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Perennials Woody Plants
maintain meristem potential true dormancy*

stimulated to acclimate by 

low temperatures

stimulated to acclimate by 

shortening day length

photosynthesis during the early 

stages of acclimation

no photosynthesis once 

acclimation begins

Stage #1 above freezing 

Stage #2 below freezing

Stage #1 cease growth

Stage #2 low temperatures 

Stage #3 temperatures < -30ºC

*Dormancy = the temporary suspension of visible growth of 

any plant structure containing a meristem

vs.



Plant Cell Structure

ÅCell wall*

ÅCell membrane

ÅCytoskeleton

ÅOrganelles

Ånucleus

Åchloroplasts*

Åmitochondria

Åetc. 

*unique to plants



Acclimation Process

1. Membrane lipids shift to a solid state 

2. Cytoskeleton is rearranged

3. Membrane proteins cease functioning Ą Ion leakage 

4. Chain of enzyme reactions and expression of genes 

5. Abscisicacid accumulation 

6. Photosynthesis continues

7. Cell solutions become concentrated, particularly with sugars 

Ą remain liquid below the freezing point of water = supercooling

As long as the temperature drops slowly (1-2ºC/hour), 

this state will normally persist in hardy plants.



Rapid Temperature Drop = Ice in cell 

Ą almost always fatal to cell

Åunless very small ice crystals 

Åbroken cell membrane leads to cell death 

Åcells may synthesize óanti-freezeô proteins that 

regulate the formation and size of ice crystals

Ice formation outside of the cell is common 

Ålower solute concentration and more nucleating sites 

Åmost hardy plants tolerate it

Åpossible to ódry up and dieô



Plant Survival Factors

Ågenetics/species variation

Åenvironmental cues

Årate at which temperatures drop 

Ålowest temperature and how long 

Åtemperature cycling

Åinsulation

Åplant age

Åplant health

Åmoisture content

Åfertility

Åpot size 

Plants in pots have less tolerance 

of extreme-temperatures



Why Freeze Plants in Pots?

ÅNursery growers often want to over-winter plants

ÅWorst possible conditions for survival

ÅEasy to control freezing conditions

ÅAssess whole-plant performance 



The Hardiest Perennial?

P. Becquerel, 1932, Ranunculustubers 

18 days in liquid nitrogen at -190ºC (-310ºF)

Å9% moisture survived 

Å30-50% moisture died

The lowest temperature recorded on the planet  

-91ºC (-132ºF) in Antarctica





Three sets of experiments
To assess cold hardiness of container-grown herbaceous perennials 

under the following influences:

*data not presented ïsee thesis Appendix

2004-2005 2005-2006 2006-2007

Plant Age X X

Soil Moisture X X

Temperature 

Cycling Date
X X

Freeze Only* X X X



Plant Age

Geranium x cantabrigiense'Karmina' (only in 2005-2006)

Leucanthemumx suberbum'Becky'

Sedum'Matrona'

-NEW plants were obtained as liners at the beginning of the growing 

season

- OLD plants had been established in pots for one prior growing season 

and were a year old at the beginning of the growing season



Soil Moisture

2004-2005

Coreopsis'Tequila Sunrise'

Geranium x cantabrigiense'Cambridge'

Heuchera'Plum Pudding'

2006-2007

Carexoshimensis'Evergold'

Carexmorrowii 'Ice Dance'

Carexlaxiculmis'Hobb' (Bunny BlueÊ)

Volumetric water content (VWC) of potting media 

was monitored over the growing season. 

- WET plants maintained above 10% VWC  

- DRY plants maintained below 10% VWC



Temperature Cycling

Geranium x cantabrigiense'Cambridge' (only in 2004-2005)

Leucanthemumx suberbum'Becky'

Sedum'Matrona' (only in 2005-2006)

In NOVEMBER , JANUARY , and MARCH

2-CYCLE = -3C 24h, +3C 24h, -3C 24h, +3C 24h

1-CYCLE = -3C 24h, +3C 24h

0-CYCLE = no temperature cycling



Establishing Plants

ÅThirty plants were established for each species for each factor 

either from liner plugs or previously established plants.  

ÅPlants were allowed to establish over a normal growing season

in the UVM greenhouse under ambient temperature.  

ÅPlants were watered as needed throughout study (with the 

exception of the moisture study prior to freezing).  

ÅWater soluble fertilizer was applied weekly throughout growing 

season (Jackôs Professional 17-14-17 & STEM soluble trace 

elements).

1    2    3    4    5    6    7    8    9   10  11  12  13  14  15

16  17  18  19  20  21  22  23  24  25  26  27  28  29  30







Acclimating Plants

ÅTemperatures in greenhouse were reducedbeginning in 

October of each year at a rate of3°C (5°F) per weekuntil 

temperatures of 3-5°C (37-41°F) were reached at the end of 

November.  

ÅThis low temperature was maintained in the 

greenhouse until spring when the temperature 

was increasedby the same increments 

beginning in April of each year until 

ambient temperature was reached.



Freezing Plants

ÅDuring the month of January, the 

thirty plants were randomly divided 

into five, six-pot replicates per factor.  

ÅPlants were prunedback to 1ò of pot 

edge in most cases prior to freezing.  

ÅControlled freezing of each set of 

replicates to temperatures of 

-2, -5, -8, -11, and -14ºC was 

performed in chest freezers.

(28, 23, 18, 12, and 7ºF)  

Freezing for the temperature cycle study was also performed

in Novemberand March.  


