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Background 
• The Vegetation Management Research Cooperative (VMRC) conducts 

applied reforestation research on conifer plantations in the Pacific 
Northwest (PNW).  

• Membership includes 10 private forest management companies and 2 
public land management agencies. 

• The VMRC was established in 1993 and has several studies throughout 
the PNW.



Background 
• Forest vegetation management (FVM) is an integral part of reforestation 

in the PNW
• Early control of competing vegetation reduces competition for light, 

water, and nutrients
• Most studies have focused on short-term responses of FVM



Background 
• The VMRC has two contrasting 

study sites, one in the Coast 
Range (CR) and one in the 
Cascade Foothills (CF), with a 
wide range of vegetation 
management treatments that 
have created large differences in 
stand and ecosystem structure 
over the last 16 -17 years.



Time series of stand volume for Douglas-fir (DF), western hemlock (WH), western red cedar (WRC) and 
grand fir (GF) stands growing under different treatments of vegetation control on a sites located in the 
Coastal Range (CR, left panel) and the Cascade Foothill (CF, right panel). 
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Background 
• FVM has been reported to increase 

growth rates and biomass 
accumulation in forests in other parts 
of the world.

• Net Primary Productivity (NPP) is 
an important variable of terrestrial 
ecosystems and a key component of 
the global carbon cycle.

• NPP improves our understanding of 
the impact that management 
practices can have on forest 
production and carbon sequestration.



Research Objectives 
Determine the effect of crop species, FVM treatment, and site on:
1) Total tree biomass, competing vegetation (midstory and 
understory), forest floor, coarse woody debris,  and top soil 

2) Aboveground Net Primary Production (crop trees and 
vegetation)

Overstory

Midstory

Understory Forest Floor

Soil



Site Description

Rainfall (mm/year)

Study ID: CPT01 
Institution: Starker Forests 
State: OR
County: Benton
Planting year: 2000 

Soil Series: Preacher-
Bohannon 
complex
Soil Texture: Fine-loamy
WHC: 25%

Mean annual temp.: 11.1 C
Annual rainfall: 1707 mm

Study ID: CPT02 
Institution: Cascade Timber
State: OR
County: Linn
Planting year: 2001 

Soil Series: Bellpine

Soil Texture: silty-clay-loam
WHC: 15% 

Mean annual temp.: 12.4 C 
Annual rainfall: 1179 mm

Species:
• Douglas-fir
• Western hemlock
• Western redcedar
• Grand fir

Species:
• Douglas-fir
• Western redcedarPlanting density: 10’ x 10’

Plot Size: 80’ x 80’ 
(36 measurement trees) Container seedling: Styro 15

CFCR

Coast Range (CR) Cascade Foothills (CF)



Treatments Description

• 2 sites
• Complete randomized block design 
• 4 replications
• Douglas-fir plots thinned at age 12

Treatment Fall SP SR1 SR2 SR3 SR4 SR5
OOOOO SP O O O O O
TOOOO SP T O O O O
TTOOO SP T T O O O
TTTOO SP T T T O O
TTTTO SP T T T T O
TTTTT SP T T T T T
OTTTT SP O T T T T
OOTTT SP O O T T T

Control (C): Only Fall Site Prep

Vegetation Management  
Treatment (VM): Fall Site Prep + 
5 years of Spring Release



Methods: Biomass Stock
• Crop Trees: Developed species specific allometric equations to predict tree 

foliage, live branch, dead branch, bark and stemwood biomass from DBH and 
height (44 trees). Applied equations to inventory data.

• Mid-story: 6 subplots of 2 x 2 m area per plot (7% plot area)
• Measure DBH of all vegetation (use reported functions)

• Understory: 6 clip plots of 0.6 x 0.6 m per plot (for vegetation <1.5 m)
• Dry weight of clip plots

• Forest floor: collected OM layer (Oa and Oi) in six 0.6 x 0.6 m square
• Belowground biomass: (at the center of each clip plot)

• Fine roots: 6 pvc-cores per plot (5 cm diameter x 20 cm depth)
• Soil organic matter: Use same 6 samples used for fine roots



Methods: Biomass



Methods: Biomass
• As Douglas-fir was thinned at age 12 

years on both sites:

• Pre-commercial thinning residues
• Crown: In forest floor clip plots
• Stem: Using volume estimated with 

inventory at thinning time (Vt) and 
current wood density of those thinned 
stems (WDt) after 4-5 years on the 
ground.

• Sample 10 logs
• Determine stem biomass of thinned 

trees using WDt and Vt



Methods: NPP

ANPP (Mg ha-1 yr-1)  (2016 –2018)

∆AG Biomass (crop trees + midstory + understory) + Litterfall



Methods: Litterfall

• Start:  February/ March 2016
• 5 traps in each plot 
• Collected monthly
• Trap size: 0.5 m2

(80 cm diameter)



Example of selection of measurement points 
6 7 4 18 19 30 31

5

1

5 8 17 20 29 32

4 9 16 21 28 33

3 10 15 22 27 34
2

2 11 14 23 26 6 35

1 12 13 24 25 36
3

• Litterfall traps
Random selection of 5 
points on each plot
1 trap per quarter + 1 trap 
at the center of the plot  

• Midstory, 
Understory, Forest 
Floor and Soil: 
Random selection of 6 
points on each plot

• Flagged Center 
and Corners of 
2x2 m plot 

• Measurement Tree



Results: Tree Inventory at age 16 years



Results: Allometric Functions

Forests 2018, 9, 581; doi:10.3390/f9090581

Branch and Tree level functions
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Results: Projected LAI (m2 m-2)
Age 16 years

CFCR

Site CR CF
Species DF WH WR GF DF WR

P > F* 0.009 0.001 0.001 0.002 <0.0001 0.002



Volume Production (CAI, m3 ha-1 year-1)
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Site CR CF
Species DF WH WR GF DF WR

P > F* 0.403 0.038 0.075 0.008 0.015 0.072

CFCR 700 ft3/acre/y

350 ft3/acre/y



BA and LAI Relationship

BA (m2 ha-1)
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Results: Biomass Partitioning
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Results: Crop Tree Stand Biomass (Mg ha-1)
Age 16 years

Site CR CF
Species DF WH WR GF DF WR

P > F* 0.009 0.001 0.001 0.003 <0.0001 0.002
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Results: Ecosystem Biomass (Mg ha-1) 
Age 16 years

CFCR

Site CR CF
Species DF WH WR GF DF WR

P > F* 0.005 0.281 0.282 0.133 <0.0001 0.016



Results: Ecosystem Biomass (Mg ha-1) 
Western hemlock at age 18 years

Sustained VM No VM



Results: Ecosystem Biomass (Mg ha-1) 

LAI (m2 m-2)
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Results: Midstory Biomass (Mg ha-1) 
Age 16 years
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Results: Soil Organic Matter (Mg ha-1)

CFCR 0 – 20 cm depth
Age 16 years

Site CR CF
Species DF WH WR GF DF WR

P > F* 0.836 0.81 0.518 0.974 0.067 0.955



Results: Needlefall (Mg ha-1 year-1)
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Results: Crop Tree NPP (Mg ha-1 year-1)
Age 16-18 years

CFCR

Age 15-17 years

Site CR CF
Species DF WH WR GF DF WR

P > F* 0.279 0.031 0.028 0.036 0.022 0.008



Results: Ecosystem NPP (Mg ha-1 year-1)
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Results: Ecosystem NPP (Mg ha-1 year-1)
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Results: Growth Efficiency
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Results: Growth Efficiency
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Results: Growth Efficiency: Volume
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Conclusions: Biomass Stock 
• For all species at both sites, FVM treatments applied during the first five 

years of stand establishment increased LAI and biomass of crop trees at age 
16 (11 years after treatment ended). 

• At the CR site there was no difference in total ecosystem biomass between 
C and VM plots due to a robust hardwood midstory developing in C plots.

• At the CF site there was a large gain in total ecosystem biomass in response 
to VM treatments. The midstory was a small component of ecosystem 
biomass at this site. 

• Soil organic mater content was not affected by VM treatments. 



Conclusions: NPP (Productivity)
•Sustained FVM produced long-term increment in 
crop tree net primary productivity (11 years after 
treatment ended).

•High tree productivity can be attained independent 
of site, however, one site can have more to gain 
from FVM than another.



Conclusions: NPP (Productivity)

•Single-species planted stands were highly 
efficient in capturing site resources (light, 
nutrients and water).

•Sustained FVM had no effect on ecosystem 
productivity (NPPE), as site resources were 
shifted towards crop trees.



Conclusions: GE (Growth Efficiency)
• Western red cedar showed lower volume 
growth efficiency (VGE), as allocates 
proportionally more growth to foliage than 
other conifers being compared.

• FVM treatments did not affect VGE at the CR 
site, but reduced it for WRC at the CF site.  



Incoming Research

• Spp x FVM x Site Effects on:

• Nutrient Stock (Ongoing….)

• Water Use and Water Use Efficiency (Near future….$$)



Further Reading  

Forests 2018, 9, 581; doi:10.3390/f9090581 FORECO 2019, 432: 276-285 Forests 2018, 9, 323; doi:10.3390/f9060323
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