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WESTERN YELLOW PINE IN ARIZONA AND NEW MEXICO.!

PURPOSE OF THE STUDY.

Western yellow pine is to the Southwest what white pine is to the
Northeast, or longleaf pine to the Southeast. The commercial for-
ests of Arizona and New Mexico are three-fourths western yellow
pine, which furnishes by far the greater part of the lumber used
locally as well as that shipped to outside markets.

To describe the characteristics of the species and to explain the
methods of management applied to it on the National Forests of the
Southwest, in the hope that they may be applied as well, wherever
possible, by private owners, is the chief purpose of this bulletin. It
should serve also to assist Forest officers in their regular work, and to
indicate opportunities for the purchase of Government stumpage in
the National Forests of Arizona and New Mexico.

THE TREE. -
FORMS IN THE SOUTHWEST.

The western yellow pine (Pinus ponderosa Laws) of the South-
west, sometimes called bull pine, scrub pine, and infrequently white
pine, is the same species of tree as the yellow pine of the Pacific
slope. In Arizona and New Mexico it is, in general, a smaller,
knottier tree, with a larger and wider crown than in California,
Oregon, and Washington, the result of a different situation and
climate.?

Lumbermen and others distinguish two forms of the tree within
the region, which they term, respectively, blackjack and yellow pine.
The difference, however, is one of age and not of kind. Blackjack is
merely the form which yellow pine assumes before it reaches the age

1 Many of the figures and other data contained in this bulletin are the results of investi-

. gations by Messrs. G. A. Pearson, A. B. Recknagel, J. H. Allison, A. E. Cahoon, R. McMil-

lan, A. D. Read, C. D. Faunce, E. I. Terry, H. B. Burrell, P. P, Pitchlyn, and H. M’
Curren, of the Forest Service, to whom the author desires to acknowledge his indebtedness.

2 In Forrest Service Bulletin 17, “A Check List of Forest Trees of the United States,” a
separate species of yellow pine, Pinus ponderosa scopulorum, was noted for portions of
the Rocky Mountain region. It is now the judgment of Mr. George B. Sudworth, author
of the Check List, that whatever differences exist between this form and that designated
as Pinus ponderosa are due solely to differences in site and climate and not to any
inherent difference in the trees themselves.

.
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of 125 or 150 years, during which period its bark is dark red-brown or
blackish, with narrow furrows, in strong contrast to the lighter,
widely furrowed bark of mature trees. This distinction between the
two forms, which will be followed throughout this bulletin, has also
no basis in size, although the average yellow pine, being older, is
necessarily larger than the average blackjack. Many blackjacks
grown in the open, however, have a larger diameter than the average
forest-grown yellow pine.

SOIL AND CLIMATIC REQUIREMENTS.

Western yellow pine is not fastidious in its soil requirements. It
does best, of course, on deep, rich soils, yet it thrives on moist to dry
gravelly loam, on limestone formations, on malpais or lava, in
volcanic cinders, and in gravel. Tt seems to adapt itself, in fact, to
the most impoverished sites, and saplings may be seen growing on
dry, rocky south slopes. Trees in such situations, however, are often
stag-headed and invite attacks from mistletoe and insects.

The distribution of yellow pine in the Southwest therefore depends
upon altitude, with its corresponding rainfall and temperature, rather
than upon the composition of the soil. Table 1 gives for certain
situations in Arizona and New Mexico of known elevation and ex-
posure the mean annual rainfall and the character of the yellow-pine
stand in the vicinity.

TaBLE 1.—Character of ycilow‘pine wnder different conditions of altitude, rain-
fall, and exposure.

SOUTHERLY EXPOSURES.

2 Mean :
Localities. ]ﬂgx;a— annual Character of yellow pine.
* | rainfall.
Feet. Inches.
Santa Fe, N. MeX........---- 7,013 14.72 | No stand.
Flagstaff, ATiZ... .conunnennn- 6,907 23.87 | Good stand.
Fort Bayard, N. Mex.......-. 6,040 15.20 | No stand.
Fort Apache, Ariz... ......-- 5,200 18.90 Do.
Natural Bridge, Ariz......-.- 4,743 18.05 Do.

NORTHERLY EXPOSURES.

Cloudcroft, N. Mex.. ..| 8,650 24.39 | Scattering in mixture with Douglas fir.
Luna, N. Mex....... .| 7,300 16.58 | Good stand. .

Fort Wingate, N. M 6,997 14.53 | No stand; slightly below yellow-pine type.
Taos, N. Mex........ 6,983 12.81 | Scattering stand in Taos Canyon near by.
ini i 20.64 | Good stand at slightly lower elevation.
14.49 | No stand. . :
19.75 | Scattering, on edge of woodland type.
17.40 | Scattering stand near town.

Table 1 would seem to indicate that on southern exposures below
7,000 feet, even 18.9 inches of rainfall does not necessarily insure the
growth of yellow pine, but that on northern exposures above 7,000
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THE TREE. 7

feet the species will thrive with as little as 16.6 inches. In general,
however, the indications are that no stand of large extent is likely
where the annual rainfall is less than 20 inches. In Taos Canyon,
with only 12.81 inches of rainfall, there are scattered individuals, but
the presence of even these few trees is probably due to the mo1sture
and shade from the canyon walls.

It 1s the variability of annual precipitation in the Southwest,
coupled with drying winds, which make conditions for tree growth
pa,rtlcularly trymg Droughts are periodic and severe, and un-
doubtedly impair the Vltahty of mature yellow pine and curtall the
local distribution of the species. At Prescott, near which are com-
mercial stands of yellow pine, the average annual rainfall for 85
years was 17.4 inches. Yet during that period there were 7 years
with less than 12 inches, and two periods of 4 years each with an
averzge annual rainfall of but 11.5 and 13.3 inches, respectively.

Increase in altitude brings, as a rule, increase in rainfall and
climatic conditions in general more favomb]e to tree growth.
Western yellow pine, however, is seldom found in pure stands of any
extent above 8,500 feet, since it can not compete with the shade-
enduring species which grow at the higher altitudes. Tt is present,
in mixture with Douglas fir, at 10,300 feet, on the (ila National
Forest. At the other extreme, it is not found ordinarily in any
quantity below 6,500 feet, though in the sheltered beds of canyons
and on favorable north slopes it grows at altitudes as low as 6,000
feet, and at one place at least, along Oak Creek in the.Coconino
National Forest, is abundant at 5,300 feet. Its presence here, how-
ever, is due to the moisture and partial shade from the canyon walls.

The heaviest extensive stands of yellow pine in Arizona and New
Mexico are on the comparatively moist, rolling plateaus at elevations
of from 7,200 to 7,800 feet. Probably the heaviest stand, though of
small extent, in the two States, is on a well-watered flat north of
Bellemont, on the Tusayan N atlonal Forest, at an elevation of 7,400
feet. Here 2 acres of unusually tall, clean boled timbers scaled
72,000 board feet.

From April to July the heavy and continuous southwest winds,
which lessen the air moisture, increase evaporation, and bake the
surface of the soil, are particularly trying to tree growth. Even at
Flagstaff, where the climatic conditions are considered favorable, the
average wind velocity for the past five years has been 7 miles per
hour, and the average humidity for the same period, 62 per cent.

SIZE AND LONGEVITY.

Yellow pine in the Southwest does not attain large size. Seven
average logs are often necessary to make a thousand board feet, and
on one section in the Tusayan National Forest the average was 10
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logs to the thousand. During an inspection trip of six weeks over
the Datil National Forest the largest yellow pine observed was 100
feet high and 50 inches in diameter, estimated to saw 8420 board
feet. A single bole on the Coconino National Forest scaled 4,300
board feet, while abnormal forked trees have scaled as high as 5,000
board feet. There are few yellow pines on the Iorests of the South-
west over 120. feet in height, the highest so far observed being 129
feet. Trees more than 46 inches in diameter are also rare, the largest
diameters recorded being 58 and 60 inches, on the Coconino and
Manzano National Forests, respectively. Average sections are esti-
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2 Fig. 1.—Distribution of western yellow pine within National Forests of Arizona and
| New Mexico.

! mated at from 3 to 8.5 sixteen-foot logs to the tree, a number of others
" at from 4 to 4.5, while on the Sitgreaves Foresta few individual trees
have been estimated at 7 logs. On a sale on the Coconino Forest, in
a typical stand, 926 blackjacks averaged 19.2 inches in diameter,
36.9 feet used length, and 218 board feet merchantable volume. On
the same area 1,863 yellow pines averaged 23.6 inches in diameter,
; 52.4 feet used length, and 522 board feet merchantable volume.

i The blackjack form develops into the yellow-pine form when the
tree is from 125 to 150 years old. Typical stands of overmature
timber vary in age from 250 to 850 years, and the trees composing
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them usually begin to decline in vigor when from 180 to 220 years
old. From all stem analyses taken at random in timber sales on the
Forests of the Southwest, the age of the oldest yellow pine was 418
years, while that of the oldest veteran yet recorded for the region was
489 years. It is likely that the periodic droughts of the Southwest
tend to shorten the tree’s life.

GROUND LIVE

WWvahw T

Scale i/ Feer
)

Fic. 2 (D).

ROOT SYSTEM.

Western yellow pine has a deep-reaching tap root and exceedingly
long and strong laterals. Development of the root system in the
seedling stage is very rapid. Seedlings sown on April 20, 1910, at
the Gallinas nursery had an average height on October 3, after the
growing season was over, of 1.12 inches and a tap root of 14.5 inches.
Two-year transplants at the same nursery were 3.1 inches in height
and had a tap root of 32.3 inches. Seedlings in the forest have

et ,‘ I
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THE TREE.

shorter tap roots, since the ground there is not so easy to penetrate.
The usual length at the end of the first season is from 5 to 8 inches.
Figure 2 shows graphically the root system of a blackjack and a
yellow pine. Both trees were growing on a moist to dry gravelly
loam. The surface root system of each was uncovered and the area

Scale in Feer
10
L

i

F1c. 2 (c¢).

divided into 4-foot squares, so that direction and length of each
root could be carefully plotted. It will be seen that the roots of the
blackjack extend over a large area, while those of the yellow pine,
though larger in diameter, do not extend the same distance from the
tree. Probably this is because, as the tree nears maturity, many of
! the roots become diseased and die off.
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Veterans have laterals extending from 60 to 100 feet from the
base of the tree, and in extreme cases 150 feet. After maturity the
tap root often decays.

MERCHANTABLE LENGTH.

The merchantable length of a tree—that is, the length of bole actu-
ally utilized in lumbering—depends upon the rapidity of its taper
and the diameter limit to which it is cut in the top. The figures in
Table 2, which express the merchantable length in relation to diam-
eter breast high, are the result-of actual logging operations, where
the top diameter limit was 8 inches and the stand from two to three
million feet to the section.

TABLE 2.—Merchantable length of western yellow pine.

Merchantable length.
Diameter
breast high. Yellow Black
pine. Jjack.
Teet. Feet.
32 22
41 32
47 41
53 47
59 53
64 37
69 ...
. V6 T
80 .....
85 jeeiiiinannes

CLEAR LENGTIIL.

Western yellow pine, when growing in pure stands, has but a short

clear length in comparison with its total height. When in mixture

with Douglas fir, however, natural pruning greatly increases the
proportion of stem free of branches. Table 3 is based on the meas-
urements of 800 trees on the Apache and of 65 trees on the Zuni

National Forest.

TABLE S.—Clear length of western yellow pine compared with total height.

Apache National Forest.

Zuni National
Forest, pure
Height. Pure west- | In mixture | western yel-
- ern yellow |with Douglas| low pine,
pine, clear fir, clear clear length.
length. length.
Feet. Feet. , Feet. "Feet.
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BUTT AND TOP TAPER.

Table 4 gives separately for yellow pine and blackjack the taper
in inches of the butt of a tree from 1 to 5 inches from the ground.
In addition the table gives the reducing factor used to determine the
breast-high diameter of a tree from the diameter of a stump 18 inches
in height. The proper breast-high reducing factor for stumps of
any height can be secured from the other figures of the table. ’

TaBLE 4.—Butt taper and reducing factor of yellow pine and bleckjack, 1 to i})
feet from ground by 6-inch classes.!

Distance from ground in feet. Breast-high

diameter

reducing fac-

torfor stump

1to2 2to3 3104 4105 18 inches in
' height.

Bréast-high diame-
ter, class.

Inches outside bark.

Yellow | Black- | Yellow | Black- | Yellow | Black- | Yellow | Black- | Yellow | Black
pine. | jack. | pine. | jack. | pine. | jack. | pine. | jack. | pine. | jack.

0.6 0.8 0.5 0.5 0.3 0.3 0.2 0.2 1.0 1.0
1.0 1.2 .7 .8 .4 .4 .2 .3 1.3 1.5
1.7 1.7 1.7 .8 .8 .6 .6 .4 1.7 1.8
2.0 2.1 1.0 11 ol .8 -5 .4 2.2 2.3
2.2 ... 15N Isactces oM sseaces ot{ |[Bosoocas 2.8 1. ...
2.3 ... 1.3 [........ 1.0 |.o.. ol Basanoas 3.1 f........

1 Based on 404 yellow pine and 200 blackjack on Zuni, Jemez, and Datil Trorests.

In deciding between different top-diameter limits it is essential
to know the average tapers of the top log. These are given in Table
5. According to the top taper as given for the Zuni Forest, the
lumberman may choose between cutting a 16-foot yellow-pine log
6.9 inches at the small end, scaling 20 feet, or a 12-foot log 8.5 inches
at the small end, also scaling 20 feet. Similarly, the table can be
used to determine the differences in scale by cutting to different
limits. Where the volume of scale is the same, the problem of what
top limit should be used resolves itself into a question of manu-
facture.

TaeLE 5—Top taper of yellow pine and blackjack 2 to 8 feet from merchantable
’ limit.

Distance from merchantable limit, in feet.

0 2 4 6 8 Variety.

Jemez Forest_.... [ - 8.4 10.3 11.2 11.0 12.8 ;
Zuni Forest.._.... . 6.9 Z; 8 8.2 lgg %gg ?Yellow pine.
Jemez Forest. 7.5 .7 9. 5 i :

Zuni Forest 6.9 7.6 8.4 9.0 o.g |yBlackjack.
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TOLERANCE.

Western yellow pine is intolerant of shade, except in the seedling
stage on very favorable situations. Investigations conducted at the
Coconino Forest Experiment Station indicate that most seedlings
get their start under protection of the seed trees, while in small
openings the bordering stand shields the seedlings from the full
eflect of the weather. Saplings may exist under the shade of veter-
ans, and a 7T4-year-old pole was found growing in full shade, though
it had but a few more years to live. If once suppressed during the

sapling stage, western yellow pine can not recover and develop into

saw timber. Dense mature stands often decline in vigor and become
stag-headed through lack of side light.

CAUSES OF INJURY.

INSECTS.

The Dendroctonus beetles, of which six species, including the
3lack Hills beetle, have been observed in Arizona and New Mexico,
are perhaps the most destructive enemies of western yellow pine.!
Records of depredations by the Black Hills beetle indicate that these
have been far more continuous and extensive in comparatively hu-
mid sections, like the Black Hills of South Dakota and certain sec-
tions of Colorado, than under the more arid conditions of Arizona
and New Mexico. The fact, however, that practically all of the
Dendroctonus beetles are known to be primary enemies of western
yellow pine in that they attack and kill perfectly healthy trees
makes it important that Forest officers should watch for any evidence
of the abnormal dying of pine timber, and should take prompt
steps, if it is found to be due to the work of these beetles, to check
further depredations, in accordance with the methods advised by the
Bureau of Entomology.

FUNGI.

The bluing and red rot of western yellow pine are due to the
attacks of fungi, and have been described fully in Bureau of Plant
Industry Bulletin 36, “ The Bluing and Red Rot of Western Yellow
Pine, with Special Reference to the Black Hills Forest Reserve.”
The blue fungus attacks the contents of the wood cells and not the
cells themselves; consequently the blued wood is not rotten. The
spores of the fungus which causes red rot lodge in bark grooves of
dying trees, and after germinating grow through the cambium and
sapwood, and attack and destroy the cell walls of the hesrtwood.

1TFor complete information concerning the work of these insects and their control, see
Bureau of Entomology Bulletins 83, Part I, and 58, Part V, and Circulars 125, 126, 127,
and 129.

\
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In Arizona and New Mexico considerable losses oceyp through the
bluing of the sapwood of saw logs left in the woods during wet
weather. There are two ways to prevent this—on » to take the logs
to the mill immediately, which is the best way ; the other, to separate
the logs so that the ends will be exposed to the air. Yet if logs are
left for a few months in the woods during wet weather there is
always likelihood of serious bluing, and in dry weather of season
checks. Lumbermen speak of losing from one-fourth to one-third of
their total cut of western yellow pine through defect, but this is
certainly an exaggeration. Three large operators Place the average
loss through red rot at 20 per cent on the Coconino F orest, 25 per cent,
on the Zuni Forest, and from 5 to 10 per cent on a land grant in
northern New Mexico. On an area of 80 acres in the Tusayan
National Forest, bearing some very overmature timber, the total loss
through defect and breakage, including unsound logs left in the
woods, was 12.8 per cent. On a section in the Coconino National
Forest the stand amounted to 4,009,180 feet board measure. The cull
logs left in the Forest totaled 27 8,000 feet, and the cuil deducted on
logs hauled to the mill was 271,488 feet. The total loss through
defect on the section, therefore, was 549,488 feet, or 13 per cent.
Probably from 2 to 15 per cent is a fair amount to allow for loss, with
a mean of from 5 to 8 per cent. In general, the timber .1 south slopes
appears to be more defective than that on north slopes.

Pin rot in the form of spots one-eighth to one-fourth inch or more
in diameter usually indicates serious interior rot. Ground or stem
rot seldom extends more than from 4 to 6 feet abeve the ground.
Usually it can be eliminated by butting a log 4 feet in length.

In October, 1910, Dr. Hedgcock tentatively identified the following
fungi in a timber sale on the Tusayan National Forest: Fomes
pinicola, Trametes pini, Lentinus lapedius, a genus of H yanum,
Polystictus abietinus, and Fomes officinales.

Fortunately, the dry climate of the Southwest retards decay, but
defective trees which are left in the woods because they are too costly
to log are a menace to the sound trees, and may cause considerable
financial loss in the future through the spread of the fungus. .

DROUGHT.

While the extensive root system of western yellow pine enables it
to withstand the seasonable dry weather, many trees succumb to
the periodic droughts which occur about once in every decade. In a
sale of approximately 30,000,000 feet of timber on the Coconino
National Forest, fully 10 per cent of the standing trees were dead, the
result largely of unfavorable moisture conditions, Lack of moisture
undoubtedly weakens the vitality of western yellow pine so that it
can not withstand the ordinary insect and fungus attacks. Seedlings
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8.—Western yellow pine, natural size, Arizona:
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are particularly susceptible to drought, and ordinarily can not secure
a foothold except under partial protection of older stands.

MISTLETOE.

Mistletoe, Razoumofskya robuata, is a serious menace to western
yellow pine. In the Coconino and Tusayan National Forests there
are large areas where over 60 per cent of the timber has been attacked.
On some situations, particularly on the Sitgreaves Mountain, groups
of blackjack with every tree infested are common. According to
Dr. George G. Hedgcock, from 1 to 2 per cent of all the western yel-
low pine is attacked. The mistletoe usually starts in the forks of
lateral branches and spreads as the tree grows, or it may even infect
seedlings. The seeds of the mistletoe, which are sticky, are formed in
the summer and ripen in the fall. When the seed covering bursts
they may be shot from 5 to 20 feet, and often adhere to the bark of
trees, soon developing roots which penetrate the cambium. Saplings
attacked by mistletoe are deformed. Some of their branches are
killed outright, their height and diameter growth is stunted, and the
seed crop 1s lessened. In case of severe attack no seed is produced.
A dry climate such as that of the Southwest lessens the danger from
attack. Sometimes when a host tree is weakened the mistletoe may
die from lack of nourishment.

STOCK.

Damage to seedlings and saplings from uncontrolled sheep and
cattle may be excessive. When the range is overstocked cattle
trample and injure seedlings, particularly in the vicinity of water-
Ing places, while saplings are occasionally horned and the bark par-
tially rubbed off. If grass is scarce sheep nibble small seedlings, and

- when close-herded, as in crossing regular driveways, trample repro-

duction. Over extensive areas on the Coconino and Tusayan Na-
tional Forests bands of sheep have stunted yellow pine seedlings by
nibbling the terminal shoots. Some sheepmen claim that this was
done chiefly by the “markers,” or goats that go with every band.
If sheep are salted continuously near reproduction the damage to
the young seedlings is likely to be very great.

Goats are so destructive both to seedlings and to saplings that they
should be excluded_from western yellow pine stands. On the Datil
National Forest is an area where yellow pine seedlings have been com-
pletely destroyed and saplings permanently injured by having their
bark eaten from 4 to 5 feet above the ground. The value of properly
regulated sheep and cattle grazing in securing reproduction, however,
must be recognized, since it prevents the formation of a heavy mat of
grass, and loosens the soil so that the seed can germinate. Grazing

5998°—Bull, 101—11—2
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before a reproduction cutting is beneficial, but after seedlings have
come up and before they are firmly established it should be re-
stricted.

LIGHTNING.

As a result of severe thunderstorms in the Southwest during the
summer months, the damage to yellow pine from lightning is con-
siderable. Often when a dry tree is struck a ground fire follows. On
a sample plot of approximately 154 acres, on the Coconino National
Forest, 1.5 per cent of the stand had been lightning struck. Trees
are rarely killed outright, but lose a strip of bark from 6 to 10
inches in width, circling the tree spirally. Occasionally, however,
trees are Irilled when struck. Even if lightning-struck timber remains
standing, there is considerable loss in quality unless it is logged
within one or two years. In the latter case the wood is merely blued,
and can be cut into the lower grades. If, however, the trees are left
standing for a number of years, lightning scars usually develop into

serious rot.
FIRE.

Because of the open character of the stand and the fire-resisting
bark, often 3 inches thick, the actual loss in yellow pine by fire is less
{han with other more gregarious species. A crown fire in mature
timber is almost unheard of, and in a ground fire in the virgin forest
young saplings often escape complete destruction, though with a fair
wind and on a steep slope destruction of seedlings and saplings is
often complete. It is after logging that the damage from fire is
greatest, on account of the inflammable and unburned slash. The
butts of mature trees are often fire scarred, but ordinarily this does
not result in either death or decay. Even in the case of very serious
scars, the butt log is usually sound, and much of the scar is eliminated
in the slab. During recent years the yellow-pine type has been
heavily grazed by sheep and cattle, and in consequence the grass is
kept short, and the damage from. fire very much reduced.

In June, 1910, a fire occurred on the Gila, Datil, and Apache Na-
tional Forests which burned over about 60 square miles. The area
burned was steep and rocky, with an unusual quantity of dry forage.
An investigation showed that the injury to the yellow pine was con-
fined very largely to the reproduction. On the area as a whole, from

-40-to 50 per cent of the seedlings were killed. The greatest damage

was done where the seedlings were in groups, and less where they
were scattering. Of the saplings on the area, from 23 to 40 per cent
were killed. While the greatest damage was done in groups, since
there the fire seemed to burn with the greatest intensity, it was
celdom that all of the trees in any one group were killed. A few
trees with diameters from 6 to 10 inches, and even up to 20 inches,



Woolsey Bulletin 101

21 0of 70

1to

ng
ess
re
est
alr

1S

is
he
)es
us
ed
en

18

ea
ze.

m
ge
ey
nt
ce
as

THE TREE. 19

had been killed, but none of a diameter above 20 inches. The injury
to the mature yellow pine was very slight. Few of the larger trees
were burned through the bark.

WIND.

The extensive root system of western yellow pine, especially the
strong laterals, enables the tree, under ordinary conditions, to with-
stand severe wind pressure. In early spring, immediately after the
snow has melted, and during the summer rains, however, the com-
bination of soggy, water-soaked soil and high winds results in con-
siderable windfall. Observations made on the Coconino National
Forest show that, unless left in groups or otherwise protected, seed
trees which remain after a stand has been removed are very likely
to be wind thrown. Isolated trees that have always grown in the
open can, of course, withstand the wind; the damage occurs when
trees that have been growing with other trees in dense groups are
suddenly exposed to its full force.

A tract of 480 acres on the Tusayan National Forest was logged
during August, September, and October, 1909, after about one-third
of the stand had been carefully marked for cutting. Yet in Sep-
tember, 1910, a year later, 8 blackjack and 10 yellow pine, total-
ing 2,250 and 8,520 feet board measure, respectively, had been blown
down. The total windfall of 10,770 feet was, however, only 0.0067
per cent of the stand left after cutting. In this case the area was not
exposed to the full force of the wind, and the marking was carefully
executed with a view to preventing windfall. On less favorable situ-
ations and with less careful marking the loss has been as much as 2
per cent of the total stand left.

FROST AND SNOW.

Young seedlings of western yellow pine are susceptible to frost
damage, particularly when they have not come up under the pro-
tective cover of brush. Moreover, dense reproduction, even from 2
to 5 feet in height, often suffers severely from either very early or
very late frosts. In the Lincoln National Forest, along the Rio
Bonito, there was considerable damage to young western yellow pine
from frost in 1907. South of Sitgreaves Mountain, in the Coconino
National Forest, dense reproduction was seriously damaged by frost
in 1905. The resulfs of experiments indicate that seedlings which
have grown up under brush cover are not liable to frost, but may
damp off during wet weather. Mature timber, also, is not damaged,
and frost cracks in green timber are unknown. During the winter,
however, frost in saw logs makes milling expensive unless the logs
are thawed in a hot-water mill pond.
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Since western yellow pine rarely occurs at the higher elevations,
damage from snow is negligible. Occasionally a slender sapling 1s
bent over after a particularly heavy storm, but the damage over
large areas is infinitesimal. At higher altitudes, in mixture with
Douglas fir, the young western yellow pine are afforded ample pro-
tection by the older stands.

MAMMALS AND BIRDS.

Undoubtedly an enormous quantity of yellow-pine seed is con-
sumed each year by squirrels, mice, and chipmunks. When the seed
supply is exhausted, squirrels eat the bark from the slender twigs of
black jack, temporarily damaging the crown, but doing no perma-
nent injury to the tree. Rodents nibble the roots of seedlings, and

~ appreciable damage results, especially in plantations. Occasionally

a trée is girdled by a porcupine.

Bird life is not plentiful in the Southwest, but what birds there
are probably do more good by eating noxious insects than harm by
damaging yellow-pine seed. Woodpeckers bore holes in dead trees
and in live trees infested with insects, but healthy green timber is
exempt from their attacks.

REPRODUCTION."

Under poor moisture conditions, even with protection from fire
and proper regulation of grazing, reproduction of western yellow
pine is both difficult and uncertain. With sufficient rainfall, how-
ever, it is practically sure.

Since the seed of western yellow pine often does not germinate
until the coming of the summer rains, its vitality is impaired by the
usual period of drought during April, May, and June. Moreover,
the seedlings that do come up are subjected to another drought from

" ‘{he latter part of September to November or December. Early frosts

damage or destroy seedlings, particularly those not protected by a
brush cover. Yet this same cover often induces damping off.

There are large areas on the Coconino and Tusayan National
Forests, particularly of malpals formation, where reproduction is
entirely lacking; yet this may in part be explained by recurring fires
and overgrazing. Both of these are common in the Southwest, and
account for lack of reproduction in many other places than the ones
mentioned.

On the Prescott division of the Prescott National Forest, where the
yellow-pine type is about half cut over, reproduction over the entire
logged area is practically complete. Between Leoanard Canyon, on

the Sitgreaves Forest and the southeastern boundary of the Coconino

Forest reproduction is completely established in over 10,000 acres of
virgin timber.

1Qee also TForest Service Circular 174, Reproduction of Western Yellow Pine in the
Southwest, by G. A. Pearson.
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Very complete data on reproduction in the Coconino and Tusayan
National Forests, gathered in the course of reconnaissance estimates,
and shown graphically in figure 4, give an excellent idea of the aver-
age quality and quantity of western yellow-pine reproduction on an
area of 1,258,240 acres, where unfavorable conditions exist. Good
reproduction means that seedlings already stock the ground; fair
reproduction, that seedlings are scattered, but sufficient in places for
a second crop; and poor reproduction, that new growth is entirely
lacking or very incomplete.

GROWTH.

Under the climatic conditions of the Southwest western yellow
pine is not a tree of rapid growth. It must,in fact, wage a continual
warfare with nature for its very existence. The growing season is
short, and frequently the seasonal drought lasts well into July, when
the growing season is half over. In the seedling and sapling stage
energy that must be
expended 1in estab-
lishing the tree’s root

system results in
dwarfing its develop- | 774, 2o Rosucr/on

g I 334880 ACRES-27 %
ment above ground.

GOOL REPRIDUCTION
282,080 ACRES-22 o

POOR REPRODUCTION
+58,400 ACRES. - 36 9/,

HEIGHT GROWTH. PARK LAND
/88,880 ACRES-15K

The height growth
J Fic. 4.—Relative quality of reproduction on Coconino and
of seedlings depends Tusayan Forests.

entirely upon local

conditions, principally whether they are partially suppressed or grow
in full light. The average figures in Table 6 are for seedlings grow-
ing in the open with some side shade. :

TABLE 6.—Height growth of seedlings.

Colfax :
Prescott | Apache Datil Jemez
Age. County, | “porest. | Forest. | Forest. | Forest, Average.
N. Mex.
Feet Feet Feet Feet Feet
0.5 ) T e | A epspetoge
ol .5 )4 N
.9 1.2 .6 T T T | ST SToTereyeyayeye
1.1 1.6 .8 1.2 0.5 1.04
- 1.4 2.0 .9 1.3 .8 1.28
1.7 2.6 1.0 1.4 1.2 1.58
1.9 3.1 1.1 1.5 1.6 1.80
2.2 3.7 1.2 1.7 1.9 2.14
2.4 4.3 1.3 1.9 2.3 2.44
2.7 4.9 1.4 2.1 2.8 2.78
3.0 5.6 1.0 2.2 3.3 3.14
3.4 6.4 1.7 2.3 3.8 3.52
3.8 7.3 1.8 2.4 4.3 3.92
4.2 8.1 2.0 2.5 4.8 4.32
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Under conditions best suited to its development—that is to say, in
mixture with Douglas fir—the height growth of western yellow pine,
as shown in Table 7, based on the measurements of 80 trees in the
Apache National Forest, is most rapid at from 60 to 100 years of age.
After 100 years the rate of height growth declines, until from 160 to
180 years it falls below the mean annual growth of 0.37.

TABLE T.—Height growth of western yellow pine in mizture with Douglas fir.

Annuafll Annuat.ll
s o owt: ; oWl
Age. Height. }f%r last Age. Height. %;r last
20 years. 20 years.
Feet. Foot Fect. TFoot.
5.0 0.25 95.8 0.28
13.5 .45 100. 4 23
25.8 61 104.3 19
40.3 72 107.2 .14
54.0 71 109.5 .11
65.4 57 111.2 .08
75.0 .48
83.2 .41 - Mean annual growth. . .37
90.0 34

The relation between diameter and height is shown in Table 8, the
figures in which are derived from hypsometer measurements. A com-
parison between height and age may be secured by substituting the
ages in Table 7. On the Zuni Forest, distinction was made between
blackjack and yellow pine, and the figures show that for the same di-
ameters blackjack is shorter than yellow pine; yet on the Jemez
Forest, where blackjack and yellow pine were also measured sepa-
rately, this difference was not borne out, since the heights were prac-

tically identical.

TABLE 8.—Height of western yellow pinec on basis of diameter.

Apache Forest. Zuni Forest.
pache Fores FDatil uni Fores 1;5 -
Diameter orest, |————————————| Forest,
breast Pure With pure DRCe Temez Average.
high. western | Douglas w«;%tg‘l;n Black- | Yellow wgifggn Forest.
yellow | firin | in jack. pine. | ¥ o
pine. | mixture.| Poe pine.
Inches Feet. Feet Fect. Feet Feet. Feet.
.................... 54 40 64 52.7
14 57 73 58 48 68 59.4
17 66 82 65 57 73 67.6
20~ 74 91 74 65 78 75.3
23 81 98 82 72 83 82.2
26 85 103 89 78 88 88.7
29 89 107 98 83 95 95.0
32 91 110 f......... 87 104 99. 4
35 . 92- 112 ...l 90 f..eeono... 101.0

DIAMETER GROWTH.

Tables 9 and 10, based on the measurements of 400 trees on the
Coconino and Tusayan National Forests, give the diameter of yellow
pine and blackjack at different stages. It is apparent that the
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mature yellow pine when in the blackjack form grew much slower
than the present blackjack of the same size. This difference in
diameter growth during the youth of the yellow pine is difficult to
explain, unless it is because the more recent blackjack forests have
been thinned by fire and the diameter growth stimulated. The cur-
rent annual growth falls below the mean annual growth after 80
years in the blackjack form, and after 100 years in the yellow pine.

TABLE 9.—Age of yellow pine and blackjack on bests of diameter breast ligh.

Diameter Yellow o nle
breast high. pine. | Blackjack.
Inches. Years. Years.
21.0 13.5
38.0 26.0
57.5 39.5
79.5 53.5
108.0 70.5
145.5 91.5
190.5 127.0
237.0 foeooioiaal..
“ 285.0 foceoiaioo...

TABLE 10.—Diameter growth of yellow pine and blackjack on basis of age.

Blackjack. Yellow pine.
Age.
Diameter | Growth | Diameter pgrﬁgho ¢
breast high.| per year. |breasthigh. last 20.
Inch. Inches. Inch.
............ .85 foeeeiao...
0. 227 5.25 0.170
202 8.45 160
165 11.10 132
122 13.20 105
087 14.95 087
035 16. 55 080
____________ 17.95 070
............ 19.30 067
............ 20. 65 067
............ 21.90 062
............ 23.20 065
............ 24.50 065
Mean annual diame-
ter growth. ... |c... coi... L148  |LLL..... S .094

In Table 11, which is based on measurements of from 17 to 205
trees, on five National Forests, no distinctions were made between
blackjack and yellow pine, although most of the trees measured be-
longed to the latter class. The average for the five Forests gives the
diameter of 160-year vellow pine at 19 inches, while the figures for
the Coconino Forest, in Table 10, gives it as 17.95 inches. ’
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TaBLE 11.—Diameter of western yellow pine breast high on the basis of age.

Annual
Agel Apache | Prescott | Jemez | Zuni | Datil ST s
ge- Torest. | Forest. | Forest. | Forest. | Forest. rom | ment for
curve. last 20
years.
Inches. Inches. | Imches. | Imches. | Inches. Inch.
2.6 4.0 2.2 2.0 2. 0.130
5.2 8.2 4.6 4.2 5.8 . 160
8.0 12.3 7.1 6.6 8.7 . 145
10.7 15.8 9.4 8.8 11.4 . 135
13.4 18.6 11.5 10.8 13.7 115
16.0 20.8 13.2 12.5 15.7 . 100
18.5 22.8 14.6 13.9 17.5 . 090
20.9 24.6 15.9 15.0 19.0 .075
23.2 26.1 16.9 15.9 20.2 . 060
25.3 27.6 17.8 16.7 21.3 . 055
A | P | Sy srot=r= 18.7 17.4 22.3 . 050
2002 Joeooiiii e 19.5 18.0 23.1 . 040
£ 3 0 1 T R (PUNPPORpIS 20.2 18.6 23.8 .035
32.5 |eooci]eieaaas 20.9 19.1 24.5 .035
33.9 | 21.7 19.5 25.1 .030
1130 . 1380 .0723 . 0650 .08366 |.-..------

163 years allowed for stump height.

VOLUME GROWTH.

Volume tables for western yellow pine are given in the Appendix.-

The increase in volume of single trees can be computed readily for
a given number of years by applying the diameter growth, Tables
9, 10, or 11, to a tree of known diameter; and by finding the volume
of the tree, Tables 29 to 32, on the basis of present and future di-
ameters. The difference between the two trees represents the volume
increment. It is often desirable to apply the increase in height
and read the present and future volume from the diameter-height

volume tables.
THE YELLOW-PINE TYPE.

The typical western yellow pine forest of the Southwest is a pure
park-like stand made up of scattered groups of from 2 to 20 trees,
usually connected by scattering individuals. Openings are frequent,
and vary greatly in size. Within the type are open parks of large
extent, whose origin may be due to peculiar soil conditions, such as
Lardpan, or in other cases to periodic flooding. What is known as
Garland Prairie, in the Coconino National Forest, contains some
16,800 acres of rolling, open land. In a timber-sale area of 9,250
acres on the Tusayan National Forest, bordering the woodland type,
and with a westerly and northerly exposure, 6,609 acres were for-
ested, while the remainder, about one-third of the total area, was
open land. At the lower limits of the yellow-pine type, pifion, alli-
gator juniper, cedar, cypress, Gambel oak, and other woodland
¢pecies occur in mixture with the pine. At the higher elevations
are Douglas fir, white fir, limber pine, Mexican white pine, Engel-
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mann spruce, aspen, and occasionally Gambel oak, until with in-
crease .of altitude yellow pine may be altogether replaced by pure
stands of Engelmann spruce. In pure stands of yellow pine the
ground cover is usually pine grass, bunch grass, and in openings
grama of various species. The grasses are distributed in clumps or
patches, interspersed with layers of pine leaves of various depths,
according to the density of the sand. Underbrush is rare. Occa-
gionally buck brush is found at the lower and briers at the higher
elevations. Varying age classes give pure western yellow pine a
variety of aspects. In places it is made up of thrifty pole stands
of blackjack, with an occasional mature yellow pine fast declining in
vigor. In others there may be an old mature stand of veterans,
with complete reproduction beneath. On the limestone formations,
with deep soil, the stand is usually more thrifty than on lava

(malpais).
STAND.
AVERAGE STANDS.

To determine the number of trees per acre in an average stand of
western yellow pine, surveys were made in different situations with
varying conditions, and the results tabulated by 3-inch diameter
classes.

Table 12 gives the results of valuation surveys on a portion of the
Prescott National Forest, upon which a working-plan estimate was
based, and which are indicative of average conditions in the more
open yellow-pine stands on dry situations in the Southwest. The
small number of trees per acre is typical. The largest tree recorded
was 37 inches in diameter breast high.

TaBLE 12.—Average stand of western yellow pine on 128 strip acres, Prescott
National Forest.

Diameter | Trees per || Diameter | Trees per
breast high., acre. breasthigh. acre.
Inches. Inches.
46 7.7 25-27 0.5
7-9 5.3 28-30 .2
10-12 4.2 31-33 .03
13-15 3.4 || 34-37 .03
16-18 2.7 Over 12 10. 46
19-21 2.3 Over 18 4.36
22-24 1.3
|

The number of trees per acre in average stands on the Coconino
and Tusayan National Forests is given in Table 13. Here again,
though under more favorable conditions than on the Prescott, the
number of trees per acre is small. Since no healthy blackjack are
marked for cutting in Government timber sales, except in thinnings,
timber-sale estimates usually differentiate between blackjack and
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vellow pine. The figures for the Coconino Forest are the average of
1,888 acres, chiefly on well-watered, rolling malpais flats, the stand
frequently very dense; while those for the Tusayan Forest are the
average of 5,920 acres on southeasterly exposures, with a dry soil
and a considerable area of pure volcanic cinders, the stand rather
an open one.

TABLE 18.—Average stand of western yellow pine on timber-sale areas, exclud-
ing parks, Coconino and Tusayan National Forests.

Trees per acre.
Diameter breast Coconino. Tusayan.
high.
Black- Yellow Black- | Yellow
jack. pine. Total. jack, pine. Total.
Inches.
.......... 4.37 431 [ooo..... 4.31
1.07 2.96 .52 0.55 1.07
1.21 1.92 .40 .68 1.08
2.36 2.89 .48 1.62 2.10
1.55 1.72 .10 .66 76
1.03 1.10 .08 .53 61
.44 .45 .02 .31 33
.44 .44 .01 .31 32
.12 [ 5 .04 04
.05 W05 [l .04 04
8.27 13.15 3.11 4.74 7.85
7.20 8.69 1.09 4.19 5.28

1 Approximated.

TABLE 14.—Maezimum stands of western yellow pine based on 10-acre calipered
sample plots. ~ (Trees per acre.)

Carson Forest.! | Carson Forest.? Alamo Forest. Zuni Forest. Jemez Forest.

Diame-
ter
breast
high.

Blackjack.
Yellow pine.
Blackjack.
Yellow pine.
Total.

Yellow pine.
Total.

Blackjack.
Yellow pine.
Total.
Blackjack.
Yellow pine.
Total.
Blackjack.
Total.
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6.4 23.7 |30.1
10.7 | 2.2]18.2[20.4

Overl18.| .0|38.8 |38.8

1 Rive 1l-acre plots. 2Two 10-acre plots.
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TABLE 14.—Mazimum stands of western yellow pine based on 10-acre calipered
sample plots. (Trees per acre.)—Continued.

Coconino Forest. Datil Forest. 8 Sitgreaves Forest. | Average of all plots.
(=3
]
Diame- s 3 0 , .

ter \ g 0 8 § a 8 o §
preast | % | & 4| & el 4| 2 4| &
high. =k = B , e & k : £ ks =,

$12 |81l 8|3 |8 |s|2|F |3 ||z

- I T - I - - A O O = I O O

o] i< = [} > 3 < M 5 H A > 3]
Inches.

25 PR PR P PO 0.57 |....... 0.57 {.cennn- 2.2 ... 2.2 0.0 §1.29
T-9. e 1.6 0.1 1.70 f....... 3.7 0.2 3.9 .04 1.90
10-12. 1.3 | 11| 2.4 | 2.07 .6 2.67 [..-..-. 3.0 7 3.7 .58 | 2.88
13-15. 1.8 2.6 4.4| 2.43| 1.33| 3.76 5.4 4.1 .8 4.9 1.58 | 4.83
16-18. 2.3 5.4 7.7 1.6 2.23 | 8.83 4.9 1.3 1.8 3.1 2.86 [ 5.20
19-21. . 91 6.3 7.21 117 2.4 3.57 5.0 .7 1.2 1.9 4.72 | 5.96
22-24...] 1.0| 4.8 5.8 .43 | 2.43 | 2.86 4.6 .9 2.8 3.7 4.58 | 5.26
25-27. . 1] 4.0 4.1 .03 1.8 1.83 4.8 oal 2.4 2.5 3.53 ] 3.80
28-30. ..]...... 1.9| 1.9 .03 1.3 1.33 2.2 82 1.9 2.1 2.03 1 2.15
31-83. . _|...... atf 7 .03 .93 . L1|....... 1.5 1.5 1.25 | 1.15
34-36. ... oo .03 27 9. 1.1 1.1 .78 80
37-39. . .|...... .1 1., 13 20 .3 .3 .16 .17
40-42. .3 ... .2 2 |eeeant 07| .07 |coe|aaeil .1 .1 121 .11
43-45. | . (1 SRR 1 7 PR D PO R S 02| .02
46-48. . || e e e e e .01 .01
Overl2.| 6.1{26.032.1 5.75112.96 | 18.71 7.3 13.9 21.2 21.64 (29.46
Overl8.f 2.0]18.020.0| 1.72| 9.40 | 11.12 1.9 11.3 | 13.2 17.20 |19.43

1 Three 10-acre plots. .
2 Blackjack and yellow pine calipered together.
¢ Includes Apache under ¢ Total.”

MAXIMUM STANDS.

Figures for a number of the heaviest stands on the Forests in
Arizona and New Mexico, on each of which the local officers selected
the heaviest 10 acres that could be found, are given in Table 14.
Trees above 12 inches breast high represent all that would ordinarily

"be merchantable under present market conditions if the stands were

cut clean, while those above 18 inches represent the usual cut in a
Government timber sale, subject, of course, to local variations. Even
on these maximum stands the average number of trees per acre over
12 inches in diameter is only 29.46 and over 18 inches only 19.43.
Out of all the areas there was only one tree over 45 inches in diameter’
and only three trees over 42 inches. No trees were found which con-
tained over five logs, although on the Apache Forest there were 31
five-log trees on the 10 acres measured. Of blackjack over 26 inches
in diameter, there was an average of only 0.27 per acre; over 12 inches,
7.94; and over 18 inches, 2.39.

What is probably the heaviest stand of pure western yellow pine
in the Southwest is shown in Table 15. It consists of an irregular
strip of 2 acres on the Tusayan National Forest. The trees are all
long-boled yellow pine of good quality. The average of 35.4 trees
per acre shows the unusual density of the'stand, yet there are 11 trees
with diameters over 30 inches breast high and 22 trees which will
vield five logs.
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TABLE 15.—Mazimum stand on 2-acrc sample plot, Tusayan Forest.
acre.)

ARIZONA AND NEW MEXICO.

(Trees per

Estimated number of 16-ioot logs to

Diameter trees.
breast high.
2 3 4 5 Total.
Inches.

16-18.........] 05 [.cc...oif 05 foa...... 1.0
19-21.........] .5 | 05 | LO J........ 2.0
22-24 1.5 5.0
25-27 5.5 9.0
28-30. 10.5 12.0
31-33. 2.8 3.5
34-36......... 15 L5
37-39......... .5 .5
Over 18 22.0 345

FULLY STOCKED STANDS.

" Tie.

184 veterans per acre.

5.—Distribution of blackjack on
5-acre plot.:

The open and grouplike character of even the heaviest existing
stands of western yellow pine in the southwest prevents the figures

for maximum stands from being a
fair measure of what an area is
capable of producing if fully
stocked ; that is, when the trees
are evenly distributed over it at
distances apart conducive to their
best growth. Hereand there, how-
ever, are small areas that may be
considered fully stocked, though
these are seldom over 1 or 2 acres
in extent. An example of a fully
stocked stand was noted on the
Zuni Forest, where on an area of
24 feet by 78 feet, comprising one
twenty-third of an acre, were 8
splendid veterans, averaging over
100 feet in height, and from 23 to
35 inches in diameter breast high.

If this same density were maintained it would give a stand of about.
Two sample plots on the Datil National
Forest, figures for which are given in Table 16, illustrate the grouplike
character of even a fully stocked stand when grown under natural
conditions. Figure 5 shows graphically the location of the trees on
one plot. Through almost all stages of growth the openings remain
approximately the same size until gradually the parent stand dies
out, the small blanks become stocked with seedlings, and the cycle is
complete. '

The figures given in Table 16 for two fully naturally stocked stands
of blackjack are an indication of the maximum stand capacity for soil
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of moderate fertility. A plantation on similar soil even without
thinnings would exceed these stands. :

TABLE 16.—Two fully stocked stands of blackjack. (Trees per acre.)

Black- Blz]x\clg- _Blziflé; .B];}z\ck-
Diameter jack 62 | jack 82 Diameter jack 62 | jack 82
Y ears old,| years oid, : years old,| years old,
breast high. | Gsseod| ViR breast high. | 5455000 ViR
high. high. high. high.
Inches. Inches.
4-6.......... 21.6 19.2 2527 ... ..., 0.0 0.2
9. ... 39. 4 40.8 28-30......... [ 0 PR
10-12......... 38. 4 43.8 31-33......... L2 el
13-15......... 21s6 27. 4 Over12...... 38.0 46.2
16-18..... . .. 13.0 11.6 Over18...... 3.4 7.2
19-21 ... ... 2.6 5.6
22-24_ ... 6 1.4 Total over 4.. 137. 4 150.0

YIELD.

AVERAGE AND MAXIMUM YIELD.

As compared with the Pacific coast, the yield of western yellow
pine in Arizona and New Mexico is relatively small. On the Tusayan
and Coconino National Forests are approximately 1,317,000 acres of
the western yellow-pine type. Allowing for the underrun of past
estimates, the stand of western yellow pine on the average acre for
the entire area, including parks, barren land, and cut-over areas, is
about 8,500 board feet to the acre, or 2,250,000 board feet to the sec-
tion. The best township on the two Forests is estimated to cut
177,365,000 board feet, or, roughly, 7,700 board feet to the acre,
which is approximately 5,000,000 feet to the section. The largest
recorded cut in any lumbering operation within the Coconino and
Tusayan National Forests was 9,522,000 board feet to the section.
According to T. A. Riordan, president of the Arizona Lumber &
Timber Co., however, this was an extraordinary section, and no other
has cut within a couple of million feet of this quantity. On 5,920
acres taken as an average for a large timber sale on the Coconino
Forest, the average stand per acre was blackjack 516 feet and yellow
pine 3,299 feet, a total of 3,818 feet. On another sale 2,135 acres
averaged 725 board feet of blackjack and 5,797 of yellow pine, or a
total of 6,522 board feet per acre. Exclusive of small parks and
openings the average stand per acre on the forested area amounted
to 7,390 board feet. On a timber-sale area of 9,520 acres on the
Tusayan Forest, of which 6,609 acres is forested and the remaining
2,911 made up of open parks, the total cut is estimated at 81,000,000
board feet, or 8,256 board feet per acre. For the forested area only
the cut will average 4,691 board feet per acre. On this sale about 25
per cent of the stand was left uncut to reseed the ground.

N
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30 WESTERN YELLOW PINE IN ARIZONA AND NEW MEXICO.

Both Mr. A. B. McGaffey and Mr. Charles F. Wade, of Albu- -
querque, N. Mex., remember a section within the Zuni National For-
est on private land that cut slightly over 7,000,000 board feet, though
exact figures are not available. Mr. Wade reports that during the
period from June, 1907, to May, 1910, the largest cut from any sec-
tion of which he has knowledge was 5,458,256 board feet. What he
considers an average cut during this period from 6,720 acres totaled
35,082,462 board feet, or 5,250 board feet per acre. This would
amount to approximately 8,388,000 board feet per section. As a
guide in cruising, a poor stand might be considered as running
1,000,000 feet to the section, a fair stand 2,000,000, a good stand
3,000,000, a heavy stand 4,000,000, and a very heavy stand 5,000,000.

These figures, of course, are merely an approximation.

MAXIMUM YIELD ON SAMPLE PLOTS.

§ Maximum stands found on small areas prove that with artificial
‘ regeneration and a fully stocked stand, a large yield can be counted
upon. Table 17 shows the yield upon twelve 10-acre sample plots on
eight National Forests in the Southwest. As will be seen, the highest
yield was found on the Jemez National Forest, where the sample plot
averaged 1,303 board feet of blackjack and 15,800 feet of yellow
pine per acre, or 17,103 feet in all. Next to this is the Coconino Na-~
tional Forest with 1,440 board feet of blackjack and 13,686 feet of
yellow pine per acre, a total of 15,126 feet. The average of the twelve
10-acre plots gives 1,457 board feet of blackjack and 9,665 of yellow
pine per acre, or a total average per acre of 11,395 feet.

TABLE 1T.—Mazimum yicld per ecre of western yellow pine from calipered
sample plots.

o el Yellow - . atetane | Yellow
Forest. Blackjack. pine. Total. Torest. Blackjack. pine. Total.
Feetb. m. | Fectb. m. | Feetb.m. Feetb. m. | Feetb.m. | Feetb.m.
Sitgreaves..... 1,371 10, 980 12,351 [} Zuni.......-. 591 9,582 10,173
| Datil.......... 1,061 7,642 8,703 Do....... 1,637 9, 060 10, 697
] Do........ 575 10,751 11,326 || Jemez........ 1,303 15, 800 17,103
" Do........ 2,160 8,380 10,540 || Carson2...... 579 12,359 12,974
i pache....... 1 1 14,401
q Alamo........ 5,308 8,041 13,349 Average.... 1,457 9,665 311,395
‘ \‘ Coconino. ..... 1,440 13,686 15,126
i 1 Not separated. 2 Two 10-acre plots. 3 Includes Apache total.

|
i | On very small areas the maximum stand sometimes far exceeds
! those just given in the table, a fact due to the natural grouping or
! crowding so characteristic of the species. Five 1l-acre plots on the
| Carson National Forest averaged 622 board feet of blackjack and
! 26,730 feet of yellow pine, a total .of 27,352 board feet per acre. Per-
| haps the heaviest yield of western yellow pine for an area of 2 acres
I within the Southwest was found in the Tusayan National Forst.
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