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How to Grow Large Gala’s 
Terence Robinson, Jason Osborne and Mike Fargione 

Department of Horticultural Sciences, New York State Agricultural Experiment Station, Cornell University, 
Geneva, NY 14456 

The fresh apple market of the USA provides a significant premium for large ‘Gala’ fruit (80-88 
fruits/box). However, it is often difficult to achieve large fruit size in NY State. The reasons why NY 
growers struggle to produce the highest priced ‘Gala’ sizes are that Gala is genetically small fruited and it 
sets very heavy crops which leads to small fruit size.  Furthermore, it is not biennial, thus producing 
repeated heavy crops with small fruit size, which leads to a decrease in tree vigor over time.  Trees that 
are low in vigor are difficult to thin which further compounds the problem.  ‘Gala’ also produces copious 
flowers of one year old wood which adds to the over cropping problem. Management approaches to 
achieve the desired fruit size of ‘Gala’ include pruning, crop load management (thinning), fertilization 
and irrigation.  

We conducted a 3 year study at Geneva NY using 6-9 year-old ‘Gala’’/M.9’ trees where we compared the 
individual and combined effects of management factors known to influence fruit size of ‘Gala’ apple: 
pruning, thinning, N fertilization and irrigation.  

Pruning 

The pruning treatments were: 1) limb renewal pruning which consisted of the removal of 2-3 whole limbs 
to open up the canopy of the tree but no detail pruning, 2) spur pruning or spur extinction which consisted 
of similar pruning as treatment 1, but with the additional removal of 1/3 of the spurs on the remaining 
branches (Figure 1A), and 3) stubbing back pruning which consisted of similar pruning as treatment 1, 
but with the additional stubbing back of all of the remaining fruiting branches by removing about 1/4-1/3 
of their length (Figure 1B). 

Of the four management factors considered in our study pruning had the greatest effect on yield and fruit 
size.  The stubbing back pruning strategy reduced final crop load and yield the most each year.  In 2003, 
this resulted in a 13 g increase in fruit size, in 2004 a 16 g increase and in 2005 a 7 g increase.  The spur 
pruning treatment had less effect on yield and resulted in a 6 g increase in fruit size in 2003, a 14 g 
increase in 2004 and a 14 g increase in 2005.  Averaged over the 3 years of the study both stubbing back 
pruning and spur pruning gave a similar improvement in fruit size over the limb renewal pruning 
treatment. When fruit size was adjusted for crop load the stubbing back pruning and the spur pruning had 
greater adjusted fruit size than did the limb renewal pruning. 

 Both stubbing back pruning and spur pruning gave similar improvements in fruit size and crop value. 
This indicates that despite the difference between the treatments they were accomplishing the same end 
result:  a reduction in bud load and crop load. The stubbing back pruning was a fast and efficient method 
of reducing bud load while spur pruning was slower would be more costly. The spur pruning in our 
experiment was similar to the spur extinction used in the SolAxe training system (Lauri and Lespinasse, 
2000).  This system has been adopted by many growers in France and Chile.  In the long term, we expect 
that spur pruning would result in longer branches while stubbing back would result in a narrow compact 
tree with branches which would need to be renewed more frequently.  If stubbing back pruning were 
used, it would allow closer planting spacings since the trees become very narrow and columnar. 

 

 



  

Thinning 

We compared thinning with NAA plus Carbaryl (7.5ppm Fruitone-N plus 1pt SevinXLR) at 10 mm to 
thinning with BA plus Carbaryl (75 ppm Maxcel plus 1pt SevinXLR). Thinning treatments had an 
intermediate effect on fruit size. BA+Carbaryl gave the greater reduction in crop load and yield and also 
the greater improvement in fruit size.  In 2003 BA+Carbaryl improved size by 11g, in 2004 by 6g and in 
2005 by 7g.  Even when fruit size was adjusted for crop load, BA had a significant positive effect on 
adjusted fruit size.  In most cases, thinning with BA+Carbaryl reduced yield and improved fruit size more 
than thinning with NAA+Carbaryl. 

Fertilization 

Nitrogen fertilizer was applied to the soil in the spring at budbreak at either 50 lbs N per acre or 150 lbs N 
per acre. Fertilization had a significant influence on yield but no impact on fruit size.  The high nitrogen 
treatment resulted in slightly increased yield in 2003 and 2004 but no effect in 2005.  The increased yield 
was from increased fruit number per tree, not an improvement in fruit size. 

Irrigation 

We compared trickle irrigation to no irrigation.  Irrigation had no effect on yield or fruit size in either 
2003 or 2004. However, in 2005 irrigation significantly improved fruit size by 12 g. The lack of effect in 
2003 or 2004 was due to above normal rainfall in those 2 years.  Rainfall in 2005 was less than average 
resulting in a significant improvement in fruit size with trickle irrigation.  However, despite the positive 
effect of trickle irrigation in 2005, fruit size was smaller than in the other years.  Also the relationship of 
fruit size and crop load for 2005 had a lower intercept than in other years with indicates that other 
environmental factors other than soil moisture limited fruit size in 2005. 

Combined Effects 

There were few significant interactions between pruning, thinning, fertilization and irrigation, indicating 
that each of the main factors could affect yield and fruit size of Gala in an independent and additive 
manner.  The best treatment which combined stubbing back pruning, high nitrogen fertilization and the 
thinning program with BA resulted in a fruit size of 194g in 2003, 184g in 2004 and 157g in 2005 or a 
31%, 23% or 16% increase in fruit size, respectively, compared to the limb renewal pruning, low nitrogen 
fertilization and the NAA thinning treatment. 

Crop value  

Both pruning, and thinning reduced yield to increase fruit size.  Thus, to determine if the reduction in 
yield is profitable, crop value must be calculated.  Although the fresh apple market rewards fruit growers 
for large sized Gala apples, the negative relationship between yield and fruit size means that producing 
very large Gala's is accompanied with significantly lower yield. How much a grower gets paid for his 
fruit, depends on both yield and fruit size. We calculated crop value for each of our treatments by 
applying published packed fruit prices for different sizes, to our yield and fruit size data.  

In 2003 neither the stubbing back pruning nor the spur pruning improved crop value despite a significant 
improvement in fruit size.  The increase in fruit size was offset by the loss in yield.  In addition, the fruit 
size on the minimally pruned trees was quite large (165 g) giving a high crop value for the minimally 
pruned treatment.  In 2004, both the stubbing back pruning and the spur pruning treatments resulted in a 
significant improvement in crop value.  In 2004, the fruit size of the minimally pruned treatment was also 
quite large (158g), but the aggressive pruning treatments resulted in a larger increase in fruit size and thus 
a significant improvement in crop value.  There were very large differences in crop value between the 
plots, which were due to large differences in yield per acre.  In 2005, the spur pruning treatment resulted 
in the greatest crop value followed by the stubbing back pruning and then the limb renewal pruning.  In 
2005, the fruit size of the minimally pruned treatment was quite small (122g), but the aggressive pruning 
treatments resulted in a larger increase in fruit size and thus a significant improvement in crop value. 



Thinning with BA+Carbaryl resulted in significantly greater crop value than thinning with 
NAA+Carbaryl in 2003 and 2004 but not in 2005. In 2005, thinning with BA+Carbaryl reduced cropload 
too much and crop value was reduced.  This indicates that thinning too aggressively to achieve the largest 
fruit size often does not improve crop value. Increased nitrogen fertilization improved crop value in 2003 
but not in 2004 or 2005.  Irrigation had no effect on crop value in 2003 and 2004 but improved crop value 
in 2005. 

There were no significant interactions between pruning, thinning, fertilization and irrigation on crop 
value. The best treatment in each year was the combination of spur or stubbing back pruning, high 
nitrogen fertilization, irrigation and thinning with BA+Carbaryl. This treatment had a 3-year cumulative 
crop value of $18,850 per acre or 2.7X the crop value the minimal pruning, low nitrogen fertilization and 
the thinning treatment. 

Optimum yield and fruit size  

We calculated theoretical curves to predict the optimum yield and fruit size for Gala that would maximize 
crop value.  This was done by relating crop load and fruit size for each year to construct theoretical yield, 
packout and crop value curves for the range of fruit sizes. The relationship between crop load and fruit 
size was significant and negative each year (Figure 2A). In 2003 and 2004 there was no difference in the 
slopes or intercepts of the lines.  However, in 2005 although the slope of the relationship was similar to 
earlier years but the intercept was significantly lower than in the other years indicating that in 2005 fruit 
size was smaller than other years regardless of the cropload. These theoretical curves were used to predict 
optimum yield and fruit size for each year.  

The theoretical crop value curves predicted that when yield was reduced crop value increased to an 
optimum crop value but further reductions in yield beyond the optimum resulted in reduced crop value 
(Figure 3A).  The optimum yield varied widely between years with the optimum yield estimated at 62, 87 
and 26 t•ha-1 in 2003, 2004 and 2005, respectively. In 2003 our plot had yields from 750-900 
bushels/acre, but in 2004, the plot had a very heavy crop with large fruit size resulting in yields from 
1600-2000 bushels/acre.  These differences illustrate that although fruit size is an important component of 
grower returns, yield is much more important.  This points to the importance of growing trees large 
enough to fill the allotted space.  

The optimum fruit size also varied between years but was similar in 2003 and 2004 (161 and 169g, 
respectively: ~113 count size) (Fig. 2B). In 2005 the optimum fruit size was much smaller (140g).Our 
calculations of optimum fruit size indicated that although larger fruit sizes (80 and 88 count) are sold for 
higher prices in the market, the optimum fruit size from a grower’s perspective may not be the larger sizes 
since they are produced by sacrificing substantial yield.  Often the loss in yield to produce the large sizes 
with Gala is too high to optimize crop value for the grower. Our data suggest that more moderate sizes of 
100-113 count size will provide greater grower returns. To produce the larger average fruit size requires 
too great a loss of yield with the New York State climate. 

Conclusions 

The fresh apple market is giving growers a compelling need to grow larger sized Gala apples.  However, 
the negative relationship between yield and fruit size means that producing very large Gala's may not be 
the most profitable course for growers. Our experiments have shown that by using a combination of 
aggressive pruning, BA+Carbaryl thinning, high fertilization and irrigation growers can achieve an 
average fruit size of 190g (80 count Galas). However, crop value appears to be optimized when average 
fruit size is slightly smaller (161-169g or 113-100 count size).  This was true despite significantly lower 
fruit price for these sizes than 80 count size.  Achieving 80 count fruit required too large of a reduction in 
yield, which negated the higher price for the remaining fruits. To achieve the optimum fruit size will 
likely require aggressive pruning and thinning.  Either the stubbing back pruning or the spur pruning, 
effectively reduced cropload by 1/3 by dropping on the ground about 1/3 of the buds in the dormant 
season. Chemical thinning with BA resulted in the best thinning and fruit size increases with Gala.  The 
best results were obtained with multiple thinning sprays.  A very interesting approach is the 3 spray 
program of ATS at full bloom, Carbaryl at petal fall and BA/Carbaryl at 10mm fruit size. 

 



  

 

Figure 1. Spur extinction pruning (A) and stubbing back pruning (B) of Gala branches. (Note re-growth 
response of bourse shoots and at the point of the stubbing back cut.) 
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Figure 2. Relationship of crop load and fruit size of Gala apple trees at Geneva NY. 

Figure 3.  Predicted crop value as a function of yield (A) or fruit size (B) of Gala apple trees at Geneva 
NY  
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Effect of Mineral and Organic Fertilizers an  
Tree Growth and Production 

 
Prof. Bruno Marangoni  

Department of Fruit Tree and Woody Plant Sciences – University of Bologna 
Viale Fanin, 46 – 40127 Bologna, Italy  

bmarango@agrsci.unibo.it 
 

The application of macro and micro nutrient is essential for plant growth and production; nutrients 
have several role for plant physiological functions as photosynthesis, biosynthesis of carbohydrate, 
enzymatic activity, protein and lignin synthesis, sugar translocation and cellular growth.  
 
Most of fertilization is focused on N whose requirement depends on several factors as orchard age, 
vegetative growth and agronomic technique. A valuable method to evaluate N application rate is to 
measure nitric N (NO3

-) in the soil (Scudellari et al., 1998; Tagliavini et al., 1995). For plants that 
need 100-150 kg N/ha, the quantity of N that has to be applied in each period is calculated on the 
basis of nitric N in the soil. For example a soil with N-NO3

- concentration of 10 ppm of N-NO3
- 

allows an availability of 35 kg N/ha that as to be subtracted from the quantity of fertilizer application 
rate. Moreover the knowledge of N, its removal from plants and its dynamics through the season are 
fundamental to set up a good fertilization plan. However, all macro and micro nutrients are essential 
for plants; when applied attention must be paid to the antagonism between them, for example K 
against B, Mg with K, Cu with Mn and Fe and so on. Nutrient availability in the soil is influenced by 
climatic conditions, for example Mn absorption is impaired by cold, root asphyxia and drought; while 
Fe absorption is also limited by little aeration of the soil and strong light. When soil condition are not 
optimal for nutrient uptake foliar fertilization can be a valuable alternative, even if not all nutrients 
can be efficiently absorbed by leaves. Usually, foliar sprays are used for micronutrients that are 
necessary for plants in small  quantities.   
 
The use of mineral fertilizers and modern agricultural practices are often responsible for a decrease of 
soil biological fertility and, as a consequences, a reduction of soil organic matter and an 
impoverishment of physical properties. Application of organic fertilizers helps to improve physical, 
chemical and microbial properties of soils by increasing the contents of organic carbon, microbial 
biomass, cation exchange capacity, and biological activities of soils. Organic matter has both a direct 
and indirect effect on the availability of nutrients for plant growth: besides serving as a source of 
nitrogen, phosphorous and sulphur through its mineralization, organic matter has chelating properties 
that prevent the insolubilization of microelements. 
 
The use of compost or manure provide additional benefits by increasing soil organic matter and soil 
microflora and microfauna including fungi, mites and collebola. Experimental data show that the 
yearly supply of compost at the highest rate increased the soil microbial respiration as compared with 
unfertilised control (Fig. 1), moreover an higher biological activity of soil due to application of 
compost is concomitant with an increase in soil respiration most probably caused by a preferred 
decomposition of the compost derived organic matter.  
 
The application of organic matter at the rate of 10 t ha-1 to a commercial orchard from plantation to 
the full yield has improved soil chemical and biological characteristics even if this application rate 
caused sometime high and usefulness N-NO3

- concentration. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Root expansion in the soil is influenced by soil structural properties, agronomic techniques and 
competition with other plants. For example, as soil strength increases, root elongation tends to slow 
down because root apex need more energy to grow in the soil (Marschner, 1995). Moreover, nutrient 
availability and uptake is strongly influence by soil chemical properties; uptake declines in the top soil 
during the growing season because low soil water content becomes a limiting factor for nutrient 
delivery to the root surface (Marshner, 1995). Low soil moisture also impairs root elongation and, as a 
consequence, decreases nutrient uptake (Marshner, 1995). Soil pH has a considerable influence on 
nutrient availability that is highest between pH 6.0 and 7.0; for example when soil pH is high (pH=7-
8) the concentration of Fe3+ and Fe2+ in the soil solution is very low and not tolerant plants can show 
Fe chlorosis symptoms. The most active roots are those non suberized (white) with a higher absorption 
capacity (Bouma et al. 2001); however, also suberized roots absorb nutrients and since they are the 
biggest part of the root system they play a fundamental role in water and nutrient uptake.  
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 Figure 1. Effect of the application of organic matter on soil microbial C 
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Figure 2. White root production in a peach orchard fertilized with mineral and 
organic compounds. 
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The trend of white root growth is similar to the “M trend” as observed in peach by different authors 
(Baldi, 2006; Rogers e Head, 1969; Glenn e Welker, 1993) and it is probably the consequences of the 
competition for carbohydrate with shoots (Atkinson, 1983; Comas et al., 2000). Also nutrient 
application influence root dynamics through the season (Figure 2). Among the fertilization treatments 
the supply of compost promoted the highest number of white roots in both spring and summer peaks, 
while mineral fertilization determined a smaller number of roots as compared with compost supply  
(Baldi et al.,, 2006). 
 
In conclusion, since manure is no more available in most of the Italian farm, the use of compost could 
be a valuable alternative to increase soil organic matter, besides being a good solution for recycling 
urban and food waste. However, more studies are necessary to asses the best application rate in order 
to apply nutrients without risk of leaching and environment pollution. In our experiment (Baldi et al., 
2006) we assessed that the application of organic matter at the rate of 10 t ha-1 to a commercial orchard 
from plantation to the third year (first crop) has improved soil chemical and biological characteristics 
even if this application rate caused sometime high and usefulness N-NO3

- concentration. No clear 
differences on tree mineral status among treatments were observed mainly due to the low nutrient 
requirements of the young peach trees and the high soil fertility. However, the absence of negative 
difference between mineral fertilization and compost supply suggest that compost could be a valuable 
alternative to mineral fertilizers applications.  
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Managing Insect Pests of Apple 
 

Larry Gut, Peter McGhee, Mike Haas, David Epstein and Lukasz Stelinski 
Michigan State University, Department of Entomology, East Lansing, MI 48824 

 
 Pest control for Michigan apple growers will likely be very challenging for the foreseeable future 
due to loss of compounds through regulation or resistance, as well as pest pressure from an increasing 
number of neglected orchards.  The EPA has recently enacted a phase out of azinphosmethyl (Guthion) 
that reduces the allowable use rate to 4 lbs formulated maximum in 2008, and eliminates its use by 2012. 
Insecticide resistance for codling moth has become the rule rather than the exception in Michigan. And 
neglected orchards are a reservoir of several key apple pests. Fortunately, products that show promise as 
alternative controls for some important pests of MI apples continue to be developed and a few new ones 
become commercially available each year. 
 
Codling moth resistance: A topical pheromone trap bioassay was used to assess the susceptibility of 
codling moth (CM) populations to Guthion® in apple orchards where control of this pest appeared to be 
failing. This assay provides consistent results and is fairly simple to conduct, thus providing a means of 
testing populations from many orchards over the course of a season. Equal numbers of moths captured on 
traps and in good condition were randomly assigned to one of the following treatments: 1) a diagnostic 
dosage of 0.5 µg of the active ingredient in Guthion, azinphosmethyl, or 2) no insecticide (control). The 
treatments were administered to each test insect with a microsyringe. Mortality was assessed 24 h after 
treatment. A percent mortality near or below 50% indicates a high level of resistance. 
 
Ten successful codling moth adult assays were 
conducted in 2006. Tests included 4 northwest 
sites and 7 from the southwest. High levels of 
resistance continue to be found in the Northwest 
and Southwest regions (Fig. 1). A single 
Northwest site was the only highly susceptible 
population uncovered by the assay. Substantially 
lower levels of mortality, ranging from 28.6% to 
62.5%, were recorded for the other 10 
populations. 
 
In a separate study conducted at Trevor Nichols 
Research Complex, Guthion (azinphos-methyl) 
resistant and susceptible codling moth larvae were exposed to apples with pesticide residues that were 1 
hour or 7, 14, 21 and 28 days old; or to control group apples with no residues. The number of CM larval 
entries was recorded after two weeks and the fruit was held to monitor insect survival. The number of 
entries was significantly lower for both resistant and susceptible larvae exposed to residues that were 1 
hour or 7 days old compared to the control group. The amount of injury was not different between 
resistant larvae exposed to the 14-day residue and the control group. In the 21 and 28-day bioassays, the 
susceptible codling moth larvae exposed to Guthion had significantly fewer fruit entries than all other 
treatments, showing that resistant larvae are able to tolerate residues that are fatal to susceptible larvae. 
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Figure 1. Percent mortality of adult codling moth from several southwest (SW) and
northwest (NW) apple orchards following topical exposure to azinphosmethyl.



The insect growth regulator Intrepid (methoxyfenozide) and the synthetic pyrethroid Warrior (lambda-
cyhalothrin) showed similar patterns of reduced residual activity in the resistant codling moth populations 
as compared to the susceptible CM larvae. 
 
Impact of neglected orchards: Growers have historically placed the blame for many of their pest 
problems on neighboring orchards. This is especially the case when the neighboring blocks are not 
managed, i.e., neglected. Until now, little hard evidence has been gathered to implicate neglected orchards 
as problematic. This is no longer the case, at least for Michigan. Over the past two years, our program has 
been evaluating the impact of neglected apple blocks on pest abundances in nearby commercial orchards. 
Paired comparisons of pest abundances in commercial apple orchards adjacent to a neglected apple block 
versus abundances in orchards not adjacent to a neglected block were examined at 9 sites in 2005 and 10 
sites in 2006. Pest activity was assessed by deploying traps and by foliage and fruit inspection on the 
perimeter and interior of apple blocks.  Pest densities were measured at 4 locations in each commercial 
block (2 on the border and 2 in the interior) and 2 interior locations in the neglected block. 

 Trapping data in both years revealed high catches and 
fruit injury for most pests at the majority of sites. Of little 
surprise was the general pattern of greater numbers of internal 
feeders present in the neglected blocks compared to the paired 
commercial blocks.  Apple maggot (AM), Oriental fruit moth 
(OFM) and CM captures were substantially greater (2-3-fold) 
in the neglected orchard than in the commercial orchards.  
Obliquebanded leafroller (OBLR) and redbanded leafroller 
(RBLR) captures were only slightly greater in the neglected 
orchards than in the commercial blocks, while tufted apple 
budmoth (TABM) captures were equal in both blocks (Fig. 2). 
Codling moth and OFM caused 3.5% more injury in the 
orchards near a neglected source of searching moths compared 

to the orchards not close to a neglected source.  Injury sustained by plum curculio and the leafroller 
complex was 1.6x and 2x more, respectively, in the orchards adjacent to a neglected block. 
 
New insecticides: Small-plot and on-farm trials have demonstrated the effectiveness of several new 
control tactics and management strategies that growers have at their disposal to respond to these pest 
challenges. Additionally, on the horizon are some new insecticides with great promise as controls for the 
most problematic pests. In on-farm trials in 2006, excellent CM control was achieved in orchards at 16 
locations that were treated with mating disruption and companion insecticide sprays, primarily Calypso, 
Clutch, Proclaim, and Rimon.  This was the first season that Proclaim and Clutch were commercially 
available and much of our effort focused on evaluating the effectiveness of these promising products 
targeting 1st generation CM. The Proclaim label claims control for LR’s, but only suppression of CM. 
Proclaim was applied twice at 4.8 oz/ac, once at 150 DD post CM biofix (approximately PF timing) and 
another 10-14 d later.  Rimon treatments (20 oz/ac) were applied at slightly earlier timings, 100 Degree-
days post CM biofix and another 10-14 d later.  Midseason fruit injury for these two pests averaged 0.1% 
and 0.2% for CM and LR, respectively, in Proclaim blocks and 0.1% and 0.0% for the two pests in Rimon 
programs (Figure 2). Clutch was applied at 6 oz per ac 14 days following a 20 oz ac Rimon application at 
PF. This program provided good control of 1st generation CM, with only 0.2% fruit injury. Summer 
Rimon and Calypso applications provided good control of CM and LR’s.  Previously, in 2005, we 
demonstrated that Rimon at 20 oz ac did not sufficiently control summer generation CM. In a direct 
comparison, Calypso applied twice at 6 oz ac vs. Rimon applied twice at 30 oz ac, fruit injury averaged 
3.1% vs. 1.8% respectively for CM and 1.7% and 0.9% for LR.  Both of these programs provided good 
control of CM, although high populations were still able to inflict some injury to fruit. 
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Figure 2. Adult captures in traps placed in apple
orchards adjacent or not adjacent to neglected apple
blocks, * indicates statistically different at p<0.05.



The use of either Rimon or Proclaim early in the season for CM control, especially at petal-fall, proved to 
be highly effective for controlling LR. Interestingly, the two materials differed dramatically in that 90% 
LR mortality was recorded in Proclaim orchards 3 days post treatment while a high level of LR mortality 
in the Rimon orchards was not evident until10-14 days after the treatment. However, the end result was 
the same with virtually no injury recorded in Rimon or Proclaim-treated plots. Where Proclaim and 
Rimon were used only for 1st generation CM control, it was evident that the excellent control of CM and 
LR extended into harvest. 
 
Three farms throughout MI were evaluated in paired comparisons of Calypso at 6 oz ac versus Provado 
Pro at 8 oz ac targeting AM. Two applications of each material were applied.  Red-spheres coated with 
adhesive and baited with fruit-essence were deployed in each treatment block to measure adult activity.  
Moderate numbers of AM flies were captured in all treatments with an average of 3.8 and 3.5 
flies/trap/season, respectively, in Calypso and Provado Pro based programs.  Under these pest pressures, 
excellent control of apple maggot (AM) was achieved using Calypso and Provado Pro. Inspection of 600 
fruit/block uncovered no AM infested fruits in Calypso and Provado Pro blocks.  
 
Among the options evaluated at TNRC in 2006 were two new materials that are among the next 
compounds on track for registration in apple, Rynaxypyr and Spinetoram/XDE-175. Both have shown 
excellent activity against codling moth, Oriental fruit moth and obliquebanded leafroller. Taking the lead 
from colleagues in Washington State, we also evaluated a program that combines the very different 
modes of action of two compounds, Rimon and Calypso, to allow for an extended interval between sprays 
without losing efficacy. Codling moth control using a Rimon and a delayed Calypso or Assail application 
(2 sprays) was equivalent to programs that required three insecticide sprays per generation. 
 
Pheromone-based mating disruption: The overall goal of our mating disruption research effort is to 
develop mating disruption formulations and approaches that can provide a much higher level of CM 
control than is currently achieved using this technique. A major effort to test several versions of a new 
hand-applied dispenser, Trécé Cidetrack CM, was conducted on-farm at four locations. The CideTrack 
dispenser is black and shaped like a jigsaw puzzle piece. This experimental dispenser has been designed 
to better protect the active ingredient, codlemone (codling moth pheromone), and to co-release both the 
pheromone and a plant compound that is also attractive to codling moth called pear ester. The impact of 
the following treatments on CM disruption was directly compared on four farms: Cidetrack dispensers 
releasing 1) codlemone alone, 2) releasing a combination of codlemone (40%) and pear ester (60%), 3) 
releasing a combination of codlemone and pear ester in a 40:60 ratio but with half the amount of material 

as in treatment two, 4) a no pheromone 
control, and 5) Isomate-C+ "rope" dispensers 
as the industry standard. Treatments were 
applied at a rate of 400 dispensers / acre. 
Disruption of CM was measured using a 
trapping grid consisting of 9 pheromone-
baited traps per plot. 
 
All of the pheromone treatments worked well; 
significantly fewer male CM were captured in 
each pheromone treatment compared with the 
control (Fig. 3). Although not statistically 
significant, Cidetrack dispensers loaded with 
pear ester and codlemone or the pheromone 
alone were numerically superior to Isomate 
ropes. Disruption was approximately 10% 
greater for CideTrack compared to Isomate. 
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Figure 3. Male codling moth captures in pheromone traps in
trials comparing the effectiveness of CideTrack mating
disruption dispensers loaded with various blends of
pheromone (CM):Pear ester (PE) at the indicated ratios,
Isomate C Plus dispensers, and a n o pheromone control.
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Figure 4. Mean CM fruit injury (±SEM) at two sample
periods in orchards within the area-wide project (AW), or
outside of the project and treated with mating disruption
(Non AW MD) or no mating disruption (No MD).

Our results suggest that this new dispenser technology may enhance disruption of CM when compared 
with Isomate dispensers, by better protecting codlemone from degradation rather than because of an 
additive effect of the pear ester. Trécé was thrilled by the similar levels of disruption achieved with the 
dispenser containing a reduced amount of pheromone. They are gearing up for testing of an even lower 
emitting dispenser in 2007, with the aim of lowering the cost of this technology to the grower. An 
applicator was developed that made deployment of Cidetrack dispensers quite fast and user friendly. 
Thus, the CideTrack dispenser should provide substantial cost savings to the grower. 
 
Whole-farm or area-wide management of codling moth: The best successes using codling moth mating 
disruption have been achieved where large, contiguous areas have been treated with pheromone, known 
as area-wide or whole-farm. This approach to disruption directly addresses key concerns regarding 
orchard perimeters in smaller, individualized mating disruption programs, the immigration of mated 
females, and lower pheromone concentrations along the perimeters. Area-wide disruption maximizes the 
ratio of treated orchard interior to orchard perimeter.  Successful area-wide projects all have incorporated 
full IPM programs, including monitoring and the judicious use of insecticides. Area-wide management of 
codling moth is the focus of an on-farm research project initiated by a team of Michigan State University 
entomologists and extension agents, and representatives of private industry, including Gerber Products 
Company and Pacific Biocontrol Corporation. The overall experimental design is a direct comparison of a 
biopesticide-based areawide approach to managing codling moth versus programs being implemented on 
other apple blocks not in the areawide project and not contiguous with the areawide apple blocks.  
Comparison programs outside of the areawide include orchards utilizing insecticide-only programs and 
orchards implementing mating disruption on a localized block-by-block basis. Biopesticide-based 
management programs were tested in over 800 contiguous acres of commercial apple comprised of 12 
individually owned farms in 2004 (Fruit Ridge area only), 2100 acres on 18 farms in 2005 (Fruit Ridge 
area only), and 2,800 acres on 28 farms in 2006 (Fruit Ridge, Berrien County, and Old Mission 
Peninsula). The project continues in 2007. All growers within the designated areawide projects deployed 
pheromone-based mating disruption in all of the orchard blocks on their farms prior to the start of first 
generation CM flight. Granulosis virus, other reduced risk materials, and conventional insecticides were 
used as needed to supplement the CM mating disruption program. Pheromone baited traps were deployed 
at all project sites at the rate of one CM trap per every 2.5 acres of orchard. Traps were also deployed in at 
least 4 non-project comparison orchards in each year of the project. Project growers gathered at weekly 
meetings throughout the season to discuss the results of weekly monitoring in both the area-wide and 
non-area-wide regions, and the timing and selection of supplementary insecticide treatments. 
Consultants/scouts working with project growers were encouraged to participate in weekly meetings. 
Fruit injury evaluations were performed twice annually, once at the end of first generation CM egg hatch, 
and again at pre-harvest by visually inspecting fruit throughout each farm for larval injury. 
 
The results of the first two years of this project have 
been quite encouraging. In year 1, captures of male 
codling moth in pheromone-baited traps were 
significantly reduced from 1st to 2nd generation.  Codling 
moth injury to fruit was 76% lower in area-wide 
orchards at harvest compared to non-disrupted orchards 
outside of the project area (Fig. 4). Area-wide orchards 
incorporating codling moth virus sustained 0.5% fruit 
injury compared to 2% injury in non-disrupted orchards 
outside of the project. Fruit injury at harvest was about 
0.5% in the plots relying on virus and Calypso to 
supplement the disruption program, and 2.0% in plots 
treated with pheromone and standard insecticides. In 
year 2, captures of male codling moth in pheromone-



baited traps were significantly reduced from the 1st to 2nd year.  Codling moth injury to fruit was 87% 
lower in area-wide orchards at harvest compared to non-disrupted orchards outside of the project area. 
Area-wide orchards incorporating codling moth virus sustained 95% less fruit injury non-disrupted 
orchards outside of the project. 
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Introduction: 
Many apple cultivars including ‘Braeburn’, ‘Cameo’, ‘Fuji’, ‘Golden Delicious’, ‘Honeycrisp’, ‘Mutsu’, 
‘Pacific Rose’ and ‘York Imperial’ are prone to develop a biennial bearing habit; a repeating cycle of 
heavy and light blooming/cropping years.  Biennial bearing will negatively influence orchard profitability 
due to fruit size, fruit quality and orchard productivity effects.  Cumulative yields of apple cultivars that 
exhibit a biennial bearing habit are typically less than those of cultivars that bear regularly.  Fruit from 
light-cropping trees can develop a higher incidence of the calcium-related storage disorder bitter pit 
(Ferguson and Watkins, 1992). 
 
Biennial bearing is the consequence of an imbalance between the proportion of vegetative (resting) and 
fruiting spurs.  In the off-crop year of the cycle most (or all) developing buds on the tree produce mixed 
buds with both leaf and flower primordia for the following year whereas in the on-crop year most (or all) 
of the buds produce vegetative buds that develop leaf primordia only.  Buds that carry one or more fruit 
are less likely to produce a flower in the following year; this is a trait that all cultivars exhibit to a greater 
or lesser extent.  Fruiting spurs on cultivars that crop relatively regularly are more likely to produce a 
flower bud than cultivars that are susceptible to develop a biennial bearing habit. 
 
What is it about the fruit that prevents flower bud formation?  
Research conducted by Bock Chan and John Cain at the New 
York State Agricultural Experiment Station in Geneva between 
1964 and 1966 clearly demonstrated a negative relationship 
between the total number of developing seeds on a spur (not 
the number of fruit per spur!) and the probability of that spur 
producing a flower in the following year.  Using a naturally 
seedless cultivar they found that 95 percent of spurs that 
produced fruit but no seeds flowered in the subsequent year 
whereas if between one and five seeds were allowed to 
develop on the spur only 13 percent of the spurs produced a 
flower cluster in the subsequent year.  Since an apple fruit will 
typically have at least five seeds, the presence of a single fruit 
on a spur is probably enough to inhibit flower bud formation in 
spurs of a strongly biennial cultivar.  Chan and Cain also noted 
that “removal of seeded fruits 3 weeks after pollination did not 
overcome the inhibitory effect of seed formation”.  In the forty 
years since this research was published it has generally become 
accepted that gibberellins derived from the seeds during the 
early part of the season are responsible for inhibition of flower 
bud formation in adjacent apple buds (Figure 1). 
 

Fig. 1. The generally held view is that
gibberellins diffusing out of the seeds
during the early part of the season are
responsible for inhibiting flower bud
formation in adjacent spur(s).



A successful chemical thinning program will reduce the total fruit (and seed) number per tree or per spur, 
and may also completely de-fruit some spurs, resulting in adequate return bloom.  Williams (1979) 
attributed the increased consistency of U.S. apple production after 1949 to the widespread commercial 
adoption of chemical thinning technology from that year.  However, cultivars that exhibit a strong natural 
tendency for biennial bearing may not produce sufficient bloom to guarantee a return crop, even after a 
successful post-bloom chemical thinning program.  The lack of a return bloom response in such cases is 
probably due to the time of fruit drop in relation to the inhibitory signal emanating from the seeds; the 
drop resulting from a post-bloom thinner application occurs too late to stop the inhibition of flower bud 
formation by developing seeds which was reported by Chan and Cain to occur within the first month after 
bloom. 
 
Once a biennial bearing cycle has been triggered, the challenge is to apply crop load management and 
related technologies that will return trees to a more consistent cropping pattern.  Restoring a more equal 
balance between flowering and resting spurs is the first step in achieving this goal.  The objectives of this 
presentation are to… 
 

• briefly review the process of flower bud formation in apples,  
• describe how plant growth regulators can be used to create a more equal balance between 

flowering and vegetative buds, and  
• suggest how plant growth regulators might be incorporated into an overall crop load management 

strategy to achieve more consistent cropping. 
 
Flower Bud Formation in Apple: 
“Primordium” is the term used to describe the earliest stage of an organs development.  Dormant 
vegetative apple buds contain leaf primordia only whereas dormant reproductive buds contain a mixture 
of both leaf primordia and flower primordia.  A developing bud contains six to seven primordia at bloom 
which develop throughout the summer to form the scales that provide a protective layer around the bud.  
The apical meristem of the bud continues to produce new primordia throughout the summer in an ordered 
sequence.  The first of these new primordia develop into an intermediate form between the bud scales and 
true leaves referred to as transition leaves.  Subsequent primordia produced at the apical meristem 
develop into true leaves.  Eventually the apical meristem will (hopefully) become committed to floral 
development. 
 
A change in the shape of the apical meristem from a flattened to a domed appearance (Figure 2) is the 
first obvious indication of floral commitment within developing apple buds (Foster et al., 2003).  Four to 
six lateral floral primordia are initiated on the flanks of the floral meristem before a terminal floral 
meristem referred to as the “king” flower is initiated.  Although it is the last floral meristem to be 
initiated, the “king” flower primordium develops more rapidly and assumes dominance over the lateral 
floral primordia.  Flower morphogenesis proceeds rapidly once buds become committed to floral 
development.  By the time of leaf fall terminal floral meristems have developed sepals, stamen and 
carpels. 
 
Development of the different organs within a floral apple bud can vary depending on the year and 
cultivar.  Doming occurred between ten and fourteen weeks after bloom in ‘Royal Gala’ buds in New 
Zealand depending on the year (McArtney et al., 2001).  Cultivars may also exhibit different patterns of 
appendage formation over time (Hoover et al., 2004).  Differences in the pattern of flower differentiation 
among cultivars is not related to bloom or harvest date, or to their propensity to develop a biennial 
bearing habit. 
 



Fig. 2. The first easily observable indication of the transition from vegetative to floral development in apple 
buds occurs when the apical meristem changes from a flattened (left) to a domed (center) appearance.  
Doming typically occurs during the period from 80 to 120 days after bloom.  Dormant floral buds contain 
more completely developed flowers, with differentiated sepals, stamen and carpels (right).  Micrographs 
courtesy of Toshi Foster (HortResearch, NZ). 
  
Flower Bud Formation Can Be Manipulated by Plant Growth Regulators: 
Establishing a more equal balance between floral and vegetative buds is the first step towards restoring 
trees from a biennial bearing cycle to more consistent cropping.  Compounds that are capable of partially 
(but not completely) inhibiting flower bud formation in the off-crop year, or promoting flower bud 
formation in the on-crop year, may be used to achieve this goal.  Various gibberellins including GA3 and 
GA7 have been shown to inhibit flower bud formation in apple.  Application of GA3 or GA7 to ‘Braeburn’ 
in the off-crop year of a biennial bearing cycle resulted in a more equal balance between vegetative and 
floral spurs in each of the two years following treatment (McArtney, 1994).  However, this strategy has 
not been adopted in commercial practice for various reasons including the high per acre cost at the rates 
of gibberellin required for efficacy, and the unpredictable 
nature of the response.  Greater than expected inhibition of 
flower bud formation following gibberellin treatment(s) can 
potentially result in two successive off-crop years in a row, a 
response that most growers would find unacceptable. 

 
Ethrel or NAA 
promote flower 
bud formation in 
apple (Harley et 
al., 1958; 
Williams, 1972), 
and there are 
web-based 
recommendations 
that describe how either of these materials can be used to 
promote return bloom (Schwallier, 2006; UMass. Fruit 
Team, 2001,2002).  A series of eleven experiments 
conducted on commercial orchards in the southeast between 
1998 and 2006 found that NAA or Ethrel treatments 
significantly increased return bloom in almost two thirds of 
the experiments (McArtney et al., 200x).  Four applications 
of 5 ppm NAA as a dilute spray at two-week intervals 
beginning in mid June (early summer NAA) increased return 
bloom more consistently than fewer applications.  Four 

Fig. 4. Effects of flower cluster density and
a single application of Ethrel (48 oz/acre)
on the proportion of floral spurs on
‘Golden Delicious’ apple trees in the year
after treatment. 
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weekly preharvest applications of 5 ppm NAA also increased return bloom.  A single application of 
Ethrel as a dilute spray between five and seven weeks after bloom at rates ranging from 24-96 ounces per 
acre also increased return bloom without affecting fruit set or firmness at harvest.  Combining NAA and 
Ethrel in a series of four early summer sprays did not consistently increase return bloom compared to 
either material alone.  Although NAA or Ethrel treatments in the on-crop year effectively increased return 
bloom, the mean proportion of spurs that were floral in the following year was 53% (standard deviation of 
25%) compared to 25% (standard deviation of 17%) of spurs floral in the untreated control.  Enhancement 
of return bloom with Ethrel or NAA will not result in a heavy or “snowball” bloom in the year after 
treatment, but the level of bloom may be increased above that required to achieve a commercial crop.  
Typical results are shown in Figure 3.   
 
NAA and Ethrel treatments for increasing return bloom will be less effective if trees are not chemically 
thinned or have a heavy initial crop load.  Even the level of bloom in the on-year of a biennial bearing 
cycle will have a pronounced negative effect on return bloom (Figure 4).  An Ethrel spray can partially 
overcome, but not eliminate, the effects of a heavy bloom in the on-crop year. 
 
Integrating Plant Growth Regulators into a Crop Load Management Program: 
NAA and Ethrel treatments are not a “silver bullet” for overcoming biennial bearing.  They will not result 
in a snowball bloom in the year after treatment and their efficacy will be minimal if there has 
been little or no response to a chemical thinning program and initial crop load is high.  In 
conjunction with a successful chemical thinning program, they will increase the proportion of 
spurs that bloom in the year after treatment and increase the likelihood of achieving a 
commercial crop load.  Applications of 5 ppm NAA as a dilute spray at two-week intervals 
beginning in mid June are effective; a total of four sprays will provide more consistent results 
than fewer applications.  Four applications of 5 ppm NAA at weekly intervals leading up to 
harvest are also effective, and may have the added benefit of providing some stop drop activity.  
One or two applications of Ethrel at three to four week interval beginning in late June will also 
increase return bloom.  Effective rates of Ethrel will vary between 16 and 96 oz/acre, depending 
on cultivar, initial crop load and the number of sprays applied.  NAA or Ethrel treatments in the 
on-crop year must follow an aggressive approach to chemical thinning in order to increase return 
bloom of apple cultivars that are exhibiting a severe biennial bearing habit. 
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