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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 overwintering treatments. Plants were

placed in a polyhouse in October (early treatment), 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 ofthe 1995/1996 and 1996/1997 test periods. Acclimation was interrupted for plants

placed in the polyhouse in October which prevented maximum hardiness fi'om 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 ofeach 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 decreased. 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 ofcontainer-grown nursery stock are more cold tender than shoots and

must be protected if exposed to below fi'eezing temperatures. Insuflicient protection may

result in the loss ofnursery stock. Polyethylene-covered hoophouses (polyhouses), which are

commonly used in the north, help avert this damage. Plant material placed in polyhouses will

be protected fi'om 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 firrther 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 efi‘ect 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 fi'om 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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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 ofacclimation. Shorter day lengths

help with the initiation and rate of acclimation. Plants which are not properly hardened can

luvedifiafltyanvivingthemnualmmnperuuresdufingflwmidwhnerpaiod (19).

Cold hardiness ofsome speciescanincreasebyafewdecrees after exposure to short days (19,

33). This slight increase, however, helps prevent plant death if an early fi'ost occurs (33).

Acclimationinresponsetolowtemperann'eis also faster after exposure to a period ofshorter

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 fi'om the

leaves to the bark ofdefoliated 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 100°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

oflong day leaves promotes hardening while the removal of short day leaves inhibits hardiness

(13).

The second stage ofacclimation 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 ofthe preceding

two days (26). This second stage ofacclarnation may also involve changes’in concentration

of sugars, proteins, as well as changes in tissue hydration and cell membranes (33).

Plantshavemechanismswhichhelppreventcelldeath Plant death can occurwhenice

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 ofwater 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 fluids fieezing point. Once ice forms, death occurs instantly.

Rhododendron and azalea flower buds can supercool and survive temperatures of-20.0°C to

300°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 50°C (41 .0°F), however, the rate ofthe

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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stressed lost most of the induced hardiness when placed under long day conditions. Plants

which remained under short days lost a small amount ofhardiness when they were rewatered

(22). Similar results occurred when azalea plants were tested. Azaleas subjected to three

weeks ofwater 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 10°C (18°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 fills below freezing (24). Fluctuating temperatures also afi‘ect hardiness

levels during the spring. At this time plants are vulnerable to periods ofwarming and cooling

(14). The plant appears to respond to deacclimating temperatures more rapidly than

acclirnating temperatures (14, 21). The decrease in hardiness is dependent on the stage ofbud

development and temperature (21). Forsythia X intermedr'a Zrabel dehardened in six days

alter exposure to 270°C (80.6°F) in December, whereas significant dehardening took place

in January after only four days 0 exposure to 150°C (59.0°F). Even warm weather during

the midwinter period can cause red-osier dogwood to deharden and become injured (17). 1f

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 difl'er in hardiness by as much as 200°C (400°F) (9).

While hardy stems ofCamus stolonifera can survive -1960°C (-32l 0°F) (15), the mature

roots OfPicea glauca survive only to -23.3 °C (-100°F) (1 l) and young roots ofEuonymus

alatus 'Compactus' can only survive temperatures to -70°C (190°F) (30). In addition,
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established plants in containers have most oftheir young roots between the substrate interface

and the edge ofthe 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 ofwarm temperatures at this time can actually cause

theroot systemtogrow. Thisprocesscanoccurin as little as 24 hours. These roots canthen

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 bufl‘ered from low temperatures as field-

grown root systems are (10, 21). Temperatures can differ by up to 90°C (16.2°F) between

roots offield-grown plants and roots in the middle ofa 20cm (8in) container (30).

Limited water is available to roots in containers, necessitating watering during warm

periods and before fieezing occurs. A wet container substrate protects the root system by

freezing at a slower rate than dry substrate (3). Warm leafand 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 fictor 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 ofsurvivability when exposed to freezing temperatures. Excess fertilizer applied
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in the late summer or early fill can stimulate late season growth, delaying acclimation (2).

Distmda,mwgmmhisea§1yhjmedmldfledwhmfieezingtanperuuresmwr.Theuse

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

whenexposedtohighpolyhousetemperamretln'oughorntheholding season, which may cause

soluble salt injury to the root system and perhaps stimulate Imrdiness 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 infiared 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 -320°C (-250°F), interior temperatures ofopaque polyhouses have

been recorded at —120°C (100°F) (25). The configuration ofthe containers in the polyhouse

help trap ground heat which keeps the temperatures around the roots system warmer (18).

Thepolyethylene 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 fiom sudden

drops in temperature in polyhouses. It is advised, however, that plants should not be placed

inapolyhouseurrtiltheyhavecompletelyacclimated(5). Asaresultofthewarmerpolyhouse

environment, plants can grow twice as fist 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, difi‘erences of

up to -6.4°C (11.S°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 fiom 2.0-40°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). Ifthe cold hardiness

ofa 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.

GrowasmnproducenwmpMsperunhmmduselessarpmsivembsfiatematefial. 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 ofpolyhouses and their efl‘ect on cold hardiness. The objective of

this research was to investigate the efi‘ect 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 fill or later afier

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

difl‘erences in shoot hardiness amongst cultivars and ifso 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 ofPolyhouse Covering and Midwinter

Warming on Shoot Cold Hardiness

The timing ofpolyhouse covering and its impact on shoot cold hardiness during the

acclimation, nridwinter, 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. Acclimation was interrupted for plants placed in the polyhouse in October

which prevented maximum hardiness fiom 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 Weigelaflarida 'Java Red' and Euanymus alatus 'Compactus' obtained lower

midwinter hardiness levels, while Hibiscus syriacus 'Jeanne d' Arc' was a more cold-sensitive

cultivar. Farsythia X intermedia cultivars achieved difl‘erent levels of hardiness depending

upon the overwintering treatment. Euanymus and Farsythia 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 afi‘ected more by the warm temperatures.

14



INTRODUCTION

Survival ofplants 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 fill 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 ofhardiness at

difl‘erent times ofthe year (11). Periods of freezing followed by warming in the fill allows

the second stage of dormancy to progress naturally. The absence of this temperature

fluctuation prevented shade trees in Minnesota fiom acclimating fist 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

ofbud development and temperature (20). Farm/ridXintermedia Zabel dehardened in six

days after exposure to 270°C (80.6°F) in December, whereas significant dehardening took

15
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place in January after only four days of exposure to 150°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 fiuit buds, temperatures

below -2.2 to -l.l°C (28.0 to 300°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 ofthe 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/-100°F) is a polyethylene-covered hoophouse, known as a

polyhouse. Opaque coverings with a 4-6 mil thickness keep interior temperatures at -120°C

(100°F), when the ambient field temperatures are -320°C (-250°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 acclirrrated 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 ofplants to be protected fiom 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 fist as those

overwintered outdoors (19). The warmer interior temperatures can stimulate plant growth

wellintothelatefillmonths. Plantsstoredinpolyhouseeanalsobreakbud earlierthanplants

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

beconre 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 ofornamental plants when deciding on management

strategies for overwintering. WIth the large number Ofplants available to growers and as new

cultivars are produced, special attention must be given to successfirlly 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 nrid-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 ofthe least hardy parts ofa plant, researchers

have developed breeding programs to improve this characteristic. Introduction of new

Farsythia X intemredia species in the past 10-15 years has helped prevent the problem of

flower bud death Brainerd et a1. (4), found that the bud hardiness ofFarsythia Xintennedia

'Lynwood' was significantly less hardy than F. Mandschurr‘ca and F. avata. 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, nrid-winter, and deacclimation periods (15).

Laboratory cold hardiness experiments can be used to discover the maximum hardiness level

ofthese new cultivars (8).

This research was conducted to determine the influence ofthe 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? W111 a January or February rrridwinter 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 difi‘erently?



MATERIALS AND METHODS

OVERWINTERING Three cultivars of container-grown nursery stock: Weigela

flarida 'Java Red', Hibiscus syriacus 'Jeanne d‘ Arc', and Euanymus alatus 'Compactus', were

overwintered at the Michigan State University Horticulture Teaching and Research Center

in Lansing, Michigan, USDA Hardiness Zone 5, ~230°C to -29.0°C (-10.0°F to -200°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 CRIO,

Logan, Utah) malfirnctioned 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 fieezing was conducted weekly fi'om October 10 to November 21,

1995, biweekly fi'om December 21 to March 5, 1996 and weekly again from March 12 to

April 14, 1996. Controlled temperature fieezing was not conducted from November 28 to

December 21, 1995 due to a malfirnction with the Revco Ultralow fi'eezer (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 ofthe 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

imertedintoone ofthetwigsinthecarter ofthe template. Thetemplatewas then placed on

top ofa moist piece ofgauze to prevent supercooling, placed in contact with an aluminum

foil heat sink and placed in a Revco Ultralow fieezer. 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 timer overnight at a

constant -30°C (26.6°F). The next morning the temperature ofthe freezer was programed

to drop in 30°C (54°F) increments every hour.

Nine fieezer temperatures, replicated three times, were used including a control which

remained in a 30°C (37.4°F) freezer. Freezing temperature ranges varied fi'om -30°C to

-39.0°C (26.6°F to -38.2°F) to fit the stages of the acclimation, nridwinter, and

deacclimation. At each temperature regiment the bundles were removed and placed in a

30°C (37.4°F) freezer to slowly thaw overnight. This process continued until all eight

temperatures occurred. Bundles were removed the next day fi'om 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% ofthe samples were killed) were calculated using the Spearman-

Karber method (3). The Tso values were then subjected to analysis ofvariance (ANOVA).

Bud break was recorded in the spring and analyzed using analysis ofvariance. Visual

plant performance was recorded each week from March 18 through June 10, 1996. The

means ofthree 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 firlly expanded; and 5=Leaves fully
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expanded an elongated shoots. Plants were rated either alive or dead on June 10, 1996, as

percentages. Analysis ofvariance 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: Euanymus alatus 'Compactus' and three Farsyrhia

X intermedia cultivars ('Sunrise', 'Lynwood', and 'Northem Gold'). The nursery stock was

again subjected to one ofthree 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 -90°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 fiom 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 fi'om the cultivars used in the previously described experiment. This experiment was

executed to study the adverse influence ofwarming on shoots. Warming in 1996 occurred

from January 17 to January 23. The maximum ambient field temperature was 160°C

(60.8°F) with a minimum of -140°C (68°F), while the maximum temperature in the
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polyhouse was 220°C (71.6°F) with a minimum of -ll.0°C (12.2°F). Controlled

temperature fieezing (as previously described) was conducted every other day, to determine

the influence ofwarming on shoot hardiness.

Controlled temperature fi'eezing 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 130°C (550°F) with a minimum of-160°C (30°F), while

the maximum temperature in the polyhouse was 210°C (69.8°F) with a minimum of-120°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 270°C (806°C) on November 23, while the maximum ambeint field temperature

was 280°C (82.4°F) on October 13 (Figure 1.2). The lowest minimum polyhouse

temperature during this test period was -130°C (86°F) on February 19, the lowest ambient

field temperature was -250°C (-l30°F) on February 3 (Figure 1.3).

Maximum polyhouse and ambient field temperatures were higher during the

1996/1997 test period, 350°C (950°F) on October 15 and 310°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 (20°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 Weigelaflarida '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 treatments, while a similar response was not seen for the early treatment until November

14. For all three overwintering treatments, a noticeable increase in hardiness for Hibiscus

occurred between October 10 and 17. All three overwintering treatments OfEuanymus alatus

'Compactus' increased in hardiness by only 0.5-1.0°C (0.9-1.8°F), each week from October

25



26

Figure 1.2. Maximum daily polyhouse and ambient field temperatures were measured at

plant level during the 1995/1996 test period. The 1 indicates the date that shoot tissue was

removed for controlled temperature freezing.
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Figure 1.3. Minimum daily polyhouse and ambient field temperatures were measured at plant

level during the 1995/1996 test period. The 1 indicates the date that shoot tissue was

removed for controlled temperature freezing.
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Figure 1.4. Maximum daily polyhouse and ambient field temperatures were measured at

plant level during the 1996/1997 test period. The 1 indicates the date that shoot tissue was

removed for controlled temperature freezing.
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Figure 1.5. Minimum daily polyhouse and ambient field temperatures were measured at plant

level during the 1996/1997 test period. The 1 indicates the date that shoot tissue was

removed for controlled temperature freezing.
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Figure 1.6. Killing temperature (Tso, °C), of Weigelaf. 'Java Red' during the 1995/1996 test

. period as influenced by time of placement in a protective structure (early-10/12/95 or late-

12/5/95) or held pot-in-pot under ambient field temperatures. The Tso values are separated

by iSE.
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Figure 1.7. Killing temperature (Tso, °C), of Hibiscus s. 'Jeanne d' Arc' during the

1995/1996 test period as influenced by time of placement in a protective structure (early-

10/12/95 or late-12/5/95) or held pot-in-pot under ambient field temperatures. The T50 values

are separated by iSE.
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10 through November 17 (Figure 1.8). During the months ofNovember and December the

rate ofacclimation accelerated in response to colder temperatures.

Maximum midwinter hardiness levels were observed either on December 21 or

January 3. The pot-in-pot treatment was the hardiest, followed by the late and early

treatments, respectively. Weigela acquired maximum hardiness levels of-33.5°C (-28.5 °F),

-35.7°C (-32.5°F), and -36.7°C (~33.8°F), for the early, late, and pot-in-pot treatments. For

the Hibiscus cultivar the early treatment had a maximum hardiness level of-260°C (-14.8°F),

the late treatment was hardy to -27.5 °C (-17.5 °F), and the pot-in-pot treatment was hardy

to -28.0°C (-18.4°F). Euanymus in the early polyhouse treatment was hardy to -29.7°C

(-21.5°F), those placed in the polyhouse late were hardy to -33.5°C (-28.5°F), while those

overwintered in the pot-in-pot treatment were hardy to -36.5 °C (-340°F). Aside fi'om being

the hardiest, the pot-in-pot treatment was also the slowest to deacclimate. The influence of

the overwintering system on hardiness during the l995/1996 testing period was significant

depending on the period ofthe controlled temperature freezing and the cultivar (Table 1.1).

In the spring, Euarrymus was the first cultivar to break bud in all treatments followed

by Weigela and Hibiscus, respectively (Figure 1.9). For all three cultivars, the nursery stock

placed in the polyhouse early and late broke bud on the same day. Euanymus and Weigela

in the pot-in-pot treatment broke bud 32 days following the bud break ofthe nursery stock

overwintered in the polyhouse. Hibiscus in the pot-in-pot treatment broke bud 37 days afier

those in the polyhouse.

All three cultivars in the pot-in-pot treatment had the highest percentage of mortality,

while both polyhouse treatments had the same amount of plant mortality (Table 1.2). Based

on the visual plant performance ratings growth on the Euanymus placed in the polyhouse late
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Figure 1.8. Killing temperature (T50, °C), ofEuanymus a. 'Compactus' during the 1995/1996

test period as influenced by time of placement in a protective structure (early-10112195 or

late-12/S/95) or held pot-in-pot under ambient field temperatures. The Tso values are

separated by iSE.
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Figure 1.9. Influence of three overwintering systems on the date of bud break of three

cultivars during the l995/1996 test period. Date of bud break is expressed as date of first

noticeable shoot elongation. Data analyzed by analysis ofvariance and mean separation by

LSD.
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Table 1.2. The mortality ofthree cultivars during the 199511996 test period as influenced

by placement in a protective structure (early-10112195 or late-1215195) or held pot-in-pot

under ambient field temperatures, were recorded as percentages. Plants were rated as either

alive or dead on June 10, 1996. Observations were based on 70 plants per cultivar per

treatment. Data was analyzed by analysis ofvariance and mean separation by LSD.

mg?“ovrcrtwmmnmc DATEor?arm PERCENTAGE Orr

,, ___nmruns“     
 

 

 

 

 

 

     

 

 

Weigela florida 3/25/96 5.0% a

'Java Red'

3125/96 5.0% a

4/25/96 9.0% a

Hibiscus syriacus Early 4122/96 9.0% a

'Jeanne d' Arc'

1 Late 4122/96 9.0% a

Pot-in-pot 5127/96 30.0% b

Euonymus alatus Early 3122/96 0% a

'Compactus'

Late 3122/96 0% a

Pot-in-pot 4122/96 30.0% b     
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had mperior growth compared to those placed in the polyhouse early (Table 1.3). The foliage

on the late treatment plants had a darker green appearance and the leaves were more firlly

expanded. No difl‘erence in growth or appearance existed between the early and late

treatments of Weigela or HibiSC'llS. All three cultivars in both polyhouse treatments had more

advanced growth during the evaluation period than those held in the pot-in-pot treatment.

The results of the experiment during the 199611997 test period showed that during

the first week of October, all cultivars experienced an apparent increase in cold hardiness.

A change in stem color from green to brown was observed on Forsythia X inter-media

Northern Gold' and 'Lynwood' on October 8 (Table 1.4). 'Northern Gold' increased in

hardiness by 15.0°C (27.0°F), while 'Lynwood' increased in hardiness by 11.0°C (19.8°F).

Hardiness increased by 9.0°C (16.2°F) for Euonymus and 50°C (90°F) for 'Sunrise' without

any nOticeable change in stem color.

'Lynwood' was the least hardy ofthe three Forsythia cultivars in all three treatments.

Northern Gold' was the hardiest Forsythia cultivar in the pot-in-pot treatment, while 'Sunrise'

Was the hardiest in both polyhouse treatments. All four cultivars were at their maximum

hardiness levels during the period of January 15 through February 4, 1997. The maximum

hardiness levels for 'Lynwood' were as follows: -37.3 °C (-35.2°F) in the early treatment,

'37-9 ° C (-36.4°F) in the late treatment, and -38.2°C (-37.0°F) in the pot-in-pot treatment

(Figul'e 1.10). Pot-in-pot 'Northem Gold' was hardy to -41.7°C (-43.1°F), while the

hardiness level ofthe early treatment was -4o.3°c (40.5%), and the late treatment was hardy

to ‘40. 5°C (-40.9°F) (Figure 1.11). The 'Sunrise' polyhouse treatments were hardy -41.2°C

(‘42-4 °F), while the pot-in-pot treatment was hardy to -41.5°C (-42.7°F) (Figure 1.12). The

acclin‘lattion, mid-winter hardiness, and deacclimation patterns for the three Euonymus
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Table 1.3. Visual post-stress performance ratings‘ for three cultivars ofcontainer-grown

nursery stock during the 199511996 test period as influenced by time ofplacement in a

protective structure (early-10112195 or late-1215195) or held pot-in-pot under ambient

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

fieldtemperatures.

Weigela florida Hibiscus synacus Euonymus alatus

'Java Red' 'Jeanne d' Arc' 'Compactus'

32:33 a... a... MVESTHRESFSMfiEfiEESS an. mm
- - ; _ ___4

3/1 8196 ; 1 1 1 1 1 1 1 1 1

3/25/96 1 1.33 1.33 1 1 1 1 1.66 2 1

4/1/96 2 2 1 1 1 1 2 2.33 1

4/8/96 ‘ 2.33 2.33 1 1 1 1 2 3 1

4/15/96 . 2.66 2.66 1 1 1 1 2.33 3.33 1

4/22/96 3 3 1 1.33 1.33 1 2.66 4 1

4/29/96 H 3.33 3.33 1 1.33 1.33 1 3.33 4.33 1.33

5/6/96 ll 4 4 1.66 1.66 1.66 1 3.66 5 2

5/13/96 433 4.33 2.33 2.33 2.33 1 4.33 5 2.66

5’20/96 5 5 3 3.33 3.33 1 5 5 3

5 3.33 4 4 1.33 5 5 4

5 5 4 5 5 2 5 5 5

5 5 5 5 5 2.33 5 5 5 

 

        
 

z -

l‘ Bud settle was not broken, tissue was brown and/or dead.

2: End scale was split, leaves visible.
3:

Uniform new growth, new leaves were formed.

4: Leaves were fully expanded.

5: Leaves fully expanded on elongated shoots.
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Figure 1.10. Killing temperature (T50, °C), ofForsythia X intermedia 'Lynwood' during the

19961 1997 test period as influenced by time of placement in a protective structure (early-

10/15/96 or late-1215196) or held pot-in-pot under ambient field temperatures. The T50 values

are separated by :I:SE.
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Figure 1.11. Killing tempaature (T50, °C), ofForsythiaXintennedia 'Northern Gold' during

the 1996/1997 test period as influenced by time of placement in a protective structure (early-

10115196 or late-1215196) or held pot-in-pot under ambient field temperatures. The T50 values

are separated by :tSE.
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Figure 1.12. Killing temperature (T50, °C), ofForsythia X inter-media 'Sunrise' during the

1996/1997 test period as influenced by time of placement in a protective structure (early-

1011 5196 or late-1215196) or held pot-in-pot under ambient field temperatures. The T50 values

are separated by tSE.
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treatments were similar to those seen during the 199511996 test period. Hardiness levels for

Euonymus in the early, late, and pot-in-pot treatments were as follows: -40.2°C (-40.4°F),

-40.6°C (-41.4°F), and -43.3°C (-46.l°F), respectively (Figure 1.13).

As seen during the 199511996 test period, the pot-in-pot treatment acclimated the

fastest, was the hardiest during the mid-winter period, and deacclimated slower than the early

and late treatments. Again, the influence ofthe overwintering system on hardiness during the

1 996/ l 997 testing period was significant depending on the period of the controlled

temperature fi‘eezing and the. cultivar (Table 1.5).

Bud break was recorded for the four cultivars during the months ofMarch and April

(Figure 1.14). Bud break for each cultivar occurred on the same dates for plants placed in

the polyhouse either early or late. Bud break occurred naturally in the pot-in-pot treatment

36 days later for 'Sunrise', 27 days later for ‘Lynwood' and Euonymus, and 25 days later for

'Northern Gold'.

Visual plant performance ratings were conducted as previously stated and recorded

from March 2 through June 3, 1997 (Table 1.6). 'Sunrise' in both polyhouse treatments

received the same visual plant performance ratings. 'Lynwood', 'Northern Gold', and

Euonymus placed in the polyhouse late vs. early had higher plant performance ratings even

though bud break occurred on the same day. The cultivars in the late treatment had darker

green fOIiage and more fully expanded leaves that the nursery stock placed in the polyhouse

early, For all four cultivars, the visual plant performance ratings for plants held in both

FOIYhouse treatments had a greater amount ofgrowth during the evaluation period than those

held in the pot-in-pot treatment.
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Figure 1.13. Killing temperature (T50, °C), of Euonymus alatus 'Compactus' during the

1996/1997 test period as influenced by time of placement in a protective structure (early-

10/15/96 or late-12/5/96) or held pot-in-pot under ambient field temperatures. The T50 values

are separated by iSE.
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Figure 1.14. Influence of three overwintering systems on the date of bud break of four

cultivars during the 1996/1997 test period. Date ofbud break is expressed as date offirst

noticeable shoot elongation. Data analyzed by analysis ofvariance and mean separation by

LSD.
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Acclimation was interrupted for plants placed in the polyhouse in October which

prevented maximum hardiness fiom being achieved. According to Weiser (22), the second

stage of acclimation is triggered by low temperatures. The warm polyhouse environment

extended the acclimation period. The change in stem color ofNorthern Gold' and 'Lynwood'

from green to brown may be evidence ofa change in hardiness. 'Sunrise' was the only cultivar

that increased in hardiness when it lost 50% of its leaves. Plant responses such as these may

be related to an increase in hardiness. Parker (16), reported a noticeable accumulation of

reddish leafpigment when Hedera helix L. increased in hardiness. Similar leaf color changes

with Rhododendron cv. Springtime occurred in response to an increase in hardiness (1).

During the mid-winter hardiness period plants in the warmer polyhouse environment

were not as hardy as those stored pot-in-pot under natural conditions. Pot-in-pot plants were

exposed to colder temperatures and obtained a greater maximum shoot hardiness level. The

polyhouse environment accelerated bud break by at least 25 days when compared to bud

break of pot-in-pot plants.

Euonymus and Formhr'a cultivars Northern Gold' and 'Lynwood' had improved plant

performance ratings when placed in the polyhouse late vs. eariy, resulting from more exposure

to colder temperatures during the acclimation period. Pot-in-pot plants had higher

percentages of mortality than plants in the polyhouse during the 199511996 test period.

Minimum temperatures of -3.2°C (25.0°F) were recorded fiom April 22 through the 26,

1996. Tender stem tissue in the pot-in-pot treatment was injured by freezing temperatures,

whereas cultivars in the polyhouse were protected. Cold-sensitive cultivars such as Hibiscus

should probably be overwintered in a polyhouse to prevent plant injury. Cultivars such as

Euonymus, Northern Gold', and 'Lynwood' which experienced poor grth when covered
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early should probably be overwintered later in the fall.

MIDWINTER TEMPERATURE FLUCTUATION During the 1996 ‘midwitner

thaw' test period fi'om January 17 through the 30'“, the hardiness of each cultivar changed

during the warmer weather. Cultivars were less hardy at the end ofthe experiment, with the

exception of Weigela and Euonymus in the pot-in-pot treatment (Figure 1.15-1.17). Plants

overwintered in both polyhouse treatments were less hardy than those overwintered in the

pot-in-pot treatment and had greater changes in hardiness during the test period. The cold-

tender Hibiscus cultivar, in all three overwintering treatments, was not as responsive as the

other two cultivars to decreaseing temperatures. Therefore, Hibiscus is less adaptive to

northern climates where sudden drops in temperature normally occur. As seen in the previous

experiment, Hibiscus needs to be placed in a protective covering during the winter months.

The T50 values recorded at the beginning and at the end ofthe experiment for Weigela in all

three overwintering treatments were as follows: -30.0°C (-22.0°F)/-25.5°C (-14.0°F) for

the eariy treatment, -32.5°C (-26.5°F)/ -29.0°C (-20.2°F) for the late treatment, and -33.0°C

(-27.4°F)/-33.0°C (-27.4°F) for the pot-in-pot treatment. Hibiscus had hardiness levels of

-26.0°C (-14.8°F)/-23.0°C (-9.4°F) for the early treatment, leves of -25.5°C (-l3.9°F)/

-23.0°C (-9.4°F) for the late treatment, while the pot-in-pot treatment had hardiness levels

of -26.0°C (-l4.8°F)1-25.5°C (-13.9°F). The T50 values for Euonymus were as follows:

-30.0°C (-22.0°F)/-25.5°C (-13.9°F) for the early treatment, values of -32.5°C (-26.S°F)/

-28.5 °C (-l9.3 °F) for the late treatment, while the pot-in-pot treatment had T50 values of

-33.0°C (-27.4°F)/-34.5°C (-30.1°F).



Figure 1.15. Killing temperature (T50, °C), ofthree cultivars from January 17 to January 30,

1996 as influenced by placement in a protective structure (early-10112195), and minimum and

maximum polyhouse temperatures. The T50 values are separated by iSE.
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Figure 1.16. Killing temperature (T50, °C), of three cultivars from January 17 to January

30, 1996 as influenced by placement in a protective structure (late-1215195), and minimum

and maximum polyhouse temperatures. The T50 values are separated by $815.
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Figure 1.17. Killing temperature (T50, °C), ofthree cultivars from January 17 to January

30, 1996 as influenced by placement in a pot-in-pot treatment under natural conditions and

ambient minimum and maximum field temperatures. The T50 values are separated by iSE.
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Similar results were seen during the 1997 test period fiom February 18 through the

25“ (Figures 1.18-1.20). Again, the hardiness ofeach cultivar gradually changed during the

warmer weather and was lessM at the end of the experiment, with the exception of

Northern Gold' in the pot-in-pot treatment. For all four cultivars, plants overwintered in both

polyhouse treatments were less hardy than the pot-in-pot treatment. The T50 values for the

Forsythia cultivar 'Sunrise' at the beginning and the end of the experiment were: -37.8°C

(-36.8°F)/ -36.8°C (-34.2°F) for the early treatment, -39.4°C (-38.9°F)/-37.1°C (~34.8°F)

for the late treatment, and -40.2°C (~404°F)/-37.9°C (-36.2°F) for the pot-in-pot treatment.

'Lynwood' had T50 values of -35.9°C (—32.6°F)/-33.8°C (-28.8°F), -35.9°C (-32.6°F)/

-33.9°C (-29.0°F), and -36.3°C (~33.3 °F)/-34.2°C (-29.6°F), for the early, late, and pot-in-

pot treatments, respectively. The T50 values for Northern Gold' in the early treatment were

-38.3 °C(-36.9°F)/-35.6°C (~32.1°F), -39.3°C (-38.7°F)1-37.8°C (-36.0°F) for the late

treatment, while the T50 values for the pot-in-pot treatment were -39.4°C (-38.9°F)/-40.6°C

(-41.1°F). Euonynms had hardiness levels of-37.9°C (-36.2°F)/-35.9°C (~32.6°F), -39.4°C

(-38.9°F)/-37.2°C (-35.0°F), and -40.9°C (-41.6°F)/-38.2°C (~36.8°F), for the early, late,

and pot-in-pot treatments, respectively.

The cold tolerance of azalea florets also fluctuated when exposed to warming

temperatures during the months ofJanuary and February (10). Similar results were seen by

Howell and Weiser (12), and Proebsting (20). As colder temperatures resumed, plants

obtained hardiness similar to levels prior to the warming period. Some cultivars exposed to

the 'midwinter thaw' exhibited a slight decrease in hardiness. Extended period of warming

temperatures may result in greater losses of cold hardiness. These predisposed plants could

be more susceptible to sudden cold temperature drops below their hardiness levels.
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Figure 1.18. Killing temperature (T50, °C), ofthree cultivars from Febniary 18 to February

25, 1997 as influenced by placement in a protective structure (early-10115196), and minimum

and maximum polyhouse temperatures. The T50 values are separated by iSE.
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Figure 1.19. Killing temperature (T50, °C), of three cultivars from February 18 to February

25, 1997 as influenced by placement in a protective structure (late-1215196), and minimum

and maximum polyhouse temperatures. The T50 values are separated by iSE.
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Figure 1.20. Killing temperature (T50, °C), ofthree cultivars from February 18 to Febniary

25, 1997 as influenced by placement in a pot-in-pot treatment under natural conditions and

ambient minimum and maximum field temperatures. The T50 values are separated by iSE.
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CONCLUSION

Plant material should not be produced in new market areas if they have diEculty

surviving the annual minimum air temperature. Since new cultivars are continually being

developed to survive areas with colder winters, it is crucial that these cultivars are evaluated

given the weather condition of the nursery and zone of culture. If the cold hardiness of

container-grown nursery stock is not assessed, the proper overwintering method may not be

used during the winter months. As a result, plant material can be killed and subsequently

growers can loose profits.

The protocol employed in this thesis detected differences in hardiness for cultivars in

three overwintering treatments. It was shown cultivars placed in a polyhouse early (in

October) were less hardy than plants overwintered in the other two treatments. The early

polyhouse treatment also adversely affected plant growth of three of the cultivars tested.

Future experiments should continue to screen plants to determine their acclamation and

deacclimation patterns as well as their maximum hardiness levels. Ifearly polyhouse covering

is desired the cold hardiness ofthe cultivars, as influenced by this overwintering system, must

be tested. A method using chlorophyll inflorescence can be used which may detect more

exact killing temperatures.

The cold hardiness ofnew cultivars must also be tested during the warm 'midwinter

thaw’ period which usually occurs during the months ofJanuary or February in Michigan. If

77
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necessary growers may choose to vent polyhouses when temperatures are considerably higher

than ambient field temperatures.

During the dehardening period of both years, there was a difference in hardiness

between the two polyhouse treatments. Future experiments should focus on this period to

determine if this difference is common for other cultivars. Just as the timing of polyhouse

covering was studied, the timing ofpolyhouse uncovering should also be studied.
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CHAPTER [I

WARMING TEMPERATURES ON THE ROOT COLD HARDINESS

OF CONTAINER-GROWN NURSERY STOCK
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ABSTRACT

Warming Temperatures on the Root Cold Hardiness

ofContainer-Grown Nursery

Selected container-grown nursery stock was allowed to reach mid-winter hardiness

levels during the l995/1996 and 1996/1997 test periods. Plants were subjected to 12 hours

of 210°C (69.8°F) followed by 12 hours of 0°C (32.0°F) for up to 16 days. Controlled

temperature fi'eezing was conducted alter every 48-hour period to determine the levels of root

hardiness. Viability was determined by measuring days to bud break and visual plant

performance ratings which were cultivar dependent. Ratings were assigned to the cultivars

afler 30 and 60 days ofgrowth in the greenhouse. In general, plant performance declined as

days ofwarming increased and as fieezing temperatures decreased. Plant performance ratings

for Weigela florida 'Java Red', Hibiscus syriacus 'Paeonyflorus', and Euonymus alatus

'Compactus' improved from 30 to 60 days during the 199511996 test period. Ratings for

Forsythia X intermedia cultivars declined from 30 to 60 days during the 199611997 test

period. In comparison to the controlled warming temperatures, the efl‘ect of natural

deacclimation on root cold hardiness was studied during the spring of 1996. Days to bud

break for Weigela florida 'Java Red' and Euonymus alatus 'Compactus' steadily increase

during the deacclimation period as controlled freezing temperatures decreased. Visual plant

performance ratings declined as the deacclimation period progressed and controlled freezing

temperatures declined. Ratings for both cultivars did not change fiom 30 to 60 days of

growth.
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INTRODUCTION

Lossofnursery stockduringwintermonthsmaybedue to lack ofroot cold hardiness

when fieezing temperatures occur (6). Though container production is attractive to growers,

root systems in the small pots are predisposed to stress. The container substrate is not like

field soil which can protect the roots against low temperature (3, 17). Instead the substrate

fieezes and thaws quickly, injuring the root system (9). To exacerbate the stress on

container-grown root systems, roots do not become dormant and are readily influenced by

surrounding. ambient soil and air temperatures. Roots cannot survive temperatures that

shoots are exposed to and acclimate at a much slower rate (5). There is even a reported

difference in hardiness between young and mature roots (8, 15). Overwintering structures

were created to help protect these vulnerable root systems fiom freezing temperatures.

The limited amount of substrate material in containers greatly influences the root

system (5). Since roots are influenced by soil temperatures, this creates a large difference

between how the roots are afl‘ected in the field and in containers (5, ll). Temperatures can

differ between the roots in the field and those in the middle of 20 cm (8 in) containers by as

much as 90°C (16.2°F) (15). Root systems ofcontainer-grown plants are above ground and

are subjected to temperatures almost as low as air temperatures (4). Root systems offield

grown plants are insulated by the surrounding soil which prevents them fi'om being exposed

to these low temperatures.
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Unlike the shoots, the roots do not respond to the acclimation signals of shorter days

and low air temperatures (5). Instead, roots appear to respond to surrounding soil

temperamre. Thesesoil temperatures changeinresponsetothewarmingand cooling ofair

around the plant (16). Soil temperatures also dictate when the roots harden and deharden.

Hardiness is achieved at a certain temperature specific to every plant. When temperatures

above this level of hardiness are encountered, the roots can begin to grow, while lower

temperatures prevent this from occurring. Warm temperatures during the winter will actually

cause the root system to deacclirnate and begin growth This can occur in as little as 24 hours

and when fi'eezing temperatures recur, the roots can be damaged (5).

Root hardiness levels and shoot hardiness levels on the same plant have different

values, and values can difler by as much as 700°C (158.0°F) in White Pine, 280°C (82.4°F)

in Taxus cuspidata, and by at least 150°C (59.0°F) in ornamental shrubs (5). Just as the

hardiness of shoots and roots difl‘er, plant roots also have varying degrees ofcold hardiness.

Roots near the stem of the plant are the most cold hardy, while young root tips are

considerably less hardy (11). Reports have suggested that young roots (defined as the section

immediately adjacent to and including the root tip) did not survive when girdled prior to

controlled temperature freezing, whereas the more mature roots (darker and with a larger

diameter) achieved T50 values similar to those ofleaves (1 1). Mature roots ofCotoneaster

microphylla are reported to be hardy to -13.0°C (90°F), while the young roots only

tolerate temperatures to 40°C (25.0°F) (15). If enough young roots die, the survivability

of the plant could be afl‘ected. Young roots which grow near the container boundary will

most likely die during the winter months (8). Water uptake the following spring may be

reduced which may cause grth to cease (11, 15).
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To help protect the root system from cold temperatures, plants can be overwintered

under polyethylene-covered hoophouses (polyhouses). Interior temperatures are commonly

well above minimum ambient field temperatures during the winter months. Root systems

often injured by the minimum ambient field temperatures can be sheltered by this structure

(1). There are, however, disadvantages to overwintering systems. Plant material

overwintered in polyhouses may not get as root hardy as plants overwintered outdoors (14).

Subsequently, plants can be injured by the much cooler ambient field temperatures when they

are uncovered (13).

Root killing temperatures of established plants are dificult to assess when the

surrounding soil is frozen (16). Ifthe root system is dug from the ground in the winter and

the soil surrounding that root system is allowed to thaw, the root tissue is likely to

deacclimate and the correct root killing temperatures cannot be obtained. It has been

reported that roots can be detached from plants in the fall before acclimation begins and can

be stored under high humidity conditions. These root samples can then be used to determine

root killing ternperanires. It has been suggested that root systems which are severed prior to

storage can achieve the same level of root hardiness as intact stored plants (12).

It would be desirable to study the cold hardiness of an intact container-grown root

system surrounded by the container substrate. This would allow roots to acclimate and

deacclimate as they would in a nursery. Nursery stock with intact roots in the container may

survive lower killing temperatures and respond differently than severed roots. Bud break and

plant vigor could then be used as an indication ofthe survival ofthe root.
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Plant roots support many plant processes. Water uptake and whole plant performance

are dependent on the viability of the root system (16). The following experiments were

conducted to answer the following questions: Do warming temperatures have an influence

on the cold hardiness ofthe root system? Will the root injury efi‘ect whole plant performance?

Lastly, will bud break and plant performance decline as the warming period progresses?



MATERIALS AND METHODS

CONTROLLED WARMING TEMPERATURES Well-rooted plants in 5.7 cm

(2.25 in) pot of Weigelaflorida 'Java Red‘, Hibiscus syriacus 'Paeonyflorus', and Euonymus

alatus 'Compactus' were allowed to acclimate naturally outdoors at the Michigan State

University Horticultural Teaching Research Center (HTRC), in Lansing, USDA Hardiness

Zone 5,-23.0°C to -29.0°C (-10.0°F to -20.0°F) fi'om September 24 to November 3, 1995.

Plants were placed in the center of a 55 percent transmission, opaque, 18' x 96' polyhouse

until December 26, 1995, when they were moved into a temperature control chamber set at

0°C (32.0°F) for 12 hours in the Plant and Soil Science Building at Michigan State

University. The plants were divided into nine groups (a control and eight treatments). A

second control group stayed in the 0°C (32.0°F) temperature control chamber throughout

the experiment.

On the second day, the treatment plants were moved into a 21 .0°C (69.8°F) control

chamber for 12 hours. Every 12 hours plants were moved fi'om the 21 .0°C (69.8°F) control

chamber and placed into the 0°C (32.0°F) chamber. This process continued in 12 hour

increments. After each 48-hour interval from two to 16 days, a treatment group of plants

(with a control) was placed in the 0°C (32.0°F) chamber for another 24 hours. A 26 ga

copper-constantan thermocouple was placed in the pot medium while they were in a Revco

Ultralow fieezer (Omega Engineering, Stamford, CT) to monitor temperatures when

connected to a potentiometer. Temperatures within the freezer were controlled and

monitored by an Omega temperature controller. The plants were kept in the fieezer overnight

at a constant -3.0°C (26.6°F).
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The next morning the fieeeer temperature was programmed to drop in 30°C (54°F)

increments every hour. Nine fieezer temperatures were used and replicated three times,

including a control which was placed in a 30°C (37.4°F) freezer. Freezing treatments from

-6.0°C to -27.0°C (21.2°F to -l6.6°F) were chosen to represent similar root killing

temperatures as reported by Havis (8) and Studer (15). At each temperature regime, the

plants were removed and placed in a 3°C (37.4°F) chamber until all groups had been

subjected to the appropriate controlled temperature fieezing level. The plants were placed

in a greenhouse on January 15, 1996 with a 27.0°C (80.6°F) day and 170°C (62.6°F) night

temperature to observe bud break and visual plant performance for 30 and 60 days. Analysis

of variance was used to determine significance for days to bud break. Visual plant

performance ratings were assigned as follows: 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 5=Leaves fully expanded on elongated

shoots. Analysis ofvariance was also used to determine significance ofratings from 30 to 60

days.

Well-rooted plants in 5.7 cm (2.25 in) pot ofthree ForsythiaX intermedia cultivars

('Sunrise', 'Lynwood', and Northern Gold'), were again placed outdoors at the HTRC to

acclimate naturally fi'om October 24 to November 25, 1996. Plants were placed in the center

of a 55 percent Opaque 18' x 96' polyhouse until December 26, 1996. Plants were then

subjected to the fluctuating temperature and fi'eezing regimes as described previously.

Freezing treatments from -9.0°C to -30.0°C (15.8°F to -22.0°F) where chosen based on a

hardiness evaluation by McNamara and Pellett (10). On January 26, 1997, the plants were
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placed into a greenhouse to observe bud break and visual plant performance after 30 and 60

days.

NATURAL DEACCLIMATION Well-rooted plants in 5.7 cm (2.25 inch) pot of

Weigela florida 'Java Red', Hibiscus syriacus 'Paeonyflorus', “and Euonymus alarus

'Compactus' were overwintered at the HTRC and transported to the Plant and Soil Science

Building for a weekly controlled temperature fleeing from February 22 to April 11, 1996.

A 26 ga copper-constantan thermocouple was placed into each of the pots and the plants

were subjected to controlled temperature freezing as previously described. Nine fieezer i

temperatures were used and replicated three times, including a control which was placed in

a 30°C (37.4°F) freezer. Freezing treatments from -6.0°C to -33.0°C (21.2°F to -27.4°F)

were chosen to determine root hardiness. The fi'eezer temperature was programed to drop

in 30°C (54°F) increments. Afier each freezer run, the liners were placed in a 30°C

(37.4°F) freezer until all treatments were performed. On May 11, 1996 all ofthe plants were

placed in a greenhouse to observe bud break and visual plant performance. Plants were rated

on a scale from 1 to 5 as previously described. Again, analysis of variance was used to

determine ifthere was a significant difference between days to bud break.



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 199511996 and

1996/1997. The maximum polyhouse temperature experienced during the 199511996 test

period was 27.0°C (80.6°C) on November 23, while the maximum ambient field temperature

was 280°C (82.4°F) on October 13 (Figure 2.1). The lowest minimum polyhouse

temperature during this test period was -l3.0°C (86°F) on February 19, the lowest ambient

field temperature was -25.0°C (-13.0°F) on February 3 (Figure 2.2).

Maximum polyhouse and ambient field temperatures were higher during the

1996/1997 test period, 350°C (95.0°F) on October 15 and 310°C (87.8°F) on September

5, respectively (Figure 2.3). Minimum polyhouse temperatures were lower during the

1996/1997 test period, -16.5°C (20°F) on January 19, however, the minimum ambient field

temperatures were warmer, -23.0°C (-9.4°F) also on January 19 (Figure 2.4).

CONTROLLED WARMING TEMPERATURES Figure 2.5 shows bud break

results ofthree cultivars subjected to periods ofwarming temperatures from two to 16 days

during the 199511996 test period. Weigela florida 'Java Red' deacclimated slowly and

exhibited delayed bud break after 12 days ofwarming. Weigela took 29 days to break bud

afier two days ofwarming at -27.0°C (-16.6°F), whereas the cultivar took 44 days to break

bud at the same temperature afler 16 days ofwarming. Hibiscus syriacus 'Paeonyflorus' took

longer to break bud with little influence ofwarming temperatures and was a cold-sensitive

cultivar which did not survive temperatures below -12.0°C (10.4°F). Deacclimation of hardy

Euonymus alarus 'Compactus' plants steadily progressed to 16 days ofwarming. Analysis of
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Figure 2.1. Maximum daily polyhouse and ambient field temperatures were measured at

plant level during the 199511996 test period. The I indicates the date that shoot tissue was

removed for controlled temperature fi'eezing.
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Figure 2.2. Minimum daily polyhouse and ambient field temperatures were measured at plant

level during the l995/1996 test period. The 1 indicates the date that shoot tissue was

removed for controlled temperature freezing.
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Figure 2.3. Maximum daily polyhouse and ambient field temperatures were measured at

plant level during the 1996/1997 test period. The 1 indicates the date that shoot tissue was

removed for controlled temperature freezing.
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Figure 2.4. Nfinimum daily polyhouse and ambient field temperatures were measured at plant

level during the 1996/1997 test period. The 1 indicates the date that shoot tissue was

removed for controlled temperature freezing.
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Figure 2.5. Influence ofwarming temperatures and controlled temperature freezing from two

to 16 days on the date ofbud break ofthree cultivars during the 1995/1996 test period. Data

ofbud break is expressed as date offirst noticeable shoot elongation.
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variance showed the different temperamres at which the warming pretreatment had an impact

on timing of bud break (Table 2.1). Bud break was significant for Weigela at freem'ng

temperatures of -12.0°C (10.4°F) and colder. Bud break was significant at all freezing

temperatures Hibiscus was exposed to and survived, while bud break was significant for

Euonymus at fi'eezing temperatures of-6.0°C (21.2°F) and colder. In general, as warming

increased and freezing temperatures decreased, the time to bud break increased for all three

cultivars.

Visual plant performance ratings were assigned to the cultivars afier 30 and 60 days

of growth in the greenhouse. In general, plant performance declined as days of warming

increased and as fi'eezing temperatures decreased. Weigela's plant performance improved

after 30 days ofgrth (Figure 2.6). Ratings for all Hibiscus plants improved greatly fi'om

30 to 60 days at temperatures above -12.0°C (10.4°F) (Figure 2.7). Performance ratings for

Euonymus difi‘ered slightly from 30 to 60 days of growth (Figure 2.8). Based on these

results, 30 days of growth was not a long enough period to assess recovery fi'om root

damage. Instead a period of60 days was required to indicate at what temperature root injury

afl‘ected whole plant performance. Plant performance ratings below this temperature were

an implication ofsevere root injury as a result ofthe warming and freezing temperatures. The

root systems ofboth Euonymus and Weigela had an impact on plant performance at -12.0°C

(10.4°F). Hibiscus roots had an impact on plant performance at -9.0°C (15.8°F).

Significance between ratings form 30 to 60 days difi'ered depending upon cultivar and freezing

temperature (Table 2.2). Weigela had the greatest amount of significance while no

significance was recorded for Euonymus.
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Figure 2.6. Visual plant performance ratings for Weigelaflorida 'Java Red', after exposure

of two to 16 days of warming temperatures and controlled temperature fieezing.

Performance ratings were conducted 30 and 60 days afier they were placed in a greenhouse.

Observations were based on three plants per cultivar per warming period per freezing

temperature.
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Figure 2.7. Visual plant performance ratings for Hibiscus syriacus 'Paeonyflorus', after

exposure of two to 16 days of warming temperatures and controlled temperature fi'eezing.

Performance ratings were conducted 30 and 60 days after they were placed in a greenhouse.

Observations were based on three plants per cultivar per warming period per freezing

temperature.
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Figure 2.8. Visual plant performance ratings for Euommrus alatus 'Compactus', afier

exposure of two to 16 days of warming temperatures and controlled temperature fieezing.

Performance ratings were conducted 30 and 60 days after they were placed in a greenhouse.

Observations were based on three plants per cultivar per warming period per fi'eezing

temperature.
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The results for the 1996/1997 test period showed that days to bud break for the three

Forsythia X intermedia cultivars from two to 16 days ofwarming were similar at freezing

temperatures warmer than -18.0°C (-0.4°F) (Figure 2.9). On each testing date 'Sunrise'

broke bud quickly at warmer fi'eezing temperatures, but was slower to break bud at

temperatures below -18.0°C (-O.4°F). As the duration of warming progressed, 'Sunrise'

failed to break bud at lower fi'eezing temperatures. Bud break gradually took more time to

occur fiom two to 16 days for the cold-sensitive 'Lynwood' cultivar. Survival of'Lynwood'

subjected to -30.0°C (-22.0°F) did not occur after two days ofwarming and after 14 days

bud break did not occur at temperatures below -24.0°C (—21.2°F). Days to bud break for

'Northern Gold' gradually increased to 16 days ofwarming. After two days ofwarming there

was a three day difl'erence between bud break at 3.0°C (37.4°F) and -30.0°C (~22.0°F).

Afler 16 days the difi‘erence escalated to seven days. All three Forsythia cultivars showed

significance for days to bud break at each freezing temperature (Table 2.3). No significance

existed for any cultivar at any fi'eezing temperature from 30 to 60 days.

Visual plant performance ratings for Forsythia cultivars decreased slightly from 30

and 60 days ofgrowth. Havis (7) reported that injury to the root system afl‘ects the viability

of shoot growth. He observed that several deciduous shrubs leafed out after exposure to low

temperatures but declined in vigor due to root injury. Again, the temperatures at which the

root system had an impact on plant performance were recorded. The root system of the

Forsythia cultivars had an impact on plant performance at the following temperatures:

'Sunrise' at -12.0°C (10.4°F) (Figure 2.10), 'Lynwood' at -9.0°C (15.8°F) (Figure 2.11), and

'Northem Gold' at -15.0°C (5.0°F) (Figure 2.12). For both years, the control group which

remained in the 0°C (32.0°F) control chamber throughout the experiment broke bud on the
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Figure 2.9. Influence ofwarming temperatures and controlled temperature fi'eezing fi‘om two

to 16 days on the date of bud break of three Forsythia X intermedia cultivars during the

1996/1997 test period. Data of bud break is expressed as date of first noticeable shoot

elongation.
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Figure 2.10. Visual plant performance for Forsythia X intermedia 'Sunrise', afier exposure

of two to 16 days of warming temperatures and controlled temperature freezing.

Performance ratings were conducted 30 and 60 days after they were placed in a greenhouse.

Observations were based on three plants per cultivar per warming period per freezing

temperature.
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Figure 2.11. Visual plant performance for ForsyhiaXintermedia 'Lynwood', after exposure

of two to 16 days of warming temperatures and controlled temperature fieezing.

Performance ratings were conducted 30 and 60 days after they were placed in a greenhouse.

Observations were based on three plants per cultivar per warming period per fi'eezing

temperature. .
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Figure 2.12. Visual plant performance for Forsythia X intermedia 'Northem Gold', after

exposure oftwo to 16 days of warming temperatures and controlled temperature freezing.

Performance ratings were conducted 30 and 60 days after they were placed in a greenhouse.

Observations were based on three plants per cultivar per warming period per freezing

temperature.
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same day and was rated the same as the controls subjected to only two days ofwarming.

Freezing temperatures were used in this experiment which would not harm the stems

ofthe plants, but would injure the tender root system. Warming accelerated deacclimation

ofshoots causing injury in response to freezing temperatures which resulted in delayed bud

break. Growth of these buds were then dependent on a viable root system. Warming

temperatures sensitized the roots which resulted in injury. The injured roots were not able

to support an actively growing shoot system. The Euonymus root system had an impact on

plant performance at -12.0°C (10.4°F), which was slightly warmer than the mature root

killing temperature, -14.0°C (68°F), as discovered by Studer et al. (15). Davidson et al. (2)

reported that roots could be injured at temperatures significantly higher than the average

killing temperature if exposed to low temperatures following a period of fluctuating

temperatures, which were conducive to growth.

The container substrate protects the root system from moisture loss as well as

provides a bufl’er against temperature change. Root killing temperatures as determined by

Studer et al. (15), and Havis (8), were evaluated by using severed roots. This leads to

speculation that the cold hardiness results of severed roots may difl‘er from those of

undisturbed roots in containers. Future experiments should focus on the influence of cold and

warm temperatures on whole plant performance.

NATURAL DEACCLIMATION Days to bud break for Weigela and Euonymus

plants steadily increased during the deacclimation period as freezing temperatures decreased

(Figure 2.13). Both cultivars showed significance for days to bud break at each freezing

temperature with the exception of fi'eezing temperatures of -30.0°C and -33.0°C (-22.0°F

and -27.4°F), which the cultivars did not survive exposure to after the February 22 controlled
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Figure 2.13. Bud break for two cultivars subjected to controlled temperature fi'eezing during

the deacclimation period, after being overwintered in a protective structure during the

1995/1996 test period. Data of bud break is expressed as date of first noticeable shoot

elongation.
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temperature fieezer run (Table 2.4). Plants began to deacclimate and break bud in the

polyhouse prior to controlled temperature freezing. Consequently the tender, new growth

was mortally injured at gradually warmer freezing temperatures. None ofthe Hibiscus plants

broke bud. Based on results fiom the previous experiment the Hibiscus root system was

sensitive to temperatures of -9.0°C (15.8°F) and colder. Minimum polyhouse temperatures

during the months ofJanuary and February were as low as -13.0°C (8.6°F), well below the

temperature at which the Hibiscus root system may impact plant performance.

Visual plant performance ratings declined as the deacclimation period progressed and

controlled freezing temperatures decreased (Figures 2.14-2.15). Ratings for both cultivars

did not change from 30 to 60 days ofgrowth. Therefore, during the deacclimation period,

Weigela and Euonymus could possibly recover from injury before 30 days ofgrowth. The

temperature at which the root system impacted plant growth for Weigela was -lS.O°C

(50°F), while the temperature ofimpact for Euonymus was -12.0°C (10.4°F). Results form

this experiment indicate that accelerated controlled warming created a similar response to

natural deacclimation with whole plant performance.
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Figure 2.14. Visual plant performance ratings for Weigelaflorida 'Java Red' subjected to

controlled temperature fieezing during the deacclimation period, after being overwintered in

a protective structure during the l995/1996 test period. Performance ratings were conducted

30 days after they were placed in a greenhouse. Observations were based on three plants per

cultivar per date of controlled temperature freezing per freezing temperature.
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Figure 2.15. Visual plant performance ratings for Euonymus alatus ‘Compactus' subjected

to controlled temperature freezing during the deacclimation period, afier being overwintered

in a protective structure during the l995/1996 test period. Performance ratings were

conducted 30 days after they were placed in a greenhouse. Observations were based on three

plants per cultivar per date ofcontrolled temperature fi'eezing per fi'eezing temperature.
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CONCLUSION

The root system is the least hardy part of a plant and the root systems of container-grown

nursery stock are especially vulnerable to fluctuating warming and cooling temperatures. During this

period temperatures in a polyhouse are higher than ambient field temperatures. Plant roots can

deharden in 24 hours and be killed when temperatures suddenly drop below freezing. Temperature

fluctuations usually occur in Michigan during the months ofJanuary and February and last from a few

days to a few weeks. Growers need to be concerned with a lengthy 'midwinter thaw' period. As seen

in the previous experiments, as the warming period progressed days to bud break increased and plant

vigor declined. Future experiments should focus on root cold hardiness and whole plant performance

afier exposure to fluctuating periods aside fi'om the 12 hours of 21 .O°C (69.8°F) and 12 hours of

0 ° C (32.0°F) used in this thesis. Other experiments could study conditions of a shorter period of

210°C (69.8°F) and a longer period of0°C (32.0°F). Perhaps days to bud break would not increase

as rapidly for two to 16 days and plant vigor would not decline at such a fast rate. Lastly, other

cultivars, both more cold tolerant and cold tender, could be subjected to the conditions of the

Controlled Warming and Natural Deacclimation experiments.
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Figure A.l. Killing temperature (T50, °C), ofthree ForsythiaX intermedia cultivars during

the 1996/1997 test period as influenced by time of placement in a protective structure (early-

10/15/96). The T50 values are separated by iSE.
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Figure A.2. Killing temperature (T50, °C), ofthree Forsythia X intermedia cultivars during

the 1996/1997 test period as influenced by time of placement in a protective structure (late-

12/5/96). The T50 values are separated by iSE.
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Figure A.3. Killing temperature (Tso, ° C), ofthree Forsythia X intermedia cultivars during

the 1996/1997 test period as influenced by time of placement in a pot-in-pot overwintering

treatment under natural conditions. The T50 values are separated by iSE.
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APPENDIX B

Origins ofplant material used in this thesis:

The species ofEuonymus clams 'Compactus', was introduced to the United States in

1860. Its native habitat is from Northeastern Asia to central China (1).

The parentage ofForsythiaXintermedia isF. sawandF. vinwssima (N. Pellett,

personal communication). The cultivar 'Sunrise' was introduced by Dr. “fregle, Professor

Emeritus, of Iowa State University and was a cross between F. ovata Nakai and a plant

purchased as E ovata from a nursery (2). Forsythia X intermedia 'Northern Gold' was

released by the Ottawa Research Station in 1979 and is a result ofa cross between E ovata

'Ottawa' and F. europaea (N. Pellett, personal communication). 'Lynwood' was introduced

by the Slieve Donard Nursery ofNewcastle in Northern Ireland in 1935 (l).

The species ofHibiscus syriacus 'Jeanne d' Arc' and 'Paeonyflorus' were introduced

to the United States prior to the 16005. The species native habitat is China and India (1).

The species of Weigelaflorida 'Java Red' is native to Japan and was introduced in

1860(1)
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