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Personnel:  
Dr. James R. Schupp 
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Address: Penn State Fruit Research and Extension Center, P.O. Box 330, Biglerville, PA 17307 

Rebecca J. Wiepz, M.S. Candidate 
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Duration of project: Continuation of previous project; 1 year remaining 

Justification: This project continues to investigate the SHAP Research Priorities: strategic management 
of apple varieties, and  crop load management. Crop load impacts fruit quality: influencing fruit size, 
color, firmness, and more. Tree health is also influenced by crop load, with impacts on spur formation 
the following year and potential bud hardiness as late frosts are becoming increasingly common.  

‘Gala’ apples are highly marketable, currently ranking among the top ten varieties sold in the 
United States according to US Apple. Gala is a small-fruited cultivar with the tendency to reliably set 
large crop loads, with little impact on return bloom or bitter-pit. This often leads to sub-optimal fruit size 
with poor color development, impacting profitability. Smaller crop loads can demonstrably improve the 
size and color of gala apples, which is particularly a concern in the cooler, cloudier conditions of 
Pennsylvania (Figure 1). While chemical thinning is a viable cropload management strategy for Gala, a 
primary chemical thinner, carbaryl, is no longer being accepted by some retailers, potentially predicting 
a future trend in the marketplace. Thus it is increasingly important to develop alternative thinning 
strategies either through alternative chemical treatments or through nonchemical alternatives. Recent 
studies by Alberto Doregoni in Italy suggest that 6BA applied at bloom can be used to predetermine 
which fruits will be susceptible to post-bloom  thinning. Theoretically, the 6BA strengthens the most 
dominant blossoms in each cluster, and amplifies the competition within the flower cluster. This 
thinning method is being promoted in Ontario, Canada, where recent label changes have made the use 
of carbaryl (Sevin) very restricted.   

Artificial spur extinction (ASE) offers a mechanical technique for early-season thinning that 
occurs before buds have broken dormancy. Early-season thinning has been shown to produce a 
significant increase in fruit size compared to bloom and post-bloom thinning alternatives. Previous work 
funded by SHAP will continue this season to investigate the impacts of the currently established 
treatment (six buds per cm2 LCSA) on yield and return bloom of ‘Golden Delicious’. Six buds per cm2 limb 
cross sectional area produces larger crop loads than are required to maximize yield and fruit quality in 
Pennsylvania; determining the level of bud removal needed to minimize or eliminate the necessity of 
additional thinning treatments would be an asset. The first year of data, funded by SHAP, produced 
similar marketable yields from each treatment, while the difference between the tree’s overall 
production and the marketable yield is shown to be minimized in the treatment with 2 buds per cm2 
LCSA (Figure 2). This will potentially maximize spur quality in the following season, increasing the overall 



yield. Although bitter pit is not an issue in Gala, other commonly grown varieties in Pennsylvania suffer 
from losses every season. Transpiration is believed to greatly impact fruit quality through movement of 
photosynthates and minerals into the fruit, particularly from spur leaves in the early season. Eliminating 
early season transpiration and photosynthesis will provide an analysis of the importance of that initial 
source of minerals on final yield, indicating potential management strategies for bitter pit sensitive 
varieties.  

The continued investigation on the practicality of a labor intensive thinning strategy, and the 
investigation of chemical use on a popular variety are highly beneficial for apple growers in Pennsylvania 
and the Mid-Atlantic region. This project aims to provide experimentally supported strategies to expand 
the current understanding of early-season crop physiology and cropload management.  
Objectives: 

1) To determine the impacts of bloom-time 6BA treatments on fruit size and fruit set of ‘Buckeye 
Gala’ apple. 

2) To evaluate the impacts of four levels of spur removal in combination with early season 
carbohydrate limitation on fruit and spur size and quality. 

3) To compare Golden Delicious fruit set, yield, fruit size and return bloom from ASE done by hand, 
estimated ASE done by hand, estimated ASE with supplemental pruning, and mechanical ASE 
done with a mechanical string thinner.  

 
Procedure(s): 
Examination of 6BA on Gala apples: This project will be a continuation of the first year of data collected 
at the Fruit Research and Extension Center in Biglerville, PA on mature Buckeye Gala trees. MaxCell (100 
ppm 6BA) will be applied at bloom and 10 ppm NAA will be applied when fruit are 8-12mm in diameter. 
The treatments are organized into a factorial with all four possible treatment combinations, and 6 
replicates, blocked by tree size. Initial spur and terminal cluster counts will be conducted on 2-3 
representative limbs to evaluate initial fruit set at 6-7mm and final fruit set following June drop. At petal 
fall,  10 spurs will be selected and labeled for fruitlet growth measurements. These will be conducted at 
petal fall, one and two weeks after the post-bloom treatment, and a final measurement at the end of 
June drop. At harvest,  yield, cropload, yield efficiency and fruit size distribution will be evaluated.  
 
Evaluation of ASE severity carbon limitation on Gala apples: This portion of the project will be conducted 
on 36 mature Crimson Gala trees. In early March, the trees will be spur pruned by hand using Equillifruit 
discs that have been altered to reflect the desired treatment level, two, four, or six buds per cm2 LCSA as 
well as an un-thinned control. After fruit set the lateral buds will be completely stripped off on all one 
year old wood on all treatments except for one that will retain its lateral buds to investigate the impacts 
their cropload contribution has to crop load. The other remaining 32 trees will be divided in half for 
destructive and non-destructive experiments. The non-destructive trees will be left until harvest with 
limbs being tied up for support as needed. 20 spurs on each destructive tree will be tagged into two 
categories and numbered one through ten with all spur leaves will be removed from one of the 
treatments. The fruitlets will then be labeled and weekly growth measurements taken from initial fruit 
set until the end of June drop. At harvest the destructive trees will have yield, cropload, fruit size and 
distribution, soluble solids, and color examined. Simultaneously the destructive trees will be harvested 
by spur and evaluated for fruit size, weight, color, soluble solids, and dry matter content.  
 
Comparison of Hand and Mechanized ASE: This portion of the proposal continues a study of ASE on Golden 
Delicious that was supported by SHAP in 2015 and 2016. By evaluation ASE for a third season, we hope to 
gain important information on the cumulative effects of ASE on yield, fruit size, return bloom and time of 
thinning. Tall spindle Golden Delicious / Bud9 apple trees will be pruned to a standard level of severity. 



After pruning, and while the trees are still dormant, hand and mechanical ASE will be performed. Hand 
ASE trees will be spur pruned selectively with hand shears, spacing the spurs along the branch and 
retaining strong large spurs, and removing weak spurs, especially those on the bottom of the branch. 
Mechanical ASE trees will be non-selectively spur pruned with a tractor-mounted Darwin 300 mechanical 
string thinner operated at 3 mph forward speed, and 300 rpm spindle speed. ASE treatments include: 1) 
Hand ASE. Each remaining limb will be spur pruned by hand; using the Equillifruit disk to determine the 
number of spurs to be removed to leave 6 spurs per cm2 LCSA; 2) Estimated ASE: Spur pruned by hand to 
an estimated 6 spurs per cm2 LCSA by removing all spurs on the bottom of the branch, then spacing the 
remaining spurs at 3-5 inches apart (correct spacing determined using observation of limbs from trees in 
treatment 1); 3) Estimated ASE with supplemental limb pruning. Limbs will be thinned down to six 
branches per meter (40 inches) of leader height. Estimated ASE will be applied to the remaining limbs. 4) 
Mechanical ASE with 300 rpm spindle speed to remove an estimated 6 spurs per cm2 LCSA; and control 
trees with no ASE. 

The amount of time to perform the ASE will be recorded for each treatment. Limb diameter will be 
measured and all spurs on 2 to 3 limbs per tree will be counted before and after ASE. Spur removal will 
be calculated. Fruit set and fruit number per spur will be evaluated five days after petal fall, and again 
after June Drop. The frequency of spurs setting 0, 1, 2, 3, 4, 5, or 6 fruits per spur will be calculated. After 
June drop and set evaluations are complete, all trees will receive supplemental hand thinning to a uniform 
crop, using the Equillifruit disk. The time to hand thin and the number and weight of fruit removed by 
hand thinning will be recorded. Yield, crop load, and fruit size distribution will be evaluated at harvest. 
Return bloom will be evaluated the year after treatment. 
 
 
Budget: 
 
Wages   $8,640 
Fringe*   $682 
In-state Travel  $539 
Supplies  $300 
Total    $10,161 
 
 Funding is requested to provide labor and supplies to assist with project maintenance, 
application of treatments, collection of fruit set, hand thinning and harvest data collection, and data 
entry. Funding is also requested for travel to/from State College by a graduate student to participate in 
the project set-up and application of ASE treatments in the spring, while she is still attending classes at 
Penn State. 
 
*Fringe benefits are computed using the fixed rates of 41.60% applicable to Category I Salaries, 15.40% applicable to Category 

II Graduate Assistants, 7.90% applicable to Category III Salaries and Wages, 0.10% applicable to Category IV Student Wages, 

and 26.30% for Category V, Postdoctoral Scholars and Fellows, for fiscal year 2018 (July 1, 2017, through June 30, 2018). If 

this proposal is funded, the rates quoted above shall, at the time of funding, be subject to adjustment for any period subsequent to 

June 30, 2018, if superseding Government approved rates have been established. Fringe benefit rates are negotiated and 

approved by the Office of Naval Research, Penn State’s cognizant federal agency. 

 
 
 
 
 
 



 
 
 
 
 
Figure 1. Effect of cropload on fruit size and color in ‘Gala’ 

 
 
 
Figure 2. Relationship between marketable and total yield per tree 
 
 

 


