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WESTERN YELLOW PINE IN ARIZONA AND NEW MEXIC0. 1 

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 
pos8ible, by private owners, is the chief purpose of this bulletin. It 
should serve also to assist Forest officers in their regulur work, and to 
indicate opportunities for the purchase of Go,·ernment stumpage in 
the National Forests of Arizona nnd 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 'Vashington, the result of a different situation and 
climate.2 

Lumbermen and others distinguish two forms of the tree within 
the region, which they term, respectively, blnckjnck and ye1Iow pine. 
The difference, however, is one of nge uml uot of ldnd. Bluch:juck is 
merely the form which yellow pine assumes before it reaches the nge 

1 Many of the figures and other dntn 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. llcYII­
lan, A. D. Read, C. D. Faunce, E. I. Terry, H. B. Burrell, P. P. Pltchlyn, and H. ll. 
CmTen, of the Fol·est Servlf'e, to whom the author de!:" Ires to acknowledge his indebtedness. 

t In Forrest Service Bulletin 17, ".-\ Check List of Forest Trees of the Cnlted States," a 
separate species of yellow pine, PtnuB ponderosa Bropulorum, was noted for portions of 
the Rocky Mountain region. It Is now the judgment of llr. George B. Sudworth, author 
of the Check List, that whatever dll!'erences exist between this form and that designated 
as PjnuB ponderosa are due solely to dllferences In site and climate and not to any 
IDherent dltference In the trPes 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 lnrger than the average blackjacl\:. Many blackjacks 
grown in the open, however, have a larger diameter than the average 
forest~grown yellow pine. 

SOli ... AND CLll\[ATIC REQUIREMENTS. 

Western yellow pine is not fastidious in its soil requirements. It 
does best, of course, on deep, rich soils~ y<'t it thrives on moist to dry 
gravelly loam, on limestone formations, on malpais or lava, in 
volcanic cinders, nnd in gravel. It seeme to adapt itself, in fact, to 
the most impoverished sites, nnd saplings may be seeJ~ growing on 
dry, rocky south slopes. Trees in such situations, however, are often 
stag-headed an<l 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 nnd New Mexico of l{nown elevation and ex~ 
posure the mean annual rainfRll and the character of the yellow-pine 
stand in the vicinity. 

TABLE 1.-0lwmctcr of ycilo-w pine under different condit-ions of altitu(le, 1'aiu­
fall, a-nd e:eposure. 

SOUTHERLY EXPOSURES. 

l.ooalltles. I 
Mean Eleva- annual 

tlon. rainfall. 
Character or yellow pine. 

----------------il __ ---------1------------------------------
Feet. Incku. 

Santa Fe, N. Yex............ 7,013 
Flagstaft, Ariz................ 6, 907 
Fort Bayard, N. Yex......... 6,040 

~~~~~::::::::: ~:~ 

14.72 No stand. 
23. 87 Good stand. 
15. 20 No stand. 
18.90 Do. 

Cloudcroft:M N. Mex ..... -..... 

~~~llin~·N:i.iex:::::::: 
~(6;!;. Mex ............... -. w '.Ariz ............... . 
Kagdalena1 ~· Yex ......... .. 
Showlow, AJ'JZ .............. .. 
Prescott, Ariz ............... . 

18.05 Do. 

NORTHERLY EXPOSURES. 

8,650 
7,300 
6,997 
6,983 
6,750 
6,557 
6,300 
5,320 

24.39 Scattering in mixture with Douglas fir. 
16. 58 Good stand. 
14.53 No stand; slightly below yellow·plne type. 
12.81 Scattering stand in Taos Canyon near by. 
20. 64 Good stand at slightly lower eleYatlon. 
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 northen1 exposures above 7,000 
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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 individuuls, but 
the presence of even these few trees is probably due to the moisture 
and shade from the· canyon walls. 

It is the variability of annual precipitation in the Southwest, 
coupled with drying winds, which make conditions for tree growth 
particularly trying. Droughts ure periodic uml se,·ere, nnd un­
doubtedly impair the vitality of mature yellow pine and curtail the 
]octl'l distribution of the species. At Prescott, near which nre com­
mercial stands of yellow pine, the average unnual rainfall for 35 
years was 17.4 inches. Yet during that period there were 7 years 
with less thnn 12 inches! nnd two periods of 4 years each with an 
averll'ge annual rainfall of but 11.5 and 13.3 inch<>~:, resp<>ctin•ly. 

Increase in altitude brings, as a rule, increase in rainfall and 
elimatic conditions in general more favorable to tree growth. 
Western yel~ow pine, however, is seldom found in pure stands of any 
~xtent above 8,500 feet, siHce it can not compete with the shade~ 
enduring species which grow at the higher altitudes. It is present, 
in mixture with Douglas fir, at 10,300 feet, on the Gila National 
Forest. At the other extreme, it is not found ordinnrily in any 
quantity below 6,500 feet, though in the sheltered beds of canyons 
und on favorable north slopes it grows at altitudes as low as n,ooo 
feet, and at one plnce at least, along Oak Creek in the. Coconino 
National Forest, is abumlant at 5,300 feet. Its presence here, how~ 
ever, is due to the moisture and partial shade from th~ cnnyon walls. 

The heaviest extensive stands of yellow pine in .Arizonn nnd New 
Mexico tl're on the comparatively moist, rolling pluteuus 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-wntered flat north of 
Bellemont, on the Tusayan National Forest, at nn elevation of 7,400 
feet. Here 2 acres of unusually tall, clean-holed timbers scaled 
72,000 board feet. 

From April to July the heavy and continuous southwest winds, 
which lessen the air moisture, increase entporntion~ and bake the 
surface of the soil, are particularly trying to tr(le growth. Even at 
Flagstaff, where the climatic conditions are considered favorable, the 
average wind velocity for the past fh·e years has been 7 miles per 
hour, and the average humidity for the snme period, 62 per cent. 

SIZE AXD LONGEVITY. 

Yellow pine in the Southwest does not nttnin large size. Seven 
average logs are often necessary to make a thousand board feet, and 
on one section in the Tusayan National Fort!st the avernge 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 3,420 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 Forests 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-

IQ" ,.,. ,,. , .•. 
IIID WESTERN YELLOW PINE 

PINV.S POND6R08A 

FIG. 1.-Dtstribution of weste1·n yellow pine within National Forests ot Arizona and 
New Mexico. 

mated at from 3 to 3.5 sixteen-foot logs to the tree, a number of others 
at from 4 to 4.5, while on the Sitgreaves Forest n 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. 

The blackjack form develops into the yellow-pine form when the 
tree is from 125 to 150 years old. Typical stan"ds of overmature 
timber vary in age from 250 to 350 years, and t-he trees composing 

THE TREE. 9 
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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. 

l<'lG. 2 (b). 

ROO'l' 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 an"d 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 
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s4orter tap roots, since the ground there is not so easy to penetrate. 
The usuullength 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 n moist to dry gravelly 
loam. The surface root system of each was tmco,·ered and the art>n 

FIG. ~ (C). 

divided into 4-foot squares, so that dirl'ction and length of each 
root could be carefully plotted. It will be seen that the root~ of th£' 
blackjack extend over a large area, while those of the yellow pine~ 
though larger in diameter, do not extend the snme distnnce from the 
tree. Probably this is because, ns the troo nenrs tn!lturity~ mnny of 
the roots become diseased and die off. 
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FIG, 2 (d). 
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Veterans have laterals extending from GO to 100 feet from the 
base of the tree, and in extreme cases 150 feet. After maturity the 
tap root often decays. 

:!\IERCHANTAllLE LENGTH, 

The merchantable length of a tree-that is, the length of bole actu­
ally utilized in lumbering-depends upon the rapidity of its tnpt>r 
nnd 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 nctuul logging operutions, wlH.'re 
the top diameter limit wu:-; 8 inches and the stnnd from two to three 
million feet to the section. 

TABLE 2.-Mercltantablc length of wcidf'l'll yello-w pine. 

Diameter 
breast high. 

Inchtl. 
14. ••·•· ..... . 
17 ........... . 
21) ........... . 
23 ........... . 
2(i ........... . 
29 ........ ___ _ 
32 ........... . 
35 .......... .. 
3!!.-- ----- ... . 
41. .......... . 

Merchantable length. 

Yellow 
pine. 

&tt. 
32 
41 
4i 
53 
59 
G4 
(i\1 
i5 
80 
&') 

Black 
jack. 

}'eel. 
~/. 
3:.! 
41 
4i 
53 
.)-;" I 

I 

::::::::::::! 
i::::::::::::i 
I __ I 

CLEAR LENGTH. 

Western yellow pine, when growing in pure stands, hns but a short 
clear length in comparison with its total height. 'Yhen in mixture 
with Douglas fir, however, nntural pruning grently increases the 
proportion of stem free of branches. Table 3 is bused on the mens­
urements of 800 trees on the Apache and of Q5 trees on the Zuni 
National Forest. 

TABLE 3.-Cleur length r1f 1Cf'.sfcrn yellrHv 11inc (•fJIIIJitlrcll 1tith total height. 

Apache National Forest. I I 

I
Zunl :-•ational· 

Height. Pure west- In mixture ~~~~..!~t~~J: I 
em yellow with Douglas low pin~>. 
pine, clear fir, cle.ar I clear length .. 

length. length. 

Feet. Feet. --;,~.--1 -;tf~----1 
~::::::: ]~ .......... 25 ............. ~ .. 
70....... Hi 25 10 
!Kl....... 19 31 12 
90.. .... . 22 37 14 

100....... .............. 42 li 
110....... .............. 47 22 

\...-__ __;_ _____ -------------
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BC'IT 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 incheH 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. 

'l'Alli.E 4..-llutt tfiJICI' awl rctluc•ing fudor of yellow Jlilw ami lJltii'J.·juc:/,·, .I tu_ 5.J 
feet from !/I'UittHl by 6-indt elasse8. 1 

lllstancc from ground in feet. 

lto2 2to3 3to4' 4 to 5 

Urcast-l1 igh 
dlatuetor 
reducing rae­

. torforstump 
18 inches in 
height. Breast-high diamo-w. CliiSS. !----__..!... ____ ....~.-____ .:._. ____ 1 ____ _ 

Yellow 

Inches outside hark. 

Block- Yl•llow Black· Yellow Dlock· Yellow Black· YeUow lllook 
jack. ,pine. Jack. pine. Jack. pine. jack. pine. jack. I pine. 

-------:,-------------------
8 ...... ~~~: ....... 1! 

14 .................. . 
20 .................. . 
26 .................. . 

~:::::::::::::::::::1 

0.6 0.8 
1.0 1.2 
1. 7 1. 7 
2. () 2.1 
2.2 ········ 
2.3 ........ 

0.5 0.5 
.7 .s 

1.7 .8 
1.0 1.1 
1.2 ....... . 
1.3 ...... .. 

0.3 
.4 
.8 
• 7 
. o 

1.0 

0.3 
.4 
.6 
.8 

0.2 0.2 
.2 .a 
.6 .4 
.5 .4 
-7 ....... . 
• 8 ....... . 

1. 0 1. 0 
1.3 1.5 
1. 7 1.8 
2.2 2.3 
2.8 ...... .. 
3.1 ....... . 

1 Based on 404 yellow pine and 200 blackjack on Zuni, Jemez, and DatU Fol'est~:~. 

In deciding between different top-diameter limits. it is essential 
to know the averuge tapers of the top log. These are given in Table 
5. According to the top taper us 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. \Vhere the volume of scale is the same, the problem of what 
top limit should be used resolves itself into a question of manu­
facture. 

'l'ADLE 5.-7'01) tnpt•r of yc11ow Jri·llc and blael,·jad' 2 to 8 feet from uwt·clwntablc 
lirf!-it. 

------------------------------·---

:Jemez Forest •................................ 
Zuni Forest .•................................ 

1 
~e~z/o=~::::::::::::::::::::::::::::::::: 

Distance from merchantable Umit, in feet. 

o l 2 I 4 I 6 I 8 Variety. 

Diameter inside bark, ill illches. 

8.4 
6.9 
7-5 
6.9 

10.3 
7.8 
8.7 
7.6 

11.2 
8.5 
9.4 s.• 

11.0 
9.2 

10.0 
9.0 
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TOLERANCE. 

'Vestern yellow pine is intolerant of shade, except in the seedling 
stage on very favorable situations. ln\'e!:itigutions conducted at the 
Coconino Forest Experiment Station indicnte that most seedling::; 
gd their sturt mulct· protection of the seed trees, while in smnll 
,_;penings the bordering stand shields the seedlings from the full 
e1lect of the weather. Saplings may exist under the shade of veter­
ans, and a 74-year-old pole was found growing in full shade, though 
it had but a few more years to li,·e. If once suppressed during the 
sapling stage, western yellow pine cun not recover and de,·elop into 
a;n.w timber. Dense mature stands often decline in vigor and become 
stag-headed through luck of siJe light. 

CACSl':S Ul'' D\Jl."RY. 

1NSEC1'S. 

The Dend1'odonuH beetles, of whieh six specie:-;, including the 
Black Hills beetle, hn \'e been observed in Arizona and X ew :Mexico, 
are perhaps the most destructive enemies of western yellow pine.1 

Records of depredations by the Black Hills beetle indicate that these 
huve been far more continuous nnd extensive in comparatively hu· 
mid sections, like the Black Hills of South Dakota nnu certain sec­
tions of Colorado, than under the more arid conditions of .Arizonn 
and New Mexico. The fnct, however, tlint prncticully all of the 
Dendroctonus beetles are known to be primary enemies of western 
yellow pine in that they att-ack and kill perfectly healthy_ tn•eH 
makes it important that Forest officers should watch for any evidence 
of the abnormal dying of pine timber, and should tnke prompt 
~teps, if it is found to be due to the work of these beetles, to check 
further depredations, in accordance with the methods advi~ed by the 
Bureau of Entomology. 

Jo'UNGI. 

The bluing and red rot of western yellow pine are due to the 
attacks of fungi, und have hl"en described fully in Bm·e;tu of Plant 
Industry Bullt>tin 3U, "The Bluing uml Re<.l Hot "of \\'" estt'l'll Yell ow 
Pine, with Special Reference to the Black Hills Forest Reserve." 
The blue fungus attacks the contents of the wood cells and not t lw 
cells themselves; consequently the blued wood is not rotten. Tlw 
spores of the fungus which causes red rot lodge in bark groovf's of 
dying trees, and after germinating grow through the cambium nnd 
sapwood, and attack and destroy the cell walls of the heurtwood. 

1 For complete Information concerning the work ot these Insects and. their control, Sl>e 

B·ureau of Entomolov Bulletins 83, Part I, and 58, Part Y, and Circulars 1:!5, 120, 1:!7, 
and 129. 
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In Arizona and New Mexico considerable losses occur through the 
bluing of the sapwood of saw logs left in the woods during wet 
weather. There are two ways to prevent this-one, to talre 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 
eertuinly nn exaggeration. Three large operators place the average 
loss through red rot at 20 per cent on the Coconino Forest, 25 per cent 
on the Zuni Forest, and from 5 to 10 per cent on a land grant in 
11orthern New 1\fexico. On an area of 80 ucres in the Tusayan 
Nutionnl Forest, beuring 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 278,000 feet, and the cull 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 i3 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 on 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 above the ground. 
Usually it can be eliminated by butting a log 4 feet in length. 

In October, HHO, Dr. Hedgcock tentatively identified the following 
fungi in a timber sale on the Tusaynn National Forest: Fornes 
pinicola, Tram.etes lJini, Lentin·us ltJpedius, a genus of Hydnum, 
PolystictmJ abiethws, and Fomes officirwles. 

Fortnuntl'ly, the dry climnte of the Southwl)Ht retards decay, but 
defective trees which are left in the woods be<·ause they are too costly 
to log nre n menace to the sound trees, nnd may cam.;e considerable 
financial loss in the future through the spread of the fungus. 

DROUGHT. 

'Vhile the extensive root system of western yellow pine enables it 
to withstand the seasonable dry weather, numy 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 ordinnry insect and fungus attacks. Seedlings 

FIG. 3.-Western yellow pine, natural size, Arizona: a, t ... t; b, Heed; c, cones. 
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are particularly susceptible to drought, nncl ordinarily can not secure 
u foothold except under partial protection of oldt·r stands. 

MISTLETOE. 

Mistletoe, Ra.zoumofslt~ya rolJuata, is a serious mena('l' to western 
yellow pine. In the Coconino and Tusayan N ationnl Forests there 
are large areas where over 60 per cent of the timber has been nttacli:ed. 
On some situations, particularly on the Sitgreaves ~fountain, 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. 'Vhen the seed co,·ering 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 is lessened. In case of seYere attack no seed is produced. 
A dry climate such as that of the Southwest lessens the danger from 
a.ttack. 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 excessiYe. "rhen the range is overstocked cattle 
trample and injui'e 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 dose-herded, as in crossing regulnr drh·eways, trnmple repro­
duction. Over extensive areas on the Coconino and Tusayan N a­
tiona! Forests bands of sheep have stunted yellow pine seedlings by 
nibbling the terminal shoots. Some sheepmen claim thn t 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 haYe been com­
pletely destroyed and saplings permanently injured by having their 
bark eaum from 4 to 5 feet above the ground. The value of properly 
regulated sheep and cattle grazing in securing reproduction, howe,·er, 
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 nfter seedlings have 
come up and before they are firmly established it should be re­
stricted. 

U<lHTNINU. 

. As a result of t;evere thunderstorms in the Southwest <.luring the 
summer months, the damage to yellow pine from lightning is eon­
sideruble. Often wht•u a dry tree is ~truck a grouud fire follows. On 
a sample plot of up proximately 154 ucres, on the Coconino N ntionu1 
Forest, l.ii pt•t· t't~llt of the ~tnml had het'l1 lightuiug :-;truck. Trees 
urc rarely killed outright, but lose a strip of bark from U to 10 
inches in width, circling the tree spirally. Occasionally, however, 
trees are killed when struck. Even if lightning-struck timber l't'mains 
standing, there is eonsi<.lerable loss in quality unles:::; 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 un• left 
standing for u number of years, lightning scars wmally develop into· 
serious rot. 

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 
than with other more gregarious species. ....\. 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 u fair 
wind and on u 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 inflummnble and unburned slash. The 
butts of mature trees are often fire scarred, but ordinarily thi~ 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 ha:-; been 
heavily gruzed by sheep and cattle, and in consequence the grnss is 
kept short, und 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 urea 
burned was steep and rocky, with an unusual quantity of dry forage. 
An in,·estigation showed that the injury to the yellow pine was con­
fined very largely to the reproduction. On the area ns 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 
seldom that all of the trees in any one group were killed. A few 
trees with dia.met~rs from 6 to 10 inches, and even up to 20 inches, 
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had been killed, but none of a diameter abon• ~0 iuches. The injury 
to the mature yellow pine was very slight. Few of the larger trees 
were bu~ned through the bark. 

WI~ll • 

The extensi re root systpm of western yellow J>ine esJwein1Jy the . ' . 
t-;t roug Jutt'ruls, l'nnul<•s the tree, mult•r oa·diuary couditious, to with-
stuml :::~evere wind pres!'lttre. In earlv H}Jritw. immediutt.>ly ufter the J ~~ • 

suow has melted, nnd during the summer raius, however, the com-
uiuation of soggy, wuter-soul<ed ''')il aud high wind::~ rt.>sults in <.'on­
siderable win<.lfall. Obsern.ttions mude on the Coconino :National 
Forest show thut, unle:-;s left in groups or otht•rwise protected, seed 
trees wl~ich remain after u stand has been remm·ed nre very likely 
to be wmd thrown. Isolated tree8 that hu ve ulwnys grown in the 
open can, of course, withstuud the wind; the dumagt• occurs when 
trees that have been growing with other tree:-; in deuse groups are 
suddenly exposed to its full force . 
. ~tract of 480 acres on the Tusayan Xationul Forel;t was loggl•<l 
durmg August, September, and October, 190U, 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, tot~tl­
ing 2,250 and 8,520 feet board measure, respectively, had been blown 
down. The total windfall of 10,770 feet was, however, only O.OOG'i 
per cent of the stand left after cutting. In this cnse the area was not 
exposed to the full force of the wind, and the marking wns cnrefully 
executed with a view to preventing windfall. On less favorable situ­
ations und with leHs careful marking the loss has been as much ns ~ 
per cent of the total stand left. 

FllOST .\X)) S~O\\', 

Young seedlings of wc:-;tel'll yellow pine an• :-;usn•ptible to fro:-;t 
dan~age, ptrrticulnrly when they have not c·onw up llllth•r the pro­
tective cover of brush. :Moreover, dense reprodnetion, even from :.! 
to 5 feet in height, often suffers se,·erelv from either verv earlv or 
very late frosts. In the Lincoln Xati~nal Forest, along the· Rio 
Bonito, there was considerable damage to young weste1·n yellow pine 
f1·om frost in 1907. Houth of Sitgrenves 1\fountnin. in the Coconino 
Nutionul Forest, dense reproduction was ~erioush· damugcd by frost 
in 1905. The results of experiments indicate that seedlings· whieh 
have grown up under brush cover are not liable to frost but mav 
damp off during wet weather. liature timber. nlso. is not.' damnO'eti . ~ . 
and frost cracks in green timber are unknown. Dm·ing the wint(>l'. 
however, frost in saw logs makes milling expensiYe unless the log:-\ 
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 is 
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. 

MAMMIALS AND BIRDS. 

Undoubtedly an enormous quantity of yellow-pine seed is con­
sumed each year l>y ~quirrels, mice, und chipmunks. 'Vhen 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, e!ij>ecially in plantations. Occasionally 
a tree 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.1 

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 prnctically 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, nnd June. Moreover, 
the seedlings that do l'OilH.' up nre subjeeted to another th·ought from 
the latter part of ~eptember to N o\·ember or December. Enrly frosts 
damage or destroy seecllinbrs, particularly those not protected by u. 
brush cover. Y t•t t hi:-~ sanw t•over often iuduces dun1 piug off. 

There are hu·ge nreus on the Coconino and Tusayan Nutiowd 
Forests, pnrticularly of mal pais formation, where reproduction is 
entirely lacking: ,Yt't this mny in part be explained by recurring firl'S 
and overgrazing. Both of these are common in the Southwest, anu 
account for lack of reproduction in many other places than the oues 
mentioned. 

On the Prescott division of the Prescott National Forest, where the 
yellow.pine type is about half ::ut over, reproduction over the entire 
logged area is practically complete. Between Leoana.rd Canyon, on 
the Sitgreaves Forest and the southeastern boundary of the Coconino 
Forest reproduction is completely established in over 10,000 ncrps of 
virgin timber. 
-----------------------------·--

1 See also l•'orest Service L'ircular 174, Reproduction of Westeru Yellow Pine ln t111.: 
Southwest, by G. A. Peat·Hon. 
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Very complete data on reproduction in the Coconino and Tu~aynn 
National Forests, gathered in the course of reconnaissance estimates, 
and shown graphically in figure 4, gire an excellent idea of the oYet·­
age quality and quantity of western yellow-pine reproduction on an 
area of 1,258,240 acres, where unfn vorablr cond.itions exist. Good 
reproduction means that seed.lings nlread.y stock the ground; fair. 
reproduction, that seedlings ure scattered, but sufficient in places for 
a second crop; and poor reproduction, thnt new g-rowth is entirPly 
lacking or very incompleh•. 

GROWTH. 

Under the climatic conditions of the Southwest western ,·ellow 
pine is not a tree of rnpid growth. It must, in fact, wnge a coi~tinual 
warfare with nature for its very existence. The growing season is 
short, and frequently the seasonal drought lnst:il well into July, when 
the growing season is half over. In the seedling and sapling stnge 
energy that must be 
expended in estab­
lishing the tree's root 
system res u Its in 
dwarfing its develop­
ment above ground. 

HEIGHT GROWTH. 

The height growth 

GOOD REP.fi>()LJI.ICTION l 
ZBZ,080 ACH£S-2Z ~ 

,rAil? HEPROOI.ICTION 
.JJ*.880 ACHE.S- 27% 

.POOR REPRO/Jf/CTION 
+SB/~·00 AC'RE..S. -36' CX, 1 

of seedlings depends FIG. 4.-Relative quality of rt>productlon on f'o~onlno and 
Tusayan Forests. 

entirely upon local 
conditions, principally whether they are purtia11y suppressed or g•·ow 
in full light. The nveruge figures in Table G ure for seedlings grow­
ing in the open with some side shade. 

'fAJIU; 0,-1/dyhf f/I'IJU'tli uf .~l'r'fflill!/1!1. 

Age. (~~~~~· Prescott I Apache Datil 
-- N. Mt•x~ J:o'orest. ~~ ·-~orest. 

~ ('ffii.'Z I h"l'-l"l' l'on·st. · ""' · 

l"l"arll. Fat. Fat. Fat. Fat. Fat. I Fat. , 
1. ................................... ·········· ......... .: .......... : 

t:::: o:~ o:~ ·····i:u·. ::::::::::1:::::::::. 
L:::: 1J i:i :~ U ·····u:5·· ... Tt» .. 

. 6...... 1.4 2.0 .9 1.3 .s }.2-} 
I 7...... l.i 2.6 1.0 1.4 ).2 J,i'llj 

8...... 1.9 3.1 1.1 1.5 Jlj }.loll 
9... . . . 2. 2 3. 1 I. 2 1. i I. !I :!. H 

10...... 2.4 4.3 1.3 1.9 2.3 ; 2.-H 
11 ...... 2.7 4.9 1.4 2.1 2.8 2.';'S 

, 12...... 3.0 5.6 l.G 2.2 :U 3. H 
13...... 3. 4 G. 4 1.1 2. a a.1'l a. 52 
H...... 3.8 7.3 1.8 2.4 4.3 :i.D'l 

).~...... .4~~-J- -·~~-~ ___ '-_l.(-1 ---~·-·:___··-~.1-l-··· 4.:~ 
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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 N ationall~01·est, 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 fnlls below the menn nnnnnl gi'Owth of o.a7. 
TABLE 7.-lleight growth uf u;C~Jtern yello-w 11i11e in mi.J.:turc wiflt Do·uglas fir, 

.---------~~--~----~~----------~- --
AIIIlllt\1 1.-\nlllllll 

Height. ?~~r;;;~ A~:•·· Height. 1~~~~~ 
----·- 20 years. _ -----___ 120 years. 

l"t'UI'S. Pal. Pflul. }"nil's. Fnl. f'rml. 
:!11. •••...•.•..•.. 
40 •••........•..• 
00 ••...... ·- ..... 
110 •••••...•••.••. 

1011. •.....•..•.... 
t:.•u .....•......... 
l.W .............. . 
100 •....•...... - .• 
180 .............. . 

5.0 
13.5 
25.8 
40.3 
54.1) 
ti.'i.-l 
75.0 
83.2 
90.0 

0.:.!5 
.46 
.61 
• 72 
'71 
.57 
.48 
.41 
.34 

~lMl.... ... .. . ..... !15.S U.:l!l 
:l:lllJ............... 100.4 .23 
:Mo............... 1!H.3 .19 
2(i()...... .... .... . lll7.:l .14 
2.~L . . . . . . . . . . .. . . IO!J. 5 • II 
300............... 111.:! .tm 

Mean annual growth.-~~ 
I 

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 blacl{jack 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 S.-llcight of westcm yellow pine on basis of diameter. 

! Apache Forest. ! 
Zuni Fol't'St. 

! Datil Prescott 
Diameter Forest, ------ Forest, 

breast Pure With pure pure Jemez Averagl.'. 
high. western D~~~·r:.a5 

western Black- Yellow western Forest. 
yellow yellow jack. plue. yC'IIOW 

pine. mixture. pine. pine. 

~----- ------·--------------- -----
' lnchrl. Frtt. Feet. I Feet. Feet. Feet. Fut. Fut. Fcrt. 

11 "''""51" ······-;a·· 54 '"""62'" ...... iso .. 40 64 5:l. 7 
14 58 48 68 69.4 
17 66 82 65 63 67 67 73 67.6 
20 74 91 14 72 73 65 78 711.3 
23 81 98 82 80 80 72 83 82.2 
26 85 103 89 88 90 78 88 88.7 
29 89 107 98 ·········· 98 83 95 95.0 
32 91 110 .. ~ ..... -. ········-· 105 87 104 99.4 
35 92 112 1 .......... ............. 110 90 . ........... 101.0 

DIAMETER GROWTH, 

Tables 9 and 10, bn.c;:;ed 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 i~ difficult to 
explain, unless it is because the more recent lJluckjack forests huve 
lJeen thinned by fire and the diameter growth stimnlnted. The cur­
rent annual growth fulls below the mean nnnual growth after 80 
years in the blnckjuck form, aml after 100 years iu the yell'!w pine. 

TABLE 9.-Age of 11cllrn.v pitw tllt-tl b/acl."ja(·k on lJrud.v of diumctcr brca.~tt ltitJh. 

1 b~~?h~~1.j--~~~~~,. -~-~~~j~k-
1 

1

- /11du~. - ·-;~-;:~ -;."(lmr. -: 
:!......... ... 21.0 l:t5 I 
5............ as. o 2ti. o 

I

. ~.... .. . .. . .. 57. a :1!!.5 
11............ 7!1.5 r.:t r. 

1
· 

14 ............ IUK.O 70.5 
11............ 145.5 !11.5 ' 
20 ........... - 190.5 12i. 0 

1 23.. .. . .. .. .. . 237.o .••..•..••.• 
I 2t1............ 285.o .......... .. 

TABLE 10.-Dtam.C'tcr gl'fJu:tll of yellaw pine and blackjack· ml balli-'1 of OflC. 

Blackjack. I Yellow pine. 

Age. 
Diameter Growth I Diameter I p~~:~~hor 

hreast high. per year. breast nJgn. laSt 20. 

Year1. Inchu. /nell. Inchu. 

~:::::::::::::::::::::: ::~ ..... o:22r· i:~ 
60...................... 12. 20 . 202 8. 45 
80......... ... . • .. . .. • .. 15. 50 .165 11. 10 
100..................... 17.95 .122 . 13.20 
120..................... 19.70 .087 14.95 
140. . • • .. . • • .. • • . • .. .. • • 20. 80 • 055 16. 55 
160..................... ............ ............ 17.115 
180..................... ............ ............ 19.30 
20() ..................... - . .. .. .. • .. . .. .. .. • .. . .. 20. 0.~ 
220..................... ............ ............ 21.00 
240..................... ............ ............ 23 20 
260 ....................................... ~..... 24.50 

/nell. 
· · ... o:i7o" 

.160 

.132 

.105 

.087 

.080 

.070 

.067 

.067 

.002 

.065 

.005 

M~~~~~~~~~~~ ........... : .148 ! .......... -.. ~!---.-094-r 

In Table 11, which is bused on measurements of from 17 to 20;'J 
trees, on five Ntltional Forests, no distinctions were mnde between 
blackjack and yellow pine, although most of the trees mensured be­
longed to the latter class. The n\·ernge for tlw the Forest~ gives tlw 
diameter of 160-yenr yellow pine at 19 inche::;. whilt> tlw figures for 
the Coconino Forest, in Tnhle 10, gh·es it as 1 i.Or, inches. 
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'.rABLE 11.-Diameter of u;estern yellou; pine breast high on the basis of age, 

Annual I 
Apoclm l'rcscott Jeni.w: Zulli Datil Average incro- I 

Age.t from ~:tt&rl Forest. Forest. Forest. Forest. Forest. curve. 

------------
years. j 

Year&. Inches. lnchell. Inches. Inches. lnche6. Inches. Inch. 
20 .......... 2.6 2.8 4.0 2.2 2.0 2.6 0.130 
40 ........... 5.2 6.1 8.2 4.6 4.2 5.8 .160 
60 ........... 8.0 9.4 12.3 7.1 6.6 8. 7 .14:; 
80 ........... 10.7 12.0 15.8 9.4 8.8 11.4 .135 

100 ........... 13.4 14.1 18.6 11.5 10.8 13.7 .115 
120 •.......... 16.0 1U.2 20.8 13.2 12.5 15.7 .100 
140 •...•...... 18.5 18.0 22.8 14.6 13.9 17.5 .090 
160 ••....•.... 20.9 19.4 24.6 15.9 15.0 19.0 .075 
180 ........... 23.2 20.5 26.1 16.9 15.9 20.2 .060 
2(K) ........... 25.3 21.6 27.6 17.8 16.7 21.3 .055 
220 ••••..••..• 27.4 ·········· .. .......... 18-7 17.4 22.3 .050 
240 ••••••••••• 29.2 ............ . ........... 19.5 18.0 23.1 .040 
260 •..••...•.. 31.0 ........... . .......... 20.2 18.6 23.8 .035 
280 ........... 32.5 ........... .. ..... ~ ..... 20.9 19.1 24.5 .035 
300 ........... 33.9 ·········· . .......... 21.7 19.5 25.1 .030 

---------------------
Mean •••• .1130 .1080 .1380 .0723 .065() .08366 ............ 

I 
1 6f years allowed for stump height. 

VOLUME GROWTH. 

Volume. tables for western yellow pine are given in the Appendix. 
'fhe 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 volnme 
' ' ' d" of the tree, Tables 20 to 32, on the basis of present and future 1-

umeters. The difference between the two trees -represents the volume 
inc.rement. It is often desirable to apply the increase in height 
and read the present and future volume from the diameter·height 
yolume tables. 

THE YELLOW-PINE TYPE. 

The typical western yellow pine forest of the Southwest is a pure 
park-like stand made up of s~attered groups of from 2 to 20 trees, 
usually connected by scattering ind~viduals. Openings are frequent, 
nnd vary greatly in size. 'Vithin the type are open parks of l_arge 
extent, whose origin may be due to peculiar soil conditions,. such as 
hu.rdpan, or in other cases to periodic flooding. 'Vhat is known as 
Garland Prnirie. in the Coconino National Forest, contains some 
lG,SOO acres of ~oiling, open land. In a timber-sale area of 0,250 
aeres on the Tmmynn Nntionnl Forest, bordering the woodland type, 
and with n. west~rly nnd northerly exposure, G,G09 acres were for­
l'Sted, while the remainder, about one-third of the total area, was 
open land. At the lower limits of the yellow-pine t~7pe, pinon, alii· 
gator juniper, cednt·, cypress, Gnmbel ouk, nud ~)ther woodl_and 
~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 Gnmbel oak, until with in­
crease of altitude yellow pine mny be altogl•tlwr replaH'l'll hy pure 
~t.nnds of J~ngelmunu spruce. In JHil'l' slauds of .n•llow piuc the 
ground cover is mmully pine grass, lmnc_h grass, uml in opl'nin~:-; 
grama of various species. The grasses arc uh.;tributeu in clumps 01' 

patches, interspersed with layers of pine leu,·es of ':nr·ious depths, 
according to the density of the sand. Underbrush 1s rare. Ocea­
~ionally budc: brush is found at the lower· nnd briet·s at the highe1· 
elevations. Varyiug age dusses gh·e purl! wester·n yellow pim• 1t 

variety of aspects. In places it is mnde up of thrifty pole stauds 
of blackjack, with un occasional mature yeHow pine fast declining in 
vigor. In others there may be an old muture stand of \'eternns, 
with complete reproduction beneath. On the limestone formntions, 
with deep soil, the stand is usually more thrifty than on lnnt 
(malpais). 

STAND. 

AVERAGE STANDS. 

To determine the number of tree~ per acrl, in an average stand of 
western yellow pine, sm·,·~ys were mnue in ditfer·ent sitnntion~ with 
varying conditions, and the results tabulated by a-inch .diameh•r 
classes. 

'fable 12 gives the results of valuation surveys on a portion of the 
Prescott National Forest, upon which a working-plan estimate wns 
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

1
37 inches in diameter breast high. 

TABLE 12.-Average stand of u:cstern yellow pine 011 128 strip acres, Prescott 
National Forest. 

Diameter I Trees per ~~~ Diameter Trees per ,, 
breast high. acre. breast high. acre. 

---; ~---1---

lm:hcs. II :1 lndta. 
4- 6 7. 7 :1 25-27 
7- 9 .'). 3 ' 28-30 

10-12 4. 2 :n-3a 
13-15 3. 4 34-37 
16-18 2. 7 0\•er 12 
19-21 2. 3 OYer 18 
22-24 J, 3 

0.5 
.2 

.(~3 . ~~~ 
10.411 
.J.31i 

The number of trees }Wl" nC're in n\·era~l' ~tnnd~ on the Coconino 
and Tusayan National Forests is given in Table Ia. Here ngnin. 
though under more fnnmth1e conditinus than on tiH• Pr(•s(·otL tlw 
number of trees per acre is small. Sinee no healthy blnckjack urt> 
marked for cutting in Government timber salt•s, except in thinnings~ 
timber-sale estimates usuu11y clifft~rentiute ht~twceu hlackjuck and 
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yellow pine. The figures £or the Coconino Forest are the average of 
1,888 acres, chiefly on well-W<ltered, 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 n dry soil 
and a considerable nrea of pure Yolcanic cinders, the stand rather 
an open one. 

'.rABLE 13.-Average stand of western yellow pine on timber-.~ale areas, exclud­
ing 11m·k.~, Coco-nino uwl 'I'It8(t!Jan National Porcst.~. 

Diruneter breast 
high, 

Black­
jack. 

Coconino. 

Yellow 
pint'. 

Trees per acre. 

'l'usayan. 

'l'otal. Black- Yellow 
jack. pine. Total. 

1-------------------------
Inches. 

&-15...... ... . . ..... 4.37 
1&-18.......... ..... 1.89 
19-21.............. . 71 
22-2-L.... ...... ... . .53 
2~27.......... ..... .17 
28-30......... .... . . .07 
31-33...... ... .. .. .. .01 
34-36 ••..•.•...............••. 
37-39 •........................ 
40-42 ........................ . 
Over 12 1.. .. .. .. .. . 4. 88 
Over 18......... .. . 1.49 

..... i:o7· 
1.21 
2.36 
1.55 
1.03 
.44 
.44 
.12 
.05 

8.27 
7.20 

4.37 
2.<J6 
1. 92 
2.89 
I. 72 
1.10 
.45 
.44 
.12 
.05 

13.15 
8.69 

1 Approximated, 

4.31 
.ra 
.40 
.48 
.10 
.08 
.02 
.01 

..... 3: ii. 
1.09 

""'&:r;,· 
.u.s 

1.02 
.06 
.53 
.31 
.31 
.04 
.04 

4. 74 
4.19 

4. 31 
1.07 
1. (),'j 
2.10 
• 76 
. 61 
.33 
.32 
,04 
,04 

7.85 
5.28 

TABLE 14.-.llaximum stands of western yellow pine based on 10-acre calipered 
sam-ple plot11. ( 'l'l·ees per acre.) 

I Conoon:-'-' I Carson Forest.• Alamo Forest. Zunl Forest. Jemez Forest. 

Diame-
~ Q.i ~ ~ ter • .E 

~ ~ 
.E 

~ 
_.j 

breast 

I i ~ 
~ ~ ~ ~ 

~ 

high. 
3 'rJ ~ 

3 -;:; ~ 

~ 
-;:; tc: 

~ 
-;:; ~ 

'B 
c ~ ~- ~ ::§ ~ ::§ j ::§ j ::§ 

0 
~ 

Q,l 

~ ~ ~ ~ 
Q,l 0 

E-< :;;... E-< ~ E-< ~ :;;... Eo< 

I ~~~~· .. 1======~~=--=--}32 -:-:{2·1 =1-=-7-9. .. .. 2. 4 .. .. . . 2. 4 1 5. o .. .. .. 5. o 2. 2 2. 2 • · · 1. 9 . .. .. . 1. u 
10-12 ... 2.0 1.4 3.4 1 4.3 0.4 4.7 4.6 4.6 2.5 .5 3.0 1.5 1.5 

1

13-15 ... 4-2 2.2 6.4

1

2.0 1.8 3.8 1.2 ··o:a· 7.5 2.0 1.5 3.5 1.1 2.1 a.~> 
16-18... 1- 6 4. 4 6. 0 . 7 3. 7 4. 4 8. 4 1. 1 9. 5 . 6 . 9 1. 5 2. 5 3. 4 5. 9 

~~t : : ::::: ~iJ }~: ~ I .. :~. g: ~ ~J ~j ~J 1gJ · 2 t g U 1
: ~ ~: ~ ~:? 

25-27... ..... 7.0 7.0 ..... 4.0 4.0 .6 2.2 2.8 ":i' 2.6 2.7 .2 4.3 4.5 
28-30. .. . .. .. 3. 6 3. 6 .. . .. 1. 9 1. 9 . 4 1. 7 2.1 . 1 2. 6 2- 7 .1 1. 4 1. 5 
31-33 ........ 1.8 1.8 ...... 6 .6 1.0 1.0 .1 1.3 1.4 2.2 2.2 

~t~t ::::::: .. ~:~ ... ~:~. ::::: ... :~ .... :~. :::::: J :~ ::::: "".'4' "'.'4' :::::: 
1J 1 :~ 

40-42... ..... .2 .2 ..... .1 .1 ...... ...... ...... ..... .2 .2 ...... .1 .1 

~i~~ :~i :~j: :~i :iX :~~i :~j: :~~~: 1~J I~:~ :~i :iii :i~:i: ::~j: :~~:~: ~~:~::: 
I i 

1 Five 1-act·e plot!!, =Two 10-acre plot!!. 

STAND. 27 

TABLE 14,-.lla.rimum 11tands of 1rcstern 11ellow pine basrd on 10-arrc raliprrr·d 
.'!ample tJluts. (1'l·ces per acl·c.)-C'ontlmwtl 

w 

Coconino Forest. DatU Forest,! s _g 
Sitgrean~ Forest. .\. veru.ge or all plots. 

-~ 

Dlame-
~ I 

... 1 .: ... 
ter .!.4 .!.4 I:: .!.4 ;::: .!.4 :::: 

bren.st ·s. ·a 0 'E., ·a 
! f 

~ ~ ! high. j:l: 

3 
~ 

3 
... 

;i' "' :?1 
~ "' " 

j ~ ~ 1 M 
,g 

~ 
s 3 

~ 0 ~ 0 ~ ~ 1%1 1%1 :;;... Eo< <: P=l :;.... E-o 
------- -------- -~ -··· ·~- -- --· --~-

lncllf:ll, 

tt:::: :::::: ::::::~:::::: ~:~7 .. o_.i .. U~ ::::::: 5:~ ... 0 ... ,. ~:~ L?; o:g .. h~ 
10-12 .•. 1 1.3 1.1 2.4 2.07 .6 2.67 ....... 3.0 .i 3.7 ·>.61i .58 2.8S 
13-15.. . l. 8 2. 6 4. 4 2. 43 I. 33 3. 76 5. 4 4.1 • !j 4. !l i 1!1 1. .58 4. 1\J 
16-1!1 ... 2.3 5.4 7.7 1.6 2.23 3.83 4.11 1.3 1.8 3.1 2.37 2.Sti 5.-..>o 

~~~!::: 1:~ ~J ~:~ 1:~X ~:!a ~:~ ~:~ :9 ~-; U 1 :~~ U~ ~:~ 
25-27 •.. ~ .1 4.0 4.1 1 .03 1.8 1.83 4.8, .1 2.4 2.5 .u 3.53 3.so 
~8-3~... ...... 1.9 1.91 ·OiJ 1.3 1.33 2.2 .2 1.!1 2.1 .10 2.03 2.15 

3~=~t ::.:::::: ... ::.! ... ::. :e1 J¥ :: ~:~ '::::: :: U U :~f 1 :?~ 1:U 
37-39... ...... .1, .1 ....... .13 .13 .2 ....... .3 .3 ...... .Hi .li 
40-42... ...... .2 .2 ........ .Oi .07 ....... ...... .I .I ...... 1') .II 

t~t~: ::~:;: :;b:~:~:~~.:i:l'::~:;~: 'i2:::- .iM:-~:-1::~;:;: ... ;_·~· ::i:i.:0· ::~;_:~ ·i.:~~: 21J! ~MJ:~! i 

Overl8. 2.0 18.0
1

20.0 1-72 9.40 11.12 18.8 l.IJ 11.3 13.2 :.!.3!) 17.20 (1.4:J 
-----...:...~.....:....~-'-~-'----..:_~~....:. __ ---- ~- ----~ __ ._ ___ .....:...._...:... __ 

:\f .-\XI ::u r:u ST.\ X DS. 

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 giYen in Table 14. 
Trees above 12 inches breast high represent nil that would ordinarily 
be merchantable under present marl\:et conditions if the stands were 
cut clean, while those above 18 inches represent the usual cut in n 
Government timb_er sale, subject, of course, to locnl vurintions. Even 
on these maximum stands the average number of trees per ncre oYer 
12 inches in diameter is only 29.46 and over 18 inelws only 19.-1-3. 
Out of all the ureas there was only one tree over 4;) inches in diameter 
and only three trees o\·er -±~ inches. No trees were found which con­
tained over five logs, nlthough on the Apache Forest there ''"ere ;~~ 
five-log trees on the 10 acres measured. Of blackjack over 2H inclws 
in diameter, there was an u verage of only 0.27 per acre; over 1~ inches, 
7.94; and over 18 inches, 2.39. 

What is probably the hea Yiest stand of pure ''"estern yellow pine 
in the Southwest is shown in Table li). It con~ists of an irregular 
strip of 2 acres on the Tusayan Xationnl Fore~t. The trees are all 
long-holed yellow pine of good quality. The average of 35.4 tn.•(.•s 
per acre shows the unusual density of the stand. yet there are 11 tret·~ 

with diameters over 30 inches breast high nnd 22 trees which will 
yield five logs. 
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TARLE Hi.-.l!II.I'i 11111111 .~taut! ru1 .!-ti('J'(' :sc11nple tJI()t, 'l'tl.'lfl/1'111 l,'un~.~t. ( 1'n·c·.-; pet' 
Clerc.) 

Estimated number of Hi-foot logs w 
trees. 

Diameter 
breast high. 

Inches. 

2 3 4 

ft~L::::::: 0:i ... 6.'5"" ~3 
22-24......... .s u 2.0 ··"i."s" 
2.'t-2i ... - - - . .. . . . .. .. . . . .. .. • • 3. 5 5. 5 
!!S--30......... .. . .. . . . .. 5 1. 0 10.5 

t.l;; · : ~ I 0 :::~, r :~:: ll 
FL'LLY S'l'OCI{ED STANDS. 

Total .. 

1. 0 
2.0 
5. 0 
9. 0 

12.0 
3. 5 
1. 5 
. ') 

34.5 

The open and gronplike elwracter of even the hea,·iest existing 
stands of western yellow pine in the southwest prevents the figures 

:: .. ·. :· 
• ·:= :. ;t · .. · .. ·':. .. ··.· .· .... 

. :·:: 

... :. . 
\',. : 

:· \,, :: 
.. .. \ . :: 

. : 

... 
.·.· .. 

.· 

.· ~.: .· ~ . 

···.· ... 

. .'· : ... ~. · . 

for maximum stands from being n 
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. Here and 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 '\Vas noted on the \ · .. :.:.·· 

··. · · ": .. · ... · '· •• Zuni Forest, where on an area of 
·: "-::. ·· '., ·.. 24 feet by 78 feet, comprising one 

\ ;. '.~ . · ·.:'.. ·· ·. twenty-third of an ncre, were 8 
•" .'· • •• • • :: ·: t': splendid veterans, averaging over 

Fw. ~.~Dlstrll>utlon of blackjack on 100 feet in height, nnd from 23 to 
5-acre plot. 35 inches in diameter breast high. 

If this same density were maintained it would give a stand of about 
184 Yeterans per ncr<>. Two sample plots on the Datil National 
Forest, figures for which are given in Table 16, illustrate the grouplike 
character of eYen n fully ~tocke<l stand when grown under natural 
conditions. Figure !') shows grnpl1icnlly the locutwn of the tn.'(.•:--; on 
one plot. Through almost all stages of growth the openings remain 
approximately the same size until gradually the parent stand dies 
out, the smull blanks become stocked with seedlings, and the cycle is 
complete. 

The fiuures !riven in Table 1H for two fnlly nuturall,v stocked stands 
of blackfack a;e un indication of the maximum stnnd capacity for soil 
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of moderate fertility. A plantation Oil similat· soil even without 
thinnings would exceed these stands. 

'l'ABLE lG.-'l'u:o 1 ully 8tvekcd xta nds of 1Jlaclijcwk. ( 'l'rc('.<s tu:r 11ere.) 

- .. ·-------~ -~~;:- -ni-;k~~:-------n-I·l-ck---~-~;k~ -~ 

lJ~~~mthci~rh. ~Jea;r~~fd, yje~~~fd, I b~~asih\egh. y{·~~gftl,' Y~~r~~~l.! 
.,..., " 34.3 feet 4:.! feet 34.3 feet 1 4:.! feet 1 

l-----l---h-ig_u_: __ high. l-----l--h-i-gh_. ___ hi_~-:h_._ 1l lriCfltS. Jnclle.~. 
4~ ........ _ 21. {) 19. z 25-27 ... ____ .. 0. 0 0. 2 I 
i-9 __ ........ 39. 4 40. s zx--:!0......... . o ....... .. 

lD-1:!.......... 38.4 43.8 31-33......... .'2 ......... . 
13-15 ......... 2l.G 2i.4 0\'llfl2 ...... 3S.O I 4U.:.! 
IIi-IS ......... 13.0 11.6 0Yer18 ....... 3.4 I i.:? 

1 

19---21.. ........ 2.G 5.G I'='= 
2:.!-24......... • 6 I. 4 Total over 4... I;J7. 4 I !W. o 

I ~ 

YIELD .. 

A \'J<:IUGI'~ AXD :'IL\XDil' :\1 YIELD. 

As compared with the Pncifie <'Oust, the yil'hl of western yt>llow 
pine in Arizona and Xew :Mexico is relatiYely small. On the Tusaynn 
and Coconino National Forests are approximately 1,31 i,OOO aeres of 
the western yellow-pine type. .Allowing for the mHlt.'ITHn of past 
estimates, the stand of western yellow pine on the aYerage acre fol' 
the entire area, including parks, barren land, and cut-o,·er nreas, is 
about 3,500 board feet to the acre, or 2,250,000 honrd 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 ;),000,000 feet to the section. The largest 
recorded cut- in any lumbering operation within the Coconino nnd 
Tusayan National Forests wns D,522.000 board feet to tlw seetion. 
According to T. A. Him·dnn, president of tlH' .\rizona Lumber & 

· Timber Co., howeyer, this was an extraordinary section, and no other 
has cut within a couple of million feet of this quantity. On 5,9:20 
acres taken as an a\·erage 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 3.813 feet. On nnother sale :2,135 acres 
averaged 725 board feet of blackjack and ,),i97 of yellow pine. or n. 
total of 6,522 board feet per acre. ExclnsiYe of small parks and 
openings the aYerage stand per acre on the forested tli'(>H nmounted 
to 7,390 board feet. On a timber-sale area of !>.;">20 acres on the 
Tusayan Forest, of which H,GOB acres is forested and tJH~ remainiug 
2,911 made up of open parks, the total cut is estimated at 31,000.000 
board feet, or 3,256 board feet per acre. For the forested area only 
the cut will average 4,fm1 bottrd feet per aCT(>. On this sale about :2.) 
per cent of the stand was left uncut to reseed the ground. 
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Both Mr. A. B. McGaffey and Mr. Charles F. 'Vade, 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. 'Vade 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. 'Vhut he 
considers un average cut during this period from 6,720 acres totaled 
35,282,462 board ft.•t.•t, or 5,250 board feet per acre. This would 
amount to approximately 3,333,000 board feet per section. .As a 
guide in cruising, n poor stand might be considert.•d as running 
1,000,000 feet to the section, a fair stand 2,000,000, n good stnnd 
3,000,000, n heavy stund 4,000,000, and a very heavy stund 5,000,000. 
These figures, of course, are merely an approximation. 

l\L\XDIUl\1 yn:LI> ON SAl\lPLJ~ PLOTS. 

Maximum stands found on small areas prove that with artificial 
regeneration und a fully stocl{ed stand, a large yield can be counted 
upon. Tnble 17 Hhows the yield upon twelve 10-ncre snmple 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 
avernged 1,:303 board feet of blnckjn('k nnd 1!>,800 fl'd of yellow 
pine per ncre, or 17,10a feet in all. Next to this is the Coconino Na­
tional Forest with 1,440 board feet of blackjack nnd 13,686 feet of 
yellow pine per ncre, a totnl of 15,126 feet. The nvemge of the twelve 
10-acre }Jlots gives 1,457 board feet of blackjack and 0,065 of yellow 
pine per acre, or a total average per ncre of 11,305 feet. 

TABU! 17.-.llu.rimum. jlic/!1 Jl<'l' OIWC of wc~tfl'l'll tJdlrJU' tJinc from ea/ip('rcd 
:<~lllllJile plo18. 

.forest. 
I 1 

! Blarkj:wk. \ 
Y<'llow 
pine. 'l'otal. Forest. lnlark.hwk. Yl'liOW 

pine. I ----------, ------ ----------11-----: 

I Feetb. m.! Futb. m. 
Slt~\'es ..... , 1,3il I 10,980 
Datil .......... ' 1, Ot\1 7, 0.J2 

Do........ 575 10,751 
Do........ 2,I60 8,380 

1fa:i~::::~::: <~,308 <~,041 
Coconino... . . . I, 440 I3, 686 

Feet b. m. 
12,331 
8, 703 

11,326 
10,540 
H,40I 
I3,349 
15,126 

Zunl ......... 
Do ....... 

Jemez ........ 
Carson 1 ••.•• _ 

Average .•.. 

1 Not separated. J Two HI-acre plots~ 

Feet b. m. Fee&b.m. 
591 9,582 

I,637 9,000 
I, 30.3 

579 
Hi, BOO 
I2,~9 

1,457 9,6651 

a Includes Apache total. 

'J'u1ul. 

Feet b. m. 
10,173 
JU,ti97 
17,I03 
12,974 

'11,395 

On verv 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 1-acre plots on the 
Carson National Forest averaged 622 board feet of blackjack nnd 
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 
within the Southwest was found in the Tusayan N a tiona! :Forst. 

YIELD. 31 

Here the trees, which were all veterans, totaled by volume tuhl<' 
analysis 66,110 board feet, or 33,055 board feet per acre. The enor­
mous volume of single groups of mature trees is illustrated by a plot 
of one twentv-third of an acre in extent on the Zuni National Forest 
which totaled 8,767 board feet or 201.641 bonrd feet per acre. 

INCREllENT OF STANDS. 

Table 18 gives the results of measurement!-; of two 5-acre plots in a 
pure, full~' stocked stand of blackjack, nnd Rhows the mean nnnunl 
incr()ment per ncre that may be expected in n fully Htocl<:ed r-,1nnd of 
this species. 

---,--------- ----·- ----;--------~~Ill~ I~~~-~;-- ·------~~:~::ll 

I 
l'ri.'SPIIl .\ \'!'rtll-:1' . -~ \'f'rn~:e .1:.~;~,~~~r G' ,:~~::::c annual 

ag£'. lw1g-ht. 1 dnuncter. 'irwh<'s in Jl('r arre Jncl"l.'m<'nt 
1 : dlamet<'r. · PN aerl'. 

-~-- -- ------- ---- -----·,-

1 

Roard frrl.,Jir,qrd {ttl. 
Plot! •........................ , f•:! :H.3 11,9 nr...... 1\:J:!fi JO:!.O 
Plot2......................... .~:.? 42.0 12.3 J:to..... 7,500 !1:!.5 

Averagt> .... _ ..... _ ...... ,--72-. ----ru-,-----u:I --1'2i"3--f.,9.~j-- ---~~1\ 

No reliable yi(.~lcl t:rblo fo1· WPsit•I'JI yt•llow pi1u• in tlw ~outlnn•-.;1 
exists, though it is plnnncd during 1 f)ll and W12 to men sure n large 
number of sample plots in fully stocked, even-ng-ed stnnus, on whieh 
such a table may be based. A tentatiYe yield table for yellow piiw 
has been compiled on the Kootenni Nntionrrl Forest. in ~Iontnnn. In 
that region n 70-year-old :-;tnnd on second quality f!oil is estimnted to 
yield 7,400 board feet per acre. In Table 18 it is shown that a i2-
year-old stand in the Datil National Forest on average soil averaged 
6,958 board feet per acre. In Montana there '"ere 240 trees per acre, 
9 inches in diameter nnd 51 feet in height., while on the Datil there 
were 123.3 trees per nrre, 12.1 inches in din1uetN' and 38.1 feet in 
height. Though the stand in the Southwest is larger in diameter, it 
is shorter tlum that in Montana, and there are. fewer trees per acrE'. 
.Adapting the l\Iontana figures to the southwest, it may be estimated 
that on average soil a fully stocked stand of western yellow pine will 
give the following yield per acre: 

TABLE 19.-Eatlmate of tile yield of average tully stocked stand of western yellou~ 
Jtinc from .. 40 to 140 years. 

Age. Yield per 
acre. .\ge. ) Yield per 

! acre. ·" · arre. : ~pe J Yield per I 
Yeorr. -I-B-oa-rd-ft-tt-. -y,-~,-~.-~-B-ot&-rd-f,-tet-. -;e::-J Bot&rdfttt.l 

40........ 4,000 80........ 7,~ I20 ....... , 10.900 
60........ 4,900 90......... 8, 700 I30 ..... -.. 11,400 
60........ 5,850 100 ....... 1 9,1i00 I40 ....... · 12,000 
70... ..... 6,900 llO ....... j I0,250 · \ 

---~~--....:.:...-- ----'----· -----~ 
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When yield tables are not available and it is desired to estimate the 
future growth on cut-over land, it is necessary· to caliper a certain 
per cent of the stand left. Compute the average acre and the size of 
the average tree, and apply the average diameter growth for any 10-
year period desired. As nn exnmple, Tnble 20 shows the average 
stand on eight selected acres on good soil in the Coconino R.nd Tu~ayun 
National Forests. 

TABLE 20.-Averagc tlllmbl'r of trc(·.~ tWr acre of different cla~11w.~ in ,;ir!Jin 
for('xt 7Jt•forc c:utling. 

I 

1 

Yellow pine. Blackjack. 

Diameterhreasthigh.::-8~-- I :Disca.sedl D I ~-,Thlnned~---I-:~-~--
1 ~~~to!Jccut.:~ saved. tobccut .. -~ 

Incht8. i 
4--G.................. 0.01 0.03 0.03 0.55 0.16 0.03 
7-11.................. .16 .64 .16 3.23 .26 .09 

!Eii:::::::::::::::l d~ :!i :rf U! :U :~ 
:::::::::::::::::1 1::: ::: :: 1:: .01 .03 
2~27 ............... 1 1.97 .21 .2o .w ' 02 

.. ·-·:oi .. 
2s--ao ............... 1 1.:15 .19 .21 .0-l ..... :or· .01 

~:::::: .. ) :~ I •~ : ::::
1
: 1: ::::~j::::::::(:::·:::: 

i~~;e· iz:: ::::::::: ··· ii"47. ·i · · · "i.'74""\ 1:~~ ~- .. ·;;.·ij"'J'· .... ::i-i"'j"' ·-·:oil .. 
AbO\'C !!!........ ... 9.53 : 1.09 1.:12 1.98 .00 .05 

I ! 

I Tube left for second cut in 20 years. 

Ordinarily in a Federal timber sale all the merchantable diseased 
yellow pine would be cut, as well as the henlthy yellow pine above 21 
inches in diameter, and the blackjack in need of thinning. The dead 
trees yielding saw logs would also be marketed. Of the trees over 12 
inches in diameter left on the ground, the average diameter for both 
blackjack and yellow pine is 17.8 inches. The stand over 12 inches 
in diameter left on the ground· amounts to 1,054.3 board feet of black­
jack, and 1,194.3 board feet of yellow pine, or a total of 2,249 board 
feet per acre. From Table 10 it appears that in 20 years the 17.8-inch 
blackjack will grow to 19.55 inches, and the 17.8-inch yellow pine 
to 19.15 inches. In addition, there will be trees of 12 inches and less 
in diameter that have in the meantime grown into the merchantable 
class. In 20 years the 11-inch blackjack will have a diameter of 14.30 
inches, and the 11-inch yellow pine one of 13.10 inches. This gives 
in 20 years a total stand of 3,093 board feet per acre, composed of 
1,418 feet of yellow pine and 1,675 feet of blackjack, a natural 
increase of 37.5 per cent, or about 2 per cent annually for the 20-
year period. 

The growth of stands will, of course, vary with the percentage of 
blackjack in composition. The more blackjack, the more rapid will 
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be the increase. Careful measurements on a simple plot of 336 
acres on a cut-over area on the Coconino National Forest showed 
that of trees 10 inches and over in diameter, there were at present on 
the area 2,644 blackjacks, averaging 15.9 inches. in diameter, and 
814 yellow pine, averaging 21.7 inches. From Table 10 it is seen 
that a blackjack with u diameter of 15.0 inches will in 20 years grow 
to a diameter of 18.35; while a yellow pine, with a diameter of :21.7 
inches, will grow to a diameter of 23 inches in the same period. 
Using volume Tables 29 and 30, these mean trees have a volume of 510 
board feet, and will have in 20 years a volume of 808 board feet, 
showing a growth in volume for the 20 years of 63 per cent, or 3.15 
per cent per year. This calculation does not allow for loss through 
lightning and decay, but since the totnl vuhtm~ uf blnch::jnch: nnd 
yellow pine at present classed as unhealthy amounts to 6,660 and 
24,490 board feet, respectively, it is apparent that the growth would 
equal at least 2 per cent per year. This figure, of course, is for very 
favorable situations, where the total volume of blackjack is pru1.> 
tically equal to the total volume of yellow pine left after cutting. 

THE WOOD. 

8TltUC1'L'Ut:. 1 

A discussion of the characteristics of we~tern yellow pine wood is 
presented here as an aid in the identification und for a Letter under­
standing of its variable qualities. The charncters helpful in recog­
nizing the wood are treated under two hends: ( 1) The gross char­
acters, and (2) the microscopic characters. Cnder the first head are 
considered such general characters as can rendily be seen with the 
unaided eye or with a pocket lens magnifying from 4 to 6 diameters, 
while under the second is presented a full discussion of the minute 
structural characters of the wood. 

GROSS CHARACTERS. 

While generally the wood of western yellow pine 'is hard, com­
pared with that of white pines, a good many trees yield wood closely 
resembling white pine in color, weight, and softness. However, in 
all grades of western yellow pine the late wood, the hardest part of 
the annual rings, is more pronounced, and therefore darker and 
harder than that of white pine, which has a more uniform structure. 
The heartwood of western yellow pine, very variable, but usually 
hard, is moderately heavy (30 pounds per cubic foot kiln dried), 
strong, and light reddish-brown in color. The Hapwood is nearly 
white, usually varying from 3 to G inches in thicknesl'!! (from 100 to 
200 annual rings of gt·owth) . 
------------- ··-·------~-----------

1 Prepared by Oeorg.- B. Sudworth, dendrologhit, and C. D. 1\Iell, uslstaot dendrolo!Oil!t, 
Forest Service. 

5998°-Rull. 101-11-·--3 
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On a smooth transverse section of the wood the annual rings of 
growth are distinctly visible, though more so in wood having wide 
rings ~fig. 6, a) than in wood with very narrow rings (fig. 6, c) . 
The w1dth of the annual rings varies greatly in different trees (fig. 
1, a, b, and c), which in great measure accounts for the difference in 
the character and quality of the wood. Very old trees, as well as 
young ones growing on poor soil, invariably develop narrow annual 
rings. Such wood has a more uniform structure than that with 
wider rings, and superficially often resembles white pine. Thrifty, 
rapidly grown trees have wood with wide annual rings, in each of 
which there is a conspicuous contrast between the soft early wood and 
the hard late wood. 

FIG. 6.-Various types of western yellow pine wood as shown in smooth transverse sec­
tions photographed natural size; e. w., early wood ; Z. w., late wood ; r. d., resin ducts. 

The contrast between the wood formed in early spring (fig. 6 a, 
e. U'.) and that formed later (fig. 7 a, l. w.) is due partly to the 
general reduction in the radial diameter (fig. 7, f. t.) of the cell ele~ 
ments, as growth advances from the early to the late wood, and 
partly to the greatly increased thickness of the cell walls (fig. 7, 
l. w.) of thelate-wood portion of the ring. The cell cavities in the 
wood formed in the early spring are usually much larger~ and the 
cell walls thinner than in the wood formed later. (Fig. 7 b, e. w.). 
These two parts of the annual ring show a gradual transition from 
one to the other (fig. 7 a, a. r.) which is characteristic and often 
serves to distinguish western yellow pine wood from that of other 
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pines which show a more abrupt transition from early to late wood. 
The width of the annual rings · and the proportion of early wood 
to late woou in them are characters which determine the quality 
of western yellow pine wood as recognized by lumbermen. ''11ere 
the growing season is short, and other conditions are unfavorable 
to rapid grmvth, the greater part of the annual ring consists of early 
wood, and very little contrast is seen between the rings, because of 
the small amount of late wood produced. A small proportion of this 
wood means a lack of the more stable wood elements, and hence a 
deficiency in strength. Lumber characterized by layers of growth of 
this type is comparatively brittle, and may be rather easy to work, 
features which permit narrow-ringed grades of western yellow pine 

~· Tangential 

FIG. 7.-a, transvet·se, b, radial, and c, tangential sections of western yellow pine, magni­
fied 20 diameters; a .. r., annual (layer) ring; e. w., early wood; Z. w., late wood; 
p. r., pith rays ; r. d., resin ducts ; t., trachelds ; f. t., flattened tracheid. 

to be substituted for white pine. 'Vhere, however, the growing sea­
son is longer and conditions are favorable to rapid growth the ring 
produced each season is much wider, and shows a strong contrast be­
tween its early and late wood, the latter being particularly abundant. 
The cell elements in the late wood of trees grown under these con­
ditions are stronger, more dtJrable, and as a result of the large pro­
portion of late wood the lumber of fully matured trees is of the 
best quality. Resin ducts, which are conspicuous in this wood and 
easily observed in a smooth transverse section (fig. 6 a, r. d.), are 
confined, in annual rings of average width, to the transitional part 
of the ring between the early and late wood, but in very narrow rings 
resin ducts are usually present only in the late wood. These charac­
teristics are, to some extent, helpful in distinguishing western yellow 
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pine wood from that of such closely related 8pecies as shortleaf, long­
leaf, and other pitch pines. 

In a smooth end view of the wood the pith rays are visible to the 
unaided eye only as faint, narrow, radially disposed lines, but they 
are plainly visible under a hand magnifier. (Fig. 7 a, p. r.) The 
microscopic characters of the pith rays furnish the most reliable 
means of distinguishing the wood of western yellow pine from that 
of closely related species. 

lllCROSCOl'IC CIIARAC'l'EitS. 

In a transYerse section 1 of the wood (fig. 7, a), the inne1: and outer 
boundaries of each annual ring are distinctly ontline<.l (fig. 7 a, a. r.), 

while within the ring is ~een 
a very gradual transition 
7, e. u•. and l. w.), the latter 
from early to late wood (fig. 
usually occupying from one­
fourth to one-third of the 
width of the nnnual ring. 
This gradual trnnsition is in 
striking contrast to the n b­
rupt changes from early to 
late wood seen in shortleaf 
and longleaf pine. Trnehe-

~.w ~-~ ids (fig. 7 a, t.) in early wood 
are round or polygonal, quite 
uniform in size, and arranged 
in regular radial rows be­
tween the pith rays, while in 
late wood they are compressed 
radially so that the cell cavi­
ties appear elongated (fig. 
7 a, l. w.), or are sometimes 
completely obscured (fig. 7 a, 

FIG. 8.-Trans,·erse section of a resin duct with ) Th · 
the surrounding tissue magnified 250 diame· f. t. · e very prominent 
ters; r. d., resin duct: e11. c., -epithelial cells: resin ducts occur chiefly in 
w. p. c., wood parenchyma cells; t., tracbetds: the early wood (fias. 7 an<.l 8, 
b. p., borden•d pits ; p. r., pith rays; o. w., ""' 
cross walls. r. d.). The main passage in 

these, a continuous channel, is lined moderately thin-walled much­
flattened resin-secreting (epithelial) cells (fig. 8, ep. c.). The pith 
rays (figs. 7 and 8, p. r.) are of two kinds, one with resin ducts nnd 
one without ducts. Those without resin ducts ure more abundant and 
always one cell wide, und are separated from oue another by from 1 
to 20 rows of tracheids. 
-------------------------

1 The section must be cut precisely at right angles to the vertlctll axis of the tree. 

THE WOOD. 87 

The radial section 1 (fig. 7, b.), exhibits the broad tracheids ( t.) 
of early wood (as seen in longitudinal section) and the radially 
flattened trucheids of lute wood (fig. 7 b, p. 1•.). Ordinarily pith 
1 ays, those without resin ducts, are from 1 to 20 cells high, and 
always 1 cell wide, while rays with resin ducts~ the 
more conspicuous form, are from 4 to 6 cells wide 
and from 10 to 25 cells high. Resin duct::; within 
the pith rays communicate with the resin tlncts 
(fig. 7 b, 1·. d.) running parallel to the axis or 
length'wise of the trunk und its branches. 

A tangential section 2 (fig. i, c) of western yel~ 
low pine wood shows two ldnds ·of pith rays (as 
seen in transYerse section) which together consti­
tute about one-tenth of the volume of the wood 
and are composed of continuom; rows of short cells 
extending in a radial direction (from the center or 
pith of th(' tree townrd the bnrk). One form of 
ray consists of n single row of cells, as noted a hove, 
while the other is mnde up of from 4 to n rows of 
cells, inchuling also u resin ennal. 

CIIARA.CTERISTJCS OF CI<:LL ELEMENTS. 

The following is a more detailed description of 
the cell elements pointed out us Yisible in trans­
verse, tangential, and rudiul sections of the wood. 

Traal1eids (figs. 7 a, t. and fig. 9), which form 
the principal bulk of the wood, vary from l.i to 
3.2 mm. in length, with an a,·erage length of about 
2.5 mm. Those of the early wood haYe an a\'er-
age diameter of 0.05 mm., while tracheids of late 
wood ha Ye the same tangential diameter, but are 
considerably narrower radially. The length of 
trucheids Yaries not only in different parts of 
the same tree, but within the same annual ring 
at the same distance aboye ground. The nYer­
age length of tracheitis in both the trunk and 
branches increases from the center toward the 
outside of the trunk until the tree reache~ its 
maximum height growth, after which tlw length 

FIG. 0.-Two trache· 
ids magnified 50 
diameters; b. p., 
bordered pits ; 8. 11., 
Kimple pit!!, 

remains nearly constant. The average lenbri:h of tracheids increases 
aiso from the base of the tree upward until the tree nttuins its 
maximum height growth, after which it ngain decreases. The great-

1 l'nh•ss cut accurately 1\"lth Its surface exactly parallel with a plane from. tbe center to 
the circumference of tlle tree the ~et'tlou will pr<'t"li'nt a ml~h·nrlinJ.: vlt•w. 

11 Tbla should be cut In a plane exactly perpendicular to the pltb rays. 
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est length of tracheids is usuully less in the branches than in the 
trunk; the length in the branches, however, depends upon the part 
of the trunk from which they arise. Moreover, the length of 
tracheids in branches increases upward for some distance from the 
point where the lntter are given off, and then gradually 9iminishes 
again. It is difficult therefore to determine the mean average length 
of tracheitis in western yellow pine wood, pnrticulnrly because the 
tree has such a wide natural range and grows under a great variety 
of soil nn<l climatic eonditions. .\s nlrend)1 point(•d out, the length 
of cell clement:-; of this wood is determined l>y tlll' chnmcter of the 
soil, soil moisture, und the length of the growing seuson. 

FIG. 10.-An ordinary pith ray cut longitudinally (radial section), magnified 250 dlam· 
eters ; p. r., pith t•ays ; r. t., ray traehelds : r. c., 1•ay cells; c., thin-walled ray r('lls ; 
b. p., bordered pit~; s. p., simple pits; t., tracheids. 

Tracheids (fig. 9) differ from the wood fibers of broadleaf trees 
in possessing bordered pits, while their ends are blunt and often 
slightly curved, due to the manner in which these elements overlap. 
The bordered pits of tracheids in early wood (fig. 9, b. p.) . nre 
arranged in one (rarely two) rows on the radial walls. In late 
wood the tracheids nre compressed radially to such an extent that 
the pits are slit-like and usually smaller and less numerous. ''rhere 
pith ray cells are in contact with tracheids, the communicating pits 
(fig. 9, 8. p.) within the walls of the latter are small and simple, i.e., 
without border, and arranged chiefly in two vertical rows. 

Pith rays (fig. 7 a, p. r.) appear in transvers~ section as radially 
<.lisposed rows of elongated cells with vertical or oblique cross walls 
(fig. 8, c. w.). The majority of the pith rays are only a single cell 
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wide (fig. 1 c, p. r., and fig. 11), while others which contain resin 
~eanals are from 4 to 6 cells wide (fig. 12). In radial sections these 
rays are cut longitudinul1y (fig. 7 b, p. rs.), und 
are made up· of two kinds of cells. Figure 5 
shows the character of an ordinary pith ray 8 
cells high .. The cells in the upper row and those 
in the lower two rows (fig. 1 O, r. t.) are ruy tra­
cheids. These have teeth-like projections on 
their upper and lower wulls, nnd bordered pits 
both in their side und end walls, character~ which 
distinguish ray trucheids from the next inner 
row of cells (parenchyma cells), the Iutter hn v-

r.t. 

r.t. 

·~ 

•.. bp 

FIG. 12.-.A pith ray 
containing a resin 
duct, r. d., magnified 
300 diameters ; r. t., 
ray trachelds; r. c., 
ray cells ; ep, c., epl· 
thellal cells; b. p., 
bordered pits. 

ing" thick walls and ]urge 
!-3imple pits (fig. 10, ll. 1'·) 
on the inside walls. There 
uro fr·om 1 to ;, simpiP pits 
within the width of ench 
,~erticnl tracheid (fig.lO,t.). 
The end walls of these pu­
renchyma cells are thin or 
sometimes locally thickened 
(fig. 10, e. u·.). Other pa-

renchyma cells, with thin, 
smooth, entire, upper and 
lower walls, and partly ab­
!"iorbed cross walls, occur 
within the pith rays (fig. 
10, c.). These parenchyma 

rr •• 

Fro. 11.-An ordinary 
pith ray as viewed in 
a tangential section 
magnUled 300 dlam· 
eters : a, walls of 
adjoining tracbelds ; 
r.t.1 ray tracbelds; 
r.c., ray cells ; b. p., 
bordered pits. 

cells have small elliptical or oval pits (fig. 10. 
8. p.), from 1 to 4 of which usually occur within 
the width of each tracheid. 

Transverse sections of the two forms of pith 
rays just described, as they appear in a tangen­
tial section of the wood, are shown in figures G 
and 7. The ordinary pith ray shows 3 ray trn­
cheidH (fig. 11, r. t.) above and 2 below. The 
5 thick-walled elements (fig. 11, r. c·.) in the 
middle of the ruy are pith rny parenchyma cl•lls. 
The form of pith ray containing n resin dud 
(fig. 12} presents the same details of struetun• 
as the ordinary ray, with the a.ddition of epi­
thelial or resin-secreting cells (fig. 12, e p. c.) 

which line the resin duct (fig. 12~ r. d.). The 
upper and lower rows of cells (fig. 12~ r. t.) nre ray tracheids! corn~­
sponding to those pointed out in the ordinary pith ray (fig. 11, r. t.). 
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QUAJ ... I'l'Y, WEIGHT, AND STUENGTI-1. 

The wood of western yellow pine is heavy, hard, and brittle, but 
not coarse-grained. The sapwood resembles the elrstern white pine, 
is easy to work, and has been widely used as a finishing material, 
since it is light colored and velvety. On the market it has quite a 
reputation as" western white pine." 

·According to Snrgent the specific gravity of the wood is 0.4715 
and the nsh o.a!l. Lumbl•rnwn figure the shipping w(.•ight of 1,000 
feet board measure of logs to be 9,250 pounds. In October nnd. 
November, however, the weight may fall as low as 8,250, and in July 
und August it may rise to a maximum of 10,000 pounds. Dry, sonnd 
lumber weighs from 2,500 to 3,000 pounds per 1,000 board feet. 

Table 21 shows the results of tests by the Forest Service on 15 
western yellow pine sills, 5 inches by 8 inches by 16 feet, cut from 
1irst and second grade common lumber about April 1. The sills 
were tested in bending with the load a-pplied at two points one~third 
uf the span from each end. At the conclusion of the bending test 
.~pecimens 2 feet long were cut from the uninjured portion of each 
sill, and tested under compression parallel to grain. In the com~ 
pression test the maximum load was the only reading taken. Crush~ 
ing tests gave very uniform results. In 13 out of 15 car sills failure 
was due to knots. In the crushing tests 10 failures occured at knots. 
In all the tests the strength of air-dried material is e\·ident. 

Comparison of the bending strength of western yellow pine sills 
with those of Douglas fir sills of the second grade 1 gives a value of 70 
for the pine on the basis of 100 for the fir. In the same way the 
stiffness or modulus of elasticity of the pine is 68 per cent that of 
the fir, and the crushing strength 74 per cent. The dry weight of the 
fir upon which the tests were made was 27 pounds per cubic foot, nnd 
the rings per inch about 8. 

Tests made upon western yellow pine car sills were very few, nnd 
the results must, of course, be regarded ns tentative. 

TABLE 21.-Rr.yulfR of laboratory tests on car sills of tcestern yellow pine. 

Green rna- Air-dry ma.-
terial 'terful. 

Moisture ••.... _ ................................................... per cent .. 

~!~~N~~::~ ::::: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Specific gravitY r dry ....................... - .............................. .. 
Weight per cuhw foot as tested ..................................... poumis .. 
Weight per cubic footon•n drv ...................................... do ... . 
Fiber stress at. e\a!ltlc limit .. .' ............................... lbs. rwr sJ in .. 

~:f~~~=~~~f~Wctty·.~::::: ::: :·:::: ::::::::::::::::::::::::::::::::: ::d~: ::: 
Elastic resilience .......... _ ...................•.............. _ ........ _ .... . 

38.2 10.7 
12.8 11.3 
'J:1 ............. . 

.38 ............. . 
32.8 27.1 
23.8 2".!.4 

2,259 2,S:itl 
3,22-1 4,7lr.! 

962,000 1,311,f.MX} 
.47 .568 

• Three gradt•s of Douglu ftr ('At' RIIIM ar(' u11ually dt>Mlgnnt.-<1, 11t•h•1·t, mt'rchantablr, nnd 
ale<'ODd. 
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USES. 

The wood of western yellow pine is not durable in contact with 
the ground, and must be treated with a preservati,·e before it can 
be used for ties, telegraph poles, or fence posts. Locally the chief 
uses are for lumber, mine timbers, lagging, stulls, and ties, The 
butt logs of dead trees, if thoroughly impregnated with pitch, make 
excellent fence posts. Settlers often use snplings. for corral pole8, 
since there is seldom 11 more d.urnble kpccies nt hand. The use of 
wood from dead. trees is becoming mot·c extcnsi ve. .A sttall from 
a dead tree, whether sound or blued, is stronger than one from tl. 

green tree, a fact not generally recognized by mine operntors. The 
pitchy butts of western yellow pine are often used for fuel when 
cedar or juniper is not nsnilable. It has been estimnt(lcl thnt the fuel 
value of 1 cord of western yellow pine equnls that of four-fifths cord 
of average oak or 1! cords of cottonwood. 

PRESERV .\TIYE TREAT:\lENT.1 

The use of western yellow pine for construction purposes rests 
upon the question of its durability. As ties, poles, posts, or in other 
forms where the timb(.•r will come in coutnct with the ground and b~ 
exposed to the weather, its naturnlliftl will avemge only from two to 
four years. To increase its sen·ice to n reasonable ll•ngth, thert'fore~ 
the timber must be treated with chemical pre~ervatives. The deter­
mining factors of the practicability of the impregnation of all wood~ 
are the per cent of sapwood and the degree of seasoning. The great(lr 
the proportion of sapwood the more successful will be the treatment. 
It is evident therefore that for polt-s, posts, or cro.;;sties western 
yellow pine is well suited for preservnth·e treatment. . The degree of 
seasoning will depend upon the time of felling, the method of piling, 
and the length of time the wood is held in storage. 

It is not within the scope of this bulletin to describe the Yarions 
preservative treatments in use. These are all fully treated in Forest 
Service Circulars 101 and 10-! nnd BulletinR 'iR nnd 8-l. B(lfore trent­
ing any wood, however, it is necessary to inquire whnt will be the 
ultimate saving, and how this will compare with that re:o;ulting from 
the use of more durable spe<"il•S. The dl•termining fnl·tors in nnswer~ 
ing these questions nre: (1) The initinl cost of tht> timbl•r; (2) tlw 
cost of placement or sl~tting; (:-1) the eost of tr·(>ntnwnt: (4) the life 
of the untreated timber; nnd (5) the life of the timlx•r wlll'n tn•ntl"(l. 
In Table 22 are given the compurntiYe re~nlts from n butt nnd nn 
open-tank treatment with ('rt•osoh~ of -1-0-foot poh·s of westt>rn yellow 
pine and red cedar in Californin. Interest on the initial irwestment 
is figured at 5 per cent. 

---~-.. -----------
1 Prepared under the dlrc•ctlon ur Jo'orc•Kl l't'CK)u<"IK J.nhut"ulu.-.1·, :\llull~<un, \nK. 
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TABLE 22.--Cc.mpat·ative results of preser·vative treatment ot western 
yellow pine. 

Species, 

I 
I l'reserv-

Charactt'r of treatment. ative, pounds 
p~!rpok 

_________ ! __ 
I 
I 

Esti­
mated 
cost of 
treat­
ment. 

Pin('. I 
Oo ............. Bru:~htr••aln~o•nt...... 5 $tl.25 

Esti­
mated 
cost of 
poles in 
place. 

18.00 

Jol. 2.~ 
II. IHJ 

:;~d Annual 
ure. cost. 

YrarB. 
3 $2.94 

ll 
:l!l 

Annual 
saving 
due to 
treat­

ment.l 

$1.31 
:.!.15 

We~tern yellow !I Untreated ............................... . 

Red~~J~j.:::::::::: . ~~-~:~·~·~~·-~~·-~ ~~~-~~~ ~~-·~·~t-t:: i ....... ~~ ...... ~: ~~. 
Do ...•......... l Hrush tn•atm1mt ...... 1 9 .ao 
Do ............. __ Op~n-tank treutment .. l 40 1.35 

11.50 
9.~ 

10 
13 

1, 0.1 
'711 

1.23 1.04 ....... :i9 
10.85 20 .87 .36 

(l+R)nXR 
1 ~ual saving computed from fonnulaa-p {l+R)"-i" a-annual saving; b=amount or initial 

expend1ture; e=-rate of interest expressed declmaily. 

A study of Tnble 22 leaYes no reasonable doubt us to the economy 
of the preservative treatment of wes.tern yellow pine poles when only 
the one species is considered. In the comparison with red cedar, 
moreover, it is seen thut under the conditions as.sumed the greater 
economy will result from the use of pine poles treated with creosote 
by the open-tank methoc.l. 

Qrossties mny be considered inn like way. The average cost of all 
western yellow pine ties purchased by the steam railrouds in 1U08 
was 51 cents per tie._ An allowance of 10 cents for placement, 55 
cents for trentment w1th 2l gnllons of creosote, unc.l. 13 cents for treat­
ment with one-half pound of zinc chloride per cubic foot, gives the 
following cost for the tie in place in the track: 

tintreated ------------------------------------------- $0.61 
Creosoted -------------------------------------------- 1.16 
Zinc chloride ---------------------------------------- .74 

Assuming u life of 3 years for the untreated tie, and figuring in­
terest ut 5 per cent, it is seen that only 7 years' service of the creosoted 
tie will effect an annual saving of 2 cents per tie, while but 4 years' 
service of the tie treated with zinc chloride is necessary to effect 
economy. 

'Vhether or not greater economy will result from the use of other 
species can only be determined for each specific case. Under certain 
conditions untreated redwood ties might be more desirable; in others 
creosoted Douglas fir. Again, conditions may arise where a red 
cedar tie will be more desirable than one of western yellow pine. 
Wherever it is decided to use western yellow pine, however, the ad­
vantages of a properly applied preservative treatment can not be 
disputed. 
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I. UMBERING IN THE SOUTHWEST. 

Since there are seldom more than 2 to -! million board feet of 
western yellow pine in a section, the modern steam logging of the 
Northwest is inadvisable in the Southwest. The usual method is to 
skid the logs to the hauling road, load them on the trucks, or, if the 
grounu is fairly level, outo big wheels, uml tlten haul them to the 
railroad or mill. If the operation is n ltu·bre one and the railroad is 
in use, the logs ore loudl:'tl onto the cnrs with a steam loader and rail­
roaded to the mill. In oue opcratiou 011 tlw Cocouino Forest, where 
the stand often runs from -! to .J-~ million ft'l't to the section, a stenm 
skidder is used, one of two in the Southwe:-;t. Howe,·er, since most 
of the logging is by hor~, an intensive system of forest management 
is possible. 

Ordinarily a tree is cut into sawlogs up to a diameter of from 
6 to 10 inches in Government sules, and from 10 to 1-! inches in pri­
vate holdings. In Government operations the top logs nre occnsion­
ally cut into stulls, hewed into ties, or rarely split into shakes; but 
ordinarily the top cut is sn.wed into rough c.limension timbers or tie~. 
On account of the open character of the st.and~ very little dumage is 
done to young growth or standing timber through lumbering. 

The large compnnif.'s use the latest band-snw l•quipment, nnd cut 
from 60,000 to 150:000 feet a day. Very close· utilizntion of the 
product is secured, since they maintain box factories and manu­
facture lnths, ties, and smull dirnenl'iion stuff. 

The estimated cost of logging and milling oYer ensy ground in the 
Southwest is: 

Cutting, skidding, and hauling to railroad----------------------------- $:l. 75 
Maintenance of 1·allroad, Including ties, steel, etc_______________________ .lio 
Loading and hnulfng to mlll or railroad point__________________________ 1. 00 
lt:lllllng, lncludiug depreciation of plant and piling______________________ 4. oo 

Brush disposal------------------------------------------------------- . 40 
Stumpage ----------------------------------------------------------- 3. r.o 

Total cost of finished product en ym·ds-------------------------- 13. 15 

As a rule the cost of logs in the mill, inchHling the average Gov­
ernment stumpage rate, is between $8 and $fl a thousand hoard feet. 

GRADES OF YELLOW PINE LUMBER OBTAINED. 

.The percentage of different grades of lumber cut from yellow pine 
varies, of course, with the locality. Table 23 gh·es average percent­
ages of the different cuts which were furnished by prominent lumber­
men of the region. 
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TABU 23.-Percentagc of grades of rough lumber cut from wclftcm yellow 1Jitw 
in Ari.:fnW und Sew M.e;cico band-S((W milfH, 

Grades. 

Northern Arizona. 

1-----------:-------JN'*~~rn 

Mill 
No.1, 
1009. 

Mill No.2. 

1909 1907 

Mill No.3. 

1908 1909 

Mexico, 
Mill 

No.1. 

---------·---------------------.-. ----
Clear...................................... 0.94 6.6 7.36 9.0 9 5.0 
Select..................................... 1.03 5.8 .......... .......... .......... 7.0 

~H~L::::::::::::::::: ::::::: P,:F, U ::::~~?:: :::::o:~:~:::::::~•: :::::~i:o 
~~J==~~:::::::::::::::::::::::::::: ~:~ f~:~ ~:rJ fi:~4 i~ 2tg 
Box....................................... 14.77 17.0 36.55 39.90 40 131i.O 
Klllculls.................................. 1~.98 18.6 6.77 7.13 7 '6.6 

Total.. .............................. ~ -----w;;-------roo-1~1 100 ~ 

1 No. 3 common. 
t Designated as No. 4, No.5, an!l (c11l1s) No.6 (.'Ommon. 

From Table 23 it is e\·ident that the high percentage of grades 
below No. 3 shop is an important factor in any operation. These 
low grades must find a local market, since the high freight rates 
do not permit of their shipment. 

An operator in northern New Mexico estimated his average grade 
percentages: Clear, 5 per cent; No. 1, No. 2, and No. 3 shop, 30 per 
cent; No. 1 common, from 1 to 5 per cent; No. 2 and No. 3 common, 
from 50 to 60 per cent; and mill culls, 5 per cent. The western 
yellow pine in this case grew in mixture w:ith Douglas fir, white fir, 

·and Engelmann spruce. A f-inch circular saw was used. 
In southern New :Mexico a band-saw mill that cut 15 per cent west­

ern yellow pine and 85 per cent of Douglas fir and associated species, 
cut the following grudes in the proportions shown: 

Grades. 

Ptr cen.t, Per crnt. 
Selects and better.. . . .. .. .. .. . . . . . . . .. . .. . . . . . .. . . . . . . . . .. .. .. . . .. . . . . . . . .. . . . . .. .. . 16 9 
No. 1 common ...................... -... ·.·· .. · .... ······ .... ···· .. ··· .... · .. ······.. 25 1 27 
No. 2common....................................................................... 50 48 
No. 3 common (boxing)... . . .. .. . . • .. .. .. • . • . • . .. .. .. • .. . • .. • • .. .. • .. • .. . . .. . • . • . . . . 14 16 

In 1906 a mill tally at Maine, Ariz., showed the percentages of 
grades cut from 112,963 board feet, by a f-inch circular saw, to be: 
Dimension, chiefly No. 1 and No. 2 common, 27 per cent; clear, 11 
per cent; shop, 8 per cent; common, 36 per cent; box, 9 per cent; 
and cull, 9 per cent. 

A still more detailed mill tally, based on 56 trees, was made in 
1907 at the Dye snwmill, on the Jemez Nntional Forest. Here also a 
f-inch circular saw was used. The results of the tally are shown 
in Table 24. 
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TABJ,E 24.-Percentage of grades sawed fl'om bJacl<jack and yellow pine. 
---------~~~--·-------·---~--

Gmde. 

DiiUileter. 
I D!Jnen· 

1-------,------,----..,.-----.,.-----i SlOOS, 

Clear. Select. Shop. 
1 to 2 3 to 4 cruelly 

common. common. common. 

------------~------ -------------
13-15 ............. :~~~-(~: ................. J ........ . 
16-18...................... ........... ..... 0.6 
19-21... ............ .. . .. . .. . . .. . . . . . . . . . . . 2.9 
22-U...................................... 7.4 
25-27................................. ..... 7.1 
28-30...................................... 14-5 
31-33...................................... 15.0 

Average ..•............••........••.. 6.8 I 
I 

0.6 ...... i .. li' .3 
1.1 3.5 
1.0 8.4 
1.1 11.7 
. 7 17.9 

1. 5 21.2 

.9 \J.I 

8.1 88.1 3.2 
lfi.4 74.9 6.8 
15.2 70.3 7.0 
10.8 62.9 9. 5 
8.6 63.7 7.8 
5.11 43.3 18.0 
7.5 54.0 .......... 

10.3[ 65.3 ! 7.6 

This table must ·be considered tentntive, ~inct> it is bn8t"(l upon l'l'­

~ults from but 65 trees. Yet it clearly shows that increa~e in diameter 
means an increase in the percentage of the better grndes. In other 
words, a twofold gnin is made by not cutting trl'e:-> of smnll dinmetl'l'­
Loth an increase in volume and nn increase in the percentage of the 
better grades. The steady increase in the pereentnge of clenrs nnd 
shop is especially noteworthy. Even n tn.>t• from 19 to 21 inclll•s in 
diameter cuts only 7.5 per cent clear, select, and shop, and 92.•> of 
common and dimension. In comparing the relativ·e grades (clenr) 
cut from yellow pine and blackjack, it was found that for yellow pine 
the average per cent was 8.4, but that for blackjack only 3.4 per cent. 
Table 25 shows the relative percentage of grades, including shop and 
better, sawed from yellow pine and blackjack. 

TABLE 25.-Relatire percentage of grades (Riwp and IH·tter) sawed from. yellow 
pine (ltUl blacl.:jacl.'. 

breast h1gh. pine. 
Black· 
jack. 

Diameter 1 Yellow I 
Inclle8. I ·P·e~c~~~:-~-f'e-r c-rn-t.-

1 

13-15 ......................... : 0. (i 
16-18. ... .. .. .. .. . ti. 0 I. K 
19-21 ............. : ti.l •.• 
22-24 ............. i lS. 4 13. (\ 

~~::·:::·::::::::! ~:~ ::::::~~:~:: 
Avera::w •.. _.i 

I 
20.2 

-------

MARKETS FOR YELLOW PINE. 

According to the best available statistics the cut of western yellow 
pine in Arizona and New :Mexico for the first six months of 1909 was 
8,407,672 board feet and 11,540,854 board feet, respectively. If these 
figures are correct, it proves that at that time the timber industry 
had not yet recovered from the hard times of 1908, since Table 26, the 
result of a census collected by Forest supervi1;ors in Arizona and .Xew 
Mexico, shows that in the period bt>tween July 1, 1909, and June 30. 
1910, the output increased considerably. 
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T.A.RLE 26.-Total cut of western yellow pine in At'izona and New iJleiCico, July 1, 
1909, to June 80, 1910. 

Saw timber. Mining timber. Ties. All classes or material. 

Sold Ex· Sold I Ex- Sold Ex· Sold Ex· T tal 
locally. ported. locally. ported. locally. ported. loc:dly. ported. 0 

• 

-~---,-----;;;;-
.!1/t.b. m .. A-If~ ll: 1!!·: .lf /t.ll: m .• lift. b. m.; .V/L b. m . .Mft. b. '!';I' .. lift. b. m. Jlft. b. m. b .. m:. 

Arizona..... 18,142 43,SS~: li52 2,398 ;.......... 4,M 18,?94 51,036 t.IJ,830 
New Mexloo. 20,294 ~,51\tl _ 557 ~~~ 7,7l'i3 .:...:..:....:. 34,U:H ati,6!!tl ii,:.!~'O 

Total.. 44,436 !ID,4381 l,:.!C9T 2,3981 7,7~ 4,786 63,4:.>ii 87,li2'l HI.OCO 

The great amount exported is due to the large centralized cut in 
northern .Arizona uml in the .Zt!:pi Mountains in western New Mexico, 
The grades above No. 2 common will ordinarily stnnd shipment out­
side of the Territories. In general, u considernble nmount of hox 
material is shipped to California. The smalllocalmills for the most 
part sell their entire output within the county, with the exception 
of the high grudes, nmounting to perhaps 10 per cent of the total. 
The 53,428,000 bonrd feet sold locally and the 87,H22,000 feet exported 
bring the total cut of western yellow pine in the two Territories up 
to 141,050,000 bonrd feet. 'Vith the increasing sale of Government 
timber that is uut icipatetl, the totnl cut in the two Territories should 
reach 150,000,000 feet by 1912. 

SALE OF TIMBER ON THE NATIONAL FORESTS. 

Green merchantable timber on the National Forests is for sale when 
its removal will not endanger the streams or reduce the timber sup­
ply below the point of safety or make n second crop doubtful. There 
is about 20,000,000,000 feet of merchantable saw timber on the X a­
tiona! Forests in the Southwest. Of this, at least 80 per cent is yel­
low pine. Tnble 27 gives the approximnte amount of merehuntable 
saw timber on euch X ational Forest and the percentage which west­
ern yellow pine forms of the stand. 

TABLE 27.-Estimate of ti1nber on National Forests in Art.:ona and :vew .lle.rico. 

Forests. 

Alamo• .•••.............. 

~~~~~·:::::::::::::::: 
Chiricahua• ...•......... 
Coconino-Tusayan'·· .... 

=~~-~ ...... ::: ::::::::.I Datill .................. . 
Garces' ................. . 

. GUa• ................... . 

Total mer· Estimated I II Total mer· Estimated 
chantable western I Forests. chantable western 

saw timber. yeUowplne.: saw timber. yellow pine. 
I 

Mft.b. m. 
735,000 

1, 4?9,000 
1,000,000 

152,000 
3,455,000 

124,000 
300,000 

2,995,000 
13,000 

3,994,000 

Per cent. I M/1. b. m. Per cent. 
39 J'emez •................. 2,000,000 70 
66 Lincoln s............... 181,000 70 
66 Manzano• .............. ~ 76,000 97 
75 Pecos s .................. · 300,000 ro 
951 Prescott• ............... ' 113,000 90 
69 Sitgreaves• ............. · 1,500,000 98 

.. 15 Tonto 1 ................ .' 768,000 98 
~ I Zunll .................. l __ «~_I,_ooo-1·---87 
«l) Total .............. 

1 

20,086,000 .......... .. 

1 An approximation only. 
• Baaed wholly or in part on detaUed ocular estimate by quarter sections. 
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The opportunities for purchasing Government timber are many, 
aud conditions of logging in the Southwest tend to make such invest­
nwnts profitable. 

There are a number of different regulations that govern the cut­
ting of all timber on the National Forests. 

Upon formal application by the purchaser the desired timber is 
mu.pped, estimated, and carefully described. "'~'hen the formnl ap­
plication is filled out, embodying as clearly as possible the terms of 
the proposed contract, the timber is tHh'et•tised for at least HO days. 
The purchasers must submit with their senled bids n s.uitnble deposit 
to guarantee good faith, and before cutting commences u smnll por­
tion of the purchase price must be paid by the successful bidder. 
During the sale each log is cnrefully scaled, muubcred, utH.l recorded. 
J.,"'requent check scales are mnde to determine the ncetU'H('Y of the 
Government sculer. The stipulutions under the contmct nu·y con­
f.'iderably, but in western yellow pine the usual conditions nre, in 
brief: Timber can not be cut or remoYeti until pniti for, nor until 
scaled, measured, or counted; it must he cut from a speeified aren; 
live timber must be murlwd; merchuntaLle tiutl,er used iu construe­
tion is charged for; felling is done with a snw; nnneeessnr~· tlnmngc 
is penalized; stumps must, if prnctieable, be lower than 18 inches; 
trees must be utilized to u. top uiunwter· of 8 iudws iuside tlae bark; 
br~s]l and debris must be properly disposed of ns requit·eu by the 
Forest officers; a proportionate nmonnt of timber must he cut each 
year; scaling is by the Scribner HuJe, Decimal C; d(..a<l trees con­
~:;idered a fire menace are ordinarily felled at the expense of the pnr­
ehaser; location of the cutting camps, roads, ete., is determined after 
conference with Forest officers; locomotiYes must .use. oil; steam skid­
ders and donkey engines are subject to the nppron1l of the Forest 
officers; and a reasonable bond is required for the proper carrying 
out of the contru.ct. 

In nddition to green timber, all merchantable dencl timber within 
the National Forests is for sale, except where it is needed to supply 
the demand of local settlers. .Applications for information concern­
ing the sale of timber on the N' ational Forests in the Southwest should 
be addressed to the district forester~ Albuquerque. X. :Mex. 

MANAGEMENT OF YELLOW PINE ON THE NATIONAL FORESTS. 

GENERAL POLICY. 

The chief aim of management of western yellow pine on National 
Forests in the Southwest must be conservatism. The marking must 
be conservative, the brush disposal safe, nnd the utilization as clo~ 
as practicable. Not only must a sufficient stand be left upon the 
ground to protect the soil and to insure a second crop, but a supply 
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of timber must in the future be available for purely local industries. 
Waste by private owners, even if -u amount to only 5 or 10 per cent 
of their total cut, will mean a shortage in the future timber supply 
of the Southwest. 

In managing western yellow pine, therefore, it is essential that 
provisions be made for a sustained annual yield. This does not mean, 
however, that only the annual growth will be cut. In the average 
virgin forest growth is offset by decay. Most of the stands on the 
national forests in the Southwest are Virgin, and consequently the 
mature timber that goes to waste each year is a great loss. It is tru~ 
that this natural loss is offset theoretically by the growth of new 
stands, but full use is not made of the forest unless the mature timber 
is cut and the thrifty growing immature stands left for future needs. 
Moreover, it is the desire of the Forest Service not only to maintain 
a sustained annual yield, but to improve the quality of the timber 
as well. If only timber of the lower grades is produced, export ship­
ments will suffer. It is therefore particularly essential, on account 
of the long hauls and consequent heavy freight rates, that a fair 
proportion of higher grades be supplied. Yet the Forest Service is 
bound to dispose of all over-mature timber, and if this is done the 
annual cut must be more than the estimated annual growth of the 
normal forest. It will be necessary not only to dispose of the annual 
growth, but also to reduce the excess growing stock representeg by 
virgin stands. For instance, if there were 100,000 acres, every one 
fully stocked to its full capacity, under normal conditions it might 
be the duty of the Forest Service not only to cut the actual annual 
increment, but also to reduce the excess growing stock to what would 
be considered normal-in this case one-half the present mature stand. 

METHOD OF CUTTING. 

The regulation of the cutting of western yellow pine depends upon 
the method of cutting, which in turn must be governed by the silvical 
requirements of the species. In the past the cutting in Government 
timber sales has removed about two-thirds of the stand. Wherever 
possible, the one-third left standing has been selected from thrifty 
blackjack, though frequently it ·has been necessary to retain mature 
trees. It is planned to return and cut this one-third of the original 
stand as soon as reproduction is complete. It is not known how long 
the reproduction period must last, but probably 15 years, and per­
haps 20, will pass before satisfactory regeneration takes place. The 
})resent method of cutting might be termed a group selection, or a 
primitive application of the shelter-wood ( femelschlagbetreib) sys­
tem applied to irregular stands. At all events, the idea has been to 
prepare for a second crop by cutting two-thirds of the original stand, 
and when the new crop is established to cut the remainder. 

FIG. 1.-FULLY DEVELOPED MATURE STAND OF WESTERN YELLOW PINE BEING MARKED 

FOR CUTTING. 

FIG. 2.-THRIFTY "BLACKJACK" LEFT AFTER CONSERVATIVE LOGGING. 
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MARKING THE TUlBER, 

Ordinarily all mature and over mature western yellow pine should 
be marked, except when required for seed or protection: since they 
have practically stopped growing. Similarly~ all trees which show 
such defects as punk knots, spike tops, bad crooks, low forks, and 
injurious fire scars should be marlce<l for cutting. Even an approxi· 
mate diameter limit should be flexible. Young, thrifty, rapidly 
growing trees should not be marked, even if larger than the stated 
diameter. Defecth·e trees of any usuble size should be marked unless 
there are technical or practical objections. 

At least one·third of the stand should be left to reseed the area, 
provide a second cut, and protect the soil. No ironclad rule, howen•r, 
can be made that will apply to all conditions; consequently the 
amount left standing should be varied nccording to locnl require· 
ments. The economic need of an early second crop should have 
weight. 

Where the danger of windfall is great, but few trees should be 
marked for cutting. This rule would also apply where a dense forest 
cover is needed for the protection of a watershed or to prevent 
erosion. The probable harm from too heavy marking on all- slopes 
and in exposed situations must be carefully considered. Each tree 
left should have its crown free enough for vigorous growth. If 
usable, trees which ha,·e been badly grouped and haYe only small, 
sickly crowns should be marked, unless needed to presene proper 
soil conditions. 

Where there are not enough young trees to form a good stand in 
the future seed trees must be left. These shoulcl he thrifty nnrl 
capable of bearing large quantities of seed at once. Occasionally it 
will be necessary to retain seed trees too misshapen or <lefecth·e to 
be merchantable, but as a rule young trees which will yielcl good 
lumber in the future should be chosen. ".,.here western yellow pine 
is growing in mixture trll seed trees should he of the more ,·nlunhle 
species, but poorer species are better than none. In situations where 
logging is difficult the practicability of logging individual trees 
should be considered. 

Fewer seed trees should be left where partial reproduction is already 
established than where there are no seedlings, yet if there is danger 
that fire will run over the area enough trees should be left to seed 
the ground fully, whether reproduction is present or not. Large 
openings should not be made or small openings enlarged where the 
f-uture forest will suffer. Seed trees should always be left on the 
edge of openings, such as old burns, on the side from which the pre­
vailing winds blow. On ridges nnrl along the edges of parks it is 
usually advisable to mark very conservatively. 

5998°~Bull. 101-11---4 
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It often happens that some dry-topped and diseased trees which 
can and should be removed tl'l'e overlooked in the origin a 1 murki11g. 
It may also be advisable to reserve seed trees that were originally 
marked. N ecessnry changes in the first marking should be made 
before the snwyl•rs hnYc mon•d awa:v. It is only hy n c:rreful re· 
marking thnt undl·sirahle h'l'es cnn l>e completely t'limiunteu anu 
necessary seE'd tr('es retained. 

In mn..Idng t imh<.•r 11 :-;imph• rule to r<.'llll'lllhl'l' is: 1\f:u·h: most y~·l­
low pine nnu leu\'e all healthy uluckjnck except when iu nceu of 
thinning. This rule should be varied according to the uge and con­
dition of the stand marked. If the timber is mature, with no repro­
duction, it may be necessary to retain trees that are fully mature, and 
a.pproximntely one-third of the volume may have to ue left standing, 
even at some risk of windfall "'.lnd decline in vigor. In a mature 
stand with good reproduction the marl{ing may be heavier, but suf­
ficient trees should be left to provide for reproduction in case of 
fire. The marking should aim to open up the reproduction and 
enable each group to enlarge. It should a-lso tend to improve the 
stand by removing dry-topped or otherwise dete111>rating trees. Inn 
pole stand of blackjack thinning can often be maxie to advantage, 
but these should neyer be heavy and should uim to preserve a close 
canopy. Trees which should be removed are those that are deterio­
rating and which may be eventually suppressed. 

In marking any sale area innumernble variations will be encoun­
tered, and no uniform system should be adopted for the entire stand. 
On the border of the ''"oodlund type the marking shoultl be merely 
an improvement cutting, and if the stand is less thnn 2,000 feet per 
acre no rutting whatever should be allowed, except the occasional 
removal of dying trees, and this only if practicable from n lumber­
man's standpoint. On the borders of parks and where windfall is 
likely, or where it is desirable to presen·e forest comlitions, marking 
should be particularly conser,·ative. On dry south slopt•s and on 
ridge crests but a few trees should be removed. Ordinarily in west­
ern yellow pine un approximate diameter limit of 20 inches should 
be stated, though not followed literally in the marking, as already 
explained. 'Yherever practicable ad ,·antage should be taken of good 
seed years to increase the cut or ta direct the marking where the local 
seed crop is best. The scenic value of timber along roads must be 
carefully weighe<l. 

Table 28 shows the actual results of marking on a large timber sale 
area in the Coconino N' ational Forest. Figures ure ginn for each 
section, in order to show ho'Y uniform the cutting hus been. The· 
windfall on seven sections was, respectively, 0.7 per cent, 0.2 percent, 
O.G per cent, 0.2 per cent, 0.8 per cent, 0.3 per cent, nnd 0.8 per cellt of 
the stand from one to two years after cutting. This loss wus almost 
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entirely in mature timber. The damng~ from lightning was also 
consi clera b I e. 

'J'ABLt: 28.-Rcsults of C'Uft1ng on Greenla-w Lumber Co. ,'laic, Co£'oninn "XatimJal 
Porcst. · 

Locatlon. II -~ 1.\verU!.'I! I Percent 
Nmulll'r A\'('ra:te amount ofor!gl-
of ;wn·"'· cut. lt>ft nal :~taud 

.~;larl\ling. 1 left. 

-·--· -- '---

Cutting on private land in the Southwest is nsnally in decided 
contrast to that on the National Forests. On all priYat~ land within 
the Tusayan National Forest loggl'd north of Chullender tlie ln·erage 
stand left per ncre nmountetl to bnt ()!)!.) board feet. ~\bout 300 f~et, 
board measure, of merehantnble timber wns left on the ground 
through wasteful logging. 

UOTATIO~ <W C'U'r. 

The best rotation for western yellow pine ran not be predicted with 
certainty until regulated cutting hns lwt-n mot't! thoroughly tried out. 
Tentntively, n rotation of 200 yenrH is rt•comml'n<led. The a \'erage 
mature blackjack is from 125 to 150 Year:-> old. Ordinurilv the 
overmature yellow pine which is now lwing lmubl~red is fro;n :300 
to 40Q years old. All nvnilnhle figures intliratr that it will take 200 
years to grow saw timber. It will be seet\ from thl' precedincr tables 
that diameter growth begins to fall off nt from 100 to 1HO vea~rs and 
h h . " ' t at e1ght growth declines from the mean nnnnul nfter 1 iO years. 

In Table 10 a yellow pine 200 ~·enrs old nYerng-es onl~· 20.60 inci1es in 
diameter, and in Table 11, :21.~ inches. Thi~ i:-; el'rtninly the mini­
mum size that can be estimated to yield timber of fnir quality that 
will justify shipment. 'Yith thrifty, well·thinned stands, however, 
it is hoped the growth will be greater. 

In some localities approximntely 1 per cent of the total growmg 
stock is believed to be a safe annual cut. This figure will, of course, 
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vary with local conditions. It is justified by Van ~Ianters method 
of regulating the yield, in which the growing stock, divided by half 
the number o£ years in the rotation, is the annual cut. This method 
tends to reduce automatically the excess growing stock to normal, 
and to increase the growing stock where it is dnngProttsly low. Tho 
Austrian method of regulating the yield may ulso be followed. By 
this the annual cut is £:qual to the mean annual increment, plus the 
differenet~ l)('(W(.'t'll the rt>al growing Hto<•l< nn<l t1w JlOJ'mal growing 
stock, divided by the period during which the surplus i~ to be re­
moved. The normal growing stock in turn is determined by multi­
plying the mean annual increment by half the rotation. The chief 
difficulty in applying this method in the Southwest is the lack of 
exact information regarding annunl growth after cutting. Steps 
have, howeYer, been tnken to secure accurate data, which should be 
available within 10 years. 

On some Forests empirical methods of limiting the cut may be 
adopted. For instance, where a certain area is to be cut on a 
200-year rotation, it may be assumed that the stand on one two­
hundredths of the area could snfely be cut each year, provided regen. 
eration follows. ""hntever the method employed, the object is to 
limit the annual cut so that a sustained aunual yield is possible. 

}'IRE PROTECTION. 

During the year lOOD 11 total of 91,8H5 acres were burned over on 
the H) ~""ational Forests in Arizona and New :Mexico. It is remark­
able that the totd dnmnge to timber on the entire nren amounte<l to 
only $i3,971. If the Gila National Forest were omitted, the total 
damnge to timber on the 18 other Forests would amount to only 
$21,471. The damage on the Giln, amounting to $52,500, was the 
result of extrnordinnry conditions of drought and of the lack of 
settlement in the region, which made it exceedingly difficult to secure 
quick asHistance in fighting the flnmes. 

The total number of fires which gained headway in Arizona and 
New :Mexico in the calendar year of H>09 was 259. The causes of 
these, as far as it has been possible to uscertain, were: 

Cause: !\'umbel". 

Cnknown _ ------------------------------------------ __ 108 
Cmn}lers ___________ -------- _. __ -~ _ ____ __ ___ _____ _ _ _ _ _ _ _ <iH 
Llghtn iu~ _ ------------- ___ _ _ __ _ _ _ _____ __ _____ _ _ _______ ;~{ 

Rnilro:Hl -------------------------------------- _______ - 12 
lilnwln\11~ _________ -- _________________________________ _ 

Hrusll burning ---------------------------------------­
Iucendlnry --------------------------------------------

u 
7 
4 

Mlscelltllll'ons _ ------------- __ -- ____ ---------- __ --- _ ___ 17 

'£otul ------------------------------------------- 2u0 
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The best preventive mensures are a careful and efficient patrol and 
the education of the public to the destructiveness of forest fires. In 
the open western yellow pine forest fire lines are seldom necessary, but 
where reproduction is present it is adYisable to burn the debris re­
sulting from timber sales after it has been piled. 'Vhere, in order to 
~ecure natural reproduction, it is necessary to risk Lrush scattering, 
It would undoubtedly be advisable to burn fire lines bisecting the 
area, if possible, at least 300 feet in width. If the fire danger is 
particularly great, the line should be lnu'1w(l ovl'r cvt•l'V venr. This 
would, of course, mean n large expense. Ordinarily, ba~k firing is 
possible without regular fire lines, providing dry debris resulting 
from logging has preYiously been cleared and burned. 'Vith brush 
scattered on the ground an«;} t\ high wind it is nlmost impossible to 
stop a fire until the wind subsides. Dead snags are n pnrticnbr 
menace in fire fighting, and the following clause is now being inserted 
in all timber-sale contracts: 

All dead standing trees considered n fire menace by the Forest olficer in charge 
will be felled; but only snch portloua of them liS nre merchnntable under the 
terms of thi~ contract will he log~ed nnd )laid for. This does not include bin< .. k­
jack nor stubs too smnll to be merchantable undel' the contrnct. 

In order to ascertain the cost of such n provision, the dead trees 
on a representative area of 640 acres were felled. The actual cost of 
the operation was 0.024 cent per thousand board feet of dead trees. 

Watch towers, lookout points, telephones, trails located along 
ridges, and roads clenred of pine needles are of great assistance in 
locating and combuting fires. Engines operating on X ational J?ore~t 
land should burn oil, but if coal or wood burning engines are per­
mitted, an efficient spark arrester should be insisted upon. Since 
the average spark nrrester is far from efficient, railroads passing 
through N a tiona} Forests should, in addition, be compelled to clear 
their right of way annually of all inflnmmable material, and, if 
necessary, maintain a patrol to follow each train. Fire tools should 
be availuble at convenient points. After a fire is under control a 
sufficient guard should be maintained to put out additional fires set 
by smoldering logs, or that break out in nny other wuy. 

DISPOSAL <H<' BRUSH. 

As a general rule brush from western yellow pine Fihould be scat­
tered, except where there is danger of fire, or where the timber is 
dense or reproduction present. The brush should be scattered thicklv 
enough to afford actual protection. A cover of brush npparently 
dense when green will, when it dries out and the needles drop off, 
give little protection against the sun and wind. Occasionally in open­
ings where it is neces.~ary to keep cattle or other stock away from 
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existing or expected reproduction, the brush may be merely left as it 
falls. Ordinarily, the brush should be lopped so as to lie not higher 
than 2 feet nbove the ground. Brush disposal should always keep 
pace with logging. 

'Vhere the fire risk is great all lops and debris, including large 
chips, should be piled at a safe distance from standing trees. The 
piles should be large and compact enough to kindle easily and burn 
cleanly. Brush should not be piled on stumps, lnrge tops, or nnnwr­
cl~tmtuble logs, nor in group8 of Heculings or young growth, or uguiust 
dead snags. 'VheneYer possible, the brush should be piled in openings 
with all branches lopped from the tops placed together with those 
cut from the logs. The trimmed tops and large branches should be 
left where they lie, and should not be coyered by brush piles. 'Vhere 
there are no large openings and the brush must be piled near living 
timber, the piles should be small. 

·Brush burning is necessary wherever there is danger of fire. Ordi­
narily, however, it is not advisable over an entire sale area. It is 
frequently possible to burn the brush so as to form fire lines, espe­
cially along railroads and wagon roads. Fire lines through bntsh 
should ordinarily follow ridges rather than canyons, and should be 
laid out ucconling to the topogrnphy rather thau by Hection lines. 
Where to burn hrush completely would result in <lnmage to existing 
reproduetion, or wonld he destrnctiYe to sound SPetl, unburned piles 
should he ll•ft, uull'l'i:s the Hre duuger is cxce:ssi \'l'. Tile eil'cd of bul'n­
ing on grazing and future reproduction should be cnrefnlly con­
sidered. The b<.>st time to burn brush is nftt•r n slight fall of snow, 
or endy in the spring hefore the snow hns melted, ot· during or im­
mediately after summer rains. In insect infected nreas brush should 
be bm·1wd, if tlw p11pn can thu~ hl~ dt>stroyl•tl. Till' th-:lwis f•·oin 
fungus-iufl•ctetl t l'ees should be burm•tl, but not necessarily that from 
trees infected with parasites such as mistletoe. 

COST OF HANDLING GOVERNl\IE~T TDIBER SALES, 

An objection often raised against conserYatiYe methods of forest 
management is that their cost is excessiYe. It has been claimed by 
some lumbermen that to log western yellow pine conserYatively entails 
an extra cost of from 7•3 cents to $1 per 1,000 board feet. In consider­
ing the question of cost it should be borne in mind that from 40 to 50 
per cent of the added expense is chargeable directly to the cost of 
brush disposal, whjch is often an essential operation if the future 
stand is to be safeguarded against fire and reproduction secured. 
The cost of supervision on Govermul'nt timber sales in the Southwest 
varies, of course, with the size of the sale and the local d.iffi.culties of 
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administration. An estimate based on past experience shows the 
cost per 1,000 feet board mensure, under fnYornLle conditions, to be: 

Exuminatlon of ~nle ______________________________________ $0. 0:! 
:\larking_________________________________________________ .0-1 
Scaling ______________________ ~--------------------------- . 15 
Brush burning _____________ -----------··-------- --- -~--- --- . 0!1 

Geuerul utlminlstt·ution ----------------------------------- .10 

. 34 

Assnmin::r that 34 cents is nn aYcrnge fig11r<' for operations of any 
magnitude, it does not seem nn exccssi \'e figm·p to pay for <·ons<•I'\'tl tin~ 
management, including sealing. .A privnh• <'ompany could probably 
supervise conservative logging on a very large operation for u less 
amount. 

REFOREST.-\TIO~, 

As already explained, with a reasonnhh• nnmhcr of Sl'ed trees, nnd<'r 
fnvorable condition:; of soil· and moisture, natnrnl rl'})l'ocluction of 
western yellow pine is almost certain. ""here timber is ('Ut from n 
Etand already overmature, and the danger from windfall, fungus, 
and insects makes it impracticable to lenye seed trees, planting or 
sowing will eventually lw necessary. Detw<'l'n -1- nnd ;) pl'r cent of 
the totnl nrcn of the Xatioual Forests in ..:\ ri:~.ona and XPw ~IPxieo, or 
approximntely n million nml n qnnrtl•r tH'l'l'S. will rt•quirt> more thnn 
a hundred yPnrs to restock naturally, and in conscquenC'e should he 
plantell art ifieiul1y. In additiou to arPas <'O\'(•n·d by t imbcl' sail'.-;, 
there are small parks, blanks, and openings that cn•ntnall~· mny lw 
planted. The most fnvornble situations will probably reproduce 
naturally, unu sowing or planting will, tl1ert•fore~ be tloue on site~ 
not altogether faYornble. An exception might be mndt• in the ca:-;(.• 
of a large lmrn, where it is not thought ll(hisa1>1<• to wnit the TW('Ps­

sary length of time to s<.•cure nntural reprodndion, or on timu<.•r-~;alc 
areas where reproduction is slow in coming in. 

The problem of urtificial reproduction in the Southwe:'it is mtrde 
difficult by the unfaYorahle climatic and :soil comlition)S that will 
undoubtedly have to be met. Judging from the reHnlts in the Karst, 
in Austria, unfavorable sites can he reforested only by planting 
thrifty stock with well-deYeloped root systems. Though the long 
tap root of the western yellow pine makes plnntin~ especially diffi­
cult and expensiYe, it is at the same time peculiarly well adapte(l 
to withstand the drying out of the surface soil. Reeent experiments 
have indicated that 2-year-old seedlings cnn be planted successfully 
on favorable sites, though this success may only be temporary. It 
is possible that planting can nen•r be entirely successful unless it is 
done on carefully prepared ground and the young trees gi Yen propcr 
protection. 
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SEED COLLECTION AND EXTRACTION. 

Before sowing or planting on a large scale one of the most im­
portant steps is to secure for a reasonable cost seed of good germi­
nating power. The cost per pound of collecting and cleaning 1,335 
pounds of seed ·on the Coconino National Forest in 1908-9 .was as 
follows: 

Gathering cones ___________________________ ------------- $0. 5i6 
Drying and separating__________________________________ . 201 

Cleaning----------------------------------------------- . 046 
Equi)lment --------------------------------------------- . 086 

Total___________________________________________ .non 

Later, in 1909, the total cost of ~ecuring seed on the Coconino 
Forest was reduced to 53.3 cents a potmd, due to the opportunity 
which was presented of collecting seed where logging was in progress. 

At elevations of approximately 7,000 to 7,500 feet on rolling mesa 
land the collection of western yellow pine cones may usually be 
begun on September 20 and continue until November 10. To collect 
economically it is necessary to establish a regular seed-collection 
camp, and have a large crew of men to push the work rapidly. 
The best time for collecting the seed is when the cones are beginning":! 
to turn brown, but before they commence to open. On any area 
where lumbering operations are in progress the cones can be secured 
very cheaply without interfering with the logging. The cone should 
be removed from the tree as soon as it is filled; otherwise they may 
open and considerable seed be lost. Occasionally it is practicable to 
collect western yellow pine seed from squirrel hoards. Two-bushel 
sacks are convenient for collecting purposes, but care should be taken 
that needles and debris are not mixed with the cones. To allow for 
expansion the sacks should be only half filled. '\Vhen the cones are 
gathered and sacked they should be hauled to the camp and spread 
out on the drying rack with free air circulation around and through 
each sack, which should be shaken thoroughly once a day. Should 
a storm come up during the drying process, the sacks should be 
covered, since if the cones absorb moisture drying will be materially 
delayed. 

To separate the seed from the opened cones, a box 4 by 4 by 3 
feet on an axis suspended fron1 a wooden frame should be con­
structed. Two sides of the box should have numerous one-fourth 
to three-fourths inch holes through which the seed can sift when the 
box is turned. The box should be protected from the wind and 
provision made for the seed to drop onto a canvas underneath. 
As the cones open farther they should again be churned until all 
the seed is extracted. When dry, about 15 pounds of seed at a time 
should be placed in a washtub and tramped until the wings have 

Bul. 101, Forest Service, U.S. Dept. of Agriculture. PLATE Ill. 

FIG. 1.-CLOSE UTILIZATION. TOPS CUT FOR MINE PROPS. 

FIG. 2.-STANDING DEAD TIMBER; A WASTE AND A FIRE MENACE. 
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been separated. The seed is then run through a grain fanning mill 
until it is thoroughly clean. It is then sacked and stored, preferably 
in air-tight earthenware jars, in a dry, cool, rat-proof building, 
until ready for shipment. 

The germinating vigor of the western yellow pine collected hns 
varied considerably. In 1909 snmples from thc.• Coconino Nation:tl 
J?ore~t were 82 per cent sound; in 1910 seeds from the same Forest 
germinated 63 per cent in u. soil test of four weeks' duration. .Ac­
cording to tests made in 1907, germination of seed collected on the 
Pecos National Forest averaged 73 per cent at Halsey, Nebr.; 75 per 
cent at Pasadena, Cnl.; and 8:) per cent in the laboratory at a tem­
perature of 77° I~\ Exuminatlon of the seeu shoWell 1,300 to the 
pound and 500 to the pint. One pound would sow 200 !inenr feet 
of seed drill, and one pint 90 ft.>et. 

NURSl-:ltY PRACTICE, 

Western yellow pine nurseries should aim to produce thrifty trans­
plants, 2 or 3 year old stock, provided the cost of production can 
be kept low. Broadcast sowing in seed beds gh·es the best result;;. 
The beds should be graded so that the center of each mny be slightly 
higher than the sides to provide for irrigation and drninnge. One 
pound of western yellow pine seed, with a germinnt ion pt'l' rent of 
from 60 to 80, is sufficient when broadcnsted for 48 square feet of 
seed bed, allowing 100 to lo>O seedlings to the square foot. The beds 
should be mulched dul'ing germination in order to conserve the mois­
ture and yet transmit heat. Bnrlnp is excellent for the purpose. 
Where seedlings are heaved or lifted by frost the beds should be 
mulched during the winter months. Sowing should be done between 
April 15 and July 15. Early sown seedlings ure huger nnd hnrdier, 
and less likely to be winterkilled. A system of low shade frame~ 
with wire netting to exclude birds and animals is satisfactory. 

Nursery experiments conducted nt the Gallinas planting station 
on the Pecos National Forest indicated that .April sowing gh·es bet~ 
ter results than l\1arch or 1\lay. The best root pruning was secured 
by making an artificial hardpan from 8 to 12 incht-s below the sur­
face. Seed beds gave better results 'vhen mulched nfter sowing. but 
a lighter mulch of needles should be substituted when germination 
begins, followed by moderate watering. Low shade frnmes were 
best, particularly when the danger from rodents wus grent. Seecl 
did well on all soils, but burned a little on pure sand. Dnmping-off 
was stopped by removing the shade, by sanding the seed beds~ nnd 
by cutting off the water supply. At another time it wus eradicated 
in 24 hours by spraying·with Bordeaux mixture. It was found that 
heeling.in transplants over winter prevented loss by throwing. 
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Fl.:l.D SOWING AND l'LANTING. 

There are three different seasons when planting is possible; spring, 
just before the summer ruins, and just before the win.ter snows. There 
ure indications thnt ench of these seasons iR t.he most fa,·orable time, 
though there 5;eems to be nn inclination toward planting before 
t.he summer rnins. """inter losses from summer planting have been 
severe. ProbaLly spring planting will in the lung run Le the moHt 
successful. 

Plnntin~ of tlu·ifty stock with well-developed root systems se<•ms 
to be the only successful method, except in very favorable sites on 
high elen1tion~ where direct seeding promises success. "There sow­
ing is attempted, careful soil preparation and some protection against 
adverse climatic conditions are essential. Systematic poisoning of 
rodents is also often necessary. 

Cool northern or eastern exposures where moisture conditions nre 
most favorable, or a partially protected draw at moderate elevations, 
are the best planting sites. The stock planted should, if possible, 
be raised fairly near the site, and should consist of 2-year-old trans­
plants, except in favorable situations, where natural seedlings may 
be used. Ordinarily the pit methou is best, with a spacing of 5 
by 5 feet, care being taken to select the most protected places for 
each spot. It is essential that the surface of the hole should be 
slightly below the rest of the land, and tha.t protection be given 
transplants while being planted. 

Western yellow pine when broadcasted should be sown nbout (; or 
8 pounds per acre on the basis of 70 per cent germination in pre­
pared soil. Poisoned whent or other grain should be scnttert•(l where 
rodents are numerous. Perhaps the cheapest method would Le to 
sow on the ordinary soil where the grass is not thick, and either rake 
or harrow the seed in. A crude brush rake will often gi ,.e the de· 
sired results by wounding the soil. The cost of sowing western 
yellow pine broadcust will seldom amount to less than from $10 to 
$12 per acre, depending upon the cost of the seed. There is a general 
impression thnt bnt a few pounds of seed nre necessary in sowing. 
On the contrary, to he successful artificial sowing must be lavish, 
yet there. is danger of going to extremes in the matter. Thus in seed­
spot s<>wing. eYen with seeds of a comparatively low germination 
per cent, from 10 to l;) seeds to the spot will furnish nt least one 
or two seedlings, prodded any germination at all takes place. "Then 
a much larger number of seeds are sown~ the seedlings often conw np 
in a dense muss, nnu so do not stand ns good a chnnce ns if there were 
only one or two sec.•<llings with correspondingly ll'ss c.~ompetit ion. 
Moreover, rodents nre attracted to a greater degree. In seed-spot 
sowing, ns well ns in planting, it is hight.ly important that the loca· 
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tion of each spot be selected with care. Another important point 
in direct seeding is the necessity for firming down the surface of the 
soil where any preparation is given it. If the soil is loosened up and 
the seed sown merely on -the top of it without being pressed down, 
t~1e surface layer-of the soil is likely to dry out and make it impos­
sible for the seed to germinate· or for the seedling to get a start 
should germination take place. The seed should not of course be . ' ' pressed to~ deep mt~ the earth, but should merely be stepped on 
and t~e soil pushed mto plac~ .. The important point in seed-spot 
work 1s to clea~ away a suffiCient are.a of sod and other vegetation 
th~t would be hkely ~o choke out the young seedlings, nnd then to 
bnng the seed sown mto close contact with the firm mineral soil. 
There is also danger of sowing the seed too deep, especially where 
furrows are plowed and the seed sown either on the bottom or side 
of the furrow. The danger is that the soil on the side of the furrow 
will wash down and either cover the seed so deep that it will not 
germinate or else bury the seedling after it has got a start. 

OTHER SOURCES OF INCO:liE. 

In addition to furnishing timber, the western yellow-pine forests 
offer range for horses, cattle, and sheep. The grass within the 
western yellow-pine type is above the average quality, yet it takes 
a.t least 8 acres to support 1 sheep and 40 acres for each horse or cow. 
It must be remembered, however, that both cattle and horses usually 
run over the same area within the limits of the western yellow-pine 
type. The average yearlong fee is 12 cents for sheep, 35 cents for 
cattle, and 40 cents for horses, or approximately 1 cent per acre per 
year for each class of stock. 

Seed 'fr:'~ western yellow pine will readily sell for $1 a pound, but 
as yet th1s mdustry has not been developed. There is but one com­
mercial seed collector in Arizona and New lfexico. 

There is no evidence that western yellow pine has been tapped for 
resin in the southwestern United States; yet during the Civil 'Var 
it ~as succ~ssfull~ boxed in Butte 1 and Tehama Counties, Cal., 
while t_he htgh prices prevailed. After the wnr operations cea~ed. 
Extens1ve commercial operations with this species are carried on at 
Madera, Chihauhua, Mexico.z In August, HHO, turpentine experi­
ments were started on the Coconino Forest. 3 Ninety trees were 
boxed and hung with 190 cups, under a cup system. The first streak 
was put on August 3, the first dipping was made on Auanst 24 and 
the last dipping on September 14. The two dippings ~·ielded 272 

1 E. A. Sterling, l•'orest Conditions lu the Sierras, 1000. 
1 Reported by W. D. Sterrett, Porest Service. 
1 H. S. Betts, Turpentine Experiments on W~>stern Yellow Pine, prl'limlnarr rt•port i:J 

manuscrltJt, 1010. 
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pounds of crude gum. Mr. Betts's deduction is that this is equal to 
an average of 23 barrels of dip at each dipping, to a crop of 10,000 
cups; the average yield on the Florida National Forest is 25 to 30 
barrels. Further experiments will begin earlier and be on a larger 
scale, but the results this far indieate that the amount and quality 
of turpentine and resin does not differ greatly from the average of 
the Southeast. 

CONSERVATIVE LUMBERING ON PRIVATE LANDS. 

The common question of the lumberman operating in yellow pine, 
"Will it pay me from a financial standpoint to practice forestry," 
can be answered in the affirmatiYe. Just how much it will pay will 
depend, of course, upon the conditions under which each individual 
lumberman operates. The lumberman's chief loss is undoubtedly 
through fire. Manifestly, then, it will pay him to protect his timber 
from fire and to use reasonable precautions in his logging opera­
tions. To burn oil in his engines and to see that his steam skidders 
and donkey engines are provided with suitable spark arresters may 
be the means of preventing large and irreparable losses. Close 
utilization is undoubtedly wise from a ·financial standpoint. While 
the lumberman may not care to work his trees to a 6 or 8 inch top 
diameter 1mless the product can be marketed £or small stulls, nar­
row-gauge ties, lagging, and the like, it would certainly be profitable 
to cut western yellow pine to a top diameter inside the bark of from 
8 to 10 inches. Dead timber can be closely utilized, and one of the 
largest manufacturers in Arizona is now doing this. The loss from 
waste in the woods is often ignored, since by permitting waste the 
cost of logging is slightly reduced. A loss of 10 per cent on the 
original product will decre!tse the life of a manufacturing establish­
ment and take away 5 years from a 50-year undertaking, while the 
cost of equipment must be distributed over 45 years instead of 50, 
a factor to be reckoned with in considering profits. 

A problem which always confronts the owner of private land is 
whether to log it clean or leave enough timber on the ground for a 
second cut. Manifestly, a small tree yields a disproportionately 
small amount of lumber. .A. yellow pine 28 inches in diameter breast 
high, cutting four 16-foot logs, scales 950 board feet, while a black­
jack 14 inches in diameter breast high scales but 70 feet and will 
yield nothing but a few ties, a couple of stulls, or a knotty saw log. 
By comparing the volumes of the two trees it is apparent that that 
of the 28-inch tree is more than 13 times greater than that of the 
14-inch tree, though the diameter of one is only double that of the 
other. Small timber, moreover, yields products of poor quality and 
costs more to log and to saw at the mill. Consequently, the lumber-

Bul. 101, Forest Service, U.S. Dept. of Agriculture. PLATE IV. 

FIG. 1.-EXTRACTING WESTERN YELLOW PINE SEED AFTER DRYING. 

FIG. 2.-WESTERN YELLOW PINE SEEDLINGS KILLED BY SHEEP; SALTING GROUND 
NEAR WATER, PRESCOTT NATIONAL FOREST. 
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man with an eye to the future may rensonn bly plan to leave the small 
timber and return in 20 years to relog when the young stnnu has 
increased from 40 to 65 per cent in volume. Trees left after loggin~ 
with plenty of light for their crownH will incr·euse rapidly in 
diameter. 

The private timber owner to secure best results shouhl n•mo\'t' 

trees that are deteriorating in value, ~ince these will not increase in 
volume and will decrease in quality. He product ion must be pro­
tected. Experience in New England bus shown that forest land 
without merchantable timber, but fully stocked with reproduction, 
has a much greater sale value than land absolutely denuded. The 
steady development of the Southwest assures n strong loeul mnrket 
for the conservative operator who gets his present profit out of the 
mature and overmature stands and reserves his thrifty young growth 
for the future. 

In New Mexico cut-over tracts may be assessed as grazing lands at 
26 cents per acre. The average tax rate on this class of property is 
estima.ted at 4 per cent, or 1 cent per acre per year. Assuming that 
2,000 board feet of timber is left per acre, this means, at a stump­
age rate .of $2.50 a thousand, an in,·estment per acre of $:>. If this 
land is held for from 10 to 20 years, what will be the cost and the 
profit i A reasontrble charge for fire protection i~ 1 cent per acre 
per year. It will be much greater than this immediately after 
logging, but when the needles and debris han• rotted, an efficient 
patrol, with occasional expenses for fire fighting, will mean but a 
small annual cost distributed over a wide m·ea. From experience 
elsewhere stumpage is bound to incrense in ,·nine. In )!nine stump­
age values have increased $1 per 1,000 board fe<>t per decade, nnd in 
a newly settled country such us the Southwest, n future stumpnge 
price of $4 in 10 years and $6 in 20 years seems n con:-:rtTntiYe esti­
mate. Placing the interest nt 5 per cent, compounded aJmually~ lin~ 
protection at 1 cent per acre, land Ynlnntion nt 25 eents, tnxe~ nt -l 
per cent per annum, present stnnd 2,000 feet, Yulued nt $.3, initinl 
expenses at 10 cents per 1,000 board feet, stumpage at $-l in 10 yenrs 
and $6 in 20 years, and growth at 10 per ce.:J.t per decade, the total 
cost and sale value would be as follows: 
Present valuation ____________________________________________________ $5.00 
With lDitial e.xpenl"e__________________________________________________ 5. 20 
In 10 ~rs: 

Total cost-------------------------------------------------------- 8. 72 Sale value _______________________________________________________ 8.80 

In 20 years: 
Total cost------------------------------------------------------- 14.40 
Sale value------------------------------------------------------- 14.40 

Under total cost is included all annual expenses and taxes com­
pounded at 5 per cent, so that it will be seen thnt the inYestmeut hns 
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netted almost exactly 5 per cent on the capital. If the shortage of 
lumber becomes as great as freely predicted, stumpage values will be 
much higher than those just given and the profits in consequence 
much greater. Changes in the present method of taxation to one in 
which a tax will be leYied only on the final output would also mu-

. terhdly increase the net returns. In addition to the revenue from the 
timber, most tracts can be leased for grazing during the 20 years be­
tween the first and second cuts and u substantial revenue secured 
from this source. 

SUMMARY. 

Western yellow pine in the Southwest does not reach the develop­
ment attained on the Pacific coast. Yet it is a tree admirably 
adapted to the semiarid conditions of the region and is capable of 
yielding excellent saw timber. It withstands disease well and ex­
rept in early life is not especially susceptible to fire, drought, fro~ts, 
or snow. Its growth is slow; from 160 to 200 years ure usually 
necessary to produce a saw log. The better grades of lumber are ex­
cellent for finish, and with preservative treatment the wood is durable 
in the ground. Lumbering in the Southwest is expensh·e, chiefly .on 
account of the high price of labor. The higher grades of lumber are 
easily disposed of, bnt the lower grades are difficult to market. 
Nevertheless the timber on the National Forests 'in the Southwe~t 
offers excellent opportunities for investment. A conservative metliod 
must be adopted upon the National Forests, and it appears essential 
that the cut should be regulated, either by volume or by area, upon 
the basis of a 200-year rotation. 

Western yellow pine yields excellent resin and turpentine, which 
may become of commercinl importance ns by-products. 

While fire lines nre not essential, un l'fiicient patrol is an ubsolutl• 
necessity. "There natural regeneration fails artificial reforestation 
will be necessary. Sowing is preferable, but when• impructicable 
trunsplunts or seec.llin~:;,rs muy be set out. 

The private owner can well afford to protect his holdings from 
fire, to insist upon a close utilization of the product, to plan for a 
second cut, and to ndopt many of the conservative methods of lulll­
bering used on the National Forests. By doing this he may reason­
ably expect a 5 or 6 per cent return upon his investment, plus the 
rental value of his lnnd for grazing purposes during at lenst a portion 
of the time. 

APPENDIX-VOLUME TABLES. 

The tables which follow are based upon volume analyses taken on the 'rusnyau 
Forest ill 1005 untl 1900. 'l'ubl<.>s 2U mtd 30. ns·e ha~d tlliOll llianwtcr breast high, 
but the height of the trees through which the meusurements were taken is Indi­
cated In used length. TllesH two tables tU'l' tlistinc.:tly lol'ttl, nnd will not g-h·e 
accurate results unless the timber Is of the same height us that which formed 
the busls of tlw tnbh..>S. 'J'nhlt•l'l 31 uncl :~:! will ht• fonncl u<·<·m·att• for nuy 
western yellow pine stand in the Southwest. Accurate local volume tables 
based upon dinmeter alone may be constru<.'tt•ll by m<•a:o::m·ing the tllaull't~r br('ast 
high and total height or total merchantable length, and ufter determining the 
a,·erage helgllt of treef• of enrh di:unt>ter, l'('Ull. tlw an•r:l~W ,·oJmue ft·om either 
Table 31 or Table 32. 

TARI.E 29.-l'olume of 1Jlac1~jac1~ i-n board feet (fkrilnwr tif'C'inwl (' rule) on 
basi.'~ of tHamcter. 

! I ! Used length. ii i. : l:sml !l•nJ,:th. 

breast (board t~£·~~. i: hrea.'t [ (board ; , lJr~~~:,· 
Diameter Volume~--~- D s·· ! Diameter Volume I 

high. feet). Feet. H)·foo, t ' 1· high. 
1 

feet). , }"(-t•t. I Hi-foot 
logs, I 1 logs. 

;. ! I -·---·--' ~~~~~· .. --30-= = -=1! k~~-.. 1--:-l-4-; --:-· 
iL:::: ~ ::::~:: :::::i:i:: ::::::i;i:::l ~t:::: i~ I i~ ~:~ 
lL:::: ~ g fJ 1: i: ~:::::: ¥~~ i ~ . ~:~ 

34 
27 
19 
10 
6 
5 

16... ... 110 29 2.0 11il II 29.... .. iOO I 57 I 3. 5 
17...... 140 32 2. 0 125 d 30...... 810 I fl.l 3. 5 4 I 
ft:::: ~rJ ~: ~:g 1 l;~ li 3L:::: ~~g , :~ ~:8 } 
20.. .... 200 41 2. 5 4G !I 3.'~ ...... ' !ISO · ........ '......... . ....... .. 
21...... aoo 43 2. s 34 :1 

1

· ·1 ,. ---~· 

22...... 340 45 3.0 25 .. ··'--·--'-- ---·-~ 

'J'ADJ.E 30.-Folumc of 1JC11ow pine in 1ward f''l'f I' ·'kriiJII('I" d(•f·imal (' ru/(') on 
IJII.~i.'l (J/ ,uauwl("/'. 

Diameter 
breast 
high. 

Volume 
(hourll 
fl!el). 

Used lt>ngth ... - ·-~asis--~~~·-~~~~n~t~: ·~:~;:llllt' ~ . ·;:~t~l-lt•ngth~-:·-·-
1 

t.n•. · • Jm•ast (huanl 

1 

- ·· , Basis, 
}o' t l(j..foot '~. ! hlgh. ft•t•1). Jo" •t ll~luut I tn·t•s. 

ee ' I logs. · l'4: • • log~. j 

1-lnehu-. ·1-1·-,1--,-; ·---;:;:;;-,- 1-.-. 
10........ 40 ........ , .................. .,J 2!1........ 1,1.:!11 li4 4.0 'fi7 
11........ (j() .................. 1 .......... · 30 ....... i 1,1-IU I lj4j 4.0 H 
12........ 70 .................. ,........... 31 ....... J 1,:!70 tiS 4.5 2H 
13........ 90 27 1.5 2~ 3~ ....... 1 1,·U.O !!9 Ui :.!1i 
14........ uo 32 2.0 .a, aa ... -... • 1,sw 11 .a.s 22 
15........ 1ao 35 2.0 !t:l a-t ....... 1 l.i30 :-3 4.5 21 
16........ 160 38 2.5 11!1 :~5 ....... ; 1,!110 I i-5 4.5 I:' 
17........ 190 41 2.5 142 3H .. _ .... i 2.n'-.n iu .'i.O 1:1 
18........ 230 43 2.5 140 .'~7 ....... 

1

1 2,:?'.!11 I iS 5.0 t.i 
19........ 270 45 3.0 13S 3'1....... 2.3:!0 . so 5.0 I 4 
20........ 310 47 3, 0 lOS 39....... 2, -1~1 lil 5. 0 5 
21........ aoo 49 s. o 12~ 40....... 2, il:!IJ t~:~ s. o 2 I 
22........ 420 51 3.0 138 41. ...... , !!,fi!(f ........................... , 
23........ 480 63 3. 5 102 42 ....... l 2. j(J() ............................. . 

::::::::: ~ ~ ~·g 1~ ~ ....... j ~·~ ............................. ' 

~:::::::: ~ ~ ~:s ~g ....... , . . ....... / .......... _ ....... ~:~-~·~· 
28........ 910 (l2 4. 0 65 ! -
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'l'AnLE 31.-Volunu: of yellow pine in bom·d teet (S<:ribner decimal 0 rule) on 
ba8is of diarnetcr-hcigllt, in feet. 

- --~~~------------~----------~--~---~ 

~~~ Height uf trees. 

Diameter 
breast 
high. 

-----;-------;--------;-------;------: ter of Basis, 

120 lin~~e trees. 
feet. I bark. 

40 50 60 
feet. feet. feet. 

70 
feet, 

80 
feet. 

90 
feet. 

100 
root. 

no 
feet. 

1--1----------------1-~ 
.Board Board Board Board Board Board Board Board Board 1 

Inche8. feet. feet. feet. feet. feet. feet. feet. feet. feet. , Ins. 
12... .. . . 50 60 70 80 ........................................ ' 8.3 

~t:::::: ~g ~ 1ro }gg · · · · i4o · · · · · iso · · · · · · · · · :::::::: :::::::: ~: ~ 
15.. .. ... 90 110 130 150 170 180 190 -------- -------- 8.9 

~~ ~ ~ ~:: :: gg ~~g t~8 ~~g ~~ if6 = ~ · · · · aio · g: ~ 
18. . . . • . . HiO 180 210 240 270 300 320 3.')() 370 9. 6 
19 •... -.- 180 I 210 I 250 280 310 350 380 410 430 9. 9 
20 .•••• -. 210 250 280 320 3(i0 400 440 470 500 10. 1 
21. - .. - . . 240 280 320 370 410 460 500 540 580 10. 4 
22.- -. -.. 280 310 360 410 470 520 570 620 670 10.6 
2.1 ....•........ 1 aw 410 470 520 590 640 100 . 760 10.9 
24 .•..•.. 1

1 

...... 
1 

390 450 520 590 660 120 780 850 n. 1 
25 ....... -----1 430: 500 580 650 730 800 880 950 11.3 
26 ....• _ ... _ _ 470 I 51\0 630 720 800 890 980 1,070 u. 6 

~~::::::: 1 ::::::1:::::: ~~g ~~ ~9CJ ~ 1,:= ~;?~ 1:~~ n:~ 
29 ________ -·--t··· ··i······ 820 930 1,040 1,170 1,300 1,440 12.4 
30 ..•.•.................... - 880 1,000 1,130 1,270 1,420 1,570 12.7 

DY>>J.::::! .. > '·~ lli ;:~ llm ll! i:m ~~! 
i::::::: ::::::1

1

:::::: :::::: ::~ ~!~ H~ ~!§ IH 

23 
48 
91 

117 
142 
136 
135 
104 
127 
135 
103 
105 
85 
93 
83 
63 
51 
42 
21 
28 
22 
22 
17 
13 
6 
4 
5 
1 

1,822 

TABLE 32.-Volum.e of 11eUow tJinc in board feet (Scribner decimal 0 rule) on 
b(Uti8 of rliameter, merchantable length in 16-foot log.~. 

Merchantable length 16-foot logs. 
Diameter 

breast high. I I --· ~-1 log. 2 logs. 3 logs. 4 logs. 5 logs. H logs. 
1-----1-------- ----·- - . ------ . ------ , ____ _ 

Inches. Board feet. Board feet. Board. feet. Board feet. Board[ut.IBoardfeet. 
13........ 50 80 .............................. ···-- .... . 
14........ 60 100 l-ID 190 ···------- -----·--·-
15 . - . . . . . 70 120 160 210 ........ - - ........ - -
16........ 80 140 180 240 .......... ··--------
17 ..... - . . 100 160 210 270 ........ - . . .... - ... . 
18........ 120 190 240 310 
19.- .. -... 140 220 270 350 
20. . . . . . . . 160 250 310 400 
21.. ......... -...... 290 360 450 
22_--- ... ·t·......... 330 410 500 
23 ________ --------·· 380 460 560 
24 ________ ---------- 420 520 630 
25 ................. - 470 580 700 
2U........ . . . . . . . . . . 530 640 780 

~:::::::: ::::::::::1 iao ~li8 :: 
29........ . . . . . . . . . . (i80 870 1,040 
30 .... -.-- -.-.----.. 730 960 1,130 
3L _. _... .. . . . . . . . . . . 780 1,050 1,230 
32. . . . . . . . . . .. . .. . .. 830 I, 140 1, 3-ID 
33 ........ ----······ ~80 1,240 1,460 
34........ .......... 930 1,340 1,580 
35 ........ ·--------- 980 1,440 1,710 
36 .... ···- --·-······ .......... 1,540 1,830 

~: ·: ::J :::: :::: l;~~ ~:! 
I 

0 

380 
430 
490 
550 
610 
680 
76{1 
840 
920 

1,010 
1,100 
1,200 
1,300 
1,410 
1,530 
1,660 
1,780 
1,910 
2,040 
2,160 
2,280 
2,400 
2,520 

:::i;~::J 
1,150 
1,250 
1,360 
1,470 
1,500 
1,710 
1,830 
1,960 
2,090 
2,220 
2,340 
2,450 
2,560 
2,670 
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