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Weed Management Options for Strawberries 
 

Eric Hanson 
Department of Horticulture, Michigan State University 

East Lansing, MI 48824. 
517.355.5191 x386  hansone@msu.edu 

 
Weed management in strawberries continues to be a challenge. Available herbicide tools have generally 
been limited, so registered materials need to be used appropriately to control most weeds. Effective 
management requires knowledge of the herbicides options and weed identification. Herbicide options 
available for Michigan strawberries are summarized in MSU Bulletin E-154, Michigan Fruit Management 
Guide. An excellent book on weed identification is ‘Weeds of the Northeast’ (Cornell University Press, 
1997). During the last couple years, Michigan strawberry growers have lost the use of one herbicide 
(Dacthal), but two new herbicides have become available (Spartan, Stinger), and the Sinbar label has been 
changed to allow more use options. Below are some suggestions for effective weed management in light 
of these changes. 
 
Site Preparation. 
If perennial weeds such as quackgrass, Canada thistle, red sorrel, or yellow weed sorrel are present, treat 
the site with glyphosate (Roundup, Touchdown) in the fall prior to planting. Treat weeds when they are 
still green and do not till for 1-2 weeks. The site can also be treated in the spring 1-2 weeks before 
planting, but this timing usually provides less control of perennial weeds. 
 
Planting Year. 
A large flush of weeds usually germinate shortly after planting. Sinbar or Devrinol can be applied shortly 
after planting to control these weeds. Use Devrinol 50DF at 4-8 lb/acre (lower rate on sandier soils), and 
irrigate to incorporate the herbicide into the soil. Devrinol can inhibit rooting of runner plants on very 
sandy soils. Use Sinbar 80W only if the soil contains more the 0.5% organic matter. Apply 2 oz/acre on 
sandy soils with 1-2% organic matter or 3 oz on heavier soils with more organic matter. Make sure your 
sprayer is calibrated and avoid spray overlap; berries are sensitive to excessive Sinbar.  Sinbar can be re-
applied from late summer to late fall as long as the total amount applied during the year does not exceed 6 
oz on the low organic soils or 8 oz on high organic soils. If Sinbar is applied when new strawberry leaves 
are present, irrigate soon after spraying. 
 
Stinger 3L is primarily a postemergent herbicide that controls a specific group of weeds when applied 
directly to the plants. Stinger can be used in July after new plants are well established. Plants in the 
composite, legume and nightshade families are sensitive to Stinger. Troublesome strawberry weeds in 
these families include Canada thistle, dandelion, common groundsel, marestail, mayweed, clover, vetch, 
pigweeds, and black nightshade. If these weeds are present, apply 1/3 pint Stinger per acre. 
 
If grasses become problems during the planting year, the post-emergent grass herbicides Poast 1.5L and 
Select 2E can be used. Follow label instructions carefully regarding timing and requirements of 
surfactants or crop oil concentrate.  
 



Sinbar 80W, Devrinol 50DF, or Spartan 4F can be very effective when applied just before mulching in 
late November or December. A Sinbar application prior to mulching can provide effective control of 
many weeds through the spring. Remember not to exceed the maximum yearly rates of Sinbar (6 oz on 
low organic soils, 8 oz on high organic soils). Devrinol at this time is very effective in controlling 
volunteer grain and other grasses in the spring. Spartan is a newer herbicide with a label for Michigan 
strawberries that needs to be renewed each year. The current label allows application of 4 to 8 oz per acre 
through Dec 15, 2004. Spartan appears safer on strawberries than Sinbar, and may control several 
troublesome weeds, including common groundsel (Senecio vulgaris), field pansy (Viola arvensis) , 
mayweed or dog fennel (Anthemis cotula) pineapple-weed or chamomile (Matricaria matricarioides) , 
several pigweeds (Amarathis sp.), white campion (Silene alba) , and yellow woodsorrel (Oxalis stricta). 
Yellow nutsedge (Cyperus esculentus) may be suppressed. Spartan can burn strawberry leaves if applied 
when emerged growth is present. This is why use is restricted to times when strawberries are not actively 
growing. Do not apply to sand soils that contain less than 1% organic matter. Potential for crop injury 
may also increase if soil pH is above 7.0. Like most new products, test this material on smaller areas to 
learn how it will perform on each farm.  
 
Established Plantings. 
In the spring of a fruiting year, Devrinol can be applied to control early season grasses and some 
broadleaf annuals. This is also a good time to treat emerged grasses with either Poast 1.5L or Select 2E. 
Stinger 3L can also be applied at this time (up to 30 days before harvest) if susceptible weeds are present. 
Rates are 1/3 to 2/3 pint per acre. Do not apply Stinger more than two times per year or exceed 2/3 pint 
per season. Stinger can cause minor cupping or twisting of leaves, and may cause fruit to ripen over a 
shortened period of time. 
 
Renovation after harvest is an important time from a weed management perspective because strawberries 
are more tolerant of herbicides at this time. This is an effective time to use 2,4-D amine to control most 
broadleaf weeds. Spray weeds and wait several days before mowing plants. Never use ester formulations 
of 2,4-D as injury will result. Stinger can also be applied at this time, but it may not control as many types 
of broadleaf weeds as 2,4-D. Renovation is also a useful time to treat with Sinbar. Make sure rate 
limitations are not exceeded. If new growth has begun after renovation, make sure Sinbar is washed off 
leaves by irrigating. We hope to again have a label to use Spartan at renovation time in 2005. 
 
This brings us back to late fall (pre-mulching), another key time for weed management. The herbicide 
options described for late fall of new beds apply for established beds as well.  
 
Lastly, I would be very interested in what growers have learned about the two new herbicides Spartan and 
Stinger. If you used these materials last year, please share your observations with me (517.355-5161 ext 
386, hansone@msu.edu) so other growers can benefit from your knowledge.  



New Insecticide Options for Michigan Strawberries 
 

Rufus Isaacs 
Department of Entomology, Michigan State University,  

205 CIPS, East Lansing, MI 48824 
 
OVERVIEW 
Successful strawberry production requires an understanding of the main insect pests of this crop, and 
knowledge of the available insect management approaches. This talk will review the main insect and mite 
pests and the main cultural, biological, and chemical approaches for strawberries in Michigan and the 
Midwest.  
 
The neonicotinoids are a class of insecticides that are active on sucking pests such as aphids and 
whiteflies, and with potential for control of some beetles and leaf-chewing insects. In the past year, we 
have evaluated Provado and Admire, two new insecticides from the neonicotinoid class of insecticides 
now registered for strawberry. In the coming years, other neonicotinoids are expected to be registered for 
strawberry, and growers will require an understanding of insect biology and insecticide activity spectrum 
to achieve the full potential of these new tools. Additional information will be provided on other new 
insecticides and their relative activity compared to the broad-spectrum insecticides growers have been 
used to using in the past.  
 
RESEARCH REPORT (Michigan State Horticultural Society Trust Fund Project) 
 
Objectives 

1.  Compare efficacy of foliar neonicotinoids against tarnished plant bug and other early-season 
insect pests.  

2.  Determine efficacy of post-harvest neonicotinoids for control of root weevil grubs.  
3.  Compare neonicotinoids for their efficacy for control of strawberry insect pests when applied  at 

planting. 
 
Results  
1. Compare efficacy of foliar neonicotinoids against TPB and other early-season insect pests.  
A field trial was established in Sutton's Bay, Michigan in a field of Jewell strawberry, with five treatments 
replicated six times. Applications were made to 60 square foot plots on May 28 at the start of bloom using 
a backpack sprayer, delivering spray liquid at the equivalent of 100 gallons of water per acre. Abundance 
of strawberry aphid and the number of buds clipped by the strawberry clipper were counted in 10 1ft 
lengths of the field seven days after treatment (DAT) and twenty five DAT. Because tarnished plant bugs 
were at low density and are hard to assess on the plants, we took 100 berry samples from each plot at 
harvest and measured the % catfacing and average weight of the berries. 
 
 



 
 
 
 
 
 
 
 
Due to low pest pressure at this field, differences between treatments were difficult to determine. 
However, there was no aphid infestation on plants in the plots treated with the neonicotinoids Provado 
1.6F and Actara 25WG when assessed seven days after treatment (Table 1). 
 
When catfacing was assessed after harvest, this injury was found on fruit in all treatments except those 
treated with Provado. However, treatments were not significantly different because of variability across 
the plot. This product has been tested in other crops and demonstrated good activity on tarnished plant 
bug.   
 
2. Determine efficacy of post-harvest neonicotinoids for control of root weevil grubs. 
The trial to address this objective of the project has been established at a strawberry farm in SE Michigan 
in a field of Honeyoye. Two rates of the two neonicotinoids Admire 2F and Platinum 2SC were applied to 
five replicates of each treatment in replicated design. Applications were made after harvest, and this trial 
will be assessed during the spring of 2005. At that time, the number of grubs per plot and the root health 
of the plants will be assessed. 
 
3. Compare neonicotinoids for their efficacy for control of strawberry insect pests when applied at 
planting. 
During 2004, we attempted to do this trial at a commercial site, but were not allowed an untreated area. In 
response, we planted strawberries at a site on the MSU campus, but did not get potato leafhopper pressure 
even when insects were brought to the site. To ensure that some data were collected from this trial in 
2004, we planted strawberries in the 
greenhouse, treated them with insecticides to 
mimic an at-planting application, then 
manually infested them with potato-
leafhoppers.  
 
From this trial, we found that the high rate of 
Admire and the Platinum low rate both caused 
increased mortality of potato leafhoppers 
compared to the untreated control (Figure 1). 
The rate effect for Platinum was unexpected, 
but there was considerable variability in the 
trial that may explain this result. 

Table 1. Effect of insecticides on early season insect pests 
 Average aphids Average clipped buds 

Treatment 7 DAT 25 DAT 7 DAT 25 DAT 
Untreated 1.8 2.0 0.0 3.5 
Thiodan 3EC 1.3qt 0.2 1.3 0.0 4.3 
Provado 1.6F 3.75 oz 0.0 2.0 0.2 2.8 
Assail 70WP 1.1oz 0.3 1.2 0.0 3.3 
Actara 25WG 3.5oz 0.0 1.0 0.0 6.2 
 P=0.09 P=0.62 P=0.42 P=0.57 

Figure 1. Effect of soil-applied neonicotinoids on 
potato leafhopper mortality 



 
 
 
 
 

Raspberry Production in High Tunnels 
 

Kathy Demchak  
Penn State University 

102 Tyson Building, University Park, PA     16802 
efz@psu.edu 

 
 
High tunnels have value for season extension and for improvement in fruit quality due to protection of the 
berries from the elements. In Pennsylvania, fall frosts result in only a small portion of the potential crop 
of most primocane-bearing raspberry cultivars being harvested.  High tunnels allow harvest of various 
vegetable crops to extend later into the fall, so research was started to explore this option for fall 
raspberry production.  However, it quickly became apparent that the high tunnels had more positive 
effects on the plants than simply extending the fall harvest season.  This presentation covers the effects 
that the high tunnels had on production, the production methods used, and mistakes made. The fifth year 
of production of high tunnel brambles was just completed.   
 
Tunnels used at Penn State are relatively small "research-sized" tunnels, with dimensions of 17'x36'.  
Tunnel height is 5' at the edge and 8' in the center, with a peaked design to shed snow.  The center section 
of both ends of the tunnels can be swung out and up, with "wings" towards the sides that can be folded 
outwards, allowing a small tractor and implements to be driven through the tunnel for soil preparation 
tasks.  
 
In 2000, one tunnel was planted to 'Heritage' and 'Autumn Britten' primocane-bearing raspberries, and 
'Triple Crown' thornless blackberries.  A spacing was used that was slightly reduced from what would be 
used in field plantings with 8' between rows and 18" between plants.  Otherwise, establishment 
procedures were very similar to what would have been used in field production.  The soil was tested and 
amended according to soil test recommendations before planting, and trickle irrigation was installed.  A 
second tunnel was planted to 'Heritage' and 'Autumn Britten' raspberries in containers (Earth Boxes™).  
Planting in both tunnels took place in mid-April, about 6 weeks before the last expected frost date for this 
area.  In 2001, a second tunnel of in-ground plants, containing 'Heritage', 'Josephine', and 'Deborah' 
primocane-bearing raspberries, and 'QDE-1' Wyeberries was planted using a higher-density, with 4' 
between rows and 1' between plants.  This planting was established with organic production in mind, as it 
became apparent from the previous year's planting that pesticide usage could be greatly decreased or 
entirely eliminated in high tunnel bramble production.  Planting in this tunnel did not take place until 
mid-May, about 5 weeks later than in 2000. 
 
Plants in containers were only grown for one season, as one of our goals with production was to keep the 
production system fairly simple.  Plants in containers proved to require considerably more care than the 
in-ground plantings, with frequent watering (more than once daily) required and nutrient deficiencies 
being problematic, so this system was shelved. 
 
Cultural care of the in-ground plantings was fairly straightforward.  Sides of the tunnels were up during 
the summer, unless storms were threatening, and rolled up or down in the spring and fall to attempt to 
keep temperatures above freezing at night, and below 80 degrees during the day.  During the winter, sides 



remained down.  Planting were watered on average, about once per week with 2 hours per watering, (0.45 
gal/100'/min at 8-10 psi trickle tape) during March and November, with this frequency increasing as 
temperatures rose until plants were watered 3 times per week, 2 hours per watering during the summer 
and when fruit production was at its peak.  Water was not available to the site from  
 
December through February.  Nutrition was also similar to field production, with the exception that 
potassium was deficient compared to field plantings at this site, so a 20-10-20 soluble fertilizer was used 
to supply nutrients, rather than just a nitrogen source as would be more commonly used.  This deficiency 
is probably due to two factors.  First, the soil at this site tends to be a bit high in magnesium, which 
competes with potassium for uptake.  That factor wasn't necessarily sufficient to cause the deficiency 
alone, but it is making the deficiency difficult to correct.  In addition, extremely high fruit and vegetation 
production probably makes it difficult for plants to be able to take up potassium in sufficient quantities to 
meet demand. 
 
Primary pest problems were not the diseases that frequently plague raspberry field production such as 
gray mold.  Instead primary pests were the insects that are more frequently seen in greenhouse 
production. Pests that were encountered in the high tunnel were two-spotted spider mites, which were 
controlled by a release of predatory mites when populations were still low, Japanese beetles on the 
summer crop in one of the years, and whiteflies and leafhoppers in 2003 and 2004.     
 
Other interesting findings were apparent.  1) Production of raspberries (and blackberries) was much 
higher than would have been possible in field production.  Marketable yields of nearly 1 lb per linear foot 
of row (or about 5000 lb/acre) were obtained with 'Autumn Britten' the same year plants were planted, 
which was similar to yields that had been obtained from a 3-year-old field planting at this same site.  
'Heritage' yields were lower in the first year due to lateness of the crop, though a few additional measures 
taken to conserve heat through the first hard freeze could have increased yields considerably.  In 2001 
'Heritage' produced about 3/4 lb of marketable fruit per linear foot of row for a summer crop in its second 
year, and an additional 3 1/2 lb of marketable fruit per linear foot of row during the fall.  This would 
translate to a yield of 23,000 lb of marketable fruit per acre, or 4 times that normally expected for this site 
in the field.  Similar season-long yields were obtained in 2002, but most of the crop load was obtained 
from the summer crop rather than in the fall. In 2003, an attempt was made during spring pruning to even 
out the balance between the summer crop and the fall crop, as previously canes had been allowed to grow 
in quite thickly.  A spring floricane density of 5 canes per foot of row allows a better balance between the 
summer and fall crop. 2) Plant growth was greatly increased, with many canes reaching 6 to 7 feet tall, 
rather than the more typical cane height of about 4 1/2 to 5 feet normally obtained at this site.  Normally, 
primocane-bearing raspberries in Pennsylvania would only be cropped for a fall crop.  However, in this 
system, because much potential bearing length of the cane remained to produce a second crop after the 
fall harvest, summer cropping in addition to fall cropping was very feasible. 3) Not only was the season 
extended later into the fall, but because the plants broke dormancy earlier in the spring, harvest began 
about 3 to 4 weeks earlier than normal for the fall crop.  Therefore, 'Heritage' did not finish out the entire 
fall season. For that reason, 'Josephine', and 'Deborah', 2 cultivars that would be too late for field 
production were tried, though their yields were not as high as for 'Heritage' or 'Autumn Britten'.  Another 
option is tipping the canes when they are 2 to 3 feet high, forcing them to break laterals on which the crop 
is produced.  This delays production by 2 to 3 weeks.  4) Thornless blackberries, though not a topic of this 
talk, also produced very high yields, at about 3.6 lb/linear foot of row, or over 19,000 lb per acre.   
Thornless blackberry production was not otherwise possible at this site due to winter injury. 4)  Quality of 
berries was very high, with percent marketable ranging from 82% to 98% depending on row spacing, 
cultivar, and time of year.  5) Early planting (at least 6 weeks prior to the time that planting would 
normally take place in the field) is needed in order to achieve good yields in the year of planting.  6) 
Organic or pesticide-free production is relatively easy to achieve.  7) Yields per area in the two tunnels 
with in-ground production were similar.  When the closer (4') row spacing was used, yield per linear foot 



of row decreased by half compared to rows that were 8' apart, probably due to shading of neighboring 
rows by the plants.  This resulted in nearly identical per area (or per tunnel) yields between the two 
tunnels. 
 
Because the raspberries produced in the tunnels were of high quality, a premium price is obtainable, but 
this requires active marketing on the part of the producer, and development of a relationship with a 
clientele that is willing to pay a higher price.  An economic analysis of high red raspberry production was 
completed.  This assumed that the price for a high tunnel and labor to install it is the same as for a high 
tunnel for any other crop, and that costs associated with production of the raspberry crop is similar to field 
production.  Exceptions were additional labor for tunnel venting and maintenance, and labor for harvest, 
which was calculated at $.50 per half-pint.  If yields were a conservative 3/4 lb/ft of row in year 1, and 2.1 
lb/ft of row in years 2-8, assuming an 8-year life of the planting, and price received was $2.50 per half-
pint, profits would be $924 per 17' x 96' tunnel (commercial size), or an equivalent of over $20,000 per 
acre. 
 
This research was supported in part by agricultural research funds administered by The Pennsylvania 
Department of Agriculture. 



 
 
 
 
 

Understanding Black Root Rot in Strawberries 
 

Annemiek Schilder1 and Chrislyn Drake2 
1Department of Plant Pathology and 2Department of Horticulture,  

Michigan State University, East Lansing, Michigan 48824 
 

 
What is black root rot? 
Black root rot (BRR) is a widespread disease of annual as well as perennial, matted-row strawberries, 
decreasing productivity and longevity of the crop. Black root rot is characterized by the following 
symptoms: 1) much smaller root systems than normal, 2) dark patches or lesions on main roots, 3) few 
feeder roots, 4) blackening or death of entire roots. The disease primarily affects perennial and feeder roots, 
rather than the plant crown. Affected plants also are less vigorous and produce fewer runners. Since their 
root systems are compromised, severely infected plants may wilt and die, especially during hot and dry 
weather. Black root rot symptoms are generally not evident until the year after planting. However, 
establishment problems in new plantings may occur when black root rot-infected transplants are used. 
 
What causes black root rot? 
Black root rot is often referred to as a disease complex, since various fungi, nematodes and abiotic factors 
have been implicated in disease development. The pathogens most frequently isolated from affected roots 
are Pythium and Rhizoctonia species (especially P. ultimum and R. fragariae), and the root lesion nematode, 
Pratylenchus penetrans. The composition of the pathogen complex is influenced by soil type and 
environmental conditions. Pythium species reportedly predominate in sandy soils and Rhizoctonia species in 
clay soils. Lower temperatures tend to favor Pythium. Nematodes may also be involved in the disease, as 
they restrict root growth by feeding directly on roots and cause wounds that can predispose roots to fungal 
infection. Physical stresses such as soil compaction, water logging, drought, freezing injury, and fertilizer 
burn have been reported to increase the incidence of black root rot. In a study in New York, the factors most 
highly correlated with severe black root rot were: age of the planting, lack of crop rotation, compacted or 
fine-textured soils, high rates of the herbicide terbacil, and flat vs. raised bed culture. Soil compaction can 
be a particular problem in pick-your-own fields and on heavy soils. Duration of strawberry production in a 
particular field also is a good predictor of the level of black root rot. The disease is rarely found on virgin 
soils or soils that have not been cropped to strawberries for a long time. If it does, the planting material may 
be the source of inoculum. 
 
Chemical control 
In annual strawberry production systems, pre-plant fumigation with methyl bromide is used for the control 
of black root rot and other soil-borne diseases, such as Verticillium wilt. In perennial systems, methyl 
bromide fumigation is less common. With the loss of methyl bromide, numerous other compounds have 
been evaluated as alternatives, including 1,3 dichloro-propene, metam sodium, chloropicrin, and dazomet. 
Generally, these materials have been either less affective than methyl bromide or more expensive. While 
recommended for control of black root rot, pre-plant fumigation has sometimes been associated with 
increased levels of disease over time. This may be explained by the elimination of beneficial soil organisms, 
which would otherwise compete with black root rot pathogens. Without their suppressive effect, pathogens 
introduced with planting material and through movement of infested soil can build up to damaging levels. 
This also emphasizes the importance of using clean planting material in controlling black root rot.  



Cultural control 
Use of healthy plant materials is very important for black root rot control. Purchase plants from a reputable 
nursery and do not plant transplants that have black roots. In addition, improvement of soil aeration and 
drainage (e.g., installing drainage tile, deep plowing, and use of raised beds) encourages healthy root 
development and discourages pathogens like Pythium and nematodes that prefer wet soils. An effective 
strategy to control black root rot is crop rotation. A rotation of at least three years (ideally five years) is 
recommended to reduce black root rot pathogens to manageable levels. However, many growers may not 
have the option of a long-term rotation due to limited land availability. In this case, rotation with specific 
crops that are non-hosts to BRR pathogens may reduce the need for a lengthy rotation. Even though cover 
crops have been studied for weed suppression, little information is available on control of soil-borne 
diseases. Certain crops, like oats, marigold, and sorghum-sudan grass have shown promise in reducing 
lesion nematode populations. A rotation sequence that has worked well to increase strawberry productivity 
and reduce weed pressure in strawberries in New York has been rye, sweet corn, and kale.  
 
Biological control 
Biological control (the use of beneficial organisms to control pests and pathogens) may also hold some 
promise for black root rot management. In potted-plant experiments, commercial products and experimental 
bacteria and fungi were tested as transplant root dips for efficacy against Rhizoctonia and Pythium fungi. 
Commercial bio-control products such as PlantShield, Mycostop, and Primastop (only PlantShield is 
labeled for use in strawberries) and Trichoderma species increased shoot and root growth and decreased 
root lesions by 40-70%. The efficacy of individual products will likely depend on environmental conditions 
and which pathogens are predominant at a particular site. We continue to evaluate products for use as 
drenches and transplant root dips for black root rot control in field trials. 
 
Host plant resistance 
Probably the most important strategy to control soilborne diseases in strawberries, such as red stele and 
Verticillium wilt, has been the development of resistant cultivars. However, it has been difficult to find 
true resistance to black root rot in available strawberry germplasm. It may be more likely to find 
tolerance, i.e. the ability to tolerate infection and still produce an acceptable crop. In order to determine if 
tolerance to BRR exists in current strawberry germplasm, we evaluated 19 cultivars and 1 wild genotype 
(Table 1).  The planting was established in June of 2002 at the Horticulture and Teaching Research Center 
in Holt, MI, on soil that had been in strawberries for over five years. Plants were obtained from 
commercial nurseries and were planted in a split-plot design with four plots each of nonfumigated soil 
and soil that had been treated with a mixture of methyl bromide and chloropicrin. At the end of the first 
fruiting season, we kept 10 genotypes that appeared to represent the range of variation for tolerance to 
BRR, and the rest of the genotypes were removed. Overall, no fumigation resulted in decreased yields 
compared to fumigation in both years of the study: yield was 47% lower in year 1, and 33% lower in year 
2. Crown number was also lower in nonfumigated plots. Nonfumigated plots had 47% fewer crowns in 
year 1, and 41% fewer crowns in year 2. Fruit weight was lower only in year 2, and was reduced by just 
10% in nonfumigated plots. These results suggest that the reduction in yield on nonfumigated soil was 
mostly due to the reduction in crown number, and not due to a reduction in fruit weight as has been found 
by other researchers. The best-performing cultivars over the two years of the study were Bounty, Cabot, 
and Cavendish, all of which were released by the breeding program in Nova Scotia, Canada. We are 
currently evaluating a breeding population to determine if tolerance to BRR can be increased further.  

Conclusion 
Effective management of black root rot will likely depend on the integration of multiple control methods, 
including the use of clean planting material, tolerant cultivars, crop rotation, and possibly biocontrol agents.  
 



 
Table 1. Strawberry genotypes included in the study. 
Genotype Origin Genotype Origin 
Allstar Maryland Guardian* Maryland 
Annapolis Nova Scotia Honeoye New York 
Bounty* Nova Scotia Jewel* New York 
Brunswick Nova Scotia Kent* Nova Scotia 
Cabot* Nova Scotia LH50-4* F. virginiana 
Cavendish* Nova Scotia Mesabi* Minnesota 
Chandler California Midway* Maryland 
Earliglow Maryland Mira Nova Scotia 
Evangeline Nova Scotia Surecrop Maryland 
Governor Simcoe Ontario Winona* Minnesota 
*Included in both years  
 




