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BACKGROUND: 
National demand for fresh raspberries and strawberries is strong, but most domestic production occurs in 
select regions of the U.S with the most suitable climate. Farmers in the upper Midwest and Northeast are 
keenly interested in supplying more berries to local markets, but producing profitable yields and 
consistently high fruit quality is difficult in a region with cold winters and short, humid growing seasons. 
Protective structures or tunnels appear to mitigate many aspects of our climate that hinder berry 
production. However, producers need information on many topics including which type of structure and 
plastic to choose, how they should be managed and what benefits they can provide.  An enormous array 
of protective structures and covering plastics is available, including specialty “smart” plastics that can 
diffuse light and alter the spectrum reaching plants.  Modifying light quality and intensity can directly 
impact the yield and quality of berry crops while presenting unique opportunities for non-chemical pest 
management methods.  
 
TunnelBerries is a 5 year project funded through the USDA Specialty Crop Research Initiative that will 
conclude in August, 2019. Our goal is provide growers with the knowledge necessary to select tunnel 
structures and plastics and optimize productivity and pest management, while increasing profits and 
minimizing the generation of plastic waste.   
 

SUMMARY OF PROGRESS IN 2018 

Objective 1. Evaluate/contrast diverse types of structures and plastics: Plastic film performance 
continued to be tracked during 2018.  An inventory of tunnel structures available on the market today 
along with twenty-two films is being maintained on the project website with links to film features, 
manufacturers and distributors.  For low tunnels, 1.5 mil film proved easier to manage during venting 
operations than 6-mil films.  High tunnel venting studies have been initiated with five different venting 
configurations.  Work is proceeding to develop a ventilation simulation model to predict optimal tunnel 
ventilation recommendations. 
 
Objective 2. Describe effects of diverse plastics on tunnel microclimate, berry production and 
insect/disease management: Low tunnel experiments on research stations and commercial farms in three 
states using day neutral strawberries were conducted using various plastics for tunnel covers and mulches 
to understand how these structures alter environmental conditions and potentially impact yield and 
quality.  Data was collected on microclimate, production and economic data, specifically: light conditions, 
temperature, relative humidity, plant vigor, crop yield, fruit quality/marketability and insect/disease 
incidence.  The effect of fertilizer rates and late season production on crop yield and plant winter survival 
was also evaluated.    
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High tunnel experiments evaluated various plastics for tunnel covers to determine how these structures 
alter environmental conditions and impact yield and quality of raspberries and strawberries.  Studies on 
research stations and commercial farms were established on plants growing under tunnels either in-
ground or in pots and compared with plants growing outdoors.  Fruit yield, quality/marketability and 
insect incidence were assessed.   

 
Strawberry results:  

• NH: In 2016 and 2017, low tunnels improved the percent marketable yield over the entire season 
by 10-15% over open beds.  Albion, Aromas and Monterey producing the highest marketable 
yields.  Different low tunnel films did not influence total yield or fruit weight in our study, though 
we did notice that low tunnels in general tended to increase marketable fruit weight over open 
beds.  Plastic mulched beds had higher marketable yields when compared with unmulched beds. 

 

• NY: The 5 lb/wk rate of N was optimal for production in 2017 but there was no difference in the 
second year yield (2018). In fact, we would not recommend N fertilizer when holding plants over 
for a second year provided that the first year fertility program was adequate. 

 

• NY: Allowing plants to fruit late into the season (i.e. past mid-October) is detrimental to winter 
survival, suggesting that there is a trade-off between having very late fruit and a reasonable spring 
crop the following year. We are now evaluating the trade-off between fall yield and spring yield. 

 

• NY: An insect exclusion netting study with various mesh sizes indicated that screening over 
plantings can increase marketable yield per plant.  The cause of increasing yield with smaller mesh 
sizes is unknown but might partially be attributed to exclusion of tarnished plant bugs. Exclusion 
of pollinators does not appear to be detrimental in ‘Albion’ if some wind movement is possible 
under the covers. 
 

• PA:  In 2017, total yields within tunnel were not significantly different between the various 
plastics, but all produced higher yield than outside plants. Strawberries grown under KoolLite Plus 
and the experimental UV-blocking plastic were about 10% larger than those grown outside, and 
the percentage of marketable fruit under all plastics was about twice that for no plastic (74-75% 
vs. 37% marketable fruit).  Fruit anthracnose was the main cause of unmarketable fruit on outdoor 
plants. 

 

• PA: Significant differences did exist between mulch types in PA, with white mulch out yielding 
black mulch, and both types out yielding no mulch.  Yields in high tunnels were about twice those 
of plants under low tunnels in 2017, but only slightly higher in 2016. 

 
Raspberry Results:  

• MI: Producing fruit on both primocanes and floricanes (double cropping) can improve sustainable 
overall yields.  High tunnels tend to prolong the growing season and fall harvest period and may 
enable growers to choose somewhat later primocane-fruiting cultivars for double cropping in 
short season locations. 
 

• MI: Kweli, Imara, Prelude and Kwanza have produce high overall yields when double cropped. 
Largest fruited types were Kwanza, Josephine and Kweli (primocane fruit) and Kwanza, Encore and 
Josephine (floricane fruit). Types with superior storage potential and overall quality are Kweli, 
Imara and Kwanza. The quality characteristics of floricane and primocane fruit were surprisingly 
similar for each cultivar. 
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• PA: Overwintering container grown plants in an unheated barn proved to be preferable to 
overwintering in tunnels as was done during the winter of 2016-17.   

 

• PA: ‘Polka’ raspberries under Tufflite IV out yielded those under any other plastic, though plants 
under any plastic type produced better than plants under no plastic.  ‘Josephine’ plants under the 
various plastics did not produce significantly different amounts, though all produced more than 
plants under no plastic, and plants under TIV and the UV blocking experiment plastic were among 
the higher yielding.  Differences between plastics became statistically non-significant when 
marketable yield was considered, though the same overall trends still held.  Berry size was larger 
under all plastics than no plastic for both ‘Polka’ and ‘Josephine’.  There were some differences in 
percentage of marketable fruit between plastic types, but they were fairly small.  In 2018, there 
was a larger proportion of ‘Polka’ fruit showing symptoms of sunscald under Tufflite IV plastic 
than under other plastics on 2 harvest dates when sunscald was especially problematic.  Though it 
is early to say for sure, yield trends among plastics seem to be following a similar pattern to those 
of 2017.  

 

• PA: In 2016, all plastic types reduced the number of beetles feeding on the plants greatly, with 
plastics that blocked more UV light reducing Japanese beetle numbers to the greatest extent. 
While there were more beetles overall in 2017, the plastics still reduced their numbers.   Plastic 
covering effects on SWD numbers in traps showed statistically significant differences in 2016 and 
2017, but trends were completely different in the 2 years indicating that another factor, such as 
the weather, may have been influencing the results.   

 
Blackberry Results:  

• MI:  Due to the degree of damage and lack of tunnel cover, we did not harvest plants for yield data 
in 2018. We are re-building the tunnel now, and have poison bate in place for the voles/ground 
squirrels and fencing to exclude rabbits. Plans are to harvest plots for the last time in 2019. 

 
Objective 3. Optimal Methods for Plastic Recycling: Tunnel plastic is relatively clean and easier to recycle 
than other agricultural plastics, but the economic viability of recycling agricultural plastic is challenging at 
this time.  In New York, since there is currently no market for recycled plastic, recycling programs are 
reducing the types of plastics being accepted and none are taking agricultural plastics.  Growers are 
interested in biodegradable plastics, but more information and available materials are needed. 
 
Objective 4. Understand grower use of protective structures, consumer attitudes toward crops 
harvested, and evaluate economic viability of using structures for commercial production:  
VT: A series of interviews of current growers was conducted which revealed that tunnels bring many 
benefits (especially yield and quality). Many growers reported marketing benefits as well- out of season 
berries sold very well and in some cases attracted consumers who then bought other products. The main 
constraints were around ventilation and mechanization. 
 
Objective 5. Develop diverse outreach vehicles to ensure that all generated information is available to 
stakeholders and the Extension and research community: Outreach vehicles include the release of 4 new 
educational/informational videos, 2 online classes, and 5 scientific and grower-focused articles.  A total of 
50 field days, grower workshops and conferences presentations were held.  Project activities along with 
tunnel specific events are regularly promoted on the project website, blog, Facebook page and Twitter 
feed.   
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STATE-BY-STATE PROGRESS REPORTS AND PLANS FOR 2018 

Michigan (Eric Hanson, Rufus Isaacs, Heather Leach, Annemiek Schilder: Michigan State University) 

 
Double cropping of in-ground raspberries (Hanson, Moses). This study concluded in 2017 and results will 
appear in a HortScience article early in 2019.  
 
The primocane-fruiting raspberries ‘Himbo Top’, ‘Joan J’ and ‘Polka’ were 
grown organically in high tunnels and pruned to different floricane 
densities to determine the effects on fruit yield (primocane, floricane, 
total) and harvest times. Floricane densities were 0, 2.4 or 4.8 canes per m 
of row length in 2015, and 0, 4.9 or 9.8 canes per m in 2016 and 2017. Total 
yield (floricane plus primocane) was significantly greater with low floricane 
density (17 t ha-1) or high density (19 t ha-1) compared to no floricanes (12 
t ha-1). Floricane density did not affect primocane yield or harvest times. 
Primocanes of ‘Polka’ were taller when floricanes were present, but 
primocanes of other cultivars were not affected. Results indicate that 
producing fruit on both primocanes and floricanes (double cropping) can 
improve sustainable overall yields. 
 
Growers in short season areas tend to use early primocane fruiting types 
because high fall yields are harvested before freezes. However, this study 
suggested that very early primocane fruiting cultivars may not be best 
choices for double cropping because they produce shorter canes with fewer 
nodes so their floricane fruiting potential is limited. The most productive 
cultivars for a specific region would produce early enough for acceptable 
primocane yields but not so early as to limit subsequent floricane yields. 
High tunnels tend to prolong the growing season and fall harvest period and 
may enable growers to choose somewhat later primocane-fruiting cultivars 
for double cropping in short season locations.  
 
Double cropping potential of newer raspberry cultivars (Hanson, Moses).  
This study was conducted between 2015 and 2017. Several newer primocane fruiting cultivars were grown 
in 3 gallon pots in a tunnel in Benton Harbor, MI. Plants were pruned to retain two floricanes and both 
floricane and primocane fruit were harvested.  Kweli, Imara, Prelude and Kwanza have produce high 
overall yields when double cropped. Largest fruited types were Kwanza, Josephine and Kweli (primocane 
fruit) and Kwanza, Encore and Josephine (floricane fruit). Types with superior storage potential and overall 
quality are Kweli, Imara and Kwanza. The quality characteristics of floricane and primocane fruit were 
surprisingly similar for each cultivar.  
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Primocane, floricane and total yield (g/plant) from raspberry cultivars planted in 2015 

in 3-gal bag pots and grown under high tunnels, Benton Harbor, MI. 

 

Cultivar  

Primocane yield Floricane yield Total yield 

2015 2016 2017 2016 2017 2016 2017 

Kwanza 0.22 ab 1.48  ab 0.69  b 1.43  ab 0.84  a 2.92  ab 1.52 bc 

Encore -- -- -- 1.14  bc 0.86  a 1.14   d 0.86  c 

Imara 0.32  a 1.33 abc 2.03  a 1.23  ac 0.80 ab 2.57 

abc 

2.83 a 

Josephine 0.30  a 0.89 bc 0.96  b 1.01 bcd 0.60 bc 1.90 

bcd 

1.56 bc 

Kweli 0.13 bc 1.90    a 1.39 ab 1.62   a 0.98  a 3.52   a 2.37 a 

Nantahala 0.30  a 1.19 abc 0.74  b 0.65   d 0.48  c 1.84  cd 1.22 bc 

Nova 0.04  c 0.52    c 0.57  b 1.24  ac 0.53  c 1.77  cd 1.09 bc 

Prelude 0.16 

abc 

1.46 ab 1.80  a 0.84 cd 0.62 bc 2.30 bc 2.42 a 

 
 

Average weight and mold incidence of primocane and floricane fruit of 

raspberries grown in pots under a high tunnel in Benton Harbor, MI. Data 

are means across three season (primocanes) or two season (floricanes). 

 Ave.  berry weight (g) Moldy incidence after storage (%) 

Cultivar  Primocane Floricane Primocane Floricane 

Kwanza 4.1 a 4.2 a 4.2 ab 2.3 a 

Encore   4.2 ab   2.1 a 

Imara 3.6 ab 3.6 bc 4.2 a 0.9 a 

Josephine 3.9 a 3.9 ac 3.7 bc 0.6 a 

Kweli 3.8 ab 3.6 c 4.4 a 0.7 a 

Nantahala 3.4 b 3.7 ab 2.1 d 3.1 a 

Nova 3.5 b 3.4 cd 4.0 ac 1.0 a 

Prelude 2.9 c 2.9  d 3.1 c 1.0 a 

 
 
Media comparisons for potted raspberries. (Hanson, Moses).  

We started studies in 2017 to compare several types of media for organic and conventional potted 

raspberries. In each study, plants of two cultivars (Polka, Kweli) were grown in 3 gallon pots. Plants were 

fruited on primocanes only in 2017 and 2018. Four media types (below) were compared: 1. Bark:peat 

70:30; Bark:peat:vermicomost 60:30:10; Coconut coir (Botanicoir Ltd., London) OMRI approved non-

buffered; Compost (leaf and food scrap). The fourth media was not included in the conventional study.  

The organic plants were fertigated with a mixture of four organically approved products from Agri Energy 

Resources LLC (N-Force, K-Sulfate Sol, Drammatic O fish, Pillar 15) to provide a 4-1-4 (N-P-K) ratio, and the 

conventional plants were fertilized with a conventional soluble fertilizer (Peters 21-5-20) to provide a 

similar ratio. 
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Effect of media type on yield and earliness of harvest of two 

raspberry cultivars grown in pots under a high tunnel in East 

Lansing, MI. 

  Yield (lb/plant) Date to reach 10% 

of total yield (2018) Cultivar Media 2017 2018 

Kweli Bark:peat 0.71 1.96 25 Aug 

Kweli Bark;peat;verm 0.60 2.25 22 Aug 

Kweli Coir 0.56 2.04 21 Aug 

Kweli Compost 1.16 2.10 25 Aug 

Polka Bark:peat 1.17 2.05 6 Aug 

Polka Bark:peat:verm 1.12 2.41 6 Aug 

Polka Coir 1.17 2.59 6 Aug 

Polka Compost 1.18 2.27 6 Aug 

 
 

Cumulative primocane yield from two raspberry varieties fertilized  
organically in 3-gal bag pots, East Lansing MI, 2018 

 

 
 
 
Rotating cross-arm trellis for blackberries under high tunnels (Hanson, Moses).  

We have struggled with a trial of Columbia Star, Natchez, Obsidian and Triple Crown blackberries planted 

in 2015 to determine if the trellis and row cover will protect less hardy cultivars from winter cold. Three 

rows were planted in a 26 ft wide high tunnel. The highest yields in 2017 were from Triple Crown (21,800 

lb/acre equivalent), whereas others with produced between 2,000 and 7,000 lb (see table). Yields of 

Natchez were greatly reduced by rabbits that girdled canes during the winter.  Voles or ground squirrels 

did substantial damage to all varieties accept Obsidian during the 2017/18 winter. In addition, a wind 

storm in April, 2018 blew the tunnel down and damaged some canes. Due to the degree of damage and 

lack of tunnel cover, we did not harvest plants for yield data in 2018. We are re-building the tunnel now, 

and have poison bate in place for the voles/ground squirrels and fencing to exclude rabbits. Plans are to 

harvest plots for the last time in 2019.  
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Wind damage to high tunnel and rodent damage to over-wintering canes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table-top Strawberry Demonstration (Hanson, Moses, Francis).  

We installed a gutter strawberry system (Haygrove Tunnels LTD) in a high tunnel in Benton Harbor in 2018. 

The system included four rows, each holding 32 1-meter long plastic bags filled with coconut coir. Each 

bag contained six plants of either ‘Albion’, ‘Redstart’ or ‘Wasatch’ day-neutral varieties.  Half of plants 

were potted and grown for a month in a greenhouse before planting (for an earlier start) and the other 

half were planted directly as dormant, bare-root plants.  Planting was in early May and flowers were 

removed until mid-June. Flowers were removed until early June. Fruit were picked from early July to mid-

October. ‘Albion’ and ‘Wasatch’ plants started early in the greenhouse yielded about 1.5 lb per plant and 

those started as dormant plants yielded half the amount. ‘Redstart’ plants yielded very little. They became 

overly vegetative and appeared to be a very weak day-neutral in this environment. ‘Wasatch’ also was 

overly vegetative compared to ‘Albion’. ‘Albion’ produced the largest average berry size (11.3 g), followed 

by ‘Wasatch’ (8.9 g) and ‘Redstart’ (7.0 g). 

Low yields likely had several causes. Powdery mildew and spider mite levels were significant and required 

several sprays to control. Plants may also have been over- or under-irrigated at different times. Overall, 

this system requires some time to learn and daily monitoring once it is operating. The gutter structure 

Blackberries on a rotating cross arm trellis in July (A), Oct (B), Nov (C) and Feb (D).

A B

C
D
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costs about $32,000 per acre (at our spacing) or about $320 per 100 feet of row, plus shipping. The 39 

inch-long bags cost $2.25 plus shipping.  

 
 
 
 
 
 
 
 
 
 
 
The Isaacs lab at MSU has been working on developing some extension videos focused on managing insect 

pests in high tunnels and on pollination of raspberries and blackberries in high tunnels. These will be 

edited and compiled this winter. 

 

Dr. Isaacs presented the talks “Pollinators for Berries” at the 2018 Great Lakes Expo in Grand Rapids, 

Michigan and “Shock to the IPM System: Spotted Wing Drosophila Management in Berry Crops” at the 38th 

Long Island Agricultural Forum in Riverhead, New York, January 9, 2019.  

New Hampshire (Kaitlyn Orde and Becky Sideman: University of New Hampshire) 

The objectives of the New Hampshire component of the TunnelBerries project are to understand the 
effect of mulch and low tunnel cover material on plant performance so that specific recommendations can 
be made for commercial producers. During the 2016 and 2017 growing season we evaluated black, white-
on-black, and no mulch, all in combination with four (2016) or five (2017) different photoselective films. In 
this study, we used the day-neutral cv. Albion (see “2016-2017 Material Study Results”). 

During the second year of the TunnelBerries project, we embarked on a cultivar evaluation experiment 
because it became clear that the well-known day-neutral cultivars were performing differently by site, or 
had not been evaluated at all for east coast production. More information about this project is outlined in 
the “2017-18 Cultivar Comparison Study” below. 

2016-17 Material Study Results 

At the time of the last report, our 2017 growing season had not yet ended. Final results showed that total 
marketable yields of ‘Albion’ in 2017 exceeded those in 2016, most likely because we did not encounter 
widespread Oriental Beetle (white grub) damage, as had occurred the previous year. Mulch treatment 
significantly impacted yield, and Albion plants on plastic mulch produced higher marketable yields than 
those on unmulched beds. Interestingly, marketable yields were comparable between black and white-on-
black plastic mulch, averaging 0.82 lbs/plant (black) and 0.83 lbs/plant (white-on-black) in 2016, and 1.2 
lbs/plant (black) and 1.04 lbs/plant (white-on-black) in 2017. In comparison, unmulched beds produced 
0.72 lbs/plant in 2016 and 0.95 lbs/plant in 2017.  

Low tunnels did not increase total marketable yields in either year of the experiment. However, when we 
focused on marketable yield during specific periods of the year, such as November, we did find that 
tunnels increased production during this time. This was especially the case in November 2017, when all 
plants covered by low tunnels produced significantly greater yields than open beds.  
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Interestingly, we observed that open beds (no low tunnel) tended to produce greater total yields 
(marketable + unmarketable). Nevertheless, this increase in total yield was not marketable, and in both 
years, we found that the presence of low tunnels increased the percentage of marketable yield (for the 
entire season) by 10-15% over open beds (Figure 1). Different low tunnel films did not influence total yield 
or fruit weight in our study, though we did notice that low tunnels in general tended to increase 
marketable fruit weight over open beds. 

During the two years we spent installing and managing low tunnels, we felt that the 6 mil low tunnel films 
were challenging to manage and were not “user-friendly”, in comparison with lighter plastic. When the 
sides of the low tunnel were “scrunched” up, the 6-mil plastics slipped back down, and would not remain 
open. Instead, they required that we roll the sides up to keep the plastic film from falling. Furthermore, it 
was far too time consuming to lower the tunnels for individual rain events because the plastic needed to 
be unrolled and re-rolled. Due to this management challenge and no evidence that the photoselective 
plastics were having positive effects on production, we added a thin 1.5 mil low tunnel film (from Dubois 
Agrinovations, Quebec, Canada) to our experiment in 2017. This film proved far easier to manage as it 
remained vented when lifted, and was quick to close and reopen when it rained. This film was selected for 
a supplemental experiment where we could construct much larger low tunnels and compare the 
performance of multiple cultivars both under low tunnels and open beds.   

Table 1 presents marketable and unmarketable yield for both years together and separately in g/plant. 
 

  

Figure 1. Effects of cover treatment on the percent marketable yield in the 2016 and 2017 growing 
seasons. No LT = no low tunnel/open beds; KL+ = KoolLite Plus (6 mil); TIV = Tufflite IV (6 mil); UV-O = 
Lumivar (6 mil); UV-T = Lumisol (6 mil); 1.5 mil = 1.5 mil transparent cover with perforated sides. Within 
year, means followed by the same letter are not significantly different by Tukey’s HSD test at P ≤ 0.05 
(n = 12). 
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2017-18 Cultivar Comparison Study 

Treatmentz Both Years Analyzed 
Together (2016 & 2017) 

2016 2017 

MARKETABLE YIELD (g/plant) 

Year    
   2016 360.1 by   
   2017 483.3 a   
Mulch     
   Black 449.3 a 370.7  532.9 a 
   White-on-black 435.7 a 376.4  492.7 a 
   No mulch 380.0 b 328.0  432.7 b 
Cover     
   No LT 403.1  354.1  ab 447.2  
   KL+ 450.8  355.7 ab 546.2  
   TIV 400.1  322.7 b 477.5  
   UV-O 427.0  369.7 ab 484.3  
   UV-T 427.3  389.5 a 461.2  
   1.5 milx     500.2  
Significancew    
   Mulch    ** NS ** 
   Cover NS * NS 

   Mulch  Cover NS NS NS 
   Year ***   

   Mulch  Year  NS   

   Cover  Year NS   

   M  C  Y NS   

UNMARKETABLE YIELD (g/plant) 

Year    
   2016 89.2 b   
   2017 109.0 a   
Mulch    
   Black 103.2  90.2  110.5  
   White-on-black 93.4  87.6  94.5  
   No mulch 100.7  88.3  106.4  
Cover     
   No LT 156.7 a 146.1 a 166.7 a 
   KL+ 84.6 b 64.6 b 104.0 b 
   TIV 80.7 b 72.4 b 88.9 b 
   UV-O 83.6 b 75.1 b 92.1 b 
   UV-T 90.0 b 85.2 b 93.4 b 
   1.5 mil     77.8 b 
Significance     
   Mulch    NS NS NS 
   Cover *** 

NS 
*** 
NS 
NS 
NS 

*** *** 

   Mulch  Cover NS NS 

   Year   

   Mulch  Year    

   Cover  Year   

   M  C  Y   

Table 1. Effects of mulch and cover treatments on marketable and unmarketable yield of the day-neutral 
cultivar ‘Albion’ in separate experiments conducted in 2016 and 2017 in Durham, New Hampshire.  

 

zBlack and white-on-black are 1.25 mil plastic mulch. No LT = no low tunnel/open beds; KL+ = KoolLite Plus (6 mil); TIV = Tufflite 
IV (6 mil); UV-O = Lumivar (6 mil); UV-T = Lumisol (6 mil); 1.5 mil = 1.5 mil transparent cover with perforated sides. yMeans 
followed by the same letter within treatment and year are not significantly by Tukey’s HSD test at P ≤ 0.05. x1.5mil was not 
included in analyses of both years. wNS = not significant; *P = < 0.05; **P = < 0.01; ***P = < 0.0001. 



11 
 

For this study we selected one film, one mulch, and 6-7 cultivars. We used thin 1.5 mil low tunnel film 
(manufactured by Trioplast, sold by Dubois Agrinovations) in combination with black plastic mulch. While 
white mulch may be more suitable for other more southern locations, in northern New England, black 
plastic remains the industry standard for vegetable crops and is already being adopted in plasticulture 
production of short-day cultivars. It also tends to be less expensive than white-on-black mulch. Given this 
reality, we felt it is more likely to be selected by commercial growers adopting day-neutral cultivars.  
 
The day-neutral cultivars included in this study in 2017 were Albion, Aromas, Monterey, Portola, San 
Andreas, and Seascape. In 2018, Cabrillo and Sweet Ann were added and Aromas was not included due to 
lack of availability. Dormant bare-rooted plants were planted by early May in both years at a spacing of 
16” between plants within row. The first flush of flower trusses was removed and we began fertigating at 
a rate of 5lbs N/acre/week by July. 
 
In 2017 we found that for all cultivars, marketable yields were comparable between open beds and low 
tunnels, but that open beds produced greater unmarketable yields. Again, this resulted in a greater 
percent marketable yield under low tunnels. Using our relatively spacious plant spacing of 13,068 plants 
per acre, marketable yield ranged from 8,228 lbs/acre for Portola, to 12,565 lbs/acre for Albion. 
Marketable yield for Albion, Aromas, and Monterey were equally high, followed by San Andreas. Portola 
and Seascape were the lowest yielding cultivars. Production patterns also differed among cultivars, 
highlighting the importance of cultivar selection (Figure 2), though it will be important to compare 
production patterns over the course of several years before drawing any definitive conclusions.  
 

 

 

While not part of the same experiment, it is worth noting that Albion produced an average cumulative 
yield of 532.9 g/plant in the original material study and only 389.1 g/plant in the cultivar study (both 
averages from black plastic mulch). The primary difference between these studies was runner removal 
frequency, with runner removal occurring 2x/month in the material study and 1x/month in the cultivar 
experiment. 
 

Figure 2. Weekly marketable yield of six day-neutral cultivars during the 2017 
growing season. Yield is an average of open beds and low tunnels because 
production was not significantly different between cover treatments.  
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Data from our 2018 experiment have not yet been analyzed but we have experienced much higher levels 
of precipitation in 2018 than any other time during the TunnelBerries project. Since August, we have 
observed very high rates of anthracnose fruit rot and Botrytis fruit rot on berries coming from the open 
beds, and little evidence of these pathogens from under the low tunnels. The low tunnels appear to be 
dramatically decreasing the incidence of fruit rot. In a wet year this would certainly reduce the need for 
fungicide application and also prolonging the availability of marketable fruit farther into the fall. Both 
Spotted Wing Drosophila (SWD) and slugs have also been present in high numbers this season.  
 
Fruit are for the cultivars included in the 2017 experiment are shown in Figure 3.  
 

 

   

Outreach/Deliverables from University of New Hampshire (to date) 
 
Guides / Reports 
2018 – Low Tunnel Strawberry Production Guide. University of New Hampshire Extension Publication. 
https://extension.unh.edu/resource/low-tunnel-strawberry-production-guide  
By: K. Orde, B. Sideman, M. Pritts, and K. Demchak. 2018.  
 
Grower Meetings (hands-on learning opportunities) 

‘Albion’ ‘Aromas’ ‘Monterey’

‘Portola’ ‘San Andreas’ ‘Seascape’

Figure 3. Six day-neutral cultivars included in 2017 cultivar comparison study at UNH in Durham, New 

Hampshire.   

 

https://extension.unh.edu/resource/low-tunnel-strawberry-production-guide
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2018 – ‘Under the Vines’ Growers Meeting (Durham, NH): Demonstrated and talked extensively about the 
low tunnel system used at UNH and day-neutral strawberry production, including variety selection and 
production systems. Distributed Low Tunnel Production Guide to attendees. 
 
2018 – Growers Meeting at Brookdale Fruit Farm (Hollis, NH): Talked with growers about day-neutral 
production, effects of low tunnels, and distributed Low Tunnel Production Guide. Low tunnel system was 
setup for attendees to see. Excellent turnout at this meeting (~80-100 people). This may be a good 
location for future meetings and low tunnel demonstration since Brookdale sells the system. 
 
2017 – Seedless Table Grape & Fall Strawberry Field Meeting: Demonstrated the low tunnel system and 
discussed the effects of low tunnels on production and our experience with day-neutrals in New 
Hampshire.   
 
2017 – Durham Farm Day: Provided tours of UNH’s Research Farm and discussed low tunnels, material 
selection, and strawberry plant types. Several growers in attendance.  
 
2017 – Woodman Farm Twilight Meeting: Discussed the TunnelBerries project, low tunnels, material 
selection, and day-neutral cultivars and their potential for season-extension.  
 
2016 & 2017 – Farm and Forest Expo: Talked with the public about current strawberry and low tunnel 
research.  
 
Formal Talks/Presentations at Grower Meetings on Low Tunnels/Plastics 

• New Jersey Agricultural Convention and Trade Show (NJ, 2018) 

• Empire State Producers EXPO (NY, 2018) 

• Farm and Forest EXPO (NH, 2018) 

• New Hampshire Vegetable and Berry Growers Association Meeting (NH, 2017) 
(https://extension.unh.edu/resources/files/Resource006465_Rep9265.pdf) 

• New England Vegetable and Berries Growers’ Association and New England Cooperative 
Extension’s 593 Meeting (2017) 

• New England Vegetable and Fruit Conference and Trade Show (NH, 2017) 
(https://unh.app.box.com/s/usejibf13aqfesqhexrcutq1n2850abd)  

 
Future Outreach Plans 
We are happy to accept input on future outreach from this project.  
 
Since we are overwintering our 2018 day-neutral experiment, we will likely reassemble low tunnels over 
plants for a spring crop. This may allow us to have one more hands-on grower field day at our research 
farm in Durham, NH. We will continue to attend regional Twilight meetings where low-tunnels can be 
demonstrated and discussed.  
 
Furthermore, this winter we hope to summarize our yield (and other) data from our day-neutral variety 
experiment and put together an in-depth variety guide. It is worth noting that we have also had some 
really excellent exchanges with commercial growers on the topics of low tunnel and day-neutral 
production through our lab’s Instagram page (@UNH_SidemanLab), where we now have about 250 
commercial farmers following our research. We plan to continue using this as a tool for communication 
and targeting outreach to that community. 

 

https://extension.unh.edu/resources/files/Resource006465_Rep9265.pdf
https://unh.app.box.com/s/usejibf13aqfesqhexrcutq1n2850abd
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New Jersey (David Lewus and A.J. Both: Rutgers University) 

Past Activities 
David Lewus (graduate student) spent three months at Seoul National University in Seoul, South Korea to 
learn about computational fluid dynamics. This technique involves the creation of simulation models that 
for our purposes involve high tunnels structures and their impact on air movement. Based on the 
structural design and additional input parameters such as outside wind direction and speed, the 
simulation model is able to determine resulting airflow patterns through the high tunnel. The software has 
powerful visualization capabilities that help us better understand how changes in ventilation management 
(e.g., position of vents and associated opening areas) impact the conditions inside a high tunnel. Upon his 
return to the US, David designed and installed an instrument package at the Penn State High Tunnel 
facility. He has worked closely with Kathy Demchak and Matt Cooper to coordinate these activities and the 
data collected is recorded on a data logger that David can access periodically through a remote internet 
connection. Data recorded with the instruments will be used to help calibrate the simulation model. 
Because the simulation model requires substantial computing capabilities, David built a dedicated 
computer system that has sufficient capacity to handle the necessary calculations in a reasonable amount 
of time. He is using the knowledge gained during his time in Korea to further refine his simulation model. 
Once the simulation model is sufficiently calibrated, alternative high tunnel designs (e.g., with roof and 
sidewall vents) and ventilation management strategies (e.g., leeward or windward side openings, or both) 
can be evaluated. The ultimate goal is to be able to make recommendations to high tunnel growers about 
the best ventilation management strategies based on the location and design of their high tunnel 
structures. 

 

Photograph: One of the high tunnels at Penn State that, with support from Rimol Greenhouse Systems, 
was outfitted with motorized roll-up sidewall vents and a rack and pinion operated roof vent (visible on 
the left). 
 
Future activities 
David plans to further refine his simulation model and report on his preliminary findings during the first 
part of 2019. He plans to report about these findings at an international scientific meeting in June 2019. 
Environmental data using the Penn State instrument package will be collected during the entire 2019 
outdoor growing season. By the end of the 2019 outdoor growing season he should have sufficient data to 
finalize his simulation model. At that point, a series of simulation runs are planned to make final analyses 
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of high tunnel structural designs and appropriate ventilation management strategies. All of this work will 
eventually be compiled into David’s Ph.D. dissertation. 
 

New York (Marvin Pritts, Lois Levitan, Laura McDermott, Kasper Kuehn: Cornell University)  

Day neutral strawberry plant management under tunnels 
Marvin Pritts, SIPS, Horticulture, Cornell University, Ithaca, NY 
 
Day neutral cultivars from California have the potential to produce large, flavorful fruit well into 
November in the northern tier of states, provided they are grown under low tunnels. Growing practices 
that are appropriate for typical short-day plants are not applicable for day neutral strawberries. Therefore, 
we have attempted to answer some of the fundamental questions that growers will have when 
considering producing these new types of strawberries. All plants were planted into white plastic mulch in 
early May and plastic covers were later installed to protect plants from heavy rain and/or cold 
temperatures.  
 
Rate of fertigation 
Short-day strawberries are fertilized once after renovation and again in early fall, but this strategy is not 
appropriate for day neutral cultivars as experience has shown that they need continuous feeding during 
the growing season. Newly-planted ‘Albion’ plants were fertigated at 4 rates of N (0, 2.5, 5 and 10 lb/A-
week) in 2017 with +/- pre-plant N incorporation of 60 lb/N. In June 2018, the second year harvest began. 
Second year harvesting usually lasts only a few weeks and, in this study, yields were 25% those of the first 
fruiting season (about 5,000 lb/A vs 20,000 lb/A).  
 
The 5 lb/wk rate of N was optimal for production in 2017 but there was no difference in the second year 
yield (2018). In fact, we would not recommend N fertilizer when holding plants over for a second year 
provided that the first year fertility program was adequate. 
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Overwintering  
California day neutrals often do not survive well over the winter, even though they have the potential to 
produce a significant spring crop in their second year. Strawberries (cv. Albion) were grown under low 
tunnels in 2017 and overwintered into 2018. Fall-applied overwintering treatments included (1) control, 
no covering; (2) standard straw mulch (covered Dec. 1); (3) two sheets of row cover applied on Dec. 1st; 
(4) straw mulch applied on Nov. 15, (5) flower removal from Oct. 1st onward until mulching on Dec. 1st, (6) 
flower removal from Oct. 15th onward until mulching on Dec. 1st, and (7) weekly applications of 5% foliar 
urea spray beginning on Oct. 1st plus straw mulch on Dec. 1st. Data were collected on winter survival and 
yield.  
 
Allowing plants to fruit late into the season (i.e. past mid-October) is detrimental to winter survival, 
suggesting that there is a trade-off between having very late fruit and a reasonable spring crop the 
following year. Carbohydrate levels seem to be driving this relationship. Treatments that would have 
reduced carbohydrate levels going into fall (early mulching, applying late season fertilizer, fruiting into 
November; 1, 4 and 7) resulted in poor winter survival and low spring yields per plant. Treatments that 
would have increased carbohydrate levels (early deflowering - 5 and 6; translucent row cover, 3) improved 
winter survival and spring yield per plant. We are now evaluating the trade-off between fall yield and 
spring yield. 
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Exclusion netting 
Insect exclusion netting of various mesh sizes was used over ‘Albion’ strawberries to determine if harmful 
insects could be physically excluded while still allowing pollination to occur. Results suggest that screening 
over plantings can increase marketable yield per plant as the control (uncovered) plots had the smallest 
amount of marketable yield per plant, followed by improved yields with smaller mesh sizes.  
 
The cause of increasing yield with smaller mesh sizes is unknown, but might partially be attributed to 
exclusion of tarnished plant bugs. Apparently exclusion of pollinators is not detrimental in ‘Albion’ if some 
wind movement is possible under the covers. 

 

 
 
These studies, combined with research on planting date, cultivar performance and plastic type, have 
allowed us to develop grower recommendations for these new types of strawberry. 
https://www.tunnelberries.org/ 
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Pennsylvania (Kathy Demchak, Matt Cooper, Maria Cramer and Rich Marini: Pennsylvania State 

University) 
High Tunnels 
Recap of PSU work 
In 2015, 5 plastic film coverings were chosen based on their spectral transmittance characteristics and 
each was used to cover 3 single-bay high tunnels in a randomized design.  In spring of 2016, 2 cultivars of 
raspberries (‘Polka’ and ‘Josephine’) were planted in 3-gallon grow-bags and data has been collected on 
them ever since.  ‘Albion’ strawberries were grown in 1-gallon grow-bags in 2016 and 2017.   Two low 
tunnel experiments looking at the same plastics in the field were conducted.  One was established in 2016 
and carried over into 2017, and a second low tunnel experiment was conducted in 2017 but not carried 
over.  
 
For reference, graphs of the light transmittance characteristics for each of the plastics used on the tunnels 
appear below using data collected on May 9, 2018 from high tunnels.  The lines that appear in each graph 
are for the 3 high tunnels (1 in each replication) covered with each plastic. 
 

 
 
High Tunnel Raspberries 
Unlike during the winter of 2016-17, when plants were overwintered in the tunnels by being laid down 
and covered with row cover, plant were moved to the lower level of an unheated bank barn in December 
for Winter 2017-18 after being labeled with their tunnel location.  They remained in the barn until the first 
week of April 2018.  Overwintering this way was greatly preferable to keeping them in the tunnels.  
Though we had a slight amount of vole damage due to apparently transporting a potted vole into the barn 
with the plants, plants suffered no other damage.  There was some mold that grew on the canes, which 
was concerning at first, but this may have been a saprophytic fungus, as the mold disappeared with 1-2 
days of the plants being brought out of the barn and seemed to have  no effect on plant growth.  Unlike in 
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the spring of 2017 when plants started growing while temperatures were still potentially damaging and 
irrigation lines were still frozen, irrigation lines and emitters were cleaned and ready for watering to begin 
by the time the plants were brought out of the barn.   
 
Plants were spaced further apart – on 18-inch centers compared to 12-inch centers in 2017.  8 ‘Polka’ and 
8 ‘Josephine’ were each returned to their respective tunnels for tunnels covered with no plastic, Tufflite 
TIV, Ginegar Sunsaver, and Klerks-Hyplast KoolLite Plus.  Tunnels covered with experimental UV-
transmitting (UV-clear) and UV-blocking plastics were filled with 32 ‘Josephine’ plants each in order to 
establish experiments on SWD managment.   
 
Plants were fertigated with 100 ppm N using Plant Marvel 20-7-20 for high bicarbonate waters from spring 
through the end of summer, then with 75 ppm N from Sept. 21 – Oct. 12, 50 ppm N until Nov. 22, and 
then just water after that.  Their final watering was on Dec. 17th prior to moving them into the barn for the 
winter of 2018-19 on Dec. 19-20. 
 
In all except the venting tunnels, floricane fruit was harvested 3x per week from June 13 through July 20 
(Polka) or July 23 (Josephine). The beginning of harvest was delayed compared to last year, presumably 
due to the plants being kept cold in the barn.  Primocane fruit harvest began on July 20 for ‘Polka’ and 
Aug. 6 for ‘Josephine.  Harvest from floricanes vs. primocanes was divided by harvesting green fruit on the 
last floricane harvest date and then removing the floricanes.  The final harvest was on Nov. 19.  
 
Pest data collection was focused on Japanese beetles and spotted wing drosophila, with data collected on 
numbers of Japanese beetles every 3-4 days in 2018.  Spotted wing drosophila numbers in vinegar traps 
were collected weekly for most of the year in the tunnels.   
 
Raspberry Pi dataloggers continued to collect temperature and relative humidity in some of the tunnels 
inconsistently.  Leaf temperature was collected weekly using a hand-held infrared temperature (radiation) 
sensor (Apogee Instruments Model MI-220) from June 7 through Nov. 13, and then again on Nov. 29 in all 
tunnels that had both ‘Polka’ and ‘Josephine’ in 2018.  Temperatures were taken at 3 locations on each 
side of each row on days that had the most consistent sky conditions – either clouds or sun – and light 
winds.  For weeks when there were no “good days” (i.e., when variable sky conditions were unavoidable), 
PAR levels were measured before and after each tunnel’s IR temperature readings were taken, and on 
somewhat breezy days, wind speed was also measured. 
 
An Apogee Instruments Model PS300 spectroradiometer was purchased and used to measure spectral 
transmittance into the tunnels once per month at solar noon on days with clear sky conditions.  Data were 
also obtained from samples of plastics used in low tunnel experiments in NH and PA.    
 
2018 yield data is still being entered or was just recently entered and is in the process of being checked for 
accuracy.  Most of the yield data from 2017 was analyzed last winter and appears below as does some 
2016 data for comparison and means for 2018 floricane yield.  Results on comparisons of 2016 and 2017 
Japanese beetle data, and 2018 experiments on spotted wing drosophila also are presented. 
 
High tunnel yield and berry quality results 
2017 Strawberry yield.  In 2017, none of the plastics resulted in total strawberry yields significantly 
different from the other plastics, though all produced more than outside plants, as would be expected.  
The average total yield per strawberry plant was 2.0 pounds per plant, which was an amount we hoped to 
achieve to ensure economic viability of the system.  Strawberries grown under KoolLite Plus and the 
experimental UV-blocking plastic were about 10% larger than those grown outside, and the percentage of 
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marketable fruit under all plastics was about twice that for no plastic (74-75% vs. 37% marketable fruit).  
Fruit anthracnose was the main cause of unmarketable fruit on outdoor plants. 
 

High Tunnel 
Yield 

Strawberry 
(7/14/17 – 11/8/17) 

Raspberry (5/26/17 – 11/8/17) 6/13/18–7/16/18 

Total Yield Marketable Yield Total Yield 

 Total Yld Mkt Yld Josephine Polka Josephine Polka Joseph. Polka 

 lb/plant lb/lin ft = lb/plant   

Plastic         

None  0.59b 0.22b 1.22b 0.92c 0.61b 0.30b 0.73 0.27 

Tufflite TIV  2.02a  1.49a 3.58a 4.64a 2.35a 2.58a 1.78 1.23 

KoolLite Plus 1.85a      1.38a 3.01a 3.96b 1.85a 2.23a 1.37 1.18 

Gin 
Sunsaver 

2.05a 1.51a 3.34a 3.94b 2.19a 2.26a 1.52 0.92 

UV Clear 2.16a 1.62a 3.42a 3.67b 2.11a 2.17a 1.42 -- 

UV Blocking  1.94a 1.46a 3.57a 3.72b 2.30a 2.03a 1.65 -- 

        

p(F)*      

  Plastic <0.0001 <0.0001 <0.0001 <0.0001 not yet analyzed 

  Cultivar -- -- 0.0531 0.82 not yet analyzed 

  Plastic x cv -- -- 0.0384 0.14 not yet analyzed 

*Numbers less than 0.05 mean results are statistically significantly different. 
 
2017-18 Raspberry yield.  ‘Polka’ raspberries under Tufflite IV outyielded those under any other plastic, 
though plants under any plastic type produced better than plants under no plastic.  ‘Josephine’ plants 
under the various plastics did not produce significantly different amounts, though all produced more than 
plants under no plastic, and plants under TIV and the UV blocking experiment plastic were among the 
higher yielding.  Differences between plastics became statistically non-significant when marketable yield 
was considered, though the same overall trends still held.  Berry size was larger under all plastics than no 
plastic for both cultivars.  There were some differences in percentage of marketable fruit between plastic 
types, but they were fairly small.  In 2018, there was a larger proportion of ‘Polka’ fruit showing symptoms 
of sunscald under Tufflite IV plastic than under other plastics on 2 harvest dates when sunscald was 
especially problematic.  Though it is early to say for sure, yield trends among plastics seem to be following 
a similar pattern to those of 2017.  
 
Pest management   Some of the more interesting effects of the plastics continued to be those related to 
insect control.  2017 and 2018 data below was collected by Maria Cramer as related to her thesis.  Maria 
successfully graduated in Dec. 2018.   
Pest management – Japanese beetle.  Data on Japanese beetle effects in 2017 were very similar to those 
from 2016, with the exception that KoolLite Plus seemed less effective than it had been.  Data from 2018 
has not yet been entered, but effects of plastics seemed somewhat less noticeable than in previous years.  
A comparison of light transmittance data shows that some of the plastics that block UV light are allowing 
more through than they had when they were new, and all plastics are transmitting slightly less light in 
total.  Because Japanese beetles prefer bright light, and seem to be dissuaded by UV light, a lessening of 
both of these features in the plastics may be dampening the differences between them over time.  Data 
will continue to be collected through 2019 so a more complete picture of effects can be obtained over the 
life of the tunnels’ coverings.  The figures and tables below show number of Japanese beetles removed in 
2016 and 2017.  The first 9 dates in 2016 are shown separately because the outdoor plants, which were 
just becoming established in that year, had to be moved into tunnels to prevent them from being 
demolished by the beetles.   
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Cumulative numbers of Japanese beetles counted on 12-plant plots of two raspberry cultivars grown in 
high tunnels with six plastic treatments over time in 2016 and 2017.      

 
 

 
 
In 2016, all plastic types reduced the number of beetles feeding on the plants greatly, with plastics that 
blocked more UV light reducing Japanese beetle numbers to the greatest extent. In that year, Japanese 
beetles were counted and removed daily.   
 
In 2017, beetles were removed and counted every 5 days, as there was some concern that the daily 
removal in 2016 may have negatively affected the extent to which Japanese beetles could locate the 
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plants, as the plants produce volatiles that serve to attract other beetles when damaged.  Whether the 
greatly increased numbers of beetles in 2017 was due to this less frequent removal, or the fact that plants 
were bigger and could support more beetles, is not known.  Regardless, the plastics still reduced their 
numbers greatly, though as mentioned, KoolLite Plus was less effective than it had been in 2016 overall.  
In part, this may have been caused largely by an influx of beetles into one of the corner tunnels for the 
first 2 removal dates, which was a tunnel covered by KoolLite Plus.  This is the tunnel closest to about a 4-
acre field that has been planted in various agronomic crops including soybeans and buckwheat, which may 
have affected the number of Japanese beetles emerging from the sod near the field.  This means that 
there may be some circumstances under which the plastic(s) effects can be overwhelmed, or it could that 
this tunnel was less effective for some other reason.   
 
LSmeans for cumulative numbers of Japanese beetles collected from 12-plant rows of two raspberry 
cultivars grown in high tunnels with 6 covering treatments in 2016. 

         Cumulative number for 1st 9 dates            Cumulative Season Total 
Treatment              ‘Josephine’   ‘Polka’                ‘Josephine’ ‘Polka’  

No plastic     182az        *    357a        - - -           - - - 
Tufflite IV       38b       64b       152a    180a 
KoolLite Plus       25b       37bc         65b      74b 
Ginegar Sunsaver      17b       21bc         48b      44b 
UV Clear       35b       57b       142a    130a 
UV Blocking       28b         8c         34b      11b 
z Lsmeans within columns followed by common letters do not differ at the 5% level of significance during 
the first 9 dates, and for the season total, by slicediff in GLIMMIX. Asterisks indicate that cultivars within 
the plastic treatment differ at the 5% level. 
 
Cumulative numbers of Japanese beetles collected from 12-plant rows of two raspberry cultivars grown in 
high tunnels with 6 covering treatments in 2017. 

Treatment  ‘Josephine’  ‘Polka’ 
 
No Plastic      897az  *   658a 
Tufflite IV      287b  *              429b 
KoolLite Plus      403b     439b 
Ginegar Sunsaver     138c     159cd 
UV Clear      270bc    250c 
UV Blocking        85c       35d 
z Lsmeans within columns followed by common letters do not differ at the 5% level of significance by 
slicediff. Asterisks between cultivars indicate that the cultivars within that plastic treatment differ at the 
5% level. 
 
 
Pest Management – Spotted wing drosophila.  Plastic covering effects on SWD numbers in traps showed 
statistically significant differences in 2016 and 2017, but trends were completely different in the 2 years. 
Most noticeable was that SWD numbers were higher outside tunnels in 2016, but higher inside tunnels in 
2017.   This indicates that another factor, such as the weather, may have been influencing the results.  
One theory is that 2016 was much warmer, so temperatures inside tunnels may have been warmer than 
SWD’s preferred range, and 2017 was cool and wet, so temperatures inside the tunnels may have been 
preferable.  Foliage density and fruit quantity was also much greater in 2017 on plants in the tunnels, so 
this may have had an effect as well.  Numbers were much higher overall in 2017. 
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The effect of plastic on total SWD trap captures in 2016 and 2017 in high tunnel raspberries.   
         Mean cumulative SWD trap counts 
Plastic     2016   2017  

No Plastic     194a z      809b   
Tufflite IV     114ab    1369ab  
KoolLite Plus       74b    1187ab 
Ginegar Sunsaver      96b    1531ab  
UV Clear       90b    1153ab   
UV Blocking       57b    1815a  
z Lsmeans within columns followed by common letters do not differ at the 5% level of significance, by 
Tukey’s test. 
 
In 2018, Maria undertook a series of experiments using ‘Josephine’ raspberry only under tunnels covered 
with UV-clear and UV-blocking plastics, which allowed her to establish 4 treatments in each tunnel.  She 
also ran a series of lab and caged experiments at the USD Appalachian Fruit Research Station in 
Kearneysville, WV in Tracey Leskey’s lab.  One purpose of these experiments was to determine whether 
UV-blocking plastics would interfere with SWD’s ability to find fruit or attracticidal spheres, which were 
intended to be used in later research.  It appeared that it didn’t, so work progressed. 
 
Subsequent to the above work, experiments were established in UV-Clear and UV-Blocking covered 
tunnels with ‘Josephine’ plants.  The experiments looked at the effect of UV-blocking vs. UV-clear plastic, 
harvest interval (3x per week vs. daily harvest), and attracticidal spheres or no spheres for a total of 8 
treatments in a split-split plot design.  The spheres are red balls with a wax cap that contains a mixture of 
the insecticide Delegate and sugar.  Two short-duration (11-day-long) experiments were run with a 2.5-
week period in-between the experiments where fruit was removed. Sphere and harvest interval 
treatments were re-randomized for each experiment.   Salt flotation was used to determine the number of 
larvae per fruit in each plot with sample size varying, but limited to a maximum of 50 fruit per harvest 
date. 
 
Results were somewhat complicated, and are still being pondered, but the bottom line was that it 
appeared that SWD may have tended to lay fewer eggs in fruit under UV-transmitting plastics, but not in 
every treatment combination, and that both shortened harvest interval and the presences of spheres 
reduced larvae in fruit.  Regarding these two last factors (spheres and harvest intervals) there was the 
effect that if either practice were employed, numbers were already reduced, so the combined effect was 
not additive.  These experiments were short in duration, so it is unknown whether season-long use of 
treatments would potentially reduce larval numbers to very low levels, or whether they would level off.  
Additional work is needed in this area.  Numbers bolded below are for standard practices under each 
plastic, and those underscored show the effect of combining spheres with reduced harvest intervals. 
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   Expt. 1 (Aug. 21-
31, 2018) 

Expt. 2 (Sept. 17-28, 2018) 

Plastic Type Attracticidal 
sphere trt 

Harvest 
frequency 

 No. larvae/fruit in firm (mkt) fruit No. larvae/fruit 
in unmkt fruit 

       

UV-Clear No sphere M, W, F  0.75 0.51 0.42 

UV-Clear No sphere Every day  0.80 0.34 0.33 

UV-Clear Sphere M, W, F  0.11 0.13 0.18 

UV-Clear Sphere Every day  0.08 0.28 0.15 

       

UV-Blocking No sphere M, W, F  0.82 0.78 1.06 

UV-Blocking No sphere Every day  0.51 0.36 0.43 

UV-Blocking Sphere M, W, F  0.44 0.34 0.29 

UV-Blocking Sphere Every day  0.34 0.26 0.24 

       

 p(F)*     

   Plastic  .47 .047 0.002 

   Sphere  .002 <0.0001 <0.001 

   Harvest frequency  .0004 .029 0.006 

   Plastic x sphere treatment  .26 0.69 0.51 

   Plastic x harvest frequency  .75 0.04 0.04 

   Sphere x harvest frequency  .21 0.006 0.03 

   Plastic x sphere x frequency  .65 0.99 <0.0001 

*Numbers less than 0.05 mean results are statistically significantly different. 
 
Temperature Effects of Plastics.  Temperature effects were variable.  However, on very sunny mornings, 
plants under Tufflite IV tended to have warmer leaf temperatures that KoolLite Plus, indicating a faster 
warmup, and outdoor plants were nearly always cooler than plants under any of the plastics.  
 
Light Transmittance Effects of Plastics.  
Data is being collected on light entering each of the tunnels monthly, centered around solar noon, and 
when possible, on a sunny day, which was a challenge for the last growing season.  Light transmittance 
appears to be changing over time, with the changes being somewhat different for each plastic.  More data 
needs to be collected over the next few months, and comparisons made to better understand what is 
happening with each of the plastics. 
 
 
 
 
Low Tunnels 
Low tunnel data is continuing to be analyzed with Kaitlyn Orde at the University of New Hampshire. 
Overall, there largely appeared to be a lack of significant differences between plastic covering types, 
though there appeared to be numerical differences.  Significant differences did exist between mulch types 
in PA, with white mulch outyielding black mulch, and both types outyielding no mulch.  Yields in high 
tunnels were about twice those of plants under low tunnels in 2017, but only slightly higher in 2016.   
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‘Albion’ total berry yield per plant (lb) and marketable  fruit (%)  in uncovered and low tunnel raised bed 
production, and compared to high tunnel containerized production in 2016 and 2017.    
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
High Tunnel Venting Study  
Some modifications were made to some of the structures to decrease the amount of wind damage that 
they incur, especially as related to the roll-up roof feature.   
 
Grower Survey 
The grower survey went through even more revisions over the last year, and was tested by some 
members of the advisory committee and team members.  Most suggested changes were incorporated 
while some others will be used in a later survey to avoid lengthening this one much beyond its current 
length. 
 
Outreach Efforts 
Talks given related to project since last year’s Dec. meeting in Michigan: 

Jan. 15, 2018.  New Holland, PA.  2018 New Holland Vegetable Day. 
 What’s New with Spotted Wing Drosophila and Other Small Fruit Pests? (co-presented with Maria 

Cramer) 
 High Tunnel Berry Production: What Are We Learning?   
Jan. 25, 2018.  Abbotsford, BC.  Lower Mainland Horticulture Improvement Association/Pacific Ag 

Show. 
 High Tunnels and Low Tunnels for Strawberry Production – Plusses and Minuses   
    Raspberry Production in High Tunnels – What Have We Learned?  
Jan. 30 – Feb. 1, 2018.  Hershey, PA.  Mid-Atlantic Fruit and Vegetable Convention. 
    Growing Strawberries in Containers: Tips for Success 
Feb. 6, 2018.  Atlantic City, NJ.  New Jersey Agricultural Convention and Trade Show.  
  High Tunnels in PA – What Are We Learning? 
Nov. 8, 2018.   Ithaca, NY as part of “mini-workshop” at Great Lakes Fruit Workers Conference.      

Container/Substrate Production of Strawberries in High Tunnels 
 Plastic Cover Type Effects on Raspberry and Strawberry Yield in High Tunnels 

 
Tours: 
Aug. 14-16, 2018.  Rock Springs, PA.  Six Ag Progress Days High Tunnel Tours (2 hours each). 95 attended 

in total.  About half general public and half growers based on show of hands. 
 

Plastic Covering  Uncovered Tufflite IV KL Plus 

2016 

Low tunnels  lb % lb % lb % 

  No mulch 0.44 46 0.48 65 0.54 54 

  Black 0.66 45 0.91 59 0.93 62 

  White on Black 0.84 30 1.03 59 1.24 54 

High tunnels  1.31 89 1.41 87 

2017 

Low tunnels  lb % lb % lb % 

  No mulch 0.47 47 0.53 52 0.58 55 

  Black 0.56 43 0.51 55 0.62 50 

  White on Black 0.48 25 0.85 47 0.90 50 

High tunnels  2.02 74 1.85 75 
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Videos: Two of the videos have finally been posted. 
 
Other: 
Two seminars presented to our department (Plant Science) at Penn State. 
    March 30, 2018.  K. Demchak.  Protected Culture: The Next Frontier for Berry Crops. 
    Nov. 9, 2018.  M. Cramer.  Shedding Light on Raspberry Pests: Effects of UV-blocking High Tunnel 

Plastic on Japanese Beetle and Spotted Wing Drosophila Populations 
 
Other info dissemination efforts. 
    American Society for Horticultural Science annual meeting. 

Aug. 1, 2018.  M. Cramer. Life under plastic - It’s Fantastic: Wavelength-Selective High Tunnel Plastic 
for Controlling Two Insect Pests in Primocane Fruiting Red Raspberry. 

Aug. 2, 2018.  K. Demchak.  Plastic Film Light-Transmitting Characteristics as Related to Berry Crop 
Production. Presented as part of the workshop "Microclimate Modification Effects on Fruit 
Physiology and Production". 

 
Plans for 2019: 
Half of the plants have been moved to the barn for overwintering, while half are remaining in the tunnels 
for the winter of 2018-19.   Dataloggers are collecting data on air and root temperatures in each tunnel 
and the barn for comparison.  Cane re-growth will be tracked, and if there are differences in soil 
temperatures between the tunnels, an attempt will be made to determine what the critically low root 
temperature may be.  Literature on this is skimpy, plus last year some extra plants left in the tunnels 
survived temperatures lower than those reported to be lethal in some research articles. 
 
A heavier focus will be placed on publishing results, and outreach efforts as the project wraps up. 
  

Vermont (David Conner:  University of Vermont) 

My work this year focused on understanding growers’ experiences with tunnels. I conducted a series of 
interviews of current growers and learned that tunnels bring many benefits (especially yield and quality). 
Many growers reported marketing benefits as well- out of season berries sold very well and in some cases 
attracted consumers who then bought other products. The main constraints were around ventilation and 
mechanization. Results of these interviews were published in HortTechnology. 
 
In addition I collaborated with Penn State researchers on a growers survey. 

 


