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OBJECTIVES AND POLICIES

The basic objective of the Forest Service is to provide progressive
leadership in forestry, embracing the entire field of forestry and
contribution to human welfare. Components of the objective are:

national
its

1. Insure that all resources of the National Forest System lands
provide products and services to supply their share of national
requirements in an economy of abundance.

Encourage and assist other ovrners of forest lands to fulfi11 their
fores t-land management responsibilities.

Cooperate uith sEates to encourage and assist private orrners of
forest lands to improve the Nationrs forest resources.

l'laintain forestry research of a size, sccpe, a.rd competence
meet program needs for research informaEion as the practice
fore s t ry intensifies.

to
of

The basic research policy of the Forest Service is to coordinate and gear
research activiEies Eo management needs for attaining the basic Forest
Service objective concerning all forest products and services. This
policy relates to the broad field of forest and range resource management
and use. Hence, research knowledge attained will be available to all
interested agencies, institutions, and individuals.

DEVEIOPMEM OF RESEARCH ORGANIZATION

The Forests Service Manual outlines the developmenEs of the Forestry Research
program (fSM f015). In 1905 the forest reserves \rere transferred from the
Department of the lnterior to the Department of Agriculture, and the name
of the I'orestry Division was changed to rrForest Service." Inunediately,
research by the Forest Service \,ras aimed at solvinB technical aspects of
managing the forest reserves. The first studies were conducted by personnel
stationed in Washington, D.C., but decentralization of research began in
1908 with the establishmenE of the Fort Va11ey Experiment SEation near
Flagstaff, Arizona. Other sma11 silvicultural staEions in the West were
established soon after. These stations were designed primarily to serve
the local needs of National Forests, and research staffs Lre re usually
responsible to either the nearest Forest Supervisor or Regional Forester.

In 1915 alI Forest Service research, excePt range research, vras brought
togeEher under the Branch of Research in Washington, D.C., directly under
the Chief. Research units in the field began to report directly to the
Branch of Research, Range research was assigned to the Branch of Grazing
in the Forest Service, but transferred to the Branch of Research in 1926.
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In Qalifornia, the feather River ExperimenE Station, near Quincy, r^,as

established in 1912. lfhen the California I'orest and Range Experiment
Station vas organized at Berkeley in 1926, the Feather River Experiment
SEation uas absorbed by it. In 1959 the experiment station in Berkeley
was renamed Ehe Pacific SouEhvest Porest and Range Experiment Station.

The McSweeney-McNary AcE of 1928 focused national attention on the need
for a broad program of forestry research and brought together in a
single act numerous existing authorizations, providing a broad charter
for research in all phases of forestry. It also authorized a nationvide
forest survey and established a system of regional experiment statlons.

In 1933 Earle H. Clapp, first chief of the Research Branch, stated policy
guides for the development of the research organization and facilities.
One of these guides was to provide a suitable research environment,
including adequate faciliEies for good research such as laboratories,
libraries, offices, experimental areas and equipment, and, insofar as
possible, conservation of scientists' time for research activity.

ORGAI.IIZATION

The research arm of the Forest Service is a line organization L,ith authority
descending from the Chief of the Forest Service to the Deputy Chief for
Research and to Station Directors. The Deputy Chief for Research has both
line and staff responsibilities, and is responsible for overall planning,
direction, and coordination. He is assisted by advisors grouped into
seven Research Staffs, ooe of which is Timber Management Research.
(Others are Forest EnvironnEnt Research, Forest Insect and Disease Research,
Eorest Fire and Almospheric Sciences Research, Forest Products and Engineer-
ing Research, Forest Economics and Marketing Research, and International
f'oresEry.)

AuthoriEy within Stations descends to AssisEant Director for Research, and,
thence , to Project I-eaders,

EXPE RI]'IENTAI FORE STS

Experimental forests have been created to enhance research programs.
Proposals to establish experimental forests must be apProved by the Chief.
Proposals covering National Forest land must also be approved by the
Forest Supervisor and Regional I'orester.

The Station Director has the responsibility for planning and executing
research on experimental forests and for determining if any other proposed
uses are compatible r^,ith research objectives. Coordination of all
accivities on each experimental forest and operation of that experimental
forest is assigned by the Station Director to a specified Project Leader'
The Project I-eader will exercise control over the research installations
and activities required to carry out the research program and to protect
research invesEments.



Experlmental forests, generally consisting of sizeable areas, are dedicated
to research and provide several advantages. They enable a variety of
experimental treatments, including large scale tests, to be established
close together, providing valuable demonstrations for training,

Conditions suitable for future study, including problem areas, can be
produced. Detailed records generally are maintained so that Ehe
researcher has good knouLedge of past conditions and trends. Most
experimental forests mainEain natural comparElrlents which serve as bench-
marks against which research results can be measured. Use of experimental
forests avoids the time-consuming process of preparing memorandums of
understanding necessary before studies are established on national foresc,
other federal, state, or private lands, and gives the researcher maximum
control of the ground where experiments are underway. tr'ina11y, use of
experimental forests is efficient, eliminating much travel time,
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REVIEI^I OF S ITVICULTURAL SYSTEMS

I. Introduct ion

Theoretically, timber can be grown either in evenaged or unevenaged
stands. Evenaged stands are grown to rotation ages which are determined
by the products desired and site-production potentials, and then are
harvested. These methods of harves!-cuttings can regenerate evenaged
timber stands. The method-of-cutting chosen will depend upon the silvical
characteristics of the Eree species involved and upon the characteristics
of the location.

II. De sc ri p t ions

one evenaged management method-of-cutting is clearcutting where all
trees are cut in one operation. (In some cases, particularly in stands
r,rhe re timber volumes are high, trees are felled and yarded in stages.
The second stage, and any stages following, are completed soon after the
first stage. Consequently, all stages constitute one operation.) Under
clearcutting, reproduction is established naturally by seeds falling frou
trees bordering the cutting, or artificailly by artificial seeding or
planting.

The second method-of-cutting for evenaged timber management is seed-
tree cutting. Under this system trees selected for their clraracteristics
and distribution are left standing to produce seeds for regenerating the
timber stands. As few as two trees per acre have regenerated some areas
successfully, Generally, more seed trees are lef!. Since seed trees
should be the most valuable individuals in the original timber stand,
foresters prefer to remove lhem when reproduction has been established.
llowever, under this system, seed trees rnay be left until the nevr stand is
thinned commercially or harvesEed. The seedtree method is not a rational
method-of-cutting when seed production by the tree species involved is
unre 1i ab le .

The third evenaged management method-of-cuLting is shelterlrood cutting.
This system implies that shelterwood trees will perform two functions,
those of seed production and site amelioration--generally reduction of
heaE, but sometimes protection from frost. The shelterwood method may
involve three cuttings. The first may be a preparatory cutting, the
purpose of which is to open the stand to increase \rindfirmness in the
final shelteruood, and to increase the vigor of trees and their seed-
production potential, This first kind of cutting generally is omiEted in
the system. Hence, the system usually begins with a cuEting, conunonly
called the seed cutting, which creates the shelterwood srand. The last
step removes the shelterwood after adequate regeneration has become estab-
lished--an action required to eliminate competition from the overstory trees.



Evenaged stands may be subjected to cuttings before final harvesting
and regeneration of the stands. These cuttings, all termed intermediate
cuttings, generally are aimed at maintaining healthy trees and deslrable
1eve1s-of-groering-stock. They include release, thinning, improvement,
sanitation and salvage cuEtings.

To be classified as unevenaged, a timber stand must be composed of
at least three age-classes. The age-classes should be distributed about
evenly chronologic ally, and the a8gregated amount of ground occupied by
Erees in each age-class should be about the saEE. Attempts aE unevenaged
timber management have been applied to forests of mixed species. To be
successful, a desirable mixture of tree species must be maintained, and
trees in all age-classes must remain vigorous enough to use efficienLly
ground released to them when the stand is logged.

For unevenaged managemenE Ehe forester must determine the size of the
largest. trees to be grown and the age that these trees will be, Ehe basal
area of the trees which should be carried on the site, the number of age-
classes, and a f.actor \rhi-ch, uhen multiplied by the number of Erees in
any age-class, will give the number of trees in the next older c1ass.
These data are the bases for computing the ideal number of trees which
should be carried in each age-class.

The concept of a rotation age does not apply to unevenaged stands.
Instead, unevenaged stands are logged periodically to regulate the number
of trees in each age-c1ass, Consequently, once ideal, or near-ideal,
stocking is obtained in each age-c1ass, any logging operation vi11 remove
trees from all age-classes to maintain proper stocking as increments of
trees move from younger to older classes. This kind of timber: harvesting
is ca1led the selection method-of-cutting.

At least one hybrid method-of-cutting, called group selection cutting,
exists where small groups of trees are delineated and harvested. In
realiEy, the smal1 openings created which regenerate successfully generally
do not differ biologically fron small clearcutEings, Consequently,
discussion of group-selecEion cutting as a separate entity has liltIe
merit, if any.

III. PolluEanE Sources

llethods-of-cutting can be ranked by the severity of their imnediate
impacts upon an ecosysEem and their potenEial to create or aggravate
sources of pollution. Clearcutting has the Sreatest immediate potential
for damaging environmental quality and is followed in decreasing order by
seedtree cutting, shelterI ood cutting, and selection cutcing'
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That methods-of-cutting and associated cornnon practices can have

Profound effects on some pollutant sources follows. For example, clear-
cuEting \^,i11 remove completely the forest canopy. Irunediate effects are
maximizing solar radiation reaching the ground, maxinrizing the exposure
of mineral soil, and creation of the greatest possible amount of slash.

Slash generally is reduced by broadcast burning, or by bunchiug into
piles or uindrows and burning. A practice associated too often vrith
clearcutting is delayed slash burning. If slash has lain too long,
burning will be intense enough to produce the maximum amount possible of
ash and alter the surface soil st.ructure and chemical composition, and
possibly create hydrophobic surface soil.

Under the clearcutting method no one is concerned about protecting
residual trees. Consequently, an associaEed comnon practice is the
indiscriminant movement of logging equipment over the area. Under certain
siEe conditions, this unrestricted movement of machines plus the high
volumes and numbers of logs reuoved can lead to excessive compaction and
channelization.

No need to protect residual trees on clearcuttings, and Ehe aEtendant
assumption that movement of equipment needs no control, have led to a
related, severe, undesirable practice of using ground-skidding equipment
on slopes too steep for this rne thod -o f- logging. Tractor roads have been
Bouged diagonally across contour lines so that tractors could climb the
steep slopes. Logs then have been yarded dolrnhi11 almost vertically to
contour lines. The tractor return roads undercuL the slopes, in many
cases severely, and the downhill yarding creates potential water courses
vrhich converge eventually at landings.

A delayed effect of logging which might be significant on steeper slopes,
parEicularly after clearcuEting, is the decay of rooE sysLems of harvested
trees, and consequent loss of mechanical reinforcement of the soil mass on
slopes.

Abuses under clearcutting have included the creation of openings vhich
are too 1ar8e, cutting without regard for water courses, including live
streams, and preparation of firelines for broadcast burning vithout
constructing waterbars, outsloping, or other rn,ater control measures.

Abuses leading to crealion or aggravation of pollulant sources under
methods-of-cutting other than clearcutting may not be as severe as for
clearcutting, but can be similar. In this respect, seedtree cuttings are
most similar to clearcuttin8s. However, seed trees provide some shade
and transpire enough to reduce soil moisture significantly. The seedtree
method-of-cutting requires slash treatBent, but slash must be moved away
from the residual trees to protect them from fire. Slash can be piled and
burned, but opportunities for windrowing and burning slash in seedtree
cuttings generally are absent. The need to protect seedtrees from logging
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damage resEricts the movement of logging equipment and eliminates some of
the abuse caused by indiscriminant travel over a cutting unit.

The shelterwood melhod-of-cutting leaves enough trees to protect the
site from excessive radiation, and potential problems caused by reduced
transpiration are eliminated. Practicable slash treaEment under Ehis
method is limited to bunching in sma1l piles and burning. Equipment
movement on the ground will be restricted if damage to sheltervrood trees
is avoided. Another significant difference of the shelterwood method-of-
cutEing is that new trees will be well-established before the shelterlrood
is cut. Therefore, new ground cover and ne!, root systems lrill provide
significant site protection by the time the shelterwood is removed.

Superficially, the selection method-of-cutting seems to be the most
gentle site treatment for harvesting timber. However, selection cutting
may create overnhelming management problems. First, the desirable tree
species composition will be changed in most timber stands to favor less
valuable, and in some cases worthless, species. Second, the costs of
management will be inordinaEely high. These two problems do noE concern
creation of pollutant sources, nor movement of pollutants to receiving
r,raters. They do cast doubt upon Ehe efficacy of the selecEion system.

Concern has been expressed over the frequent stand entries for
selection cutting required under the unevenaged management system. That
some undesirable conditions, like soil compactlon and significant fuel
increases, would accumulate through these frequent logging operaEions,
and further, that sites would not rec'over naturally, has been suggested.
More information is required lo establish facts,

IV. Pollutant llovements i.nto Receiving Waters

What effects result from the conditions and abuses described for clear-
cutting and other methods-of-cutting? The complete removal of Ehe tree
canopy and maximum exposure of mineral soil will accelerate the streamward
movement of detached soil particles caused by the impact of raindrops.

Soil compaction reduces soil macropore space and lrater infiltration.
Therefore, if rainfall is intense enough, surface waterflo!, vi11 be
increased and will carry sediment L,ith it. Creation of significant amounts
of hydrophobic soils will affect surface flow and soil particle transport-
ation similarly.

Water concentrated by converging skid trails can generate enough energy
to erode channels and form gu11ys which can generate high volumes of
sediment by downrvard and headvard cultinS.
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The quantities of ash produced from intense slash fires on large
clearcuttings can change the site chemical balance and might significantly
affect downstream chemistry. Some intense slash fires have volatilized
nitrogen and have injured severely both soil sEructure and chemisEry.

Loss os transpiration r,/ith consequent deep soil moisture increases,
the undercutting of slopes by lractor roads, and the loss of mechanical
stabilization by the tree root systems may singly or together cause mass
soil r, as t ing.

Large clearcuttin8s located and logged without regard for rl,atercourses
and live streams carr heat streams significantly and add significantly to
sediment loads. Logging debris allowed to remain in lrater courses can
deflect water against banks to undercut them. The undercut banks eventu-
a1ly will slough or collapse into the channels,

V. Control Oppor tuni t ie s

Several significant opportuniEies exist for controlling pollution
(including adverse hydrological characteristics, chemical pollution, and
heat pollution) from methods-of-cutting operations, or, simply, final
harvesting of timber stands. Some of these opportunities may be unique
to a given method-of-cutting. Many are universal .

Control opportunities for properties managed by large organizations
begin with certain personnel policies now prevalent, Forestry, which
implies management of timber stands, has been recognized as a combination
of science and art. Science provides knowledge r.rhich has general applica-
tion. Art includes the techniques by lhich knor,rledge can be applied, but
also includes the recognition of nuances concerning specific sites and
times, the knowledge of which is necessary for successful timber managemenl.
Under present personnel policies many individuals responsible for timber
managemenE do not remain long enough in a position--including both
activity and location--to develop the ar! required for good manaeemenE,
nor, if acquired, do they have the opportunity to apply it.

Another opportunity to improve polluEion conlrol concerns job
assignments in some organizations. Timber management activities oflen are
partitioned into planning, harvesting operations, and cultural activities
aimed aE timber stand regeneration and tending. Timber operations may be
planned five or more years before logging. Personnel involved r"riEh
harvest-planning often are employed elser'rhere by the EiEe timber is logged.
And the foresters who are responsible for the quality of the logging
operations, and those responsible for stand regeneration had no planning
input for the operation. That quality of management could be improved by
increasing tenure of individuals in timber management positions, and by
assigning responsibilities for all timber management activities to a
closely integrated Eeam, seems obvious.
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Inadequate inventorial data, lack of continuity of records for specific
sites, and inability to retrieve specific sile information form another
barrier for pollutant control. Organizations need to build information on
the consequences of managemenc practices under site-specific conditions,
and this information must be processed so that it will be retained over
time, so its existence will be \^,e11-krown, and so that it lrill be available
readily. Knowledge of this kind would enhance timber management planning
and the results of stand treaEoents, including reduction of pollutant
hazards.

Pollutant control could be enhanced significantly by organizing the
ground within each major watershed into landscape facets Eo form small
natural units for management in the future, OrganizaEion of the ground
into these compartmenEs implies that a transportation systern to serve
these uniEs rrill be planned simultaneously, and that the transportaEion
system r'ri11 include consideration for the methods-of-logging and the
location of landings. Ground organization and careful transportation plari-
ning will result in several beneficial effects. Particularly important
will be lhe beneficial effects in maintaining slope stability, and
arroiding both l,iater excess and concentration.

PollutanE hazards can be reduced by controlling the size, shape, and
orientation of cutting units, especially in clearcutting and seedtree
cutting. A corollary and extreme opportunity for controlling pollutant
sources would be clearcutting in narrov (120 to 200 feet) strips while
leaving adequate leave strips. Careful planning for the sizes, shapes,
and orientaEions of cutting units so that they fit the site would limit
dorvnslope distances, acceptable lengths being governed by factors such as
steepness, soil textures, and precipitation patterns. Limitations to
downslope distances would limit !,/ater concenErations and velocities, and
excess water, and protect slope stability. The timbered borders of well-
planned cutting units would cast proportionately more shade than on
poorly-planned units, and solar radiation would be reduced.

The yarding operation moves logs from locations where trees were
fe1led to landings lrhere the logs are loaded, generally on trucks, for
transportation to mi11s. The method-of-logging and the specific equipuent
used should be appropriate for conditions on a cutting unit. After
designating aerial , cable, or tractor yarding, equipment can be regulaEed.
I'or example, cable logging can be by ground-lead, high-1ead, or skyline
which, in order, vary in degree of ground disturbance from heavy to
medium, Eo 1ight. Ior tractor yarding, rubber-tired skidders cause the
greatest compaction, and true track-layers (like the I')IC tractor) cause
the 1easE.
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Require felling and yarding in stages.
reused and skid trails can be reduced,
and the resultant slash.

Felling bed s can be
as well as tree breakage

Several practices concerning yarding constiEute opportunities for
controlling pollutant sources. Ior example, the locations of landings,
skid roads, and skid trails can be planned. One objective of detailed
planning for the yarding operaEion would be to limit the area occupied
by skid roads and skid trails. One limit suggested which seems reasonable
is 15 percent of the cutling unit. Skid roads and skid trails should be
located on the ground and designated visually by flagging. Tractors then
can be required to stay on those roads and trails. Under this restraint,
logs must be winched (endlined) to the tractor. A11 these practices would
reduce soil compaction, exposure of mineral soi-1, and water concentration.

Other tractor yarding or yarding-related controls should be considered.
These are:

Limit length of logs for yarding. In general, shorter
be maneuvered to skid trails in shorter distances than

logs can
longer logs.

Prohibit tractor skidding on sEeep ground--generally slopes
greater than 30 Eo 50 percent, depending upon site characterisEics.

Avoid severe soil compaction by regulating the time of logging to
acceptable soil or soil surface conditions like frozen ground,
ground covered with snow, or soil moisture less than a determined
critical content. These criteria apply equally to mechanical
slash disposal activities.

]-imiE the loads of tractor skidders according to their ground-
surface bearing pressures and site conditions including slopes,
soil textures, and soil moisture contents.

Require directional tree felling away from lrater channels and
touard designated skid roads and trails.

1

2

3

4

5

6

Another r^,ay to reduce the quantity of slash is .to reduce utilization
standards for minimum merchantable 1ogs. The smallesE 1og diameter can
be decreased and Ehe amount of acceptable decay or other defect can be
increased. Although slash reduction generally is a worthy objective,
slash disposal should not be overdone. Some slash enhances the ecosystem
by providing habiEats for a myriad of organisms (iocluding fungi, insects,
amphibians, snakes, birds and animals), by providing a nutritional Pool
from which nutrients will be released, and by providing mechanical barriers
to downhill movement of detached soil particles. Slash also ean ameliorate
the site by breaking up patterns of solar radiation and air movement'
Consequently, thorough slash removal is desirable only in live streams
and other \,r'ater courses,
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ClearcutElngs should be planted or artificially seeded as soon after
slash disposal as practicable unless advantage of visible seed crops can
be taken. Tree stocking from either artificial or natural sources on
any cutting unit should be monitored, and sometimes protected from live-
stock, during the period when regeneration is becoming established so
that remedial treatments to adequately restock che cutting unit can be
instigated if required.

The last sugSestion for a protective treatment for cutting units is
to find some kind of lesser vegetation which can be established soon
after slash treatment. These plant species could be either ephemeral,
like some exotic firelreeds, or be able to enhance the site while not
competing rdith the ne\d tree stand, Some niErogen-fixing planEs possess
these characteristics .

8



HISMRICAL BACKGROIJND A}ID PIIYS ICAL DESCRTPTION

Research began aE Challenge in 1958. Reasons for locating this experimenEal
forest here are:

Need to study young-Srowth forests.

to study a mixture of economically promising conifer and hard-
species.

a

b Need
wood

c Need to get research results fast. A high site gives
response to vegeEative manipulaEion; and Challenge is

fastest
a super si.te.

Intensive forestry is a coming wave.

A large audience of forest landowners on 1.5 million acres of high
site land.

A need to have most major foresE cover types under study on experi-
mental forests. Previously established experimental forests
eovered all but the westside Sierra Nevada ponderosa pine t)fpes.

Site quallty is outstanding. It is Site A--better than Dunning I. Ponder-
osa pine uill average 140 feet in height in 100 years. The major dominant
species is ponderosa pine. This species forms two major forest cover types:
Pacific ponderosa pine and Pacific ponderosa pine--Douglas-fir. Past stand
history of logging and fire are the reasons for Lhe young-growth, even
aged, mixed conifer and hardwood forest present today.

Soils are 30 to 100 feet deep and fertile as forest soils go. Average
annual precipitation is about 66 inches per year, Mean annual temperature
is 55 degrees I: Elevational- range of lhe Experimental Forest is 2400 to
3500 feet.

d

e

f.
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Cooperative Tree lrprovement Study

PROGENY EVALTIATION SITE FOR POIIDEROSA PINE

Ihis is one of several sites sel-ected for outllanting and evaluatlon
of those progeny derived from phenotlpically superlor ponderosa piEe
parent trees as part of the Regional Tbee Irprovenetrt Prograr0.

The method adopted ln the Master Plan is to select superior trees 1n
vild stands and graft the superior germ plasm into seed orchards while
concurreEtly establishiEg their progeay ia evaluation plantatioas.
Evaluation of progeny performance represents a nore precise deterniua-
tion of the genetlc vorth of the parents anal it provldes the basls for
rogtring seed orchard.s. After roguing only those parents with the lnost
valuable genes renala to mass produce seed for reforestation. Ihus,
two stages of inxprovement are involved.:

luitial phenotl,?ic selection, and

famlly selectioa based. on average performance of progeny in
plantatlons.

The progeny of parent trees on parts of the I-assen, P1unas, and Tahoe
National Forests vill be tested on this site as well as three others.
The four sites were chosen to represent tlle environmental diversity
encourtered itr Breeding Znne 2. Ihe objective is to select those
families that are consistently above average in perfolmance across
these sltes and thus broadly adapted to el1vironaents vithin the Zone.

Itri s Challenge site has several irportant advantages:

1t has the highest site quality and those should a]-low fulle st
elq)resslon of genetic poteatiali

it has excellent envlronmental record.s due to previous research
studies I

it neets striDgent criteria of accesslbillty, locatlon, etc;
1t provldes a valuable opportunity to inprove silvicultural

practices in plantations of known aod i.:oryroved genetic stock
through cooperatlve studies vith research scientists at PSW;

1ts proxinity to other research studies },ri1l assure fre quent
visitation and thus have hlgh demonstration value.

I
2

The finel stage which generates the greatest i-nq)rovenent correspood.s
closely to the tlne when orchards come itrto full production (i.e. about
10 to t, years of age ).

I

2

)J
ll
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II

A Menorandun of UEderstaDding, sigaed by the Regioaal I'orester and tbe
StatloE Dlrector, vas establlshed to clarlfy respons ibillt ies and. luteEt
of ttie loDg-term use of the land. fhi-s nenorandr]m states speclfics of
plantatloE l-ocations aad t Infug of cuttlng aoal slte preparatlon for
theB. Addit ional plantatlon sltes for progeny evaluat j-oa also aIe
speclfied for sugar plne and. white fir.

A confounding problem, lrhich rust be alealt vith stroDgly, is the rapid
regxow-th potential of tanoak and. bearclover. Both of these species
sprout from extensive root systems that are inxpos s ible to e].lEinate by
Eechanlcal site preparation. Lack of adequate treatment with herblcLles
couLl result 1n blased corparisons among tested. famllies, An EnvlroD-
!0entaL Analysis Report by the zone genetlcist notes that the poteatial
irpact of a 2rl+-D treatment ls nxlnor. Such a treatnent is aotlclpated
before planting thls spring.
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},dffi OD- OF- C UTIIIIG- - C],EARCI]TT ING

CTEARCUET].NG (Conps. L?T e L29)

These arees are two of several clearcuts created. since I!61 for studies of
regeneration establisbnent and developnent, slash d.isposal, and. winter log-
ging feasibility. Regeneration methods studied have been natu-ral seeding
frox0 surrounding titrber, latuxal seedirg from. seed on the ground. at the t1@e
of logging, and arti-ficial, or d.irect, seeding. The studies of natural
seeding by surrounding timber include stud.ies to determine the optimum and
traximum sizes of clearcuts that can be thus regenerated. Sizes trave ranged
froe 2 to 50 acres. Slash dispr.lsa} methods studied include broad.cast burn,
pile-anal-burn, and. wind.row-and-burn, Since 1968 we have included all res-
idual vegetation except leave trees in "slash. t' We have also mad,e clearcuts
v'ith s ircilar slastr treatment in connection with other studies to create
uniforE conalitions and red.uce the number of variables.

Conp. I2J (to ttre vest) 1s a 5o-acre clearcut logged 1n L969 for a study of
natural regeneration fron slrround.ing timber. Slash disposal rras windrolr-
and-burn. The stand vas id.entical to the adjoining timber--IOO years old,
l+O M bf per acre, Bo pereent ponderosa pine, and no old growbh residual.
Seed crops occuffed Ln L97o, L973, arld L976. Thi;is the largest clearcut
we have mad.e. At the time the study was planned it was expeeted that lt
would be too l-a,rge to be adequately regenerated in the center of the blocki
hovever, seedllngs from aII three crops are established in the center of
the block. Though the vind is usually from the south and, southwest, most
seetl apparently is shed dr:ring dry north and. northeast vinds. overall n:LI-
acre stocking is currently about !6 percent with an average of about 2r2)O
seedli:rgs/acre in the outer 2OO feet of the block and about 600 per acre
ttrroughout the rernaind er of the block, including the center. Virtually aII
the regeneration is ponderosa pine. Brush, from long-Iived seed on the
ground at the time of logging, is dense and vigorous but probably viIL not
seriously inhibit the growth of the plne in this block; in other areas on
the Experlmental tr'orest a tvo-year delay 1n the establishment of regeneration
r,Bs fatal to regeneration success. Successful natural regeneration of a
clearcut bloek this large has important implications for both research (e.gi,
hov large should a regeneration study bloek be to achieve adequate isolation
and avoial contam.ination from surround.ing stands ? ) and management (e.g., how
Iarge must a block be for successful stockj.ng or species control by arblfic-
ial regeneration?).

Coup. I2p (to ttre east) was originally a }O-acre clearcut bloek logged in
November of last year to study: (I) natural regeneration from. seed on the
ground at the time of logging, (e) tfre feasibility of vinter logging, and
(3) tfre feasibility of windrov and burn treatment of vinter-Iogging slash
during the sane r,rinter that it is created. Slash disposal was rrind.ror-and,-
burn. Though results were very good. for aII three objectives, the results
are inrralidated by the unusual dry weather during the winter of L976-L977.
ililacre stocking measured after the rains of Iast month and before the
clearing for the superior tree testing plantatlon was about BB percent with
about 2rOOO seedlings per acre. This is the most regeneration ve have ob-
tained fron seed on the ground at the time of loggitrg. We have accidentally



obtained fair regeneration this lray on several occasions, but the only other
time we tried it on purpose vas a tota} failure. Reasons for success and
failure have not been detern-ined but probably satisfactory results ',rith the
nethod require a heary seed. crop (L8-acre, and possibly larger, clearculs
can be satisfactorily regenerated. from the surrounding timber 1..ith only
mediun seeal crops); also, probably the sootrer logging occurs after seedfall
the greater the ehances of satisfactory results. About 3 acres on the east
side of the block is exclud.ed, from. the superior tree testing plantatioE
aad is available for present and future observation of the regeneration.

Studies of direct seeding of ponderosa pine in cleaxcut blocks at Challenge
lndicate that established-seedling/seed. ratios of about 20 percent can be
expected. in nornal years, and that one pound, of ponderosa pine seed per acre
(6,rOO to B,OOO viable seed. per acre) wiII produce at least 4OO established
seedlingsper acre in the worst of weather cond,itions for regeneration likely
at Challenge. Seed. in these studies had endrin-a-Tasan-alu0inum dust coatings.
We have no evid,ence that rodent control prior to seed.ings is beneficial.

Direct seeding studies also indicate that for regeneration purposes wind.row-
anal -b'lIn slasb dispcsaL is mucb supel"ior to broad.cast burni:8. The attached
table shows the proportional amount s of various conditions that were pre-
sent after our broad.cast burns and their relative efficiency as seed,beds in
direct seeding studies. The total proportion of area nechanically disturbed
(about 2/3ts) vas about trrice what was disturbed. in logging; the atiditlonal
d,istulbance resulted v'hen hardwoods and subaercbantable conifers were pusheil
over with the tractor before bu-rning. After windrov-and,-burn slash disposal
on]-y two seedbed. types are present in significant amounts--the meehanically
disturbed urrbu::aed type and the mecha::ically disturbed ha,rtl burn type. Wind-
rows, and therefore the area of hard burn, occupy IO to 12 percent of the
total area of clearcuts. The overall seedling/seed ratj-o in broad.cast burned.
clearcuts one or two years after seed.ing ,nras about II percent. Six years
after seeding, alirect seeded, vindrow-and-burn areas stil} average seedling/
seed ratios of about 15 percent.

i{e have found that r,rindrow-and-burn slash disposal has additiona} ad.rrantages
relative to broadcast burning.

1. Ca.n be burned under conditions which allow virtually no chance of
escape (in the dead of rrinter after 30 or more inches of rain).

?. Seldom necessary to hold over because of unsuitably d.ry or wet
cond,itions.

3. BurEing can be accoEplished with a minimum of ranpower and equip-
ment (for the past two years the entire burning job has been d.one by one man
rrith rnatches and a shovel).

4. Can alrays be burned to peak when air pollution effects are mlnimun.
,. Most of area can be regenerated even if windrows must be heLI over.
6. Results in }ess conpetition to conifer seedlings during establish-

ment period, if seeded prompt}y, and perhaps throughout the rotation.
7. Reduces the hard.lrood component in the ner stand..
B. Probably reduces rodent populations, and seed depredation due to

then, through greater reduction in rodent food and cover.
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NaturaL pJ.ant eucceseions fo1J-ovi.:rg the two slash tlLeposal methoals are
different--broadcast burElng see&s to result 1n Eore deerbrush than rrlDilror-
and-burn.

WLEdrow conatluctloa rates v:Lth D-7 trector a.tral brush ra,ke average arouatl
2.rO to 2.75 acres per dayr alepenali rg on slope, orlgfual aatl resich:al stanile I
r'eather, and other faetors.

Burning costs are considera\r hlgher for pile-anal-burn slash disposa.I tban
for rlndror-and-burn because of the neeal for nore flre sets a.otl the greater
llkellhood of plles becouing too r.ret to burn.
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Tablc --hopotional drea ond efficienc! inder. by type, of atailable seedbed, avetuged Ior 19
broodcast-burned subconparlm.nts, br@dcasl seeded with ponderos4 pine. C-hallen* Erperimenlal
For es t, C.a I ito mia, I 9 6 7. 6 8

Secdbed type

Minc.al soil, >37.5%:
No firechanical disturbanc€:

Unbumcd4

3

hoportion of
avaiable

seeilbcd arcal

Seedbcd
cfficiency

indcxl

o.4l

r-42
0.92
0-59

t-17

5.0

77.3

Light burn5
llard bum6

Subtotal or avcraSe

49
245

20

o.x
4.7
0.1

0.08
0.48
0.21

2.O

9.8
0.5

12_t

65.9

314

1376

Mechanical disturbarce;
Unburncd4
Light burns
Hard burn5

3s.9
26.6

3-4

628
611
t17

50.9
24.4

2-O

Subtotal or aveagc

Mineral soil, < 37.5%
UnclassificdT

ll.4
10.4

313
t92

6.6
ll.l

0.58
1.05

Sublotal or averagc 2t.a 505 11.7 0.81

Total or ava(age r00.0 2195 100.0 1.00

I Total avadable area aver-aged 98.6 pcrc€nt of total area. Ilost commonly, seedb€d wai unavailable
because of sfump!.
2 Percent scedlings divided by pe.cent arca-
3 Disturbance, if any, did not extend to rnineral soil. Ciuses of disturbance include tractor activity,
felled trees, skidded Iogs, etc.
4 BotJr litter and uppermost soil layels ess€ndally unchanged by slash buming.
5 Litter layer changed but uppermost soil layd unchanFd by slash buminS-
6 Litter layer removed ?nd uppermost soil layers changed by slash buming
? One or more clements of the s€cdbed type could not be determincd becausc of alteration wilh tilnc
(0.6 perceDt of lhe total availablc aJ.a) or post-secding dBgging in thrce subcompaJtsn.nts (9,8
percent of thc total available ares).

ll

Timcs
obs€rvcd

Proportion of
estabtished
seedlings
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INITIAL SPACING A![D TREE GROI{TE

The effect of lnitial spacing of ponderosa pine on growth is under
study at tlro locetlons on the Challenge Experfunental trorest. In one
study, grorrth of saplings spaced 3x3 to 18x18 feet on a polar coordtnate
grid ls belng evaluated wlth nitrogen fertilizer appLied at the rate of
0, 200, and 4OO pounds per acre. Early response data have not been
analyzed yet.

In the other study, !,d are testlng five different spacin8s
(6x6 to 18x18 feet) in a more conventional plot layout. In addirion,
we are studying how the spacing-gronth relationshlps are altered by
the normal influx of understory vegetation. Itre trees are 12 years
old. Sone of the results we found after 10 years growth are
illustr;ted in the follonlng graphs.

v
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l.t-4IOD- OF- CUTIING- -SEED TREE

Sm TREIS (Conp. 92)

Several of our stualy blocks are visible from thls location. In the
l/4 section inmediately visible ve have fou.r clearcut blocks IO, 4,
and 3 years old, and three seed-tree blocks 3, 2, ard I years old,.
Portions of aII three seed-tree cuttings are in a sual-J- area centered.
on the road- junction. This sma]-l area is our maln interest at this
stop.

Objectives here are :

(f) To quantify the effects of time on the establishoent and
growbh of regeneration obtained Lr 2, a.ad. 3 years after logging.

(2) To evaluate the efficiency of 2 seed trees per aere in
regenerat ing cutovers .

(S) To el.aluate the effect of the seed trees on the growbh of
the new trees.

(4) To evaluate the efficlency of windrow.and.-burn slash
disposal with 2 seed trees per acre.

The entire seed-tree area will be used for objeetives (r), (3), ana
(tr); tut only about Io acres here at the center of the .I/4 sectlon
riII be used for objective (e), ritn the rest of the I/4 section
serving as iso}ation for the central I0 acres. A better arrangenent
wou-l-d. have been three l6o-aere seed-tree blocks, but that was imprac-
tical at the time this study uas planned. Temporary roads rlill be
obliterated when the seed trees are renoved. from the rest of the area.

The original stands here were lo!-year-old young-groh'Eh ldxed conlfer
lrith about ,O M bf per acre and about l5 percent of the volum.e in highly
defectLve old growbh that remained after the logging of over IOO years
ago. Tbe regeneration objective is ponderosa pine, but many of the
seed trees are species other than pond.erosa pine because the original
mixed conifer stand did not have enough suitable pond,erosa pine trees.
Because of the specles nix, regeneration wiLL probably be siniLar to
that in adjoining clearcuts regenerated by the then surrounding llixed,
conifer forest--about 6O percent pondexosa pine regeneration wlth uost
of the rest Douglas-fir.

As planned, we had the desired. seed crop Iast faIl. Seed productj.on
measured, in the th.ree cutti"ngs in the central I0 acres ranged from
I3TOOO to lJr000 seeds per acre, close to the theoretical average for
tuc seed trees per acre of 2lrOOO seeds per acre. We have not yet
examined the regeneration, if any, but again the drought wiII invali-
date whatever the results might be. These areas are therefore more
likely to provide infornation on regeneration obtained. \, J, arld,6
years after logging than the planned L, 2, and. 3 years.



fhls study ls restrlcted to 2 seed trees per acre because ve alreatly
know that 4 or more seed trees per acre are nore than ad.e quate for
regeneratLon. The effect of l+ seed trees per acre on the grorth of
the new stand has been and is belng studled in sore of these other
areas.

llindrow-and-burn slash disposal has proven to be efficient 1n ar€as
wlth 2 seed trees per acre, but 1re do not yet hrow exactly how produc-
tlon, costs, and other i-tems corrpare vith those for the same treatnent
in clearcuts. Windxow-antl-burn slash disposal seems iEpractical vlth
lr or nore seed. trEes per acre. Pile-and-burn acconTplishes nuch the
sane th lng but vlth higher burning costs 1E these cases. Windrow-and-
bura 1s currentl-y being tested with 3 seeal trees per acre.
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SEED.TREE CUTTING WITII
EMPHASIS ON, AND SUCCESSION OF

LESSER VEGETATION

this method has been tested intensively at Challenge, and several
publications are available on it. In this study, however, two different
objectives were paramount: (1) To emphasize Douglas-fir (previous trials
left mostly ponderosa pine seed trees), and (2) To identify and quantify
all species of lesser vegetation in terms of phenology, presence, density,
coverage, and height. Above-ground biomass and plant succession also are
being studied.

This particular area was logged Lrr 1972. It consisEs of 95 acres
surrounding circular clearcuttings from a previous sEudy. Four seed
trees per acre were retained with species composition favoring Douglas-
fir, ponderosa pine, and sugar pine in thaE order. Slash disposal and
site preparati.on were by piling and burning in 1972 and 1973.

It 1974, aLl living vegetation including seedlings, saplings,
woody shrubs, forbs, and grasses was sampled on 267 milacre plots
randomly along six temporary Eransects.

sprouts,
located

Density and milacre stocking of selected plant species for years of
1974, L975, and 1976 are shown on included table.

Density and presence totals by year are! 1974 - 57 species and
16,994 plants per acre; 1975 - over 100 species and 74,237 plants per acre;
1976 - over 1I5 species ar.d 77,29O plants per acre.

Before one can manage a vegetative resource, he needs to knou the
facEors that influence its establishment and grorn,th. Competition-form
lesser vegetation has been known to be a competitive factor for years,
but it has not been quantified. Now it is.

?his is a small part of a larger effort that quantifies lesser
vegetation in different cutting methods and artificially established
plantations on sites of differene quality.
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Sescieq

Douglas-fir

Ponderosa pine

White fLr

Manzeol.ta

Deerbrush

tlild rye grass

f,aLrgras s

Br@€ gra6a

flrlstle (BuLl)

Prlckly lettuce

Brackea fern

Clarkla

Eplloblum

Spaalsh Clover

'Gr.meed adia

L975
Stockinc Denaity StockiBg

1976
Dengity Stocklng

250 18

1380 63

303

L974
Denslty

92L

951

206

876

3453

45

51

L4

4t2 33

706 49

105 9

35

64

1788

2893

1035

t270

T

20,627

16,735

1788

t729

4575

4551

2553

25,520

9010

4250

4200

10,050

1130

r470

59

6L

21

t2

80

6s

34

13

18

970

1800

1410

2700

1950

42

72

18

L4

16

87

59

27

20

41

4

82 3

26 I

5992 69

1438 32

L532 t7

T

7

4 13
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TA4BER, MAIIIAGM.IENT BESEARCH
AT CII/\I r.n IWII EI(PffiII,IEIV]AL FCREST

Stop No. 5

Study

"Effects of Sllvicultr:ral Systems on Nutrient Cycling on a Higtr].y
Product ave sate .

Scleatlst in Charge .

Roberb F. Powers

Cooperators .

Unlversity of California, Be"keley, (.lof:n UcCoU)

Pur?ose .

In uDdlsturbed forests, nutrlent losses through leaching are belleveal
nininal and at a steady state. Eovever, losses nay lncrease greatly
fol-lowr ng d lsturbance, anti productivlty ray d.ecline. The purflose of
thls stualy 1s to evaluate effects of tinber harvest on nutrlent leachlng
by conparlng soil solutlon chenistry in undlsturbed, shelteffood,
clearcub, and reforested plots .

Schedule .

FaJ-I t!f5: cruise atrd. nap plots, iastal]" soil solut lon tubes

Iral1 1976-spring tlf8: Monitor autrlent concentratlons aad soil
Eoisture at 2O and IOO cm soil depth in each plot

Spring I!fB: Clearcut 3 acres (53rroo bd ft/acre ); shelteruood. cut
3 acres (21rOOO bd f-E/acre ), leaving 85 ft sqr/acre la the latter.
Prepafe slte for regeneratlon and cont lnue monitoring for l- decade,
Corpare trends vith control plot antl develop a nodet (see figure).
UsiBg lntact cores from each plot, conduet greenhouse ferbility trials
to deteralae dlfferences 1n soil nutrient availabllity to trees.



MI)GD-CONItr'ER PLANTATION
EXPE RIMEN?AI, DESICN AND PASULTS

Ihis plantation r"ras designed to show how a mixed-conifer stand
develops and what role each of the five species (ponderosa pine, sugar
pine, white fir, Douglas-fir, and incense-cedar) plays in that develop-
urent. The dynamics of mixed-conifer stand developmen! $as to be
qusntified by me-asuring the growth of each species in competition with
many comblnations and proportions of itself and each of the other form
specie s .

To achieve these objectives in one study required a complex field
deslgn. UnforEunately, high mortality of al1 species except the
ponderosa pine destroyed Ehe fleld design and original objectives,
both of which are being revised. Meanwhile, Bob Powers has used a
portion of the area for his nutrient studies.

I



TIMBER MAMGEMENT RESEARCH
AT CI{,I\T T JTN@ EXPERIMENTAL TOREST

StoB No. 7

Study.

"Eesponse of Mixed-Conlfer RegeneratioE to N and P tr'ertilization on a
Productlve Eore st Slte."

Sclentlst ltr Charge .

Robert F. Povers

Purpose.

trbltllizatlon trlals have foeused on poor sltes supporting monocultures,
or near-moEocuftur.es , Nothiag is knovn of mixed-species response in
California otr more proouctive sites. This study examines the grolth
response potential of five coni.fer species to N and P fertilizers on a
hlgbg productlve s1te.

Schedule .

Sprlng I9f3: Measure and tag !)+2 seedlings of ?P, SP, IC, I,IE, and DF.
Apply l of 9 treatment comblnations of N aud. P at folloving levels:
O, 1r), and l0O lbs N/acre as urea (NO, Nt, Ne); O, 1, and 2 follar
appllcat ions of 1r0O ppn P as phosphoric acid (PO, P]- P2).

FaII 1973-faLt 197r: Sanrple soil and foliage for nutri,ent coatetrt.
Measure seasonal growbh patterns (see figures).

Wlnter 1975: Deternine root distributlon. Harvest representatlve
trees aod determine bionass and outrlent distributlon (see figures).

Resu-lts.

SBecies showlng gror,J"th response

to followlng fertillzer conbinatlons

No N^N
1

Po

P].

P
2

SP

SP }IF SP HF

PP, IC, DF

SP, WF : IC, SP

I



SHELTE RI{OOD CUTTING

In 1958, a mixed-conifer stand on a high site !',as logged to two-stage
shelteruood specificaEions. The primary goal was to test the applicability
of a modified shelterr^rood method to a young-growth stand. Changes in
species composition and stand structure, seedfall, regeneration, and gror. th
of the residual stand rvere evaluated.

Because slash volumes are high and aggressive hardwood and brush popu-
lations build up quickly after logging, combination slash disposal and site
preparacion techniques must be applied. Treatments compared rvere piling
by bulldozer immediately after logging, piling just before seedfall from
a heavy cone crop, and top-lop and branch-scatter.

Cutting removed 68 percent of the stand basal area
merchantable volume. Most of the remaining volume
acre that constituted the shelten ood.

and
!ra s

70 pe rcent
in the 12

of
treesthe

Per

These trees produced seed abundantly during the 5-year period after
logging. In fact, fifteen conifer and tr,ro hardr'rood seed crops were produced,
and four out of five conifer species generaEed at least o'-1e moderaEely heavl
seed crop. Cone counts proved valuable in assessing the number of trees
with cones and the number of cones per tree, but \4,e!e poor quantifiers
of sound seed. Seed trap catches gave more accuraEe results, indicaEing
a total seed production of 134,000 sound seed per acre during a 3-year
period. In general, young-gro\rth trees, even on Ehis high site, produced
high percentages of unsound seed.

Regeneration vras exceptional on the preoared ground beneath the shelter-
wood. After 50 months, about 3700 ponderosa pine seedlings per acre and
600 shade-tolerant conifer seedlings l,rere established. Corresponding stock-
ing values were 62 percen! for ponderosa pine and 19 percent for the
tolerant conifers. An additional 320 26-month-old tolerant conifer seed-
lings per acre also lrere present.

Seedlings survived betEer \,rhen slash was piled just before seedfall
than when it was piled imrnediately after logging, or when branches were
lopped and scartered.

Ilardwood seedlings and sprouts also were abundant, numbering about 3000
per acre, but the seedlings were poorly distributed and rather slow growing.
Sprouts were the most serious competitors of the conifer seedlings,
especially of the more tolerant conifers.

In general, the species composition of Ehe
this sheltenrood application closely resembled
logging,

new stand regenerated by
that of the stand before



Seedfall and regeneration were compared to a control block. Nine times
more seeds were produced in the shelterwood, more seeds were sound, more
sound seeds germinated, more seedlings resulted, a lower proportion of the
seedllngs died, and the seedlings were better distributed throughout the
area.

Basal area grou,th of individual trees in 5 years exceeded that of the
control for nearly a1I conifer and hardwood species and diameter classes.
In the sheltererood, sugar pine responded best to cutting, and its basal
area gro\,rth rate was twice that of ponderosa pine and Douglas-fir.

Increased amounts of seed and seedlings, plus accelerated grouth rates
of residual crees, are gains in productivity that the landowner may reaLlze
from applying the sheltenood method to young-grolrth stands. Because
reforeslation is accomplished by naturaL regeneration rather Ehan by
expensive nursery stock, the shelterrlood cutting method is attractive to
a wide range of forest landowners, including those having sma11 acreage
and limited capital .
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Methods of Cutting
SINGLE-TREE SEIECTION CUITING

Ihe single tree selectiotr system seems to be the most gentle of all
regeneration cutting systens. When atterrgting to convert an essentlally
even-aged stand to an uneven-aged stand thlou€h the selection system,
the first harvesting operation vill renove only biologicauy matur€
trees scattered throughout the entire stand, al-ong vith a fev crooked,
dlseased, or slow groving members, are cut. Ihis procedure is then
repeated several times--usually at short lntervals of ) to 10 years,
until a deslred dlstribution of age classes has been created. Repro-
ductlotr fills the gaps 1n the stand created by logging, and the forest
is thus contj.nuously renewed. Because three or more age classes of
trees are present, tree crovns and branches tend to for a vegetatlve
continuum from ground levef to the top of the dominant trees. A deep,
detrse, and protective canopy results. Thj-s shelters the forest floor
from vind anl sun and the beating action of rain. Moreover, the pro-
tectlon is uniforrn with time: a phenomenon directly opposite of clear-
cutting, which periodlcally bares the soil.

Near co plete site utilization also is aecorded the tree sel-ection
system. Just as branches occupy nearly a]-l- the space above grorEd, so
do roots belov. Roots from the various sized trees, which are often of
nixed species, tend to fully occupy the soif and efficiently utillze
avallable vater and nutrients. Theoretically, the selection forest
produces vood more efficlently than does an even-aged forest }ike that
vhlch arises from clearcutting. tr\.rrthe r, because poor trees are con-
staotly removed in selection cutting, ae,"r volnme is concentrated on
the finest individual stems,

Another attribute of the tree selection systen is that abundant natural
regeneration is alEost a certainty. Ttle method is particularly useful
for regeneratltrg shade tolerant specles and enhancing the survival of
tolerant adyauce reproduction. Conversely, the shaaly environment
lnhlblts ger.mination of dormant brush seeds in the surfaee soi], and
reduces slze and vigor of those that do become established.

Single-tree selection cuttlng trials vere insta]-l-ed at Cha].lenge in
L9rB. Ten to 2, percent of the merchantable volume vas removed. A
fe}I large old trees vere taken as well as many smal1er, poorer trees
that vere crooked, diseased, suppressed, or overcrovded. Thus, in
the initlal entry, ith selection cutting, a large el-enent of stand
irEprovement vas performed, This is a legitimate and recommended prac-
tice. Slash disposal \.ras by 1op and scatter or occasional pile anal
br:rn. Small hardwoods, in partlcu]-ar, were removed when pilirg.



Altogether, these light treatments left aE ahost fully stocked. staud.
Trees 3.5 inche s d.b.h. and larger numbered IlB per acre after loSgiag.
Reduction by size class was:

D.b.h. class (inches ) No. renoved per acre

12.1-15.O
15,r-20.0
20.1-30.0

30.1

Sapllngs, l+'5 feet tall to l.l+ inches d.b.h., numbered 15 per acre.
Advance reproduction, stems up to \., feet tall, numbered 228! conlfers
aad 22lJ hardlroods per acre.

A good seed crop occurred in Ip6O for a}]- conifer species except
iucense-cedar. Seed1i[g stocking and density were exceptioral la
A96L. By 1965 both had decreased prec ipitously. Stocking is an
exanrple :

Milacre stocking (pereent )

1l+
4
.)
2

Specie?

Ponderosa pine

Conifers other than
ponderosa pine

Hardrood s 3o

Subsequent seed crops of al-l species were numerous and thousands of
seed.Iings, especially of pond.erosa pine, got started, struggled for
avhl].e, and then dled. Today the regenerati.on pfots are essentially
barren except for an occasional tanoak seedllng.

L96r L96,

80 30

70 LT

B
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GROUP SELECTION CUTTING

As ils title implies, this type of selection cutting entails the
creation of sma1l openings in the stand. In this study, openings of 30,60,
and 90 feet in diameter simulated the removal of !,2, or 3 large dominant
trees. Major goals were to evaluate establishment, survival , and growth of
5 conifer and 3 hardwood tree species, plus all lesser vegetation in these
sizes of openings. An additional goal was to find a method for converEing
fron the predominant ponderosa pine to a stand containing more of sugar
pine, Douglas-fir, and white fir, The nonindustrial forest landowner of
smal1 acreage, and foresters in general, are interested in r.,riting off
regeneration costs as early as possible. Christmas trees of Douglas-fir
and white fir are one lray of doing this. Sugar pine has high demand in the
marketplace.

Regeneration resulEs show that group selection is an ideal method for
converting from ponderosa pine to a mixed-conifer forest, and density and
height gror^rth of brush and hardwoods is 1ow. Number of hardwood advance
seedlings is well below "backgroundrr count of ihe uncut stand.

The study was installed in 1964; slash disposal was by faring-out of
slash on the edge of openings or by pile and burn, The first major seed
year was in 1965 when 4 conifer species produced aE least a medium crop.
By L97L, 1900 ponderosa pine, 800 vhite fir, 215 sugar pine, and 150 Douglas-
fir seedlings per acre had become established.

A second seed year for these same conifers again occurred in 1971. By
1976, 4600 ponderosa pine seedlings, 275 sugar pine, and 35 incense-cedar
seedlings had become established. Other seed crops also were produced and
these in turn led to established seedlings. A key concept emerges here.
With even-aged methods, seedlings from the first seed crop become established
and lead to crop trees. SubsequenE seed crops are in vain; but in group
selection the moderated environment a11ows seed crop after seed crop to
establish seedlings. On a high site at least, it appears that stocking
might actually become too dense.

Height growEh of seedlings is the key to future species composition.
After 9 years, ponderosa pine height grolrth is one-third less than that of
sugar pine, Douglas-fir and r^,hite fir. Ponderosa pine seedliugs persist
for up to 10 years, but eventually die. Only in the center of gO-foot
openings do they equal or exceed their more tolerant species.

After 10 years, hardwood seedlings, including sprouts, numbered about
475 per acre or about one-fourth that of single tree selection stands. The
combination slash disposal-site preparation techniques are responsible for
this reduc t ion.



v
SILVICULTURE -ECOLOGY

HARDWOODS ON HIGH SITES
OF THREE NATIVE CALIFORNIA
IN NORTH CENTRAL CALIFORNIA

Pacific madrone, tanoak, and California black oak are potentially the
most manageable and economically promising native California hardwood
species, Volume and value data indicate upward trends in gro\{ing stock
1eve1s and prices received for products from them. These trends are
likely to continue, lrhich in turn has accelerated interest and need for
knor,rledge on the species, Particular needs concern: (1) seed faIl and
regeneration, (2) sprout gror,,th and development, (3) stand growth and
yield, and (4) species adaptation and strategy.

The ability to produce copious amounts of seed at frequent intervals
is a hallmark of Pacific madrone and tanoak, and only slightly less so
for California black oak. Over tvro million seed per Pacific madrone tree
and the equivalent of one million tanoak acorns per acre exemplify this
fact. Few of these seeds result in trees, however, but enough do so as
to insure continuous environmental tuning of the species.

Beneath Pacific madrone trees, invertebrates (s1ugs), post-emergence
fungi, and probably allelopathic substances are found. Thus a seedbed
free of a substantial organic layer is best for uaturally regenerating
this species. A partially shaded environment is besE for oatural develop-
ment of the oaks. Reversing polarity of tanoak and California black oak
acorns speeds up germination and enhances seedling survival and grovth.

Fertilization with nitrogen and phosphorous significantly boosted
California black oak seedling height growth, but was less effective for
tanoak. In spite of irrigation, fertilization, shading, and use of
containers, survival of tanoak seedlings in a competition-free plantation
was only 33 percent after 4-6 years. A1so, dieback and deformation uere
rampant. It appears that tanoak cannot be established successfully in
conventional plantations. Survival of California black oak was 64 percent
after J years and establishment in standard plantations is reconunended for
Ehis species.

The hardwood species studied sprout profusely from the root crolrn
following gross disturbance. Free-to-grow sprouLs initially number up to
150 per clump, but after 10 groving seasons decrease to less than 35,
lleight and crown width after 10 years is about 20 and 10 feet, respectively,
lrith only minor differences among species. In contrast, sprouts in a
shelterh,ood environment are about half as tall and three-fourths as wide.
The initial number of root crovn sprouts from trees over 3,5 inches d.b.h.
nunber about 65,900 per acre.

Diameter, bark, and height data formed a large sample which led to
prediction equations and volume tables to 3 top-utilization sEandards for
each species. Diameter and basal area grovth of trees in stands thinned
from 85 to 141 square feet per acre lrere less than that attributed to
eastern oaks on comparable sites. Cubic volume grolrth, however, bettered



that of eastern oak--ranging frorn 48 to 93 cubic feet per acre per year
with indications thaE thinning to 100-125 square feeE of basal area per
acre lras best. Alternating grorrth surges on Ehe various members in a clump
made timing of release difficult to ascertain.

A serious degrade of bole quality of California black oak is epicormlc
branching. Smal1, suppressed, injured or suddenly- re le ased trees all
put forth significantly higher numbers of epicormics than dp large domi-
nant trees in undisturbed stands.

Ecologica1ly, Paeific madrone, tanoak, and California black oak possess
a host of collective and specific adaptations that serve them well in
severe environments. A11 rhree species devote substantial amounts of
energy to reproductive material. Iluge numbers of seeds and sprouts insure
that the species both remain in place and capture ne!, area. Other adaptlve
phenomena discussed are the means taken to discourage competition beneath
tree crouns, the role of seed disseminators, competitiveness of sprouts,
the stretched-out germination period, root-shoot ratios, thickened root-
stocks, need for multlple stems per clump, and others. One of the most
meaningful" findings resulted from the study of planE moisture stress.
Remarkable photosynthesis, transpiraLion, and resplration control mechanisms
constitute successful survival strategies that have kept these species
vigorous and competitive for 20 million years.

2
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LOGGING A ROADSIDE STAND TO ENHANCE SCENIC VALIJES

Ilistorically, the roadside zone has been a hands-off zone for
foresters. Aesthetics and Eimber harvesEing simply did not mix in this
zotle -

This case study demonstrates that this conflict need not be so.
With careful planning and choice of technique, timber management can be
practiced in the roadside zone, and at the same Eime the opening-up of
the stand can extend and enhance the near view,

In this 1968 study, special marking, logging, and slash disposal
s'pecifications were employed. In all, 22 percent of the merchantable
vo lume and 32 percenc of the marketable stems over 12 inches d.b.h. were
removed. An estimated 95 percent of the slash no longer remains.

Cost of the special marking, fe1ling, yarding, and slash disposal
operations r,ras $30 per m.b.f . or about trn,ice that of the single-tree
selection cutting method on the Experimental I'orest--the most comparable
cutting method.

Be fore -and-afte r photos show that, indeed, the stand was opened up
and the view of the roadside traveler extended. FurEhermore, an additional
increment of contrast, variability, and beauty is nol, present that wasntt
there before.

The highly favorable reaction to this study.has led to a much larger,
more intensive study in the Sierra Nevada mixed-conifer forest type on
this district. A Research memorandum covering the details of this study
was signed September 1974,

I
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McDonald , Phi l ip M.
1969. I{arvesting costs and producEion

young-growth, mixed-conifer s tands .
rates for seed-tree removal in
J. For.67(9)2628-630, i 1lus .

The sma1l forest landol,ner generally needs to know his costs accurately
to turn a profit. One cost not readily available is the cost of harvesc-
ing seed trees afler the desired reproduction has become established.
Logging production rates also are valuable for planning purposes.

When 2 to 13 seed trees per acre r^rere removed, felling production
averaged 3,500 board feet per hour and cost $3.86 per thousand board
feet. Skidding production was 4,500 board feet per hour and cost
$3.59 per thousand board feet.

Compared to the original cut, skidding production from seed trees alone
r.las much greater, mainly because the average log size was larger and
the main skid trails already establlshed were reused. Special care in
logging to protect the regeneration (marking the felling direction of
each tree, flagging skid trails, and carrying the r^rinch line to the tree)
tended to decrease productioni but skidding production during seed-tree
removal was stil1 38 percent higher than from the original cut. Seed-
tree removal proved to be both economically profitable and silvicultur-
ally feasible.

McDonald, Philip M.
1969. Ponderosa pine seed-tree removal reduces stocking only slightly.

J. For. 67(4) 1226-228, i1lus.

the seed-tree cutting method removes the rnature timber in one cut except
for a sma11 number of trees left to produce seeds for establishing a new
timber crop. This method can be used by California's many smal1 forest
land owners \^,ho often depend on natural forest regeneration rather than
planting or seeding which often requires large capital outlays.

A potential trouble spot ri,ith seed-tree cuEEing is the loss of seedlings
when the seed trees are logged. Losses of ponderosa pine seedlings
during seed-tree removal have not been previously measured.

Seed trees L,ere logged on 11 small units totaling 65 acres. Before
logging, milacre stocking of 2-year-old seedlings ranged from 50 to 83
percen! and number of seedlings from 1,300 to 7,000 per acre. Seedling
losses from logging reduced the number of stocked milacres by only 3.8
percent and the number of seedlings per acre by only 212. The greatest
losses took place where regeneration probably was too dense and in a

comparErrEnt located on the steepest slope (257.). Overall, seedling
losses from seed-tree removal lrere minor, showing that landowners can
speedily harvest capital investment in seed trees Idithout injuring
their new crops,
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McDonald, Philip M., Willialn A. Atkinson, and Dale 0. Iiatl.
L969. Logging costs and cutting methods in young-growth ponderosa pine

in California. J. For. 67(2):709-L12., i1lus.

Tucker, John M., Willia$ E. Sundaht, and Dale O. Hall.
1969. A mutant of Lithocarpus densiflorus. MadroEo 20(4):221-225, illus.

An odd form of tanoak, a sublethal recessive mutation found one mile
north of Challenge, Yuba County, California, is described. This
distinctive mutant which is so different from typical Lithocarpus
densiflorus justifies the formal taxonomic designation and is accorded
Ehe status of forma.

Sundahl ,
r971.
i 1lus .

McDonald , PhiIip M.
1972, LoBging production rates in young-gror4,th, mixed-conifer

north central California. USDA For. Serv. Res. Pap. PSW-86.
and Range Exp. Stn., Berkeley, Calif. 12 p., i1Ius.

I^Ii11iam E.
Seedfall from young-growth ponderosa pine. J. For 69(I1):790-792,

The seed-tree cutting method leaves selected trees to regenerate the
Eimber stand for the next crop. Ihis method is tailored for the forest
land owner who wants to harvest timber and regenerate similar desirable
stands of ponderosa pine. It reduces anxieties about additional capital
outlays for seeding, planting, or other cultural work necessary after
some other types of cutting.

Thls study answered several questions relevant to selecting seed trees
and their performance. The basic criterion for selecting seed trees
must be good form. But among trees of acceptable form primary emphasis
in seed-tree selection should be placed on past cone production as
evidenced by old cones near the base of each tree. Consideration of tree
spacing should follow. In even-aged stands, the larger trees tend to be
the cream of the crop and, therefore, are phenotypically best to regener-
ate progeny for the next generation. Furthermore, trees 30 inches in
diameter and larger are the best seed producers.

At least moderate cone crops can be expected at intervals of one to Ehree
years. The study showed that three to nine seed trees per acre produce
5,000 to 35,000 sound seed per acre in years of moderate to heavy cone
crops. On this basis a minimum of four seed trees per acre are recomnended.

stands in
Pac . SW For .

forest managers and loggers in California have asked for Production-rate
values for logging young-growth timber. Stopwatch studies showed that
1og-making production rates lrere poorer for smaller trees in all steps
of the process. By species, incense-cedar ranked poorest in all comPonents,
followed by ponderosa pine, vhile production rates were bes! for the
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moderately toleranL conifers--Douglas-fir, uhite fir and sugar pine.
Log size affected skidding costs, with the production rate for 22-inch
logs two and a half times greater than for 12-inch 1ogs. The study
shoued relatively large differences in tree size in young-groh,th timber,
and that these differences play a major role in determining logging
production rates and costs. Recognition of this fact and the data
developed should help loggers, forest owners, timber appraisers, and
tax assessors in their work.

McDonald, Philip M. and Raymond V. hrhiteley.
L972. Logging a roadside stand to protect scenic values. J. For.

70(2) :80-83., i1lus.

Our society today needs boEh forest comnodities and amenities.
lines too often are drawn betlreen proponents of each. But in
of roadside logging this neednrt be.

Bat t Ie
the c ase

A case study on the Challenge Experimental forest, north central Cal1-
fornla, demonstrated lhat logging along roadsides need not despoll
roadside stands. The predominant tree species lras ponderosa pine,
wlth Douglas-fir, white fir, sugar pine, incense-cedar, and various
hardwoods ln lesser amounts. Although about one-third of the merchantable
stems and one-fourth of the merchantable volume were removed, no
travelers objected to the appearance of the residual stand. Indeed,
some found the vieU into Ehe less-dense forest more pleasing. Foresters
see benefits too. Cutting caused the proportion of pines in the stand
to increase over that of fir and incense-cedar. The least healthy trees
have been removed and exEra trees ln the formerly too dense stand are
gone. Those remaining nou have more space around them and their growth
should increase.

Exacting standards for fe11ing, skiddinS, and slash disposal vere
followed and caused Ehe combined logging and slash disposal cost
(30 dollars per thousand board feet) to be abouE tlrice that of a single-
tree selection cut--the most coBParable of several cutting oPerations
on the Experimental Forest.

Continued cutting in similar fashion at planned intervals of 25 years
should greatly affect future stand development. Species comPosition
will shift from ponderosa Pine to the more tolerant species' The age

class distribution of trees in the stand also will change from
essentially one age to many ages.

An inescapable conclusion is that the benefiEs ldere lrorth
Careful logglng can enhance Ehe growth and health of trees
roadside viev, thus simultaneously Providing amenities and

conrmoditie s .

the cost.
and the
forest
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McDonald, Philip M.
1973. Cutting a young-grorrth, mixed-conifer stand to Callfornia Forest

Practice Act standards. USDA I'or. Serv. Res. Pap. PSII-89, Pac. SW For.
and Range Exp. Stn,, Berkeley, Calif. 16 p., illus.

Criticism of logging results on private lands in California has been
increasing because residual timber stands often are left in poor
condition and regeneration is deficient. In 1958 a high-site mixed-
conifer stand on the Challenge Experimental Forest, central California,
was logged to the minimum standard of the 1953 Forest Practice Rules
of Ehe NorEh Sierra Pine Forest District of California. The heavy cut
changed the species composition from primarily ponderosa pine to hard-
woods and tolerant conifers (Douglas-fir, white fir, and incense-cedar).
Mortality, mainly from windsnap, in the subEerchantable trees q,as

highest for ponderosa pine. Regeneration of ponderosa pine was less
than that of hardwoods and tolerant conifers. The culting produced an
understocked stand of slow-growing, currently less valuable species
which does not utilize the full site potential . Results provide evidence
for strengthening minimum requirements for Eimber operations in California
under the Z'Berg-Nejedly Forest Practice Act of 1973 (Effective January 1,
t974) .

Neal, Robert L., Jr.
7973. Remeasuring tree heights on permanent plots using rectangular coord-

inates and one angle per tree. For. Sci. 79(3) 2233-236, il1us.

Usual methods of remeasuring tree heiShts on permanent sample plots
become more difficulE and expensive as the trees grow older. The method
described applies surveying techniques and electronic data Processing.
Permanently recorded coordinates and elevations of tree locations are
used with angles to calculate the instrument location and elevation,
instrument-to-tree distances, and total tree heights. This method can
reduce the costs of tree heiSht remeasurements.

Neal, Robert L., Jr.
1975. Ponderosa pine seeding trials in wesE-side Sierra Nevada clearcuts:

some early results. USDA For. Serv. Res. Note PSI'I-305. Pac' SW For'
and Range ExP. Stn., Berkeley, Calif. 8 p., i11us'

Artificial seeding after timber harvesting in the Sierra Nevada of
California has been unreliable for establishing new stands' I\'enty-
seven combinations of seeding rates, asPect, and site treatment !'ere
tested. Best resul!s were obtained vith high seeding rates on unburned

mechanically disturbed seedbeds with a high Proportion of exposed mineral
soil on noriherly asPects' So\ring at least 1 pound of seed Per acre

consistently t"",rlt"d in 400 or more seedlings per acre (988 seedlings
per ha). Rlcorunended Procedures to obtain a minimum of 400 seedlings

i", "..u ".", (1) prepare 100 percent of Ehe site by piling and burning
slash and residual vegetation; (Z; 

'"" seed that has had Ehe standard

endrin- aras an- aluminum-dus t pest repellent treatmenE' or equivalent; and
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(3) apply aE least I.5 pounds of seed (10,000 to I2,000 viable seed)
per acre. This prescription for artificial seeding has been successful
consistently, and is a reliable management option \^rhich is cheaper
than p lan t ing.

McDonald, Philip M.
1976. Forest regeneration and seedling groh,th from five major cutting

methods in north central California. USDA For. Serv. Res. Pap. PSW-115,
Pac. SW For. and Range Exp. Stn., Berkeley, Calif. 10 p., i11us.

Sometimes the forest manager does not kno!, the amount, distribution, and
growth poEential of desired conifer seedlings and competitive shrubs
and hardvoods that result from his silvicultural prescriptions. A wrong
choice of cutting method or site preparation could be costly as regener-
ation failures cost 150 to 200 dollars per acre. 0f the five classical
regeneration cutting methods (clearcutting, seedtree, shelterwood,
group selection, and single-tree selection), shelterwood cutting was
best for ponderosa pine, establishing 3,620 seedlings per acre, and
stocking 61 percent of milacres nine years after cutting. Hardwood
seedling and sprout compeEition was Breatest under selection cuttings,
but shrubs were mosE abundant and competiEive in clearcuttings r^,here
discurbance iras greatesE. RegeneraEion and seedling growth results
obtained by this study enable the forest manager to match his cutting
prescriptions to timber type, site, and management objectives, and are
applicable in important forests of California and Oregon.

McDonald , Phi 1ip M.
1976. Inhibiting e ffec t

J. For. 74(4) z22O-224,
of ponderosa pine seed trees on seedling Srol^,th.
i11us.

If ponderosa pine seed Erees are kept too 1on8, they inhibit height
groh,th of seedlings. This inhibition is costly, amounting to 10.6 feet
of height gro\.,th lost in 13 years if seedlings are rl,ithin 20 feet of a

seed tree. Inhibition persists for 4 years after seed trees have been
removed. This finding and the implied need to remove seed trees early,
probably applies anyrl,here that timber is harvested by the seedtree
me thod - o f - cu t E ing .

McDona1d, Philip M.
1976. Shelterwood cutting in a young-grolrth, mixed-conifer stand in north

central California. USDA lor. Serv. Res. Pap. PSW-117, Pac' SW For'
and Range ExP. Stn., Berkeley, CaIif. 16 p., i1lus'

Many timber stands are sti11 being harvested by cutting methods k'hich
do not meet todayrs social, environmental , and wood Production needs '
The shelterwood cutEing method has been tested in young-grovth, mixed-

conifer stands and has Proved to be successful' Under this system the

soil is \^,e1l-protecEed, yet harvest yields are high' Seedfall from 12

residual shelteruood trees Produced I34,000 sound seed Per acre during a
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3-yeer perlod, and about 3,700 we 1l-d istrlbuted ponderosa plne seedllnge
and 600 seedllngs of Douglas-flr, whlte flr, and sugar plne per acre
$ere establLshed 4 years after cutttng. Basal area of the reeldual
treb8 increased 8.22 equare feet per acre ln 5 years. Increased seed
productlon and seedlLng eetabllshment, plus accelerated growth rates
of realdual trees, are galns ln productlvlty that landot,nera oay
reell.ze fron applying the sheltefi.ood cuttlng Ethod ln Ore gon and
Californla.
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