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Strawberry and Raspberry Season Extension 
 

Eric Hanson and Jim Hancock, Department of Horticulture,  
Michigan State University, East Lansing, MI 48824 

(517) 355-5191 x1386,  hansone@msu.edu 
 
We are working at the Southwest Michigan Research and Extension Center (SWMREC) in Benton 
Harbor to study strawberry and raspberry production options. Funding was provided by Haygrove 
Tunnels (cost-sharing for high tunnel structures) the Michigan State Horticulture Society Trust Fund, 
Project GREEEN, and SWMREC. Tunnels are three-season plastic covered hoop houses. Plastic is 
installed in May and removed in November to prevent snow and ice damage. 
 
Strawberries 
We are comparing tunnel and field production on two types of strawberries. June-bearing strawberries are 
the traditional types grown in Michigan. They initiate flowers when days shorten in the fall, bloom in 
May and fruit all at once in June. We planted traditional matted row plots of ‘Chandler’, ‘Darselect’, 
‘Honeoye’, ‘Jewel’, ‘L’Amour’, and ‘Ovation’.  These plants were harvested in June, 2006, and will be 
picked again in 2007. Day-neutral  varieties do not respond to day length, so they can produce fruit from 
spring to fall. We have tested the older USDA variety ‘Tribute’ and a newer California variety 
‘Seascape’. Plots were planted in 2005 on plastic-covered raised beds. The day-neutral plots were 
harvested in fall, 2005 and June, 2006.  
 
June-bearing varieties were picked for the first time in 2006 (Table 2). Jewel was the most productive 
variety in the tunnel and field. Ovation produced the largest fruit. Overall yields of June-bearing types 
were about 20% higher in tunnels than in the field, but berry size was about the same. Tunnel harvest 
started a few days before that in the field.  
 
Day-neutral harvest in the field and tunnel ran from the mid-August to mid-October, 2005, and June 5 to 
June 27, 2006. Peak fall harvest of both varieties was mid August to late September. Yields in the field as 
well as the tunnels dropped off dramatically in October. Tunnel and field plots of day-neutral types 
fruited on the same dates in fall, 2005, and from June 1 to June 22, 2006. Differences in berry size or rot 
incidence between the field and tunnel-grown plants were few. On average, Tribute, produced higher 
yields but Seascape berries were larger (Table 1).  
 
August and September, 2005 were unusually warm, and we suspect that  higher temperatures in the 
tunnels may have stressed plants somewhat. During harvest in 2006, we began to observe problems with 
the trickle tape inside the raised beds of day-neutral plots. This tape was installed when the beds were 
constructed in May, 2005, and some sections were plugging a year later. We suspect that inadequate 
water reduced yields of trickle irrigated plots (all day-neutral plots plus June-bearing plots in tunnels) in 
2006.  
 
 
 
 



Table 1. Day-neutral strawberry yield and fruit size, SWMREC, 2005-06. 
Yield (1000 lb/acre) Berry weight (g) Location 

and variety Fall-05 Spring-06 Fall-05 Spring-06 
Field      
   Seascape 14.4 8.2 8.2 7.6 
   Tribute 18.9 7.2 5.8 7.6 
Tunnel     
   Seascape 11.3 9.0 7.7 8.4 
   Tribute 12.9 8.9 5.7 7.2 

 
 

Table 2. June-bearing strawberry yield and fruit size, SWMREC, 2006. 
1000 lb/acre Berry weight (g) 

Variety Field Tunnel Field Tunnel 
Chandler 12.3 11.1 9.4 9.9 
Dar Select 13.2 15.2 9.5 10.1 
Honeoye 10.8 15.4 8.3 8.8 
Jewel 16.7 18.9 10.9 9.3 
L’Amour 13.6 16.8 11.1 10.4 
Ovation 8.8 11.8 11.3 11.1 
AVERAGE 12.6 14.9 10.1 9.9 

 
 
Raspberries 
We are comparing production seasons and quality of field and tunnel grown fall-fruiting varieties 
(‘Autumn Britten’, ‘Chinook’, ‘Caroline’, ‘Heritage’) and summer fruiting types (‘Canby’, ‘Encore’, 
‘Heritage’ pruned for summer fruiting, ‘Nova’). Fall-fruiting plots were harvested in 2005 and 2006, and 
summer-fruiting plots were picked in 2006.  
 
Summer-fruiting harvest began at the same time in the field and tunnel, but tunnel plants produced several 
days later than field plants. Nova and Canby are most promising summer-fruiting types in the field and 
tunnel (Table 3).  Encore and Nova produced the largest fruit. Berry samples were also stored for a short 
time then rated for visual appeal and incidence of Botrytis gray mold (Table 4). Gray mold was almost 
absent from tunnel-grown fruit, whereas berries from the field had an average of 10% rot after storage.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. Summer picking raspberries in the field and tunnel, 
SWMREC, 2006. 

Yield (1000 lb/acre) g/berry 
Variety Tunnel Field Tunnel Field 
Canby 2.9 1.1 2.2 1.8 
Encore  1.9 0.5 3.5 2.6 
Heritage 0.6 0.2 1.8 1.5 
Nova 3.7 2.5 3.0 2.5 
AVERAGE 14.0 4.4 2.6 1.9 



Table 4. Appearance and rot incidence of tunnel and field grown 
summer-fruited raspberries after storage, SWMREC, 2006. 

Tunnel Field 

Variety 
Visual 
ratingz 

Rot 
(%) 

Visual 
rating 

Rot 
(%) 

Canby 2.9 0.5 2.8 3.3 
Encore  3.0 0.0 2.2 19.1 
Heritage 4.0 0.4 2.0 3.8 
Nova 3.6 0.5 3.0 8.8 
AVERAGE 3.4 0.3 2.5 8.8 
z rating scale from 1 (very unappealing) to 5 (excellent, no defects). 

 
Caroline has been the most productive fall-bearer in the tunnel and in the field (Table 5). Nova, which is 
usually grown for summer fruit, had significant late fall production as well, and also produced the largest 
berries of any fall-fruiting variety.  Tunnel grown plants produced at least double the yields typical of 
field plantings. Tunnel berries were about 50% larger than field berries, and had just a fraction of the rot 
observed on field berries after a short storage treatment.    
  

Table 5. Fall picking from primocane-fruiting raspberries in the field and 
tunnel, SWMREC, 2006. 

1000 lb/acre g/berry 
Variety Tunnel Field Tunnel Field 
Autumn Britten 14.6 5.0 2.8 2.3 
Caroline 20.8 7.8 2.6 2.0 
Chinook 12.6 4.0 2.3 1.9 
Heritage - mowed 15.6 4.0 2.3 1.5 
Heritage – pruned for summer 16.6 4.4 2.3 1.6 
Nova 3.9 1.4 3.3 2.3 
AVERAGE 14.0 4.4 2.6 1.9 

      
      
  

Table 6. Appearance rating and rot incidence of primocane-fruiting 
raspberries from the field and tunnel, after storage, SWMREC, 2006. 

Tunnel Field 

Variety 
Visual 
rating z 

Rot 
(%) 

Visual 
rating 

Rot 
(%) 

Autumn Britten 3.8 0.6 2.3 8.1 
Caroline 3.4  0.0 2.4 2.9  
Chinook 2.7 1.1 1.7 12.6 
Heritage - mowed 3.8 0.3 2.6 6.2 
Nova 4.6 0.0 2.8 16.8 
AVERAGE 3.9 0.6 2.5 10.0 
z rating scale from 1 (very unappealing) to 5 (excellent, no defects). 

      
       
       
 



 
 
 
 
 
 

Biology and Management of Strawberry Sap Beetle 
 

Gregory Loeb and Rebecca Loughner 
Dept. of Entomology, NYSAES, Cornell University, Geneva, NY 14456 

gme1@cornell.edu 
 
The strawberry sap beetle (SSB), Stelidota geminata, is a significant insect pest in strawberry and a few 
other fruit crops in the North East and Great Lakes regions.  In strawberries, they have the greatest 
potential for causing damage where the berries are grown as a perennial in matted rows.   The small, 
brown adults are approximately 1/16 inch in length and appear in strawberry fields as the berries ripen.  
The adult beetle feeds on the underside of berries creating holes.  Beetles prefer to feed on over-ripe fruit 
but will also damage marketable berries.  Of more significant concern, larvae contaminate harvestable 
fruit leading to consumer complaints and the need to prematurely close fields at great cost to the grower. 
Current recommendations for control include insecticides (mainly pyrethroids) and field sanitation.  
Neither approach is working very well. For example, we assessed effectiveness of the pyrethroid 
fenpropathrin [Danitol 2.4 E.C.] when applied at different timings.  Figure 1 shows that for fruit touching 
the ground, which is where most of the damage occurs, larval contamination was unacceptably high even 
for plots treated twice during the fruiting period.  In another trial, conducted by Harry Humphries at 
ACDS Research, Inc., even three applications of Danitol, using 200 gallons per acre, did significantly 
reduce larval or adult populations. The beetles are not resistant to pyrethroids but rather tend to feed 
underneath fruit where they are unlikely to be contacted by insecticide.  Keeping strawberry fields clean 
of overripe and damaged fruit 
would probably help reduce 
SSB problems, but this is 
difficult to achieve, especially 
for U-Pick operations. In this 
article we summarize the results 
of three years of research to 
better understand the ecology of 
SSB and test alternative 
approaches for management.  
 
 
Overwintering habitat 
SSB spends the winter as an 
adult.  When we started our 
research, we were not sure 
where they overwinterd, 
however.  In particular, we 
wanted to know if they 
overwinted in the strawberry 
fields.  In the early spring of 
both 2004 and 2005 we took 
leaf and soil samples from 
several different habitats on 
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Figure 1. Results of insecticide trial conducted in 2001.  Danitol applied 
at different times during the harvest period and at different times of 
the day.  Larve were counted for fruit not touching the ground and fruit 
touching the ground.  



farms with a history of SSB problems.  A total of 5 adult SSB were found in the 220 soil cores collected 
from wooded areas in spring 2004, while no SSB were present in the 480 samples taken from fields of 
other crops during the same time period.  All beetles in the samples came from wooded areas at one farm 
known to have high densities of SSB.  More beetles were found in 2005 after increasing the area sampled 
from 0.16 m2 (wooded area) or 0.26 m2 (crops) in 2004 to 2.03 m2 in 2005.  Beetles were found in both of 
the two wooded areas sampled, in blueberry, and in raspberry for samples collected before fruiting 
occurred in the late winter/early spring and after fruit residue was present during the field season (Table 
1).  No SSB were found in any of the three strawberry fields for the overwintering sample, but beetles 
were found in samples collected when fruit began to ripen in the field.  The absence of SSB from early 
season samples in strawberry confirms that most, if not all, beetles move into berry fields as fruit ripens.  
This has important management implications.  First, it makes no sense to apply insecticides for 
controlling SSB before fruit ripening.  Second, we may be able to exploit this colonization pattern by 
intercepting the beetles before they enter the field using traps baited with an attractive lure and an 
insecticide (see below).  
 
 
Table 1.  Mean total SSB ± standard error and range for adult SSB collected over the total area (2.8 m2) 
sampled in each crop or wooded area in 2005.  
 

 
 

Crop/Habitat 

 
 

N 

Mean Total 
SSBa 

(before frt) 

 
Range 

(before frt) 

Mean Total 
SSBa 

(fruit) 

 
Range 
(fruit) 

Bluberry 3 2.3 (1.2) 0-3 223 (52) 131-312 
Raspberry (summer) 2 0.5 0-1 908 566-1251 
Raspberry (fall) 1 1.0  194  
Strawberry 3 0.0 (0.0)  178 (149) 25-475 
Wooded areas 2 21.5 5-38 NAb NAb 

 
aStandard error of the mean shown only for crops with >2 fields sampled 
bLate season samples were collected only from crops and not wooded areas 
 
 
SSB alternate food use 
The summer generation of adult SSB emerging from strawberry fields may 1) stay in the strawberry field 
to overwinter, 2) return to woods to overwinter, or 3) search for other sources of food.  Beetles emerging 
from strawberry fields could produce a second generation of beetles if they are able to find an adequate 
food source.  SSB is not considered to be an economically important pest in crops such as apples, 
raspberries, blackberries, blueberries, cherries, pumpkins, melons, and various vegetables, however SSB 
adults and sometimes larvae have been reported in these crops.  Two studies were conducted to better 
understand whether SSB reproduction in late season crops contributes to SSB damage in strawberry the 
following spring: 1) a laboratory assay to evaluate SSB reproduction on potential alternate food crops and 
2) a field study to quantify the number of SSB adults per unit area in various crops. 

 
In the laboratory assay, 20 adult SSB were provided with one of the following food sources continuously: 
apple, blueberry, corn, cherry, raspberry, or strawberry.  The larvae, pupae, and adults in each cage were 
counted after 5 weeks.  Although reproduction was much lower on apple and corn, the beetles reproduced 
on all food sources (Figure 2). The up to 70 fold increase in mean number of SSB in no-choice cages 
indicates that considerable reproduction can occur on blueberry, cherry, raspberry, and strawberry.  
Sampling of crops with ripe fruit, including summer-bearing raspberry, peach, blueberry, and cherry, 
confirms that the beetles are present, often in high densities (up to 109 SSB per m2), in commercial fields 



during fruiting (see Table 1).  In summary, the beetles are able to feed, complete development, and 
overwinter in habitats other than strawberry.  An effective integrated pest management program to control 

SSB will need to consider the type of habitat surrounding strawberry fields. 
 
Figure 2.  Mean ± standard error of the mean for A) Total and B) Adult strawberry sap beetles in a no-
choice feeding assay.  Bars with the same letter are not significantly different at P < 0.05. 
 
 
Time of strawberry plot renovation  
A manipulative experiment was used to investigate the effect of time of renovation on the number of SSB 
emerging from strawberry with the idea that rototilling may kill or wound SSB larvae and pupae before 
they have time to complete development and leave the field.  Plots within a strawberry planting at 
NYSAES were randomly assigned to either rototilling immediately after mowing (prompt renovation) or 
rototilling 7 to 10 days after mowing (delayed renovation).  Emergence cages were placed in both 
treatments on the same day and the cages in the delayed rototilling removed briefly on the day tilling was 
done.  Emerging adults were captured with attractive baits in the cages and the total number of adult 
beetles emerged over five weeks was determined.  
 
Year was the primary factor contributing to variation in the total number of SSB adults emerging, while 
time of renovation had no statistically significant effect. Peak emergence occurred from late July to early 
August 2004, while emergence in 2005 resulted in much less of a peak with a smaller number of beetles 
overall.  In contrast to data from Maryland (Dr. Galen Dively, University of Maryland) that showed 
significantly fewer beetles emerging from plots renovated promptly following harvest, this study suggests 
that prompt renovation does not consistently reduce the number of emerging SSB, at least in New York.  
Although prompt renovation does not appear to reduce the number of beetles in the next generation, 
current recommendations to renovate promptly still have value given other benefits such as improved 
weed control. 
 
 
 



 
Development of trap-and-kill technique 
The finding that SSB does not overwinter in strawberry offers an alternative approach to SSB 
management.  Sap beetles have a male-produced aggregation pheromone that could be included in a trap 
along with a food odor and insecticide.  These traps should be attractive to male and female beetles and 
would be placed near fields in spring to capture and kill SSB before they enter strawberry fields.  In 
laboratory flight tunnel assays, female SSB are more attracted to whole wheat bread dough when male 
SSB are present with the dough.  We have also had some female response in the flight tunnel of female 
beetles to volatiles collected from male SSB feeding on bread dough.  We are currently working to collect 
enough of the attractive material to be able to identify the chemical components of the SSB specific 
aggregation pheromone and to begin testing blends of synthetic pheromone in our flight tunnel.  The 
research summarized here will be used to guide placement of attract-and-kill stations to maximize the 
impact of traps in reducing the SSB population and fruit damage, while minimizing the cost of using the 
traps for controlling the beetle. 
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Experiences with Strawberries Under High Plastic Tunnels 
 

Ed Weaver – ed@weaversorchard.com 
Weaver’s Orchard Inc., 40 Fruit Lane, Morgantown, Pa. 19543   

  www.weaversorchard.com 
 
Weaver's Orchard in Berks County, Pennsylvania is a fourth generation, 100-acre family farm.  Like 
many fruit and vegetable growers trying to survive in today's competitive environment, we believe in 
diversification and direct marketing.  The farm grows a number of fruits and vegetables to complement 
the primary crop of apples.  The farm's on-site market has become a primary sales outlet and the farm 
offers a pick your own option for crops such as blueberries, strawberries, and brambles, and for peaches, 
apricots, plums, nectarines, cherries, apples, and pears.  With these features to attract a good clientele to 
the farm, the business is able to sell half of its farm's production retail. 
 
Ed's grandparents purchased the farm in the 1930s.  They grew vegetables, fruits, and tobacco.  Under 
Ed's management, the farm produced tree fruit, vegetables, and strawberries until ten or twelve years ago, 
when he added blueberries and brambles. After numerous crop losses to our sweet cherries we were 
searching for a way to protect the crop and discovered the Haygrove high tunnel in spring of 2003. We 
constructed the first tunnels over existing sweet cherry trees.  
 
Haygrove high tunnels are not designed to withstand more than a few inches of snow.  Each spring the 
plastic needs to be put over the structure and then removed in the fall. The plastic used is a luminance 
poly that diffuses the sunlight which helps to reduce temperature as well as gives more even distribution 
of light through the tunnel. Construction time of the tunnels can vary between 200 and 250 man hours 
depending on location and soil structure.  Rocky soil can present some challenges.  
 
Venting is one of the most important tasks connected with high tunnels. The weather must be monitored 
daily and venting must be done to prevent spikes in temperature and also to protect the crop and tunnel 
structure from storms.  Venting can be done quickly by pushing the plastic up or down on the sides. It can 
be a difficult decision during threats of thunderstorms whether to fully vent the tunnel because of high 
wind or pull the plastic down to protect from rain.   
  
In 2003 we joined a tour to England to visit the Haygrove production plant and farms along with other 
farms in the area that were using Haygrove tunnels. Much of their strawberry production is with the use 
of a tabletop substrate system that elevates the crop to about 40 inches. We decided the system could fit 
well in our operation and installed a one bay trial 28’wide by 300’ long which held 4 rows of plants.  
 
The system consists of an elevated pipe structure that holds trays of plants that are planted in substrate. It 
is quick to install using no bolts or wires. The trays are reusable and give the opportunity to double crop 
in the same tunnel.  
 
We have primarily used Coir (coconut fiber) for our planting media. We planted Chandler variety plug 
plants in late August in a small hoop house and let them grow until late November when they had 
developed 3-4 branch crowns. We left them go dormant, protecting them with straw. In mid march we 



removed the straw and left the plants grow in the hoop house until they started blooming then moved 
them into the tabletop structure where they began fruiting mid May and fruited until the end of June.  
  
For the 2nd crop we started dormant plants of Seascape and Tribute around May 15 in another set of trays 
in the protected hoop house.  These plants continued to grow and develop while the Chandler crop was 
fruiting.  It was necessary to pinch the 1st several sets of buds on the day-neutral plants to encourage 
crown development and so they would not fruit too early during the hot July season.  The Chandler trays 
were removed from the tunnel at the end of June and the 2nd set of plants were moved into the tabletops. 
The seascape and Tribute began to fruit mid- August and fruited into October.  
 
Irrigation was done through trickle tape also fertigating each time. Leaf analysis was done monthly and 
adjustments were made throughout the season based on results.  
 
The Chandler plants produced very large beautiful fruit starting in late May.  Size slowly decreased as the 
season went on, but we were pleased with overall size.  This crop was grown pesticide free and sold in 
our market for $1.00 per quart more than other strawberries in the same season.  The day – neutral berries 
did not yield as well overall and while we tried to initially grow them pesticide free we experienced much 
disease problems and needed to spray for powdery mildew and botrytis, we were a bit late in addressing 
the problem.  
 
The greatest challenge we faced was fruit quality due to higher temperatures in the high tunnels in late 
June – August.  We did install shade cloth in 2005 that helped reduce the temperature.  
 
In summary we believe this system is worthy of trial for other growers especially in direct market 
situations. It requires much attention to detail. It gives opportunity to produce strawberries during a 
season of limited availability of strawberries.  
 
You can visit www.haygrove.co.uk for a diagram and more information on this system. 




