Forest Restoration
An Ecophysiological, or
Seedling’s Perspective

Steven C. Grossnickle
NurseryToForest Solutions




Foresters know how to grow trees!

Do foresters know how trees grow?



Silvics & Ecophysiology

Silvics

Principles underlying the growth and
development of single trees and of
the forest as a biological unit.

Ecophysiology

Physiological and morphological
processes of plants in response to
the surrounding environment.




Ecophysiological Approach

“...remedies are usually found at the whole
plant level in terms of silvicultural
treatments.” (Kramer 1986)
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Climate Change

“...recent studies document more rapid
mortality under hotter drought due to

negative tree physiological responses...”
(Allen et al. 2015)



Regional Shifts

Cumulative drought severity index
—— of forests
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Environmental Conditions

Initially greater incoming solar radiation
Greater air temperature extremes

'+ Increased evaporative demand

i |ncreased windspeed

Forest Regeneration Site

(e

Initially higher soil temperatures

Excessive soil moisture in poorly drained soils
Inadequate soil moisture in well drained soils
Increased nutrient availability in the soil solution




Energy Exchange
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Seedling Environment - Temperature

Morning Afternoon
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Seedling Response — Temperature
Duration, Timing & Intensity
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Hydrologic Cycle




Location of Carbon Uptake & Water LosSs




Response to Drought
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Response to Drought

New Height Growth (cm)
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Response to Drought

Lethal Level

Survival (%)
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Atmospheric VPD
Drying Power of Air

Vapor Pressure Deficit(kPa)

20% RH

A 50% RH

® 80% RH

-
-
-

O 5 10 15 20 25 30 35 40
Air Temperature (°C)



Response to VPD

Water Status
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g,,, (mmol m 2s)

Response to VPD
Gas Exchange Response
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Summer Heat & Drought

m Seedlings can be exposed to limiting or
‘killing’ temperatures.

= Drought comes Iin the form of:

= Low soll water availability
= High atmospheric VPD

= Drought exposes seedlings to:
= \Water stress
= Reduce gas exchange
= Limited growth
= Death



Forest Regeneration Process

ENVIROMENTAL
CHARACTERISTICS Planting Stress Establishment Transition

ATMOSPHERE
Light
Temperature

Evaporative Demand

Inherent Species Characteristics
Silvicultural Practices

NURSERY TRANSPORT & SITE VEGETATION MANAGEMENT

Stock Type Handling SITE PREPARATION RELEASE TREATMENT

Cultural Modification Storage

Storage Planting

Fertilization

tock Quality Assessment




Understanding Plantation Failure

“An of
plantation failure is necessary if there
IS to be an improvement in large scale

reforestation work...”
Rudolf (1939)




INgs can grow anywhere

Seed|




Seedlings don’t always grow where
we plant them!

3
.1

The greatest seedling
mortality occurs in the initial
years after planting and is due

to planting stress (Grossnickle
2005).



“The most important cause of death of

transplanted seedlings is desiccation.”
Kozlowski and Davies (1975)



Survival (%)

Roots & Seedling Survival
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Water Movement & the SPAC

Water Flow = Difference
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Relative Plant Resistance
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Location of Water Uptake

Suberization and
lignification
reduce permeability

Slow entrance of
water because of
decreasing permeabilit

Suberization and
lignification of

endodermis beginning .
ost rapid entrance
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Root Permeability

Root Resistance (MPa pg?* cm=2 s?)
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Root-Soil Contact

PLANTING
PROCEDURE
WITH
HOEDAD
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Root Confinement
Limiting Water Movement into a Seedling
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Diurnal Seedling Response
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Moderate Seasonal Planting Stress
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Planting Stress- Carry Over Effect

Annual Heightincrement(cm)

15 100
L —~ 75 1
10 - E Year 5
(% 50 - Year 4
E
Year 3
5 - c
<
25 1 Year 2
Year 1
0 | | | | O | | | |
0 1 2 3 4 5 0 50 100 150 200
Year of Growth HeightatBeginning of Year (cm)

Vyse 1981 South & Zwolinski 1997



Planting Stress- Stocktype Effect

Container Bareroot




Planting Stress- Stocktype Effect
Seedling Quality

Survival (%)
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Planting Stress- Stocktype Effect
Field Site Water Relations
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Planting Stress- Stocktype Effect

Field Performance

Root Growth

Bareroot

Bareroot Container 14.3%

10.3% 62.2%
BR&CON Mixed
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Planting Stress

« degree of stomatal opening’
* needle surface area
» atmospheric demand




Overcome Planting Stress by:

m Stocktype selection in relation
to site conditions.

m Planting hardened seedlings
with high root growth capability.

m Preparing favorable planting
sites.

m Plant seedlings properly.

m Proper timing of planting (i.e.,
limit exposure to stressful
conditions).

Root Growth = Coupling to Site
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Closing Thoughts
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