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FOREWORD-

This report will reach you near the snd of the
tenth year of the Regional Forest Nutrltion Research
Project. In that time the complexity of forest management
has Increased, and Inflation hag Impacted operating
costs, wood values, and forest land values. The eruclal
natlonal need for more raw materials requires greater
production from each forest acre. Information contained
in the RFNRP data bank becomes more valuable each year
Tn helping the forest land manager direct activitlas to
increase wood production. This project is emerging as
cne of the major contributors to forest growth information
in North Amerlica. Numerous national and International
forest research workers visit the College each yaar to
review progress and dlscuss results, This communication
Improves our ability to respond to local needs.

We believe thls report, which summarizes growth
informatlon for six years of treatment, will be of
interest to all foresters, but especially to those who
must make management and Tnvestment decislons. The
economic analysis indlcates that fertilization is a
profitable alternative on many acres of forest land.

Not only is fertilization an economic alternative, but
also a good energy Investment. If we make the reasonable
assumption, supported by our data, that a pound of
nitrogen that requires an energy Investment of about
30,000 BTU's will produce an added cuble foot of wood
containing about 300,000 BTU's, the energy galn s

quite obvious.

Because of statistical necessity, our data analysis
is based on reglional averages. We realize that each
landowner is faced with a variety of soll, site, stockling,
and forest age conditlons, and that decisions have to
be made on a stand basis. Our recommendations take as
many of those varfables Into account as possibla.

However, we still must deal with the problem of variations
In fertilizer response within local areas., We are

making every attempt to deal with this refinement

problem and improve our response predictabllfity, To

this end, sell analysis has now been completed on most

of the installations, along with studies of follage
elemental content, We are relating this Information,
together with parent material of the soils, to specifie
response of each Installation. Indications that sulphur
may be a factor In reducad respense to nitrogen Is

being studled in conjunction with the Research Division

of the New South Wales Forest Service In Sydney, Australia.
We are alse cocperating with the Washington Department

of Matural Resources in nitrogen avallabllity studias

and the relatlonship of availabla nitrogen and response,

We hope the information presented In thls report will
be of value in your immed!ate programs. We also stress that
what you have helped to set up In this cooperative project
stretches far beyond Tnitjal regional considerations and Is
now providing a storehouse of information which finds Interest
and use throughout the world.

5. P. Gessel
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INTRODUCT I ON

The Reglonal Forest Nutrition Research Project
(RFNRP) was Inftlated in 1968 with the primary objective
of providing resource managers with more accurata data
on the effects of fertilizing and thinning young-growth
Pouglas-flr and western hemlock forests In the Paclflc
Northwest.

Based on the needs for additlonal Informatlon
which previous forest fertilizatlon research In thls
region had brought to light, the Northwest Forest Sails
Councll determined that an intensive fleld program with
regional focus should Incorporate the followling goals:

1. To establish and maintain a series of fertillzlng

and thinning fleld trials on particlipants'
lands In western Washington and western Oregon
under various condltions of solls, climate,
age, and site;

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

3. to conduct supplemental research in related areas
such as diagnosis of elemental deflciencles,
analysis of the effects of fertilizer application
on total ecosystems, effects on wood quallty,
economles of fertillzation and thinning, and
mensurational techniques to detect response;

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

. and to cooperate with othar programs and
research deslgned to Intensify forest management
and Increase wood production.

Because of the scope of this program, a cooperative
funding approach was used to enlist a broad base of support
from reglonal timber companies, fert!llzar manufacturers,
and governmental agencles Involved with resource management.
The College of Forest Resources of the University of Washlngton
administers and executes the project under the direction of
Dr. Stanley P. Gessal.

A total of six Douglas-flr and three western hemlock
provinces are employed for design purposes. The original
research deslign called for simultaneous establishment
of unthinned and thinned fertllizer plots., However, funding
levels In 1969 did not permlit the full program to proceed,
and the cooperators declided to begln with the unthinned
plots only. This became known as Phase |, when In 1971,
sufficient funds had been generated to incorporate the
thinning-fertilizer trials. The latter portion of the
program 1s referred to as Phase |1, All plots were origlnally
scheduled for flnal remeasurement after four growlng seasons,

The years 1975 and 1976 saw another extenslon of the
RFNRF data base with the Initlation of Phase |11 (July 1,
1975-June 30, 1980), Measurement of ex!sting plots Is
continuing to determine duratlon of response and effects of
retreatment, and a number of new research plots have been
established In 10-20 year-old stands and In areas of low
natural forest productlvity, Since 1969, approximately
1,450 parmanent growth plots have been establlshed In
western Washington and western Oregon under RFNRP, Over 90%

of all plots establlshed are essentlally undamaged and are
still providing valuable data.
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Surviving Installations at the time of publication of
this report, together with the number of growing seasons
after-treatment which they wlll have accumulated by June 30,
1980 are as follows:

Date of Type of Mumber of  Growth Seascns
astab- Tnstal- instal- after treatment,
| Fshmant Tation latlans June 30, 1980

1969 Phase | LODF, 14wH 10
1570 Phase | LEDF, 13WH 9
1971 Fhase 11 S0F, TWH 8
14972 Phase 11 2EDF, 1WH 7
1973 B. L. M. 6OF &
1975 Phase 111  23%0DF, BWH L
1375 Willamette

Hatlonal

Forest LDOF 4
1976 Ht. Hood

Hatianal

Forast 10F 3
1977 Slskiyou

Matianal

Forest EDF 2
1977 B. L. M. 6DF 2
1877 Phase |1

Ragen. 2DF 2
1977 Fhase |11

Intansiwa

hemlock 1WH i
1978 Colville

Hatlonal

Forest YoF 1

Tetal = 217 Installations

The coming of maturity of major components of this
data base permits increasingly sophistlicated analyses
to be performed. Basic summary and analysls work s
supplemented by research studles on specific mensu-
rational gquestions, silvicultural and economic recommendations,
and soll-nutritional aspects. Depending on toplecal
priorities of supporting basic research studies, an
average of three graduate students each year since 1969
have been employed to assist the Project faculty and
staff in developing information for the cooperators.

Current funding for these long-term studles
terminates June 30, 1980. A Phase IV proposal Is being
develocped In consultation with cooparators and the
Technlcal Advisory Committee. Continued research Is
planned in a number of areas, including remeasurement
and retreatment of existing plots, refinement of speclfle-
area response estimates by intensive analysis technliques,
fertilization and thinning In young spaced plantations,
new plots to Incorporate lower stocking levels, assessment
of operational fertilization, and new plots in older
stands. A more detalled summary of future proposed
work is presented in a later section of this report.
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Introduction

The primary objective of this study is
to attain a regional estimate of mean response
according to relevant stand variables such as
age, slte, etc. Response, measyred as an
increase in growth rate due to fertillizer
application, can be thought of as:

Unthlnnad . Growth Rate
Fartll1zad as In
Rasponse = Total 5tand | minus | Unthinned
Growth Rate UnfFert! 1izad
Tatal Stand

Analysis of response is based on 401
plots of 1/10-acre or larger size, comprised
of at least 80% Douglas-fir type stands.

This data base covers breast-height age
classes 10 through 50, and S0-year slte Index
classes | through 4. All increment figures
are gross p.a.i. (periodic annual increment).
The distribution of plots along with tables
of initlal volume and Initial basal area

T e e e i 7 are located Tn Appendix A. This portion
|.  REGIONAL GROWTH AND RESPONSE ANALYSIS of the mensurational results Is based on 6
OF THE TOTAL STAND FOR UNTHINMED years of growth data. Growth data faor
DOUGLAS-FIR, SIX YEARS FOLLOWING 8 years have been processed from half of

FERTILIZER APPLICATION. the Phase | Tnstallatlons and results

e e e e e T, will become avallable after data from

all installations have been analyzed.

Results of Analysis

I. Gross P.A.}. of Total Basal Area:
The average response across the data ranges
of age, site, and basal area was about 23% to
200 pounds of nitrogen and about 26% to 400
pounds of nitrogen. Response was significantly
related to site Index, Initial basal area,
and the logarithm of the level of N-application.
The smoothed estimates of growth rate are
presented In Table 1, with smoothed response
estimates given in Table 2. The response to
fertilizer Is greatest In the lower site
classes and in the lower range of the basal
area, the latter which accounts for the trend
across age In Table 2 (age was not signifi-
cantly related to response),

2. Gross P.A.l. of Total Volume: The
results of the volume Increment analysis show
a mean response of 53 cublc feet per acre per
year to 200 pounds of nltrogen across the
range of data. This response represents a
16% Increase over the estimated Increment of
the unfertilized stands.




Table 1.

Estimated mean G-year gross total basal area growth
for unthinned Douglas—fir.
(wquare feet/acre/year, minimm d.b.h. = 1,55 inches)

B.H. ACE TEEATHMENT SITE CLASS
CLASS (Pounds of L 11 111 W
(Yrae.) ¥ per acre) F.A.I. P.A.T. P.A.I. P.A. L.
1] 1z2.3 12.1 11,5 -
10 200 13.% 14,5 15.0 -
L00 14.1 14.8 15.5% -
1] 8.3 B.1l 7.8 7.5
20 200 B.7 9,2 9.7 10.2
&00 8.8 9.4 16.0 10.6
L] 6.5 6.2 5.9 5.5
30 200 b.8 7.3 1.7 B.1
H00 h.b 1.5 7.9 8.4
L] 2.6 5.2 5.7 h.?
&0 200 5.9 6.2 6,5 B.7
&00 5.9 6.7 6.7 7.1 '
L 4.7 4.2 3.8 2.8
50 200 5.0 5.1 5.3 B4
400 5.0 5.3 5.5 5.7
Table 2.
Estimated mean response of f-year gross total basal ares
growth for unthinned Douglas-fir.
{square feat/acre/year, minimm d.b.h. = 1.55 inches)
B.H. AGE TREATMERT EITE CLASS
CLASS {(Pounds of 1 II ITT v
(vre.) H per acra) P.A. L. F.A.I. P.A.L. P.A.IL.
200 1.2 2.0 2.8 -
10 00 1.4 2.3 3.1 =
200 A 1.2 1.9 2.7
20 400 5 1.3 2,2 3.0
200 1.0 1.8 2.5
30 400 o i 1.2 2.0 2.9
2040 - .3 1.0 1.7 2.5
40 400 .3 1.1 2.0 2.8
200 +3 1.0 1.7 2.5
>0 400 .3 1.1 1.9 2.8

The average response Lo Lo0 pounds of
nitrogen 1s 59 cubic feet per acre per year
across the range of data, an increase of
approximately 18% over the estimated Increment
of the unfertilized stands.

The standard error associated with the
response astimates Is 13-14% of respeonse for
both levels of fertilizer application. This
is to say the actual mean response to fertilizer
may differ from 53 cu.ft./ac./yr. (200 1b-N)
or from 59 cu.ft./ac./yr. (400 1b-N} by + 8
cu.ft./ac./yr.

There was no statlstically slanlficant
affect (95% confidence level) of age, initial

basal area, or number of stems on the response
to fertllizer. However, the logarlthm of
nitrogen application level and site Index

were significant In estimating response.

These two varlables account for the trend In
smoothed response estimates (cu.ft./ac./yr)

‘as seen In Table 3.

The smoothed Increment estimates of both
untreated stands and stands recelving fertillzer
applications are summarized In Table 4. An
example of the smoothed growth trends for
untreated and treated stands Is given In
Figure 1.




Teble 3.

growth for unthinned Douglas-fir.

Estimated mean response of f-year grosse total volume

{cubic faat/acre/vear, mintmm d.b,h, = 1.55 inches)

B.H. AGE TREATHMENT S1ITE CLASE

CLASS {Founds of 1 II 111 v
(yrs.) H per acre) PLA.I. P.A. L. F.A.T, F.A.I.
10 200 0.2 5.4 60,7 5.9
400 34,2 £1.4 68,6 85.8
20 200 30.2 45,4 60.7 75.8
00 3.2 L B8 .6 B5.8
10 00 30.2 5.4 &60.7 75.9
- 400 34.2 51.4 68,6 85.8
40 200 an.2 45, 5% T 75.9
400 G2 51.4 65,6 B5.8
50 200 0.2 45.4 607 75.8
400 34,2 51.4 6B .6 B5.8

Table 4,
Estimated mean b-year gross total volume
growth for unthimmed Douglas-fir,
{cuble feat/acre/yvear, minimum dib.h, = 1.55 inches)
B.H. AGE TREATMENT SITE CLASS

CLASS (FPounds of 1 11 IIT v
{yrs.) N par acre) P.A.T. P.A.T, P.A. L. P.A.I

0 255.7 221.9 187 .9 -

10 200 2865 2mp7.0 249,11 -

404 290.5 2731.9 57,1 -
Q 423, 4 A57.0 202.2 2192
20 200 G54, 2 403.1 3533.5 IN5.7
400 45B.2 409.1 351.5 315.8
0 445.8 i72.3 301.3 233.1
an 200 476.6 418.3 32,6 09,6
40 S80. 6 424,38 arg.s 319,46
a 432.1 30,2 289.1 222.1
40 200 463.0 4058, 2 3150.3 298 .6
[ a0 467 .0 G11.% 358,13 08,5
i 410.1 339.9 2736 208.6
a0 204 S50, 385.9 333.8 2B5.1
400 Gah, 9 | 391.9 341.8 295.0




Cubic feet per acre par year

600 .

450 L

300

1.4

Figure 1.
TEEATMENT: @O and 200 Ibs. N per acre

Estimatad trends of f—year gross total volume growth for
unthioned Douglas-fir.

Site II

200 Tb. H smoothed
trand of 10=-vr-old

essssanmass | [} age class

10 Untreated smoothed
trend of 10=yr-old
age class
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Il. REGIONAL GROWTH AND RESPONSE ANALYS|S
OF THE MERCHANTABLE STAND FOR UNTHINNED
DOUGLAS-FIR, Si EARS FOLLOWING
FERTILIZER APPLICATION.

Intreduction

The &-year merchantable gross growth
Fate was analy2ed much the same as the b-year
merchantable growth analysis reported In the
last (1974-1976) Blennial Report from the
project; the gross increment (cu. ft./ac. fyr.)
in merchantable volume was calculated for
trees of d.b.h. greater than 6.55 inches and
measured to a 4-Inch top.

The primary objective was to provide a
regional estimate of mean Fesponse in merchant-
able units according to relevant stand varjables
le.g. site index, d.b.h. age, etc.). Response
is measured as an increase |n growth rate
due to application of fartilizer and can be
thought of as:

Unthlnned (Growth Rate ™

Fertllizad as [n the
Response = | Marchantable{minus | Unthinned

5tand Growth Unfertilizad

Rate Herchantable
*| Stand

—_— (=

The merchantable stand growth results
of Phase | are alsoc based on & years of
growth data, analysed from 386 plots of
1/10-acre and larger sjize, and comprised
of at least B0% Douglas-flir type stands.
The data base covers breast-height age
classes 15 through 45, and 50-year site
classes 1 through 4. Al Inerement figures
are gross p.a.i.

A summary of 6-year unthinned Douglas-
fir, comparing the total stand p.a.i. and
merchantable stand p.a.l., |s presented in
Figure 2, Tables of plot distribution,
Inftial basal area, and inftlal volume are
located In Appendix A,

Results of Analysis

Gross volume p.a.l. of the merchantahle
stand without Tngrowth was analysed. Results
of the volume Increment analysis Indicate a
mean response of 41 cu.ft./ac/yr. to 200
pounds of nitrogen application and
25 cu.ft./ac./yr. to bLog pounds of nltrogen
application. These figures represent relative
increases of 15% and 20% for the respective
levels of fertilizer application over the
merchantable growth rate of the untreated
stands. Response was signlficantly related
to the logarithm (base 10) of the level of N-
application but did nat change significantly
with age, site index, or basal area. Smoothed
estimates of the growth rate are presented In
Table 5. An example of the smoothed trends
of growth rate for untreated and treated
stands is presented In Figure 3,




cubic Feetfacre/year

Plgure 2.

Summary of expected mean G-year gross volume p.a.i. and percent
regpongse of unchinned Douglas-fir for both the total stand {(cw.ft./
ac,fyr.; min, d.b.h, = 1.55 inches) and the merchancable stand (cu.

fr.fae, fyr.; min, d.b.,h. = 6.55 inchas, to a &-inch top),

percent Increase
over D=-WH total

(18X percent increas:
&00 (16X} 337} over 0=-H merch
380
(19%)
[16X) 131
328 327
300 1
277
2010 4
104}
0-§  200-4 4000 0-N 2008 400K -
b gl 4 LY v Fl

E=vadr total gross

B=year merch gross
voluss p.a. i,

volume p.a.i.

Table 5.

Estimated mean b~year gross merchantable yolume growth

for unthinned Douglas=fir.
(eubic feet/acre/year, minimum d.g.h. = 6.55 inches £o a & inch top)

B.H. AGE TREATHENT SITE CLASS
CLASSE (Founds of I 11 IIX Iv
{vrs.) W par acra) P.A.TI. F.A.I. P.A.T. P.A.T.
0 267.7 150.0 32,4 -
15 200 312.9 165.2 7.5 =
400 312.8 201.1 83.4 -
¢ 374.0 ZE2.E 151.6 100.5
25 200 519.1 328.0 236.8 145.7
400 425.0 313.9 242.7 151.6
0 393.8 319.8 265,7 171.6
5 2040 439.0 J&5.40 260.9 216.8
400 445.9 370.8 296.8 222.7
i] 383.6 320.5 257.4 194.3
45 2040 428.8 365.7 2.6 239.5
400 4534.7 371.6 308.5 245.4

e, =




B00

Lsa

300

Cubic feet per acre per vear

50

Figure 3.

TREATMENT: 0 aad 200 lbs, N per acre

Estimated rrends of 6-year gross merchantable volume
grovth for unthinned Douglag-fir.

200 Ib. H smoothed trepd
Smessssmenee==15  of 15-yr-old age clazs

T8 Untreated smoothed trend of
15=yr-old age class

50 foo 150 200 250 300

Merchantable Inftial Basal Area (square feet per acre)
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I11. DURATION OF REGIONAL GROWTH RESPONSE
OF THE TOTAL STAND FOR UNTHINNED
DOUGLAS-FIR, 51X YEARS FOLLOWING

FERTILIZER AFPPLICATION.
L B B B B S

Introduction

The present analysis of the 6-year
p.a.i. shows a substantial response to
fertilizer application. The next questions
are whether or not this response is sustalned
through the entire &-year perfod, and, secondly,
does response behave the same for both lavels
of fartillzaer application. Both of these
questions can be resclved to a large extent
by examining each of the three 2-year growth
pericds following fertilizer application, In
the same manner that the 6-vear growth data
was analyzed. Duration of response has been
examined In essentially three steps of data
classificatlion, each of which Is a comparison
of the three 2-year growth perliod:

(1) Average estimated response over

all ages and sites..
(11) Average estimated response by
site class,
(T11) Average estimated response by
age and site,
It Is Important to remember that the three
response figures are each 2-year averages.
Thus a peak In response in the second 2-
year period for example, would imply a peak
In elither the third or fourth year following
treatment. Llkewise, if response disappeared
in the second 2=-year perfod, the falloff
could pertaln to elther the third or fourth
vear after treatment. All figuras were
tasted at the o=.05 lavel and are statistically
signiflcant unless indicated by ''NSY
(=nonsigniflcant).

Results of Analyslis

1. Response across all age and site

classes: The data in Table 6 show

growth rate is declining for both the untreated
stands and the treated stands. The results of
the analysis with estimatas of mean response
for each 2-year perlod are summarized in
Flgure 4, Although the response has decllned
from the second to the third period, it is
nontheless substantial in the third 2-year
perfod., |In addition, the response to 400
pounds of nitrogen appears to be better
sustalned than the response to 200 pounds of
nitrogen, in the third 2-year period.

Table 6.

Average gross total basal area growth of
uothinned Douglas-fir for each Z-year period
(square fest/acre/year; minisum d.b.h. = 1.55 inches)

TEEATHMENT THO-YEAR CROWTH PERIODE
(Founds of 1 2 3
H per acre)
F.A.T, F.AT. P.A.I.
] 6,73 6. 10 5.E1
200 B.26 T.73 5.82

400 B.35 7.95 T.29

—mT
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2. Response within slite class (Figures
5-8): This stratiflcation was logical since
it has been demonstrated that the trend of
response across site index Is statistleally
significant,

As was expected, response on slite |
stands (Flgure 5) !s less than the response
on the other sites, while at the other end of
the range, response on site IV {Figure 8)
stands s much higher than on the other
sites. In all four site classes, the third
Z-year perlod clearly shows that continuing
response is higher for the 400 pound nitrogen
application than for the 200 pound application.
The trends of respense In both site classes
I't and 11l are very simllar to the reglonal
trends of step 1. This also would be expectad
since the mean site Tndex for the reglon Is
located very nearly between site classes ||
and !I1].

3. Response by Age Class and Site Class
(Appendix B): The response data were further
stratified by age and site for the fert!lizer
levels of each 2-year growth period. It is
unavoidable that with each subsequant
stratiflcation of data some age and site
categories are poorly represented and In a
few cases totally absent, This is particularly
evident in the age class extremes (10-year
and 50-year) and In the site class extremes
(1 and IV}, Therefore only those '‘cells' of
classification containing four or more observa-
tions (in all three treatments) were analyzed so
that some statistical slgnificance could be
attached to the means of response.

With few exceptions, the response to 40O
pounds of nltrogen is greater than the
response te 200 poound of nitrogen in both
the first and second 2-year growth period.

Flgure §,

Estimated mesn response of
by Z-year period
(Bquare feet/acra/year:

BEose total basal aren growth
& for Douglas-fir
minizum d.b.h. = 1.55 inches)

ALl Sites; All Ages
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Figure 5.

Estimated mean response of groes total basal area growth

by 2-year pericds for Douglas-fir

(equare feet/acra/year; mimimu= d.b.h. = 1,55 inches)

Site 1
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Estimated mean respinse of gross total basal ares growth
by Z-vear perlods for Douglas-fir
(equare feet/acre/year; minimum d,b,h, = 1.55 inches)
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Upon completion of the third 2-year growth
period, the response to 400 pounds of nitrogen
Is malntalned better in every case. The
"peak' response to both levels of fertilizer
appears to be In the second 2-year growth
period in the majority of cases.

It I1s Interesting to note that under the
200 pound nitrogen application, response in
the third 2-year growth perlod was statistically
significant In six out of nine casas. And
under the 400 pound nitrogen application,
response at the end of the third 2-year
growth perlod was stlll statlstlically
significant for all nine age and slte
categorles.

Concluslons

The analysls by 2-year growth periods
not only substantiates the b-year results of
growth response but also Indicates that the
greater galn from 400 pounds of nitrogen Is
enhanced by Its longevity In response duration.
Alsc the response ''peak'' occurs In the third or
fourth vear (second 2-year growth period)
after fertillizer application. Response Is
statistically significant, In general,
at the end of the fifth or sixth vear
(third 2-year growth period) after fertillzer
application. The outcome of the B-year
Phase | growth analysls may strongly
influence decisions regarding amounts of
fertillzer for Initial application and timing
of the reapplication. Thus the Importance
of this particular aspect of the regicnal
analysis has been strongly emphas!|zed.
This latter trend can be better conflrmed
whan the fourth 2-year period Is analysed.

12
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IV. REGIONAL GROWTH AND RESPONSE ANALYSIS
UF THE TODTAL STAND FOR THINNED
DOUGLAS=FTR, FOUR YEARS FOLLOWING
FERTILIZER APPLICATION.

13

Intreductlan

This section of the Blennial Report is
concerned with:
i) Response to fertilizer in basal area
Increment (gross p.a.i.):
i1) response to fertilizer in volume
Increment {gross p.a.i.); and
i1i) contrast of response to fertilizer in
both volume and basal area Increment
(gross p.a.i.) for thinned and unthinned
stands. Response, measured as jncrease
in growth rate due to application of
fertilizer to a thinned stand, can be
thought of as:

Thinned Growth Rate
Fartillzed as In the
Response = |Total 5tand | minus | Thinned
Growth Rate Unfertil[zed
Tatal S5tand

Analysis of response is based on 19]
plots of 1/10 acre or larger, containing
growing stock of at least 80% Douglas-fir.
This data base covers breast-height age
classes 15 through 45, and 50-year slte
classes 1 through 4. All increment figures
are Y-year gross p.a.i. (perlodic annual
increment). The distribution of plots aleng
with tables of Initial basal area (post-thin)
and initial volume (post-thin) are alven
in Appendix A.

Results of Analysis

1. Gross P.A.l. of Total Basal Area:
Although the main toplec of Interest is
response in cubic feet per acre, basal area
p-a.l. response was analysed as a preliminary
step. The average response across the data
ranges of age, site, and basal area was about
35% to 200 pounds of nitrogen and about 19%
to 400 pounds of nitragen. Response was
significantly related to koth initial basal
area (after thinning) and the logar!thm (base
10) of the level of N-applications, the
response belng the greatest in the lower
range of basal area. The smoothed estimates
of total growth rate are presented |n Table 7.

2. Gross P.A.l., of Total Volume:

Results of the volume increment analysis show
a mean estimated response of 64 cublic feet

PEr acre per year to 200 pounds of nitrogen.
This response represents a 25% increase over
the mean estimated growth rate of the unfert]-
lized thinned stands.

The average estimated response to 400
pounds of nitrogen Is 72 cubic feer per acre
Per year, an Increase of 28% over the mean
estimated growth rate of the unfertilized
thinned stands. The standard error assoclated
with the response estimates [s about 12% of




Table 7.

Estimated mean &=vear gross total basal area growth
' for thinned Douglas-£ir.
(square feetfacre/year, minimm d.b.h. = 1.55 inches)

B. H. ACE TREATMENT SITE CLASS

CLASS (Founds of I I1 III v
{(¥ra,) B per ascre}| P.A.T. F.h. I P.A T, F.A,I
a 10.1 a.9 9.7 9.4

15 200 11.4 11,7 12.0 17.73
400 11.6 12.0 12.3 12.6

4] 6.7 6.5 6.8 6.8

25 200 8.0 8.6 9.1 9.7
SO0 a.2 &.8 9.4 10.0

1] 4.7 E.0 5.2 5.4

a5 200 6.0 .8 7.6 B.1
4100 6.2 7.1 7.9 8.7

0 3.5 3.9 .3 b.b

&5 2010 £, 9 5.8 6.6 i
L00 5.0 6.0 6.9 7.9

response for both levels of N-applicatlon.

That Ts, the actual mean response to fertillzer
may dIffer from the estimated 64 cu.ft./ac./yr.
(200 1b=N) or the estimated 72 cu.ft./fac./yr.
(400 1b-N) by + B cublc feet per acre per
year.

Table &.

There was no statistically signiflicant
aeffect of age, slite Index, or basal area on
the response to fert!lizer. However, the
logarithm (base 10) of the nitrogen application
level was statistically significant In
explaining response. The smoothed growth
estimates of the fertilized thinned stands
are summarized in Table 8. Smoothed trends
of growth rate are exhibited In Flgure 9.

3. Fertilizer Response for Thinned
and Unthinned Stands: The mean response to
fertilizer applications in Phase | unthinned
stands compared to Phase || thinned stands
Is exhibited in Figure 10 for volume p.a.l,
and Flgure 11 for basal area p.a.l, Direct
comparison of the Phase | and Phase ||
smoothed estimates would ba helpful in
estimating a thinning effect and the possibility
of a thinning-fertilizer Interactlon.
However, the respective ranges of basal area
stocking from the two data sets do not
overlap sufficliently due to a lack of low-
stocked unthinned stands in Phase |. In
order to test the Important null hypothesis
that growth In thinned stands Is not different
from growth in understocked unthinned stands,
below=-normal natural stockling condlitlons are
needed. Thus any extrapolation of Phase |
astimates for comparlson with Phasea || data
would be hazardous. '

Estimated mean 4~year gross total volume growth for
thinned Douglas-fir,

(cuble feet/acre/year, minimum d.b.h. = 1.55 inches)

B.H, AGE TREATMENT DOUGLAS-FIR BASAL AREA

CLASS (Pounds of 55 85 118 145 178

(¥rs.) H per acre) P.AI. P.h.T. Foh.L. FP.A.I. F.A.T.
4] 2080 29%.7 391.4 - -

15 200 272.0 363.7 455.5 = -
Tl 280. 4 3r2.1 463,58 - -
0 156.3 215.8 283.3 346,80 410.4

25 200 220.4 283.9 347.4 410.9 574.5
00 223.7 292,2 355.8 415.3 482.8
0 - - 223.7 271.7 319.7

15 200 - - 287 .8 335.8 383.8
&0 - - 296.1 3841 302.1
o - i 147.2 225.6 264.0

45 200 = = 251.2 289.7 328.1
00 - - 259,86 L 298.0 3136.5
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Table 9.

Average stand conditions and estimated mean regponse for

4=year gross total growth rate of Phase I and
Phase II (Douglas-fir).

Treatment: 200 lbha. M/ ac

cu, fr. fac. fyT. aq. fr.fae.tyr.
Phase I {unthinmned) 56 (17%) 1.47 (20I)
Phase II {thinnoed) 64 (237} 1.94 (33%)

Treatment: &00 1bas. K/ac

cu.Ft.fae. fyr. eg.ft.fae. fyr
FPhase I (unthinned) 64 (20%) 1.65 (21%)
FPhase II (thinned) 72 (28T) 2.19 {391)

Average Initial Scand Condicions

Ape Site Index Bagal Area
Fhase I {unthinned) 37 years 117 fe. 207 sq.ft./ fac.
Phaesa II (thinmad) 30 vaars 115 fr. 121 sq.fc. fac.

In Table 9 are summarized the Phase |
(unthinned) and 11 (thinned) responses to
fertilizer four years following application,
along with average Inltlal stand conditions.
There is very 1ittle difference In inftlial
stand age or In Inftial site Tndex between
Phases | and ' |l. The lower initial stocking
of Phase 1l Is due to the reductlon from
thinning. Clearly both the absolute and the
relative responses are greater from the
thinning and fertilizer combination {Phase
11} than from fertillzer alone (Phase 1).

l6




B T B e T T Gty

V. FERTILIZATION OF THINNED DOUGLAS-FIR STAMDS
-AN ECOMNOMIC ASSESSMENT-

D e O R T D RS TR AT

Should fertilizer be applied to
thirned stands of Douglas-fir In preference
to unthinned stands? What priorities, If
any, should be given to thinned stands?
Questions of thls sort are becoming common
today as thinning and fertilizer programs
expand. This study is an Inltial attempt
to place the fertllization of thinned
stands in its proper economic perspective.

17

_Previous economic analyses under
RFNRP have concluded that, in general, the
most profitable Douglas-fir stands to
fertilize are those close to final harvest
and on medium to low sites. Table 10
summarizes previously published priorities
for fertillzation of well-stocked, unthinned
stands of Douglas-fir. Suppose one has
available a site |1, 45 year-old stand
that has already been thinned. Where
would this stand fit in the priority 11st?
Should it be fertilized befare an unthinned
site |1l stand of the same age?

Since h-year results of the Phase ||
thinning-fertilizer study are now
available, it is possible to re-axamine
the profitability of fertilizer invest-
ments In stands of various age/slte
combinations, both thinned and unthinned.
This study assumes that 200 pounds of
nitrogen are applied as urea fertilizer,
and that the extra wood attributable to
fartilizer is harvested and sold ten YEArs
later, either as a clearcut or as a thin-
ning. Major differences from previous
analyses are: (1) use of G-year unthinned
fertilizer response data, rather than
b-year data; (2) use of a 3% "real" price
increase (over inflation) for estimating
future stumpage values rather than the 5%
Increase used previously; and (3) use of
h-year thinning-fertilizer response data.

Table 10 Stand Prlorlities for
Fertllizatfon=-Unth|nned
Stands Only

Douglas=fIr
Stand Age S0=Year Site Class
When
Fartillzed Iy NI I |
25 I5 13 16 16
15 & & 10 1z
b5 & 4 5 N
55 2% 1 28 7
Hotes!:

Source, RFNRP Blannial
Report 1974-7E

(2}
(1)

"= gla

Ranking based on rate of return



Table 11. Assumed 10 Year Volume Response from One Fertilization .
Douglas-fir (Bd. Ft./Acre, scribner, 6 Top) ;
Stand Age Unthinned, well=stocked Thinned |
when Th-year Gite Class B0-year Slte Class
Treated 1V Tif Tl ! v I J]
25 930 910 750 610 1,140 1,060 230 710
35 1,180 1,090 880 Joo 1,320 1,230 1,000 600
45 1,290 1,180 950 7ho 1,430 1,320 1,080 850
55 1,360 1,230 990 770 1,500 1,380 1,130 870
Hotes:

(1)
{2)

volume reésponsec

(3)

200 pounds nltrogen per acre

Derived by applylng Bd. Fr./cuble fool ratles to cublc

Table volumes have been reduced 20% from RFNRF estimates

to allow for "operaticnal falldown'

Volume response assumptions by site,
age, and thinning treatment are glven In
Takle 11. Conversions from cubic feet to
board feet were based on board foot/ cublc
foot ratios. These response estimates are
somewhat higher than those used previously,
which reflects the fact that response
continued at a higher-than-anticlpatad
rate through the fifth and sixth years
following treatment. Thinned stand
rasponse is somewhat higher than unthinned
stand response. Although cublc foot
response is assumed to be the same in
thinned and unthinned stands, the former
have a higher board foot/cubic foot ratio
and hence a higher board foot response.

Assumptions regarding current
stumpage prices are presented in Table 12.
Prices for the thinned stands assume
thinning was carried out ten years
previously, hence trees are larger and
values higher. These prices carriled
forward ten years at a 3% interest rate
are glven in Table 13. The 1% rate
represents a ''real' Increase in stumpage
price over and above inflation.

Values in Table 13, thus, are estimates
of stumpage price for which harvested
trees are sold ten years hence, In 1989.
Since no inflation factor was included In
the estimation of future stumpage prices,
they are In terms of 1979 dollars.
Differences between sites, ages, and
thinning treatment are based on average
tree slze associated wlth each, and primarily
reflect harvest cost differences, However,
it should alsc be noted that wood from
larger trees is also more valuable because
of higher lumber recovery and higher log
grades.

Value gain from fertilization Is
astimated In Table 14, which was derived
by applying stumpage prices on Table 13 to
volume gains of Table 11. For example a
thinned 45 year-old, slte |1 stand Is
expected to provide 1,080 board feet per
acre of response, which will be valued at
§149 per M board feet In 1989 when sold.
Thus value gain Is 1.080 (149) = 3161 per
acre, as shown In Table 14,

Assuming a 350 per acre fertillization
cost In 1979, the rates of return are
listed in Table 16. They are called

Table 12. Assumed Stumpaga Prices 1979 §

Douglas-fir (Dollars/M Bd. Ft.) 11

|

Unthinnad Thinned Ten=Years previously ;

Stand Age Eli-year Slte Class S0-year Slte Class |
in 1979 TV T T W T T T |
2g 29 35 Lo B 36 2 ¥ 55 :
35 I 56 67 79 51 63 74 Bé i
5 ok T4 a0 161 65 L 87 108 {
55 70 B  1wh N7 77 g6 111 124 j
65 Bo 99 112 126 87 106 113 1313 . II

18



Table 13.

Estimates Stumpage Prices In 1985 (1979 Dollars)

Douglas-fir (Dollars/H Bd, Ft)

Thinned Ten Years Previously

EQ-year 5lte Class

v i I I

69 85 98 116
&7 104 130 145
103 125 145 167
117 152 &0 173

Unthinned
Stand Age EO-Year 5lte Clasgs
In 1989 v 1l N i
35 55 15 80 106
45 78 93 I 136
55 94 120 140 157
65 lo8 133 51 169
Motas:

(1} Derived by applying a 3% “real” Increase to the prices of

Table 12,

{2} Values In Tabla 13 are in 1979 dollars,

“real'' rates of return because they are in
terms of constant 1979 dollars. Effects
of inflation have been removed. An
investment earning a 6% "real" rate over

a period of time during which the In-
flation rate averaged B% would show a
return of 14% if inflated prices were used
in the analysis,

In order to be consistent, interest
earned in Table 15 should be compared wlth
an alternative rate of return {or minimum
rate which must be earned In order for the
Investment to be profitable) that Is
itself "real" or free of inflated earnings.

Over many years, and in spite of the ups
and downs of inflation, the 'real" rate of
return on conservative low-risk investments
has run around 3 to 4%. Since forestry
Investments involve greater risks It Is
reasonable to require that thay earn a
higher rate, which will vary with indlividual
organizations. If, for example, a 6% rate
s required on forestry Investments, the
data in Table 15 would suggest that no
unthinned 25-year-old stands should be
fertilized, but fertllization of sites ||
and 111 thinned stands of this age would

be marginally profitable.

Table 14. Estimated 10 Year Value Gain from One Fertll1lzation=1979 Dallars

Douglas-Fir (Dollars/Acre)
Unthlnnad Thinned Ten Years Previously

Stand Age E0-Year 3lte Clazs G0-Year Site Class

Im 15979 IV FIT T I v I Il I

25 L1 68 71 85 7% 20 82 B2

15 42 108 106 95 115 134 131 116

4E 121 142 133 16 147 170 &1 142

85 147 164 143 13 175 156 181 156
Notes:

{1) 200 pounds mlitrogen per acre

(2) values In Table 14 are 1n 1979 dollars

(&Y



Tabla 1G.

Estimated "Real" Rate of Interest Earned on

Fert}llizer Investment, 1979-1989

Deuglas=fir (Percent)

Fertllizer Applied to
Unthinnad Stands

Fertilizer Appllied to
Previously Thinned Stands

Stand Age 50=Year Slte Class BO-Year 5lte Class
. when !

Fartilized IV i [ I [k 1l B I
25 1.5 3.1 i.6 2,7 .7 6.1 B.3 5.1
13 £.3 8.0 7.8 6.6 8.7 10.4  10.1 8.8
Lg 9.2 1.0 10.3 8.8 1.6 13,0 12,4 1L
£ 1.4 12,6 1.5 10.0 13.3 14,6 13.7 1.1

Hotas:

(1) 1979 fartillzar cost I3 assumed to be 350/acre for 100

pounde nltrogen per acre

{2) Thinning cost s not Included in the above results.
Thinning is presumed to have been carrled out prior to fertillzation,

Rates of return In Table 15 can be
used as an Index of relative profitability,
and stands may be ranked accordingly. The
result 1s Table 16, which allows an assessment
of the Importance of choosing previously
thinned stands for fertilizatlon. Since
the top four priorities are all thinned
stands, and elght out of the top twelve are
thinned stands, we conclude that thinned
stands,
if available, offer attractlve opportunities
for fertilization. This advice must be

Table 16,

tempered with the cautlion not to lgnore
site and age in plicking stands to fertilize,
as |s also apparent in Table 16. And of
course, do not lgnore other determinants
of wood value such as difficulty of
logging and accessibllity.

Note that this analysis does not
Include the cost of thinning,
but merely has been made Independently,
or that previously thinned stands
are already available as candidates
for fartilizer.

Stand Prlorlties for Fartl)llzatlion

Douglas-fir

Fertillzer Appllad to
Unthinnad Stands

FertilTzer Applied to
Previously Thinnaed Stands

Stand Age S0=Yaar 5lce Class

E0=Yesr Slte Class

when
Fertillized 1y (N kl |

v i I |

15 iz in 28 31 28 26 2% 27

35 2ha 21 22 23 20 13 15 1B

45 17 & 1k 1BA g% 4 I T

a5 g 5 B 16 3 1 2 7
Notes:

(1} »= gie

{2) Ranking based on rate of return

{3) Thinning cost Is not Tncluded

20
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Vi. FOREST FERTILIZATION AND
THE AGE GAP FPROBLEM
e e e it e e T
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The situation In which one or more
age classes of timber are not adequately
represented in a forest is known as the
age-gap problem. When cutting reaches
a timbar-deficient age class, it is
necessary to adjust harvest level, log
source, or both., In western Oregon and
western Washington the age-gap problem
Is one of the major factors affecting
timber supply. For a number of forest
owners a large adjustment of cut is
unavoidable. Such an adjustment Is,
in fact, currently underway.

What can a forest manager do when
faced with an age=gap problem? Several
alternatives exist. For example, merchant-
able timber can be cut out, production
facilities closed, and a holding operation
mounted until young timber matures. Such
a solution has drastic consegquences, not
only for the organization involved but
for the forest community In which it
operates. Another alternative for
dealing with the age-gap problem is to
attempt to keep the operation running
by an increasing relliance on log purchases
from public agencies or on the open market.
This selution is, in fact, being pursuad
by an Increasing number of timber companies.
Wood supply costs in the form of purchased
stumpage or logs can be expected to Increase
dramatically In the Morthwest as demands
increase and public agency allowable
cuts decrease from a shrinking forest
base and environmental constraints.

A third way of facing a decline
of self-owned merchantable timber is
by combining the first two alternatives,
and adding a program of intensive forestry.
This appreoach involves some retrenchment
of production, investment in facilities
for processing small logs, open market
wood purchases, and management of exlsting
young stands to bring them to merchant-
able size as soon as possible. Such a
management program includes thinning to
concentrate growth on fewer stems, and




Figure 12,

Fertilizer and the age gap problem.
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REGIOMAL GROWTH AMD RESPONSE ANALYSIS
OF THE TOTAL STAND FOR THINMNED WESTERMN

HEMLOCK, FOUR YEARS FOLLOWING FERTILIZER

APPLICATION.

23

Introduction :

A total of alight western hemlock instal-
lations, each with six plots 1/10-acre or
larger, recelved the following treatments
in Phase |I:

16 Plots-thinned and unfertilized.

16 Plots-thinned and 200 lbs. N

1& Plots=-thinned and 400 lbs. N

Analysis of the data Tn its entirety
revesled no signiflcant differences in
average growth rate among these three
treatments. The data were then stratified
into two geographical areas and Into two
age gqroups within the areas and tested for
differences. Finally the results were
compared with a similar analysis completed
far the Western Hemlock installations of
Phase | (four years after fertilizer
application).

A statistically signiflicant difference
(at 95% confidence level) In mean growth
rates between fartilized and unfeartilized
stands was considered a significant response.
This section Is concerned with:

1}. Response to 200 1b.-N application on
younger (12-23 years) and older (24-
35 years) thinned hemlock stands
within the Coastal area.

2). Response to 200 Ib.-N application on
younger (12-23 years) and older
(24-35 years) thinned hemlock stands
within the Cascade area.

3). Contrast of response to fertilizer
between Phase | (unthinned) stands
and Phase |1 (thinned) stands.

Results of Analysis
. Basal area gross p.a.i.
I} The younger stands In the Coastal
area had a statistically significant
response of 22% (Table 17).
i1} The younger stands and older
stands showed a 32% and 10%
respective response (Table 17)
in the Cascade area.

111) The only statistically significant
response to fertillizer on the
unthinned stands of Phase | was
17% in the Cascade younger
stands (Table 18).




2. Volume gross p.a.l.
i) There was no significant response
for either age group in the
Coastal area.
1i)  The younger stands of the
Cascade area exhibit a statistically
significant response of 25%
(Table 17).
For the unthinned stands of
Phase |, the strata showed no
significant response to fertillzer.

i11)

Conclusions
For unthinned stands (Phase 1) the

only significant response to fertillzer
appears in the younger (12-23 years)
stands of the Cascades. The Phase ||
plots also exhibited the best response

to fertilizer in combination with thinning

in this stratum.

Table 17.

Results of tescs for significant (95X confidemce level) differences

Table 1E.

Eesults of tests for sigonificant (95% confidence level) differences
between mean total growth race of unthinned unfertilized stands and
mean total growth rate of unthinned fertilized (200 lbs.-¥/ac.)
stands for Western Hemlock. :

Phase I

Four-year Response of Basal Area p.a.i.
{aq.ft.fac.fvyr.; min. d.b.h. = 1.55 in.)

Tauﬁgtr {12-23 yre.)

Dlder (24-35 vrs.)

diff = 2,288 (17%) diff = .GB6
N " L] L] Ll - - - h
CASCADE E.&2. = 73TT4 g.8 84118
n=1& n=15
gignificant eonsignificant
diff = — 596 diff = = &1E
COASTAL n.ai = 1.1002 B.e. = 5724
n= 17 n= 26
nonsignificant nonsignificant

Four-year Response of Taolgmse pea.l.
fecu.ft.fac./yr.; min. d.b.h. = 1.55 in.)

Younger {12-23 vrae.)

Dlder (24-35% yra.)

between mesn total growth rate of thinned unfertilized stamds and
mean total growth rate of thinned fertilized (200 lba.-Hfac.} diff = 37.2 diff = 12.7
stands for Western Hemlock. - 35,8 . = &2.9
CASCADE BB " Bl &
n= 16 n= 15
Phose L nonsignificant nenglgnificant
Four-yvear Response of Basal Area p.a.i. - .
fquft.flﬂ-fﬂv: min. :dl'bih-l- - lr55‘ il-'l.-} diff -lﬁ's diff -m'ﬁ
B.E, = ﬁﬁq-ﬂ B.B: ™ Eﬁ'rﬁ
o N - COASTAL
Younger (l2-23 ¥yT#.) Older (24-35 yrs.) o= 17 —
diff = 3.575 (32%) diff = 0,463 {10%) nonsignificant nonsignificant
. =1, cey o= GBS
CASCADE B.E 1 TB&jE ".ee
n =8 =g
gignificant eignificant
diff = 2,375 (22%) diff = 0.85
COASTAL B.e. = 1,06605 B.a. = ,B5796
n=8 n=8
significant nahaégnifi:lnt
Four=year Responsa of Volume p.a.di.
{ew.ft.fac./yr.; min, d.b.h, = 1.55 im.)
Tounger (21-=-23 ]"I'E.:I O0lder (24-35% vre.)
diff = 70.75 {25%) diff = =3.0
JB, ™ . vBy = 5.0
CASCADE ¢.e.m 239 e
no= 8 n= B
significant nonsignificant
diff = 45.0 diff = B.5
COARTAL B.2. = 41.9 B.B. = 52,8
=8 n=§
| nonsignificant nonsignificant
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Vill RADIAL IHCREMEMT RESPONSE AMALYSIS
OF UNTHINMNED WESTERN HEMLOCK, UP

TO NIME YEARS FOLLOWING FERTILIZER
APPLICATION.

Introduction

A1l undamaged Phase | western hemlock
installations (26} were analyzed using a
"oaired tree' approach. This study was
undertaken to verify patterns of treatment
response arising from the use of standard
plot-comparison analytical technliques.

The specific goal of this study was
to determine if there had been a change in
the radial groewth trend of upper crown
class individuals as a result of fertili-
zation 8 to 9 years previously. It Is
not possible by this abbreviated type of
analysis to provide per-acre volume or
basal area growth response figures.

Tree pairs were selected using
current tree attributes such as d.b.h.,
crown class, and species, along with
pretreatment radial growth trends. The
latter greatly Increased the sensitivity
of the tree pairing process, as it provided
a means of comparing an ITndlividual's
radial growth pattern as well as its size
and competitive relationship at a specific
polnt In time.

WESTERN HEMLOCK FLOT LOCATIONS
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Tree pairing or grouping is based on
the premise that if two or more Indlviduals
are currently the same size, crown class,
and species, and during the past years
have grown radially at approximately the
same rate, they will continue to grow at
the same rate in the near future. Thus,
once suitable pairs or groupings are made
using these criterla, differences In
future radial growth between control and
treated Tndividuals could be considered
due to treatment.

Using plot records prior to fleld
visits, each Phase | western hemlock
installation was screened for potential
sample trees to be used In the palred tree
analysis. On each installatlon, sample
tree selection was confined to domlnant
and codominant crown classes. An Installatlon
sample conslisted of 15 trees per plot (30
trees/treatment) with a target ratlo of
deminant and codominant trees of 2:1.
Callper measuremant points were marked and
used to locate Increment coring points.
Due to the common oval-shape exhibited
by hemlock trunks, each tree was cored at
the most northerly point along the long
axls and at the caliper measurement point
30° clockwise.

In the laboratory, each Increment
core was sanded and prepared for measurement
with a binocular talescope and electrenic
core measuring Tnstrument. Annual radlal
increment was measured and recorded for a
20-year period of each core. Average
annual radial increment was computed for
each sample tree. These data were then
complled and placed Into a computer analysis
routine that grouped sample trees within

an installation, based on the following
criterla: a) d.b.h, within 1.0 Inches,
b) same crown class, c) mean 7-year
pretreatment radial growth within 0,005
Inches,

Based on these grouplings, comparlsons
batween treatments were made to evaluate
response or lack of response. Devlations
betwean treated and control sample trees
were considered related to treatment,

? tah;a of results is shown in Appendix A
A-11).

Results

In general, results substantiate
previous indlications of a prevalent lack
of hemlock fertilizer response, especlally
on coastal sites. As with previous work,
there |5 wide variability. Percent radlal
growth response for all 26 installatiens.
was a positive 4% for both 200 and
4o0 pound treatments (+ 153 and + 17%
respectively). The 15-24 year age class
(breast height age at time of treatment In
1969 or 1970) showed the highest and most
conslistent response (Figure 13), whereas
no significant site relationship was
detected (Figure 14). Generally, the
Washington Cascade province showed more
consistent results than the Washingten and
Oregon coastal provinces, although It did
not stand ocut as an average high-responding
area,

Only four Installations (numbers 24, 70,

73, and 117) In all provinces registered a
10% or greater response In both 200 pound
and 400 pound treatments. Of these, only
the two Installations (24 and 117) in

the Washington Cascades responded
signlficantly above .90 probability level of

Radiol Growth Response (Percent)

5

Figure 13.

Western Hemlock--FPhasa |. Averaga 7-year

increment response by age elass.
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Figure 14,

I = 200 |bs NJAC

the calculated paired-t value. Instal-
lations with this level of slgniflcance are
underlined In the following paragraphs.

An additional four installatlons (all
In the Washington Coastal Province) produced
a 10% or greater response In the 200 pound
treatment only (numbers 15, 38, 42 and 80).
Finally, three other installations had a ten
percent oF greater response in
the 40O pound treatment only (numbers 72-
Ore. Coast, 109, and 112-both Wash, Cascades).
Hence, a total of 11 out of 26 installations
showed 10% greater responsa to one or both
fertilizer levels.

A5 was the case in previous hemlock
plot-comparison studies, nonresponse to
fert!lization was also exhiblited in all
provinces. Two Washington coastal instal-
lations (numbers 2 and 3) exhibited lesser
post-treatment growth by 10% or more In
both the 200 and 400 pound plots when
compared to the growth of their control
plots. In all but the 400 pound treatment
of installation 2, this was significant
above a .90 probability level. Two
Washington Cascades' Installations
{numbers 58 and 109}, and two Oregon
Coastal installations (numbers 48 and 43)
exhibited lesser growth by 10% or more in
the 200 pound treatment than in the contrel.
Three additional installations (number
111-Wash. Cascades, EEJ and 100-both Wash.
Coast) exhibited lesser growth by 10%
ar more in the 400 pound treatment than in
the control. Hence, a total of 9 out of
26 installations showed a lesser growth by
10% or more in one or both fertillzer
levels when compared te controls. Two of
these installations (numbers 42 and 109}
had reglisterad a positive response in one
treatment (see prevlious paragraph).

Based on site observations made at
time of core sampling, several nonrespeonding

o
(17)

Average J-year

incrament response by site class.

A =400 lbs NAAC
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I
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areas were noted as having been significantly
damaged by dlisease, weather, or man. In

most cases, this damage was not uniformly
distributed throughout the installatlon,
creating a differential Impact on growth.
Further asszessment of damage and structure

di fferences between plots within an
installation is needed to clarify the lack

of response phenomenon.

Possible reasons for variability in
hemlock response estimates, apart from the
obvious explanation that-actual growth and
response patterns are indeed highly variable,
include installations being partially
damaged, the low numerical magnitude of
growth and response, particularly in older
Installations (and hence the difficulty of
employing sufficiently sensitive measurements),
and the use in this analysis of a simple
mean pretreatment growth figure based on
7 years, whereas trends might have been in
effect within that 7-year Increment to
alter subsequent growth predictions one
way or another.

Conclusions

Tha only significant response to both
fertilizer levels was found in the "woung"
installations of the Cascade province,
which substantiates results of other
hemlock studies by RFNRP. But the overall
lack of response exhibited by unthinned
hemlock ralses many questions. |Is it
related to available growing space at time
of treatment, response belng registered at
higher levels on the stem, adequate natural
levels of avallable nitrogen, growth
limitations resulting from shortages of
other nutrients, suitability of nltrogen
forms other than urea, or widespread
presence of root-rot disease? These
questions are unanswered, but are the
subject of current and future investi-
gations under RFMRP,
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The findings from each phase of the
study are reported In the preceding sections.
Summarized below are some specific points
of Importance In planning the future
program. In part these are results that
reveal some deficiencies of the past
studies which should now be given speclal
consideration in plans for future work,
as follows:

1) In the Phase | unthlinned
fartilized stands, the range of basal
area per acre In the study plots is
generally high, because the plots were
chosen to represant ''well-stocked"
stands. Some stands now being fertilized
by cooperators have lower stocking, but
since our data do not cover that lower
range of basal area we cannot predict
response effectively for those stands.
Also, there Is no opportunity at present
to compare response in stands with low
stocking due to thinning, with that In
stands with equally low stocking due to
natural causes.

2) Similarly, the project plots
represent stands of age class 10-60
years, and some cooperators have large
areas of older stands for which they need

estimates of potential response to fertilizer.

3) The unthinned hemlock stands,
In general, show 11ttle or no response
to fertilizer, and it appears this
may be assoclated with very high
density in these stands. Tharafore, it
may be bast to concentrate more on
fertilizer response In thinned stands of
hemlock.

L4} All the response figures originate
from plots carefully treated to exact
dosage levels, uniformly applied by hand.
But the astimates from these are being
used to predict the outcome of operatlional
applications over large areas with much
less control over uniformity of dosage,
and very little control over the diversity
of stand composition and density. There
is some concern that there may be
'gperational falldown,'" a lesser amount of
response than under experimental conditions.
Hence, a study is warranted to estimate
the 1ikely magnitude of this falldown.

It is partly on the basis of these
findings that the proposals for future
work have been drafted.
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The following Is an outline of the
proposal for a S-year extension of the
Regional Forest Nutrition Research Project,
from July 1, 1980 through June 30, 198G,
Much of the planned work revelves around
data from permanent plots already
established, which become more valuable
wlith age, both with respect to fertilizer
recommendations and to forest productivity
Information. It is alse proposed to
extend work Into new areas thought to
represent the most important unanswered
current questions In forest fertilization
and thinning which have direct applicatien to
field practice,

Continuation of Existing Work

The organizational structure of the
project has provided a harmonious marriage
between operaticonal questions of the
cooperators and applled research interests
of the College. Future research activities

e e e ] will continue to be practically-oriented
and will seek to clarify operational
X OUTLINE OF PHASE |V PROPOSAL fertilization problems. As promising
D e e e e e e techniques are developed, they will be

applied and tested in the overall context
of the pProject's design,

1. Remeasurement and retreatment of
existing plots.

The approximately 1450 Phase I, 11,
and |11 plots form the basic strength of
RFNRP. By July, 1980, measurements will
have been carried out for as long as ten
years after the first treatment. At eight
years half of the unthlnned Douglas-fir
plots were refertlllized, and thes othar
half left to grow under the effects of the
flrst treatment. This scheme will provide
data on duration of response from one
treatment as well as on response to a
second treatment. Retreatments are also
recommended for Phase | hemlock plots and
for Phase Il plots In the future.

2. Contlnuation of work In methods for
estimating fertillzer response.

Estimating reglonal fertillzer response.
In order to make recommendations on fert]]|zer
practices is the primary goal of RFNRP,
and consequently experimental design and
analysis techniques appropriate to that
goal are employed. However, there Is also
2 need for close examinatlion of response
patterns on a local basls. Pllot stydles
undertaken to date indicate value in
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performing additional Intensive mensurational
work on Phase | and Phase || data, including
multiple-element plots established in

Phase |1. Sufflicient time has now elapsed
since Inltial treatment to present a

clearer picture of the effects of stand
structure and other natural causes of
varlation on response patterns within
speciflic areas.

3, Contlinuation of work In predicting
fertilizer response.

In addition to development of mensu-
ratlonal technigues to maasure response,
several approaches turned up by solls and
foliage studies conducted to date warrant
wide investlgation. For Instance, treas
growing on solls of different parent
materlals seem to vary In thelr abllity to
respond to fertilizer. Further efforts
are required to determine the usefulness
of these technliques and to refine sampling
procedures. The primary goal of such work
s to derive relatively Inexpensive methods
of predicting fertlillzer response prior to
treatment. Removal of the uncertalnty
surrounding treatment of specific stands
has the potential to vastly Increase the
profitabllity of forest fertillzatlon.

L. Continuation of work In the economlcs
of forest fertillization.

With respect to economles, future
work Includes continued sophistication of
technigues for measuring profitability and
assligning priorities for treatment, as
well as the quantlflcation of response to
faert!1lzer in terms of changes in log
size. Large logs are not only cheaper to
harvest than small logs, but vield a
higher preduct value per unit of volume.
$ize increase due to fertilizer s a major
contributoer to the profitabllity of forest
fertilization.

New Activities In Phase IV

e Reglonal Forest Nutrition Research
Project is approximately ten years old.
That relatively short perlod of time has
witnessed remarkable changes in forest
practlces In the Douglas-fir reglon.
Increasing emphasls on young-stand management
has developed In conjunction with greater
intenslty of management efforts. As the
principal Intensive-silviculture data base
In the reglion, RFNRP should continue to
oromote the development of Information
needed for the transition to the '"third
forest'.

5imilarly, knowledge galned slince the
Inception of RFNRP has Indlcated several
important gaps In the data base which are
of Immediate concern to the management of
widespread areas of exlsting Paciflc
Northwest stands. This proposal addresses
several of these situations which are
judged to merit further empirical
investigation. '

1. Fertilization and thinning in man-
made forests.

Forests under management today can be
characterized as to whether or not they
have undergone early spacing control.

Most current young-growth management
efforts have been aimed at naturally
regenerated, unspaced stands. To date,
work under RFNRP has reflected this situatlon,
and has concentrated on fertilizatlon and
thinning of natural stands. Managed
forests of the future will frequently grow
under controlled spacing conditions. It

Is therefore essential to begin laying
groundwork for growth and yield projections
In these man-made forasts. It Is proposed
to establish a number of study areas

8-15 year-old plantations representing a
range of slite and geographic conditlons.

2, Fertilizer response In areas of less
than full stocking.

Plots established to date under RFNRF
have been dellberately selected to represent
heavy stocking conditions. Consequently,
the effects of lesser stocking levels on
rasponse cannot be completely assessed
with current data, even though It is
recognized that cperatlonal fertilization
areas are generally less fully stocked (on
the average) than are research plots. The
effect of fertiilzar response on under-
stocked stands and '‘average'' forest conditions
must be measured |f the economic assessment
of operational fertillzer programs is to
be accurately determined. The fundamental
approach will be to study relatively few
areas, but study these areas In detall
using large plots, more than two replicatiens
of treatment, and Intensive mensurational
techniques. Stands of wide variabllity In
stocking (40-80 percent of normal) will be
studied.

3. Assessment of 'operational falldown',

Concern has often been expressed over
a possible "operational falldown' in
response. This might happen because of
differances between operatlonal treatments
and experimental treatments, or because of

-

-

o oo, _—



differences in average stand condlitions

and sample plot conditions. To the extent
that a reduction In stocking Is Involved

In this response difference It will be
Investigated under Part 2 above. Varlatlon
in appllcation uniformity, however, still
remains to be assessed. RFNRP plots have
been hand-=fertilized under carefully
controlled conditions. It Is proposed

that several stands which were fertilized
ocperationally in the past will be investigated
to determine response. It is also proposed
that several new operational fertillzations
will be Investigated to determine fertilizer
distribution and 1ts effect on response.

4. Response in older stands.

Economic studles Indicate that
fertilizer should be applied where stumpage
values are high. A vast acreage of Douglas-
fir stands 60-100 years old exlsts In

Oregon and Washington and will be a critical
part of the timber supply plcture for many
years. Data are Incomplete about fertilizer
response in such stands, as RFNRP plots

ware all lass than 60 years old when
treated. It is proposed to throughly

review exlisting Information and perhaps
establish several Installations In

stands aged 60-100 years.

The budget for Phase |V would essentially
continue current funding levels as adjusted
for Inflation, The proceeding outline Is
not quantitatively speciflc as to Fhase IV
plans, and not all the above items are
considered to be of equal weight. However,
this summary does emphasize the general
directions anticipated for RFNRP as It
enters its second decade of Involvement in
this tremendously excliting period of
Pacific Northwest Forestry.

REGIOMAL FOHREST MUTRITLION REXEARCH FROJECT

Expend itures by Flgcal Year, Total Program

LK =

E supplion & Services

D Travel

e E Galariea, Beneflte & Ovechead

20U

| S|

vsa} E%

|

Expendituzes in thousands of dollars

1aay
- HegF
— 1 M

F1E 4

h-ﬂ—li..—h—..—l—.—l—& | F . Ml

Average Rate of Inceease, 1970-1985 = H.3% e

)

T I 12 Il Th 15 Th

7

{(Figcal years 70-78 actual; 79=85 projected)

i L &0 at g2 -5 b4 a3

Fisval Year {late of year-eod, Juse 300

- I-'—"'_ Phase |

-t

Fluase 111

I'-—-"'""""- Phi=e 11 _-——-'-'l

3l

-+.- Plaase 1V 4-.{




BUDGET SUMMARY

Expenditures all phases from Project Initiatlon to June 30, 1978

Salarles,
Fiscal Beneflts, Supplies, Equipment, Cumulative
Year Overhead Travel Contractual Services Annual Total Total
69-70 § §7,296.52 $17,179.92 $10,580.33 $ 85,056.77
$ 85,056.77
70-71 77,0652.25 1B,052.08 2,063,310 100,767.64
185,824, 11
71-72 69,875.49 12,680.81 10,339.28 92,895,58
278,719.99
72-73 68,945.49  14,581,74 9,016.18 92,543 .41
371,263.40
73-7h 67,002.83 19,731.71 9,628, 02 96,362.56
L67,625,96
74-75 122,735.47 16,123.71 15,951.16 154,810, 34%
: 622,436.30
75-76 114,786.86  23,355.79 16,957.83 155, 100.48
777,536.78
76=77 £9,623.56 19,154, 6] 22,843 42 111,621.59%#%
. BR9, 158,37
77-78 124,438,34  33,071.33 16,997. 31 1 74,506.98

9 year total:

1,063,665,35

* Initiation Phase 11|

#*% During F.Y. 76-77 it was possible to shift certain project personnel

to other budgets for supplemental studies.
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Table A-l.

Distribution of 1/10-acre plots used in f-year total gross Tesponse
analysis of unthinned Douglae-fir. 401 plots

B.H. AGE TREATHENT SITE CLASS
CLASS {(Pounds of I 11 111 IV
{yre.) K per acre) P.A.I. F.A.I. P.A.L. P.A.L.
0 2 3 1 -
10 200 2 2 - -
400 2 y. 1 -
0 3 11 11 1 i
20 200 k! 15 9 2 _
&00 1 9 13 - .
0 10 21 11 5
30 200 12 14 14
400 14 14 15 B
0 3 14 13 7
40 200 1 19 15 7
400 1 23 13 5
0 2 7 4
50 200 2
&00 , 2 3 6 - |
i
Table A-2.

Eetimated mean initial total volume for unthinned Douglas=-fir.
(cubic feet/scre, minimm d.b.h. = 1.55 inches) :

Site Index
B.H.
Age a0 80 100 110 120 130 140 150
10 264,60 307.7 2.0 597 .7 S85. 5 LG92.3 541.3 591.2
15 DOL, & 1082.0 1273,.0 1476.7 1689.9 1913.1 2145.9 1388.1 I

20 1676,5  2044,7  2442.1  2867.7 3320.6 3800.3 4305.9 4B836.9
25 2444,0  3009.4  3625,2  4290.1 5003.1 5763.1 6369.4 7421.1 ]
30 3151.7 3905.8 4731.9 5618.9 6595.4 7630.4 B732.9 9902.1 ﬁ
35 a787.8  4715.4 5736.2  6BAE.B 8051.9 9344.4 10725.4  12193.9 i
40 43548  5439.9  6637.%  7947.3 9367.0 10895.0 12533.2  14277.B i
45 4860,0 60B7.2  7445.4  B933.3 10549.9  12294.2 14165.3  16162.3
30 £111.4 6666.8 B169.9  9819.5 11614.8 12556,8 1563B.5  17865.5

g —
S S
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Estimated mean initial tetal b

(square feer/acre,

Table A-3.

minimem d.b.h. = 1.55 inches)

asal area for unthinned Douglas-fir,

Gite Index
E.H. '
Age 80 90 100 110 120 130 140 150
10 40,8 42,4 3.8 45.1 46,4 47.6 48.7 59,8
15 84.5 89.B 4.8 99,6 104.2 108.6 112.8 116.9
20 118.2 127.1 135.6 143.8 131.86 159.3 166.7 173,19
25 152.0 133.8 165,1 175.0 186.7 197.0 207.1 217.0
30 158.7 172.5 188.1 19,2 212.0 224 4 236,86 248 .6
35 170. & 186.0 201.1 215.8 230.2 244.3 238.1 271.6
40 178.6 153.4 211.8 a27.8 243 .4 238.7 £73.8 288.6
43 184&.4 202.1 21%.4 236.4 253.0 269,13 285.3 301.90
50 158.5 206.9 224.9 242.6 259.9 276.9 293.7 310.2
Table A-4.
Pistribution of 1/10-acre plots used in f-yedr merchantable
Bross response analysie of unthinned Deuglaas-fir. 286 plots
B.H. AGE TREATMERT BITE CLASS
CLASS (Pounds of 1 11 111 IV
(yrs.) ¥ per acre) P.A.T PLA.L. F.A.I. P.A.I,
0 1 1 z =
15 200 2 1 2 -
400 - 1 -
] 14 22 7 3
25 200 16 24 12 5
400 17 25 9 2
4 17 16 7
35 200 17 10 11
G0 14 20 9
0 & 1z 9 5
45 200 3 13 12 2
400 b 15 9
-
Table A-5.

Estimared mean ini
(cubic feat/acr

tial merchantable volums for unt
e, mindmus d.b, k.

himned Douglas-fir,
= £.55 inches to & 4 inch top)

Site Index

B.H.

Age ag 80 lon 110 120 130 1a0 150
20 - - 439.1 939.7 1487.9 20748 2693.6  333B.4
25 367.7 1005,0  1726.2 2515.% 3360.7 4252.5 5184.0 B150.6
g 1215.0 2090, 4 3057.5 40999 5206.1 B36B.2 T581.5 BB&3.1
35 1038.0 3115.5 4290.8 554R.0 6B80.6 8280.3  9745.7 11276.2
&40 2789.5 4036, 5 5387.8 6B3I1.0 B359.4 9970.2 11663.3 13439, 6
&5 3438.7  4B&I.1  6351.7 7955.% 9638.1 11458,7 13358.8B 15360,%
50 4049.7  5563.1 7196.4 B943.2 10802.2 12774.R l4B864.0 17072.9
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Table A-6.

Eerimated mesn initisl merchantable basal area for unthinned Douglas-fir.
(square feet/acre, minimm d.b.h. = 6.55 inches)

Site Tndex
n-n- " ' °
Age a0 90 100 110 120 130 140 150
20 - - 11.9 39.9 65.0 B7.3 107.3 125.0
15 7.1 43.9 T6.4 105.0 130.1 152.3 171.9 1849 .4
30 55.6 92.3 124.2 151.8 176.0 197 .3 216.3 233.4
35 1.7 127.2 157.7 1B&.1 207.2 227.7 246.3  263.4
&0 118.0 152.0 181.0 206.2 228,5 - 14B.5 266.9 284.1
&5 137.1 169.5 197.2 22L.4 243.1 262.9 281.3 Z98.7
50 150.9 181.9 Z08.5 232.1 253.3 273.0 291.4 309.1
;
Table A-T.
Distribution of 1/10-acre plots used in -ﬁ-;n;rea.:' total gross
responsa analysis of thinned Douglas-fir. 191 plots
B.H. AGE TREATHMENT
CLASS (Pounds of SITE CLASS
(Yrs.) W per AcTe) 1 11 I1I v
Q = 3 & 1
15 200 - 2 4 -
400 - 1 5 =
a 1 -
25 200 3 5 1 &
H00 1 B 3 z
0 & 11
35 200 5 10 7

400 [ 8 10

45 200 1 7 9 1
400 - 6 10 3

L=
W
ca
e — e 1
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Table A=§,

Metribution of 1/10-acre plocs used in the 4—year totel gEross
responge analysis of thinned Douglas-fir. 191 plots

BE. H. AGE TREATHENT Douglag-fir Bagal Area
CLASS {Pounds of 55 85 115 145 175
(Trs.) N per acre) | P.A.T, P.ALI. P.A.I. F.A.I. F.A.I.
ol & 2 p: - -
15 200 8 2 2 - -
H00 7 ) 2 - -
0 2 2 -
25 200 1 2 7 & 1
400 1 1 11 4 1
0 - - 13 3
35 200 - = 13 &
400 - « 12
0 - -
&5 200 - -
400 - - 2 10
Table a-9.

Estimated mean inftla]l total volume for thinned Douglas-fir,
(cublc feat/acre, minimum d.b.h, = 1.55 Inches)

Site Index
e ]

B.H. Age &o 90 100 110 120 130 Th0 150
10 = 360.8 h&l.g £J&.8 705.8 849.1 - =
20 1071.5  1326.9  1609.2 1924.7 2272.0 265].7 1064.1 -
10 2116.3 2559.9  3049.8 3586.8 M171.7 4Bos.3 54BB.5  6222.0

&0 3082.5  3659.4  4376.3  5114.2 5914.5 6778.2 6. -
50 3758.9  4507.3  5326.3  6218.5 7185.7 - " *?
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Table A-10.

Estimated mean Initial total basal area for thinnad las=fir.

(square feet/acre, minimum d.b.h. = 1.55 inchas

Slite Index

B.H. Age gn 90 100 10 120 130 140 150
10 - 31.13 39.9 LB .4 57.0 65.6 -
20 65.7 74.3 B2.8 91.4 100.0 108.5 117.1 -
30 96.8 105. 4 113.9 122, 131.1 139.6 146.2 156.8
Lo 116.0 124.6 133,2 141.7 150.3 158.8 167.4 -
S0 123.4 131.9 140.5 149.0 157.6 - - -

Table A-11.

Results of "paired-tree” western hemlock analysis

grouped by province, age class, and sita class.

200 1b. N response (%) | 400 1b, W response (X)

Category Ho. of Scandard Standard

Installations Avg. deviation Avg. deviation

Total (26) + 4% {+ 15%) + 4% {+ 17%)
Frovince IIL (10} + 6% (+ 153) +111 (+ 20%)
Frovince V (11} + 3% {+ 14%) - 4X (+ 13%)
Province IX { 5) + 1% (+ 19%) + 7T (+ 11%)
Age 0=14& { 2) + 4% (+ 4%) - 6% (+ 16%)
Age 15-24 {5 +17% (+ 14%) +27% (+ 17%)
Age 25-34 {11) 0% (+ 15%) 0% (+ 12%)
Age > 35 { 8) + 3% (+ 13%) - 3% (+ 11%)
Site I {3 + 1% (+ 207T) + 6% (£ 1)
gita II {17) + 5% (+ 14%) + 1% (+ 16%)
Site TIL { 3} - 3% (+ 15%) + 2% (+ 11%)




MAPPENDIX B

(Unthinned Douglas=-fir Duraticm of Respomse Studies)

Figures
B-1 Site I Age 30
B=2 Site II Age 20
B-3 Siee II Age 30
B-4 Site II Ape &0
E-5 Site III Age 20
B-§ Site ITT Age 30
BE-7 Site IIL Age 50
B-& Site IV Age 30
B=9 Site IV Age 40

4]



(%2
= (30£)
asvodsey § MOOR sesee=aman
Supzip i G FARREEL Y Bupzy[iidas
o .",K__- g FERTL Ja1e
SJEIA T PdIYL simah 7 puUOINg

vsuodsay HOOY fid

asuadiay NDOT ﬁ

- Fl - - L ._H‘U.
BAYIIT 67T = "Y'q"p WEjLTE 1awad/azonf1aey aien

’ apj-swilinog 1o3 spoyaad Ivad-g L]

yimol¥ weaw TEEwY TFI0D sE0l1% Fo ascodsal uwed PRIEERIeE

o a8y TII #IE5

- *InEIg

L]

x (321} (E110] (Ez1)
2 m (51}
mn (352) e (x02)

a
g2
i
]
~3

Ssucdsay § MOOZ

CETESRRREL ¥l Bupzy|1iday Buyz)|13.9)
hiu.h.! ...Huu.l Lu.u.m.-_

siemh 7 payl saead 7 puodag

o e - .- 9

-]

&

-

i

K]

=

]

1]

=

[ ]

=

o

=

r

-

asucdsay NOOY

#suodsay NOOZ
OF @Y 1 #3TS
(saysny g5'T = ‘u'qp EEpUE fimad[adIvfieeg azwnba)

1pj-aurineg oy spopied aeed-7 49
yisold walw Teseq [PIey seoal jo savodrass cEsE pRIPETIST

*T-g eandyy

F

§[04Iu0D pRIPY|3ED
JEAC IEEIIDU| JURIIEg

42

Jeah Jad suse sad jeay sJenbg



[

(2LE) %z
(ke (20w)
[ Ll T
FSUDDEIY % HOON \wmeaee .t._..l......t.... {39%) | lnwmq..__
BEUSAEFY ¥ NOOZ “u..“:.-.....
(255}
EIUFARNENE Y Bujzygprday Bujzypriaey
3130 i91;% ieye
SJERA 7 panyp SIE3AL 7 puasag siead 7 15444
s E

auodsIy NOOK

25U0ds Iy NOGOZ E

OF 98y f5I sy

(84IUT £C°T = "4 q*p wnaTufm (R L RS 1 FETEY aapnbs)
“¥J-SE[3n0g 103 spoTiad imad-7 iq
43Inoad ®al1® [wseq (P03 sE0id 30 SU0dSII URSE palEmIIeg

‘g-f aandyy

414

ok

5|0J1u0 pajew)1ta
A0 SERRJIOU] JuaDiBy

=
asucdsey % HODY csmnmrmnnss
PsuUodEay 3 HOODT ——

(z11)
(z11)

Burzipriaay
33 e
SIRRA T 15114

45

09
Bupzyry1aay Bupzyyaaey
d91;e FES Y ]

siead g payg $483L 7 puooeg
e WFErE

s b

=

L]

=5

- 1

-

5

a

_+

b

S |

-]

x

a

=

[y ]

=

e

o

1]

=

FSuadsay Nooy @

I5U0dsay NOOZ E

oy 2By IIT1 =s3tg

(S9Y2E} £ = *y4'q'p mafurm fimaLiaiam

#1933 azenba)

17F-suldno] 1oy spoliad 1T3d=7 £q
Uisold E3I® [waeq TE103 S50zl Jo rucdsar cwam peawmy3 sy

"i-d 3In¥ig

$|041U03 pajen|]se
A3A0 PEEBIDU| Juediey

884 Jad suow sad 193} asenbg



S R = T rErer— ——— ———rm— —

(301) — (zh1)
: (2%2)
(292) meemem (342)
25uCdS#Y & HODY sesersassss
EUDEEEY ¥ HOOT ——————
Bujz|| 11493 Bujzyjriday Surzg a9y

aa3yw NESFY JFI4W
samed 7 pdyl faeadl 7 puoang SAF3A F 154]4

1o

[ /i

L t
b
o

5
R

2su0dSY NOOK ﬁ

F5uodsay NOOZ E

of 8y 1111 =3f3
(893U €5 T = "y'q p TEjUFE !i¥affaiaE iee] aaEnba)

ayF-s913nog 153 spotisd imsl-y Kq
ginoiE veim [eewq T¥I03 5018 3o ssucdesa uwem pwEIRd

“g=g FINITI

23 ad
o8 =g
i3 1= il
g (35%) e 1292) g
a3 . (367) e . [362) a3
n =
g3 (BL0) e g3
i |
2k (285) {on 2g
=3 "3
FSUOASPY 3 NODH wmsmmmace iz
ssucdsay 3 WOOT
04
Bupzp) |3y Gujzip1a49y Buizp1idey ”M
IR Jaige FEETY )
saEed 7 opaiyg Takak 7 pudiag TaEdh 7 15414
i ]
) ]
: -
s ™
.y =5
: -
=
3 -
: :
m "
. b |
E ¥ 3
3
: ;

asucdEay N0 ﬁ

Asuadsay NOOT ﬁ

0z #8¥ IILI #3713
(FBYIWE £C°T = *Y*q'p =nafupm {ivsd/a32%)399F aIenba)

Ip7-seTingg oy spopaed 1mad-y Lq
Yiaoid wale [vevq [¥I03 #E03E Fo ssuosdeal awvem paiwaTisg

*g=g sandyy




(3LE) (z2y)
- (oY)
FWUCHSIY | NOOK eeeers n‘al.i#l.%ll.:::....lf.!
ssuadsay 3 wooz I..H.i._-l_-_.... (T5x)
(x55)
i - b T

SJeah T pajyy i34 7 puooeg SA@d T 15404

/i

F5ucdEIy NODK %

asundiay yoor .___‘__.&
0t 28y a1 aurs
(ERUIUE SG*T = "y q+p WNEMTUIT IiTed/aI0e 1aa] enhby)

1Fj-su18nog 1oy spapied smad
T 4q
im0zl weaw T¥3Rq 18102 swo1d Jo ssuvadsel UTam paimmpisy

‘g-f sandpg

sH (zh)

{z11)

i
=
5|

7

§1043u00 pRlew|3sa
4340 EWAIOU| JuBILDg

45

-
ma _.ﬂ#._.u._.-
.ﬁ ._...J- J.;_l.lrIli.-.-.-l.l ﬁ”n. — H
0z M.“
2 “ (20Z)
a =
1]
§3
o% WH
]
i
IEVOATDY % OO emerrmrrans
Suodsay 3 NOOT —
a9
Supzypjiaey AT
EARNETET Buiz
f.-ii..u:l_ 133w .Lwh""“._n_m
T paiyj ek 7 pucamg sieal 7 1%a94
) P T w0 -
B i
5
5
M
3
2
3
-
o
]
E;
|
F
o

Asucdsay HOCH %

ssucdgay NJOQT ﬁﬂ
0t 33y 111 @3tg

(BIU2LT SC'T = "grq'p U fimad/aioeis9y azEnbg)

IFJ-seTdneg 1oy spepaad iwad-z £q

W3a013 ®eIw [wswq Teoq 5018 Jo asuvodes: uwswm pelvEp 1y

- i-g aandyy

Jeed Jad guse sadg 183y Sumnbg



——y

(%12)
...-.-o\...

(Z1%)
vaesnans FSUOAEDY % znndﬁuamu (2L5)
asucdsdy 3 NOOT “vee,
(RES} " —n ...»..t...
(x19)
Burzppriaey Bujzpriaey Bujzyp131day
Ja1,e Cdal)e d3140
£ A543

sieak 7 paiyy i3k 7 puddag

e

ASUCdsay wOOw

25ucdsay NOOT

oy @3y Al 937§
(s8your ¢C°'T = "Y-"q P Tnmpuja !1eadieIDwfiee) aiEnbs)

Ifr-guTdnog Joy spotiad i1gad-7 4q
yasoid waaer [eseq [e301 ss018 jo asuodsai uwam pajemylsy

*§-9 aindyg

0z

09

S|DA3UOD pajPuwllsa
d2380 I5EIADIU | ju #rlag

Jewd Jad 2.43e sad jaay ssenbg

e S ]

46



