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The Application of Unit Area Control in
the Management of Ponderosa- Jeffrey
Pine at Blacks Mountain Experimen-
tal Forest

By WiLLiaMm E. HaLLIN, California Forest and Range Experiment
Station,! Forest Service, U. 8. Department of Agriculture

INTRODUCTION

Throughout northeastern California and extending southward in a
narrow hand along the east stope of the Sierea Nevada in California
and Nevadn, the most widespread commercinlly important timber
type 1g ponderosa-Jofirey pine®  Locally kuown as “castside ploe”
the type covors 1.8 million aeres of the 4 million acres in the Eastside
Sierra subregion of the Fovrest Survey, and these fwo pines are un-
_pm‘tu.nt (-t)mponvnts of wnother 1.6 million acrees in the subregion
(3, 2238 In 1953, Lhe subregion was estimated Lo conlain 41
b]lhon board-feet, [nternational Y-inch rule.

Large-seale lumber production ht-n'.m in northeastern Californin
the l‘aui_\' 1900's.  Sinee then the annunl cut bas varied greadly [rom
{ime 10 time, but lumber procduction has been theehief mduau\ of
most of the mujor communitios in Lhe distriet. The cul in 1952 was
about 760 million bourd-feet 13, 5. 411, Continued harvest of timber
in the ponderosa-Jeflrey pine Gype at a level equal Lo or ereater than

past culting is clearly a desirable objective for t!w crononue welfare of

northeastern (alilornia,

Methods of timber harvesting in eastside pine have been governed
by several considerations and have followed many patterns. AL
first, many logeers simply extracted whatever timber they wanted by
whalever method they considered o be cheapest, T hey gave Lo
thought (o silvieutural requirements such as proteetion of residual
trees, prevention of logeing slish fires, or encourngement of natural
regeneration.  Felling and skidding often eaused exeossive damage 1o
residunl trees.

Vi dMagntained al Merkeloy, Calify, by the Forest Service, T 8, Department of
Awrienlture, in coopeeation with the Dniversiiy of Californi,

*The fype varies from pure potderosa pine through different degrees of mixture
Lo pure Jeffrey pine. JelTrey pine (Piens jeffregd Grov, & Badll) also oeeurs in
southwestern Oveson, the Coast Bange of Californin, Lthe west lop of the Sieren
Newvady, <outhern Californis sud northern Lower Californis nonderosa pine (5
pumi’rmxn Laws) oceurs throwghout westorn North Ameries from British Colum-
Lin, Conade, suuthward 1o Sonora aned Chibuashon, Mexico.

 Numbers in parentheses vefer to Litertwre Clied, pl G0,
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Much of the carlier limber harvesting amounted practically to clear
cutting of the better merchantable trees. Beeause of differences in
logzing and stand conditions, the end result was variable. Sometimes
many undersize or low-quality trees were left.  Somctimes advance
stecking of reproduction was present. Some areas resceded after
cubting.  Bul slash fires killed much of the reproduction and advanee
crowlh, and then many areas were invaded by brush speeies sueh as
snowbrush cennothus (Cranflies eeditinues) and greenleal manzaniin
{Lrctosty pliplas painia).

Timber owners have beecome ereasingly aware of the desirability
of prolonging or perpetuating timber supplies throueh forest manage-
ment. Today, the principal private Gmbedand owners are quite
willing to undertake lorest practices which they deem to be linancinlly
plt}lunhlo

On the national forests suslained timber production was o definile
objective from the very beginning of timber harvesting.  But (o
maintain high-ievel production, foresters needed answers (o many
practical questions. What annual grewlh would the forest land
sustatn, uand what was the allowable annunl cut?  What pattern of
regulating the eut should be adopled to convert The wild forest into an
ovenly distributed arrangement ol age elasses?  What kinds of eul-
tural treatment do young stands need for maximum growth o quelity
aad quantity to be ready Tor harvesiing when needed?  Should the
stands of (he future be planned for management on an even-aged
hasis or should an effort be made (o create aneven-nged stngs?

One of the more eritically tmportant problems that faced foresi
managers was bhow fo insure prompl and adequate regeneention.
Obviously, high, sustained production requives that the langd he
stocked continuousty without a long wall belween harvesting and
re-establishment of the next crop. Although nmny of the stands in
Lie easiside pine (vpe were abundantly storked, productivity was
relatively low beciuse of elimate.  All in all, comparatively inexpen-
sive methods of management were nevded.

Then (oo, bark beetle cuthrenks periodiealls killed Lurge anounts of
cimber. Begimug about 1921, both private timber ownoers aud pubslic
forest managers in northeasters Californin recognized the unusually
difficult problem created by barlk beetles. During the period 1923 to
1937, bark beetles killed nearly 11 Dhillion hoard-feet of pine in Cali-
Fornin (££). At the penk of the opidemic, averaze annuad Josses in
typrieal overmadure eastside pine stands amounted fo more than 200
board-feet an were. In some Caels losses ran Tar higher and many
stands were seriously dopleted. Could these losses be prevented, or
were  Lthey uneontrollable?  Would silvieultural measures reduce
losses?  Was salvage of the dead and dying troes Fragible?

The (echnien! Torest manggement ]}r’ohl(ms that have been briefly
outlined- -determinadion of rri.t)\-.{h, regculation of the eat, seleetion of
barvest cutting methods, cullurnl (rontment of young stands, and
pretection ol the stand azainst exeessive mseei-caused loss  are (he
subject of this publication. s purpose i to tell what has heen learned
about the solution ol these problems during two deeades al operating
the Blacks Mountain Experimental Foresic The conelusions and
methods developed in managing the ponderosa-Jeffrey pine type can
he adapied and applied to other pine tvpes.

i
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THE BLACKS MOUNTAIN EXPERIMENTAL
FOREST

The Blacks Mountain Experimental Forest was established as the
principal site for management investigations in the eastside pine {ype.
It was sel aside from fand in the Lassen National Forest in 1934, the
vear alter preliminary work started.  Studies going back as far as 1910
had resulted in new theories of management, silvieulture, and inscet
control (10}, A primary objective of the Blacks Mountain project
was to develop these theories into a system of mavagement and to
test, demonstrate and improve the svsiem through continuous oper-
ation of a tituber tract on o rommercial seale.  Bael) year sinee 1937,
excepl in 1948 and 1949 when logging crew and equipment wore used
on another project, Limber harvesting operations have been conducted
as & part ol the planned management of the ares.

The experimental forest is well suited for condueting investigations
tn the ecast side pine type. Geographically, it is near the center of Lhe
type (fig. 1), Sire, climate, topography, and vegetation are represen t-
ative of the conditions found over nost of the tvpe.

In terms of the interregional ponderosa pine site classification (23,
Lhe site index at age 100 vears varies from 60 Lo 80 foet and a VOrages 12,
These indices correspond to 100, 125, and 114 feel al age 300 in Dun-
ng's California site classifieation (9).  Low annuad precipilation is
the chict reason for the relatively low site qualiiy. During the period
1935-53, the mean annual precipitation varied lrom 9.09 inches to
29.24 inches and averaged 18,17 Inches. About 90 percent of the pre-
cipitation fell in the months of October through May.

Roele outerops are common, and (he soil is shallow and stony. Soil
condiions, then, are partly vosponsible for the poarer siles.

Approximately half of the experinental forest lies in egently rolling
basin; the rest extends up the moderate slopes of Blacks Mountain o
the north and of Patterson and Cone Mouniains to the cast., Ele-
valions range lrom 5.600 1o 6,960 feel.

Government-owned land in the experimenial Torest lotals 10,252
acres. AL the time of the first uventory In 1033 and 1934, the aver-
age stand per aere was 18400 board-feet. (4 this volume, 96 percent
was pondecosa and Jellrey pine, 7 pereent white fir, and 3 pereent
incense-codar,

The forest is even-aged by small groups. The overstery in potider-
osa_and Jeffeey pine stands is prodominantly overmature, but it is
broken by small groups ol immature and mature-ure elasses und by
openings.  The total area of theso intermedinte age elusses is sowll,
and thes complicates stand cegulaiion.  Serdlings, saplings, and poles
are represented tnomueh of the forest as advance growth, both s an
vaderstory and in openings eaused by losses in the old stand.  Seat-
tered older residnats may De present in young stands,  The age classes
are nob evenly distributed.  Instead they forma mosaie of stuall homo-
gencous units (i 21 -0 variable puttern of many even-nged Lroups.

sSome groups are differentialed not 3o much by nge ns by other
stund condition ~density, theift, or the amoun! of undergrowth or
advance reproduction. They vary in size from s fraction of nn aere up
to 5 or W acres. Despite its voviability, then, the Torest is composed
of small units, cven-sged and with distinet differences in st
eondition.
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Provne | —Loeation of Blaeks Mountain Experimentad Forest and the astside
Bierea subregion in northern Catifornia.

When aclivities began on the experimental forest. inscet-caused
moviality was severe.  Average annual mortality in pine was 202 booarl-
feet an nere (fg. 3). This high mortality was typical of that prevalent
in the eastside pine type. In the fiest 10 years of experimental worl
in the type, emphasis was on cutling for inseet control. Also, methods
of cutting were compared on plots, and work was slarted on regenet-
ation, stand unprovement, and other silivieultural problems (17).
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the experimental forest. Small studies of pruning end thinning were
the basis for standdmprovement prectices. Other studies re-
sulted in a method for reducing insect-caused losses, showed the
requirements for regencration, and provided information on growth
after culting.

Sanitation-Salvage Cutting

Silviculturists and entomologists have studied host scleetion, tree
susceptibility, and bark beelle attack in eastside ponderosa and
Jeffrey pines for a long time.  Dunning (8) conducted the first studies
in the early 1920's, and before long much basic information was
avaiable from the work by Craighead and others () and Person (24).
By the time cutting started at Blacks Mowntain, Salman and Bongberg
{27Y had shown that ihe risk of barlk beetle attack in individual trees
could be determined from crown characteristics indicative of current
tree health.  They identified four degrees of risk based on gradations
in crown characters, needle length, needle complement, needle color,
degree of (wig and branch killing, and other conditions (appendix,
p. 62). Bongberg later developed a penalty system to improve the
aceuraey of risk classification {appendix, p. 62).

Salman and Boogberg showed that high-risk {rees (risk classes TTT
and IV made up only 15 pereent of the stand volume. Bul 84
pereent ol the annual hettle-caused fosses occurred in these high-risk
trees.  They reasoned thervefore that the sclective removal of the
high-risk trees wouldd prevent 84 pereent of the Toss.  Alse, the licht
cul would permit rapid eoverage of the area so thel most of che
potential Insses could be salvaged.

The first tiial of this means for contrel of hark betiles In castside
pondeross. and Jeflrey pine stands was on the Blacks Mountain
Exporimental Forest.  As seon as 10 was demonsirated that the
average cut of 2,547 hoard-leet per acre eould be Togeed cconomically,
and that the eutting retdueed the annunl rate of tree killing, sanitation-
sulvage wis adopled as the principal {ype ol first cut in the eastside
pine Lype on nationad foreats, IUwas also adopted by private operators
and pul into use extensively on private landas.

EFFECTIVENESS IN REDUCING MORTALITY

On the compartments where sanitation-salvage euttings were first
made in 1037, Bongherg found that the cumudative reduction in loss
for the fist 10 years was 71 pereent (23, The reduetion was even
arealer on plots established (o study the effects of cutting methods
on growth.  Records for 10-vear periods on four 20-uere uneut plois
show an aversge anual pine loss of 08 board-feet per aere, wherras
simibar sanifation-salvage cul plows lind an ainnual loss of 18 bowrd-
Teel per acre - an 82-pereent reduction.

Losses wore lower on santtation-salvage cul compartments each year
Trom 1938 10 1952 {ig. 45, and analysiz of the data shows that the
effect of eutting lasted longer than 10 years.  During the firsl 3 vears
ol cutting, bigh-tislk pines were harvested from 451 aeres. In 19451,
12 (o 14 years after cotling, mortolity on these areas was 29 hourd-Teet
peroacre, 81 pereent fess than on unedl compartmentz. One year
later they Jost only 3 board-feet por aere - o reduction of 97 pereent.
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103352,
CURRENT TEST UNDER EPIDEMIC CONDITIONS

The bark heetle epidemic of {he carly 1930’s began to subside
around 1937. Consequently, until recent vears, lests of sanitalion-
salvage cutting were under condiions of moderate to low bark heetle
popuiations. In 1931 beetle populations again developed to near
epidemic size.  Losses aversged 153 board-fect per acre on uncut
compartments.  In 1952 the bigh-risk pine trees were togged on Uree
compartments that had been kept uncut in order to have an area for
testing the offectiveness of sanitation-salvage.

Too little time has passed {o measure the effeetivencss of 1his
cutting.  Losses wiil need to be recorded for 10 years or more, bul
prefiminary resubis ave cncouraging.  Good reasons exist for supposing
that Jonger period reactions will be favorable.

FUTURE APPLICATION OF SANITATION-SALVAGE
CUTTING

The principal sanitation-salvage cutling at Blacks Mountain has
been compleled.  In the future, such culiing will be confined to units
on whieh the fingl harvest is being deferved until o later cutling excle.

Sanitation-salvage cutiing is recommended {or general application
in overmature, virgin ponderosa pine foresis. A hght eut—2.000
e 3,000 board-Teel per acre of high-risk trees—permits rapid coverage
of uncut areas: losses ean be reduced guickly.,  However, sanitation-
salvage cutling iz ondy the first step in management. 1L should be
followed by cuts with othier sifvicaltupal objeetives. High-risk trees
that develop in units to be reserved should, of course, be removed in
these subsequent cuts.
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Regeneration

In most of the castside pine type, overmature timber stands are
well stocked with advance reproduction.  On the experimential forest,
for example, only about one-iith of the area will need to be regeneratiod
after the removal of the overstory.  During the carly vears of opera-
tion, sanitation-salvage cuttings scldom create & need to regenerate,
When final harvesting of overmature timber by group clear eutiing
starts, regeneralion becomes umportant.

NATURAL REGENERATION

Several conditions ave essential for abundant reproduction of
ponderosa and Jefirey pine: (1) A good seed crop Tollowed immediately
by one or more favorable growing seasons; (2) o scedbed of mineral
soil; (8) no competing vegetalion; and (4) few seed-cating rodents.
These favorable conditions sthdom oceur together in the castside pine
type, but one of the chiel reasons for lack of veproduction is irregular
sced crops. Between 1842 and 1953 the pines on the experimental
forest bore four light to good seed crops:

Seedd foll per
avre Hirowah
Ortpdier t
it}
A L e immmemmaea. S 42
S T -
1052, . . - o e 33

! Froin sced-trap rovertds (34 or more seetd traps each year),  Records taken
in late Oerober and the next spiing for 2 of (hese yearz Indicate thal 63 o 75
pereenl of the vear's seed crop faliz before the fest of November, The romaindor
faliz during the winter,
in the other 7 years they bore fow or no seed.  Insect damage to
soeds and seedlings may partly aceount for rogeneration failures.

Even the rare good seed crops produced Tow eatablished seedlings
untess other conditions were suitable. Before the heavy 1948 secd
ervop, Tor example, § cut-over openings 1n need of regeneration were
searvified with an offset disk-harvow 2 weeks before secd fall (30).
The atm was to simulate freshly disturbed ground thai vesults from
logeing, slash disposal, and removal of vegetation. Sced-cating
rodents were poisoned ou each epening and on a bufler strip onc-fourth
mile wide. The openings were one-filth aere or lareer and had a
border of cone-bearing trees. Seed traps on nearby plots with similar
reserve stands cought seed ab the rate of 130,000 per aere during the
fall and winter.

Seedbed preparation greally anded regeneration. Few seedbngs
suevived afler 4 vears where competing vegelation was moderate or
neavy s

Seedv e rratoadeid Sepdfivare exfallizhed per aere af §
I
uracee yeurs
(‘(”np{xl g vesectalion: Steter iy SjaTeiaty
Nooe . . e 33,824 [t 33
Liaht . . Li. 120 §, 277 tl
Medigmi, S LG 1y -+
Heavy .. e 2,411 127 <

nource: Tackle nnd Hoy 63,
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On bared soil, seodlings were abundant (lig. 5y and growth was better.
Al the end of the fourth growing season, avernee heighits of the talieat
scerliing on each milacre quadral 1 the sample were 2= follows: No
ground cover, 6.7 inches; light, 3.0; medium, 3.7 heavy, 2.4,

Even with only light gromud cover, germination, =urvival, and
growth were much lower than on hare ground. Paossibly the 1,277
4-vear-old seedlings per acre on aveas with light ground cover are
adeguate.  But they were the resull of an exeepumually eood seed
crop. The better growth on bare soll means that removal of all come-
peong vegetation s usually destrable.

[ R H1]

11t ke 2= Natwrea] reocterntion 3 sear- alter e=tahdisbnens Do 1O 8 o beree =ojlL
At wenrifieed aeed rodents paisopeeD in LS peioe seoweedd {aff

Yoo Jorest manacers may have difficudiy o achioving Prvorable
conditions Tor neoieal eewenciation, This was shown by an atieng
to capitalize ot w moderate <eed crop in prospeet Tor 19520 Ahont
11 aeres 10 anits varving from 5 10 2% neres were clear eut. Borders
ol rone-bearing trees were et avound cach unite These trees were
eatintted in the apring of 1932 1o have a prrespective prodoction of
at least 600 cones per acee Tor the mnits to be perenertted. A evop of
GO eones is the equivalent of rouchly 45000 zewmds 1220 ADer the
urits weee logeed, slush and vegetation were removed il rodents
were poisoned hefore seed Tall started in mid-september, AU best,
the resnlts were only moderately <uecessful ciable Ty Lack of <uecess
was altributed chieily to Inelleetive rodent conteof. The areas on
whiel natoral regeneration was indeguate were planted in the spiringe
ol 1034,

What do the greally different resulis of these two experimeatal
attempls Lo assist natural rezeneration add np to? Hediretion of
eompeting vegetation and preparation ol seedbeds can e aceamplistoed
by well-known method= Elimination of andtnl-ransed losses i< ineh
less certin, Favorahle weather for inidal s~tabiishment and early
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survival caunot be controiled. Therefore, planting is regarded as the
surer method for promptly reforesting most unstocked units, at
least until more certain methods for natural regeneration can be
worked out.

TaBrLe 1.—Results of 1952 regenerction cutting, Blacks Mountwin
Ezperimental Forest !

SBeed production ¢ Secodliugs per i, i Seedlings
. per acre i acre, 19332 perminat-
Sample area g Burvivall ing per
o i ; i seed
Fall 3 l Totul1 | June f)ctoi)cri
1 ' b t
Nuwber l Number 1' Number Number ' FPereent Iumber
| 24, 336 | 0, 265 | 375 2 i 0. 009
2 L.l o 32,153 | 4, 003 700 274 35 .G19
s S 38,033 | 31,019, 1,085 679 62 , . 021
Average. _._...| 33,038 r 45,183, 82| 392| 48! . 018
| i : : !
L Pata compiled by D, T, Roy. S Through May 1953,
? Basiy, 194 milacre quadrats,  Busis, 54 seed traps,

# Through Uctober 17, 1552,
ARTIFICIAL REGENERATION

The main requirements for suceessful planting of nursery propa-
gated trees at Blacks Mountain have been determined.  In an experi-
ment started m 1951, 1-1 stock was shown to be supevior to 1-0 stock
for both ponderosa pine and Jeffrey pine (25). The principal specifi-
cation for 1-1 stocl in the California Region is & minimum diametoer
ol 0.11 inch at the rool collar.  However, ground cover conditions were
nrore important than elass of stock. T'wo vears after planting, survival
was besl on hare ground and poorest where vegetation was heavy;
logging slash and stony ground also reduced survival.

Smfi_'inf

AN FIE

Ciround cover: (percent)
Bareground__ . .. .. oL .. 56
Light nonliving cover or sloniness_ .. _. .. e el s 1
Meavy nonliving eover or stosdiness. ..o ... . ._.. - 35
Bight living ¢over. . oo e el ... 25
Heavy living covero .. _.. e e e mm———— 2

Routine planting has also jodicated the necessity lor removal of
competing vegetation.  Survival has been good on all |4t the few
small units not cleared of slash and vegetation. For exr  ple, plant-
ings in the spring of 1953 averaged 71 percend survivae . < the end of
of the first season.  Without site preparation, however, some plantings
were almost complete failures even where the competing vegetation
appenred to be relatively light.  One reason is that roots fully occupy
the soil even though the soil surface between competing plants is bare.

Routine planting was started in the spring of 1952 on 14 actes cut
in 1951 {fig. 6). In the next 4 yewrs 50 acres were planted.  Survival
al the end of the first season averaged 70 percout.
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FolostLar

Fie in 6, - Ponedereen pine E=1 ~toek 2 s alter plaoting in b ~prie.s [EH LIRS
Before lameine iu 1031 tle plasding <9 was an overimtaee apds withow -
itk srpawt i

The <itle hole method and a lone=handled mattoek are used 0 Cand
PO Grees por ogere aee planted st H.6- by Ba-foot spacing. I
some Plares, however, fewer jrees e planted heean~e of stumps,
sall patehes of <lash roeks, and existing trees. For example,
19032 only 630 per acre were blouted.

Cosis hitve beet high =45 per aepe at best, o 1320 Naesery
stock and dabor wre expeusive. Ao, stocking stavdacds cegmred
Pauting of many fifih= to hallawre unitss i~ result tran<porting
and baondiine snadl lots of stoek bonsted eosts. Foothe Doture, o fras
exacting <tandard of <torking for units smaller than ove-ladf aere
will rednee the uumber of sl unit~ (o he planted. Fortmmtedy,
ondv a small fraction of the experinental Torest pregiires artifieinl
reloresiatiog.

What planting costs e jstified?  To belp ansser this girestion,
present vilues of estimated Matire inteenedinte and final harvests
werp eadetdatod for ponderosa pine plantarions i Aler <ib-
traetinge the disconniod cost of provipg selectesd erop frees, Phese
values at seleeted contpoimd inferest eates are as olows:

Site jndes G0 Geet - Drinzane s st Claes 1Y .
113181 . ~b S

Rite dnghes 7O ) P ur  Sin

Rite ineloy S Jord Trgnrane’ sne 4 1
125 o . [ Flas Ta =i

Beenuse only g <mall paet of the et pesds plimtine, the existing
erowing <tock enn eers the novmal costs ol manueement aud protec
o, Ondy plantine and propies cost< al thelr inferest elarees tesen ]
(0 he assessed =t the plantation vields,
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4 reasouable return at Blacks Mountain would be 2 percesnt, an
interest rate at which the Federal Government has borrowed money,
I half of the sile preparation cost is eredited to hazard reduction for
fire protection, stte preparation and planting costs at Blucks Mountain
amount to about $70 per acre.  Yields [rom planiations on site index
70 feet and better have a present value well above §70 at 2-percent
tnlerest. Therefore, ou areas poorer than site index 70, planting
would be deferred until planting costs are lower or uatil better knowl-
edge of growth nud fubure prices indicates higher dollar yields can be
expecied.

Direct seeding has been tried as a means of reducing regeneration
costs but has not proved worthwhile for gencral use, T fie trouble
lins in protecting seed from rodeuts. W ithout protection, fow sceds
germinated.  With wire sereens protecting the seed, 40 1o 50 pereent
of the sced spots generally were stocked atier 1 growing scason. But
seod spois protected with dome or cone sereens cost ws much as or
more than planting nursery stock. Expense mounts because the
screens are costly and must be picked up to et the seedlings grow
properly,

Small, inexpeasive exlindrical screens were Lested {(26) bul did not
work out.  They protected the seed from rodents, but only 12 to 21
poreent of the sereens were stocked ol the end of the first season.
Failures were due to such causes as frost heaving, cutworms, trampling,
and desiceation.

Limited experiments with rodent repelients and poisons had varying
results, generally not good enough to warranl wide application.

Despite the Milures, efforls to develop suceessful methods of direct
seceding will be continued on o limited seale beeause of the possibilities
for reduciug vegeneration costs.

RODENT CONTROL

Keceping rodents from cating oo much seed is essential for either
vatural or artificial regencralion. Trials ol poison bai{ met with
varviag suceess at Blacks Mountain in 1948 and 18532, Even though
poisoning cul the rodent population in 1952 (table 2), regencration was
pooK.

Rodeats are difficult to control hecause they may guickly migrate
into treated arcas.  Furthermore. most rodents muliiply rapidiy.  If
anly a few escape poisoning, they can quickly re-populate an area.
For best vosults poisoning must be timed closely in advance of seed
{all and re-poisoning mey often be necessary.

Both the 1948 and 1052 poisonings used ol groats treated with
“HO80” (sodium fluoroncetale} as bait.! [ was distributed in pinches
of 15 to 30 kernels every 135 leel along hines nbout 58 feet apart.
Where possible the bait 'was placed under or arpund logs, stumps,
stash, or nowr other places that rodents are likely (o {requent.

The eost of baiting 810 acres in 1948 (5) was 26 conts per acre, o
1952, Seplember ratns and wet conditions enused considerable lost

P Cawtion: P80 and must other pairons wre highly tosic to hnmans, Tows
govern their u2e. Loval persqonel of the 705, Fish and Wildlife Serviee or
Conuty Farm Advisors should be asked for beip or adyvice hefore souv forest rodent
poizoning i undertaken.

ATHLG — 00—
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*‘TanLe 2.—ZLodent census in poisoned and wunpoisoned areds, Blacks
Mountain Experimental Forest, September 1952 !

Rodents trupped in—

Bpecics i :

Uupoi- | Uinpoi- @ Poisoned
soned 1 soned ¢ wrea
aren T | area 2

Kuisher . Number Number

Yellow pine chipmunk (Futantias amoenus)__ ) ;
Tuahoe chipmunk (E. speciosus)_ ... .. ... . 1
Towugend chipmunk (£ townsendid) .. . __ .
Golden mantle squirrel (Citeflus leferafisy_ .__ 1
White-footed mouse (Peromyscus moanicululus)
Trowhridge shrew (Sorex trowbridgeli)

Chickuree {(Twmiescivrus dowglasid) i
Snowshoe rabbit (Lepys amerivanus) ... -

[
o O

b b o @3 N e
- —

L B L e Bl For

DO O~

|
[4]]
31

! Dafn from 100 traps for 3 nights at each aren,
Source: Lioyd Tevis, Jr., Dept. Zoology, Univ. Calif.,, Davis,

time and made some re-poisoning necessary; baiting 420 acres cost
72 vents per acre.  That year natural regencration wis sought on a
net area of onlv 10.7 acres scatiered about in several small umts but
the cosl was $28.26 per nere.

Both Lhe high cost for the area protected and the uncertainty of
success lenve much to be desired i baiting as & method of rodent
control on small seatlered clear cuttings. “Therefore, when only a
light seed crop is in sight on such cuttings, baiting canuot be recom-
mended. U regeneration areas can be so armnged Lhat the net area
to be protected is a relatively large fracGon of the total area that must
be baited, or i more eflicient methods are discovered. redent control
will become much more practicable.

SITE PREPARATION AND SLASH DISPOSAL

Both bulldozer blades and brush rakes on crawler fractors have
been used Lo clear the ground and pile slash in preparing the site for
regencration (fig. 7). Brush rakes are preferred beenuse they push
less topsoil into the slush piles.  The cost has varied from §7.91 Lo
$50.58 per acre {Lable ). Some reasous for the low cost in 1951 were
an cxeeplionally skilllul tractor operator, u relatively low volwue of
glash, and light or no coverage of arcas with small amounts of slash
and vegetation.

The tractor oflen skips varvow strips of slash and vegetation in
preparing a site. Complele clearing bas proved unnecessnry, After
1951 the operator was instrucied (o leave strips of slish o few fool
wide rather than go back Lo ¢lean them up.  He was not to skip whole
arcas that secmed Lo have little compeling vegetation.  As experionce
with this procedure grow, costs declined and i1 was apparent that the
strips of slash have n beneficial shading effect. Tt should be possible
Lo reduce costs still more by further training of the erew and by learn-
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F-175020

Froree 7, Slash and veseiation piled by traetor with bolldezer blade on area
ta be reenerated,

ing how mueh slish ean be left without undoly relarding seedling
germination aml survival.

TABLE 3.~ Cust af sile e parating aod stosh disposad. Placks Mountain
Forperimental Fopest, 103 1-35"

Prepured nmits Clu-t per aere
Year . e o prorated over  Cuast per M
. [ s B I feer Lotal
Mverage Cost per lupsargecl volume eut
Hren were
chpes fdters Imidlnrs Fanllure
LAY . . (1R 70l 53 0, 04
1152 fa = 15 7 v o
1153 . 2202 Gl gk 2097 R
145 . 3 I 14 At LAY Sy
IRIEN 13 2 Hin il b2 L2

Rt prepared and slisLo disposed of ouls om,osreas o Be cesensrated.

sourre: (oo 4l

SUMMARY OF RECOMMENDATIONS FOR REGENERATICN

Unstocked wreeas should e regenerated by naturl seed fall when
prachieal. Berause good seed crops are infrequent, howeyver, areas in
need of reproduction will usunlly have 1o be planted.  Tnsect= are one
catse of poor rereneration: thoy destroy cones, <eed< and seedlings,
but the extent of their damuage 1< nov known, I fnvestigations proyve
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these inseet nbtacks to be serious and adequate control mensures are
devised, natural regencration can be relied on to a greater extent.

Ponderosa and Joﬂw\' pine cones mature in 2 yeawrs.  Consequently
the prospects for n sced crop can be detected a year in advance.
Because one-year-old cones of these pines are quite small, tops of
freshly cut timber should be checked each year to determine pmspe('t%
for a seed erop before it is too lale to plan the neeessary measuresfor
regeneration.

rotecting seed from rodents is essential for successful establish-
ment of natur al reproduction. Current methods of rodent contr ol
require that poison bait be placed in o bulfer zone onefourth mile wide
ground the regeneration area.  Thercfore, the cost of rodent control
is high if the area to be regencrated Is small.  Since the success ol
Lnou n control methods varies, an attempt to obtaiu natural regenera-
tion is & questionable venture unless a bumper seed crop 1s in sight or
& large arce in the aggregate is to be regenernted.

I natural woom‘m! ion fails, the area should be planted promptly
so that vprodut'tlon is established before competing vegetation takes
opver the ground.

Whether regeneration is ngtural or artificial, competing vegetation
and slash must be removed. In either ease, techanical removal is
essential In order to provide & mineral soil scodbed lor seeds or space
te plant.  Tractors with brush rakes have proved the best equipment.
Adeguale planning of the work and training of equipment operators
are essential Lo I\eop costs low. (mn])lcl,(\ covernge of the ground
can be avoided by leaving narrow stringers of slash.

Natural regencration can be dey yonded upon if (1} cuiting iz deferred
until a good seed vear or (2) site preparation of areas cut “duri g poor
seed vears is defereed until a good seed vear.  Either defertment,
however, will result inan exe t"’:‘-‘;l\’t‘l\' heavy workload for the good seed
yvears and a regeneration progrim ‘that is extremely diffic ult Lo earry
put. In addition, deferring site preparation loses Lhe advantage of
optimum release of ground for any new seedlings that do result ‘Trom
cutling and lozging.  Tf several vears elapse after culting, Lthe ground
will be taken over by shrubs, grass, aud other vegeiation.

Planting with nursery stoc K is still the ¢ Iwn.])vqt and surest method
lor sur‘ussfull\* (“iT_ﬂ.})'l‘-ihl'Hl" artificial  regeneration. At DBlucks
Mountain spring planting with L=1 poncl(\:o%a or Jefirex pie stoek
lias been most suecessful.  Direct seeding cannot be recommended
until ellfective rodent repellents or other (,hmp means Lo prolect seed
are found.

Growth After Harvest Cutting

A study of growth alter cutting was started in 1938 to compare
several methods of harvest eutting,  Jiwas designed as a randomized-
block experiment that included four plots per block: (1) rontrol-—no
culting; (23 heavy selection (Lpproxunntolv 75 poercent of volume
cul)——as (hen used on nationad forests in California; (33 modernte
selection {approximately 55 pereent of volume (utj --qmulm to, but
nol identical with, so-ealled “standard marking” in national forests
of (wliformin; (4) unit area (onuolmoutrumllv called silvicultural
selection,
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The fourth method is representative of the treatment applied to
the experimental forest as & whole, TUnit arca coubrol plols were
given o sanitation-salvage cut al the time of establishunent. The
first recut was not made on most plots until the time of the latest
(10-vour) measurement.  Couscquently these plots are used »runarily
{or showing growth following & sanitation-salvage cut.  Cue replica-
tion of each method was established every year for 14 years. In
cortain years clear-cut plols were added to the stud\‘

Plots in the harvest-culting series are 20 acres in area. Fach was
divided inlo one-tenth-nere squares at the time of cstablishment.  All
Lrees 11,8 inches d. b, h. were tageed, mensured Lo the nearest tentdh
inety, and their locations mapped. At the tinte of the 10-vear remeas-
uremenl, the original stand and cover conditions for cach tenth-acre
subplot were deseribed nud recorded by o syslem of condition classi-
fication (p. 74) adopted for wul arvea control.  The 10-vear dala
from the first four hlocks of plots were the basis for the analyses of
growth and movtality thal follow.  These plois inelude four cach for
uncul, heavy selection, moderate sclection, aud sanitation-salvage,
aod two for clear culting.

GROWTH BY INTENSITY OF CUT

The greatest actual growth por acre, both gross and net, occurred
on the ‘i'l.nl[‘l[i(}n.—-ﬂ;&l\ll"{' eut plots (table 4) However, much less
srowtng stock on the hvn\'\ -eut and elese-cut plots pmduvvd aboni
the same growth as the heavier growing stock volune on Lthe moderate-
cut plots.  Growth by 5-vear per iods cmphasized the advaniages of
beavy cutting.  In the sccond S-year pertod, clear-cut plots geew
wiuely as those given heavy selection and more than those given smnm-
tion-salvage or moderate seloetion cutling:

Averoure witanoal granih per
#ere, all specien

-f“l;fﬁf Fyrare Seconsd A ot

Tyvpe of culling: iharil-foal « htiered-feet

Sunitution-salvoewe o 137 T

Modernte. © 0 oL . N hiH 3

Heavy e e b his

Clear . . . . . Eh 48

As the et m(n-nw(l VOUNE Hrees iummhvd an inereasing share of
net growth,  In both inhle 4 nod the tabuintion, net gim\lh meludes
ingrowth and growth of residuals minus losses through death, On
all hut the cloar-cut plots, the cutting was in older trecs.  Thevefore,
ort all but elear-cut plois, volumes n the younger age classes were
relatively similar after culting.  Also, number of pnlm which supply
the ingrowth, was mppmwmlt(i\' the same on all types of plots.

Briefly, t‘ln.l]\HIH showed that the voung ange ¢lasses grew [lastor
after Emn\" cutting thas afier mode ate or li"‘ht (uilm« When a
sustained cul nad short cutling exveles are (l(“-uil(‘d however, lu‘zl\'\'
cutling over the enlire wor an cirelo or properiy s not pmml:lv
Novertholoss, forest INAAEETS CiLiy eapifalize on the growth poteniin
after heavy culting, By taking advantage of varintion wi stand
strueture, they can rlvm cul overmature groups and subjeet other
groups o o light anprovement cut,
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TapLp 4.—dnnual growth end loss per acre® by method of culting,
Blacks Mounicin Exzperimental Forest, first 10 years ofter cutling

b

F8nnitakion-] Modernte | Heavy [ Clenr
Ttem Tirrent salvayge cut cut ctg
cué

Franrd feet Boani-feel Hoari-feet 1. Boaril-feet t Bount-feet
Volume after cutting__._.__1 18, 445 15, SU8 , 326 0 5, 082 548
217, 559 14, 295 7,753 | 4,977 4902
Gross growth 73 67 65 | 644 18
64 79 59 61 11
Ingrowth 20 30 23 21 51
15 22 19 18
Mortulity . 101 20 16 7
! a8 18 15 7
Nebgrowthe.oooo Lo - — 8§ 7 72, 78 | 48
—19 83 63 73 39

A . Percendt Percent Percent fFercent : P.*:rcma“_
Pine in volume after cubting 95 | [t a3 - a8 i 67

' '

Basis: Four 20-nere plots for each method excepl elear-cuf, whirh had two
20-nere plots,

' Trees 11.6 inches and larger.

? Figures in bold type nre for pine only; fisures in roman, all species includiag
white Hr and incense-cedar.,

GROWTH BY AGE CLASSES

To determine how the grouped arrangoment ol age classes affects
management, an analysis was made of growth in relation to age-class
groups ou the harvest-culling plots (appendix, p. 65). The plots
were divided into tenth-acre subplots, and the reserve stand on each
subplot was elassified by broad age classes a5 overmature {300 years
or more), mature {150 Lo 300 years), or wmmature {less than 150
years) (fiz. 8}, Aswould be expected, overmature groups grew slowest,
and mmature fastest (table 5).

‘The periodie growth of immature age classes ® was still more strik-
ing thaw shown in table 5 on subplots with a veserve volume equal
to the average volunte for overmature age classes (18,735 boardevt).
Cuder Lhese cirenmstances, trees less than 150 vears old grew al the
rate of 269 board-feet per nere (fig. 9).  The anvunl ingrowth of 86
board-feet brought the total (o 355 bourd-feel per acre.  These datn
bear cut the obvious conclusion that maximum growth will be pro-
duced when old-growth stands arce converted inlo young, Tast-growing
slands.

Young stands progressed more rapialy toward harveslable size when
the compctition Trom older trees—as an overstory or as scattered
individuals—avas removed.  For example, on all plots, ingrowih was
greater where the ovoerstory was removed.  On ol except clear-cut
plots, the adequalely stocked pole stands withoul an overstory oc-
curred as small seatiered groups, useally surrounded by older trees.

5§ Periodic growth for stands of this age is higher than mern annual growllh,
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Fravng S—Age clusses af Blueks Mot pia Experimental Foret: 1, Tmmature;
I3, madure tut edee of wren eloar eut for regenerations; O overinabire with sopd-
ling vorderstory,

Where the overstory was removed amd the border effeeis fvom adjoin-

ing older trees were vodueed or eliminated, the ginual ingrowth wis

as much ag 70 board-loet per acre on elogr-en) subplots adeguatoely
storked with pole stands, compared with 37 board-feet whoere (he
overstory was et in small groups.
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TasLe 5—Periodic annual growth and reserve volume per acre on ouf
plots by age class, Blacks Mountain Lrpertmental Forest, first 10
years affer cutling

1
Reserve | Total ‘ Nei growth,

Age class volwuwe ' net ; Ingrowth excluding
Cgrowth - : ingrowth
) :
Hacrd-feel - Hourd-feet | Hoard-feet Bouri-feet - Percant
Ovoermature {300 vearsh.._ 18, 785 92 | 4 g - L 42
Watnre (350 to 300 yearsi. . 15, 278 ¢ 127 1 12 115 § . Th
Tmmature {Qess Lhan 1567 : i L !
R LL7) S e me. YT, TDH 202 ) 86 | 116 ! L. 50

I Naturally occurtiug immature age classes have a low voluwe ol srowing stock
in comparizon with overmature age plusses beeause {2) some of thew we just
renching merchuntable e and (b)) older residunl Lrees have precluded full u=e
of Lhe ground by younyg ones.

340

230

200

PERIQDIC MNET ANNUAL GROWTH PER ALRE (Bd-Fi)

[
P
ot : : '
G 5 Lo -3 F4ed 25 35 35
SRONING STOCK JOLUME PER ATRE {M Bd-Fi}

Trarre O— Periodic net annual growth by aze elpss and growiug stock volumes,
all species (ogrowth exclicied), Blaeks Mountain Txperimental Forest,

Immature stands also grew faster without older sealtered trees.
For example, the annual net growth of inunature age classes on
heavily cut plots was 264 honwvd-feel, whereas on sanilation-salvage
cul plots it was 182 board-feet.  lmumature age classes included only
448 hoard-feet in Lrees older than 150 yenrs on heavily cut plots, but
3989 bhoard-foet of older trecs on ihe sanitation-salvage cut plots
(tabde 6).
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Maximum production ‘per acre, then, is reached most quickdy if
gvermature stand units are harvested and the ground given over to
vounger age -classes or uew reproduction. Yet inbermediate ago
classes cover too little of the area Lo permil rapid removal of the
overmature timber—for example, only 14 percent of the management
urit in 1949, Consequently, the foresi mansger must carry part of
the overmature timber as & rescrve for a long time i he desires a
sustaired cut ab a uniform rate.

Tavte 8. —Annuel growth of tmmature trees in relation to rolume of
older trees on plots, Blacks Mountain Frperimental Foresi, first 10
years after culting fmmature subplots

Voluine ] Net growth per nrere of tress

Voluine per nere in trees over per nere under 130 yewrs
150 years o in irees
under 1560

Total i Without ingrawth’

Board-feet Buprd-feet | Boasd-feel | Boprd-feet Prereent
3,888 (uncut plotsi_. .. .. ... __ ' G, 8344 155 I L 43
3,589 {sanitation—sulvage cut), 3, 158 182 97 1. 78
1,808 {moderate cut). ... .. 3, 336 152 : 98 1. 84
448 (heavy ewt).__ ... et 8§, 356 264 135 . 2. 06
2. 87

A6 {elewrenty oo ___ .. 3, 063 182 - 838

Which overmatwre group should be cut and swhich carried as o
reserve?  One important consideration is whether the groups contains
troes under 300 years of age.  Plol records at Blacks Mountain show
that on overmature subplots on the sanitation-salvage cut plots, pines
under 300 years old made up only 34 percent of the total volume (all
speeies) but produced 76 percent of the net growth (excluding in-
growth). Although the plot records probably show too high a share
of the volume in younger age classes, they indicate the desirability of
choosing for reserve overmatwee groups Lthat have a high proportion
ol trees under 300 vears old.

Age of overmatore unit areas had little effoct on growth rate when
no trees under 300 vears were present.  This was shown by analysis
of growth in relation Lo average volume ver tree on overmature sub-
plots. (It was recognized thal average olume per tree gives only a
rough approximation of relative age.) For evermature age classes a3
a whole, hoth growth percent and growih i board-feet per acre de-
creased as the aversee velume per free ereased flig. 10).  However,
when only pine trees over 300 vears of age woere considered, the die-
ercase I growth was very small. This’ analvsis, too, showed (he
desirability of reserving overmalure groups with younger trees and
higher growth rafes.

Overmatare anit areas with the laeger (rees have a high priority
Tor early harvesting for several reasons,  The polential value loss is
greatest i large trees; they produce more high-quality Tumber and are
more likely to dic scon.  Also, narrowing the size range of trees may
help reduce the sine of lozging equipment i fulure cuts and therelore
the skidding damage Lo reserve rees.
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Ficure 10.—Periodic net npovunl growth percent and board-foot growili by
average volume per dree, overmature condition claszes, 1/10-nere subplols with
10,000 board-feeb per acre or more {uncut arens and ingrowth nob included).

Resulis of the analysis of growth in relation Lo age classes on the
harvesl-cutting plols may be summarised as follows:

1. Conversion of virgin floresls to young age classes is rssential for
rapid growth.

2. Removal of Lhe overstory is essential for rapid growth of pole
stands.

3. Growth of poles is furihier stunulated by removal of borders of
older Lrees surrounding groups of poles.

4. Immature age classes (saw-log limber under 150 years of age)
grow more rapidly without older residuals.

5. Heavy cutling stimulates growth of the residual brees more than
light cutting.
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6. Overmature stand units grow very slowly without admixtures of
younger trecs.

7. Average size of trees in overmature stand uvaits has litile effect on
growth rate unless younger trees are present.

LOGGING CCSTS

One of the important purposes of the Blacks Mountain project
was to determine whether logeing at o profit was possible where trees
were removed in widely varying and frequently very low average
volumes per acre for silvicultural reasons rather (han for the greatest,
immediate profit at the mill. As a result, cost records have been
studied closely, and special cost studies have been made.  Although
the Blacks Mountain studies cannot completely answer the guestion,
they have thrown much light on it. The striking fact is that logs
have been delivered to & competitive market under the preseribed
sivicultural methods. The payments for Jogs have been sufficient
to allow & reasonable stumpage value, pay all logging costs, and leave
a margin for profil.

Roads

The road nebwork was designed Lo permit as mach fexibility as
possible in timing the area and volume of cut. 1t was completed,
exeept for a 2-mile spur, in 1938, providing & permancat system to
meet all fulure needs in the main topographic unit of the experimental
forest,

Roads were Jocated to fit the lopography and (o keep skidding
distances short, 2,000 feet or less Tor wost compartments. They
were foealed on the growsd from map locations, with minor adjusé-
ments  to avold construction difficulties.  Finally, compartment
boundaries were located so as to conform with the road svstem and
permit  downhill  yarding  without  going  through ~adjoining
comparlments.

Three standards of roads, tofaling 46 miles, were built (fig. 11).
The main utilization or primary road extends from the county rosd
and the common carrier railroad through the conter of the experimental
forest.  Although many logeers thought the road svstem had ao-
reasonably high standards when iU was built, many private timber
operators now bulld their roads to & much higher standard.

Because the voads were constructed by the Civilian Conservation
("orps, costs were not Lhe same as for builders emploving experienced
road construction workers,  After the roads were huilt, engineers
estimated that the cost wilh exporienced road crews would Lave
tolaled $30,600.

Road costs per thousand bosrd-feet will amount to $1.20 over the
first 20 vears of operation.  This figure is for an estimated cut of 67
miflion board-feet o be bauled over the 46-mile svstem by 1957.
{Another 21y million bosrd-feet logged in 1934 were taken out by
way of 14 miles of road built that year.) The syslem serves 9,198
tinbered acres.  Consequently the cost per acie was $8.83.  There
is one mile of road for cach 138 timbered acres, or 3.2 miles of rond
per seetion. .

The network of roads constructed in udvance has been an impor{ant
factor in the success of the Blacks Mountain operalion. I made
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E-ATRIT, ATHALE, ATS0I0
Wi 1o—Three classes of rowls ot Blacks Moantein Experimental ForesL
A, Pritarey ;) M) seeomlarss ) tertinry.
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possible sanitation-salvage cutting as planmed. Areas most in need
of cutting could be cut first. When seed crops were good, cutting
was shified to other arcas thab needed regencration. Other shifts
were possible to adjust the species cub to market conditions and to
harvest timber where inscet attacks flared up unexpectedly.

Logging Methods

Since the start of cutting in 1937, the cxperimeént station, rather
than the timber purchaser, has logged the timber. The experiment
station undertook logging so that the method could be tested, not to
intimate that Government agencies should log as a normal procedure
in disposal of Government-owned timber.

The proposed sanitation-salvage cutting raised two questions.
One concerned technical soundness, Would the removal of high-risk
trees by a light cutting be cffective in reducing insect-caused Josses?
To get o reliable answer to this question, the cutting needed to be
tested on & reasonably large scale.

Another was the question of whether this novel method of logging
would pay.  When work started, loggers in northeastern California
were cutting 10 to 20 thousand board-feet per acre. Thev were
unwilling fo cut as little as 2,500 hoard-fect per acre because they did
not believe it would return o profit.  Closts and returns had to be
deternmined by testing the method on o practieal scale.

Other important reasons why the station conducted the logging
were to insure that all of the details of harvesting would be performed
according to the requirements of the experiments, to obtain full
records of the operations—costs, manpower, and equipment, and te
gain on-the-ground experience in the practical problems of timber
hiarvesting.

From 1937 through 1941, a crew of Civilian Conservation Corps
euroliecs (fig. 12) logged the timber. A competent logger was hired
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as superintendent and experienced men were hired for key positions
such as loaders, mechanics, and bull buck. After the CCC program
ended, local loggers were hired for all logging activitics.

From 1937 through 1946, the experiment station’s logging activities
meluded trucking. Sinee 1947, the station has loaded the logs on
the purchaser’s trucks at landings in the experimental forest.

Large cquipment is needed fo handle the timber on the fovesl.
Trees over 50 inches in diametler are common. Trees cut on some
compartments average more than 3,000 board-feet, and those com-
monly cut scale between 1,500 and 2,000 board-feet. Some logs
scaled more than 4,000 board-feet and weighed belween 18 and 20
tons.

Logs were skidded primarily with crawler tractors and arches until
1950. (Phe teactors weigh about 11 to 17 tons and have 80- to 130-
drawbar Lorsepower.)  But arches damage a great deal of the reserve
stand and advanee growth because of thewr width and the space they
need for mancuvering.  As release cuts inereased, imjury to advanece
growth became more serious.  Afler 1949, arches were used less and
less, and sinee 1952, practically all skidding has been done withoul an
arch (fig. 13}, In the future, an arch will be used ouly in the few
places where an unavoidable uphill grade is too steep for ground

FiVENIR

Pitivan 13— Bkidding logs without un arel ab Blacks Mountain Bxperimental
HoresL,
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skidding or on relatively open areas when skidding distances are long.

A portable londer designed at the experimental Torest has been one
of the principal keys to the success of the logging operation. The
light tutial cut required frequent landing changes and threatened to
merease logging costs seriously.  This threat, in fact, was one of the
major reasons why loggers shied away from the job. A log-loading
machine that could be casily and quickly moved was a necessity.
Logging Superintendent D. 8. Carleton, with the assistauce of other
experiment station personnel, designed a portable log loader (fe. 14)
and buill a working model (21). This loader solved the problem of
moving quickly and cheaply between landings.

Later, the logging induslry recognized and adjusted to the. need
for {requent moves between landings where sanitation-salvage or
other types of light cutting are desirable. Many other portable
loaders have been designed, manufactured, and used throughout the
West in response Lo this demand.

Motor-powered chain saws have replaced handtools for all cutting
activities—bhucking, limbing, and felling (fie. 15), and pay lor timber
cutting was changed from day rates to contracl. Contract cutting
has several advaniages. More skillful fallers are obtained: labor
turnover has ceased (o be a problem; and an adequate supply of logs
i8 alwavs ready for skidding. Daily output is 40 to 50 thousand
board-foet, and one sot of fallers is adequate for the size of operation.

Effect of Volume and Size of Timber on Costs

In a logging cost and time analysis made in 1943, light cuts wore
found to be entirely practicable in the enstside pine type if a road
svstem had been built (22). A sanitation-salvage cut of 2,835
board-feel per acre roquived & total of 118.97 man-minules per
thonsand board-feel, whereas heavy selection euttimg, with a cut of
13,022 feet per acre, required nearly ns much (ime—118.29 man-
minutes per thousand (table 7). The success of sanitation-salvage
logging during the first 6 vears of the operation demonstrated the
feasibility of Light cuts. Sanitation-sslvage logzing on three com-
partments in 1952 again demonstrated the practicability of light cuts.
The avernge daily production from these three compartments was
the same as from much more heavily eut compartments logeed that
vear.  The conclusion is that volume cut per acre had hitde effect
on direct logging costs, _

Size of tree or log waus the mare important factor.  Usually, time
per unil decreased wheu size inercased.  This relation has boeen
found elsewhere under widely differing  conditions (14, 15, 82).
setually, the increased cost for small logs results from o reduction
i daily output rather thao from the increased loguing time per log,
and the increased cost may not he as great as time studies indiente.

Many operations are genred {o o fixed number of truck trips per
day because of hawling distaice. 10 the namber of small logs is
not too great, a skillful londer ean distribute them so that the daily
production is reduced littde, if any, by handling them. When o
fond approaches maximum size one or more small lous can readily be
londed, but a medinm-sized one cannot.  Usunlly tie yarding crews
bave enough slack time so that the daily quotn ean be brought to the
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Froenre 15.—Fullivg tmber with power ~aw at Blacks Mountuie Esperimental
Forest,

landing even if a ood many of the logs are small.  Thus. logging of
small loegs mav be ceonomically justified.  The ecenomiv removal of
small logs is important to the {orest manager beenuse the cutting of
sl trees s frequently essential (o accomphish sitvieultural objectives.

Total Operating Cost

Costs of the Blacks Mountain operation, exeluding eamp costs,
pose Trone $7.96 (0 $1E.32 bhetween 1947 and 1932 (uable 810 Produe-
tion por man-day, however, was [nirly uniform --about 4 thousand
hoard-feet e 3 of 4 vears (ble 93, Prices of bor, supplies, and
equipment generally inereased during the period, but vearly varia-
fions in cost woere also alfeeted by operational changes.

L 1947 trees were folled with power saws but bueked and limbed
by hand,  In 1850 imber cutiers used only power saws, This change
accounted Tor most of the inereased production per man-day i 1950,
Changing payment for cutting from a day eate o & contract yate in
1951 resulted i inereased production per man-day,  In 1952 annual
eut was redueed aecording 10 plan.  Even though production per

A2 M -~ D
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man-day was slightly higher than In 1950, charges per thousand

board Aeet fov overhead and CRIND Opar ation were the chief factors

in the incressed cost. .

Tanne 7.—Logging time and volume cut under different marking
systems, 514 acres, Bloacks Mountain Erperimental forest

TIME PEH THQUBAND NOARD-FEET

P
]

Marking svstem

Item . } .
Clear - Heavy  Modoerate Sauitution
cut selection U seleetion | salvage

Maw-wibiwder | Map-mdnnles  Mujeminwles  Mus- mum-‘n
Folling_ ... ..., . . 33,23 3048 . 26, 60 37
Limbing ) T.62 15, 419 - -1, 80 15, 44
Bueking e 32,77 28493 2748 28 7B
Yarding ) 20. 40 18. 80 18 24 - 20. U8

Toading: ® :
Truck. . e e 2,46 1. 67 I 23 1161
Railrond ... .. ... o BARIES 12 .42 11, 89 12,35

{

18. 24 TL3. ot 8.

Total. oo oo o 132,90

VOLUME

Bonrd-feet fimerd-feel Hourd-fee! Bgard-feet
Cut per acre . . 17,315 13, §22 9,174 2. 835
Cut porwrer. oo L L 457 1, 432 i, 8i3 1, 354

! I{t prv'-(-nl.mu uf [T n‘l\mﬂ' an FOI‘("-i Sr-n:w LamI}(‘r ‘-»ttl(“- h(-fort’ FO3E.
* Asswines togs and trueks or milroad cues continuously availuble at the landiog,

Souree: (22, p. 534

Tanue 8~~Logying costs per thowusand board-fect, Blacks Mountain
i r;mnr:mlaf fmm‘ 1947 and 107-’)—99 t

Tlem TN 1050 5L 1952

Jintfurs Hnﬂurs Fraflurs Fialtare
Fall, timb, and bueko_ .. .. _. 2 T0r 2. 44D 2677 3014
Yaeding .. . . L L 83 2. 3408 2, 3658 - {452
Loading. . .. . . M TEN 1,452 t. a0y [AEE1H
Overbend . . S . 383 1121 Loast . 2.7130
Rigging. . . O IR LA , (I8
Transpurintion (u'v“ T Ldau . 420 AR ;
Logging supplies. . e e aen 224 s 1) Y L 330
Miscelluneous . - .. e 245 O

C : X , 410G
Camp ¢OSb ... oL L N (O i i, GG

Grand total . . . ... AR T 16, 7-14)

li)ntu. ecomplied h'. 1, Clordon,
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TaBLe 9.—Log production, net scale, Blacks Mouniain Frperimental
Forest, 1947 and 1850-52 !

Ttem Stk b 00 1951 (952

Vhou il Phonsund - Thowsamd . Thonsund
bourd-feet - bonrd-fees board-fest . boand-feel
Production per man-day? : 2061 - 3. 0064 4, 42z :
Cut peracre.. 3030 .- 2010
Daily output.. . _._. I all, B42 - A 42 G 179
Heasoual output 42083 3, 175, 47

' Data compiled by 1. T, Clordon.
* Equipment maintenanee and camp activities not ineluded.

Application of unit aren confrol was not responsible for the upward
trend of costs at Blacks Mountaln, Bach vear the Forest Serviee
colleets cost data from representative logging operations for use in
stumpage appraisals.  Ineluding (he same items, costs per thousand
bonrd-fert al Blacks Mountain and on representative operations in the
California Region were as follows:

e IMpeka Moantain Pegivnal areraye
AT L S8, 04 §0. 77
19450) 1), 74 11 G2
wal. ... e 10, 74 12. (8
13, 97 L. 62
The two sels of figures show a similar (rend.  Admitiedly, costs at
Blacks Mountain are not wholly comparable (o those of private
operators.  Freedom from direet Lax charees gives the experiment
station an advantage.  Yet several disad vantages probably more than
offsel the advantage.  The station works under special restrictions on
hiring, procurement, and accumulnting reserves to cover reverses.
Beeause of its isolation, the experimental forest must operate a logging
camp; many privale operators no longer find a camp necossary,
Al ally the cost records are reasonably comparable.  Thev show
thec a timber property can be managed by advanced silvicultural
methods at about the same cost as by other methods of timber har-
vesking.

APPLICATION OF UNIT AREA CONTROL

Application of unit arca control involves, as does any system of
management, (1) the objectives of the landowner, (2) the silviceal
requirements of the principal tree species, (33 condition of the forest,
and (4) the (reatments required fo integrate the first three iloms.
Foresters must eritieally veview these Tour points for coch property
or working cirele in order Lo adapt unit aree control Lo Lhe.

Objectives of Management

Lumber and plywood are the prineipal snd more valuable end prod-
urts of ponderosa-Jefirey pine timber.  Ienee, the production of saw
fogs and veneer bolts is n primary objective.  For maximum returns
lavge high-grade logs are essentinl, The pine trees now being har-
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vested in the enstside pine commonly vary in diameter from 30 to 50
inches. Becnuse of the length of time required to grow trees to these
sizes, forest managers undoubtedly will be satisficd with much smaller
‘trees in the future. On the medium sites (stte index 70), 20 to 24
inches is probably a reasonable objective for future final harvest.
There 1s good evidence that this objective is realistic. In nafural
mixed stands the average diameter of dominanis is about 21 inches at
140 years of age for site index 70 (site 112, fig. 16). On methods-of-

100

INDEX]

| sITE
L

i - -
=" A-200)

T
1
1
'

0.8 M (INCHES)

300
AGE (YEARS)

0.8 M fINCHES)

i
{
1 L

60 0]
AGE (YEARS)

Frovre 16— Dinmeter of averuge dominang, ponclerosa pine, sugar pine, and
white fir in mixed stands, by site index,  Source: Dunaiung {9).
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cutting plots at Blacks Mountain, dominant trees under 150 years old
grew at the average rate of 0.8 inch each 5 years. Allowing 10 years
for seeclings to reach breast height, they would attain 20.8 mches at
140 vears. Other studies with young trecs indicate that by proper
selection of crop trees and moderately intensive stand management,
crowth rates greater than 0.9 inch per 5 years may be expected.
Thus earcful stand management can produce crop trees averaging as
much as 24 inches at 140 years.

At the higher elevalions and on north slopes in the castside pine
type, white fir is a common associate of the pines, and the forest
manager may have to deeide on the desired species.  In such locations
white fir grows as fast or faster than pine and its relative value is
increasing.  But in this tvpe white fir is subjec( to heavier periodic
losses Trom inscets and disease than is pine.  Even though conversion
to pine would seem desirable, such practlice is nol recommended unless
the fir now growing can be harvested as (*hristmas trees, logs, or other
sain.h.lo products. Pine regencralion is cosily and not always success-
{ul,

To make his management program cffective, the forest manager
must decide upon acceplable minimum levels of stocking.  During
early cutting periods, he will have to set up standards for new regenera-
tion and advance growth. Acceptable stocking for immature and
mature units ean be decided later beeause harvest ol these onits will
he deferred while the overmature units are being converted to young
last-growing stands.

The main purpose of stocking standards for young stands is Lo de-
termine whether fill-in planting will be required. Beeause poles
would compete strongly with seedlings, fillin planting in pole stands
is not praclical unless the storking is so low that openings are preseal.
At Blacks Mountain, for example, two crop Lrees per square chain are
rated as the minimum aceeplable stocking ol peles.

The number of scedlings per acre required o produce adequate
storking ut older ages is subject to considerable speculation.  The
larze number of young trees that yield tables quote for so-called normal
stunds is cortainky much greater than needed.  One set of ponderosa
pine vield tables, for example, shows 3,000 trees per acee al 20 vears
forsite index 70 (28).  These tables also show 480 trees and an average
dinmeter of 8.3 inches at 80 vears for site index 70, The fusl inter-
muediate harvest in the future probably will ocewr when the average
dinmeter is about 8 inches,  Judging from early survival in planta-
tions, & stand of 300 trees at an average diameter of 8 inches would
resull from planting 1,800 trees per acrve. Therefore, 1,000 trees per
acre is o reasonable standard,

Although this is a reasonable slandard, it she ald not be conlused
with minimum aceeptable slorking as & guide to fill-in planting.
Such plantings on small preas are costly, and the moderate Lo low
srowth rates over much of the castside pine type are not likely Lo re-
turn the cost. Beeause of (his, sceeplable stocking must he low,
On the experimental forest 25-pereent stocking, or 2530 Lrees per aere,
of seedlings and saplings has been set as the acceplable mimmum.
Furthermore, minimnm slocking must he related 1o size of opening,
Ground in refatively small opentinez i3 ulilized by border trees. The
smallest opening that is planted or ofhierwise regenerated & ane-fifth
acre, but regardless of size the opening must be at least | ehain wide.
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However, areas up to one-half acre in size ordinarily are considered to
have aceeptable stocking if the central fourth of the opening meets the
minimum standard.

Finally, i 2 continuous, reasonably regular harvest of cortain prod-
ucts is desired, the forest manager mustl keep in mind the need for a
regulated forest.  This objeclive is easily overlooked, for zood sivi-
culture does not antomatically insure both sustained vield and regular
production. The means to these ends is conversion of the unman-
aged forest (o one in which cach age class is present theough rotation
or harvesling age on cqual areas bul not necessarily uniformly dis-
tributed.

Some Silvical Requirements of Ponderosa and Jef-
frcy Pine That Affect Management

Ponderosa and Jeflrey pine have been widely rocognized as intolerant
{,p.67). The significance of this characteristic as it affoels manage-
ment has not been recognized untit recent years.  Intolerant specics
are generally best suited to even-sge management.  Ilustrations of
the desirability of oven-age management of these pines can readily be
found. Seedlings and saplings only a fow feet tall but 40 or more
vears old are common under an overmature oversiory,  The rapid
merease in height growth of seedlings and saplings alter the oversion
has been removed can be seen on most heaviby cul areas.  Then (00,
pondeross and Jeffvex pine commonly grow in even-aged Zroups,
When the group oceurs as an understory, growth is extremely slow
On cutting plots at Blacks Mountain, ingrowth from pole stands with-
out an overs{ory was nearlv Lwice thal with an ONVUrsiory.

Other important silvieal characteristies that affect management of
these pines are as follows:

L. seedlings and saplings stagnate and grow very slowly when
they oceur i overdense thickets, The development of vigorous
dominsuts is slow and irregular.  Thinning is necessary 1o promote
early development of vigorous pofential crop trees,” The release
given by removal of an overstory and the incidental thinning resulting
from logging usually inerease growth substantially. For maximum
growth, however, overdense thickets should be thinhed.

2. Ponderosa and Jeflrey pines shed their branches very slowly.
1 production of clear tumber is desired in rotalions commonly planned,
artifivial pruuing is necessary.

3. These species ave long lived.  In virgin forests. trees older than
400 vears arc common. They die as individuals or small eroups.
Consequently, yvoung age classes commonly oceur in smadl groups.

4. Good cone erops occur at irregular and relatively infrequent
wlervals.  Tnomost years regeneration can be obtained ouly by
artificial means,

5. Pine seeds sre preferred food of several indigenous rodents,
Thus, U natural regeneration is 1o be suceessiul, ihe rodent popuintion
must be reduced to a low level belore seed frll. Rodent depredations
still prevent suecessfut large-seade cstablishment of regencration by
direct seeding.

6. Pine sceds germinate best on bare mineral soil. I seedlings
start free of competition, they grow rapidiy and wre usually able Lo
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keep aliead of subsequently established fir, brush, or other competi-

tion. Intensive site preparation is necessary for successful establish-
wment of both natural and artificial regeneration.

Condition of the Stand

The mosaic pattern of ponderosa-Jellroy pine forests gives rise to
stand conditions that have a highly important effeet on management
the. 173, The units i this pattern of even-aged groups of troes—
homogeneous in stocking and species composition—have been calied
condition classes by Dunning.  The first step in manngement is o
identifly the condition dasses on the property.

¥ {TERRS

Fier g 17, - Pattern of age elus=es i vast=ide pine {vpe —mature at eff, seedlings

hu foresroiasd, and Large poles in background,  Gvermature gverstory has been
Baes estend,

Classilying the Torest into s parls serves several purposes:

1. To subdivide (he forest or working eicele into natural units
sufliciently <nwll snd homogearons for practieal, uniform redtments
such as lipvest cutting, regeneeation, sud stand improvement,

2. Fo determine which unit greas have stands adequate 1o carey as
growing stoek atd whirh should be mevested o release advanee
growth or to free sround Tor new reseneration,

B, To provide the basis lor o eutting plan, eatting budeets, allow-
able eut, amd other ~teps In & management plan that is most likely
to aceamplish stand regnlation i the conversion period.

The ativibntes present it the varfons stand aoits must of necessity,
form the basis for s condition classification.  The atisiboies and their
slassification may not neeessarily be thie same nall regions and types.
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At Blacks Mountain a system recognizing five basic criteria has proved
successful (appendix, p. 74). The Critorin are age, species composition,
degree of stocking, preseuce or absence of seed t:oes, and presence or
absence of compeling vegelation. Dominant trees sre used as indi-
entors in condition  classification. They make up mere than 90
percent of the hoard-foot volumes bul only about 40 percent of the
stand in numbers of trees; Lherefore Lher use as itndicators simplifies
the work.

For other forest propertics, some changes may be appropriate.
No matter what factors are used, though, an inventory of the forest
by condition classes s an essential SL(‘_}) in management. Recogni-
tion of the homogeneous units does much o elarify silvicoltural
melhods and objectives. It provides an orderly system for regulation
of the cut. It is of preal assistance in making logging plans.

Tt is possible to start application of unit area control without prior
inventories and maps if a sunple plan outlining objectives for har-
vesting is made.  This can be used by the timber marker as a guide
in deciding what to cut now and what to cut later. However, some
form of inventory by age classes will soon be required to accomplish
stand regulation.  Maps sbowing nge classes are not essential.

The conventonal methods of obiaining inventory data by sampling
can be used to obtain adequate estimates.  Volumes may be estimated
by means of sample plots. Areas can be estimated by the line transect
method. If large-scale aerial photos are available, condition class
may be mapped on the photographs and acreages determined cither
on a sampling basis or for the entire area.

Before starting the nventory, the Torest manager should prepare
a brief oulline of how the inventory data are to be used.  This will
insure thet no essential data are omitled and avoid the extra work
of collecting and analvzing unueeded data.  Ususlly several condilion
classes can be combined for volume estunates and summarics. Esti-
mates of volume Tor the different overstory age classes and species
combinations wsually are adequate. Jiowovm & more delailed
classification is necossary {or area estunales. It is desirable to have
acreage estimates of all Lhe age elasses that are to be used in planning
for regulation.

At Blacks Mountain, volurne sununaries by three overstory age
classes (overmature, mature, and immatiure) and one additional ¢lass
(zealicred troes over advance zrowth) were adequale.  Area cstimates
were needed fer the three overslory age classes and also for four other
conditions: (1) seedlings and saplings, (2) small poles, {3) large poles,
and {4} unsloelpd aveas each with and without an overmature over.
story.

Treatments and Procedures

SANITATION-SALVAGE CUT

Reducing inseel-caused Tosses is the firsl step in converting o virgin
ponderosa-Jefllvey pitie Torest 1o a managed state. The firsh cut
should come frem the 15 pereent or so of the volume made up of
high-riske trees (27)—risk groups 11T and IV, Beeause sanitalion-
salvage eulting is most elfective when the management unit is covered
rapidly, it may be desirable Lo step up the allownble cut during the
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first cutting period. On the cutting plots at Blacks Mountain, for
example, the average 2,547 board-foet per acre ol high-risk trees can
be cut in 11 years under an allowable annual cut of 237 hoard-feet
(see p. 57) per acre. The remaining overmafure timber can be
harvested in 60 years at the same rate. A 50-percent increase in
allowable cu$ for the first period would complete the risk catbing in
7 years. Whether this practice is desirable depends largely on the
capacity of established mills and the effect of later reductions on the
loeal cconomy.

Where there are few high-risk trees on a unit area, sanitation-salve ze
sometimes may be deferred until the sccond cutting period. Onb
extensive areas with few high-risk trees, sanitation-salvage may be
omitted and final harvest may be siarted with the first cut. Where
high-risk trees are many, it may be desirable to harvest all ovarmature
trees so that younger trees can be pruned or the ares regenersted
without hindrance from scattered old trees.

HARVESTING SUBSEQUENT TO THE SANITATION-
SALVAGE CUT

After the property has had a sanilation-salvage cut, other steps in
the conversion from wild to managed forest should follow. 'This
means that each unit arca of a specific condition class is given the
appropriate treatment at the proper time. It is as vital for the
torester to apply all essential ireatments as for a farmer to plow, seed,
cuitivate, weed, and spray to grow a crop.

Many combinations of criteria are possible for classifying condition
classes, but when the classes are grouped for initial treatinent, the
number is not formidable. Condition classes can be grouped into
(1) overmaturc overstory with advance growth as an understory;
{2) overmature overstory without advance growth; (3) mature and
immature overstory suitable to carry as a reserve; and (4) occasionsl
scatbered older trees wilh seedling, sapling, or pole understory.
The advance growth may be subdivided into two categories for
treatment afler the overstory has been removed: (1) seedlings and
saplings in which ceanings and thinnings are possible, and (2) pole
stands in which pruning and thinning can be conducted.

Overmature unit arcas ready for harvest and having adequate
advance growth arc clear cul to release the understory. In pole
understories, cutting is followed by pruning of selected crop trees,
and thinning if markets for pole-size timber permit cconomic thinnings.
In seedlings and saplings, overdense thickets are thinned if economical
methods are available,

Overmature unit arcas ready for harvest but with inadequate
advance growth are clenr cut for regeneration (fig. 18). 11 the harvest
comes i a good seed year, sced trees suitable for reserve are loft
around the perimeter of the unil avea. Enough border trees should
be lelt to provide 800 to 1,000 cones per acre. Then the rodent
population must be reduced to a low Ievel. Slash and competing
vegetalion are removed, pied, and bumed; this lreatment exposes &
bare mineral soil for & scedbed.  If natural regeneration fails, the
unib area should he planted at once hefore hrush and other vegetation
become reestablished. 1 an adequate seed source s not available
because of too fow seed Lrees or lack of a secd crop, rodent control
should be omitted and the area planted the following spring.

4706u3°—59—6
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Iigrre 18.—Cniling for artifcinl regeneration, A4, Macking overmalure unil
area for cutling, 3, Same aeea afber Jogging, site preparation, awl slash dis-
posal in 3853, The nrea was plavted in 1954,
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Mature or immature condition classes that are to be carvied as a
reserve receive improvement cuts. This treatment removes the
occasional wolf tree, scattered older trees, melformed or defective
trees, and high-riske trees. If the property has & large volume of
timber in overmature condition classes to be harvested, improvement
cuts should be heid to a minimum. A sharp distinetion exists between
final harvest cutting and intermediate harvesting in the form of
improvement cuts. Ewven though even-aged management is the
objective, improvement cuts must of necessity be made by individual
tree selection.

Oceasionally, poorly stocked mature and immature stand uuits may
be harvested to prevent leaving a few isolated merchantable trees.
Or by combining such groups with adjoining overmature units, more
desirable-sized regeneration areas can he made.

Unit areas of seedlings, saplings, and poles without a complete over-
story usually contain scattered mnerchantable trees. Some are
thrifty young trees; others are very old decadent ones. Many of the
thrifty voung trees can be expected to put on enough growth to com-
pensate for their retarding effect on the younger stand,  They should
be left until the first improvement cut in the younger stand.  Other
scattered trees should be harvested to release the young trees and to
confine logging damage to as young an age as possible. If a good
vigorous tree is destined to be destroved in logeing, the next best tree
can fake its place more effectively at a yvoung age than later when
growth has slowed.

Selection of Areas for Harvesting

Until the overmature timbor has heen harvested, final harvest of
younger age classes should be deferred. On most areas in which
rutting has been under way for a short time, overmature timber must
be carvied for a long time if a continuous cut is planned. On the
management unit of the experimental forest, 80 years will be required
(including previous cubting) Lo harvest the overmature unit areas.
Obviously, 1f short cutting periods are used, an appreciable aniount
of overmature timber must be carried as a veserve.  To maintain the
planned ecutting pattern, overmature timber should be reserved by
deferring the final harvest on certain unit areas, rather than by leaving
individual overmature trees seattered over the property.

Three considerations govern the selection of overmature unit arcas
to be carried as a veserve.  Iirst, young stands grow rauch faster than
old stands. Second, growth of overmature stand units changes very
little as the average size of tree changes except when there are admix-
tures of younger trees.  Third, the growth rate of advance reproduc-
tion ereases much faster when advance growth is released in sub-
stantial blocks rather than in small scattered paichos.

For these veasons, it Is proposed to harvest all overmature units in
blocks of 5 to 50 acres or occasionally larger.  TUnit arcas are seldom
more than a few acres in size.  Commonly, however, several adjoining
units may have an overmature overstory yet be recognized as distinet
nnits because they have different kinds of understory. These over-
mabure units, but not mature and immature ones within the blocel, will
be clear cut. The maximum size of continuous clearcuts, then, will
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depend on the proportion of mature and immabture units within the
block.

In adjncent blocks of similar size the overmature units will not be
clear cut, but will be earvied as reserve. Here a light cut would be
made, removing ouly high-risk trees and an occasional tree cut for
stand improvement. In exceptional cases an occasional extremely
decadent overmature unit arca might be harvested within the reserve
bloclk.

Overmature unit areas with & bigh priority for carly harvest arc
those with—

L. Advance growth of the age most in need of release.

2. A high proportion of high-risk trees.

3. A high proportien of white fir.

4. Relatively large sized troes.

Blocks of timber most suitable for light cutting often are those that
coutain many unit areas of matwre and Immatwre age classes usualiy
not cut uvntil later cutting periods.  These younger units reduce the
acreage on which all of the overstory can be harvested.  Also, over-
mature unit arcas with appreciable admixtures of younger trees should
ordinarily have a high priovity for deferment of final harvest. Ii
artificial regeneration must be delaved for administrative or financial
reasons, overmature untt areas that would require planting can logi-
cally be added to areas on which the final harvest is to be deforred.

The acreage devoted Lo each type of cut can be determined from
knowledge of the volume to be harvested. The sanitation-salvage
cutting plots at Blacks Mountain are used in the followimg example,
The average volume per acre for all except mature and immatore unit
areas was 15,954 board-fecl immediately after the sanitation-salvage
cul.  The net growth (excluding ingrowth} of this timber for 10 years,
or half the cutting period, is 612 hoard-feel. A complete harvest, then,
would average 15,954 + 612, or 16.566 beard-feet per acre. The
light cuts would include mainly high-risk trees.

On sanitation-salvage compartments 1,110 board-feet per acre of
high-riskc trees doveloped 16 to 17 years after logging (78).  Areas to
receive a light cut should have a good deal less than the average
volume of high-risk trces because most units with many high-risk
trees probably would be selected for o complete harvest.  Therelore,
it is reasonable to assume that the cut on the reserve arcas would he
aboul 1,000 honrd-Teet per acre.  Under an annual allowable cut of
237 board-leel per acre (see p. 57) and 20-yenr cutling periods, the total
cul per ncre would be 4,740 board-foel.

Tho relative area i ench type of cut is computed as follows:

X=pecrcent of area on which complete harvest is made

- J\.’ ] _'J\'j 4=

AN=24
Thus, a complete harvest of all the overstory can bhe made on 24

percent of the aren cut moanyv one vear.  This example assumes thal
g uniform cul will be maintained while the overmature timber is
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harvested. When o larger annual ecub is desirable in early cutbing
periods than in later ones, the aren devoted to » heavy eut would of
course need Lo be adjusted.

The size of the completely harvested blocks must be a compromise
of what is ideal for logging, administralion, nod silviculture.  Loggers
frequently will want “the blocks of such n size that both hem—v wnd
light cuts are tributary to cach landing. This distribution simplifies
thie task of maintaining uniform dmh production,  And if short
skidding distances are desuod the heavily cut blocks oughl to be
small. For ease of administration and efficieney of plnntm(r-sme
preparation, regeneration, and timber stand improvement, the ideal
size would be lmﬂe

Silviculturally, “the size of the blocks on which all overmature unit
arcas are harvested would depend entirely on stand conditions.  If
natural regencration is planned for o particular unit area, adjoining
unit areas must be left as a seed source.  Avess clear cut lor naturad
regencration should not be larger than 6 or 7 acres. Sometimes, the
age classes are so distributed that Jar ge continuous areas on which all
the overstor v 15 harvested ave not possdﬂe The experience 1t Blacks
Mountain is that blocks baving a continuous complete harvesting
will vary in size from a few acres to about 50

Cutting Control

Marking rules and guides alone will not always adequately control
the cut with a patiern of heavy cut alternating with bight cut.  Control
e be obtained by J.“Oll.in“‘ spocific volumes to spouﬁe areas. In
order to allow flexibility in marking Lo fit stand conditions, esther the
specifie volume of eut shoul(l be atlotted to a large area or a specified
percentage deviation in volume cut should be allowed. Howevey,
the sum of the volume cut on all areas should not exceed the limitations
establishod {or the annual cut.  Sometimes the marker may need to go
over an area, or parts of it, twice to murk the desired volume and male
the best selection of unit areas for harvesting.

When timbor is to be sold en the stump, arcas in the appraisal
sample should be divided into three categories: {1} aveas of heavy
cut; (2) areas of light cut; (3) areas that mey be cut cither way, T he
irces in the third ¢ {:11(‘001\ should be tallicd separately according Lo
methad of cutling. When the datn are analvzed, adjustinents can
be made in the third eatlegory in order to achieve the desired cul.
Usually the final selection of areas for heavy cutting will he made al
the time of marking although lnrge-scale aecial plmmws‘iph‘; may
permit selecting areas for heavy and light cuts before the appraisal
survev. In this advance mapping, areas Lhat may be cut either way
should be indicaled so that adjustments to reach the plunned cut can
be made in the appraisal analysis.

Unit area, countrol allows & greal deal of flexibility in planning and
conducting the timber harvest beeause unil areas can be harvestod
at once o d uring a later cutting eyele. Safe storage on the stump of
overmature timber is possible. heenuse simiUuwn-milv‘vrv eulting has
proved effective in preventing  exeessive luseet- causcd losses in
ponderosa and Jefirey pine castside stands.
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Prevention of Logging Damage

Prevention of logging damage to the reserve stand and advance
growth is a vitel part of forest management whenever cvelease or
tmprovement cuts are made. Because of the prevalence of advance
growth in the pouderosa-deffrey pine type saviug, it is an especially
critical problem.

Logs are skidded primarvity with ceawler tractors with or without
arches.  Arches damage much of the reserve stand and advanee
growlh because of the width and space they need for maneuvering.
Buuchnw logs with a skid cat and then hauling them (o the fanding
with a cat and an arch is ot always satisfactory because a large aren
is needed for logs and mancuvering at each bunching point. Lomrmtr
damage can be kept to accepiable levels when qklddllw withoul
arches.

Three essentials in preventing logging damage are the preparation
of n logming plan, carryving oul the phm and training and supervision
of the crew.  Logging plmiq ean and should be simple and 1nformal.
The foresler and lomrmtr foreman should work the plan out together
and have the details thoroughly in mind hofore logeing starts.  The
plan for cach compartment or logeing unil should include a lar wo-seile
sketel map showing landings, skid roads, trees (o be cut. and areas Lo
be rezenerated. Tree locations and arcas to be regenernled can best
he mapped when the timber is marked. Lk[)(‘tl(‘ll((‘{i 2-man crews
consistently mark 300,000 board-lfeet per day and do the related
mapping.

On areas previously logged. tractor roads ean be mapped either on
the ground during macking or in advance {rom aerial photos.  Before
timber is felled, the forestor and the logeinge foreman seleet the teactor
roads, {Ing thmn on the ground, and mml\ thvm on the map.  Tractlor
roads. thmutrh advance rrm\vth obviously will be kept to 0 minimum.
The foreman decides the sequence of logging by vompartments and
within each compartment so that felling will progress in an orderly
mauner.

Keeping felling, bucking, and limbing well ahead of skidding is
vory important in careving oul the ;Jl.m IT Gimber is not felled in
the desired sequence, ‘the logging plan may have to he changed.
Then extra skid roads are liblld“\' needed Lo keep logging on sched ule.
Trnnecessary damage 1o ndvance growth mvmmhl\' Tesults [rom the
extra skid ronds.

Falters and choker setters both should use the logeing plan maps.
The maps will help them find the marked Urees and plml the order
of cutting or skidding. T4 is esgential that they use only the planned
skid roads and prevent needless damage Lo advance growth.  Whea
logzing is started at 2 vew Innding, it s desivable that the skid ronds
he opr.'lwd al onee to the far end of the logging area.  Long hauls can
then be balanced with short ones to keep truck londing on schedule
without deviation from the original plan.  Fallers should cut the
troes with s favornbie nngle Tor ﬂuddmrr to tractor roads whenever
poscnhie to mintmize (!nmncr{- to advance erowih,

Training and supervision of the yarding crew are highly important
stops i hol(lmtr fozging damage {o n minumum.  The two ean be
combined and vontihucd Ll_u_ough the scason fo prevent the loggers
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from acquiring carcless habits or adopting undesirable practices that
may contribute to logging damage.

TIMBER STAND IMPROVEMENT

The fovester must tend his stand from esteblishment to final
harvest if he wishes Lo obtain maximum high-quality vield.  Pruning
and thinning are the principal stand-improvement measures.  Pouder-
osa and Jeffrey pine shed their lower limbs loo slowly in Lhe easiside
pine type lo produce muech clear tumber in 140- to 160-year
rotations. In comparatively short rvotalions, branches must be
removed artificialiy if elear lumber or veneers are doesired.  Also,
slow-growing overdense seedling, sapling, and pole stands are commeon
i the (ype. Thinning of these stands is essenlial for maxiraum
hoard-foot wrowth rales.

Pruning and thinning for selected crop trees is recommended.
Pruning all trees in the stand is not desirable because only a small
{raction of the trees in voung stands live until rotation age. Thinning
of the complete stand is usually undesirable because of the high
cost and slow growth rates.  However when erop trees are selected
for enrly utermediate as well as final harvest, thining may remove
afll but the crop trees.

Crop trees may be harvested n either the final or intermediate
harvests.  They can be selected before the harvest for pruning or
release by thinning.  Those selected for the finul harvest may be
pruned and released. Ou sites commonly prevailing in the east-
side pine type, crop trees for intermediate harvests may be released
bul should not be pruned.

Pruning

Crop trees that are Lo be pruned must contnin cuough extra clear
wood whoen harvested 1o pay the nitinl pruning costs and carrying
charges ou (his investment. Therefore the pruned crop tree must
(1) live until the final harvest. (2) grow rapidiy, (3 be of such form
and condilion that il is capable of growing an adequate amount of
sound elear wood,® and (4} be subjeet Lo pruning at a reasonable cost.

To salisfy the first two requirements, crop Lrees should be vigorous
dominants or vigorous codominants thal have been made dominant
by release,  Also, the overstory should be removed. 1T it is not re-
moved, growth will be rotarded and the crop trees may be damaged
or destroved in later togging, At Blacks Mountain no trees are
pruned within 30 feet of mature or overmature trees vor under Lhe
lean of n mmiore or overmature tree. ‘T'o qgualify as crop trees,
they must be eapable of growing three-fourths ineh m dinmeter per
5 vears (13 rings poer el or Taster Tor the re namder of the rointion,
and a¢ Jeast 04 of the tolal height of the free must rewdtin in crows
after pruning. A pruning study showed that up 1o balf of the live
erown could he removed without seriously reduciug the growth eade
i oat least 0.4 of Lhe total tree height remained i live crowa (20).

8 The following defeels disqualily trees Tor pruning: Crook; rol; laege sears;
hayouet topss mistietoe it trauk, on beanehes nhove prunjng, o wilhin | foof of
the trenk in branches thet would be vemoved in pruning,
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The number of crop trees also aflects growth rate. Trees require
more growing space 8s they hecome larger.  Obviousty, the maximum
number seiected should he the number that the ground ean be expected
to support at the final harvest.  An ideal stand structure will have
30 to 50 dominant trees per acre at & rotation age of 140 vears. In
order te allow for stand and site variation, mortality, and errors in
selection, 70 crop trees per acre appear to be a reasonable maximum
number for pruning. The maximum number of crop trees applics
to the ot stocked arca.

The amount of clear wood that must be grown is subject to spee-
ulation. On {he experimental foresl at least 12 inches of diameter
growth is considercd essential on pruned trees. This provides for
6 inches of radinl growth: 1 inch to cover knot sears; 1 inch for taper
in o 16-foot log; and 4 inches of clear wood. Taper sawing or sawing
boards shorter than 16 fect will increase the cffective widths of this
collar of clear wood.

An upper size ov age Hmil for pruned trees wust he established to
allow cnough time to grow the clear wood. This linit will depend
on the lime when the present age classes will be harvested and may
change with future utilization standards.  Final harvesting is planned
in present immature age classes in about 70 years. ‘The present
average growth rate ol immature dominants would amount to less
than 12 mnches in 70 years. Consequently, pruning is not done in
any group of trees if the dominants average more than 12 inches
(lig. 19).

To keep pruning costs reasonable and (o permit rapid healing, trees
with branches larger than 2% inches in diameter should not be pruned.
On the experimental forest, trees with many branches larger than 14
inches in diameter are rarely pruned unless they are fast-growing
isolated trees.

Pruning work should start when the trees are small so that it can
be done in stages. Sinee the basic harvesting length Tor saw or
peeler logs is 4 (ect, the tree can he primed in multiples of 4. Stump
height and trim allowanee must be included; thus, 1f four basic wuils
are desived the total hieight pruned should be 185 leel.

Thinning

Beeause crop trees released by Lhinning can be cut in an intermediate
harvest, requirements for their seleclion are not as exacting as for crop
trees to be pruned.  Crop Grees Tor the final harvest are the first
choice for release and should meet the requirements lor those to be
pruncd.  Crop trees thal are (o be removed inan intermediate harvest
should (1} have a good steaight ferminal leader, (2) be relatively
straight and perpendicular, and (3) be reasonably vigorous,  Differen-
tinlion ol erown clisses in seedling and sapling stands is not as pro-
nounced s in_older stands; consequently uniform spacing ecan be
emphasized.  Forked trees, bavonet-topped trees, and badly barked
or bent Lrees will usually be removed o thinning operations.

Thinning in pole size (4- to 12-inch d. b, h.) or lurger timber is not
recommended unless nosalable product can be harvested,  The number
of trees fo seleet will hinge on utilization stundards. At present,
8 mehes o b b oseems (o he the smallest size [rom which fulure
sizable inlermediate burvest mighl be obtained.  Stand density curves

e
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growth lor 3-inch trees.  II the power-driven chain saw proves to be
geonomical, overdense seocling and sapling stands will be thiroed
uxtvnsi\'(‘]_\' The intention is to continue thmmu" Lo n approximate
spacing of 9 feet—a maximum of about 500 trecs por acre.  Only
stands that have no ovorstory will be thinned.

REGULATION OF THE CUT

Revulation of the eut is essential il a conlinuous lforestey enlerprise
is desired.  Aneven distribution of age classes is necessary Lo maintain
g sustained annund eut reasonably unilorm in ameunt and kind of
product.  Obvicusly, however, in the transition from a preponderantly
overmalure ponderosa-Jefirey pine virgin forest lo a managed forest,
the size and guality of the product harvested will ehaneoe.

Three conunon charncterislics of the castside pine type aflect
regulnlion significantly: (1) the mosaie pattern of small even-nged
groups, (2) the excese of overmature are elusses and defieit of inter-
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medhiate elazses, and 635 the zeneratly lngh share of the ground covered
with advanee growth of seedlings. sa })IIIIE"-‘. and poles with or without
an overstory.

Siee even-uged managenent of ponderosa-Jeffees pine stands s
propesed. methods of regulation that will provide and maintain a uni-
Torm distribntion of age elisses i even-aged unirs shonkd e wsed.

The detielt of tntermedinte age elasses furees managers to store over-
mature taher on the =tump for long periods of time. This s the anly
wias (o bridee the gap hetween the harvesting of overmature timber
] the havvesting of what i= now wdvanee growih, The procedure
can b overworked., mome old timber may be lost, awd autsinment of
ultimaie wrowth voal< delaved by postponing the time when the ground
1= controlled Iy yvoune fasi-orowing stands. Yot the effectiveness of
sanibation=<alvage emiting in redocing inseet-raused losses nakes on-
the—stnmp <fordee ressonably safle.

The large amount of sdvaoee erowth postpones the time when
rewnlarity of ave elaes and imyprovement in size of <tk anits can
be aecomplizhed. The age-elas< pattern of <tands helow rotation
wre Is fnrgely <ot until the advaner growth s harvested and the <tands
reweperaled, Catling eat taprove the overall disieibation of agp
climses, hovwever, by redneing Hue oxeess volinme b the old aee classes
andd refensing vonng ame elas<es, The kind of distribotion desived is
one m which the trees e of Hhie size expeeted ot the given awe vather
Hian merely being thewetnal age of the indicated clase. This ~ize-age
refutionship is imporiant o poudeross pine stamls beesuse wlvnare
erow th eommonly remains stirgnant until the overstory s pemoved,

Thee irresmitlar. cotnpiex age-clise pattern of the eust=ide pine (vpe
ean be broneht into an omlerly wrrangement by n- ||l"' g eombimttion
ol wren apel volume reanlation. Tl seeling-. .||:.1n<rw. and poles
el T adlstid 1o enctinge periods- i the later sear- ol the roation on
atoaren ba-i—o The peeiod< to wliaeh they are gestrnaed depeneds, of
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course, on the time the oldest of the advance growth will reach rotation
age. The immature and mature age classes ean be allotted on an
area basis to the cutting period or periods just before harvesting of the
pdvance growth begins. "The overmature timber ¢an then be allotted
on a volume basis to the remaining yemrs in the first part of the
rotation.

Rotation

Length of the rotation selected is dependent on & number of factors;
most of them are related to [uture ¢vents and lLience can only be esti-
mated—ior example, stumpage prices or costs. Therefore, lengthy
caleulations for determining rotation age are of questionable value.
One thing is farly certain: because site quality is usually medium, the
rotation will be relatively long.

The kind of product the manager is to produce, and the minimurm
neceptable levels of return oun capital invested, are the underlying
factors controlling determination of the rolation. Obviously the
roiation must he long cnough to permit trees to grow Lo sufficient size
so thot the desired products can be produced. The products mustl
also be produced st a profit.

Stucies in many areas have shown that both logging and milling
costs, as well as yield, vary with size of trees harvested. Ordinarily
there is an optimum size for maximwm profit margin. This cost-size
relationship 1s not consiant for all types of equipment. Maximum
efficicney of operation oceurs when the range in log sizes bandled is not
too great.  BEquipment and machinery used 100 years from now in all
probability wih he vastly different from that used now, because of
changes in average size of the timber handled and because of techno-
logical dlevelopment.  Consequently, it is not likely that any accurate
estimates of cost and value in relalion to tree size can be made for
periods as long &8s a rotation in the fulure. However, experience and
logieal rersoning point to somewbal shortened rotations.

The culmination of mean annual growth as determined from normal
vicld tables indicates the desirable rotation for maximunm volume
produetion.  Mean annual growth varies only slightly for many years
ou cither side of the age of culmination. For example, in the inter-
regional ponderesa pine wvield Lable (23) Tor site ndex 70, the mean
annual hoard-loot growth Tor the stand 6.6 inches and over in d. b. h.
varies only 3 board-feel for ages 120 to 160 yvears. Consequently
there is considerable latitude in seleeling a rotation without materinlly
changing the mean sunual vield.

Investment factors in the poinderosa pine type indieate the desira-
bility of a rotation shorler than for culmination of mean annual
vield,  As the rotation is lenethened, the capital investment rises.
For example, Tor site index 70, nearly 30 pereent more growing stock
is needed for o 160-vear rotation than for a 140-vear rotation.  Carry-
ing charges for regenerntion and timber sinnd improvement also lavor
shorler rofations. Bul increasing unit values ag trees bhecome larger
indientes & rolation longer than for maximum volume production.
Therefore culmination of mean annual uicld is = ceasonnble compro-
mise if (recg af rotation age are of a size that can be efliciently har-
vesled and converted inte the desired product.

As n guide lo rotation age in Lhe ponderosa pine type, yield able
data for the stand 6.6 inches d. b. b, aod larger, or for the stand 11.6
inches d. b. h. and larger, can be used.  Within 50 years, utilizafion
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standards very lilzely will equal or surpass those used in the table for
the stand 6.6 inches and layger. Moan amnual growth in this size of
stand culminates at 135 years. ‘Therefore, the rotation selected for
the experimental forest is 140 vears.

The average size of dominant trees at 140 yvears for site index 70
will be 21 Lo 24 inches, according to growth data from the experimental
forest and other areas in the pondeross pine type. Trees much
smaller than this are efficiently logeed and sawn into lumber in other
parts of the country. For example, in 2 mill study of sccond-growth
Douglas-fir in Washington, 49 percent of the logs wore 10 inches or
fess in diameter and 6 percent were 7 inches or less (37 ). It is not
unreasonable Lo assume that small logs also will be efficiently logged
and oitled in northeastern ('alifornia.

Cutting Periods

When even-aged management is applied by small areas the term
culting cyele may be confusing because it commonly rofers to the
mberval between tree selection cuts. Culting period is a more
appropriate term.  As used here, cutting period rofers to the interval
between cuts in & general aren such as & compartment or other man-
agement subdivision.  Only for the part of the stand in which inter-
mediate harvest culs are being made does cutling period indicate the
interval between cuts on a specilic spot of ground or stand unit.

The length of cutting period for even-aged management by small
groups Is dependent on the desirable interval between intermedinbe
rarvest cuts on the reserved wnit areas and on efficiency of operalions.
Sometimes the optimum size of unit arcas may also Lave a hearing.
Short periods are desirable to keep losses ab & mipimum and to
maintain an adequate growth rate, However, running a profitable
enlerprise requires that eflicieney of operations be considercd first.

Logging efficieney is affected primardy by the average cul per acre.
At Blacks Mountain and elsewliore in the castside pine iype cuts as
low as 2,500 to 3,000 fect por acre can he made cfficiently.  Although
lighter cuts have beon made, they cost appreciably more and were
justifiable ondy for special puwrposes such as salvage or insect control.
It has heen estimated from the interregional yvield table that the average
annual yield from a stand 12 inches and larger on site index 72 {avernge
for the experimenial forest) will be 144 hoasd-fect per aere. Wilh a
20-year cutting period the average cut per acre will be 2,880 board-leet.
From ihe standpoint of logging efficiency, therefore, 20 VOIS 13
sttisfactory,

Lflicicney of administration, marking, and regoneration activities
may be more important than logeing eflicioney,  The length of cutting
period determines the area in the regulated forest that will be cub
each year. Phe working cirele must be divided into as many parts
(vach part not necessardy oosolid block) as there are years in the
culting period.  AH of the paet asgigned (o o particular vore must
be considered for final harvest and reconoration, intermedinie harvest,
or stand linprovemoent.

The shorter the cutting period the greater is the gross arca cut.
Consequently, more arca must be covered it marking for culling and
in carrving on regeneration and tinber stand improvement aciivities.
Forexample, if  140-vear rotation and 20-vear cutling periods are used
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for a 10,000-acre regulated forest, one-seventh (140/20) of 500 acres
(16,006/20) would be regenerated each vear. I 10-vear periods are
used, one-fourteenth of 1,000 acres would be regenerated. The same
aren. would be regenerated in both cases but spread over twice as
great a gross arca when the shorter poeriod is used. A 20-year culting
period promises grester efficiency than a shorter one in administration
and in carying out the various essential forestry actlivities,

Is 20 vears too long silviculturaliy? Probably not. Sanitation-
salvage cutting has reduced insect losses for 15 yewrs and is likely
to he effective for a longer period.  In view of this, 20 years is not
Loo long an interval between cuts to keep losses al an acceptable
fevel. Thinuing in the ponderosa-Jellroy pine type must be moderate
to heavy Lo produce substantial increases in diameter growth rate.
The inercase is net likely to justily culting at inlervals shorter than
20 voears.

Twenty vears has been sclected as the planned future cutting
period Tor the experimental {forest. In the past the period varied
between compartmen(s and was much shorter than 20 years. The
frst period was shorl beeause of the desire to cover the arca rapidly
with a sanitation-salvage cut, Some comparlmenis were cut as
many as three times in 20 years. At the present stage of development
of unit area conirol, however, il appears Lhat a 20-vear cutting
period  after the sanitationsalvage cul would have been more
appropriale.

Ideal Stand Structure

A forest with ideal stand structure will contain each age class
Lhrough rotation age as small groups in equal arcas.  On each com-
partment or area (o be cot over ouee i each cutiing period, the
number of age classes will equal the rolation divided by the length
of the cutting perind.  For example, where 20-year cutting periods
and a 140-vear rotation are planned, al any given time, ideal stand
structure on o compartient would consist of equal areas of 7 age
classes.  However, ogual areas of all age elasses on cach compartment
is neither practical nor necessary.

Although eonventional yvield tables do not give 2 true picture of
the number and size of frees i a managed stand, they do give a
reasonably good approximation of the velunw per acre that might be
expected on fully stocked managed stands al given ages.  Irom
these, the volume 1o be expected v an ideal stand steucture can be
approxinated,

The volume just before final harvest can be computed by summing
the vield table volumes for ench age elass and dividiog by the number
of nge classes.  The volume just after cutting iz obiained by wsing the
samie divisor, but the last age elass is omitted from the summation.
Stocking probabiy will average no more than 80 pereent of yield fable
stocking on laree aress; consequently, normal vield table volumes
should be redueed by 20 pereent for the compuotation. The average
volume al any wiven time for the entive working eirele is the mean of
the volumes before mnd alier cutting.

Tdeal stand volumes and mean annual growlis have been computed
irom {he interregional ponderosa pine yield tables for site indexes G0
feet, 70 feet, 80 Teet, and the average of 72 feet for Blacks Mountain
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(table 10). For early cutting periods, data for the stand 11.6 inches
and larger can serve forest managers as a guide to cutting. Tor
later periods, when utilization of small trees for saw logs will be
possible, the values for the stand 6.6 inches and larger will provide a
better guide. It is estimated that ultimately intermediate harvests
will remove timber equal to half the volume of the final harvest.
But they will salvage mortlality and stimulste growth. The net
eflect of such intermedinte harvests will be to reduce the average
volume per acre at a given tizae by about 10 percent.

TasLe 10—Volume and growth per acre of ponderosa pine stand with ideat slruclire,
140- and 1680-year roluiion

1Y EAR ROTATION

Stand 110G inelws . b, . anad
aver (Seribmer role) at site

Stangd 6.6 inches . b. h. ond
over (Internatl. eale, L-inch

l 60 70 { a0 F
, i !
- Pt i Ldofl D Bdofl. D Bdaft. | Bu-ft. J Bd-ft. { Bd-ft. | Bd-fi,
Before final horvest of oldest age chass oL GFFy  F4D 10, 88L& BB, 21200 17, 180 13,198
After futa! harvest of pldest nae elass.; 2,780 LT 7m0 5, . S0 g, 450"- I1a 3315 8,25

72

60 I ¥0 L-id] 72

|
]
index— ! kerf} ot site Indax—
i
|
i

Average. . co o 6,085 0,001 0,087 6,835 10,337 14,780 11232

1
Field at finnl barvest of olidesy, g _. :‘ ,I : { '
elss... . . coep D860 1G MU 25,2000 20,28 16,520 6,000 34, UK
Mooy sonuel prowth, ... . . 03 135 15tk [2TH [k 18Gi 243
r

[ R T T

WBOYEAR ROTATION
s . l : ; E i ! -
Lefore Qnal harvest of vldest age elass, G130 0, 2500 13, 110,032 10,0300 14, 40, 0, 7308 15,410

. H 3
Adver finul barvest of oldest spe ¢lpss.' 4,110[ 5,51[1:‘ o5 7114 T, 000 l[l,[‘.?i]i 15,040, 10544

Avernge, TOs6 TESE IL3T BaATE BG5S 12,300 17,355: 13,457

Yield ot final harvest of oldest age ; j . : . 1
alnss. . {16,080, 22,0000 25,9900 24,360 22,610 20,280 37,520 30,008
[t annual growth, .. Lo 101: 138; 180- 146 142 183 24 193
- : : 1 . .

! Contputed from pontlernsa pine yield tnble (29, 80 percent of vild toble vulues.

Dominants in natural stands will average 21 inehes at 140 years
on the average site al Blacks Mountain.  IT 90 pereent of the volume
is 1 dominant trees, the volume would be 18,187 board-feet per acre
(0.9X20,208—yicld at final harvest as computed from table 10). For
the average site at Blacks Mountain, 2t-inch Lrees have a volume of
368 hoard-feet. Therefore, 49 dominants per nere can be expected
in natural stands at 140 vears if the avernge diameter is 21 inches.
Under moderately intensive management, however, dominants with
an average diameter of 24 inches may be expected at 140 yoears.
Twenty-four-ineh trees avernge 588 board-feet, and the number of
dominants per acre at 140 years would be 31 trees.  Forest managors,
tien, can expeet belween 31 and 49 dominants per acre in the final
harvest at 140 years under ideal stand struelure.

The ideal area of units in this stand depends primarily on horder
effects, rffective seeding distances, and adminisrative officiency.
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The degree and distance that borders of older trees reduce growth
rate sre not known. If border effects are appreciable for 22 feet,
growth will bereduced on 56 percent of the total area for & 2- by 2-chain
square (0.4 acres), 21 percent for & 6- by 6-chain square (3.6 acres),
and 16 percent for an 8 by 8-chain square (6.4 acres). Hence,
border effects may not be serious on arcas larger than 3.5 acres.

In an early study of conifer sced fall, ponderosa pine seed fell 5 feet
per second in still air (28). In falling 100 feet, seed could be carried
about 200 fect by a 10-mile-per-howr wind. But at Blacks Mountain
regeneration was poor in the central part of areas wider than 300 or
400 feet except when bumper seed crops occurred. If unit areas
average twice as long as wide, 7 acres might be the maximum desirable
size if naturel sced fall from border trees is to be relied on. More
precise knowledge is needed on the maximum size of areas that can
be effectively seeded from the borders.

The maximum size of unit area for efficient administration, cultural
activities, and logging can only be determined by experience with
different sized units. ~ At the experimental forest, units of less than
one-half aere seriously increase planting costs unless several units
are concentrated in o small block. Al 1o all, the idea! size of unit
areas 18 considered to be from 4 to 7 acres. In natural stands the
units are ususlly smaller, frequently as liltle as one-fourth acre.
They can be enlarged to more desirable size when the present advance
growth is harvested and a pew stand regenerated. This should be
done gt the same time mejor changes are made in the age-class distri-
bution.

How and when can regularity of age-class distribution be achieved?
Data for the sanitation-salvage plots at Blacks Mountain lustrate
how this cen be determined. The area occupied by present age classes
must first be cstimated and compsred with the distribution for a
regulated stand (fig. 22).  To show the regulation pattern clearly, an
estimate is also needed of the area fu cach age class at the time the final
harvest may be starled in the present advance growth. For the
Blacks Mountain plots, a chart showing age-class distribution at the
beginning of the sixth cutting period, just before the final harvest in
the larze pole class, was prepared (fig. 23).

Seedlings and saplings were counsidered (o have a present average
age of 20 vears rather than their actual age.  Future age of seedlings
and saplings was discounted Lhree-fourths for unreleased periods, and
future age of peles was discounted one-half for wireleased periods. On
the basis of cxperience at Blacks Mountain, it was also assumed that
all unstocked areas and balf of the area inadequately stocked with
seodlings and saplings would be regenerated at the time the over-
matire overstory was harvested.

The equal areas at rolation age needed for a fully regulated stand
can be atteimed lale in the second rotation. At the beginuing of the
sixth cutling period of the first rotation, the age-class distribution will
be near the desived one (fig. 23).  For nearly six more cutting periods,
however, the final harvest will be in age classes that are 5 1o 25 years
above rotation age. This condition is guite desirable. It permits
much greater fexibility in working out a cutting pattern aimed at
attaining & regular distribution of age classes. And it permils an
inerease in Lthe size of the smaller unit arcas by consolidation at the
time of final harvest and regeneration. An age greater than rotation
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Fioune 22.—Age ciass distribution at time of comnpiation of sasitntion-salvage
cué. Blacks Mountain cubting plots, overmature overstory exeluded.

age adso compensates for o moderate degrec of understocking at fime
of harvest.

Why should ideal stand structure and regularity of age class be con-
sidered if fow positive sieps can be laken to achieve those objectives
tn the immediate future? There are ab least, three good reasous.  One
reason is that harvesting of advance growth may be deferred and the
cut of overmaturc timber spread over a longer period if a sufficient
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srea of proper age classes is not available for a sustained cut at the
‘time the oldest advance growth reaches rotation age. Secondly,
early consideration of stand structure helps set up priorities for the
age of advance growth to bereleased. Finally, such consideration will
prevent planning immediste cuts that sacrifice growth in order to
obtain regularitv of age classes when such regularity cannot be
obtained in the mmediate future.
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0-30yrs [451-70] 780 | 81-15 16-130  |i3-180
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Freure 23.—LExpeeted age-class distribution at beginning of sixth eutting period.
Blacks Aountain sanitation-saivage plots.

Computation of Allowable Cut

An allowable eut must be computed and made o part of current
plans if future harvests arc to materialize,  Although plans must look
long into the future, the lack of precise long-term growth cstimates
should not create difficultics. As the plans are revised, moderatle
errors can be adjusled.

Under even-aged management of ponderosa pine, regulation can be
achieved by allocating voung age classes to the later cutting periods of
the rotation and prorating the remaining merchantable volume to the
remaining vears in the first part of the rolation. Data from the
sanilation-salvage plots illustrate a simple method of computing
allowable cut. (Computations for a typical traet are shown in the
management plan for the experimental forest, p. 80.) Stands were
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cinssified by broad age classes.  To expedite calculations of allowable
cut, average age for each class was eslimated from diameter and age
curves.

Eatinraded vges

elrerage Hauge

(yeurs) {years)

Seedlings: and saplings . ___ 20 H)-25

Small I)Oll"" e e mmm——an a0 2610

Large poles_ . .. . L al.o- al) 4173
Tmimature - L L immmmmal L 120 T6-130
Mature L mameaaas 225 1531-300

Basle assumptions for the sample computation are (1) a 140-vear
rotation, (2} 20-vear cutting periods for the sceond and succeeding
ones (exeept for a 30-vear fifth period), and (3} a complete sanitation-
salvage culting made in the first period of 10 vears. Tltiimatelv
there will be 7 age elasses in 20-vear steps on any arca that is to be
cul onee every 20 vears.  The average large poles, being 58 vears old,
will reach rotation age in 90 vears, at the hon'mnmrr of the sixth ¢ uttlmr
period {32030},

Starting at this time, the age-class distribution will be such that
14.3 pereent. or om'—sr'v(-ntll of the area can be harvested al rotation
are or mreater (fiz. 23) and wcrvnm.uocl i cach cutling pericd.  Thus,
an even distribution of seven age classes ean be achieved by area
allotment.

But can the desired volume be harvested?  Although pole, sapling,
and seedling stands of ponderosa pine eommeonly occur in overdense
thickets, their average atocking for large aveas is usually mueh less
than 80 pereeut of normal vwld table stocking.  Understocked stands
tnerense i stocking with time, but data aee lacking that show how
fast the stoeking changes. Such data are needed in establishing
minimum  stocking  standards and  estimating  long-term gLowL}l.
Gelrhardes formula offers & possible solution. 1t has been used
suecessfully in the Lake States to compute growth of understacked
stands {7, p. 72) and seems reasonable for applieation fo ponderosa
plie.

When Crehrbardi's formula was applicd to board-foot vield table
volumes for the stand 6.6 inehes and larger, ponderosa pine stands
30-pereent stocked at 30 yvears had a computed stocking of 78 percent
al 140 years.  Bul where rensonable eare hag hoen used i logeinge (o
preven! damage to advance growth, considerably botter stocking than
30 pereent prevails.  The average stocking, based on number of tre s,
ol advance growth is approxinmtely 56 percent. Pherefore 0t is
logical 1o expeet that afier 90 or more years of management stoeking
will be elose to 80 percent of viokd tuble values and provide the v olume
neoded Tor finnl barvests,

When more is known about the effeet of time on changes o stoeking,
the allowsbde eut ean he adjusted fo prevent undestrable dreastic
ehanges fu the fulure cut. Future adjustments probably will be
upward.  Consequently, present advaner growth is allotted on an
area basts to the last two culting periods of the liest rotation amd the
carly culting periods of the seeond rotation.

The next problenmy is to sllor the present mecchantable voluime,
Mafure and immaiuee age elasses occupy 2022 pereent ol the fotal aren
on Lhe sanitation=salvage cut plots, This area elosely approxinntes

i i n)

e el



56 TECHNICAL BULLETIN 1191, U. 5. DEPT. OF AGRICULTURE

the arer that should be cut and regenerated in 1% cutting periods.
Hence, mature and immature age closses are tentatively alloented to
the 30-vear period before the 6th cutting exele—~60 to 90 years in the
future. These age classes could be harvested in one long 30-vear
cutting period, or 2 short 15-vear periods.  The overmature stands
and scatlered overstory trees plus their estimated growth are prorated
over the first 60 years o the rotation.  Because mature and immature
tunber will be harvested and regencrated, ingrowth is ineluded in
ealculating the cut from these age classes. Ingrowth is not included
in caleulating the cut for the first 60 years because it is move appro-
printely a part of the age cluss relensed and, consequently, harvestod
when the advance growth is harvested.

Data for caleulations of the allowable cut are summarized in table
11. Data from the sanitation-salvage cutling plots were used for
estimaling the growtih for the present merchantable timber.  Growth

Tasre 11.—Duale for computation of ellowable cut, senitation-salvaye
cullting plols, Blacks Mountain Frperimenial Forest, site indes 70

: Avoer- ' Tu-
S Volume Annsl agew T arowth
Condition cluss group i por Areat et period Total per
Tonee vrowth for - growth ners
rrowlh e
: year
Houri-feet Peresut Percent Yeurs © Prreeal Donrd-feet
{Ivermature S 21, 661 0.4 0. 349 30 Ly oo
Seattered overslory ) .
Lrecs . R | 123 28. 8 LA 30 1.2 ...
Muture . S 22 080G 4.5 ) Th 18 8 13
Immaiure . R 8 0. 7 1. 25 73 038 14

Typical nere

Condlition cluss group ) :

Opiginal  Towal Tota! ' Cirowth | Total

volutne | prowth  ingrowth ot in- 1 volume
) : growth?

fiourit-feet nurid-fees Fonerd-feed | Doare-feet Frovired-feet
a 1,29 _ ) 5]

Overmture L . 11,025 1,200 | . . S 12,315
Heulteretd overswory trees. 1, 706 17 . . . e L, 880
Tolal . . oo 12, 731 [ .
Mature . oee 2,088 L U24 K I
[matures - 0 L oL L. I, uri S . BHIE 225
Toinl . _. . 3010 LO72 486 271 A, 838

VLT pereent nontimberecd,
2 Computation of growth on ingrowth,
Cirowth perconl per vear: mature, B3 inmature, L 76

Perivd - 78—10 325 years,

1o |

o
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percents computed from the plot records for a 10-year period were

applied to the original volume to determine growth for the entire

period of prediction. This procecure, rather than compounding by

10-year intervals, was followed because growth rates decline with age.

The ingrowth used for the immature age class was the average of the

Ingrowth for the immature and mabure age classes (85413=49)
‘)

because the present immature age classes will move into the mature
age class about 30 to 60 years before they are harvested.

Based on table 11, allowable cut for an aren similar to the sanitation-
salvage cutting plots is as follows:

snnial cut
Length fier acre
{yeurs} {lnurd-feet)

1 1255
20 237
20 237
20 2 237
30 3193
20 + 186
20 186
' Gt completed.
* Annual allowable eub peor aere for first GO years after sanitation-salvage cut is
14,185=-60, or 237 board-fect.
# Annuad sllowable ent per acre for 60 Lo 90 yuears alter sanitaiion-salvage cuf
is 5,838-+-30, or 103 houra-frot,
¥ Final harvest—80 percent of yield tuble values for stand 6.6 inehes and above.
Intermediate harvests will incregse bhe eut by 50 percent or moze.

A significant point in Lhe caleulation of the allowable cut 15 that for
the first 60 years after the sanitation-salvage cut, growth makes up
only 10 percent of the estimated total eut.

So called “safety factors” that some forest mansgers use to reduce
the aliowable eut have been itentionally omitted [rom these computa-
tions. TPhese lactors are used to insure a supply of timber. But in
overmature deendent timber they ultimately defeat their purpose;
they maintain age classes most subject to loss, and delay conversion of
the entire forest to & young fast-grewing stand.

When the cutting budget is prepared, the actual cut on the ground
is dotermined from an intimate, first-hand knowledge of the forost.
The best information available is used to seloct arcas most it need of
cutting and to estimate the expected cut for individual areas, such as
compnartments, legal subdivisions, smalf drainages. or other blocks of
land melking up annual cutting areas. The nreas are then assigred
to years in the period lor which the cutling hudget is being prepared.
The assighment should provide practical logging units and an annual
cut equal to the allowable cut. Markers may need lo adjust the
volume between units logged in any one year in order Lo correct lor
minor variations in the stand and stitl harvest the established cut.

The allowable cut should be established so that (he objectives of the
landowner or manager will be met insofar as the volume of timber and
growth rate permit. In many cases this will menn making every
cffort. to maintain o uniform allowable cut for an indefinite period.
I other instances the aflowable cut may be varied by periods.  For
example, » large excess of growing stock of overmature tinber may be
reduced in one or bwo cutting periods, or the reduction muy be spread
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over a long period.  Timber owners with sawmills may vary the allow-
able cut to fil planned changes in plant capacity.

Computation of the allowable cul, as presented here, requires an
understanding of all aspeels of the management of a {ovest property.
As has been shown, it 1s influenced by the method of management—
in this instance, unit ares control.  Thereloreit has been presented
last in the discussion of the application of unit area coutrol although
its establishment is only the beginning of management for the period

ahead.
SUMMARY

Many perplexing problems {aced forest managers in the ponderosa-
Jeffrey pine type when the Blacks Mountain Experimental Forest was
established i the carly 183%s. Mortality {rom bark beetle attacks
was high,  Regeneration was diflicult to establish.  Little was known
of the growth rates that were possible or of the ways to sustain growth
at o high level,  Methods of converting the complex viegin forest to
managed stands had not been worked out.

Now, 20 vears later. the most important silvicultural questions have
been answered by speeial studies, and o workable method of manage-
ment has been developed by npplivation of unit avea control in com-
mereial-seale operation of the experimental forest.

[t was found that the hich mortality eaused by bark heetles can be
controlled by sauitation-salvage cutting,  Enlomologists devised a
risk elassification by which teees highly susceptible to attack by bark
beetles can be revognized.  The high-risk trees made vp only 15 per-
cent of the total stand volume but necounted for more than 8O percent
of the lossea.  Thus, by harvestine only 15 pereeat of the stand
volume, the forest can be covered rapidly and most of the potential
losses salvaged.  Sanilation-salvage cutting i recommended as the
first step in converting a virgin poderasa-Jeffrey pine forest inlo o
mangged one.

An abundant seed erop, a seedbed of bare soil feee from competing
vegelation, and o low population of seed-eating rodents were Tound
essentinl for establishment of natural regeneration.  The [lollowing
steps are neeessary H nntural regeneration is to be obtained:

b, Leave seed trees bearing o tolal of 800 or more cones per nure
around the edees of clear-cutl groups.

2, Prepare the seedbed Defore seed {nll by removing slash and com-
peting vegelation,

3. Bait the cut-over area and & survounding buffer strip with poison
hatl before seod fall and one or more times after seed foll.

But seed trap reeords showed thal good erops of pine seed occeur at
infrequent, irregular intervals.  Consequently, regeneration usunlly
must be obiained by artificial means,  Planting with nursery stoek
sueeotdod on areas froe from an overstory wid other compeling voge-
tation.  Analysis ol rosis and relurns from ponderosa pine plantations
showed that planiing on the prevailing medinmn sites s a good mvest-
ment il interest pates are neceptably low.  Direcl seeding was un-
satisfnetory hecause of the high cost of protecting seed from rodents.

Planting with pondevosn or Jeffrey pine nursery stoek is recom-
mended ns the most certain means of oblaining regenerntion in most
vears.
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Anelysis of growth in relation to age classes on harvest-cubting
plots showed that—

1. Conversion of virgin forests to youug age classes is essential for
rapid growth.

2. Removal of the overstory is cssential for rapid growth of poles.

3. Growth of poles is further stunuated by removal of older trees
around the border of groups of poles,

4. Immature age classes (saw-log timber under 150 years of age)
grow more rapidly without older residunls.

5. Overmature stand unils grow very slowly unless they contain
admixtures of younger trees.

6. Avoerage sizo of trees in pvermalwre stand units s little effect on
growth rate unless there are admixtures of vounger trees.

Recognition by Dunniug that Lthe ponderosa-Jefivey pine forests
are pegregates of even-aged groups led to the development of unit area
control. It provides o lexable method of larmonizing munagement
objectives wilh Lthe silvical requirements of the species and the variable
forest eonditions.  Silviculture is applied aceording to the needs and
condilions of each unit aren in order Lo provide a suslained harvest of
the products desired by the manager.  Because of the silvieal re-
guirermnents of ponderosa and Jeflrey pine, even-aged manngement by
the naturally oecurring groups in the stand s recommended.

Overmature eroups ready for final harvest are clear eut to release
advance growtu or to prepare areas lor new regenceralion,  Trees of
poor form or theifl are remwoved From groups carvied as a reserve in
order to lmprove stand ecouditions.  Where regeneration is desired,
the site is prepared by removing slash and competing regeneradion,
1 a zood seed crop is present. rodent populations are reduced with
Iethal bait.  When good seed craps are absent, the area in veed of
rogeneration is planted the next spring, before competing vegetation
reinvades the aren.

Cutiing i followed by pruning of selected erop trees and, where
eeanomical, by Llunuing in overdense voung stands.

The laree amount of overmature age classes and the small amount
of intermediate awe classes loree the mauneer (o0 carey over malure
bimber as reserves for long periods i he s fo maintain o sustained eut,
The destred reseeve 13 kept by delerring the final harvest on seleeted
overmature unit areas rather than by leaving seattered troes over the
entire areg. To lessen border effects on yvounger age classes and to
improve management and operational elficieney, overmafure unit
areas but not intermingled younger umi areas are usually harvested in
blocks of 5 to 50 acres.  The reserve timber s coneentented i ad-
joining blocks and ig given o light improvement cut to salvage poteu-
tial mortality and inerease growtli.

The trregular mosnic of age elasses in the pondervosn-dpifrey pine
forest cun be regulaled by 2 combination of area and volume allot-
ment.  First step in achioving an even distrilbution of the necessary
nee clysses i to allol the present edvance growih on an ares basis o
the later cutting periods of the fivsl rolntion and the enrly cutling
periads of the seeond.  The bnmalure aud mature age ebisses enan
also be allotied on an area hasis. They are assizned o the period
just before finnd harvest starts ia the present advance growtl,  Then
the volume of Lhe overmature age clusses plus their growih ean be
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allotted on a volume basis to the early culling periods in the first
rotation.

Cost of logeing and management have not been inereased by unit
aren control.
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APPENDIX

Ponderosa Pine Risk Classification

Four degrees of susceptibility to bark beetle attack were set up and
described by Salman and Bongberg (27) Lor ponderosa pine:

wpist I+ Lone Risk.—TFolinge of healthy appearance, needles usually
long and coarse, color good-—darlk green. Foliage complement
(noedles per twig) normal or above normal. Few twigs lacking
folinee.  No weakened portion of crown or dead or dying branches.

wilich T Moderate Risk—IFoliage mostly healthy, needle length
average or better, color [air to good.  Foliage coruplement cenerally
avernge.  Some twigs or branches dying or dead, but such injury nob
localized to form definite “weak’ spots B the erown.

sk TIf: High Risk.—TFoliage, ab least over a considerable
portion of crown, average or shorter than average in length, {olinge
complement on (wigs less than normal, thin, buneby or unheallhy.
Foliage color fair to poor, Some (o many vigs or branches lacking
Toliage, fading, or dead, often localized Lo Torm *weakened” portions of
the crown.

wRisk IV Very High Risk—Folinge mostly unhealihy, necdles
short, color poor, needle complement sparse over considerable portions
of the erown. Some to many (wigs md branches dead or dying, por-
tions of the erown definitely weakened,  Active top killing or partial
infestnlions often present.”

In applving this risk vating. classily trees with a risk rating of T
and IV as high risk.  They should be «ut.

Penalty System for Rating High-Risk Trees

The Bongberg penalty rating system, as reported by Sowder (29,

p. 22}, specifies that high-risk trees will have a penally score of 9 or

more, This system is useful tn training timber markers anel helps
sharpen their” ability 1o classife borderline trees correethy,  The
chartetoristics of the =vstem and their seoring values are as follows:

Yo, Needle rondition.
S(1y Niedie eom ple ment inumber of needle fostieles poer pwige:
Loss Ul normal complement {hromeghoui erown, No con-
it evident between upper and lower erows 2
Thin coutplemert in upper trown; noemad eompleaient in
lower rrown.,  Conbrast in commplement evidenl betwera upper
aned 1oWer CFIWH . L L L e e ah o mmmam—e o e e
iy Needbe fongth ength of individual needies:
Needios ~horter than vormal flrowshout crowo, Noovon-
trimt pvident i needle lengths between upper erown and lower

T T eirerd o2
Npelios short in top; norwal below.  Contrast in needle feusth
rvident betweow upper sad lower erown. oo eean .- L. R
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“(3) Needie texture (appurent weizht of ncedlos—conrse or fine):
Liuht veedles throughout crown, No contrnst in texture evi-
dent hetween needles in top crown and lower crown
Fenlhery needles i top crown; nornal or light v texture in
lower wrown. Contrast in texture evident hetwoeen top and lower
Crown

“bo Twiy and branch conditions.
Y A few scaflered, dead or dying twies or bragehes in erown
2y Muny scatlored, dead or dying twigs or braockes in erpwn
“13) Severe seallered, dend or dving twies or branehes in crown
“ Bevere dead or dying twigs or Deanelies i erows which form a
definite weak spot or hole in erown, particulariy in top one-third
of crown Clomiized wonless!
12) Bevere dead or dvinr twiss or br
than one weak <pol in crown, parlicuinely in top one-third of
erown tlocalized wenlnessr || .
ce. Top erown condiiions.
ey Ok top kil where there i no prowressive weakness or killing
wreel crown below
12y {Hd Itup kill and o progressive wenkness killing in green erown
bolow

sreen erown below
=8y Ofd spike and a progressive weakn
undd branches helow .
151 Long bare spike tone-thivd or more of total stew lepeth)y which
leaves ouly a few widely spuced green branches o erowin. ..
A, Othir favlors,

el Keen tree elasse- A0 C ol 1) erowns
e Lightniong =reikaes
Chirront <trike
Oled ~trike henleds .
e Ddeadraetorens ko ps mitack in busal ole:
Coarrenie, ..o L0 L -
Oded, pitehed ot . . o .
Broken tops - curront hrenk lesyving ouly a few briwebo- on hole
O3] break amd o new Lerminal statlig .
Misthetoe:
tene s witehes hroom. . e
Cankerovsqew.oo .0 . . 7
Flre ~enr - 30 pereent or more of eireumferente or basid aren—
which indieutes progres<ive deterioration of wood (nceehanicnd
rivks .
*iT Hiwh-visk trees oaronp of other trees which micht serve 85 foead
paint For iufestation of eotive gronps oo . ________
iy Hot spot-- whene tree is loeaied in the midst of 2 e grog of
g juediesting Lt the gronp has heen kilied geadaaily over
Phe years ..., e
e Mistletoe in smaller dineters pot neerssarily a hisgh risk (roe
fromm an entoinologienl point of view),  Very Lieavy mistletor
witehes beoom aned when erown exeludiog the witehes broom
wonld be ) rrown

9”
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Cutting Plot Data

The data from Blacks Mountain cutting plots are summarized in
the following tables, They are presented here for use in growth
prediclion and to amplify ‘the discussions in this manuscript. For
wrowth prediction the data apply primarily to areas with an average
sibe index of 70.

Tavrs 12.—Aree distribution of condition classes, by type of cut, Blacks
Mountain Erperimental Forest cuiting plots !

I i
Sanitation-] Moderate | Tleavy 1 Clear
Coudition class Tueut | salvapge cut yoeut eut
ettt

Overmature: i
Pie: Percent Pereent fercen

Pine poles. ... 17. 1L -8 0.
4.

i
i Pereent
1
i

Pine seedlings and sup-
s _ . . -

H
1
0
5 1

o 23 ]
Fir and vedar poles . . | 11 .5 i
Tir and cedar seedlings ! !

and saplings . ____... } !
No understory |

Tminature:
Fir oo

Total

No oversiory: i
Pine poleso oo owo o an -
Pine seedlings und sap

lings. -
Firpoles ... .. ...
Tir seedlings aod  sap-
aes _ . ool e
Unstoeked . oaoeoooonol}

-1 e

Total L2 S, S

=
L oR

wlelian

Nontimbered - o 2t L 4 2

Tatul, all elusses. oL 1041, 0 100, 0 10 0 10t ) 100, O

L Number of Vjg-tere subplots: 800 cach Tor uneut, sanitaliot-salvage cul,
moderabe cut, aned heavy ent; 400 lor elewr cut: o acddition, 500 subplots nol reeut
Isut From whole plots tonlaining sanie recut subplols also used in purts of the
anntysis,
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TanLE 13 —Average annual growlh per acre’ ol species, Blacks Mountain culling
plots, afl tree clusses

PINE OVERMATURE CONDITION CLASSES

! Sanitation- F Modersta
Item TUnent i salc';:igu | cat Heavy cut Clear cut | Al cuts?

Bd-ft. Pets 534.-;:.1 Bet3  Bdjib Pel? s Bdjt.) Petd { 8d.-ft3 Petd { Bd.-fr.| Peis
Reserve volime_ 21,0808 | ., __ L8601 ... 18R .. 0,845 §..cuunfenn cemeeenf18,755 |
Growth........_..t 86 0.32] 1M f 0.52) 52{0.55} 100{1.014 98| o.52
Loss.. ... WE | .45 B LW W 06 I 19 feeeo o 20 .11
Net growth —28'5 -1z EG7 .38D ' 2. .48 811 .82 . 8 .42
Ingrowld. Mot Lo ‘ T 14
Total net growth t —17 l _______ Ml B3I o jeerenfeoa o L2 N

A
PINE MATURE CONDITION CLASSES

t H :
Regorve voltme 21, 0% L BRER0 L 1,0
Growth _.—......, 3 00T, 61 0.7 122,
LO8See-nn-n - 2F LG 18 08, m .
Nevgrowth..... . —1% -5 ] M3 .65 ;m
Ingrowth.... ... LI - RN S I
Toinl et growth. —112 - 130 {ormmnei 3oL

PINE IMMATURE CONDITION CLASSES

! ' } Lo i ‘ i
Reserve volume. 10,722 . VG457 L R L ER ¢ D301 Y L] 7,755 e
Growth. ...} 113 LOS: 1M L2 MGL62] 147 LEG) 950 360! MBy L.52
LosSee.. aaenn T SR 5 S A < S S - | .mi ) .32 2l .03
Nebgroweh. ... 78] .78 1193 1L%; 1] 1.55} 187 P LOG] 83 2681 116 L%
ingrowth——.od  s2l.! &5 e BLLL ®L L B 8
Total nut[:ro\\‘tb.% 6. T, 185, .l W6, b 1 feoo] o2

' : i . ! ! ' i !

NG OVERSTORY,) POLES, SAPLINGS, SEEDLINGS, AND UNSTOCKED CONDITION

CLASSES

R 1 bl
Reserve volume, . 5,793 ... 5,825 . . .. - 008 = [Eco . 457 I 3,30 e
Growih... . . B 045 W .0.62. 35 0887 3L Mg 2% 30 092
LS. ... - S .0 16, (3| 8 B2 ; i
Net growtn. B IR L TIN T B A A - S B X !
Trgrowtilioo.. .. ... 3oL L 2% .. ! 17 E e b
Towl net growth_, 4 Lo coarr L oaze b e

. : : . . ' | |
ALL CONDITION CLASSES?

i ' ’ . ’ : i i
Roserve vohme, 5,465 ...._.. 15,508 _..... ga26 . . oamwz .. sosc .. . lsms
Girowth... - W08 o7 LBt 63 435 G L2 1§ X1 67 0.7
Loss.. . N Y R R T I UGt IV S T T B T
Netgrowth. . =2 — 6. T B AR LAY 5 1120 1l o287, i .62
Improwili.. ... W ... .. s, ... = om0 R LT e
Tobil net growth_ —§ ... W7o . .. 3B i S o8- .. 82 i

. : : . . . , .

! For 1G-year period,

2 Tuchustes subplots not reeut i plofs havitg saine subpiols regut.

2 (rrowth progent contpuled (rot single toluls,

& Benklered troes Irper i 12 lnches i, s, 1

T locludes matare and hnemtare Ae angd sontimibered condition closses.



http:CL"\SS.ES
http:11911.OS

66 ~TECHNICAL BULLETIN 1141, U.'S. DEPT. OF AGRICULTURE

TanrLe 14.-—Average onnual growth per acre) for pine, Blacks Mountain culting
plols, all iree classes

PINE OVERMATURE CONIITION CLABSES

Sapitallon- | Moderuie
Tneut salvage £
LCH A

Heavy cot Clear cut All puts ?

T -ft. A | Dil.-ft. . fi| Peta | Bi-ftg Pet.5| Bd.-fi Pets
Resorve volume__ |22, 852 10, 626 16 . B, 75 {.
Growlh_ . _..._... 020 3 g7 | 04D
' . 4 . . 19 .10
Nk growti. E 16 j . il TB{ .E0

Inprowth . 7
Telnl not growtl_ 25

PINE MATURE CONDITION CT.ASSES

i { ! |
Reserve volume. 20,538 .. _. .’1!‘!,712 I 14, 7RO ¢ 110, 874
Crrawtlh 1950 061 Wwsioee] n4.oss]| 1mwiL
LOSS. ceepaccen.. 1L 122 1B M 24, 18 04 .U8
Net growthe. ... | =126 —. 8 ! W 17 L8
Ingrowth ! I 14 4 Bloom.
Toln] now growth _ b4 104 | 125 [..

I

E CONBITION CLASBE

Reserve ruiume_,! 0, 454 B, Tuy !
GrowtBeeeceeeeer 013 LO7 L 17§ L0 PLes | 1msiLes
Loss. ... R Pooar 1 . n| .o
New prowlh l G g L. 1 i 1, 6L 1w L
Inprowlle_..... ! 39 - o] 1

Totul net growth i 1038 160+ ' .. f

NO OVERBTORY I BATLINGH, SEEITLINGE, AND UNETOCKED CONDITION
’ CLABSES

Teserve velume. - & 506
Growilbo....... -]
Loss, .. . ... .} 53
Netprowtl. oo 0 =35
Logrowilio .. ... 35
Tulal 10t grou'i.h__[ 0

IReserye volune_ 17, 550 A, - . T TRl 4,977

Crowthe. ........i  # ;T8 0.53 6l

Y SN B - B : . : 7

Mol growth . =3 : : 7]

Ingrowthe_..... ! 1& ; ' i ) [ I

Total not growth .. =151 K R f 73
; i ; . :

1 ¥For 10-your poerkod,

2 Ingludes sulmlots not recut in plots having some subplols reeut.

1 Growth precent goampated from sample odnls.

1 Beatlered teees nrger than 12 foches o, b b

# Includes mpture und fmmature e and nonthnbered conditlon elosses.
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]

TaBLE 15.—Average annual growlh per ucres for pine, Blacks Mouniain cutting
plots, Dunning (8) tree classes 1, 2, 6 (under 150 years of age)

PINE OVERMATURE CONDITION CLASSES

Sanitation- | Moderate
Uneut salvage [LTF14 Tlenvy et Olaar cut Afl euts 2
ent

Lt fe| peia | FAfY Pt Bl gL I -fL] Pedd | Bd-fy Perd | Bd-fi
Heserve volume_ | RN S L T - < 1 D 173 DA RSP R 1}
Crawth L4 141 1.7G 5| 2,82 |. 13
MLt 4] L0 G s 4]
148 14| .76 16 L 2.82 13
(147} {L73) (2.98)

PINE MATURE N CLASSES

Reserve volume

PINE IMMATURE CONDITION CLABSES

L
Resurve valgme. . l 1,574 T 6, 402
Growth 141 LT, 2

o3 a8
L0
(1.:(;)1'.___‘.,

NO OVERSTORY ¥ POLES, SAPLINGS, SEEDLING
CLABSES

Reserve velume_ _ 8494
12

i)
1.99

Ne 3 43 T I
Net growth (1. 55

CONDITION CLASSES®

fteserve volume_ 1,181
CGrowth 1 x . . |

§
et}

4 For -year perkod.

* Includes subplets not revut o plots iaving sone subplols reeut.

3 Cirpwill pereent conapnled from sauple totals,

+ Plgures b parcn bicges ace net growili pereent for all spocies.

* Heatleredd trees larger than 12 laehes o, b b

& Daelucdes mnture amd immatare e and nonjiebered condition einsses.
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TaBLE 16, —dAveruge annual growlh per acre! pine, for Blucks BMouniain culting
plots, Dunning (8) tree classes 8, 4 {150 Lo 300 years of aye)

PINE OVERMATURE CONDITION GLABSES )

Uneut

Sanitation-
stlvage
cul

Moderste
et

Teavy cuk Clegr ent

Aflemuts 2

Reserve volume_.

£l - {1
4,418
o
)
o)

Pet 2

Bd.-ft.

4, 836
R

3

33

Pei 2

Q.70
.
.78

fd.-f1.
&, 382
.

4

fatl

S P It Py Bhof Petd
LS
0
7

62

frmmne mema e

Lil e
]
87

LRt Petd
, 5.4
BT
i1
a3

073
B
B

PINE MATURE

CONDITION OLABSES

Reserve velume__
Growth . _._...

9. 35

A6 |

6,579
36

8

43

eemen G488
0.8 72
T N TP

,?3i HEERT

PINE INMATURE CONDITION CI.ABSES

Teserve volume. .

T
1
|
i

| 0.45 -
Nt
8

REES
.2
9

2

0
n.
i

NO OVERSTORY §

POLE,

9 0.7
G, .00
9 .

SAPLING, SEEDLING, ANP UNSTOCKEDR CONDITION

CLAEBSES

Reserve volume
Growtlio . ...

Net prowth_ ...

IR

5 -

+0

L1
.02,

15

Lo,
{

Heserve velume., |
Growth_ .. _____
7
Nebgrowth oL

¥ For 10-vear period.
* Duehedes subpbols nod recul in plots baving sorme subplots ceeul.
2 Growth pereent eompeated from sanphe totals,
i Bealtered treos larger then 12 inches o, by b
+ Deredaredes satuice andd drnmatoce S ond ronlimbered comdition cinsses.
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p!ots Dunniny (8) !rec L.r'u:sxes

pineg, Jor Blacks Mountain cutling
7 {over 300 years of age)

PINE OVERMATURE CONDIM'ION CLASSES

Moderate

- Banftntbon- ¢ .
: i} i Heavyent

salvage
cut

Uneut

Clenr cut

All euts 2

Regervi volume

Growth... . ...
as ;.

Less.. ...
Net growth,

CEafE] Pod
HERE '
120
N E
20 LM

D Bdoft. Petd
B T i S

410 L3
.56

. j’r. Pold; Bl -ﬂ P’ B, Y

: |
Fer 2 1 Fd.-ft.! Petd
IO ll i

Negerve volume_

Growtl..
Loss. . .

Not prowth. | .

FINE MATURE

5,85
17 - 0.7
LN 5
v

5008
10 016
200 34T
=30 -5

L0

5 0480 16
.3 t
BUEEERE

RIS

FINE IMMATPURE CONDITIONS CLASSES

Heserve volame_

firowthoo.
Loss_.....
Neb growtl,

|

2,951 7, . !

5 0.2 !
oL
—32 —1q1

6.
0 0.00
5 10.00

—& 10,00

NQ OVERST

QRY, POLE, 2APLING, SEHDLING,

CLASSES

t !
S8

LIV [
I
-5 —. 7

S088 5.
U008
s L4
— = (1]

1

Hekervr volime.,
Cirowth, .
Loss__ . .
Netprowll. .

ALL CONDITLON GLASSES S

; i ) i
T R nog !
"o b I 14 I 0.59 :
LT [[}] e LG
.13 Aq - LA

Feserve velmne.
Girowth. ..

Toss. .

Nut prowtls

R EATTIN
|
o]
—67

0.1 .
)
.11 14,

15"
12

VR W-year period.

2 Ineledes subors nol reent n plols having some subplols reent.

3 Crowth percent computed from sunple totals,

+ 2o tered frees inrger than 12 inehes <. b .

S Incheles wature and bamaure te and vontimbersd eond ifiog elasses,
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Tasre 18.—Average annual growth per acre, white fir and Californie
incense-cedar, all eondition classes, ingrowth not included, Blacks
Mountatr. Erperimental Forest '

TREES UNDER 150 YEARS {DUNNING (8 THREE CLASSES I, 2, 6}

Type of cut Reserve Gross growth Loss
volume
Rd-fi. Bd.-ft. | Pearcent i t Percent |
TIneut o e —mm 360 6 ; L80!} 0. 18
Banitation-salvage_ ... 428 91 204 L33
Modernteo ... 89 2. 2. 42 L 42
Henvy e mmaam al 2 2. 84 .00
Clear eube oo oo e 186 7 3. 67 .13
Alleuts 2 e i 166 4 2,41 .28
TREES OVER 130 YEARS (DUNXNING ‘'REE CLASSES, 3, 4, 5, 7)
]
Tneute o e oo f 545 3 0. 47 0. 30
Sanitation-salvage_ - .. ____.. 1 1, 085 9 . 88 .10
Moderate . oo ; 484 4 .73 .10
Heovy oo i 36 l 143 . oo
Clear eute oo oo 10 —+0 231 . QD
All euts o oo 448 4 .78 .08

t Computed from sample totals,
? Uneut not ineluded.
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Management Plan for the Blacks Mountain Experi-
mental Forest

|

. {This plan was prepared as a guide for earrying aut the pilot-plant test of unit
arce eontrol ot the Blacks Mountain Experimentn] Forest, 1t is included here
as an illustration of how unit ares control is being applied on a apecific forest
property. The experimental forest was deseribed earlier in this bulletin., There-
fore background descriptive materinl, which usually makes up an important
part of management plans, has been larpely omitted here.)
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Sif{e prepuration for regenerntion

Planting

Pruaning

Logging .
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G o oo e e e

Coordination with Lussen National Forest._. . . _ ..
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OBJECTIVES OF MANAGEMENT

The specific object of management of the Blacks Mountain Experi-
mental Forest is to obtain the maximum annual vield of high-guality
ponderosa or Jeffrey pine saw logs and pecler logs.  Whenever prac-
tical, white fir stands will be converted to pine. A rotation of 140
years has been selected. It is expected thab the average size ol brees
cut in the final harvest after removal of the original overmabure
timber will be 21 to 24 inches d. b, L.

Development of o reguinted forest is an essential step in pulting &
timber properly on a sound business basis lor permanent production
at a high level. A regulated forest is one in which all age classes
through rotation age are equally represented.  Because ponderosa
end Jeffrey pine are intolevant and in the castside pine type grow
predominantly in even-aged groups, the management unit will be
developed as 2 regulated fovest composed of small even-aged groups.

A sharp confrast in ages between adjeining unit arcas is desirable
so that the possible hazards resulting from extensive oceurrence ol
unilorm stands is lessened.

BASIC DATA

The aren of the experimental! forest was divided as follows (see fig.

30, p. 89):
Aeres

Management Wit o e reamaan .. 1, 03T
Bpecial uses: PRI

N PlObS e o o o e e e e e . LIS

Compartments for use by the Division of Forest Insect Researcho_ .. 154

Compartinent for speeinl problems._ .

Nuatural areas (50 acves nontimbered) oo

Bubtotal :
Other {(nontimbered) .

Total in muin {opographic unit i, T
Cuiside main topographic unit! . 454

Crand total . o, 252

! Originally inaccessible frown e main part of Lhe forest by The Patterson-Cone

mountain divide and omitted from plans and revords. 1o 1954 ronds built for a

nationnl-forest imber sele made the bnd outside the wain topographic unit
wecessible for harvest, and it will be treated the swme as the management unit,

This plan is concerned mainly with the 7,057 timbered acres in the
management unit.  However, some relereice will be made, 2s needed,
to enclosed nontimbered land and to timbered lands that have heeo
set apart from the management unit lor special research purposes,

When the plan was written, most of the experimental Torest liad
already been subjected to a sanitation-sadvage eut, and final hurvesting
was in progress {lig, 24).  The arca and (ype of culting on the man-
agement unit, 193735, was as follows:

Sunitation-salvage cul only . .. . . S L 22
Sunitation-salvage vut followed by one reeut - . 374
Sanitation-salvige cut followed by Lwo recuts . . APV I B v
Silvicultural cub plus sanitution-salvage eut on reserves. ... .. Ceo o 2,805
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Silvieultural cut plus sunitation-salvage cat on reserves followsd by one
recutoC . L A

Pooewi . | . . P .

Total .. ... .

P ad, HLOOD bonrd-Teel haevested on imanagement unit: an additionad 14 330,000
hoard-feel barvested on arens outside unit,  Most of tie pole stands have been
refoused from overwood. | ntil harvest ing of the overmature thmboer js compleled,
the butk of the cut will come from overmadure groups 1o release seedlings and
suplings or to prepare areas for establishmoenl of new crops of trees,

I

+

4
1
A

L)

tiert miprgs Lard
Faremipd fard
igirng oF <t rg pigt
-

anr tatan s hieage

Ll

: tatar nrea
Cevased

f

Friors 24 Cuttinyg Wistors ot Blaeks Mountain Fxperinwmnt Forest, 1947 -5
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The 9,793 acres in the main topographic wnit originally were
divided into 108 comparbments averaging 98 acres. Culting plots
superimposed on sorae compartments have been excluded from them
and thus reduced their size. The 459 acres outside the main topo-
graphic unit have recently becv divided into 5 compartments.

In 1933 and 1984 a 100-pereent invenlory of merchantable timber
and & detailed lopographic map were made.

As a basis for preparing this plan, the 7,057 acres in the management
unit part of the expertmental forest were inven{oried jn 1949,

Condition Classes

For the inventory, the dala were segregated by condition classes
based upon overstory age and species, occurrence of seed trees,
stocking, ocewrrence and age and species of understory Lrees, and the
oceurretice of brush on areas needing reproduction. Determination
of these condition classes is highly wmportant, bolh for prescribing
silvicultural operations, and for planning how to atlain the desired
stand structure lor regulation purposcs.

To record condition elasses, a system of symbols was devised as a
‘meatler of speed and cconomy of space. The system requires placing
code syvmbols in & regular order above and below a horizontal bar.
Symbols above the bar refer to the overstory.  From lelt to right they
are arrpnged in this order: Age, species, seed trees, and stocking.
Symbols below the har refer to understory and ground coundition i the
order from left to right: Age, specics, stocking, and brush (fig. 23),

The complete svstem of symbols {or the econdition clusses and their
definitions arc as follows:

Age (Overstory shove Uue, nderstory below Line: both in first positiond.

SBuymbol Pefinition
Orrerstory:
1 Old or overmature dominants, Dunning elass 5, age 300 vears or
older {irer elusses throughout this plun vefer Lo Dunniog tree
clarses 181,
2 Aature dominants, Dunning cluss 3, ape 150 to 308 rears.
3 Tnunature dominaals, Dunning clags 1, age 75 to 150 yeur<.
Tnderstory: )
1 Young dominants, Dunaing class 1, age 28 to 75 3enrs, d 1
tnehes ¢l b b
2 Saplings and secdlings, nge § Lo 25 years, dominanis up lo 3.5
inehes ¢ b b
Composition Second position ahove pnd below line).
[ ) One-third or more of dominwits ponderosa and Jodirey pine.
o Two-thirds or more of dominaals white v and incemso-cedar,
{Such o sall pary of the everstory Fedl n the Gr-cedar classifien-
tign that all okd fir-vodar elasses were commbined inlo one group
{£x1 and all mature Ar-pedoe elasses were combined into one
mpoup (2r). No brmnture fie age clissos ovetered,)
Seed Trees (Third position ahove liue,

-+ Adeguate, about § Claes 1, 3 or 5 {rees por pere, 24 fuebes ol b I
or larger, around  areas needing  regencrition - showkd  be
suitable for carrving us reserve,

{hlank) Tundequate or nbsent.
Stoeking [Fourth position nbove, third position below).

+ Adeguate (see able 19 for standaiedsy.

— Tnadeguaie isee bable 19 for standardsy,

{blank) astovked, loss than minimu fur juadeginte eoxecpt jo the old
or oveemabure wpee class, which is vol raled for stoeking,



http:silvicultu.ml

THE APPLICATION OF ©UNIT AREA QONTROL 75
Symbot Definition
Brusk (Fourth position below line).
+ Brush or other vegetation requiring eradication in areas needing
regeneration.
{blank) None present or no regeneration needed.

Tasve 19.—S8locking standard by age classes !

] Adequale stocking i Inadeduate stocking
i ;

Age class 1

i

Trees . Voluine Spacing . Trees  Volume  Spacing
. i g D g

per were  peracre | pur acre - per pere
Nuutber . M bd-f1, Feet Nmber A bd -t Feel
Secdling and supling___.  +250 . __.._ —i3 80-240 0 ... .. 14-30
Youmg.o.. . ____ .. 447 oo =830 10-46 . .. 31-08
Fmmature., ... . . .. 422 ... : —dab o 420 L L - 45105
Mature. L .. 12 .. [ =09 L
' j i :

t Stocking not rated for overmature nge classes,
OVERSTORY

Overmature age class

Ponderosa pine

Seed irees not rated;
regeneration not needed

Stocking not rated for
overmoture classes

|

UNDERSTCRY

Vegetation not rated;
regenergtion nol needed

T%’

Stocking gdequate

Ponderosa pine

Young or pole age class

Frarns 25, An example of the condition cluss symbols, Blaeks Mouniain Bxpeci-
tental Forest munageneal weit,
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Ifivéntory and Stand Data

A summary of original and 1949 volume is shown in table 20.
Volumes, summarized by condition class groups, as determined by the
1949 inventbory, are shown in table 21.  Area and volume per acre for
condition classes are shown in table 22. Stocking of scedlings and
saplings is shown in table 23. Stocking of poles is shown in table 24.

Tapue 20.—Summary of volumes on management unil,' Blacks Aoun-
tatn Lrperimental Forest

193354 ' 1549 ¢
Species t :

! : f i
B i B {
i Totni ] Pernere; Total | Per gere

i
D Mudn U areedt T oaedoge U ado,

Ponderosa and Jeflrey pine. o ____ . 136, 315 1618 74, 853 18, 63
White fire o oo §,2061 L7, 4,232° .60
Inconse-cedur. oo ieaaoaooo. B 406 .48 . 3, 418 . 48
Totul . ool 127,482 | 18.13 1 82, 303 i 11, 49

e e e et I ST S,

Y 7,057 acres,
* Wirgt re-inventory.,

Tapie 21.—Folume summary, by condilion-class groups on manage-
ment unil, Blaeks Mountain Erperimental Forest, 1949

3 ]
: ! _ .

Dunning tres elagses and © Over- | Matore . Iimma- Seattered i Al

speeies | weture | ture | overstory '

1, 2, 6: P bousd-feet A burz.rd—jee!' M baard-feet M bourd-fert M bpurd-feet
Pinea oo _ . . D 402 3, 4106 2, 148 Todre
Bir o oo : 731 92 195 318 1, 337
Cedar... oo : 25 2 2. 0 39

Totad. . ___.___. : 2, 267 6 . 3,623 : 2 467 ¢ B, 853

3, 4 i .

Pine._ .. 3, 590 7,801
Fle oLl 2491 1R
Cednr. .o oaooo.s 257 248
Polal ... ' 4, (88 8, 208

5, - | |
662 1, 045 QGG 2,808 ° 59, 870
2, 2068 412 1] G8 2, 3706
2,871 (11T 40 (WL 3, 144
Tota!. .. ... 60, 14 . 1, 18R i, 00 2495 (34, 382

All troe classes: ) ' B '

Pine. ... ... . . 60, 143 4, 11 - 4, M 5, 632 T, 8a3
L 3, 288 324 4 348 4, 242
Codur. ... . .. 3,003 124 57 119 3,08

Tolal . . e 44, At RANYI 35,213 6, 419 82, 518
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TABLE 22.—Volwme per acre, by tree classes in each condition class on
management unif, Blacks Mountain Luperimental Forest, 1949

Tree classes
Gode Coundilion class Area
No. l I
1,2,6| 3,4 | 57 All
Arres  Af hnun!-fcei: A bourd-feet, M hnrxrr.’—fee.*. S bord-feet.
1|1@e 524 1 L1 18} 7 13.6
| 1e-F ; .
2!1@ 185 .9 LOF 13t 150
Y= ; .
3i1@ Pl 68 | .5 LB 163 176
S ; | : :
, 2@+ | : _ ‘ :
111e Y .3 LB 1930 205
19— ! ; :
ilie 197 4 Ll 183, 108
G;le+ 200 N S T N B I
Tlle LGl L2 L6 1341 1562
1%+ ! '
slie Lo L9 L8, 166 10.3
Fax 4 i : :
9: i@ i B{ .7 07 197 204
1 . ;
10 1% 1287 L0 22:¢ 162! 194
! !
Totnd. ... .. : S e e
Weighicd average. . . _f. N (I 16. 0 - 17.7
ITRET T L3t a1 e2 126
12 2@— 4. .5 39l 27i T
i ! : :
15 2@++ | aTEoo20b gLy 88 169
; ! ' ! i :
14 2@+— ; A7 LT L6 142
i o : !_ :
15 2@— S P4 Lo: 53 3.0 9,3
: + . _ ’: :
16 2@+ " GO L7t o121 4.0 . 17.8
it : : b :
I7 | 2 ; ¢ GT: 0 A4 .2, i28
L " .
’. Tolal . .. ... ... 373 . : . .
Welghted avernee ... .. 1.3 .8 3.2 2.3

Sretootiow ul cwed of ealilde
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Tasre 22.—Volume per acre, by tree classes in each condition class on
management unit, Blacks Mountain Experimental Forest, 1949—Con.

Tree classes
Code ‘Condition class Aren
No.
1,2,6 1 3,4 5,7 All
. Acres g 0aurd-jze£i-;\r baurdlfeef;;\! board-feat: & bourd-feel
18 | 3@+ 368 7. L 1.7 10, 2
19 [ _3_.— 152 3.4 B¢ 9 4.3
i 19+
20 | 3@~ 22 3.2 .0 .0 3.2
 Te—
211 3@— 85 3.8 2.1 29 8 8
other i
: |
Totaloocoeeoeo. b 627 0 b R R
* Weighted sverage [ ____... ; 5.8 -9 L6 83
22f 1, 203 1.3 4 12 2.9
1@+
23 _ 536 .8 2 11 2.1
19—
24 143 7 3 31 4. 3
2@+
25 01 . .5 2.8 3.8
28—
26 226 33 .0 4] L{
+ ]
27 a5 1.9 : .3 22 414
X+ :
28 13 27 2.5 ¢] 5.2
X+ i i
Unelassified..__ .. ... ) S S R SR
Total..omnooo .. boesoo oo
Weighted average_ ... meneas ‘ 1 l_ 34 L3 27
All elasses, weighicd i : !
RVErsgre. . . b ______ I L3 L2 9.2 117
i i

19 neres pole waderstory, 14 acres seedling snd sapling understory.,
Site
 Site index varles from Site JV-100 (o Site 1II-125, hased on
Dunning's site elassification (§).  The welghied average is 114, This

is the equivalent of site index 72 in Mevar's ponderosa pine yield
tables {23).

REGULATION

Regulation of cul iz based on & combination of area and volume
allocation, in which the advance growth is aliotted by aren and the
present merchantable timber by volumne.
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Rotation

The fivst step in planning for regulation of the cut is to decide
upon the desirable rotation age. For this unit, 140 yesrs was selected
because it will provide the type of products desired. This age con-
forms closely to the culmination of mean annual growth.

Cutting Period

Where even-aged management by groups is used, cutting period
refers to the interval between cuts in esch compartiment or other
working cirele subdivision and is not necessarily the interval between
culs on any specific acre. Tweniy-vear culting periods have been
selected for Blacks Mountain.  This period provides sufficient volume
for efficient logging and is not too long to prevent adequate sil vicultural
control of the stand.

Ultimate Stand Structure

The ideal stand on a compartment at any specilic time will consist
of seven age classes. However it is not planned that every com-
partment will have all seven age classes. Each age class will oceur
in pniches 4 to 7 acres In size. The youngest age class will be between

'TAaBLE 23.-—Percent of milacres stocked ' with seedlings and saplings,
by species und condition cless, munagement vnit, Blacks MMountain
Erperimenial Forest, 1948

H i L [
1

Code Condition ela=s Area, 7 Pine Fir ~ Cedar ! Total

No. ueres ) :
t

3 i@ ... 1,681 305 47 51!  49.3
28+ : :

T 731 20. 4 3.0 L8 252
2@ — i :

5 1@ 197 6.8, 21 L4 103

G ol@: .. 200 182 L8 3. 205

S 1@ el 107 9.5  BLS 2.6. 639

2%+
101X ol | R U S
o

e T M3 448 49 10, a0.2
7@+ :

25 el 6l 1307 L1 L0 161
2@— ! } ]

- R 225 2.9 ! .0 .ol 29
+ ‘ ‘ :

28 e 13 125) 1ns f .00 300
2. 4 ! ' | :

o Unelaszified ... 4l femmmamnn [ e

V00 pereent = FOOG stovked milacres per aere.
2 HSrackine dala not available,
2 Included with area 1o be regonerated during Grst four culting eyeles.
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0 to 20 years and the cldest between 120 and 140 vears, The average
volume per acre of the frees 12 inches and larger d. b. h. will be 6,618
board-feet, as computed from ponderosa pine ¥ield Lable.

This stand structure will not be altained until some lime in the
secord rotation.  The desired age-class distribution and desired size
of unit areas will be achieved after the final harvesting of the present
advatce growlh is started.

Allowable Cut

When cutlting was started in 1937 ihere was a large excess volume
of growing stocik-—chiefly in the overmature age elass. Fhe bulk of
this excess growing stock will have heen remeved by the end of Lhe
first 20-year cutting period.  This rapid reduction in growing steck
was planned in order to convert as many units as possible to a young,
fast-growing condifion as soon as possible.  “The planned cut during
the first 20-year period was sel al 2 million board-feet or more per
vear in order to provide suflicient volume for a reasonably efficient
logzing operation.  The tolal cul for the period 1949 through 1956
was established as 20 million bosrd-lect.

To achieve o regulac distribulion of age classes, ene-sevenils of the
total aren, or 1,008 acres, must be harvested and rewencrated in each
culting period.  On the average the present large pole stands will

TasLe 24.—srea, awmber per acre, size of trees and siocking in pole stands, man-
agemenl unil, Blacks Monntain Erperiznental Forest, 18044

; .
Small poles - aveame Lirize pnles - averams ape whout 50 years
wpe gipondt 30 viars . . -

. Denninants
Domlinmats 1 ! . - —
'[ CTreees onder Treps aver G inehies
. Ares  f bl
ToArea i P i+ 11
. i Per  SBtock- . . Stork-

;oatre Ing? o Por Brock- Per O Avers Steck- ing 2

: . ! i e E o aere T upe luz 2’
; | . d.hnhe 1

Coneitlon ¢lass ,

C N Pere Y Per- Nuw- [ T
s Aerex her real clerey . de cont her  Inchex cend
3 ity 1 1o . ] = G & k2]

e 6 m : ih TR
55 370 ' ' '
fom
3w

i
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‘reach rotation age in the sixth cutting period. This is the key to the

plan of regulation. Starting with the sixsh cutting period the required

@ 1,008 acres can be harvested and regenerated during each period
- without cutting stands below rotation age (figs. 26 and 27),
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Figure 2f,—Ape-clags distribution at time of 1919 inventory, Blaeks MMouniain
management unit.  Overuabure overstory not incindad,
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Froure 27— Joxpected nge-class distribution ab heginning of sixth entting period,
Blacks Mouniain management uui,

The unit arcas of poles, seedlings, and saplings with and without
an overstory, and the unit arcas regenerated in the first Ave cutting
periods, are allocated on an aves hasis to the sixth and seventh cutting
periods of the first rotation and to the first five cutting perviods of the
second rotation, Starting with the sixth cubting period of the fizst
rotution, an area of 1,008 acres will be cut and reproduced in each
cutting period. Consequently a regulated stand with equal arcas of
cach of the necessary age classes is expected at the beginning of the
sixth cutting period of the second rotation,

Mature and immature age elasses (1,000 acres) will be harvested in
the fifth cutting period. Overmature age classes witl be harvested
in the periods belore the fifth cutting period.  Scattered overmature
trees within the mature and immature age classes will be harvested in
improvement cuts before the final harvest of the mature and im-
mature age classes.  Scastered merchantable tress in young coudition
classes without an overwood will also be harvested before the fifth
cubting perind.

The source of the cub for the fire* two rotations is summarized in
figure 32,

Data from the cutting plots were used in computing the allowable
cut. In sefting dates Tor cutting periods and rotations, the first
rotation was considered to Lave started with the beginning of cutting
in 1837. However, growth is computed from 1949, the date of the
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CUTTING PERIODS

Present condition of
principul source of cut : 1 ¢ | 3 I 4 l 5 | 6 I 7
FIRST ROTI\TIO_N

Overmature

Mature and
immature

Large poles

Small poles

SECCOND ROTATION

Small poles

Seedlings and %
saplings

To be regenerated ! 2 2 2

@ Regeneration during first four cufting periods of
first cototion

@ Regeneralion during same cutting period of first rotation

TFrouee 28 —8ource of cut by cutbing periods, management unit, Blacks Moun-
tain Ixperiimental Torest,

Iast inventory. The averages for all types of cutting by approprinte
age or condition classes were used (Lables 13-18}.

Ingrowih for overmature age classes was not included beeause the
ingrowth is part of the growth in released young stands and will he
cut later. Ingrowth was included for the mabure and immature age
clagses because these age classes will be clear cut and regencrated.
TFor the immature age elass, the rate of ingrowth used was the average
of the ingrowth for mature and Immature stands since immature
stands will move into the mature age class before they ave cut. To
determine the period Lo which growth data apply, the number of
years in which cutting will be carvied on in the particular age class
was divided by two in order to provide for the decreasing growing
stock.

The calculations of the allowable cut for the balance of the fivst
five cutting perlods are summarized a3 foliows:

Uniyne Volwme
Haed in rom-  wrailuble
piafatinng or ond
2ify B, eend Ath cublipg periaiy A b -fLY (AT BHAfL)
Overmature eondition classes, volume in 1949 ... o - 413, Al
Cub 1940 through 1050 o .o ooa o . -- 20, 800
— 3§, 5G4
Clrowth on uncub balance of 20,080,000 bd.-fi. (20,6004 15,000,
+ 10,(00,4 8,000, 4- 6,000, 44,000, 4-2,000) X 0.1 peteent .. ... ... 266
Cirowth on 46,508 M bd.-ft, (46,564 X 16 percent) {01 per-
cent per yvear for 38 years= 106 pereenby o oo . 7,450

Tree classes & and 7 in immature condifion classes, votume in 1049 . 1, 06O
Cirowth (1,000 1 L percent) (0.28 poreent for 38 years= 11 pereent) . _ 110
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Valime Yolime
axed in com-  esuiloble
- pulalions for ent
2, 84, ard Jth cutlimg periods (A bdfe ) (A bb-f)
Trec classes & and 7 in mature condition clusses, volume in 1949 ______ i, 188
trowth (1,188 8 percent) (0.22 percent for 38 yeurs =38 percenk) . _ 85
Condition classes with seattered overstory, volumedn VWRS____ 6 148
Growth (5,149 24 pereent) (0.62 peuu_nt for 38 yearsa=12. peicen{‘-}___ 1, 476
Total. e m . 4,208
Allowsble eut for "d i(l, and JLh entting period { JS— 1 0!'7) _______ i, 070
80
Volnute
Valume weed tn cont- arifulde
3 pulilions for cut
Sth eufting period (AR bl -} (M b~}
Tmmatuce condilion cluasses, volume in 1§49 ______ 3, 213
frowth {110 pereent X 5,213} (147 percent for 78
years= 110 pereenl - oL L .o oeao-. 6, D47
—r i1, 260
Tree elasses 5 and 7, volume 1949 .. ... . __.. 1, G0G
Growth {22 poreent X 1,000} (8.28 pereent for 78
vears=22 percent) .. ..o . _______.__ 2234
— —1, 220
— }{, 040
Tngrowth (49 bd.-ft.) for 78 years on 620 acies) (S(H— 12=48)_ . 2, 404
Growth on ingrowth (08 pereent X 2,104} (180 j}(u.fmt for 34 years)._ 1, 515
Mature age class, volime in 1949 A4, 877
trowth {59 percent X-L577) (U 0 pu;u}nt for 78
vears=35% percent) .. __ ... .cmcccmccman— 2,700
7, 277
Tree classes 5 and 7, volume 1940 ______. i, 188
wowth (17 pereent X 1, 188) (0.22 pereent for 738
vears= 17 pereent) . o oo oo e e e _ 202
— 1, 34890
_— 5, 887
Ingrowth {12 bed~ft. for 78 yenrs on 373 acies) oo ... e 344
Crowll ou ingrowth (30 perecnt 349 (L6 pereent for 30 yeors
=00 POrCCIE . L e e em 174
Botal . .o el "() i(:‘)
Allowable ent FOI ath culling perioed ("(J‘%ﬁ‘.}— LOiSYy oL . .. i, 920

i)
The source of the cul for the last 2 cutting pericds of the first
rotation and the first § cutting periods of the second rotation ave
summarized helow:

Cutting perin: Yeurs zberes Lresent sabug
G-l 2037-2036 |, 008 Large poles.
i N 2057-2070 1,008 3! acres large poles.
G977 acres sinadl poles.
-2 207720046 [, D08 665 neres sl poles.
343 neres seedlings and saplings.,
=2 20972114 1, 008 Secdlings and saplings.
32 . 2)17-2136 1,008 LB03 ueres seodlings and saplings. 3

acres Lo be regencrated duving Hrst 4
gutking cyeles.

[ 2037-2186 1,008 To be regenernted during fiest 4 entbing
exveles,
52 .. 21572176 1, 009 ¢ aeres to be regeneeated during ficsk -

apd  1LA00 weres to he regeoerated
during sth cutting cycle.

Presenk pole size and younger stands are expeeled io average 80
percent of vield rable values at time of final harvest., For the stand
6.6 inches and over, the expeeted annual yvield from finnl Larvests
will be 1,300,000 board-feel. Intoermediate harvesis will owltimately
produce an addifienal vield equal to 50 peccent or more of the final
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harvest, or 695,000 beard-leet. Thus the ultimate total annual cut
will be 2 millien board-feet or more.
The allowable cut in terms of net senle is summarized Lelow:

Antirid
mdtascabie cul

Period: (M efi)
J R L 4 ] 3,000
ST 01 B o L e _. L, 070
=030 .l e L, 020
2037 and thereafrer. . .. - . e el 2085

The cut is Lentative for periods alter the next plan revision. which
will be after 1962, In 2037, the eut includes 1,390,000 board-feat
from final harvesting and 695,000 lrom intermediate cuts.

This plan will be amended and the allowable cut recalevlated if
necessary beeause of excessive losses duc to five or other disasters.
The scaftered dend trees cul ns part of normal cutting will be ineluded
i the allowable cut, exeept when the sale provides for a separate seale
of dead trees.

Cutting Budget

The cutting budget until 1962, the vear for the next plan revision,
is shown in table 25 and the budgeted arcas are shown in figure 29.
The expected cat from melhods-of-cutting plots and compartments
not in the management unit is shown,  Material harvested [rom
these areas is in addition to the allowable cut rom the management
unit.

Tanve 25 —Cutiing budget, Blacks Mountein Frperimental Forest
1956

Volume cut : Hesprve
Compartinent : - . Area

T

E Total . Peracre’ Total - Peraere:
1 : '

“anagement pnit: UONPMEeft. AMBefl, . Abdeff. © Mbdoft T slores
W=l HijL0] 3.3 a7 . B0 1127
G e oL} 5.2 aAgi - AR 8a.
BA30-3. .. ... . a0 5 8 43 .6 aG. G
Boau-6. ... Ll 31 .0 ERE) 87 ] 503
GH=-10.__ . . ... e 320 - 867 258 T 373
Total . oL 2000 L.
Blot I, Bloek $6_ . __ .. ____ 200 . e . e e
170 D DOm0 Lol Ll
IMEY
MAManagement nnib: ; :
C2-20_ . . e el 131 1., 4 T 1L 4 2478
(G { | o Si0 8.7 817 8.8 3. 1
C0=22 .. =) 2.4 I8 5.8 35,0
Total. . oo ... .o .. LUFY L. L L. L el
Plot 3, Bloek v Lo ___.__.._ 200 .. ... e e e Cam
Tolal oo oo __.. R

Hew Tuotnalis at ongd of table.
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TasrLe 25.—Cutling budget, Blacks Mountain Experimental Forest—

Continued )
1958
Volume cut Reserve
Compartment Area
Total | Por acrel Total | Per acre
Managcment unit: Abdet. | Afbdeft. | MBSl | AU sleres
C 529, L emmn—aas 350 37 481 7.9 61, 2
C 1)-38 0 e Caae 270 5.0 359 6,7 53. 4
C 18330 e oo 450 5.2 606 7.1 859
Totale - e | 1,070 || e .
i
1959
Management unil: I
C 183 e 410 5 2 412 1 5.2 7% 2
C 525 e ama- G660 7.2 5040 6.5 . 819
Total. .. o it 1,070 R . el
i : : i
1964
r
Management unit: E ]
P 2320 oo 1, 070 11 7 6589 | 7.2 I 9L 3
i
1961
. ;
Management unit: ; :
P 9520 520 6.0 7781 T.5: 1037
P G-25 e i 450 9.3 400 - 0oL 48 3
Total, o oeme e o] L OTO Lo et b e
| i } i f
1962
. ! | |
Manapement unit: i i
P T8 - G364 | 8 4 349 4 5 i 2
P B0-28. - | o 4 | 480 | 48{ 1009
Tt oo e o {4,070 b . |i

1 Approximately 36.6 acres not eut in 1854 bo be cut.

2 Whole compartment.

Permissible Deviations From Allowable Cut and Cutting Budget

The total cut from the management wnit for any one year shall
not exceed the sllowable cut for that year by more than 25 percent

unless there is & cumulative undereut.

The cumulative overcut from

the menagement unit at any time shall not excecd 50 percent of the

current vear's allowable cut.

o
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Fierre 29.—Areas budgeted for cutting 1956 through 1962, management unit

and speeial plots, Blacks dMountain Experimental Forest.

At the present time there is an undoreub of approximately 2 mil-
lion board-feat. This volume will be held in reserve for unusunl
operating contingencies.  This undercut is based on & plamed Lotal
cut ol 20 million board-fect [or the period 1950 through 1956 on the

manasgement unit.

The budgeted cut on any single compartment shall not be exceeded
by more than 256 pereent.  Lighter culs are permissible if stand con-
ditions warrant. The marked tree volumes sfter estimatled adjust-
ments for difference between volume-table volumes and net landing

scale will be the base for computing cut on single compartments.

The forest manager can change the location of the annual eut for
good reasons that are substantiated by a written record lor the files

and approved by the project leader.

e
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Cutting Restrictions on Special Compartments

Compartments B 24-7 and GO-14 bave been reserved for the use
of the Division of Forest Insect Researeh and will be cat under its
direelion. Clompartment B 24-7 has been cut once for sanitation-
salvage. These Lwo compartments are not i the management unit.

Compartments A 21-10, B 24~4, (* 4-21, G 2-12, ancl P 21-28 will
be held uncut as nniural areas. Compartment B 29-10 is reserved
for special rescarch projects.  These compartments are not in the
management wiil,

Compartment B 29-10 and the following compariments i the
management wnil have been sanilation-sadvage cul only: B 27-4,
B 27-6, (" 7-24, (" 14-28, G 2-14, G 810, (4 15-10, G 17-3, (¢ 17-6,
(3 18-9, P 18-33, P 20-32, and P 23-31. In order 1o determine the
cffect of sanitation-saivage eutting, no additional cutting will take
plaee in these compartments ondil after 1862, At thet time it will
be decided m cooperation with the Division ol Forest Insect Research
which, it any, will be held uneut for w longer period.  The restricted
compartments are shown i figure 30.

SILVICULTURAL GUIDES

Silvicultural treatments will be controlled by the leng-term goals
deseribed iy the seetions on objectives and regulation. I order to
reach the objectives, establishing or maintaining control of the ground
with trees is essenbial and has fwst priorvity. Testing and demonstrat-
ing even-aged managenent of pouderosa and Jelirey pine is a speeific
research objective.

The methods and prineiples of unit area control will be followed.
Bach unit arca of a specific condition elass is given its approprinte
eutting and all other necessary treatment at the proper time.

Cutting and Marking

The complextty of (he Torest prevends drawing hard and fast cui-
Lz or marking rules that will cover all situations.  Although the
foliowing guides will ordinarily he observed, the marker should devi-
ate from them if necessary (o necl the management objeetives,
Ratber than ollow these guides slavishly, the marker should use his
sitvicultural knowledge and Lis ingenuity.  He should have sound
veasons that he cau defend for culting or leaving trees whether or
nol he follows these guides.

In order lo cut in each compartment during each cutting period,
a reserve of 6,004 board-leet or more per aere i desired, The desived
reserve will be maintained by delereing the cut on selected unit areas,
rather thau by distributing the cut mowe or less uniformly over & whole
compartment.  However, when a low volume or & decadent condition
of the stand prectude feaving the desired reserve, a smaller reserve
will be teft and & eut in one or more future cutling periods may be
omitled. Both of these lactors wore considered o establishing the
cutling budgel by compartiments.

The mitial cutting treatments to be applied nve release cuts,
regencration cuts, and improvement cuts. Adso, on unit areas for
which the final harvest has beow deferred, a sanitation-salvage cut will
be made if high-risk trees are present.
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e 30 Blacks Mountain Fxperimental Forest, showing muanieement
unit el arens set aside for speeinl poeposes,

Redease vuls will be made in overmainre mils with aceeptable
stocking of poles, seedlings, and saplings. .\ minbinum stoeking of
25 pereent lins been sel up ag a goide: however, Dill-in planting is not
practical in understoeked pole and sapling stands uniess the poles and
saplings gre widely spaced. Consequently, the following stondards
of aeceptable stocking have boen set Jor young growih that is to be
released.

A stocking (after logeing of 2 erop trees per square ehain in pole
stands and 7 erop lrees in sapling stands (10 ool or tallerr will be
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aceepted.  Twenly-five good secedlings per square chain will be
required for seedling stands.  Where release cuts are made, all of the
overstory will be removed. Aun occasional thrifty tree, class 1, may
be left over sredlings and saphngs if it can be carried until the frst
mbermediate cut and its growth is likely Lo be greater than reduction
in growlh of the scedling stand. Ordinaridy, merchantable trees
that are thrifty and well-formed and of Dunning tree classes 1, 2, and
6 will be left in pole stands to form part of the final crop or to be cut
m mbermoediate cuts.

Regeneration cuds are made in overmature unit areas with an
understory stocking thatl is less than the acceptable standards just
described.  Although natural regeneration is preferred, much of the
regeneration will be by artificial means because good seed yvears arve
infrequent.

If a good seed vear is at band, natural vegencration will be attempted.
The unit area will be elear cut except for a border of seed trees.
Sufficient seed trees to provide rones al the rate of 800 or more por
acre will be lelt around the border. Seed {rees should be suitable
for carrying as a reserve until the next culiing period.

Rodends must be controlled with lethal bail and slash and vegetaiion
removed betore seed fall in September,  Adviee Trom or cooperslion
with the Fish and Wildlile Service shouid be obtained before engaging
in & lorge-scale rodent control projecl. I the natural cateb of
seedlings Is inadequale, the area should be planked during the next
planting geason.

1f a good sced crop is not present or suitable seed trees are nol
available around the horder of the unil area, it will be clear eut and
planted the next speing after the siash has been oliminated and
compeling vegelabion eradicatoed.

The minimum size of wut area that will be considered for a regenera-
tion cut will be one-filth acre.  Regeneralion areas less than one-hali
acre in size should he avoided If possible.  Areas less than one-halfl
aere m osize will not be regenerated i the contral part is adequately
glocked. Owvennature wiut areas less than one-fifth aere In size, or
less than 1 chain wide regardless of total avea, will be barvested with
adjoining arcas even though stocking of advance growth is below the
minimum.

Avtificial regeneration will be confined to unit areas of site 3 and 34
wnlil more is known about cosls, growth rates, and the possible returmns
of planting on site 4. [For wiit areas on site 4 needing artificial
regeneration, the cuf will be deferred untif the cost and growil: data
are available and a definite deeision can be made.

Tmprovement cuts witl be made In mature and immature stands,
During at least the first two cutling periods, improvement cuts will
supply ondy & very small pereentage of the volume removed.  The cut
will inglude chiclly high-risk {rees, lrecs of Dunning class 5 whose
removal will markedly herease the growth on the residusl teees, and
pootly formed or delective trees whose removal will benefit the stand.
An oeeasional farge, imby wolftree, oven though yeung, will be removed
from inunature age or pole stands if its removal releases good, thrifty
erop trees, and i it ean be removed without excessive danger fo the
reserve.  All high-avtsk trees i any reserve area will be cut whenever
the compartment is cut.
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Harvesting isolated frees

Isolated Individual trees over pole, scedling, and sapling stands
will usually be cut. Bul young, vigorous frecs may be left i their
cutiing can he deferrod until thc first intermediate cut and their
e\*pectud growth will exceed the growth retardation to the poles,
saplings, or scedlings,

Tsolated trees should also be left il the logging damage to the young
stand will exceed the value of the tree. I( is 1ot expected that many
isolated trees will be left for eithor of the above reasons.

Treatment of subordinate species

White fir and imeense-cednr will be replaced by pine whenever
possible. This will be accomplished only when some form of product
can be sold. On good planting sites, while fir seedlings and saplings
should be sold for Clristmas trees when possible and J{‘pla(vd with
planted pine. Whenever possible, the Christmas rees should be
sold before logging the overstory.

AMerchantable \\Juto fir of any age shouwld he cut when by doing so
a planned regemeraiion arcea can Te enlarged.  Seattered semﬂmors
saplings, and “small poles of white fir in and around the borders of
regeneration areas sheuld be removed doring site preparation.

Controlling dwarfmistletoe

Dhearfmistleloe is present on small areas. Where infeclions oceur
in an overmature stand, final harvest should not be deferred.  Troes
mfveeted with mistletoe m small units of mature and immalure age
classes should be harvested if they are a souree of inlection for ad-
joining noninfeeted advance growth.  Final harvesting of large blocks
of infected matiwe and immature troes may be deferred.

In seedling and sapling stands, trees infected with mistetoe will be
removed in thmnm(r operations after the overstory has been cut,
sSmall seattered par(hvs of seediings and saplings so heavily Infected
that there are suflicient uninfeeted crop (rees should be destroyed
and the areas planted. Il extensive arcas of sepdlings and sa])hnos
arc found to be heavily infected with misuetoe, special analysis and
plans should be made,

Cleanup of heavily Infeeted pole stands should ordinarily be deferred
until the stand is merchantable. T lightly infected pole stands,
mistletor can be eliminated by thinning and pruning.

Marking for efficiency in logging

The effect of marking on present and future Iogging costs should be
considered. Some of [he actions that can be taken are (1) blocking
out reserves; (2} cutting isolated individual or small groups of Lrecs
(3) mml\mtr additional trees or improvemenlt cutting where isalate d
high-risk trees must be cut; and (4) omitting very h(_rht improvement
cuis in areas that are a considerable distance from the landing and
other cutimg.  Besides reducing costs, these actions lessen logging
damage by c'lununl,mfr long fﬂuddmg distances {or relatively fow lorrs

Selection of unit areas for cutting or feaving

To lessen the border effects of older trees, all of the ove nature unit
areas will be barvested in blocks of 5 to 30 acres.  Occasionally, be-
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cause of decadent stand conditions, the areas of complete harvest may
be Iarger than 50 acres. Reserve timber will be carried on adjoining
blocks ot which final harvest will be deferred.  Occasional extremely
decadent overmature unit areas may be harvested in the reserve areas.

Overmature unit areas of bighest priority for harvesting will be
the starting points in selecting arcas on which all overmature groups
will be harvested. Malure and overmalure unils most suitable for
carrying as reserve will be the starting points in sefection of areas for
light cutting.  Other units will be balanced between heavy and light
cuts {o zehieve the established eut {or (he compariment and the de-
sired size of culting blocks,  The blocks on which all overmature unit
areas are harvested should preferably be about 20 acres but not less
than 3 acres.

QOvermature unit areas with a high priority for carly culling are
those with (1) high-nisk trees making up 25 pereent or more of the
total: (2) white fir admixtures; (3) relatively large sized trees; and (4)
mistleloe present in overstory.

Overmalure groups with admixtures of younger trees have 2 high
priority for deferred eut.

Parts of compartments with few overmaiure vnit areas Ieft should
asualiy be selected for complete harvesting and those with numerous
molure and immalure unit arcas shouvid usualiv be selected for light
cutting.

Post-Logging Care of Cut-Overs

Treatments after culting will be site preparvation for regeneration,
planting or sceding when sdequate seed erops are nol presend or when
natural regencration fails, pruning of selected erop trees, and thinning
in overdense scedling and sapling stands.

Site preparation for regeneration

The ground surface on regencration areas will be prepared by ve-
moving and piling the slash and compeling vegelntion with a bulidozer.
A toothed blade or rake is preferable (o the conventional bulldozor
biade. Only enough of the slash need be removed Lo permil easy
planting or. when natwral regeneration is expected, lo expose sulficient
bare nuneral soil for a good seedbed.  However, all compeling vege-
tation should be eliminated.

Planting

At the time of the inventory in 1948, 1,415 acres were classified as
wnstocked or stocked so Jow that GlHn planting was needed. How-
ever, 1 the inventory, wuits as small as 1 square chain were elassed as
needing planting.  Observations during nwrking snd culling sinee the
mventory mdicate thal some of the areas so classificd are too small lo
be considered.  ('onsequently, current estimates indiente about 1,000
acres need supplemental regeneration.  To restock these areas by
the end of the fourth eutting period, 10 Lo 20 acres should bo regener-
ated in most vears.  DBecguse of the smail area o need of regeneration
on some compartments, less than 10 weres may be regencrated in
somme vears.

Estimaled areas to be regenerated on the management unit during
the period covered by the present cutling budget are as follows:
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Areg AArea
{o e o be
reye- réfen-
erirded N eraled
Year and comprriment {eren) Year watd compariment (peres)

19561
B23-1_...
B30-1 ...
B3g-3.0 .
B 30-6

1958:
Ca-20._.. ___..
Cii-39._... . _.

Because seed crops are infrequent, artificial regeneration will be
relied on most of the time. TUntil satisfaclory methods of direct
seeding aye found, 1-1 ponderosa or Jeffrev pine nursery stock will
be planted. Although preliminary tests ‘indicate thaf ponderosa
- pine planting stock is preferable to Jeffrey pine, the latter should be
used near sagebrush flats where frost damage may be s problem.

A guide for fill-fu planting and for determining the width of the
marginal anplanted strip around the borders of unit areas follows:
Do not plant closer (¢ any live trees than 7 feet plus 1 foot for each
inch in dizmeter of the c.isting tree or Lrees, up to o maximum distance
of 20 feet.

Pruning

Selected crop trees will be pruned to produce high-quality saw logs
or pecler bolts. Trees will be pruned to heights in multiples of
4-foot peeler bolts. Teights ordinarily used will be 10 feat, 14 feet,
and 18¥ feet above the ground. This provides for 1.2 foot stump and-
0.3 foot trimming allowance per bolt.

Crop trees will be selected in advance of pruning by a trained
marker.  Selected trees should meet the following requirements:

1. Be on arcas from which the overstory has heen removed. No
crop trees should be within 30 fect of or under lean of an older tree.

2. Be cither vigorous dominants or codominants made domivant
by release,

3. Be capable of a growth of % incl per 5 years or more—13 rings
per mch or less.

4. Be selected at the rate of 7 per square chain or loss (70 per acre),
(Applics to net area of pole group with unstocked arcas climinated.)

5. Be on umit areas where the average d. b. h. of the dominants is
12 inches or less. '

6. Have anaverage branch size of 2% inches or loss,
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7. Kot have the following disqualifying characteristics:
{1) Crook (5) Mistietoe in—Continued
{(2) Rot {c} Branches to be removed by
3) Large scars pruring if within 1 foot of the
4) Bayonet-top trunk
{5y Mistletoe in: (6) Iixcessive sweep

{a) Trunk {7) Forks
{b} Branches above pruning height

8. Have at least four-tenths of total height of tree in live crown affer
pruning.
Thinning

Except in seedling and sapling thickets, stands usually will not be
thinned unless a marketable product can be harvested. A spacing of
9 hy 9 feet will be used in thinning seedling and sapling stands.
Occasionally poorly formed trees may be removed to free & potential
crop tree for pruning.  On some arcas, cleanings may be necessary in
seedling and sapling stands in order to eliminate mistletoe. An occa-
stonal mistletoe-infected tree may also be removed [rom pole stands.

A large-scale study of thinning costs is planned for overdense
seedling and sapling stands.  If this study shows that such stands can
be thinned economically, they will be thiuned after the overstory has
heen removed.

In mixed stands of pine and fir seedlings and saplings, thinning will
be accomplished partly by Christmas tree sales.

STAND ENEMIES

The lorest manager must be on the alert lo detect any potentisl
losses from iusects or discase and take appropriate action.  No known
conditions require treatmoents other than those already discussed.
Mistietoe damage in seediing and sapling stands, however, needs to be
more fully evaluated and special measures should be taken if the
damage proves heavy.

Porcupines are a serious hazard to the younger condition classes.
A plan of wontrol by poisoning and shooting is in operation and will be
continzed,

LOGGING

Skidding usnally will be done with a skid cat and winch. Arches
will not be used unless approved hy the forest manager for special
situations,

As all compartments have been cut over al least once, existing skid
roads will be used. New roads will be held Lo the absolute minimum.

Tractor roads shall be flagged prior to lelling so that Lrees can be
felled towards the roads.

Because the bull of the volume during the first cutling periods will
come from release culs, prevention of loggimg damage is a job of very
high priority. :

SNAG FALLING AND SLASH DISPOSAL
Snags will be felled currently after logging s completed each year.

They will ordinarily be felled with o power saw.  Puliing, pushing, or
burming snags is not recommended.  Pulling and pushing snags with
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tractors often causes excessive damage to young growth. Burning
snags is undesirable because sometimes the fires carry over until
spring; also the job cannot be done efficiently during average winters
at Blacks Mountain, and consequently snags remam during part of
ancther fire season. '

Stash disposal will be carried on only in 50-foot sirips on each side
of roads, where the siash will either be piled and burned or lopped when
the restdual stand makes burning undesirable, and in arcas clear cut
for regencration. Slash disposal on regeneration areas is conducted
as part of site preparation,

TRANSPORTATION

Except for about 2 miles of road on the upper slope of Patterson
Mountain, the entire road svstem for the experimental forest is com-
pleted.  The road necessary for logeing the upper slope of Pasterson
AMountain will be constructed at the time of logging.

Logs can be trucked over public roads to mills at Little Valley,
approximately 15 miles; Susanville, 40 miles; Chester, 45 miles; and
in the Burney aren, 50 miles. The Western Pacific Railroad passes
within 2 miles of the experimental forest and logs could be hauled by
rail to mills at Little Valley and Susanville and more distant points,
if a suitable rate could be oblained for the small volume of timber ent.

RECORD KEEPING

Records will be kept to aid in carrying out this plan and to furnish
a history of the operation of the pilot-plant test of forest management.

Cutting

Trees marked for culling will be tallied by d. b. h., species, Dunning
tree class, and condition class.  Annual summarics of volume marked
will be prepared for each compartment.

Gross and net scale will be kept for cach compartment.  Summaries
showing anmual and cumulative cut by species will be prepared.
Where the scale has not been kept separate by compartments, the
scale will be provated to compartments on the basis of marked volume.

A reeord of the total seasonal cut will also be kept, and will inchude
the cut by years and cumuiative cut.

Regeneration and Timber Stand Improvement

Annual and cumulative rvecords by compartments and for the
management unit will he kopt of the acres and number of trees or
seed spots planted.  Compartment maps will be prepared sliowiug
location of unit areas planted.  Records and maps of arcas regenerated
naturally wilt also be kept.

The total number of trees pruncd will be recorded for each com-
partment. The trees will be counted at the time of marking for
pruning.  The d. b. . and beight primed will be recorded for evory
tenth tree tallied.  Annual and cumulative summaries will be prepared
showmg number of trees and gross arca pruned in the management
untt.
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Costs and Receipts

The cost of all activities will be recorded and summarized annuaally.
Cumulative records of all receipts will alse be kept.

Forms

When necessary the foresl manager will prepare uew forms or
revise existing forms sc that the essential vecords and summaries
can be c‘('onmnic‘mllv fkept i readily usable Torm,

COORDINATION WITH OTEHER USES
Water Use

Slopes are moderate, most of the precipilation oceurs as snow, and
the soil is highly permweable. Swelare flow from Lhe experimental
forest enters a flat without an outlet, In fact, much of the water
sinks into the ground belote it reaches Lhis flat.  Consequently,
speeial consideration for water relalions will be restricted to mainte-
nance of proper drainage on the forest rouds and instalintion of water
diversion cross-chiecks on steep skid roads.

Grazing

The experimental forest 15 within & regular cattle allotment of the
Lassen National Forest. No critieal problems have arisen as vel.
If grazing damage to new reproduction should hecome excessive, a
supplement to this plan will be prepared Lo cover the situalion.

COCRDINATION WITH LASSEN NATIONAL FOREST

Insofar as is consislent with the rescarch objectives of the expori-
mental forest, sales policies, utilization stendards, and sealimy peace-
tices will {'0111'0:':11 with the policies in effeet on the Lassen Nutional
Forest.

PLLAN REVISION

Thhis plan will be revised in 1962, and the ficldwork for the revision
should he completed in 1961, The revision should be based on a
condition-class map of the experimental forest.  This map should be
prepared from aerial photos on a seale of approximately 1:10,000.
The pele size and younger condition classes shoukd be separaled inlo
three or more age classes instead of the two size classes as in the 1949
inventory. The limits of these age classes will depend somewhat on
the distinetion dhat can be made on the photos.  Research on lech-
niques in the application of avrial pholos in condition class mapping
and volume inventory would he highty desirable before the reinventory.

Ii the conditions warranl, this plan may be amended by memorn-
dum before 1962 1t n])pzou-d by the Chiel of the Forest Managenment
Division, Califoruin Forest and Range Experiment Siation
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