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ABSTRACT
THE INFLUENCE OF A POLYETHYLENE FILM COVERED HOUSE
ON THE COLD HARDINESS AND SUBSEQUENT PLANT CONDITION
OF CONTAINER-GROWN NURSERY STOCK
By

Kathleen Kelley

Polyhouses provide winter protection for nursery stock in northern climates. Selected
container-grown nursery stock was subjected to three overwintéﬁng treatments. Plants were
placed in a polyhouse in October (early treatmént), and in December (late treatment), plus
stored pot-in-pot under natural conditions. Controlled temperature freezing studies were
conducted to determine shoot hardiness during the acclimation, mid-winter, and deacclimation
phases of the 1995/1996 and 1996/1997 test periods. Acclimation was interrupted for plants
placed in the polyhouse in October which prevented maximum hardiness from being achieved.
The pot-in-pot treatment was the hardiest and also deacclimated slower than the two
polyhouse treatments. Periods of warm temperatures during the 'midwinter thaw' had an
impact on the hardiness of each cultivar. Plants overwintered in the polyhouse were affected
more by the warm temperatures. Whole plant performance was used as an indication of root
injury when subjected to controlled warming temperatures and natural deacclimation. In
general, plant performance ratings declined as days of warming increased and as freezing
temperatures de&eased. Performance for plants exposed to controlled warming increased
from 30 to 60 days during the 1995/1996 test period. Ratings declined from 30 to 60 days
during the 1996/1997 test period. Ratings for plants subjected to natural deacclimation did

not change from 30 to 60 days.
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SIGNIFICANCE TO THE NURSERY INDUSTRY

Protecting container-grown nursery stock during the winter months is a priority for
nurseries. The roots of container-grown nursery stock are more cold tender than shoots and
must be protected if exposed to below freezing temperatures. Insufficient protection may
result in the loss of nursery stock. Polyethylene-covered hoophouses (polyhouses), which are
commonly used in the north, help avert this damage. Plant material placed in polyhouses will
be protected from severe cold ambient air temperatures which occur and can persist during
the winter months.

A key concern exists for nurseries employing polyhouses for winter protection. If
nursery stock is covered too early in the fall it may not be exposed to cold temperatures
necessary for acclimation and may actually be less cold hardy during the midwinter period.
Short-term warming temperatures in midwinter ('midwinter thaw') may further reduce the
cold hardiness of these container plants. Results to date indicate that timing of polyhouse
covering influences both plant cold hardiness and plant growth performance in the spring,
. since extended warming can delay bud break and have an adverse effect on plant vigor.

Thus, the issue associated with choice of protection method and the timing of
imposing protection methods are of key economic interest to nursery stock producers in

Michigan and other similar climatic regions.
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INTRODUCTION

Environmental conditions dictate when plants begin to acclimate in the fall. Proper
acclimation is imperative for winter survival. Woody plants which are exposed to
environmental signals such as shorter day lengths and freezing temperatures stop growing and
acclimate (7). Along with the cessation of growth, physiological changes also take place
which help plants survive the annual minimum midwinter temperatures. Throughout the fall,
winter, and spring months, woody plants are vulnerable to periods of warming and cooling
temperatures. Temperatures below freezing can cause damage to both the shoots and
vulnerable root systems of container-grown nursery stock. Several overwintering systems
have been developed to help protect plants. In USDA Hardiness Zone 5 (annual minimum
temperatures of -23.3°C/-10.0°F to -29.0°C/-20.0°F) and Zone 6 (-17.8°C/0°F to -23.3°C/
-10.0°F), the most common overwintering system is an opaque polyethylene-covered
hoophouse (polyhouse) (2). Temperatures in polyhouses are warmer than ambient field
temperatures during the holding phase which helps prevent plant roots from freezing (34).
Polyhouse temperatures, however, encourage plants to continue to grow into the late winter
months and to begin growth in early spring. Plant tissue may not be as hardy as plants
overwintered outdoors and can be injured if exposed to freezing temperatures during the

protection phase.
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3

To help avoid injury or death, woody plants acclimate during the fall in response to
environmental signals. As the fall season progresses, the day lengths become shorter. The
decrease in day length is considered to be the first stage of acclimation. Shorter day lengths
help with the initiation and rate of acclimation. Plants which are not properly hardened can
have difficulty surviving the annual minimum temperatures during the midwinter period (19).
Cold hardiness of some species can increase by a few decrees after exposure to short days (19,
33). This slight increase, however, helps prevent plant death if an early frost occurs (33).
Acclimation in response to low temperature is also faster after exposure to a period of shorter
days (30).

Research has shown that a hardiness promoting factor is produced in red-osier
dogwood leaves exposed to short days and that this promoting factor is translocated from the
leaves to the bark of defoliated branches. Just as a promoter is produced, a hardiness inhibitor
is produced in leaves exposed to long days (7). This promoter was shown to exist in tart
cherry trees. Tart cherry trees which were defoliated by June were 10.0°C (18.0°F) less hardy
than those trees defoliated by either a killing frost in November or hand defoliated in
September. Howell and Stackhouse wrote that when tart cherry trees loose their leaves
prematurely, the trees can no longer measure day length. As a result, carbohydrate
concentration decreases and the tree's ability to survive the winter is reduced. The removal
of long day leaves promotes hardening while the removal of short day leaves inhibits hardiness
(13).

The second stage of acclimation is exposure to low temperatures, usually a frost (33).
As the acclimation period progresses, and temperatures decrease, woody plants become even

more hardy and can survive temperatures well below freezing. There seems to be a
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relationship between the plant's killing temperature and the mean temperature of the preceding
two days (26). This second stage of acclamation may also involve changalin concentration
of sugars, proteins, as well as changes in tissue hydration and cell membranes (33).

Plants have mechanisms which help prevent cell death. Plant death can occur when ice
forms in cells before acclimation occurs. When plants are properly hardened and ice forms
outside the cell, water leaves the cell and goes into the extracellular spaces and freezes.
Hardier plants can tolerate a greater amount of water loss compared to more tender cultivars.
When temperatures rise above freezing the ice thaws and the water moves back into the cell
(33). Plants can also survive by supercooling, a process where the cell fluids do not freeze
when temperatures fall below the fluid's freezing point. Once ice forms, death occurs instantly.
Rhododendron and azalea flower buds can supercool and survive temperatures of -20.0°C to
-30.0°C (-4.0°F to -22.0°F) (33).

A tree or shrub has a greater chance of surviving the midwinter period with an
adequate amount of carbohydrates (27). An increase in hardiness and total sugar content in
English Ivy leaves was observed when exposed to 5.0°C (41.0°F), however, the rate of the
increases did not coincide. Starch content also increased during the seven-week period, but
again the increase did not coincide with either an increase in hardiness or total sugar
concentration (29). Starch levels also increased when apple shoots were exposed to lower
storage temperatures. In contrast to the experiments conducted with English Ivy, Tso curves
paralleled curves for sorbitol and total sugars (27).

A reduction in water content also increases plant hardiness. Water stressed red-osier
dogwood plants were hardier than control plants by at least 8.0-10.0°C (14.4-18.0°F) when

exposed to long and short days, respectively. Plants which gained hardiness when water
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5

stressed lost most of the induced hardiness when placed under long day conditions. Plants
which remained under short days lost a small amount of hardiness when they were rewatered
(22). Similar results occurred when azalea plants were tested. Azaleas subjected to three
weeks of water stressed conditions significantly increased in hardiness compared to control
plants. After three weeks of rewatering, the water stressed and control plants had similar
hardiness levels which differed by less than 1.0°C (1.8°F) (1).

Cooling and warming rates as well as depth of cold exposure may greatly influence
plant cold hardiness and development at different times of the year (12). Temperature
fluctuations are necessary for shade trees in Minnesota to acclimate before the minimum
ambient temperature falls below freezing (24). Fluctuating temperatures also affect hardiness
levels during the spring. At this time plants are vulnerable to periods of warming and cooling
(14). The plant appears to respond to deacclimating temperatures more rapidly than
acclimating temperatures (14, 21). The decrease in hardiness is dependent on the stage of bud
development and temperature (21). Forsythia X intermedia Zrabel dehardened in six days
after exposure to 27.0°C (80.6°F) in December, whereas significant dehardening took place
in January after only four days o exposure to 15.0°C (59.0°F). Even warm weather during
the midwinter period can cause red-osier dogwood to deharden and become injured (17). If
dehardening does occur, in order to survive, the plant must be able to reharden.

The roots are the most cold tender plant organ followed by flower buds, vegetative
buds, and stems. Roots and shoots can differ in hardiness by as much as 20.0°C (40.0°F) (9).
While hardy stems of Cornus stolonifera can survive -196.0°C (-321.0°F) (15), the mature
roots of Picea glauca survive only to -23.3°C (-10.0°F) (11) and young roots of Evonymus

alatus 'Compactus' can only survive temperatures to -7.0°C (19.0°F) (30). In addition,
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6
established plants in containers have most of their young roots between the substrate interface

and the edge of the pot, making them more vulnerable to freezing damage (11).

Roots do not respond to the acclimation signals such as shorter days and low
temperatures (10). Instead, the roots respond to the surrounding soil temperature. As the soil
temperature decreases, the roots begin to acclimate. When the soil warms, the root system
deacclimates (32). A prolonged period of warm temperatures at this time can actually cause
the root system to grow. This process can occur in as little as 24 hours. These roots can then
be injured and/or damaged when cold temperatures reoccur (10).

Root hardiness must be considered when overwintering container-grown nursery stock.
The roots of plants are influenced by surrounding soil temperatures. Since the roots of
container-grown nursery stock are above ground (9), and due to the limited amount of
substrate material in containers, the roots are not buffered from low temperatures as field-
grown root systems are (10, 21). Temperatures can differ by up to 9.0°C (16.2°F) between
roots of field-grown plants and roots in the middle of a 20cm (8in) container (30).

Limited water is available to roots in containers, necessitating watering during warm
periods and before freezing occurs. A wet container substrate protects the root system by
freezing at a slower rate than dry substrate (3). Warm leaf and air temperatures accompanied
by low ambient relative humidity accelerates moisture loss. This condition commonly occurs
during the protection phase, therefore, growers have recognized the need for supplemental
irrigation during this holding period (2).

Plants nutrition is a key factor in production so that optimal growth occurs in the
spring producing healthy plants, which survive the winter as well. Healthy plants have the

highest rate of survivability when exposed to freezing temperatures. Excess fertilizer applied
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in the late summer or early fall can stimulate late season growth, delaying acclimation (2).
This tender, new growth is easily injured or killed when freezing temperatures occur. The use
of slow release fertilizer is still an area of dispute. Whether slow release fertilizers are a
benefit remains to be determined. Slow release fertilizer is dependent on high temperature and
moisture levels for release (8). A concern is the possible release into the container substrate
when exposed to high polyhouse temperature throughout the holding season, which may cause
soluble salt injury to the root system and perhaps stimulate hardiness loss.

The most common overwintering system used in northern climates is a quonset-style
polyethylene-covered hoophouse, known as a polyhouse. Polyhouses can help protect roots
from being injured at higher temperatures than the minimum annual temperature in their area
(3). The use of opaque polyethylene reduces the amount of infrared radiation which is
transmitted through the structure as compared to clear polyethylene. This reduction will
prevent rapid temperature increases during the day light hours (16). When ambient field
temperatures approach -32.0°C (-25.0°F), interior temperatures of opaque polyhouses have
been recorded at -12.0°C (10.0°F) (25). The configuration of the containers in the polyhouse
help trap ground heat which keeps the temperatures around the roots system warmer (18).
The.polyethylme covering also protects stems from being broken by heavy snow or ice load.
Hardier plants can be overwintered in a pot-in-pot system. A potted nursery plant is placed
into a pot submerged into the ground (4). The root system is protected while the shoots of
container-grown nursery stock obtain maximum hardiness when exposed to the minimum
annual field temperatures.

With the large variety of nursery stock available, growers should only produce plants

hardy enough to survive the nursery location. The plant's ability to acclimate as a response to
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photoperiod and temperature changes, is based on its genetic background (6). Plants may be
able to survive the mid-winter period, but may not acclimate quick enough to survive sudden
temperature drops (18). Plants which are slow to acclimate can be protected from sudden
drops in temperature in polyhouses. It is advised, however, that plants should not be placed
in a polyhouse until they have completely acclimated (5). As a result of the warmer polyhouse
environment, plants can grow twice as fast as those overwintered outdoors (25). Certain
species may not acclimate as quickly as those overwintered outdoors and as a result, they may
not reach their maximum mid-winter hardiness level (28). They may also break bud several
weeks before those overwintered outdoors and can be damaged if exposed to cold
temperatures after the covering is removed in early spring (25). However, early bud break can
be a benefit to growers who usually retrieve plants from polyhouses for shipments in late
winter to more southern locations.

Plant species is a general guide to the hardiness level, however, cultivars within a
species may vary in their response to different cold temperatures. For example, differences of
up to -6.4°C (11.5°F) occur among red raspberry cultivars grown in Cambridge, Ontario (36).
Similar results were seen during cold hardiness experiments with Forsythia X intermedia
cultivars (20). Bud hardiness levels varied from 2.0-4.0°C (4.0-7.0°F) for Forsythia cultivars
in that study. Management strategies for overwintering may vary depending upon the cold
hardiness of the cultivar. During the last 10-15 years, new cultivars have been created to be
more bud hardy, however, little is known about the shoot hardiness (20). If the cold hardiness
of a new cultivar is not known, laboratory cold hardiness tests can be used to determine this

value (5).
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Production of nursery stock in containers has revolutionized the nursery industry.
Growers can produce more plants per unit are and use less expensive substrate material. The
plant material is also readily available throughout the growing season (4, 9). However, the
material must be protected from freezing temperatures during the winter months. The most
popular protection method, a polyhouse, is not the ideal overwintering structure. Concerns
exist on the continued use of polyhouses and their effect on cold hardiness. The objective of
this research was to investigate the effect of polyhouse environment and its influence on
overwintering of container-grown nursery stock. The approaches will be to answer the
following questions: Should plants be covered in polyhouses early in the fall or later after
more acclimation has occurred? Will early covering have an influence on the plant hardiness
and affect plant growth in the spring? What influence will a warm January or February
midwinter temperature fluctuation have on the cold hardiness of these plants? Are there
differences in shoot hardiness amongst cultivars and if so do cultivars need to be overwintered
differently? What influences do warm temperatures have on root systems and will root injury

effect whole plant performance?
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ABSTRACT

The Timing of Polyhouse Covering and Midwinter
Warming on Shoot Cold Hardiness

The timing of polyhouse covering and its impact on shoot cold hardiness during the
acclimation, midwinter, and deacclimation periods was studied using selected container-
grown nursery stock during the 1995/1996 and 1996/1997 test periods. Container-grown
plants were subjected to three overwintering treatments. Plants placed in a polyhouse in
October (early treatment), and in December (late treatment), plus stored pot-in-pot under
natural conditions. Acclimgtion was interrupted for plants placed in the polyhouse in October
which prevented maximum hardiness from being achieved. The pot-in-pot treatment was the
hardiest and also deacclimated at a slower rate than the two polyhouse treatments. Hardy
cultivars such as Weigela florida 'Java Red' and Euonymus alatus ‘Compactus' obtained lower
midwinter hardiness levels, while Hibiscus syriacus 'Jeanne d' Arc' was a more cold-sensitive
cultivar. Forsythia X intermedia cultivars achieved different levels of hardiness depending
upon the overwintering treatment. Euonymus and Forsythia cultivars Northern Gold' and
Lynwood' placed in the polyhouse late vs. early had higher plant performance ratings even
though bud break occurred on the same day. Periods of warm temperatures during the
‘midwinter thaw' impacted the hardiness of each cultivar. Plants overwintered in the

polyhouse were affected more by the warm temperatures.
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INTRODUCTION

Survival of plants during the winter months in northern areas is dependent upon their
ability to endure freezing temperatures (18). There is concern that warming and cooling
temperatures can also cause a substantial amount of injury throughout the entire
overwintering phase. Polyethylene-covered hoophouses (polyhouses) can give some
protection against these temperature extremes. Polyhouse temperatures are considerably
warmer than minimum annual field temperatures and as a result plants can continue to grow
well into the late fall months. Plants also begin growth earlier in the spring (14). A longer
growth period can be an advantage for growers, however, the plants may not be as hardy as
those exposed to colder temperatures during the protection phase.

Cooling and warming rates influence plant cold acclimation and level of hardiness at
different times of the year (11). Periods of freezing followed by warming in the fall allows
the second stage of dormancy to progress naturally. The absence of this temperature
fluctuation prevented shade trees in Minnesota from acclimating fast enough to tolerate the
cold midwinter period (18). During the spring months, plants are vulnerable to continual
changing periods of hardening and dehardening (12). Loss of hardiness appears to occur
more rapidly than gains in hardiness (12, 20). The decrease in hardiness is dependent on stage
of bud development and temperature (20). Forsythia X intermedia Zabel dehardened in six

days after exposure to 27.0°C (80.6°F) in December, whereas significant dehardening took
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place in January after only four days of exposure to 15.0°C (59.0°F). As the dehardening
period progressed, plant deacclimation accelerated as temperatures decreased.

Although cooling and warming rates and temperatures have an influence on
acclimation and deacclimation (11), it has been reported that warm weather during the winter
months can cause red-osier dogwood to deharden and become injured (13). The survival of
plants at times of high temperatures during the winter months not only depends upon its
ability to withstand dehardening, but to reharden. For Elberta peach fruit buds, temperatures
below -2.2to -1.1°C (28.0 to 30.0°F), stimulate hardening while temperatures above this
range will cause plant material to deharden (20).

Storing plant material in an overwintering structure may help limit plant injury
throughout the holding phase. One of the most common overwintering structures in USDA
Hardiness Zones 5 (annual minimum temperature of -23.3°C/-10.0°F to -29.0°C/0°F) and
6 (-17.8°C/0°F to -23.3°C/-10.0°F) is a polyethylene-covered hoophouse, known as a
polyhouse. Opaque coverings with a 4-6 mil thickness keep interior temperatures at -12.0°C
(10.0°F), when the ambient field temperatures are -32.0°C (-25.0°F) (19). The use of a
white polyethylene covering reduces the amount of infrared radiation which is transmitted
through the covering as compared to clear polyethylene (2, 5).

It has been suggested that plant material be allowed to acclimate as much as possible
outdoors before overwintered (5, 10). These plants, however, should be covered once they
have acclimated to prevent freezing injury (23). Hardier plant material which can survive low
shoot killing temperatures can be overwintered in a pot-in-pot system. Such a system allows
the roots of plants to be protected from killing temperatures by placing potted nursery plants

into another pot submerged into the ground (7). The shoots of such a plant are exposed to
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the ambient air and obtain its maximum hardiness level.

Polyhouses can also be used as a growing structure. As a result of higher interior
temperatures, plants overwintered in a polyhouse can grow twice as fast as those
overwintered outdoors (19). The warmer interior temperatures can stimulate plant growth
well into the late fall months. Plants stored in polyhouse can also break bud earlier than plants
overwintered outdoors (19). Early plant growth is attractive to growers who access plant
material in late winter for shipment to more southern locations (6). Plants, however, may not
become as cold hardy as those overwintered outdoors. New growth can be injured by cooler
ambient field temperatures in the spring when the poly covering is removed (19).

Growers must consider the origin of ornamental plants when deciding on management
strategies for overwintering. With the large number of plants available to growers and as new
cultivars are produced, special attention must be given to successfully overwinter nursery
stock. Growers should produce plants which are hardy for their market area. Plants
introduced from many habitats may not have the ability to properly harden in the nursery
location depending upon seasonal effects. The plant's timing and rate of acclimation in
response to a change in photoperiod and temperature are based on its genetic code (9). Many
plants can survive the mid-winter period but acclimate slowly and can be injured when
temperatures suddenly drop (17). Polyhouses provide protection for plants which acclimate
slowly. The extended warming environment in a polyhouse can delay acclimation for some
species and accelerate deacclimation for others. Some species may respond to the extended

fall environment by continuing to grow and not reach it maximum hardiness level.
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New cultivars are created to be more appealing to consumers or possess a
characteristic which may help the plant survive better, such as an increase in flower bud
hardiness (15). Since the flower buds are one of the least hardy parts of a plant, researchers
have developed breeding programs to improve this characteristic. Introduction of new
Forsythia X intermedia species in the past 10-15 years has helped prevent the problem of
flower bud death. Brainerd et al. (4), found that the bud hardiness of Forsythia X intermedia
Lynwood' was significantly less hardy than F. Mandschurica and F. ovata. In May 5% of
the Lynwood' flower buds bloomed as compared to 50-60% for the other two species. New
species have developed with an improvement in bud hardiness, but little is known about the
shoot hardiness during the acclimation, mid-winter, and deacclimation periods (15).
Laboratory cold hardiness experiments can be used to discover the maximum hardiness level
of these new cultivars (8).

This research was conducted to determine the influence of the polyhouse environment
on selected container-grown nursery stock when covered early in the acclimation period
verses later in the fall season. Other questions which are of concern include: How will plant
cold hardiness be influenced by early polyhouse covering? How will subsequent plant growth
be effected in the spring? Will a January or February midwinter temperature fluctuation effect
the hardiness of these plants? Finally, will shoot hardiness vary amongst cultivars and if so

do these cultivars need to be overwintered differently?



MATERIALS AND METHODS

OVERWINTERING Three cultivars of container-grown nursery stock: Weigela
florida ‘Java Red', Hibiscus syriacus 'Jeanne d' Arc', and Evonymus alatus '‘Compactus'’, were
overwintered at the Michigan State University Horticulture Teaching and Research Center
in Lansing, Michigan, USDA Hardiness Zone S, -23.0°C to -29.0°C (-10.0°F to -20.0°F),
from October to April 1996. The nursery stock was grown in 20.0 cm (8.0 in) black nursery
pots and was subjected to three overwintering treatments: (1) Plants held in the center of a
55 percent transmission, opaque, 18' x 96' polyhouse in an east-west orientation, early on
October 12, 1995, during the acclimation period; (2) Plants held in the polyhouse late on
December 5, 1995, after more acclimation was acquired; and (3) Plants stored pot-in-pot
under natural conditions. In the pot-in-pot treatment, a potted plant is placed into a pot
submerged into the ground to protect the root system (Figure 1.1). Polyhouse and ambient
minimum and maximum air temperatures were recorded daily. The datalogger (model CR10,
Logan, Utah) malfunctioned on October 12, 1995, resulting in 19 days of missing
temperatures; therefore, temperature data from October 12 to October 31 was not recorded.
Controlled temperature freezing was conducted weekly from October 10 to November 21,
1995, biweekly from December 21 to March 5, 1996 and weekly again from March 12 to
April 14, 1996. Controlled temperature freezing was not conducted from November 28 to
December 21, 1995 due to a malfunction with the Revco Ultralow freezer (Omega

Engineering, Stamford, CT).
Shoots were collected for each cultivar on each testing date. Each shoot was cut into

three pieces, which were approximately 3.0 to 4.0 centimeters (1.18-1.58 inches) long and
19
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Figure 1.1. Photographs of the pot-in-pot overwintering treatment. (top) An empty 20 cm
(8 in) black nursery pot is submerged into the ground, (bottom) a potted plant is then placed
into it. ‘
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attached to a masking tape template. A 26 ga copper-constantan thermocouple was then
inserted into one of the twigs in the center of the template. The template was then placed on
top of a moist piece of gauze to prevent supercooling, placed in contact with an aluminum
foil heat sink, and placed in a Revco Ultralow freezer. The thermocouple was then connected
to a potentiometer (21). The temperatures within the freezer were controlled and monitored
by an Omega temperature controller. The bundles were kept in the freezer overnight at a
constant -3.0°C (26.6°F). The next morning the temperature of the freezer was programed
to drop in 3.0°C (5.4°F) increments every hour.

Nine freezer temperatures, replicated three times, were used including a control which
remained in a 3.0°C (37.4°F) freezer. Freezing temperature ranges varied from -3.0°C to
-39.0°C (26.6°F to -38.2°F) to fit the stages of the acclimation, midwinter, and
deacclimation. At each temperature regiment the bundles were removed and placed in a
3.0°C (37.4°F) freezer to slowly thaw overnight. This process continued until all eight
temperatures occurred. Bundles were removed the next day from the aluminum foil and
gauze and placed into an aerated humidity chamber for five to seven days (12), after which
samples were dissected for evaluation and evidence of oxidative browning. Tso values (the
temperature at which 50% of the samples were killed) were calculated using the Spearman-
Karber method (3). The Tso values were then subjected to analysis of variance (ANOVA).

Bud break was recorded in the spring and analyzed using analysis of variance. Visual
plant performance was recorded each week from March 18 through June 10, 1996. The
means of three plants per treatment were rated using a scale of 1-5 where: 1=Bud scale not
broken, tissue was brown and/or dead; 2=Bud scale was broken, leaves visible; 3=Uniform

new growth, new leaves were formed; 4=Leaves were fully expanded; and S=Leaves fully
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expanded on elongated shoots. Plants were rated either alive or dead on June 10, 1996, as
percentages. Analysis of variance was used to determine significance between treatments of
each cultivar during the acclimation, midwinter, and deacclimation periods.

The experiment was conducted again from September to April 1997 with the
following container-grown nursery stock: Evonymus alatus ‘Compactus' and three For.sythib
X intermedia cultivars (‘Sunrise', Lynwood', and 'Northern Gold'). The nursery stock was
again subjected to one of three overwintering treatments: (1) Plants held in a polyhouse early
on October 15, 1996; (2) Plants held in the polyhouse late on December 5, 1996; and (3)
Plants held pot-in-pot under natural conditions. Weekly controlled temperature freezing was
conducted from September 10 to December 17, 1996, biweekly from January 2 to March 12,
1997, and weekly again from March 26 to April 15, 1997. Controlled temperature freezing
was conducted as previously described. Freezing temperature ranges varied from -9.0°C
to -45.0°C (15.8°F to -49.0°F) to fit the stages of the acclimation, mid-winter, and
deacclimation. Date of leaf drop and stem color changes were recorded in the fall. Bud

break and visual plant performance were recorded each week from March 1 to June 3, 1997.

MIDWINTER TEMPERATURE FLUCTUATION Most winters in Michigan
experience warming in January or February known as the 'midwinter thaw'. Shoots were
collected from the cultivars used in the previously described experiment. This experiment was
executed to study the adverse influence of warming on shoots. Warming in 1996 occurred
from January 17 to January 23. The maximum ambient field temperature was 16.0°C

(60.8°F) with a minimum of -14.0°C (6.8°F), while the maximum temperature in the
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polyhouse was 22.0°C (71.6°F) with a minimum of -11.0°C (12.2°F). Controlled

temperature freezing (as previously described) was conducted every other day, to determine
the influence of warming on shoot hardiness.

Controlled temperature freezing was again conducted every other day during the
warming of 1997 which occurred between February 18 and February 25. The maximum
ambient field temperature was 13.0°C (55.0°F) with a minimum of -16.0°C (3.0°F), while
the maximum temperature in the polyhouse was 21.0°C (69.8°F) with a minimum of -12.0°C
(10.4°F). The Tso values were calculated and recorded for both years (3) and subjected to

analysis of variance.



RESULTS AND DISCUSSION

Minimum and maximum ambient field and polyhouse temperatures were recorded
daily at plant level during the fall, winter, and spring (test periods) of 1995/1996 and
1996/1997. The maximum polyhouse temperature experienced during the 1995/1996 test
period was 27.0°C (80.6°C) on November 23, while the maximum ambeint field temperature
was 28.0°C (82.4°F) on October 13 (Figure 1.2). The lowest minimum polyhouse
temperature during this test period was -13.0°C (8.6°F) on February 19, the lowest ambient
field temperature was -25.0°C (-13.0°F) on February 3 (Figure 1.3).

Maximum polyhouse and ambient field temperatures were higher during the
1996/1997 test period, 35.0°C (95.0°F) on October 15 and 31.0°C (87.8°F) on September
5, respectively (Figure 1.4). Minimum polyhouse temperatures were lower during the
1996/1997 test period, -16.5°C (2.0°F) on January 19, however, the minimum ambient field
temperatures were warmer, -23.0°C (-9.4°F) also on January 19 (Figure 1.5).

OVERWINTERING The results during the 1995/1996 test period demonstrated
that for all three overwintering treatments, hardy Weigela florida 'Java Red' and the more
cold-sensitive Hibiscus syriacus 'Jeanne d' Arc' cultivars were highly responsive to decreasing
temperatures during the acclimation period (Figures 1.6 & 1.7). Changes in hardiness for
Weigela were most noticeable between October 24 and November 1, for the late and pot-in-
pot tre<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>