Dormancy Induction

What would happen to a seedling grown under ideal conditions in a greenhouse if you placed it in a Montana forest?

How do you fix that?


Dormancy induction in the greenhouse will “toughen them up”.  Then, they can survive the challenges they will face.  As a result you get short, hardy plants.

How do we do it?  (See Handout)


Reduce water


Reduce temperature


Reduce nutrients

How do seedlings benefit from that?


Improved bud development


Improved starch storage


Improved root growth


Improved “caliper”


Improved cold/drought hardiness

Heat Stress

We covered cold stress/cold hardiness before the midterm, but in MT, we get both extremes – very cold and very hot.  Overheating often occurs (1) on calm days (2) to those plants growing close to the ground (3) on open slopes and in depressions facing the sun.  


Trees have optimum growing conditions across a range of temperatures from 20(C to 30(C.  A thermal death threshold is reached at approximately 46(C.  

The thermal death threshold varies depending upon:


Duration of hot temperatures


Absolute highest temperature reached


Tissue age


Thermal mass


Water content of tissue


Ability of the tree to make adjustments to temperature changes

Heat in the tree is dissipated by:


Long-wave radiation


Convection of heat to air


Transpiration**

With adequate soil moisture, trees can function normally and can dissipate tremendous heat loads.  Unfortunately, hot temperatures greatly increase the water vapor pressure deficit between the leaves and the atmosphere, causing stomata to close, which limits transpirational cooling.  Water shortage is really a separate issue from heat damage.  Leaves can transpire water much more quickly than roots can absorb water, thus, there is a dip in transpiration during the heat of the day as the water in the tree decreases.  But, at night, stomata are closed (light limitation) and tension in the water column will pull water into the tree, replacing water lost during the day.  This can amount to 20-40% of tree water needs.  So, if water is not limiting, the plant may be able to withstand high temperatures.  Heat and water problems are difficult to separate because they are closely bound together in biological and physical processes, but it is important to note that tree response to both is different, while the end result may be the same – less photosynthesis.  And, please note, trees can be damaged by heat even if water is not a limiting factor.

There is a sharp threshold for cell death at 55(C (131(F) in temperate forests.  At this point, proteins within the cells begin to denature and death of the cell is irreversible.  High temperatures from solar radiation often last for only a few hours each day.  The extreme temperatures measured at this time are peak values.  Temperature of leaves and flowers with good heat exchange and low heat capacity quickly equilibrates with that of the surrounding air, so that peak temps only affect them for short periods of time.  On the other hand, near the ground, they can be exposed to high temperatures (>40(C for several hours or even 50(C for several minutes – really close to the lethal limit.  Trees are much better able to survive short-term lethal temperatures than extended periods of high temperatures.  Why?
Survival techniques

1. Prevention

a. Evasion of strong sunlight (bark, leaf sheaths over buds)

b. Transpirational cooling

c. Leaf arrangement and orientation to reduce incoming radiation

d.   Heat Tolerance of protoplasm (cell wall degradation?) 

Highly specific – can vary in species of same genus or in 

organs/tissues of same plant.

2. Heat resistance

a. Follows an annual cycle 

b. Quick response within hours (hardening) while de-hardening on cooler days takes days to complete.

3. Heat shock proteins??

Nighttime temperatures are also critical for many tree growth mechanisms, esp. new leaves & reproductive structures.  They are also important for controlling respiration rates in whole tree & soil environment – the warmer the environment, the faster respiration occurs (Remember?).  Some tree species require cool nights to survive (Loblolly pine, Englemann spruce, Douglas fir), while others just need a total summed heat, regardless of when it is obtained (Ponderosa pine). These species are further adapted to the area of origination – e.g., Arizona vs. Montana).

Internal changes within the living tree as heat loading effects increase:

1. Decrease in photosynthesis and increase in respiration.

2. Total shutdown of photosynthesis 

3. Closed stomata stop CO2 capture & food production

4. Major slowing of transpiration

a. Loss of heat dissipation

b. Increase of internal temperature

c. Transportation/Absorption problems

5. Increasing cell membrane leakage as the phospholipids break down

6. Continued physical water loss and dehydration

7. Cell division and expansion inhibited, and growth regulation disrupted

8. Tree starvation through rapid use of food reserves, inefficient food use, increased photorespiration, and inability to call on reserves when and where needed.

9. Toxins generated (cell membrane releases & respiration problems) and deficiencies of elements and metabolites occur.

10. Membrane integrity loss and protein breakdown.

11. Local cell death, tissue lesions, and tissue death.

Treatments include:

1. Watering, sprinkling, and misting for improved water supply, reduction of tissue temperature, and lessening of the VPD.

2. Partial shading to reduce total incoming radiation, but not filter PAR

3. Reflection & dissipation of radiative heat using colorants & surface treatments around landscapes & on trees

4. Block or channel advected heat away from trees & soils

5. Use of low-density, organic, surface covers, mulches or composted materials which minimize water loss, do not add to heat loading on-site, and do not prevent oxygen movement to roots

6. Cessation of any N fertilizer applications in or around trees, and resumption only after full leaf expansion in the next growing season

Why do seedlings have it so tough? (See Handout).  In a clearcut, max temps near the surface, no branch shading => thin bark; small heat capacity => why you can’t re-plant a clearcut south-facing slope.

