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PREI'ACE

Forest genetlcs comes of age. It 1s no longer regarded solely as the
sclence of breedlng super trees. Tree breeders have learned that evo-
lutLon has created remarkab 1e adaptlve oechanlsms often disrupted by
Manrs manlpulatlons. In Ehe Northern Rockles, sone adaptablllty nay
have been lost already ln resource Eanagement practlces. In preventing
theae losses ln the future we wlLl leave a preclous lnheritance -
lltera1Ly - to our chlldren and grandchlldren. It !1111 be an lnherlt-
ance of the full range of blologlcal optlons Ehat 400 nLllion years of
terrestial plant evolutloo has created. It rr111 be an lnherltance
wl11ed by competent forest biologlsts worklng together and ualng the
tools of understaDding. Socletyrs demands w111 be net through
practlces dlctated by the natural hlstory of an area, and not by the
current demands of the cotraurner.

The Forest Genetlcs Pro rann for the Northern Re ion is a statement of
our lntent to manage -- not slnpJ-y manlpulate -- plant gene resources
ln our National Forests. It represents a synthesls of current geneLlc
concepts and prlnclples applied to resource management ln the NorEhern
Rockles. Thls document ls, in effect, the will and testanent for
17 nll1lon acres of forests. The eclence of genetlcs, broadly applled,
w111 help assure that these forests are pasaed on as adaptable as they
lrere recelved

(
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ABSTRACT

THE FOREST GENETICS
PROGRAM FOR TIIE
NORTIIERN REGION

by

George E. Ilorre

The principles of genetics are appllcable to all reaource nanageaenE firnctlons.

Manrs manlpulatlona of vegetatlon in all naJor re8ource oanageoent actlvitleg

ln the Northern Rockles effect evolutlonary change. Chapter I ldentlfies the

genetlc fiopl-icatiors of :

1. Artiflclal and natural reforestatlon.

2. trire aod fuel managenent.

3. Insect and disease control.

4. Tinber stand improvenent, lncludlng the applicatlon of
syntheslzed chemlcals.

5. The loas of plaut populations to constructloD Projects'
lndustrlal pollutlon' and tatural cataetroPhles.

5. Rehab 1ll.Batloo.

7. Tree lmproveDent projects.

A more thorough dlscussLon of geoetlc prlnclples and their lopllcatlons for

resource Ea[rageDent 1n the Northern Rockies appears ln Appendlx J.. The current

conduct of these actlvitles suggests that resource Eanagers in the Northern

Rockles are nor enterlog genetlc plaonlng into thelr manageoent prescrLptiona.

The deflclency results froo lnadequate geaetic educatlon.
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fl Ch.pt.r II focuses on the appllcatLon of genetLc prlnclples and breeding tech-

nology to increaaing tree flber vohne ylelds on lands managed for tlmber pro-

ductlon, Coats dlctate that the Tree Improve[ent prograD be designed for htghly

productlve lands only. Thus, the demands for lnproved trees are developed by
(Pc)

deternlnlng future plantlng needs on Produetlvlty Claastrl and 2 lands. It ls

asgrned that the beneflta of tree lqproveoeot will increase plantlng demands ln

the future.

Prolect prlorLtles are developed froE co[putatlons of need for lmproved geed,

uodlfled by:

1. The relative anounts of flmdaoental genetlc

knowledge avallable for different species, and

The potentlal for cooperatlon frou other agenclea

and organlzationa.

Ite prtorltiea, ln deecending order are:

1. Douglas-flr, weatern !hlte plne, ponderosa ploe for

approprlate PC 1atrd 2 laods rrest of the Contlnental

Dlvide.

Lodgepole plne for all approprlate PCl and 2 lands;

westerD larch for approprlate Pc l aod 2 lande rresE

of the Cootltrental Dlvide.

2
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-a3. Engelmann Fnd uhltej spruce for all appropriate

PC I and 2 lands; Douglas-fir for appropriate

East Slde PC 1 and 2 lands;

(;'i et*a at
for appropriate lJest Side PC L lands.

4. Subalpine flr for all appropriate PC 1 and 2 lands,

A tree lnprovement flow chart shows the procedures for sampl1ng, evaluatlon,

selection, breedlng, and flass seed production. Most projects are started wlth

1ow-intensity-selectlon, hlgh-volune sanpling of wild populations, followed by

establishment of unlform-environment, Dultlp le-plantation progeny evaluatlon.

Relatlve performance of groups in these evaluatlon plantatlons w111 pernlt

reliable selectlon of superlor genotypes. Earmarked evaLuatlon plantatlons

w111 then be rogued - on the basis of group performance - lnto seed orchards,

L'here crossing of superior genotypes and mass seed productlon will proceed.

In the Eeantime, pareotal wild standg tentatlvely ldentlfled as superlor

(fron early progeny evaLuatlon data) wtll be thlnned to produce seed perhaps

2- to 3-percent improved.

Tvo eleEentary economlc analyses of tree iryloveEent in the Northern Rocki-es are

presented. Both show the undertaking to be economically viable. Yet, tree

improvement is not to be Justified solely on its lnternal rate of return or

current net rrorth, for there are many other coDpelllng beneflts not easlly

quantifled by economlsts. Ten are listed.

t4r
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The flrst corrnerclal plantlngs of genetlcally improved seedllng8-- rust-

resistant rdestern whlte plne--wlll be ln 1974. These plantatlons should be

ready for counerclal thlnnlng in 2004. Tto percent lmproved Douglas-flr and

ponderosa plne seed w111 be avallable ln 1980 or earller to meet a portlon of

the plantlng needs of Natlonal- Forests and cooperators. Sna1l anounts of

improved grand fir seed nay be avallable by 1975. Dollar returns fron 1980

plantatlons should coamence in 2010.

Plans are lald al-so fo! the acqul8ltion of unimproved seed so a9 to control seed

source tlghtly. By 2O2O moat unlmproved seed is to be gathered in nultlple-

species seed productloo areas. E8tablishnent of these areas is to coxmence ln

the decade of the 70ts.

IIl
Chapter / identifies and plans for speclflc educatlonal needs of NatlonaL Forest

and Reglonal Office personnel for meetlng their re8ponslbllities as custodlans

of gene resources. The flrst is to buIld a thorough genetlc foundatlon for

Forest and Distrlct personnel maklng resource management prescrlptions; the

second 1s to provlde speclfic skllls to those lmplenenting tree Lmprovement

projects; the thlrd ls to develop support for the Forest Genetics Program ftom

the Regional Foresterrs Staff and ForesE Supervisors. The Northern Regionrs

Program for Continulng Education in Forest Ecology and Sllviculture meets part

of the first need. The program w111 be supplenented by a Eulti-ned1a packaged

courge of lnstructlon. Training for tree lmprovement projects, too, w111 be

accooplished through a nulti-medla tralning package. To meet the thlrd need,

the Reglonal Genetlclst w111 prepare a multi-nedla expl-anation of the Forest

presentatlon at Staff and Supervisors I meetlngs.Genetics prograD for his

.4.r
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Elo.LLy, chepter III ple. for genetlc lDput! l.ato the Northero Begioara

Natlve Shrub Progre. Ibe obJectlneB ere very illff,ereot f,ro thoee for thbcr.

Crtrseqrlatly, the geoetlc coraidatatloa illffer al8o. tt3ae coatLdeEtloa are

allscusled aod a proceilure fot ua&,lag od lryleoeotfug geaetlc recomeodatloe

l-s detaLled.
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CHAPTER I

GENETICS IN THE I',ANAGEMENT OF I'ORESTED LANDS IN THE NORTITERN REGION

INTRODUCTION

Like Neture, manrs lmpacts on ecosystems have as their flnal

consequence changes ln the genetlc constitutlon of llvlng organisms.

The wlsdom of current land management actlvlties w111 be measured by

the quality of the genes in future generations of forest plant and

animal conununlties.

Forest genetics in Northern Reglon (fig. 1) forestry has evolved

frour breeding super trees to the broad perspective of applying genetic

prtnciples to all resource management actlvlties. Gene frequencies of

plant populatlons are changed not only by our Tree Improvement Program,

but also by our reguJ-ar reforestation practlces, fire and fuel manage-

ment, insect and disease control programs, cultural practtces, and by

construction and industrlal processlng. Ttre Forest Genetics Program,

based on blological principles (Appendix 1), ls a start at buildlng into

the consclousness of our resource managers a custodianship of gene

resources .

Figure l.--Map of Reglon I National Forests.

This expanded perspectLve of forest genetics in no way devalues the

neej for the Tree Improvement Program. Its potential was formally

recognized in a docunent drafted 1n L965 and revised in 1958 and again

in 1970 (Wellner et a1.). this earLler document emphaslzed white pine

-1"-



Figure l.--Map of Region l National Forests
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blister rust resistance breedlng.

The current document is the next stage in the evolution. The

"selecEion pressures" have changed. Blologlcal1y wetre more

knowledgeable. Study of the genetic control of bllster rust reslstance

shows that natural selection is lncreaslng reslstance of the white

pine 1rr some areas faster than we would have predlcted, Our understand-

lng of forest ecology discourages practiclng monocuLture in nost of our

tlnber types. Natural regeneration on nany highly productive sites

is more efflcient than planting. The increasing denand for forest

products from a diminlshing avallable commercial forest land base

(Anon., 1972a; Anon. , 1972b) makes lt imperative that we increase the

volume yield of tlmber growing on the acres remalning. These concepts

Lrere not principal conslderatlons in the earlier Tree Improvement

Program plan. The foregoing factors denand equitable attentlon to all

comerclally lmportant species in developlng the Tree Improvement

Prograrn to meet current and future needs.

ACTIVITIES NEEDING GENETIC PLANNING

Forest managers must recognlze and plan for the geneti.c consequences

of thelr actlons. Geoe tically-inf orrned actlon can optimize genetic

quality and biologlcal diverslty. For example, understanding the

genetic control of blister rust resistance in lrestern white plne will

help ln writlng narklng guldes for a harvest operatlon ln northern

Idaho. Ttre prescrlptlon will requlre that rust-infected but survivlng

oature trees 1n long-infected stands be left to regenerate openings,

along wlth some of the disease-free whlte plnes. Likewlse, the silvi-

cul-turist who recognlzes the respectlve roles of environment and genes

-2-



on varlation in lolr-heritab i 1i ty tralts flnds more optlons 1n ruarklng

a natural regeneration harvest cut,

Ttrese same managers will rel-ate the natural hlstory of the Northern

Rockies to evolutlon--the chanBes ln gene frequencles over generations,

leading to adaptation to local envlronmental conditlons. They wt1l be

wary of lnitiating or contLnulng treatEents which do not para1lel

natural eovironmental influences. Ihe genet ically- informed manager

will refuse to use inadequately- tes ted, nonlocal seed for hls artificial

revegetatlon projects. He will assess the value of genes to be lost

to ajor constructlon projects or lndustrial processlng before they are

lnltlated, and he will bank those genes potentlally useful.
fiqll't'o t

He w111 recognize the roles ofrwildfire ln shaplng plant and animal

populations. Has genetic drift played a more lmportant evolutlonary

role in the Northern Rockles than in other North Tenperate regions?

How strongly inherlted are fire-adaptive tralts? How rapidly w111 they

be lost with fire exclusion? Do we have native insect or disease pests

that have been so donlnantly controlled by wlldfire that hosts have

never built genetic reslstances? What will be the genetic response

of a tree species to an exotic insect or dlsease pest?
Iy- 

L tt ""- t tl

Tvo infLuences lntroduced by tlan -- slash and bllster tusE norEality -- in
northern Idaho are buildlng
fuel at rates seldom equal ed 1n the natural hlstory of the area. What

w111 be the Benetlc consequences of the conflagration certain to come

in tine lf foresters do nothing to reverse the fuel bulldup? Ilow does

prescribed burnlng dlffer fron wildflre burns through evolutionary

tlme, and \rhat are the consequences? The lnforned manager w111 require

answers to these questions before plannlng protection and cultural

activltles.
-3-



Thlnnlng also has the potential of changlng gene frequencies. The

silviculturlst oust be able to predict the genetic worth of leave

trees lf some are to serve as parents for the next generation.

Artiflclal forestation, too, can aake rapld changes in gene

frequencles of forest tree populatlons. The changes can be made

deslrable or undeslrable, or they can be avolded. An understandlng

of evoLution ls requlred of the forester enforcing cone collection

standards, the nurseryman ldentlfying and tracing seed and seedlings,

and the planting offlcer checklng the stock or seed ldentiflcation in

the field. The nurseryman has an added responstbility: hls cultural

treatments and culllng practices lmpose early and often strlngent

selectlon pressures whlch may or may not enhance Later adaptabillty

or productlvity.

The same klnd of understanding is needed for revegetation with

subarboreal plants. Ilowever, the objectives for establishing plant

communlties, the severity of land dlsturbances, and the plant life

cycles are llke1y to be dlfferent frorn those for tree reforestation,

and the manager nust adjust his genetlc lnputs accordingly.

WttAT KINDS OF GENETIC CONSIDERATIONS ARE NEEDED?

Land management agencles in the Northern Rockies conduct many

practlces parallellng natural events. These probably have no dysgenic

consequencea. Other practices are undertaken in ignorance of the

genetic consequences. Souetimes resource managers have consclously

applied possibly dysgenic practlces for short-term benefits at the

sacrifice of long-term genetic quality. The followlng sections

dLscuss the most serious problems.

Plantlng and Dlrect Seeding

For many years yet, the seed for nost stands harvested in Region 1

-4-



will be from genetically unevaluated sources (fig. 2). It should be

assumed that seed from local sources is best adaPted to 1oca1 conditions

unless data show othen ise. The Northern Region has developed a system

for ldentlfylng seed by elevational zone, geographlc area, and

habltat type (Daubeunire & Daubenmtre, L968; Pflster et al ., 1972; Pfister etaL

1973) so that plant material can be used in the area frorn whlch lt orlginated.
Tvo

the system ls onJ-y partially successful. /(iuestions remaln unanswered:

Figure 2. --Regenera ting a harvested area by planting, Is the seed

source appropriate?

(1) Where are the genetic populational boundaries?

(2) How can we be assured of uslng only local material until

the first questlon ls answerdd?

Other questlons in artifi.cial reforestatlon are:

(1) What is the probable genetlc qualityd trees providing seed

for artificial refores tation?

(2) What ls the consequence of the various artiflclal selections

to which seed or seedlings are subJected betrreen tree of origin and

the establishoent of a forest stand?

(3) Can the ab ove potential problens be partlally solved by

the Tree Improvement Program?

Answers to these questions are provi.ded in Chapters IIandfII.

often, plantlng or direct seeding of a cutover area ls partlally

justifled on the assumption that suppressed or poorly-formed trees

produce genetically inferior seed if left to naturally regenerate an

area. Thls assumptlon is invalld for many North Temperate conifers

-5-
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Flgure 2 . --Regeneratlng a harvested area by plant1ng, Is the eeed

source approprlate?
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(Howe, 1971i Kral, 1957; Rolmeder, 1961; Vins, 1966) if the suppre$.on

or poor form is not due to dlsease or lnsect activlt)' (whictr might

lndicate genetlc susceptlbility to the pest). Genetic variation in

growth tralts among trees in a stand is usually masked by the variation

lnduced by environnentur irr r,r..,!f.l?' 'Lnl" nasking ls probabty especlatly

marked ln the Northern Rockles where there are enormous and abrupt

envlronmental gradients.
FIeure 5-

Undoubtedly the most dramatlc change i.n the future of artificlal

reforestatlon wll1 be the productlon of eugenic seed improved for

traits important to people who use forests and forest products. Tree

improvement prograns, while offerlng much potenElal, must be underlaken

with cautlon. severe narrowing of the gene pool bage must be avoided,

as well as the use of lnadequately tested nonlocal sources. The tree

breeder must recognlze that natural selecti.on has built remarkable

balance mechanisms among competing blological and envlronmental

systems. Gene combiDatlons developed for other systems can be

inapproprlate for 1oca1 condltions, and Lead to disease, insect, grorrEh,

or nortality problens not presently serlous in native populations.

Natural Regeneratlon

In the past, forestry agencles have been too litt1e concerned about

the genetlc quality of parents for natural regeneratlon (fig.3r. There

1s evidence that some current practlces are dysgenic, particularly with

regard to insect and dlsease sus cep t ib 11ity(Appendl.x I). Current public pressurer

to lmprove the appearance of logged-over areas have prompted some

llatl.onal Forests to leave estheticalLy pleasing trees--three to seven

live cull trees per acre whlch would normally be felled folJ-owing

-6-



Figure 3. I{hat i-s the relative lmportance of genes

and etrvlrotrflent? Although the trdo ponderosa plne

crees appear to be the s&!e age and growlng under

siDllar conditions, the dlfference ln helght.

probably 1a deterBlned more by enviroometrt than genea.
(Adtltlonai diecussion ltr text, page 7 anerAPPendix I.)

' LaL'



clearcut logging--to enhance the landscape. These trees are

frequently full of disease or Lnsects, yet are contrLbuting to the

regeneratlon of the sltes. Ttrls practlce, and similar unconcern for

the potentlal'genetic quallty of leave trees in partlal- cutting, nay

be an effectlve selection for dlsease or insect susceptlbillty ln

the regeneration (See Appendix I).

3a.
Flgure/- --Alternatlve partlal cuts. What is the comparative genetlc

quallty of the parents of the regeneration?

Another area of concern is the genetlc quallty in growth traits

of trees to be left for regeneratlon ln partlal cuts. As noted

earlier, we frequently do not have the ability to recognize the

genetic quallty in growth tralts of trees growlng in a wild stand.

It follows, lf this is true, that suppressed and poorly-formed trees,

if they are healthy, may be left for regeneratlon without fear of

deterioratlng genetic quali ty.

Tinber Stand Ifr rovement

Thlnning

In stands enltered for thlnnlng, the silviculturist already should

have planned hls regeneration harvest cutting method. If lt ls to be

a shelterwood or seed tree cut, he must recognlze that some of the

trees he leaves now will be the parents of the next stand. What ls

their probable genetic quallty? Ilow strongLy is this quality inherlted?

ili11 the genetlc conslderatlons suggest compromises 1n selectlng leave

trees principally on economlc projections? That is, w111 some of the

trees rdhlch will "pay thelr wiy" if removed ln thinning be trees that ought
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Flgure 3a.-- Altematlve partial

cuts. $taE is the coryaratLve

genetic quality of the paretrts

of the regeneratioo?
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to be left for genetlc reasons, wh1le subeconomic trees are taken instead?

other Cultural Treatxoent s

What ls genotype X envitonment interaction? Untll the resource

manager understands thls phenomenon, he will be unsympathetic with the

tree breederrs demand that future cultural treatments be planned today.

Cultural condltions will determlne shlch genetic llnes are valuable.

A genetic llne which performs well under low-lntenslty culture may not

perform as well under high-lntenslty culture.

In short-generation agronomlc crops, the breeder can adjusE to

changing cultural practices by qulckly producing new lines. Forest

tree breeders are much less able to adjust in this way. silviculturists

urust plan now for 21st Century cultural practices and tree breeders

must evaluate thelr plant naterial under those condltions. This means

careful conslderatlons of plantlng techniques, site preparation,

weed and pest control, speeies composltion, spacing, thinnlng, pruning,

and fertillzation. the best way to make rel1ab1e predictions is to

plan future silviculture now.

Flre and Fuel Management

What Has Been Ihe Probable Evolutionary Role of Eire?

Wildflre has molded life ln the Northern Rockies for at least

10,000 years. Because it superimposes itself on nearly all other

factors of the environment, fire has been second only to climate in

dominant environmental influences operating in the evolution of

Northern Rocky Mountaln plant specl-es.

Yet the flre and fuel nanagement practlces in the Northern Rockles

have developed to meet the needs of modern ltran rather than to parallel

the natural hlstory of the area. the evolutionary role of wildfire ls
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not generally appreciated. For example, fire and fuel nanagers often

cannot recognize the possible Senetic consequences of fire excluslon

(if it rrere posslble), or unnatural patterns of burning because they

are uneducated in genetlcs and evolutionary mechanlsms.

An understanding of evolution permlts prediction of the genetic

consequences of flre management actions. Ihe rapld shift from serotlny

to nonserotlny (probably simply inherlted; Lotan, 1971; Rudolph et al.,

1959) 1n closed-cone plnes results from flre exclusion. The processes

creating flre adaptlve tralts e.9., insulatlve bark and light seeds,

are affected by fire and fuel management practices. Fire may have

precluded the development of genetic reslstance to certain pests ln
(fis' 4).

some tree specles/ Finally, genetlc drift influences

. the genetic variatlon of a populatlon, and naJor fires may have

created suitable conditions for genetlc drlft.
Flgure 4

Genetlc understanding w111 support new flre-related policies

evolving 1n the Northern Rockles, where flre and fuel management are

being substituted for flre suppresslon (Moore, 1971). However, these

practices attenpt to avoid najor conflagrations, such as the 1910 fire

or the 1967 Sundance burn. Yet, these catastrophic events have

played an evolutionary role in plant species, too (fig.4a). The

eliminatlon of such fires surely must be a goal ln popuJ-ated areas,

but land nanagers must recognlze that there will be genetic consequences

to the plant conmunities.

4a
Flgure / --Snall lslands of l1ve trees on the dlstant mountainsides

were centers of populatlon spread. These rrbottlenecks" may have been

fleal condltions for genetlc drift--the nondlrected flxation of gene

coDb inati.ons .
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Figure 4. Western spruce budrrorn epiderdca h1ator1ca1ly

Eay have been controlled by flre. Eas flrers control- 1rr-

hiblted the developneat of genetlc realstatrce to the pest

in the hose?

L
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Figure 4a.--Sna11 islands of llve trees on the distant mountaiBsides

were centers of population spread. These "bottlenecks" nay have been

ldeal conditlons for genetic drlft--the nondLrected fixaLlon of gene

combinations.
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Insects and Dis'eases

Murphy's Law states, "If lt can go wrong, lt w111.'r Regarding

exotlc insects and dlseases, it seems appropriate Eo paraphrase, "If

it hasnlt been introduced, 1t w111 be." In our highly mobIle world

contamlnatlon is almost inevitable. Examples of introduced pests are

the Dutch e1m disease (transnitted by an introduced lnsect), chestnut

bltght, whlte pine bllster rust, and larch casebearer. Ilost populatlons

have no well-developed natural resistance or balance mechanisms

permitting both organisms to survlve together because the hosts have

not "evolved" Lrlth the pests.

Resource managers are faced wlth serious problems from natlve,

as well as exotic pests, The spruce bark beetLe epidemic of the

mid-5Ors is a past exanple. A serlous western spruce budworn epidemlc

is currently danaglng forests in Montana and ldaho.

Often the forest manager turns to the tree breeder for help with

pest problems. Occasionally a breeding progran can..succeed in combating

a pest problem, as the rrres tern whlte pine blister rust breeding

program has (tsingham et al., 1971). But such programs, because they

are long term, may become obsolescent with the development of an

efficient, safe, biotlc or chemlcal control, or may be bypassed by a

mutant form of the pest. The manager should Look first to these

latter control areas for help, and to cultural treatments to leve1

off the natural cycles of native pests.

Nevertheless, the Tree Improvement Progran w111 provlde opportunlties

for assesslng the potential for resistance breeding for defoliating

insects and dlseases attacking at an early age. This ls dlscussed

in Chapter IL
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Major Populatlon Removals

Many activities in the Northern Rockies have the consequence of

removing large segments of plant populatlons frorn breeding. Air

pollutlon, urban sprawl, dam projects, strlp m1n1ng, recreational

developments, monoculture, and highway and rlght-of-rrray clearlng are

examples. A11 may have the effect of ellninating plants over wlde

areas (fig. 5) or of disrupting reproductive processes (fig. 5).

Flgure 5.--Co1or prlnt of Kellogg area from air.

Figure 6.--Color print of dying trees at Colunrbia Falls, Mont.

One consequence is that the posslbillty of revegetating wlth

completely 1oca1 seed rnay be denied. Moreover, wlthout a genetical

evaluation of the plant material to be lost, potentially valuable

gene combinatlons may be discarded.

Ttre manager facing decisions about major plaot population removals

should enter these genetic considerations lnto hls assessnents. At

least he should know what kinds of genetlc evaluations are needed and

obtaln help fron speclalists.

GOALS OE THE FOREST GENETICS PROGRAI'{

ltre foregoing dlscussion suggests two distlnct goals for the

Northern Region's Forest Genetics Program:

(1) Increase the yield of forest products through a tree

Lmprovenent progratr.

(2) Ralse the level of understanding in resource nanagers so that

they recognize the probable genetic consequences on plant populations

of all thelr gtagerrent decislons.
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Figure 5.--Color print of Kel1ogg, Idaho area from air.
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Figure 5.--Color prlnt of dytng trees at Columbia Fa1ls, Moatana.
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Our prlnclpal emphasls ln the Tree Improvement Program (Chapter 2)

w111 be on flber volurae yleltl Lncraase. A reasonable expectation ls
-Senetic

12.5 percent/galn per generatlon, for all species (based on predlcted

gains ln programs elsewhere in North Temperate conlfers, includlng

westem rrhLte pine (Stelnhoff and Hoff, 197I). Chapter 2 also develops

the rationale for deslgnlng the Tree Improvement Program for the

Regionr s uost productlve lands only.

In assesslng the need for ralslng geoetlc consciousness, (Chapter 3),

the urgency of an educational- program was underscored recently by the

first group of students 1n the Northern Reglonrs Program for Contlnulng

Educatlon ln Forest Ecology and Silvlculture (see Appendlx 2;). We

learned that none of 25 students had fornerly had a course 1n genetlcs

of any kind. Yet these 25 were the "cream of the croprr of three

Federal agencles, selected fron nore than 39 applicants on the basls

of outgtandlng acadenlc records and work histories. The program
III

outllned in Chapter / is our start at naking these men and others Ilke

them truly custodlans of the gene resources.
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CIIAPTER II

THE TREE II'IP ROV EMENT PROGRAM

The most spectacular rewards of tree improvement ln forest trces in

Lhe U.S. lrave been to lncrease tlmber ylelds ln tlrt' soutltern Itinl-'s

(Zobe1, 1971). Slmllar aclrievements are accrulng ln western conlfcrs--

partlcularly Douglas- f i r--and ln ornamental and Christmas trees. Many

tree lmprovement programs fol1ow the breeding pattern established by

agronomic crop breeders, and they are apparentl-y reaplng many of the

same rewards. We expect the same.

A thoughtful Tree Improvement Program will provide the following

added beneflts:

(1) By proper selectlon of wild sources, the breeder may include
Portions of hls collections in gene banks to later reconstruct wild
populations.

(2) Tree improvement programs
often to the lndividual parents--is

provlde pLant naterlal whose source--
identif ied. This materialf f t t" of

value to research organlzations
and lnheritance mechanisms.

for the study of genetlc variation patterns

(3) By inproved growth rates and dlsease and insect resistance, the
roduction of forest roducts be concentrated on fewer acres

freelng other forest land for the other uses.

(4) Esthetlc devaluation and flre hazards in forest stands can be
reduced by using plantlng stock with rapld Juvenile growth rate
(accelerated recovery of logged areas) and lnsect and dlsease resistance
(fewer pest-killed trees).

(5) By preventing the losa of a disease- or ins ect-threatened species,
tree
for

imp rovement can malntaln the full complement of specles alternatlves
the land nEnager.

(6) Tree improvement prograuE may control insect and disease pests
when other controls are envi ronnental-ly unacceptable.

(7) As byproducts, variants may be recovered which will be useful
for special purposes, such as ornamental planting or disturbed area
rehabilitatlon.

(8) Tree
of the role of

improvement creates an awareness in local resource managers
qenes in the b iolo gy of forest coEmunltles.

(9) Increased yields from tree improvement may remove the need for
in areas where theyintensive cultural treatments (e. g. , fertillzat ion)

might be envlronmentally undesirable.

(10) Tree improvement usually induces

l3-
improved culture of forest stands.



TIIE CURRENT ARTIFICIAL REFORESTATION PROGRAM

Plantlng

The Northern Reglon's plantlng prograrns increased frorn 2652 M

seedllngs planted on 5475 acres ln 1960 to 14,814 lt seedllngs planted

on 37,478 acres ln 1959, our peak year. In part, the late 50's planting

programs reflected the rehabllltatlon efforts on the Sundance Burn of

northern Idaho.

Since 1969, planting has decllned to 9048 M seedlings on 31,711 acres

ln FY 1972 (flg. 7 ). The EY 1973 program ls 10,115 lA/seedlings.

1/ An addtttotaL 3,239 M seedlings are being supplied by the coeur

d'Alene Nursery to customers other than R-L Natlonal Forests.

National Forest plans show addltlonal reductions ln the next 4 to 5 years

to a 1eve1 of about 8 nilllon seedllngs annually, as natural regeneration

is more widely enployed as a s1lvicultural practlce.

glas-flr contlnues as the Reglonrs most-planted species (fig. B).

Grand fir and western larch have increased in plantlng, due to the need

for multispecies plantations and the decreasing stunpage price

differentials beEween specles.

Figure 7.--Graph of R-1 Annual Planting Progran, by species, r'Y 1965

through FY L972.

Western white pine has been planted in the Region since 1956 only

1n experi.mental plantations established cooperatively with the disease

reslstance breeding project of tntermountain Forest & Range Experiment

Station. Ilowever, ln the spring of L972 the Nursery received sowlng orders
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for 190,000 rust-resistant WW? seedllngs to be planted on National

Forests as 2-0 stock in 1974. Orders frorn five National Forests for

sowing for an additional 339,000 seedlingsate gxpected ln Spring, 1973.

this white plne material ls predicted to exhlbit 50 to 60 percent

survlval to rotation age under fleld conditions (Blngham et al., 1973).
16lto

It ts to be planted In mixture r^rlth other species at a [ate]of no more

than 33 percent white pine.

Direct Seeding

An average of six Natlonal Forests in Region I annually carrled out

direct seedlng projects in flscal years 1957, 1968, 1969, 1971, and 1972.

the principal species rras L,estern larchi a total of 264,880 M larch seeds

were dispersed. Other specles were Douglas-flr, grand fir, ponderosa

plne, Engelmann spruce and lodgepole plne.

Results have been nixed and success predictability E"l fo". Dlrect

seedlng would be an inefficlent neans of establishing forest stands

from expensive genetically inproved seed.

SEED PROCUREMENT

The Regular Progrzrm

Seed for artiflcial reforestatlon is collected princtpally by 1oca1

cltizens fron squirrel caches in wild stands (except western white pine,

sumarized later). Cone collectlons are made from geographic areas

establlshed on the following crlterla (as of 9/L/72):

11 National Forest ( zone)

2. Ranger District withln National Forest (subzone)

3. 1000-foot elevational band wlthin Distrlcr
n,4. Habltat typel/ within elevational band

2/ ett
Washington

er Daubennlre & Daubenmire (196g) for northern Idaho & easterD; afrer Pfisrer, ", "r, _lllr,tl;hl:i,?:r7.,,.,,rrr,



Seed ls labeLed wlth the above source lnfornatlon and kept ldentlfled

from the fleld through the seed handllng and storage, the nursery ralsing,

and back to the field for plantlng of seedlings, or the shlpplng of seed

for dlrect seedlng projects.

Suffictent inventories will be built ln all lots by 1976 to avoid

uslng any material not collected within the Local area. Currently,

Regional guides permit the use of naterial collected in c6"tain

adjacent areas.

As speclfic planting needs are antlcipated on Forests, sowing

requisitions are placed with the Coeur drAlene Nursery, by seed

identlflcation, as read by Forest personnel from the Seed Inventory

Printout (fig. 8). The Nursery honors only sowing requisitions which

do not violate the limits of Regional guides for the use of nonlocal

seed or s tock.

Figure 8.--Photo reduction of one page of the Seed Inventory ADP output.

Unless requested otherwlse, the Nursery grows 2-0 bare-root stock

ln all species except western larch and ponderosa pine, in which 1-0

bare-root stock is grown. The nursery will also provide a limlted

output of contalner-grown stock in IY 1974 and thereafte.. ?S.l."tio,

ls lmposed at several points in seed procurenenc and nursery processes.

lte flrst ls the selection of cones ln squirrel caches. What kind of

a genotyplc sample ls represented ln squirrel caches? Research is needed

to provide the answer here. Itre next major selection probably is in
seed germination 1n the nursery beds, which may permit survival of many

genotypes whlch would not survive in the wild. Another selectlon is
on the sorting table where the rrrunts,, are dlscarded. Tte net effect

-16-
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of these nursery selectlons nay be that the fleld receives some

seedlings poorly adapted to the planting site. If so, planting should

be done at a hlgher than desired denslty,

Controlllng seed source is a problem ln the seed procurement program.

The press of business 1n the fa11 often denies adequate fleld inspection

of collectors and of cones at the buylng statlon. Part of the problem

results from a shortage of adequately tralned cone procurement officers,
,,, l, 1,e lt ea{c4 4+

This de ficlency lthrough tralnlng prograns/out lined in Chapter 3. The

establlshnent of seed productlon areas will also help, as outlined in

a later section of this chapter.

the costs of the regul"ar seed procurement program and nursery

operations are recovered by the sale of seed and stock through a revolv-

ing Working Capltal Fund (WCF). The seed procurenent program cost

$55,900 in EY 1972, whlch was 2.54 percertof the total artificial

reforestation program 1n that year (exclusive of Tree Impoovement).

Genetically hnproved Seed

Seventy-five pounds of flO pur..rr! rust-reslstant western white plne

seed were produced 1n two seed orchards 1n 1970 through 1972, This was

about 2.1 MM seeds. It was produced by manual, mass polllnatlon with

pollen fron known rust-reslstant genotypes provided by the Intermountain

Forest & Range Experirent SEaEionfiroject fuf
used

Moscow, Idaho. It

is/be1ow 3500 feet elevatlon on white pine sites in northern Idaho and

eastero Washington.

T?re two seed orchards are the InterEountain Forest & Range

Experiment Statlon Breedlng Arboretun at l'loscow, Idaho and the Sandpoint

(Idaho) teed Orchard of the Kaniksu National Forest. The cost of the

improved seedrirhich is borne by I.ICF, is $54,00/1b.

-17-
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I,Ihen Ehls seed ls received by the Nursery 1t is coded ln the

column of the Seed Inventory entltled rrcenetically Tested" (flg. 8).

This references genetlcally lruproved materlal back to its seed orchard

(or other productlon source) and accesslon record (descrlptlon of the

seedrs "pedigree"). A copy of thls latter record ls retained in the

Reglonal Office. Plantatlons established from thls rnaterial will

retain the "Seed Identiflcatlon Number."

other Tree Improvement Prol ects

The Region has ten other tree improvement projects in four species

undervay (table 5 , Appendlx 3). Four of these are cooperative

research or adminlstratlve studles to provide baslc lnformation for

efflciently designing future projects. The rest are deslgned to

produce Senetlcally lmproved seed.

Ihere are five projects in western whlte pine, one ln ponderosa

plne, three in Douglas-flr, one ln Engelmann and blue spruce, and one

nultiple- species project. Ihese are surnrnarlzed in table 5 , Appendix 3,

and in a later section of this chapter.

The Natlve Shrub Program

The Coeur drAlene Nursery produces bare-root stock of 17 natlve

shrub species plus cuttlngs of Salix glp. for use on severely disturbed

sites and for other nontimber objectives requirlng subarboreal plants.

The seed procurement and nursery productlon costs are being covered

bv I.ICF, effectlve July 1, 1973. These 18 groups of plants are ordered,

bhipped and handled by Forests the sane as tree stock. An additlonal

20 specles are currently under admlnlstrative study to determlne

where and how they ean be planted.

-18-



The prlnclpal genetic need of the Natlve Shrub Progran is to

identify seed zones. The Intermountaln Forest & Range Experlment

Statlon has been asked to help, and to conslder otller rescarclr needs

for broadenln8 the Pro8ram. The Statlon 1s currently determinlng

its level of partlcipation.

THE FI'TURE ARTIFICIAI REFORESTATION PROGRAM

Tree breeding ls a long-tlne endeavor. Meeting artificlal

reforestatLon needs wlth a tree improvement program requlres some

crystal-ball gazing. On whlch lands w111 re be growing tlnber 7,

50 and 100 years from now? On which of those will we have artificial

reforestation needs? Should a tree improveurent program try to provlde

seed for all of those lands, or if not, which? This section attempts

to answer these questions in deflning the needs for inproved and

uniurproved seed in 1980, 2020, and 2080. The followlng broad

assumptlons are made:

1. There will be a contlnued increasing demand for timber in

North A merlca through 2080 (Anon, 1972a; Anon, 1972b).

2. There will be a decreaslng aval1ab1e forest land base through 1980.

3. The Northern Reglon w111 be nanaging tlnber stands to naxlmize

volume on 90 to 150 stens per u"r" 1/ .

3/ One of the assumptions for developlne the 1972 Offlce of

Management and Budget (OlB) Tlnber Issue Report, If the management

changes, seed needs may change,

4. Stumpage prlce differentiaLs between specj-es per unlt volune will

be nearly zero.

-19-



5. On a per acre basis, the tree lmproveneut dollar ls ttttt|lt

better spent for a hlgh productlvlty slte than a low productlvlty slte.

6. Tree lmprovement, because of lts high costs, should not

attempt to provlde seed for direct seeding in the Northern Rockles.

Each of these assumptlons is quantified ln the developoent of the

next sectlon.

Planting Needs and Tree Improvement
Land ProducEivitv

the Northern Region currently has -about 15.5 MM acres of l-and

available for conmerclal timber production (Comnerclal Forest Land--CFL)

in National Forests in five states. By 1980 as much as 2.5 MM acres

may be wlthdrawn for other uses (table 6 , Appendix 4). Although there

lray be additional withdrar^rals by 2020 or 2080, we have no basls now

for predicting them.

Predicted wlthdrawals are lands currently reserved and deferred

for study for posslble nontj.mber uses. After the wlthdrawals, we

expect to be left wlth 3.79 MM acres ln Productlvity Class 1/1fC)f,

Forest

(1e 70) .

Culminatlon of normal yleld tables. Assimllated by Intermountain

& Range Experiment Station personnel and described by Brickell

4.56 l'lM in PC2, 3.19MM ln PC3, and 1.52 W in PC4
6,

(table TAppendix 4).

Growth and yield data developed by the Northern Region and

Intermountain Forest & Range Experinent Statton l/ roject thaE

the

intenslvely

l/ og. crr.

unpubllshed IFRES

Western Larch.

oMB Timber Issue, 1972. Based prlnclpally on

data used ln the R-l Gulde for the l{anagement of

-20-



nanaged stands can average 12,000, 9450, 7000, and 4000 cu. ft. per acre

yield at rotation ln PC1 through 4, respectlvely, without tree lmprove-

ment (these ylelds converted to growth ln ftg.9.) If uslng genetically

improved stock were to lncrease ylelds by 12.5 percent, the lncreases

would amount to 1500, 1190, 875, and 500 cu. ft. per acre for PCl

through 4, respectively.

Potential
Figure 9 . --Growth/Related to Slte Index, Productivity C1ass, and

Habitat Type (Fron 1972 OI{B Tlnrber Issue).

If 500 cu. ft. (for PC4) ts defined as a l-unit return on the

tree lmprovement investqrent, then the returns for PC3, 2, and 1 are

L.75, 2.38, and 3.00, respectively. Actual returns on dollar lnvest-

ments would be further differentlated by the necessity of compounding

interest for 75-,90-, 115-, and l-30-;ear rotations for PCI through

4, respectlvely. this welghting may be coDputed by assignlng the

values 1, 1.20, 1.53, and 1.73 to rotation ages and multiplylng the

reclprocal of each value times the unlt return (above), T'he resulting

values are 3.00, 2.28, 1.16, and 0.58 for PCl through 4, respectively.

Concluding fron this analysis, tree lmproveoent for PC1 lands is more

than a five-fold better investment thaa.rfor PC4 lands, on a per-acre

basls, and more than 2-l/2 tLmes better than for PC3 1ands, but only

about iDr{g-thlrd better than for PC2 lands. An investment in PC2

lands would be nearly four tlnes better than in PC4 ind almost twice

that for PC3 Iands.

Economic Analysis of Tree Improveuent for Timber Production

By 2080 Northern Reglon Natlonal Forests will yiel-d genetlcally

improved tinber fron 12.618 M acres of PC1 and 20.270 ll acres of PC2

l-ands annually (table 7, Appendix 4). The lncreased yleld due
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exc usively to tree

and 24120 M cu. ft.

are nade:

1. I cu. ft. =

implovement will be

on PC2 lands. Now,

18920 M cu. ft. on PC1 lands

the followlng assump Eions

5 board feet (1973 average R-1 convereion).

1973, dollars ls $75lM bd. ft.2, Average value of

stunpage.

3. The fLrst annual

w111 come in 2080.

tlmber 1n May,

return on the tree improvement investment

4. The total^ investment to bring that first annual return will be

made in L9 73.

The flrst annual return on the tree lmprovement lnvestment will be

$16,140,000 (1n 1973 dollars). Discounting this back to 1973 at

6 percent compound interest shorrrs that an lnvestment of $24,000 could

be made in 1973.

Ttrls analysls lgnores that final harvest returns r.r111 begin to

accrue 1n the tree lmprovement program by 2049, the first harvesting

of genetlcally improved stands. Ignored, too, are benefits prior

to final harvest, such as rapid recovery of logged-over areas, higher

commerclal thinning yields, and reduced pest damage. ltle posslbility

of hlgher value of tlmber relatlve to other consumer ltems ls also

not considered. On the other hand, the Northern Region has been

investlng in tree lmprovenent almost annually for 23 years (Hellner

et al, 1970) with no prospect of return frorn final harvest until the

mid-2lst Century.

the cooperatlve Inland Emplre Ponderosa P/ne Tree Improvement

conmlttee project (fig.14 and table 5, Appendix 3) serves well as a

speclflc exampJ-e of costs and returns in a tree improvement program 1n
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the Northern Rockies. Uslng actual and projected costs and projected

returns (table 1), the internal rate of return (using the computer program

INVEST III, Dyrland, 1971) is 5.87 percent, and the net present worth 1s

$341, 608.30 at 4.88 percent.

These assessrnents of tree improvemenf as an economic investment

for tiruber production in the Northern Region suBgest that 1t r^rill

provlde an acceptable rate of return. Nevertheless, we do not Justify

the Tree Improvement Program on economlcs alone, for there are many

intangible beneflts accrued, to whlch economists are unable to asslgn

meanlngful do11ar values.

Developlng Prj.oriti.es

Productivlty classes I and 2 lands are 54 percent (8.35 MM acres)

of the conmercial forest land in Reglon 1 (tab1e 6, Appendlx 4). The

nagnltude and proportion of this acreage, coupled wlth the foregoing

comparison of investments in dlfferent productlvlty classes, suggest

that the Tree Improveuent Progran be designed for PCl and 2 lands on1y.

Where, then, are the PCI and 2 lands? Forty-nine percent of

them are in eastero l,rashlngton and northern ldaho, and another 36.5

percent of then 1ie in restern Montana (table 6, appendix 4). fhus,

the PrograE ls_deslgned flrst for PCI and 2 lands ln eastern Washington,

northern ldaho, and western Montana and second for those east of the

Contlnental Divide in }lontana. The latter lands are clearly in a

dlfferent ecologic and probably genetic biological unit, as shown in

succeeding paragraphs.

ltre plantlng needs nmr must be quantified, species by species. For

1980 it was assumed that 0.8 percent of the total Counercial Forest Land

will requlre regenerating annually, about equally dlstrlbuted to the four
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Table 1 Assumptions and Values for Computing
Ponderosa Pine Tree lEprovement Comlttee

Economlc Analysis

Assumptlons:

Planted PP will occupy 827.01 t*
Productlvlty Claes 2.

acreg on cooperaLors' londs, prlnclpnlly1

2 Rotation = 85 years, so
annuallY.

82 7-. 01 M = 9.73 M acres planted (or treated)
8s

3. Two cormercial thinnings prior to final harvest.

Two percent genetlc gain seed available by 1980 fron superlor parent stands
to fill 1/3 of cooperatorsr annual planting needs.

4

Seed orchards produce 12.5 genetic gain seed to f111 additional L/Lo of
cooperatorsr annual planting needs by 1990.

6, Seed orchards produce 12.5 percent genetic galn seed to fill 100 percent
of cooperatorst annual plantlng needs by 2000.

(.t/ a"...gu in forest type from 1970 IFRES TtEber Appraisal reduced by planting proportion---
( .:S for NF and .80 for other owners.

Tree Impr.

5

2t
22255-'

L$2L4
2'l

r 7r60--'

16ooJ/
2000;l

3t
5000-'

700d1

lBood/
31

9000-

45-yr

55-yr

85-yr
45-yr
65-yr

85-yr

45-yr
65-yr

85-yr

Corm. Thin.

Coxm, Thin.

Harvest

Coxm, Thin.
Com. Ihin.
Harvest

Com. Thin.

Com, Thln.

llarvest

2025

2045

2065

2035
2055

2075

2045

2065

2085

2084

2084

2084

2084

2084

2084

2130

2t50

2L70

l'rbfr/
Alyr,

3.5

t2 .7

24 .O

3.5
L2 .7

24.0

3.5

t2.7

24.O

$$/Mbrt

40

55

70

40

55

70

40

55

'lo

3 .24

). L.+

3.24

.97 3

.97 3

.973

9.73

9.73

9.73

M

Year $9 Treatment

Retu
Begin Throug

1n ea aar
Yleld 47
w0/Tr'-

Annu
Value Acre s

9EE.

,) o/ t2 .5"1 a1n1n
s$ lyr $$/yr

9072

45263

108864

L7028
84955

204330

L7027 5

849551

2043300

1970

-'71L972

t73

fl,74

\, - 1-79

-858D

^i-87

dd-2L70

3l
Actual costs
EstiEated Costs
From 1972 office of ManageEent and Budget Timber Issue.
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Productivity classes (table 6 Appendix 4). Of those, 10 percent of

the PCl and 43 percent of each of

lands will requlre olanttng.9/

the other three productivily class

6/ Ratlonale for thls paragraph described below table 6, Appendix 4.

Optinum specles mlxtures on West Side Forests were estimated by

relatLng Daubenmire (Brown & Pfister, 1971) or Pfister (Pfister et a1.,

1972) Habitat Type to produetivlty class (fig. 9 ) and deternining

froo the graph the relative proportlons of species ln productivity classes

ln (a) northern Idaho and eastern Washj-ngton, and (b) western Montana

(proportions listed in table 8 , Appendlx 4).

For central and eastern Montana, Pfisterrs habltat typing (Pflster

et a1., 1973) showed no Productlvity Class 1or 2 lands (ttg. g 1Z/ .

7/
?arut(d tf?esflere tlqc'cqt q"t lrttt' treeS 1a s'na 'Jed t4llcr thad

rftster'7plotJb".E l*-fitrmax, usually old]Etands not lrell

suited for measuring productivlty potentlal of young] intenslvely

managed s tands .

{ Avallable Northern Reglon Inventory data auggest that there are more

than 1.3 MM acres of land ln these t!,o Productivity Classes on East Side

Forests. These data suggest that these productive lands are almost

entirely high elevation basins of spruce or subalplne flr cl lnax habiEat

types. Pflster et al., (1973) found two sPruce and one subalpine fir

habitat tyPes to be the most Productive of the East Side types (fig' 9)'

So, species mixtures for PC1 and 2 lands in this area (table 6' Appendix 4)

were estlmated from the tree sPecles presence tabulation provided by

Pfister et a1. (1973) for those three Eost Productive habitat types'

Species mixtures for PC3 antl 4 lanils were determined as detalled in the

preceding paragraph from the graph for cenEral and eastern MonEana habitat

types (flg. 9).
_25_
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The final computation for planting needs for 1980 was calculated

by rnultiplying species proportlon by plantlng density (per acre) by

number of acres in each productlvity class 1n each area. These values

(table 9, Appendlx 4) were the basls for developlng the Tree Improve-

neot Program (and other seed procurement) for 1980.

Conparable values for 2O2O and 2080 were slmilarly conputed q/

8/ ale
Plantlng densltlest shown below table 9 , Appendlx 4. If

utillzatlon of snaller trees is reallzed, pLantlng densltles may lncrease

to 450 to 500 trees/acre, and seed needs w111 increase accordingly.

(tab1e 9 , Appendix 4), except with dlfferent assumptlons , Ry 2O2O

all CFL w111 be under intensive management and higher productlvity lands

will be on a shorter rotation than lower productivity 1ands. Thus,

higher proportions of the former will be regenerated annually, Also,

planting needs are llkely to be greater on PC1 lands ln 2020 and 2080

than ln 1980 because plantlng--even underplantlng--wlth genetlcally

lnproved stock cao be justlfled on lands regenerated by natural seed

fa1l in 1980.

Seed quarltltles (table 2) were computed by lnflatlng planting needs

by losses expected between seed extraction and planting. These losses

will be less than currently, because of lmproved nursery Practices;

e.g., the container growtng of stock (Mason' 1973).

Modlfytng the Prlorltles

1\ro factors not prevlously consldered helped establish prlorltles

for the Tree ftnprovement Program:
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Table 2 R-l Ayerage Annual Seed Needs (M Seeds)

for 1980

E, Wash. & N. ldaho=t_+ ll. Montana E Mont a&S Dak.

Species

I.IWP

Dtr'

GF

ES

WL

LPP

PP

SAI'

TOTALS

!fl,tP

DF

GF

ES

WL

LPP

PP

SAF

TOTALS

574

361
783

25L
t230

0

92

0

329L

841

1290
10
2697

1800

1820

766

tg28
ILL42

1415

2342
783

4389
4200

4242

1859

4445

537

899' 
649

i

?77
'1900

lrars

PC1 PCz PC3 PC4 Toral PCI PC2 PC3 PC4 Total PCl PC2 PC3 PC4 Tot.a1

n

691
U

t44L
1170

1645

0

25L7

7464

t49
L29
140

196

490

t54
50

47L

550

L724

842L

327

4LO

356

429

840

637

236
900

0

o
0

0

1013

L290
t382
1201

4L60
2569

7L6

3L49

15480

for 020 &

887
1110

1 1210
, 1035

, rsso
22L?

, 6L7

I27Og

,13361

2026
2728
2527

2543
7 390
4795

t562
6244

298L5

0

L052 .

UI

22oL

o

25L3

Ol

3845,
9611

I

0

32
o

0

1817l
0

't 44t
0'

2842

1154
I

3438r

00
823 3724
oo

834 46Lr
00

1288 6720

457 1611

L767 . 9LO4

5L69 25770

0

777

1001

0

135

0

77

0

54

298L778 ,23675 1779,l
'I

4135 LO692

I
I'J
..J

I

2080

453, 1919
,z4l+

, 1630
40s9

5090

3801

1802

' 3759

24494

359
45L

395
472

930

202t
258L

24J9
2526

7230

443L

1450

5085

723
lrrro

0

2323
1550

156 8

504

1660

94 38

0
0

0

0

0

861

110 7

0

1968

0

574

0

1215

980

t372
0

2099

6240

llle6
750

1630
52L

2560

0

191

0

6848

1140

.270

322

104

945

' 750

541
595

15 80

LLgT

468

!1435

7019

293
423

j3819

0

141

6l

0
1900

0

2r70
o

1515

0

L202

0

2366

963
2860'

8906

00
908' 3398

00
920 4L63

00
L42L 6118

506 L469

L949 8247

5704 23395

700

26L

sso
l

4s64

161

0

2A763

118

487

3 320 r
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1. The genetic knowledge foundation for the different specles.

2. Potentlal cooperative lnPuts.

Sound informatlon on the pattern and nature of Senetlc variatlon

in a specles helps the tree breeder to more efflciently deslgn tree

improvenent projects. Data show the existence and pattern of genetlc

variation ln western white pine, Douglas-fir, ponderosa pine, and

lodgepole pine. Fewer data are available for Engelmann spruce, grand

fir and rrestern larch, and none for subalpine fir.

A measure of potential cooperatlve lnput ls the 1evel of particlpa-

tlon by Northern Rocky ltountaln forestry agencies in current tree improve-

ment projects. Elghteen cooperators, including ten nongovernmental

participants, have started a tree improvement project in ponderosa plne

In the Inland Emplre west of Ehe Continental Dlvlde. The group ls named

the Inland Empire Ponderosa Plne Tree Improvement Committee. Encourage-

nent of this prograE can lead to the development of siuilar efforts

in other specles.

Cooperatives have been hlghly effectlve./.n tree lmprovement elsewherel

e.9., the Southeastern U. S. Perhaps the greatest asset of cooperatlve

tree improvement ls the potential incluslon in one program of all the

sources of genetic variatlon ln the reglon for which Ehe program is

designed. Another is the spreading of costs over several organizations.

llost of the projects outlined here may be designed to be modlfied,

executed, and the lmproved seed utillzed by cooperators ln the NorthoEn

Rockies. Interested potential cooperators are lnvited to provide inputs.

Several of the cooperators 1n the Ponderosa Plne Tree Improvement

Conmlttee have expressed lnterest ln startlng a cooperatlve tree improve-
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nent project ln lrestern larch. U. S. Plywood, the Bureau of Land

Management, and the Unlverslty of Idaho have already started amall

projects. Itre Forest Servlce has the capabllity and obligation to

provlde technlcal leadership ln cooperatlve tree Lmprovenent projects,

such as in larch.

Interior Douglas-fir (as well as white plne) genetlcs research is

underway at the Intermountaln Station Laboratory at Moscow. A needed

expansion of the present IFRES research efforts (dlscussed elsewhere

in thls document) will be alded by cooperatlon between IFRES and

Region 1. ltrls cooperation w111 provlde tree lmprovement project

plannlng data and serve as a source of plant materlal for applled tree

luprovenent.

ltre net effect of these nodlfying consideratlons has been to

increase the euphasis on western whlte plne and ponderosa pine ab ove

that suggested by planting needs alone, Bllster rust breedlng is

provldlng the manager hrlth a second or third or fourth species option

ln his pJ-anting prograu. He was effectlveJ-y without thls option for

nearly two decades. This is biologlcally valuable but dlfflcult to

quantify econonically, although lt ls the maJor Justiflcatlon for the

years of bllster rust control work, lncluding the whlte plne breeding

progran. SThe forugoing dlscussion suggests that a sunmarizatlon of

priorltles as fo11ows, in descending order of importance:

1. Douglas-flr, rrestern white plne, ponderosa plne for approprlate

PCI and 2 lands west of the Contlnental Divide.

2, Lodgepole pine for all appropriate PCl and 2 1ands, western larch

for approprlate PC1 and 2 land west of the Contlnental Dlvide,
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3. Spruce for all appropriate PC1 and 2 lands, Douglas-fir for

approprlate East Side PCI & 2 lands, grand fir for appropriate West

Slde PCI lands.

4. subatplne flr for 
I!". B;Ijr.j 

,."u".

Indivldual eugenlcs (improvement of the genetlc endowment of a populatlon

(Rleger, et al., 1903))projects generally wlll follor this scheme:

S'ou tee

5ct n plt ng

I
Acqulsitloa of plaut naterlal

L

.\.

Reforestatlon

re:ena\nree:.:fi:1ilH":i:*"# 
::.: :::*:.:r 

nuraerlee'

the cycle can be repeated ad lnfinituml the sources for the acqulsltlon

of plant materlal wlll change gradual-ly from wlLd parents to seed

orchard parents.

Plant oaterlal (usua11y seed) will be collected and put into a serles

of evaluatlon plantatlons. Ilere the plants w111 be ralsed under unlform,

replicated condlti-ons. The performances (ln speciflc tralts) of

different groups and fanllles (representlng dlfferent sources of potentlal

genetic variation) w111 be compared. The naJorlty of the evaluatlon

plantatlons w111 be deslgned so that all groups may be carried to
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rotatlon age in the flrst cycle. Ihe remai.nlng evaluation plantatlons

w111 be desigaed so that the poorest performing groups Eay be removed

(rogued) from the breedlng populatlon at some polnt in the flrst cycle.

Thts rogulng w111 creete seed orcharda whereln seed for reforestlng

plantlng zones identlfled by the progeny evaluation w111 be produced.

The evaluation plantations Day be retalned as gene banks.

Subsequent cycles are begun Lrlth seed fron (1) a previous cycle,

and (2) external sources, often w11d. The sme groups may be evaluated

in subsequent cycles if envirorurcntal condltions did not adequately

evaluate the plant matetlal (e.9., the once-1n-a-hundred years rrlnter

on nonlocal sources ) .

Except for whlte plne seed orchards, all seed orchards w111 be

created from plantatlons initialLy provldlng progeny evaluatlon. These

data wlll be used to thln the earnsrked plantatio[s lnto seed orchards,

i.e., the poorest perfornlng groups w111 be rogued out to pernlt only

the best groups to cross pollinate. Thus, the slze and deslgn of seed

orchards w111 be lnttlally deternlned prlmarlly by eonslderations of

experlnentaL design and proposed selectioo dlfferentials (1.e., what

percent of the groups to rogue out). SoEe Llmltatlons will be lnposed

upon thoae plantations earuarked to become seed orchards:

(1) Plots of the aame fanlty should not be adjacent to one another

in dlfferent replicates.

<2) Itrere must be a ninimrn l1nit to the number of trees

represented ln the orchard based on eatimates of seed needs in the

planting zone to be supplied by the orchard. AlEost lnvariably, the

requlrements of adequate evaluation plantatlon experlmental deglgn wl1l

exceed thls minlmrm.

(3) A seed orchard should retaln onJ-y the groups speclflc to a

plantlng zooe so that seed may be mass produced by wind polllnatlon,
lnsofar as posslble. 
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A11 fleld evaluation of plant naterial will be in several plantations

(Appendix 5). Only by multiplantation evaluation can the genetlcist:

(1) recomend genotypes for all potentlal planting sites, or

(2) recomuend genotypes for speclflc environmental condltlons,

if genotype X envj-ronment lnteractions are absent or explainable.

In selectlng sites for test plantatlons and seed orchards (Appendix 5)

in the ponderosa pine cooperative project (dlagraruned 1n flg. 1.4) each

was congldered for its poteotial as a representatlve pLanting slte for

more than one species. It ls more efflclent to have geveral species

grouped together, both for slte preparatlon and measurement and

malntenance of the plantations.

MEETIT{G SEED NEEDS THROUGIT TREE IMPROVB.{ENT
AND O]rEER SEED PROCUREMENT

Tree improvement projects are deslgned to meet the seed needs for
Inproved seed cannot be ayallable for all of those lands ln 1980,

planting PC1 and 2 lands, / So a seed procurement program,

including coll-ectlon of seed from unevaluated seed productlon areas,

will be needed for many PCl and 2 lands, as well as for PC3 and 4

lands (table 3). The following sectlons surnmarize projects undervay

or planned for the current decade and which will require P&M 2/

el
P&M = Protectlon and Management. Dollars approprlated annually

by Congress.

financing. Indlvidual projects are detailed in work plans of the projects

listed ln Appendix 3. Ihey are on flle in the Division of Tlrnber

Management, Reglonal Office. Cooperators have coples of cooperatlve

project work plans.
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Source of Seed
for N. Idaho & E. Wash.

trtlll
Meeting R-L Averace Annual Seed Needs

Source of Seed
for I{. Montana

I (
Table 3

Source of Seed
for E. Montana & S.D.

Supetlor
ds

Seeds Galn

sr
M

0
0

n
t,

2

Ig

Orchards other

Seeds Galn ds----M See
7"M eas

0
L209 l-5

eed
rod.

I

0
0
0

1185
574
574

10
25

0
0
o

993
0
0

:
L735
1201
L2OL

L2.5
25

0
1380
1380

0
0
0

4
4

0
1304
15 30

12.5
25

0
30r-

0
4

37694 0
936
936

0
L202
1505

t2 .5
25

7
0
0

252

4
0

875
t449

12.5
25

0
to67
to67

0
n

0

2543
0
0

0
0
0

3 0
4720
4720

L2.5
25

I 1158
0
0

4634
2510
25LO

0
0
0

2545
0
0

0
2534
2534

3069
189 7
1897

15
35

767
0
0

233L
0
0

2 0
233L
233L

z

0
0
0

0
0
0

5
0

L469
L469

t2
25

513
0

0
72L

664
729

285
0
0

4

2
L2 .5

2l 29

L2 .5
25

4445
0
0

0
2099
2099

Spec-
ies Yr

I Srands
l

lM"/"
lSeeds Gain

Superlor 0rch rds Other

--M Seeds--

743

M

Seeds
/.

Galn

Seed
Prod,
Areas

0
L2L5
L2L5

Superior
Stands
M /"

Seeds Gain

0
584

Orch rds lSeed other
Pro d.

M /^ Areas
Seeds Galn --M Seeds--

t,IwP

3
GF

1980
2020
2080
1980
2020
2080
19 80
2020
2080

0
1919
1919

0
L706
2844

1

:

n

0
0
6
0
0

511

L2.
25

0
8
0
9
0
0

4

:

,_

2

62

58

49 4

:

4

6
0
0
0
8
U

425
1919
1919

15
15
28

1,;r
2

247 0
0
0

3
0
0

2730
2DF3

0
975
975

12.5 i 242
82s 2422

313
326

0

0

113

9

r45

ES3

WL

4

153

1980
2020
2080

1980
2020
2080
19 80
2020
2080

0
110
110 80

27 86
2233
2233

110

2633 6

3

L2.5 e8o 
i

5
89

0
0
8
0
0

0
4L63
4L63

4389
37 87
3787

4611

I

I

0
19 80
2020
20

3'1980LPP 2O2O
:2080

93

0
0
o

5
0
0

1
0
0

0
0

16

2

ti

6
0
0

0
s68
568

15
35

0
695
695

L2. 5
25

15
35

3 587
1107

587
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The Douglas-fir Program

Eugenics Projects of the 1970rs

The planned Douglas-flr projects detalLed ln Appendix 3 are

summarlzed ln flolrcharts (figs. 10 and 11). These are projects either

currently undemay or planned for the current decade.

gie' tg seed Productlon AreasFlg. 11

A11 Douglas-flr seed for planting w111 stl1l come frou wild stands

ln 1980. A portion of lt rrill come from seed productlon areas which

are parent stands for the Geographic Varlatlon Project (fig. 10 and

Appendtx 3). Nursery performance and 5-year outplanting performance

results will be used to tentatlvely ldentlfy genetlcally superlor stands.

These will be thinned to seed productlon areas ln 1979. Six to elght

such stands are antlcipated.

Additlonal seed production areas wl1l be establlshed in FY l-975 on

the Coeur drAlene, Clearwater, and St. Joe NationaL Forests as outllned

by Hoff and Howe (Appendlx 3). The prlnclpal objective will be to

determine the feaslblllty of multiple specles seed production areas

(to include WWP), Thls wlll set a pattern for the development of seed

production areas throughout the area durlng L976-L979 to meet the 1980

seed needs. By 1980 there should be four seed production areas per

Forest on each of-10 eastern l,rashington, northern Idaho, and western

Montana Natlonal Fores ts .

The Expanded Program

By the early-to-mid-801s, enough information will have accrued

from Douglas-fir proJects of the 70rs to start an expanded progran to

meet 21st Century needs of testern and eastern Montana (table 3).
Sampllng will be concentrated ln those areas, and w111 also lnclude

sources used in current projects.
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Flgure 19. Flo!, Chart of Douglas-flr Geographlc Varlatlon project
(Cooperative wlth ihtegnountat; F;rest & Range nxpeiiment station).

Source
Saurpllng

relTo

Acqulsltlotr of plant naterlal

Legend : Iheae operatl.otra conducted ln a serlee of nuraerl.es,
evaluatloo plautatloue aad seed orcharda.

objectlve: Assess pattern of genetic variation across broad environmental
gradlents. Establlsh outplantings to be rorgued to seed orchards.

Sarrpling: 168 wlnd-poll lnated L/2 slb fanilies from 24 stands in western
Montana and northern Idaho.

Nursery: Repllcated sowing at Coeur drAlene Nursery in May 1972.

Outplantlngs: In SprinB, 1974, at six sites in r^restern Uontana and

northern Idaho--Lone l'lountain, priest Rlver
Savenac, Meadow Creek, St. Joe NF.

Exp. Forest, Condon,

Potential Seed orchards: Lone Mountain, Condon, Savenac, Meadow Creek.

Reforestatl.on

1i
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Figure .ll-iFlowchart of Douglas-flr Interraclal Hybrids Prolect

(Cooperative wlth Intermountaln I'orest & Range Experiment Statton)

Source
Sampllng

I19 7t
Acqul8ltlon of plaut naterlal

\l

Legend Iheae operatloDa conducted ln a serlee of nuraerl.es,
evaluatlon plaotatlons and seed orchards.

objectlve: Assess potential for lncorporating coastal gror{rth rate into

interlor race. Establlsh plantation for rogulng into seed orchard.

Sarnpllng: One hundred control-polll-nated families from two stands in
northern Idaho. Male parents were 25 trees in three ltands in

Oregon and one stand in Brltlsh Coluubia.

out0lantlngs: In Sprlng L974, at two sites in northern Idaho__Lone

Mountain and St, Joe National Forest

Potentlal Seed 0rchard: Lone Mountain.

\

bt1

89.

'\

.1

Reforestation
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The I^Iestern l,lhlte Plne Program

Eugenlcs ProJects

Ttre projects pl-anned or underrrray for the 70rs are dlagramned in

figures 12 and 13.

Figure 12,--Elowchart of WI{P Phase 1
E Seeil 0rchards (Cooperative wlth IFRIS)

2

Figure 13. --Fl'owchart of IJWP Phase 2, 3100-tree Eval-uatlon (Cooperatlve

with Intermountain Forest & Range ExPeriment Station) '

Seed Productlon Areaa

Areas on the coeur drAJ"ene, Clearwater, and st. Joe Natlonal Forests

will be established to determlne the feasiblllty and costs of multi-

species seed productlon areas. Most wiLl- be combined wlth DougLas-flr

or grand fir (Hoff & Horre, Appendix 3). Another objective will be to

determine the rate that natural selection is raising rust resistance

and the feasibillty of establishing naturally regenerated, natural

selection, rust-reslstant "seed orchards.t' Addltlonal seed production

areas wiLl- be establ"ished on the white pine Forests if thls technique

is satisfactory.

The Ponderosa Pine Program

Ttre nugeriics Project for the 70's

Diagramed in flgure 14 is the Inland Empire Ponderosa Pine Tree

Improvement Comittee project, expected to begin filling R-1 and other

participantsr seed needs by 1980 (table 3). Eighteen cooperators are

participatlng in this venturei eight of which are nongovernmental agenci.es.

Figure 14. --Flowchart of the Cooperative Ponderosa Pine Project
Eighteen particlpants.
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31

Flgure _12. Fle, Chart of WWP Phase 1
F Seed Orchards (Cooperatlve \rlth IFRES)

2

Source
Sempllng

. le157
*

Acqul8ltloo of plaut Daterlal

.\

Reforestatlon

Legeod : Itreae operatlona coDducEed Ln a aerles of aurserles,
etaluatloD plabtatlons aad seed orcharde.

objectlve: Produce rust-resistant seed for high-, mid-, and low-elevation

planting in irorthern ldaho, eastern Washington, and western

I.{ontana.

Sampllng: 12 full-slb famllies for each elevatlon b]and orchard. parents

of know rust res ls tance.

Orchards: T\ro at Lone Mountain, one at Coeur drAlene Nursery. planting

completed in Spring, 19 74.

-3 5a-

1,,|

Croe

'l;i.I;,



Flgure 13. Flowchart of WtlP Phase 2 3100-tree Evaluatlon (Cooperatlve
with Interrnountaln Forest & Range Experlnent Station)

Source
S amp 1i ng

lel70

Acqulsltloo of plaat naterlal

19 9

Reforeatetlon

Legend: ttese operatioaa conducted in a serles of uuraerles,
evaluation plaDtatlonB and seed orchards.

Objective: Produce highly adapted seed for all planting sLtes in eastern
I^Iashlngton, oorthern ldaho, and PCI & 2 in western }lontana,
lnproved 1n rust reslstance and growth rate.

Sanpling: Up to 3100 wild putatively reslstant trees ln area provide
control-poll inated or half-sib (CP) faruilies for evaluatlon.
Male parents of CPrs have known leve1 of resistance, as well
as 400 of female parents.

Tes ting :

Outplanting;

Bllster rust innoculation to begin in CdrA Nursery beds in 1976.

Survivors to be outplanted. Begln 1n L978 or 1979 at least
slx sltes to be determlned. Lone Mountain to be one of them.

Potentlal Seed Orchards: At least four. Lone Mountain to be one.

1reJaof d aI E at

Croa

1
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Flgure 14 Flow Chart of the Cooperatlve Ponderosa Plne Project
(Elghteen PartlclPants)

Source
S anp 1lng

rsfzr
Acqulslttoa of plaat oaterlal

I9 74

19

Legend : these operatloos coaducted ln a series of uuraerLes,
evaluatloa plantatlone ead aeed orchards.

0blectlves: Produce genetlcally ftnproved seed (for volune) for planting
in Inland Enpire west of Continental Dtvide.

Sanpllng: Flve half-slb (0P) fanllles from each of 90 stands, plus
bulk samlle from each stand. lJeak to mlld plus-tree selection.

outplantlngs: Nine, Three on NF lands--Long l'lountaln, Condon,
Meadow Creek. Planted tn Sprlng, 1974.

Potential Seed Orehards: Six, locludlng the three NF plantatlons.

i.

Reforeatetion

-55c-



Seed Production Areas

About 30 percent of the parent stands can be thinned by 1980 to

serve as seed production areas for genetically superlor seed (table 3)

as tentatively judged from early progeny test results ln the cooperatlve

eugenics project. Forests east of the Continental Dlvlde w111 establlsh

unevaluated seed productlon areas to fl1l about one-half of their needs

(table 3). 1\ro to three areas per Forest will be requlred. Addltional

seed may be acquired fron possLbly superlor stands sampled ln the

southern Idaho Project (Hudson, 1971) or reported by LaFarge (1971).

The Expanded Program

By the second half of the decade of the 80rs, a second round of

sampllng will begin ln the eugenlcs project. This sampling will

utillze inform,ation and materlal of the first sampllng to further

concentrate genes for increased volume.

lhe Western Larch Program

The Eugenics Project for the 70rs

one of the outstanding needs is ln western larch (table 2), f.or

which no project has been started. One is to be inltlated in the Fall

of 1974 by the Northern Reglon (fig. 15). Information and tentatlvely

superior sources from University of Montana and U.S, Plywood projects

may be lncorporated.

Flgure 15.--F1o\rchart of Western Larch Prolect

Seed Production Areas

By 1980 enough tentative informatlon will be accrued ln the project

to pernlt ldentifying some parent stands as genetically improved seed

productlon areas. A portlon of the seed needs (tab1e 3) wlll be met

fron these stands whlch will nunber as nany as 15.
The eleven WL Forests wll1 deveJ-op at least one addltlonal seed

Ploductlon area each, to satisfy the balance of thelr seed needs.
-1e-



Flgure _15. Fla[., Chart of l^Iestern Larch project

Source
S anp 1lng

I19 74

AcqulBltlotr of plant Daterlal

Legeod: Ihese operatl.ona cooducted ln a Berlea of Duraerie6,
evaluatloa plentatloD.B and seed orchards.

ObJectives: Determine pattern of genetic variation. Determlne best
to .produce lmproved seed.

local sources. Establish orchirtls / Assess potentlal of
nonlocal sources.

Sampllng: Ten half-sib (OP) families from each of 5 stands on each of the
eleven I{L Forests, plus a bulk sample from each stand.
Sanpling may be enlarged to include cooperators.

Outplantlngs: Mlnimum of ten. Each to include loca1 ha1f, sibs onJ.y,
plus all bulks. Four will be Lone Mountaln, Savenac, Condorr,
Meadow Creek. other six to be determlned.

Potential Seed Orchards: Minimun of five. Lone Mountaln, Savenac,
. Condon to be three--Meadow Creek a posslble fourth.

Reforeatatloo
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The Lodgepole Plne Progran

The Bugenics Project for the 70rs

Ttre lodgepole plne project w1.11 resemble the larch project in many

rrays, except that it will be deslgned to f111 the Pc1 and 2 needs for

all 15 Forests lD the Reglon (fig. 16).

Flgure 16.--F1o!rchart of the Lodgepole Plne Project

Seed Productlon Ateas

A large portlon of the needed seed ln L980 can cone from parent

stands of the eugenics project (table 3) tentatively ldentifled fron

early progeny test results as genetlcally superlor. The remalning

seed will cone fron one to two addlttoDal seed productlon areas

developed by 1980 on each troreat.

Ttre Eugelnann Spruce Program

Ttre Eugenlcs Project of the 70rs

A project in Engeluann and blue apruce rras started ln 1972, as

shorn ln figure 17.

Flgure 17, --Flowchart of Engeloann-blue Spruce Geographic Varlatlon

Project (Cooperatlve wlth Mlchl8aD State Universlty)

The Expanded Program

Infornatlon and sources for the current project w111 be used in

developlag a project ln the early 80rs to establlsh seed orchards to

ftll the 21st Century needs for sfruce.
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Figure 16. Flowchart of the Lodgepole piae project

Source
S arup l ing

I
t9 174

a
Acqul8ltLon of plaqt uaterlal

Reforeatatlon

Legend: Ihese operatLona conducted 1n a aerlea of aurserles,
evaluatioD plantatlons and aeed orchards.

Objectives: Determine pattern of genetic variation. Determine best

local sources. Establlsh orchards to produce lmproved seed. Assess

potential of nonlocal sources,

Sampling: Ten half-slb (Op) families from each of five stands on each

Forest, plus a bulk sample from each stand. Sampllng rray be

enlarged to include cooperators.

Outplantings: Minimum of 13, Each to include local half_sibs only,
plus all bulks. Four will be Lone Mountain, Savenac, Condon, Meadow

Creek. Other ten to be deternined.

Potential Seed Orchards: Mlninum of eight. Lone Mountain, Condon,
Savenac to be th ree.

srl

on of 1reeI d AE

9 7
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FtSure 17 Flclr, Chart of Engelmann-blue Spruce Geographlc Varlatlon prolect
(Cooperatlve wlth Mlch. St. Unlv.)

Source
s 11

19170t
Acqu18lt1oa of plaat oeterial

LegeDd: Itreee operatloaa coaducted Ln a serles of aurserlee,
etaluatlon plantatlona ead seed orchards.

Objective: Assess pattern of genetlc varlation in Engelnann-blue spruce
conplex. Establlsh posslble seed orchard for }lontana plantlngs.

Sampllng: Half-slb and bulk lots fron 62 stands in central and
llorthern Rockles. Uany putatlve hybrtds.

Outplantlngs: Twelve or 13 throughout contlguous U.S. One is at
Savenac. Planted, FalL, L972.

Potentlal Seed Orchards.: Savenac, Others perhaps.

ReforeatatLon

\
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The Grand Flr Progran

A portlon of the seed for the PCl and 2 needs of the nlne grand fir

Forests w111 cone fron thlnned (EY 1975) parent stands tentatively

identlfied as superlor frou early progeny test data from Christnas tree

plantatlons on the coast (Dou8lass, 1970). Information from Douglassl

work and, hopefully, fron IERES research work soon to begln, w111 be

used to design a eugenics project ln the early 1980's. Addltlonal

seed (table 3) w111 come from multlspecies seed production areas

establlshed along wlth rrhlte plne and/or Douglas-flr (Appendlx 3,

Hoff & Itowe).

The Subalplne tr'lr Program

During the 80's a eugenlcs project w111 be deslgned to meet 2020

and 2080 eeed needs for PCl and 2 lands on all R-l Natlonal Forests.

In the meantlme, research organizd.ons w111 be encouraged to begln

learning about the genetlcs of the species.

IMPLEMENTING TIIE EUGENICS PROJECTS

Overall plannlng for all .tree lmprovement Projects tI Reg{on 1 E111-

remaln with the Reglonal Forester. The Reglonal Cenetlclst w111 plao for

specles, slze, deslgn, locatlon and care of seed orchards and evaluation

plantations, when, where and how to saEple populations, interpretation

of results and seed source recormrendatlons . Forests w111 be responslble

for provldlng the manpower and equlpment to iEplement the pLans. A

urltten plan for each proJect w111 be revlewed by Forest Supervlsors

and Dlstrlct Rangers and revlsed, then approved by each partlclpant

before funding ls glven to the respectlve participant. There w111 be

no projecta undertaken ln Region l wlthout these kinds of controlsi

tree lmprovement projects w111 always be Regionwlde or botanlcal-range-

wlde ln perapective,
-38-



The key to Euccess of Reglonal tlee lmprovement programs ln Reglons

4 and 5 has been maximum Forest and Dlstrlct lnvolvement. Thls enphasls

aleo followe the directlon set by the Northern Region Reglonal

Forester,
1

{.
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MEASURn,IENIS, RECORDKEEPING, AND ANAI,YSES

The traits whlch will be measured w111 be the comerclally

lmportant tralts plus all other rapldly rneasurable traits which

careful observation lndicates are variable. Research cooperators

may r^rish to neasure addltional traits. Some measurements may requLre

destructive samp1lng, so thls sarnpllng must be planned for.

Data w111 be manually recorded ln the fleld on sheets deslgned

for direct keypunching. Ttre data w111 be ke/puncnea into computer
V

cards or directly onto magnetlc tape for storage. Data storage,

retrieval, and sununary progrzrms are already written to handle data

collected ln the whlte pine Phase 2 3100-tree Evaluatlon project.

ltre data sheet and data card formats (Appendix 6) are usable for any

other tree specles. The prograrns, too, are easily convertible for

use for other specles.

In general, data !1111 be entered into a data matrix and subJected

to the multivarlate extension of the analysis of varlance. This

technique will permlt assessment of famlJ-y, group, and provenance

performance ranking, and wlll pertrit the extraction of the conponents

of variance necessary for computation of heritabilltles,

An assoclated need 1s to develop a system for tracing plant

materlal from seed through plantation. Genetlcally lmproved material

w1ll be ldentlfled so that its tpedlgree" can be located ln the

accession record in the Reglonal Office. This ls to be completed in

Fy 1974 by the Regional ceneticlst.
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RESEARCH NEEDS

Cooperatlve projects between the Northern Reglon and reeeqrch

agencles:

(1) Beneflt dlrectly and substantlally current management practices.

(2) Deflne clearly the feaslblllty of proposed management practlces.

Cooperatlve tree improvement projects undertaken are those which

contribute elther: (1) plant material for genetlcal-ly improved seed

production, or (2) tnfornatlon to lncrease the efficlency of eugenlcs

projects.

the projects outlined in thls document have been planned so that

lnterested research organlzatlons can utllize the materlal for research.

The experimental deslgns are approprlate for the tree lmprovement

needs of Reglon I and for research needs, present and antlcipated.

Prece- dlng dlscussions permlt a prlority llstlng of research needs

for R-1 tree lmproveoent:

(1) Crlterla for developlng geDe banks.

<2) The nature, pattern and extent of genetlc varl.atlon, lncludlng

disease and insect reslstance ln western whlte plne, interior

Douglas-flr, ponderosa pine, and lodgepole pine.

(3) Improved efficiency for breedlng for bllster-rust resistance

in western white plne.

(4) Biological or chemlcal control of seed and cone lnsects.

(5) the nature, pattern, and extent of genetic varlation in

western larch, Engelmann spruce and grand flr.

(5) The feastbility of breeding for budworm reslstance ln Douglas-flr

and for casebearer rtslstance 1n wegterD larch.

(7) Genetics research ln other Northern Rocky Mountain specl.es, 
"tporrcllytuball,re { rr.
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Usable genetlc variatLon exlsts ln rrestern uhlte p1ne, Douglas-fir,

ponderosa plne and lodgepole plne, and is assuned 1n Engelmann spru(:e!

western larch, and grand flr. ProJects cannot be planned efflclently

Ln lgnorance of these questlons. Cooperatlve reseerch concurrent

with R-l projects using extensLve population samples w111 provide the

ansrrers wtlen they are needed for seed orchard establishment, rogulng,

and reaanpllng. Ten to 15 percent of the R-1 tree lmprovement budget

annually w111 be devoted to cooperatlve research projects to anslrer

these questlons.

ESTIUATED COST SI'I.IMARY TI1ROUGI1 1980

Summarlzed ln Eable 4 are actual- costs of the R-l Tree Inprovement

Program, fT lgTL through FT 1973, aDd est.lmated coats FY J.974 through

19 80,
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Trble 4

- lrult

Foresta 36.6

rrRES 3/ 48

K) Technicall0'nlrbctlon
mrAL 94.6

R-r Tree roproveuent ProSre Coat#

Flscal Year

19 71 L972 1973 t974 197s 1976 L977 1978 A979 L9E0 Totsl

- U Dollars

138.5199. 1

48

20

267.1

r42

24

20

186

187.5

0

20

207.5

249

0

2L

270

278

0

22

300

303

0

22

325

328 366

0

24

390

24 0

22

182. 5 350

Includes all PEU flnaocLng for eugenlcs proJecte aad seed productloa area
establlehoent. Doee [ot lnclude I{CF -tlrnced .h eeed orchard operatlou or
regular aeed procureEeat.

2l Payneata to ItrRES for cooperatlve developmntal work.

20

2227,7

L44

201

2572.7

a
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CHAPTER III

OTHER GENETIC CONSIDERATIONS

Tvo orher areas discussed 1n Chapter I require genetlc considerations.

The first ls the educatlonal and tralnlng needs of R-I personnel, from

adnlnlstratlve people to ForesE and DlsErict personnel naklng on-the-

ground resource Eanagement recomendatlons and decisions. The second

area ls provlding guldelines to the Forest for the technlcal- genetic

aspects of the prograe for revegetation for nontimber obJecElves on

National Iorest lands (the so-called "Nati.ve Shrub Programfi).

DUCATION A}ID TRAINING

In ralsing the l-evel of genetlc consclougness, there are three

dlstlnct needs. The flrst ls to bu11d a genetlc foundation for those

naking resource nanagement prescrlptiong at the Dlstrlct and Forest

level. The second is to bull-d speclflc skl11s in persorurel lEplenentlng

TI Program projects. Third, an understanding of and comitment to the

Forest Genetics Program must be developed at the Reglonal Foresterrs

Staff and Forest Supervisor leve1.

Buildlng Genetic Competeoce 1n
Forest and Distrlct Resource }lanasers

The Progran for ContlnuLng Educatlon ln Forest Ecology and S iLvlculture(CEFEs )

This program rras initlated ln l-973 1n response to a defielency 1n

biological understandlng irr our Forest and District personnel uaking resource

Eanagement (princtpalJ-y silvicultural) prescrlptions. The prograo 1s a

3-nonth, hlghly lntenslve, graduate-level course of study. It bu1lds

from a conslderatlon of rhe biology of lndivlduals ln forest conmunitles

to the biology of populatlons, to the functionlng of biologlcal systeos

(see Prospectus and Outllne, Appendix 2). The genetics portlon deals with
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mltosis, Eelosis and Mendelian genetlcs, and populatlon and

quantitative genetiesr and Eheir aPpllcation to tree and shrub

improveDen! and the genetlc lnpacts of all resource management

on populatlons of plants and animals.

Thls tntegrated approach to forest ecology w111 permit these

specialists to put genetlc conslderatlons lnto the perspectlve of

the overall blologlcal needs of an area. These people w111 be

prepared to recognlze the genetlc conaequences of thelr actions,

be they in tlmber harvestlng, recreatlon development, or supervising

a portlon of a Tree Improvement Program project. The CEFES cost.
$OO,OOO for 25 students--p1us the tl;e of-thl studenls 1n the 

-first 
year of lts

operatlon. Fourteen percent of the lnatructlon contact hours were in_genetlcs.._
Genetic pri-nciples, packaged( wF'r tt',ilt'ftr

Genetlc knowledge :rmong resource Eanagers ln R-l ls lacking.

The CEFES cannot meet thls deflclency wlthin a few years. Consequently,

a multl-media "packaged" genetlcs educatlon program w111 be developed

for these personnel. It will be deslgned so that the program can be

conpleted at the Officlal Station.

The progran w-i1l cover the same areas and speci-alists covered in

CEFES, and will be developed by the Regional cenetlclst, with co{}erarlon

froo CEFES genetics Lnstructors. Thls package is to be conpleted durjng

Fa 1975 at an estinated cost of $6,000 plus the tlme of atudents.

Buildlns Ski11s for Tree Improvement Proi ects
and Seed Procurement

Speciflc

how to measure

skllls such as how to space planted seedlings precisely,

trees rapidly ln evaluatlon plantations, how to mass
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polllnate, how to replicate, how to evaluate cone quallty, etc., must

be built into technlcians and supervisory foresters lEpleoentlng tree

improvenent projects and seed procurement. Each ski1l will be

introduced by a nulti-media trainlng package, to be followed by

supervlaed practlce of the ski11. A11 personnel involved in these

functions \rill be required to satlsfactorll"y coEplete the approprlate

training beforehand, It is esti.nated that the developmenr of these

packages w111 cost $5,000 to $6,000 lnltlaI1y (EY 1975) and $500

annually thereafter.

Buildlng Understandlng in Adninistratlve off lcers

The Reglonal Genetlclst w111 develop a nulti-media presentatlon

of the Forest GeneElcs Program for presentatlon to the Regional

Foresterrs Staff and Folest Supervlsors. This wiLl be a 3o-ulnute

suntrary of the ueeds, goa1s, reasonable expectatlons/ Elleposts, and

costs of the Progran. The presentation w111 help these admlnlstrative

officers to view ln perspectlve forest genetlcs and tree lmprovement.

in the total Regional and Forestsr programs.

Thls presentation w111 be completed in FY 1974. The Regional

Genetlcist 1111 glve the presentatlon and ansqrer questlons 1n Reglonal

foresterrs Staff and Eoreet Suoerfisors r meetlngs ln Fy 1974.

GEMTIC IMUTS INTO THE NATIVE SIIRUB PROGBAM

Northern Rocky llountain Natiooal Forests annually revegetate lands

for nontlnber objectives. The principaL reasons are:

1. Burned area rehabllltatlon and flre and fuel nanageoent.

2. Wlld1lfe habitat lmprovenent.
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3. Roadway cut and fl1l slope stablllzatton (current backlog

of 12,250 acres; addltlonal accunulatlon of 2,450 acres

anoually) .

4. Capgrouods and other recreatLon area e-nhanceoent.

5. RehablliEatlon of alr pollutlon-kIlled areas.

6. l,!1trLu9 area reclmatloo.

In all cases, productLon of a harvestabJ.e plant product 1a

unftnporEant. EstabllslEent, survlval and uaxlmum occupatlon of a

slte are Ehe prl.nclpal objecElves. Genotype8 well adapted to apeciallzed

environraental condltlons are requlred. Wtth help fron IFBES, the maj or

environmental factors accountlug for euccesg and fallure of planta wLl1

be deflned. Then genot)pes aulted to those conditione nay be selected and

recomended. As ao lnterlm BEep, guldellnes for seed a[d cuttlog

collection are being provided ln the revlslon of the R-l Seed Eandbook,

to be coopleted tu ry 1974.
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APPENDIX I

GENETIC PRINCIPLES AND INFBRENCES
FOR THE

TOREST GENETICS PROGR.A},I

CONTEMS

GENETIC PRINCIPLES A?PLIED TO NORTITERN ROCKY UOI'NTAIN CONIFERS

POSSIBLE IUPACTS OF UANI S ACTIVITIES ON GENE RESOURCES

Tree Iuprovement Projects

Slze and Dlstrlbutlon of the Gene Pool

Capltal for Gene Banks

Local Versus Nonlocal Sources

Inttoductlon of Exotlca

Elre and Fuel llanagement

Ilhat Could Flre E:<cluslon Do?

Syncheslzed Chenlcals in the Environment

A1r and Water Pollution

other Inpacts on Envlronment

Monoculture

Econonlc Selection

Slldes, Flooding, Wlnd Damage

Ileavy RecreatLonal and Grazlng Use

SOURCES OF GENETIC VARIATION

USIN';. THE GENE RXSOURCES SO AS TO AVOID DYSGENIC CoNSEQUENCES

GROWTII TRAITS CONTROLLED BY NI'I,{EROUS $DITIVE-ETFECT GENES

Inpllcatlons for Acqulring plant Material

INSECT AND DISEASE RESISTANCE UAY BE T'NDER S?RONCER COIrTROL

VEGETATIVE PROPAGATION



GENETIC PRINCIPIIS APPLIED TO NORTHERN ROCIG MOI'NIAIN CONIEERS

POSSIBLE IUPACTS OF UANIS ACTIVITIES ON GE}IE RESOURCES

Natural and human lnpacts on the envlronDent which lnfluence
lo,te

survlval or reprductlve behavlor hr aB thelr ultlnate consequence

changes In gene frequeocy 1o populatlons of planta and anlDals. That

ls, the nunber of lndivlduala carrylng a particuLar gecre (or coDblnation

of genes) changes from generation to generatLotr. This is evolution.

Any.an-induced change ln gene frequency rchlch Dakes a populatlon poorly

adapged to the eovironment ln whlch Lt mrst functlon must be Judged

undeelrable. In foJ,lowlng aectiona are obvlous exanples of undeslrabl-e

nan-lnduced chauges Lo getre frequenciea ln tree populatious. Other of

manrs actlvLtlea are vierced ll 1lght of thelr posslble genetLc con-

sequences. Much of the enaulng ls specuLatLve.
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y Tree ImproveEent Proj ects

Size and Dlstributlon of the Gene Pool

The slze of the gene pool ln an lmprovement program ls a function

of the sanpllng lntensity ln the populatlons provlding plant materlal for

the program. Wild populatlons nay be randooly or non-randomly sanpled.

Non-raDdom sarnpllng, e,9., plus-tree (phenotypic) selecEion, may be very

efficient if the tralt (or tralts) selected for have hlgh heritabllltles.

Ilowever, genotypically non-randm gelectlon provLdes the i-Eproveoent

program with genetically unrepresentative plant materLal, at least ln

some genes and gene combinations. furthermore, non-randon selectlon 1n
16,79 de ilar s

w1ld populations often commlts ." 
"..:;Iu?L*, 

neasurement^foil prne ana noney]

whlch night be better spent for p.ogenyr[.st inil. The effort also restrlcts

the size of the sample incl-uded ln the prograrn. Skewed and restricted

sanpling can produce genetlcally "lnproved" populatlons which are suited to a
narrow
tarlge of environmental conditions. Reforestation 1n fhe Northern Rockles--

wlth their lmmense ecologlcal anplitudes--cannot tolerate these genetlc

restrictlons.

Low-intenslty phenotypic sel-ectlon of plant material in wild

popuJ-atlons nay permit sample sizes Ehree to four times those of

classj.cal plus-tree selectloo progr:rms, for the same cost, and reduces

skewness. Increasing sample size increases the probablllty of selecting

genetlcally superlor individuals, eompared fo plus-tree selection, if

lt turns out that the Erait ln question is under stronger environomtal

than genetic control- (1.e., lts genetlc potentlal cannot be recognized

in wild trees).
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However, quadrupLlng the sample alze can quadruple the slze of the

"\taloalon 
otdltql rcn

[t."tr"{$iogr., at". follows. The oagultuile of tfrir[eatrn{ prograo argues

for lnter-agency cooperatlon !o apread the coet over several organlzatlons.

other shorEcuta, too, can be ueed to reduce the enornlty of the ta6k.

The geDetlc base Eust not be serioualy reatrlcted or skewed ln our

Tree Improveneot Prograo. Ultlnrcely, all seed ueed for refoleatatlon

ln the Northern Rockles t[ay c@e froo seed orchardE. To help assure

adequaEe saupll:rg, the Tree Irproveoerrt Program eophasizes low intenslty

phenotypic aelectlotr and large eaople slze in wlld populatlons.

Capltal for Gene Banks

Regardless of how the seed 1s acqulred, naurs arElfl.clal reforeatatlon

practices reduce the nuober of gourceS of seed. Ee cannot collect frm

every potentlal pareat. Thus both natural and artlficlaL reforestatLon,
L4IL

eveu ln the abeence of tree lmproveDent, 
[rasJ 

ttre potentlal of reduclng

the geoe poo1. Eugerlcs projecte, based on adequate extenalve saopllng,

rl11 provlde collectlona from wl1d populations to be nalntalned ln perpetulty

1n gene baoke.
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Controlllng Inrroduced Insects and Dlseases

Man has lnadvertently lntroduced sone serlous Lnaect and dlsease

pests into populatlons of North Amerlcan trees. where reslstance genes

to exotic pests have been present ln a host, breedl-ng programs have

been spectacular ln rapidly bullding genetlc resistanee, w-ithout con-

current deterloraLlon of other Benetlc characterlst lcs. Insect and

disease reslstance ls frequently under strong genetlc control (Blnghan

er al., 1971; Itelnburget, 1952; Kinloch, et al., 1970; McDonal.d and Hoff,

1970; Painter, 1951). Resistance i.s ofEen conditioned by a few domLnance-

or eplstatlc-effect genes. Genetlc llnkage of pest resistances arlth other

traits is llkely to be weaker than aoong traiEs controlled by numerous

addltlve-effect genes. Thus, stroog sel-ectlon for pest reslstance rnay be

nearly random selection for other genes in the populatlon. Consequently,

plus-tree selectlon for pest reslatance may be both hlghly effectlve

and relatively free of selectlon blas for other tralts.

Local Versus Non-1oca1 Sources

T'he tree breeder's t.oughest problero is how to balance the benefits

of local adaptatlon agalnst the exploLtation of genetlc varlation, the

greatest sources of wtrlch are geographlc. No genetlc lmprovement ls possible

ln a populatloa havlng rro genetic varlatlon (uoless variation 1s synetheslzed),

and the greater the varLation present, the greater the potential iEprovement.

The breeder searches for genetlc variati-on. In Dost specie3 the greatest

amounts are reglon-to-reg1on, and the breeder rrisheg to expLoit rhese by

provenance (inEer-reglonal) selection.
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However, the reason these genetlc dlfferences exist is because

envlronmental lnfluences ln dlfferent regLons have been dlfferent for

many thousanda of yearsl natural selectlon has adapted local populatlons

to local condLtlons. Local populatlons are almost always well adaPted

to 1ocal condltions, but it does not necessarily fo1low that non-locaL

sources are not adapted to 1oca1 eondltlons. only thorough teatlng can

determine the adaptabllity of non-1oca1 sources; we will not reconmend

the wide scale uge of non-loca1 sources whlch are not adequatelv tested.

Itrtroductlon of Exotics

The lntroductlon of exotlcs has proven to be the most valuable

tool for tree lmproveDent ln Australia, Argentlna, and Brazil. In

the Unlted States the most important cultlvated Chrlstmas tree specles,

Scotch plne, is an exotic.

The tree lmprovenent pi-cture Ls not conplete rrlthout considering

the lntroductlon of exotlcs. These conslderatlons w111 be based on:

(1) the performance of exotlcs already introduced into Reglon

1, and

<2) the perfornance of specles ln native habitats sinllar to

Region t habitats.

Because of more imedlate and urgent needs, and nrrmerous paat

failures of exotlcs lu Reglon I (Beaufalt, L972), the introductlon

of exotlcs assumes 1ow prlorlty. No projects are planned in this

document.



Fire atrd Euel }laoaseoent

Sorne tree and ahrub species cannot aaaule thelr oatural ecologlcal

rolea ln the absence of fire, becauae of nechaolsos which have developed

lD responge to the selectlon preseure of flre. 0bvlous adaptlve mechanisms

are:

(1) Cone serotlny Ln lodgepole pLne.

(2) Seed transportablllty Ln western larch aad Douglas-fLr.

(3) Inaul-atlve bark of ponderosa pitre, rrestern larch, and

Douglas-flr.

other 1e6s obvLous but poaslble adaptive mechanlsme are:

(1) New varLatloo created by geaetlc drlft; populatlons develop

out of Bnra1l patchea of flre gurvlvors.

<2) Control of Datlve lnsect and disease pests (uelnsefunan, 1971),

preventlng the developneot of strong genetlc reslstance ln

(3)

(4)

(s)

(5)

the trees. That is, flre nay have conalstently reooved the
orl

selectlon pressure ofrl ineect or dlsease pestl before enough

tree generatl-ona were exposed to it to bulld genetlc reslstance.

Eeat-lnduced mutatloos ln survlving trees.

Developmeot and najrtenance of allelopathy (philpot, L972).

Intraspeclflc variatlon ln ehade tolerance.

Developneut and nalntenence of f lamabllity (Mutch, 1970).
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what could Flre Exclusion Do?

Flre excluslon fron lodgepole plne stands for one generatlon could

convert them from predonlnantly serotlnous-coned trees to mostly open-

coned. Thls Is because cone aerotlny ls apparently controlled by a slngle

gene palr 1n J-odgepole pine (Lotan, 1971) as in Jack plne (Rudolph et a1.

1959), Lodgepole plne has an extremely short generatlon cyc1e, so removlog

the selection pressure of fire and the effectlveness of the alternatlve

selection on a sioply lnherlted trait could effect

change.

evolutlonary rapld

The chalge would create a regeneration problen for the lodgepole

plne manager. Stands would no longer be adequately naturally regenerated

by clearcuttltrg and slashing. This techtrlque depends upon seed stored

in serotlnous cones. But slash fror)3lrot rrrous trees would have no eeed

stored ln lts cones,

More Lmportantly, non-serotlny would prevenf a stand from regeneratlng

adequately followlng a rdldflre, whlch rrill be highly probable (Beaufait,

1971) untll most foresta are under nanagement. Uatrrs attempts at reoovlng a

natural selection pressure will have nade some populations poorly adapted

to the environEent i-n which they must functlon.

Flre suppresalon practlces over 50 years have had litEle effect on

quantitative adaptlve flre traits. One generatlon of nild selection for

numerous additlve-effect genes is unl-lkely to change gene frequency measurably.

A11 of the traits listed ln the precedlng sectlon, except lodgepole plne

cone serotiny, probably are controlled by these klnds of genes, and have

been llttle altered by w-1ldf1re suppression actlvities.
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Syntheslzed Chernlcals ltr the Envi-ronment

Los Angeles snog kl11s Erees in the Angeles Natlonal Forest.

Fluorlde ln the alr near Colnobia tralls, l1olttana, alters plant

reproduction aod kilLs trees in the Flathead Natlonal Forest. Eluorlde

pollutlon near Garrlson, Monta[a, has slollar results. Thege are examples

of unplarmed blological consequeoces of lndustrlal procesaea. Maa also

uses chemlcals for the planned control of blological. proceas. What nay

be soue of the genetlc consequences of eyntheslzed chemicals ln the

envlronment?

A1r and Water Pollutlon

Three posslble genetlc consequences of aI.r and water pollutlon are:

(1) Kllltng of ooat trees over very wlde areag will prevent

rehabllltatlon wlth 1oca1 seed sources. Thie ls exempllfled
tLetnJxellogg, Idaho, area (Flgure 5 )

(2) Selectlve kllling atrd genotypically non-randou disturbaace

of reproductlon may be a seLection for reslstance to the

pollutant.

(3) The chernlcal, partlcularly lf lt beconeg eysteElc, may induce

mutatlons.

Xerblcldes, SilvlcLdes and Pestlcldes

The short-tern coD.sequences of chenlcal ttbiocldes,, balanced agalnst

the destructlon wrought by unchecked peats has often weighed in favor of

the use of the chemicals. Long-tern coneequences sometimeg reversd the sca1e.
'taa

DDT fls] a well-koown exanple.



Yet, balance mechanlsEs operating ln wild populatJ.ons of plants

and their pests Eay be lost erltirely when the plants are brought under

cultlvation. Chenlcal weed and pest controls r{ri1l contl-nue to be

needed in agrlculture and forestry untll nan develops effectlve

alternatives. We must use then, but we nust flrst know thei-r action

and then admlnister then safeLy, to prevent dysgenlc consequences.

The Tree lEprovement Program will use chemlcal weed control.

Genetic tests demotrstraEe thaf weed competitlon introduces the greatest

source of uncontrolled varlatlon--statist lca1 lnprec is ion-into nursery

and plantatlon evaluations. The uncontrolled varlation, which includes

genotypically non-random DortaLity, often masks genetic dlfferences

between groups evaluated. Cheroical treatments have been shown to be

the most efflcient control of weed competltion.

other I acts on EnvironDent

Listed here are actlvitles whose ecological and economl.c consequences

are recognized. Their genetic loplications are largely unknor.m. There

probably are genetlc consequences of these activlties, and we should learn

rrhat they are.

Monoculture

Mult lple-specles stands are replaeed in reforestation by a single

specles of a single age class over a wide geographic area. Genes

formerly represented 1n now-absent species are lost from the gene

pooL.

Economi-c

This is a timber harvest

cut and no investment ls made

SelectLon

regioe where all Derchantable lrees are

1n post-cuttlng regeneratlon costs. Natural



regeneratlon mlght be hoped for, but with no conscious asslstance from

the forester. The reglne ls not used on R-l Natlonal- Forests, but ls

ernployed on other tlmbered lands ln the Northern Rockies. Thls

frequently has the consequence of J-eavlng llve cu1l trees for seed, a

possibly dysgenic actlon, as already discussed.

Slides, Floodlog, I,llnd Danage

Manrs constructlon and flood control and hydroelectric projects

often destroy large populations of pla[ts. These para1le1 natural

phenomena, but on a larger scale. Some types of partial cuEtlng

may approximate the results of wind damage, another sometlmes

catastrophic event.

I{eavy Recreatlonal and Grazing Use

Canping, hiklng, skilng, snowmobillng, horseback ridlng, littering,

wild1lfe and domestlc grazLr.g, etc., create unusual and generically

unmeasured lmpacts on the land and lts resources.

SOURCES OF GENETIC VARIATION

Genetic lmprovenent ls based on genetlc varlaEion. It 1s not

necessarlly true that usable genetic varlation exlsEs 1n a species,

even over an entlre botanlcal range, as demonstrated by red pine (Fowler

and Heimburger, L969; Lester and Barr, 1965; Wrlght, 1970). A tree
ftdSra4

imp roveoent 
4 
ahould be based upon confirned knowledge of genetic varlation

in the population to be dealt wlth. This lnformatlon ls available for

Reglon 1 popul-ations of western lhite pine (Hanover and Barnes, 1969; Rehfeldt

and Sreinhoff, 1970; Steinhoff, 1972; Stelnoff and Hoff, 1971; Squ11lace

e! a1, 1971), Douglas-fir (cerhold, 1966; Wrlght, er al. 1971), and
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ponderosa pine (Haller, 1955; Wells, 1963) for some tralts. Data show

that usable genetic varlatlon ls preaent lnter-regionally in J.odgepole

pine (CrlrchfieJ-d, 1957; I11lnglrorth, 1971; Klnloch ss s1., 1970; Yeatmen,

1967; Yeatnan and Telch, 1969), and Engelmann spruce (ogilvie and Von

Rudloff, 1968; Roche eq. a1, 1969). Siace thls provenaoce varlatlon

Eust have orlglnated wlth tree-to-tree variatlon, it can be lnferred that

1oca1 variatlon does exlst. But the magnltude of 1ocal variatlon, and

Ehus lts usefulness, ls not known.

Few genetLc data are avallable for western J-arch, grand flr, western

hemlock, western red cedar, and subal-plne flr. Extrapolatlng from other

north temperate conlfers, the follorring assumptions can be made:

(A) Species occupylng the greatest ranges of envlronmental varlation

will display the greategt amounts of genetlc varl-atlon. In the dLverEe

environments of the Rockles, ecologlcal aupLltude is probably the best

Eeasure of environmental variation. Daubenmlre pnd Oaubennirlf and

Daubenmire (1968) rank the flve specles listed above ln the followlng

descendlng order by ecologlcal ampLltude: (1) westero larch, (2)

subalplne fir, (3) grand flr, (4) western red cedar, and (5) western

henlock.

(B) Geographic factors being cmparable, a specles whose populatlon

structure is small, lsolated populations, is 1lke1y to have Dore total-

genetlc varlatlon than a species whose structure ls 1arge, cofltlnous

populations (Falconer, 1960). WesEern red cedar and western henl-ock

appear Lo follow the former pattern, whlle Larch and subalplne fir Eay

tend to fo11ow the latter.
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(C) In the absence of data to the cootrary, the greateat aources

of genetlc varlatlon are geographlc (provenance), and elevatlonal,

follorred ia order by stand-to-stand and tree-to-tree. I{estern yhlte

plne appears to be an exceptloD; tree-to-tree varlatlon uay be as large

aa provenance (stelnhoff, 1972).

(D) Local sources rl11 not aecesaarlJ.y perforn best 1ocally.

There are examples to the contrary ln nost thoroughly evaluated tree

specles. Becauae of changes iD cllnate or other envlronDental factors

uore rapld than a tree specles' capaclty to adapt, s as6--1oca1 aource

may be as well adapted to present local condLtlons aa a local gource.

Only thorough evaluatlon can deteroLne thls.

The Tree IEprovemeot Program for theae flve speclea, then,

enphaslzee, flrst, thorough proveoance and stand evaluatlon, and,

eecond, lndlvldual tree evaluatioo.. Infornatlon gleaoed froE the flrsE

evaluatlong oay auggeat later changea ln emphasls.
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USING THE GENE RESOURCES SO AS TO

AVOID DYSGENIC CONSEOI'ENCES

The procedures used for tree lmprovement w'111 vary wlrh the

speclee, mode of trheritance, aod herltablllty of the tralts dealt

rr"lth. Uolrever, there are a few generalizations whlch caa be nade,

based on research already clted.

GROWTH TRAITS COIITROLLED BY NT'I,IEROUS

ADDITIVE-EFI'ECT GENES

A11 variatlon ls the reeult excluelvely of environoentaL and

genetlc lnfluences operatlng togeEher. Varlatlon that 1s not

genetLcally controlled ls envlronmentally controlled or lt ls the

result of genotyp$!""lronDeot ioteractlon. VarlatLon under strong

genetlc control hae a snal1 envlronnental cmponent; varlatioo whlch ls

largely envLronoentally-caueed has a sna1l geoetlc corponeot. Most

grorrth tralts are under weak genetlc control, and subject to high

envlronnentally-caused varLatiotr (Eqre, 1971; Kra1, 1967; Rolmeder,

1961; V1ns, 1966).

IDDllcatlotrs for AcoulrLnc Plant !traterLal

The genetlc variatlon of traits havlng a snall geGlc cooponent

(i.e., 1ow heritablltty) la often naeked by the envlronmental varlatlon

when a genot)pe 1s unrepllcated or the e8vlronoeotal i-D.flueoces are

uucontrolled. Thls ls the altuatlon for nany grolrth tralts (under weak
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genetlc control) of most tree ,growing tn w1ld stands (Howe, 1971;

Kra1, 1967; Rolneder, 1961; Vins' 1956). A genotyPe ls rePresented

only once (1.e., the indlvidual Eree ltself). More important, there ls

llt.t1e unlforltrlty in the envr"ronment. Thls masklng of genetlc varlatlon

makes it vlrtually lnpossible to assess the genetic Potential for growth

traits of lndlvidual trees growing il wild stands. Based on thls analysls,

intenslve pJ-us-Eree selectlon for traLts having 1ow herltablllEy 1s an

inefflcient (and very expenslve) ueans of acqulrlng superlor varlants.

Seeondly, lI the absence of data to the contrary, lt shouLd be

assumed that the greatest source of genetic vallatlon ln a specLes is
the second greatest is sEand-to-stand wlthin provenance

provenance, /and the last i-s tree-to-tree rrlthln stand. Thus, rhen

doLLars or manporrer are llmlted, the enphasls should be placed on

provenance and stand tegting and selectlon.

Iloarever, ln an applled tree lmproveoent program, seed collections

should also include seedi-ots from lndlvidual trees so that heritabillt.les

and combinlng abilities nay be eslimated. These estj-mates Dust be based

upon data fron evaluatlng offsprlng one or both of whose parents are

known. Heritabllity estlmatea are needed for predicting genetlc gains,

upon whlch forecasts of financial returns are based.

The kinds of traits whlch typicaLly have low heritabillty and are

controlled by numerous additive-effect genes are gror.rth tralts such as

height and diameter growth rafe, branch number, $reep, taper, and
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self-pruning (Howe, 1971; Kral, 1967; Rolneder, 1961; Vlns, 1966). LIttle

or no atte[pt should be nade to acqulre plant naterlal by lntenslve plus-

tree selectlon for these klnds of tralts. Effort should be concentrated on

collectlng large, representaElve samples from stands. The ldentlty of only

a very few, low-intensity-selected slngle-tree seedl-ots need be malntained.

If the first cycle of progeny evaluation shows substantlal tree-to-tree

varlation, then more inteoslve slng1e-tree collections can be emphasJ.zed

lrr subsequent cycles.

WlJld polllnatlon among deslred variants lfllll be the cheapest way to

mass produee superior seed ln Northern Rocky Mouniain conlfers. We w111

seek female parents producing superior of{"prfr,g when polJ-lnated by
(general conblnlng abllity (GCA)). v

all males;,/ We w111 use GCA in breedlng for the growth traits discussed.

Thus, seed orchards for Lmproveoeot of these tralts w111 be deslgned

for wind-pollination, ttso{ar ae TosstLle'

INSECT AND DISEASE RES ISTANCE

UAY BE I'NDER STRONGER CONTROL

Other kinds of traiEs are typlcally under strong genetlc control,

e.g., disease resistance (B1ngha, ef al, 1971; Heinburger, 1962; Klnloch,

et a1, 1970; McDotrald and Eoff, 1970; Eoff and McDonald, 1972), btanch

angle and crown forn in some species (CaUaham, 1960; Caopbell, 1963;

Patterson, 1969), speclflc gravlty of lcood ln the southern plnes (Ilowe,

1971) (but apparently not in Douglas-fir (McKi'rmy, 1966)), and j.nsect

reslstance ln some agronoEic crops (painter, 1951). In conifers, where

large amouots of pollen can be collected and stored, controlled pollinatlon
among plus-selected trees 1n the wild 1s often a ratlonal undertaking, for
one or both of the followlng reasons:



(1) The higher Probability of chooslng genetically resistant

parents lncreases the Probablllty that the added galn (at

a glven saople slze) achievable by fu11-slb breedlng w111

Justlfy the added costs of controlled polllnatl-on, elther

in the I'rlld or 1n seed orchards.

(2) These traits oay be controlled largely by ePlstatic- or

dominance-effec t genes, 1n which case lt 1s l1ke1y that

only speciflc crosses wiJ"l produce geretlcally highly

superlor offsprlng. This is utllizlng sPeclflc conbinlng

abillty (scA).

I{owever, plus-tree sel-ectlon for reslstance to lmportant inaects

in Northern Rocky }tountain conlfers rri1I seldom be efflclent, because

there are too Eany non-genetlc reasons for trees escaplng lnfesEation

in the rrild. Therefore, a practlcal improvement progran for lnsect

reslstance should follow the scheme dlagramed ln Flgurerro-fr, wlth the

possibllity of control-po1llnatlng to nass-produce seed lf SCA is

to be utllized.

Plus-tree selectlon for bacterlal, vlral, or fungal dlsease

reslstance can be effecElve ln areas of hlgh lnfection lncldence,

1.e., where the chance of escape for non-genetle reasons is 1ow.

This effectiveness has been demonstrated in western whlte plne blister

rust resistance (Binghan, et. el, 1971) and ln uany agronoulc crop

disease resistauces (Btnghaal, et. al-l 1971). The orlgina1 acquisltlon

of seed for dlsease reslstaoce evaluatlon and selectlon nay be from

controlled polllnatlons anong r^ri1d trees ln heavily lnfected stands.

The orlginal- parents should be preserved for addltlonal test crossing

as more la learned about lnheritance pattelns, and for the potentlal

productlon of comerciaL seed.
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VEGETATIVE PROPAGATION

There have been numerous grafted or rooted seed orchards and

progeny evaluations establl8hed in North Temperate tree apecies. A

vegetatively-propagated progeny) evaluatlon Is a rational operatlon lf

the species is nornally vegetatlvely propagated in artlflcial reforestatlon.

Vegetative orchards for mass-produclng vegetatlve materlal and for contlnued

lrproveEent breedlng llkewlse are reasonable for vegetatlveJ-y-propagated

specles. The Northern Rockles have no conlferous specles whlch are llkely

to be vegetatlvely propagated 1n artlficial reforestatlon.

Grafted seed orchards for seed-propagated specles have been

establlshed on the following assumptlons:

(1) Phenotyplcally superlor w"Lld trees are also genetypically

superior, so graftiag these lndlviduals lnto an orchard is

an "instant" asslnllatlon of genetically superior irtdlvlduals.

Thls has been deEonstrated untrue for Eost of the tralts

important to us ln North Tenperate conifers.

(2) Grafted trees flower many years earlier than seedlings

established at the same tlme. There are few data avallable

from evaluatlons of grafted and seedl-lng Eaterial treated

comparably to support this contention. Undoubtedly, there

are large differences between species, buE observations in many

specles lndicate that the fl-owering age dlfferentlal between

grafted and seedllng natertal ls not substantlal.
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(3) A graft unlon, once establlahed, w111 be pernanently coDpat-

lble. Graft unlon lnconpatlblllt lea, on a large scale, have

shown up after 10 years or rore ln nearly all North Amerlcan

conlfera extenslvely grafted. The problene threaten nany

expensLve grafted seed orchardg, lncludlng the Reglor L sestern

rrhlte plne orchard at SaDdpoint, Idaho.

. : F1na119 grafted orchards put the tree breeder oue geoeratlon

behtnd. That la, the fLrst cycle aeed orchard, tf grafted, contaltra

the origlnal parents, nhereas the flrst cycle eeedllng seed

orchard concaina the offsprlng of the orlglnal parents. The

grafted orchard, futhemore, uay be several tLues Eore

expenElve to establlsh than the seedllng orchard, Eor aeed-

propagated epeclee, aB rre are deallog wlth here, grafted orchards

and grafted progeny evaluatlon8 lrlll not be utlIlzed.
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l,l. R. E€aufalt
A,prt1 24 , 1972

PROSPECTUS

rrThe end of educatlon ls uore educatlon. " (John Derey )

A Prorae for ContinulnS Educatlon and Certlflcetlon

10 Foreat Ecology and Sllvlculture

ilr the Northern neBlon

llhat la a S1lvlcultu"Lst?

fte lateat Tet'ELoolo8y of Poreet Scleoce (Soclety of Arerlcan Foresters,
1971) deflnee rllvlcultur€ as "...the aclence and art of cultlvatlns
fore8t crops baaed on a knorledge of 9M9. " Uore partlcularly, lt ls
"...th! theory and practlce of controlllng the establlehtoent, coEposltlon,
conatltutlon, ed grorrth of foreaEs.'r Sllvice 1s rr...rhe study of the
llfe hlstoty and genetal char8cterlstlc8 of foreBt trees and ecands rrlth
partlcular reference to Locallty factora."

These forual deflnltloos aalde, Bllvlculture sloply reans growlng trees
ln a foreet setting. A Bllvlculturlst lt e klnd of forest gardenet with
background ln, and a deep reapect fo!, the blology of 1lfe, grouth, and
reproduction. He codines this kndrledge wlth an appreciatlon for Manrs
creature neede frot the forest.

A sllvlculturist 18 a forester rrho, through speciallzed education and
experlence haa becooe a plectlclng foreat ecoloSl8t. He dlffera froo
other Derber8 of h16 profeBslon ln that he requlres a strong blologlcal
foundatlon ln plant and anloal ecoloS,, plant phyaiology, eoll productlv-
ity, end the baslc energy syate&a whldr fuel forest corounltlea. Uost
forest Eanageuent declElone lnvolvlng leod treatreot, acce8a, harvest and
cultural oethods, and forest productloa are ba6ed oo Eilvlcu1tural tenets.

Selectlon of Sllvlculturiets

At present, Northero Reglon forestera are aasigned to the Jobs of Dlstrict
or Foreat SLlvlculturl8t t ithout conalderatlon for trro facts. Firat,
sllvlculture la a epeclalty requirlag acadeaic foundatloos in plant ecology
and foreat blology not always avaLlable to baccalaureate graduates of
foreatry echools. For that Datter, current and projected foreetry curricula
no loager requlre the scleotlflc fouqdatlon and e:eosure to blologlcal
prlnclplea necesaary to Eake sourd oanageDent prescriptlons.

-
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.1191[, thc rGaelotr of blologlcal utrdeastandlng heo expanded grertly
utthh the 1..t d6cdde. Hany of these coBcepts have not found th€lr u.y
lato profeo!1onal tralnlng at th€ undergrrduate lcvcl. For exeqlc, ocv
parapectlvca ln p18ot succeeslon, doeral nutrlcat cycltng, enetgy crchragc
etrd thelr lntarectloDs ln foreet co@unLtlea arc lupcrfectly rmderstood
by both recaat grsduates and thoae rho heve been prlctlc1a8 foreatry for
aoE yeara. Theee dlaclplLnea, rrlth thelr tap roots 1n phyelcal aud
blologlert scleoce, are esaeatlol to fore.t land oanagere who hope to
evold aetloua errorB ,,n land uae rtril tleatolEt.

The Forest Scnrlce h8t depended upon the claeelcal 4-year folestry educatlon
to ftll lt8 necd for a llvlculturlatB. Horever, a Sraduate forester la oot
quallfied ae a ellvlcultutlet becauae he hag had one ot tto couraes ln the
subject auy roore than he 15 aa a nlldIlfe blologtet ot a soll acLentl8t.
He uaually haa had one or trro courlte8 1! these eubJects as wel1. Moreover,
eoae foreaterE are now Baeduatlng rlthout acadeolc expogure to fore8t
ecologr and allvlculture.

llhy a ProBreE Not ?

The epeclalltles of allviculture are: Forest ecoLogy, reforeEtation Dethods,
foreat genetlca, etand lnproveDeot, and harvest syBteEa. All requlre
slgniflcant educatlon beyond the baccalaureste. At preaent ' there are
no aygteEatlc progra88 to provl.de the neceasary backgrormd within rhe
Porest servlce . At the a&e tltle ' che Chlef I s 'rFrcwork for the Future" ,
the Northern Regl-on's 'Uaoageoent Dlrectlon" and "Program Eaphaeisrr, and
recent Taak Force Reporta on rrForest Uaaaseuent 1n l{yonlng" and '!aoage-
Deat Practicoa ofl the Bltterroot Natlonsl Forest" provlde a uandate for
advanced, high-qu8uty prrctlce of these ekills.

The aee credentlala are requlred of ellvlculturlsts lrhether they are
prescrlblng for wl1d1lfe habltat enhanceuent, uaterahed protection,
scenic vlataa, or tlDber productlon. tror that Datter, the Srovlng alld
tendlag of forest vetetatLoo la ao uaderlylng uechanlsu for servln8 all
of theae reBources. Tralnlng, ln the conventlonel sense, 91op1y cannot
achleve the needed coapetence, backgrormd ln fundauentals, and flexibllity
1n appllcatlon of allvlcultural prlnclplee. Ilorrever, profesalonally
tralned foresters are the logical rew Eetellal for the Dtstrlct, Forest
and Reglonal staff poslclone in gl.lvlculture.

The Progro Outllne

ftre Dlvlslon of Thber Manageuent offere to Supervlsors and Rangers a proposed
ProBre of Coutlnulng Educatloo in Forest Ecology and Sllvlculture
deslgned to D€et the pres8lng needs for quallty nanaSenent, It lnvolves
a llalaon betreen three eres unlvetaltiee aad the Northern R€glon to
achieve a payoff ln 2O rrquallfl.ed" lodlvlduals rrlthlo about 2 years; then
20 rcre each year aftea that (one for each ForeBt plus 4 ln the Reglonal
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offlce). S1ollar proSrens could be lDltlated sloultaneouely elsorhere
ln the Servlce.

Ttre baalc plen ls aa followe:

1. Foreatera wlth at leaat one year of tlober Dana8ernt experlence
are selected for the Contl.nulng Educatlon ProgreD based upoa thelr
acaderlc and enployuent recorda, end thel! deglre to devote eoos of
thelr career to Btaff work ln Forest Ecology and Sllvlculture.

2. These ren wl1l be eorolled for three one-uonth eesslole over a
perlod of one year ln the three foreet schools ln the Northero
Reglon (Universlty of }looteua, Unlverslty of Idaho, aod Waahlugton
State Unlverslty), or others Lo the Paclflc Northlrest,

3. Tte three laEenslve, lLve-in, one-noath sesslons would be
structured as belorr:

Proapectus

Institutlou Sublect Uatter Courses

Sedsloa I Unlverslty of Montaua
(Individuals)

Forest Autecology: genetica ,
physlology, physlcal geology,
clLDatology, tDeaaureoeata
(statlstlcs)

Session 2 WashlDgton State Utrl-
veroity (Populationg)

Forest Slmecology: sol1s
ecologlcal classlf ication
systeEa, anftnal & plant
populatlon dyna.alcs, [easure-
Dents (conputer progr"m-{ug)

Session 3 Universlty of Idaho
(Syeteos)

SilvlcuLtural SysteDs: rrater-
shed, reglonal s1lvJ-culture,
tree and shrub l[provenent ,
ueaeurenents (eystens),
economl.cs .

4. Ttle Ewo perlods betveen sesslons would be planned (wlth the
euployee's supervlsor) for work as closely related to the educatloaal
experlence as feaslble.

-.7 /- -



; r 'trtt*l

5. UpoR coupletloD of the Program' accoEpenl.ed by rlgorous te8tlng
snd evaluatlon by faculty and supervlsors, ttaduatea would be
certlfled to wrlte Bllvlcultural prascslptr.ons ln the North.rD natlon
llatlonel Por€ats.

6. The Progrro 1111 be ado1nltt.r6d by a thrcc-oen lor..t S.nrlc.
stecrln8 co@lttee conalstln8 of rcpraeentatlvaa froa Tlubrr l{rnegr-
o€nt, Peraoqnel ltnnageent aud a desltaat3d Llne Offlcer. Ihls group
1111 evaluate thc faculty quellflcatlou3 and couree outllnea rubElttcd
by each foreetry 8chool fo! 1tB phase of the PrograD. lhe DLvlsloa
of Operatlon rould negotlate coatractB rlth the lnatltutlotre. Ihe
conElttee rr111 nonltor quauty of ln8tructlon, testlng, student
perfor:oance aad ultloately, certifLcatLou. Coatrol of the Prograo
w1.11 reoaln at 611 tlfies !r1th the Forest Servlce.

7. Refreeher courae8 w111 be scheduled at about 3-year Latervals for
Progran graduatee wtro reoala profeaeioaally actlve ln the fleld.

Addltloael Beneflts

this entlrc Program gelns strength froD the use of quallfled, ecientLflcally-
oriented acadenic personnel for loatructlou. Yet it retalDs atrong
guldance by the SteerlDg Co@lttee to enaure practlcal appllcetlor of the
contlnuLnS educatlofl experience. IE other worde, teachere do the teachlng
ln an acadenlc atuoaphere wlth all atteudlng educatlonal advautages. Horr-
ever, the Progtaur e applted olieatatloo l.B nalntalned by actlve Agency
partlclpatloa 1! selectLoa of faculty, courae outllae8 and testfurg p!o-
cedures .

lhere are sooe subjects la the
do not have the beBt quallfled
unlversity lnvolved would uake
of speclflc faculty frorn other
Forea t Sertdce.

Proapectus for which the 1ocal iostitutlous
faculty. Under these cl.rcrnstances, the
arraogeneucs for rtln resldencert serrrices
urlver8ltles or agencles, lncludlng the

the lntenslve, Doth-long seaaLons are planned to oake full use of
advanced teachlhg 'rthods aod all raklag hours of psrtlcipantB. PrograD
beneflts will begtn to be avallable {nnedlately. Upon coupletio! of the
flrst t0onthr a seselon, the atudenta s111 retura to their forests to apply
what they have learned.

Students who wlehed to do eo would be encouraged to coqlete, on thelr owa,
necegaary requLrerents for a Uaster of Forestry or llaater of ScLence
degree from any of the three lnstltutiona lnvo1ved. ltle leve1 and aroount
of course coatent w111 be such as to requlre sone addltlonal acadenlc
credlt, ln addltLon to a profeaslonal paper or thesl.s, to fu1flll all
requlreEenta for a graduate degree.
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Stendarda of knotrlcdge crn be eet et the ProgreDt e teatlng level. Super-
vlsorr w111 hev€ acc€aa to objectlve crltctla for oveluatlag the b1olog1cal
quallty of oenageoent recornendatloae. Net, appllcsltE can be teatcd for
thelr kndrledge as forest ecologlsts and ellviculturlsta. lheee featurEe
n111 aleo help publlctze the ASeacyr a coDcern for quallty forest DrneSGEnC,
but rrre lqortaDt w111 deEonstrete that we are dol.ng ao[ething about lt.

Flnslly, the Progrem could gerve as a pllot for slEllar efforta la contlau-
1ng educatlon $lthin the Northera Regloo aad the troreat Servlce. The
Forest Servlce ouat deEoaatrate both 1ts crede[tla1e aad progreaalveneaa
lrt grouin8 and safely hervestlag treea to retalB pub1lc confldence ln lts
stewardehip.

Prolected Coets

Ihe dlrect coqts Eo the Correrment, excluaive of salaries, can be extrapo-
lated f:ou preaent experLence, as follol,e:

1
2
3
4
5

Tultloo for 20 contact daye
Per dle!
Total per atudeot
Total for 20 etudents per seaslon
Total for 20 Btudents for entire proglan

$ 4oo.oo
400.00
800.00

16 ,000.00
$48,000.00

Ttrua, for $48,000 the Northern Reglon w111 acadenlcally quallfy at least
one oan on each Foreat ln Foreat Ecology and SLlvlculture. These men
wlll have credentiale nearly equlvalent to a Uaster degree. the total
coat ls easily leas than the Douey speut to rectlfy a slngle, serioug
land uanageoent error.

q7-



SESSION

I. Autecology II. Synecology III. Silvlcultural
s te0a

cottTENr

Graduat.-1.ve1 claas€a ln:

TloPIC

A. Earth Scleace

Cllnatology

B. Biologlcal Sclencea

C. !treaaureneuta

Graduate credlt n111 be available for the course by lndlvldual
arrangeBent I1th the unlversltles involved.

Revler Geology

Geonorphology

Ueteorology

Solls

Hydlo10gy

Ilatershed
Uanageoent

Landscape
Archltecture

Tree and Shrub
Iuproveoent

Reglonal
S1lvlcu1ture

Systeos Analysls

Econoolcs

Systeloatlcs

Phyelology

Genetlcs of
Indlvlduale

Anat@y

Sllwica

Populatlon
DtndicB

Geaetlcs of
PopulatlonB

Ecologlcal
Classlflcation

Uensuretion

Statlatlis

Sapllng

UenBuratl.oneL
ADP

Growth and
Yield
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APPENDIX 3

SUMMARY 0F TREE IMPROVEMENT PROJECTS FOR TIIE 1970rs

coNTEI.IIS

TabIe 5, Summary of Tree Improvenent Projects. 79
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APPBI{DIX 4I

TABLES DEVELOPBD FOR ESUilATING SEED NEEDS

Reglon 1 Plantlng Prograo for 1980 (Acree )

Reglon 1 PlantLng Progre fot 2O2O ard 2080 (Acree)

Specles Cooposr.tLon of Plaated Staode

Reglou 1 Anerage AoDual P1aDt1trg Stock Needa for 1980,
2O2O, alrd 2O8/J

Bstfueted Aaaual Per Tree Coae ecd Seed ProductLon of
Northern nocky uouataln specle8

Tab le

Tab le

Tab le

Tab le

Tab le

6.

7.

8.

9.

10.
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84

85

86

t

(/



.{! nJ6--n 11.^-nttl." -,rogf.-* roJ ^,so t.,-.u")t I I
(3)(1) (2)

Acres Regenerated Annually
(.0Y" ot column 1) Acres Planted Annually

Acres Under Management
for Timber Productlon (CFL) (a) (b) (c) (d) 2a x .lO 2b x .43 2c x .43 2d x .43

S tate
Natlonal

Fores t PCl , PCz PC3 PC4 PC1 PC2 PC4 PC1 PCz PC3 PC4PC3

M ACRES
Co1vl11e

WASH. Kanlksu
WASH. TOTAL
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54 .5

289.3
,, (5 .3"1

110.
7.

117.

2.2t0
1 .387
3.597

.884

.057
,94L

.553

.019

.572

.22L

. 139

.360

276.?
r73 .4
449.6

(tL.gio

5
I
5
t))

169
2,4

71.s
(4.7i(

1.878
.436

2 ,3t4

.808

.187

.995

.380

.02s
,405

.238

.008
,246

(3.7 )

Kanlksu 519.0 153.
c drA 382.1 222.

IDAHo Cl"w, 511.0 352,
St. Joe 303.7 151.
Nezperce 269.9 359.

IDAHo ToTAL 1985.7 1259.
G2.57.) Q7.6

3
4
0
3
9

9
z)

4
3

8
5
8
8
it)

2L.
76.

2L9.
116.
L79.
6L2,

(19 .1

7.t
13 .9

133.8
64.6
90 .0

309.4
(20.32)

4.L52
3.057
4 .088
2.430
2.t59

ls .886

1.307
L.778
2.822
L.292
2.878

10.078

.L70

.611
1.752

.9 30
L.439
4 .903

,057
.111

1.070
.5L7
,720

2.475

. 415

.306

.409

.243

.2L6
1.589

,562
.7 65

L,2L3
.556

L.238
4.334

.o25

.263
,7 53
. 400
.6t9

2 .108

.025

.04 8

.460
,))

.310
L .064

Kaniksu 218. 3 68.9
Flathead L96.2 400.3

W. Lolo 123.0 765.I
MoNT. Btr. 78.1 222.4

Koot, 528.2 440 ,2
w. MoNT. T0TAr, 1143.8 1896.9

(30 .27,) (4L.67.)

o

141.
314.
198.
337 .

1
2

1
2

8

.,
6
1
3

15

0
I
9

2
4

6
4%)

0
3
2

4
5

4

.,.
47,

163.
LO2.
151.
477 .
(31.

L,746
L.570

.984
,625

4.226
9.151

.551

.202
,tzL
.7 79
.522
.17 5

,072
.130
,514
.587
.700
.003

,o24
.377

1 .311
. 818

L.29t
3 .82L

.L7 5

.L57

.09 8

.063

.423

.915

.237
L,377
2.632

.765
1 .514

6 .525

.031-

.486
1.081

.682
1 .151
3.44L

.010

.L62

.564

.352

.555
r.6411000.

(3L.32)

Helena
E. Deerlodge

MONT Cus ter
& Bvhd.

S. DAK. Gallatin
L&C

E.}fl & S. D. TOTAL

191.0

206.2 ttt4 .

(s.4z") (24.

73.7
59 .6
0.0
9,6

L2.9
50.4

s06.
13.
86.

115.
201.

39 .0
L4 .9
88. 7

191.8
25.8

302.2
662.4
(43.67)

1 .528
4 .Os2

.105

.590

.927
L .6L2
8 .916

.959
1.311

.9s8
5 .371

.824
2.283

11 . 706

.3r2

.119

.710
L.534

.206
2.4L8
5.299

.657
L.742

,046
.297
.399
.69 3

3 .834

.4L2

.564

.4L2
2,3L0

.354
,982

5 .034

.134

.051

.305

.660

.089

.040
,279

I
2

5
3
3

9
5

5
sz)

119.9
163 .9
119.7
67t .4
103.0
285 .4

1463 .3
(4s.97.)

.590
,477

.059

.048

.07 7

.103

.403
1.650

.008

.010

.040

.166

pc roTALs 3785.3 4550.5 3L94.2 1520.9

GRAND TOTAL 13060.9

* Percentage of Reglon 1 acres of thls PC.

36.484 25,5s4

104 .4 89

15 . 689 10 .9 88

32 .2L2

30.284

9-t

L2.L67 .303 5 .232



| ,"0( I1. Reclon I Plantlns Prosram fot 2O2O and 2080 (Acres ) (I I

(a) (b) (c)

(r)
Acres Under Management
for Tlmber Production

(2)
Acres Regenerated Annual-ly

(a) (b) (c)
1(a)+ 75 1(b)+90 r (c) +115

(3)

Acres Planted Annually
(d)

1(d):130 2ax.25 2b x ,40 2c x.402d x .50(d)
State

Natlonal
Fores t PCl PCz PC3 PC4 PCl PC2 PC3 PCL PC1 PC2 PC3 PC4

M ACRES

IIASH. Colville
Kaniksu

,ASH. TOTAL

276.2 234.8
L73.4 54.5
449,6 289.3

(LL .92) t (6 ,37")

110.5
7.L

tl7 .6
(3,72)

2.4
7L .5

(4.72)

2,609
.606

3.2t5

.961
,062

1.023

.532

.018

.550

.92L

.578
t.499

. 319

.011

.330

69 I 3 .683
2.3r2
5.995

1,044
.242

t ,286

,384
.025
,409

Kaniksu
C dIA

TDAHO Clw.
St. Joe
Nezperce

TDAJIO TOTAI,

519.0 L63.4
382.1 222,3
511.0 352.8
303. 7 151 .5
269 ,9 359.8

1985.7 1259.8
(s2.57,) (27.6"t)

76.
2L9.
116 .
L79 .

6L2 ,
(re.

7.
11

133.
64.
90.

6.920
5 .095
5.813
4 .O49
3.599

26 .47 6

. 815

.470

.920

.794

.99 8

.998

.195

.664
1 .904
1.011
r.564
s .338

.055

.107
L.029

,497
.692

2.380

1.730
1,274
1. 703
1 .012

.900
5 .619

,726
.9 88

1.558

.078

.266

.7 62

.404

.626

.053

.o64

.6L7

.298

.415
L.428

2L.3

L

5

I
2
3
1
3

13

1
9
8
6
0

4

4
0
3
9

9

L7,)

. 718

.599

309.
(2o.3%)

.600 2.t36

I{.
'toNT.

^I. MONT.

Kanlksu
Flathead
Lolo
Bt r.
Kootenal
TOTAL

2t8.
196.
123.
78.

528 .
1143.
(30.2

4
I
2

4

2L

0
3
2
4
5

4
3it)

J
2

0
1
2

8
z)

68.9 9 ,
400.3 14r.
765.L 314.
222,4 198.
440.2 337.

1896.9 1000.
(4L.67.) (3L.

3.0 2.gLL
47.L 2.6L6

163.9 1.640
L02.2 I .041
L6L.4 7,043
477 .6 t5.25L
(3r.47")

.766

.448

.501
,47L
,891
.07 7

.07 8
L.229
2.732
L.725
2.93s
8.699

.023

.362
L.26L

.7 86
L.242
3.674

.7 28

.654

.4LO

.260
L.76L
3 .813

.305
7.779
3 .400

.988
1.956
8 .431

.031

.492
1.093

.690
L.L74
3 .480

.014

.2L7
,7 57
.472
.7 45

2.205

Helena
E. Deerlodge

MONT. Custer
& Bvhd.

S. DAK. cal1at ln
L&C

i. MT & S.D. TOTAL

73.7
59.6

.983

.795
0.
9.

L2.
50.

191.
505.

13,
86.

115.
20t.

1114.

119 .
153 .
119.
67r.
103.
285,

1463.

L4.
88.

191.
25.

302,
662.

.128

.L72

.67 2

2.750

2.L22
5,628

.148

.959
1 .288
2.239

12 ,384

I .04 3

7 .425
1 .041
5 .838

.896
2,482

. 300

.115

.682
L.475

.198
2,325
5 .094

.246

.199

.o32

.043

.168

.688

. 849
2,25t

.059

.384

.515

.896

4.954

.4L7

.570

.476
2.335

.358

.993
5 .090

.180

.068

.409

.885

. 119
1. 395

3 .056

9
9
7

4
0
4

3
o

0
5

3
3

9

5

5

0
6
9
4

2

39. 0
9
7

8
8
2

4206 . 12,725

* Percentage of Region 1 acres of thls PC.

so .472

-f'< -

11 . 699 11.110 7 .019
5 .42) 24. s"t) 45 43.6

PC TOTALS

GRAND TOTAL

3 50.674 27 .77 5
t40.620

12.618 20 .270
51 .01713060 .9



)lTable 8. Speeles composltlon of Planted Stands

lrwP D-T GF ES WL LPP PP SAF
Proportlon

E.
l{ash. PC1

PC2

PC3

PC4

.2L .07

.17

0

.80

.2L

.09

0

0

.2L

.09

.11

0

.2L

.22

.',

0

,07

.22

0

0

.09

.22

0

0

& 0

0

0

.13

.22N.
Idaho

20

PCl"

w. Pc2

Mont. PC3

PC4

.LZ

.09

.08

.10

.08

09

.o7

.08

.t2

.08

.08

,10

-L7

.13

.L2

.16

.18

.2L

,20

.08

.15

.T4

.13

.08

.13

.L7

.15

.16

.12

.11

.12

20

E.
Mont .

0

0

0

0

&

PC1

PC2

PC3

PC4

.22

.25

.19

.19

0 .11

o ,25

.24 .15

.2! .L7

.?-2

.25

29

0

0

0

0

.44 0

.25 0

.11 0

.L4 0
D.

Dak. 29

Jl
Eastern WaahLngton and northern Idaho calculated by deterninlng the

dlstrlbutlon of habitat types Ln Productlvity Classes (flg. 9), then

looklng up specles conpositlon ln Brownrs and Pflsterrs (1971)

Management Inplicatlons. If, for exarnple, a specles appeared in three

habitat types out of a total nunb er of appearances for all specles of

20, then 1t would have a proportion of .L5.

Western and eastern l.lontana calculated the same rray froo flgure _9_.

-94 -
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Table 9. Reelon 1 Averace Annual Plantins Stock Needs for 1980 f/

E. l.Iash & N. Idaho W. Montana E. Mont. & So. Dakota

Specles PCl PCz PC3 PC4 Total PC1 PC2 PC3 PC4 Toral PCl PC2 PC3 PC4 Toral

WWP

D-F

ES

WL

LPP
PP

SAF

L23
L23
L23
041
723

0
o4L

0

180
440

0
440
180
260
340
180

o
235

0
235
LL7
235

0
235

303
927
L23
7L6
420
606
826
4L5

ToTAL 574 2020 1057 555 4207

t/

M Seedllngs
11 7

267 246s t448 700 4880 049 t436 209s 969 444s

, col. 3) by proporElons ln table 8 by 300 trees/acre
c4

0
0
0
0
0

111
445

0

032
044
022
032
049
022
o22
o44

zt7
440
2tl
196
4L6
367
318
294

307
102
117
190
205
249
151

070
140
056
070
084
091
105
084

436
931
397
4L5
739
685
694
583

0
011

0
o22

011
0

005

0
359

0
359

0
359

0
359

0
620

0
235

0
406
513
32t

0
281

0
136

0
184
203
165

0
L27L

0
752

0
856
7L6
850

Calculate
for PC1;

e6
dP

db
375

y multiplyLng acres (tab1
for PCZ) 425 fot PC3, an

Reglon 1 Average Annual Planting Stock Needs for 2020 and 2080 U

E. Wash. & N. Idaho iI
M Seedllnes
Montana E. Mont. & So. Dakota

Specles PCI PCZ PC3 PC4 Total PCI PCz PC3 PC4 Toral PCl PCZ PC3 PC4 Toral

wI^I?

D-F
GF
ES

WL

LPP
PP

SAI

256
256
256
08s
256

0
085

0

155
379

0
379
155
224
293
155

0
196

0
L95
098
196

0
t96

0
0
0
0
0

L23
492

0

411
831
256
660
509
s43
870
351

059
092
o46
069
LL4
o46
046
092

1,^ 0
319
190
L69
358
315
274
253

097
256
085
097
158
L7L
207
L34

D77
154
062
077
093
100
115
093

433
881
383
4t2
123
633
643
572

0
023

0
045

0
023

0
011

0
310

0
310

0
310

0
310

0
5L7

0
t96

0
338
428
267

0
3r0

0
150

0
203
225
182

0
1160

0
701

0
874
653
770

r0rAr, LL94 L740 882 515 443L 574 2129 t205 772 4680 LO2 1240 L746 1070 4158

CElculated by multlplylng acre
for PC1; by 250 for PC2; and b

table 7, col. 3) by proportlons In table 8 by 150 trees/acre
50 for PC3 and 4.

s(
y3



WI,TP

D-F
GT

ES or WS

WL

LPP
PP

SAT

Ll

2l

3/

!/
s/

6/

8/

Table 10. Estlnated Annual Per Tree Cone and Seed Productlons of

Northern Rocky ltountaln Specles

Imtature Mature - Open-grorrn

Specles Age (Yre. )
No. Sound Seeds

Per Year

747 Ll

,400 1/
-ooo 8/

:;:: gl

,ooo e/
.oo0 g/

"87s 

9l

Nd. Sound Seeds
Per Year

37 36L u
65,000 u
4,060 2l

166 ,100 . ,
22 -OOO !!
ao,ooo .y
e.000 g/
t,soo zl

I4
15
20
20
20
10
20
20

26
1

41
2

20
2
1

Actual productlon of SandpoLnt (Idaho)Seed Orchard in 1970

Barnes, 1969. Three-year average In a 4O-year old plantation; 30-

foot spacing.

Actual productlon of DenDy . Aw1 . Seed Orchard (USFS Paclflc

Northlrest Reglon )ln early 70fs.

Woody Plants Seed I'lanual and USFS Northern Reglon Seed llandbook

USDA, FS, 1955 and Northern Reglon Seed Bandbook.

FowJ.er (1963)and USFS Northero Reglon Seed Handbook.

Projection is for 20- to 40-year o1d trees.
of author

Personal observatlon ind Northern Reglon Seed llandbook.

Estlnate of author.

'8t -
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APPENDIX 5

Description of Tree Improvement Areas and Seed Orchards

Lone uou[taln Tree Improvement Area

Coeur drAlene Nursery whlte Pine Seed 0rchard

Condon Tree Inplovenent Area

Ueadow Creek Test Plantatlons

Bechtel Butte and Emerald Creek Test Plantatlons

Savenac Tree Improvement Area

Sandpoint Seed Orchard

Boulder Creek Natural Seedlng Area

lGrry Creek Test Plantatlon

Gletty Creek Test Plantatlon

JayDe Test Plantatlon

Miscellaneoug

.87

88

88

89

90

9l

92

92

93

93

93

93

Ponderosa Plne Tree Improvement Commlttee Approved Test
Plantatlon and Sded orchard Sites

Table 11.
94



Lone Mountain Tree ImDrovement Area. This is a 32O-acre level site

on the Rathdrum Prairie 20 miles north of Coeur drAlene, Idaho, on the

Coeur drAlene National Forest. It lies at about 2,000 feet elevation.

Approximately 180 acres are currently being developed for seed orchard /

evaluation plantations. The projects underway or planned through F.Y. 1976

are summarized,

Project( s) Completed in F.Y.

Preparation and planting of cooperative

ponderosa pine test plantation/ seed

orchard (16 acres), Predicted duration

80 years.

Preparation and planting of 2 WWP Phase I

rust resistant seed orchards (lg acres).

Predicted duration 30 years.

Preparation and planting of DF Geographic

Variation cooperative project with IFRES

(9 acres). Predicted duration 80 years.

Deer -proof fence around 180 acres,

irrigation system, administrative

facilities on 9.5 acres.

197 4

t97 4

197 4

-8'/ -

1974



Preparation and planting of LPP

evaluation plantation/ seed orchard

(19 acres). Predicted duration 60

years.

Preparation and planting of WL

evaluation plantation / seed orchard

(6.5 acres). Predicted duration 60

years.

l9? ?

197 6

Coeur drAlene Nursery White Pine Seed Orchard

Nine acres at the Coeur drAlene National Forest Nursery are devoted

to a Phase I rust-resistant white pine orchard to produce seed for low

elevation planting. This orchard will be completed in F. Y. 1974. The

predicted duration is 30 years.

Condon Tree Improvement Area. This 40-acre tract is located on the

Condon District of the Flathead National Forest. It is in the Swan Valley,

at 3,100 feet elevation, and is about 1/4 mile east of the District Ranger

Station. About 35 acreE! are being developed for seed orchard / evaluation

plantations.

_5( -



Project(s)

Preparation and planting of cooperative

ponderosa pine project (16 acres).

Predicted duration 80 years,

Deer-proof fence around 38 acres.

Preparation and planting of DF Geographic

Variation cooperative project with IFRES

(9 acres). Predicted duration 80 years.

Preparation and planting of WL evaluation

plantation/seed orchard (6. 5 acres).

Predicted duration 60 years.

Completed in F. Y.

l9?4

197 4

19?4

1976

Irrigation system 197 6

Meadow Creek Test Plantations. This 110-acre tract lies weet of

Meadow Creek near the confluence of Orchard Creek on the Clearwater

District of the Nezperce National Forest. About 70 acres of it are reserved

for genetic evaluation plantations in the decade of the 70's.

-gf '



Pro ect s)

Cattle-proof fence around 25 acres.

Preparation and planting of

cooperative PP project (16 acres).

Predic'ted duration 80 years.

Preparation and planting of DF

Geographic Variation cooperative

project with IFRES (9 acres).

Predicted duration 80 years,

Preparation and planting of LPP

evaluation plantation (19 acres).

Predicted duration 60 years.

Preparation and planting of WL

evaluation plantation (6. 5 acres).

Predicted duration 60 years.

Completed in F. Y.

1974

197 4

r9? 4

1977

1976

Bechtel Butte and Emerald Creek Test Plantations. These four tracts

located on the Clarkia District of the St. Joe National Forest total 9 acres.

-4a



They were prepared for planting the Local Variation study in Douglas -fir

( cooperative with the Intermountain Station):

Project(s) Completed in F. Y.

Prepare sites, spray brush plant DF

Local Variation cooperative study with

INT (9 acres). Expected duration 80

years.

Site preparation, service irrigation

system, cattle -proof fence, plant

ES/Blue spruce provenance project

(8 acres Savenac Creek side).

Predicted duration 80 years.

19? 3

Average annual measurements and

maintenance. Through 1976

Savenac Treg Improvemen! Area. The former Savenac Nursery site at

Haugen, Montana, on the Superior District of the LoIo National Forest was

approved by the WO for abandonment as a Forest Service -operated nursery

in January 1972. About 140 acres are under irrigation and will be suitable

for evaluation plantations for many species and seed orchards for a fevy:

Proiect( s) Com leted in F Y

- 4t -
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Project(s)

Site preparation, service irrigation

system, deer-proof fence around 60t

acres, plant DF Geographic Variation

cooperative study with IFRES (9 acres).

Predicted duration 80 years.

Completed in F .Y.

197 4

Site preparation and planting of LPP

(19 acres). Duration 60 years. 197 7

Site preparation and planting of WL

(6.5 acres). Duration 60 years. 197 6

Sandpoint Seed Orchard. This l7 -acre rrestern white pine seed orchard

to produce partially rust-resistant seed is located next to the Sandpoint

District Ranger Station on the Kaniksu National Forest. Manual mass

pollination of the 15-year-old grafted trees produces about 50 bushels of

cones annually. The trees are planted at a 201 x 20rspacing. Seed from

this orchard and from the Moscow Arboretum (Intermountain Station) is

being used in the regular reforestation program of the Region.

Boulder Creek Natural Seeding Area. This 15-acre test of natural

selection for rust resistance will be prepared in the fall of lg?3. It will

be scarified to provide a suitable seedbed for white pine trees left after

-d? 2



logging, which will be completed in summer 1973. Site preparation will be

covered by slash and K-V collections.

Mer Creek Test Plantation. This 36-acre F, white pine rust -resistant

evaluation plantation was planted in 1970 at Merry Creek on the Clarkia

District on the St. Joe National Forest. Maintenance and inspection are

performed cooperatively by Intermountain Station and St. Joe personnel.

Glett Creek Test Plantation. This 36-acre plantation, established in

1971, is part of the same study as the Merry Creek plantation. It is located

on Gletty Creek of the Newport District, Kaniksu National Forest.

Javpe Test Plantation. This is the third and final evaluation plantation

in the same study in which the Merry Creek and Gletty Creek plantations

were established. This 20-acre site is across the road from the Jaype mill

on the Pierce District of the Clearwater National Forest.

Miscellaneous. White pine provenance plantations and graft plots are

located on Teepee Creek of the Coeur drAlene, EIk River and Fernwood of

the St. Joe and Randolph Creek of the Lolo National Forests. A11 are covered

by special use permits issued to the Intermountain Station and are measured

and maintained by the Station. Other white pine evaluation plantations are

maintained and measured by the Intermountain Station on the Priest R iver

a nd Deception Creek Experimental Forests.

-q? -
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Table t 1

Ponderosa Pine Tree Improvement Comlttee

tttt ( I
(

Approved Test Plantstlon and Seed Orchard Sites

Recoomended For
Neareat Town Legal Descrlptlon &rner Test P1tn. Test Pltn. &/or Specleg Sultab llltyName

[eadow Cr. Grangevllle, Id. SW 1/4, sec. 26
T3ON, R4E

Tensed Tenaed, Id. NSI 1/4, NW 1/4,
aec. 16, T44N,
R4I.I

Lone Mtn. Coeur drAlene N l/2, eec. 27,
T53N, R4W

Wolf Cr. Llbby w u2, Nt LlA,
aec. I, T29N,
R26W

Condon Condon, Mt. NW 1/4, NE 1/4r
sec. 36, T21N,
R17I{

Lubrecht Clearl ater, Mt, NE 1/4, NE r./4,
sec. L5, T13N,
Rl5W

Onlv

x

Seed Orchard

NW 1/4, NE 1/4,
sec. 30, T13N,
RT9I{

USES

Idaho

usFs

St. Regls

USFS

Univ. of
Uontaoa

Montana

x

x

x

x

x

LPP PP, WL, DF, GT

PP DF, WWP

LPP, DF, PP, WL, Gtr
MIP

PP, DF, WL, LPP

?P, DF, SAr, WL,
LPP, ES

PP, DF, UL, LPP

PP, DTMoot. St.
Nursery

Mlesoula

Sec .
R19W

xRye Cr. Darby, Mt. 23, T3N, B.N

-7r -
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APPENDIX 5

ADP FoRMS USED IN WWP PHASE 2 3100-tree
EVALUATION PROJECT

CONTENTS

R-l Tree Improvement ADP Handbook by Gerald Franc, Clearwater NF
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II. clnl ls. 1 - lIIr Dta 2-9
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02-
03-
05-
06-
01 -
08-
09-
10-u-
12-
13-
14-
$-
16-
L7-
18-

r
Iree ftpEo\rErEnt ADP Hardbook

cardidate Iilentificatlon

Oolursrg os thnnrgh trplw of ttE trE firpEorrEtEnt ADP progran idsrtify
tJp irrttvtalual cardjdata tr€. Ihie infouratjon is rqeated ql both
card lil>. 1, i1lea Data" ard card No. 2, 'Follinatl.sl Data, i ard on any
or at1 subse$Et data cards vtriclr nsy be add€d to Urig prqfano

oolurns 1 ard 2 - Roltst (2 diqit)

Ef r T.M. Odrtr,ol Hardb@k 2409.2Le - Chapter 12I-4

Use the standard Fore8t codss for R€Sion Gre forests t

6d6

Baaverhead
Bitt€mt
clearratc
Coeur d rALere
ColvllLe
clrBtrr
Derlodge
Flathsad
eallatln
Iblena
f\anilGu
Ibotsrai
r-ewls arri Clark
Ioto
Nezperce
St" Joa

colllrns 3 to 5 - Spei.es (3 d.iqit)

Ref : CcrrqnrE Ent prescr.iptirtn llardbook 2409.2L - Onpter 323-I

Use tlE natlonal @de to identify tle particular tJiea s?ecie6 
"

Cods

017 -
019 -
060 -
073 -
093 -
101 -
I08 -
1I9 -
122 -

crani fir
SubafpirE fir
.rr-niper
VEst€rn larctl
Eqelnann ggtce
vtdtebark anl llnter pire
Ldqepole pirE
!€starlr vtdte pjrn
nonderoea pjrn
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202 -
231 -
242 -
263 -
264 -

2

tougl.as-flr
Pacific 1rcrr
lEst€lrl r€dc€dar
vEst€rn lrgnlock
I"brntalrr tgnlock

Co}nrp 6 to 9 - tlc€€ urrrber (4 digit)

Usa tlE nuber of tha fudivjdual tre for uhtch ttE data ls betn,
sulilrittd.

colurns I0 ard 11 - Yer rlalIld (2

Elltor lEe the last tro dlglts of the calerdar year in vrtddl the
cardidate ttu rtas fomd.

Code

67
68
etc.

1967
1968

colurn 12 - code class (1 aliglt)

Refr T.M. @rtLo1 llardbook 2409.2b - Ctnpterr 121-1

htl-cata tf t.tp hfontation befug srhrift€d is rsr uueoordad data,
cltaryes jl already strhitted data, ry+ri tjdtg to data alraady eub-
mltted or a deletl.cr of data akeady E rLnttteal.

CodB

!h^t, unreocded data
Deletlon
Chang€ or addition

II" Card !b. 1 - Ttee Data

colunr 13 Cazd Identificatlon (1 .ltslt)

Idantlfy tha Firttcrflar data calrr for uhlctr ttu €ntry is bel"ng nrads.

Cda

I
2
3

1 ltee data (Itrie ood6 ts pre-gtnted in Colurn 13 of tlrE
Card lb" 1 portfm of ttp tie
fteld sheetJ
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A. Seletion Area

colltrn8 14 to 15 - cilparttgtt (3 dlgit)

Ief : T"M" contJol Hadbook 2409.216 - erapt€r 121-4, 5, ard 6.

Use tlE establieh€d cdparbltant identtflcatlon nunber for t.tp
drparbrcnt ln vrhidt tha trs gtanilg"

colllrln 17 - OErter s*ti'ons (l dlqlt)

Id€ntify t}e quarter s*tton tn lrfdch ttE fudivjdual tne is
located.

Code

lbrtlEast
NortleEst
South'r€st
SorttEast

Colurrrs l8 ad 19 - SsCidr (2 diqit

Erter tlE nr.niber of tlp Section in vrhictr ttE irdivitlual tree is
located.

Colums 20 tD 22 - twnstUp (3 atigit)

[)ltEr the ternstdp nunber in vrtridr tlle irdtvidual tr* is locat=d
jJr the first tr,io olurgs " In the third oluur, iJdicate $rtEther
tle townstdp is rprth or south of tha prirripal State nBridian
using tln follcrrinl code:

code

llorttl
souttl

Oolurns 23 tD 25 - Ranqe (3 digit)

Elter ttn rarqe nurDer in wtdch tlre irdividual tree is locateal in
tlp first tlp co}.urrrs " In ttn third oluur, irdicate wtretlnr t.te
range is eaat or r€at of tte prirripal State neridian usilg tlE
folLo,ring oda:

Code

EAgt
West

I
2
3
4

N
s

E
w



01
13
37
33
39
41
etc.

t[

Oolursrs 26 lD 29 - Ibad lfirre€r (4 dislt)

Ente!. elttEr ForeE t S€rvico on fire psotsti.dt rcad nu&c ile-
psding qon wtntler t}te tre is dl Natidtal rbriost or State
arrl Prlrrata lard"

Colurrs 30 arrl 31 OrprsttiD (2

REf: T"M. PIan Hanlbook 2411.1 - Chapter 5[.3
Us€ ttE stardard cnrprsttp @d6 to inlicate tln o*rnrstrip of
ttE ]ard on rfifuh ttE trs ts l.ocatd.

Codp

NatlorEl Forest
Stat€ of IdatD
PFI
BrruJtgto lbrt}t€rn
Di.arlcrd IntematidEl
Stgll Privata

B. TTE INfOEIIETJOTT

oolurur 32 - Itea cigin (1 digit)

Irdicate HhetlEr t.te tr.ee is planteil or nablal.

oode

Natilral
Planted

Oolurns 33 arrt 34 - ht€ of Gtqtn (2 diqit)

Erter ttE last UD digits of tlp calsdar year in wtdch the tlee
gerninated. (Ito determi-rp tle acu:af age of tln tre ainpfy sub
tJact tfe date of clgin ftrrn tlB qrrz€rrt year. )

Oolurns 35 to 37 - tlelght (3 dnsit)

Ert€r tlE actlra]' hel$t of tle tre to t.tE rEaraat f@t.

Oolurrrs 30 to 40 - oianstar gEeast Hiqh (3 diqit)

Erter the dianrgter of tls tre to ttE rEarest tsrt}l of an lrrtr.
Ttde rBasurenErnt is to be taken at 4 U2 fet aborrc tlE Slourd.

I
2



07
13
23
etc.

5

1
2
3
4
5

colur[l 4l - crcfin claee (1 digit)

nefs CcnpartsrEnt Prescrlption lrardbook 2409 "2L - Chapt€r 322-3 
"

R@rd ttE cru*n class of ttE tr€ acorUing to tte follcrdng
ode:

CodE

Isolat€d
Dcrlri.Ilant
codcrninant
Intemediat€
OrerlbFped

ColurErs 42 anl 43 - crrcr^rth (2 diqit)

Ref: CcnparUrcnt Prescriplion Hadbook 2409.21 - Chaptsr 322-3

nsn an irssrent core borcd at D"B"H., nEasure ard rcord to
tlE rEarest V20 ot an iJEh ttE length of tln ncst rut 10
grcrrhg rfugs.

Code

7/20 inaYr or "7 hctt irr 10 years
13,/20 LrEh or 1.3 ircttes in 10 years
23/20 irrll or 2.3 irrtes in 10 years

c. Site Description

Oohurns 44 ad 45 - Eleration (2 diqit)

Ef : T.M. Control lrardbook 2409.2Le - Chapter 122-4

Erter tlE elevation aborre eea level of sit€ dl lrhich tlE tr6
gJrcftrs. ReooEd to the rnarest orp-hundred feet"

code

200 foot elevation
2100 foot elevation
3500 foot elevation

Aspect (1 diqit)

02
21
35
etc

Colunn 46 -
Ref I T"M. Coirtrol tlardbok 2409.2Le - Cttapter 122-4
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10
1l
L2
I3
14

I
2
3
4
5
6
7
I
9

Erter ttle aspect of tho slta t4)dt t4ttlictl tlp tr€ g]rct rE.

Code

North
NortlEast
East
souttEast
south
Sotrthlest
vhst
lfort}rtrast
Iarel or tio[hg

Colum 47 - Phys site (I disit)

Ref : T.M" control Ilandbook 2409"21e - C}apter 122-4

E)lter t]te physiography of t]e sit€ vltEre ttle tre is g.Er,r]tg.

Code

Ridge Top
D.:a slope
I\bist SLope
Str€am Bottcm
flat BerEh
Ottler

Colwn 48 - open (1 d:tgit)

rhe data origfuElly intended for tlds olun is rDt beirg taken.
Thls olurn will be rese.rv€d for futr:re use"

colwrs 49 ad 50 - Habitat trce (2 dtgit)

Ref: T"M" Control lDrdborr< 2409.21c - Chapter 122-2, a,xl 3.

Elter ttre habitat Qpe of the site qour wtdch tte tree ts g:otrj-ng.

Code

I
2
3
4
5
6

Ponderosa
Porder€sa
Porrlerosa
Po[derosa
Porderosa

pfuieftiEatgrasE
pirn/Idaln fescue
pireTbitterbrustr
pire/lenrur needlegrass
pire/sncrdcery
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15 rwderosa pile/mallor nimbark
20 Douglas-fir^tleatgraes
21 Douglas-fir/rnaLlcp nircbark
22 Douglas-f irl$u'b€rrl,
23 Douglas-fir/pinegrass
3l crard firz@le pactdstfuu
32 Subalplne firffltaftf€ pacldstfuia
33 subalpire fir/ccmron bearyrass
34 subalpire firlrusty nenzlegia
35 Subalpine firlwtortleb€rry
41 !'lesternredceaar/nryrUepacldstim
42 lEstern redcedarrzladyfern
43 l,€stern redcedar/devilsclub
51 l€st€rn lemtoc\At1rUe pachistjra
54 tbuntalnhemlocf/orrpnbeargraEs
55 lbrntaiJlnenitoc*/nstynenziesia
61 elpirefir/glouseeriprtl*erry (huckleberry)

D. Disease Inforrnation

Colrrrn 5I - Can]€r Nureer (1 ttiqtt)

Ref: Ilctes on E.ieu Seletion of Blister Rrst Reslstant lhstern
vtdte Pfuie, R"T. Bingharn.

Erter tlE actual nunber of blisten rust canl(ers on ttp cardldate
tree:

oode

l*cne
&le
T\iD
Up to five

Colturn 52 - fnfectiqt Rate (1 diglt)

Ref: Ilotes on Field Seletion of Blister Rrst Reslstant IEstErn
V&Lite Pjre, R"T" Binghan.

Ert€r tle blister n:st infection rate for otler r.*rite pi.rn tes
in tln stard wittr tte cardiilate tre. Cankers are countd on a
minlnl.un of tlrree ottrer randcnrly selectd tJees in the site ant
t}re aver4te nllrber per tre detarrnined"

code

0
1
2
etc

0 If20 carikersrztree



I

21-{0 can}cers,/tre
4I-75 can]<ers,/tre
76-160 cankere,/tr€
151 + canl€rsr/tree

(Coh.urns 51 ard 52 aply otly to ttE lrtrlte p&E tre ingoursrt
pr.ograno (tpse coltrms tray be usd for sorcthlng else fc otler
species 

" 
)

E. Flo*erirg Data

Colurns 53 to 55 - Fenale FIciErs (3 dtqit)

Enter tlE actlral nr&er of fgml.e florrers &sen *l at tJE ttE
ttE tree was located" Iatge nulba8 r y be estilmted.

coluMls 56 to 58 - c\rrrsrt Yoar cdEB (3 attqit)

Elter tlE achlal nuberr of qtnat ]rear qEs an t}le tree at tle
tinE it r,rae l@atd.

colurlrls 59 to 51 - Pesi"Etent cryEs (3 dlqit)

1
2
3
4

hter tle actrEt Mb€li of puievicus )rear @rrrs slill perstating
on ttre trc at ttp tine it vrae l.6at6d. (Ttsse cones wlll be
open ard rEny or nost will have fallst off. TtEy $rilI be an
irxticaticr of th€ flcrmlrin, habits of the tre.)

0
1
2
3

coluIlr 62 - l,tale strobili (I dioit)

Record thE preserEe of rnal.e strrcbili on tlE tJ.ee.

Code

lbrE
Lisht
Ibderate
Ibaw

Colrrrns 63 ard 64 - rt ee Stabrg (2 dtqit)

rte p::ogran will use speciflc infonatj,m on cards I ant 2 to
detarm:ire tlE stau8 of the cardidate tree up to ard iJFlrding
code 20, rSufficient Seed qr llanl. " Additimal alata cald oodes
vdll be prepared in tlE futilre to @\rer pEqreny testing, out
pIantlnl, etc. Itn progran rrill event ally deterndrn tree
status up to ad irEllding €de 90, "ltee DfoFped frcrn Hrogran. i
the curnent status of each tree will be printed autoratically
on tlle rDgt recent "TrIm" list.
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Occasionally a tree tIEy be &oFped fl'crn t]E porqrram for reasons
rDt co\r€red by tlle ADP prqfran (i. e., wlrrtfall) . Iosses rhich
are outsj-de the soope of the program nust be entered on tlp
field slreet by harrl. Codae 9l tlEorryh 99 lncluslrro are tln
only codas v*rich glpull be ottarad ln olrltru 63 ant 64.

Csle

00 ltsee ulpouirated
10 Addittonal pollination reedtgd
20 Sufficient Eeed on hard
30 Seed sornt
40 ProEeny establisheal
50 Plogeny irpqrlated
60 Surrival nEasurd
70 vigor qrElity test jrstalleal
80 Ort planteal
90 Tr6e drcpped frun poogral - belc*, prtqlrdll stardarde
9I rlee dnwped - eceEsirre blistar rust
92 firee drlopp€d - inad€quate florcring
93 Ttee dropped - too d,ifficult to clfuib
94 ltee aropped - unable to relocate tr€
95 rYee dropped - kiIled h&' fire, w:irdfaI1, etc.
96 lYee drcpped - ins€ct c disease killed
97 lYee dropped - anilnal danaEe
98 I"ee droFped - felled by nnn
99 IYee dropped - ottpr causes

III" Ca.rd llo. 2 - IbufuEtion Data

Colurn 13 - Card Identification (l it)
Iderntify tle particular cancl for $/trich tlE ent:y is bafurg nrade.

Code

2 Po[jration Data (Ttris code is preprinted in olurrr
13 of tlte Card lb. 2 porticn of tte
tree inprcvercnt field stet" )

A. Controll-ed Pollirration

Coh.urn 14 - Pollination lfunber (1 dieit)

Ilunber each strbsequent pollination begiruriry wittr lb. 1.
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Coluuls 15 ard 16 - Year Pouinated (2 digit)

Erter ttle last tvD digits of tlE calerdar year in l*dch ttle
partianlar @ntroIl€d pollination is amcnplishett"

Colwns 17 to 19 - Date Baqqd (3 diqit)

Erter tlE day of tlre )rear on which tlE pollinatior bags r.uere
placed in the tre " Use the orxtcutive nnbeq 1. e., 1to 365.

Colurrt 20 - Btxl Develqrent (1 iliqit)

rrdicate tte fsnale flcr,{Br txil lengttt to the nearest V20 hdt
(one rardcrnly ctDsen txd) 

"

Code

Bual snau. - less than 5/20
hrd nrediun - 5/20 tD LO/2O
ard large - lO/20 or nDre

ooluurs 21 lD 23 - Buds Baqqed (3 diqit)

Ixrter ttte actual nunber of hrds bagged.

Colunns 24 tD 26 - Date Pollinated (3 d.iqit)

Erter the day of tlre year by cons{utive nur$er (i. e., 1 to
365) on $fiich tlE contJ.olled pollimtion was acorplished.

Cohurn 27 - F1orrer DeveloEnEnt (1 diqit)

Irrlicate tte flcr/.rer d€velopent at tlE tifts of pollirntion accord-
irqt to the follorirtg code:

Code

lbt opered
Partly operEd
Ma<inl.un
Partly closerl
Closed

Cohunns 28 to 31 - Pollen Ntnber (4 diqit)

Elter the ntunber given to the particular tester pollen used.
In cases of controlled qroslr€ls beben taD tJees in tle pro-
graro. ent€r tle nnlcer of tfie tre frqn l*rictr tle po1len was
obtained,

L
2
3

1
2
3
4



1
2
3
4
5
6
7

11

Colur[1s 32 to 34 - Elor€rs Polllnated (3 digit)

Ent€r the ac-tua1 nunber of flo,,ers polIfuiated.

coll-un 35 - Ioss Code (f disit)

If the nlmber of flcr,,rrs pollinated (col " 32-34) is less tlran
tte nunber of txrds bagg€d (o1" 2L-23) t detandne tte reaeon
ard enter tlre apropriate oode:

Code

DEveloFEnt stopped
Bag Ioose, danaged or rnissing
Ileat damage - sun sorctl
stsn ilarEgeat or brlk€n
hsect damagie
Arrirnal dalage
Other

Co.lurrls 36 to 38 - Date Disbaqqed (3 diqit)

Exter ttE day of tlre }€ar on lridctr ttE polliration bags vmre
remrved frcm tlte tJie€ 

"

Colwrrs 39 to 4I - Conelets (3 digit)

Elter the actual nunb€r of successful orElets at tle tine of
d.isbaggiry.

Colunr 42 - Ioss code (1 diqit)

If tlre ntmber of @nelets (coI. 37-38) is less tlran tte nurber
of flcrrners pollinated (col. 31-32) detemire tlre reason anl 6nt6r
the appropriate code"

Code

DeveloFEnt stopped
Bag Ioose, danEg€d or missilg
Iteat damage - sun scorctr
St€m darnaged or brck€n
Insect darBqe
Anirml darmge
OtlEr

1
2
3
4
5
6
7
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Colulrrs 43 to 45 - Date Scnri:re1 naqqed (3 dicdt)

fiter ttE day of tle year h, cons*trttve nunber (i. e., l b
365) on brtdch t}re squin:el baggirq was accurplished.

Colums 45 to 48 - Conas Bagged (3 diqit)

Elter ttE actual nuiber of cores bagEed"

coh.nns 49 to 51 - Date cones Collected (3 d:igit)

EYlt€r tlre tlay of the year fy onsecuti\r€ nunber (i. e., I to
355) in wtdch ttre cosres r.r,ere collected.

Colrlntrs 52 +D 54 - ConaE Collected (3 diqrt)

Enter ttle actrEl nuiber of ones couected.

Cohfirr 55 - Ioss Code (1 digit)

If tJre nrrnb€r of cones ollcted (col" 52 to 54) is less ttEn
tlre nr.ur&er of cones bagqed (6I" 45 to 48) determire the reasdl
'arri enter ttre a6prnopriate code.

Code

DevelofEnt stoppetl
Bag loose, damaqed or nissirq
Heat darnage - sun scorctr
Stern danagled or broken
Ins€ct darEge
animal dannqe
other

Col\rnns 56 to 59 - SEed extrac+ed (4 diqit)

Ditrr ttre actual nunber of seed extracted frcrn the ones.

Cohrms 60 to 62 - Seed per CorE (3 diqit)

Eflter tlte calculat€d seeds per oone frErn tlre contnoLleil pollirutian.

Collnns 63 to 65 - A\reraqe !€iqht per Seed (3 diqit)

1
2
3
4
5
6
7

Elter the calculated average veight per se€d in nilligrans to
tte nearest tenth"
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B. Pollen colletion

Colurrrs 66 ar:d 67 - Po1lEn ootlctl.m tlo" (2 dlglt)

mlrib€r each subsegusnt poIlen olletlon b€ginrdrq udth t{o. 01"

Oolums 68 ad 69 - Year Coll*ted (2 diglt)

Ente!. the last trc digits of tlE calemdar ]rear in vfiich the
po}len is collcted.

Colwrls 70 tD 72 - Dat (3 digit)

rrter tlre ilay of t}te Vear bV conseutive nu&ar (i" e", I to
365) on vrtlich tlre pollen is ollected.

Colrlltrs 73 tb 75 - t"lale Str&ili (3 diqit)

Erter tlle nnle st:oblll prottwtiot dl tie tsea at ttn Line of
ontnolled polliratlor or pollen colletlor"

Code

001 Light
002 lbderate
003 lleaw

(ltris code is re\risd fi:am a penrious r 3digit code. the first b,o tltgtUs nay
E\r€ntually be used for sdr€ otler alata. )

Colurrr 75 - Str.obili De\relotrrgtt (f digit)

Re6rd tha develogrent of the nale strobili at the tlne of
collecLion.

Cod€

ScaLes closd
Buds grean
&rds yeIlo^rgren
Pollen ready to fly
PoIIen flylrtq
!"lrstly shed
A11 sh6d

Colum 77 to 79 - PoUen Sei:arated (3 disit)

1
2
3
4
5
6
7

Ent€r to the nearest tanttr, thE ourss (liquid neasu:re) of pollen
separated fron the tlla1a strobili 

"
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