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Abstract
In an effort to determine the distribution of strawberry viruses in the US and Canada, approximately 1500
samples were collected and either brought back or shipped to the USDA-ARS laboratory in Corvallis
between 2002 and 2007. RNA was extracted from leaf tissue and archived at -80C for subsequent uses.
During the same time, RT-PCR tests were developed for most known strawberry viruses. For this study
275 samples representing the major strawberry production areas in the US and Canada were tested for:
Apple mosaic virus (ApMV), Beet pseudo yellows (BPYV), Fragaria chiloensis latent (FClLV),
Strawberry chlorotic fleck associated virus (SCFaV), Strawberry crinkle (SCV), Strawberry latent
ringspot (SLRSV), Strawberry mottle (SMoV), Strawberry mild yellow edge (SMYEV), Strawberry
necrotic shock (SNSV), Strawberry pallidosis (SPaV) and Strawberry vein banding (SVBV) and
Tobacco streak (TSV) viruses, as well as a housekeeping gene used as an internal control by RT-PCR.
The Pacific Northwest had the highest rates of infection with the aphid-borne viruses but was virtually
free of the whitefly transmitted viruses. In contrast, California, the southeastern US, the northeastern US
and the Midwest had aphid and whitefly transmitted viruses in about equal numbers, with the Midwest
having the lowest overall incidence of virus infection. BPYV was only found in the samples from CA
and the southeastern US in the samples used in these tests, but has been detected from Maryland in
previous studies. In the Pacific Northwest, fields with aphid control had very low incidence of virus
infection compared to nearby fields without aphid control. Also virus incidence was much lower in
Oregon than in northern Washington or British Columbia, which matches the relative populations of the
strawberry aphid.

Introduction
Strawberry decline disease had increased along the west coast of North America from B.C.
Canada to southern California beginning in 2000 through 2003 (Fig. 1). The disease peaked in
California in 2003 but continues to be a problem in the Fraser River Valley in British Columbia,
Canada and in northern Washington. Symptoms of decline developed on a wide range of
cultivars including ‘Totem’ and ‘Puget Reliance’ that had not developed symptoms of virus
infection previously. In California, where strawberries are grown as an annual crop, symptoms of
decline are generally rare. However, in 2002 and 2003 decline symptoms were common in
strawberry fruit production fields in California. Once we had developed detection primers for
Beet pseudo yellows virus and Strawbery pallidosis virus we requested samples of diseased
strawberry plants from the major production areas in the US and Canada for virus analysis to
determine the distribution of these viruses in fruit production areas as well as to identify viruses
associated with decline symptoms. At the same time we made a concerted effort to identify



sources of all known strawberry viruses and attempted to develop detection primers for each
virus. Here we report the results of testing a subset of samples collected that represent the major
strawberry production areas in the US and Canada for 11 different viruses.

Materials and Methods
Just over 1500 strawberry samples were collected or mailed to us from 2002 through 2007. For
these original 1500 samples that were collected, the RNA had been extracted using the method of
Spiegel and Martin and stored at -80C. RT-PCR tests had been carried out on each sample at the
time of extraction, but quite often the internal control did not yield a PCR amplicons. Once RT-
PCR tests had been developed for most of the known strawberry viruses the RNA was further
cleaned up using the glass milk protocol described by Rott and Jelkmann prior to reanalyzing the
samples for the eleven viruses. Reverse transcription was carried as per manufacturers’ protocol
(Invitrogen’s Superscript III) using random primers. Amplicons were visualized after separation
by electrophoresis on agarose gels and staining with ethidium bromide. Representative
amplicons were sequenced to confirm their identity. In the case of FClLV all amplicons were
sequenced to confirm the identity of the virus since it had not been reported in North America
previously.

Results and Discussion
With the further clean-up of the RNA using the glass milk method the internal control (NADH β
subunit was amplified in greater than 90% of the samples. The viruses detected in the major
strawberry production areas in the US and Canada are shown in Table 1. ApMV and SCFaV
were not detected in any of the samples, also none of the samples tested positive for TSV since
primers that differentiate between TSV and SNSV were used, and these data are not included in
Table 1. The Pacific Northwest includes British Columbia, Washington and Oregon; the
Midwest includes Ontario, Ohio and Missouri, the Southeast includes Florida and North
Carolina, the Northeast includes Maryland and New York, CA is California. The ‘Declining
Plants from CA, were tested with the RNA extracted as per Spiegel and Martin, 1993 and not
retested. FClLV was only detected in samples from Ontario, Canada, and these amplicons were
sequenced to validate the PCR product since this virus had only been reported in germplasm
from Chile. Plants that exhibited decline symptoms always had mixed virus infections. In the
Pacific Northwest there were always at least three of the four major aphid-borne viruses present,
while in California it was always a combination of at least one aphid-borne virus and at least one
whitefly transmitted virus. Declining plants were co-infected with as many as seven viruses.



Fig. 1. Symptoms of strawberry decline in California ‘Ventana’ (left) and British Columbia ‘Totem’
(right).

Table 2. Viruses detected in major strawberry production areas of the US and Canada.
Symptomless Declining Pacific Mid South North

Virus Plants - CA Plants – CA Northwest west east east
BPYV 6/104 15/24 0/90 2/52 3/27 0/8
FClLV 0/104 0/24 0/90 5/52* 0/27 0/8
SCV 7/104 5/24 33/90 3/52 2/27 0/8
SMoV 8/104 6/24 62/90 6/52 2/27 6/8
SMYEV 12/104 8/24 48/90 2/52 2/27 0/8
SNSV 5/104 0/24 3/90 1/52 1/27 1/8
SPaV 11/104 18/24 1/90 19/52 3/27 7/8
SVBV 11/104 4/24 43/90 3/52 2/27 1/8
*All FClLV infected plants were from Ontario, Canada
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Strawberries are one of the most fascinating, complex and adaptive crops one could grow commercially 
or conduct research on. Strawberries have a great capacity to produce significant fruit yield, despite their 
small plant size and limited root system. Interesting fact:  As strawberry plants grow, their leaves are set 
on in a tight, 2/5 spiral, so that  progressively higher leaves do not shade lower leaves-every sixth leaf is 
above the first, resulting in very efficient light interception and maximum photosynthesis. Strawberries 
have evolved a myriad of characteristics to allow them to  adapt to many climates,  ranging from tropical 
to arctic circumpolar; and are therefore, one of the most widely distributed group of species on the planet. 
That wide adaptation characteristic tempts many people to grow strawberries in borderline sites and 
become somewhat complacent, giving  them  insufficient care. The trick is to learn what aspects of the 
strawberry production strategy that a grower is using are most limiting his/her crop and then adjust 
variables accordingly so the strawberry can be allowed to produce to its utmost capacity. 

Growers in most northern parts of North America experience some version of winter injury with some 
regularity, although sometimes recognizing it can be difficult, depending on the  manifestation of 
symptoms. When injury does occur, it can be a financial blow that is difficult to tolerate, given the state of 
the economy and competitive business environment. With such a common occurrence and accompanying 
financial risk involved, learning the causal factors and then developing the ability to recognize, prevent 
and/or effectively treat winter injury is, or should be, near the top of the list for a successful grower.  

What’s Not Hot 

The first task at hand is characterizing what happens in the plant as it sustains winter injury.  There are 
many types and combinations of winter injury that can work together to limit the ability of the plant to 
cope. Dessication, or drying out of tissues, is at the root of most injury. Winter winds dry out tissue that 
cannot be rehydrated when the roots are locked in frozen soil.   

Temperature plays a leading role in winter injury and can cause just as much dessication as can  wind. As 
temperatures plummet, our discussion needs to turn to the cellular level.  While the strawberry has 
typically acclimated (become accustomed to and able to  tolerate some degree of cold) earlier in the fall, 
most  common commercial cultivars are not able to circumvent injury when crown temperatures drop 
below 80 to 250 F .  At these temperatures, water first starts to freeze extracellularly (area between cells) 
due to the presence of many nucleators that allow ice crystals to form and grow around them. These 
nucleators can be bacteria or just abnormalities within the tissue that serve as an ice crystal initiation 
point. As these crystals  proliferate, they tie up “free” water into  a solid, which of course,  expands. 
Another occurrence in nature is that without energy input, most items move from higher concentration to 
lower concentration areas to equalize the concentration. In this case,  ice formation in the stem is tying up 



liquid water and therefore creates a deficit of water. Whatever water is left in the cell responds by 
migrating across the semipermeable cell boundaries (membrane, cell wall ) through a process known as  
osmosis. Water moving from  the cell comes in contact with the growing ice crystals  in the stem and 
freezes, thus creating an even higher water deficit within the cell; the process continues until most free 
water has migrated out of the cell, leaving internal parts of the cell “high and dry”. At some point, cells 
can freeze internally, which causes physical damage to the cell membrane either from puncturing or 
expansion by ice crystals (crystals are sharp and water expands by as much as 8-9% as it freezes). 
Rupturing of the cell membrane leads to failed containment of cellular contents and loss of cell integrity 
(death).  The results of severe dessication inside the cell can prevent any possibility of reconstitution in 
the spring. Ice masses, whether external or internal to the cell, can cause tissue separation and loss of 
tissue function. 

Freeze-thaw cycles can also be very detrimental to strawberry plants. The rapidity of freezing can prevent 
normal water migration out of the cell and induce premature intracellular freezing, with the disruptive 
results as outlined before. Freezing and thawing can cause changes in respiration and thus carbohydrate 
depletion. Especially in late winter, there can be extended mild periods above 400 F in which the plant is 
biologically-active and  respiring but not ready to actively grow. It is using stored carbohydrates to 
survive under these conditions. If an arctic cold front moves in too quickly after the strawberries have 
been active for some time,  plants can be severely injured. Strawberries only have a “pseudo-dormancy”, 
in which they become inactive  after  acclimation and benefit from chilling but do not have the protection 
provided to more woody plants that can go fully dormant. Full dormancy affords a considerable amount 
of resistance  to mid-winter warm spells by preventing premature physiological activities that  rob 
valuable carbohydrates.  

In strawberries, there is a considerable amount of carbohydrate and nitrogen migration to the crown and 
roots from the leaves during fall acclimation. Strawberries expend large amounts of these energy reserves 
over-winter (approximately 50%).  Reserves from the previous fall are also a significant source of energy 
in the spring for early leaf growth and even young fruit development. Only 25% of the carbohydrates used 
for the first seven days of fruit growth in the spring originate from photosynthesis in the spring. 
Therefore, any reserve depletion during the winter will greatly impact  yield and vigor in the spring. 

 Freeze-thaw cycles also affect the root environment. On heavier soils, especially, the physical fracturing 
and movement (frost heaving) can break roots and cause crown damage. 

Ice sheets can form, especially in lower, poorly-drained areas, due to midwinter melting or freezing rain. 
These continuous ice sheets probably do not cause damage from the commonly-held idea of smothering 
from lack of oxygen (O2) nor build-up of much carbon dioxide (CO2) since plants  respire at such low  
rates while the ice sheet is in place. Rather, more likely is that the concomitant tissue moisture increase 
and increased conduction of cold are the culprits. There is an inverse relationship between hardiness of  
tissues of many strawberry cultivars and tissue moisture; the higher the  tissue moisture at the time of 
damage, the less hardy. Ice is also a good conductor and poor insulator, so crowns can become colder 
than they normally would under straw mulch: sometimes up to 60 F colder under ice. Interestingly, with 
some winter-hardy cultivars, tissue moisture does not seem to be associated with level of hardiness. 

So, how does one assess damage?  One of the easiest methods is to cut open crowns longitudinally and 
look for tissue browning. Browning appears in  damaged areas where oxidation  has occurred due to cell 
content leakage exposure to oxygen and  the resulting break-up of compounds. The more area the brown 
covers and the darker it is, the greater the damage. Typically, the interior of normal crowns is white. Mild 
damage (please see Fig 1) is associated with browning at the base of the medulla, with progressively more 
severe damage as it migrates to the young leaves near the tip of the crown (apical meristem) and the 
vascular (conductive) tissue on the sides of the crown. The vascular tissue surrounding the medulla of the 
crown is usually the  most resistant to injury but if injury occurs here, it is a sure sign of  mortal injury to 



the plant. In terms of non-invasive diagnosis of winter injury, plants may have lost a considerable number 
of leaves  from dessication exposure to wind and cold (assessed soon after mulch is removed). Plants 
exhibiting injury can be slow to grow in the spring, leaves can be small or deformed, flowers can be 
sparse and fruit typically  smaller. 

Any level of injury to the crown, whether it be depletion of carbohydrate reserves or vascular injury, will 
have long-term effects on subsequent recovery patterns. While severity of injury  may be judged rather 
easily when observing crown interiors, there is still significant interaction among cultivars and growing 
environments (plasticulture vs. matted row; raised bed vs. flat; soil type; row width and between-row 
spacings; climate), making it virtually impossible sometimes to make a valid decision whether to plow 
down or retain the field. In essence, judgment on recovery is  flawed due to the complexity of variables.  
For example, a ribbon-row with 30% mortality will have  complete “breaks” in the row that will almost 
surely end up being taken over by weeds, whereas  the same mortality level with greater row width would 
suggest the possibility for some  of the younger surviving plants to fill in with less competition from 
weeds due to typically higher density plant stands originally. Older fields usually have higher mortality 
rates and less chance of recovery if only based on plant age and the lack of viable roots. Some cultivars 
have inherently faster recovery rates than others, due to vigor and other factors such as resistance to  soil-
borne diseases. Any plants weakened by winter injury are more likely to succumb to  infections such as 
black root rot complex, red stele or a host of opportunistic invaders. Perhaps the most perplexing is when 
different fields (same cultivar) on the same farm have differing levels of injury. 

What Is Hot 

Enough of the negative! It is time to turn our collective attention to the warmer, more positive side of 
things.  If winter injury has revealed its ugly face, then what is to be done about it? The best advice 
centers around what all growers should be doing before the injury-anything that will contribute to better 
health and vigor. This includes fertility, water and pest management, and paying attention to the details of 
proper plant density. Fertility should be maintained using soil and tissue tests; irrigation based on accurate 
soil moisture monitoring devices; and pest control, using appropriate “action thresholds” and preventive 
or eradicative procedures. Proper plant density can be achieved by maintaining the correct row width and 
within-row density. Depending on the cultivar,  density should range from 4-8 plants/ft2.   It is easy, 
psychologically, to limit the amount of inputs and due diligence because this field will not be as 
immediately productive as fields with no injury, but the payoff can be an abundant yield the next year, 
rewarding the grower for proper care. 

As is the case with most situations, prevention is by far the most effective strategy. Prevention should 
center around site and cultivar selection, coupled with the above-described cultural procedures awareness. 
Details, details!  Sites should allow for proper air drainage and soil drainage. Low-lying areas are where 
heavier, cold air settles and should be avoided. These can be 80-100F colder than even level sites.  Ice 
sheets and poor drainage can also be commonly associated with low-lying areas.  An ideal location would 
extend significantly (25-50 ft) above the surrounding topography as a plateau and transition downward 
with a gentle slope. All this comes with the caveats of wind protection and proper soil type/drainage. 
Protection from the north and west winds is essential.  

Proper plant density has  recently been  mentioned for fields with winter injury. The same holds true for 
prevention.  A common practice is to narrow rows in the fall on first- year plantings. If this is done too 
late (after September 25th in Wisconsin) however, it can predispose plants to more winter injury based on 
tillage trauma, with little time to recover before winter sets in. Larger diameter crowns have  more 
carbohydrate reserves and are less likely to be  affected by winter than smaller crowns. Earlier 
establishment of first-year plantings contributes to larger crowns, but by fall can lead to higher plant 
density than desired, and more inter-plant competition. Therefore, the practices of narrowing and thinning 
are essential but only if timed correctly. 



Windbreaks, depending on density,  can typically provide adequate protection 10-20X their height out 
into the field. If evergreens are used, there may be a risk of too little air movement during the growing 
season, thereby proliferating diseases. However, a well-managed evergreen windbreak can be one of the 
best assets a grower can have.  

Snow is the best insulator of all, and any procedures that can  increase the likelihood of snow cover 
should be employed.  Long, narrow fields oriented from northeast to southwest should theoretically allow 
for the best overall snow accumulation,  although this may not be feasible for individual growers. Snow 
fences can increase snow cover if placed the correct distance from the target. Temporary windbreaks such 
as corn or sorghum sudan can also be of value. Permanent windbreaks or living snow fences (LSF) must 
be planned and planted carefully to achieve the desired balance between fetch (open, unimpeded distance 
contributing to transferal of snow to a downwind location), snow storage capacity (doubling the snow 
fence height quadruples snow storage capacity), and  density (deciduous trees are 70% porous and create 
a snow deposition area distributed out to 37X their height downwind; and evergreens, being about 10-
30% porous, deposit snow much closer downwind, approximately over an area 15X the height of the 
windbreak).     

The best soils  for strawberries are typically sandy loams or loamy sands with higher organic matter 
content (> 2%) and good tilth. Strawberries grown in these well-drained soils are less likely to contract 
soil-borne diseases, which can predispose plants to more winter injury or increase the probability that 
winter-injured plants would become infected. Rotational benefits should also be included in this 
discussion, since fields left in overly long production cycles (greater than three harvests) will contain 
older plants, greater density( inter-plant competition problems) and higher disease risk. Rotation with 
small grains, corn or legumes can break pest cycles and/or improve tilth, fertility and weed suppression. 
Rotation with crops such as potatoes, tomatoes, raspberries and cucurbits that are susceptible to similar 
diseases of strawberry should be avoided. Soil compaction is always detrimental and can cause plants to 
develop more winter injury.  Prevention of soil compaction surrounds the choice of  lighter soils, use of 
subsoilers at renovation, and entering the field after it has had time to sufficiently dry off. 

Mulching is a very important aspect of winter protection. Strawberries are more “avoiders” than 
“tolerators” and therefore need to be protected from the ravages of drying winter winds, frost heaving and 
rapidly fluctuating temperatures. Interesting fact: The fastest temperature change in the world (due to 
Chinook winds blowing over the eastern side of the mountains)  was recorded in the Black Hills, in the 
author’s home state of South Dakota. This is also the location from which the UW-River Falls strawberry 
breeding program has utilized wild strawberries for use in winter hardiness breeding.  The correct mulch 
is a good insulator and traps air, so any material that mats down readily will not be as effective. Leaves 
and like material should be avoided. Most agree that small grain straw is the best source for mulch. 
However, oats typically are not very competitive with weeds and therefore that straw is usually ridden 
with weed seeds. Wheat is a very good source but tends to decompose quite quickly. Rye is not quite so 
good an insulator but is usually  weed-free and will suppress new weed growth due to its allelopathic 
effects (biochemical-based suppression). Other acceptable sources are sorghum sudan and marsh hay 
(straw). Most true forage hay has very little insulation capability and will mat down and become water-
logged.  

Since small grains and sorghum sudan are good rotational crops, it is logical to grow them even if it is for 
only straw. If planted early in the summer, two cuttings can be harvested from sudangrass or its hybrids. 
This crop requires a considerable amount of nitrogen. Rye is very winter hardy even when planted in the 
late fall and can be harvested while in the bud stage in the spring. It is an aggressive grower and will 
choke out many weeds. The stubble left behind will suppress weeds well into  mid-July. We  find it takes 
3-4 acres of minimally-maintained rye to supply enough straw for mulching 1 acre of strawberries. The 
rye we grow for our research plots is sometimes extended into a 2-year rotation without reseeding. We 



harvest the rye early and much of it regrows and sets viable seeds. We disk it down in late September and 
obtain a good stand for  harvest the next year.   

The proper time to apply mulches has been researched quite extensively but there are still no hard and fast 
rules. Some reports indicate the soil should be frozen to a  1-2” depth ( if only to gain access more easily 
with the tractor and mulching equipment) and others (better) suggest that mulching should occur when the 
soil temperature at a 4-5” depth has reached between 350-400 F.  

Mulch can definitely be applied too early. If the plants have not developed a reddish-gray and flattened 
appearance, it is too early, since nitrogen and carbohydrates have not yet  migrated from the leaves to 
roots and crowns. As long as the daytime temperatures are above about 420 F,  short-day or junebearing 
strawberries are still making flower buds for increased yield the next spring.  Mulching too early means 
reduced yields and more winter injury. Plants will still respire under warmer mulching conditions and use 
up valuable carbohydrate reserves. Plants cannot acclimate (become accustomed to cold) if the leaves are 
not exposed to ever-shortening days. Conversely, if one waits too late, crown damage can occur. The 
guideline is to prevent prolonged exposure to any temperatures lower than 100-230 F, depending on the 
cultivar.  I can remember as a kid in South Dakota, not always looking forward to Thanksgiving as much 
as others because it almost always turned out that we would be mulching strawberries that weekend! 

 Growers using the plasticulture system typically grow more tender cultivars, so  more care must be used 
with the timing of winter protection.  Growers with larger acreages should also be on guard and vigilantly 
watch weather reports. Weather can turn quickly, and equipment on hand should be ready to go and have 
sufficient capacity to be able to cover all of your strawberries within 3 days. Mulch should be applied at 
the rate of 3-6 T/A, with higher rates applied to heavier soils and raised bed system fields. Monitoring of  
mulch loss from strawberry fields due to winter winds and crucial subsequent replacement are all part of  
being a “year-‘round strawberry grower”. 

 Row cover use for winter protection has been endorsed by a considerable number of researchers and 
growers. Many growers use a Typar product or similar at about 1.25 oz/yd2 weight. Row covers allow for 
a longer period in the fall and spring for flower buds to form because of the extra warmth under the cover. 
Row covers greatly reduce winter dessication and actually help prevent great swings in temperature, 
especially with snow on top. Research at UW-River Falls (USDA Hardiness Zone 3b),  however, would 
suggest that under severe winter conditions, row covers will not provide as good a protection as straw 
mulch, especially without the added benefits of snow present. Row covers also do not provide any 
protection in the spring against fruit rots, and they encourage earlier growth, resulting in more nights of 
frost protection. 

On the other side of the mulch season, timing of removal is necessary for realizing maximum yield and 
lowering stress. Degree day accumulation (base 400 F) has been used in multiple areas with success, 
suggesting that mulch removal occur before 120 degree days have accumulated.  Unfortunately, this 
would not take into account the differences between sands and more clay-based soils. Soil temperatures at 
a 4-5 inch depth may be a better indicator, with demulching timed when those temperatures have reached 
380-400 F.  Other guidelines for mulch removal include slight yellowing and elongation (etiolation) of 
plants under the mulch and the use of phenological observations (University of Minnesota) such as first 
vegetative bud stage of  lilac and crocus bloom and emergence. Delayed mulch removal past optimum 
can significantly reduce yields. However, there is a certain level of justification for this if a grower has 
insufficient water for multiple frost event protection.  Delaying mulch removal will definitely decrease 
the amount of “frost control duty” via bloom delay. One could argue that strawberries should not be 
grown if water is limiting for whatever reason, but it is  also difficult  not to say, “Reduced yield is better 
than no yield…”  Care has to be  taken in environments with more widely-fluctuating temperatures such 
as Nebraska and South Dakota, since very cold temperatures have occurred in early to mid-April that 
could substantially injure plants in beginning growth.  Some mulch (1-2”) should be  left on the row so 



that the inherent growing season benefits can be achieved, such as fruit rot control, temperature buffering, 
and moisture retention.  Strawberry plants will readily grow right through that mulch depth. 

Perhaps the cheapest and most effective strategy for winter injury prevention is the selection of 
appropriate cultivars. When choosing a cultivar, keep in mind not only the inherent winter hardiness but 
other factors that will affect  survival,  such as resistance to red stele disease; especially on heavier soil 
sites that may have less than optimum water drainage.   

We have conducted cultivar and elite selection trials at the University of Wisconsin-River Falls for the 
past 20 years. Our information, as well as that from the University of Minnesota, have given us good 
insight into selection of the most appropriate cultivars. Some cultivars in the past, such as Dunlap, were 
hardy to below -400 F. My family grew this on  our commercial strawberry farm in South Dakota in the 
1960s. The standards have definitely risen since that time, requiring that growers choose carefully for  not 
only sufficient hardiness but also disease resistance and excellent fruit quality. While very few cultivars, 
if any, provide stellar amounts of excellence in all these categories, there are some that are definitely quite 
acceptable. 

 Our recent trials (2006-2008) have included both commonly-grown cultivars from the 1970s and those 
grown in 2006 in Wisconsin. Although it would appear that there has been very little increase at all in 
winter hardiness from 30 years of breeding,  total average yield and all-harvest average fruit size for the 
2006 commonly-grown cultivars were higher by 41% and 29%, respectively.  Noteworthy additional 
benefits include fruit firmness, skin strength, well-balanced flavor and multiple disease resistance. In the 
University of Wisconsin-River Falls  strawberry breeding program, we  screen  all first-year seedlings 
rigorously for winter hardiness  without  mulch, which also increases the likelihood that they will have, at 
best,  inconsistent snow cover. Last winter, the temperature dropped to -360 F with virtually no snow 
cover, which killed off at least 30% of our seedlings, leaving many of the remainder with some degree of 
injury which was indicated by many of the aforementioned symptoms. Interesting fact : Severe  winters 
like this are called “test winters” and are a strawberry breeder’s best  friend, something to look forward 
to, rather than dread, as it greatly assists us in rapidly eliminating substandard seedlings. The winters of 
’76-’77, ’80-’81, ’83-’84, ’91(Halloween Blizzard)-’92, ’95-’96 and ’08-’09 were all test winters .Winter 
2003 was difficult for some growers in the Upper Midwest even though temperatures were no colder than 
-150 F. The cause was Chinook  winds that brought in very mild temperatures followed by a  fast-moving, 
strong arctic front, resulting in a considerable stretch of weather below 00 F.  

Cultivars and their respective winter hardiness ratings (scale of 1-5; 1=virtually no hardiness, 5= extreme 
hardiness) that we suggest for Wisconsin include Sable(5) and  Annapolis(4) for early season; Itasca(4) 
and Honeoye(5) for early midseason; Mesabi(4), Cavendish(4) and Glooscap(5) for midseason; Jewel(3), 
and Mira(4) for late midseason; and Cabot(3) and Winona(4)  for late season. 

Newer  cultivars that we have trialed from Nova Scotia have included Brunswick, Evangeline, Wendy 
and  Valley Sunset (KRS-10). None apppear quite as hardy as some of the earlier releases from that area. 
Brunswick and Evangeline have attractive fruit and good flavor, but average yields and winter hardiness. 
Wendy (early season) is being planted by a number of growers, so the jury is still out on that. Valley 
Sunset is a very late- ripening cultivar that has been grown at UW-River Falls for four years. It appears to 
have  average winter hardiness but very large fruit (high %  marketable yield but overall low yields) with 
good flavor, although  they are quite orange and lack skin strength. Valley Sunset is tolerant to leaf 
diseases but susceptible to fruit rots. 

We have trialed a considerable number of cultivars from Quebec. We cannot recommend  any without 
further testing, but some appear  promising for trial.  Cle’des Champs (late midseason)  is very firm and 
good-flavored and appears quite winter hardy. It contracts some leaf diseases but is not susceptible to 
gray mold or mildew. St. Jean (late) has high yield potential and very large fruit size; fruits are bright  red, 



globose-conic (kings are wedge) and have a long shelf  life. It is very tolerant to leaf diseases, and plants 
are vigorous and runner prolifically. 

Recent cultivars from New York (Clancy and L’Amour) are  variable. Clancy has beautiful fruit, but poor 
winter hardiness and vigor, as well as low yield. L’Amour is more adapted to the Midwest but appears 
inconsistent in performance. 

None of the cultivars released recently from the USDA have had sufficient winter hardiness nor vigor to 
survive at River Falls.  




