

3.5.2.2 Yield Components in 2009 

 Neither 150 mg∙L-1
 ETH nor 5 mg∙L-1

 NAA application(s) influenced harvested yield per 

tree or pre and postharvest fruit drop in 2009. Ethylene evolution from applications of 150 mg∙L-1
 

ETH may simply not be enough to influence these components in „Northern Spy‟, as was 

observed in Expt. 1. Yield components in 2009 were not expected to be affected by NAA. 

Napthaleneacetic acid is used as a post bloom thinning chemical at concentrations ranging from 2 

to 20 mg∙L-1
, depending on the cultivar (Williams and Fallahi, 1999). However, efficacy of 
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thinning with NAA is considerably more sensitive to fruit size than ETH, with an optimum near 7 

to 10 mm diameter being reported for NAA in New York (Robinson et al., 1998). Fruit size 

exceeded 20 mm diameter by the first NAA application on 22 June (data not shown), and 

therefore, fruitlet thinning with NAA sprays intended to promote return bloom would not be 

expected. In contrast to ETH, NAA is registered to promote fruit retention near harvest and 

prevent preharvest drop, however, this generally occurs at concentrations of 10 to 20 mg∙L-1
 

(Stover et al., 2003). Therefore, the later application dates and lower concentration of NAA 

applied in this experiment explains why thinning and/or fruit drop effects were not observed. 

3.5.2.3 Fruit Quality Analysis 

 Ethephon application advanced fruit maturity at harvest as observed in Expt. 1. Advanced 

maturity was indicated by significantly reduced firmness and higher conversion of starch to sugar. 

Not surprisingly, the effects were not as pronounced from 150 mg∙L-1
 ETH as those observed in 

Expt. 1 from 300 and 450 mg∙L-1
. Applications of NAA did not affect fruit quality or colour 

parameters at harvest, as reported previously (Stover et al., 2003). Advanced maturity of ETH-

treated fruit persisted during the storage period, as was observed in Expt. 1. 

3.5.2.4 Return Bloom and Yield in 2010 

 Control trees averaged a total yield of 74 ± 11 kg∙tree
-1

 in 2009 and a yield of 71 ± 4 

kg∙tree
-1

 was harvested in 2010. The mean biennial bearing intensity of control trees was 0.00 ± 

0.08, indicating no biennial bearing. Therefore, this „Northern Spy‟/M.9 block was essentially 

annual in cropping and a moderate level of return bloom would be expected regardless of whether 

a treatment to increase flower initiation and promote return bloom was applied or not. 

No influence of 2009 ETH or NAA treatments was observed on 2010 return bloom or 

yield components. Plant bioregulator treatments to promote return bloom have been reported to 

be unsuccessful in strongly biennial bearing trees where „on‟ year crop load is very high 

(McArtney et al., 2007). An effective chemical thinning program (i.e. reasonably balanced 
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cropping habit) has been suggested as a prerequisite for successful promotion of return bloom 

with ETH and/or NAA treatments (McArtney et al., 2007). However, in this experiment, despite a 

very balanced cropping habit, no response to ETH or NAA was observed on return bloom. It 

appears the baseline level of return bloom may have been sufficient enough to overwhelm the 

effects of ETH or NAA application (Schmidt et al., 2009). This result supports the conclusion that 

ETH application to promote return bloom may be ineffective in orchards with a reasonable 

balance in reproductive growth (Schmidt et al., 2009). As bearing was already nearly completely 

annual in this „Northern Spy‟/M.9 block (Figure 3.5B), PBR treatments could not have enhanced 

these effects further. Therefore, as treatment effects were likely to be minimal, it is postulated the 

effects from the above ETH or NAA treatments may be different on blocks with a greater biennial 

bearing intensity. 

3.6 Conclusions 

 Foliar application of ETH or NAA in the „on‟ year to promote return bloom and yield in 

the „off‟ year has been recommended as a treatment to reduce biennial bearing. In these 

experiments, ETH application demonstrated potential to enhance return bloom and yield in the 

„off‟ year when trees were moderately biennial in cropping. Neither ETH nor NAA applications 

were effective at altering return bloom or yield components when trees were not biennial. 

Ethephon application at 450 mg∙L-1
 applied 22 June was most effective at alleviating biennial 

bearing and resulted in minimal side effects on fruit quality at harvest and following storage. Late 

August applications did not affect biennial bearing and resulted in fruit of unmarketable quality 

(T. Chudleigh, personal communication). Shifting a portion of the „on‟ year yield to the „off‟ year 

of the biennial bearing cycle would stabilize producer returns and market supply for processors. 

Further study is needed to confirm these results. However, it is suggested that future 

investigations on „Northern Spy‟ use ETH concentrations of at least 300 to 450 mg∙L-1
 and target 

sprays to the early summer period to increase treatment efficacy.
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Table 3.1: Extension shoot length of 'Northern Spy'/M.9 apple trees in 2009 following treatment 

with ethephon at four concentrations and three application dates.
z
 

 

  

7 July 21 July 12 Aug. 1 Sept.

Ethephon concentration (mg∙L
-1

)

0 36.4 36.8 37.1 37.2

150 34.6 35.1 36.1 36.9

300 35.3 36.0 37.4 37.9

450 34.4 34.9 35.6 36.3

Standard error
y

0.97 0.97 0.97 0.97

Concentration significance

P  value

Application date
x

22 June 34.1 34.3 35.2 36.4

27 July 36.4 37.0 37.6 37.9

31 Aug. 34.9 35.8 36.8 37.6

Standard error
y

0.85 0.85 0.85 0.85

Date significance

P  value

Concentration*application date

Interaction significance

P  value 0.533

NS, *, **, ***
Non significant or significant at P = 0.05, 0.01, and 0.001, respectively.

NS

0.605

NS

0.121

NS

Extension shoot length (cm)

z
 Means with the same letter within a given column are not significantly different according to 

Tukey's Studentized range test at P = 0.05.
y
 Standard error of mean.

x
 Applications: 39 (22 June), 74 (27 July), 109 (31 Aug.) days after full bloom.



66 

 

Table 3.2: Trunk-cross sectional area in 2009 and 2010 for 'Northern Spy'/M.9 apple trees following 

treatment with ethephon at four concentrations and three application dates in 2009.
z
 

 

Spring 

2009

Fall                

2009

2009 

Increase

Spring 

2010

Fall                      

2010

2010 

Increase

Ethephon concentration (mg∙L
-1

)

0 137 144 8 144 161 17 a

150 134 143 9 143 158 15 ab

300 137 145 8 147 161 14 ab

450 127 136 9 138 151 13 b

Standard error
y

3.8 3.9 0.8 3.9 4.2 0.8

Concentration significance NS NS NS NS NS *

P  value 0.247 0.371 0.187 0.399 0.311 0.021

Regression NS NS NS NS NS L**

Application date
x

22 June 131 139 9 139 154 15

27 July 131 139 8 140 155 15

31 Aug. 139 149 9 149 164 15

Standard error
y

3.3 3.4 0.7 3.4 3.7 0.7

Date significance NS NS NS NS NS NS

P  value 0.121 0.084 0.069 0.073 0.115 0.861

Concentration*application date

Interaction significance NS NS NS NS NS NS

P  value 0.320 0.245 0.161 0.219 0.280 0.248

Trunk cross-sectional area (TCSA) (cm
2
)

z
 Means with the same letter within a given column are not significantly different according to Tukey's 

Studentized range test at P = 0.05.
y
 Standard error of mean.

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively. L=linear, Q=quadratic.

x
 Applications: 39 (22 June), 74 (27 July), 109 (31 Aug.) days after full bloom.
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Table 3.3: Harvested yield, fruit harvested per tree, total yield, and mean fruit weight of 'Northern Spy'/M.9 

apple trees in 2009 following treatment with ethephon at four concentrations and three application dates.
z
 

 

Harvested yield Fruit harvested Total yield Mean fruit weight

(kg∙tree
-1

)
y

(fruit∙tree
-1

)
x

(kg∙tree
-1

)
w

(g) 

Ethephon concentration (mg∙L
-1

)

0 73 374 a 80 201

150 54 266 ab 61 201

300 54 253 b 64 203

450 55 266 ab 66 205

Standard error
v

5.8 36.6 6.2 8.2

Concentration significance NS * NS NS

P  value 0.073 0.032 0.170 0.919

Regression NS L*** NS L***

Application date
u

22 June 53 249 57 209 a

27 July 62 325 70 194 a

31 Aug. 63 295 76 206 a

Standard error
v

5.1 32.9 5.4 7.9

Date significance NS NS NS *

P  value 0.365 0.138 0.063 0.047

Concentration*application date

Interaction significance NS NS NS NS

P  value 0.369 0.184 0.504 0.403

v 
Standard error of mean.

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively. L=linear, Q=quadratic.

w 
Includes yield plus preharvest and postharvest drop weight.

z
 Means with the same letter within a given column are not significantly different according to Tukey's 

Studentized range test at P = 0.05.
y 

Estimated from the number of picking baskets harvested.
x 

Estimated from the number of picking baskets harvested and mean fruit weight.

u 
Applications: 39 (22 June), 74 (27 July), 109 (31 Aug.) days after full bloom.
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Table 3.4: Preharvest drop mean fruit weight and postharvest drop number, weight per tree, and mean fruit weight of 'Northern Spy'/M.9 

apple trees in 2009 following treatment with ethephon at four concentrations and three application dates.
z
 

 

Mean fruit weight Mean fruit weight

(g) (g)

Ethephon concentration (mg∙L
-1

)

0 198 9 abc 7 bc 7 c 5.1 abc 5.0 abc 4.8 abc 174

150 189 10 abc 9 abc 10 abc 4.7 abc 5.0 abc 6.0 abc 172

300 180 11 abc 11 abc 16 a 3.2 bc 7.6 abc 9.4 a 186

450 189 6 c 13 abc 14 ab 2.8 c 7.8 ab 8.1 ab 170

Standard error
y

5.2 8.3

Concentration significance NS NS

P  value 0.057 0.256

Regression NS NS

Application date
x

22 June 201 a 186

27 July 188 ab 170

31 Aug. 178 b 170

Standard error
y

4.7 7.7

Date significance ** NS

P  value 0.001 0.065

Concentration*application date

Interaction significance NS NS

P  value 0.375 0.267

Number Weight

z
  Means with the same letter within a given column are not significantly different according to Tukey's Studentized range test at P = 0.05. 

Where significant concentration by application date interaction occurs, letters indicate differences between columns and among rows.
y 

Standard error of mean.

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively. L=linear, Q=quadratic.

(kg∙tree
-1

)

NS

0.3

**

0.0

NS L* L*

0.047

Q* L** L**

22 June

1.17

*

0.013

**

0.0

NS

0.1

*

x 
Applications: 39 (22 June), 74 (27 July), 109 (31 Aug.) days after full bloom.

Preharvest drop Postharvest drop

22 June 27 July 31 Aug.

(% of total no. fruit per tree)

1.6

27 July 31 Aug.
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Table 3.5: Fruit soluble solids and CIE L*C*H
o
 colour parameters of 'Northern Spy' apples at 2009 harvest. 'Northern Spy'/M.9 apple trees were 

treated with ethephon at four concentrations and three application dates.
z
 

 

  

Ethephon concentration (mg∙L
-1

)

0 10.7 bc 11.0 abc 10.9 bc 67.0 c 67.5 c 67.8 bc 38.2 c 38.2 c 39.0 abc 117.1 a 116.4 abc 116.8 ab

150 11.0 abc 10.0 c 11.7 ab 67.6 bc 68.0 bc 67.7 bc 38.6 abc 38.6 bc 39.3 abc 116.2 abcd 116.6 ab 115.1 e

300 11.1 abc 11.0 abc 11.8 ab 68.3 bc 67.7 bc 68.3 bc 39.8 ab 39.3 abc 39.0 abc 115.5 cde 116.3 abc 113.2 f

450 12.4 a 11.1 abc 11.2 abc 70.0 a 68.0 bc 69.2 ab 39.9 a 38.8 abc 39.1 abc 115.2 de 116.0 bcde 111.7 g

Standard error
y

Concentration significance

P  value

Regression

Application date
x

22 June

27 July

31 Aug.

Standard error
y

Date significance

P  value

Concentration*application date

Interaction significance

P  value

Lightness (L* ) Chroma (C* )

22 June 27 July 31 Aug.

Soluble solids (%)

0.33 0.35 0.30

L** NS

***

L*** NS L**

** NS

0.0 0.1 0.0

0.003 0.007 0.009

***

0.22

***

<0.0001

NSNS

* *** ***

0.0 <0.0001 0.0

Hue angle (H
o
)

22 June 27 July 31 Aug.22 June 27 July 31 Aug.22 June 27 July 31 Aug.

x
 Applications: 39 (22 June), 74 (27 July), 109 (31 Aug.) days after full bloom.

y
 Standard error of mean.

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively. L=linear, Q=quadratic.

L***

***

<0.0001

***

<0.001
z 
Means with the same letter within a given column are not significantly different according to Tukey's Studentized range test at P = 0.05. Where significant 

concentration by application date interaction occurs, letters indicate differences between columns and among rows.

** **

L*** L* NS L***
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Table 3.6: Fruit firmness, soluble solids, and ethylene evolution of 'Northern Spy' apples harvested in 2009 after 15 weeks in CA 

storage. 'Northern Spy'/M.9 apple trees were treated with ethephon at four concentrations and three application dates.
z
 

 

Ethephon concentration (mg∙L
-1

)

0 58.4 bc 63.8 a 62.8 a 11.0 b 11.9 ab 11.1 ab 316

150 61.3 abc 62.5 a 54.4 de 11.8 ab 11.2 ab 11.6 ab 270

300 57.4 cde 61.0 abc 53.5 e 11.9 ab 12.0 ab 10.6 b 269

450 57.1 cd 61.7 ab 53.9 e 13.2 a 11.1 ab 11.8 ab 282

Standard error
y

36.1

Concentration significance NS

P  value 0.600

Regression NS

Application date
x

22 June 235 a

27 July 315 a

31 Aug. 302 a

Standard error
y

33.3

Date significance *

P  value 0.050

Concentration*application date

Interaction significance NS

P  value 0.7070.026

*

L** NS

***

***

<0.0001

NS L* Q*** NS

NS

0.0936

(N) (%) (µL∙kg
-1

 fruit∙hr
-1

)

0.95

Firmness Soluble solids Ethylene evolution

x
 Applications: 39 (22 June), 74 (27 July), 109 (31 Aug.) days after full bloom.

z
 Means with the same letter within a given column are not significantly different according to Tukey's Studentized range 

test at P = 0.05. Where significant concentration by application date interaction occurs, letters indicate differences between 

columns and among rows.

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively. L=linear, Q=quadratic.

y
 Standard error of mean.

22 June 27 July 31 Aug. 22 June 27 July 31 Aug.

0.43

NS

0.2327

<0.001

<0.0001

***
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Table 3.7: Total yield in 2009, and return bloom, fruit set, yield components, and biennial bearing intensity in 2010 of 'Northern Spy'/M.9 apple 

trees treated with ethephon at four concentrations and three different application dates in 2009.
z
 

 

  

2009 Total yield Return bloom Harvested yield Fruit harvested Mean fruit weight

Biennial bearing 

intensity

(kg∙tree
-1

) (0-5)
y

(kg∙tree
-1

) (fruit∙tree
-1

) (g) (2009 - 2010)

Ethephon concentration (mg∙L
-1

)

0 80 2.2 38 43 156 278 0.30 a

150 61 2.3 39 44 164 272 0.13 ab

300 64 2.5 38 49 180 277 0.10 b

450 66 2.5 43 57 222 260 0.07 b

Standard error
x

6.2 0.08 5.3 4.4 18.9 6.0 0.049

Concentration significance NS NS NS NS NS NS *

P  value 0.170 0.054 0.858 0.123 0.082 0.081 0.013

Regression NS L* NS L* L* NS L**

Application date
w

22 June 57 2.5 a 46 52 185 282 a 0.04 b

27 July 70 2.4 ab 35 43 160 272 ab 0.24 a

31 Aug. 76 2.2 b 37 51 198 262 b 0.18 ab

Standard error
x

5.4 0.07 4.6 3.8 16.3 5.4 0.042

Date significance NS ** NS NS NS * **

P  value 0.063 0.003 0.153 0.238 0.275 0.016 0.008

Concentration*application date

Interaction significance NS NS NS NS NS NS NS

P  value 0.504 0.054 0.200 0.317 0.590 0.896 0.054

w
 Applications: 39 (22 June), 74 (27 July), 109 (31 Aug.) days after full bloom.

z
 Means with the same letter within a given column are not significantly different according to Tukey's Studentized range test at P = 0.05.

x 
Standard error of mean.

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively. L=linear, Q=quadratic.

2010 Return bloom and yield

y 
Visual six-point rating scale (where 0=none; 1=light, 3=moderate, 5=heavy).

Fruit set 

(fruit∙100 flower 

clusters
-1

)
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Table 3.8: Extension shoot length of 'Northern Spy'/M.9 apple trees in 2009 following treatment 

with single or multiple applications of ethephon or napthaleneacetic acid.
z
 

 

  

7 July 21 July 12 Aug. 1 Sept.

Treatment
y

Control 21.8 22.5 22.8 22.4

ETH (150 mg∙L
-1

) 22.6 22.9 23.2 22.9

NAA (5 mg∙L
-1

) 21.3 21.5 21.7 21.5

Standard error
x

0.57 0.57 0.57 0.57

 Treatment significance

 P  value

Number of applications

1 (22 June) 21.5 22.1 22.4 22.0

2 (13 July) 22.5 22.8 23.0 22.7

3 (5 Aug.) 22.0 22.3 22.5 22.3

4 (21 Aug.) 21.6 22.0 22.3 22.0

Standard error
x

0.64 0.64 0.64 0.64

 No. applications significance

 P  value

Treatment*no. applications

Interaction significance

P  value

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively.

z
 Means with the same letter within a given column are not significantly different according to 

Tukey's Studentized range test at P = 0.05.

NS

x
 Standard error of mean.

NS

0.123

0.830

0.745

NS

Extension shoot length (cm)

y
 ETH = Ethephon; NAA = Napthaleneacetic acid. Applications: 39, 60, 83, 99 days after full bloom.
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Table 3.9: Trunk-cross sectional area in 2009 and 2010 for 'Northern Spy'/M.9 apple trees following 

treatment with single or multiple applications of ethephon or napthaleneacetic acid in 2009.
z
 

 

Spring 

2009 Fall 2009

2009 

Increase

Spring 

2010 Fall 2010

2010 

Increase

Treatment
y

Control 130 136 6 136 151 14

ETH (150 mg∙L
-1

) 129 134 5 135 148 13

NAA (5 mg∙L
-1

) 132 138 7 139 152 13

Standard error
x

4.3 4.1 0.7 3.7 4.4 1.0

 Treatment significance NS NS NS NS NS NS

 P  value 0.772 0.545 0.090 0.569 0.655 0.525

Number of applications

1 (22 June) 129 134 6 135 149 14

2 (13 July) 131 136 5 137 150 13

3 (5 Aug.) 134 141 7 141 156 15

4 (21 Aug.) 127 133 6 134 146 12

Standard error
x

4.5 4.3 0.7 4.0 4.7 1.1

 No. applications significance NS NS NS NS NS NS

 P  value 0.335 0.335 0.397 0.297 0.174 0.171

Regression NS NS NS NS NS NS

Treatment*no. applications

Interaction significance NS NS NS NS NS NS

P  value 0.355 0.463 0.457 0.414 0.729 0.554

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively. L=linear, Q=quadratic.

z
 Means with the same letter within a given column are not significantly different according to Tukey's 

Studentized range test at P = 0.05.
y
 ETH = Ethephon; NAA = Napthaleneacetic acid. Applications: 39, 60, 83, 99 days after full bloom.

x
 Standard error of mean.

Trunk cross-sectional area (TCSA) (cm
2
)
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Table 3.10: Harvested yield, fruit harvested per tree, total yield, and mean fruit weight of 'Northern Spy'/M.9 apple 

trees in 2009 following treatment with single or multiple applications of ethephon or napthaleneacetic acid.
z
 

 

Harvested yield Fruit harvested Total yield Mean fruit weight

(kg∙tree
-1

)
y

(fruit∙tree
-1

)
x

(kg∙tree
-1

)
w

(g)

Treatment
v

Control 64 323 74 204

ETH (150 mg∙L
-1

) 58 310 68 193

NAA (5 mg∙L
-1

) 63 324 72 196

Standard error
u

9.6 54.1 11.3 3.7

 Treatment significance NS NS NS NS

 P  value 0.625 0.920 0.744 0.072

Number of applications

1 (22 June) 63 316 72 200

2 (13 July) 65 337 75 196

3 (5 Aug.) 61 318 72 199

4 (21 Aug.) 58 306 67 194

Standard error
u

9.9 9.9 11.7 4.2

 No. applications significance NS NS NS NS

 P  value 0.823 0.902 0.839 0.673

Regression NS NS NS NS

Treatment*no. applications

Interaction significance NS NS NS NS

P  value 0.900 0.870 0.936 0.604

v
 ETH = Ethephon; NAA = Napthaleneacetic acid. Applications: 39, 60, 83, 99 days after full bloom.

w 
Includes yield plus preharvest and postharvest drop weight.

u 
Standard error of mean.

NS, *, **, ***
Non significant or significant at P = 0.05, 0.01, and 0.001, respectively. L=linear, Q=quadratic.

z
 Means with the same letter within a given column are not significantly different according to Tukey's 

Studentized range test at P = 0.05.
y 

Estimated from the number of picking baskets harvested.
x 

Estimated from the number of picking baskets harvested and mean fruit weight.



75 

 

Table 3.11: Number, weight, and mean fruit weight of preharvest and postharvest drops of 'Northern Spy'/M.9 apple trees in 2009 following 

treatment with single or multiple applications of ethephon or napthaleneacetic acid.
z
 

 

Weight Mean fruit weight Weight Mean fruit weight

(kg∙tree
-1

) (g) (kg∙tree
-1

) (g)

Treatment
y

Control 3 2.0 195 11 7.4 171

ETH (150 mg∙L
-1

) 3 2.0 190 13 8.0 165

NAA (5 mg∙L
-1

) 3 1.7 182 12 7.6 159

Standard error
x

0.3 0.33 4.4 1.1 1.58 5.8

 Treatment significance NS NS NS NS NS NS

 P  value 0.413 0.569 0.105 0.416 0.869 0.162

Number of applications

1 (22 June) 3 1.8 196 12 7.3 163

2 (13 July) 3 2.2 187 11 7.5 164

3 (5 Aug.) 3 1.9 187 13 8.3 169

4 (21 Aug.) 3 1.7 187 12 7.4 164

Standard error
x

0.4 0.35 5.0 1.3 1.65 6.3

 No. applications significance NS NS NS NS NS NS

 P  value 0.585 0.382 0.412 0.602 0.873 0.860

Regression NS NS NS NS NS NS

Treatment*no. applications

Interaction significance NS NS NS NS NS NS

P  value 0.964 0.801 0.729 0.111 0.515 0.553

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively. L=linear, Q=quadratic.

Preharvest drop Postharvest drop

z
 Means with the same letter within a given column are not significantly different according to Tukey's Studentized range test at P = 0.05.

x
 Standard error of mean.

y 
ETH = Ethephon; NAA = Napthaleneacetic acid. Applications: 39, 60, 83, 99 days after full bloom.

     Number   

(% of total no. 

of fruit per tee)

     Number   

(% of total no. 

of fruit per tee)
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Table 3.12: Fruit firmness, soluble solids, and CIE L*C*H
o
 colour parameters of 'Northern Spy' apples at 2009 harvest. 'Northern Spy'/M.9 apple 

trees were treated with single or multiple applications of ethephon or napthaleneacetic acid.
z
 

 

  

Firmness 

(N)

Soluble solids 

(%)

Chroma 

(C* )

Treatment
y

Control 85.8 a 10.7 ab 69.6 ab 68.5 abcd 68.7 abcd 68.7 abcd 38.6 116.4 a 116.3 ab 116.7 a 116.2 ab

ETH (150 mg∙L
-1

) 81.7 b 11.3 a 68.6 abcd 69.1 abc 69.4 abc 70.0 a 38.8 116.1 ab 116.1 ab 115.5 bc 114.9 c

NAA (5 mg∙L
-1

) 85.8 a 10.3 b 67.8 cd 68.2 bcd 67.5 d 67.4 d 38.9 116.8 a 116.7 a 116.9 a 116.9 a

Standard error
x

0.44 0.22 0.24

 Treatment significance *** *** NS

 P  value <0.001 0.001 0.304

Number of applications Regression: Regression:

1 (22 June) 86.8 a 10.6 Control NS 38.8 Control NS

2 (13 July) 84.7 b 10.7 ETH L*** 38.7 ETH L**

3 (5 Aug.) 83.1 c 10.8 NAA NS 38.9 NAA NS

4 (21 Aug.) 83.2 bc 10.9 38.6

Standard error
x

0.49 0.24 0.25

 No. applications significance *** NS NS

 P  value <0.001 0.486 0.512

Regression Q* NS NS

Treatment*no. applications

Interaction significance NS NS NS

P  value 0.262 0.087 0.097

4

Lightness                                                            

(L* )

Hue angle                                             

(H
o
)

1 2 3 4 1 2 3

<0.0001

NS NS

0.37 0.24

*** NS

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively. L=linear, Q=quadratic.

0.004 0.001
z 
Means with the same letter within a given column are not significantly different according to Tukey's Studentized range test at P  = 0.05. Where significant 

treatment by no. applications interaction occurs, letters indicate differences between columns and among rows.

y 
ETH = Ethephon; NAA = Napthaleneacetic acid. Applications: 39, 60, 83, 99 days after full bloom.

x
 Standard error of mean.

0.9199 0.0

** **

<0.0001
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Table 3.13: Fruit firmness, soluble solids, and ethylene evolution of 'Northern Spy' apples harvested in 2009 

after 15 weeks in CA storage. 'Northern Spy'/M.9 apple trees were treated with single or multiple applications 

of ethephon or napthaleneacetic acid.
z
 

 

Soluble solids 

(%)

Treatment
y

Control 65.3 ab 65.5 ab 65.6 a 64.0 abc 11.9 ab 99

ETH (150 mg∙L
-1

) 66.9 a 61.2 cd 58.7 de 57.0 e 12.1 a 148

NAA (5 mg∙L
-1

) 63.7 abc 64.2 abc 64.4 abc 62.0 bcd 11.4 b 110

Standard error
x

0.17 14.8

 Treatment significance * NS

 P  value 0.014 0.059

Number of applications

1 (22 June) Regression: 11.6 89

2 (13 July) Control NS 11.6 126

3 (5 Aug.) ETH Q* 12.0 136

4 (21 Aug.) NAA NS 12.0 126

Standard error
x

0.19 16.7

 No. applications significance NS NS

 P  value 0.257 0.218
Regression NS NS

Treatment*no. applications

Interaction significance NS NS

P  value 0.453 0.393

<0.0001

z 
Means with the same letter within a given column are not significantly different according to Tukey's 

Studentized range test at P  = 0.05. Where significant treatment by no. applications interaction occurs, letters 

indicate differences between columns and among rows.

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively. L=linear, Q=quadratic.

***

 <0.001

x
 Standard error of mean.

y 
ETH = Ethephon; NAA = Napthaleneacetic acid. Applications: 39, 60, 83, 99 days after full bloom.

***

1.25

<0.0001

***

3 4

Firmness (N)

Ethylene evolution 

(µL∙kg
-1

 fruit∙hr
-1

)

1 2
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Table 3.14: Total yield in 2009, and return bloom, fruit set, yield components, and biennial bearing intensity of 'Northern Spy'/M.9 apple trees in 

2010 treated with single or multiple applications of ethephon or napthaleneacetic acid in 2009.
z
 

2009 Total yield Return bloom Harvested yield Fruit harvested Mean fruit weight

Biennial bearing 

intensity

(kg∙tree
-1

) (0-5)
y

(kg∙tree
-1

) (fruit∙tree
-1

) (g) (2009 - 2010)

Treatment
x

Control 74 2.9 54 71 302 239 0.00

ETH (150 mg∙L
-1

) 68 3.1 63 72 305 238 -0.04

NAA (5 mg∙L
-1

) 72 3.0 47 67 270 249 0.01

Standard error
w

11.3 0.19 7.8 4.4 19.4 4.8 0.079

 Treatment significance NS NS NS NS NS NS NS

 P  value 0.744 0.085 0.057 0.579 0.340 0.226 0.342

Number of applications

1 (22 June) 72 3.1 53 73 308 241 -0.03

2 (13 July) 75 2.9 56 65 279 239 0.03

3 (5 Aug.) 72 2.9 54 74 303 244 -0.03

4 (21 Aug.) 67 3.1 55 67 279 243 -0.01

Standard error
w

11.7 0.19 8.2 4.9 22.0 5.5 0.084

 No. applications significance NS NS NS NS NS NS NS

 P  value 0.839 0.063 0.969 0.378 0.662 0.917 0.586

Regression NS NS NS NS NS NS NS

Treatment*no. applications

Interaction significance NS NS NS NS NS NS NS

P  value 0.936 0.613 0.825 0.066 0.211 0.817 0.729

Fruit set 

(fruit∙100 flower 

clusters
-1

)

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively. L=linear, Q=quadratic.

z
 Means with the same letter within a given column are not significantly different according to Tukey's Studentized range test at P = 0.05.

x 
ETH = Ethephon; NAA = Napthaleneacetic acid. Applications: 39, 60, 83, 99 days after full bloom.

w
 Standard error of mean.

y 
Visual six-point rating scale (where 0=none; 1=light, 3=moderate, 5=heavy).
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Figure 3.1: Preharvest drop in 2009 measured by percentage of total fruit (A) and total weight of 

drops per tree (B) after „Northern Spy/M.9 were treated with ethephon and four concentrations 

and three application dates. Significant (P<0.001) ethephon concentration by application date 

interaction occurred for both components. Regression analysis indicated a significant quadratic 

relationship between ethephon concentration and both measurements of preharvest drop for the 

31 Aug. application, however, no significant regressions were determined for the 22 June or 27 

July applications. Symbols followed by the same letter are not significantly different according to 

Tukey's Studentized range test at P = 0.05. Error bars indicate standard error of mean. 



80 

 

 
Figure 3.2: Firmness (A) and starch index (B) of „Northern Spy‟ apples at harvest following 

ethephon treatments to „Northern Spy‟/M.9 trees in 2009. Significant (P<0.001) ethephon 

concentration by application date interaction occurred for both measurements. Regression 

analysis indicated significant relationships between ethephon concentration and firmness and 

starch index for 27 July and 31 Aug. applications, however, no significant regressions were 

determined for the 22 June application. Symbols followed by the same letter are not significantly 

different according to Tukey's Studentized range test at P = 0.05. Error bars indicate standard 

error of mean. 
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Figure 3.3: Return bloom (A), harvested yield (B), and number of fruit harvested per tree (C) for 

„Northern Spy‟/M.9 apple trees in 2010 treated with ethephon at four concentrations and three 

application dates in 2009. Error bars indicate standard error of mean.  
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Figure 3.4: Starch index of „Northern Spy‟ apples at harvest following ethephon or 

napthaleneacetic acid treatment to „Northern Spy‟/M.9 trees in 2009. Regression analysis 

indicated a significant linear relationship between the number of ethephon applications and starch 

index, but no significant regressions were determined for napthaleneacetic acid. Symbols 

followed by the same letter are not significantly different according to Tukey's Studentized range 

test at P = 0.05. Error bars indicate standard error of mean. 
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Figure 3.5: Total yield in 2009 and harvested yield in 2010 of „Northern Spy‟/M.9 apple trees 

following application of ethephon (A; Expt. 1) or ethephon and NAA (B; Expt. 2) in 2009. 

Biennial bearing intensity values (Hoblyn et al., 1936), calculated from 2009 to 2010, are written 

above the chart columns. Symbols followed by the same letter are not significantly different 

according to Tukey's Studentized range test at P = 0.05. Error bars indicate standard error of 

mean.
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CHAPTER 4:  INFLUENCE OF ETHEPHON AND PROHEXADIONE-

CALCIUM ON FLOWERING, EARLY YIELD, AND VEGETATIVE GROWTH 

OF YOUNG ‘NORTHERN SPY’ APPLE TREES 

 

4.1 Abstract 

 „Northern Spy‟ apple trees have a long non-productive period following planting – 

termed low precocity – which reduces economic feasibility of production. Previous work 

supporting the benefits of ETH for increased flowering on young, non-bearing apple trees was the 

impetus behind the present study in which three-year-old „Northern Spy‟/M.9 trees were treated 

with ETH and/or P-Ca to determine the effects on flowering, early yield, and vegetative growth. 

Ethephon application significantly increased flowering the year following treatment, with a 

greater effect from a higher concentration or a second application. Two applications of 1500 

mg∙L-1
 ETH applied 39 and 60 DAFB increased fruit yield by 1.0 ± 0.3 kg∙tree

-1
 at harvest. There 

was no effect of P-Ca on flowering or yield components. Combination treatments of ETH and P-

Ca had an additive effect on reducing leader shoot growth but were similar to ETH for flowering 

and yield components. This study supports the use of ETH applications on young „Northern Spy‟ 

apple trees in the year prior to expected initial bearing to increase flowering and fruit yield. 

4.2 Introduction 

The „Northern Spy‟ apple cultivar is an important processing apple in Ontario. This 

cultivar has an exceptional ability to retain the characteristic flavour, texture, and essence of apple 

after storage, baking, freezing, and shipping (Sanford et al., 2006). 

Producers of „Northern Spy‟ face several production challenges including biennial 

bearing, low precocity, and vigorous vegetative growth. Low precocity is a physiological problem 

characterized by an extended non-bearing period following planting. Several commercially 

important apple cultivars such as „Ambrosia‟ (Cline, 2009) and „Northern Spy‟ (Dennis, 1998) 
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are considered to have low precocity, whereas „Honeycrisp‟ (Cline and Gardner, 2005) and 

„Silken‟ (Wilson, 2001) have high precocity and begin cropping relatively quickly, within one to 

two years of planting. „Northern Spy‟ is notoriously slow-to-bear, often requiring four to six years 

to begin fruiting even on dwarfing rootstock (Dennis, 1998). As a result, economic returns from 

„Northern Spy‟ orchards are delayed several years, placing additional financial pressures on apple 

producers.  

Aside from cultivar selection, the use of dwarfing rootstocks (Maguylo and Lauri, 2007), 

tree training (e.g. branch bending) (Parker and Young, 1995), and irrigation under drought stress 

(Webster et al., 2003) can enhance precocity and increase early production, whereas pruning 

(Robinson, 2007) and excessive nitrogen (Fallahi and Mohan, 2000) delay the onset of fruit 

production. Reducing excessive vegetative vigor improves the balance between vegetative growth 

and fruiting to encourage fruit yield (Robinson, 2007). Despite these approaches, precocity of 

several cultivars, and most notably „Northern Spy‟, remains problematic. Increasing flower 

initiation with PBR sprays exists as another potential method of enhancing precocity.  

Several PBR compounds including paclobutrazol (El Hodairi and Canham, 1990), 

daminozide (Jones et al., 1989), triiodobenzoic acid (Bukovac, 1968), NAA (Harley et al., 1958), 

and ETH (Williams, 1972) have been demonstrated to enhance flowering in apple trees the year 

following treatment. Several studies have reported enhanced flowering in bearing apple trees 

using foliar applications of ETH at concentrations ranging from 150 to 1000 mg∙L-1
, with 

treatments varying by number of applications, application dates, and cultivars (Bukovac et al., 

2006; McArtney et al., 2007; Schmidt et al., 2009; Williams, 1972). With two-year-old, non-

bearing „Northern Spy‟/M.9 trees, Cline (2006a) applied two applications of 500 mg∙L-1
 ETH and 

reported significantly improved flower cluster density the following season, however, this did not 

translate into increased yield per tree at harvest. A program of ETH sprays are being 

recommended to enhance flowering in non-bearing apple trees in several tree fruit production 

guides (Cowgill and Autio, 2009; Schwallier, 2006; Washington State University Extension, 
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2009). Ethephon, under the tradename of Ethrel (Bayer CropScience; Calgary, AB, Canada) is 

registered in Canada to enhance flowering in young apple trees. The label recommends one or 

more application(s) at 1020 mg∙L-1
 for non-spur type trees (e.g. „Northern Spy‟) but does not 

provide specific recommendations for cultivars. 

Prohexadione-calcium, an inhibitor of GA1 biosynthesis, reduces shoot extension when 

applied to several tree fruit species including apple (Rademacher et al., 2006). Prohexadione-

calcium is commonly used in apple orchards for vegetative growth reduction and suppression of 

the disease fireblight. Due to its ability to limit vegetative growth, P-Ca has been proposed as a 

tool to achieve an improved balance between vegetative growth and fruiting in apple production 

(Ramirez et al., 2006). However, P-Ca is not considered to be a flower-enhancing compound, and 

research has demonstrated that P-Ca has a minimal effect on both flowering and yield in apple 

(Byers et al., 2004; Cline et al., 2008) when applied at concentrations effective for vegetative 

growth reduction; typically 63 to 125 mg∙L-1
. Higher concentrations of P-Ca, above 125 mg∙L-1

, 

as is recommended for fireblight suppression, may even increase fruit set in the current season 

and reduce flowering the following season (Greene, 2008).  

Ethephon is also known to reduce vegetative growth in apple when applied during the 

period of extension shoot growth (Byers, 1993). Ethephon in combination with P-Ca has been 

demonstrated to provide further reductions in vegetative growth compared to P-Ca alone (Byers 

et al., 2004). Improved vegetative growth control from ETH in combination with P-Ca has also 

been reported in young sweet cherry trees (Elfving et al., 2003a). 

The success of bloom enhancement spray programs in other apple cultivars has been 

encouraging, however, research on „Northern Spy‟ is limited and further investigation is merited. 

The primary objective of this study was to determine the response of young, non-bearing 

„Northern Spy‟ apple trees to foliar ETH application and its effect on flowering, early yield, and 

vegetative growth. As a secondary objective, ETH in combination with P-Ca was tested for its 

effects on the above characteristics. Applications of PBRs to young „Northern Spy‟/M.9 trees 
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were hypothesized to cause the following responses: 1) reduced shoot growth from P-Ca 

application; and 2) increased flowering the year following ETH application. 

4.3 Materials and Methods 

4.3.1 Orchard Layout and Experimental Design 

An experiment was conducted beginning in 2009 on non-bearing, three-year-old 

„Northern Spy‟/M.9 apple trees located in a commercial orchard in Norfolk County, Ontario (42° 

52' 00" N Long., 80° 14' 00" W Lat.). Trees were spaced 2.4 m within rows and 4.5 m between 

rows (926 trees∙ha
-1

), trained to a supported central leader, and managed according to standard 

practices for Ontario (OMAFRA, 2009). 

Seven treatments were applied to single-tree plots in a randomized complete block design 

with eight replications. A minimum of one guard tree was included between experimental units to 

minimize potential effects of spray drift during spray application. Spray treatments were applied 

to whole trees by hand-gun with a 50-litre, battery-operated sprayer (Model „Raven‟, Rittenhouse; 

St. Catharines, ON, Canada) calibrated to deliver  0.9 L∙tree
-1

 at 275 kPa. Spray treatments were 

applied to the point of drip. Experimental units received the following treatments in 2009: 1) 

untreated control; 2) a single application of 1500 mg∙L-1
 ETH (Ethrel, Bayer CropScience; 

Calgary, AB, Canada); 3) two applications of 750 mg∙L-1
 ETH; 4) two applications of 1500 mg∙L-1

 

ETH; 5) two applications of 750 mg∙L-1
 ETH plus two applications of 125 mg∙L-1

 P-Ca (Apogee, 

BASF; Mississauga, ON, Canada); 6) two applications of 1500 mg∙L-1
 ETH plus two applications 

of 125 mg∙L-1
 P-Ca; or 7) two applications of 125 mg

.
L

-1
 P-Ca. 

All treatments included 0.1% (v/v) Regulaid adjuvant (Kalo; Overland Park, KS, USA) 

and P-Ca treatments also included 0.1% (v/v) liquid ammonium sulphate (8N-0P-0K-9S) as a 

water conditioner. Ethephon sprays were applied three-weeks apart, 39 and 60 DAFB, with the 

first application occurring 22 June 2009 followed by the second application on 13 July, 

respectively. Prohexadione-calcium sprays were initiated at  5 cm extension shoot growth on 20 
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May and repeated on 4 June. Full bloom on bearing „Northern Spy‟/M.9 blocks located in the 

same orchard occurred on 14 May 2009. No further treatments were applied in 2010 in order to 

measure the carry-over effects from the 2009 treatments. 

4.3.2 Vegetative Growth 

Extension shoot growth on four randomly selected extension shoots per tree, as well as 

the leader, was recorded at approximately weekly or biweekly intervals throughout the growing 

season in 2009 and repeated in 2010. Tree growth was determined by measuring trunk 

circumference at 30 cm above the soil line in the spring and in the fall of each growing season. 

Trunk cross-sectional area was calculated from the trunk circumference. 

4.3.3 Flowering and Yield 

Flowering was assessed in 2010 by counting the number of flower clusters present per 

tree and calculating the number of flower clusters per square centimeter of TCSA. Full bloom 

occurred on 4 May 2010. Final fruit set was recorded on 28 June following natural abscission 

(„June drop‟) and the mean number of fruit set per flower cluster was determined. Fruit were 

harvested on 1 Oct. 2010 in concurrence with normal commercial harvest. The number and 

weight of fruit harvested per tree was recorded and the crop load, yield efficiency, and mean fruit 

weight were determined. 

4.3.4 Statistical Analysis 

 Data were subject to an analysis of variance using SAS ver. 9.2 (SAS Institute; Cary, NC, 

USA) with a chosen significance level of 5% (α=0.05). A mixed analysis model (Proc Mixed) 

was used with block as a random effect and treatment as a fixed effect. Extension and leader 

shoot growth data were analyzed using a repeated-measures analysis, with the most appropriate 

covariance structure chosen on the basis of the Akaike information criterion (Littell et al., 1998). 

Plots of residuals were examined to determine whether plots displayed patterns of homogeneity 
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of error variance, according to the methods described by Bowley (2008). Residual plots 

displaying evident patterns of heterogeneity were transformed (natural logarithm) prior to 

analysis if transformation improved homogeneity. Transformed data have been presented in their 

original scale. Single degree-of-freedom contrasts were used to test a number of pre-planned 

comparisons including control versus ETH or P-Ca treatments and ETH treatments alone versus 

combinations with P-Ca. Analysis of variance P values have been included to indicate 

significance where reported. Differences between treatment means are reported as difference ± 

standard error of the difference (SED). 

4.4 Results 

4.4.1 Vegetative Growth 

  In 2009, ETH applied 22 June and 13 July had no influence on extension shoot length, 

regardless of concentration (Figure 4.1A). In contrast, two applications of P-Ca applied 20 May 

and 4 June significantly (P<0.001) reduced shoot extension by  30% or 8 ± 2 cm compared to 

the control. The combination treatments of ETH plus P-Ca resulted in similar reductions in 

extension shoot growth to that of the P-Ca treatment alone. Leader shoot length over the same 

period was significantly (P<0.001) reduced by ETH treatment alone (Figure 4.1C). A single 

application of 1500 mg∙L-1 
ETH reduced leader growth by 23 ± 4 cm compared to the control, 

representing an  30% reduction, nearly equivalent to two applications of 750 mg∙L-1
 ETH. Two 

applications of 1500 mg∙L-1 
ETH reduced leader growth by 39 ± 4 cm, equivalent to a 55% 

reduction. Strong inhibition of leader growth occurred following two applications of P-Ca for 

most of the growing season (July through early Sept.), however, a rapid growth resurgence was 

observed on this treatment in the month of September. On 23 Sept., leader growth on trees treated 

with two P-Ca applications was significantly (P<0.001) reduced by 18 ± 4 cm compared to the 

control, or by  25%. The combination of ETH plus P-Ca provided the strongest inhibition, with 
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two applications of 1500 mg∙L-1 
ETH plus two P-Ca applications reducing leader growth by 52 ± 

4 cm, representing an  75% reduction compared to the control. 

Some carry-over effects of 2009 ETH applications on 2010 vegetative growth were 

observed. Extension shoot growth in 2010 was significantly reduced following two applications 

of 750 or 1500 mg∙L-1 
ETH in 2009 by  15% (P=0.031) and 30% (P<0.001) of the control, 

respectively (Figure 4.1B). In contrast, a single 1500 mg∙L-1 
ETH application the previous year 

did not significantly affect extension shoot growth in 2010. Prohexadione-calcium treatment in 

2009 did not influence 2010 extension shoot growth, with the exception of a minor but significant 

(P=0.032) increase in growth compared to the control recorded on 18 Aug, the final 

measurement. The combination treatments of ETH plus P-Ca in 2009 reduced shoot extension in 

2010 similar to the ETH treatments alone. Over the same period, leader shoot growth was 

significantly (P<0.001) reduced by two applications of 1500 mg∙L-1 
ETH the previous year 

(Figure 4.1D). Two applications of 750 mg∙L-1 
or a single application of 1500 mg∙L-1 

ETH in 

2009 resulted in reduced but not significantly different leader shoot growth compared to the 

control in 2010. Application of P-Ca alone in 2009 did not affect 2010 leader shoot length. The 

combination of two applications of 1500 mg∙L-1 
ETH plus two applications of P-Ca resulted in 

similar 2010 leader growth compared to that of the ETH treatment alone, however, two 

applications of 750 mg∙L-1 
ETH plus two applications of P-Ca did not reduce 2010 leader shoot 

length compared to the control. 

Significant reductions in 2009 TCSA growth occurred following treatment with two 

applications of 750 (P=0.005) or 1500 mg∙L-1 
(P<0.001) ETH (Table 4.1). The same treatments 

also resulted in markedly reduced TCSA growth in 2010 compared to the control. A single 

application of 1500 mg∙L-1 
ETH did not affect TCSA growth in either year, nor did treatment with 

P-Ca alone. The combination treatments of ETH plus P-Ca had a similar effect on TCSA growth 

in both years compared to the ETH treatments alone. 
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4.4.2 Flowering and Yield 

Flower cluster density in 2010 was significantly increased following ETH treatment in 

2009 (Table 4.2). Two applications of 750 or 1500 mg∙L-1 
ETH resulted in an additional 0.7 

(P=0.029) and 1.0 (P=0.002) ± 0.30 flower clusters∙cm
2
 TCSA

-1
, respectively. There were no 

significant differences in fruit set between the control and ETH treatments, although, ETH 

treatments tended to have reduced fruit set compared to the control. Crop load (P=0.003) and 

yield efficiency (P=0.006) in 2010 were also significantly increased by two applications of 1500 

mg∙L-1 
ETH in 2009. 

Although main treatment effects were non-significant, contrasts between the control and 

two applications of 1500 mg∙L-1 
ETH treatment indicated a greater number of flower clusters per 

tree (P=0.017), fruit harvested per tree (P=0.012), and yield per tree (P=0.008) for ETH-treated 

trees compared to the control. The increase in yield from two applications of 1500 mg∙L-1 
ETH 

applications was estimated at 1.0 ± 0.3 kg∙tree
-1

. Mean fruit weight was not significantly different 

between any of the treatments. In contrast to two applications of 1500 mg∙L-1
 ETH, a single 

application at 1500 mg∙L-1
 was not as effective at promoting flowering and did not influence yield 

components. No effect of the 2009 P-Ca applications was observed on 2010 flowering or yield 

components, however, slightly increased (P=0.058) fruit set was observed on these trees 

compared to the control. The combination treatments of ETH plus P-Ca had a similar effect to 

that of ETH treatment alone regarding flowering and yield components. 

4.5 Discussion 

4.5.1 Vegetative Growth 

Trees in this experiment demonstrated a characteristic rapid spring growth phase, 

however, a distinct second growth phase was observed in 2009 beginning in late July which was 

not observed in 2010. Multiple growth flushes are common in some cases on young, non-bearing 

apple (Strand, 1999) and pear trees (Elfving and Visser, 2005) if growth conditions, especially 
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water availability, are non-limiting. Unusually wet conditions prevailed in August 2009, where 

162 mm of rainfall occurred compared to a 30-year-average of 86 mm (Table A.1; Figure A.1). 

Late summer vegetative growth may have been stimulated by abundant soil moisture during a 

period where it is typically quite depleted. Higher air temperatures were not responsible for the 

second growth flush as accumulated monthly growing degree days (base 5
o
C) were considerably 

lower in 2009 compared to 2010. 

Ethephon treatment alone did not reduce extension shoot length in this experiment. 

Effective control of extension shoot growth on several „Delicious‟ cultivars was obtained with 

similar ETH concentrations applied within the first 30 DAFB (Byers, 1993; Williams, 1972). 

Approximately 70% of 2009 extension shoot growth had occurred by the date of the first ETH 

application in this experiment, an indication why ETH treatments were not as effective as those 

reported previously (Byers, 1993). Conversely, ETH provided effective control of leader shoot 

growth in 2009 since only  30% of total growth had occurred by the first application, allowing 

for inhibition of further growth. Higher concentrations of ETH had a greater effect on growth 

reduction, as observed previously (Byers, 1993; Williams, 1972).  

Initial P-Ca application occurred at 5 cm extension shoot growth, the normal 

recommended treatment stage (Cline, 2006b), at which time  20% of seasonal extension shoot 

growth had occurred. Application of P-Ca reduced total extension shoot growth by  30%, a 

result consistent with the typical outcome of P-Ca treatment on apple in Ontario (Cline, 2006b). 

Two applications of P-Ca provided strong inhibition of leader shoot growth for the majority of 

the season, however, a rapid growth resurgence was observed in the final three weeks of 

measurement. This has previously been observed with spring-applied P-Ca on both apple (Elfving 

et al., 2002) and pear trees (Elfving et al., 2003b; Smit et al., 2005) but the cause(s) remain 

unknown. Vigorous cultivars such as „Northern Spy‟ may require a third or even a fourth P-Ca 

application to prevent a late summer growth resurgence (Cline, 2006b; Elfving et al., 2003b; 
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Rademacher and Kober, 2003). This may be especially critical in years with abundant summer 

rainfall, as was observed in 2009.  

Combinations of ETH plus P-Ca were no more effective than P-Ca alone for inhibiting 

extension and leader shoot growth during the first seasonal growth flush. As discussed, ETH 

application occurred after the majority of the first growth phase was complete, therefore, could 

not have reduced growth on the initial growth phase. However, application of both ETH and P-Ca 

considerably reduced the late summer growth resurgence observed on leader shoots following P-

Ca treatment alone in 2009. Individual effects of ETH and P-Ca were approximately equaled in 

the combination treatments, indicating an additive response when ETH and P-Ca are combined. 

This is contrary to previous work with ETH plus P-Ca combinations in sweet cherry, where a 

synergistic response has been suggested (Elfving et al., 2003a). In apple, ETH plus P-Ca has been 

reported to provide better control of shoot growth than ETH or P-Ca alone, but only slightly 

beyond the effects of each compound indvidually (Byers et al., 2004). The response observed in 

this experiment was consistent with the latter report. 

Some effects of 2009 treatments on 2010 vegetative growth were observed. Both ETH 

and P-Ca are metabolized relatively quickly, within weeks, following application to plant tissues 

(Edgerton and Hatch, 1972; Evans et al., 1999) and multi-year carry-over (i.e. residual) effects 

are typically not expected, unlike those observed with other PBRs such as soil-applied 

paclobutrazol (Khurshid et al., 1997). No effect of previous season ETH on nectarine (Blanco, 

1990) or P-Ca application on apple (Miller, 2002; Rademacher et al., 2004) have been reported on 

current season vegetative growth. The reductions observed in 2010 extension and leader growth 

following two ETH applications in 2009 are thus unlikely a result of direct inhibition from 2009 

sprays. Instead, as these treatments significantly increased 2010 crop load, reduced vegetative 

growth in 2010 was probably a result of greater competition with developing fruit (Palmer et al., 

1997). 
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Ethephon treatment in 2009 reduced TCSA growth in the year of application, as has been 

previously reported (Byers, 1993). Similar to extension and leader shoot growth, TCSA growth in 

2010 was significantly lower for those treatments which received two ETH applications in the 

previous year. As this was unlikely a direct carry-over effect, reduced TCSA growth in 2010 is 

also probably attributable to the increased crop load in these treatments, as has been reported 

elsewhere (Palmer et al., 1997). Trunk cross-sectional area was not affected by P-Ca treatment, 

similar to previous observations on apple (Cline et al., 2008). 

4.5.2 Flowering and Yield 

   Ethephon treatment to non-bearing, three-year-old „Northern Spy‟/M.9 trees greatly 

increased flowering the following season in these experiments. This is consistent with previous 

results on bearing apple trees (Bukovac et al., 2006; McArtney et al., 2007; Schmidt et al., 2009; 

Williams, 1972) as well as on non-bearing, two-year-old „Northern Spy‟ and „Jonagold‟ (Cline, 

2006a). A greater effect on flower cluster density was observed with a second ETH application, 

as well as a higher concentration, similar to previous findings (Bukovac et al., 2006; Cline, 

2006a; Williams, 1972).  

Fruit set was reduced on ETH-treated trees compared to the control, although, these 

effects were non-significant. Reduced fruit set despite a greater number of flower clusters may 

explain why a significant main yield effect was not observed. Cline (2006a) reported significantly 

improved flower cluster density following ETH application on non-bearing, two-year-old 

„Northern Spy‟ and „Jonagold‟ trees yet no subsequent increase in yield was observed. This may 

be explained by a reduced fruit set per flower cluster. However, in this experiment, yield per tree 

in 2010 following two applications of 1500 mg∙L-1
 ETH in 2009 was increased compared to the 

control, which was estimated at 1.0 ± 0.3 kg∙tree
-1

. As fruit set was typically reduced on trees 

with greater flower cluster density, despite heavy flowering, young apple trees may be able to 

support only a limited increase in crop load due to a relatively small photosynthetic capacity. The 
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observation that the likelihood of fruit set increases with tree age (Robbie and Atkinson, 1994) 

would support this hypothesis. 

Two applications of 1500 mg∙L-1
 ETH increased the number of fruit harvested per tree, 

while not significantly affecting mean fruit weight at harvest. Therefore, young „Northern Spy‟ 

apple trees were still able to support some additional crop load than could otherwise be expected 

from limited flowering in their first bearing year. As evidenced by reduced extension and leader 

shoot growth, and lower TCSA increase, additional 2010 crop load was supported by partitioning 

a greater portion of assimilates to developing fruit instead of vegetative growth (Heim et al., 

1979; Palmer et al., 1997).  

Therefore, although ETH treatments were successful at increasing flowering and yield in 

the first cropping season, such methods may need to be approached with caution. Young 

„Honeycrisp‟ trees which are too heavily cropped in their third to fifth season are known to suffer 

declining vegetative growth and do not reach desired tree size at maturity (Robinson et al., 2009). 

As a result, crop loads on „Honeycrisp‟ are recommended to be moderate until trees are 

approaching the desired final size. This may also be the case with „Northern Spy‟, although, 

similar crop load studies have not been reported. In addition, enhanced flowering and increased 

early yields on young apple trees from paclobutrazol application has been demonstrated to induce 

greater biennial bearing as trees mature (Khurshid et al., 1997; Steffens et al., 1993). As 

„Northern Spy‟ is already moderately susceptible to biennial bearing (Dennis, 1998), enhancing 

this activity further would not be desirable. To date, the long term effects of ETH application for 

enhancing early yields in apple trees and its impact on future tree growth and biennial bearing has 

not been studied. 

Prohexadione-calcium did not influence flowering or yield components in this 

experiment. This is consistent with previous reports indicating P-Ca does not enhance flowering 

the following season (Byers et al., 2004; Cline et al., 2008). Interestingly, P-Ca application in the 

previous season appeared to enhance current season fruit set. It is well known that P-Ca 
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application can often increase fruit set in the season of application (Byers et al., 2004; Glenn and 

Miller, 2005; Greene, 2008), but increased fruit set in the following season without additional P-

Ca application has not been reported. An explanation for this observation is unclear. 

4.6 Conclusions 

Ethephon reduced extension and leader shoot length when applied before a period of 

active growth and provided additional control beyond P-Ca when both were applied. As P-Ca is a 

relatively expensive PBR in Canada, ETH could be combined with P-Ca for an enhanced effect 

on shoot growth (Byers et al., 2004). Since P-Ca reduced vegetative growth but had no effect on 

flowering or yield, use of P-Ca should be limited to applications where vegetative growth and/or 

fireblight suppression is desired. 

Early cropping potential of young „Northern Spy‟ apple trees appears to be limited by a 

lack of flowering in the first bearing season. Further evidence was provided that foliar ETH 

application can promote flowering in young, non-bearing apple trees. Increased flowering was 

also demonstrated to result in greater fruit yield at harvest, which had not been observed in 

previous experiments (Cline, 2006a). Based on a planting density of 926 trees∙ha
-1

, a yield 

increase of nearly 1 t∙ha
-1

 resulted from two applications of 1500 mg∙L-1
 ETH in the previous 

year. Although the year of the first crop was not advanced, the yield increase demonstrated in this 

experiment would be tremendously valuable for producers trying to recover establishment costs 

on young „Northern Spy‟ orchards. Additional investigation of ETH concentration, application 

dates, and number of applications are required to maximize treatment efficiency. Furthermore, a 

long-term study of the effects of increasing early yield on future orchard productivity is 

warranted.    
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Table 4.1: Trunk-cross sectional area in 2009 and 2010 for 'Northern Spy'/M.9 apple trees following treatment with ethephon and/or 

prohexadione-calcium in 2009. 

 
  

Spring 2009 Fall 2009 Spring 2010 Fall 2010 2009 Increase 2010 Increase

Treatment
z

(A) Control 5.6 9.5 10.1 18.5 2.7 8.4

(B) 1 x 1500 mg∙L
-1

 ETH 5.2 8.5 9.1 16.5 2.3 7.4

(C) 2 x 750 mg∙L
-1

 ETH 5.3 8.2 8.6 15.2 2.0 6.6

(D) 2 x 1500 mg∙L
-1

 ETH 4.7 7.2 7.7 13.5 1.8 5.8

(E) 2 x 750 mg∙L
-1

 ETH + 2 x P-Ca 5.4 8.2 8.6 14.9 1.9 6.2

(F) 2 x 1500 mg∙L
-1 

ETH + 2 x P-Ca 5.7 8.2 8.3 14.2 1.7 5.9

(G) 2 x P-Ca 5.7 9.2 9.8 17.3 2.3 7.5

Standard error
y

0.30 0.52 0.57 1.08 0.17 0.66

Treatment significance NS * * ** ** *

P  value 0.272 0.045 0.040 0.010 0.002 0.034

Contrasts and P  values

Control (A) vs. 1 x 1500 mg∙L
-1

 ETH (B) 0.314 0.164 0.194 0.161 0.139 0.253

Control (A) vs. 2 x 750 mg∙L
-1

 ETH (C) 0.529 0.073 0.050 0.020 0.005 0.037

Control (A) vs. 2 x 1500 mg∙L
-1

 ETH (D) 0.044 0.002 0.003 0.001 <0.001 0.004

Effect of P-Ca: 2 x 750 mg∙L
-1

 ETH (C vs. E) 0.822 0.946 0.947 0.837 0.663 0.692

Effect of P-Ca: 2 x 1500 mg∙L
-1

 ETH (D vs. F) 0.029 0.143 0.427 0.634 0.785 0.923

Control (A) vs P-Ca (G) 0.866 0.646 0.678 0.380 0.102 0.291

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively.

Trunk cross-sectional area (TCSA) (cm
2
)

z
 ETH = Ethephon; applied 39 and 60 days after full bloom (DAFB). P-Ca = Prohexadione-calcium; applied 6 and 21 DAFB.

y
 Standard error of mean.
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Table 4.2: Flowering, fruit set, and yield of 'Northern Spy'/M.9 apple trees following treatment with ethephon and/or prohexadione-calcium in 

2009. Flower clusters per tree, flower cluster density, fruit harvested per tree, yield per tree, crop load, and yield efficiency required transformation 

(natural logarithm) prior to analysis. Transformed data have been presented in their original scale. 

 
  

Fruit set 

(fruit∙100 flower 

clusters
-1

)

Fruit weight 

(g)

Treatment
y

(A) Control 5.0 1.5 101 3.4 1.7 1.2 1.0 247

(B) 1 x 1500 mg∙L
-1

 ETH 11.5 2.4 90 7.1 2.6 1.5 1.1 225

(C) 2 x 750 mg∙L
-1

 ETH 14.0 2.9 75 8.6 3.3 1.7 1.2 264

(D) 2 x 1500 mg∙L
-1

 ETH 19.7 4.0 78 14.1 4.6 2.3 1.3 229

(E) 2 x 750 mg∙L
-1

 ETH + 2 x P-Ca 12.8 2.8 87 8.7 3.3 1.8 1.3 243

(F) 2 x 1500 mg∙L
-1 

ETH + 2 x P-Ca 19.8 3.6 81 10.9 4.2 2.1 1.3 246

(G) 2 x P-Ca 6.6 1.8 130 5.3 2.4 1.4 1.1 262

Standard error
x

0.42
w

0.22
w

12.4 0.43
w

0.29
w

0.16
w

0.07
w

15.2

Treatment significance NS * * NS NS * * NS

P  value 0.124 0.017 0.012 0.191 0.124 0.037 0.050 0.384

Contrasts  and P  values

Control (A) vs. 1 x 1500 mg∙L
-1

 ETH (B) 0.137 0.116 0.477 0.185 0.243 0.248 0.375 0.278

Control (A) vs. 2 x 750 mg∙L
-1

 ETH (C) 0.069 0.029 0.101 0.094 0.076 0.111 0.143 0.431

Control (A) vs. 2 x 1500 mg∙L
-1

 ETH (D) 0.017 0.002 0.147 0.012 0.008 0.003 0.006 0.374

Effect of P-Ca: 2 x 750 mg∙L
-1

 ETH (C vs. E) 0.849 0.903 0.430 0.984 0.997 0.606 0.503 0.301

Effect of P-Ca: 2 x 1500 mg∙L
-1

 ETH (D vs. F) 0.989 0.748 0.867 0.636 0.766 0.692 0.857 0.401

Control (A) vs P-Ca (G) 0.616 0.525 0.058 0.428 0.355 0.435 0.463 0.497

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively.

Flower clusters 

(flower 

clusters∙tree
-1

)

Flower density 

(flower clusters∙cm
-2 

TCSA)
z

Yield per tree 

(kg∙tree
-1

)

y
 ETH = Ethephon; applied 39 and 60 days after full bloom (DAFB). P-Ca = Prohexadione-calcium; applied 6 and 21 DAFB.

x
 Standard error of mean.

w
 Standard error of mean applies to ln transformed data only.

Fruit harvested 

(fruit∙tree
-1

)

Yield efficiency 

(kg fruit∙cm
-2 

TCSA)
z

Crop load           

(fruit∙cm
-2 

TCSA)

z
 TCSA = Trunk cross-sectional area.
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Figure 4.1: Extension and leader shoot length of 'Northern Spy'M.9 apple trees in 2009 (A,C) and 2010 (B,D) following treatment with ethephon 

and/or prohexadione-calcium in 2009. P-Ca and ETH denote dates of application for prohexadione-calcium and ethephon, respectively. Error bars 

indicate standard error of mean at each measurement. The star () symbol represents mean extension and leader shoot length on 20 May 2009, the 

date of initial treatments. Arrows indicate specific dates of application.  
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CHAPTER 5: VEGETATIVE GROWTH AND FLOWERING RESPONSE OF 

‘NORTHERN SPY’/M.9 APPLE TREES TO PROHEXADIONE-CALCIUM, 

ETHEPHON, AND BENZYLADENINE IN THREE DIFFERENT ORCHARD 

SYSTEMS DURING ESTABLISHMENT 

 

5.1 Abstract 

The establishment of high-density „Northern Spy‟ apple orchards requires management 

options to control vigorous vegetative growth. Three different „Northern Spy‟/M.9 orchard 

systems were established in Simcoe, Ontario: a super spindle (3333 trees∙ha
-1

), high-density 

vertical axe (1667 trees∙ha
-1

), and low-density vertical axe (1111 trees∙ha
-1

). Experiments were 

conducted to determine the effects of P-Ca and/or ETH applications on vegetative growth 

characteristics of one-year-old, newly planted trees. In addition, the effects of ETH applications 

on subsequent flowering and BA treatments to increase lateral branching were tested. Two 

applications of P-Ca at 125 mg∙L-1
 typically reduced shoot growth by 20% to 30% following 

treatment, however, growth resurgence often occurred later in the season. Combining P-Ca with 

two applications of 1500 mg∙L-1 
ETH provided additional control beyond P-Ca alone and 

restricted subsequent growth resurgence. Ethephon treatments to promote flowering resulted in a 

weak response on „Northern Spy‟/M.9 in the second season. Two applications of 500 mg∙L-1
 BA 

had no effect on lateral branching. Treatment response was generally consistent across orchard 

systems. Ethephon plus P-Ca could be considered for strong control of shoot growth in 

applications such as the establishment of high-density orchard systems.  

5.2 Introduction 

The „Northern Spy‟ apple cultivar is an important processing apple in Ontario. This 

cultivar has an exceptional ability to retain the characteristic flavour, texture, and essence of apple 

after storage, baking, freezing, and shipping (Sanford et al., 2006). 
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Producers of „Northern Spy‟ face several production challenges including biennial 

bearing, low precocity, vigorous vegetative growth, and production of „blindwood‟ as a result of 

its terminal bearing type IV fruiting habit (Lespinasse, 1977). Excessive acrotonic shoot growth, 

which favours growth nearer to tips in the absence of basipetal lateral bud development, leads to 

large sections of blindwood. Vegetatively vigorous trees such as „Northern Spy‟ and other tip-

bearing apple cultivars such as „Cortland‟ are especially prone to blindwood (Faust et al., 1995). 

Blindwood, also known as barewood, refers to sections on the trunk or a branch which do not 

have fruiting potential due to the absence of lateral shoot or spur development (Palmer et al., 

2005). Reduction of excessive vegetative vigor through the use of dwarfing rootstocks (Maguylo 

and Lauri, 2007) and tree training (e.g. branch bending) (Parker and Young, 1995) improves the 

balance between vegetative growth and fruiting for increased early yields. Improving canopy 

development by increasing lateral branching and promoting spur formation also encourages early 

tree productivity in the orchard (Miller and Eldridge, 1986). 

Plant bioregulators, also known as growth regulators, are commonly used in apple 

production for enhancing fruit ripening, fruit thinning, inhibiting ethylene synthesis, preharvest 

fruit-drop control, vegetative growth control, and to alter flowering and fruiting habits (Petracek 

et al., 2003). Several PBRs such as P-Ca, ETH, and BA may be useful for controlling vegetative 

growth and promoting desirable growth characteristics of „Northern Spy‟. 

Prohexadione-calcium, an inhibitor of GA1 biosynthesis, reduces shoot extension when 

applied to several tree fruit species including apple (Rademacher et al., 2006). Within the tree, P-

Ca translocates acropetally (i.e. towards tips) and usually only affects treated shoots (Evans et al., 

1999). Prohexadione-calcium is commonly used in apple orchards for vegetative growth control 

and suppression of the disease fireblight. Due to its ability to reduce excess vegetative growth, P-

Ca has been proposed as a tool to achieve an improved balance between vegetative growth and 

fruiting in apple production (Ramirez et al., 2006).  
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Ethephon is also known to reduce vegetative growth when applied during periods of 

active extension shoot growth (Byers, 1993). Ethephon in combination with P-Ca has been 

demonstrated to provide further reductions in shoot growth compared to P-Ca alone (Byers et al., 

2004). Improved shoot growth control from ETH in combination with P-Ca has also been noted 

in sweet cherry (Elfving et al., 2003a). 

Promoting lateral branching and spur formation also improves early productivity in the 

orchard (Miller and Eldridge, 1986). Exogenous cytokinin application of BA has effectively 

improved lateral branching of nursery trees (Hrotko et al., 1997) and young apple orchards 

(Jacyna and Barnard, 2008; Miller and Eldridge, 1986), and has exhibited some potential for 

inducing spur formation on otherwise blind buds (Palmer et al., 2005).  

Apple producers are increasingly establishing high-density orchard systems because of 

greater profit potential (Barritt, 1992). Planting density in high-density orchard systems can range 

from less than 1500 to greater than 3000 trees∙ha
-1

 (Robinson, 2007). Although high-density 

orchards can be very productive, establishment costs can exceed $30,000 per hectare, depending 

on the system and degree of tree training (Gardner, 2005). Successful management of high-

density plantings involves achieving an adequate balance of vegetative growth and fruiting for 

reliable year-to-year yields (Robinson, 2007). Excessive vegetative vigor leads to trees rapidly 

exceeding their allotted space and reduced fruiting. In addition, as tree size is minimized under 

high-density systems, the presence of blindwood could be a major limitation of yield potential. 

Producers establishing high-density orchard systems with vegetatively vigorous cultivars such as 

„Northern Spy‟ (Dennis, 1998) will likely benefit from methods to control vegetative growth and 

improve canopy formation including increasing lateral branching. 

Early returns on investment are necessary to justify the increased cost of planting high-

density orchards, and therefore, precocious orchard systems leading to high early yields are 

critical. A well developed canopy is a prerequisite to high early yields, however, in addition, 

precocity may also be enhanced by bioregulator treatments. A program of ETH sprays are being 
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recommended to enhance flowering in non-bearing apple trees in several tree fruit production 

guides (Cowgill and Autio, 2009; Schwallier, 2006; Washington State University Extension, 

2009). With non-bearing, two-year-old „Northern Spy‟/M.9 trees, Cline (2006a) applied two 

applications of 500 mg∙L-1
 ETH and reported significantly improved flower cluster density the 

following season. Ethephon, under the tradename of Ethrel (Bayer CropScience; Calgary, AB, 

Canada) is registered in Canada to enhance flowering in young apple trees. The label 

recommends one or more application(s) at 1020 mg∙L-1
 for non-spur type trees (e.g. „Northern 

Spy‟) but does not provide specific recommendations for cultivars. 

Establishment of higher-density „Northern Spy‟ orchards would be more widely adopted 

with the availability of methods to control vegetative growth and enhance precocity. The 

objectives of this study were to: 1) determine the response of non-bearing „Northern Spy‟ trees to 

foliar ETH and P-Ca application and its effect on vegetative growth in three different orchard 

systems during establishment; 2) examine BA as a potential agent to induce branching; and 3) 

evaluate the potential of ETH to increase flowering and precocity. Applications of bioregulators 

to young „Northern Spy‟/M.9 trees were hypothesized to cause the following responses: 1) 

reduced shoot growth from P-Ca; 2) increased lateral branching from BA; and 3) increased 

flowering the year following ETH application. 

5.3 Materials and Methods 

5.3.1 Orchard Layout and Experimental Design 

A two-year experiment was conducted beginning in 2009 on one-year-old „Northern 

Spy‟/M.9 apple trees planted 5 May 2009 in a research orchard at the University of Guelph, 

Simcoe Research Station, Ontario (42° 51' 00" N Long., 80° 16' 00" W Lat.). 

Three different orchard systems were established at planting: 1) „super spindle‟ (SS) 

(0.75 x 4 m; 3333 trees∙ha
-1

); 2) high-density vertical axe (HDVA) (1.50 x 4 m; 1667 trees∙ha
-1

); 

and 3) low-density vertical axe (LDVA) (2.25 x 4 m; 1111 trees∙ha
-1

). The SS was supported by a 
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four-wire trellis, whereas both the HDVA and LDVA were supported by a two-wire trellis with 

an individual-support post for each tree. Existing laterals longer than 10 cm on the vertical axe 

trees were removed at planting while minimal pruning was done to the SS trees. Branch bending 

to promote wider crotch angles and stimulate fruiting was performed where appropriate during 

July 2010 by tying or placing weights on lateral branches for the vertical axe and SS systems, 

respectively. Trees were trickle-irrigated during the 2010 growing season with  25 mm of water 

weekly using 2 L∙hr
-1

 emitters spaced 60 cm apart within the row. All further cultural and plant 

protection practices were followed according to standard practices for Ontario (OMAFRA, 2009). 

Eight treatments were applied to single-tree plots with ten replications for the SS and six 

replications for the HDVA and LDVA systems, respectively. A minimum of one guard tree was 

included between experimental units to minimize potential effects of spray drift during spray 

application. Spray treatments were applied to whole trees by hand-gun with a 50-litre, battery-

operated sprayer (Model „Raven‟, Rittenhouse; St. Catharines, ON, Canada) calibrated to deliver 

 0.2 L∙tree
-1

 at 275 kPa. Spray treatments were applied to the point of drip. Experimental units 

received the following treatments: 1) untreated control; 2) two applications of 1500 mg∙L-1
 ETH 

(Ethrel, Bayer CropScience; Calgary, AB, Canada); 3) two applications of 125 mg∙L-1
 P-Ca 

(Apogee, BASF; Mississauga, ON, Canada); 4) two applications of 1500 mg∙L-1
 ETH plus two 

applications of 125 mg∙L-1
 P-Ca; 5) two applications of 1500 mg∙L-1

 ETH plus two applications 

of 125 mg∙L-1
 P-Ca applied as a tank mix (data not reported); 6) two applications of 1500 mg∙L-1

 

ETH plus two applications of 125 mg∙L-1
 P-Ca (spray not applied to top 20 cm of tree; „Not top‟); 

7) two applications of 500 mg∙L-1
 BA (Maxcel, Valent BioSciences; Libertyville, IL, USA); or 8) 

two applications of 1500 mg∙L-1
 ETH plus two applications of 125 mg∙L-1

 P-Ca plus two 

applications of 500 mg∙L-1
 BA. Each orchard system received identical treatments. 

All spray treatments included 0.1% (v/v) Regulaid adjuvant (Kalo; Overland Park, KS, 

USA) and P-Ca treatments also included 0.1% (v/v) liquid ammonium sulphate (8N-0P-0K-9S) 
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as a water conditioner. Treatments were applied in 2009 and repeated again in 2010. Initial P-Ca 

sprays were applied at  5 and 15 cm of extension shoot growth in 2009 and 2010, respectively. 

Prohexadione-calcium application dates corresponded to 6 July and 20 July in 2009, and 25 May 

and 7 June in 2010. All other treatments were applied 6 July and 20 July in 2009, corresponding 

to 53 and 67 DAFB, respectively. In 2010, all treatments other than P-Ca were applied 10 June 

and 25 June, corresponding to 37 and 52 DAFB, respectively. Treatment dates were postponed in 

2009 relative to 2010 to allow newly planted trees to develop sufficient leaf area for spray 

applications. Full bloom on neighbouring bearing „Northern Spy‟/M.9 blocks located in the same 

orchard occurred on 14 May in 2009 and 4 May in 2010. 

5.3.2 Assessment of Treatment Effects 

Extension shoot growth on five randomly selected extension shoots per tree, as well as 

the leader, was recorded at approximately weekly or biweekly intervals throughout the growing 

season in 2009 and 2010. Tree growth was determined by measuring trunk circumference at 30 

cm above the soil line in the spring and in the fall of each growing season. Trunk cross-sectional 

area was calculated from the trunk circumference. Branching was assessed on each tree by 

counting all lateral shoots (i.e. growing points) and measuring their individual lengths from base 

to tip at the end of the growing season in 2010. The total length of all lateral shoots and mean 

lateral shoot length were calculated. In addition, each lateral shoot was assigned to a unique 

length class: <5 cm, between 5 cm and 20 cm, or >20 cm, adapted from previous work (Hrotko et 

al., 1997; Jacyna and Barnard, 2008) and desired branch length in the establishment of SS 

orchards. Percent of total lateral shoots by length class was determined for each tree. 

5.3.3 Statistical Analysis 

 Data were subject to an analysis of variance using SAS ver. 9.2 (SAS Institute; Cary, NC, 

USA), with a chosen significance level of 5% (α=0.05). Each orchard system was considered as a 

separate randomized complete block design experiment. A mixed analysis model (Proc Mixed) 
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was used with block as a random effect and treatment as a fixed effect. Shoot growth data were 

analyzed using a repeated-measures analysis, with the most appropriate covariance structure 

chosen on the basis of the Akaike information criterion (Littell, et al. 1998). Plots of residuals 

were examined to determine whether plots displayed patterns of homogeneity of error variance, 

according to the methods described by Bowley (2008). Residual plots displaying evident patterns 

of heterogeneity were transformed (natural logarithm) prior to analysis if transformation 

improved homogeneity. Flowering data (flower clusters∙tree
-1

) required transformation prior to 

analysis. Transformed data have been presented in their original scale. Significant interaction 

between treatment and year occurred for annual TCSA growth and extension and leader shoot 

growth, therefore, data were analyzed separately for each year. Treatment means were separated 

using Tukey‟s Studentized range test. Analysis of variance P values have been included to 

indicate significance where reported. Comparisons among orchard systems were non-statistically 

based. 

5.4 Results 

5.4.1 Vegetative Growth 

Extension shoot growth in 2009 was not significantly affected by any treatments 

regardless of the orchard systems (Figure 5.1A, 5.2A, 5.3A). On 11 Aug. 2009, two applications 

of P-Ca had reduced extension shoot growth by  20% compared to control in each of the orchard 

systems, however, growth control was lost later in the season, particularly in the HDVA and 

LDVA systems. In all three systems, combinations of ETH plus P-Ca and ETH plus P-Ca plus 

BA reduced 2009 extension shoot growth by  35% and 40%, respectively, compared to the 

control. However, this difference was not significant. Leader shoot growth over the same period 

was significantly reduced by ETH plus P-Ca in the SS and HDVA systems by  50% of the 

control, while ETH plus P-Ca plus BA significantly reduced leader growth in all three systems by 

 60% to 80% of the control (Figure 5.1C, 5.2C, 5.3C). The combination of ETH plus P-Ca plus 
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BA also significantly reduced extension shoot growth in 2010 by  45%, 50%, and 30% of the 

control in the SS, HDVA, and LDVA systems, respectively, while no other treatments resulted in 

significant effects (Figure 5.1B, 5.2B, 5.3B). In all three systems, ETH and ETH plus P-Ca 

treatments had reduced 2010 extension shoot growth compared to the control, however, the 

difference was not significant. Leader shoot growth in 2010 was reduced by  50%, 55%, and 

45% of the control by ETH plus P-Ca plus BA for the SS, HDVA, and LDVA systems 

respectively (Figure 5.1D, 5.2D, 5.3D). However, this was only significantly different from the 

control in the HDVA and LDVA systems. In contrast to the SS and HDVA orchard systems, 

when ETH plus P-Ca was not applied to the top 20 cm of the tree, leader growth was significantly 

reduced by  40% of the control in the LDVA. Temporary growth control with P-Ca was also 

observed on 2010 extension and leader shoot growth in all of the orchard systems. 

Annual TCSA increase was reduced in 2009 by the combination of ETH plus P-Ca plus 

BA by  50%, 65%, and 60% of control for the SS, HDVA, and LDVA systems, respectively 

(Table 5.1, 5.2, 5.3). However, this decrease was only significantly different from the control for 

the HDVA system. In 2010, ETH plus P-Ca plus BA reduced annual TCSA increase by  50%, 

50%, and 30%, respectively, which was significantly lower than control for the SS and HDVA 

systems. Trees receiving ETH treatment also tended to have reduced annual TCSA increase, 

although, differences were not consistently significantly lower compared to control trees. 

Ethephon plus P-CA reduced total shoot growth per tree after two years by  35%, 30%, and 20% 

of the control for the SS, HDVA, and LDVA systems, respectively. However, the difference was 

only significant compared to the control for the SS system. The combination of ETH plus P-Ca 

plus BA also reduced total shoot growth per tree in all three systems, but only significantly in the 

SS. Combining ETH plus P-Ca plus BA significantly reduced mean lateral shoot length by  45% 

compared to the control in all orchard systems. Mean lateral shoot length was also reduced by 

ETH plus P-Ca by  30%, 20%, and 20% of the control for the SS, HDVA, and LDVA systems, 
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respectively, but was not significantly different from the control. Ethephon or P-Ca applications 

alone did not cause significant reductions in total shoot growth per tree or mean lateral shoot 

length. 

5.4.2 Branching 

No treatments influenced the number of lateral shoots per tree in any of the orchard 

systems (Table 5.1, 5.2, 5.3). The combination of ETH plus P-Ca plus BA tended to reduce the 

percentage of lateral shoots greater than 20 cm in length, while increasing the percentage of 

lateral shoots shorter than 20 cm. However, the difference was only significant for the SS orchard 

system. 

5.4.3 Flowering 

 Flowering in 2010 was limited to SS trees where 11 of 90 trees produced at least a single 

flower cluster. Control trees did not produce any flower clusters; only trees receiving ETH 

treatment in 2009 had any flowering activity in 2010 (Table 5.4). However, the number of flower 

clusters per tree was not significantly (P=0.069) different among the treatments. Trees in the 

HDVA or LDVA did not produce any flower clusters in 2010. 

5.5 Discussion 

5.5.1 Vegetative Growth 

 Tree growth was influenced by orchard system with a higher planting density resulting in 

reduced vegetative growth per tree. After two seasons, total shoot growth on control trees in the 

SS averaged 734 ± 56 cm whereas trees in the HDVA and LDVA averaged 848 ± 103 and 993 ± 

90 cm of total shoot growth, respectively (Table 5.1, 5.2, 5.3). Increased planting density also 

reduced annual TCSA increase and mean lateral shoot length. This is consistent with previous 

findings on vegetative growth characteristics of apple trees at different planting densities 

(Stampar et al., 2000). Stronger vertical growth in SS trees compared with trees in the HDVA or 
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LDVA was apparent in visual comparisons between orchard systems at the end of the 2010 

growing season (Figure 5.4D, E). 

Two applications of 1500 mg∙L-1
 ETH or 125 mg∙L-1

 P-Ca typically, although not 

significantly, reduced extension and leader shoot growth following application in these 

experiments (Figure 5.1, 4.2, 4.3). Ethephon applications also generally reduced the annual 

increase in TCSA, as previously reported (Byers, 1993). Control of vegetative growth at these 

application concentrations is consistent with previous results with both ETH (Byers, 1993; 

Williams, 1972) and P-Ca (Greene, 2008; Rademacher et al., 2006). However, effects on shoot 

growth were generally temporary, particularly with P-Ca, as a resurgence in growth occurring 

later in the season was often observed. Growth resurgence has been reported with spring-applied 

P-Ca on both apple (Elfving et al., 2002) and pear trees (Elfving et al., 2003b; Smit et al., 2005) 

but the cause(s) remain unknown. Vigorous cultivars such as „Northern Spy‟ would appear to 

require a third or even a fourth P-Ca application to prevent a late summer growth resurgence 

(Cline, 2006b; Elfving et al., 2003b; Rademacher and Kober, 2003). This may be especially 

critical in trickle-irrigated orchards where abundant soil moisture permits vigorous vegetative 

growth (Webster et al., 2003) or perhaps in warmer agroclimatic regions with longer growing 

seasons. 

Above average temperatures in May 2010 (Table A.1; Figure A.1) led to very rapid 

extension and leader shoot growth. As a result, when the initial P-Ca application was applied, 

new shoot growth had already reached  15 cm. To maximize treatment efficacy, P-Ca 

applications to control vegetative growth are usually recommended to begin when new growth 

approaches  5 cm (Cline, 2006b). Effective P-Ca treatment on apple trees in Ontario typically 

reduces extension shoot growth by  20% to 60% compared to untreated trees (Cline, 2006b). In 

this experiment, such growth reductions were observed from P-Ca applications in 2009 but not in 

2010. Reduced efficacy in 2010 may be explained by the later initial application. 
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Combining two applications of 1500 mg∙L-1
 ETH plus two applications of 125 mg∙L-1

 P-

Ca generally reduced the shoot growth resurgence observed following ETH or P-Ca treatment 

alone. Individual effects of ETH and P-Ca were generally additive in the combination treatments. 

This is contrary to previous work with ETH plus P-Ca combinations in sweet cherry, where a 

synergistic response has been suggested (Elfving et al., 2003a). In apple, ETH plus P-Ca has been 

reported to provide better control of shoot growth than ETH or P-Ca alone, but only slightly 

beyond the effects of each compound indvidually (Byers et al., 2004). The latter response was 

observed in this experiment. 

Directing the spray of the combined ETH plus P-Ca treatment to below the top 20 cm of 

the tree had no significant effect on leader growth compared to the control in all but one case. 

This is consistent with P-Ca translocating acropetally (i.e. towards tips) with only treated shoots 

being affected (Evans et al., 1999; Rademacher et al., 2006). However, in 2010 some reduction in 

leader growth compared to the control resulted from this treatment. Mean lateral shoot length was 

also lower on trees receiving the directed ETH plus P-Ca spray, so partitioning of assimilates 

between the leader and lateral shoots does not explain reduced leader growth by this treatment. 

Reduced growth of the leader might be associated with the ETH component of the combination, 

as ETH likely translocates in phloem elements in a source-to-sink relationship (Edgerton and 

Hatch, 1972) making it considerably more mobile in the plant than P-Ca. Therefore, ETH applied 

lower in the tree could possibly have been translocated to the leader and caused some growth 

reduction. 

Benzyladenine application alone did not affect extension or leader shoot growth in either 

year or in any orchard system. Applications of BA have been demonstrated to increase average 

length of sylleptic lateral shoots (i.e. from axillary buds on current year growth) (Hrotko et al., 

1997) which is typically associated with inducing branching in nursery trees (Buban, 2000). 

However, when proleptic lateral shoot formation (i.e. from dormant axillary buds on previous 

season growth) occurs, average lateral length is typically reduced due to enhanced intershoot 
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competition (Greene and Autio, 1990; Miller and Eldridge, 1986). Benzyladenine treatment did 

not influence lateral shoot formation in these experiments (Table 5.1, 5.2, 5.3) which explains 

why annual shoot growth was unaffected. 

Combining ETH plus P-Ca plus BA in a single treatment resulted in the strongest 

inhibition of vegetative growth characteristics. Trees receiving this treatment displayed greatly 

reduced vigor, appeared to have fewer leaves, and developed chlorotic and necrotic areas (Figure 

5.4A, B, C). It is unclear what might have caused the severity of this reaction. Ethephon 

application is known to decrease chlorophyll content of apple leaves, while P-Ca or BA treatment 

generally enhances it (Sabajeviene et al., 2008). Phytotoxicity symptoms have been observed on 

„Delicious‟ apple trees following treatment with the bioregulator Promalin (Valent BioSciences; 

Libertyville, IL, USA) which contains BA and GA4+7, however, trees recovered a few weeks after 

treatment (Miller and Eldridge, 1986). Neither the application of ETH, P-Ca, or BA alone, or the 

combination of ETH plus P-Ca resulted in phytotoxic effects, however, symptoms were apparent 

when all three bioregulators were applied to the same trees. To date, no reports of such a 

combination being applied to apple trees or other plant species exist, however, some interaction 

was evident between the bioregulators when all were applied together. 

5.5.2 Branching 

No additional lateral shoots were formed as a result of BA treatment in this experiment 

(Table 5.1, 5.2, 5.3). Similar BA concentrations and application dates have increased proleptic 

lateral branching in several apple hybrids from the New York breeding program, with branching 

following a linear or quadratic response to increasing BA concentration, depending on the content 

of GA4+7 also in the product (Jacyna and Barnard, 2008). Applications of BA at 300 to 500 mg∙L-1
 

significantly increased proleptic shoot formation in five of nine apple cultivars tested in West 

Virginia (Miller and Eldridge, 1986). In another study, three or more BA applications at 400 

mg∙L-1
 increased sylleptic lateral formation of „Idared‟ nursery trees (Hrotko et al., 1997). Despite 
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similar BA treatments being effective for other apple cultivars, such treatments were not effective 

on „Northern Spy‟. A review by Buban (2000) lists „Northern Spy‟ as a “hard-to-treat” cultivar 

which is less responsive to such BA treatments aimed at improving aspects of canopy formation 

(Buban, 2000). Therefore, higher BA concentrations and/or an increased number of applications 

may be necessary to stimulate proleptic branching in „Northern Spy‟. However, it may also be 

possible that the strongly acrotonic growth habit of „Northern Spy‟ (Faust et al., 1995) simply 

cannot be overcome with BA application. Alternative bioregulators such as thidiazuron [N-

Phenyl-N'-(1,2,3-thiadiazyl)urea], a cytokinin mimic (Yip and Yang, 1986), and cyclanilide [(2-

[(2,4-dichlorophenyl)carbamoyl]cyclopropane-1-carboxylic acid)], a putative auxin transport 

inhibitor (Burton et al., 2008), demonstrate far greater efficacy for inducing bud break and lateral 

development in some apple cultivars (Elfving, 2010; Palmer et al., 2005). These compounds may 

also be more effective on „Northern Spy‟, however, neither is currently registered for use in 

Canada. 

The combination of ETH plus P-Ca plus BA tended to reduce the percentage of lateral 

shoots longer than 20 cm, while increasing the percentage of lateral shoots shorter than 20 cm. 

Since this treatment did not induce the formation of new lateral shoots, the effect was a result of 

growth inhibition. Controlling lateral shoot length to below 20 cm would be desirable in a SS 

orchard system with trees spaced 0.75 m apart in order to minimize tree competition. The 

combination of ETH plus P-Ca plus BA did effectively limit the percentage of lateral shoots 

greater than 20 cm, however, not without phytotoxicity. Therefore, although the treatment was 

effective, it is not practical as greatly reduced tree vigor and leaf phytotoxicity are unacceptable 

consequences in the commercial orchard. 

5.5.3 Flowering 

Limited flowering was expected in this experiment as two-year-old „Northern Spy‟/M.9 

trees are considered too young for reproductive growth. Approximately 12% of SS trees produced 
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at least a single flower cluster in 2010. Flowering activity only occurred on trees receiving ETH 

treatment in 2009, providing some limited evidence for the ability of ETH to induce flowering on 

young apple trees. However, the response was not consistent across all ETH treatments, and in 

total, few trees even flowered in 2010. Ethephon application to two-year-old „Northern Spy‟/M.9 

trees has significantly improved flower cluster density in the third season (Cline, 2006a). In this 

experiment, trees were likely simply too young to have a significant response to such flower-

inducing treatments. 

No trees in either the HDVA or LDVA orchard systems produced any flower clusters in 

2010. To reduce apparent inconsistency in tree feathering at planting, existing laterals on the 

vertical axe trees were removed. Pruning would have removed a portion of the 2008 nursery 

shoot growth, consequently reducing remaining two-year-old growth in 2010. Since flowering 

activity in apple occurs mainly on two-year-old and older growth (Westwood, 1993), removal of 

such fruiting wood may explain the lack of flowering on these trees in 2010.  

A single „Northern Spy‟/M.9 tree set one fruit after flowering in 2010 and retained the 

fruit until normal commercial harvest (Figure 5.4F). Therefore, young „Northern Spy‟ trees 

appear to be at least physiologically capable of some reproductive growth in the second year. 

However, as is evident from visual comparison of adjacent non-fruiting trees (Figure 5.4F), 

vegetative growth was severely limited by the presence of even one fruit. Therefore, fruit set on 

young trees may come at the expense of future tree growth and productivity.  

5.6 Conclusions 

By the third or fourth season, „Northern Spy‟/M.9 trees growing in a SS orchard spaced 

0.75 will exceed their desired size, with strong inter-tree competition, thus limiting tree 

productivity. Two applications of P-Ca typically provide some temporary control of extension 

and leader shoot growth, however, growth resurgence often occurred later in the season. 

Combining P-Ca with ETH provided additional control beyond P-Ca alone and restricted 
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subsequent growth resurgence. Ethephon plus P-Ca could be considered for strong control of 

shoot growth in applications such as the establishment of high-density orchard systems.  

 Limited evidence was provided that foliar ETH application can promote flowering in 

young, non-bearing apple trees, even when applied in the planting year. However, the response 

was minimal on one-year-old „Northern Spy‟. Given the weak response, ETH application to 

increase flowering would not be recommended on newly planted „Northern Spy‟/M.9. However, 

once trees have reasonably established, likely by the end of the second or third season in a SS, 

ETH treatments to promote flowering and precocity may be more practical. Further work would 

be necessary to determine if such treatments would result in acceptable long-term orchard 

productivity. 

Despite the success of BA as a treatment for inducing lateral branching on many apple 

cultivars, similar treatments were not effective for „Northern Spy‟. Alternative bioregulators such 

as thidiazuron or cyclanilide may present better options for improving aspects of canopy 

development. 
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Table 5.1: Trunk cross-sectional area increase, total shoot growth, mean lateral shoot length, total number of lateral shoots, and percent of lateral 

shoots by length for 'Northern Spy'/M.9 apple trees following the 2010 growing season. Trees were planted in May 2009 in a super spindle (SS) 

and received ethephon, prohexadione-calcium, and/or benzyladenine treatments in 2009 and 2010.
z
 

 
  

Lateral shoots

2009 (number∙tree
-1

)

                      

<5 cm ≥5 cm and ≤20 cm

Treatment
xw

(A) Control 0.4 1.6 a 734 a 29.0 ab 27 10 35 55 a

(B) 2 x ETH 0.3 1.3 ab 602 abc 21.8 abc 28 14 46 41 ab

(C) 2 x P-Ca 0.3 1.4 a 664 ab 27.8 ab 25 15 37 48 ab

(D) 2 x ETH + 2 x P-Ca 0.3 1.0 ab 493 bc 20.2 bc 26 16 44 40 ab

(F) 2 x ETH + 2 x P-Ca [Not top] 0.3 1.0 ab 554 abc 21.3 abc 26 19 39 43 ab

(G) 2 x BA 0.4 1.4 a 716 a 29.7 a 25 15 31 54 a

(H) 2 x ETH + 2 x P-Ca + 2 x BA 0.2 0.8 b 417 c 16.0 c 26 23 50 28 b

Standard error
v

0.06 1.9 3.2 4.7

Treatment significance NS NS NS NS

P  value 0.079 0.898 0.162 0.053
z
 Means with the same letter within a given column are not significantly different according to Tukey's Studentized range test at P = 0.05.

v
 Standard error of mean.

                      

>20 cm

55.7

***

<0.001

2010

0.14

<0.001

w
 Treatments applied 53 and 67 days after full bloom (DAFB) in 2009. P-Ca applied 21 and 34 DAFB in 2010; ETH and BA applied 37 and 52 DAFB in 2010.

(cm∙tree
-1

)

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively.

x
 ETH = Ethephon; P-Ca = Prohexadione-calcium; BA = Benzyladenine.

y
 TCSA = Trunk cross-sectional area.

TCSA
y
 Increase 

(cm
2∙tree

-1
)

<0.001 0.006

2.32

***

5.5

*****

Percent of lateral shoots

Total shoot 

growth

(cm)

Mean lateral 

shoot length
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Table 5.2: Trunk cross-sectional area increase, total shoot growth, mean lateral shoot length, total number of lateral shoots, and percent of lateral 

shoots by length for 'Northern Spy'/M.9 apple trees following the 2010 growing season. Trees were planted in May 2009 in a high-density vertical 

axe (HDVA) and received ethephon, prohexadione-calcium, and/or benzyladenine treatments in 2009 and 2010.
z
 

 
  

Lateral shoots

(number∙tree
-1

)

                      

<5 cm ≥5 cm and ≤20 cm

Treatment
xw

(A) Control 0.6 a 2.0 a 848 a 40.9 a 21 12 22 67

(B) 2 x ETH 0.2 bc 1.4 ab 601 a 34.3 ab 18 14 18 69

(C) 2 x P-Ca 0.5 ab 2.0 a 773 a 41.1 a 20 15 26 60

(D) 2 x ETH + 2 x P-Ca 0.3 abc 1.5 ab 600 a 33.1 ab 18 12 28 60

(F) 2 x ETH + 2 x P-Ca [Not top] 0.3 bc 1.6 ab 806 a 36.0 ab 22 10 17 74

(G) 2 x BA 0.2 bc 1.9 ab 830 a 41.1 a 21 20 12 68

(H) 2 x ETH + 2 x P-Ca + 2 x BA 0.2 c 1.0 b 565 a 22.4 b 17 18 39 43

Standard error
v

2.2 2.9 6.7 7.0

Treatment significance NS NS NS NS

P  value 0.340 0.204 0.126 0.096

w
 Treatments applied 53 and 67 days after full bloom (DAFB) in 2009. P-Ca applied 21 and 34 DAFB in 2010; ETH and BA applied 37 and 52 DAFB in 2010.

Percent of lateral shoots

2010

                      

>20 cm

TCSA
y 

Increase 

(cm
2∙tree

-1
)

2009

Total shoot 

growth

(cm∙tree
-1

)

Mean lateral 

shoot length

(cm)

0.017 0.025
z
 Means with the same letter within a given column are not significantly different according to Tukey's Studentized range test at P = 0.05.

y
 TCSA = Trunk cross-sectional area.

0.30 102.5 4.78

** * *

0.07

***

<0.001 0.004

x
 ETH = Ethephon; P-Ca = Prohexadione-calcium; BA = Benzyladenine.

v
 Standard error of mean.

NS, *, **, ***
Non significant or significant at P = 0.05, 0.01, and 0.001, respectively.
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Table 5.3: Trunk cross-sectional area increase, total shoot growth, mean lateral shoot length, total number of lateral shoots, and percent of lateral 

shoots by length for 'Northern Spy'/M.9 apple trees following the 2010 growing season. Trees were planted in May 2009 in a low-density vertical 

axe (LDVA) and received ethephon, prohexadione-calcium, and/or benzyladenine treatments in 2009 and 2010.
z
 

 
  

Total shoot 

growth Lateral shoots

2009 2010 (cm∙tree
-1

) (number∙tree
-1

)

                      

<5 cm ≥5 cm and ≤20 cm

Treatment
xw

(A) Control 0.5 2.3 993 49.0 ab 20 13 17 70

(B) 2 x ETH 0.4 1.5 748 43.9 abc 17 11 16 73

(C) 2 x P-Ca 0.3 2.1 832 43.0 abc 20 6 21 73

(D) 2 x ETH + 2 x P-Ca 0.3 1.9 824 40.0 abc 21 15 15 71

(E) 2 x 1500 mg/L Ethephon + 2 x P-Ca [MIX]0.2 1.9 800 38.5 abc 21 14 17 69

(F) 2 x ETH + 2 x P-Ca [Not top] 0.3 1.9 737 33.1 bc 22 12 24 64

(G) 2 x BA 0.4 1.5 760 51.8 a 16 8 18 75

(H) 2 x ETH + 2 x P-Ca + 2 x BA 0.2 1.6 649 29.4 c 23 20 26 55

Standard error
v

0.09 0.31 89.8 2.3 3.3 4.6 5.1

Treatment significance NS NS NS NS NS NS NS

P  value 0.314 0.471 0.177 0.227 0.114 0.501 0.116

Percent of lateral shoots                       

>20 cm

Mean lateral 

shoot length 

(cm)

x
 ETH = Ethephon; P-Ca = Prohexadione-calcium; BA = Benzyladenine.

v
 Standard error of mean.

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively.

TCSA
y
 Increase 

(cm
2
∙tree

-1
)

0.004
z
 Means with the same letter within a given column are not significantly different according to Tukey's Studentized range test at P = 0.05.

y
 TCSA = Trunk cross-sectional area.

3.97

**

w
 Treatments applied 53 and 67 days after full bloom (DAFB) in 2009. P-Ca applied 21 and 34 DAFB in 2010; ETH and BA applied 37 and 52 DAFB in 2010.
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Table 5.4: Number of flower cluster per tree for 'Northern Spy'/M.9 apple trees in 2010 planted May 2009 in 

a super spindle (SS), high-density vertical axe (HDVA), or low-density vertical axe (LDVA) orchard system 

in response to ethephon, prohexadione-calcium, and/or benzyladenine treatments in 2009 and 2010. Data 

required transformation (natural logarithm) prior to analysis; data have been presented in the original scale. 

 
  

SS HDVA LDVA

original

Treatment
zy

(A) Control 0.0 – –

(B) 2 x ETH 0.4 Did not flower Did not flower

(C) 2 x P-Ca 0.0

(D) 2 x ETH + 2 x P-Ca 0.0

(F) 2 x ETH + 2 x P-Ca [Not top] 0.7

(G) 2 x BA 0.0

(H) 2 x ETH + 2 x P-Ca + 2 x BA 0.1

Standard error
x

0.11
w

Treatment significance NS

P  value 0.069

NS, *, **, ***
Non significant or significant at P  = 0.05, 0.01, and 0.001, respectively.

z
 ETH = Ethephon; P-Ca = Prohexadione-calcium; BA = Benzyladenine.

x
 Standard error of mean applies to ln transformed data only

y
 Treatments applied 53 and 67 days after full bloom (DAFB) in 2009. P-Ca applied 21 and 34 DAFB in 

2010; ETH and BA applied 37 and 52 DAFB in 2010.
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Figure 5.1: Extension and leader shoot length of 'Northern Spy'M.9 apple trees in 2009 (A,C) and 2010 (B,D) planted in a super spindle orchard 

system following treatment with ethephon (ETH), prohexadione-calcium (P-Ca), and/or benzyladenine (BA) in 2009 and 2010. P-Ca, ETH, and 

BA denote dates of application for prohexadione-calcium, ethephon, and benzyladenine, respectively. Symbols followed by the same letter are not 

significantly different according to Tukey's Studentized range test at P = 0.05. Error bars indicate standard error of mean at each measurement. 

The star () symbol represents mean extension and leader shoot length on 2 July 2009, the date of initial treatments. Arrows indicate specific 

dates of application.  
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Figure 5.2: Extension and leader shoot length of 'Northern Spy'M.9 apple trees in 2009 (A,C) and 2010 (B,D) planted in a high-density vertical axe 

orchard system following treatment with ethephon (ETH), prohexadione-calcium (P-Ca), and/or benzyladenine (BA) in 2009 and 2010. P-Ca, 

ETH, and BA denote dates of application for prohexadione-calcium, ethephon, and benzyladenine, respectively. Symbols followed by the same 

letter are not significantly different according to Tukey's Studentized range test at P = 0.05. Error bars indicate standard error of mean at each 

measurement. The star () symbol represents mean extension and leader shoot length on 2 July 2009, the date of initial treatments. Arrows 

indicate specific dates of application. 
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Figure 5.3: Extension and leader shoot length of 'Northern Spy'M.9 apple trees in 2009 (A,C) and 2010 (B,D) planted in a low-density 

vertical axe orchard system following treatment with ethephon, prohexadione-calcium, and/or benzyladenine in 2009 and 2010. P-Ca, ETH, 

and BA denote dates of application for prohexadione-calcium (P-Ca), ethephon (ETH), and benzyladenine (BA), respectively. Symbols 

followed by the same letter are not significantly different according to Tukey's Studentized range test at P = 0.05. Error bars indicate 

standard error of mean at each measurement. The star () symbol represents mean extension and leader shoot length on 2 July 2009, the date 

of initial treatments. Arrows indicate specific dates of application. 
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Figure 5.4: „Northern Spy‟/M.9 apple trees. A) Control super spindle trees (Aug. 2009); B,C) Tree receiving ethephon, prohexadione-calcium, and 

benzyladenine (Aug. 2009); D) Representative control tree after two years of growth in super spindle or (E) in vertical axe (Nov. 2010); F) Two-

year-old super spindle tree in early fall after setting one fruit (Sept. 2010).  
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CHAPTER 6: GENERAL DISCUSSION AND CONCLUSIONS 

 

The primary objective of this research was to test the effects of PBR treatments for 

increasing flowering, fruit yield, and alleviating biennial bearing in bearing and non-bearing 

„Northern Spy‟ apple trees. As a secondary objective, PBR treatments were tested to determine 

their effects on vegetative growth characteristics of „Northern Spy‟ trees during establishment. 

Foliar application of ETH or NAA in the „on‟ year to promote return bloom and yield in 

the „off‟ year has been recommended as a treatment to reduce biennial bearing (Bukovac et al., 

2006; McArtney et al., 2007; Schmidt et al., 2009). In these experiments, ETH application in late 

June to „Northern Spy‟/M.9 in the „on‟ year increased return bloom, fruit yield, and reduced 

biennial bearing in the „off‟ year. There was a linear relationship between application 

concentration and return bloom, fruit yield, and biennial bearing when trees were moderately 

biennial in cropping. However, neither ETH nor NAA application(s) affected yield components 

when applied to trees which did not have a biennial bearing habit. The biennial bearing status of 

the orchard blocks may explain why ETH treatments were only effective in the former 

experiment. Applications of PBRs to promote return bloom have been unsuccessful in strongly 

biennial bearing trees where „on‟ year crop load is very high and an effective chemical thinning 

program (i.e. reasonably balanced cropping habit) has been suggested as a prerequisite for 

treatment efficacy (McArtney et al., 2007). Meanwhile, trees which do not have a biennial 

cropping habit typically do not respond to PBR applications to increase return bloom and yield 

(Schmidt et al., 2009). Ethephon sprays have increased return bloom and reduced biennial bearing 

in biennial „Delicious‟ and „Cameo‟ orchards (Bukovac et al., 2006; Schmidt et al., 2009). It is 

hypothesized that baseline levels of return bloom, whether very high or very low, can overwhelm 

the effects of PBR applications intended to promote flowering (McArtney et al., 2007; Schmidt et 

al., 2009). In this study, ETH and NAA sprays were ineffective when trees were not biennial, 
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consistent with the research by Schmidt et al. (2009). However, ETH application was effective in 

a moderately biennial orchard block, and therefore, the underlying factors contributing to biennial 

bearing (i.e. GAs and potentially others) were not strong enough to prevent a PBR effect. 

Therefore, based on the results from these experiments, PBR applications to enhance return 

bloom and alleviate biennial bearing are effective in situations where trees are moderately 

biennial bearing. 

Low precocity is a major production constraint of „Northern Spy‟ and early cropping 

potential is limited by a lack of flowering. A spray program of ETH is being recommended to 

enhance flowering in non-bearing apple trees in several tree fruit production guides (Cowgill and 

Autio, 2009; Schwallier, 2006; Washington State University Extension, 2009). In this study, two 

applications of ETH at 1500 mg∙L-1 
applied to three-year-old „Northern Spy‟/M.9 resulted in 

significantly improved flowering and increased fruit yield by 1.0 ± 0.3 kg∙tree
-1

 at harvest the 

year following application. Previous research demonstrated two applications of ETH at 500 mg∙L-1
 

improves flower cluster density the following season when applied to two-year old „Northern 

Spy‟/M.9 trees, however, increased flowering did not translate into increased yield per tree at 

harvest (Cline, 2006a). In the current experiment, an increased ETH application concentration as 

well as an additional year of tree growth may explain why a significant yield increase was 

observed. Tree age may be an important consideration for increased flowering from ETH 

treatment to result in a significant yield increase. Although the year of the first crop was not 

advanced, the yield increase would be tremendously valuable for producers trying to recover 

establishment costs on young „Northern Spy‟ orchards, particularly if planted at higher densities.  

However, ETH treatments which increased flowering and crop load the following season 

were accompanied by reductions in total tree growth, measured by TCSA. Therefore, although 

ETH treatments were successful at increasing flowering and yield in the first cropping season, 

such methods may need to be approached with caution. Additional crop load is supported by 

partitioning a greater portion of assimilates to developing fruit instead of vegetative growth 
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(Heim et al., 1979; Palmer et al., 1997). Previous research with „Honeycrisp‟ indicates that trees 

which are too heavily cropped in their early bearing years suffer declining vegetative growth and 

do not reach desired tree size at maturity (Robinson et al., 2009). In addition, enhanced flowering 

and increased early yields on young apple trees from paclobutrazol application has been 

demonstrated to induce greater biennial bearing as trees mature (Khurshid et al., 1997; Steffens et 

al., 1993). As „Northern Spy‟ is already moderately susceptible to biennial bearing (Dennis, 

1998), enhancing this activity further would not be desirable. Additional research would be 

required to determine the effects of precocity enhancing treatments on future cropping habits of 

„Northern Spy‟. 

The major challenge of applying PBRs for enhancing flowering the following season is 

correctly targetting the application date to coincide with the period of flower initiation, as the 

approximate occurrence of floral initiation in apple remains poorly understood. Previous research 

indicates flower initiation occurs during the first two-thirds of the growing season between  0 

and 100 DAFB (Buban and Faust, 1982; Foster et al., 2003). Therefore, bloom enhancement 

treatments typically have been applied within this timeline (e.g. Bukovac et al., 2006; Cline, 

2006a; Schmidt et al., 2009). However, a later period of flower initiation has also been reported 

(McArtney et al., 2001), as has successful bloom enhancement from NAA applied as late as 150 

DAFB (McArtney et al., 2007). In the experiments conducted on bearing „Northern Spy‟, early-

season ETH applications (22 June) resulted in higher a return bloom rating of 2.5 ± 0.1 compared 

with later season applications on 27 July (2.4 ± 0.1) or 31 Aug. (2.2 ± 0.1), coinciding with the 

earlier ( 50 DAFB) reported period of flower initiation (Buban and Faust, 1982; Foster et al., 

2003). In the non-bearing experiments, ETH application in early summer (39 and 60 DAFB) also 

significantly increased flowering the following season. Therefore, from the experiments presented 

in this study, it is recommended that PBR applications to increase return bloom and cropping of 
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„Northern Spy‟ in Ontario be applied within the earlier reported timeline (i.e. early June) of 

flower initation. 

Vigorous shoot growth, even on a dwarfing rootstock such as M.9, is a problem in 

„Northern Spy‟ and is likely one of the main challenges limiting the adoption of higher-density 

orchard systems with this cultivar. Currently, the only PBR registered in Canada to control shoot 

growth in apple is P-Ca, and application of P-Ca has been suggested as a method to improve the 

balance between vegetative growth and fruiting in apple production (Ramirez et al., 2006). In two 

separate experiments in this study, two applications of 125 mg∙L-1
 P-Ca, the recommended label 

concentration, typically reduced shoot growth by 20% to 30% temporarily after treatment. 

However, resurgence in growth occurring later in the season was often observed, and in some 

cases, end of season shoot growth was equal to that of the control. Growth resurgence has been 

reported with spring-applied P-Ca on both apple (Elfving et al., 2002) and pear trees (Elfving et 

al., 2003b; Smit et al., 2005). Based on these results, a vigorous cultivar such as „Northern Spy‟ 

would appear to require a third or even a fourth P-Ca application to prevent a late summer growth 

resurgence (Cline, 2006b; Elfving et al., 2003b; Rademacher and Kober, 2003). This requirement 

may be especially critical in years with abundant rainfall or in irrigated orchards when vegetative 

growth is expected to be high (Webster et al., 2003). As P-Ca is a relatively expensive PBR in 

Canada, this may be costly for producers. 

Previous research demonstrated P-Ca in combination with ETH improves shoot growth 

control in apple (Byers et al., 2004). In these experiments, combining two applications of 1500 

mg∙L-1
 ETH plus two applications of 125 mg∙L-1

 P-Ca generally had an additive affect on shoot 

growth, as is consistent with previous results on apple (Byers et al., 2004). Ethephon plus P-Ca 

also typically reduced the shoot growth resurgence observed following P-Ca application alone. 

As ETH is a relatively inexpensive PBR compared to P-Ca, the combination of ETH plus P-Ca 

could provide an effective and inexpensive method of strong shoot growth control in desired 

applications such as during the establishment of high-density orchard systems. 
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In addition to improving precocity with PBRs, enhancing canopy development, including 

sufficient lateral branching and limited blindwood, is also critical to early orchard productivity. 

Benzyladenine has been a successful treatment for inducing lateral branching on many apple 

cultivars, however, similar treatments were not effective for „Northern Spy‟. The strongly 

acrotonic growth habit of „Northern Spy‟ (Faust et al., 1995) was not influenced by BA 

treatments which are effective on other apple cultivars. Additional BA applications, a higher 

concentration, and/or alternative PBRs such as thidiazuron or cyclanilide may present better 

options for improving early canopy development in „Northern Spy‟. 

Further research is necessary to supplement the results of these experiments. In this 

study, a 450 mg∙L-1 
ETH application in late June in the „on‟ year improved return bloom and 

significantly reduced biennial bearing in bearing „Northern Spy‟/M.9 apple trees. Previous studies 

have reported similar results for other apple cultivars (Bukovac et al., 2006; McArtney et al., 

2007; Schmidt et al., 2009), however, no similar research has been reported for bearing „Northern 

Spy‟. Multiple-year studies on bearing „Northern Spy‟ orchards are required to establish „on‟ year 

ETH sprays as a potential commercial treatment for reducing biennial bearing. Future studies 

would also aid in refining the ETH concentration (i.e. 300 to 400 mg∙L-1
), application date (i.e. 

late June), and number of applications (one or more) in order to maximize treatment efficacy. 

Repetition of the NAA treatments would be required on a biennial „Northern Spy‟ orchard to 

determine whether they would be effective on biennial bearing trees. In this study, two 

applications of 1500 mg∙L-1 
ETH also effectively improved flowering and first-year cropping on 

three-year-old „Northern Spy‟/M.9. Previous studies have reported increased flowering on young 

„Northern Spy‟ but not increased yield the year following ETH application (Cline, 2006a). 

Multiple-year studies are necessary to determine if PBR treatments to young „Northern Spy‟ to 

enhance precocity, increase yield in the first few cropping seasons, and control vegetative growth 

would result in acceptable long-term orchard productivity.  
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In summary, ETH applications could be used as a management strategy in commercial 

„Northern Spy‟ orchards to enhance precocity, alleviate biennial bearing, and provide strong 

control of vegetative growth when applied in combination with P-Ca.
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APPENDIX A 

 

Table A.1: Monthly rainfall and growing degree day totals accumulated at Delhi, Ontario from 1 May through 31 Oct.                                        

2009 and 2010. Data source: Environment Canada (42
o
 87' 00'' N Long. 80

o
 55' 00'' W Lat.). 

May June July Aug. Sept. Oct.

Rainfall (mm)

2009 38 85 89 162 43 91 508

2010 114 105 79 78 69 97 543

Mean 1971-2000 84 83 86 86 98 84 520

Accumulated GDD
z
 (base 5

o
C)

2009 216 377 403 455 330 95 1876

2010 306 428 525 514 323 151 2247

Mean 1971-2000 255 402 494 463 318 144 2075

Total                           

(1 May to 31 Oct.)

Month

z
 GDD = Growing degree days
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Figure A.1: Air temperature and daily rainfall recorded at Delhi, Ontario from 1 May through 31 

Oct. 2009 (A) and 2010 (B). Data source: Environment Canada (42° 87' 00" N Long., 80° 55' 00" 

W Lat.). 


