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.. ARE CONTROLLED BY
COMPETITIVE INTERACTIONS

Tree- and stand-density principles [laws]

ot

L “E“ﬁfsglﬂmm - WLD oo e T T Crowded stands will self-thin

oy Competition decreases average tree size

Xue et al 2010
Pinus densiflora Kimsey et al., 2019 Two-phase growth trajectory - 1) non-competitive
—~ 10% ) (limited by site), 2) competitive (track along normal or
O Douglas-fir
(g SDImax boundary)
g o' L ] Consistent patterns are useful for understanding how
; competition limits the size of individuals
§ 0 Most studies cannot tell us about timing or site effects
% ! ° _ The length in each phase is not described
é The effects of site are uncertain
10_1103 T T For a more in-depth look at existing literature on this topic, please

Stand density p (trees ha) review Coleman’s 2017 PDF or Video


https://www.uidaho.edu/-/media/UIdaho-Responsive/Files/cnr/research/ifc/2017-Annual-Meeting/1-Coleman-Presentation.pdf?la=en&hash=1FDC7A76A618B64D2BA28E651728E0BB9E0320D7
http://mediasite.for.uidaho.edu/Mediasite/Play/d235628dabc240c1bda99dfc74cdc4791d

IFC PPDM NETWORK

EXPERIMENTAL DESIGN REFRESHER

PPDM OBJECTIVE: IDENTIFY OPTIMAL THINNING GUIDELINES BY
SPECIES AND SITE TYPE TO PROMOTE FOREST HEALTH AND

PRODUCTIVITY
Class | Class Il Class 1l Class IV
10YR < 18'| 19' > 10YR < 22' | 23' > 10YR < 26' | 10YR > 27'
Moderate Thin Heavy Thin A 3 3
1 NID (2);
Index | NEO (1); NID (1); NID (1);
RD < SEWA3 (1 SCOR (1 SCOR (2 SCWA (2
1/10t 1/10th 35 (1) 6( ) (2) (2)
ac ac 3 NEO (2); NID (1); 3 1
1/2 ac 1/2 ac Index II NEWA (2); SCWA (1)
e DR NEWA (3) SCOR (1) NID (2) SCWA (1)
3 2
1 NID (1); 4
Index Il NEWA (1); NID (1);
1/10t R NEWA (1) SCOR (1) NID (4) SCOR (1)
dC
Curtis, 1982: RD = BA/QMD®%->
1/2ac Ziede 1978, 1993, 1999: 2-point method
No Thin Arney and Miller 2000, Arney 2015: 10m Sl




IFC PPDM NETWORK MEASUREMENT STATUS
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101 INSTALLATIONS ACROSS THE
INLAND NORTHWEST

34 DF installations
6Yr measurements (n=16)
4Yr measurements (n=27)

2Yr measurements (n=29)

44 PP installations
6Yr measurements (n=0)
4Yr measurements (n=28)

2Yr measurements (n=42)

23 WL installations
6Yr measurements (n=0)
4Yr measurements (n=06)

2Yr measurements (n=20)
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IFC PPDM NETWORK

CURRENT MEASUREMENT PROTOCOL
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Every 2 yrs from O-10, every 5 yrs thereafter
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Height growth increment*
Defect
Mortality
Measured at year 6 and 10, every 5 yrs thereafter
Base of live crown

Ingrowth

*All trees measured, no subsetting for heights




IFC PPDM NETWORK
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POST-INSTALL
DOUGLAS-FIR
PONDEROSA PINE

10 YR SITE INDEX STRATIFICATION ASSESSMENT




D. FIR MODEL STATISTICS

BASED ON ALL 34 INSTALLATIONS

Dependent Variable: Last 10 Yr Periodic Height Growth

Expl. Variables ffect) | Significance Statistics | Value
Soil (+) p=0.0015 Model Pr>F |<0.0001
Elevation_Sq (-) p=0.0519 R 0.86
MAP (+) p=0.0248 CV 1.5%
MAT (-) p=0.0018 RMSE 1.7 ft
DD<0°C (-) P<0.0001 Mean 22.5 ft




D. FIR MODEL SPATIAL LAYER

=
1%

e

DF SI10YRm

B 150-175
17.5-20.0
200-225
225-250
250275

272 —-3040
MNA

| b .. :
\ R4
: ; : : . ¥
# L] i . £ -. . 'FF-":E::“?’" '.l_-.
¥ - 2 - | e

| ' !ri s E iy P |

L j— | Tiles & Esri — Source: Esn, i-cubed, USDA, USG 3 AEX. GeoEye, Getmapping, Aerogrid, IGN, IGP, UPR-EGP. and the GIS User CommuniF.:




5

D. FIR MODEL SI10YR VALIDATION

BASED ON AN INDEPENDENT DATASET OF 27 DF PPDM INSTALLATIONS
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P. PINE MODEL STATISTICS

BASED ON ALL 44 INSTALLATIONS

Dependent Variable: Last 10 Yr Periodic Height Growth

Expl. Variables Esfecty | Significance
Tave_sp (+) P=0.0084
PPT_at (+) p=0.0005
RH_wt (-) p=0.032
MSP (+) p=0.0702

Statistics |Value
Model Pr>F | <0.0001
R 0.61

CV 14.3%
RMSE 2.6 ft
Mean 18.2 ft




4 YEAR RESULTS
DOUGLAS-FIR + PONDEROSA PINE THINNING RESPONSE BY
INDIVIDUAL/CROP TREE - DBH/HT
CROP TREE/STAND - VOLUME




D. FIR - 4YR DBH ANOVA

AVERAGE TREE RESPONSE CROP TREE RESPONSE

DINC4AN Tukey-Kramer Grouping for LS-Means of DINC4AN Tukey-Kramer Grouping for LS-Means of
TREAT (Alpha = 0.1) TREAT (Alpha = 0.1)
LS-means covered by the same bar are not signficantly different. LS-means covered by the same bar are not significantly different.
TREAT Estimate TREAT Estimate
1B 0.3760 18 0.4312
14 0.3330 14 0.3807
16 0.3158 16 0.3740
12 0.2731 12 0.3170
1 0.2308 1 0.2843

Means adjusted for SI10YR, initial density and initial diameter




D. FIR - 4YR DBH REGRESSION
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P. PINE - 4YR DBH ANOVA

AVERAGE TREE RESPONSE CROP TREE RESPONSE

DINC4AN Tukey-Kramer Grouping for LS-Means DINC4AN Tukey-Kramer Grouping for LS-Means
of TREAT (Alpha = 0.1) of TREAT (Alpha = 0.1)
LS-means covered by the same bar are not signficantly different. LS-means covered by the same bar are not signficantly different.
TREAT Estimate TREAT Estimate
16 0.2822 16 0.3017
12 0.2562 12 0.2B6T
18 0.2529 18 0.2717
14 0.24684 14 0.2715
1 0.2082 1 0.2705

Means adjusted for SI10YR, initial density and initial diameter
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D. FIR - 4YR HEIGHT ANOVA

AVERAGE TREE RESPONSE CROP TREE RESPONSE

HTINC4AN Tukey-Kramer Grouping for LS- HTINC4AN Tukey-Kramer Grouping for LS-
Means of TREAT (Alpha = 0.1) Means of TREAT (Alpha = 0.1)

LS-means covered by the same bar are not signficantly different. LS-means covered by the same bar are not signficantly different.

TREAT Estimate TREAT Estimate

12 1.8132 12 2. 0568

1 1.7B06 1 2.0304

14 1.7134 16 2.0294

16 1.66887 18 1.0634

1B 1.6123 14 1.9582

Means adjusted for SI10YR, initial density and initial diameter




D. FIR - 4YR HEIGHT REGRESSION

AVERAGE TREE RESPONSE

ALL TREES
HEIGHT (FT/TREE/YR'Y)

ALL TREES
HEIGHT (FT/TREE/YR'Y)

DF Four Year Annual Height Increment
10YRSI = 15 ft

6
5

4
INITIAL DBH (IN)

3

80
100

INITIALBASAL AREA (SQ.FT/A)

DF Four Year Annual Height Increment
10YRSI = 30 ft

6
5

4
INITIAL DBH (IN)

80
100

INITIALBASAL AREA (SQ.FT/A)

CROP TREE RESPONSE

CROP TREES
HEIGHT (FT/TREE/YRY)

CROP TREES
HEIGHT (FT/TREE/YRY)

DF Four Year Annual Height Increment
10YRSI = 15 ft

6
5

4
INITIAL DBH (IN)
3

80
100

INITIAL BASAL AREA (SQ.FT/A)

DF Four Year Annual Height Increment
10YRSI = 30 ft

-

6
5

4
INITIAL DBH (IN)

80
100

INITIAL BASAL AREA (SQ.FT/A)




P. PINE - 4YR HEIGHT ANOVA

AVERAGE TREE RESPONSE CROP TREE RESPONSE

HTINC4AN Tukey-Kramer Grouping for LS-Means of HTINC4AN Tukey-Kramer Grouping for LS-Means of
TREAT (Alpha = 0.1) TREAT (Alpha = 0.1)
LS-means covered by the same bar are not signficantly different. LS-mesans covered by the same bar are not signficantly different.
TREAT Estimate TREAT Estimate
12 1.7214 12 1.8310
16 1.6810 16 1.B025
1 1.4826 1 1.7117
14 1.4220 14 1.5887
18 1.3187 18 1.5040

Means adjusted for SI10YR, initial density and initial diameter




P. PINE - 4YR HEIGHT REGRESSION
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D. FIR - 4YR STAND VOLUME ANOVA

CROP TREE RESPONSE STAND RESPONSE

VNT4acyr Tukey-Kramer Grouping for LS-Means VOL4acyr Tukey-Kramer Grouping for LS-Means

of TREAT (Alpha=0.1) of TREAT (Alpha=0.1)
LS-means covered by the same bar are not signficantly different. LS-means covered by the same bar are not signficantly different.

TREAT Estimate TREAT Estimate

14 B5 3056 1 180.26 I

1 B2 9412 12 131.23

16 TE.5580 14 120.93

12 T6.5302 16 BT .5405

1B TH.0548 18 B4.9314

Means adjusted for SI10YR, initial TPA and initial QMD




D. FIR - 4YR STAND VOLUME REGRESSION
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D. FIR - 4 VS 6YR STAND VOLUME
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P. PINE - 4YR STAND VOLUME

CROP TREE RESPONSE STAND RESPONSE

VNT4acyr Tukey-Kramer Grouping for LS-Means of VOL4acyr Tukey-Kramer Grouping for LS-Means of
TREAT (Alpha = 0.1) TREAT (Alpha = 0.1)
LS-means covered by the same bar are not significantly different. LS-means covered by the same bar are not significantly different.
TREAT Estimate TREAT Esftimate
16 Tr.1212 1 166.32
12 T6.3823 12 127.07
1 734677 14 85.3120
14 66.7632 16 82.0876
18 a6. 7160 18 h2. 23568

Means adjusted for SI10YR, initial TPA and initial QMD




CROP TREE - STAND
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P. PINE - 4YR VOLUME REGRESSION
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SUMMARY

BROAD OUTCOMES TO DATE

Current ten-year height growth method robust in stratifying tree-stand response to thinning for both D. fir

and P. pine

4Yr and 6Yr data illustrate vigorous early growth stages across all stands and densities

DBH/HT/Volume response a direct factor of site type and initial diameter/density stand relationships

Data suggests that we will have an excellent range of stand entry timings and stanc

conditions to define

optimal thinning window by site type, species and stand density/diameter relationships as we capture

future periodic growth/mortality

Density dependent mortality fairly insignificant or non-existent in all but the highest density plots (not

presented)

Primary mortality at this juncture is thinning related acerbation of root-rot pockets



CONCLUDING
STATEMENTS

THE FUTURE OF PPDM

Validate SDImax models
Validate G&Y models
Develop growth and mortality

Bt b multipliers by site quality, stand

density, and species composition

Calibrate G&Y software packages for
thinning response by site/species

Develop silvicultural guidelines for
targeting optimal timing window for
thinning to maximize growth response
on crop trees while minimizing
mortality




THANK YOU

TO ALL CONTRIBUTING MEMBERS
& STAFF

This project would not have been
possible without the strong suppor
from the front office to the field
forester

And In particular we wish to thank
all those field foresters that put up
with our discriminating taste for
candidate stands - this network
will be a gift that keeps giving for a
generation
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