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2:00 pm Optimizing Blueberry Quality Through Proper Harvest and Handling 

Approaches  

 Fumi Takeda, USDA-ARS, Kearneysville WV 

2:40 pm Blueberry Establishment: What Works and is It Worth It - Panel  

3:10 pm Irrigation Practices and Guidelines for Better Blueberry Production  

 David Bryla, USDA ARS, Corvallis, OR 

3:40 pm Update on Michigan Blueberry Commission Initiative  

 Creela Hamlin, Michigan Blueberry Advisory Committee 

4:00 pm Session Ends 

  



Blueberries for Fresh Market and Measure of Mechanical Impacts in Commercial Blueberry 
Packing Lines and Mechanical Harvesters and Potential Damage to Blueberry Fruit 

 
Fumiomi (Fumi) Takeda1 and Changying (Charlie) Li2  

1Research Horticulturist, U.S. Department of Agriculture, Kearneysville, WV 25430 USA 
2Associate Professor, College of Engineering, University of Georgia, Athens, GA 30602 USA 

 
     The United States is the largest producer of blueberries in the world.  In 2013, USA produced 400 million 

kilograms blueberries with an estimated total farm gate value of one billion dollars. In the USA, fresh 

blueberries are now available all year round because of significant amount of shipment of fresh blueberries 

during winter months from Chile and several other countries in South America.  Blueberry fruit is 

susceptible to bruising from mechanical impact. Bruised fruit has shorter postharvest shelf life and softens 

rapidly in cold storage than non-bruised fruit. A blueberry packing line consists of a hopper for transferring 

fruit in field containers onto a conveyor line that moves fruit into trash removal equipment, electronic sorter, 

inspection line, and finally onto clamshell-filling equipment. Blueberry fruit drops as it is transferred from 

one equipment to the next on the packing line. The mechanical impacts that occur on blueberry packing line 

equipment were measured quantitatively with a miniature, instrumented sphere called the blueberry impact 

recording devices (Fig.1).  BIRD I and II were used to evaluate 11 packing houses in Florida, Georgia, North 

Carolina, and Michigan in 2013 and 2014 and eight packing lines in Chile (Linares, Cauquenes, Parral, and 

Chillán).  USHBC now has the BIRD available for use by blueberry packers.  The BIRD II sensor records 

impacts at transfer points or wherever there is a vertical drop on the packing line (Fig. 2). The potential for 

impact damage was determined in 'Farthing', 'O'Neal', 'Reveille' and 'Star' in North Carolina and ‘Legacy’ 

in Chile by dropping fruit from different heights. The measured data revealed that the largest impacts (~230 

g) were recorded when the sensor dropped into the hopper above the clamshell filler on eight empty lines. 

The cumulative peakG data showed strong correlation with overall drop height, indicating that reducing the 

overall drop height on a packing line could reduce the impact level. When the transfer points were padded 

with Poron foam sheet, significantly lower levels of impact were recorded by the sensor. The BIRD I and II 

sensors also recorded lower impacts when it was run with fruit on the packing line. The severity of bruise 

damage resulting from fruit being dropped was related to the impact data recorded by the BIRD sensors. 

Using peakG-velocity change plot and the fruit bruising rate, several large impacts sufficient to cause 

bruising were identified, (e.g. >25% of cut surface area indicating bruise damage (e.g. in 76% of 'Reveille' 

fruit).  The research quantitatively measured the mechanical impact on blueberry packing lines for the first 

time and the information will assist in improving the design and configuration of blueberry packing line 

equipment. These changes should result in reducing the magnitude and frequency of mechanical impacts 

and bruise damage in blueberry fruit. 

      In the USA, the harvesting of blueberries for fresh market is done with over-the-row machines although 

mechanical harvesters cause bruise damage to the fruit. The BIRD I sensor was used to measure the quantity 

and magnitude of mechanical impacts created by three major types of commercial blueberry mechanical 

harvesters (rotary, slapper, and sway). The sensor was mounted on blueberry bushes and harvested at 

standard operating conditions such that the sensor was detached and experienced the impact forces typically 

found during a mechanical harvesting process. The data collected by the sensor revealed that the slapper 

and sway harvesters generated not only larger number but also higher magnitude impacts than the rotary. 

Our analyses suggested that these disparities were mostly caused by different agitating mechanisms, 

contacting surface materials, and designs between the three harvesters. Results indicated that most impacts 

lasted 5–7 ms in all three harvesters. The distribution of the impacts showed that 90% of impacts from the 

rotary were less than 190 g and 90% of impacts from the slapper and sway were less than 250 g. The highest 

impacts occurred when the sensor contacted the catcher plate.  Corresponding measures were identified to 

reduce potential bruise damage in the harvesters. The information is useful to selecting harvesters that create 

the least impacts and to improve current mechanical harvester designs.  More recently, we have evaluated 

hand-held, pneumatically powered olive shakers on northern highbush blueberry plants (Table 1).  Mature 

‘Aurora’, ‘Draper’, ‘Legacy’, and ‘Liberty’ blueberry plants were harvested either by hand and with an 



olive shaker with two different lengths of nylon tines and operated at 45 psi (310 KPa) and 65 psi (454 

KPa), with detached fruit collected on a net surface attached to a portable catch frame.  In addition, ‘Legacy’ 

blueberry was harvested with a Littau harvester operated with ground speed and shaker frequency selected 

by grower operator.  For each plant, the weight of total detached and green/red fruit, fruit firmness, internal 

bruise, Brix (%), pH, and titratable acidity was determined.  In addition, fruit was sampled for weight loss, 

firmness and internal bruise after 1 day at room temperature (RT); and 1, 2, 3, and 4 weeks in cold storage, 

plus 1 day at RT.    

HH shaker removed 3.5 to 15 times more fruit (g/min) than by hand harvesting.   All samples lost 

weight (1 to 5%) in cold storage, but the difference between harvest methods was small.  In all cultivars, 

Brix was lower and TA was higher in fruit harvested with HH shaker than by hand or OTR harvester.  Fruit 

firmness was higher in fruit harvested by hand compared to HH shaker harvested in ‘Liberty’, same in 

‘Aurora’ and ‘Legacy’, and lower in ‘Draper’.   ‘Legacy’ fruit harvested with OTR harvester had a 

significantly less firmness compared to hand HH shaker harvested fruit.  The operating pressure and tine 

length has little or no effect on none of measured fruit quality parameters.  The percentage bruised area and 

percentage of fruit with >19% bruised was less in ‘Aurora’ and ‘Draper’ than in ‘‘Legacy’ and ‘Liberty’.   

There was a slight differences in bruising due to shaking parameters, but the bruise was less than 8% in 

hand and HH shaker harvested fruit compared to >25% in ‘Legacy’ fruit harvested by OTR harvester.  

These results indicate a good potential for harvesting fresh-market quality blueberries using hand-held 

shakers and portable fruit catch frame.  Workers harvested much more fruit with powered shakers than by 

hand, and the quality was as good as that of hand-harvested blueberries in most cultivars we evaluated.   

 

Fig. 1.  Blueberry impact recording device (BIRD I).  Three accelerometers (left) and its size (~2.5 cm). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.  Comparison of two packing lines:  Drop heights (left) and impacts (right) at transition points. 
 
 

 

 

 

 



Irrigation Practices and Guidelines for Better Blueberry Production 
 

David Bryla 
USDA-ARS Horticultural Crops Research Unit, Corvallis, OR 

Email: david.bryla@ars.usda.gov  

 
Why is irrigation so important in blueberry? Blueberry is a shallow-rooted crop with most of its root 

system confined typically to the top 18 inches of soil. In 5-year-old plants, we found that more than 90% 

of the fine roots were located in the top 12 inches of soil regardless of cultivar or planting density. In fact, 

the highest root length density was at 4-8 inches. Consequently, unlike many deeper rooted plants, 

blueberry tends to use its available soil water (i.e., water in the top 18 inches of soil) relatively quickly 

compared to most perennial crops and therefore needs to be irrigated frequently to avoid water stress. In 

Oregon, blueberry usually need to be irrigated every 1-4 days during peak water demand periods when 

grown in medium to heavy textured soils, and irrigated as often as every 1-2 days in lighter sandy loam 

soils. Less frequent irrigations will lead to periods of water stress between irrigations, especially when the 

fruit are sizing. It should be noted that even higher irrigation frequencies may be required when sawdust 

is incorporated in the soil bed because sawdust reduces soil water holding capacity and becomes very 

difficult to rewet once it dries out. Our studies indicate that dry beds with incorporated sawdust tend to 

remain dry even after 2 inches of rainfall. 

Growth and water requirements of young northern highbush blueberry plants irrigated by 

sprinklers, micro-sprinklers, and drip. A study was conducted in a new field of northern highbush 

blueberry (‘Elliott’) to determine the effects of different irrigation methods on growth and water 

requirements of uncropped plants during the first 2 years after planting. The plants were grown on 

mulched, raised beds and irrigated by sprinklers, micro-sprinklers, or drip at a rate of 50%, 100%, and 

150% of the estimated crop evapotranspiration (ETc) requirement. After 2 years, drip irrigation at 100% 

ETc produced the most growth among the irrigation methods with at least 42% less water than needed for 

maximum growth with micro-sprinklers and 56% less water than needed with sprinklers. Drip irrigation 

also maintained higher soil water content in the vicinity of the roots than the other methods, but reduced 

growth when plants were over-irrigated at 150% ETc. Only 22 inches of irrigation water, or the equivalent 

of 350 gallons per plant, was required over two seasons to reach maximum total plant dry weight with 

drip, while 39 inches or more water was needed with sprinklers and micro-sprinklers. Consequently, 

irrigation water use efficiency (defined as the difference in plant biomass produced under irrigated and 

rain-fed conditions divided by the total amount of irrigation water applied) was significantly higher with 

drip than with the other irrigation methods. In terms of both growth and water use, drip irrigation was the 

best and most efficient method to establish the plants. 

Irrigation management effects on yield and fruit quality. The above study was continued to determine 

the effects of irrigation method and level of water application on yield and fruit quality of northern 

highbush blueberry. During the third and fourth year after planting, marketable yield and individual berry 

weight were higher in plants irrigated by drip than in those irrigated by sprinklers and micro-sprinklers. 

Yield and berry weight were also higher on average when plants were irrigated at 100% ETc than at 50% 

ETc but were similar between plants irrigated at 100% and 150% ETc. Thus, as expected, plants were 

generally under-irrigated at 50% ETc and over-irrigated at 150% ETc. However, this was not always the 

case as yield did not increase between 50% and 100% ETc when plants were irrigated by drip, and berry 

weight increased from 100% to 150% ETc when plants were irrigated by micro-sprinklers.  Interestingly, 

drip reduced berry firmness and soluble solids relative to sprinkler and micro-sprinkler irrigation, 

potentially increasing problems with soft fruit during shipping and storage. Titratable acidity was also 

lower with drip, but only when plants were irrigated at 50% ETc.  While it is clear that irrigation method 

and the amount of water application affect yield and fruit quality in blueberry, more work is needed to 

identify best combinations of each to produce the most marketable fruit. 

mailto:david.bryla@ars.usda.gov


 

Field evidence for lateral transfer of water and nutrients. Split-root studies done in the 1980’s on 

potted blueberry plants revealed that applying irrigation or fertilizer on only one side of the plant reduced 

growth and production on the other side, suggesting blueberry has little ability to transport water and 

nutrients laterally within the plant. However, this work was never verified in the field. Thus, we 

conducted a field study to determine if this was the case in a mature planting of ‘Elliott’ blueberry. Plants 

were either irrigated on only one side or fertilized on only one side and compared to plants irrigated and 

fertilized on both sides. Applying water to only one side reduced shoot and fruit production, while 

applying N fertilizer to only one side reduced leaf N. However, shoot growth, yield, berry size, plant 

water potential, and leaf N were similar on both sides of the plant whether water and N fertilizer were 

applied to only one side or both sides. Interestingly, plants naturally produced three times as many roots 

on the east side than on the west side of the row, which resulted in 1) greater root water uptake from the 

east side and 2) higher water status in plants only irrigated on the east side than in those only irrigated on 

the west side. Likewise, leaf N status was higher when N fertilizer was applied on the east side than on 

the west side. Blueberry may therefore benefit when proportionally more water and nutrients are applied 

on the row side with most roots. 

 

Effects of in-row spacing and cultivar on irrigation water needs. Close in-row spacing or high-density 

planting in blueberry increases production per acre and improves profits after planting. However, 

interplant competition between closely spaced plants may have detrimental effects once the field matures, 

unless resource limitations of light, water, and nutrients can be eliminated. One cultural modification that 

could easily help reduce such limitations is to simply increase the amount of water and fertilizers applied 

to the field. If so, then this begs the question of “How much more should we add”?  To answer at least 

part of that question, we did a study to determine “if” and “how much” crop water use was affected by 

close spacing. The study was done using three cultivars, including ‘Duke’, ‘Bluecrop’, and ‘Elliott’, each 

planted at 1.5- or 4-ft. in-row spacings. Spacing between rows was 10 feet. Irrigation was applied one or 

two times per week using overhead sprinklers. Surprisingly, plants spaced 1.5-ft. apart required only 

slightly more water than those spaced 4.0-ft. apart. They did, however, require more frequent irrigations, 

probably due to smaller root systems, especially during fruit filling. Water use by each cultivar increased 

during fruit filling and then rapidly decreased after harvest. ‘Duke’ required the most water among the 

cultivars, using 0.20-0.39 inches/day from mid-May to mid-August, while ‘Elliott’ required the least, 

using 0.12-0.20 inches/day. 

 
Implications of irrigation method and amount of water application on Phytophthora and Pythium 

infection and severity of root rot. A 2-year study was done in Oregon to determine the effects of 

irrigation method and level of water application on the development of root rot in ‘Duke’ blueberry.  

Plants were grown on mulched, raised beds and irrigated by overhead sprinklers, micro-sprinklers, or drip 

at 50, 100, and 150% ETc. Soil at the site was a silty clay loam. By the end of the first season, plants were 

largest with drip, intermediate-sized with micro-sprinklers, and smallest with sprinklers; however, this 

was not the case the following season. By the end of year 2, plants irrigated by drip had less canopy 

cover, fewer new canes, lower pruning weights, and only half the shoot and root dry weight as plants 

irrigated by sprinklers or micro-sprinklers. Destructive sampling revealed that the field was infested by 

root rot. Less growth with drip was association with higher levels of infection by the root pathogen, 

Phytophthora cinnamomi. Phytophthora infection increased with water application, regardless of 

irrigation method, but averaged 14% with drip and only 7% with sprinklers and micro-sprinklers. Roots 

were also infected by Pythium species. Pythium infection likewise increased with the total amount of 

water applied but, unlike P. cinnamomi, was similar among irrigation methods. Overall, drip irrigation 

maintained higher soil water content near the base of the plants than sprinklers and micro-sprinklers, 

resulting in conditions more favorable to root rot. Sprinklers and micro-sprinklers may be better 

alternatives than drip at sites prone to problems with the disease. 
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• December 9, 2015
• Great Lakes Expo

• PA 232 – The Michigan Agricultural 
Commodities Act, since 1965

• Provides structure to develop commodity 
group

• Support research, promotion, education
• Growers petition MDARD to establish group.
• Petition is first step in Process to develop 

commodity group.
• Referendum and acceptance is the final step.

Michigan Blueberries

• Petition by 25% of growers
• Petition validated by MDARD
• Committee appointed by Governor
• Committee develops program
• Public hearing and comment period
• To pass grower referendum needs over

• 50% of grower
• 50% or acreage

Michigan Blueberries

• Michigan Blueberry Advisory Committee 
(MBBAC)

• MBBAC working to create a Michigan 
Blueberry Commission

• MBBAC will not be the Blueberry Commission
• Commission will represent the Michigan 

Blueberry Industry to collect funds from the 
Industry to:

• Promote Michigan Blueberries
• Fund Research for Michigan Blueberries

Michigan Blueberries

• Best way to fund Michigan Blueberry 
Research.

• Many states have Blueberry Commissions 
which fund research for specific needs for 
their industries.

• This allows these states to fund research on 
problems that are not national problems.

• Michigan Blueberry research is not funded 
locally but depends on grants from outside 
the state.

Michigan Blueberries

• Michigan blueberries face intense competition 
from other production regions.

• Most of these regions have established state 
blueberry commissions to support local 
focused research  and promotion of 
blueberries.

• Michigan’s ability to compete and be 
profitable will depend of continuing research 
to support the Michigan Blueberry Industry.

Michigan Blueberries

Creela Hamlin 

Michigan Blueberry Advisory Committee
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• Funding for agricultural research and 
extension at MSU has fallen over 50% in the 
last decade.

• There are already more than 10 different 
commodity organizations in Michigan.

• These organizations fund research and 
extension  focused on their commodities.

• Blueberries is a major crop in Michigan, But 
does not have a commission to support it.

Michigan Blueberries

• National Specialty Crop Research Initiative 
(SCRI) are now the major source of funds.

• These funds are awarded to large multi-
state, multi-discipline groups to research 
specific crop issues.

• Heavy weight is given to groups which 
have matching funds for groups that would 
benefit from the research.

Michigan Blueberries

• No blueberry (SCRI) grants have been 
funded.

• A major grant to research blueberry replant 
problems and stem cankers across the nation 
has not received funding for 3 funding cycles.

• The Michigan Blueberry Industry can do little 
more than write letters of support.

• If blueberry research is funded it is likely that 
the research will be done in states that 
contributed funds to the research.

Michigan Blueberries

• Stem Gall Wasp
• Widespread in northern 

counties such as Ottawa.
• Spreading to southern 

counties such as Allegan and 
Van Buren.

• Increasing damage to plants 
and fruit!

• Not a national problem.
• Research needs to be 

supported by Michigan 
growers.

Michigan Blueberries

• Petition
• Collect signatures of 25% of the Michigan 

highbush blueberry growers.
• In 2011, there were 600 blueberry growers.
• Need to collect more than 150 signatures.
• One signature per farm (produce over 

2000lb)
• MBBAC collected over 200 signatures.

Michigan Blueberries

We, the undersigned producers of Michigan 
highbush blueberries do hereby petition the Michigan 
Department of Agriculture and Rural Development to 
consider adoption of a P.A. 232 agricultural 
commodities marketing act program focused 
primarily on funding research to improve and support 
Michigan’s highbush blueberry production and 
promotion, to have a program developed by a 
temporary committee composed of Michigan 
highbush blueberry producers appointed by the 
Director of the Michigan Department of Agriculture 
and Rural Development, and to consider the 
program at a public hearing(s).

Michigan Blueberries
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Michigan Blueberries

• Once the Petition is validated by MDARD.
• Industry submits names to serve on 

working committee.
• MDARD Director reviews names and 

appoints working committee.
• Working Committee will develop details of 

program, including assessment rates.

Michigan Blueberries

• MDARD Director and Assistant Attorney 
General review proposal from Working 
Committee.

• Set date for public hearing or hearings.
• Public Meeting – verbal and written 

comments from producers.
• Public Comment for 7 days after public 

meeting

Michigan Blueberries

• MDARD Director issues a decision with 45 
days to proceed or not proceed with 
referendum.

• Referendum is scheduled.
• Referendum is conducted by MDARD.
• To pass Referendum needs:

• Over 50% of growers
• Over 50% of acreage

• Ballots from MDARD, returned to MDARD
Michigan Blueberries

• Usually 2 week voting period.
• MDARD announces results of referendum.
• If referendum is passed.
• Applications to serve on committee to 

MDARD.
• MDARD forwards nominations for 

committee to Governor and Governor 
appoints members.

Michigan Blueberries

• Georgia .0025-.005/ton
• California .006/ton
• Washington .004/ton
• New Jersey .006/ton
• North Carolina .003-.006/ton

Michigan Blueberries
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• Maintain a viable industry for future 
generations.

• Greater ability to guide research projects.
• More locally relevant knowledge to base 

farming decisions on.
• More involvement in Project GREEEN 

competitive funding decisions.
• Support MSU researchers in being 

competitive for state and federal funds.

Michigan Blueberries

• For Michigan blueberry growers to compete 
against other blueberry production regions, it 
is important that we have the most accurate 
information for our farms.

• A Michigan Blueberry Commission can 
provide continuing research to support the 
Michigan Blueberry Industry and help ensure 
blueberries continue to be a profitable crop in 
Michigan.

Michigan Blueberries

Michigan Blueberries

Questions




