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FOREWORD

The cooperative Regional Forest Nutritien Research Project will soon
begin its ninth year of operation. S5ince summer 1969 over 1,450 fleld plots
have been established in stands of Douglas-fir and western hemlock. The
resulting quantity of data has become steadily more challenging to manage
and more valuable for the insights which it provides to major questions af-
fecting the productivity of Pacific Northwest forests.

Since 1969, demands on these forests for wood and other products,
amenities, and land uses has Increased remarkably. There appears to be
no cessatlion to the upward climb of timber stumpage prices, and hence land
managers are Increasingly desirous of silwicultural information germaine
to investment opportunities in maximizing yields. Even in a natural state,
the forests of thls region are among the most productive timber resources
in the world, The magnitudes of gain that can be realized by fertilization
and thinning are generally Impressive as indicated by the 4-year growth
data presented in this Biennial Report. :

As the complex supply-demand relationships of our forest resources
continue to evolve and become more Intimately tied together, land managers
" will be under greater pressure to substantlate their policies and practices.
Likewise, as management costs and product values continue to increase,
dacision-making criteria must necessarily become more refined. The staff of
the Regional Forest Nutritlion Research Project wish to thank those whose
support has made possible lts progress toward furthering these goals.

James 5. Bethel, Dean
College of Forest Resources




INTRODUCTION

The Regional Forest Mutrition Research Proj-
ect was initiated in 1969 with the primary
objective of providing resource managers with
more accurate data on the effeects of fertil-
izing and thinning young-growth Douglas-fir
and western hemlock forests.

Based on the neads for additional Informa-
tion which previous forest fertilizatlon
research in the Pacific Morthwest had brought
te 1ight, the Northwest Forest Soils Councll
determined that an intensive field program
with reglonal focus should Incorporate the
following goals:

1. to establish and maintain a series
of fertilizing and thinning field
trials on participants’ lands In
western Washington and western
Oregon under various conditions of
soils, climate, age, and site;

2. to collect and analyze response data
from these plots and report results
to subscribers;

3. to conduct supplemental research In
ralated areas such as diagnosis of
alemental deficliencies, analysis of
the effects of fertilizer applica-
tion on total ecosystems, effects on
wood quality, economics of fertil-

ization and thinning, and mensura-

tional aspects;

to report findings regularly to
subscribers and to advise them on
fertilization problems and practices;

5. to cooperate with other pregrams and
research designed to intensify for-
est management and increase wood

“production.

Because of the scope of this program, a coop-
erative funding approach was used to enlist a
broad base of support from regional timber
companlies, fartilizer manufacturers, and
governmental agenclies involved with resource
management. The College of Forest Resources
of the University of Washington administers
the project under the direction of Dr.
Stanley P. Gessel.

The original research design called for si-
multaneous astablishment of unthinned and
thinned fertilizer plots.  However, the
funding level in 1969 did not permit the full
program to proceed, and the cooperators
decided to begin with the unthinned plots
only. This became known as Phase | when, In
1971, sufficlent funds had been generated to
reincorporate the thinning-fertilizer trials.
The latter portion of the program is raferred
to as Phase Il. All plots were originally
schedulad for final remeasurement after they
had undergone four growing seasons.

The years 1975 and 1976 saw another
large extension of the R.F.N.R.P. data
base with the advent of Phase I111I.
Measurement of the older plots is contlnu-
Ing to determine duration of response and
aeffects of retreatment, and a number of new
research plots have been established. $Since
1969, approximately 1,450 permanent growth
plots have been located under R.F.N.R.P.
in western Washington and western Oregon.
Over 90% of these plots are essentlally
undamaged by weather or man and still
providing valuable data.

Phase | (fertilizatlion only) Four-vear meas-
urments of diameter breast height {d.b.h.) and
total height were completed In 1974. Six-
year measurements were completed In 1976.

Fertilizer response results based on the b4~
vear data are presented In this report. Six-

vear results are under analysis. Presant
plans call for refertilization of Phase |
plots after eight growing seasons.

Phase 11 (fertilization and thinning) All 4*?;Lu:u

have now been taken, and preliminary resul

are presented in this report. Project mensu-
rationists are currently working on Ehaggﬁﬁ'

year Phase ]1:dqta.-ffJ';.v.

=

year remeasurements of the Phase II plots =
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Phase 111 This newest component of R.F.N.R,P.
s concentrated on activity in these areas:
1. Fertllization and thinning of 10-20
year-old stands.
2. Additional experiments in areas of
low natural forest productivity.
3. Re-treatment of existing Phase |
plots, 8 years following Initial
fertilization.

Other Studies Under R.F.N.R.P.

Effect of fertilizer on tree form To date,

stem analysis studies have been carried out

in eight Phase | installations. The purpose of
this work Is to quantify growth along the
entire tree bale in order to determine

whether or not measurements of d.b.h. and height
adequately describe changes affecting tree
volume. R.F.N.R.P. 1s supporting a graduate
studant project in analysis of tree form

data.

Correlation of soils and response data This
study, which Is described more fully alse-
where in this report, aims at using soll
characteristics to rafine fertilizer response
astimates.

Investigation of follar analysis as a
sredictor of fertillzer response Follage
collections are being taken from a number of
responding and non-responding stands. Again,
the goal is to develop a practical technique
for predicting fertilizer response.

Wi

Source of nitrogen study in western hemlock
Fast fertilizations of hemlock stands have
failed to provide clear-cut guidelines.
Hemlock, as a species, is known to be able to
respond to nitrogen. Commonly, however,
hemlock does not respend in significant
amounts under forest conditions. Perhaps the
problem is overstocking, which Is being in-
vestigated in the thinning-fertilizer experi-
ments. Perhaps, too, a problem exists in the
form of nitrogen applied. This aspect is
addressed in a speclial series of experiments
designed to test different forms of fertil-
izar nitrogen in stands of western hemlock.

Fertilizer and herbicides in young plantations
Combinations of nitrogen fertilizer and
selective herbicides are being applied to 3-5
year-old Douglas-fir plantations. Goals are
to reduce vegetative competition and stimulate
height growth so that trees move guickly

ahead of competitive species and above the
browse line.

Effect of fertilizer on wood quality An in-
vestigation of the effects cFﬂ?zrtTlizatian on
wood characteristics that are related to value
for various products has been underway for
several years and |s almost completed. Results
will be published In the near future.
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§ | - REGIONAL ANALYSIS OF FOUR-YEAR GROWTH

RESPONSE OF THE TOTAL STAND FOR DOUGLAS-FIR.

-fﬁj;_lntruductTﬂn

ars. This section presents an outline of the
 analysis of 4-year growth data available from
.. the Regional Forest Nutrition Research Proj-
. ect. Eighty-seven installations of six 1/10
 acre plots each are distributed over natural
.~ Douglas-fir stands in western Washington and
~ Oregon { Table 1 ). |In each installation
 two plots were not treated, two received 200
'gglbs; nitrogenfacre, and twe 00 lbs. nitrogen
- Jacre, in the form of urea.

- Tha primary cbjective was to provide an
estimate of mean response to fertilizer ac-
cording to age, site, and other relevant
wvariables. Response is measured as increase
n growth rate due to fertilizer. In simple

— — g — =

Growth Increase in
rate as growth rate
= |in un- |plus |due to

treated fertilizer
stand

therefore response can be thought of as:

= -~ s = -

Increase | |Treated Growth
_ In growth| |stand rate as
& = |rate due =|growth | minus | In un-
o Ito fer- rate treated
; EiTIz:r stand

= — = — =

it Turnbull, K. J., and Peterson C. E.
i_kgiﬁ}i'ﬁﬂﬂl?st of Douglas-fir Growth
Response to Nitrogenous Fertilizer
-'_“Tﬁt:'.“ Regional Trends); Comtr. 13, Inst.
ke od., Lol. For. Res., U. W.

The essentlal phases in analysis of the
regional data were as follows:

1. Analyze the growth data from all control
plots to obtain estimates of untreated
stand growth rate (UGR)

UGR = f(A,S,B,SN) ...Model No. 1

2. For each treated plot, use Model No. 1
to compute

Treated Estimated growth
Treatment| |stand rate as in
Response |=|actual | minus |untreated

growth stand

rate in (Model No. 1) .

plot - _j

b -

3. Analyze all data computed as in 2 above
to obtain an estimating equation for
treatment response (TR)

TR = f(5,Log PN) ...Model No. 2

4. Combine UGR and TR to obtain an esti-
mating equation for stand growth rate
throughout the region:

AV=F(A,S,B,SN)+F(S,Log PN} ,.Model No. 3

where 4V = perlodic annual gross increment of
volume (cu.ft./acre/year); A = breast height
age; 5 = 50 year-site Index; B = initfal
basal area (sq.ft./acre); SN = number of
stems/acre; PN = pounds of nlitrogen/acre;

Log denotes common (base 10) logarithms.

Results of Analysis

The major toplc of Interest is the ef-
fect of fertilizer on gross P.A.l. {perio
annual increment) of total volume. oy
a short summary on response ln basal
P.A.l, Is also given below; that part
analysis was conducted as an explor:



ma

?;- : _Ehiféﬁ;Jéear gross response
of Douglas-Fir. B13 plots

fhEATHEHT SITE CLASS
(Pounds of I H 11 Iy
H per acre) F.A.l F.A.I. LA, F.A.L.
a 3 l -
200 3 - -
hoo 2 2 1 -
o 14 12 2
z0 200 3 16 10 3
koo 3 12 14 -
0 9 21 12 £
30 200 11 16 1h &
4oo 12 15 18 g
0 i 17 15 6
400 1 M f3 4
a ) & 2 -
hoo 2 9 & -

Gross P.A.l. of Total Volume: The re-
sults of the volume increment study show
a mean response of 56 cu.ft. per acre per
year to 200 lbs. of nitrogen across the
region. This mean response is equivalent
to an 18% increase over the mean estimat-
ed growth rate of untreated stands. The
mean response to 400 1bs. of nitrogen is
approximately &4 cu.ft. per acre per year,
equivalent to a 21% increass over esti-
mated mean increment of untreated stands.
Mean response may vary by * 8 cu.ft. per
dcre per year from either level of fer-
tilizer application (95% confidence

- level).

= ﬁ g?jdﬁnt in Table 10, there Is no
Cant interaction between nltrogen
: '_g§and_variahles except for
,?¥H$;rugen_dnsage by Ttself
ggifgfaqtqaffe:t on P.A,I.

2, Gross P.A.l. of Total Basal Area: 200
1b. N-treated stands show a mean increase
of about 20% over gross P.A.l. of un-
treated stands. Mean response to 400-1h.
N-is slightly (2%) more. The response In
both N treatments is greatest in the
lower sites and in the younger age
classes (Table 7 ). This trend is due
to significant interactions of nitrogen
dosage with basal area and stems, both
of which vary with age and site index.

Tables 2, 3, and 4 summarize the
estimates of volume, basal area, and stems:
smoothed estimates of volume and basal ares
can also be seen graphically in Figures 1
and 2 . Tables 5 and 6 contain data
means and estimated values, respectively,
of basal area P.A.l. The data means and
estimated values of volume P.A.|, dre summa-
rized in Tables § and 9. The smoothed
trends of estimated volume P.A.1. faor both
untreated stands and stands fert!lized with
200 1b. N/ac are portrayed In Figure 3 .




Estimated mean Initital total volume for Douglas-fir

Table 2

{cu.ft./ac., min. d.b.h. = 1.55 Inches)

Site |ndeax -
B.H. Age B0 90 100 110 120 130 140 150
10 264.6 307.7  352.0 397.7 iyl 4 4923 541.3 591.2
15 g01.4 1082.0 1273.0  1476.7 1689.9 1913.1 2145.9  2388.1
20 1676.5  204k.7  2kk2.)  2867.7  3320.6  3B00.3  4305.9  4B36.9
25 20k 0 jo09.4 0 3625.2 4290.1 5003.1 £763.1 B5Ea. L 7421.1
30 2151.7  3905.8  4731.9 5628,  AS5SS. b 7630.4  E73z.9  9902.1
35 3787.8  &715.4  6736.2 EBLE. B B0E1.9 9344.4  10726.4  12191.9
) k3gh. 8  s5439.9 6637.9  7947.3  9367.0 10B85.0  1:533.2 1h277.8
45 LAGD.0  GOB7.2  74L5.L  §9331.3  1oshk9.9  122eh.2 14165.3  16162.3
£d £311.4 6666,8  B169.9 sB19.5 118168 138548 1s6R3B.5 178G5.5
Table 3
Estimated mean initial total basal area for Douglas-fir
(sq.ft.fac., min. d.b.h. = 1.55 inches)
B.H. Age 80 30 T R & 1 120 130 140 150
10 ho.8 2.4 k3.8 45. 1 4.4 47.6 L8.7 L9 R
15 Bh.5 89.85 94,8 99. 6 104.2 108.6 112.8 116.9
20 18,2 127.1 135.6 143.8 151.6 155.3 166.7 173.9
5 142.0  153.8 165, 1 175.0 186.7 197.0 207.1 217.0
30 158.7 172.5 186.1 199.2 212.0 224 .4 236.6 24B.6
35 170. 5 186.0 201.1 z15.8 230.2 2443 258.1 271.6
ho 178.6  195.4 211.8  227.8 k3.4 258.7 273.8 288 6
b5 18,4 2021 219.4 2364 253.0 269.3 285, 3 01,0
50 186.5 206.9 224.9 zhz.6 259.9 276.9 293,7 310.2
Table &
Estimated number of inltial total stems
for Douglas-fir
(min. d.b.h. = 1.55 inches)
Site Index
B.H. AGE 80 90 100 1o 120 130 150 150
10 2613.3  2047.3 1645.7 1350.3 1127.9 355.5 B1a.5 710.13
15 z371.1 1BES.B 1538.0 1278. 4 1079.8 a92l,5 gon. 7 700.4
20 1959.9 1571.8 1290.2 1079.2 916.8 78a.1 GBE. 8 £03.5
25 1606.8  1204.6 1067.1 B96.0 763.8 £59.5 875.7 507.3
30 13130.8 1075.6 BE9. Y 7h8.3 619.4 £53.3 533.9 b27.2
15 1117.6 905.3 749 8 632.3 41,1 469.0 510.7 363.0
hoy acl. 6 772.1 GL40. 4 sho.8 LE. 4 hoz.0 352.5 310.19
g g20.4 B6G.E £53.5 L&7.8 51,3 348,58 305.8 770.7
50 715.1 cal.6 LB3. 4 Lkng.o 361.1 305.1 167, 237.3
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Table &

Data means for four-year gross
. hasal area growth for Douglas-fir
(sq.ft./ac./yr., minimum d.b.h. = 1.55 Inches)

—
B.H. AGE TREATHENT SITE CLASS
CLASS {Pounds of I 11 i 1V
(frs.) H per acre) P.A.T. P.A.D. P Y
o 13.1 0.5 10.8 §
10 200 15.6 18,0 - -
Log 14,1 16.5 16.0 -
1] 9.4 B.3 2.0 10,2
20 200 1.7 9.5 1.3 10.9
400 7.6 in.3 11.0 -
0 £.0 6.4 5.6 7.4
10 200 7.4 7.7 7.5 5.4
Ly 7.5 B.2 7.7 0.6
0 E.E 5.1 £.0 3
Lo 200 6.8 5.9 6.3 o
knﬂ J'|l5 'HIE 5-9 r1
i B.D g.2 3.9 4.
co 200 .5 f.6 5.0 £.7
hoo LB 1.0 G4 =
Table &
Estimated mean four=year gross total
basal area growth for Dowglas-fir
[sq. ft./ac./yr., minlmum d.b.h. = 1.55 inches)
B.H. AGE TREATHENT 51TE CLASS
CLASS (Paunds of i I il Iy
{¥rs.} N per acre} [ T P.ALL. P AL,
Ly . 12.2 12.0 12.6 -
1] 200 15.1 16.7 - -
Lao 15.5 16.2 17.1 -
0 g.0 .2 E.3 8.5
20 200 a4 9.9 10.5 1.5
Lao g.6 1a.1 o8 - .
0 6.3 6.4 b.h 6.5 '
30 200 7.3 7.6 7.9 8.6
J-Iﬂﬂ ?a"l TIT EI-I E-.'E
ﬂ E'Ji 5‘-3 5‘-2 Sa-!
ho 200 6.2 6.1 bk 6.7




Table 7T

Estimated mean response of four-year gross
total basal area growth for Douglas-fir
(sq.ft./fac./yr., minimum d.b.h. = 1.55 inches)

B.H. Age TREATHENT SITE CLASS
CLASS (Pounds of | 11 111 v
(¥rs.) N par acre) F.ALL P.ALL. F.ACLL PLALL,
10 200 2.9 3.3 - =
400 3.3 3.8 b.s -
20 200 1.4 1.7 2,2 3.0
koo 1.6 1.9 2.t -

Tabhle 8

Data means of four-year gross total volume
qgrowth for Douglas=fir
{eubic feet/acrefyear, minimum d.b.h. = 1.55'"

g — s

TREATHENT SITE CLASS
(Pounds of 1 Il

N per acre) AT P.ALL.

221.1
193.3
3.6.7

367.0
427.7
hz.2

3rr.3
5435.0
h55.3

363.9

391.9
LOo. 8

376.3
Yro.o
£13.9




Table %

Estimated mean four-year gross total volume
growth for Douglas-fir
{cublc feetfacre/year, minimum d.b.h. = 1.55")

B.H. AGE TREATHENT SITE CLASS
CLASS (Paunds of I I Il Iy
(Yre.) N per acre) P.A.I. P.ALY. P.ALL P.AL,
0 2484 213.1 178.0 -
10 200 275.2 61.3 - -
400 278.7 267.6 256.6 -
0 b21.7 | 3817 284.2 219.4
20 200 L48.5 399.9 353.7 310.4
Liog 452.0 ok .2 2.8 -
o hsz2.7 374,10 298.9 n27.8
10 200 k79.8 422.13 369.5 318.7
Loo §83.1 428,86 377.6 330.5
0 Lis.7 166.5 291.2 220.4
Lo 200 L72.8 4.7 360.8 3.4
400 k76,0 Kzl.0 3649.0 323.2
0 hzB.z 351.1 278.1 209.6
50 200 455.1 3%9. 3 347.7 300.6
Lo L58.6 Los.6 156.7 -
Table 10
Estimated mean Response of Four-year gross
total volume grewth for Douglas=Fir.
[cubic feet/acrefyear, minfmum 4.B.h. = 1.558")
B.H. AGE TREATHENT SITE CLASS
CLASS (Pounds of I 11 !!! A
(Yrs.) N per acre) P.ALL, P.ACL LA PLA.IL
200 6.8 .2 - =
10
hoo i0.3 Rh.E 78,6 -
200 26.8 4B, 2 69.5 91.0
20
Loo 30,3 54,5 78.6 -




Figure 1
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Figure 2

Estimated trends of initial total basal
area for Douglas-fir
(sq.ft./ac., min. d.b.h., = 1.55 inches)
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Il = REGIONAL ANALYSIS OF FOUR-YEAR GROWTH
RESPONSE OF THE MERCHANTABLE STAND FOR

ODOUGLAS-F IR

Introduction

The gross increment data (cu.ft./acre/
year) was analysed for Phase | using stands
in which eu.ft. merchantable volume was cal-
culated for trees of d.b.h. greater than 6.5
inches and measured to a 4 Inch top. The
primary cbjective was to provide a regional
estimate of mean response in merchantable
units according to age, site, and other
relevant variables. Response is measured as
Increase in growth rate due to fertillzer,
or in equation form,

i - D - —
Treated r&ruwth rate Increase In
mer- as in un= growth rate
chant- |= | treated plus | due to
able merchant~ fartilizer
stand able
growth stand
rate

- = - i h— -

and thus response can be thought of as:

|— =T — = =l b
Treated Growth rate
Response | = |stand minus |as in un-
growth treatead
rate stand
- - L el - -

Preliminary analysis revealed a substan-
tial amount of variation of the merchantable

10

growth rate unaccounted for by ordinary stand
variables, and that a large part of this un-

explained variation was due to ingrowth.

For

this reason, ingrowth was subtracted out of
the P.A.l. such that the two elements of

growth could be analysed separately,

The

essential phases from this palnt on In the
analysis of the reglonal merchantable data
were as follows:

Volume P.A.|, of the merchantable stand

w/o ingrowth

1.

Treatment

Response

3.

Analyse the growth data from the
contral plots to obtaln estimates of
untreated stand merchantable growth

rate (UMGR).

UMGR = f{s.EH,A} «....Modal No, 1

For each treated plot, use Modasl 1

to calculate

stand

= | actual

growth
rate in
plot

Treated mer-
chantable

mlinus

rEEtimatud
growth
rate as In
untreated
marchant-

able stand

(Mode1 1)

Analyse all data computed as in 2
above for significant relationships
with stand variables and/or amounts
of fertilizer, to obtain an astimat-
ing equation for treatment response

(TR).

TR = (5, LogPN)....Model No. 2

Combine variables of UMGR and TR,
and analyse the merchantable growth
data from all (control and treated)
plots to obtain an estimating equa-
tion for merchantable stand growth
rate throughout the region:

AV = f(A,5,By,LogPN)....Modal No. 3

where AV = periodic annual volume
increment, (cu.ft./ac.yr); A =
breast helight age; 5 = 50-year site

Index; B

= initial merchantable

basal area (sq.ft.facre): PN =
pounds of nitrogen/acre; Log denotes
logarithms,

common (base 10




Ingrowth

Although the mean merchantable Ingrowth
was about 12% of the merchantable gross in-
crement (with ingrowth), among plots the
ingrowth was highly variable, ranging from
0% to 40%. The ingrowth data means displayed
a decreasing trend from low sites to high
sites and from voung stands to older stands.
The Tngrowth means for the plots treated with
0, 200, and 400 1b-N were 36.7 cu.ft./ac,
49,3 cu.ft.fac, and 46.5 cu.ft,/ac, respec-

tively.

From the preliminary inspection It
appears that merchantable ingrowth is affected
by fertilizer. Praliminary estimating
equations for Tngrowth suggest that Ingrowth
is related to parameters from the non-
~ merchantable portions of the stands, but at
" this point no conclusians can be reached until

the on-going analysis Is completed.

i-He5uIt5 of Analysis
Yield and Stocking

: In addition to estimating merchantable
- growth rate in the untreated and treated

'irJStiHHS, estimates of Initial merchantable

‘basal area (d.b.h. = 6.5 inches) and ini-
‘tial merchantable volume (to a & Tnch top)
Were also obtained (Tables 11 and 12,
Flgures 4 and 5 ). The smoothed estimates
Oof merchantable bgsal area were used in the
merchantable volume increment modal to pro-
vide estimates of merchantable volume

Acrement by classes of breast height age
nd site.

As discovered by plotting the data,
erchantable volume has a strong linear re-
ationship with site-height. Variatlon in
erchantable basal area was sufficiently

Explained by breast-height age and site
‘ndex, such that the addition of other stand
Variables did not make 2 significant eontri-
%Utlon to the total varfation explained.

Growth Rate w/o Ingrowth

The results of the merchantable volume
Increment study showed a mean response of
49 cu.ft. per acre per year to 200 pounds of
nitrogen across the range of data. This
response represents a 17% increase in the
estimated untreated mean growth rate due to
200 pounds of nitrogen. The mean response
to 400 pounds of nitrogen was 55 cu.ft. per
acre per year far the region, representing an
increase In the estimated untreated mean
growth rate of about 19% due to 400 pounds
of nitrogen. The standard error associated
with these response estimates is 12-13% for
both levels of fertilizer application.

Therefore, the actual mean merchantable
response to either level of fertilizer ap-
plication may vary by * 6.5 cu.ft. (95%
confidence level).

The relative means of response far each
level of fartilizer application were signif-
icantly related to the logarithm (base 10)
of pounds of nitrogen per acre. The re-
sponse estimates showed no significant
trends with age, site index, or inftial
merchantable basal area. However, the
interaction between site Index and dosage is
included to present estimates of merchantabla
response in the same manner as the estimates
of total gross response. In general, with
Increasing site Index there is a deciine In
estimated response, in terms of both total
and merchantable volume. It Is worthwhile to
note the difference in average response
batween total aross increment and merchant-
able gross increment. For the range of site
classifications the difference appears almost
negligible for sites | and Il but progres-
sively largaer with the lower site classes.
The estimated response was not significantly
related to any of the stand variables with
the exception of number of stems {(merchant-
able),

The distribution of plots used in the
analysis Is glven in Table 13 . The data
means and estimated means for volume P.A.I.
are summarized Tn Tables 14 and 15; and the
estimated response is summarized in Table
16. The smocthed trends of gross volume
P.A.l. of merchantable stands are presented
in Figure &6 for both untreated stands and
stands fertilized with 200 1b.-N/ac.

Future study of response In terms of
change In size distribution of (16-foot) loags
and corresponding board-foot volume has been
initiated., Examples of preliminary results
obtalned by use of the tarif volume taper
equations are given in Flgures 7 and 8.




Table 11

Estimated mean initial merchantable
volume for Douglas-fir

{cu.ft./fac., min. d.b.h. = §.55 inches ta a 4 Inch top)
£ite Index
BE.H, Age 80 ah 100 110 120 130 140 150
20 - - §3g.1  939.7 1487.9 s07h.8  2633.6  3338.b
25 267.7  1005.0 1726.2 2615.5 7360.7 252, 5 g184.0 B1G0.&
30 1215.6 2090.4 3057.5 4099.9  5206.1 g368.2  7581.5  BBR3.]
35 2038.0 3115.5 4290.8 rebf.9  6BED.G gafo.3  97hs.7 11276.2
Lo 2789.5 L036.5 r387.8 G6231.0 g355.5 9970.2 11663.3 13439.6
3 145h.7 48431 £351.2 7955.5 9658.1 11458.7 13358.8 15360.5
£0 Lokg,7 5563.1 7196.H gay3.2  10802.2 12774.8  1kE6L.O 17072.9
Table 12
Estimated mean Initlal merchantable
basal area for Dauglas=-flr
{sq.ft.fac., min. d.b.h. = 6.55 Inches)
. tlte Index
B.H. Age B0 a0 100 110 120 130 140 150
20 - - 11.9 19.9 65.0 87.3 107.3 125.0
25 7.1 h3.9 764 105.0 130.1 152.3 171.9 |B9. 4
10 C5.b 97.3% 124.2 151.8 176.0 197.3 216.3 213, 4
35 g1.7 127.2 157.7 18h.1 207.2 227.7 246, 3 263. 4
Lo 118.0 152.0 181.0 206.2 228 .4 248.5 266.9 234 .1
1 137.1 169.5 197.2 2216 243.1 262.9 281.3 298.7
50 150.9 181.9 208.5 232.1 253.3 273.0 291.4 309.1
Table 13
Numbar of 1/10-acrc plots wsed in Four=year merchantable
response analysis of Douglas=fir. 334 plots
k
B.H. AGE TREATHMENT SITE CLASS
CLASS {Pounds of I 1 1ni v
{¥rs.) N per acre) P.A.IL, P.A.L. P.ALL. P.ALL,
0 3 14 12
0 200 - 5 9
oo 3 1% 12
0 9 21 12
10 200 12 i7 12
Lol 13 15 17
4] L 18 1k
L@ 200 3 20 14
Loo 1 27 12
0 9 L 2
50 200 | 3 3
oo 2 2

12




Table 14

Data means for four-year gross merchantable
valume growth {without ingrowth) for Douglas-fir
{eu.fe.fac./yr., min. d.b.h. = 6.55 inches, to a & inch top)

Estimated mean four-year gross merchantable
volume growth (without ingrowth) for Douglas-fir
d.bh.h, = 6.55 inches, to a 4 Inch top)

. ft.fac. Sy, min.

B.H. AGE TREATHENT SITE CLASS
CLASS [Pounds of | i 11 IV
(Yrs.) N per acre) N Pl Poa.l, PLoALT,
o 313.3 259.9 170.6 116.2
z0 200 330.6 309.5 210.9 113.5
hoo 365.9 3k, 0k 200.7 -
0 1513.1 346 .6 236.8 195.2
0 200 Lk 6 388.3 3231.% 2445
Lo hig.0 410.2 300. 1 221.8
o 388.5 139.9 2580 159.9
L 200 426.5 71,2 328.5 239.2
L0 85,7 1831, 8 339.0 LG,
0 k32.2 378.8 5.5 -
5 200 k36,7 491.9 304.6 208.5
Loo §12.4 527.6 2B0.4 -
Table 1§

——— S

TREATHMENT
(Pounds of

M por acre)

ST

SITE CLASS
I (N

P.ALL.

PLoALL,

0

2E4.4 179.h
330.5 230.7
336.5 237. 4

309.5 222 .4
155.6 13,7
161,68 280.4

334.6 ith.5
380.8 107.8
386.8 314,65

159, 8 A7
Lné.o 338.1
Grz2.0 3h5.0




Tabla 16

Estimated mean response of four-year gross merchantable
volume growth (without Ingrowth) for Deuglas-fir
{cu.ft.fac.fyr., min. d.b.h. = 6.55 inches, to a H inch Top

B.H. AGE TREATHENT §1TE CLASS
CLASS {Pounds of 1 Il AL IV
(Yrs.) N per acre) F.A.I. P AL, P.ALL. PLALL,
20 200 L1.0 LE. 1 £1.3 CGB. 4
500 b6.1 2.1 cg.0 63.8
10 200 §1.0 L1 51.3 ch. b
LoD L&, 3 52, | 58.0 63.8
50 200 ky.0 4g.1 £1.3 BE.4
Loo ' B6.3 2.l gE.0 (3.8
50 200 hl.0 46,1 61.3 66 . 4
LOo b6,.3 g2.1 5&.5 63.8
Flgure &
21000 = Eetimated trends of Inltlal merchantable
volume for Douglas-fir
{cu. ft.lac., min. d.b.h. = 6.55 Inches,
to a & inch top)
18000 |- Elte Index
Intervals
164
15000 (=
-
< 12000 -
8
L
B qoo00 |
b
3
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Estimated trends of initial merchantable basal
area for Douglas-fir
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TREATMENT: O and 200 1bs. M. per acre
Estimated trends of merchantable gross volume
P.A.l. [d.b.h. » 6.5 Inches, to a & Inch top)

Site 11
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Fiéure 7

The change in size distribution of (16-foot) logs
{An example based on preliminary results)
Treatment levels: 0 Tb=N and 200 1b-H per acre

Frem control plots prior to fertilization

From 200 Ib=N plots prior to
fertllization
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Flgure 8

The change In distribution of board-foot
volume (An example based on preliminary results)
Treatment levels: O 1b-N and 200 Ib-N per acre

[::] From control plots prior to fertilization

From 200 1b=MN plots prier te
fertilization
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Figure 9
Map of Douglas-fir Provinces

Be1linghan |
Eﬂaaﬂrtesl

1

q?EEattle
o

B
e (|
P ]

Angeles
L]

L

111 - PROVINCE ANALYSIS OF FOUR-YEAR GROWTH

RESPONSE OF TOTAL STAND FOR DOUGLAS-FIR

Intraduction
Astoria
This section presents the analysis of p ;
Y-vear growth data from the 87 six-plot ACLFIC CAscADE :
installations of the Regional Forest Nutrition Ocean RANGE

Rasearch ProJect. The previous analyses were
cancerned with daveloping estimates of reglon-
al average trends of rasponse to nitrogenous
fFartilizer. In this section, the analysis was
aimed at discovering whether the response was Salem
different between the six provinces that form
the raglen. |f indeed the response was Albany
distinctly different, then separate tables of *
response estimates would be developed for each E;
province,

The provinces (see map, Figure 3 ) were Eugene
delineated as geographic units based on soil
and climate. Since the differences In soll
and climate between provinces are considerable,
it would not be surprising to discover differ-
encas Tn response to fertilizer. The regional
analysis provided estimates of response accor-
ding to dosage and site Index. This analysis Coos Bay
aimed to find out whether, for given site
index and nitrogen dosage, the amount of
increase in velume growth rate is different
between provinces. In simple terms the
analysis consisted of the phases represented
in Figures 10a and 10b, namely:

-

1., Test the province trends of untreated
stand growth (Figure 1Da) for statis-
tically significant differences.
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Figure 10

Diagram of Province trend lines and Region trend lines
far growth rate of treated and untreated stands,
and for treatment response.

(For explanation of graphs, see RESULTS section)

Figura l0a  Trends of Untreated Stand Growth Rate

av :
Flgureloc Trends of Treated (tep) and Untreated (bottom)
Stand Growth Rate :'

ﬁu | é‘ -
P H}f{fﬁff;;f’ﬂﬂf 2
Site lndex -

ﬂ:ﬁ—T T 1 ] T .:

s 95 105 115 125 'ﬁ

Untreatcd Stand Growth Rate = f(A,5,B,5H) :

;i.' L

‘r_r" ..

1’. Site Index

i':l. T T T T 1 F-Z.

Figurelob Trends of Treatment Response 85 95 105 115 125 -
Treated Stand Growth Rate = |Estimated untreated| plus Estimated | &

: stand growth rate Response

i - 3
- FlA,5,B,5H) plus f(S, Log P{

“-u-m___:::‘-""=-__ AV = periedic annual gress increment of wolume, cu. ft.facrafyear; A .

breast height age: 5 = 50-year site index; B = initlal basal arad
sq.fr./acre; SH = number of stemsfacre; PN = pounds of nitrogen/s
I e i e w e e e acre; Log denotes commen (base 10) logaritchms. '

’ Province smoothed trand of volume PLA.L. 3
: mmmmmsmmem== Jerd Mean treatment response i
S5ita Index G
Ay | [ T T ; 3
85 a5 105 115 125 @
Treatment Response = | Actual growth Im | minus | Estimated growth F
untreated stands rate as In untreated
stands

. f{S; Lﬂg PH}
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if the untreated stand trends ara
not different between provinces,
then compute response for all plots
In all provinces as

2, [(a)

= — e R

Treated Ragional

plot estimate

actual of P.A.Il, as
Respanse | = | growth minus | in untreated

rate stands

- - S =

If the untreated stand trends are
different between provinces, then
compute response for plots within
each province as

(b)

—
Frovince
estimate of
minus | P.A,I. as in
untreated

ho e

Treated pTﬁq
actual
growth
rate

Response | =

s5tands

e —

j. Establish separate response trends
(Figure 10b) for each province.
Test these for statistically signi-
ficant diffarences,

4. If response Is different between
provinces, construct separate
response tables, one for each
province., |If not, then the regional
dverage response tables of this study
are sufficlent.

Results of Analysis

The test of untreated stand trends of
volume P.A.l. for the provinces, Il1lustrated
In Figure 10a, astablished that these are
slanificantly different. The test of responsea
trends for the provinces, illustrated Tn
Figure 10b, established that these province
Fésponse trends are not significantly
different. What this means in terms of
Lreated stand trends of volume P.A.I.
a3 ustrated in Figure 10c, can be understood
by recognizing that:

21

B T |
Province Province -
treated untreated Frovince
stand =| stand plus | Responsa
Arowth growth
rate rate
e = - —

The differences between province means of
treated stand growth rate result from the
significant differences between province means
of untreated stand growth rate and not from
differences in rlsponse. This Is illustratad
in Figure 11a; the provinee means of treated
and untreated stand growth rate diffar from
their respective regional trend by approx-
imately the same amount.

Flqure 11b clearly shows that thare js
very little difference batween the response
estimates from the respective provinces
and the response estimates from the regional i
trend for the respective provinces. Statis=- i
tically, these differences ara not significant, |
The large amount of variability associatad
with the response estimatss [= evidenced by
the province example in Flgure 12. Routine
tests showed that the response model] (Figure
10b) Is appropriate for five out of the 5%
provinces; response was not significantly
related to age In any of the provinces except
in province 7 (age-dosage Interaction).

Regarding the province response estimates, !
statistical signiflicance of some variables in '
the regression analysis should be interpreted
Wwith caution. The provinecs sample size is,
of course, much smaller than the reglonal
sample size_and the response correlations are
Tow (L2 = r° < .8). "Significance" of 3 vari-
able in only one of six provines data sets
may simply be a result of sampling fluctuation; 5
this should be studied in further tests and I
by additional sampling. There was no statjs- :
tically significant diffarence in the estimates -
of total response obtained from the regional
analysis and the subsequent analysis by
province. Therefore no tables of response by
individual provinces are presented in this
report. Similarly, it was declded not to do
analysis by province for the estimates of
merchantable response.




Figurella

Total Gross

Figure 11

Province means and Regional trend lines for growth in treated

{200 1bs. Kitrogen) and untreated stands of Age 30
and the given site [ndex

Volume PLA.l.fAcre

450 -
L
400
frovince
I EL SR Ergs" Treated r
] Reglon
350 200 1bs.N |
Respanse #1 § 4
Provinee #
300 .{‘/’
T ;
T [ [ L Provinca
JEFL'Untreatud' Region
Response #2 ) Untreated
250 |
it et -
)
a5 95 105 15 125
Flgurellb Comparison of Province mean response estimates
computed from Province average untraated
P.A.l. and from Reglonal average untreated P.A.Il.
(Computed from Figure 9a)
u . N
ESEE Response #1 Frﬁvl"f:!"t::r:;ﬁéé m:g; ﬁﬂi :bs ::] Response #2 = Reglonal average P.A.|. for 200 Tbs.N
minu e minus Reglional average P.A.l. for um-
treated stands, both at the province
mean site Index
Response Cu.
Fe.fBerefYear
100 r m
3§ 1
< — N
. N 12
50 > N N
= a R
":_: . .
Bt
N N Q ! !
0 \“1 ™ T | In'..l !ﬂ |
7 ! b Douglas=fir Provinces
Response # 1 and Response #2 do not differ significantly for

any given province, at the respective province mean site index.
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Figure 12

Estimated trend of four-year gross response
to 200 1b. N for a province; an example of
the varlability about the estimate
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Due to the importance of results from the
Regional Forest Nutrition Research Project,
cooperators have expressed a strong interest
in having copies of the growth rate data for

each of the plots In the 6-plot Installations :} =
lacated on their company or agency land. Once F
a cooperator has the data in hand, the impor- .

tant question is, "How much can be learned
from study of the data for one Installation
alone?

The data supplied to cocperators has E
been, for each installation: o

a. Site Index (mean for installation), E
age (mean for installation), treat- . o
ment, and "unadjusted" growth 5
rate for each 1/10 acre sample plot. -

b. "Adjusted' mean growth rate for each 4

IV = ANALYSIS OF SINGLE INSTALLATIONS FOR palr of plots corresponding to the E ﬁ‘
three treatments (0 lbs. N, 200 lbs. E - 3

DOUGLAS-FIR N, 400 1bs. N). The "adjustad" E 3

growth rates are estimates of the .

mean growth rates that would have 3
bean observed if the initial volume per
acre had been the same In every plot o
in the installation. These sstimates
were obtained by analysis of covar-
iance.

In a tachnical note 2 1t has been stated how
the analysis of single installations should be & 3
done, and what limitations there are in such =
analyses. .

The Reglonal study was not designed with
the intentlon that single installatioens
could be analysed individually. The examples E B
in that note showed that, elther for estimat- : =
ing response or for testing statistical e
significance of response, a minimum of four i
installations 15 needed, |f the data has been 0F

Turnbull, K. J., and Peterson, €. E.

{1976), Analysis of Response Data From
Single Installations: Contr. ho. 1B, Inst.
For. Prod Col.

rod. , For, Res., U. W.

, 8
"adjusted" by analysis of covariance, a A
minimum of three fnstallations must be used. 3 “?=
A more detailed technical examination of the S
design Is to be given in a subsequent paper, &
z




y - STEM ANALYS5I15 5TUDY FOR
DOUGLAS-FIR

25

The purpose of this study Is to discover
whether the geometry of stem form has been
affected by fertilizing trees. The initial
interest in this guestion orfginates from the
use of volume estimating procedures in which
it is assumed that for given d.b.h. and
total height, trees in treated and untreated
plots have on the average the same volume.

Data for the study are belng obtained
through stem analysis of sample trees felled
in the buffer strips around the contrel, 200
Ib. and 400 1b. plots. Initially eight in-
stallations representing the mean site index
and age of the regional sample are being
analysed. In each buffer strip, for each
treatment six tree were felled: two large
two average, and two small as determined by
a simple rule. Increment core samples wera
also collectad In the buffer strips and In
the corresponding plots.

One pretreatment and several post treat-
ment series of tapar data have been collectad
for each sample tree. Analysis of volume and
volume increment for treated and contral
plots 12 now In progress. Figure 13 Tndi-
catas preliminary results in terms of
individual tree basal arsa Increments for
sample trees in three installations in the
L years before and after treatment.The 45°
line is given for refarence. Two general
characteristics appear. The smaller in-
crements, primarily on smaller treesz, have
changed little between periods and are
virtually identical between treatments.

The larger increments, primarily on the
larger trees, exhibit a change between
periods; the control plot tree increments

have declined by approximately 15% while
the treated plot tree increments have
increased by approximately 20%.

While the stem analysis data wil]
provide a basis for comparison between
treatments as represented by the buffer
strips, the increment core samples are beling
used to link the buffer strip sample to the
plots, since the latter form the main basis
for response estimates.




.Flgure 13

Preliminary example of basal area P.A.l. for Douglas-fir;
behaviar after & years of treatment (from stem analysis study)

Figure 138  Treatment: 0 lbs.-N per acre
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I\ AN ECONOMIC ANALYSIS OF DOUGLAS-FIR

RESPONSE TO MITROGEN FERTILIZER

A - Discussion of Results

Profitability of Fertilizar Investments

In this analysis a relatively simple
planning problem was studied: What rates of
return can be expected to be earned from one
fertillzation of well-stocked, unthinned
stands of Douglas=-fir, assuming that 200
Founds per acre of nitrogen are applied as
urea, and that the extra wood attributed to
fertilizer s harvested and sold ten Years
later. Table 17 contains results of this
analysis for various age-site combinations.

Rates of return listed in Table |17 are
called “real rates of return" because they
are in terms of constant 1977 dollars.
Effects of inflation have been removed. An
investment earning a 4 parcent real rate over
@ period of time during which the inflation
rate averaged 6 percent would show a return
of 10 percent if current year (inflated)
Prices were used in the analysis. Hence the
Use of noninflated dollar valuss eliminates
distortions due to inflation and makes

BStimation of future returns and costs some-
what simpler.

27

In order to be consistent, interest rates
in Table 17 should be compared with an alterna-
tive rate of return (or minimum rate which
must be earned in order for the Investment
to be prefitable) that is itself "real" or
noninflated. Over many years, and In spite
of the ups and downs of inflation, the real
rate af return on conservative Investments
such as AAA bonds has remained relatively
stable at 3 to 4 percent. S$Since forestry
investments generally invelve greater risks it
is reasonable to require that they earn a
higher rate, which will vary with individual
arganizations. Something in the order of a 6
percent "real' alternative rate seems
reasonable for many situations. Uslng this
as a cutoff in Table 17 it would naot appear
profitable to fertilize any 25 year-old
stands, nor 35 year-old site | stands.

Stand Priorities for Fertilization

If the rates of return of Table 17 are used
as an index of relative profitability, it is
then possible to rank stands as to priority of
treatment, as in Table 18. Assuming a varie-
ty of age-site possibilities for fertiliz-
ation, first choice would fall on age 55, site
111, second chalce an age 55, sites |1 and IV,
etc. These results should not be interpretad
too specificlally, however, as many cther
factors can influence profitability of fertil-
ization, as will be discussed in part I1.
Table 18 can be interpreted simply: apply
fertilizer se that response Ts high and that
volume added is merchantable and of high
value. In general terms this means avoid the
highest sites and youngest ages.

& i m e prs s x wm s m o s e =ron




Table 17 Unthinned Douglas-fir, Well-Stocked Stands

Predicted ""R=al" Rate of Interest Earned on Fertilizer
Investment, 1977-1887, 200 Pounds MNitrogen Per Acre

Stand Age GO-Year Site Class
When Fertilized
IV 11 11 [
25 0.7 1.9 0.9 (negative) |-
35 6.7 o 6.2 2.8
kg 9.7 1.2 10.3 £.1
] 11.7 12.8 11.7 7.8

= -

Table 18 Unthinned Douglas-fir, Well-Stecked Stands

Priorities for Fertilization With 200 Paunds Kitrogen Per
Acre, 1977-1987 Investment Period

Sctand Age G0-Year Site Class
When

Fertilized v (R 1 1
25 15 13 1k . 16
35 9 B 10 12
L5 4 i 5 I
55 % 1 FAL 7

*# = tia

Effect of Stumpage Price and Investment

Perliod on Profitablility of Fertilization

Expected profitablillity of fertilizer
Investments, as with all Investments, depends
in large measure on value assumptions and
length of the investment period. Table 19
compares, for a site |1l stand that is 4g
years old when treated, the profitability
under four assumptions as to future stumpage
price and seven investment perieds (length of
time between fertilizer application and sale
of fertllizer-induced wood). In all cases the
shorter the Investment period the higher the
astimated real rate of return, which merely
reflectes the interest opportunity cost of
time. Stumpage price assumptions #3 and #h
appear conservative In 171ght of recént past
experience; however, 10-year investments
earn real rates of return of 7.5 percent and
6.4 percent, respectively. Again, one should

not attempt to Interpret Table 19 too narrowly.

In general, investment periods longer than
20 years are shaky in terms of profitability.

Amount of Mitrogen to Apply

The most profitabla rate of nitrogen to
apply to Douglas-fir forests can be estimated
using data on costs of applying varying
amounts of nitrogen and comparing these costs
with  returns expected from various levels of
nitrogen. Results of this "marginal analysis"
for a site |11, 45 year-old stand, and using
a & percent ''real' discount rate, are deplct-
ed In Figurelld., Based on four years of data,
the optimal rate of nitrogen application
appears to be in the neighborhood of 175
pounds per acre. Any changes Tn assumptions
of the analysis that increase fertillzer
returns relative to costs (such as higher
stumpage price, lowar fertilizer cost, short-
er investment perlod or lower guiding rate of
raturn) will tend to Increase the optimal
level of nitrogen. It 15 alsc possible that
the 400 Ibs. of nitrogen per acre treatment
will result in a considerably longer dura-

tlon of response, and this too would Increase

the optimal level. Time will tell.
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Table 19  Effect of price assumption and investment periad ¢n real rate of raturn

bouglas=fj i
LS when fertillzed. * g ir, Site I11, age

Stumpage Price Stumpage Price Stumpage Price - i
Stand Age When Assumption 1 Assumption 42 Assﬁmgtrgn 23 EEQZEiEf;zZ'if
Fertilizer Volume Stumpage Rzal Stumpage Real Stumpage Fezl SEUWFUFE‘ Feal
Besponse is Harvested Price Rata of Price Rate of Frice Rate of Pr‘i;_':g'-l Rate of
Age Cate (5/M bd.Fr.)  Retwrn  (§/M bd.ft) Return  (5/M bd.ft.) Return (§/M bd.fr.) Return
45 1577 74 -- TG - 7l -- 74 .
55 1587 139 1.2 121 9.6 99 7.5 40 B4
B0 1592 161 8.4 133 7.0 105 5.3 100 5.0
63 1597 187 7.0 147 5.7 1o 4,2 hio k.2
i) 20032 217 6.2 162 k.0 115 3.5 121 1.8
75 2007 251 8.7 179 h.5 121 3.1 114 3.5
g0 2012 291 £.3 1958 4.1 128 2.8 148 3.3
s 2017 337 5.0 218 3.8 134 2.6 163 3.1

Notes: (1] Volume galm froam fartilizer = 1,100 board feet
{2) Stumpage prices are in terms of 1977 dollars
(3) Ratas of return are ln terms af 1977 dollars
{4) Price assumption #1, 6.5% real annua) Tncrease 1977-1987, 3% thereafter
{5) Price assumption #2, 5% real annual Increase 1977-1587, 2% thereafter
(8] Price assumption #3, 3% real annual increase 1977-1%87, 1% thereafter
(7} Price assumption #4, 2% real annual Tncrease 1377-2017

Figure 14
! Marginal Costs and Marginal Revenue
' as a Function of Nitrogen Applied
Unthirned Douglas-fir, 80-year Site Ill, Age. 45
} 6% "Real” Guiding Rate of Return
| 10 Year Investment Period
T sor
LJa
L
it
|
8 40f
=
! &)
| E_EE Marginal Revenue
T 30F
=
o
| .
>3
o a0k Optimal Rate = |75 pounds N/ acre
=
g .
- Marginal Cost = 412
S 10k
I
o
™
rE i ] | L] | L] | ; |
= 0 S0 100 150 200 250 300 350 400
1 Pounds of MNitrogen Per Acre
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.?*Geiﬁctan Stands to Fertilize

Biolegical Aspects--Select stands most

likely to respond

Pradominantly Douglas-fir
Well-stocked

Good spacing--thinned if
available

No major disease, animal or
weather damage

Appraisal Aspects--5elect stands with

L¥ o [N ol W L]

high stumpage value

Accassible--short log haul=--good
road

Noet too steep, regular terrain
Low logging cost

No major timber defects

In general, select stands so
that wood added by fertiliza-
tion is both merchantable and
of high value

Investment Aspects--Select stands most

¥ —

profitable to fﬂrtl]‘
ize

See age-site priority, Table 18,
Minimize investment period--try

to recover volume added by fertil-
izer within 20 years

Cansider fertilizing & to 10
years prior to final harvest or

thinning

Oparational Aspacts--Salect stands [t s

practical to treat
with a helicopter

Reasonably large job to minimize
move=in cost per acre

Homogenous stocking--not too
many holes or hardwoods in stand
Contiquous and regular configura-
tfon--avold small checkerboard
ownership 1f possible

Reasonably straight unit
boundaries

Not too badly cut up with streams
and lakes--these require buffer
strips

Heliports avallable and accassr-
ble by good road

C - Data Base and Assumptions for Economic

Analysis

The proflitability of forest fertiliza-
tion is based on (1) measured merchantable
vield due to fertilization ("volume gain'},
(2} value of this increased yleld ("value
gain"), (3) number of years until value gain
is realized ("Investment peried'), (4)
currant cost of fertilization, and (5)
interest rate earnable on alternative
investments ("'guiding rate of return).

Fertillzer has two value-adding effects
on a forest: (1) Increased growth resulting
in higher yield, and {2} increased tree size
rasulting in higher value. Both of these
aspects have been Included Tn this study of
the economics of forest fertilization.

Incereased Yiald Due to Fertilizer

Table 20 is an estimate of hoard foot
volume gain from one fertilization by age and
site class, assuming that nitrogen is applied
at the rate of 200 pounds per acre. This
table is based on Y-year cubic foot response
data from RFNRP plots. Conversion to board
feet is made using board foot/cubic foot
ratios based on average diameter and tarif
for each age- slta class (Chambers and Wilson,
1972, Table 10)!, Assumptions concearning
duration of response, application Irregulari-
ties, and mortality loss are built Into
Table 20.

Inereased Value Due To Fertilizer

Stumpage price estimates for 1977 by
site class and age class are presented in
Table 21. Differences between sites and ages
are based on the average tree slze assoclated
with each, and primarily reflect harvest cost
differences (Figure 15}, although wood from
larger trees is also somewhat more valuable
because of higher lumber recovery per cubic
foot nf wood input (Figure 16). For trees

Chambars, Charles J. and Framklin M.
Wilsan, 1972. “Emplrical ylield tables for
the Douglas-fir zone,” State of Washington,
Depr. of Natural Resources, D.N.R. Report

No. 20R. Table 10.
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Table 20 Table 7]

ynth]nnﬂd_ggue1n5-Fir, Well=Setocked Seands Unth | nned Douglas=fir, Well-Stacked Stands

Total Volume Gain From One Fertllization
Wich 200 Pounds Hitroegen Per fcre

1977 Average Stumpage Frices by $ite and A

Stand
Age S0-Year Site Class
When ]
Treatad v I 1 GO-YEAR SITE CLASS
STAND -
(Bd. ft./acre, Scribner, &° top) AGE v 2y I !
25 740 650 500 40 {($/M BD. FT.)
35 1,010 B0 Gaop LGo 25 24 35 Lo 48
3 bl & 6
ket 1,220 1,100 Ben 520 :FE _c,la ?q 95 rg?
¢ 55 i g9 [0y 117
g5s by 300 130 9ko 580 55 8o 54 11z 124
3
Figure 15
Effect of Log Size on Logging Cost
E00 80-hp Wheel Skidder
- Percent of 100 Cubic Foat og
0
m—-_—' 5':“:"
- "
=
5 400k
S
$ 300-
o !
“ 200k
L i
& 100k —
3 |
1 1 1 L 1 I | [ | 1 ]
Qo Q0 20 a0 40 =0 &0 0 20 Q0 100
Volume Per Log (ft?)

Source: T.C, Adams, "Production Rates in Commercial Thirning of Young - growsh
Douglas -fir"  PNw - 4l, Table 4,




Effect of Trae Si

Figure 16

ze cn Product Value

Tree Volume (ft?)

Dougias-fir
il
]
g
b_
o Approx . Tree d.b.h. {inches)
= . i@ ¥ Wi . 21 i E“!l‘:r'
8 1{:.3...m...,,...E.E-m-.. 1Ej5r J.. FID.. Loens Joe |{:lr . .
=
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3
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Based on data reported by Dobie, Kasper and Wright, 1975, “Lumber ond chip

values from B.C. Coast Tree and Log

smaller in diameter than approximately 12
inches, even small differences in slze have
a profound effect on harvest cost and conse-
quantly on stumpage value. It has long been
recognized that the primary benefit of thinn-
ing 1s to Increase dimension of residual trees.
Fertllizer too has this ability to increase
tree size, and hence add value over and above
valume fncrease. Below 12 inches in diameter
the size-Tncreasing aeffects of fertilizer are
probably as Important as its volume-adding
effect.

Clasees,” B.LC. Forest Products Lab.

Value gain from fertilization i5 estimated
in Table 23, which was derived by applying stump= Ei
age prices of Table 22 to volume gains of Takble ED;-i
Again, values of Table 23 are in terms of constant
1977 dallars. Cost of applying 200 pounds of ni=
trogen per acre (435 pounds of urea) was assumed
to be $53 per acre (Table 24).

R

F

Table 22

Unthinned Douglas-fir, Well-Stocked Stands

Estimated Stumpage Prices inm 1987 by Site and fge,
in Terms of 1977 Dzallars

Stand S0=Year Site Class

Stumpage price estimates for 1987, when Age i
fartilizer volume gain is assumed to be sold in Iy g 1 I :
(Table 22), are based on a real price Increase 1987 _ :
of G parcent per vyear, whir:hireﬂecti trends 2 5q 69 77 90
of stumpage and small log prices over the g
past 15 years in western Washington and 35 77 98 116 123
westearn Oregon. An increase in the relative 3
value of small trees was also included in b5 oo 121 141 152
the preparation of Table 22 as technology of 55 o 138 16k 184
harvesting small logs improves. Stumpage
prices of Table 22 are in terms of 1977 dollars. &5 118 149 170 193




Tablic 23

Unthinned Dowuglas-fir, Well-Stocked Stands

Value Gzin From Fertilization With 200 Pounds Hi trogen
Fer Acre, Ten-Year Pariod 1977-1987, In Terms of 1977 Dallare

Ltand Ed=Yzar 5ite Class

Age

Iy 11 [ I
25 57 10 1] 42
35 101 105 a7 70
45 134 153 141 %6
65 160 177 160 12
Table 24

JYPICAL COST BREAKDOWN - FOREST FERTILIZATION (1977 COSTS, 200 POUNDS
NITROGEN FER ACRE)

FIXED COSTS = (DO NOT WARY WITH FCRTILIZER RATE)

Costfacre
Contract negotlation for ferti]izar supply and application ..... $ 0.8
Heliport comstruction oo 0. i
I Foad repair, maintenance, and now e 0.50
Helicopter moverin ..oooui it s 0. &0
Lrew and equipment move-im and T 0.30
Calibratien of spreading bucket ..o ool 0,25
Move between helipores ou....ow... J T T AL 0.25
Area delincation, pilot erfentation .. oovivvuuvurssssnnn o) 0.1
Lompllance, water sampling, landowner Supervision .............. 1.00
General administrsiton by applicator vovevenvas... T 0.30

UﬂHlﬁELE COST (DO VARY WITH FERTILIZER RATE)
Fertilizer (urea @ S145/ton) .. v uue s .. .. §iE e e e e et g 11.50
Transportation to raflroad ......0uuun..... e S A 2.40
Unload, transportation to heliport, unleoad ...... Ceee e caee. 280
SLorage, demurrage . o....iiii e e G.20
Load hellcopter ..., e, R T LT T T 0.65
Helleoptar application ...oiiviiiii i ie e 10,50
Crew transportation to and fram Job ..., .. . F A . 0.50
Crew housing oovevnnnnnnns. T P 0.25
HaLehman .. ..o i e, A PR 0.0
On=ground supervision ................ P 0.30
l [ —
Total.....$4E.65
Tatal per acre €ost of job: ., uuiveresnerrnn.. 1% T -




Cost studies of forest fertillzation have

. resulted in the cost breakdown presented in

Tabla 2L. Two aspects are important: (1) only
a small proportion of total costs are fixed
with regard te rate of nitrogen applied, and
{2) variable costs are almost linear with
respect to rate of nitrogen applied le.g. if
vou double the rate of nitrogen per acre you
alsgc double the amount of urea needed, and
hence this component of cost). Figure 17
damonstrates this graphically and provides

an estimate of fertilization cost per acre as
a function of nitrogen applied.

[N

Volume gain from fertilization also
depands on the amount of nitrogen applied.
Figure 18 illustrates this relationship,

although It must -be remembered that In RFNRP
only data for treatments of 200 and 400 pounds
of nitrogen per acre are available. Hence

the form of this curve is in doubt in the
range of low rates of nitrogen.

The general approach to comparing costs
and returns from various rates of nitrogen is
to use marginal analysis. This procedure
examines the change in costs and returns.
long as the increase in nitrogen dosage
rasyults In more returns than costs it is
profitable to make the increase. The "optimal"
solution is where marginal returns just equals
marginal costs. At this point the investment
in fertilization will bring the maximum profit.
Such an analysis 15 presented in Table 25,
using a & percent "real" guiding rate of
return for discounting fertilizer value gain
from 1987 to 1977. Data on marginal costs
and marginal revenuas are graphed in Figure 4.

As

Figure 17

Fertilization Costs Per Acre as a Function
of Rate of Nitrogen Per Acre

1977 Costs, Urea cost: $145/tan

Fertilization Cost (dollars per nch:_‘e}
P NN | ) 0 -
s B Boodabdsa s
I i 1 1 L 1 L B 1 L PR |

Fixed Cost Per Acre = 3450

T
120

O

200

i | 1

|
250 300

Pounds of Nitrogen Per Acre




1 .

Figure 18

Board foot volume gain as a function of nitrogen applied
Unthinned Deuglas—fir, SC-year Sita ||

| 1400 — Based on four-vear response dota, Age 45

1300 -

1000
200
80O
700
600
500

| 400

2 300

; 200

100

v 0 : i [ I 1 I |
50 100 150 200 250 S00 330 400

Board feet per acre, Scribner 8" fop

i ' Pounds of nitrogen per acre

ol Table 25. Marginal Analysis Used to Detarmine Optimal Rate of Nitrogen to Apply, Unthinned Douglas-Fir,
it Total Age 45, S0-yr Site 11, 6% Real Guiding Rate of Return, 1977=1987 Investment Feriod.

Estimatad Discounted
. E&t imated Valua of Value of Tatal
HiLrogen Val. Gain from Fertillizer Fertilizer Marginal Fertilizatian Marginal
Appl fed Fertilizaticn Gain In 1987« Caln 0 &% Revenue Cost in 1877 Cost
':Ih‘u"ﬂﬁl‘E] {bd.fr./acre) ($/acra) (5/acre) ($/acre) (3facra) (5/acre)
] 0 o o 0
. 35
50 Len a3 g 17
23 2
lao 740 103 CE 29
16 12
50 9ED 132 74 ]
I 12
200 1100 153 13 53
B 12
250 H170 163 g1 - B5
3 12
300 1210 168 a4 T
I 12
350 1230 171 95 By
1 1 2
QG 240 172 11 101

*Price disumptlon: 1977 stumpage price = 574/H bd. fr,
1987 stumpage price estimate = 139/4 bd, fr. (in terms of 1977 dollars)

72t of Stumpage price Increase Is dua to a 5% rise In "real" rate of price increase.
28% of stumpage price increase |s due to larger tree size.
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W11 - ANALYSI1S OF FOUR-YEAR RESPONSE DATA

OF PHASE | WESTERN HEMLOCK

Introduct ion

In the formulation of the experimental
design of the Regional Forest Nutrition
Research Project in 1968, it was decided that
approximately 36 of the proposed 126 instal-
lations should be established in westarn
hemlock stands. At that time hemlock was
gaining recognition as a valuable and some-
what remarkable timber spacies. However,
the limited amount of hemlock fertilization
which had been conducted prior to 1968 did
nat exhibit the same consistency of results
as appeared to happen with the more exten-
sively-sampled Douglas-fir, and 'it was
anticipated that a uniform experimental
design would help to clarify the response
pattern of hemlock.

The attribute of varlability In hemlock
has been substantiated by the analysis of the
R.F.N.R.P. TInstallations. Relative to
Douglas-fir, the variances associated with
most individual installations and groupings
of installations are large and growth estl-
mates of basal area and volume do not fall
into obvious statistically-significant trends.
The relative extent to which this Is due to
actual variability of response to fertilizer,
to small sample size, to inadequate sensitiv-
ity of measurement techniques and analytical
methods, and to other factors affecting growth
is Indeterminate at this time.

However, some trends have emerged.
Hemlock's growth rate can, in certalin in-
stances, be stimulated by the addition of
urea-nitrogen fertillizer. A favorable
response is more probable in young stands,
breast height ages 10 and 20, than with older
stands in the 30 and 40-year age categories.
Positive response is alsc more probable in
the Western Washington Cascades (Province
111} than in the Olympic peninsula {(Province
V), and the Oregon Coast (Province |X),
where results virtually cancel te show no
overall significant responses. |If the data
|s to be taken at face value, which, as will
be discussed later, 1s not necessarily the
case, there may appear to be Instances where
an actual depression of growth on treated
plots relative to control plots is cceurring.

Hence, western hemlock 1s confirmed as
something of an enigma. It can occupy the
role of a ploneering species ocutpacing even-
Douglas-fir in the rate at which It grows :
during Its Juvenile period, ar It can remalin :
in a tolerant understory position for decades. 1
In a major portion of the "Douglas-fir
Region'" it can grow on the range of sites upon
which Douglas-fir grows and a number where
Douglas-fir apparently loses out competi-
tively. Its adaptability to a wide range of

_:ﬂnditiuns gapme to raflact [tsalf Inp a wida

Inherent varlability of morphological and 2
physlological characteristics. =

The follewing analysis of the hemlock
installations presents the absclute mathemat-
ical differences in basal area and cubic
volume increments over a b-year perfod, with
appropriate expressions of the wvarlation 3
assoclated with these increments. In-depth o
analysis or adjustment of data by covariance 4
and regression are not presented in that a
major objective of this report is to highlight
the variation and hypothesize on some possible
causes in order to point out appropriate
avenues for future work on western hemlock.

Analysis of Basal Area Response

As mentioned above, three major western
hemlock zones were delineated in the ariginal :
phase | experimental design. These were &
selected because they differed substantively E
in tarms of geclogical and climatic charac- £
taristics. The three zones are province |11 o
-- the Cascade foothills of western Washing-
ton, province ¥ == the Olympie Peninsula and

northwest Oregon, and province IX -- the
Oregon Coast. These correspond respectively
with the Douglas-fir provinces |1, IV, and
Vitl.




Suitable stands were difficult to lo-
cate: the ultimate distribution of western
hemlock installations is given in Table 26,
There are 27 installations described in
this report. OFf the 29 which were estab-
lished, one was accidently refertilized by
the landowner and a second was decimated
by a windsterm. An additional installation
lost two plots in a snowstorm.  Since each
installation originally cansisted of two
contral plots, two plots fertilized with
urea at 200 lbs. of nitrogen per acre, and
two plots fertilized with urea at 400 1bs.
of nitrogen par acre, there are 160 sur-
viving plots included in this bY-vyear re-
sponse analysis.

An examination of Table 26 makes appar-
ent some major shortcomings of the hemlock
data in terms of ultimate ability to estab-
lish relationships by regression. Sixteen
cells representing diffarant combinations
af site, age, and province are zampled by
only one Installation. Only four cells are
sampled by more than one installation, and
these are all in the two clder age cate-
gories in site class 1, as, in fact, ara
almost half aof the tatal Tnstallations.

& number af cells have no installations in
them at all; however, sites | and IV were
not part of the original experimental
design.

Data are summarized in Table 27 on
L-vear gross basal area growth response
for all installations. Gross basal area
simply adds the diffarance between the
initial plot basal area (all live stems
of all species In excess of 1.858'" d.b.h.)
and the 4-year-remeasurement live-tree
basal area to the initial basal area of
any mortality which occurred. Hence, gross
basal area equals net basal area (without
ingrowth) plus mortality.

Table 26 Four-year response data for phase | wastern hemlock, number of Installatlaons

by slte, age, and province,

_ In each instance, the aver
periodic annual increment (p.A
similarly treated plots
average P.A.1.
probability of occurrence of
between the two means to have
some effect other than chance
a test of significance.

An ex?mple of the use of Tahle 27 is the
top line, installation number 18 in Province
The data for the control versys 200
pound nitrogen treatment are:

Contral=0

1b. N 200 1b. N
Basal Area Plot 103 = Plot 105 =
P.ALL. 7.40 sq,ft. 7.80 sq.ft.
Basal Area Plot 108 = Plot 106 =
P.ALL. 7.50 sq.ft. 8.90 sqg.ft.

IX. = 14.90 sq.
E; = 7.45 sq,ft.

Difference =
= +0.90 sq.ft.
lance associated with sach mean, the follow-
ing formula is used.

Since n

is equal to Z:

5
c

= 0.005 S

_—

age basal area
.Y of two
is compared to the
of the two control plots. The
the difference

been caused by

is Tndicated in

ft. EHE = 16.70 sq.ft.

Xy = 8.35 sq.ft.

E=Y

Treated minus Control = X = %

In order to determine %he var-

nunber of samples per treatment, n

= 0.605

B. H. &ge Site | Site || Sice 111 Site IV Age Class
Class Province Total
lyrs) LV o T VTR T IIT W IX [T v i [f v 1% | Sum .
) ] 1 [ i 1 2 I & |
29 I 1 1 | 2 1 1 4
30 I 1 3 1 Z I | 4 3 3 10
40 - T T 3 5 1 9
Province Total 0 2 2 & 7 4 i 2 0 1 0 0 ¢ 11 &
F1ta Class Total i 17 g ! 27
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In order to test for significance, these
variances are pooled:

where ''n'" is the number of plots represented
in each variance. Hence, for the example,

52 _ _B.005 ; 0.605 - 0.305

The standard error of the difference between
treatment means is then calculated:

2 f pal
Y v 257

To apply the ''t" test of significance, a
corresponding 't value must be calculated:

_ 0.
t =T

LN

uﬂ
== 1.6

Since "t" [s herein used to test the
null hypothesis that two means are the same
versus an alternative hypothesis that they
differ, regardless of how, a two-tailad "¢v
test is used. A ''t' distribution table then
shows that for two degrees of freadem a ''t"
value of 1.64 1Tes between a probabi1ity
Tevel of 70 and 80; i.e., a "t" this large
will occur by chance less than 30% of tha
time. How far can such results be inter-
preted? For one thing a '"'t" value as
obtained in the example is not "signifi-
cant' at the 95% level. The '""least
significant difference’ between 200 b,
and control plot means which would be
required to obtain that level of significance
for installation 18 would be 2,37 sq.ft., not
the 0.90 sq.ft. actually obtained. A can-
Fidence Tnterval based on 70 percent
probability might not be enough for many
PUrposes, but perhaps it does present
sufficient adds to fertilize a forest stand.

This raises the rext point. Installa-
tion 18 in the example is a site 11, age
class 30 stand located In Provinece [I11. Can
a landowner with 70% confldence expect a 12%
response to 200 lbs. of nitrogen on any
similarly deseribed sltuation? The answer,
of course, is no. By itself installation
18 provides no estimate of the varfation that
can be anticipated within site |1, age 30
stands in Province II1l. The "population'
which it can be related to is simply the
specific stand sampled by the study plots.
Province 111, site 1, age 30 does happen to
be one of faur "populations'' represented by
more than one sample (Table 26). Three

installatlions cccur here, numbers 23 and 109
Jin addition to number 18, If all & gontro)
plots and 6-200 pound treated plots are In-
cluded in a mathematical comparison, the

mean response is 0.30/6.53 sq.ft./ac./vyr.
(+5%) with a standard error of difference of
* 0.85 sq.ft./ac./yr. Hence, the inclusion
of the two other installations caused a major

increase Iin the apparent variability within
this data cell,.

Other groupings of data produced the
results indicated in Table 28. The grand
mean for all 160 plots was 8.81 + 3:6h sq.
ft./ac./yr.

Discussion of Basal Area Analysis

From this general summary, it would
appear that Province [11, the western
Washington Cascades, is more likely to pro-
duce a response to fertilizer than are the
two coastal provinces. The response ohbtained
by a 400 pound application in Provinee |11 is
one percentile larger (16%) than that ob-
talned by a 200 pound application (15%).

That is approximately consistent with tha
additional magnitude of response gainad by

400 versus 200 pounds in the regional Douglas
-fir results (21% vs. 1B%). Douglas-fir alse
demonstrated with relative consistency inverse
relation of basal area response to site
quality and age.

In the case of western hemlock, there
dppears to be a greater likellhood of response
in the younger ages. Unfortunately, samples
are small and there are exceptions. Likewise,
thera appears to be a trend toward increasing
response with decreasing site quality. But,
again, the sample size is restricted.

Several site ||l stands did not appear on the
basis of the mean unadjusted diffarences
between plots to respond in a significant way.

It should be noted that thare are poten=
tial interactions of data which no doubt are
clouded by straight arithmetical averaging
in the manner done in Table 2B. For
fnstance, the numerical magnitude of basal
area periodic annual Increment in younger
hemlock stands 7s greater than in oldar
stands, as would be expected. On the average,
age group 10 stands (all treatments) preduced
a P.A.I. of 13.75 sq.ft./acre/year, age 20
produced exactly the same, 13.75 sq.ft./acre/




Table 28 Four-year gross basal area growth response by grouwping of plot
data for provinces, age groups, site classes, and cells in which
more than one installation occur. Standard Error is the Standard
Error of Difference on the pooled variance in each category.

Category 5
(rumber of installations 200 1b. Response Loo Ib. Response 3
in parentheses) {eq. fr./acrefyear) {sq. ft./acre/year) :
All Installatlens (27) +0.37 Yoo {+4%) Ho Difference i
Province 111 (10) +1.28 % .28 (+152) +1.33 T 0.29 (+16%)
+
Province ¥ (1) +0.14 T p.22  (+2%) -0.11 = 0.19  (-1%)
Province IX (6) 013 Yo (-73) -0.99 * 0.42 (-11%)
Age 10 (k) +1.72 T 0,49 (+133) £1,08 T 0.76  (+5%)
Age 20 (&) +1.06 T 0,32 (+8%) +0.50 £ 0,39 (+hg)
Age 30 (10) -0.33 2 0,10 (-4%) 0.2k T 011 (-3%) i
; Age o (3) +0.22 T 0.07 (+4%) +0.43 T 0.07 (48D 3
Site | () +0.05 ¥ o.84  (0%) -0.312 o900 (-3%) E
Site 11 (17) +0.12 ¥ 0,13 (+1%) 013 F o1z (-23) E
Site 111 (5) +0.60 T 0.55 (+7%) +0.93 © 0.58 (+11%) -
PIil, A3D, SII (3 +0.30 T 0.85 (+5%) +0.25 T 0.55 (+4%) 4
FIX, A30, S| (2) -1.00 T 0.67 (-11%) -0.60 ¥ 0.82 (-7%) 3
PLII, A4D, 511 {2) +0,90 0,30 (+18%) +0.60 T o.24 (+11%) 4
% PV, ALD, 511 (&) +0.90 ¥ 0,18 (+21) so.46 Y 019 (+B%) 3
year, age 30 fell to 7.70 sq.ft./acre/year, For instance, it would be logical to =
and age 40 produced only 5.84 Eq.Ft.fucrnf assume that perhaps some installations failed e
year. Particularly with only & of 27 to respond because there was simply insuffi- t
installations occurring in the 10 and 20-year cient room available to permit expansion of i
agedcl?ﬁﬁe?,the ITkE]?ﬁpﬁdé{&;ﬂﬁﬂ:e factors follar biomass; tha site Is already growlng 3
producing larger numerical ditferences to capacity. Certainly a visual inspection E
between treatments in younger installations of the canoples of many hemlock Tnstallations X
is magnifled. would argue for such a conclusion. A test
5 i 1 - was undert?ken1using1the installations' ] e
ne would similarly expect the magnitude average initial basal area as a percent © R
of periodic annual Increment for a gliven age normal basal area to see if percent stocking 3
to lessen with lower site quality. Hence, influenced rasponse to fartilizer treatment.]
unless the proportion of 1?5331T?t|?n51pﬁg Sixtean of 27 Installations wﬁra detarmined
age and site category are indentical wlithin to be "overstocked" by 3 to 34%. OF these, 2
and between provinces, there are built=in eight were "positive' responders to 200 lbs. -
artifacts to consider before jumping to con- M, and eight were "megative' responders te :
clusions based on summaries such as those 200 1bs. N. However, of the nine stands i
presented in Table 28. that were "understocked,' eight responded e
favorably (60-95% NBA) and only cne re- g
~ To ferret out such sources of variation sponded unfavorably (97% NBA). The two =
as they affect the mathematical behavior of remaining installations were 100% of normal o
the data base would require modelllng. basal area. 4
Preliminary modelling has been attempted with
the hemlock Individual plot data, with
correlation results that were somewhat unim-
pressive. The problém is, essentially, that i
within the hemlock data there is often as L source of normal yleld Tables was U.S.D.
much evidence to warrant adjusting the A, Bylletln 1273, "Yield of Even-aged Stands
conclusions Tn one direction as in the oppo= of Western Hemlock," G. H. Barnas, 1952,

site direction. Table 7, p.13.




Ancther shortcoming of the manner of
data presentation in Table 27 is that it
does not explain what the sources of varia-
tion were within individual Installations.
Certainly the plots varied by many factors in
addition to their reaction to fartilizer
treatment, including initial stocking,
diameter distribution, specles composition,
(ef the 27 installations, only eight were G0+
stocked with western hemlock), soil charac-
teristics, disease incidence, mortality, and
S0 on. As examples of how these may be In-
terpreted to affect conclusions, if Instal-
lations X, Plot “A" had 20% greater Initial
basal area than did Installation X, Plot
"B'", will not "A" produce more growth
simply because it has more basal area to
praduce growth on? Or, is plot "A" over-
stocked to the point that Its tree crowns
have ne room to grow Tnto, and hence plot "B
will outgrow it? OF the B0 plat replications
In the hemlock data, S4 responded in the
first manner and 26 in the second manner,

Since plots within an installation are
so subject to inherent natural variation, and
since this variation seems to particularly
mask treatment growth differences, a mensura-
tional technique which gets away somewhat
From non-unifarm stocking and species
conditions may be desirabla,

A technique of palring trees has been
developed which, in essence, enables
greater sample sizes than is possible by

using plots as the sample basis,2

In the case of Douglas-fir, it has been
shown that response to fertilizar [s most
likely to be accruad by the larger trees, the
dominants and codominants. In an attempt to
determine if this might also happen with
western hemlock, palring was done in all
hemlock installations with dominant and
codominant trees. Trees in the twe 200 1b.
plots of an Installation were matched on the
basis of similar Initial diameter with trees
in the installation's two contral plots.

It is assumed that in a given stand trees of
the same diameter should grow at the same
rate over a short period, and any response to
fartilizer can then be measured as the
difference In diameter qrowth between treated
and control trees. In order to emplay as
large a sample as possible, control trees
were first matched with 200-1b, treated *trees
to the exact initial diameter when possible,
the remainder to the tenth Inch when possible,
and finally to the fifth Inch. Control trees
which could not be matched within those limits
were not included in the analysis,

Results are presented in Table 29.
Fifteen of 27 Installations showed differences

2z

Gagnen, J.0. "A Simple and Quick
Method te Assess Yearly Dlameter Growth
Response to Fertillzatlon In Matural Forast
Stands." Canadian Forestry Service
Bl-menthly Research Hote Vol 31:4, 1975,

s

Table 23 Four=year breast height diamcter growth response by palred tree
method, phase | western hemlock, control e, 200 pounds nitrogen,

minimum DBH = J.55",

Mumber of

Province Installatlen Tree Pairs

D.B.H. Response
(Parcent Increase
or Decrease of

200 Ib. Ower Control)

Probability Lewvel
of Caleulated
Two-Tal lad
L Value of
O,A.H. Rasponse

i 18 31
23 4

2y 138

bk 22

Lt 52

108 16

109 £

Il 28

112 45

117 6l

v z &1
3 al

L] L1

8 45

15 45

38 31

19 154

§2 32

80 14

84 18

100 132

X L8 B
49 L

;0 E1

72 59

13 - 126

86 193

+ &% .60+
+ 19% .98 +
+ 55% .99 +
= 11% L50 +
- 15% .90 +
+ 35% .99 &
= 1% LGB0 -
+ 1% .50 -
+ 17% .99 +
+ 17% .99 +
= 19% .98 +
- 2% 50 -
+ 39% .99 +
+ 1% .50 -
+ 19% .98 +
+ 15% 50+
+ 14% .99 +
+ 24% .95 +
= 19% 90+
= 1% 50 =
+ 28% .99 +
= 12% T0 +
- 1% 50 =
- 6% .98 +
+ 9z 50 4+
+ Eg 1-5':' =
+ E-‘E 50 =




significant at the 90% level or higher. TET
of these responded positively, including five

in province |1l and five in province V. Five
installations responded negatively, including
two in province |11, two in province V, and

one in province I1X. Whaere the plot arithmetic
difference had shown a positive increase with
treatment, seven installations increased per-
centage of gain by the paired-tree method. In
two installations, former plus conclusions
based on plots wers reversad to minus con-
clusions. Where the plot arithmetic differ-
ences had shown a decreased growth with treat-
ment, two Installations became more negative,
three reversed to positive, and in one Instal-
lation the percentage magnitude af the nedq-
ative response was reduced.

It should be noted that tree-pairing In
this analysis was done simply from data cards,
with no ability to match trees between treat-
ment on any bases except species, crown class,
and Inltial diameter. Such important varia-
blas as total height, crown characteristics,
physiographic situatien, and competitive
relationships to nelghboring trees were not
able to ba incorporated, The data aras
presentad only in that they are falt to be
the most sensitive measures currently
available from the plot data.

Other things being equal (which they
never are in western hemlock) it would be
presupposed that without the effect of
smaller trees and other species to compllcate
the analysis, a paired-tree approach would
intensify the percentage magnitude of a
trend based on plot averages. This happened
in nine of 15 instances deascribed above., How=
ever, the assumption that western hemlock
should respond similarly to Douglas-fir (on
the larger stems) may itself be misleading.
As a shade-tolerant specles, understory
hemleck is often observed to grow quite
rapidly. It Is conceivable that response,
if it occurs, might be distributed among
components of a hemlock stand Tn an entirely
different manner than is normally the case
with Douglas-fir.

Analysis of Cublic Volume Response

Data are presented in Table 30 on four-
year gross cuble volume growth response for
all Installations. Fligures are for total
stem volume, as expressed by the periodic
annual Tncrement (P.A.1.), for all trees of
all species Tnitially in excess of 1.55"

d.b.h.

Al though wood volume is of greater
ultimate interest to cooperators In the
R.F.N.R.P. than basal area is, the latter
has been glven greater attention in this
report. That Is because, as a preliminary

42

means of assassing response to fertillzer
treatment, measurement of tree diameters

s considered to be less subject to error
than superimposition of a relatively small
sample of tree heights. Tree heights are
particularly difficult to measure with
consistent accuracy in hemleck stands
because of the trees' drooping leaders and
the density of the canopy. Further, the
variable growth pattern of hemlock Is more
likely to change the suitability of the
height samples inftially selected to rep-
resent the plot than may be the case with
Douglas-fir., By concious attention to these
problems they will In time sort out; how-
éver, an attempt to detect response based on
b-year helight growth differences is not
feasible with the meéasurements takan to date.

A further problem with using volume
increment at this stage of the hemlock
analysis s that to understand more fully
the magnitude of figures obtained at an
Individual Installation it is necessary to
assess such factors as number of stems,
diameter class distribution, and species
composition. These varlables have propor-
tionately greater and more complicated
impacts on volume increment than they do
with basal area increment.

The volume data.presented in Table 30
essentially show the same general pattarns--
or non-patterns -- as did basal area. This
would be expected; previous mensuratiocnal
work in R.F.N.R.P, with Douglas-fir has
shown that the measurement of basal area
Increment accounts for a large percentage of
volume Tncrement. The overall grand means
are shown below.

Province 111 - (Washington Cascades)

Control 'E; = 400 cu.ft./ac./yr,
200 1b N YE = 433 cu.ft./fac./yr. (+8%)
LOO 1b N ‘il = 420 cu.ft./ac./yr. (+5%)

Province V - (0lympic Peninsula, MW Oregon)

Control '1; = 429 cu.ft./ac./yr.
200 1b N -Eé = b24 cu.ft./ac./yr. (-1%)
500 1b N X}, = 432 cu.ft./ac./yr. (+1%)

Frovince I1X - (0Oregon Coast)

Control +E; = 50 cu.ft./ac./yr.
200 1b N 'Eé = h29 cu.ft.fac/yr. (-5%)
Loo 1b N 'EL = 435 cu.ft./ac./yr.(-82

relative to 5 Installa-

tions which have 400 1h.
plots)
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The magnitude of the cubic volume
increment figures i1s not as sharply re-
lated to age as is the case with basal
area Increment, and the trend is revarsed.
The mean F.A.l. for all installatlions
in age categeory 10 is 318 cu.ft./fac./yr.,
age category 20 is 401 cu.ft./ac./vyr.,
age category 30 is 459 cu.ft./ac./vyr.,
and age category 40 is LL& cu.ft./ac./vr.
It would be expected that cubie valume
increment would also increase with in-
creasing site gquality, of course, but
the unequal distribution of installa-
tions across the age-site range frustrates
simple arithmatlc demonstration of this,

v, Conclusions

Az a consequence of indications that
the younger age categories of hemlock may
respond favorably to fertilizer, eiaht ne
installations have been established under
the phase |11 program which bagan In 1975.
These will in time parmit greater accuracy
in establishing regression relationships.

However, the empirical trial approach
has indicated that It is necessary to look
more deeply at the root causes of variation
within and between installations, the oldest
of which have now existed for & vears.

More Intensive field measurement tech-
nigues, such as determination of pre-treat-
ment growth rates and stem analysis, may
be necessary to sort out some of the varia-
bility. Relating mensurational results to
environmental and soil conditions is requir-
ed. Evidence that fertilization of hemlock
with urea may in some cases cause a depress-
ion of growth == is it real? Or is it a
chance fluke of the data base? Is it con-
ceivable that plots which show a '"negative
response'’ actually did respond to fertilizer
treatment, and that their foliage area
increased so dramatically that they were
ravaged by wind or snow, so that thelr
response was their ultimate undoing? Do many
coastal hemlock stands already possess so
much avallable nitrogen that additions are
merely luxury? In areas where hemlock is 3
pioneering species, do its rate of growth and
its potential to respond to growth stimuli
simply peak ocut at an earlier age than
Pouglas-fir? Does the seeming omnipresence
of the reot-rot pathogen Fomes annosus
nagate potential for response? Is a form of
nitrogen other than urea more suited to
hemlock's physiclogy and roating habit?
These are all avenues which the R.F.N.R.P.
will be exploring In the future.
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VIIT = THINNING AND FERTILIZATION - PRELIMINARY

FHASE 11 RESULTS

The Phase |l thinning treatment for both
Douglas-fir and western hemlock retained
60 percent of Initial basal area in well-
spaced primarily dominant and codominant
trees. All thinned plets(six per installation)
were reduced to a common level of basal area.
Nitrogen, as urea, was applied to two plots
at the rate of 200 pounds per acre and to rwo
plots at 400 pounds per acre. Fartillization
was conducted Tn late winter, following fall
thinning.

Douglas-fir Results

Site and age distribution for the 240
plots included in the Douglas-fir thinning-
fertilizer study are given in Table 31, Most
plots are contalned in breast height age
classes 20 and 30, and site classes || and
IV1.  Two-year growth data after treatment are
now available on all plots, and are presented
in Table 32. Percent response to fartillizer
over the thinned but unfertilized controls is
shown in Table 33. Results strongly support
previous findings (RFNRP, 1974) that thinning
enhancas response to fertilizer. Average
increase Tn growth for all study areas was
31% for 200 Ibs. nitrogen per acre and 2% for
4oo 1bs. nitrogen per acre.

Table 34 contains an estimate of L-vanr
growth follewing thinning and fertilization.
Basis for this table is the relationship
between 2 and 4-year results for 54 plots for
which b-year data are available. These
relationships are then used to adjust all
2-year data. Table 35 is derived from Table 34
and presents estimates of total Y-year volume
response to fertilizer in thinned stands.
Reading Table 35, for example, four vyears
after thinning, stands of breast height age
class 30 and 50-year site class 11| showed
k40 cublc feet per acre more volume if they
had been treated with 200 lbs. of nitrogen per
acre at the time of thinning than stands which
had been similarly thinned but not farti]ized.
Tables 34 and 35 should be regarded as pralim-
Inary unsmoothed results, and will be revised
when all b-year qrowth data are available.
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Table 3%

Thinned Douglas-fir Preliminary Estimate of Four Year
Response to Fertilizer, Cubic Feet Per Acre, Total Stem

Total Four-Year Gross Volume Response
B.H. Age Treatment B0-Year Site Class
Class (Pounds of
{Yrs.) M per Acre) l ] F Il Iy
(Ft?/acre) (ft*/acre) {fr*lacre) | {fr ¥ /acre)

o0 . - -

10 200 384 LR -
Loo 248 LA -

.u - - - -

20 200 - 204 4oz 296
Loo = 216 &0k 336

o i - - -
30 200 120 144 Lo c8E
hoo 96 52 BEh g28

D - - - -

Lo 200 - 220 272 -
4a0 - 216 320 -

n - - - -
Ed 200 = = 212 264
400 - - 236 276

Eventually, fertilizer results from
unthinned and thinned stands will be merged so
that land managers can compare thinning and
fertilizing practices bath separately and in
combination. Figure 19 represents an initial
attempt at this using 4-year data for stands
of breast height age elass 30 and 50 year
site class |Il. Unthinned data are based on
Phase | results for well-stacked stands
while thinned data are from Table ik In
general it can be said that fertilization at
the time of thinning virtually eliminatas
growth loss due to stocking reduction, with
stand growth captured on well-spaced desirable
stems. Data on merchantable volume growth
are not yet available; however, it ls abvioys
that fertilization and thinning will result
in substantial merchantable volume galns since
stand growth s distributed among relatively
Few trees. Average tree size will also be
affected by thinning and fertilization, as Is

demonstrated In Table 36. Larger tree sjze
translates directly into higher stumpage valua
because of the effact of tree size on harvest
cost and product recovery. -

In general, it appears that the combina-
tion of thinning and fertilization of young
Douglas=fir stands is a forest managemant
practice that has a profound impact on tree
volume and value, Much work remains to be
done under RFNRP in the mensurational and
economic analysis of thinning plot data, and
this area will receive high priority in the
future. Augmenting the Phase || data base are
the 18 Phase 111 experimental areas with
thinning and fertilization treatments of 10
to 20 year-old stands, Two~year data from
these plots will be available in 1978,
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Figure 19
Gross Annual Growth of Fertilized and Thinned Stands,
Four Years After Treotment, Douglas - fir,
4010 - Site Ill, BH. Age 30 When Treated
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Table 136
Comparison of Thinned and Fertillzed Stands,
Four-Year Period After Treatment, Douglas-f(r
Site 111, B. H. Age 30 When Treated
Residual Net Volume § Years Ne .Trees Ave. Vol. MNet Growth 4% a Perzant
Treatment Volume After L-Year After Treatment Per Acre Fer Tree of Unthlnned Contral
Treatment Growth
(Fr'facre) (Flfac)  (ft"/acre) (F*/ac) (2)
Unthinned gido 1074 6254 691 9.1 100
(]}
Unthinmed £180 1325 EE0E 691 9.4 123
200 N
i
Unthinned S1dp 1361 E5h1 691 9.5 126 ,
| 400 N f
1 I
Thinned 1657 g43 GbLk 160 12.9 A&
a N
J Talnnad 1637 1380 BQFy 360 15,1 128 "
200 N i
Thinned 1657 1501 El98 360 145.4 139
400 K




Western Hemlock Results

Eight thinning-fertilizer installa-
tion were established in western hemlock stands
under Phase Il. Two-year data for these areas
bazed on plot comparisons are presented in
Table 37, with installations sorted by age
class in the top portion of the table, and
by geographic location in the bottom
portion. The anly distinction that can be
made from these results is that thinned stands
of breast height age 10 to 20 seem to respond
reasonably well to nitrogen fertilizer,
regardless of geaagraphic location (Cascades
vs. Coast), while somewhat older stands
apparently do not. Whether these results
can be generalized is not known at this time.
Additional data on 10 to 20 year-old stands
and their respense to thinning and farti]]z-
ation will be available when Phase |11 growth
measuremants are made (winter, 1977-78).

Four-year data are avallable far seven of
the eight western hemlack installaticns, and,
sorted by age class, these are given in
Takle 38. Response in the youngar stands
appears to continue.

Given these results, along with the
Phase | hemleck results, probably the best
advice that can be gliven owners of western
hemlock stands is to consider fertiliza-
tion only in areas and stand conditions where
response has been demonstrated. Even where
plet comparisons indlcate response, additional
analysis should be undertaken te determine
whather response Is real or the product of
plot variability. Currently, research is
being directed toward the development of
reliable methods of detecting response at a
specific experimantal location.

Tabhle 37

Thinned Western Hemlock,

Perzent Response to TRinned

but Unfertilized Control, Two Years Aftor Treatment

sortfng of Plats by Age

B. H. Age 10-20 B. H. Age 21-30
Installation [ Percent Response®™® | 100-Year ||inscallation Porcent Pesponse®™ | 100-Year
200 lbs. | 500 1bs. Site 200 Ibs. | 40D 1mbs. Slte
i
Number Mfacre Hfacre Index Huambe i Hfacra Hfacre Index
121 +13 +18 186 122 +6 =& 163
130 +20 +i4 164 123 -2 +3 184
133 +25 +32 151 127 +9 +5 166
153 +10 *17 180 132 +B -8 168
Averages +18 +28 170 +5 -6 170

sorting of Plots by Geographic Locatisn

Washington Cascades

_ _ Washington-Oregon Coast
1“':t.aliﬁtrnﬂ PL"FCEﬂt R-EEF'JI‘ISE"""" I Imseal lation Percent HESPHHSL"‘"'."
R 200 Tbs, 400 Tos. Nembie & 200 Ibs, 400 Tbs.
WmoET HWlacre Hfacra Hfacre Hiacre
122 + b - B 121 +13 +148
127 + 9 + 5 121 -2 + 3
130 +2k +hk 132 + & - B
133 +25 +32 153 +10 +17
Averages +16 +18 + 7 + 7

*Each installation contains six 1/10 = acre plots

**Parcent response based on gross cubie foat valume growth

a0




Table 32

AT

Thinned Western Hemlock. Four-vear Growth
After Thinning and Fercilfzatien. Cubie
Feet Per Acre, Total Stem

B. H. Age 10-20 B. H. Age 21-3p |

Installation | Four-Year P.ALD. (7t /acra) F}nita]]atlﬂn Four-Year P.A.l. (Ft¥/acre)

Number 0 1bs. | 200 1bs. | k0O 1bs. Humber 0 Ths, [ 200 1bs.} %00 1bs.

Hiacre | Kfacre Nfacre Wfacre | Hfacre Nfacre
i
121 316 380 348 122 375 346 335 '
4 130 284 343 368 123 230 320 338 .
| 133 274 357 379 127 322 112 334 |
] 153+ " - - 132 k17 hoy 360 ;
: |
fiverage 29| 353 358 Average 351 350 352 |
I
Eercent - + 21 + 23 Percent - 0 - .3 i
2SpOnse Response

i *Only two=year data for Installatien #153 are avallable at this time.




% - SOILS-FOLIAR ANALYSIS PROGRAM

S50ils Investigation

When the fertilizer project bagan in
1969, the Technical Advisory Committee
and the project administration declded to
embark on a soils study program of field
installations as funds and manpower became
available. This study was planned to gather
information on soll parameters to be analyzed
in conjunction with the mensurational data.
It was hypothesized that this would enable
more accurate growth response predictions and
might assist in explaining anomalous response
data.

There were not sufficlent funds nor man=-
power to perform an exhaustive study and a
subcommittee of the Technical Advisory
Commi ttee was formed to draw up a low cost

52

but effective program. |t was agresd that
information on the soils of the Installations
would be of value for Interpretation purposes.
Due to a number of factors, including addi=-
tional financial support, efficient fleld
operations, management of the project with

no administtative costs to the preject,

and above all, the cooperation and

assistance of forest soil spacialists on

the Technical Advisory Committee, the geoals
set out In the program have been reached.
Sufficlient solls, physiographic and climatic
information has been collected from all 160
Phase | and Phase 1l installations to achieve
the majar goals of the soils investigation.

Data processing and statistical analysis
are underway and will continue over the next
12=month period with a view to supplementing
the statistical analysis of mensurational
data. Each of 50 variables for soll,
physiographic and climatic characteristics has
been put on computer cards for all 160 jnstal-
lations. Data screening has begun, and the
results of the various statistical analyses
will be available for subsequent reparts.

Foliar Analysis

Research in this approach to predicting
response has been delayed while up-to-date
growth response was generated. As these data
are now becoming available several developments
are occcurring:

Through cooperation of Australian re-
searchers foliage samples are being collected
and sent to the Forest Research Laboratory
in New South Wales. Previous results with
Pinus radiata in Australia have shown that
a particular ratio between organic sulphur
and nitrogen s necessary in the foliage.
Excess sulphur is accumulated as sulphate
in the follage to balance nitrogen. If
sufficient sulphur is not available, this
element can become limiting and nitrogen is
not likely to produce a response,

Analysis of samples sent to Australia
from installations showing different apparent
levels of response seems to substantiate the
conclusions from radiata pine. In other
words, some Installations which show 1ittle
response may be suffering from sulphur
deficiency, which needs to be corrected be-
for nitrogen response can be achieved,

This lead is being followed by collecting
faliage from more installations. A review is
being conducted of some low-responding
Installations where sulphur has been applied
on complete fertllizer treatments.

._ .
R




X - ELEMENTAL MITROGEN DYNAMICS IN LOW-SITE
STANDS OF THE DOUGLAS-FIR REGION: A SUMMARY
OF STUDIES CONDUCTED AT THE COLLEGE OF

FOREST RESOURCES, UNIVERSITY OF WASHINGTON

Introduction

Early in the College's forest fertilizer
investigations it became clear that informa-
tion other than measured growth response of
treated plots was required In order to under-
stand the roles of essential alements in
forests and the impacts of nutrient additlons
on the ecosystem. Predlictions from agricul-
tural experience at that time indicated
that applied nitrogen might rapidly leach
from forest systems and any effect would
hence be short-lived. If this were proven
to be true, drainage waters from fertil|zed
forest areas could have a sarlous impact on
associated agquatic systems.

These considerations, among others,
caused the (ollege te engage in a line of
research termed mineral cycling., The
objective was to obtain quantitative jn-
formation on the sources, stores, and rates
of movement of the majar essential elements
in both natural and fertilized forest stands.
This review explains the nature of such
studies more fully. These basic studies have
been largely financed by the National Science
Foundation aither through individual research
grants or as part of the Coniferous Forect
Biome ecosystem study. Other studies men-
tioned In this report have been supported by
the U. $. Army Corps of Enginears and the
Regional Forest Nutrition Research Project.

Figures Tn this report are presented in
metric units. Kilograms per hectare are
often considered roughly equivalent to pounds
per acre for ease of translation. Actually,

I Kg/ha = 0.8922 1b/ac.

Initial Work in Nutrient Cyeling

Hellman and Gessel (1963) began nutrient
cycling studies in the region in order to
account for the fate of appliad nitrogen in a
variety of Douglas-fir stands. Followin
thelr success at that, Cole et al, {fﬁﬁg}
conducted the first comprehens]ve baseline
study of nutrient cycling for macronutrients
Including nitrogen in a second-gqrowth
Douglas-fir ecosystem. An example of the
basic model used in this study Is shown in
Figure 20 . The nitrogen cycle In a 36-year-
old Douglas-fir acosystem is shown as an
example and for reference later in this
discussion. This model has served as a basis
for expansion and refinement of nutrient
cycling studies conducted subsequently in
the region.




Figure 20

Hi n eycle in a 36-year-old site IV Douglas-fir ecosystem
Hirose _ {(from Cole et al., 1968)
Humbers are kilograms per hectare

3.9 ' Precipitation Input

Tree

Uptake 8 21

Wutrient Cycling During Stand

Deve lopment

As part of the International Blological
Program studies in the Conlferous Forest
Biome, Turner (1375) studied patterns of
nutrient cycling during Douglas-fir stand
development. Stands that were studied aged
from 9-95 years. It was found that during
initial phases of stand development, tha
stand draws upon soil nutrlents and begins to
dccumulate them in tree tissue (Fiqure 21 1.

Prior to canopy closure, understory
biomass s highest and the understory has a

significant role in mineral cycling of the
entire system. Flgure 22 Is an example af
the understory nutrient accumulation pattern
from site IV stands where canopy closure
occurred at about age 25. With canopy
closure, foliar biomass reaches a steady-
state condition (Flgure 23). The age at
which canopy closure occurs is dependent
upon stand density and site.

sUB
VEGETAT ION

1.5 ] Loss from system

Return to forest floor

FOREST
I6

Leached from
ferest fleor

Nitrogen and potassium are relatively
mobile within the biolegiecal system: 1. e.,
potassium is readily leached from follage and
nitrogen can be retranslocated. Accumulation
of nitrogen and potassium in follage (Figure
2] ) reaches a steady-state condition at the
same time foliar blomass doas. Calcium, being
relatively immoblle in the biological system,
continues to accumulate, particularly In older
follage.

Forest floor weight (i. e., organic
litter) increases throughout the first 70
years of stand development In site IV stands
(Figure 24 ), showing no tendency to reach
steady-state simultanecusly with foliar
blomass. MNitrogen and calcium content of the
forest floor also increase during thls time
span. Potassium, however, is readily leached

-from the forest floar because It remains In

ionlc form in tissues, Thus, potassium
accumulation In the forest floor |s markedly
lower than it Is for nitrogen or calclum
(Figure 25).




Figure 21

Accounulation of nltrogen, postassium, and calcium in the !
Foliage of various aged stands of Douglas-Fir (site IV,
Everett series soil) (Cole et al. 1975)

120 r
5 AT
& “"1‘ i T Ty
3 2
: Alalelum
= g
: -l'f. _.,-r-lI-ru"'""""""""""l‘ |
E P N I
a & L
1
oL

:
- v o a0 1ag

Stand Age (years)

Flgure 22
Aceumulation of nltragen, potassium, and calelum in the

understary vegetation of various aged stands of Douglas=-fir
(site IV, Everett series soll} (Cole et al., 1975)
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Flgure 25 ]

Accumulation of nitrogen, calcium, and potassium in the *
forest floor of various aged stands of Douglas-flr

(site IV, Everett series sail)

apuaad P T LLLLL R (L]
L L L]

(Cole et al., 1975)
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After canopy closure, uptake of nitrogen '

deciines and the trees became increasingly
dependent upon internal recycling from older
tissues to meet thair nitrogen demands., The
nitrogen demands are ameliorated somewhat by
longer needle retention times In clder traes,
This allows comstant foliar density with less
needle replacement (Cole et al., 1975).

Uptake of potassium and calcium fncreases
up te 25-30 years aftar which it is relatively
constant; nelther nutrient is translocated
within the tree. The reasons for the lack of
translocation are avident. Potassium is
readily leached froem foliage before trans-
lceation occurs, whereas calelum jg tightly
bound as a cell wall contituent or a
precipitate such as calcium oxalate so that
calcium aceumulates in older foliage. Thus,
as the stand matures and needla retention tima
increases, calcium consumption by older
foliage Increases (Cole et al., 1975).

Nutrient budget calculations for the
forest floor indicate that the stand derives
an increasing proportion of its nitrogen and
calcium uptake requirements from the forest

floor rather than the soil as the stand
matures (Table 39 ). Since potassium readily
leaches through the forast floor, the uptake g
af potassium from the soll does not appreci-
ably change during this period. Thus, rather
than withdrawing nutrients from the living
system, the forest floor appears to provide a

storage pool of nutrients avallable for up=
take.

Using Turner's data as a basis, Riggan
(1976) constructed a mode] that simulates
nitrogen and biomass accumulation in Douglas~
Fir stands. The structure of the model is
depicted in Figures 26 and 27. The model
can simulate the growth and dynamics of 3
developing Douglas-fir stand even though the
effects of 1ight, water, and other environ-
mental varlables are neglected. This does
not imply that nitrogen is the only factor
affecting tree growth, since other environ-
mental effects are built into many of the
observed nitrogen-growth relatlonships.

This model doas Indicate, hawever, that
nitrogen can be used as a driving variable
for forest growth, and therefare results af
nitrogen fartilization should be predictable.

Takle 32 MNet nutrient removed from the farest Floogr by the

total vegetation, based an nutrient budget calcula-
tions (% of total uptake) {Cole at al., 1975).

Age classg® N K Ca
0=-20 55 15 25
20=A0 &5 =5 35
BO-90 100 0 58
Average 70 g 40

* Douglas-fir (site IV},




Figure 26

Flew diagram for nitrogen dynamics model

(Riggan, 1976) 3
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Movement and Storage of Avallable M in

the Ecosystem

A. 50il N and Leaching Processes
The nitrogen cycle depicted in Flgure
20 shows that nearly all of this ecosys-

tem's nitrogen capital lles In the soil
(2809 kg out of 3311 kg). Considering this
and tha fact that annual uptake is a small
fraction of total sofl N, it might be asked
why this forest responded significantly to

a mere 200 kg/ha fertilizer addition--enly a
10% Increase In soil nitrogen (N). The
answer lias In the fact that a very small
fraction of the total store of soil N

exists in forms avallable to trees, specif-
ically the ammonlum {NHy+) and nitrate
(NO3-) forms. As shown in Table 4o,

WHu+ and NO3- constitute only a small
fraction {0.11%) of total soll N. Using
this percentage only 3 kg/ha of the 2809
kg/ha total N in Flgure 20 are available for
uptake. Since uptake in this example was
determined to be 21 kg/ha/yr, a rapld turn-
over of available N in the sall is indicated,
Amino sugar N is thought te be a precurser to
NHy+ (Baker, 1973), and the values given in
Table 40 show that this fraction constitutes
about 20-25% of total soil M. It is not
known how rapldly this form is made avall-
able as NHy+, nor what fraction of the NH,+
so released is taken up by soil micro-
crganisms, but the level of this fraction
plus the NHy+ and NO3- fractions may be
useful in diagnoesing sell N fertility.

Since so little sall N is in availabla
forms, it is Impertant to understand what
processas can remove available N from the

soll and how these processes operate.
Volatillzation into the atmosphere of various
forms of N is one process by which loss can
occur. This process is highly complex and
difficult to measure, and s only alluded to
in this raport.

Seil leaching is another means by which
dissolved nutrients can leave the forest
ecosystem and it is ralatively easy to study
using lysimeter techniques. In order for
leaching to take place, it is necessary to
have a catlion that will displace native
exchangeable cations and an anion that is
mobile in the sofl. McColl and Cole (1968)
showed that carbonic acid, which Is produced
from carbon dioxide in the soll, provides
both the displacing cation (H+) and mobile
anion (HCO3-) necessary for soil leaching
under natural conditions in a second growth
Douglas-fir stand.

The events associated with carbonie acld
leaching are depicted In Figure 28 (Cole et
al., 1975). If nitrogen is in the ammonium
(NHy+) form, the carbonic acld mechanism is
the primary means by which It can be leached.
When soll organisms cause nitrification to
occur, however, both the hydrogen (H+) and
the highly mobile nitrate (NOs-) fon are
produced, and the potential for laaching in-
tensifies accordinaly (Figure 23). Nitri-
fication is therefore a key process for
determining the rate of soll nitrogen loss by
leaching, as well as leachlng of cations
Including NHy+ . This has been conclusivaly
demonstrated in studies conducted by Cole and
Brever on sewage effluent application to
forest seil. In this study, massive amounts
of NHy+ were applied under favorable condi-
tions for nitrification, and massive nitrata
leaching occurred (Figure 30).

Table 40 '

some nitregen fractions in twe forest soils.
HHM+ and NO.™ are available for plant uptake, and
aming 5uga§ s easily broken down to those forms

(Johnson, unpubl. data)

Depth {¢mi Total N 22 %uqﬁrﬁ ”Hh+éﬂuf Nn1_£HaF i
ppm PRR total PRT total total |
Everett Sofll j:
0-15 1774 310 17.5 2.4 - 0.1 0.2 o,.m
15-30 1470 320 26.5 2.2 0.1 0.2 0.01 E
Alderwood Snoill I
0-15 1430 170 25.8 1.8 0.1 0.1 0.01
15-30 1350 330 23.7 I.2 0.1 0.1 0,01

*This fraction includes a more labile form in addition to amine sugar
called hydrelyzed HHQ+ by Cheng and Kurtz (1963).
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Fortunately, experiments in forest ferei-
lization have shown that fertilizer N applied
in normal dosages does not nitrify to a sub-
stantial degree but remains in the sall after
fertilization. The reasons for this are un-
known. Under support of the Reglonal Forest
Nutrition Research Project, Crane (1972)
showed that applied urea-N converted rapidly
toc ammonium bicarbonate, but very little
mitriflication occurred and most of the appl Ted
nitrogen remained in the top 15 cm of the
soil (Figure 31). (See Cole et al., 1975 for
details on leaching reactions.) Crane also
experimented with gas collection techniques
and concluded velat!lization loss to be small.
In follow-up studies conducted by Johnson
(unpuolishad data) on the same site it was
found that applied urea was immediately

Flgura 31

Nitregen distribution in the soil profile follewlng urea
fertilization. Solid line shows results after heawy
irrigation, dashed line is after 1ight irrigacion
(from Crane, 197%)

Nitrogen in profile (kg N/ha)

detected as NHy+ in the Sﬂii; thus greatly
increasing the level of available N to the
forest (Table k1. Following this, the
WHu+ was rapidly taken up by trees and soil
m[cra*nrganisms so that 220" days after fer-
tilizatlon there was no significant difference
In NHy+ and NO3- Tevels between fertilized and
unfertilized soils (Table L1y, FréTTminary
indications suggest that the aming acid
fraction af the soil nitrogen increased slg=-
nificantly after 220 days, implying that the
reserve of potentially available N had been
increased by fertilization,

The role of such species as red alder
(Alnus rubra) and spowbush (Ceanothus
velutinus) as nitrogen fixaers following
harvesting also deserves careful considera- !
tien. These species can add considerable
amounts of N to the soil. Tarrant and Miller
(1963) estimate that red alder added an
average of 41 kg/ha/yr of N over 30 years of
occupancy relative to Douglas-fir occupancy,
and Youngberg and Wollum (1976) estimate that
10 years of snowbush occupancy resulted in a
N accretion of 1081 kg/ha (or 108.1 kg/ha/yr)
in a burned Douglas-fir clearcut and 715 ka/ha
(or 71.5 kg/hafyr) in a Pondeross pine clear-
cut. They suggested cultivating snowbush in

50 100 150 200 early stages of clearcut recovery and spraying
. to release Douglas-fir regenaration at ages |
3 _"-"‘--__,‘_—_'—.n_-n_i,_“_-- ;I'—'!D_ :
Mﬁ 5 E. Avallable N in the Trees
=
& 9
= The fraction taken up by the forest is
— stored in various available pools as well. i
212 Turner (1975) showed that Douglas-fir has a
remarkable ability to deal with changes in
15 nitrogen nutritional status. It has long been
known that nitrogen can be translocated from
old follage to new follage to meet growth
requirements, but Turner showed that the
amount of nitrogen translocated varijes
Teble 41  Sofl KHY and NOy 3 days and 220 days after urea fertilizatlon (Johnson, unpubl, data) (ppm N in s011).
3 Days After Fertillization 220 Days After Fartllization ;
?zzgh Fertilized Contral DIFF, Fertilized Centrol Diff,
KH HOS NHF NOjS NHY  NOZ NHE NO; MHZ NO; MHE  NOS

ALDERWOOD SOIL
1.820.6 0,08+0.01 220 0.1 7.2%5.7

3.2%1.5

0-15 221285 Q.2+0.1 0.2 £0.3  1.820.6 0.06%0,02 N.S, N.%.

; 15-30 N.D. N.D. N.D, N.D. N.D. N,D, 0.2 ¥0.2  1.241.0 0.09%0.03 H.5. N.S.

EVERETT SOIL
1.340.6 0,08+0,04 278 0.1 L, 5¢2.0

0-15 279286 0.2+0.03 0. 16+0.10 2.4%0.8 0.16%0,09 M.5, H.5.

15-30 N.D, N.D. N.D, N.D. N.D. N.D.

[ S—

h.523.3  0.29%0.25 2, 2%0.6 0.1980,08 4.5, W.5.

N.D, = No data.

o N.S..- Not slgnificant (t - test, o= .05). 61




ie nit E%&?!tatué of tha soll.

ots, he applled 880 kg/ha of urea-N
220 kg/ha of urea-N to one, no
reatment to one (control), carb?hﬁdra;e 1;1:r:I
‘ane. and carbohydrate plus N, P (phosphorus),
ﬁﬂgﬁﬁﬂtéﬁéfhh]; and § (sulphur) to the fifth.
The lattar treatments were designed to create
- npltrogen stress by tying up available 5911 N.
 As Figure 32 shows, Internal translocation

" Increased as nltrogen availabllity decreased.
in the 880 kg/ha plet, the trees took up
luxury amounts of N and stored it in older
foliage, giving a negative value to transloca-
tion. This experiment thus showed that
Douglas-flr has not only adapted to survive
in nitrogen-poor conditions, but also that
Douglas-fir can take advantage of nitrogen-
rich conditions by storing N in foliage.

Summary and Conclusions

In summary, forest fertilization adds
available nitrogen to the soll (primarily as
NHy+) and this explains why a small addition
to total N often results in a marked growth
responsa. The NHu+ 1s taken up both by trees
and =all organisms and much of it is stored in
other avallable or potentlially avallable forms
in tree follage and the soil. From a manage-
ment perspective, It would seem most profit- .
able to concentrate fertilization efforts on
stands with low avallable N In the sall. This
requlres a determination of which scils have
low Tnherent available N.

It is Tmportant to remember the dynamlc
and cycling nature of forest nitrogen nutri-
tion, however, and storage of fertilizer N In
one form or another cannot be considered
permanent. MNitrogen stored In foliage can be
translocated to meat growth requirements and

Flgure 32

Internal retranslocation of nltrogen In Douglas-fir stands
subjected te varicus nitrogen reglimes
(bata source:

Turner, 1975)

20 .
14 -
I-I..
-5
N
&
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"
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thus nltrogen growth response may last longer Certain management practices can result

than sofl NHy+ layels would indicate. Even- in 2 drain on ccosystem N stores. Far jn-

tually much foliar N reaches the forest fleor stance, according to fiqures given by Cole

as litrerfall whereupon 1t is mineralized and et al. (1968) and Grier et al. (1974),

routed either back to the tree or to sofl removal of the bole In harvasting a second- .

organisms. Since trees are perennial, fertil- growth or an old-growth Douglas=-fir stand

izer nitrogen enters an ever-changing system removes only about 3-4% of the total nitrogen

that must be viewed In 3 dynamic perspective, capital (Table b2). I the slte is burned

Apparently the Douglas-fir ecosystems investi- after harvesting, most of tha N remalning in

gated have evolved strategies for conserving the forest floor, foliage, and branches would

nitrogen very efficiently by blocking certain be lost by volatilizatian (Grier, 1976) .

exit routes, suych as nitrification. This would result jn a 10-15% removal of the
total N, since most N capital lies in the soil,
However, changes in available N fol lowing
these manipulations js not known as yet.

Table L2 Nitrogen distributlon in two Deuglas-fir ecosystems,

Nitrogen Content

Component ka/ha % of Total
| slte IV, 3b years old (Cole et al., 1968)
Follage 102 1,2
Branches 6l 1.8
Bale 125 3.8
Roots L ¥ 0.9
subordinate vegetation € 0.1
Forest floor 175 B4
Sell 2809 84.5
TOTAL E
Site 11, 450 years old (Grier, 1975)
Foliage 75 1.3
Branches 43 0.9
Bole 189 3.3
; Subordinate vegetation 58 I.0
Forest flaor 132 2.3
E Sol 5200 51,1
| TOTAL E;E;
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BUDGET SUMMARY

Since the inftiation of R.F,H.R.P, in April, 1969, a total of $777,538,78
of Cooperators' funds was expended up to the end of year 07: June 30, 1976.
The category breakdown is:

salaries and Wages 5375,285.93
Employea Renefits 35,507.5G
Indirect Costs 79,252.48
Supplies, Equipmant, £ Services 165,817. 11
Travel 121,705.76 |
Total $777,538.78

In the {-year pericd ending June 30, 1976, a total of 5794,761.90 had
been invested by the coocperators in the Project. Of this amount 5488,162.00
was for Phase | (which terminated June 30, 1375), $190,673,90 was for the
first five years of Phase 11 (which will terminate June 30, 1977), and
$115,926.00 was for tha first year of Phase |11, Hence, durirg the period
ending June 30, 1976, available funds exceedad expenditures by approximately

317,200, This residual will be carried into future budget periods to offset
the effects of Inflation.

Future funding for the Project includes:

Fhase Il (July 1, 1976 ta June 30, 1977) $ 36,000
Phase 111 (July 1, 1976 to June 30, 1980) 575,000
Miscellaneous Income from contract instal lations 20,120

Tatal: “631,120




Cooperators Liaisen Committes

E. C. Scheider
K. E. Karlsson
Byron Thomas
R. D. Johnson
W. E. Dugglins
M. E. Switzer
0. B. Malmberg
L. V. Morton
Paul Rooney

R. V. Dickhaus
Philip Hahn

R. L. Ellwoed
G. C. Griffith
David Mote

J. P, Hendrickson
R. K. Stryker
Ronald Eckfield
Jerry Behm

T. J. Driscall
Troy Moore
Gary Morishima
R. K. Stensrud
R. A. Brandt
Kurt Munnich
J. E. Monahan
A. 0. Petzold
C. W. Smith

R. G. Helgeson
G. M. Bowe

R. E. Miller
T. M. Hill

E. C. Stelnbrenner
M. H. Bergman

Boise Cascade Corporation

Broughton Lumber Company

Bureau of Land Management

Chevron Chemical Company

Collier Carbon £ Chemical Corp.

Cominco American, Inc.

Crown Zellerbach Corp.

Dept. of Matural Resocurces

Fruit Growers' Supply Company

Georgia Pacific Corp., Bellingham Division
Georgla Pacific Corp., Springfield Division

- Glustina Bros. Lumber & Flywood Company

Hampton Tree Farms, Inc.
International Paper Company
ITT Rayonier, Inc.

Longview Fibre Company
Menasha Corp.

Murray Pacific Corporation
Pope & Talbot, Inc.
Publishers Papar Company
Quinault Tribal Forestry Department
Reichhold Chemicals, Inc.
Robert Dollar Company

~Scott Paper Company

Seattle Water Departmant

Simpson Timber Company

State of Oregen Forestry Department
St. Regis Papar Company

Timber Sarvice Company

U.5. Forest Service

U.5. Plywood-Champion International
Weyerhaeuser Company

Willamette Industries, Inc.

Technlcal Advisory Committae

George R. Staebler
Robert Strand
. Richard E. Hiller
Paul Hellman

Eugene C.

Dennis P. Lavender
Donald B. Malmberg
Harry Anderson
Byron Thomas

Chet T. Youngberg
James E. King
Edward H. Mallonee
Steve Webster

Dean 5. DeBell

Weyerhaeuser Research Center
Crown Zellerbach Corporation’
PNMW For. & Rge. Expt. Sta.
Washington State Univarsity

Steinbrenner Weyarhasuser Research Center

. Oregon State University
Crown Zellerbach Corporation
Wash. Dept. of Natural Resources
Bureau of Land Management
Oregon State University
‘Weyerhaeuser Research Center
Crown Zellerbach Corporation
Weyerhaeuser Research Center
PNW For. & Rge. Expt. Sta.

66




RFNRP = PERSONNEL

College of Forest Rescurces Staff

Stanley P. Gessel Principal Investigator

Gerard F. Schreuder Director, Center for Resource
f Management Studies

b AL E s it P

William A. Atkinson Project Supervisor i
lan G. Merison Soils Program Supervisor
Kernnath J. Turnbull Mensuration Director
) Steven G, Archie Fiscal Coordinator

! Robert W. Gonyea Fleld Supervisor

‘ William M. Bizak Field Technician

r Charles E. Peterson Project Mensurationist

l Albert L. Becker Data Manager

; Harvay D. Erickson Wood Scientist

l Lawrence Leney Waod Scientist
Charles |. Nicholas Laboratory Technician
Geocrge Z. Gertner Data Analyst

'i,;.‘:",:_-_ \

__, - ‘.*




