Douglas-fir nutrition:
Summary of results from the
Regional Forest Nutrition
Research Project and Stand
Management Cooperative

Rob Harrison, Dave Briggs, Eric Turnblom, Bob Gonyea,
Bert Hasselberg.

University of Washington.






60

(billion board feet)
N W B %)
o o o Qo
L Y
i

Softwood Lumber Production and Consumption
>

0

L

Western Production

-

US Consumption

Forest
Fertilization

US Production

-
- = " .

1965 1970 1975 1980 1985 1990

1995 2000 2005

1.4

= = = o o
» o ) =) N

Cumulative Industrial Forestland Fertilized

=
N

0.0

Table 1 US Timber trends. Data from: Howard, James L. 2003. U.S.
timber production, trade, consumption, and price statistics 1965 to
2002. Res. Pap. FPL-RP-615. Madison, WI: U.S. Department of

in OR and WA (million hectares)



Nitrogen lbs/acre/year

Nutrient Supply and Use
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Results:
Pre-RFNRP
1950’s through 1960°s



Shelton-Carson Lake study. Each treatment 2 reps
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———————— cubic feet ——————— % %
Control 4512 5706 1,19 25 0
N52-P12-K220 3775 4795 1,020 27 9
N100 4921 6455 1534 31 24
N200 3804 5420 1616 43 73
N200-P88-S154 3316 4324 1,008 37 48
N200-P88-S168+ 4,054 5503 1450 36 43
N300 4509 6459 1950 43 71
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Shelton-Matlock study. Each treatment 2 reps
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Control 40133 57598 1746.5 440 0
N52-P12-K220 30275 47495 17220 564 28
N100 31970 5069.0 1872.0 58.6 33
N200 3679.0 5802.5 21235 577 31
N200-P88-S154 32635 5277.0 20135 61.1 39
N200-P88-S168+ 32205 5231.5 20110 62.3 41
N300 3340.0 5272.0 19320 57.6 31
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1)

2)

Results of other studies

Hodge-podge of nutrients other than nitrogen makes
conclusions difficult. Several studies indicate
results similar to the 2nd above, and many indicate
the central role of N.

Clearly, both response to N and other nutrients is
site controlled. Indicates need for larger scale
studies on a wide variety of sites to pin response to
site variables.



1)

2)

Conclusions of early studies

“Nitrogen application evoked a growth response
throughout a range of growing conditions.
Magnitude of response is related to amount of
nitrogen applied and response is still evident in
1975 from a 1962 application”.

“Apparent response to the application of other
elements Is quite variable and no consistent picture
emerges. There Is no evidence of an economic
response to the other elements”.



RFNRP
1969-pres.



' e "\i MM.‘ bl
'\\u"t \ . ;r E*{‘F‘ _




Installations of the PNW Stand
Management Cooperative

Stand “
Management

(Cooperative

SILVICTULTUET
W00D QUALITY

m DUTEITION
A LIODFLING

College of Forest Resources
University of Washington

Box 352100

Seattle Washington 98195-2100

206-543-5355 phone
206-685-3091 fax




RFNRP Installations

. Phase I Unthinned Natural Stands
. Douglas-fir & western hemlock
. established in 1969/70
« Up to 4 fertilization treatments
. 20 years growth remeasurements

. Phase Il Thinned Natural Stands
« Douglas-fir & western hemlock
. established in 1971/72
« Up to 4 fertilization treatments
. 20 years growth remeasurements



RFNRP Installations

. Phase III Young, Thinned Plantations
« Douglas-fir & western hemlock
. established in 1975
« up to 4 fertilization treatments
« 20 years growth remeasurements

. Phase IV PCT Plantations
« Douglas-fir & western hemlock
. established in 1980
« up to 4 fertilization treatments
« 20 years growth remeasurements

. Phase V Single Tree Screening Trials
. young noble fir & pacific silver fir
. established in 1986/88
. one fertilizer application
« 6 years growth remeasurements






Percent Difference in Volume Increment vs Total Nitrogen Fertilizer Applied
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Overall results of SMC studies Response vs. N rate. Sidell thesis.



Table 2. Pilchuck Tree Farm study established 1994, measured through 2002 (8 y

growth). Each treatment is replicated 6 times (two each installation).
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Measure O Z Z O Z Z O Z Z

—————————— initial relative to control change ——————

QMD (in) 8.06 7.83 7.65 100.0 97.1 94.9 2.26 2.26 2.58
Volume (ft3/ac) 2485 2664 2184 100.0 1072 87.9 3167 3256 3068
BA (ft2/ac) 10477 1109 94.6 100.0 1059 903 65.0 72.2 64.77
HT40 (ft) 56.0 56.0 559 100.0 100.0 99 8 281 28.5 277




Table 2. Pilchuck Tree Farm study established 1994, measured through 2002 (8 y
growth). Each treatment is replicated 6 times (two each installation).
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Measure O Z Z O Z Z O O
—————— percent change relative percent ————— ——— probability ——
QMD (in) 31 34 38 0 2 6 0.178 0.078
Volume (ft3/ac) 166 187 185 0 21 19 0.164 0.143
BA (ft2/ac) 67 79 75 0 12 8 0.152 0.227
HT40 (it) 55 59 56 0 4 1 0.255 0406




Table 1. Oregon Dept. Forestry study established 1995, measured through 1999 (4 y
growth). Each treatment is replicated 6 times (two each installation).
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—————————— initial relative to control change ——————

QMD (in) 735 7.28 7.02 100.0 991 05.5 247 246 2.66
Volume (ft3/ac) 1136 1055 998 100.0 92.9 7.9 1499 1428 1493
BA (ft2/ac) 677 63.5 60.6 100.0 938 89.5 513 491 54.4

HT40 {it) 4277 429 422 100.0 100.5 989 13.2 14.2 144




Table 1. Oregon Dept. Forestry study established 1995, measured through 1999 (4 y
growth). Each treatment is replicated 6 times (two each installation).
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QMD (in) 34 34 38 0 0 5 0424 0.039
Volume (ft3/ac) 134 138 152 0 3 17 0370 0.079
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HT40 (ft) 31 33 35 0 2 3 0408 0243
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Figure 5. After 40 years. Possibility of studying subsequent rotations.
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SMC carryover study results 5-7 years of growth

App. yrsince Vol-ind Vol-ind % Vol-ind

Install. Name Rate planting Control +N Difference
-IbN/ac- —y— —Indexonly — —% —
17 Little Ohop Creek 1000 5 5.12 7.35 16
53 Camp Grisdale 1000 5 2.12 2.61 10
53 Camp Grisdale 400 5 2.12 2.15 16
134 Pack Forest 1000 7 3.36 6.24 22
156 Coyle 1000 5 2.79 5.05 17
167 Hanks Lake 1000 6 1.58 3.40 11
167 Hanks Lake 400 6 1.58 4.03 25
168 Simpson Log Yard 1000 6 1.75 2.69 8
168 Simpson Log Yard 800 6 1.75 2.37 11
168 Simpson Log Yard 200 6 1.75 1.32 -1
177 Pack Forest Lookout 1000 6 2.70 2.50 13
177 Pack Forest Lookout 800 6 2.70 3.98 28
Average
prob = 0.00

Volume index is not an actual volume, as it is calculated as diameter squared
times the height...thus it is useful for comparison only.



Results of RFNRP studies

1) N response averaging 20% (unthinned) -30%
(thinned) with 400 kgN, highly site dependent.

2) Clearly, both response to N and other nutrients is
site controlled. Indicates need for larger scale
studies on a wide variety of sites to pin response to
site variables.

3) Effects of N fertilization appear to be very long-
lived.



SMC (1991+)

No multi-element additions. SMC
Type I, 111 and 1V no fertilizer
work at all



SMC Type | Installations
-plantations with initial stocking 300-680 spa
-Respace (PCT) before onset of competition

-7 core treatments (basic 7)
ISPA, ISPA/2, ISPA/4,
ISPA and ISPA/2 min thin
|SPA repeated thin

ISPA heavy thin

2-8 plots for other work, including fertilization

Eric Sucre did his M.S. on 7 fertilized sites



Location of SMC Type 1 Fertilized Research Installations
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Site Descriptives

Ostrander Rd East Twin Foaring River  Silver Creek Sandy Shore Toledn Twin Peaks
(704) Creek (705) (F18) ey (725 (726) (736)
Latitude 461247 46" 471035 .97" 44°3910.8" 44952 07" 4795349.08" A44°41 %2998 | 47%56'53.05"
Longitude 122%048.91" 121943'4.22" 1220421 56" 122933%57.6" | 12294672522 | 123%634.4" | 124927 22.75"
Elevation (m) 183 823 335 571 168 18 183
Average Slope 20% 0% 10% 10% 0% 15% 40%
Precipitation (mrm yr ) 1175 14459 1778 1190 781 1726 1652
LUSDA Soil Suborder Falehumult Dy stroxerept Falehumult Oy strudept Oy stroxerapt Dystrudept Ourathod
Soil Texture Fine-loamy Loamy-skelatal Fine Fine-laamy sandy-Skeletal Fine-loamy | Sandy-Skeletal
Stand establishment 1976 1976 1982 1982 1980 1984 1984
=l 50 ibefore treatment, m) 37 2 33 37 a7 41 37



Presenter
Presentation Notes
Here’s some info regarding the various installations examined.  The installations occur at various elevations ranging from nearly sea level-to 823 meters or over 2500 feet above sea level. Annual precipitation ranges from 751– 1778 mm/year
As I mentioned on the last slide, the three northern most installations, Sandy Shore, Twin Peaks and East Twin Creek occur on recently glaciated soils which range from loamy to sandy skeletal in texture with large amounts of glacial till.  705 and 725 are inceptisols and 736 is a spodosol.
The installations range from almost 30 years to nearly 20 years in age.
The SI at base age 50 ranges from 27m – 39 m or 90 feet to almost 140 feet


Soil & Site Properties Examined

Climatic data

Elevation

% Slope

Relative Density (RD)

Quadratic Mean Diameter (QMD)
Site Index (SI)

bulk density (Db)

pH

C:N ratio

cation exchange capacity (CEC)*
Inorganic nitrogen (NO,™ and NH,*)*

*Mineral Soil only
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Treatment Intervals

Total Volume W 4-yr PAI

Total volume and 4-year PAI relative response for each treatment regime at the
respected treatment intervals (224 kg hat of N as urea every 4 years). Standard
errors are shown.



Dependent “ariable I Equation Adj-R2
All DMB's
Total volume 42 B34 1 + 22 5396RD + 7 .00GKD 0552
B1.8952pHap.500m + 0.00108C 150m -0.027PPT
A-yr PA 42 -13.89 + 0.08135MNW e 0.091
ISP HA
Total Vaolume 14 -3595.596 + 54 43R0 + 4.852CMrr - 4.98C N 15:m 0.722
14 164.541 - 7 AEBCMNy. 15:m 0. 456
A-yr PA 14 57066 + 36397 MHac15.300m) 0B
14 -37.339 + 2 824NHaes0.500m) 0.365
|=PHAL
Total vaolume 14 -238.22 + 41 24RD 0712
d-yr PA 14 -144.39 + 34 397 pHys.000m - 9.97 3% Caps00m 0.666
|=PHAM
Total Volume 14 197 .94 + 50 897 R0 + 12.29% Co150m 0.552
- 3.bBMNH4z0.500my -0.041ELEY
d-yr PA 14 A6.B0TRD - 5. 560MD + 77 51 %MNs.30em + 0.002CWYer 0.851

T Strongest single indepent variables shown in Fig. 3

Multiple regression equations for the relationships between the unstandardized residuals of
total volume (m?2 hal) and 4-year PAI (m3 halyr?) response to 224 kg N ha! as urea
(dependent variables) and various soil, site and stand variables (independent variables).



Results of SMC studies
too few sites (7) for broad generalizations

1) Response to N is site and stand controlled. Indicates
need to couple fertilization with other silvicultural
treatments, particularly stocking, and use RD or
other stand properties to drive time of fertilization.



Palred Tree Installatlons
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Objectives

Test soil variables including bulk
density, nutrient pools,
temperature, and moisture

Record non-soil variables such as
site index, LA, elevation, slope,

precipitation, air temperature, and |
relative humidity

Determine which factors can
predict N fertilizer response

Focus on variables that are easily
obtained
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Growth and foliar nutrition of juvenile western
hemlock and western redcedar plantations on
low- and medium-productivity sites on northern
Vancouver Island: response to fertilization and
planting density

R.W. Negrave, C.E. Prescott, and J.E. Barker

Abstract: A factorial trial was established to examine the effects of planting density and fertilization on the growth of
western redcedar (Thuja plicata Donn ex D. Don) and western hemlock (Tsuga heterophvlla (Raf.) Sarg.) on nutrient-poor
(CH) sites and nutrient-medium (HA) sites. Two levels of NPK fertilization were crossed with three levels of planting den-
sity (500, 1500, and 2500 stems/ha). Fifteen years after establishment and 10 years after the last fertilizer application,
height, individual stem volume increment, stand volume, 5 year periodic annual increment (PAI), and 5 year periodic
height increment were all increased by fertilization. Fertilization of CH sites increased annual stand volume increment by
753%-2552% and 122%-209% for hemlock and cedar, respectively; fertilization of HA sites increased PAI by 94%-—
264%. Volume growth response to fertilization was greater on HA than on CH sites. Increasing stand density reduced
height growth on CH sites but not on HA sites. These results suggest that competition for nutrients can be a significant
growth-limiting factor even before canopy closure occurs and that treatment of ericaceous sites may not be justified by
productivity increases.
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Table 1. Size (2002), growth (1997-2002), and mortality (to 2002) variables.

Height Stem volume  Periodic annual

Stand density Stand volume  Mortality  increment increment increment
Species”  Fertilization”  (stems/ha) Height (m)  (m’/ha) (%) (m/year)  (dm?/year) (m’-ha~!.year!)
CH sites
Cw FO 500 5.36 (0.59) 10.39 (341) 0.8 (1.6) 039 (0.05) 338 (1.20) 1.65 (0.57)
Cw FO 1500 4.53 (0.55) 15.17 (6.73) 04(0.8) 031004 1.54(0.68) 2.27 (0.97)
Cw FO 2500 4.08 (0.33) 17.49 (3.51) 04(0.8) 024 (0.04) 1.00(0.24) 2.50 (0.62)
Cw Fl 500 7.15 (0.49) 25.27 (5.35) 43 (35 048004 778 (1.57) 3.67 (0.74)
Cw Fl 1500 6.73 (0.61) 5447 (17.05)  0.8(09) 039 (0,05 479 (1.43) 7.03 (2.15)
Cw F1 2500 5.72 (1.05) 5179 (23.74) 23 (2.7 037007 290 (1.27) 7.10 (3.17)
Hw FO 500 3.65 (0.26) 1.63 (0.58) 6.3 (44) 020 (0.05) 055 0.15) 0.25 (0.08)
Hw FO 1500 3.17 (0.29) 2.28 (1.01) 59(39) 0.20(0.03) 027 (0.10) 0.38 (0.15)
Hw FO 2500 227 (0.19) 1.03 (0.28) 3.1(22) 0.0 0.03) 0.08 (0.02) 0.19 (0.05)
Hw F1 500 8.06 (1.21) 21.13 (8.38) 82(3.7) 053(0.12) 6.97(2.73) 3.13 (1.24)
Hw Fl 1500 5.92 (1.01) 22.23 (943) 6.3 (6.1) 033 (0.11) 2.33(0.98) 3.24 (1.44)
Hw F1 2500 5.95 (1.35) 36.74 (24.21) 2327 032(0.14) 207 (1.39) 5.04 (3.45)
HA sites
Cw FO 500 5.85 (1.24) 13.87 (7.11) 55@.7) 035(0.06) 4.14 (1.85) 1.90 (0.85)
Cw FO 1500 5.08 (0.84) 22.01 (9.12) 1.6 (1.3) 032 (0.07) 2.14 (0.83) 3.11 (1.22)
Cw FO 2500 4.23 (1.75) 30.22 (30.79)  1.6(1.3) 0.21(0.15) 1.70 (1.63) 4.19 (4.01)
Cw Fl 500 7.29 (0.99) 26.87 (10.53) 74 (8.1) 047(0.07) 8.28(3.38) 3.68 (1.38)
Cw Fl 1500 7.66 (1.17) 85.63 (33.51) 3545 049(0.10) 8.22(3.51) 11.48 (4.63)
Cw F1 2500 7.27 (0.78) 114.07 (34.18) 3.1 (29) 046(0.03) 6.36(1.89) 15.14 (4.21)
Hw FO 500 7.65 (1.99) 19.36 (14.00) 55(27) 0461(0.12) 583 (4.12) 2.71 (1.94)
Hw FO 1500 7.12 (2.67) 40.82 (34.55) 7.0(6.6) 043(0.23) 429 4.01) 5.61 (4.91)
Hw FO 2500 7.04 (3.45) 61.69 (63.27) 74 (56) 044(027) 383 (3.85) 8.59 (8.74)
Hw Fl 500 9.65 (0.63) 39.61 (6.83) 164 (13.6) 0.61 (0.05) 13.51 (2.52) 5.39 (0.96)
Hw Fl 1500 11.68 (0.73) 148.75(29.26) 129 (9.0) 081 (0.09) 1595 (2.98) | 2048 {4.2?_}|
Hw F1 2500 11.61 (1.16) 190.40 (59.13) 8.6(0.9) 0.83 (0.09) 11.27 (3.01) | 25.56 (6.98)

Note: CH site, nutrient poor conditions; HA site, nutrient medium conditions.Values are means with SEs given in parentheses.
“Cw, western redcedar; Hw, western hemlock.

"F0, unfertilized; F1, fertilized.




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Nutrient Supply and Use
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	RFNRP Installations
	RFNRP Installations
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Site Descriptives
	Soil & Site Properties Examined
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Paired Tree Installations
	Objectives
	Soil Nitrogen to 1 Meter
	Foliar Nitrogen and Weight
	Slide Number 41
	Slide Number 42
	Slide Number 43

