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Topics:

* Biophysical setting and limits on net
primary production

e Current research questions addressing
productivity

e Current silvicultural research activities
addressing productivity

e Synthesis of forest productivity research
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Biophysical setting

Oregon Coast Range(s)
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High productivity Douglas-fir & western hemlock
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Annual precipitation
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Western Oregon/Washington monthly precipitation and
temperature (~vapor pressure deficit)
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Water limitations to Douglas-fir net primary
oroduction, growth, and yield
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Large “industrial” ownerships in Coast Range
(and foothills of the Cascades Mountains)
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Clearcut:

Regeneration
cut in
clearcutting
silvicultural
system
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Planting as
soon as soill
temperature
starts to warm

up in mid- to
late-winter

Key decisions on
competing
vegetation control
for growth
(survival)
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Vegetation Management Research Cooperative

Increasing aggressive
competing vegetation control

Concurrent
monitoring of
soil moisture,
seedling water
stress, and
growth over six
alternative
regimes for
controlling
competing
vegetation

Soi1l Moisture
(m3 HyO/ m? soil)

Dinger and Rose 2009




Silvicultural technology

Genetic improvement
Seed production
Nursery technology
Site preparation
Planting
Fertilization
Release
Thinning
Fertilization
l Harvvest

A 4
Genetic Seed lot A
improvement S preparation Fertilization




PNW silvicultural technology

Genetic improvement |ndu3’[ry/agency
Seed production
sponsored research

‘ Nursery technology cooperatives
Site preparation
PNWTIRC PIER

Planting

Fertilization SNCC
NTC | Release

Thinning
NWTIC VMRC | iaion

I l l HSC l Harvest

Fertilization
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PNW Tree Nursery Tech

Improvement

Research Coop Folferst(i;sié:)gop

NW Tree Vegetation

Improvement Management
Coop Research Coop

Qunay=> ==

Hardwood Stand
Silviculture Management

Coop Coop
Swiss Needle

Cast Coop
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Increasing amount
of increasingly
fragmented

Information!

AND diminished
capacity for
Interpreting and
synthesizing this
information.




breeding values
from progeny tests || Stock type & stock young stand model

physiology
oollen LLIDAR technology
contamination Critical period
/ threshold

SYNTHESIS AND INTEGRATION
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Center for Intensive Planted-forest Silviculture

Fragmented mass of
data on intensive
silviculture of Douglas-fir

Synthesis of existing
data and information

Project initiation 2009




CIPS Vision

To develop , maintain, and validate
comprehensive, science-based models and
other tools for managing planted forests
under intensive silvicultural practices in the

Pacific Northwest.




CIPS Mission

To understand and quantify the
Interactive effects of silvicultural
activities and site conditions on
maintaining and improving the
productivity, health, and
sustainability of intensively-

managed, planted forests in the
Pacific Northwest.




CIPS Mission

Silvicultural activities include genetic tree
Improvement, stock type production and
selection, site preparation, planting
technology, control of competing vegetation,
stand density management, pruning,
nutritional amendment, and protection from
Insects, disease, and animal damage.




CIPS Mission

Site conditions include the many biotic and abiotic facets
of forest solils and climatic drivers of forest productivity.
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CIPS projects INCORPORATE advances

In productivity research:
Collaborations with existing research
cooperatives and projects.

CIPS projects REPRESENT advances in
productivity research:
Synthesis of existing data,
iInformation, and principles into a
more coherent picture of rotation-
length silvicultural strategies.
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Sample of CIPS projects:

Refinement of young stand models

Better site characterization (soll, climate)
Mechanisms driving productivity and response to
silviculture (based on better site characterization)
Modelling direct and indirect responses to thinning

and fertilization

Morphological representation of genetic tree
Improvement in growth models

Individual-tree growth multipliers for Swiss needle
cast growth impact

Estimation of biomass productivity, carbon pools
and fluxes, and nutrient pools and fluxes
Simulation of wood quality attributes

Suites of tools (XORG, CIPSR € ORGANON)
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Refinement of young stand models
for Douglas-fir plantations

“Hand-off” of tree list from young stand model to established stand model
1200

Change in predicted
growth potential
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Refinement of young stand models
for Douglas-fir plantations
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Refinement of young stand models for
Douglas-fir plantations

2006. Forestry 79:57-79
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Refinement of young stand models for
Douglas-fir plantations

T2 = time gain to given yield
Y =yield gain at given time
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Refinement of young stand models for
Douglas-fir plantations

Challenge: rotation age = ~ (35-) 40-50 (-70) yrs
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Refinement of young stand models for
Douglas-fir plantations
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For now, rely on well-conditioned and objective models for
projecting rotation-age benefits to Douglas-fir plantations
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Current approach to finding a better answer

v

Submodels for simulating
dynamics of competing
vegetation

Simulations of diameter
growth, height growth,
mortality of individual trees
during stand establishment

A 4
Modifier functions for ‘
effects of competing
vegetation on tree growth




Growing Confidence in Forestry’s Future
24-25 March 2015, Christchurch, NZ

What to the data look like?
(What is best approach to modeling these data?)
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Approach:

o Simplify to 4 life forms
e Herbs (forb+fern+graminoid)
e Shrubs
 Hardwood trees
e Other conifer trees
 Predict probabillity of an increase in cover
VS. decrease
 Predict conditional increase and conditional
decrease in competing vegetation cover
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Probability of increase in herb cover

ln[l P ]: B, + B, - HERB + B, - SHRUB + B, - DI'BA
— P

= X[

where P, = probability of increase in herb cover

1- P, = probability of decrease in herb cover

07
" 1+ exp(XPB)
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Average expected annual change in cover:
E(Acov )= p(Acov|increase) +
(1-p,)-(Acov|decrease)

I, 'l repi

I changs
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Results from simulating competing vegetation dynamics —
For differing initial conditions in cover by lifeform
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Height growth multiplier by differing levels of
summed lifeform cover (%)
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Height growth multiplier implied by 50% cover of
three lifeforms of competing vegetation
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Results from
simulating
Douglas-fir

growth—
Differing years
of transfer
between
models and
differing
conversions of
site index

Increasing intensity of competing vegetation control

—
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Implied PNV by age, with reduction to 10% competing
vegetation cover and subsequent thinning
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More work to do on refinement of young
stand models for Douglas-fir plantations!

Mechanisms driving productivity and

response to silviculture (based on better
site characterization)
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r

It's the water,
of course!

J
Growing season
precipitation

RN

AWHC
(field capacity at
start of growing

season)
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Monitoring solil water availability and use under
varying silvicultural regimes

")

Fertilization with
224 kg N/ha as

Mid- to late-summer y urea
water limitations
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Annualized growth predictions
Growth driven by soil & weather
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Natural SN ’
Resources Factical on-site

Conservation field assessment
Service for index or
calibration?

Soils maps

\

Data for soil pits by series

\

Pedotransfer functions

\

Available water
holding capacity

Raster files accessible
to CIPSR for given
latitude and longitude
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Simulation of wood quality attributes

e Juvenile wood core - wood density profiles
Branch size and distribution
Internal knot geometry
Heartwood / sapwood delineation

Environmental controls on earlywood / latewood ratios




Growing Confidence in Forestry’s Future
24-25 March 2015, Christchurch, NZ

Heartwood model: height of heartwood core
taper of heartwood core

Based upon heartwood at Segmented
breast height and height polynomilal taper
of heartwood core equation
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Nate Osbhorne, Ph.D. candidate
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1-cm Increment cores

I Jason Wiest (OSU VETMED)
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10 (cm)
CASSIDY CAMPBELL R.
(0.51) (0.48)

20 20 0
COWIGHAN L. LIZARD L. JORDAN R.
(0.48) (0.48) (0.48)

Goal: Wood density
profiles in response
to site and silviculture
Josza and Middleton 1994
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Modelling direct and indirect
responses to thinning and fertilization

Until very recently, many if not

But also, as repeated rotations are harvested, are other nutrients important?
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“Beyond N” fertilization trials

Soil moisture and
temperature monitoring
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“Beyond N” fertilization trials

Treatment

Form Amount

Reason for inclusion

Control

Statistical reference for treatments

N

224 kg N/ha

Industry standard

1000 kg Ca/ha

Elevates pH, reduces Al, adds Ca

100 kg Ca/ha

Add Ca without change in pH

500 kg P/ha

P-fixing soils in Coast Range

Site specific

Agricultural regime to “feed” soill

Site specific

Optimal ratios of foliar nutrients
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Three-year volume growth response
P-values
without covariates:
with covariates:
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Estimation of biomass productivity, carbon
pools and fluxes, and nutrient pools and fluxes

Sustainability of utilizing logging residuals as
feedstock for liquid biofuels production
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New biomass
equations for
Intensively
managed
Douglas-fir
plantations

Douglas-fir
biomass
distribution
(28-35-yr-old
plantations)

Coons 2014
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Biomass distribution

Douglas-fir nutrient distribution

Coons 2014
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Douglas-fir nutrient
removals under four
scenarios:

WT: whole tree

BT. bole minus top

VC: bole minus half crown
BO: bole only

Implications for
managing nutrition
under intensive
silivculture

Coons 2014
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XORG — CIPS growth simulator (Doug Mainwaring)
Includes biomass and nutrient content by tree component
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XORG — CIPS growth simulatior (Doug Mainwaring)
Includes biomass and nutrient content by tree component

Nutrient concentrations by tree component
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XORG — CIPS growth simulatior (Doug Mainwaring)
Biomass per ha by tree component for each year
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XORG — CIPS growth simulatior (Doug Mainwaring)
Nutrient content per ha by tree component for each year

Periodic
uptake
(kg/ha/5yrs)




Silvicultural technology

Advances in productivity research in the Pacific Northwest?

Silvicultural research on productivity Is very
fragmented (need for more information, but equal or
greater need to synthesize existing information)
Productivity of a Douglas-fir rotation depends on
Interaction of silvicultural activities implemented at
very different phases of the rotation

Interactions of treatments at a single point in time
are relatively well understood, or at least tractable
Interactions among activities in the chain of
silvicultural activities are poorly understood, and not
SO easy to track

Integration with models can helpful but can also
Introduce biases, so ultimately require field testing.




Thanks for your attention !




