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PREFACE

’onderosa pine, from the very beginning of the conservation
movement, has figured as a leading timber species, In 1908 G. A.
Pearson, a year out of forest school, was sent to Arizona to study
natural regenevation of this tree, then called western yellow pine.
Commercial logging was in full swing on both private and public
lands. In the national forests, despite measures that seemed
adequate for natural reforestation, seedlings started sparingly
after cutting. To provide information on natural regeneration as
well as on other phases of ponderosa pine management, the
Forest Service established the Fort Valley Forest Experiment
Station in 1909. The research field covered Arizona and New
Mexico, but work was concentrated largely in what is now the
Fort Valley Experimental FForest, a branch of the Southwestern
Forest and .Range Experiment Station.

A long-range attack on such problems as natural restocking,
growth, mortality, and methods of cutting took concrete form in
the creation of a series of so-called permanent sample plots.
These are essentially experimental management areas on which
all trees were numbered and measured periodically. The findings
presented are derived not only from academic studies and small
plot records, but also from experimental practice and record on
areas sufficiently large to permit commercial operations. They
cover the five broad phases of ponderosa pine silviculture: (1)
Removal of mature, declining, or inferior members; (2) improv-
ing growth and quality of less mature stems; (3) training pole
and sapling classes with an eye toward future form; (4) re-
generation; and (5) protection of all age classes. While these five
phases deal with the forest from seedling to sawlog, the sequence
here 1s in a difTerent order, beenuse management usually begins
with logging followed by treatment of younger age classes already
in the stand; actual regencration often is deferred until several
decades after the first cutting. In a well-managed ponderosa pine
forest, all five of these measures must go on simultaneously,
Negleet of any one will adversely affect the program as a whole.

Although this work presents findings over a period of 40 years,
it aims to leave conclusions open to modification in the light of
further experience. Tree records, many of which are now over
30 years old, should be continued. Each remeasurement brings new
phases into view and each cutting virtually institutes a new set
of records. Iutensive management has barely begun. Not until
individual areas have gone through the entire rotation from
seedling to sawlog under management and record can such an
experiment be regarded as finished. Several large areas in the
Fort Valley Experimental Forest are unique in that they have
undergone almost complete restocking since the first cutting, and
the young stands are now approaching the pole stage.

v




vi PREFACE
western national forests were first 'cre_ate.d, 'mllllons

ofvgélreer; tc?fewild forest were placed under the Jurlsdlctlon of a
handful of foresters. Forest-management app]lcatlon was neces-
sarily crude and was focused on the pr'ot'ectlon of forests from
fire, and the removal of mature and declining trees through com-
mercial timber sales. Basic gilvicultural information was lacking
and desivable forest practices were often subordinated to economic
demands. ] _

Now, after 40 years, the stage is set for a mew era in western
forestry. Studies such as those at Fort Valley have made available
a large array of timber-growing information. Impro_ved transpor-
tation facilities have removed many of the economic barriers to
the practice of good silviculture, and trained pe‘rsonnel is avaﬂable
to do the job. Western foresters can how look forward to a period
of more scientific and more intensive forest management.

Perpetuation of the lumber industry demands large yolumes of
usable raw wood material in strategic places.'Thg national econ-
omy further demands that long before the med!mg old reserves
are exhausted, cut-over forests be placed in a hxgk}ly p_roductwe
condition. We must depend upon the ponderosa pine forests of
western United States in large part to maintain softwood t;mber
supplies in the immediate future. They contain large bodies of
virgin timber and of conservatively logged' stands which can _be
put under management with reasonable effort. Under makeshift
management their yields will be low and quality lower; but under
scientific management the yield in both volume and quality can

be increased several fold.
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The Place of Ponderosa Pine in
American Forestry

AREA AND GEOGRAPHIC RANGE

Ponderosa pine (Pinus ponderose) is the most widely dis-
tributed conifer in North America, and one of the most valuable.
Commercial stands of the species are found in all of the 15 States
which lle' wholly or in part west of the 102d meridian, and in all
but one it ranks among the most important lumber producers
(fig. 1). In the Southwest, ponderosa pine is of particular im-
portance since this one species makes up 88 percent of the
standing saw-timber volume in the two States of Arizona and New
Mexico.

In this treatise, distinction is made between the “interior”
ponderosa pine type and the “mixed” type where ponderosa pine
18 associated with other species. The latter type occurs in zones
of high precipitation, mainly near the Pacific coast where pon-
derosa pine is associated with sugar pine, incense cedar, hemlock,
and fir, Smaller areas of the mixed type arc found throughout
the Rocky Mountain region in the transition zone where pon-
derosg pine merges with the Douglas-fir-white fir type at higher
elevations. In both cases increased soil moisture and lower tem-
perature favor species which hy virtue of lower demands on
light and heat are able to reproduce under ponderosa pine and
thus gain dominance in the next generation. Under these circum-
stances, even though the present stand may carry a heavy volume
of ponderosa pine, the permanence of this species is not assured.

The interior ponderosa pine type, characterized by pure or
nearly pure stands of ponderosa pine, occupies middle elevations
in a belt about 800 miles wide beginning 150-200 miles inland
from the Pacific coast, reaching eastward into the Dakotas,
northern Nebraska, and western Texas, and extending clear
across the United States from north to south. Commercial stands
also‘occur in Canada and Mexico. The interior type generally
recelves an annual precipitation of less than 25 inches and in
some localities less than 20 inches.

_This work deals exclusively with the interior or pure ponderosa
pine type and is concerned primarily with the interior type as it
occurs in the Southwest.
~ The total area occupied by the interior ponderosa pine type
in the United States is estimated at 37 million acres.” Distribu-

. * Because of the intermingling with other types and the many ownerships
involved, exact figures are not available.




2 U.S. DEPARTMENT OF AGRICULTURE MONOGRAPH NO. 6

NORTH
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F1GURE 1.—Geographic range of ponderosa pinc in western United States.
(After Sudworth.)

tion is approximately as follows: Northwest, including easfern
Oregon, eastern Washington, Idaho, and Montana, 18 million
acres; California, east of the Sierras, 4 million acres; the central
Rocky Mountains, including Colorado, Wyoming, South Dakota,
Utah, and Nevada, 7 million acres; and Arizona and New Mexico,
8 million acres. Of the 8 million acres of interior ponderosa pine
in the Southwest, roughly one-third is at present commercially
inaccessible or withdrawn from timber growing use. About one-
half of the accessible land has now been logged.
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BOTANICAL VARIETIES OF PONDEROSA PINE

The United States Forest Service (89)* recognizes, in addi-
tion to the type species Pinus ponderose lLaws., two varieties:
scopulorum Engelm. and arizonica (Engelm.) Shaw.

Pinus ponderosa Laws, ranges from near the Pacific coast east-
ward through California, Oregon, Washington, Idaho, and into
western Montana. The variety scopulorum, commonly called the
Rocky Mountain form, extends clear through the Rocky Mountain
region castward to the Black Hills and south into central Arizona
and New Mexico. The other variety, arizonica, whose real home
is Mexico, occurs on isolated mountains in southern Arizona and
southern New Mexico. All three forms are found in the interior
ponderosa pine type.

Differences which have given rise to distinctions in 110men-
clature are both morphological and physiological. The “true”
ponderosae is a larger tree than scopulorum. In the interior region
this appears to be due to greater longevity rather than faster
growth, Longer needles, larger seeds, and slower germination
characterize ponderosa as compared with scopulorum. Korstian
(34, has pointed out that the Black Hills pine beetle (Dendrocto-
nus ponderosae Hopk.) confines its activity to scopulorum, giving
way to the species D. brewvicomis within the range of ponderosa.
Tt should be noted, however, that although the Black Hills beetle
has attained epidemic proportions on the north side of the
Grand Canyoun of Arizona it is not known to have occurred in the
great pine belt extending from the south rim clear across the
State and well into New Mexico. Korstian also calls attention
to differences in leat structure and chemical composition of the
oleoresin (88). Weidman (97) has made an exhaustive study of
leaf characteristics and growth habits of various geographic
races.

Scopulorunt is by no means a tree of fixed characteristics.
According to the textbooks it has two or three needles in a
bundle, but in Arizona the number is uniformly three. In the
Black Hills, Colorado, and northern New Mexico there are either
two or three needles. The Black Hills tree is generally smaller
than its Arizona kin; it also has shorter needles, of a yellowish
green color in contrast to the bluish green in Arizona, and no-
ticeably smaller seeds. Seedlings grown from Black Hills and
Arizona seed in the nursery at Fort Valley have exhibited the
same difference in length and color of needles; the Black Hills
seedlings were also gmaller and had more compact crowns than
those grown from local seed. Another characteristic of the Black
Hills seedlings was their habit of forming definite terminal buds
in their third year, whereas the progeny of Arizona seed do not
form terminal buds until several years older. Seedlings propa-
gated from Colorado and Utah seed were intermediate between
Black Hills and Arizona types, though more like the former.

The variety arizonica difters from the Arizona form of scopu-
lorum mainly in having five needles in a bundle instead of three.

2 Italic numbers in parentheses refer to Literature Cited, pages 213 to 218,
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The needles are more slender than those of scopulorum and they
fall in their third year, whereas those of scopulorum persist until
their fourth or fifth year.

TIMBER AND OTHER RESOURCES OF THE
PONDEROSA PINE FOREST

As compared with forests in humid regions, interior ponderosa
pine yields are light, ranging generally from 5,000 to 15,000 board
feet per acre though occasionally exceeding 20,000 feet. Less sig-
nificance is attached to the volume of timber than to its distri-
bution and location. Ponderosa pine may be thought of as the
near-desert timber tree of the United States. It is not, strictly
speaking, a desert tree but it grows on elevated plateaus rising
out of the vast semiarid region known as the Great American
Desert. In mountain regions it inhabits the lowest of the zones
in which trees attain a stature suitable for lumber. Although
too cold for most field crops, the area characterized by the pon-
derosa pine type does support some agriculture and a large
amount of summer grazing. Because of relatively high accessi-
bility, ponderosa pine forests are the main source of lumber and
fuel for local consumption within a million square miles of ter-
ritory. Lumber manufacture is an important industry in hundreds
of communities. The pine forests, correctly managed, provide
an excellent cover for millions of acres of watershed. They pro-
vide summer recreational grounds which rank among the finest
in the country.

The low yields of ponderosa pine are in a measure compensated
by other features. The tree produces a wood which ranks among
the best for all-round use, and it is able to grow on sites generally
too dry to support other saw-timber species. One of the distinct
advantages of interior ponderosa pine, as compared with some
other forests, is that the key species succeeds itself from gen-
eration to generation. Another advantage is that fires are more
controllable because the crown canopy is more open than that
of the heavier stands, so that the forest is less subject to crown
fires. According to present standards, much of the interior pon-
derosa pine type is likely, because of low production or inaccessi-
bility, to remain under an extensive form of management, or
multiple use. On the other hand, intensive management can im-
prove this situation by growing heavier stands of superior qual-
ity. It is estimated that half of the total acreage would justify
intensive management with timber as the major crop.

PROPERTIES OF PONDEROSA PINE

Botanically, Pinus ponderosa belongs to the yellow pine group,
but the wood resembles more closely the white pines. The heart-
wood is reddish brown, and the sapwood pale yellow or almost
white. In trees under 200 years old, the wood is nearly all sap-
wood, and if such trees have been well grown the product is a
beautiful soft white material comparable to white pine. Old
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trees contain a larger proportion of the darker heartwood, which
is usually heavier, harder, and stronger than the sapwood. Since
the heartwood occupies the central core of the bole, produced
while the tree was young, it usually has wider annual rings and
containg more knots and resin than are found in the sapwood
produced later in life. In slow-growing trees, such as generally
occur in dense stands or on dry sites, the sapwood is of very
fine and even grain, in contrast to the coarse or variable grain of
the fast-growing trees in open stands or on moist sites.

According to Betts (8) ponderosa pine ranks moderately high in
paintability, being rated above Douglas-fir and the southern pines,
but below the commercial white pines. It does not split easily
in nailing, but neither does it hold nails as well as some other
woods. In contact with the soil, it is said to decay more readily
than the white pines; this, however, may not be true of the
heartwood which is much more resistant than the sapwood. Both
heartwood and sapwood take preservative treatment readily.
Compared with Douglas-fir and longleafl pine, ponderosa pine is
lighter in weight, weaker, softer, and more easily worked.

A fact which should always be borne in mind in dealing with
ponderosa pine is that the wood is extremely variable, according
to the conditions under which it has grown. The qualities which
place ponderosa pine lumber in the high-value class, namely
regular grain and a relatively soft, even textured, and readily
workable wood, are attained only by trees grown under condi-
tions which produce clear boles and maintain a uniform rate of
growth. Open-grown trees are always limby, and while the holes
may become smooth after attaining great size the interior is al-
ways knotty. Small, firm knots, produced by small limbs which
die and shed quickly, are far less objectionable than the large,
loose knots formed when limbs are allowed to grow to large diam-
eter, As will be explainedlater, both mnatural clearing of boles
and width of annual rings can be controlled by regulating the
density of stands. And, fortunately, the measures which induce
the development of high quality also make for high yields.

PRODUCTS OF PONDEROSA PINE

Ponderosa pine is adapted to a variety of uses but at present
the most important markets are for lumber and railroad ties.
In some regions, notably the Black Hills, large quantities of
ponderosa pine go into mine props and stulls; the mines promise
to take increasing quantities in other regions. Naval stores are a
possibility which has been explored in Arizona with results which
are not wholly unfavorable (7). Ponderosa pine fuel finds exten-
sive local use throughout the region.

Lumber

Ponderosa pine lumber ranks high among western conifers,
commanding prices exceeded in general markets only by Cali-
fornia sugar pine and western white pine. In the two States of




6  U.S. DEPARTMENT OF AGRICULTURE MONOGRAPH NO. 6

Arizona and New Mexico, annual production of ponderosa pine
lumber has, since 1925, varied from a high of 345 million board
feet in 1946 to a low of 118 million in 1982. Southwestern forests
furnish about 10 percent of the national production of ponderosa
pine lumber.

Large quantities are absorbed by the building trades which
employ intermediate grades for framework, sheathing, and sub-
flooring, the better grades for siding, and the highest grades for
window sash, doors, and interior finish. In recent years, knotty
pine has become popular for interior paneling. The kuots in this
class of material must be firm and not excessively large, thus
again calling for timber which has grown in close stands. Pon-
derosa pine is too soft for good flooring.

In addition to that used by the building trades, the fruit and
vegetable industry is now absorbing immense quantities of lum-
ber which is remanufactured into boxes and crates. According
to statistics by the U. S. Forest Service (88), the volume of
ponderosa pine used for “boxes, baskets, and crating” in 1940 was
29,593,000 board feet in Arizona and 7,680,000 board feet in New
Mexico.* During the same year California and Oregon each used
over 500 million board feet and Washington 126 million. In all
of the Rocky Mountain and Pacific Coast States except Idaho,
ponderosa pine exceeded by a wide margin the total of all other
woods used for these purposes.

An acute lumber shortage during the war brought many sug-
gestions for replacement of wooden boxes with fiber cartous. Pro-
posed substitutions encountered many limitations, notably in the
transportation of heavy materials, such as ammunition, and pro-
duce which tends to exude meisture, such as fruits and vegetables.

Railroad Ties

Next to lumber, the greatest industrial use of ponderosa pine
throughout the West is for railroad ties. Ponderosa pine makes
a good tie Lecause, along with other desirable qualities, it responds
well to preservative treatment. Railroad ties are cut from trees
of about the same minimum diameter and quality that is required
for good lumber. They must be free of large knots in the section
where the spikes are driven, while loose knots and rot are pro-
hibited generally. Ties are of two broad classes: sawn and hewn.

Sawn ties—Sawn ties are made from medium grades of saw-
logs with a minimum diameter of 11 inches iuside the bark at the
small end. Operations combining production of sawn ties with
lumber result in less waste than if ties alone are sawn. One ob-
jection to such a combination, however, is that standard ties are
now 9 feet long while standard logs are 16 feet, thus yielding
one tie plus 7 feet, which is an odd length in lumber. This should

*In southern Arizona, the cost of box shook used in packing the crop from
a single acre of grapefruit in full bearing amounted to from $60 to $80 in
normal times, and twice those figures since the war.
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not prove to be an unsurmountable difficulty if production of
lumber and ties in the same operation is otherwise practicable.

Hewn ties,—Tie hewing is a hand operation whose main jus-
tification is that it furnishes employment to low-income groups
in remote rural communities. In sections of northern New Mexico,
Spanish-American farmers formerly depended on tie cutting as
a supplemental source of income. A standard 7- x 9-inch tie
requires a minimum diameter at breast height (d. b. h.) outside
bark of about 12 inches, and in order to avoid excessive waste
of labor and wood, the diameter should not be much over 14
inches. The waste in tops is usually greater than in a sawlog
operation. Unless prolific regeneration is the rule, a straight
hewn-tie rotation is silviculturally impractical. If, as in most
regions, relatively large trees are required as a seed source,
and if regeneration is difficult, the only logical course for hewn-
tie management is in combination with sawlogs, employing hewn-
tie operations for purposes of stand improvement. In recent years
hewn ties have been replaced almost entirely by the sawn product.

Mine Timbers

Mine props and stulls * offer silvicultural opportunities in con-
nection with saw-timber management because they afford a com-
mercial outlet for material unsuitable as either railroad ties or
savylogs. In the Southwest props may be as small as 5 inches
inside bark at the top, and stulls as large as 18 inches, the length
in feet equaling the top diameter in inches. Live kuots and mod-
erate crook are not objectionable, and therefore these products can
utilize stems which will not qualify as sawlogs or ties. At present,
the market is inadequate to absorb more than a small fraction of
the supply of prop and stull material that should be removed
in the near future. In Arizona this is partly because of a pref-
erence on the part of copper miners for Douglas-fir in heavy
txmbers requiring great strength. With a large number of pro-
ducing mines in the interior ponderosa pine region, cultivation
of this market affords an opportunity which should not be over-
looked.

(_Jomzerter poles.—Another commodity which imposes low re-
strictions as to form or size is converter poles used in copper
smelters. Already several small sales have been made in the
Southwest to supply this market.

Utility Poles

‘Having good form and receptiveness to preservatives, ponderosa
pine stems are well adapted for use as treated poles. This species
1s now admitted for use as utility poles under the specifications
of the American Standards Association. Since 1946, the numbers
of ponderosa pine poles treated in the Northern Rocky Mountain

1 Props go to coal mines, stulls to metal mines. Some metal mines take
round ponderosa pine lagging.
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and Pacific Coast States have steadily increased. This develop-
ment has been retarded in the Southwest because the region
lacks wood preservation plants or facilities. Since pole material
brings prices equal to or exceeding that of sawlogs, this type of
utilization offers distinet possibilities for future development.

Fuel Wood

Fuel wood, though not rated high commercially, is neverthe-
less of great local importance throughout the 12 States which
embrace the main ponderosa pine region. Ponderosa pine makes
an excellent fuel where quick, hot fires are required. Cull logs,
limb wood, and mlll blocks are used in quantity both in rural
communities and in the larger towns and cities.

RELATION TO THE NATIONAL TIMBER
SUPPLY

At the present time pondel osa pine supplies a substantial por-
tion of the lumber used in all of the States west of the Mississippi
River. Large quantities of the better grades are shipped farther
east for use by millwork concerns. In saw-timber volume, it ranks
second in the United States, exceeded only by Douglas-fir (79).
How long ponderosa pine wﬂl be able to hold this position depends
upon how rapidly inlensive management is applied, because the
present large volume is accounted for mainly by virgin stands.
Growth in the extensive interior type will always be slow. Without
intensive management, yields and quality will fall to such a level
that, notwithstanding the vast acreage of this type, its contribu-
tion to the total timber supply of the country will be insignifi-
cant. Even if the object is only to supply local consumption in
the western States in which ponderosa pine is the predominant
species, management must be placed on a much higher plane than
has been attained heretofore on any considerable areas.

A favorable aspect of the timber situation in the Southwest
is the fact that approximately four-fifths of the acreage and nine-
tenths of the volume in the ponderosa pine type is in some form
of public ownership, mainly Federal. Several million acres still
remain untouched by the saw and some 2 million acres have been
logged under some system of partial cutting, There are in the
region probably 4 to 5 million acres of commercially accessible
ponderosa pine that could within 50 years, if placed under inten-
sive management, be made to yield an annual increment of 100
to 200 board feet per acre.

Ponderosa Pine Research in the Southwest

EXPERIMENTAL MANAGEMENT

Ponderosa pine research in the Southwest began at Fort Valley
near Flagstaff, Ariz., in 1908, Early investigations were made
in the national forests of Arizona and New Mexico wherever
suitable conditions were found. Cut-over areas came in for major
attention. As early as 1909, selected areas designated as “sample
plots” were withdrawn from such administrative use as might
interfere with permanent rccords of natural reproduction and
tree growth. Other areas were set aside for experiments in ar-
tificial reforestation. Research on these areas was directed from
the Fort Valley Experiment Station, now a branch of the South-
western Forest and Range Experiment Station.

In 1931, the Fort Valley Experimental Forest was created by
linking together the large sample plots and planting plots nearest
the Fort Valley headquarters. Also included were scveral thousand
acres of timberland used since then for new cutting experiments,
timber stand improvement, and mistletoe control experiments.
Later, several more distant sample plots were added. Figure 2
shows the location of the five units now constituting the Fort
Valley Experimental Forest, and figure 3 the headquarters as
seen in 1916 and 1942,

Other experimental areas, mainly in New Mexico, though not
a part of the Fort Valley Experimental Forest, have supplied
data used in this monograph.

Sample Plots

Records of growth, mortality, periodic and average annual
increment, progress of reproduction, and numbers of trees per
acre by diameter, age, and crown classes are furnished by a series
of sample plots, the oldest of which date back to 1909. All trees
are numbered with metal tags, on some plots down through the
4-inch diameter class, on others through the 8-inch class. Diam-
eters, and in some cases heights, are measured at 5-year inter-
vals. In total, long-time records on 2,000 acres of sample plots,
containing 75,000 tagged trees, are available for study.

Sample plots are of two broad classes—large or “extensive”
and small or “intensive.” Extensive plots range in size from
72 to 480 acres, intensive ones from 3 to 14 acres. In many cases,
the intensive plots are merely subdivisions of extensive ones,
selected for detailed record. Originally, the trees on extensive

9
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Figure 2.—Location of Fort Valley Experimental Forest and nearby
experimental areas,

plots were not tagged and diameters were merely tallied; begin-
ning in 1924 (1913 on the S5 series and 1915 on S6), all trees
down to 3.6 inches were tagged; since 1939, the minimum limit
for tagging and measuring has been 7.6 inches. Intensive plots
were all tagged at the beginning; heights as well as diameters
were measured; notes have been made on the crown class and
condition of each tree; and seedling records have been kept on
supplementary small plots. Most of the intensive plots have been
mapped on a scale of 1 inch to the chain, showing the location
of individual trees, stumps, down trees, and groups of reproduc-
tio)n. This type of map is illustrated in earlier publications (54,
59).
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Flagstaft, Ariz. Upper view in 1916, lower view from near the same point
in 1942, The young trees ave of natural regeneration.

Arizona Plots

All but one of the Arizona plots are within what is now the
Fort Valley Experimental Forest. Their location by unit numbers

and smaller subdivisions is shown in table 1 and figure 2. As

may be seen, they are not in one continuous tract, but are widely
separated over an area approximately 18 miles square. All are
pure ponderosa pine stands except one (S4) which, lying near
the lower border of the type, contains a few specimens of pinyon
and juniper,
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TABLE 1.—Ponderosa pine sample plots in Arizona and
New Mezico

National forest Year

Designa-! Area, ot 1
and : estab- Location and local name
State tion  'fisheq 2°TeS
‘S1-A 1909 & ‘Fort Valley Experimental Forest
SI-B 1909 8 ' Unit2. .
S2-A 1909 8 TFort Valley Experimental Forest
S2-B 1909 8 Unit 1, )
S3t 1909 480 TFort Valley Experimental Forest
Unit 3, Wing Mt,
184t 1909 320 TFort Valley Experimental Forest
| \ Unit 4, Cinder area.
$5-11 1913 160 port Valle Experimental Forest
Arizona: S6-2 1913 169 Unit 5, Coulter Ranch.
Coeonino. .- _._- S5-3 1913 127 . .
62 1925 160 Fort Valley Fxperimental Forest
Unit 2.
S6-A 1940 80 Do.
.S6-B 1940 72 Do.
7 1925 160 Do. _
S8 1926 8 4 mi. south of Flagstafl.
S9 1941 85 ; Fort Valley Experimental Forest
' Unit 2. .
S10 1942 76 Fort Valley Experimental Forest
! Unit 1, Corey Pasture.
New Mexico:
Carson......... ~Amolc 1914 3 Amole Canyon.
Cienegal 1915 4 Near former Cienega R.S.
'S1-A 1910 6 Point-o’-Rocks Canyon.
Cibola_____..__. S1-B 1910 6 Point-o’-Rocks Canyon.
(S2-A 1910 14 Ranch Supply Canyon.
Gila__ ... ... S2-A 1912 6 Pinos Altos.
Santa Fe:
Jemez 31-A 1911 i 6 Los Alamos.
Division... |S2-A 1911 | 6 Buey Canyon.
Pecos LSB—A 1911 6 Water Canyon.
Division. .. (S1-A 1911 6 Tecalote Canyon,
132-A 1911 6 Tecalote Canyon.

183, $4, and S5 include intensive plots.
2 S was divided in 1940 into S6-A and S6-B.

The extensive plots in Arizona are really management areas.
All but one (S6) are cut-over; two (83 and ST) have been 1ogged
twice, and others are scheduled for second cutting within the
next few years.

New Mexico Plots

These plots are all of the intensive class. They are small becau§e
at the time they were established national forest cuttings in
New Mexico were all small-mill operations. Besides being widely
dispersed geographically, these plots embra.ce; a climatic range ex-
tending from the lower to the upper transition zones of the pon-
derosa pine type. Several of the stands contain a considerable rep-
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resentation of Douglas-fir, white fir, and limber pine. The New
Mexico plots are regarded as too small and not sufficiently typical
of extensive stands and cutting practice to carry much weight in-
dividually ; but collectively and in coordination with the more ade-
quate Arizona plots they coustitute a valuable source of data.

New Mexico ponderosa pine stands differ from typical Arizona
stands in several details. As a rule the volume per acre is less in
New Mexico; the New Mexico stands characteristically contain
more and smaller trces and the pole and sapling stages are better
represented than in Arizona. These differences are associated with
and probably caused by differences in seasonal distribution of
precipitation.

APPLICATION OF SOUTHWESTERN FINDINGS

TForesters are constantly reminded that since conditions change
from one place to another, management cannot be uniform. This
is literally true. It is true not only of widely separated regions,
but also of localities within the same region, of sites within the
same locality, and of subdivisions within a management unit. For-
estry “by the acre” must eventually be further refined into forestry
by the group or by the tree. Fine distinctions have their place in
silvicullure, as is recognized by the practice of marking individual
trees for cutting,

Granted that local conditions influence silvicultural practice,
they are transcended by certain basic relationships. Without the
perspective which comes with a recognition of these broader re-
lationships, it is easy to misinterpret and overemphasize local fac-
tors. The behavior of ponderosa pine in response to environment
is remarkably consistent throughout the Southwest. From seed to
sawlog its growth, form, and existence are governed by heat,
light, and moisture. Silviculture becomes essentially uniform
when based on an understanding of these factors, their interde-
pendence, and the modifying effects of competition; it may vary in
detail but only in the sense that different adjustments may be
necessary to bring about proper coordination.

Competition for the limited moisture supply dominates the whole
ecological picture. In the reproduction stage it is competition im-
posed upon seedlings by grass or brush, later it is competition be-
fween trees. Response to release from competition is as universal
as competition itself and recognition of this principle is the key to
effective silviculture in southwestern ponderosa pine,

Temporary or artificially imposed conditions may influence cut-
ting practice to the extent that it will vary within a region and
with the passing of years. For many years the transportation
problem handicapped silviculture by demanding a heavy cut. Qver-
maturity or mistletoe may dictate heavier cutting than would
otherwise be desirable. Markets determine the size and class of
ma%erial desired, and thus the type of cutting, rotation, and cutting
cycle,
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Silvicultural Foundations

CLIMATIC CHARACTERISTICS

The geographic range of interior ponderosa pine in the South-
west is associated with certain climatic characteristics which vary
little from one locality to another. In general terms, the climate
may be described as cold and dry, mean annual temperature vary-
ing from 42° to 48° F. and growing-season temperatures (June
through September) from 58° to 65°. Maximum temperatures sel-
dom exceed 95° and frost may occur in any month of the year.
Precipitation ranges gencrally between 18 and 22 inches, though
occasionally it may be higher or even lower.

Temperature and Moisture Limiting Factors

Temperature as well as moisture may be a limiting factor in
the distribution of ponderosa pine. There is much evidence that in
most of its interior range the tree grows in climates too cold or
with a growing season too short for optimum development (4, §7).
The reason for this anomaly is physiographic. The lowlands and
plains of this generally mountainous region are semiarid. It is
only by ascending to the higher slopes and tablelands that suffi-
cient moisture is obtained; but this ascent is also accompanied by
a drop in temperature, aud as moisture approaches the optimum
the heat deficit becomes prohibitive. In the San Irancisco Moun-
tains of Arizona, sites above 8,500 feet receive as much as 30
inches of precipitation, but here ponderosa pine disappears except
on the southerly aspects. Ponderosa pine makes exiraovrdinary
growth when planted and watered in the warm valleys below its
natural range.

As may be expected, the altitudinal limits of the type are nicely
adjusted to latitude, aspect, and other conditions which affect
temperature, In the Pacific Northwest region pure ponderosa pine
forests occur generally at altitudes between 38,000 and 5,000 feet,
but in Arizona and New Mexico the pine zone is pushed up to alti-
tudes above 6,500 feet. The species must go approximately 3,000
feet higher in Arizona than in Oregon in order to find the same
moisture conditions. This circumstance greatly restricts the acre-
age suitable for ponderosa pine in its southern range. If pine for-
ests could maintain themselves at altitudes of 3,000 to 6,000 feet
in the Southwest, as they do farther north, there would be avail-
able for their use some 40 million acres now occupied by grass,
serub, or ‘“woodland,” the latter consisting of pinyon, juniper,
scrub oaks, and mesquite. :
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Temperature and Precipitation in the Southwest

The records in tables 2 and 3 and figure 4 are from t_he Fort
Valley station located within a body of uncut ponderosa pine near.
the middle altitudinal range of the type. Temperature may be
slightly below and precipitation slightly above the average for
the type as encountered throughout the Southwest. Marked fea-
tures of the precipitation record are a sustained high from De—
cember 1 to March 31, an extreme low in June, and another high
in July and August.
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FrcURe 4.—Thirty-year average monthly precipitation at the Fort Vallevy
forest station, 1909-38., Ponderosa pine type.

Summer rains of Arizona and New Mexico are erratic, ofte_n
barely sufficing to moisten the soil as much as 1 foot in depth. This
July-August precipitation is important main]y_m relatwp to ger-
mination and survival of seedlings. It is the winter precipitation,
always penetrating many feet (as do also the roots of ponderosa
pine), which makes sustained tree growth pOSSIb]'e.

The climatic records most commonly used in forestry are
monthly and yearly averages for 10 years or more. Such figures
give a general picture which is sufficient for most purposes. For
the student of silvicultural problems, however, averages are not
enough: he must also know about the variations. This is particu-
larly true of such problems as natural regeneration, planting,
seeding, and fire suppression. To the casual obse_rver, tP_Ie average
precipitation of 3.11 inches in July and 3.31 inches in August
(table 2) appears to provide excellent conditions for germination
of pine seeds and establishment of seedlings in the Southwest.
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TABLE 2.—Summary of temperature and precipitation within a
virgin stand of ponderosa pine in the Fort Valley Experimental
Forest, 1909-42 .

Temperature
. Mean
Month precipita-
Mean Mean I tation
maximum minimum Mean |

°F. °F. °F. Inehes
January . o 39.5 1.1 25.8 2.24
February_.._ . . . 41.3 14.0 27.6 2.48
March i 47.1 19.0 33.0 2.18
April . . .o 54 .8 251 39.9 1.51
May. . . .. ... _. 64 4 30.4 47 4 .33
June ... .. ... .. .. 75.4 38.2 56 .8 .65
July.. . . oo 8.2 47.0 62.6 311
August_ . _. . el 6.1 46 .0 61.0 3.31
September_. .. .. _______. 70.6 38.9 54 .7 1.97
October . __ . 60.6 28.0 44 3 1.64
November._ . . 50.7 19.8 35.2 1.19
December. .. ___. 41 .8 13.8 27 .8 2,12
Annual___ 58 4 27.6 43 .0 23.23

But examination of table 3 shows that in many years one or
both months fall far below the average. Moreover, daily records
show that in some years of average July precipitation, effective
rains did not begin until the latter part of July. Again, heavy
rains early in July may be followed by a temporary drought of
several weeks between the middle of July and the middle of Au-
gust, sufficient to arrest germination or kill seedlings of recent
germination. Similarly, the fire problem is affected more by cur-
rent than average precipitation. As a rule, the fire danger in the
Southwest is practically over by July 15, but some disastrous
fires have occurred after that date.

Temperature is also subject to considerable fluctuation in com-
paring the same month in different years. Temperature, however,
is less critical than moisture, Heat, like moisture, is generally de-
ficient; but whereas a long drought may be fatal to seedlings or
even old trees, periodic low temperature only retards growth tem-
porarily. Moreover, the seasonal graph of temperature follows
more closely the normal pattern than does the precipitation graph.
A peculiarity of temperature is that a marked departure from nor-
mal in one part of the year is usually comipensated by a swing in
the opposite direction several months later., Departures from the
annual normal seldom amount to more than 3 or 4 degrees I, but
any one month may register a departure of as much as 10 degrees.
A complete record of temperature calls for both maxima and
minima, and an average of the two, called the daily or monthly
mean. But it {s low maxima rather than low minima that retard
the growth of ponderosa pine throughout the semiarid interior
region of its range (57).
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TABLE 8.—Monthly and annucl precipitation (inches) in the Fort
Valley Experimental Forest,* by years, 1909-45

_ _ -
Year Jan.lFeb. Mar.|Apr. | May| June| July | Aug. Sept.| Oct. |Nov.| Dec.| nual
1909._. 2.8813‘19 2.68| 0.500 0.28] 0.71| 2.50| 5.74| 1.80[ 0 1.60[3.10[24.88
1910..| 2.79| .39(38.22| .B0|0 50| 1.88| 3.40| .41 .B9| .88 .97)15.53
1911..|2.76 2.72| 2.64| .22 T| .22)5.71|2.76(8.47|2.68| .22/ .69124.09
1912 .| .12| .14|5.43|1.48] .55/ .67/3.70] .81 .06{4.43] .25 .8818.62
1913__| .95/ 3.66|1.28 .09 T 16| 2.16| 4.44| 1.87| 1.26| 1,88| 1.47/19.12
1914_.| 2.29| .86] .48| .75 .84|1.22/8.76/2.66| .89 1.84 T|2.2317.82
1916..13.1912.95| .95/ 4.35/2.15 .36/ 2.92] .67| .b4| .29|1.35|4.45/24.16
1916 8.567] .82|2.69] .03] .35/0 3.64]3.97[2.01| 3.82( 0 1.15/26.95
1917__| 2,98} 1.43| .58/ 4.40] 1.13 02] 5.10| .92) 1.62 T T Ti18.18
1918 12,011 2.13;5.19 T T|1.76 3.6713.25/1.01| .73 1.58|2.61.23,94
1919__ T|2.75| 1.68| .68|3.564 T|8.39) 2.32| 3.22| 3.71| 4.56/ .98:31.83
1920..| 1.85/ 6.44/3.09/ 1.10/ 1.13| .08/ 2.00{2.38/ .91|2.94| .97 1.02{23.91
1921__12.70] .47)1.49 1.47/2.37] .83 4.93)4.92| .16)3.04| .65 4.62)27.55
1922 | 4.46/1.85/3.11 1.54{1.23/1.31|1.16/2.63|1.40(1.63|2.64 1.87/24.72
1923_.|2.69| 2,80/ 2.85 .93 .83|0 4.03)2.70] 4.49] .32| 2.66/ 4.39(27.09
1924 _ . T| .09/2.92|2.27] .09 .21]|3.34| .20|3.15/1.52| .73 4.48/19.00
1926_.| .13{1.00{1.77(2.07( 0 1.18/ 1.73|3.7213.37/2.38(1.53 .11[18.99.
1926_ | .14[1.58/2.58/4.09)1.93| .60/ 2.12| 1.12|1.14| .59|1.02| 3.36(20.27
1927__| 1.22| 6.22 1.66/1.38 .90| 1.87 2.01|3.76)4.71] 1.27) .67| 2.16[27.81
1928_.11.07)1.94] .80 .58/ 1.12 10| 1.95| 6.78| .44|3.07| 2.28|2.0221.15
1929__|3.24/2.60{2.14 .97 .84 T|4.88] 7.24] 1.88] .40 .03 .01]24.13
1930._]4.18| 1.87]2.27 1.26/ 1.08 55/ 7.32| 2.22| 1.64| .28|2.84/ .05|25.56
1931._| .46/2.76| .28 1.57/1.0711.63|2.48| 4.64/ 2.67 1,05 3,07 3.22(24.90
1982_.11.42)6.19/1.13 1.50[ .65/ .56|2.04/3.79/1.47/1.60|0 2.65|23.00
1933..)3.17 .59 .06 1.60/1.08 14| 2.84] 4,05/ 1.25| 2.97,1.26| 1.09.20.10
1934 .77)1.28] .49 2.90)1.55 40 1.88) 5.92) .30] .0& 1.16|1.35|18.10
1935..14.70/ 2,95[2.90 1.10| .91 12| 2.14] 4.78/ 2.83 .09 .85| 1.26|24.43
1936 .1 31| 4.52|2.71 .41| .20|1.66|5.42| 6.82| 1.89 1.79| .58|3.13(28.44
1937..14.63! 4.50) 3.92! .25'1.63| 1.62)4.40/2.19|1.87| 0 .26] 2.98|28.24
193%..11.48/3.94| 5.63 .76 .16{1.27(1.34(4.26|1.16/ .95 .72| 3.38/25.05
1939__ 2.0/ 2.09/1.84 1,05 .06l .04| .63 3.97|3.66| .55/ 1.47 .14|17.08
1940__ 2.90(3.37 .41 2.98 .3001.37 .13[2.80 5.47| 3.67| 1.69| 4.35|28.84
1941.. 2.56|2.74/ 3.09 4.48 .64 .98/ 1.87| 1.87 3.30[ 4.93|1.08| 3.72(31.26
1942 1 67| 2.48/1.19 2.19 't 0 1.89( 1.29] .88/1.14] .29 2.25(15.27
1943 4.38{1.%4|2.61) 1.18" 2" 38| 1.45 5.34| 1.52) 1.96] .27 2.23|23.41
1944 1.96] 3.8%8] 2.26| 2.62' 1.33 T(1.22]1.90(1.17) .97| 2.438 1.99(21.78
1945__12.589| .75/ 5.06] 1.07 .04| .06|2.18| 3.42 34/ 1.12 16| 3.57]20.36

1 In virgin stand of ponderosa pine, altitude 7,400 feet.

Growth Periods of Ponderosa Pine

It is of interest that the height growth of ponderosa pine be-
yvond the seedling stage takes place almost entirely during the
driest season of the year, namely in June and early July. Buds be-
gin to elongate in May or even in April, but subsequent cold spells
usually check this early growth so that it seldom gets well under
way until the middle of June. During the early part of the season,
shoot growth is a more sensitive indicator of temperature than of
moisture because trees whose roots are down 2 feet or more in the
soil are largely independent of current rainfall, but available heat
energy at this season is so near the minimum that a slight drop
halts growth. The foregoing applies mainly to the middle and up-
per zones; growth dates are earlier and less subject to fluctuation
in the lower and warmer portions of the type. Later in the season,
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after temperature ceases to be critical, soil moisture appears to
be the controlling factor.

In years of more than average April-May precipitation, pine
shoots grow unusually long (53). Maximum height growth takes
place during Juue and early July; it tapers off rapidly after about
July 10 and approaches zero at the end of the month. Regardless
of summer rains, height growth slows and stems harden during
July. Fowells (22) working in the Sierras of California, where
summer rains are normally light, reported practically the same
dates for height growth,

Current diameter growth is less readily observable than is cur-
rent height growth. Dendograph records by the author (55) in
Arizona, by Fowells (22) in California, and by Daubenmire (20)
in Idaho indicate trends generally similar to those of height
growth, though with a tendency toward greater prolongation of
diameter growth in Arizona. More pronounced radial growth in
Arizona than in California and Idaho during the months of July
and August appears to be associated with Arizona’s summer rains.

Needle growth begins later and terminates later than shoot
growth. By the time pine shoots in Arizona have made half their
seasonal growth, the needles have barely emerged from the papery
scales which enclose them; and by the time the shoots have at-
tained full length late in July the needles are only 2 to 3 inches
long. The needles continue to grow well into autumn, attaining a
length of 6 to 8 inches by October 1. '

Low temperature in early spring when surface moisture is gen-
erally abundant accounts for the fact that pine germination in
Arizona is almost invariably delayed until midsummer. Germina-
tion requires an average daily soil temperature of about 55° F.,
which is 1ot usually attained until the middle of May. A few de-
grees more of heat in April would enable pine seeds to germinate,
but by the time temperatures have risen enough to stimulate ger-
mination the topsoil has become dry. Only once during 85 years—
namely, in 1919 when 3.5 inches of rain fell during the month of
May—has appreciable germination taken place in the vicinity of
Fort Valley prior to July, New Mexico, in contrast, may have copi-
ous rains in May aud June, with the result that germination during
these months is not uncommon.

LIGHT AND MOISTURE REQUIREMENTS

The relative importance of light and moisture in relation to for-
est tree growth has been a subject of controversy for many years.
Dif_ferences arige largely from the fact that in nature light and
moisture, or their opposites shade and drought, are so ¢losely re-
lated that the influence of one cannot always be separated from
that of the other. When a tree is shaded by other trees it is also
subject to their root competition, although the converse is not
necessarily true. Moreover, the energy called light also includes
other properties, and therefore it is more properly called solar
radiation or simply sunlight. :
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Trees are most subject to the influence of sunlight or its absence
during the seedling stage. In that stage they may be completely
shaded by older trees, by shrubs, or even by grass. It is also in the
seedling stage that intense radiation may injure plant tissues di-
rectly by high temperature or indirectly by drying out the soil,
while at the same time inducing high transpiration; thus the in-
jurious effect of sunlight becomes a heat-drought effect.

Photosynthesis, or the elaboration of carbohydrates, is the fune-
tion most generally ascribed to sunlight, but there are others. Sun-
light is the direct source of heat which warms air and soil and the
plant itself. In most plants more or less direct sunlight is neces-
sary for the development of normal stem form.

Utilization of ligcht and heat energy in photosynthesis is re-
stricted by the availability of water. A growing plant may be
likened, in its use of heat and water, to a steam engine. In the en-
gine. heat furnishes the energy which converts water into steam;
but if water is not supplied as fast as it is used the engine cannot
operate at full capacity. No matter how much fuel is available, its
use is then limited by the water supply. Correctly interpreted, the
situation in the Southwest is this: a relatively small leaf surface
is sufficient to handle all the photosynthetic activity that the limit-
ed water supply can support; and a large crown 1s like a large
power plant which because of inadequate water supply might he
compelled to operate only part time.

A more or less obscure but nonetheless important function of
sunlight is the regulation of plant form (98). Plants kept in shade
tend to become pale and slender. Potato sprouts in a dimly lighted
cellar are an extreme example. Also, if the main source of light
is on one side, the plant bends in that direction, exhibiting the
familiar phenomenon of heliotropism. The usual reaction of trees
fully exposed to strong sunlight is abnormal lateral develonment
expressed in broad crowns, coarse branches, and thick. sharply
tapering boles. Shade retards lateral growth more than height
growth, with the result that the crowns become narrow and the
boles slender with little taper. The ultimate form depends much
on the duration of shade and whether or not the top is shaded. In
general, side shade is beneficial but overhead shade is detrimental.

“Extensive observations supplemented by experimental tests in-
dicate that, biologically, ponderosa pine thrives best in practically
full sunlight, but that controlled shade is essential to produce the
form required in good saw timber. Seedlings grown in half shade
created by lath screens, free from outside root competition, sur-
vive well. and to the inexperienced eye may appear more vigorous
than seedlings in full sunlight; but after about 5 years the shaded
seedlings will have become cxtremely slender and inclined to bend
over. In 25 percent shade, development is more nearly normal;
both the axis and the branches are less coarse than in open-grown
trees, but the stems are sturdy enough to support themselves and
on the whole the form is superior to that of open-grown trees. Tt
the shade is increased to &5 percent, development is subnormal
from the start and within 2 years mortality is almost total (fig. 5).
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F1GURE 5.—Shade effects in ponderosa pine 9 years after planting. A, Full
sunlight; B, one-third shade, open above; C, 85 percent shade, open above;
D, 85 percent shade above as well as on sides.

d

Experiments in Light Requirement

The foregoing relationships with respect to seedlings were
brogght out by experiments in the Fort Valley nursery over a
period of 12 years (61, 69). Direct insolation was regulated by
means of lath screens to give several intensities of shade while soil
moisture was constantly held near the optimum through artificial
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watering. All the tests were replicated, with slight modifications,
at least once. Tables 4 and b and figure b summarize the more sig-
nificant results.

TaBLE 4.—Development of ponderosa pine grown in different
degrees of shade (dimensions, in inches, recorded in 1939)

No 50 percent 67 percent 85 percent
shade shade shade shade
Year planted and . o
kind of stock '
Basal Basal Basal Basal
diam- |Height| diam- |Height| diam- Height| diam- [Height
eter eter eter eter |
1929: . | ‘
Transplants_ . ... 3.13 88 12,027 T4 ... 1 __________________
Seedlings. ... 207 | 79| 151 44 Lo
1932: \ \
Transplants._ .- 1.96| 63| .80 | 40 \ 0.44 \ 30| 0.36 18
1 :

1Top shades were yemoved in 1936 to make room for height growth.

Previous to these light requirement experiments, light measure-
ments in the forest had been taken over many years with a pho-
tometer, using sensitized paper (54). A comparison of readings
among seedlings that were cxpoged to different light conditions
and observed to be in different states of vigor, led to the conclu-
sion that they do not develop normally where they receive less than
0.4 of full sunlight.

The foregoing results differ materially from forest and green-
house tests which have been reported by various investigators
(5, 24, 35, 86). The difference is probably due to the fact that the
latter tests have been largely confined to measurement of height
growth alone, without regard for diameter growth, and have been
of too short duration to permit full expression of the effects of
shade.

The removal of overhead screens as indicated in table 5, per-
mitting direct sunlight to enter from above, was suggest_ed by ob-
servations in the forest where seedlings start in openings sur-
rounded by tall trees. In the nursery test, excellent development
was obtained under dense side shade but with access to full sun-
light from above during 4 to 6 hours each day through the sum-
mer. The same relation holds in the forest but with the difterence
that seedlings subjected to side shade are also subjected to root
competition from larger trees, to say nothing of herbaceous vege-
tation. Nevertheless, the form of saplings and poles which have
grown up in small openings is so superior that side shade is
regarded as an indispensable instrument in silviculture (fig. 6).

Ag trees emerge from the pole stage they become less subject to
overhead shade and thenceforth the light question resolves itself
almost entirely into a matter of overhead insolation and side
shade. This fact assumes many different aspects, all of which are
important. In dense, even-aged stands mutual shading reduces jche
size of crowns by restricting lateral development and by causing

TABLE 5.—Development of ponderosa pine planted in 1935 under overhead shade as compared with side

shade on ponderosa pine planted in 1935 (dimensions, in inches, recorded in 1939)
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50 percent shade

85 percent shade

33 percent shade

Open above

Covered

Open above

Height ] d

Covered

Open above

Covered !

Kind of stock

Basal
lameter

Height

Basal Basal

Basal
diameter

Basal

Basal

Height d

Height

Height

Height a

diameter

iameter

iameter|

diameter

0.20 |

1.0'41

22

.o
o

0.99

7|

®

32
16 °

0.62

31
16

Transplants_ __
Seedlings __ .

t Covered plots shaded above as well as on sides. Open plots shaded only on sides

2 Died first vear.
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FIGURE 6.—In the forest, saplings in open spaces surrounded by tall trees

develop slender stems and fine branches like those induced by artificial

side shade in the nursery, as shown in figure 5, B and C.

the base of the living crown to recede upward in consequence of
the progressive dying of lower branches. Root competition for
moisture may be a contributing factor in this movement. Within
limits, the loss of side branches is beneficial in clearing the bole.
Dominants which gain a lead of as much as 10 feet during the
early pole stage evade to a large extent the influence of side shade
and tend to become too limby for good saw timber.

Interrelation of Shade and Root Competition

Small groups display the characteristics of both dense stands
and open-grown trees. Interior members of tree groups tend to
become subordinate in size and general development because their
root zone and moisture supply are restricted, rather than because
their crowns become narrow and short under the influence of side
shade, As illustrated by figure 7, outside members of the group de-
velop one-sided crowns, the branches dying on the inside but at-
taining abnormal development on the outside. Such trees usually
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Fleure 7.—A 200-year-old i
i . - ponderosa pin
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but of relatively small diameter,

lean away from the group.
trees is most conspicuous in p
from other trees, their leani
butt logs may be almost cl
branches on the outside.

Outside members of a i i
! s group grow rapidly in diamete
though their crowns may be one-sided, because their rool;;se;f‘g

The for.'m characteristic of outside
airs which grow up at some distance
12 boles forming a distinct “V"; the
ear on the inside but bearing large
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usually free to extend away from the group into fields of low root
competition. Interior dominants, even though they may have good
crowns, grow slowly because their roots encounter too much com-
petition.

In the Southwest, sunlight, unlike soil moisture, is always pres-
ent in virtually inexhaustible quantities which can be made avail-
able to any tree by the simple expedient of removing obstructing
trees. Small trees, in the seedling, sapling, and pole stages, may
be more or less completely screened by larger trees and suffer from
light deficiency. In trees that have passed the juvenile stage, the
problem is more often one of restricting than promoting the access
of sunlight. With tops free, sunlight is much less likely to become
limiting than is soil moisture.

Although cutting acts most directly in the introduction of sun-
light, it is nevertheless an effective means of relieving or avoiding
stagnation due to deficient soil moisture. According to measure-
ments at Fort Valley (51), opening up the ecrown canopy in dense
groups may increase the proportion of the total precipitation that
reaches the ground by as much as 40 percent. The greatest benefit,
however, comes from reducing the number of trees which are
sustained by a fixed water supply within a definite soil area. If,
for example, 100 blackjacks are occupying an acre of land and 50
average specimens are cut, those remaining, if well distributed,
will have available the total water supply, meaning that the allot-
ment to each tree has been doubled.

Ponderosa pine exhibits a remarkable capacity for appropriat-
ing soil areas which have been vacated by felled trees. The roots
of a medium-sized tree commonly radiate 50 feet or more, as
shown by many years of experience in soil sampling, ditching, and
digging post holes. Because they interlace with the roots of neigh-
boring trees, response to the removal of competing neighbors
usually takes place within 2 or 3 years, and often the first year.
That the characteristic acceleration of diameter growth under
these conditions is due primarily to moisture rather than light is
evident from the fact that large-crowned dominants respond in
much the same way as do small-crowned subordinates.

SOIL REQUIREMENTS

Ponderosa pine is not exacting in regard to soil (5§7). In Arizona
and New Mexico, it occurs on soils derived from igneous forma-
tions—basalt, granite, and cinders—as well as on soils of sedi-
mentary origin—Ilimestone and sandstone. Soils in the ponderosa
pine type are usually low in organic matter and about neutral in
reaction.

Soil variations affecting distribution of ponderosa pine are
more likely to be physical rather than chemical. Variations in
depth, physical composition, and organic content exert an im-
portant influence on the amount of moisture available for tree
growth. In general, sandy or gravelly soils are more favorable to
the establishment of ponderosa pine reproduction, but growth on
the heavier clay soils is usually good once trees have passed the

seedling stage.
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STOCKING |

Few subjects in forestry present so many co i
as stocking, Assuming uniform distribution,yitcrrrlr;ghkc)ztggsgiiﬁgcgs
ascertain what basal area in a given age class will give the maxio
mum cubic Increment per acre, but that is not the answer if the-
desired product is sawlggs. Even if the increment be expressed in
board feet, there.remal_n the questions of form quality, desired
sizes, and economic cutting cycles. In other words degree of stock-
ing cannot be satisfactorily reduced to a rule expfessed in number
of trees,. basal area, cubic feet, or board feet per acre o
Notwithstanding many variations, however, certain fundamen-
tals must b.e'recggnlzed: (1) Stocking should be such as to obtai
effective utlhzat_lon ot: the soil. (2) It should be such as to rodh .
efficiently the dimensions and form suitable for the desire% proge
uct. (3) If the product is saw timber, stocking should be such a—
to promotp natural pruning and regulate texture or “praj 3
th%(:)ugh wn(iit}_l of annual rings. gram
, uXpressed in concrete terms applicable to ma
ing resolves Itself into spacing. In stand improveﬁiﬁ‘f?ﬁgth;ﬁggl&
cuttings, the tlmbe_r marker is continually asking how much spac
is required by a given tree for effective growth. The answer‘pobe
viously depends on the size of the tree and the rate of growth 4 i
sired. A 24-inch tree requires more space than one of 18 inchee_
?r?;&;l;la;n(;trer %lowtt}i of 2hinches per decade calls for wider spas,
growth of 1 inch in the same tree. Max; i -
growth of individual trees does not necessarilyaf{nlnrgluymrriiiglne&?rll

increment it 1 : -
quality. per acre, and it is usually attained at a sacrifice of

Space Requirement

“Space requirement” is a relativ i

1 s e term and is theref -
what a misnomer. _Strlctly speaking, it is the space re?qllleirse?imt?o

pri)gulce a precgngefz:ed state of growth and form
| reglons of deficient precipitation space re 'uireme i i
' . s nt -
g}l;;;l); c;grtexg;‘egswp Ofl wattetrdrequirement, alf?hough lighltS 511;10

, reviously stated. If spacing is so wid
vent full occupation of the soil b i AN o
( _ t v the roots, incomplet izati
lpf t}_le available soil moisture results. If, on the otﬁeereh:).lrt;élZ;lpt>lalocrj
r;lagymngi)obglous:eshg Tgls%uret s%pply, though completely abs’orbed
) 0 the best advantage. Both conditj :
iocahzed understocklng and localized overstocking 103%1;01:1??215
trl'lefm(:; tt;}}ll:tsl?gll’let %rea in ponfderosa pine stands. ft is in the ex-
ecomes a factor. The crowns beco t

or too small accordi i ig Getormirge
mc'iinly by apeseor ing to their access to sunlight, as determined

spacing table for trees of different diameter

) s (tabl
beoecr}(géelx)s;gg gée%exten Cg40). H}los source of materia(l waz g)w}:jf
3 , - stand on a better than avera it
Southwest, The values gi i Cent conipior the
vest. Ve given in table 6 represent conditi

found in a prevailingly mature natural stand; they al?ennlgtlor?:cez?
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i i iti ol for M: of growth;

timum conditions for either form oy rate of g
iilgﬂg]r otphgrn express the adjustments resulting from the struggle
for su;‘vival. Wider spacing would probably be required for good
growth on most sites in the Southwest.

TABLE 6.—Theoretical spacing and wolume in a well-stocked stand
of ponderosa pine’ (Lexen)

Space

istanc 5 Volume per
i t hreast Dlstdnge Trees
nggeﬁ:r(ﬁwhes) oceupied apart ? per acre o a‘crer;__
T K cel Fecl Number Board feel
qqumflz 3.5 3,615 4 A
o 41 64 1,073.7
6 - o 88 9.4 492.3
S ' . 156 12.5 279.6
oo oo 243 15.6 179.6 . e,
v o 348 18.7 125.0 4,600
YR o 474 21.8 91.9 7,500
18 I 619 249 704! 10,800
8. o 783 28.0 55.6 14,400
A ' 967 31.1 45.0 17,500
0 1,170 34.2 37.2 20,400
5 o 1,393 37.3 31.3 23,000
A 1,634 404 26.6 25300
o N 1,896 435 23.0 26,900
o 2,193 468 199 28 500
o 2,476 498 176 29,600
32-- o 2,796 52.9 15.6 30,‘08
Moo o T 3,135 56.0 13.9 31,00
W o 3’493 | 59.1 12°5 31500
30" . 3870 62.2 1.2 31,600
9 4,268 65.3 | 10.2 31,600
o ) 4,684 68.4 9.3 31,700
6 ) 5,120 71.6 8.5 31,200
J SR 5,575 4.7 7.8 31’008
g%"’ ' ) .. 6,050 77.8 | 7.2 30,90

i
e = LR
R Based on 100-percent cruise of 640 acres on the Long Valley Experimental
Fo?rfstéuming‘ a rectangular space. Actually, the space occupied is irregular.

Regulation of Spacing

ieation of spacing rules is difficult where trees of dlﬂferent
sizésgltza?;l%ermingled, or where the stand is groupe(? as is the
prevailing habit of ponderosa pine. Densely stocked gr oup§dmix;11é
age to carry on by sending their roots 50 or more feet outsi ?
group, provided they do not elncqtgn_telghtoq rrt]urci}(;1c?rr1r(l£r?1t)$gnofrt()}§2
i i roups. As a rule, it is the Interior me S 0
g?gi};)bsg;?iugﬁer I;)nost from moisture or light deficiency. Th.ey can
be relieved either by thinning within the group or by cuttlngtspnrég
of the outside members, thus allowing the roots to reach pudm
formerly occupied territory. Dominants are able to grow m” e%;ee
stands by robbing their smaller neighbors, which eventually be-

come suppressed. Natural thinnings made in this way are costly, '

especially if the dominant ig of inferior timber quality.
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Dense stocking is desirable in young stands.—During the pole
stage, when the stems are shaping up, diameter growth is sec- .
ondary to form and natural pruning. Dense stocking should be the
rule. Overstocking in this stage is preferable to understocking, be-
cause in the former case, dominants usually assert themselves. If,
as a last resort, thinning hecomes necessary, removal of only
enough stems to encourage the development of dominants will
break the deadiock. If pole stands are too widely spaced, pruning
provides a partial remedy. Progress of natural pruning provides
an excellent criterion as to proper density of young stands.

Spacing guides must be flexible—The guides in table 6 are for
application in princ.ple rather than in letter, because the stands
must be taken as found and remedies must he sought in modifica-
tion rather than reconstruction. In overdense sapling or pole
groups, the cost of artificial thinning is usually prohibitive, ex-
cept to the extent of releasing a limited number of selected stems
designated as crop trees. As poles approach the 12-inch diameter,
thought should be given to utilizalion. Often the solution may be
to wait until occasional stems hecome large enough to yield a log,
a railroad tie, or a mine prop, then cut them, thus automatically
releasing the nearest neighbors.

In practice, only part of a young stand will have optimum spac-
ing. Some portious may be too dense and others too open. Under
intensive management the answer might be uniform thinning in
one instance and planting in the other, but neither of these correc-
tives is now feasible on a large scale. A practical and economical
means of opening up thickets is to poison (63) dominants of poor

form here and there and depend on the resulting breaks in the
canopy to encourage desirable stems to gain dominance. In spots
of wide spacing, early pruning will insure a clear butt log, and
since trees in these situations grow rapidly they can be left to at-

tain large size. This subject is discussed further under Stand Im-
provement,

Thinning in Seedling and Sapling Stands

Although overdense sapling stands are rather common, thin-
nings are not considered feasible or necessary in the Southwest.
Although correctly timed and executed thinnings might be ex-
pected to increase the growth rate, the cost under present con-
ditions would be far out of proportion to the benefits, Moreover,
dominants generally make their appearance in the sapling thickets,
and once they gain the lead, they hold and increase it. Even the
densest stands seldom stagnate as they do in some other regions.

A thinning experiment on the Sitgreaves National Forest illus-
trates the foregoing observations. Large areas in the Decker Wash
district became densely stocked with ponderosa pine in 1914. In
1926, when the seedlings were mostly between 2 and 3 feet tall,
five plots of 50 x 125 feet were thinned to different densities, as
shown in figure 8 and table 7. Density of stocking before thinning
varied within plots from 10,000 to 50,000 per acre. Measurements
were made at 5-year intervals on a 5 x 125-foot strip in each plot,
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FiGURe 8.—Thinning plots on the Sitgreaves National Forest in 1936. Re- F-330509.330515

production started in 1914, was th_inned in 1926. A, No thjnnjng; note FIGURE 8 c;.)ntinued—'D 30-36 inch thinni

uneven contour of top line, indicating the development of dominants. B, E, Thinned to 10 x 10 feelil;]cgr;slsnnmg’ Colmplete needle cover,

y cover almost complete.

Thinned to 20-24 inches. C, 20-24 inch thinning, showing uneven heights,
a most desirable feature.
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except that the entire plot in the 10 x 10-foot spacing was meas-
ured. Differentiation in height was already noticeable in the first
measurement and became more and more striking with succeeding
measurements. It soon became apparent that the relative merits
of the several degrees of thinning would be determined not by the
average height growth but by extremes, in other words the ap-
pearance of relatively few exceptionally tall stems capable of dom-
inating the rank and file.

TABLE T..—Number of trees by height classes above 6 feet on
5 a 125-foot strips i 1941, on Decker Wash plots, Sitgreaves
National Forest, thinned in 1926

Number of trees in each height class (feet)

Thinning treatment o [ _ _

| Under T 7 8 9 10 11
—_— — | |
No thinning. .. ..__.__. 137 47 14 1 0 0
20-24 inch spacing. .. _. 300 34 8 1 0 0
30~36 inch spacing_..___ 113 23 20 24 7 0
40-48 inch spacing____ __ 152 17 10 7 3 5
10 x 10 foot spacing '_ _. 51 8 4 1 0 0

' Based on entire plot.

According to table 7, the tallest trees are in neither the densest
nor the most heavily thinned stands, but in the intermediate thin-
nings. Nevertheless, the unthinned plot contains as many distinct
dominants as are needed to develop the desired irregular crown
canopy.

Height growth in all the plots has bheen greatly retarded by tip
moths, which appear to be most active in the heavily thinned
stands.

An important factor in future development is the relation be-
tween density and ground cover. In the 10 x 10-foot spacing, blue
grama grass in 1941 formed a broken turf; in the 40- to 48-inch
spacing grasses had been'largely replaced by needle litter; in the
closer spacings replacement was complete and a uniform mat of
needles covered the soil. From the standpoint of tree growth and
water infiltration, needie litter is the more desirable cover.

It is too early to draw final conclusions. During the next 10
years the dominants will be entering the pole stage and in 20
vears the sapling stand will have been converted into a pole stand.
Only then can final judgment be passed. The desirable type of pole
stand is one in which the dominants have been crowded by sub-
ordinates sufficiently to bring about natural pruning on the lower
portion of the bole; but if the dominants should be numerous
enough to compete severely with one another, additional thinnings
will become necessary.

Arbitrary stocking or spacing tables, whether applied to sap-
lings, poles, or more advanced classes, are impractical in the many-
aged and otherwise heterogeneous stands generally encountered
in ponderosa pine. An ecological approach is more satisfactory.
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Saplings and poles should be dense enough to prom

pruning without stagnation. The foremostgob]’ect?ve inOttemrslastélar;é
Ls to build a growing stock. Above 8§ inches d. b. h. the increment
‘ }(])rell" 1s a good guide. Up to a diameter of about 24 inches the goal
S };)u d 'be_ a diameter growth of 1.5 to 2 inches per decade, and
where it is less than the lower figure thinning is in order. As di-
ameters advance beyond the 24-inch class a moderate decline in
growth rate must be expected, but it should be kept as near to 1.5

inches per decade as possibl '
et 1 o, eca decadg. ssible and should not be allowed to fall

FORM

Form may be more important than volume i ini
! e in determining th
Eza]ue of a stand for saw timber. Of the form characteristics vs%rhic}el3
end to lower j:he value ‘of stems those most common in the South-
west are: rapid taper, coarse branching, forking, crook, and lean.

g?atr:gny Instances two or more of these characteristics are asso-

High Taper

Taper acts directly in reducing board-foot volume, i
logs are scaled at the small end and the number of ’lolgrrlj?;m;c}tlrgz
éiedgtizmltréed F}t]hthf) rlne%rc]hantab]e length below the point where
ler o e bole falls i ¥ s ini-
ml}{m merchantanis pole alls to 8 inches, or whatever is the mini-
apid taper is an effect of open spacing and long wins
not uncommon to find open-grown trees 1% incheg dc? l()m})l 'c](:ntlzflrt
ing but a single 16-foot log whose upper diameter is only 8 or 10
ﬁlch_es. An 18-inch, 1-log blackjack, according to the Southwestern
Region ponderosa pine volume table, contains 100 board feet, but
Ind}VIduals,of the wolf type may scale only half that muchi An
18-inch blackjack grown in g fairly dense stand usually contains
three logs and scales 200 board feet. The lesson taught by these
comparisons is that d. b. h. measurements alone may give a mis-
leading e;stlma!:e of volume increment. Long-crowned trees usually
are credited with a much higher rate of inerement than they are
entitled to on the basis of actual growth in merchantable volume.
Add.ed to the waste and loss of stumpage values in trees of hig};
taper is the cost per M of transporting and handling logs a large
part of whose contents goes into the slab. In hewn tie operationq(
the labor cost is materially increased by sharp taper. Stems of the

dimensions usually cut for poles may likewi g 2
less by iah toall y wise be rendered value-

Abnormal Branching

Coarse branching is commonl] i i i
bre ng i y associated with high taper, both
characteristics being the result of a common cause—'openpspacing
1tn youth. The ]ovsfer branches die eventually, even in open-grown
rees, but not until they have grown too large for natural pruning
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(fig. 9, A). It is not uncommon to find trees over 24 inches d. b. h.
whosge first two logs are studded with dead branches or stubs 3 to
4 inches in diameter. In sawn timber, these dead limbs result in
large loose knots in the outer layer of wood deposited since the
branches died. They also are the most common entrance point of
heart rot (2, 3, 42). Although small pieces of clear wood may be
sawed out between knots, the whole picture is one of inefficient
production. Wlen the branches are large in diameter they are
also, as a rule, numerous and close together. If the distance be-
tween branch whorls is 2 feet or more, quality material can be
sawed out between knots, but if the whorls are only 1 foot apart
or even less, a common arrangement in wolf trees, resaw opera-
tions are hopelessly handicapped.

The only way to obtain high-grade sawlogs from open-grown
trees in the Southwest is to prune to the height of one or more
logs while the trees are relatively small, preferably below 9 inches
d. b. h. Since open-grown trees commonly attain a diameter of 30
to 40 inches in 150 years, they offer an excellent opportunity for
profitable pruning if the operation is performed in time.

Mistletoe is a contributing cause of coarse branching. Asso-
ciated with the large branches are pitch flow and distortion of the
bole. 1f, however, the affected tree is in a dense stand, the abnor-
mal branches usually die at an early age, although the mistletoe
continues to be active in the bole,

Forked Boles

Forking is the cause of much waste and sometimes the loss of
an entire tree. A fork within the first log length results in exces-
sive if not total waste of what is usually the most valuable part of
the stem (fig. 9, B). Forking above the first log length is less seri-
ous, and in large trees it is sometimes possible to utilize all or the
major portion of the members of a fork.

The cause of forking may be either hereditary or accidental.
Positive proof of hereditary forking is not available in ponderosa
pine, although circumstantial evidence is not difficult to find.
Strongly suggestive of this are trees which fork and refork, pre-
senting a succession of forks in each of the main divisions of the
trunk.

Examples of forking due to injury are abundant and in many
instances the chain of evidence is complete, The most familiar ex-
ample is that of a crotch with a dead, pitchy spike in the middle
remaining as mute evidence of how, some 50 years earlier, a por-
cupine girdled the main stem and two or more side branches grew
up around it. Essentially the same effect may be created when the
slender terminal stem is cut off or peeled by the Abert squirrel or
killed by the pine tip moth. In this case, however, the terminal

stem is usually smaller and breaks off and disappears. The gen-
eral effect of killing the leader is to stimulate the growth of side
branches, and thus wolf trees may result from injury rather than

heredity or early environment.
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Crooked or Leaning Boles

rooked and otherwise deformed boles are the result of various
fm?ms of injury, including those which cause forking. One of the
most common sources of crook is show pressure. A s]en_der stem
is bent to an angle of perhaps 45 degrees from the vertical by a
load of snow, When growth resumes, the young leader rises ver-
tically, and although the old stem struggles_to regain the upright
position, it often remains out of plumb'whlle the new top grows
erect, Similar effects are brought about in many ways, notab]}{ by
windfall or logging in which a large tree or log is thrown against
a aller one.
: err;an is in most instances purely a natural phenomenon. When
several trees start in a group, those on the edges tend to lean out
away from the middle of the group if there is an open space ad-
joining (fig. 7). The base must remain fixed but the top is pushpd
outward, so to speak. If these forces act throughout th_e early life
of the tree the stem may remain stralght though inclining at an
angle from the vertical. If leaning trunks are in a stand, neigh-
boring trees exert a counter influence, but if they border on an
opening the tops grow farther and farther apart. The branches
on the inside are shaded out while those on the outside are unre-
strained. Thus, the unequal distribution of weight exerts an addi-
tional force which tends to pull the trunk away from an upright

n' . .

poilgl%ing boles tend to develop a structural pecuhgrlty on the
lower side known as compression Wood. Compl‘es§1op wo_od is
brash and weak, warps badly, and in other ways is inferior to
wood of normal structure.

AGE CLASSES

oldest ponderosa pine on record in the Southwest bore 650
1~ir;I;;};eon the sptump. Tregs over 400 years old are found occzfsm?&
ally, but mature trees in ge}rlleragl)o%re not much over 300 years o
a st of them are less than . ' )
migrfr:eoi;t tohe Southwest is commonly determined by ring cou.r}ts on
the stump without correction for the. number of years required to
reach stump height. Although techr}lcal_ly incorrect, this practlf(:ie
is regarded as legitimate as long as its ]1m1ta}t10ns are understood.
The time required to grow from the g_round'hne to stump helg}}t }ﬁ;
extremely variable because of agencies which retard early helgh
growth. Except as a measure of the:se reﬁardmg 1nﬂuences,'t e
time required to reach stump height is unimportant because in a
selection forest, seedlings cannﬁt l])g, Saéd to be occupying space or

ing water in competition with older trees. ' '
usglfysii%ogically, t{)lere is no apparent reason wh_y ponderosa;1 pm(t:::
should not commonly live to an age of 500 years in the Sout wes
as it does in eastern Oregon and eastern California. H!gherhpr]eé
cipitation and faster growth in Arlzorga and New Mexico shou
favor a longer, rather than a shorter life,
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Why do relatively fow trees in the Southwest attain really great
age? One answer is lightning. As soon as a tree rears its head well
above the general crown level, it becomes a lightning rod. Light-
ning is one of three most common causes of mortality in the South-
west, but it is a minor factor in California and the Northwest.
Lightning may not be the sole cause of the earlier death of south-
western trees, but it is undoubtedly a major one.

For purposes of management, trees are commonly divided into
six broad age classes: three juvenile classes (seedlings, saplings,
and poles) ; blackjack, under 150 years old; intermediate, 150 to
200 years; and yellow pine, 200 years or over. The three older age
classes, readily recognized by the color of the bark and form of the
crown, are the basis of important silvicultural distinctions in man-
agement.

Juvenile classes—Below the 12-inch diameter are the seedlings,
saplings, and poles, of ages commonly ranging from less than 20
up to 80 years, and occasionally higher. These classes are the
source from which must come the replacements as merchantable
sizes are cut or lost through mortality. .

Plackjack class.—Blackjacks are young trees which possess all
the hiological advantages of youth. They are characterized by a
dark, almost black bark, a relatively short, rapidly tapering hole,
a pointed or rounded top, and ascending upper branches. Although
sometimes attaining large diameters, blackjacks are character-
istically shorter and more tapering than are mature trees of the
same diameter. Clear and select lumber grades form a smaller per-
cent of the volume than in yellow pine; but blackjacks also contain
less of the extremely low grades due to heart rot and large, loose
knots. In blackjack lumber from trees well grown and harvested
in the right stage, there may be knots, but these are mostly of the
firm and relatively small type permitted in lumber grades No. 1
and No. 2 Common. Defect due to heart rot in blackjacks is gen-
erally less than 5 percent of the gross volume.

Intermediate age class.—Intermediate trees have practically
all the biological advantages of blackjacks. They represent a tran-
sition stage from blackjack to yellow pine. This applies to the color
of the bark which may be described as turning from black to yel-
low or brown. Intermediate trees are often dark on one side of the
trunk and light on the other, and the upper portion of the bole is
darker than the lower part. The tops are somewhat more rounded
than those of blackjacks. The branches generally are more nearly
horizontal but the upper ones are distinctly ascending. Boles of a

given diameter are longer and less tapering than are those of
blackjack though less cylindrical than those of vellow pine.

As in blackjack, the percent of heart rot is relatively low. Di-
ameter growth is almost as vigorous as that of blackjack. Lumber
grades, however, are likely to reflect the disadvantages of yellow
pine without its advantages. After the lower branches die there is
a period during which new wood is deposited around these dead
branches or stubs, thug forming loose knots. Unless the bole has
been pruned, this period falls predominantly in the advanced
blackjack or the intermediate stage. Left to grow to full maturity
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and to the large diameters common in the yellow pine stage, many
of the branches are shed and overgrown by a layer of clear wood.
If grown in dense stands or if the bole is pruned while the branch-
es are still alive, intermediate trees will have a central core con-
taining firm knots covered by a clear layer, thus combining rela-
tively high percents of lumber grades from No. 2 Common up
through the Select and Clear grades.

Yellow pine class—Yellow pines commonly range from 200 to
300 years old. As far as years are concerned, trees 300 years old
may have all the potential vigor necessary for good growth and
400-year-old trees are often found to be growing vigorously. When
vigor is declining the reasons for such decline are associated with
but not necessarily a result of old age. Large sizé, which is a nor-
mal product of age, exposes the tree to increased danger from
physical agencies such as lightning and wind. If the stand is
crowded the large tree encounters increasing difficulties in obtain-
ing enough water. Parasites such as mistletoe and heart rot, hav-
ing once gained a foothold, exert a cumulative effect with advanc-
ing years. All things considered, old trees are a poorer risk than
young ones, but age is not in itself a limiting factor. A 300-year-
old tree which has escaped the many deteriorating agencies is not
a poor risk except as large size may expose it to unusual hazards.

Yellow pines are characterized by a reddish yellow or cinnamon
brown bark on all sides of the bole, this color extending quite or
almost to the tip, a flat or broadly rounded top, and horizontal or
drooping branches. Trees which have grown in close formation
have long cylindrical boles comparatively free of branches for one
or more log lengths. Surface-clear logs, however, are rare and are
confined mainly to trees of large diameter. Boles affected by heart
rot suffer a large reduction of net volume and this loss, together
with mortality, tends to offset increment in trees over 30 inches
d. b. h. Sound, well-formed trees which have cleared their boles
are, however, to be considered for their value increment. In nat-
ural stands they are almost the sole source of clear lumber. In con-
trast, ycllow pine boles that are studded with dead limbs or stubs
are a liability which should usually be eliminated from the grow-
ing stock to make room for more valuable trees.

Balanced Gradation of Age Classes

In order to maintain a sustained yield under selective logging on
short cutting cycles, it is important that at least five of the age
classes—seedlings, saplings, poles, blackjacks, and intermediates
—Dbe well represented. What proportion of the total area or num-
ber should be allotted to each class has not been determined. Con-
siderable latitude is permissible. As for the yellow pine class,
its preselice is not essential in a forest fully stocked with younger
classes. Actually, most stands under management after conversion
from the wild state will contain many gradations within the broad
age classes listed. Assuming intervals of 20 years between classes,
an extreme range of 200 years would provide ten age classes.
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Age-Diameter Relationships

diameter. In order to regulate yield it is necessar
- 0 . . . - tO O =
Eﬁiager:é?;‘é?élns:nr{)ese dmnocilsbtr]_butiolndof diameter cfasses.b szlli:}foﬁegrh
S neg e Ironclad, it is at least essential to have
Many more trees in the lower than in the u r di
ples of actual distribution of diameter classgé)((e)ln ;ameters. Jam-
ual ! f 80 acres
or more are given in the next chapter. On non frtehas ¢ are:
diameter classes under 18 inches d b"h e eprosonton
In typical even-aged blackjack groups ggegﬁlfﬁfl{&epyrgr?tz?l
2\r/réerzltixjshcomrzlonly range from below 12 inches to 26 inche’s or
intermlfdigié’l(};:ogv-;oCllé-slsnche;c(r;eees:calf'e usuall)iE subordinates in the
; pt for greater heig :
;gz\évsni,lsn%hclefmer 11):01651 they are equigalent to S(l)%g:’Sgn‘ngg(l)
. ¢ largest trees are dominants corr i i i-
?meter to yellow pines of the 200-year class. In bgiggéiué}gleég ed;-
'remes are stems ranging mostly from 12 to 20 inches, The group
gs a whole, though actually even-aged (with a 20-year range), is
or management_purposes equivalent to a many-aged group w,ith
age classes ranging from 60 to 200 years. All tre:zs, barring the
suppres_sed or diseased, have the capacity for growth when given
adequate space. Stems over 24 inches d. b. h, are for the most part
ready to be cut now, having already passed the stage of most
profitable increment. Some of the smaller stems have marked time
for 100 years; they may continue in a subordinate role during an-
other cutting ceyecle and then grow rapidly to merchantable size if
reklleased. The fact that such trees may be as much as 300 years old
when harveste.d does not mean that under management they could
not have attained merchantable size in a much shorter period
_Average gl}ameter-age tables are interesting and may be of prac:
tical value if uged \ylth an understanding of their limitations. It
%n.ust be borne in mind, however, that on the same site individ.ual
rees may depart 100 percent or more from the average because of
p‘ecphgr‘ environmental conditions. An example of the extreme
vWaplablhty 1s furnished by a summary of records obtained from the
Ing Mountam area logged in 1939 (table 8). The ages were deter-
mined by ring counts on stumps of trees felled in a second cutting.

TABLE 8.—Age in relation to di
_ ameter for three $0-year
classes on the Wing Mountain area of the Fort ValleyjoExpgf@'f
meﬁtal Forest 30 years after first cutting 1

Age class Diameter at breast height (
o . — Trees in
____Mean L _Eange Mean Minimum J Maximum class
150 Years Years Inches  [Inches ) ‘EL/—L;_ —}\/‘unj);—
lap Tt 111-140 20.8 9.7 40.5 979
240 T - .1f11—17_0 21.8 10.9 39.8 1,058
el T 2312260 312 148 468 251

! Data compiled by Wm. L, Chapel (;Z;).
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Rotation

At present the rotation period is less important than the cutting
cycle; but after the old-growth timber has been removed, the time
required for trees to grow from stump height to a specified di-
ameter will assume increasing importance. Under present utiliza-
tion standards the diameter of the average tree felled in commer-
cial logging in the Southwest is approximately 22 inches, and the
average age is estimated at 250 years. According to table 8, trees
in the 145-year age class averaged 21.8 inches d. b, h,, ranging
from 10.9 to 39.8 inches. At 130 years, the average tree was 20.8
and the extremes were 9.7 and 40.5. From what is known about
the response of tree growth to increased spacing, it seems likely
that with timely improvement cutting 22-inch trees could be grown
on this area in 130 years or even less.

SITE QUALITY

The site classification developed by W. H. Meyer (44) for sclec-
tively cut pouderosa pine forests of the Pacific Northwest has been
used in this monograph to rate the relative productive capacity of
ponderosa pine forests in Arizona and New Mexico. This classifi-
cation recognizes six site qualities varying from I (the most pro-
ductive, where total height of mature dominants averages about
190 feet) to VI (the least productive, where mature dominants
average about 63 feet in total height). On this basis, southwestern
ponderosa pine forests vary in site quality from I1I to VI, but the
large majority of stands fall in classes IV and V.

1t should be recognized that the use of a height-age relationship
may underrate the relative productive capacity of southwestern
ponderosa pine. The prevaleice of lightning tends to reduce the
average height of mature dominants since exceptionally tall trees
are highly susceptible to damage {rom this source.

TREE CLASSIFICATIONS IN RELATION TO
GROWTH

Classification of tree crowns with respect to size, shape, physi-
cal character, and exposure to sunlight dates back to the earliest
silvicultural practice. The basic concept is that capacity for growth
is determined by the capacity of the food laboratory which is
vested in the foliage. A circumstance often overlooked is that the
output of the food laboratory is limited not only by its own size
and mechanical efficiency but also by the raw material and energy
available. The raw materials are mainly water, carbon dioxide,
nitrogen, and certain mineral elements; the energy is sunlight or
solar radiation. Deficiency in one or more of these essentials may
become the limiting factor in growth., Several classifications em-
ploy different criteria.
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Position in the Crown Canopy

_ Dominance, or the relative position of individual r
ina stand, was the basis of the oldest classification azrdeeiqcis(t)i\ﬁn:
sound basis when used understandingly. Four classes dehned in
Ztrletin%ai;cltézgg'g%o%ks, are: Do(;m'nant, codominant, in’termediate
! r suppressed. A fifth class—ope — has
been used with ponderosa pine in the Southwest f%ernisg(;;]rggg 'trtlezet:
not competing for crown space. The limiting factor is assumec&
to be exposure to sunlight. The great abundance of sunliéht in
;?gepggrizr‘;gsié)slnledtype, totgether with the open character of the
o518, Nas led many to assume that light is never i
231?1 Sg%ffgfzr?goilscgﬁntfthg, it?)lportance ofgdoml'n%?meel %(;Egl?éf
v s the fac at a small tree :
wholly deprived of direct solar radiation tPllrétxegch ri?iatgrcbeept?;rr?(;)sf
one or more.larger trees. It is of common observation that whe1}1
ponderosa‘ pine needles are continuously subjected to shade the
?}?co(rine t?}k}nn and'pale and the twigs eventua]l_s; die. In dénse standz
w:rdelfntilotfhet‘g;gi; ?:Igaki)r{mchos profceieds from the ground up:
' mmg green foliage ma
tufts at the extreme tips of tall, slender pgles. 11)17 fﬁg}?]:tt;a?lfd:nﬁg
i)ndlv%duals which chance to be a fow feet taller than their néigh-
bors ave a great advantage. This relation was readily observed
y early foresters, even though they may not have knlown‘ h
ab%qt phgtosynthesw and metabolism. e
lameter growth in the four classes is gen i i
order from. dominant to overtopped, althofgh etrhaglﬁegtg;sqc}?inpdg:f
tT\?/]een dominant and codominant classes is not strictly coﬁsistent
1 e reason for this lack of consistency is that the classification
oes not take ground space into account. Generally a dominant has
%(l)redgropnd space than a codominant, but this is not always true‘.
trezs \?vrﬁilg}?nthglu;hlaJng:b']grOtup' rrtlayf be pressed by many ‘smaller
: , € to interfere seriousl ith 1
to sun]llg'ht, may anroach upon its root zone and %xgggléelgzrzcggii
ﬁ?;nrr?eet?é‘;l?g?:ogg}?gﬁngi“') such positions sooner or later decline in
y elr crowns may suffer shar luction b
loss of foliage through shading of lower br D Codomimmny
0 shs ’ hes. Codon t
generally grow less rapidly than dominalnt 1%11c erowme
and roots, especially the latter are subje te(si tecau§e o Srovms
petition. With correct spacing’ howAeve'z‘ C;'t is oorsns%e Thanse omni.
b . h , g le -
Qagts to grow ag rapidly as dominants. Treespin the ilfggrgaoeddoire?tle
nd overtopped classes are always of slow growth because their
Pposition is the result of crowding. As will be shown later, the slow
growth of trees under domination is no criterion of fowth
pacity when released by management, g “

Age-and-Vigor Classes

Another system of classification is based on age of trees and the

81ze and physical condition of their crowns. It integrates the rela-

tion between the size of th
size of the tree and the area of active crown
leaf surface, assuming that in the final analysis area of leaf sucl)‘l:
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face is a measure of growth capacity. The idea was first intro-
duced by Dunning (21) in California who separated the trees of
cut-over ponderosa pine stands into seven classes. More recently,
Keen (81, 82), working in the Northwest, elaborated a similar
scheme which, though based on the same general concept, organ-
ized the classes on a different plan. Keen used four age classes cor-
responding roughly to the broad age classes of the Southwest:
each clags is further divided into fowr “vigor” classes correspond-
ing roughly to the standard dominance classes, but placing more
stress upon size and density of the crown than upon its position in
the canopy.

A modified age-and-vigor classification was developed by Thom-
son (84) for use with ponderosa pine in the Southwest. Thomson
recognized four age classes and five vigor classes, which may be
briefly described as follows:

AGE CLASSES

I. Young blackjacks (mainly below 12 inches d. b. h.).

I1. Blackjacks of saw-timber size (usually 12 inches d. b. h. or larger).
I11. Intermediates o1 young yellow pines (mature).
IV. Old yellow pines (overmature).

Vicor CLASSES

AA, Extremely large crowns, length 70 percent or more of total tree:
height (wolf-type trees).

. Full vigor, crown 56 to 70 percent of tree height.

. Good to fair vigor, crown 35 to 55 percent of tree height,

. Fair to poor vigor, crown 20 to 35 percent of tree height.

Very poor vigor, crown less than 20 percent of tree height.

o=

gawk

Thomson’s modified classification has been used for describing
individual trees on several of the Fort Valley plots and is the basis
for the “tree class” designations given in this and later chapters.

Keen designed the age-and-vigor classificalion primarily for
purposes of rating bark-beetle susceptibility, but timber managers
have used it widely as u basis for silvicultural practice. The theory
is that growth rate decreases with age and increases with size of
active crown. That young trees grow more rapidly than old ones
cannot be disputed; but under 200 years, age is no serious handi-
cap in southwestern ponderosa pine. As for crown size, growth
figures obtained by mass averaging support the theory; but on
examination of individual trees, exceptions are se striking as to
raise doubts as to the soundness of the principle. Analysis in the
light of plant physiology points in the same direction. It is true
that the average A tree grows faster than the average C {ree, but
many individual C trees grow as rapidly as the best A trees. There
is a “law of the minimum” which says, in effect, that growth rate
is governed by the essential element which is least available.

In a region such as the Southwest, which is characterized by an
overabundance of sunshine and a deficiency of precipitation, mois-
ture rather than solar energy is most likely to be the critical fac-
tor. And growth is dependent more upon a large root system than
upon a large crown. It is possible that leaf surface beyond the re-
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quirements of photosynthesis can become a hindrane i i
excessive transpiration. The enormous volume of lei)nlfg I\I\I/ggcclnig
Class A trees and wolf trees furthermore represents wasted
energy, to say nothing of lumber quality.

It follows that crown size, used as an index of growth, is sub-
ject to the same limitations as crown dominance: neither 4 large
crown nor free exposure to sunlight avails if the root system is
unable to supply the needed water. Class A trees usually maintain
a superior growth rate because, in addition to being dominant
they are also usually isolated. In less degree, the same is true of B’
trees, as cpmpure(_] with those of classes C or D. Not only is crown
size assocmte:d with position but it is determined by position. A
Iar_‘ge crown Is not the cause of rapid hole growth, but is itseli".an
eftect of the same factor that produces rapid bole growth, namely
abundant.mmst.ure made possible by a large root syste,m in aﬁ
area relatively free of competition by other vegetation.

Growth tables based on the age-and-vigor classification have
‘shc.)wn”a marked decline in growth rate through the series of
‘vigor” classes from A to D. These tables, however, disregard the
fact that class A and class B trees usually occupy muZh more
ground space than do class C and class D trees of the same di-
ameter. Briegleb’s (11) tables are based on growth in virgin stands
where A and B trees are the dominants which have appropriated
more tha’n the average share of space. Hornibrook’s (30) and
Thomson’s (84, 85) figures on growth in cut-over stands evidently
have not taken into account the fact that only a small proportion
of the C and D trees have been adequately released in past cutting
whereas the A trees and, to a less extent, the B trees remaininé
afzir ctL;ctmg are generally isolated.

nother practice which places the C and D trees a disad-
vantage is that of throwing into these classes all treeztsiﬁc'g;iildg
from any ailment which has reduced the leat area. Thus a large
AorB tree \thch is declining as a result of lightning, mistletoe
or squirrel injury, automatically falls into the Cor D class. ,

Position on the Ground

Within well-stocked stands it is impossible, without i
excavation, to outline the root pattern of indiv{dual treesea‘j{rfgntsﬁzg
determm.e the degree to which one competes with another. From
observations of windfalls, however, it is apparent that trees within
groups have more restricted root systems than trees on the edge
of the group or entirely outside. Occasionally an interior domi-
nant, usually older than its associates, may send some roots clear
beyond them Into an open space, or a large tree outside of a group
may send roots 11to the group. With the foregoing clues, the fol-
‘lowmg rough classification is used for rating the relative space
§va11aple to the individual tree or its position on the ground, The
ollowing symbols have been used to designate typical positi(')ns:

X, Isolated.—At least 30 feet (usuall
. y more) from oth
1\(/)[. %t;c;r;.i;]?ete}chi% frol;l_g group but neare)r than %0 efgél:ees.
. thal~—In the outside rank of a gr i insi
L Intemor.—Dlstinctly within the groug. oup o only slightly inside.
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Growth rates of tagged trees have shown a fairly consistent corre-
lation with position on the ground. .

Figure 10 illustrates the influence of ground space on diameter
growth in three blackjacks, all in age class Il and crown class B,
but one interior, one marginal, and one open. Despite sxmllarl‘gy in
age and vigor, the open-grown tree is growing about three times
ag fast as the interior dominant.

: o L

Foadduvw

jack i ] 3 in different posi-

"6URE 10.——Three blackjacks, all with class B crowns but in d . .

IILions in a large group. Diémeter growth during decade 1929-39: tiee at
left, interior, dominant, growth 0.8 inch; right, marg'lrr\_a], codominant,
gro(vth 1.5 inches; rear center, open, dominant, growth 2.5 inches.

A Comparison of Ground Space and Crown Vigor

Growth records from tagged trees on the Wing_ Moun‘ga.in ex-
perimental area (S3) provide a basis for comparing position on
the ground with crown vigor, as a basis for rating growth ca-
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pacity. In table 9, 10-year diameter growth of 348 trees classified
by both systems is summarized. Trees were classified in 1939 and
the diameter growth is for the third decade (1929-39) following
the first cutting. All trees are immature (age classes II and III)
and they include all stems in 21 selected blackjack groups.

TABLE 9.—Average 10-year diameter growth of 348 trees in 21
blackjack groups by Keen’s vigor class and by ground position
class, Wing Mountain Semple Plot (§3), 1929-39

Ground position class

. All .
Vigor ! - R S s position Basis,
class X v I classes trees
| fisolated) (open) . marginald (interior)
I'nches . I'nches Inches Inches Inches Number
A 2 39 1.74 1.33 ... 1.77 59
B e . 1.79 1.34 0.84 1.36 84
[ - 1.74 1.35 .98 1.29 140
D._. e .90 .52 0.63 65
All vigor ‘
classes. _ . 2.39 1.76 1.29 .75 1.26 ...
|
Number Number Number Number
Basis, trees 15 60 171 102 . ______ . 348

T All trees in age classes II or ITI. Crown length in percent of total height:
A, 55 or more; B, 85-55; C, 20-35; I3, under 20.

Average diameter growth by crown-size classes, disregarding
ground position, follows the conventional downward trend from
A to D. Essentially the same relationship has been reported from
all ponderosa pine regions and has been accepted as conclusive
evidence that growth capacity is directly related to crown “vigor”
as measured by size of active crown.

When the vigor classes are further divided into ground position
subclasses, however, the picture changes radically. Corresponding
position classes show almost identical diameter growth through
vigor classes A, B, and C. X (isolated) trees are represented in
only one vigor class—A, whereas T (interior) trees are missing
from class A. This mode of occurrence is characteristic and ex-
plains the high average diameter growth usually found in class
A trees. All the class D trees were in ground positions M or I;
they were mostly of subnormal voot and crown development be-
cause of prolonged subordination.
~ When a second cutting was made in 1939, about half of the trees
in ground position M or I (table 9) were released and retained in
the reserve stand. A record of their average b-year diameter
growth following cutting (table 10) shows that all vigor classes
respond well to release. Response is ordinarily most pronounced
In position classes M or I, because it is here that increased space
is most needed. Average diameter growth following release was
almost identical in vigor classes A, B, and C. On a percentage-
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basis, class D trees showed the greatest response to release; but
actual diameter growth was considerably below that of the other
vigor classes.

TABLE 10.—Awerage 5-year diameter growth of released trees in
ground positions I and M, by vigor classes, before and after
cutting .

Average 5-year diameter growth

Vigor class Trees
Before cutting  After cutting
(1934-39) (1939-44)
Number Inches Inches
Al 6 0.66 1.00
Bl 33 .62 1.02
C o ! 63 .61 .96
Do L . 31 .32 .56

Of the two classifications ground space evidently provides the
best clue to the growth capacity of the individual tree. Where
harvest cutting operations are involved, however, it should be re-
membered that the space after cutting, not before cutting, will
exert the primary influence.

Use and Limitations of Tree Classifications

Young trees grow faster than old ones; but ponderosa pine re-
mains physiologically young until at least 200 years old, and if
other conditions are favorable good vigor persists to an age of
400 years or more. Injury, disease, competition, and sheer size,
rather thau age, are the limiting factors in old trees.

Crown size becomes limiting only in extremes. Rapid growth
is found in classes A, B, and C, but class D is below or near the
limit of photosyuthetic adequacy. There are indications that ex-
tremely large crowns are a hindraice to bole growth, and this is
certainly true as regards quality. .

Crown dominance is important to the extent that it expresses
access to direct sunlight. Exposure of the upper portion of the
crown equal to one-third the total height of the tree is sufficient.

Ground space as an expression of access to soil moisture ranks
with crown dominance. Utilization of soil space, however, is diffi-
cult to measure or estimate because the roots are hidden. The
terms wsolated, outside, marginal, and interior are only rough ap-
proximations of the soil actually utilized. Obviously, ground space
does not avail if the root system is subnormal on account of dis-
ease, injury, or restricted development.

Tree classifications are useful mainly for purposes of deserip-
tion. Collectively, the three classifications here discussed, when
supplemented by an appraisal of bole form and general physiolog-
ical condition, can serve as a guide to silvicultural cutting; but no
one svstem is adeauate when used alone.

Cutting n Virgin Stands

Silvicultural cutting aims at three broad objectives: (1) To
harvest the crop of merchantable timber; (2) to leave a growing
stock capable of producing satisfactory future crops at required
intervals;. a_nd (3) to encourage natural regeneration where stock-
ing is deficient. ldeas regarding the best ways of achieving these
objects have been modified from time to time. They have found
expression in “methods of cutting” applied in both extensive and
experimental practice.

METHODS TESTED AT FORT VALLEY

Six methods of cutting have been tested in the Fort Valley Ex-
perimental .For‘est: Group selection, light selection, scattered seed
tree, favoring dominants, improvement selection, and salvage.
The sanqp]e plots representing each method are listed in table 11,
along with pertinent information concerning each plot. An undis-
turbed yirgm stand is included in the series for the purpose of
comparison. An additional method of cutting, maturity selection,
is not included in the Fort Valley series, but it has been widely
employed and is discussed later in the chapter. Residual stands
broken down into 8-inch classes above 8 inches d. b. h., are shown’
for each area in table 12. Cutting practice under each method and
special conditions encountered on each area are described in the
following pages.

Group Selection

Undel‘stz}l'lding' the philosophy of group selection requires that
the governing conditions be taken into account. Large operations
be;fore about 1930 usually employed railroad logging. Liquidation
of fixed charges required a minimum cut of 4,000 to 6,000 board
feet per acre, depending upon Iocation and total volume available
to amortize the cost of railroads. Such growth figures as were to
be had indicated that from 60 to 100 years must elapse before in-
crement could provide enough volume to justify a second cut. In
such a program large yellow pines left for seed were regarded as
a liability chargeable against regeneration. Consequently, where
advance reproduction was present heavy cutting in the yellow pine
cla_tss was common. Contracts generally called for reserving one-
thlrd of the merchantable volume:; but in many instances, par-
ticularly where few seed trees were thought necessary, the re-
serve was cousiderably lower. Residual volumes varied from 4,000
lpoard feet per acre to as low as 1,500 board feet. In general, black-
Jactk groups were left iutact while yellow pine groups were heavily
cut.

The effect was dense groups of blackjack separated by spaces
100 to 300 feet in diameter occupied only by occasional Iabll‘gepseed
trees. Such a cutting is illustrated in figure 11. The map was made
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directly after cutting; trees which died during the next 20 years
wlere d}:ssignated later. Three areas now included in the Fort Val-
ley Experimental Forest (S3, S84, and S5-_1) were cut un_der group
selection from 1909 to 1913. They are briefly deseribed in the fol-
lowing paragraphs.

O“I;V'iﬁfgpMountain plot S8.—This is the largest and one of the two
earliest sample plots. Lying 6 miles west of the Fort Vallely head-
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(D BLackiack
© BLACKJACK STUMP
® BLACKJACK, DEAD

D vewow pine
@ YELOW PINE STUMP
B YELLOW PINE, DEAD ' '
Freurm 11.—Distribution of trees after group selection cutting.
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quarters, its altitude, temperature, and precipitation are similar
to those at the headquarters (table 2). Site quality is a high V.
The soil is a fairly deep, stony clay loam of voleanic origin, slightly
acid in reaction. The original stand consisted mainly of three
broad age classes ranging from 100 to 300 years old and from 12
to 40 inches d. b. h. Ay even-aged group arrangement was very
pronounced. Cutting, in 1909, was strongly influenced by the ab.
sence of advance reproduction and the presence of mistletoe. Mény
large yvellow pines were left as seed trees. Blackjack groups were
generally left intact, but in some places trees with heavy mistle-
toe infection were cut as g salvage measure.

The original gross volume on this plot was about 12 M board
feet per acre. Of a residual stand of 3,520 board feet per acre, 58
percent was in the blackjack or intermediate age classes. Table 12
reveals a great deficiency of diameter classes below 18 inches,
and other records show that the deficiency becomes even more
outstanding on approaching the 4-inch class. The area occupied
by trees just after the cutting is estimated at only one-third of the
total. Spots a hundred yards or more in diameter were left un-
stocked except for oceasional seed trees. These open areas became
almost completely restocked with seedlings in 1919.

Cinder plot S4—This area was logged and records begun in
the same year as the Wing Mountain plot. In many respects the
two plots present strong contrasts. The cinder area lies 138 miles
east of I'ort Valley at an altitude of 6,700 feet, near the lower bor-
der of the ponderosa pine type. The site quality is low V, deter-
mined by lower precipitation (about 20 inches) and higher evapo-
ration than on the Wing Mountain plot. As the name implies, the
soil is covered with voleanic cinders, black or red, to depths vary-
ing from an inech to several feet, Water penetrates the cinders
readily, but the upper layers dry out quickly. Age classes and di-
ameter classes were about the same ags on the Wing Mountain plot,
including absence of advanece reproduction,

Although marking here followed the same principles as on the
Wing Mountain area, a lighter and more open original stand re-
sulted in leaving a thousand board feet per acre less. The trees are
generally shorter and limbier. Unlike Wing Mountain, this area
is entirely free of mistletoe., Young seedlings have come in spar-
ingly, with the result that 35 years after cutting, large openings
still remain sparsely stocked.
 Coulter Ranch plot S5-1.—This group selection cutting belongs
In a series of three, logged and established in 1913 for the purpose
of comparing group selection with light selection (S5-3), and
scattered-seed-tree ($5-2) cuttings (fig. 12). The site quality is V-,
determined mainly by a shallow soil. Altitude and precipitation
are almost identical with Fort Valley and Wing Mountain. The
original stand was considerably lighter than on the Wing Moun-
tain area, and cutting removed about 60 percent, leaving 2,846
bqard feet per acre, Diameter classes show the characteristic de-
ficiency of stems below 15 inches, although poles and saplings were
more abundant than on the Wing Mountain area. Scattered ad-
vance reproduction supplemented by partial restocking in 1919
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FicUrr, 12.—Thrce methods of cutting in the Coulter Ranch sevies of plois
logged and photographed in 1913,

A, Scattered-seed-tree method (plot $5-2). Trecs left, primarily for seed
supply, numbered 3.9 per acre, mainly over 18 inches d. b, h. Blackjack
groups were cut severely. The hardwoods are Gambel oak of no commercial
value.

B, Group selection. Blackiack group intact, characteristic of both group
selection and light selection, Under the scattered-seed-tree mcthod necarly
all the blackjacks 12 inches and over would have been cut. Under light
selection several of the yellow pines represented by stumps in foreground
would have been left,
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Frqurg 12 continued.—C, Light selection. Under group selection most of the
large trees would have been cut, though leaving a few for sced. Large
natural openings as seen in the foreground are common to all methods
of cutting.

has given rise to a fair pole class. Mistletoe has infected a large
proportion of trees in all age classes. Of the three Coulter-Ranch
plots, S5-1 is the poorest site (table 11) —characterized by shallow,
very stony, clayey soil and short timber.

Light Selection

The general principles observed in this method were the same
as those of group selection, but cutting practice was modified in the
hope that more seed trees and a denser crown canopy might favor
regeneration, which at that time (1913) was a very serious prob-
lem over much of the Coconino Plateau. Groups were treated the
same as in group selection, except that in yellow pine groups more
trees werc left. On the whole, more large seed trees were left in the
openings between blackjack groups than after group selection
cutting. The thought of leaving a large volume for an early second
cut was entirely subordinate to reproduction. Railroad logging de-
manded relatively heavy cuts at long intervals; in fact, the first
cutting in this instance was considered too light to be economic
from the operator’s viewpoint. The first cut, which removed a net
\{olume_ of about 3,000 board fect per acre, was not much out of
line with present national-forest practice, except for leaving too
many old trees over 30 inches d. b. h.

Coulter Ranch plot S5-3.—This light selection cutting left nu-
merous large yellow pines, which account for the relatively heavy
residual volume of 4,500 board feet. Wind, lightning, and mistle-
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toe have taken an enormous toll from these large trees; but for
the most part they served their purpose in providing an ample
seed supply before they were lost. Most of that portion of the
area which received protection against grazing restocked well in
1919. Mistletoe is at its worst on this area, having infected all age
classes, including large pole groups which but for this pest would
contribute much to the future growing stock. This area is the only
early example of light cutting under experimental record, and it
has provided useful guides in the light-cutting practice developed
in recent ycars.

Scattered Seed Tree Cutting

As the name implies, this method undertook to leave only as
much merchantable timber as was considered necessary to pro-
vide an adequate seed supply. In the absence of pole stands a
second cutting under this practice could not be expected in much
less than the full rotation period. Since only full-crowned trees
could qualify as seed trees, groups of both blackjack and yellow
pine were almost clear cut, the seed trees left being of the open-
grown type. As viewed in 1913, advantages of the method were
(1) a profitable cut for the operator and (2) assuming reproduc-
tion, a young stand free from domination by an older generation.
Disadvantages were (1) the uncertainty of regeneration and (2)
a long wait for the second cut. From an experimental point of
view, the method promised to bring out contrasts with the more
conservative group selection and light selection practices.

Coulter Ranch plot S5-2—This plot has a general northerly as-
pect whereas the other two Coulter Ranch plots face the south;
in 10 case, however, are the slopes steep. Although accurate re-
cords are not available, this stand is thought to have been some-
what heavier than the other two. As shown by table 11, the re-
served stand contained only 3.9 trees per acre 12 inches and over
d. b. h., less than one-third the number on the companion plots
35-1 and S5-3. A few poles and clumps of Gambel oak helped to
relieve the general barren effect following cutting. Advance Te-
production below the pole stage was deficient here as on the other
two areas, but reproduction after cutting has exceeded all expec-
tations, considering the few seed trees. With respect to reserved
volume, this area compares favorably with some group selection
cuttings ; the difference is that it heavy group selection cuttings
the volume is mainly in mauy small blackjacks, whereas here it
is mainly in few relatively large yellow pines.

Favoring Deminants

One of the main tenets of ponderosa pine silviculture has been
the belief that large-crowned dominants constitute the best grow-
ing stock., During the many years when restocking was a major
problem in the Southwest, seed production was a tfurther and in
fact the primary incentive to leaving this type of tree. The speci-
fications for seed trees called for healthy, full-crowned, preferably
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isolated trees at least 20 inches d. b. h. (54). Studi indics
the need of at least four such trees per( ag'e ;Stan(yessilfézotilnedijclgzﬁ
jack class seldom afforded enough seed trees in the right places
the yellow pme class was called upon to make up the deficit
Investigations (37) had shown that well-released yello'w pine
geed trees were cgpable of a bigh growth rate, even in diameter
cllasses above 30 inches. 1t was therefore reasoned that a more
}1bera1 quota of ‘large vellow pines would add substantially to the
increment, provided that too many were not lost before the second

Tk 423672

Fli(;r?gi'mdigql;aﬁwlilaqs}%iﬂ{ ‘gl-roup opened by cutting under the method favor-
e o ants. crowned trees large enough to make a log were

cut. Furthermore, it was recogniz inci '
re, gnized that the principle of -eler-
?}‘igd growt}_l after release cutting applied also to bllatckjaélﬁscelgll
splosnsr:asomll(]{gbwasbllcnﬂuenced by the thought that the best re-
. wou e obtained from tr ati e
to%me%,;nlcl{ e erained Dvom. ees of relatively large, well-
ort Valley plot S7.—The area selected for this t i
) 1 a8 e of cutting
%/OzilITISti of 160 acres located within one-fourth milzzpof thceu Fltﬁ%c
e S%t ?SSLézlt‘;%xl'is.gtdwgs 1109g2gred(i£ the fall of 1924 and the sam-
5 shed in 1925. djoining is the virgin stand
22;?&311% p&ot S6, also comprising 160 acres.) The origina{gl s’candnibi
estin aCittfggh“lleva‘}c céoz‘%lnbed sélgihtly under 12,000 board feet per
- L : 3, oard feet, The remaining vol a
3%$0§t31c11ent1ca1‘ with that of the Wing Mountain g%‘oup usréllicri]c:r?
. In the yellow pine class, volume and distribution on the
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two plots were quite similar, and for this reason 87 has been re-
ferred to as group selection cutting. But treatment of the black-
jack groups was very dissimilar: on S3 they were left almost in-
tact whereas they were opened up on S7. It is in the blackjack
and pole groups that cutting to favor dominants found major ex-
pression. Subordinate blackjacks were cut where large enough to
make logs, in order to give more space to the favored dominants.
Figure 13 illustrates a blackjack group after the cutting, and fig-
ure 14 shows two common types in the intermediate and yellow
pine classes. The rough dominant in figure 14, A is not only of
poor quality but is also a mistletoe bearer. By contrast, the large,
clean-boled yellow pine in figure 14, B will contribute value incre-
ment as long as it can be kept growing.
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Frcure 14.—Two types of large trees left in cutting under the favoring-
dominants method, Cut in 1924, photographed in 1940,

A, 29-inch blackjack of poor form dominating good poles on all sides.
Diameter growth by 5-year peviods 1925-45: 0.9, 0.7, 0.8, 0.6 inch,

13, 34-inch yellow pine of pood bole in a group of 12 stumps representing
trees down to 12 inches d. b. h, Although this is a fine tree it is a high
risk, and when gone it will leave a vacant space of about 1% acre. Diameter
growth by 5-year periods 1025-45: 1.5, 1.0, 0.7, 0.4 inches, .

Salvage Cutting

The salvage method removes only distinctly declining trees, with
the object of salvaging usable material which would be lost if left
until a regular commercial cutting is made 10 to 20 years later.
An advantage of the practice is that the relatively light cut makes
it possible to cover large arcas in a short period. Since only small
mills are usually interested in this type of operation, however, the
aooregate area covered is likely to remain small. Many small op-
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erations sprang into existence under the stimult '

’ : ’ ) s 18 of rices
during and Immediately after World War I1. It iso rezog(:)rl?ag;ew‘?(:
expect a decrease in this class of activity if the demand for lum-
ber declmes. toward prewar levels, Since the volume removed in
saiva%e ?U"ltttmghls Eelatlvely small, the existence of adequate roads
or a terrain which requires | 0 Adine. 3 .
or o ey quires little or no road building, is a pre-

Fort Valley plot §68B.——This salva i i

S Pt obo.—Lnls salvage cutting area ig é

hlalf (Efgg)l6_O—a‘01fo\§4rgflghstand which had been farried z;: iléngg?é
plot (56) since 1824, Thus, the cut-over avea has individual ¢
: ] : ) . § widual
%gz%rdlser\nvg\llchl kze(g)gg 1b5 ye;"tr; before the 1940 cutting Cuttingrfﬁ
: 3 ed 4, oard feet gross from a stand' containing
I‘Z,O()O board feet per acre, Cull and defect amounted to iglr}ljlellg
cent. _Svmce a second cut in 10 years was planned, only distinetly
de.cllmng trees were removed. This left a considerable number
@\?at had been struck by lightning hut gave promise of persistence
Many trees in carly stages of decline were left becanse appearan :
indicated that they would live 10 years more. o e

Maturity Selection

Maturity selection was devel in | if
i it s _was oped in the Pacific Northwest uir.
2;; (t:(r)gélqltéortlstgn whflch loperators found it unarofitable 'tgtgilllﬁllile
; 5 bul those of relatively high quality, T hod i
tempt to harmonize silviculture nomics sndoe mgwenan at-
) LY g and economies under adverse
nomic conditions. It makes use of classi les designon
S use o1 classified growth tables desjer
to show the net percent of voly 1 i il
_ me increment in each class: it al
employs tables showing the marein: cting eot
5 ginal value, after deducting cosl
l?)fg Iglgragcllgg (zzr})d lrgaz};fi(ét)urz of trees of different diamete% a?lsd
‘ ¢ 122 &7, 40 ). Assuming that gross earning ]
1s proport onal to net volume incre : b earnings ooty
¢ ment, net earnings are ex
pressed by increment percent min i . fhe invoat.
sed ( us a fixed interest the inves
ment. If the interest rate is as hi e net carmina
_ < s as high as 3 percent t| t carning
capacity of the larger trees is ne s quamtior iy
ce arge s nearly always a minu ity ¢
Is called a carrying char -t ; of ot
| T arge or the cost to th " i
trec in question. If the g y roe it lon oiding the
t : . marginal value of the tree is | th )
g charge becomes corres i ' 7 the mareme]
) ; < spondingly low, and if the margi
:rgwlldu%alcst ne{gat}ve the carrying charge becomes zero. Only :rilurllwagi
St-growing trees of relatively low diameter are ca'pa'ble of

pos lf/l\ e eal““lﬂS‘ at -
18,
3 t tll 5, a net él]]]]ua] VO]U”)e 1NCY e]“e“t excenc

Sclection by Age-nnd-Vigor Classes

in(frIeTntql:;;;ttyi:e]eCtmn growch u,ibles give the growth in diameter or
the grot ra}zer'cer;]t‘ by Keen’s age-and-vigor classes.® Invariably
froce ameth he,lie 1ghfﬂ,r for relatively young trees than for old
frecs. a8 %O_el for lar ge—crowned_ trees than for small-crowned
JEES. A combination of age and vigor in merchantable digmeter

" Age-and-vigor classes are defined on p. 41,
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classes gives the highest growth rate for II-A trees and the lowest
for 1V-D trees, with intermediate rates for intermediate grades.

On the basis of carrying charges as indicated by growth capacity
and log grades, Bruce (12) has developed a marking schedule for
the Northwest, and a slight modification of the same table has
been used by Munger and Briegleb (48). Key points in the specifi-
cations are: (1) The older age classes are marked to a lower di-
ameter than are youug age classes, (2) small-crowned trees are
marked to lower diameters than are large-crowned trees, and (3)
trees of a high log-grade composition are marked to a smaller di-
ameter than are those of a low log-grade composition. In classes
1V-C and 1V-D, trees of high value are marked to the lowest mer-
chantable diameter, but those of the lower grades are not cut un-
less the diameter is at least 34 inches. No trees in age class II are
cut, and of course this rule applies also to class I, which includes
mainly those trees below 12 inches d. b. h.

Modified Practice in the Southwest

For several years prior to 1946 maturity selection was employed
in modified form in the Southwestern Region of the Forest Serv-
ice. Log-grade composition and carrying charges were disre-
garded ; but the Keen tree classification was used as an index of
growth capacity. Application of the method has been discussed by
Thomson (84, 85).

Maturity selection was not included among the more recent Fort
Valley cutting experiments because its major temets are not in
accord with findings on management areas where individual tree
records have been carried 20 years or more (70, 72). Following
are some of the more important discrepancies:

1. Tort Valley tree records indicate that diameter growth is
related more closely to ground space available following cutting
than to age and vigor prior to cutting (tables 9 and 10).

9. In a region characterized by drought and low-quality timber,
release of desirable trees from root competition by cutting less de-
sirable stems is the key to effective silviculture.

3, Large-crowned trees are often the limby dominants or wolf
trees which have grown more or less in the open; small-crowned
trees are the codominants or intermediates in crowded stands.
Small-crowned trees usually display the clear, cylindrical boles
that should be retained to promote value increment.

4. Ponderosa pine stands are characteristically deficient in
growing stock of young age (or small diameter) classes. Building
up this part of the orowing stock by favoring the better type of
poles, blackjacks, and small yellow pines is considered a primary
object of silviculture in the Southwest.

The nearest approach to maturity selection in the Fort Valley
Experimental Forest is the cutting to favor dominants on sample
plot 87, logged in 1024. Marking in the mature class followed es-
sentially the pattern of maturity selection, though without use of
an age-and-vigor classification. In immature classes it went a step
beyond maturity seleetion by cutting subordinates, if merchant-
able, where they were competing with the favored dominants.
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Improvement Selection

Improvement selection was developed in the IFFort V <~
perimental Forest because it was realized that other met?fg)%ys E;d
proved 511v1cultu