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Background

 Nitrogen has been the nutrient of choice for
Intensive Douglas-fir management

— Major research effort by RFNRP, SMC concluded
that ~70% of westside DF stands will respond
positively to nitrogen

— |dentification of stand or site characteristics
Indicative of response have been incomplete

— Shotgun approach not satisfactory as fertilizer
costs have increased

e Very little research has addressed response
of Douglas-fir to nutrients other than
nitrogen



Background

e Fertilization has been used in SNC-infected
stands to try to counteract growth loss

— Coastal solls generally have high soil N
concentration and are low In base cations

— Negative correlation between foliage retention
and foliar N

— Positive correlation between foliage retention and
foliar Ca

* Very little research has addressed response
of SNC-infected Douglas-fir to nutrients other
than nitrogen



Beyond N Fertilization Trials
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Target stands

e Target stands
— 20 yrs of age (+/- 5 yrs)
— 750 tph (+/- 250 tph)
— No pct or fertilization in last 8 years
— < 20% salal cover



Stand Attributes

Tree attributes Plot attributes

QMD (cm) Ht.(m)  Crown ratio Foliage BHage  Site Index(m  Fol. N (%) Fol. P (%) Fol. Ca (%) DF density DF bazsal area pH
retention (yrs)  (years) @ 50yrs) (trees/ha) (m“/ha)




Study design

Individual tree plots (0.01 ha)

Centered on subjectively
chosen dom/codom tree

5 or 7 treatments per site,
randomly assigned

10 plots per treatment

50 or 70 plots per site




Measurements and Sampling

e Subject Tree

— Dbh

— Height, height to lowest live branch

— Sapwood width

— Diameter at 5.5 m

— Foliage (4-yr old lateral from 5 yr old
whorl branch)

— Soil (two 10 cm cores)

 Plot
— All plot trees measured for dbh (plot-lg

e Jreatment
— Foliage, soil composite for chemical a



Measurements and Sampling

e Subject Tree

— Dbh

— Height, height to lowest live branch

— Sapwood width

— Diameter at 5.5 m

— Foliage (4-yr old lateral from 5 yr old
whorl branch)

— Soil (two 10 cm cores)

 Plot
— All plot trees measured for dbh (plot-level basal area)

e Jreatment
— Foliage, soil composite for chemical analysis



Treatments

Treatment | Form Amount Reason for inclusion

Control - - - - Statistical reference for treatments

N Urea 225 kg N/ ha Standard approach

Lime CaCO, 1000 kg Ca/ Elevates pH, reduces Al, adds Ca:

ha compare to Ca-only treatment

Ca CaCl, 100 kg Ca/ha | Low soil and foliar Cais common at
our sites, attributable to high soil N

P NaH,PO, | 560 kg P / ha Can limit growth in highly weathered
soils, some sites have P-fixing soils

Kinsey Blend Site specific Scientific and industry interest in
overall nutritional limits to
productivity

Fenn Blend Site specific Scientific and industry interest in

overall nutritional limits to
productivity




Stem volume growth response, regional

Response variable: stem volume increment
Response tested with ANCOVA, regression
ANCOVA: analyzed as a randomized complete block

Regression: Tested for correlation between
treatment response and site-specific factors (soil
and foliar chemistry)



« Significant

 Marginally

Stem volume response, ANCOVA

covariates : initial
volume, plot-level
basal area

significant
response:

— N (p=0.069)

— Lime (p=0.051)
— P (p=0.10)
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Growth response, site specific

Lime

CacCl,

Phos

Kinsey




3-yr Volume Growth, N treatment

» Response dependent on soil Ca/N

IN(VOLGR) = 1.36321 + 0.4957*In(D2H) + 1.2724*In(SI) + -0.191*(pH) +
0.4866*In(fCa) + -0.0844*In(sCaN) + 0.1383*(l,,) + 0.04652*I *In(sCaN)

where VOLGR= Predicted periodic annual volume increment for
individual tree (dm?3yr-1)

D?H = Initial volume index

SI = Site index

olg = Initial soil pH

fCa = Initial foliar calcium concentration (%)

sCaN = Initial ratio of soil calcium % to soll nitrogen %

i (1 if urea fertilized; O otherwise)



3-yr Volume Growth, N treatment

e Linerepresents
multiplicative
responseto N
fertilization
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level response
vs. Ca/N
combinations
within dataset
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3-yr Volume Growth, Lime treatment

« Response dependent on initial soil pH, foliar Ca conc.

e VOLGR = exp(2.674)*D2H0-474 *G|1.06 *f(C g0.597 * gCgqN-0-0822 * exp((—
0.2609*pH)+ (I *(-1.1914 + -0.37*In(fCa) + 0.2969*pH)))

where VOLGR= Predicted periodic annual volume increment
for individual tree (dm3yr?)

D°H = Initial volume index

SI = Site index

olg = Initial soil pH

fCa = Initial foliar calcium concentration (%)

sCaN = Initial ratio of soil calcium % to soll nitrogen %
lc = (1 if lime fertilized; O otherwise)



3-yr Volume Growth, Lime treatment

Lines represent
multiplicative
response to lime
fertilization

Points represent
combinations of
pH, fol _Ca
present within
dataset

Response

dependent on
initial soil pH,
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3-yr Volume Growth, CacCl, treatment

« Response dependent on initial soil pH, foliar Ca conc.

e VOLGR = exp(3.2763)*D2H°-8535 *G|1.06 *fC g0.714* gCgqN-0-135 * exp((-
0.2211*pH)+ (I *(-1.7936 + -0.3312*In(fCa) + 0.22829*pH)))

where VOLGR=

D2H
Sl

pH
fCa
sCaN

lc

Predicted periodic annual volume increment for
individual tree (dm3yr1)

Initial volume index

Site index

Initial soil pH

Initial foliar calcium concentration (%)

Initial ratio of soil calcium % to solil nitrogen %
(1 if CaCl, fertilized; O otherwise)



Lines represent
multiplicative
response to CacCl,
fertilization

Points represent
combinations of
pH, fol _Ca

present within
dataset

Response

dependent on
initial soil pH,
foliar Ca conc.
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3-yr Volume Growth, Phosphorus treatment

« Response dependent on initial soil pH, foliar P conc.

VOLGR =
0.0444(D2H)0-4375 *S|1.9562 *exp[(10.9373+-1.3531pH)*fP]*
expllp*(-5.2574+1.0577*pH + 29.0023*fP+-5.8157*pH*fP)]

where VOLGR

Predicted periodic annual volume increment for
individual tree (dm?3yr-1)

D2H = Initial volume index

Sl = Site index

pH = initial soil pH

fP = Initial foliar Phosphorus

Ip 1 if P fertilized; O otherwise



3-yr Volume Growth, Phosphorus treatment

 Lines represent
multiplicative
responseto P
fertilization

Points represent
combinations of

pH, fol P present
within dataset

Equation implies
no response to P
below pH=5,

above P=0.19%
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Conclusions

There Is evidence of a marginal regional response to N, lime, and
P, but there is lots of site to site variation

Response to N is positively correlated with soil Ca/N ratio. Given
relation between this ratio and geography, SNC stands don'’t
appear a good bet for N fertilization

Calcium may be an effective fertilizer at certain combinations of
soil pH and foliar Ca. Short term response can be more
efficiently obtained using CacCl,

Phosphorus may be an effective fertilizer at certain combinations
of soil pH and foliar P. Phosphorus does not appear to be
effective at soil pH<5 or foliar P>0.19%

Because these results are based on individual trees, stand level
response can’t be inferred



Questions?
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