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PREFACE 

Ponderosa pine, from the very beginning of the cOI)i'ervatiol1 
movement, has figured as a leading timher species. Tn H108 G. A. 
Pe.arson, a year out of forest school, was sent to Arizona to i'turiy 
natural regeneriLtion of thii' tree, then called west.ern yellow pine. 
Commercial logging was in full swing 011 both private and puhlic 
lands. Tn the national forests, oespite measures that seemed 
adequate for natural reforestation, seedlings started sparingly 
after cutting. To provide information on natural regeneration as 
well as on other phases of ponderosa pine management, the 
Forest Service established the Fort Valley Forest Experiment 
Station in 1909. The research field covered Arizona and New 
Mexico, but work was concentrated largely in what is now the 
Fort Valley Experimental Forest, a branch of the Southwestern 
Forest and .Range Experiment Station. 

A long-rallge attack on such problems as natural restock ing, 
growth, mortality, and methods of cutti ng took concrete form in 
the creation of a series of so-call eo permanent sample plots. 
These are essentially exper imental management areas on which 
all trees were numbered and measured periodically. The findings 
presented arc derived not only from acariemic studies and small 
plot records, but also from experimental practice and record on 
areas sufficiently large to permit commercial operations. They 
cover the nve broad phase!'; of ponderosa pine silviculture: (1) 
Removal of mature, declini ng, or inferior memhers; (2) improv­
ing growth and quality of less mature stems; un training pole 
ano sapling classei' with an pye t.oward future form; (4) re­
generation; and (5) protection of all age classes. While thei'e five 
phases deal with the forest from seedling to sawlog. the sequence 
here is in a r1ifTerent order, ileC:1 11;;;e management usually begins 
with logging followed b~' tn~atment of yO\1nger age classes already 
in the stand; actual regeneration often is deferred until several 
oecadei' afte r the first cutting. Tn a well -managed ponderosa pine 
forest, all flve of these measures must go on I'imultaneously. 
Neg-Iect of anyone will a<lvf'rs8ly affect the program as a whole. 

Although this work presents finding!'> over a period of 40 years, 
it aims to IC:1ve conclusions open to modification in the light of 
(m·ther experience. Tree records, mallY of which are now over 
:W yea rs old, sho\1ld be continued. Each remeasurement hrings new 
phases into view and each cutti ng virtually institutes a new set 
of ['ecords. Intem;ive manage ment has ba rely begun. Not until 
individual areas have gone through the entire rotation from 
seedling to sawlog und l!r management and record can !'>uch all 
experiment be regarded as finished. Several large areas in the 
Fort Valley Experimental Forest are unique in that they have 
undergone almost complete restocking since the first cutting, and 
the young stands are now approaching the pole stage. 

v 



vi PREFACE 

When the western national forests were first created, millions 
of acr es of wild forest were placed under the jurisdiction of a 
handful of foresters. Forest-management application was neces­
sarily crude and was focused on the protection of forests from 
fire, and the removal of mature a11d declining trees through com­
mercial tim ber sales. Basic silvicultural information was lacking 
and desirable forest practices were often subordinated to economic 
demands. 

Now, after 40 years, the stage is sct for a new era in western 
forestry. Studies such as those at Fort Valley have made available 
a large array of timber-growing information. Improved transpor­
tation facilities have removed many of the economic bal'l'iers to 
the practice of good silviculture, and trained personnel is available 
to do the job. Western foresters can lIOW look forward to a period 
of morG scielltific and mOl'e intensive for est management . 

Perpetuation of the lumber industry demands large volumes of 
usable raw wood material in strategic places. The national eCOll­
omy flll-ther demands that long before the dwindling old reserves 
are exhausted, cut-over forests be placed in a highly productive 
condition. We mLlst depend upon the ponderosa pine forests of 
western United States in large part to maintain softwood timber 
supplies in the immediate future. They contain large bodies of 
virgin timber and of conservatively logged stands which can be 
put under management with reasonable effort. Under makeshift 
management their yields will be low and quality lower; but under 
scientific management the yield in both volume and quality can 
be increased several fold. 
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The Place of Ponderosa Pine ill 

American Forestry 

AREA AND GEOGRAPHIC RANGE 

Pondero~a pine (P1:nu.s ponderosa) is t he mORt widely di s­
t ributed conifer in Nort h America,and one of the mORt valuable. 
Commercial stands of the species are found in a ll of the 15 States 
which li e wholly or in part west of t.he 102n merinian , and in a ll 
but one it rankR among the most importan t lumber produ cers 
(fig. 1). In the Southwest, ponderosa pine is of particular im­
portance since this one Rpecies makel' up 88 percent of the 
standing saw-timber volume ill the two States of Arizona and New 
Mexico. 

In this treatise, distinction is made between the "interi or " 
ponderosa pine type and the "mixed" type where ponderosa pine 
is associated with other species. The latter type occurs in zones 
of high precipitat ion, mainl y near the Pacific coast where pon­
derosa p ine is associated with sugar pine, incenRe cedar. hemlock, 
and fir. Smaller areas of the mixed type arc fou nd throughout 
the Rocky Mountain l'egion in the transition zone where pon­
derosa pine merges with the Douglas-fir-white fi r type at higher 
elevations. In both cases increaRed so il moisture and lower tem­
perature favor specieR which by virtue of lower demands on 
light and heat are able to reprodllce under ponderosa pine ancl 
thus gain dom inance in the next generati on. Under these circum­
stances, even though the present sk'1nd may carry a heavy volume 
of ponderosa pine, the permanence of this specieR is not assured. 

The in terior ponderoRC"I pine type, characterized by pure or 
nearly pure standR of ponderosa pi ne, occupies middle elevations 
in a belt about 800 miles wi ne beginning 150-200 miles inland 
from the Pacific coast. reaching ea~tward into the Dakotas, 
northern Nebraska, and western Texas, and extending clear 
across the United States from north to Routh. Commercial stands 
also occu r in Canada and Mexico. The interior ty pe generally 
receives an an nual precipitation of leRs than 25 inches ancl in 
Rome localities less than 20 inches. 

This work deals exclusively with the interior or pure ponneroRa 
pine type and is concemed primarily with the interior type as it 
occurs in the Southwest. 

The total area occupiecl by the interior ponderosa pine type 
in the United StateR is estimaten at 37 million acres .' DiRtl'ibu-

1 Because of the intermingling with other types and the mil.lly ownerships 
involven, exar.t fip:u res are not available. 
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FIGURE l.-Geographic rallge of ponderosa pine in western United States. 
(After Sudwol'th.) 

tion is apPl'ox imately as follows: Northwest, includillg eastern 
Oregon, eastern Washington, Idnho, and Montana, 18 million 
acres; California, east of the Sierras, 4 million acres; the central 
Rocky Mountains, including Colorado, Wyomillg, South Dakota, 
Utah, and Nevada, 7 million acres; and Arizona and New Mexi.co, 
8 million acres. Of the 8 million acres of interior ponderosa p!l1e 
in the Southwest, roughly one-third is at present commercially 
inaccessible or withdrawn f rom timber growing use. About one­
half of the accessible land has now been logged. 
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BOT ANI CAL VARIETIES OF PONDEROSA PINE 
The United States Forest Service (89)" recognizes, in addi­

tion to the type species Pillus ponderosa Laws., two varieties: 
scopu/OJ'um Engelm. and Q'I'izonica (Eng-elm.) Shaw. 

Pinus ponderosa Laws. ranges from near the Pacific coast east­
wal'd through California, Oregon, Washin!-,>i:on, Idaho, and into 
western Montana. The Variety sCOpU/OTU'In, commonly called the 
Rocky Mountain form, ~xtends clear through the Rocky Mountain 
region eastward to the Black Hills and south into central Arizona 
and New Mexico. The other variety, a-rizonica, whose real home 
is Mexico, occurs 011 isolated mountain:-; in southern Arizona and 
southern New Mexico. All three forms are found in the interior 
ponderosa pine type. 

Differences which have given rise to distinctions in nomen­
clature are both morphological and physiological. The "true" 
ponderosa is a larger tree than scopalorum. In the interior region 
this appears to be due to greater longevity rather than fast er 
growth. Longer n eed les, !ai'ger seeds, and slower germination 
characterize ponderosa as compared with scopulorum. Korstian 
(34) has pointed out that the Black Hills pine beetle (Dendrocto­
nus pondeTosae Hopk.) confines its activity to 8c op ulorum, giving 
way to the species D. brevicom'is within the range of ponderosa. 
It should be noted, however, thnt although the Black Hills beetle 
has attained epidemic proportions 011 the north side of the 
Grand Canyon of Arizona it is not kllown to ha ve occuned in the 
great pine belt extending from the south rim clear across the 
State and well into New Mexico. Korstian also calls attention 
to difterences in leaf structLll'c and chemical composition of the 
oleoresin (88). Weidman (97) has made an exhaustive study of 
leaf characteristics and growth habits of various geographic 
rnces. 

Scopu/01'll'nt is by no means a tree of fixed characteristics. 
According to the textbooks it has two or three needles in a 
bundle, but in Ar'izona the number is uniformly three. In the 
Black Hills, Co lorado, and lIorthern New :rvrexico there are either 
two or three needles. The Black Hills tree is generally smaller 
than its Arizona kin; it also has shorter needles, of a yellowish 
green color in contrast to the bluish green in Arizona, and no­
ticeably smaller seeds, Seedlings grown from Black Hills and 
Arizona seed in the nursery at Fort Valley have exhibited the 
same difference in lellgth and color of needles; the Black Hills 
seedlings were also smaller and had more compact crowns than 
those grown from local seed. Another charactel'i~tk of the Black 
Hills seedlings was theil" habit of forming' definite terminal buds 
in their third year, whereas the pl'ogeny of Arizona seed do not 
form terminal buds uutil several yea rs oldel'. Seedlings propa­
gated from Colorado and Utah seed were illtermed iate between 
Black Hills and Adzona types, though more like the former. 

The variety aTizonica differs from the Arizona form of scopu­
lor-um mainly in having five needles in a bundle instead of three. 

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

TIMBER AND OTHER RESOURCES OF THE 
PONDEROSA PINE FOREST 

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

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

PROPER TIES OF PONDEROSA PINE 
Botanically, Pinus pOl1dc?'osa belongs to the yellow pine group, 

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

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

A fact which should always be borne in mind in dealing with 
ponderosa pine is that the wood is extremely variable, accorning 
to the conditions under which it has grown. The qualities which 
place ponderosa pine lumher in the high-value class, namely 
regular grain and a relatively soft, even t exturen, and readily 
workahle wood, are attained only hy trees grown under condi­
tions which produce clear boles and maintain a uniform rate of 
growth. Open-grown trees are always limby, and while the holes 
may become smooth after attaining great size the interior is al­
ways knotty. Small. firm knots, produced by small limbs which 
die and shed quickly, are far less obj ectionable than the large. 
loose knots formed when limbs are allo'wed to grow to large diam­
eter. As will be explained ' later. both natural clearing of boles 
and width of annual rings can be controlled hy regulating the 
density of stands. And, fortunately, the measures which induce 
the development of high quality also make for high yields. 

PRODUCTS OF PONDEROSA PINE 
Ponderosa pine is adapted to a variety of uses but at present 

the most important markets are for lumber and railroad ties. 
111 some regions. notably the Black Hills, large quantities of 
ponderosa pine go into mine props and stulls; the mines promise 
to take increasing quantities in other regions. Naval stores are a 
possibility which has been explored in Arizona with results which 
are not wholly unfavorable (7). Ponderosa pine fuel finds exte11-
sive local use throughout the region. 

Lumber 

Ponderosa pine lumber ranks high among western conifers, 
commanding prices exceeded in general markets only by Cali­
fornia sugar pine and western white pine. In the two States of 
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Arizona and New Mexico, annual production of ponderosa pine 
lumber has, since 1925, varied from a high of 345 million board 
feet in 1946 to a low of 118 million in 1932. Southwestern forests 
furnish about 10 percent of the national production of ponderosa 
pine lumber. . . . 

Large quantities are absorbed uy the bUlldlllg trades whIch 
employ intermediate grades for framework, sheathing, and suu­
flooring, the better grades for siding', and the highest grades for 
window sash, doors, and interior finish. III recent years, .knot~y 
pine has become popular for intel'ior paneling. The knots m thIS 
class of material must be firm and not excessively large, thus 
again calling for timber which has grown in close stands. Pon­
derosa pine is too soft for good flooring. 

In addition to that used by the building trades, the fruit and 
vegetable industry i::; now absorbing immense quantities of I~m­
bel' which is remanufactured into boxes and crates. Accordmg 
to statistics by the U. S. Forest Service (88), the volume of 
ponderosa pine used for "bo.xes, baskets, and crating" in 19.40 was 
29,593,000 board feet in Al'lzona and 7,580,000 board feet lD New 
Mexico." During the same year Califol'l1ia and Oregon each used 
over 300 million uoal'd feet and Washington 126 million. In all 
of the Rocky Mountain and Pacific Coast States except Idaho, 
ponderosa pine exceeded by a wide margin the total of all other 
woods used for these purposes. 

An acute lumber shortage dUl'ing the Wa!' brought many sug­
gestions for replacement of wooden box~s :viti.1 fiber cartolls: Pro­
posed substitutions encountered many hmltatlOns, notably 111 the 
transportation of heavy materials, such a::; ammunition, and pro­
duce which tends to exude moisture, such as fruits and vegetables. 

Railroad Ties 

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

Sawn t'ies.-Sawn ties are made from medium grades of saw­
logs with a minimum diameter of 11 inches inside the bark at the 
small end. Operations combining productioll of sawn ties with 
lumber result in less waste than if ties alone are sawn. One ob­
jection to sllch a combination, however, is that standard ties ~re 
now 9 feet long while standard logs are 16 feet, thus Yleldmg 
one tie plus 7 feet, which is an odd lellgth in lumber. This should 

3 In southern Arizona, the cost of box shook used in packing the crop fro!l1 
u single acre of grapefruit in fuJI bearing amounteu to from $GO to $80 m 
normal times, and twice those figures since the war. 
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not prove to be an unsurmountable difficulty if production of 
lumber and ties in the same operation is otherwise practicable. 

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

Mine Timbers 

Mine P1'OPS and stulls 1 offer silvicultural opportunities in con­
nection with saw-timber management because they afford a com­
mercial outlet for material unsuitable as either railroad ties or 
saw logs. In the Southwest props may be as small as 5 inches 
inside bark at the top, and stulls as large as 18 inches, the length 
in feet equaling the top diameter in inches. Live knots and mod­
erate crook are not objectionable, and therefore these products can 
utilize stems which will not qualify as saw logs or ties. At present, 
the market is inadequate to absorb more than a small fraction of 
the supply of prop and stull material that should be removed 
in the near future. In Arizona this is partly because of a pref­
erenceon the part of copper miners for Douglas-fir in heavy 
timbers requiring great strength. With a large number of pro­
ducing mines in the interior ponderosa pine region, cultivation 
of this market affords an opportunity which should not be over­
looked. 

Converte1- poles.-Another commodity which imposes low re­
strictions as to form or size is converter poles used in copper 
smelters. Already several small sales have been made in the 
Southwest to supply this market. 

Utility Poles 

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

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

Fuel Wood 

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

RELATION TO THE NATIONAL TIMBER 
SUPPLY 

At the present time ponderosa pine supplies a substantial por­
tion of the lumber used in all of the States west of the Mississippi 
River. Large quantities of the better grades are shipped farther 
east for use by millwork concerns. Tn sa\v-timber volume, it ranks 
second in the United States, exceeded only by Douglas-fir (7.9). 
How long ponderosa pine will be ahle to hold this position depends 
upon how rapidly int.ensive management is applied, because the 
present larg'e volume is accounted for mainly by virgin stands. 
Growth in the extensive interior type will always be slow. Without 
intensive management, yields amI quality will fall to such a level 
that, notwithstanding the vast acreage of this type, its contribu­
tion to the total timber wpply of the country will be insignifi­
cant. Even if the object is only to supply local consumption in 
the western States in which ponderosa pine is the predominant 
species, management must be placed on a much higher plane than 
has been attained heretofore on any considerable areas . 

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

Ponderosa Pine Research In the Southwest 

EXPERIMENTAL MANAGEMENT 

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

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

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

Sample Plots 
Records of growth, mortali ty, periodic and average annual 

incremen~, progress of reproduction , and numbers of trees per 
acre by dIameter, age, and crown classes are furnished by a series 
of sample plots, the oldest of which date back to 1909. All trees 
ar.e num)Jered with metal tags, on some plots down through the 
4-mch dIameter class, on others through the 8-inch clas.s~ Diam­
eters, and in some cases heights, are measured at 5-year inter­
vals. In total, long-time records on 2,000 acres of sample plots, 
containing 75,000 tagged trees, are available for study. 

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

9 
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FIGURE 2.-Location of Fort Valley Experimental Forest and nearby 

experimental areas. 

plots were not tagged and diameters were merely tallied; begin­
ning in 1924 (1918 on the S5 series and 1915 on ~6), all tre~s 
down to 3.6 inches were tagged; since 1939, the mmlm~m lImIt 
for tagging and measuring has been 7.6 inches. Intensl.ve plots 
were all tagged at the beginning; heights as well as dIameters 
were measured; notes have been made on the crown class and 
condition of each tree' and seedling records have been kept on 
supplementary small piots. Most of the i~tensive ,plots have b~en 
mapped on a scale of 1 inch to the cham, showmg the locatIOn 
of individual trees stumps, down trees, and groups of reproduc­
tion. This type of' map is illustrated in earlier publications (54, 
59). 
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1'-449253, 449255 

FIGURE 3.-Headquarters of the Fort Valley Experimental Forest, n~ar 
Flagstaff, Ariz, Uppel' view in 1,916, lower view fro.m neal' the same pomt 
in 1942. The young trees m'e of natural regeneratIOn, 

Arizona Plots 

All but aile of the Arizona plots are within what is now the 
Fort Valley Experimental Forest. Their location by unit numbers 
and smaller subdivisions is shown in table 1 and figure 2. As 
may be seen, they are not in one continuous tract, but are widely 
separated over an area approximately 18 miles square, All are 
pure ponderosa pine stands except one (S4) which, lying near 
the lower border of the type, contains a few specimens of pinyon 
and juniper. . 
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TABLE l.-Ponderosa pine sample Jllot.~ in Arizona and 
New Mexico 

~--

National forest 
and 

I . Year A 
De~\gna- estab- rea, 

State twn lished acres 
_._------------ - ---

'Sl-A 1909 
Sl-B 1909 
S2-A 1909 
S2-B 1909 
S3 I 

1

1909 

S4 I 1909 

S5-1 1 1913 
Arizona: S5-2 1913 

Coeonino ________ S5-3 1913 
S6 2 1925 

S6-A 1940 
S6-B 1940 
S7 1925 
S8 1926 
S9 1941 

S10 1942 

New &;~:~~o:_ - -l\ ti~~l~a 
Sl-A 

Cibola __________ Sl-B 
S2-A 

1914 
1915 
1910 
1910 
1910 
1912 Gila ___________ S2-A 

Santa Fe: 
Jemez ' Sl-A 

DiViSion __ _ jS2-A 
Pecos S3-A 

Division .. __ Sl-A 
S2-A 

1911 
1911 

1911 
1911 

- - -
8 
8 
8 
8 

480 

320 

160 
169 
127 
160 

80 
72 

160 
8 

85 

76 

3 
4 
6 
6 

14 
6 

6 
6 
6 
6 
6 

Loeation and local name 

- - - -----------
j Fort Valley l<~xperimental Forest 

Unit 2. 
Fort Valley Experi mental Forest 

Unit 1. 
Fort Valley Experimental Forest 

Unit 3, Wing Mt. 
Fort Valley Experimental 

Unit 4, Cinder area. 

}Fort Vallet Experimental 
Unit 5, oulter Ranch. 

Fort Valley T<~xperimen tal 
Unit 2. 

Do. 
Do. 
Do. 

4 mi. south of Flagstafi·. 
Fort Valley Experimental 

Unit 2. 
Fort Valley Experimental 

Unit 1, Corey Pasture. 

Amole Canyon. 
Near former Cienega R.S. 
Point-o'-Rocks Canyon. 
Point-o'-Rocks Canyon. 
Ranch Supply Canyon. 
Pinos Altos. 

Los Alamos. 
Buey Canyon. 
Water Canyon. 
Tecalote Canyon. 
Tecalote Canyon. 

Forest 

Forest 

Forest 

Forest. 

Forest 

1911 I 
_ _ _ -L--~-------'---'------ ---

, S3, S4, and S5 include intensive plots. 
2 S6 was divided in 1!J40 into S6-A and S6-B. 

The extensive plots in Arizona are really management areas. 
All but one (S6) are cut-over; two (S8 and S7) h~ve be~n )ogged 
twice, and others are scheduled for second cuttmg wlthm the 
next few years. 

New Mexico Plots 

These plots are all of the intensive c1as~. They are small ?ecau~e 
at the time they were established natlOnal forest cuttmgs m 
New Mexico were all small-mill operations. Besides being widely 
dispersed geographically, these plots embra.c~ a climatic range ex­
tending from the lower to the upper translt~on zone~ of the pon­
derosa pine type. Several of the stands con tam a consIderable rep-
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resentation of Douglas-fir, white fir, and limber pine. The New 
Mexico plots are regarded as too small and not sufficiently typical 
of extensive stands and cutting practice to carry much weight in­
dividually; but collectively and in coordination with the more ade­
quate Arizona plots they COllstitute a valuable source of data. 

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

APPLICA TION OF SOUTHWESTERN FINDINGS 

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

Granted that local conditions influence silvicultural practice, 
they are transcended by certain basic relationships. Without thr 
perspective which comes with a recognition of these broader re­
lationships, it is easy to misinterpret and overemphasize local fac­
tors. The behavior of ponderosa pine in response to environment 
is remarkably consistent throughout the Southwest. From seed to 
sawlog its growth, form, and existence are governed by heat, 
light, al1d moisture. Silviculture becomes essentially uniform 
when based on an understanding of these factors, their interde­
pendence, and the modifying effects of competition; it may vary in 
detail but only in the sense that different adjustment!'; may he 
necessary to bring about proper coordination. 

Competition for the limited moisture supply dominates the whole 
ecological picture. In the reprod~ction stage it is competition im­
posed upon seedlings by gras!'; or brush, later it is competition he­
tween trees. Response to release from compet.ition is as universal 
as competition itself and recognition of this principle is the key to 
effective silviculture in southwestern ponderosa pine. 

Temporary or artificially imposed conditions may influence cut­
ting practice to the extent that it will vary within a region and 
with the passing of years. For many years the transportation 
problem handicapped silviculture by demanding a heavy cut. Over­
maturity or mistletoe may dictate heavier cutting than would 
otherwise be desirable. Markets determine the size and class of 
material desired, and thus the type of cutting', rotation, and cutting 
cycle, . . . 
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Ponderosa pine management i~ the SOl:lthw~~rc~s I~~k~rr~~a~~ 
many circum~tances .. But, assumlllg la Pd~IZost valuable for that 
growing maximum timber cr~~~o o~iz:n basic silvicultural princi-
PtP~~i ~~:og;~~~td:~:~rima;ilY with silviculture, ~ecause ~f 
~t!esp;~u~~~~~~, a~~:~~:d:i~i~~f{u~~a::~~~\ ;f~~~t~~~n~~~co~t~~~~ 
mercia I outlets for its. produ.ct.. h is intended pri-

Insofar as practice IS outlll1ed, this monograp 'fi 11 for 
.' lication ill the Southwest and more speci ca .Y. 

malily for. app . .them Arizona. Local conchtlons 

~i~l ~~W~·lonro ;Jj~~f~e~~e~~;n n~\thin. this reli~~i~i~e~ i~l'~h~ ~:n~ 
of the basic concepts, however, !Hay: find app t ' . of the West. 
agement of interior ponderosa pJl1e Jl1 many pOl IOns 

Silvicultural Foundations 

CLIMATIC ' CHARACTERISTICS 

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

Temperature and Moisture Limiting Factors 

Temperature as well as moisture may be a limiting factor in 
the distribution of ponderosa pine. There is much evidence that in 
most of its interior range the tree grows in climates too cold or 
with a growing season too short for optimum development (~, 57). 
The reason for this anomaly is physiographic. The lowlands and 
plains of this generally mOllntainous region are semiarid. It is 
only by ascending to the higher slopes and tablelands that suffi­
cient moisture is obtained; but this ascent is also accompanied by 
a drop in temperature, and as moisture approaches the optimum 
the heat deficit becomes prohibitive. In the San Francisco Moun­
tains of Arizona, sites above 8,500 feet receive as much as 30 
inches of precipitation, but here ponderosa pine disappears except 
on the southerly aspects. Ponderosa pine makes ext.raordinary 
growth when planted and watered in the warm valleys below its 
natural range. 

As may be expected, the altitudinal limits of the type are nicely 
adjusted to latitude, aspect, and other conditions which affect 
temperature. In the Pacific Northwest region pure ponderosa pine 
forests occur generally at altitudes between 3,000 and 5,000 feet, 
but in Arizona and New Mexico the pine zone is pushed up to alti­
tudes above 6,[)00 feet. The species must go approximately 3,000 
feet higher in Arizona than in Oregon in order to find the same 
moisture conditions. This circumstance greatly restricts the acre­
age suitable for ponderosa pine in its southern range. If pine for­
ests could maintain themselves at altitudes of 3,000 to 6,000 feet 
in the Southwest, as they do farther north, there would be avail­
able for their use some 40 million acres now occupied by grass, 
scrub, or "woodland," the latter consisting of pinyon, juniper, 
scrub oaks, and mesquite. 
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Temperature and Precipitation in the Southwest 
The records in tables 2 and 3 and figure 4 are from t.he Fort 

Valley station located within a body of uncut ponderosa pine near · 
the middle altitudinal range of the type. Temperature may be 
slightly below and precipitation slightly above the average for 
the type as encountered throughout the Sout~west .. Marked fea­
tures of the precipitation record are a sustained hIgh. from J?e­
cember 1 to March 31, an extreme low in June, and another hIgh 
in July and August. 
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FIGURE 4.-Thil'ty-yea r average monthly pl'ecipitat\oh at the Fort Valley 
fores t station, 1909-38 . Ponderosa pme type. 

. Summer rains of Arizona and New Mexico are .erratic, ofte,n 
barely sufficing to moisten the soil as much as 1 foot In ~epth. ThIS 
July-August precipitation is i~portan~ mainly. in rela:tlO~ to ~er­
mination and survival of seerlllngs. It IS thewmter precIpItatIOn, 
always penetrating many feet (as cto also the ~oots of poncterosa 
pine), which makes sustained tree growth posslbl.e. 

The climatic records most commonly used In forestry are 
monthly and yearly averages for 10 years or more. Such figures 
give a general picture which is sufficient for most purposes. For 
the stuctent of silvicultural prohlems, however, averages are not 
enough: he must also knovv about the variations. T~is is particu­
larly true of such problf;ms as natural r egeneration, plantmg, 
seeding, and fire suppressIOn. To the casua~ obs~rver, t~e average 
precipitation of 3.11 inches in July and <>:31 1I1ches 111 -:\ug~st 
(table 2) appears to pr~vide excellent c?ndlt~ons for germlnatlon 
of pine seeds and establIshment of seedlIngs In the Southwest. 
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TABLE 2.-SummaT1J of temp erature and precipitation with1:n n 
vi1-gin stand of pondeTosa pine in th(', F01-t Vall(',?J E xp (',Timental 
FOTest, 1909-42 

Temperature --I 
Mean Month - -"7

1

- -- .- ,- ---- precipita-

____ . __ . ____ ;~~~m _ m~~~m _.~~~ __ ' __ tation _ 

.January. _ 
February __ .. 
March 
April. 
May.. . __ __ __ . 

J~r;_' : : 1 
August . __ . .. __ . 
September __ _ ... __ __ . . _. 
Octo ber . _. __ __ __ . . _ . . _ . 
November . . . _ . . .. _ . . . __ 
December .. ___ . .. . __ _ _ 
AnnuaL.. . _____ _ ._ ._ 

OF. 
39.5 
41 . ~ 
47. 1 
54 .8 
64.4 
75.4 
78 .2 
76.1 
70 .6' 
60.6 
50 .7 
41. R 
5R.4 

OF. 
11 . 1 
14.0 
19 .0 
25 I 
30 .4 
H8 .2 
47 .0 
46.0 
38 .9 
28.0 
19 .R 
13 .R 
276 

OF. 
25 .3 
27. 6 
83 .0 
.19 . 9 
47 . 4 
56 8 
62.6 
Rl.O 
54.7 
44 . ~ 
:{5.2 
27 .8 
43 .0 

lnohcH 
2.24 
2 .4R 
2.1 8 
1. 51 
.8a 
. 65 

8. L1 
3 .31 
1.97 
1. 64 
1. 19 
2 .12 

23 .23 

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

Temperature is also subject to considerable fluctuation in com­
paring the same month in different years. Temperature, however, 
is less critical than moisture. Heat, like moisture, is generally de­
ficient; but whereas a long drought may be fatal to seedlings or 
even old trees, periodic low temperature only retards growth tem­
porarily. Moreover, the ,;easonal graph of temperat.ure follows 
more closely the normal pattern than does the precipitation graph. 
A peculiarity of temperature is that a marked rleparture from nor­
mal in one part of the year is usually compensated by a swing in 
the opposite ctirectioll several months lat.er. Departures from th r. 
annual normal :;eldom amount to more thal1 ;) or 4 rlegree:; V., hut 
anyone month may register a cteparture of as much as 1.0 degreeK. 
A complete record of temperature calls for both maxima and 
minima, anct an average of th e two, called the daily or monthly 
mean. But it is low maxima rather than low minima that retard 
the growth of ponderosa pine throughout the semiarid interior 
region of its range (57). 
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TABLE 3.-Monthly and annual p1'ecipitat'ion (incMs) in the Fort 
Valley Experimental Forest,' by years, 1909-45 

Year Jan. Feb 

1909 .. 2.88 3.1 
1910 .. 2.79 .:J 
1911.. 2.76 2.7 
1912.. .12 .1 
191::1.. .95 3.5 
1914 .. 2.29 .8 
1915 .. 3.19 2 .9 
1916 .. 8.57 .8 
1917 .. 2.98 1.4 
191~L. 2.01 ~.1 
1919.. T 2.7 
1920 .. 1.85 6.4 
1921.. 2 .70 .4 
1922 •. 4.45 1.8 
1923 . . 2.59 2.3 
1924.. T.O 
1925.. . 13 1.0 
1926. . .14 1.5 
1927 .. 1.22 6 .2 
1928 .. 1.07 1.9 
1929 . . 3.24 2.5 
1930 .. 4.18 1.8 
1931.. .46 2.7 
1932 •. 1.42 6 . 1 
1933. . 3. 17 .5 
1934 . . .77 1. 2 
1985 .. 4 .70 2.7 
1936.. . 31 4.5 
1937 .. 1 4 .63 4.5 
193~ . . 1 1.4~ :J.9 
1939 . . 2.0~ 2.0 
1940 .. 2 .90 3.3 
194 L .)2 . 56 2 .7 
1942. 1 .67 2.4 
1943 . . 4.3~ 1. ~ 
1944. . 1.96 3.8 
1945 .. ; 2.59 .7 

Mar . Apr . May June July 
-----------
9 2.68 0.5U 0.28 0 .71 2.50 
9 3.22 .50 0 .50 1.88 
2 2.64 .~2 T .22 5 .71 
4 5 .43 1.48 . 55 .67 3.70 
6 1. 28 .09 T .16 2.16 
6 .48 .75 .84 1. 22 3 .76 
5 .95 4 .35 2.15 .35 2.92 
2 2.69 .03 .35 0 3.54 
3 .58 4.40 1.13 .02 5.10 
3 5.19 T T 1.76 3.67 
5 1.68 .68 3.54 T 8.39 
4 3.09 1.10 1.13 .08 2.00 
7 1.49 1.47 2.37 .83 4.93 
5 3.11 1. 54 1. 23 1.31 1.16 

o 2."1 .93 
.33 0 4.03 

9 2.92 2.27 .09 .21 3.34 
o 1. 77 2.07 0 1.18 1.73 
8 2.58 4.09 1. 93 .60 2.12 
2 1 66 1 38 .90 1.87 2 . 01 
4 : 80! : 58 1.12 .10 1. 95 
o 2.14 .97 .84 'f 4.88 
7 2.27 1.26 1.08 .55 7.32 
6 .28 1. 57 1. 07

1
1. 63 2.48 

9 1.13 1. 50 .65, .56 2.04 
9 .06 1.60 1.081 . 14 2.84 
8 .49 2.90 1.55 .40 1. 88 
5 2.90 1.10 .91 .1~ 2.14 
2 2.71 .41 .20 1.66 5.42 
o 3.921 .25 1.63 1.(;2 4 .40 
4 5.63 .76 . 16 1.27 1. 34 
9 1.34 1. 05 .06 .U4 .63 
7 .41 2.98 .30' 1.37 .13 
4 3.09 4 .48 .64 .98 1.87 
il 1.19 2 . 19 l' 0 Ul9 
4 2.(;111.18 .2 5 .3!! 1.45 
8 2.26 2.62 1.33 l' 1.22 
5 5.06 1. 07 .04 .06 2.18 

- . '_ . '---- - -

An· 
Aug. Sept. Oct. Nov. Dec. nual 
------------
5.74 1.80 0 1. 50 3.10 24.88 
3.40 .41 .59 .88 .97 15.53 
2.76 3.47 2 . 68 .22 .69

1
24 .09 

.81 .06 4.43 .25 .881 8. 52 
4.44 1.87 1.26 1. 88 1.47 19.12 
2.66 .89 1. 84 T 2.23 17.82 

.67 .54 .29 1.35 4.45 24.16 
3 . 97 2.01 3.82 0 1.15 26.95 

.92 1.62 T T T 18. 18 
3.25 1. 01 .73 1. 58 2.61 23 .94 
2.32 3.22 3.71 4.56 .98 31. 83 
2.38 .91 2 . 94 .97 1. 02 23 .91 
4.92 .16 3.04 .65 4.52 27 .55 
2.53 1.40 1.63 2.64 1.87 24.72 
2.70 4.49 .32 2.66 4.39 27.09 

.20 3.15 1. 52 .73 4.48 19 .00 
3.72 3.37 2.38 1. 53 .11 18 .99 
1.12 1.14 .59 1.02 3.30 20.27 
3.75 4.71 1.27 .67 2.15 27.81 
5.78 .44 3.07 2.28 2.02 ~1.15 
7 .24 1.88 .40 .03 .01 24.13 
2.22 1. 64 . 28 2.84 . 05 25.56 
4.64 2. 67 1. 05 3.07 3.22 24.90 
3.79 1.47 1.60 0 2.6523.00 
4.05 1.25 2.97 1.26 1.09,20 . 10 
5.92 .30 . Oil 1.15 1.3~118.10 
4.78 2.83 .09 .85 1.2624.43 
5.82 1.89 1. 79 .58 3.13 28.44 
2.19 1.87 0 .25 ~.98 28.24 
4 .26 1.16 .95 .72 a.38 25 .05 
3.97 0.66 . 55 1.47 .14 17.08 
2.30 5 .47 3.G7 1. 59 4 .35 28.84 
1.87 3 .30 4.93 1.0~ 3.72 31.26 
1.29 .~8 1.14 .29 ,Ul5 15.27 
5.34 1.52 1. 96 .27 2 .23 23.41 
1. 90 1.17 .97 2.48 1. 99 21. 78 
3.42 .34 1.12 .Hi 3.57 20.36 

----"--- -

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

Growth Periods of Ponderosa Pine 
It is of interest that the height growth of ponderosa pine be­

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

In years of more than average April-May precipitation, pine 
shoots grow unusually long (5S). Maximum height growth takes 
place during JUlle and early July; it tapers off rapidly after about 
July 10 and approaches zero at the end of the month. Regardless 
of summer rains, height growth slows and stems harden during 
July. Fowells (22) working in the Sierras of California, where 
summer rain ::> are normally light, reported practically the same 
dates for height growth. 

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

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

Low temperature ill early spring when surface moisture is gen­
erally abundallt accoullts fol' the fact that pine germination in 
Arizona is almost iuvariably delayed until midsummer. Germina­
tion requires an average daily soil temperature of about 55° F., 
which is not usually attained until the middle of May. A few de­
grees more of heat in April would enable pine seeds to germinate, 
but by the time temperatures have risen enough to stimulate ger­
mination the topsoil has become dry. Only once during 35 years­
namely, in 1919 when ~L5 inches of rain fell dUl'ing the month of 
May-has appreciable germination taken place ill the vicinity of 
Fort Valley prior to July. New Mexico, in contrast, may have copi­
ous rains in May and JUlie, with the result that germination during 
these months is not uncommon. 

LIGHT AND MOISTURE REQUIREMENTS 

The relative importance of light and moisture in relation to for­
es~ tree growtl~ has been a subject of controversy for many years. 
D1fferences anse largely from the fact that in nature light and 
moisture, or their opposites shade and drought are so closely re­
lated that the influence of one cannot always be separated from 
that of the other. When a tree is shaded by other trees it is also 
subject to their root competition, although the converse is not 
necessarily true. Moreover, the energy called light also includes 
other properties, and therefore it is more properly called solar 
radiation or simply sunlight. 
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Trees are mORt sub,iect to the influence of sunlight or itR abRence 
rl ur ing the seed ling stage. In that stage they may be completely 
shaded by older trees, by Rhrubs, or even by graSR. It is a lRo in the 
seed ling stage that intense radiation may in,iure plant tissues rli­
rectl y by high temperature or indirectly by drying out the soi l, 
while at the same time inducing high transpiration; thuR the in­
jurious effect of sunl igh t becomes a heat-drought effec t. 

Photosynthesis, or the elaboration of ca r bohydrat es , is th e func­
tion most generally ascribed to sunlight, but there are otherR. Sun­
ligh t is the direct sou rce of heat which war ms air and soil and the 
pla'nt itself. In most plants mor e or less direct sun ligh t is neces­
sary for the development of normal stem form . 

Utilization of light and heat ener gy in photosynthesis is r e­
stricted by the availabili ty of water, A growing plant may he 
likened , in its use of heat and water, to a steam engine. In the en­
gine. heat furnishes the energy which converts water into steam; 
but if water is not supplierl as fast as it is userl the engine cannot 
operate at full capacity, No matter how much fu el is availahle, itR 
Llse is then limited hy th e water supply. Correctly interpret erl , the 
s ituation in the Southwest is this: a relatively small leaf surface 
is sufficient to handle all the photosynthet ic activity that the limit­
ed water supply can support; and a large crown is like a large 
power plant which because of inadeC(uate water supply mi ght he 
compelled to operate only part time. 

A more or less obscure hut noneth eless important function (If 
sunlight iR the regul ation of plant form (CiS). Plants kept in sharle 
tend to become pale and slenrler. Potato sprouts in a nimly lighte.r1 
cellar are an ext reme example. Also, if the main source of light 
is on one side, the pl ant benrls in t hat directioll, ('>xhibit ing th(, 
familiar phenomenon of heliotropism, Th e usual reaction of ·tree;.; 
fully ex poRed to stron~ RllIlli ght is abno rm <l l late ral dev f' lonme nt 
('xpressen in broad crown;::, coarse hranches, anrl t.hick. ~harply 

tapering boles. Shade retarrls . lateral growth more than hr ig-lll 
growth, with the result that the crowns l)f'c(lme narrow a nrl the 
boles slender with little t.ilper, Th e ultimatp form depcnns mUC'.h 
on the duration of shade an rl whether or not the top is shaded. 1n 
general, s ide shade is beneficial hut overhead shade is detrimental. 

ExtenRive observati01's supplemented by experimental tests in­
dicate th at, biologically, ponderoRa pine thri ves beRt in practically 
fu ll sunlight, but that controlled shade is essen tial t o prod uce the 
fo rm required in good saw timber. Seerll ings grown in half shade 
created by lath Rcreens, free from outside root competition, sur­
vive well. and to the inexperienced eye may appear more vigorouR 
than seedlings in full sunlight ; hut after about G years the shaded 
seedlings wi ll have become extremely slender a nd inclinerl to bend 
over. In 2S percent shade , rlevelopment is more nearly normal; 
both the ax is a nd the branches are less coarse than in open-grown 
trees, hut the stems are stu rdy enough to support themselvp~ al,d 
on the whole the form is superior to that of open-grown trees , Tf 
the shade is in creaRed to gS percent, development i ~ subnormal 
from the star t and within 2 years mortality is almost total (fig. I)) . 
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, ,;j 
F- 393664, 393671, 393673, 393672 

FIGURF: 5.-Shade effects in ponderosa pine !J years after planting, It, Full 
sunlIght; B, one-thIrd shade, open above; C, 85 percent shade, open above; 
D, 85 percent shade above as wen as on sides. 

Experiments in Light Requirement 

The foregoing relationships with respect to seedlings were 
bro~ght out by experiments in the Fort Valley nursery over a 
penod of 12 years (61, 6.9). Direct insolation was regulated by 
me~ns of lath screens to give several intensities of shade while soil 
mOIsture was constantly held near the optimum through ar t ificial 
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watering. All the tests were replicated, with slight modifications, 
at least once. Tables 4 and 5 and figure 5 summarize the more sig-
nificant results. 

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

Year planted and 
kind of stock 

No 
shade 

50 percent 
shade 

67 percent 
shade 

85 percent 
shade 

Basal Basal Basal Basal 
diam- Height diam- Height diam- Height diam- Height 
eter eter eter eter 

-------_._-- - - - --- - - --- ----------I 

~! = : : : : =I: : : : :: =::::: :::::: 
1929: 

Tr ad~plants- - - - - -- 3.13 88 '2 .02 . 
Se 2.07 79 .75 

_ ____ _ --'-__ -.!.-_ -2-__ -.!.-_40--'1_ 0 ~l __ 3~~ __ 1_8 

1 'l'op shades were removed in 1936 to make room for height growth. 

e lmgs ___ ______ 

1932: 
Tr ansplants _______ 1.96 53 .80 

I 

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

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

The removal of overhead screens as indicated in table 5, per-
mitting direct sunlight to enter from above , was suggested by ob­
servations i11 the forest where seedlings start in openings sur­
rounded by tall trees. In the nursery test, excellent development 
was obtained under dense side shade but with access to full sun­
light from above during 4 to 6 hours each day through the sum­
mer. The same relation holds in the forest but with the difference 
that seedlings subjected to side shade are also subjected to root 
competition from larger trees, to say nothing of herbaceous vege­
tation. Nevertheless, the form of saplings and poles which have 
grown up in small openings is so superior that side shade is 
regarded a~ an indispensable instrument in silviculture (fig. 6). 

As trees emerge from the pole stage they become less subject to 
overhead shade and thenceforth the light question resolves itself 
almost entirely into a matter of overhead insolation and side 
shade. This fact assumes many different aspects, all of which are 
important. 111 dense, even-aged stands mutual shading reduces the 
size of crowns by restricting lateral development and by causing 

MANAGEMENT OF PONDEROSA PINE IN THE SOUTHWEST 23 

I Q) 

"d 

'" ..., 
'" ., 
<: 
2l .. 
Q) 

I 0. 

'" 00 

I 

I 

.Q) 
"d 

'" il ., 
<: 
Q) 
(J .. 
~ 

0 

'" 

'" "d 

'" ~ .., 
<: 
Q) 
(J .. 
Q) 

0. 
0:> 
0:> 

I 
I 

! I 
1:-0 

;e "' ...... 
Q) .~ > 

I 
0 

.D I ~ '" 

I 
):l 

.. 
Q) 

I 
-.8 "" 

, 
0. "'Q) "" 0 ~E 0 

,cQ.~ 
, 

"d 

.., l-..c:; 
00 

~ 

I 
. iii ~ .. ::c 

Q) 

~ .... : 0 -$ 0 u "'Q) ~ 

I ~E 0 , 
,cQ . ~ : I "d 

I 

.., .,.."" ..., "'.-< Q) 00 
~ ' @ 
0 

~ .D 

'" <: ~ ~ 1 ~ Q) 
~~ · 0 0. 

0 ~s ~ 
>Q.~ 

, 
"d , ------- -

+' """" ..c:; "" 00 

"d 
' @ 

'" ~ .... 
Q) - - i:- - -~ 
0 -21 "" u "' Q) "" 

I 
~E 0 
,cQ.~ : -0 

1 

! 
.., 

I ...... "" Q) § 0:>..-< 

> '@ 
0 

~ .D 

'" <: .. 
Q) 

"" ~ 
-...., 
"'Q) 0 

0 ~S ..-< , 
,cQ.~ 

"d 

\ 

.., 
"""" ..., 0:> ...... 

~ "" 
-0 

'@ 

Q) ~ .. 
Q) .... > -$ "" 0 : u "'''' ..-< 

~S ...... 
,cQ .~ : -0 

I : 

..:.: I 
(J : 0 ... 
'" : 
'0 .; 
"d ... ' 
_5 ):l , 

",Ul 

;.:: _00 

fE'.a 
<:-
","d 

~~ 

'" oj 

'" ~ 
o 
~ 
"d 

'" "d 

'" ..c:; 

" 
" 
''': 
, oj 

+->'" 
~ ~. 
0..., 
'"O~ 
~ ~ 

0; 
~ 
0 u 
" 

-0 
Q) 

o 



24 U.S. DEPARTMENT 01" AGRICULTURE MONOGRAPH NO. 6 

FIGURE 6.- In the forest, saplings in open spaces surrounded by tall trees 
develop slender stems and fine branches like those induced by artificial 
sine shade in the nursery, as shown in figure 5, Band C. 

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

Interrelation of Shade and Root Competition 

Small groups display the characteristics of both dense stands 
and open-grown trees. Interior members of tree groups tend to 
become subordinate in size and ge'neral development because their 
root zone and moisture supply are restricted, rather than because 
their crowns become narrow and short under the influence of side 
shade. As illustrated by figure 7, outside members of the group de­
velop one-sided crowns, the branches dying on the inside but at­
taining abnormal development on the outside. Such trees usually 
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F-433050 
FIGURE 7.-A 200-yea r-old ponderosa i . 

largest; the boles are limby on th p n~ ~roubP. The outsIde members are 
the interior of the rou It· e ou SI e ut clear on the side facing 
but of relatively sm~1I nf~m~~:.Jor trees are generally clear on all sines. 

lean away from the group. The for h t·· . 

f
trees is most conspicuolls in pairs whi~ gC r~:acuperaltS~oCmOefd?UttSJde 
rom other t th . I . " IS ance b tt I rees, elr eamng boles forming a distinct "V'" the 
b~anc~~: 0~~1e b~ut;~~~t clear on the im~ide but bearing J~rge 

Outside members of a grou 'dl . . 
though their crowns may b p gr?dwdrabPI y In dl:;>meter even 

. e one-Sl e, ecause theIr roots are 
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usually free to extend away from the group into fields of low root 
competition. Interior dominants, even though they may have good 
crowns, grow slowly because their roots encounter too much com­
petition. 

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

Although cutting acts most directly in the introduction of sun­
light, it is nevertheless an effective means of relieving or avoiding 
stagnation due to deficient soil moisture. According to measure­
ments at Fort Valley (51), opening up the crown canopy in de11se 
groups may increase the proportion of the total precipitation that 
reaches the ground by as much as 40 percent. The greatest benefit, 
however, comes from reducing the number of trees which are 
sustained by a fixed water supply wi thin a definite soil area. If, 
for example, 100 blackjacks are occupying an acre of land and 50 
average specimens are cut, those remaining, if well distributed, 
will have available the total water supply, meaning that the allot­
ment to each tree has been doubled. 

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

SOIL REQUIREMENTS 
Ponderosa pine is not exacting in regard to soil (57). In Arizona 

and New Mexico, it occurs on soils derived from igneous forma­
tions-basalt, granite, and cinders-as well as on soils of sedi­
mentary origin-limestone and sandstone. Soils in the ponderosa 
pine type are usually low in organic matter and about neutral in 
reaction. 

Soil variations affecting distribution of ponderosa pine are 
more likely to be physical rather than chemical. Variations in 
depth, physical composition, and orgalJic content exert an im­
portant influence on the amount of moisture available for tree 
growth. In general, sandy or gravelly soils are more favorable to 
the establishment of ponderosa pine reproduction, but growth on 
the heavier clay soils is usually good once trees have passed the 
seedling stage. 
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STOCKING 
Few ~ubjects in forestry present so many complicated t 

as stoc~mg. Assuming uniform distribution it may b a.~e\ s 
ascertam .w~at basal area in a given age cl~ss wiII gi~ePt~:lm!xi~ 
mu~ cubiC lI1cr~ment per acre, but that is not the answer if the 
deSired product IS sawlogs Even if the increment be d . 
board feet th r . t'h' expresse m . ,e e remain e questIOns of form quality d . . d 
Sizes, and economic cutting cycles. In other word; deg' ' f eStlrek 'ng cannot be sat' f t 'I d ' ree 0 s oc -I IS ac O~I y re uced to a rule expressed in number 
of trees" basal a~ea, cubiC feet, or board feet per acre 

Notwlthstandmg ,many variations, however, certail; fundamen­
t~s rust ~i .rec?gmzed: (1) Stocking should be sllch as to obtain 
e e~ Ive u I Iza~lOn o~ the soil. (2) It should be such as to roduce 
effiCiently the dimenSIOns and form suitable for the d . ~ . d 
uct. (3) If the product is saw timber stocking shoulde~re p~ 0 

-

to prohmot.e
d 

natural pruning and r~gulate texture ore '~~~ai~'~ 
throug WI t~ of annual rings. 
. Expressed, In copcrete te.rms applicable to management, stock­
mg ~esolves It~elf Into spacmg. In stand improvement and harvest 
~uttmg~: the tJmbe,r marker is continl!ally asking how much s ace 
I~ requll ed by a given t~'ee for effective growth. The answerP ob­
v,lOusly depe?ds on the SIZ~ of the tree and the rate of growth de­
Sired. ~ 24-mch tree requires more space than one f 18' h 
~nd & diameter grow~h ~f 2 il,lches per decade calls fo~ wide~n~p:~~ 
mg an a ~To:w!h of 1 mch m the same tree, Maximum diameter 
~rowth of mdividual trees does not necessarily impl ' 
~~~;r~~nt per acre, and it is usually attained at a Ysan;;~~lc~u~ 

Space Requirement 

~'~pace ~'equirement': is a relative term and is therefore some-
w a a misnomer. Strictly speaking it is the a . 
produce ;;t preconceived state of grow'th and for~P ce reqUired to 

Il1: re~lOns of de.ficient precipitation, space requirement is ri­
~afllY an expressiO':! of water requirement, although light ~lso 
p a~sf a Iiart, as prevIOusly stated. If spacing is so wide as to pre 
ven ~ o~cupatio,n of ~he soil by the roots, incomplete utilizatio~ 
?f t~e available SOlI mOisture results. If on the other h d 
mg IS tOtobclose the moisture supply, th~ugh completely aanb;o~b!~­
may no e used to the best advantage Both cond 'f ' 
localized understocking and localized o~erstocking IC~~S, nfmely 

~~:m~~ ;~:t Sth~ brea in ponfderosa pine stands. it is i~°:1~ ~~= 
Ig ~comes a actor. The crowns become too lar e 

or ~olo sbmall accordmg to their access to sunlight as determin ged 
mam y y spacmg. ' 
b A spacing table for trees of different diameters (table 6) h 
s:~~~Jepared by ~exen (40). His source of material was a wefl~ 
Southw' ~a~H~-age stan~ on ~ better than average s ite for the 

found i~sa' pre~a~f~~~; !~t~~el~a\~~~l ~t:~a~·et~~~ aC~en~~:o~:ce~~ 
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sarily optimum conditions for either form. or rate of grovvth; 
rather, they express the adjustments r esultlllg from. the struggle 
for survival. Wider spacing would probably be reqUlrr d for good 
growth on most sites in the Southwest. 

TABLE 6.-Th!,;01·eti.cnl spacing a.lId 1:0/ume in a w!';n-storkrd stand 
of pnndrr08a. Ili.n l' 1 (Leun) 

Diamete~t hreast t~:ace - T Distance ~ree-s \ Volume per 
height (i nches) ~~~ __ a_pa_r_t _' _ per acre __ a_cf_e _ _ _ 

SqlLare feet Feci Numhcr Board frel 
2 .. 12 3.5 3,6154 
4 ' 41 6.4 1, on 7 

. 88 9 .4 492 .:l 
6. 6 8. .. . I 156 12.5 279 
10 ... 243 15.6 179.6 0 
12 348 18 .7 125. 0 4,60 
\4. 474 2\ .8 9\.9 7,500 
\6. 619 24 9 70.4 l 10,ROO 
18.. 783 28 .0 55.6 14,400 
20 . 967 3\.1 45.0 17,500 
22 . 1 ,170 34.2 :l1 . 2 20,400 
24. . \ ,393 :17 . B :31. 3 2B , 000 
26. 1,634 40.4 2,66 25,300 
28. _ \ ,896 43 . 5 23.0 26,900 
30_ ... 2, 193 46.8 19.9 28,500 
32 ___ . 2,476 49 .8 17.6 29,600 
34.. . 2,796 52.9 15. 6 :l0 , 700 
36 . _ 3,135 56 .0 13 .9 31,000 
38 .. . . 3,493 59.1 12 .5 31,500 
40 1 3 ,870 62 .2 \12 31,600 
42 ~: : : ' .. - _: ' ::: . 4,268 65.3 1~~ ~},~~g 
44. __ . . _ _ ' _ . , 4 , 684 68.4 . , 

it::: :. : .. :: :::::: :: < I U~~ ~~. i ~. ~ , iUgg 
__ - _ __ .. _1 __ _ 

1 Based on 100-percent cruise of r,40 acre, on the Lons; Valley Experimental 

Forest. h ' d" I 
2 Assuming a rectangular space. Actually, t e space OCCuplt' 15 1rregu ar. 

Regulation of Spacing 

Application of spacing rules is difficult wh~re irees of di~erent 
sizes are intermingled, or where the stand IS grouped as lS the 
prevailing habit of ponderosa pine. Densely stocked group~ man­
age to carryon by sending their roots GO or more feet o.u~slde the 
group, provided they do not enc~u~ter to~ mu~h competJtJOIl from 
neighboring groups. As a rule, It IS the ~ntenor l!1embers of the 
group that suffer most ~ro~ moi.sture or lIght defiCIency. They can 
be relieved either by thmmng wlthl~l the group or by cuttmg s?me 
of the outside members, thus allOWIng the roots to reach ~)Ut Into 
formerly occupied territory. Domin,,:nts are able to grow m dense 
stands by robbing their smaller neIghbors, whIch eventually be­
come suppressed. Natural thinnings made in this w.ay are costly, 
especially if the dominant is of inferior timber qualIty. 
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Dens!'; stocking is desirable in young stands.-During the pole 
stage, when the stems are shaping up, diameter growth is sec­
ondary to form .and natural pruning. Dense stocking should be the ' 
rule. qverstockmg 111 this stage is preferable to understocking, be­
cause In the former ~as~ , dominants usually assert themselves. If, 
as a last resort, thmnl11g becomes necessary, removal of only 
enough stems to encourage the development of dominants will 
break the deadlock. lfpole stands are too widely spaced, pruning 
prOVIdes a partIal remedy. Progress of natural pruning provides 
an .;xce.lJent c:ltenon as to proper density of young stands. 

Sp,actng g.U1.des must be fiexib~e.-The guides in table 6 are for 
apphcatJOn In princ:ple rather than in letter, because the stands 
rJ.1ust be taken as found and r emedies must be sought in modi fica­
lion rather than reco~stl:U ctiOI.l. ~n o.verrlense sapling or pole 
groups, the cost of artJtiCllll thlllllmg IS usually prohihitive, ex­
cep~ to the extent of r eleasing a limited number of selected stems 
deSIgnated as crop trecs. As polcs a pproach the 12-inch diameter 
thought. sh~ulr1 h0 given to utilization. Often the solution may b~ 
to ~V~l.1t untIl oc.c.asiom~l stems become large enough to yield a'log, 
a 111.1I~oad tIe, or a mm e prop, then cui them, thus automatically 
releaSIng the nr.arest neighhors. 
. Tn practice, ~nly part of a young stand will have optimum spac­
mg . .s?me portIons may be too c1ense and others too open. Under 
lIltel~slve manageme!. t. the. answer might be uniform thinning in 
one I11stance and plantmv; 1Jl the other, but neither of these correc­
tI ves IS now feaSIble on a large scale. A practical and economical 
f!1eans of opening up thickets is to poispn (():?) dominants of poor 
form here andih cre an~ depcnd on the resulting breaks in the 
canoflY to ell~ourage deSIrable stems to gain dominance. In spots 
o~ w\(le SP~CJllg, early pruning will insure a clear butt log, and 
slJ.lce trees III these Sl tuab ons grow rapidly they can be left to at­
tam large size. This subject is c1iscussed further under Stand Im­
provement. 

Thinning in Seedling and Sapling Stands 

. Although overde.nse saplin~ stanc1s are rather common, thin­
mngR are not consld~red feaSIble or necessary in the Southwest. 
Although correctly tImed and executed thinnings might be ex­
p~c:ted to IIlcrease the growth rate, the cost under present con­
dltIo.ns would be far out of proportion to th e benefits. Moreover, 
domlllants genera.lly make their appearance in the sapling thickets, 
and once they gam the lead, they hold and increase it. Even the 
denses\ st":lnc1R seldom stagnate as they do in some other regions . 

A thJlllllng expenment on the Sitgreaves National Forest ilIus­
t~ate~ the foregoing observa tions. Large areas in the Decker Wash 
dlstnct became densely stocked with ponderosa pine in 1914. In 
1926, when the seedlings were mostly between 2 and 3 feet tall, 
five plo.ts of 50 x 125 feet were thinned to different densities, as 
sho:vn In .figyre 8 and table 7. Density of stocking before thinning 
vaned wlthm plots from 10,000 to 50,000 per acre. Measurements 
were made at 5-year intervals on a 5 x 125-foot strip in each plot, 
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F- 333108.330508·330507 

FIGURE 8.-Thinning plots on the Sitgreaves National Forest in 1936. · Re­
production started in 1914, was thinned in 1926. A, No thinn,ing; note 
uneven contour of top line, indicating the development of dommants. B, 
Thinned to 20-24 inches. C, 20-24 inch thinning, showing uneven heights, 
a most desil'able featul'e. 
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FIGURE 8 c~ntinued.-D , 30-36 inch thinning, complete needle cover 
E, Thmned to 10 x 10 feet, grass cover almost complete. . 
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except that the entire plot in the 10 x 10-foot ~pacing .was meas­
ured. Differentiation in height was already ~o.tIcea~le In the fi,rst 
measurement and became more and more strIking with ~ucceedl~g 
measurements. It soon became apparent that the .relatIve merIts 
of the several degrees of thinning would b~ determined not by the 
average height growth but by extremes, In other words the ap­
pearance of relatively few exceptionally tall stems capable of dom­
inating the rank and file. 

TABLE 7.-Number- of trees by iveight classes above 6. feet on 
!) x 12.5-/oot strl:ps in 1941, on Decker Wa,sh plots, Sttgreaves 
National Forest , thinned in 1.926 

------_ ._ . 
Number of trees in each height class (feet) 

Thinning treatment -----,---,---..-- - -,- ---~-

Under 7 7 8 9 10 11 

No thinning __ _________ 137 47 14 1 0 0 
20-24 inch spacing ____ __ 300 34 8 1 0 0 
30-36 inch spacing __ ____ 113 23 20 24 7 0 
40-48 inch spacing ___ ___ j 152 17 10 7 3 5 
10 x 10 foot spacing , ___ 51 8 4 1 0 0 

.. _----- -
, Rased on entire plot, 

According to table 7, the tallest trees a!e in n.either th: dens~st 
nor the most heavily thinned stands, but m th,e mtermedlate t0m­
!lings. Nevertheless, the unthinned plot contallis il;s many distinct 
dominants as are needed to develop the deSIred Irregular crown 
canopy, d d b t' 

Height growth in all the plots has been ,greatly reta~' e .y Ip 
moths, which appear to be most actIve m the heaVily thInned 
stands. , I t' b 

An important factor in future development IS the re ~ IOn e-
tween density and ground cover. In the 10 x ~O-foot spacIng, ?Iue 
grama grass in 1941 formed a broken turf; In the 40: to ~?-mch 
spacing grasses had been largely replaced by needle .htter, In the 
closer spacings replacement was complete and a umform mat of 
needles covered the soil. From the standpoint ,of tree growth and 
water infiltration needle litter is the more deSirable cover. 

It is too early'to draw final conclusions, During the ne~t 10 
years the dominants will be entering the pole ,stage and In 20 
years the sapling stand will have been converted Into a pole stand. 
Only then can final judgment be passed. The deSIrable type of pole 
stand is one in which the dominants have been ~rowded by sub­
ordinates sufficiently to bring about natural prumng on the lower 
portion of the bole; but if the dominants shou.1~ be nU,me:-ous 
enough to compete severely with one another, additional thmmngs 
will become necessary. . 

Arbitrary stocking or spacing tables, whether, aPl?hed to sap­
lings, poles, or more advanced classes, are Impractical m the many­
aged and otherwise heterogel:eous stands g~nerally en~ountered 
in ponderosa pine. An ecologIcal approach IS more satisfactory. 
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Sapli.ngs a,nd poles shOUld be dense enough to promote natural 
prumng, without s.tagnation, The foremost objective in this stage 
IS to bUild a grow1l1g stock. Above 8 inches d. b. h, the increment 

, borer is a goO~ guide. Up to a diameter of about 24 inches the goal 
should ,b~ a dIameter growth of 1.5 to 2 inches per decade, and 
where It IS less than the lower figure thinning is in order. A.~ di­
ameters advance beyond the 24-inch class a moderate decline in 
?,rowth rate must be expected, but it should be kept as near to 1.fi 
Inches per decade as possible and should not be allowed to fall 
below 1 inch per decade. 

FORM 
Form may be more important than volume in determining the 

value of a stand for saw timber. Of the form characteristics which 
tend to lower the value 'of stems those most common in the South­
west are: rapid taper, coarse branching, forking, crook, and lean. 
In many instances two or more of these characteristics are asso­
ciated. 

High Tap~r 
Taper acts directly in reducing board-foot volume, inasmuch as 

~ogs are s~aled at the small end and the number of JogI'; in a tree 
IS de~ermmed by the merchantable length below the point where 
the dIameter of the bole falls to 8 inches, or whatever is the mini­
mum merchantable limit. 

Rapid taper is an effect of open spaCing and long crowns. It is 
not uncommon to find open-grown trees lR inchf's d. b. h. contain­
ing but a single 16-foot log whose upper diameter is only H or ] 0 
inches. An 18-inch, I-log blackjack, according to the Southwestern 
Region ponderosa pine volume table, contains 100 board feet but 
individuals ,of the wolf type may scale only half that much: All 
I8-inch blackjack grown in a fairly dense stand usually contains 
three logs and scales 200 board feet. The lesson taught by these 
comparisons is that d. b, h. measurements alone may give' a mis­
leading estimate of volume increment. Long-crowned trees usually 
are credited with a much higher rate of increment than they are 
entitled to on the basis of actual growth in merchantable volume. 

Added to the waste and loss of stumpage values in trees of high 
taper is the cost per M of transporting and handling logs a large 
part of whose contents goes into the slab, In hewn tie operations, 
the labor cost is materially increased by sharp taper. Stems of the 
dimensions usually cut for poles may likewise be rendered value­
less by high taper. 

Abnormal Branching 

Coarse branching is commonly associated with high taper, both 
characteristics being the result of a common cause-open spacing 
in youth. The lower bra11ches die eventually, even in open-grown 
trees, but not until they have grown too large for natural pruning 
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(fig. 9, A). It is not uncommon to find trees over 24 inches d. b. h. 
whose first two logs are studded with dead branches or stubs 3 to 
4 inches in diameter. In sawn timber, these dead limbs result in 
large loose knots in the outer layer of wood deposited since the 
branches died. They also are the most common entrance point of 
heart rot (2, 3, 42). Although small pieces of clear wood may be 
sawed out between knots, the whole picture is one of illefficient 
production. When the branches are large in diameter they are 
also, as a rule, numerous and close together. If the distance be­
tween brallch whorls is 2 feet or more, quality material can be 
sawed out between knots, but if the whorls are only 1 foot apart 
or even less, a common arrangement in wolf trees, resaw opera­
tions are hopelessly handicapped. 

The only way to obtain high-grade saw logs from open-grown 
trees in the Southwest is to prune to the height of one or more 
logs while the trees are relatively small, preferably below 9 inches 
d. b. h. Since open-grown trees commonly attain a diameter Of 30 
to 40 inches in 1 GO years, they ofrer an excellent opportunity for 
profitable pruning if the operation is performed in time. 

Mistletoe is a contributing cause of coarse branching. Asso­
ciated with the larg't' branches are pitch flow and distortion of the 
bole. H, however, the a1fected tree is in a dense stand, the abnor­
mal branches usually die at all ea rly age, although the mistletoe 
continues to be adive in the bole. 

Forked Boles 

Forking is the cause of much waste and sometimes the loss of 
an entire tl'ee. A fo r k within the first log length l'esults in exces­
sive if not total waste of what is us ually the mos t va luable part of 
the stem (fig. 9, B). Forking above the first log length is less seri­
ous, and in large trees it is sometimes possible to utiliZe all or the 
major portion of the members of a fork . 

The cause of forking may be either hereditary or accidental. 
Positive proof of hereditary forking is not available in ponderosa 
pine, although circumstantial evidence is not difficult to find . 
Strongly suggestive of this a r e trees which fork and refork, pre­
senting a successi011 of forks in each of the main divisions of the 
trunk. 

Examples of forkiilg due to injury are abundant and in many 
instances the chain of evidence is complete. The most familial' ex­
ample is that of a crotch with a dead, pitchy spike in the middle 
remaining as mute ev idence of how, some 50 years earlier, a por­
cupine girdled the main stem and two 01' more side branches grew 
up around it. Essentially the same eji'ed may be created when the 
slender terminal stem i;; eu t off' or peeled by the Abert squirrel 01' 

killed by the pine tip moth. In this case, however, the terminal 
stem is usually smaller and breaks off and disappears. The gell­
eral effect of killing the leader is to stirn ulate the growth of side 
branches, and thus wolf trees may result from injury rather than 
heredity or early environment. 
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Crooked or Leaning Boles 

Crooked and otherwise deformed boles are the result of various 
forms of injury including those which cause forking. One of the 
most common ~~urces of crook is snow pressure. A slen?er stem 
is bent to an angle of perhaps 45 degrees from the verb.cal by a 
load of snow. When growth resumes, the young le3;der nses yer­
tically, and although the old stem struggles. to regam the uprIght 
position, it often remains out of plumb .whlle the new top grows 
erect. Similar effects are brought about m many .ways, notably: by 
windfall or logging in which a large tree or log IS thrown agamst 
a smaller one. 

Lean is in most instances purely a natural phenomenon. When 
several trees start in a group, those on the edges tend to lean out 
away from the middle of the group if there is an open ~pace ad­
joining (fig. 7). The base must remain fixed but the top IS push.ed 
outward, so to speak. If these forces a~t throughou.t th.e .early hfe 
of the tree the stem may remain straIght thou~h mclInmg a~ an 
angle from the vertical. If le~ning trunks a~e m a stand, neIgh­
boring trees exert a counter Influence, but If they border on an 
opening the. tops grow farther ~nd farther apart. ~he branches 
on the inside are shaded out whIle those on the outsIde are unr~­
strained. Thus, the unequal distribution of weight exerts an a?dl­
tional force which t ends to pull the trunk away from an upnght 
position. I"t th 

Leaning boles tend to develop a structural pecu I~n y on .e 
lower side known as compression wood. Compres~lO~ w~od IS 
brash and weal{, warps badly, and in other ways IS mferlOr to 
wood of normal structure. 

AGE CLASSES 

The oldest ponderosa pine on record in the Southwest bore .650 
rings on the stump. Trees over 400 years old are found occasIOn­
ally , but mature trees in general are not much over 300 years old 
and most of them are less than 300. . . 

Age in the Southwest is commonly determmed by rmg co~nts on 
th e stump wi thout correction for the n umber of years l:eqUlred. to 
reach stump height. Although tech~ical.1y .inc?rrect, thIs practIce 
is regarded as legitimate as long as ItS hmlt'l:tlOns are unde~stoo? 
The time required to grow from the ~round.lme.to stump helg~t IS 
extremely variable because of agenCIes whIch I.etar.d early heIght 
growth. Except as a measure O! the::,e re.tardmg mfluences,. the 
time required to reach stump heIght IS ummportant l;>ecause In a 
selection forest, seedlings cannot be said to be occupyIng space or 
us ing water in competition with older trees. . ' 

Physiologically, there is no apparent reason why ponderosa pme 
should not commonly live to an age of 500 ye~rs 111. the ~outhwest 
as it does in eastern Oregon and eastern CalIforma. H!gher pre­
cipitation and faster growth in Arizo~a and New MeXICO should 
favor a longer, rather than a shorter lIfe. 
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Why do relatively few trees in the Southwest attain really great 
age? One answer is lightning. As soon as a tree rears its hear! well 
a?ov~ the general crown level, it becomes a lightning rod. Light­
TIlng IS one of three most common causes of mortality in the South­
west, but it is a minor factor in California and the Northwest. 
Lightning may not be the sale cause of the earlier death of south­
western trees, but it is undoubtedly a major one. 

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

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

Blackjack clas8.-Blackjacks a re young trees which possess all 
the biological advantages of youth. They are characterized by a 
dark, almost black bark, a relatively short, rapidly tapering bole, 
a pointed or rounded top, and ascending upper branche::; . Although 
sometime::; attaining large diameters, blackjacks are character­
istically shorter and more tapering than are mature trees of the 
same diameter. Clear and select lumber grades form a smaller per­
cent of the volume than in yellow pine ; but blackjacks also contain 
less of the extremely low grades due to heart rot and large, loose 
knots. In blackjack lumber from trees well grown and harvested 
in the right stage, there may be knots, but these are mostly of the 
firm and relatively small type permitted in lumber gradefi No. 1 
and No.2 Common. Defect due to heart rot in blackjacks is gen­
erally lefiS than 5 percent of the gross volume. 

Intermedia.te a.qe class.-Intermediate trees have practically 
all the biological arlvantages of blackjacks. They represent a tran­
sition stage from blackjack to yellow pine. This applies to the color 
of the bark which may be described as turning from black to yel­
low or brown. Intermediate trees are often dark on one ::;ide of the 
trunk and light on the other, and the upper portion of the bole is 
darker than the lower part. The tops are somewhat more rounded 
than those of blackjacks. The branches generally are more nearly 
horizontal but the upper ones are distinctly ascending. Boles of a 
given diameter are longer and less tapering than are those of 
blackjack though less cylindrical than those of yellow pine. 

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

Yellow p-ine class.-Yellow pines commonly range from 200 to 
300 years old. As far as years are concerned, trees 300 years old 
may have all the potential vigor necessary for good growth and 
400-year-old trees are often found to be growing vigorou.sly. "Vh.en 
vigor is declining the reasons for such decline ~re ass?clated Wlt~ 
but not necessarily a result of old age. Lar?>,e Size, which IS a .nol­
mal product of age, exposes the tree to In~reased. danger froT? 
physical agencies such as lightni?g and. wlll.d. If the. stand .IS 
crowded the large tree encounters mcreasmg difficulties III oDtalll­
ing enough water. Parasites such as mistle~oe an.d heart rot, hav­
ing once gained a foothold, exert a cumulative eftect With ,advanc­
ing years. All things. consi~er~d, o!d tr.·ee~ .are ~ pO~l'er ~Isk t~a:) 
young ones, but age IS not 111 Itself a limlt.mg factor. A ,:,OO~yeal­
old tree which has escaped the many deterlO!'atlllg ageneleS IS not 
a poor risk except as large size may expose. It to ullusual .hazards. 

Yellow pines are characterized by a l:eddlsh yellow or cllln.amon 
brown bark 011 all sides of the bole, thiS color extendmg; qUite or 
almost to the tip, a tiat or broadly rounded top~ and hOrizontal. or 
drooping branehes. Trees which ha.ve grown In close formation 
have long cylindrical boles comparatively free of branches for one 
or more log lengths. Surface-clear ,logs, however, ar.e rare and are 
eon fined mainly to trees of large diameter. Boles a.ffected by heart 
rot suffer a large reduetion of ]let volume. and thiS loss, to¥,ether 
with mortality, tellds to olfset incre~ent 111 trees over 30. lllche~ 
d. b. h. Sound, well-formed trees which have ~Ieared their boles 
are however to be considered for their value mcrement. In nat­
ura'i stands they are almost the sole souree ?f clear lu.mber. In con­
trast, yellow pine boles that are studded :Wl~h dead. limbs or s~ubs 
are a liaoility which should usually be elimlllated from the glOw­
ing stock to make room for more valuable trees. 

Balanced Gradation of Age Classes 

In order to maintain a sustained yield under selec~ive lo.gging on 
short cutting cycles, it is impol'tant that. at least ti:re of the. age 
classes-seedlings, saplings, poles, b~ackJacks, and mtermedJates 
-be well represented. What proportion of the total are~ or num­
ber should be allotted to each class has not been determl?ed. Cou­
siderable latitude is permissible. As for the yellow ,Pllle eiass, 
its presenee is not essential in a forest fully stocke~ With youlll?er 
classes. Actually, most stands under manage~ent a~te~ conversIOn 
from the wild state will contain many gradations wlthm the broad 
age classes listed. Assuming intervals of 20 years between classes, 
an extreme range of 200 years would provide ten age classes. 
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Age-Diameter Relationships 

~n 'pr~ct~ce it is not necessary to make fine distinctiolls in age. 
\ylthlll hmlts of about 100 years, actual age is less important than 
dl~meter. In order to regulate yield it is necessary to observe cer­
tam relationships in distribution of diameter classes. Although 
these relatIOns ne~d not be ironclad, it is at least essential to have 
many more tre~s Ir;t the lower than in the upper diameters. Exam­
ples of actual .Llistr!bution of diameter classes on areas of 80 acres 0: more are gIven m the next chapter. On none of these areas are 
diameter. classes under 18 inches d. b. ' h. adequately represented. 

In typical even-aged blackjack groups of about 140 years, di­
ameters commonly range from below 12 inches to 26 inches or 
even hig~er. The 9- to ll-inch trees are usually subordinates in the 
mtermedlate crown class; except for greater height smaller 
crowns, and cleaner boles, they are equivalent to poles' GO to 60 
years old. The lur¥est t~ees are dominants corresponding in di­
ameter to yellow pmes of the 200-year class. In between these ex­
tremes are stems ranging mostly from 12 to 20 illches. The group 
as a whole, though aetually even-aged (with a 20-year range) is 
for management. purposes equivalent to a many-aged group w'ith 
age classes ran&,lllg from 60 to 200 years. All trees, barring the 
suppressed or diseased, have the capacity for growth When given 
adequate space. Stems over 24 inches d. b. h. are for the most part 
ready to ?e cut now, havin?' already passed the stage of most 
l?rofitable Increment. Some of the smaller stems have marked time 
for 100 ye.ars; they may continue in a ~ubordinate role during an~ 
other cuttll1g cycle and then grow rapidly to merchantable size if 
released. The fact that such trees may be as much as 300 years old 
when harveste.d does not mean that under management they could 
not have attallled merchantable size in a much shorter period. 
. Average ~l!ameter-~ge tables are interesting and may be of prac­

tical value If used With an ullderstanding of their limitations. It 
must be borne in mind, however, that on the same site individual 
trees .may depart 100 percent 01' more from the average because of 
pec~lll~r en.vI~-on~ental cOllditions. Au example of the extreme 
vanabdlty IS furnished by a summary of' records obtained from the 
W.ing Mou~tain area logged in 1939 (taole 8). The ages were deter­
milled by nng counts 011 stumps of trees felled in a second cutting. 

TABLE 8.-Age in. relation to. diametc1' for three SO-year age 
classes on the Wmg Mountam area of the PO?·t Valley Experi­
mental Forest 30 yea?'s ajteT tint cutting 1 

- - -------------
Age class Diameter at breast height 

Mean. I Range - - Mean ~nimu: T~a==- T~i=~sin 
~-~----y~~- -[.;;;;e-:;- -[.;;;;e-;- - Inrhes - I-'N-;';;J;-;;;-
145_ .. _._ . . --- 141- 170 21.8 10.9 39.::1 1,055 
130 .. _ ... . ... . -/ 111-140 20.8 9.7 / 40.5 979 

~~6~_._ . . '. . 231-260 _ . ~. __ ~~ ~!-. _ _ 4U 1 251 

1 Data cOlUpiled by Wm. L. Chapel (15). 
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Rotation 

At present the rotation period is less important than the cutting 
cycle; but after the old-growth timber has b.een removed, t.he tim.e 
required for trees to grow from stump heIght to a specIfie~. dI­
ameter will assume increasing importance. Under present utIlIza­
tion standards the diameter of the average tree fell ed in commer­
cial logging in the Southwest is approximately: 22 inches, and the 
average age is estimated at 250 years. Ac~ordll1g to table 8, tr.ees 
ill the 145-year age class averaged 2].R lllches d. b. h., rangmg 
from 10.9 to 39.8 inches. At 130 years, the average tree was 20.8 
and the extremes were 9.7 and 10.0. From what is known about 
the response of tree growth to increased spacing, it seems likely 
that with timely improvem ent cutting 22-inch trees could be grown 
on this nrea ill 130 years or even less. 

SITE QUALITY 

The site classification developed by W. H. Meyer (44) for selec­
tively cut ponderosa pine forests of the ~acific Northwest has been 
used in this monograph to rate the relatIve productIve capacIty of 
ponderosa pine forests in Arizona and New Mexico. This classifi­
cation recoo'nizes six site qualities varying from I (the most pro­
ductive, wl~ere total height of mature dominants averages about 
100 feet) to VI (the least productive, where mature dominants 
nverage about 6:) feet in total height). On this basis, southwestern 
ponderosa pille forests vary in site quality from ITI to VI, but the 
large majority of stands fall ill classes IVan? V. .. 

It should be r ecognized that the use of a heIght-age relatJOnshlp 
may underrate the relative productive capacity of southwestern 
pondero"a pine. The preVaICll(;e of lig~tning tends to reduce the 
average heig'ht of mature domlnan.t" smc~ exceptlOllally tall tree" 
are highly susceptible to damage .from thIS "ource. 

TREE CLASSIFICATIONS IN RELATION TO 
GROWTH 

Classification of tree crowns with r0.spect to size, shape; physi­
cal character, and exposure to sunlight dates back ~o the earlIest 
silvicultural practice. The basic concept is that capaCIty for g~·owt.h 
is determined by the capacity of the food laboratory. whIch IS 
vested ill the foliage. A circumstance often overlooked IS that the 
output of the food laboratory is limited not only b!, its own size 
and mechanical efficiency but also by the raw materIal and ~ne~gy 
available. The raw materials are mainly water, carbon dIOXIde, 
nitrogen, and certain mineral elements; the energy is sUI;light or 
solar radiation. Deficiency in one or more of these essentIals may 
become the limiting factor in growth. Several classifications em­
olov different criteria. 
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Position in the Crown Canopy 

. Dominance, or the r~lative position of individual tree crowns 
Il1 a stand! was the baslS of the oldest classification and is still a 
sound basls when used understandingly. Four classes, definerl in 
standard textbooks, are: Dominant, cociominant, intermediate, 
and overtopped or suppressed .. A fifth class-open grown-haR 
been used ~Ith ponderosa pme I n the Southwest for isolated trees 
not competIllg for cro\~n space. The limiting factor is assumed 
to be exposure ~o sunlIght. The great abundance of sunlight in 
the ponderosa pll1e type, together with the open character of the 
pIlle forests, has led many to assume that light is never deficient 
and th.erefore to dIscount the importance of dominance. This as­
sumptIon o~'erlooks .the fact that a small tree may be almost 
wholly deprIved of dIrect sol~r radiation through interception by 
one or more. larger trees. It lR of common observation that when 
ponderosa. pll1e needles are continLJou"ly subjected to shade they 
become thll1 and ,Pale and the tWlgS eventually e1ie. III dense stands 
the. death of tWIgS and ~n:mches proceeds from the ground up­
ward untIl the only r~maIllmg green foliage may consist of small 
~uf~s .at the extreme tIps of tall, slender poles. Tn sllch stands, the 
mdIvlduals whIch chance to be a few feet taller than their neigh­
bors have a great advantage. This relation was r0.arlily observed 
by early foresters, even though they may )Jot have known much 
abo~t photosynthesis and metabolism. 

DIameter gro:vth in the four classes is generally in descending 
order from donunant to ov~rto1)lJed, alth?ugh the relationship be­
tweell domll1ant a~d codomlllant classes IS not strictly consistent. 
The reason for thIS lack of consistency i" that the classification 
does not take ground space into account. Generally a dominant has 
more gro.und sl?ace than a codominant, but this is not always true. 
The dom!nant III a large group. may be pre"sed by many smaller 
trees ~hlch, though unable to Interfere seriously with its access 
to sunlI.g~t, may e.ncroac~ upon its root zone and exert severe root 
c?mpetlbon. Dommants III such positions sooner or later decline in 
dlameter ~rowth and their crowns may "ufTer sharp reduction by 
loss ?f folIage through .shading of lower branches. Codominants 
genel ally grow ,les" rapIdly than dominants because both crowns 
an~ l:OOtS, e.speclally the latter, are subjected to more intense com­
petItIon. WIth correc~ spacing, however, it is posRible for codomi­
nants to grow as rapIdly as dominants. Trees in the intermediate 
and. ?ver.topped classes are always of slow growth because their 
POSItIon 1S the result of crowding. As will be shown later the slow 
gro~th of trees under domination is no criterion of g~owth ca­
paCIty When released by management. 

Age-and-Vigor Classes 

. . Another sy~tem of c!a.ssification is based on age of trees and the 
~;~e and phYSIcal c?ndltIon of their crowns. It integrates the rei a­

n between the sI~e of the .tree and the area of active crown or 
leaf surface, assummg that m the final analysis area of leaf sur-
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face is a measure of growth capacity. The idea was first intro­
duced by Dunning (21) in California who separated the trees of 
cut-over ponderosa pine stands into seven classes. More recently, 
Keen (31, 32), working in the Northwest, elaborated a similar 
scheme which, though based on the same gen~ral concept, organ­
ized the classes on a different pIau. Keen used four age classes cor­
responding roughly to the broad age classes of the Southwest: 
each class is further divided into foUl" "vigor" classes correspond­
ing roughly to the standard dominanee classes, but 'placing. mO~'e 
stress upon size and density of the crown than lIpon Its pOSitIOn lJ1 

the canopy. 
A modified age-and-vigor classification was developed by Thom­

son (84) for use with ponderosa pine in the Southwest. Thumsoll 
recognized four age classes and five vigor classes, which may be 
briefly described as follows: 

AGE CLASSES 

1. Young blackjacks (mainly below 12 inches d. b. h.). 
II . Blackjacks of saw-timber size (usually 12 inches d. b. h. or larger). 

III. Intermediates or young yellow pmes (mature). 
IV. Old yellow pines (overmature). 

VIGOR CLASSES 

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

A. Full vigor, crown G5 to 70 percent of tree heIght. . 
B. Good to fair vigor, crown 35 to 55 percent of tree heIght. 
C. Fair to poor vigor, crown 20 to 3G jJercent of ~ree hel/fht. 
D. Very poor vigor, Cl'own less tban :W pcrcent of trce heIght. 

Thomson's modified c1assiiil:ation has been used for de~cribing 
indi vidual trees on several of the Fort Valley plots and is the basis 
for the "tree class" designations given in this and later chapters. 

Keen designed the age-and-vigor c1assitication primarily for 
purposes of rating bark-beetle suscepti bility, but til!Iber managers 
have used it widely as a basis for silvicultura.1 practice. ~he t~eor~ 
is that growth rate decl'eases with age and Increases With Size of 
active crown. That young trees grow more rapidly th~n old on~s 
cannot be disputed; but under 20q yem's, 3;ge IS no ser.lOus handi­
cap in southwestern ponderosa p.me. As for crown SIze, growth 
figures obtained by mass averagmg support the theo~·y.; but on 
examination of individual trees, exceptions are sestnkmg as to 
raise doubts as to the soundness of the principle. Analysis in the 
light of plant physiology points in the same direction. It is true 
that the average A tree grows faster than the average C tree, but 
many individual C trees grow ~s rapidly. as t~e best A trees. There 
is a "law of the minimum" whIch says, m effect, that growth rate 
is govemed by the essential element whi~h i~ least avail.able. 

In a region such as the Southwest, 'yhlch IS. char::c~en~ed by ::n 
overabundance of sunshine and a defiCiency of precIpItatIOn, mOIs­
ture rather than solar energy is most likely to be the critical fac­
tor. And growth is dependent more upon a large root system than 
upon a large crown. It is possible that leaf surface beyond the re-
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quiren:ents of ph.oto~ynthesis can become a hindrance by inducing 
exceSSive transpiratIOn. The enormous volume of limb wood in 
Class A trees and ·wolf trees furthermore represents wasted 
energy, to say nothing of lumber quality. 

It follows that ~r~wn. size, used as an index of growth, is sub­
ject to the same I1mltatlOns as crown dominance: neither a large 
crown nor free exposure to sunlight avails if the root system is 
unable t.o supply the needed water. Class A trees usually maintain 
a supenor growth r';lte because, in addition to being dominant, 
they are also usually Isolated. In less degree, the same is true of B 
tree:;, as (;ompal'cd with those of dasses C 01' D. Not only is crowlJ 
size associated with position but it is determined by position. A 
large crown is not the cause of rapid bole growth but is itself an 
effect of the s~me factor that p~-oduces rapid bole ~'l'owth, namely, 
abundallt mOIsture made pOSSible by a large root system in an 
area relatively free of competition by other vegetation. 

Growth tables based on the age-and-vigor classification have 
shown a marked decline in growth rate through the series of 
"vigor" classes from A to D. These tables, however, disregard the 
fact that class A and class B trees usually occupy much more 
ground space than do class C and class D trees of the same di­
ameter. Briegleb's (11) tables are based on growth in virgin stands 
where A and B trees are the dominants which have appropriated 
more than the average share of space. Hornibrook's (30) and 
Thomson's (84, .85) figures on gr?wth in cut-over stands evidently 
have not taken lI1to account the fact that only a small proportion 
of the C and D trees have been adequately released in past cutting, 
w~ereas t.he A trees and, to a less extent, the B trees remaining 
after cuttmg are generally isolated. 

Another practice which places the C and D trees at a disad­
vantage is ~hat of thl:owing into these classes all trees suffering 
from any allme.nt 'yhlch ~a.s reduced the leaf area. Thus a large 
A or B tree which IS dechnmg as a result of lightning mistletoe 
or squil'l'el injury, automatically falls into the C or D ciass. ' 

Position on the Ground 

Withip well-sto~ked stands it is impossible, without extensive 
excava~lOn, to outline the root pattern of individual trees and thus 
determm.e the degree to which one competes with another. From 
observatIOns of windfalls, however, it is apparent that trees within 
groups have more r~stricted r.oot systems than trees on the edge 
of the group or entirely outSIde. Occasionally an interior domi­
nant, usually.older than its associates, may send some roots clear 
beyond them Il1to an opeu space, o~ a large tree outside of a group 
rna.):' send roots lilt!! the group. Wlth the foregoing clues, the fol­
low~ng rough c1asSlfi~ation is used for rating the relative space 
avaIla?le to the indiVidual tree or its position on the ground. The 
followmg symbols have been used to designate typical positions: 

X. Iso/ateci.-At least 30 feet (usually mOl'e) from other trees. 
O. Open.-;-Detached from.a group but neUl·er than 30 feet. 
M. lvlarg!nal.-In the outSIde rank of a group or only slightly inside 
I. Inte'I''Wr.-Distinctly within the group. . 
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Growth rates of tagged trees have shown a fairly consistent corre-
lation with position on the ground. . 

Figure 10 illustrates the influ.ence of ground space on dIameter 
growth in t~ee blackjack~, all JJ1 age class II and. cro:vn. c18:ss ~, 
but one intenor, one margmal, and o~e open: Despite slmllan~y m 
age and vigor, the open-grown tree IS growlllg about three times 
as fast as the interior dominant. 

FIGURE 10.-Three blackjacks, all with class 13 ~rowns but in different. posi­
tions in a large group. Diametel' gro'Yth dur!ng' deca de .lnn-30: tl.ee at 
left, interior, nominant, growth 0.8 mch; nght, marg'l~a~, cClnommallt., 
growth 1.G inches; rear center, open, clommant, growth 2 .. ) mches. 

A Comparison of Ground Space and Crown Vigor 

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

TABLE 9.-A 1}cmgclO-?lcnr du('m r- t('.? · f]1'o1l!th of S 48 t?'("es in 2 1 
hlackjnck groups hy J( er:n's 1Jigo)' Ci(l.S8 nnd by f/1'01.l.nd position 
class. Win,!? M ountnin S(7,1n]Jlc Plot (S8) , .tr12.1I-SrJ 

Ground pClsition rlass ... " 1 
Vigor I .. - - "1-- .. ~ . -..... - . po~Uon Basis. 
rlass X 0 M I classes I trees 

(isolat.ed) (open) (margina]\ (interiM) __ .~ _ _ _ I_ ____ _ ____ ___ _ _____ . _ _____ 1 _ ___ _ 

Tnches . Inches Inrhc? Inches JTU'hes Num.ber 
A. _. __ •. 2 39 1 .74 1 .. 33 ________ _ J .77 59 
B __ __ __ _ . _ .. _ . _ . _ _ _ 1. 79 1 .34 O. R4 \.3n 84 
C .... . __ __ _ __ __ _ . __ _ 1.74 1.85 .98 1.29 \40 
D __ . _ _ . __ _____ . _. _ . . _ _ _ _ _ _ _ _ _ .90 .52 0 . 63 65 

All vigor 
classes .. _ 2.39 l. 76 1.29 .75 1.26 

- ---- ---~ 

Number Number Number Number 
Basis, trees 15 60 17\ 102 - - --- ----- a48 

I All trees in age classes II 01' III. Crown length in percent of total height: 
A, 55 or more; B, 35-55; C, 20-35; D, under 20. 

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

When the vigor classes are further divided into ground position 
f'ubclasses, however, the picture changes radically. Corresponding 
position classes show almost identical diameter growth through 
vigor classes A, B, and C. X (isolated) trees are represented in 
only one vigor claRs-A, whereas I (intprior) trees are missing 
from class A. This mode of occurrence is characteristic and ex­
plains the high average diameter growth usually found in class 
A trees. All the class D trees were in ground positions M or I; 
they were mostly of o;ubnormal root and erown development be­
cause of prolonged subordination. 

When a second cutting was made in 1089, about half of the trees 
in groulld position M or I (table 0) were released and retained in 
the reserve stand. A record of their average 5-year diameter 
growth following cutting (table 10) shows that all vigor classes 
respond well to release. Response is ordinarily most pronounced 
III position classes M or I, because it is here that increased space 
IS most needed. Average diameter growth following release was 
almost identical in vigor classes A, B, and C. On a percentage 
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basis, class D trees showed the l?;reatest response to r~lease; but 
actual diameter growth was COlls1derably below that of the other 
vigor classes. 

TABLE 10.-Avemge 5-'yewl" diamet c'i" gJ'o wth of 1'cleased t?'ees 'iu 
groU'lid lJositions I and M, by 'l)'igO?' classes, befm'e and altc'!' 
c'utting 
-- - -- ---,- --

Vigor class Trees 

------ ----- -
A_ . .. . ..... ... . ... . ' .. . .. " • 
B . ... .. . .. .. . ... .. . ..... . . . . 
C o. . . .... .. ... . .. . .. .. .... . -
D . ... . ........ .. .. .. . _ . .. . . 

Number 
6 

33 
63 
31 

Average 5-ye,lI' diameter growth 

. ~efore c~tting I Aft::~ing 
(19:34- 39) (1939-44) 

Inches 
0.66 

.62 
,61 
,32 

inches 
1.00 
1.0<! 

,96 
. 56 

Of the two classifications ground space evidently provides the 
best clue to the gruwth capacity of the individu!'ll tree. Where 
harvest cutting- operations are involved, however, It shou!d be r,e­
membered that the space after cutting, not before cutttng, Will 
exert the primary influence. 

Use and Limitations of Tree Classifications 
Young trees grow faster than old ones; but ponderosa pille re ~ 

mains physiologically young until at least 200 .years old, and If. 
other conditions are favorable good vigor persists to an age. of 
400 years or more. lnjury, disease. l:ompetitioll, and sheer Size, 
rather than age, are the limiting facturs in old trees. . 

Crown size becomes limiting only in extremes. Rapid growth 
is found in classes A, B,and C, but class D is belo\~ or near the 
limit of photosynthetic adequacy. There are indicatIOns that. e~­
tremely large crOW11S are a hindrallce to bole growth, alld thiS IS 
certainly true as regards quality. , , 

Crown dominance is important to the extellt that It. expr~sses 
access to direct sunlight. Exposure of the upper POI:tIOTI Of. the 
crown equal to one-third the total height of the Y'ee .1S wfficlent. 

Ground space as an expression of access to soil mOisture rCll!k:s 
with crown domillunce. Utilizatiun of soil space, how e~er, IS ol,ffi­
cult io meaSllre or estimate beea use the roots are hidden. 'I he 
terms i!!olated, o'Ut::;icle, 'marg'inul. and inte1'i O'l' arc only rough ap­
proximations of the soil actually utilized. Ol.Jviously, ground ~pa.ce 
does not avail if the root system is subnormal on account of diS-
ease, injury, or restricted development. . ' 

Tree classifications are useful mainly for purposes of deSCrip­
tion. Collectively, the three classifications here discussed, .when 
supplemented by all appraisal of bole form and genera~ phYSIOlog­
ical condition, can serve as a guide to silvicultural cuttmg; but no 
onp. svst.p.m is adeauate when used alone. 

Cutting in Virgin Stands 
Silvicultural cutting aims at three broad objectives: (1) To 

harvest the crop of merchantable timber; (2) to leave a growing 
stock capable of producing satisfactory future crops at required 
intervals; and (3) to encourage natural r egeneration where stock­
ing is deficient. Ideas regarding the best ways of achieving these 
objects have been modified from time to time. They have found 
expression in "methods of cutting" applied in both extensive and 
experimental practice . 

METHODS TESTED AT FORT VALLEY 
Six methods of cutting have been tested in the Fort Valley Ex­

perimental Forest: Group selection, light selection, scattered seed 
tree, favoring dominants, improvement selection, and salvage, 
The sample plots representing each method are listed in table 11, 
along with pertinent information concerning each plot. An undis­
turbed virgin stand is included in the series for the purpose of 
comparison. An additional method of cutting, maturity selection, 
is not included in the Fort Valley series, but it has been widely 
employed and is discussed later in the chapter. Residual stands, 
broken down into 3-inch classes above 8 inches d. b. h., are shown 
for each area in table 12. Cutting practice under each method and 
special conditions encountered on each area are described in the 
following pages. 

Group Selection 
Understanding the philosophy of group selection requires that 

the governing conditions be taken into account. Large operations 
before about 1930 usually employed railroad logging. Liquidation 
of fixed charges required a minimum cut of 4,000 to 6,000 board 
feet per acre, depending upon location and total volume available 
to amortize the cost of railroads. Such growth figures as were to 
be had indicated that from 60 to 100 years must elapse before in­
crement could provide enough volume to justify a second cut. In 
such a program large yellow pines left for seed were regarded as 
a liability chargeable against regeneration. Consequently, where 
advance reproduction was present heavy cutting in the yellow pine 
class was common. Contracts generally called for reserving one­
third of the merchantable volume; but in many instances, par­
ticularly where few seed trees were thought necessary, the re­
serve was cOllsiderably lov.'er. Residual volumes varied from 4,000 
board feet per acre to as low as 1,500 board feet. In general, bbck­
jack groups were left intact while yellow pine groups were heavily 
cut. 

The eflect was dense gTOUpS of blackjack separated by spaces 
100 to 300 feet in diameter occupied only by occasional large seed 
trees. Such a cutting is illustrated in figure 11.. The map was made 
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directly after cutting; trees which died ~uring t~e next
F
20 tyeVarls 

d · t d later Th1'ee areas now Included In the or a -were eSlgna e . d . 
Ie Exper imental Forest (S3, S4, and S5~1) were c~t un. e1 group 
sJection from 1909 to 1913. They are bnefly described In the fol-
lowing paragraphs. h t 

Wing Mountain plot S.)'.-This is the lar~est and one of t e wo 
earliest sample plots. Lying 6 miles west of the Fort Valley head-

0 D 
o 

121 0- " 

'6 )3 ,-
6' FT 

. -' 

@ 'fELLOW PINE @ BL ACKJACK 

ta Y'ELI..Ow PINE STUMP 0 BLACK JAC.K STUMP 

• YEllOW PINE . OEAO • ALACKJACK., DEAO, • 

",":lInF. 11.-Disll'ibution of trees after group selectIOn cuttmg. 
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quarters, its altitude, temperature, and precipitation are similar 
to those at the headquarters (table 2). Site quality is a high V. 
The soil is a fairly deep, stony clay loam of volcanic origin, slightly 
acid in reaction. The original stand consisted mainly of three 
broad age classes ranging from 100 to 300 years old and from 12 
to 40 inches d. b. h. Au even-aged group arrangement was very 
pronounced. Cutting, in 1909, was strongly influenced by the ,ab­
sence of advance reproductioll and the presence of mistletoe. Many 
large yellow pines were left as seed trees. Blackjack groups were 
generally left intact, but in someplacE'S trees with heavy mistle­
toe infection were cut as a salvage measure. 

The original gross volume on this plot was about 12 M board 
feet per acre. Of a residual stand of 3,520 board feet pel' acre, 58 
percent was in the blackjack or intermediate age classes. Table 12 
reveals a great deficiency of diameter classes below 18 inches, 
and other records show that the deficiency Lecomes even more 
outstanding on approaching the 4-iuch class. The area occupied 
by trees just after the cutting is estimated at ouly one-third of the 
total. Spots a hundred yards 01' more in diameter were left un­
stocked except for occasional seed trees. These opell areas became 
almost completely restocked with seedlillgs in 1919. 

Cinder plot S4.-This area was logged and records begun in 
the same year as the Wing Mountain plot. In many respects the 
two plots present strong contrasts. The cinder area lies 13 miles 
east of Fort Valley at an alb tude of 6,700 f eet, near the lower bor­
der of the ponderosa pine type. The site quality is low V, deter­
mined by lower prec ipitation (about 20 inches) and higher evapo­
ration than on the Wing Mountain plot. As the name implies , the 
soil is covered with volcanic cinders, black or red, to depths vary­
ing from an inch to several feet. Water penetrates the cind-ers 
readily, but the upper layer s dry out quickly. Age classes and di­
ameter classes were about the same as on the Wing Mountain plot, 
including absence of advance reproduction. 

Although marking here followed the same principles as on the 
Wing Mountain area, a lighter and more open original stand re­
sulted in leaving a thoLlsand board feet pel' acre less. The trees are 
generally shorter and limbier. Unlike Wing Mountain, this area 
is entirely free of mistletoe. Young seedlings have come in spar­
ingly, with the result that 35 years after cutting, large openings 
still remain sparsely stocked. 

Coulter- Ranch plot S5-1.-This group selection cutting belongs 
in a series of three, logged and established in 1913 for the purpose 
of comparing group selection with light selection (S5-3), and 
scattered-seed-tree (S5-2) cuttings (fig. 12). The site quality is V-, 
determined mainly by a shallow soil. Altitude and precipitation 
are almost identical with Fort Valley and Wing Mountain. The 
original stand was considerably lighter than on the Wing Moun­
tain area, and cutting removed about 60 percent, leaving 2,846 
board feet pel' acre. Diameter classes show the characteristic de­
ficiency of stems below 15 inches, although poles and saplings were 
more abundant than on the Wing Mountain area. Scattered ad­
vance reproduction supplemented by partial restocking in 1919 
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F 16974A. 17020A 

FIGURF. 12.-Thl.'cc mcthod ~ of cutting- in th e Coulter Ran ch ~er i0 ~ of plot> 
log-g'cr! and photop;raphccl in l Ol a . 

11, Scattered-seed-tree method (plot 8,,-2). Tre.e~ le.ft., pr illl!!.!'ily fOI' sped 
supply, numhprccl Cl.D ller acre, mainly OVf~ I: 18 inche~ rI. h. h. Rlad, jack 
groups were cut severely. The harclwoods al'e Gambel oak of no c.om11lC'I'c.ml 
value. 

B, Group selection. Blilck,iilck gTOUp intact, chilracteristic of hath .c:rOU]l 
selection ancl light selection. Under the scattered-seen-tree mcthod lIcarly 
all the blackjacks 12 inche, an~ over woulcl have been cuL Under light 
selection several of the yellow pmes represented by s tumps In foreground 
would have been left. 
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FIGURE 12 contillued.-C, Light selcction. Unrler group selection most of the 
large trees would havc been cut, though leaving a few for ~ecrl. Large 
natural opcnings as seen in the f oreground are com mon to all methocls 
of cutting . 

has given rise to a fair pole class. Mistletoe has infeCted a large 
proportion of trees in all age classes. Of the th ree Cou lter-Ranch 
plots, S5-1 is the poorest site (table ll)-characterized by shallow, 
very stony, clayey soil and short timber. 

Light Selection 

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

Coulter Ranch plot S5-3.-This light selection cuttil1g left nu­
me~ous large yellow pines, which account for the relatively heavy 
reSidual volume of 4,500 board feet. Wind, lightning, and mistle-
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toe have taken an enormOLlS toll from these large trees; but for 
the most part they served their purpose in providing an ample 
seed supply before they were lost. Most of that portion of the 
area which received protection against grazing restocked well in 
1919. Mistletoe is at its worst on this area, having infected all age 
classes, including large pole groups which but for this pest would 
contribute much to the future growing stock. This area is th e only 
early example of light cutting under experimental record , and it 
has provided u~eful guides in the light-cutting practice developed 
in recent years. 

Scattered Seed Tree Cutting 

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

Goulte?· Ranch plot S5-2.-This plot has a general northerly as­
pect wherea~ the other two Coulter Ranch plots face the south; 
in no case, however, are the slopes steep. Although accurate re­
cords are not available, this stand is thought to have been some­
what heavier than the other two. As shown by table 11, the re­
served stand contained only 3.9 trees per acre 12 inches and over 
d. b. h., less than one-third the number on the compa11ion plots 
S5-1 and S5-0. A few poles alld clumps of Gambel oak helped to 
relieve the general banen effect following cutting. Advance re­
production below the' pole stage was deficient here as on the other 
two areas, but reproduction after cutting has exceeded all expec­
tations, considering the few seed trees. With respect to reserved 
volume, this area compares favorably with some group selection 
cuttings; the difference is that in heavy group selection cuttings 
the volume is mainly in many small blackjacks, whereas here it 
is mainly in few relatively large yellow pilles. 

Favoring Dominants 

One of the main tenets of ponderosa pine silviculture has been 
the belief that large-crowned dominants constitute the best grow­
iug stock. During the many years when restocki11g was a major 
problem in the Southwest, seed production was a further and in 
fact the primary incentive to leaving this type of tree. The speci­
fications for seed trees called for healthy, full-crowned, preferably 
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isolated trees at least 20 inches d. b. h. (54). Studies also indicated 
~he need of at least foul' such trees per acre; and since the black­
Jack class s~ldom afforded enough seed trees in the right places 
the yello~ pI:ne c1a~,s was called upon to make up the deficit. 

Inve.sbgabo,ns (oJ 7) had. sho:vn that well-released yellow pine 
seed t! ees weI e c;;tpable of a hIgh growth rate, even ill diameter 
c,lasses above ~O ll1ches. It was therefore reasoned that a more 
!lberal quota of .Iarge yellow pines would add substantially to the 
1I1crement, prOVIded that too many were not lost before the second 

F- 423672 

FI~U~E 13,:-A ula c~j" ck g roup opened by cutting undel' the method favol'­
mg dommullts, Small-el'owned tl'ees IUJ'g'c enou o'h to nl<lk .. ', 1 lop, "'''1,,0 
generally cut ' " - eo' ~ 

cut. Furtherm~re, it was recog.nized that the principle of acceler­
f~~d growt~ after r~lease cuttlllg applied also to blackjacks. All 

IS reasonlllg was mfluenced by the thourrht that the best re­
~ponsed ':,ould be obtained from trees of ;eJatively large, well­
orme , and well-exposed crowns. 

F01't Vall e'l , plot S'7 Th ' ., . ltd f' . 
• ,J .- e al ea se ec e 01' thIS type of cuttll1g 

consIsts of 160 acres located within one-fourth mile of the Fort 
~ ally headqllarter~. It was logged in the fall of 1924 and the sam­
pep at was establIshed in 1925. (Adjoining is the virgin stand 
sa~ple plot S6, also comprising 160 acres.) The original stand i~ 
es Ima~ed ~o hav~ contained slightly under 12,000 board feet pe~ 
!f~e. ~ttm$" left .3,423 board feet. The remaining volume was 

lotost IdentIcal WIth th~t of the Wing Mountain group selection 
p S3. In the yellow pme class, volume and distribution on the 
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two plots were quite similar, and for this reason S7 has been re­
ferred to as group selection cutting. But treatment of the bla~k­
jack groups was very dissimilar: on S3 they wer.e left almos~ 111-
tact whereas they were opened up on S7 .. It 1S m the bla~k.1ack 
and pole groups that cutting to favor dommants found maJor ex­
pression. Subordinate bl~ck.iacks were cut where large eno.ugh to 
make logs, in order to give more space to the favored dommants. 
Figure 13 illustrates a blackjack group a~ter the ~utt111g, and fig­
ure 14 shows two common types in the mtermed1a.te and yellow 
pine classes. The rough dominant in figure ]4, A IS not only of 
poor quality but is ~Iso .a m1stletoe beare.r. By c?ntrast, the !a'rge, 
clean-boled yellow pme m figure ]4, B wIll contl1bute value Incre­
ment as long as it can be kept growing. 

FIGURE 14.-Two types of larg-e trees left in c,uttinp; under the favoring-
dominants methorl. Cut in 1!)24, phbtogr'al?hccl In 1040. . 

A 2!1-inch blackjack of poor form domlllatmg good poles oJ.1 a ll SIdes. 
llia';leter growth by- 5-year periods 1925-45: 0.0, 0.7, 0.8, 0.1,. mC.h.. . 

8, 34-inch yellow pin e of good bole In a group .of 12 stumps ~ep: esent~l1g 
trees down to 12 inches d. b. h. Althoup;h thIS l S a line ,tree ~t 1S. fl. Illg~ 
'i sk and when gone it will leave a vacant space of about y" aCI e. DU11l1etp.l 
~ro'~th by G-year periods 1025-4fi: 1.5,1.0,0.7,0.4 mehes . . 

Salvage Cutting 

The salvage method removes only (!istinc~ly declining trees! with 
the object of salvaging usable matenal wh Ich would be lost If left 
until a regular commercial cutlmg IS made ~O to ?O years later. 
An advantage of the practice is .that the relat~vely 1.lght cut makes 
it possible to cover large ar~as m a short penod .. SlIlce only ~mall 
mills are usually interested m thIS type of ope ratlOn, however, the 
"O"P"rpl!atf1 area' covered is likely to remain small. Many small op-
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erations spr~ng in~o existence under the stimulus of boom prices 
durmg and nnmedlately aftpr World War II. It is reasonable to 
expect a decrease in this class of activity if the demand for lum­
ber declmes toward prewar level s. Since the volume removed in 
salvage cu~ting i~ relativ~ly small, the existence of adequate roads, 
or 11. ten'am whIch requ1res lIttle or no road building, is a pre­
reqUls1te. 

Fm't Valle!! )llot. S6B.--This salVage cutting area is the east 
half of a 169-acre vIrgIn stand which had been carried as a sample 
plot (S6) Sll1ce 1924. Thus, the cut-over al'ea has individual tree 
records which began 11) years before the 1940 cutting. Cutting in 
1940 removed 1,000 board feet gross from a stand containing 
12,000 .board feet per acre. Cull alJd defect amounted to 48 per­
cent. Smce a second cut III .1 0 years was planned, only distinctly 
dechnmg trees were removed. This left a considerable number 
ihai had be~1J struck by lightningbut gave promise of pen;istence. 
Many tree14 In early stages of decltne wert' left becall~ (' appearance 
indicated th::tt t.hey Would live 10 years more. 

Maturity Selection 

Maturity selection was cteveloped in the Pacific Northwest Ull­
der conditions in which operators fo und it un! )rofitable co hUlJdle 
any trees but those of relatively high quality. TIe method is an at­
tempt to har!l1onize silviculture and economics LInder adveri'e eco­
nomIC COllcIJtlOns. It makes use of clasfiifled growth tables designed 
to show the net percent of volume increment in each class; it" a lso 
employs tables shOWIng the margmal value, after deducting cosl 
of loggIng and manufacture. of trees of different diameter and 
log grades (ln, [2,47,48). Assuming that grosfi earning capacity 
IS proport ?lJal to net volume .increment, net 2arning~ are ex­
pressed by 1l1Cremellt percent mInu<; a fixed interest 011 the inVl':-,;t­
menL If the mterest rate is as high as :) percent tile net earllin!:!" 
capacIty of the I~rger trees i::- nearly always a minllS quantity al/ri 
IS. ca! 'ed a cayrymg charge 0T the cost to the owner of holding thf' 
bee III questlOn. If the margInal value of the tree is low, the carrv-
1IIg" c~arge be.come<; correspondingly low, and if the marginal 
:alue 1S ne,gat~ve the carrYlllg ~harge becomes zero. Only young 
and ~ast-gl o~Jng trees of relat1vely low diameter are capable of 
pmatIve earnings- that is, a net annual volume increment exceccl­III g 3 percen t. 

Selection by Age.and.Vigor Classes 

. Maiurity selection grow~h lables give the growth in diameler or 
l~creJ~ent m. per~ent by Keen's age-and-vigor classes.' Invariably t, c, ~I owth .late _IS h1ghcr for relatIvely young trees than for old 
t .. eos and hlg~el ~or large-crown erl. trees than for smRII-crowllerl 
1 ees. A comblllatlOn of age and vIgor III merchantable dil/meter 

.~--

c. Ai':e-anrl-vfgor rla,cf'CS are defined on )1. 41. 
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classes gives the highest growth rate for II-A.trees an<;l the lowest 
for IV -D trees, with intermediate rates for mtermedlate grad~s. 

On the basis of cal'l'ying charges as indicated by ~rowth capacity 
and log grades, Bruce (12) has developed a I?arkll1g schedule for 
the Northwest, and a slight modification of th.e sa~e table ~as 
been used by Munger and Briegleb (48). Key pomts III the speCifi­
cations are: (1) The older age classes are marked to a lower di­
ameter thall are young age classes, (~) small-crowned trees are 
marked to lower diameters than are large-crowned trees, and (3) 
trees of a high log-grade composition are marked .t9 a smaller di­
ameter than are those of a low log-grade composItion. In classes 
IV -C and IV -D, trees of high value are marked to the lowest mer­
chantable diameter but those of the lower grades are not cut un­
less the diameter i; at least 34 inches. Notrees in age class II are 
cut and of course this rule applies also to class I, which includefi 
mainly those trees below 12 inches d. b. h. 

Modified Practice ill the Southwest 

For several years prior to 1946 maturity.selection was employed 
in modified form in the Southwestern ReglOn of the Forest S.erv­
ice. Log-grade composition and carrying charges wer~ disre­
garded; but the Keen tree classification was used as !l:n mdex of 
growth capacity. Application of the method has been discussed by 
Thomson (84,85). 

Maturity selection was not included among the more recent Fo~t 
Valley cutting experiments because its major te11~ts. are not m 
accord with findings on management areas where mdlvldual t~ee 
records have been carried 20 years or more (70, 72). Followmg 
are some of the more important discrepancies: . 

1. Fort Valley tree records indicate t~at dia~eter. growth IS 
related more closely to ground space' avaliable followmg cutt1l1g 
than to age and vigor prior to cutting (tables 9 and 10): . 

2. In a region characterized by drought ~I!d low-qual.lty timber, 
release of desi rable trees from root competitIOn by cuttlllg less de­
sirable stems is the key to effective silviculture.. . 

3. Large-cro\ovned trees are often t~e limby dom111ants or woll 
trees which have U'rown more or less 111 the open; small-crowned 
tree!:! are the cod~millants 01' intermediates in cro.wde? stands. 
Small-crowned trees usually display the clear, cyhndncal boles 
that should be retained to promote value inc~en:ent. . . 

4. Ponderosa pine stands are charactenstIcally deficle!1t . In 
grow ing stock of young !l:ge (or small diam~ter) classes. B ulidmg 
up this part of the growmg stock by. fav9r1l1g t~e better t:>:pe of 
poles, blackjacks, and small yellow pmes IS conSidered a pnmary 
object of silviculture in the South\o~est. . . 

The nearest approach to mat~nty selectIOn lll. the Fort Valley 
Experimental Forest is the C~tt111~ to favor dommant~ on sample 
plot S7, logged in 1924. Markl.ng 111 th~ mature class followe~ es­
sentially the pattern of matunty s~lectlOn, though "':'Ithout use of 
an age-and-vigor classification. In I.mmature c!asses I~ went a step 
beyond maturity selection by cuttl!lg subord1l1ates, If . merchant­
able, where they were competing With the favored dommants. 
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Improvement Selection 
Improvement selection was developed in the Fort Valley Ex­

perimental Forest because it was realized that other methods had 
proved si~viculturally defi~ient. As the name implies, improvement 
;;electlOn IS planned and directed toward improvement of the iltand 
(70,72). 

Improvement selectioll recognizes and undertakes to correct 
as fal' as possible, the common deficiencies of ponderosa pin~ 
stands : (1) General understocking accompanied by local over­
stocking, (2) a preponderance of mature classes at the expense of 
immature classes, (3) poor spacing and inefficient use of soil mois­
ture, (4) prevalence of low quality due to inadequate natural prun­
ing anddominan~e of int:erior types, and (5) high mortality rate 
and low productive effiCiency oy,..large trees. These factors are 
closely interrelated; individua;fy or collectively they account ill 
large measure for the low yield of unmanaged ponderosa pine. 

Silvicult~rall'y and ~conomically the primary aim of improve­
ment selection IS to budd up an effective growing stock. This takes 
precedence over .im~ediate timber sale receipts and yield of the 
near future. ImtIal1l1crement may be low but it is expected to rise 
with development of the growing stock, and quality is expected 
to rise more t~an volume increment. But ponderosa pine stands 
~re usually so Irregular that development of a satisfactory grow-
111g stock IS a slow process. An adequate growing stock must first 
~f all contain el1:0ugh well-distrib~ted trees to make reasonably 
full use of th~ soll; and the gra~atlOn of size classes must provide 
for a successIOn of cuts at relatively short intervals. 
. The first step, ~n conjunctio~ "vith harvesting the crop, is to 

hberate trees which have a sllvlcultural and economic future . 
Trees of good bole and potential growth capacity will be found in 
mature as well as immature classes. In yellow pine groups they 
are the smaller stems, codominallts 01' intermed iates of short 
crown a llel relatively clear bole. In addition to removal' of declin­
ing and low-.q~ality tl'ees, the stand must be opened up enough to 
er.mble rema1l1111g trees to grow and bear seed. No rules can be 
given as to what volume should be left, but generally there should 
be enough relatively large trees to provide several cuts within the 
next 50 years. 

Blac.kjack g~oups offer the greatest opportunity for salvage of 
potential growmg stock. Removal of a single limby dominant USLl­
ally l!~erates several smaller trees of good form. The increment 
borer IS a be~ter guide than spacing rules. Diameter growth of 
~ess than 1.5 mches per decade generally calls for thinning' but 
~t should be borne in mind that moderate growth on many ;tems 
IS preferable to maximum growth on a few. 

If ~paces between yellow pine or blackjack groups have been 
o~cup:ed by poles, saplmgs, and seedlings, the future of sustained 
Ylel<;l.ls secure. Wolf trees and other undesirable types should be 
cut If merchantable. A market for stems below sawloo' size would 
open new vistas in silviculture, but at this point com~ercial cut­
tmg. merges into stand improvement, which is discussed in a later 
sectIOn. 
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Better Use of Soil Moisture 

It is axiomatic that wherever moisture is the limiting factor in 
survival and growth, silviculture calls for clevelopmenL of a "trollg 
root system, in proportion to the size of the tree. The demand for 
root space invariably exceeds the demand for crown space. FastE's\' 
growing trees may be in vigor class A, B, or C, but they are nearly 
always in position clas" X (isolated), 0 (open), or M (marginal), 
meaning that the roots can extend freely in at least one direcLioll. 
Slow growers may be in any vigor class hut are invariably in posi­
tion class I (interior). 

Partial cutting, in addition to harvesting the mature crop, ef­
fects a redistribution of soil moisture among the remaining trees. 
Ideally, a harvest cutting under any selection system should leave 
the soil almost fully occupied. In overmature stands this result is 
not always attainable but it should still be held up as an objective. 
In typical blackjack groups, as will be shown later, 30 to 40 per­
cent of the volume can be removed without lowering the volume 
increment during the ensuing 20 years, and if the trees have been 
well selected, value increment will increase greatly. 

If the stand is stocked to the limit of the moisture supply, in- \ 
crease in size of individual trees must be accompanied by decline \ 
in diameter growth unless some of the trees are removed. Under 
a stocking that makes most efficiellt use of the soil, stems above 
the 20-inch class seldom grow in diameter at a rate exceeding- 1.01 
inches per decade, and as they approach 30 inches the growth will 
decline to 1 inch or less per decade. Wider spacing can increase 
these figures, hut it should be remembered that the ultimate cri­
terion is not diameter growth of individual trees but volume and 
quality increment of the stand as a whole. 

Placing Increment on the Best Boles 

Improvement selection endeavors to place the increment on the 
best boles in the stand. If a desirable clean-boled tree is cr owded . 
additional space is provided by cutting less desirable neighbors of 
the rough-boled type; these are usually present in ahundance. 
Occasionally several excellent stems occur in a clump; other things 
being equal, the largest is cut hecause two or three small trees 
have a higher potential earning capacity than a single large one. 
Stems below 24 inches d. b. h. are preferable as growing stock; 
but high-quality larger ones up to 26 inches, and even larger, may 
be left if they are provided with space in proportion to their >;ize. 

Limby dominants usually repre>;ent the lowest quality and t.he 
least efficient soil utilization in a stand. They grow rapidly for a 
time at the expense of suhordinates, but eventually they too must 
yield to competition. Not only do they suffer from root competition 
but side shade from surrounding trees causes the lower branches 
to die. This last process would be desirable but for the fact that 
it usually begins too late to bring about natural pruning. Figure 
1" ill ustrates a large tree of this class. 
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In pole slands most of the tree>; should be cro d d . t . C d h . . . w e III 0 vigor 
class a~ I eltd

t
. m that class until about 50 feet tall. As soon as a 

comm~r(,la Cll mg .can be made, groups should then be opened b 
~emovmg first}he .hmby domin~nts and others of poor form, the~ 
lurthe: cuttm,.. to Imp!'ove spaClllg and finally supplementing with 
stann lmp:'ovement. Llmhy class A trees should not be left unless 
they are III Isolated positions and then they shou ld h . ct 
while below 12 inches d. b. h. Figure 16 illt;st;at Ie prune I 
group treated in ahout this manner. . . es a arge po e 

Well-released class C tr '11 t d t . 
approaching tl B 'j , h ees WI e.n 0 buIld up their crowns, 
will remain il~ ~~a;;sc~sti ~I.t un1er lIght or moderate release they 
QUI' but overtoppi,;g ~hO~~~l~ 0 som] e treEes ,to class I? is not seri­
):tooel hoi . . d . e aVOI( eel. ,ally cl'owdmg forms a 
small; c~tt;~ln.e~lcou, ages natural pruning while the branches are 
and sustains dia~~~~~ ;;~w~h~e stage checks extreme competition 

Boles are of two broad cia . (1) T . 
cleared of branch€' ea I . . sses. hose whIch have been 
a surface-clear bu~t lor y I~·l lf~ tt least to the extent of forming 
those which still beal'g'c w I, e e ow 2.0 lllch:s. d. h. h., and (2) 
reaching the 20' h d' oarse lImbs either irvlllg or dead after 

-lllC lameter class (fig. ] G). Only the first class 
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has high potential value. Although mill-scale studies show that 
the value of rough boles increases with size, it should be under­
stood that substantial improvement in this class of tree comes only 
as the diameter exceeds 30 inches. Green limbs are preferable to 
dead 01les in large boles. 

FIGURE 10,-A pole group uftel' improvement selection cutting and ~tand 
impl'ovement in 1941. Several stems were cut for sawlogs; those marked 
with white cards at breast height were poisoned; all l'emaining have been 
pruned to one log length. Several trees will be la rge enough for sawlogs 
in 1951. 

Application of Improvement Selection 

Improvement selection, in contrast to group seledion and ma­
turity selection, removes fewer tree:; from yellow pine groups 
and more from blackjack groups. It leaves a larger total vulume 
than does group selediolJ, and about the same volume as matmity 
selection. Improvement selection leaves fewer large yellow pines 
but more in the m;ddle and lower diameter cia:3ses, of a :;ize and 
type that may be expeded to become valuable ill 20 to 40 year$ 
(fig. 17). In contrast to salvage and maturity selection, it opens 
up blackjack groups by taking out the largest and limbiest trees 
(fig. 18). In both yellow pille and blackjack groups it aims to leave 
the best available stems with respect to potential value increment, 
so spaced as to encourage growth. On an average, from 40 to GO 
npl'(,pnt of the gross volume 12 inches and over d. b. h. is left and 
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IGURE 17.--A desirable type of ell . 
by impl'ovemelll selection. The ~hrow t~le stand after the first cutting 
Inches d. b. h., wiII furnish volume ee algest trees, ?,;tween 2.4. and 28 
between 18 ~nd 24 inches d b h for b };ciJnd cut. 1 he rcmammg fivc 
cycles of 20 yeurs each. ..., can e e d over two or three cut ting 

this ,is distributed as uniforml a' . . . 
portIon cut or left is subordi:ate~ c~rcu-r~tayces pern:lt. !he pro-

Advantages of extendin . th 0 ~I VICU tural. obJectJ ves. 
stead of confining it to th~ ol~ first cut

l 
to blackJack groups ill-

possible: er age c asses are that it makes 

1. Relief from stagnat' . I ' 
2. Libel'ation of poten\~i~llln l'e atlvely young, groups. 

capable of response. y valuable subordmates while they arc still 
~. In substance, a transfer of th ' . h . 

mOlstUl'e supply from the poorest et glt~W\ whICh can. be sustained by a fixed 
4. Anesting extl'eme crown red 0 • e eS,t stems 111 the stand. 

th~ up~el' por.tion of the bole. uctlOn whlch leaves coarse dead limLs on 
.J. Stlll1uiatlon of root del'elo III nt ffi' 

up resistance to wind and bark1b 1\1 s~ tent to maintain growth and Luild 
A nalysis a/ott' ee es e ore the. trees approach maturity. 

Cd mg on two areas 1m 
represented in the Fort Valle E . '.- provement selection is 
(S9 and S10) logged in 1941 ~nd xf;J~m~nt~1 Forest by two areas 
V+, but S9, with an ori' I .. ot plots are site quality 
pel' acre, had by far the 'h1~~aVi:~l~t1e of almost 17,900 board feet 
volume of about 13000 b 'd f an.d. Plot S10,. WIth an original 
found on the Coconi~o Pla~!~ 'l~~t, tS more tYPlcal of stands as 
Humber of trees and v I u. e wo a,reas are compared as to 

o ume cut and left 111 table 13. 
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A second cutting on both of these areas in 10 yean; and a thini 
20 years later is contemplated. Removal of about :i,OOD board feet 
per acre on S9 after a 10-year interval, assUmillg a nrt annual 
increment of 100 board feet in the meantime, ""ill leave a reserve 
of approximately 6,000 board feet per acre. A cut of 2,000 board 
feet on S10 will leave about 4,000 board feet per acre. In both in­
stances the second cut would remove: (1) Practically all yellow 
pines over 30 inches d. b. h.; (2) most yellow pines over 2:) inches 
d. b. h.; (3) diseased, injured, or otherwise inferior trees of all 
age classes; and (4) additional Rtems as needed to improve spac­
ing and especially to lihrrate trees of good form. T 11 Rtands whose 
original volume is appreciably less than 9,000 board feet it may 
be advisable Lo defer the second cut 20 years. 

Advantages of a light second cut in 10 years over taking an 
equivalent additional volume in the first cut are: 

1. Le", v iol cnt rii"tul'hftnce of yellow pinc p:roups. 
2. TllC!'ca~~<l opportunity f01' salvftge ft, cOJnrJ'tl'erl with ft second cut. de-

ferred 20 y eftl'''. ~. Additi on al opportunity 'for relinC1l1CnL in sp:.cin .\!, 1'e\eftSe, and selection 
of' a , upcr iol' g"rowinp; " tock. 

4. Lcss damagc to rcproduction because llcarly all t.ree" in th e second cut 
can he felled either within opr.ll tree groupS or into spaces where trces were 
dropperl in t.he. fin;t clltting. 

F- 427512 

FIr.URI'; 18 .-A hlack.iack group after the first cutting' hy improvement 
selection. The tree~ are 10 to 18 inches d. b. h. allo about 100 years 0\0. 
Those undel' Hi in r.he" rl. h. h. have heen pl'unerl to a h eight of 17 feet. 
A few will be removed in 20 year's in Ql'rlCl' to mHintain vigorous growth. 
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Growth After Partial Cutting · 

Timber yields are determined by three elements: Growth, mor­
ta lity, and replacement. Growth is directly manifested in the di­
ameter and height accretion of ind ividual trees, which is first 
translated into volume increment of trees and ul ti mately into vol­
ume increment of stands. Mortality work~ in the contrary direc­
tion by eliminating individual trees and thus low ering the aggre­
gate increment. Replacement through regeneration and advance 
into the merchan table classes te11d to counteract mortality. 

In virgin stands, growth and mortality are often assumed to be 
in equilibrium. This is true only under certain conditions. In a 
fully stocked mature stand mortality is likely to exceed increment 
but only temporarily, beca use eventually replacement comes into 
play. In under~tocked stands containing a fa il' representation of 
immature age classes, increment exceeds mortality until s uch time 
as increased stocking and maturity bring about an equilibrium. 
The majority of virgin ponderosa ~tands in the Southwest are in 
the understocked class and they may therefore be expected, under 
protection, to increase their volume pel' acre substantially. 

Harvest cuttings 011 a selection basis anticipate mortality, and 
if frequent enough they convert practically all growth into yield. 
Well-ordered selection cutting permits neither prolonged decline 
nor prolonged understocking. 

DIAMETER GROWTH 
Diameter growth is less closely related to diameter of bole than 

might be expected. Obviously, a given diameter growth represents 
a much greater volume increase in a large tree than in a small 
one. Nevertheles~, it is not uncommon in cut-over stands to find 
that trees up tu 24 inche~ d. b. h. are growing practically as fast 
in diameter as are 12-inch trees. Assuming a more or less con­
stant relation between volume increment and growing space, the 
unexpected phenomenon of cunstant diameter growth through 
ascending diameter classes can only be explained by a decrease in 
the number of active stems per unit of area. 

In dense young stands the larger stems are the faster growing 
ones in diameter as well as in volume. They are the dominants, 
which have been able to appropriate more and more space at the 
expense of their smaller neighbors. The subordinate stems are 
at the same time continually los in g' ground, thu~ lowering the 
average growth for their diameter class. 

Diameter Growth Affected by Cutting 

Comparison of Virgin and Cut·Over Stands 

The effect of cutting' un diameter growth can best be analyzed 
by considering also the I'ate of growth in virgin stands. A direct 
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compariso~ is f urnished in the For t Valley Experimental Forest 
by two adjacent areas of 160 acres each, one a vi rgi n stand (S6) 
and the other a cut-over area (S7) logged in 1924 (tables 11 and 
12). Altho~gh the cut-over area appears to have had a better 
representatJ~n of younger age c!as~es , even before cutting, the 
stan~s and. sites were generally simIlar. Apart from the expected 
defiCiency 111 number of !arge trees on the cut-over area numbers 
on ?oth Il:reas are suffiCIent to give a fair representati'on of the 
vanous dIameter classes. 

Table 14 shows the number.of trees and growth rate by diameter 
classes on t.he t\.vo area~ dunng the 10-yeal' period, 1925-35. Be­
low the 12-ll1ch cl~ss, dlam.eter growth in the virgin stand com­
pares favol:ably With that I.n the cut-over stand. Beyond the 11-
ll1~h class .dJame~er growth forges ahead in the cut-over stand and 
thiS lead IS retall1.ed th,roug~out. the series. In the 18-inch class 
and upward the effect ~f cuttll1g IS showll in the decreased number 
of trees as well as the Il1 cl'eased average diameter gr owth . 

TABLE H.-Diameter growth of ponderosa vine ,in a virgin stand 
and ~n. a Gut-ova stand (sample 1)lot8 sa and S7, P07't Valle'll 
Expcnmental F01'est) .J 

Trees in class, 1925 Diametergrowth ' 192&--1935 D. b. h. dass 
(inches) ----,.------- ---- ---

_ _ __ Virgin_ _C_ut_-o_v_e_r _ 1 __ V_i_rg_in l~ut-over_ 
Number 

1 Unadj usted values. 

605 
635 
367 
376 
447 
522 
525 
443 
313 
220 
108 

51 
30 
8 
1 
1 

Number 
2,396 
2, 109 

996 
681 
599 
417 
273 
135 
67 
26 

G 
4 

I nches 
1. 91 
1. G9 
1. 66 
101 

. 99 

.92 

. 84 
76 

. 62 

. 54 

. 52 

. 41 

. 40 

.37 

I m'he~ 
174 
l .n 
1.65 
1. 58 
l. 58 
1.62 
1. 42 
1. 35 
1.20 
1. 25 
1. 19 
1. 54 

- . - - -- - - - - - - --
1. 00 ___ . : : : : : : : : 

gr~~~vi.th~iandi.~g a marked superiority of the cut-over stand, 
cliam 111 . 1e Vll gm stan~ was by no means negligible. Even in 
. b etC\cla~~es above 30 ll1ches, growth con tin ued at 11 rate weJl 
a ov.ect. 11 . balf ll1ch pel' decade, which in trees of th is size means 
conSI era Ie "1'0 'S I . , 
0Towth f l . '" :::i.' v~ llmc 1~1cr.ell1ent . The r eason for the good 
partialJ; .. ar.gt JI eBs III the vlrglll stand is th at most of them were 
tr . ISO ~ e . >ut no.w that. repl'od uction has come in, young 
Sll~e;I;"~~~f~~lth an e":I' l!1creaSlllg share of the limited moisture 
a no . -. " . . e vete] ans were able to monopolize as long as fire 

).( 1 ,]zlng pl'cventeo regeneration. It is to be expected that an-
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other 20 years will witness a marked decline in the growth of 
large trees; even the cut-over area is experiencing this change 
because, although the large trees were well isolatecl by cuttin g, 
saplings have encroached on their root zonef;. 

Diameter Growth Under Three Methods of Cutting 

Table 15, compiled by Krauch (.18), givef; the diameter growth 
by diameter classes of blackjack ancl yel low pine on three adjaccnt 
areas cut under different methods in 19]3. Trees ill the scattererl 
seed tree cutting where the heaviest volume was removed have 
made by far the best diameter growth. Under this method, black­
jack groups were drastically opened up and the r eserve yellow 
pines were nearly all isolated. Nevertheless, increment per acre 
was low because so few trees were retained in the stand. 

TABLE 15.-AvcTage annual diametP-1' {11'owth, 191:J-;1 :J, undeT 
three methods of cutting 1 (Coulter Ranch, S5 series of plots.) 

[Inches] 

13lackjack 

D~I~h. 1- Light--I Group . Sr.attc-red 1 
s~lertlOn I splertlon seed tref' I 

___ ___ (~5-3) _ I __ (~5-~ ~5 ~ _ 

4-1 1 _ _ .. O. 168 O. 177 
12-20 . __ . .178 174 
21-30 .. __ . 165 .149 
31 and over .\ .. _. -- - . 

0 .246 I 
.222 
.200 

I Ba~ed on records of 12,4;{3 h ·ecs . 

Y~lIow pine 

I 
Light I 

snlection 
(S5 -:3) 

. _I 

0: 125 1 
113 \ 

. .107 

Group \ Scattered 
selection ~eed tr~" 

(S5 1) (55-2) 

0 . 12M 0 . 167 
. 117 . 1 4~ 
.097 . 11 8 

Diameter Growth in Relation to Time After Cutting 

Figure 19 illustrates the decline in diameter growth on the 
Coulter Ranch plots (tables 11 and] 2) from the first to the t hird 
decade after cutting. Of special significance is the high propor­
tion in the third period which made no growth at all or grew less 
than 1 inch in diameter, as shown by the record of individual 
trees. In diameter classes above 20 inches in the light selection 
cutting (S5-3), 43.4 percent grew over ].6 inches during the first 
decade, but during the last decade, the rercentage fell to 11.7. 
During the first decade, 0.2 percen t registered no diameter in­
crease, but in the last decade this class rosc Lo 4.B percent. Prac­
tically the same relationships are found on the other two areas. 
Growth was most rapid in both periods on the heavily cut scat­
tered seed tree area, but even here average growth declined nearly 
an inch during 20 years after the first decade. 

In all three pairs of curves the difference between the first and 
the third decades widens in a "tI-iking manner in diameter classes 
below 10 inches. The probable explanation is that released small 
trees account for the high average growth durillg the first decade. 
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Later they passed into higher diameter ('_lasses, leaving unreleased 
trees. to represent the lower diameters during the third decade. 
COJ1sl?erable numbers of small overtopped treeR remain within the 
black,lack gToUpS. They wlll not aeeelcrate growth until further 
release cuttl11gs are made. 
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Although the influence of cutting is complex, and variables other 
than intensity of cutting have not been wholly eliminated in the 
comparison of different areas, it is fair to conclude that cutting in 
general tends to increase the diameter growth of the remaining 
stand. This is true only to the extent that cutting lowers compe­
tition for sunlight and soil moisture. Trees which are already in 
the open cannot be expected to respond greatly; and likewise tree::; 
in groups far from felled trees cannot be expected to show much 
acceleration. On the other hand, it should be borne in mind that 
large trees as far as 200 feet apart may possibly send their roots 
into a common zone. The effect of cutting on shade is felt mainly 
in the understory. 

MORTALITY 

Table 16 gives the mortality on seven areas over periods of 15 
to 30 years. As may be seen, the volume of mortality varies greatly 
in different stands, localities, and periods. The influence of cutting 
operates mainly through volume and charadeI' of the stand left. 
Volume losses are greatest ill the heaviest reserve stands, but ex­
pressed on a percentage basis the relation is often r eversed. Losses 
in number of trees follow closely the pattern of volume losses. 

Mortality in Virgin and Cut-Over Stands 

As may be expected, mortality in virgin stands is generally 
much higher than in cut-over stands. This relation is attributed 

, less to the larger volume in virgin stands than to the presence of 
a greater proportion of highly susceptiLle trees-decadent, de­
fective, and very large trees-which would be more or less com­
pletely removed in any kind of silvicultural cutting. A good com­
parison of mortality in a virgin stand with that during the same 
period in a similar stand which has been logged is furnished by 
sample plots S6 and S7, table 16. Records began on these adjacent 
areas in 1925, the year following the logging on S7. Site quality, 
topography, original volume, and general character of the orig­
inal stands are regarded as sufficiently alike to make cutting the 
outstanding variable. 

Mortality ill virgin stands is characterized by sharp rises aLove 
the generally high level which normally prevails. During a 15-year 
record of the virgin stand (S6), average annual losses for consec­
utive 5-year periods were 45, 44, and 102 board feet. Correspond­
ing figures for the adjacent cut-over stand (S7) were 10, 13, and 
14 board feet. Note that the cut-over area registered no appreci­
able rise corresponding to the high of 102 in the uncut area during 
the third period, 1935-40. 

Mortality in Relation to Time After Cutting 

Marked fluctuations in mortality are the l'ule after cutting as 
well as before cutting, although losses are much lower in cut-over 
than in virgin stands. Occasional suggestions of a definite trend 
.. ~ ",. rlm.un l'lrp not borne out when as many as four consecutive 
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5-year periods are considered. This may be partly due to tempo­
rary disturbances such as wind or in.sect epidemics, but even i.n the 
absence of such disturbances there IS a tendency for casualtIes to 
come in surges. A period of exceptionally high losses is often fol­
lowed by one of comparative quiescence, suggesting that for the 
time being the most susceptible trees have been elimi,nated. . 

Some agencies, such as windfall, tend to be most vIOlent durlllg 
the first few years after cutting; others, such as m~stletoe, tend. to 
increase in virulence. On the whole, however, there IS a progressive 
weakening which may not manifest itself so much in outright 
death as in decline. Some areas logged 20 years ago now present a 
skyline of spiketops and stagheads suggestive of the uncut forest. 
In addition to dead trees there are many which are only partially 
dead from the effects of lightning or parasitic attack. Many of 
these trees linger for years, and undergo a process of dete.riora­
bon which for practical purposes writes them off the forest Inven­
tory long before death removes them from the tally sheet. Of the 
five 30-year records in table 16, all but one show a higher volume 
of loss during the last 1G years than during the first 15, and a 
higher loss during the entire 30 years than during the first 20. ~he 
one exception is the scattered-seed-tree plot (S5-2) where high 
loss from windfall and lightning occurred during the first 5 years 
after cutting. 

Causes of Mortality 

The four main causes of mortality in the Southwest are wind, 
lightning, mistletoe, and bark beetles, as sho:vn by tables 17 and 
18. Their relative magnitude varies with 10cal1ty and other factors 
(65). Wind and lightning are the most universal killers; mistletoe 
and bark beetles may cause as much loss as the other agents, 
but they are more vmiable. The high mortality on the Wing 
Moun tain area (S3) and the light selection area (SG-3) in the , 
last decade was due to increasing virulence of mistletoe. In con­
trast, no mistletoe loss is reported 011 the cinder area (S4) be­
cause mistletoe does not occur here. Bark beetles are generally 
a minor cause of mortality in cut-over stands, but in the virgin 
stand (S6) it ranked as a major factor. In tables 17 and 18 
mortality which could not be definitely attributed to anyone 
agent is grouped under the general heading "unclassified." Recent 
information indicates that much of this loss is due to root rot, 
of which there are two kinds, and a stem rust C1'orzaTtium fila­
mentosum (Peck) Hedgc. Both of these agents are more fully 
discussed later under "Control of Damaging Agents." 

Fire is another factor that exacts a sizable toll each year; it is 
not listed as a cause of mortality in tables 17 or 18, however, 
because no destructive fires have occurred on the experimental 
areas during the period of record. A 10-year summary for the 
southern Rocky Mountain region (90) indicates, however, that 
timber killed by fire and not salvaged, averages only 1 to 2 
board feet per acre annually. 
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The agen.cies causing .mortality are generally the same in uncut 
stands as In those whICh have been logged but their relative 
rank as measured by loss inflicted may change appreciably as a 
result of c~tting. As previously stated, bark-beetle losses, nor­
mally .Iow . In cut-o,;,er .stan.ds, wer~ al.most as high as lightning 
and .hlghel than wmdfall In the virgIn stand. During 15 years 
of slmult~neous records bark beetles accounted for only 11.5 
p~rcent of the total volume lost in the cut-over stand as compared 
With 27.3 perce?t of .the t~tal volume killed in the virgin stand 
(table 18). Durmg thiS period bark beetles killed 16.5 board feet 
pel' aC~'e ~nnually in the virgin stand, as compared with 1.3 
b?al'd feet m the cut-over stand. During the same period lightning 
kIlled an average of 2?9 b.oard feet per acre annually in the virgin 
~tan~ and 5.8.board !eet m the cut-over. An important side light 
!l1 thiS record I.S that I!J both stands only one-third of the lightning­
struck trees died durmg the 15-year period. 

'l'ABL.E.18.-PeTCent of t'rees and of board-foot volume killed by 
d'Ljjerent agents in a virgin and a cut-over stand, 1925-40 

-- ------- --- - ---- -

Kind of stand 
and killing 

agent 

Percen t of 1926 stand killed 
in diameter group (inches)-' Percent 

of total 
- 5-year 

- _ _ - _ 31 and over 12 and over 12 20 21 30 I 
mortality 

- ---
, Vol- Vo/.- Vol- Vol- 1 Vol­
Trees ume Trees ume Trees ume Trees ume Trees I ume 

Virgin (S6)~--I--- - - -- - - -- - - --. _ .- --_1_-
Lwi~hdtning -- -- 0 .4 0 ,4 1. 4 1. 9 6 .3 6 .4 1. 5 3 .3 30. 6 j 42.8 

In -------- ,5 . 6 1.4 1.3 1.8 l.7 1.0 1.4 20.4 I 18.2 
Ba.rk beetles. .8 .8 2.0 2.0 2.7 :!. . 7 1. 6 2 . 1 32 7 27.3 
Mistlet<?e - - -- ,3 .::1 , I , 1 .4 . 3 .3 .2 6' 1 2.6 
Unclassltied__ 5 .6 3 4 l.4 1 3 . 5 . 7 10 :2 I 9.1 1-- - - _ _ ______ ________ _ 

Allagents.. 2.5 2 . 7 5 .2 5.7 12.6 12.4 4 ,9 7 .7 100 . 0 100 .0 

Cut-over (S7): 
Lightning -- -. .5 .8 4.1 4.4 0 0 1. 3 2 . 6 44 8 50 0 
Wind. - " -. -- ."2. . "2. l. a l. 2 7 .7 6 .6 5 1 2 17' 2 23' 2 
Bark beetles.. . 1 .2 .6 .9 0 0 : 3 . 6 10' 4 . 6 
Mistletoe - . __ .4 .4 0 0 0 0 ,3 : 2 . 1~ 8 
Unclassified. - . 5 ,4 .6 .8 0 ° .5.6 i ~ . ~ 11 . 5 

All agents_ - U 2.0 6.6 7.3 7.7 6.6 ~15.'2 ~11oO'O 

No~\~ithst.anding one severe blow-down in the virgin stand 
(neglIgible In the cut-over stand) windfall ranked below bark­
beetle losses in this stand. Wind accounted for a loss of 11 board 
feet pel' acre annually. in the virgin stand alld 2.7 board feet in 
the cut-over ~ta~d. l'vlIstletoe. was relatively inactive on both of 
these. areas: .It .IS charged With only 2.6 percent of the volume 
loss. In the vlrgm stand, and 3.8 percent in the cut-over stand. 
pUl'lng 30 years mistletoe loss accounted for 37.6 percent of the 
otal volume lost on the Wing Mountain area (S3) 6 miles distant. 
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Mortality in Relation to Size and Age 

Closely associated with causes of mortality is t~e size of trees: 
which in turn is broadly related to age. Mortality IS much f~eate.l 
in lar e than in small trees, and thIS IS true .w~ether t 18 pel­
centa:e is based on number or volume. Most kllhng agel~t~ t~k~ 
a relatively small toll from the 12- to 20-mch (hameter class, . u 
mistletoe is an exception. Not only are large tree~ mOl:e sus:cptlble 
to certain killing agencies, but because of. then' large Size the~ 
contribute more to the volume loss. Accordl.ng to figure. 20,. mOl : 
tality, based on number of tre.es on the Wlllg Mountam sample 

60 

o 0 ~-"""--o""o-o 

oL--L----~----~16~---+,~---f,~---te~--~3~2----~----~~ 
8 1909 OIAMETER BREAST HIGH (INCHES 1 

20.-Mortality by diameter classes, sample plot S3 
FIGURE "09 39 (456 acres), b . -. " 

lot (S3) decreases from the 12-inch class to the 20~inch class, 
fhen rises', slowly at first, but rapidly beyond ab.o~( ;6 mc~e~. ~~: 
main factor in the lower diameter classes IS ml.s e oed at: h~n. 
higher classes t~ere ar: twobmal:io~t a:liegnt~sU:I\~d d~~l atl~n~~n;l: 
Large yellow pmes str uck Y Ig mn c 

within a few years, whereas blackjacks usually recover. 
The following tabulation shows mortali.ty s~para~elY fo~ thde tw~ 

I bl k' ck and yellow pme m a Vlrgm scan an 
broad age c asses, aC.la th '. d 192fi-10 percents 
a cut-over stand. The data cover e 'peno r:: . ' , 
being based on the stands as measured III 192;). 

Propor(.ion of I.H t;S lml/. PT(jll ()'T'~i~,~"t1~~' :~~~r(l-f()()t 
(JJ('.TCcnt) (percent.) 

Kind of Stand and Ag'e Class: 
Virp:in ~tand (S6): 

. Blackiacks ............ ... . 
Yellow pines ............ . 

Cut-over stand (S7): 
Blackjacks .... .. . ........ . 
Yellow pines .... .. . ... ... . 

1.41 
7.96 

2.04 
9.74 

1.:13 
\).40 

2.68 
11.77 
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Losses in the yellow pine class were much greater than in the 
blackjack class. During the 15-year record the total loss per acre 
in the virgin stand was: blackjack 33 board feet; yellow pine 
874 board feet. In the cut-over stand corresponding figures are: 
blackjack 66 board feet; yellow pine 109 board feet. 

Mortality in Relation to Method of Cutting 

Method of cutting affects mortality mainly through size, num­
her, an(l character of trees left. The only cut-over areas on which 
results are really comparable are the Coulter Ranch series, S5-1, 
8;)-2, and SG-:~ (tables 16 and 17), all of which are 011 nearly 
the same site and whose records cover the same years. The light 
selection plot, with its large reserve volume, suffered the greatest 
loss per acre, but on a percentage hasis the loss was lower than 
in the scattered-c:eed-tree plot, which had a far smaller reserve 
volume. Lowest in both quantitative loss and pcrcentual loss 
was the group selection area. 

The main reason for the high loss on the scattered-seed-tree 
area is that the stand was made up of relatively few but large 
trees. The scattered-seed-tree area had a reserve of only 1,922 
board feet per acre made up of 8.9 trees averaging 493 board 
feet, whereas the group selection area had a reserve of 2,893 
board feet per acre made up of 12.2 trees averaging only 237 
board feet (table 17). On all three areas the higher losses occurred 
ill the larger trees. 

The two latest methods of cutting-salvage and improvement 
selection-are too recent to yield authentic records of mortality. 
rlot.s representing these hvo methods lie almost side by side, 
being separated by the uncut plot S6A. Annual losses per acre 
during the first G years were: Virgin (S6A) 63 board feet, salvage 
(S6B) 11 board feet, improvement selection (S9) 13 board feet. 
H is evident that both cuttings largely eliminated the mortality 
which would have been experienced if no cutting had taken 
place. Lightning accounts for nearly all the mortality on the 
salvage and improvement selection cuttings; trees struck but 
not killed far outnumber the fatalities. . 

REPLACEMENT 

Advance Reproduction 

Prompt replacement of the trees which die or are cut calls 
for reproduction in advance of logging. Few trees are literally 
replaced in the sense that a young tree grows beside the stump 
of the dead one. But in a well-managed selection forest, saplings, 
poles, or larger trees should always be near enough to send their 
roots into any space that may be vacated. Wh en poles reach 
the 12-inch class, they are credited with a board-foot volume and 
classified as "new" trees or "ingrowth." 
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In mature forests lacking advance reproduction, mortality and 
cutting usually leave large spaces unoccupied by trees. This is a 
common condition On sizable areas of cut-over land. Even if nat­
ural reproduction promptly follows cutting, decades must elapse 
before the young generation begins to contribute to the board-foot 
volume. 

The Wing Mountain plot (S3) is typical of the condition just 
described. Only about half of the land was occupied by trees 
before the first cutting, which r ed Llced the occupied area to less 
than one-third. In 1939, 30 years after cutting, there were only 
about 10 poles per acre between 6 and 12 inches d. b. h., and 
few of them were in the spaces formerly occupied by the tre E'~ 
which were cut in 1909. Abundant reproduction which started 
mainly ill 1919 reached the sapling stage about 1939 and in 30 
more years many will be entering the 12-inch class. The young 
generation will more than replace the original stand, but 50 years 
will have elapsed in the process. If the forest had been placed 
under adequate protection 40 years before the first cuttillg, scores 
of poles on nearly every acre would have stood ready to step 
into the ranks when logging removed 8,000 board feet gross per 
acre in 1909 and 3,000 more in 1939. Now that most of the old·· 
growth forests contain a large representation of saplings and 
poles in what were formerly treeless spaces, these advancing 
young classes bid fair to become an important source of board­
foot increment after logging. 

In predicting yields over long periods, allowance must be made 
for space occupied by young trees below the stage in which their 
growth is measurable in board feet. In other words, if a stand 
is fully stocked with trees 12 inches and over d. b. h., then the 
younger age classes are not adequately represented. These classes 
require both sunlight and root space. Seedlings less than 3 feet 
tall may not make gr('at demands upon the soil, but beyond that 
stage their demands increase rapidly. Generally, sufficient open­
ings will come about automatically through logging and brush 
burning, but the fact remains that a ponderosa pine stalld can­
not remain 100 percent stocked with trees in saw-timber sizes 
while at the same time building up the desired younger age 
classes. 

Redistribution of Diameter Classes Through Growth 

Diameter growth over a period of years results in a progressive 
upward movement of individual trees toward higher diameter 
classes, which mayor may not be compensated by the en trance 
of new trees into the lower classes. This upward movement is of 
interest in relation to the availability of merchantable sizes for 
future cutting. 

Figures 21 and 22 (38) illustrate the progressive advance of 
diameter classes and the replacement of dead trees on hi,7o group­
selection cuttings (S3 and S5-1). In figure 21 replacement from 
diameter classes below 12 inches has been inadequate because 
.,,1,,,,1'1"" ""nr""I1f'ti"n W:lf; nracticallv absent at the time of cut-
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FIGURE 21.-Number of trees of different diameters pel' acre in 1909 and 
1934 on g'l'OU p-~election plot S3. 

ting. Figure 22 ilI~strates a more satisfactory conditioJl in which 
poles from 8 to 11 Inches d. b. h. are advancing toward the 12-inch 
class.' and the number of trees per acre in all diameier classes 
has lllcl'eased. 

VOLUME INCREMENT OF STANDS 

. For purposes ?f analysis, di~tinction is made between net 
Increment, ~ross. mcrement, and ingrowth . 

As used I~ thiS monograph, the term "net increment" is the 
total change In bo~rd-foot volume of the living trees (11.6 inches 
d: b. h. or ~arger) In ~ stand when the same stand is measured at 
different times. Net Increment is based on the full volume-table 
values and ~o deducti<?ns have been made for decay or other 
de!e~t. Net Increme~t mcludes both the volume increase of the 
ongmal trees that hved through the remeasurement period and 
the total v~lume of t.he trees that grew into the minimum mer­
chantable size (11 .6 mches d. b. h.) during the pel'iod. In some 
of the analyses that follow, net increment has been broken into 
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FIGlJRE 22.-NumbeJ' of trees of different rliameters per acre in 1913 and 
HJ33 0 11 group-selection plot S5-1. 

these two components-"original" tree increment and "new" tree 
increment or ingrowth. 

Gross increment is a theoretical value designed to express 
potential growth jf mortality were eliminated. It is obtained .by 
adding to the net increment the volume of the trees that died 
during the remeasurement period. 
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Increment in Relation to Volume and Character of 
Growing Stock 

Table 19 by Lexen (.1t)) correlates volume growth wi th average 
diameter and residual volume on the Coulter Ranch plots S5-1, -2, 
and -3. Since the table takes into account neither mortality nor 
ingrowth,. it represents th e gross increment of original trees only 
and IS chlcfly valuable as an indication ()f growth capacity. The 
high growth values in the two lower lines of the first three columns 
suggest p()ssibilities of well-stocked stands made up of young age 
classes. Average rliameter is used as a rough index of diameter 
distribution; in specific areas it may be fairly uniform or may 
range from 12 to 40 inches. Extensive stands in which the 
average diameter is as low as 16 inches are practically non­
existent in partially cut forests; but after fiO years of manage­
ment such stands should become the rule rather than the excep­
tion. The values are probably conservative because the site quality 
at Coulter Ranch is slightly below averagc for the region and 
growth is hanrlicapperl by mistletoe. 

TABLE lD.-A vera{/c annual growth' per O·C/·(J in IJoard fe et o,nd 
cubic l cet d1/,j'infl 20 1jem's nftrr (1),ttin{f , sample plot 8.5 

Reserverl 
volume 
per acre 

Hoard frcl 
1,000 . 
2,000 
:l ,OOO 
4,000 
5,000 
6,000 . 

(:"./lir (ret 
200 . . 
400 . _ 
GOO __ - . I 
~OO . .. . 

1,000 
1,200 _ . __ 

12 
inches 

Hoard (ee/. 
'74 
120 
159 
194 
227 
257 

("uhir krf 
9.R 

15 . I 
19 . 6 
23.4 

27.0 I 
80.2 

Growth when average stand diameter i!;-

16 
inches 

20 
inches 

Board felll Board fee l 
47 ~3 
76 53 

101 I 71 
123 86 
144 101 
163 114 

Cnhi" fed 
7.2 

11 . 1 
14.4 
17 . 2 
19 .8 
:!2 . 3 

Cnbic feef. 
5.6 
lUi 

11 .4 I 
13 .6 
15 . 6 I 
17 .6 

24 
in ches 

Board feet 
25 
40 
53 
65 
76 
H6 

('n6io feel 
4 . 6 
i . 2 
9.4 

11.2 
12 . 9 
14.5 

28 
inches 

32 
inche8 

Roard fNI I Ro~rd kef 
20 
~I 26 
42 :14 
51 41 
~9 4R 

67 1 54 

(:11./);.0 feef (:n/'i, ' frP.!. 
4 .0 _ 
1i .2 !) 1 

8 .0 I fj. 9 
9 .6 iU 

11.0 , 9 .6 
12 . 3 . 10 .7 

' (;ro~~ increment of original trees ~)!1 ly. No allowance for ingrowth or 
ll10rtaJi ty. 

Reasons for a higher rate of increment in stands made up of 
small rather than large trees are almost self-evident. Other things 
being equal, a given volume of growing stock divided among 
several small trees is more effective than if concentrated in a 
single large tree on the same plot of land. The several small 
trees, if well distributed, have better access to soil moisture and 
their roots are able to permeate the "oil of a given area more 
completely than those radiating from a single large tree. 
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The foregoing relationships between large and small trees are 
further illustrated by figure 23. In this instance, gross increment 
and mortality are coordinated, so that the difference between the 
two graphs represents net increment. Since values are expressed 
in percent of the original volume in each diameter class, they indi­
cate the earni11g capacity of the wood capital, or interest on the 
investment. The average 16-inch tree earns about 5 percent an­
nually as compared with less than 1 percent for the average 
28-inch tree. 

The data plotted in figure ~3 were compiled from the three 
sample plots of the 85 series, representing group selection, scat­
tered seed tree, and light selection cutting. Separate graphs for 
the three areas (66) show the same general trend of both growth 
and mortality as in this case where all three are combined. Since 
the point for each diameter class )'(~presents an average value, the 
graph cannot be expected to fit every type of tree. Growth values 
are too high for crowded, overtopped, or mistletoe-infected trees 
and too low for normal, open-grown trees. The growth rate of 
blackjack is generally higher and the mortality lower than that 
of yellow' pine of equal diameter. 

The graph is not intended for rating the growth capacity of 
individual trees but rather to show general trends. Its greatest 
value lies in pointing out the low efficiency of large, mature trees, 
beginning approximately with the 28-inch class. Here the question 
of spacing and general vigor doeE not enter because large yellow 
pines reserved from cutting have always been well isolated and 
in at least fail' physical conditioll. What happens to such trees 
under the impact of lightning, wi nd, and bark beetles is clearly 
told by the mortality graph. 

Increment on Large Cut-Over Areas 

Table 20 gives average increment together with other pertinent 
data on the large plots in the Fort Valley Experimental Forest. 
Net increment in table 20 is considerably below the highest values 
given in table 19. One reason fol' this is that table 19 does not 
take mortality into account. In stands of good advance reproduc­
tion mortality might be more tha n offset by new trees, but new 
trees have thus far been a small item on all but a few of these 
plots. Another factor is the low volume of growing stock on the 
old plots in table 20 as compared with the highest in table 19. Of 
greater importance than volume is the size and number of trees 
in the growing stock. The "average diameter" class of 12 to 16 
inches in table 19 signifies a general absence of large and old 
trees; that is, the stand is made LIP of blackjack groups almost 
entirely. Average diameters in thQ cut-over plots in table 20 are 
mostly between 18 and 20 inches; it is known that yellow pines 
over 30 inches d. b. h . contribute in large measure to this high 
average diameter. 
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Increment on Small, Well-Stocked Plots 

Table 21 substantiates in a general way the high yields indi­
cated for heavy Rtands of low diameter in table 19. It should be 
noted, however, that wherever heavy mistletoe infection is preva­
lent, it cuts down the increment, partly through mortality but also 
by retarding the growth of living trees. 

TABLE 21.-lncrement on small plots of pO'lldaOSCD pine in bl<l,ck­
jack and intermediate nge c/nSSrl8 . Win,rl Mountain sample plot 
(S3) 

Subplot l~esidual stanrl, 1909 I I p~r acre 1909-34 
! Av~~gr anl1u~l -incrcm ent 1 . 

Area - .. - - - - l'vlistletoe 
No. Tre~s Av erage I Volum~ I 

_-\-_ _ : per acre ~~I ~~~r_~~~~ Gro~~ MortalitYI __ ~~I __ 

A. No. I'll . I PI .h.m. FI.h.m .. FI./un. f/.b .m. 
O.R 16 21.9 6,062 156 O ! \56 Light 

~. 1.2 29 18.1 5,918 15R 8 150 Moderat.. 
.6 27 17 . 0 , 4 , 347 178 0 178 Light 

1 : ~ ~~ I i~ : ~ ~:~~~ ~~~ 1~ m ~~~~rate 
2.0 19 18 .8 4,404 154 9 ]45 Moderate 

7 1.2 37 18.0 7,482 2~6 5 231 Moderate 
S _ 2 .0 31 18 . 1 6 ,337 144 1 40 104 1 Heavy 
9 . 1.5 26 ! 17 . 5 4,753 135

1

' ;{2 103 Heavy 
10 4 . 0 _-==- _18.9 5,907 165 2 163 _ MOderate 

I Includes only trees over l1.!i inches d. b. h. at time plots were establi shed. 

These plots constitute large groups or an aggregation of small 
groups in the blackjack or intermediate age classes. Because of 
uneven distribution of the trees, few if any plots can be regarded 
as properly stocked, some portions being' overstocked and others 
understocked. In order to allow for root spread, the boundary 
lines were drawn 20 to 30 feet outside of the crown projection of 
living trees, including also stumps of large trees felled in 1909 and 
groups of reproduction. 

The 4-acre subplot No. 10 is regarded as an example well within 
the possibility of attainment under systematic management on 
large areas. It is by no means an example of a model forest, but 
contaim; enough area stocked with saplings and poles to maintain 
a succession of diameter classes. A salvage cutting in 193$) waR too 
long delayed and did not remove enough of the large dominants 
in dense groups. In order to maintain a high rate of increment 
in any stand, cutting must be frequent enough to salvage cleclin­
ing trees and to relieve congestion in dense groups. 

Increment in Relation to Time Since Cutting 

Table 22 indicates general trends of increment after cutting. 
All methods of cutting except favoring dominants (87) show a 
sharp rise of both Q'rosl' !'lnrl ,,<>t ;,..n"",.." n ~' : .. .1.1.. •... ,-
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plots continues through the 30th year. The trends on the group 
selection cutting (S3) are shown graphically in figure 24, which 
also includes mortality. 

The second-period rise reflects the effect of increased growing 
space which apparently was not fully appropriated during the 
first 5 years. That the rise in the second period is not due to 
climatic effects is suggested by the fact that the second period 
in the Coulter Ranch series (S5) occurs 4 years later than in 
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FWUI!E: 24.-P"l' iodic annual increment and mortality in board feet per acre, 
1909-39. Sample plot S3. 

group selection cuttings (S3 and S4). In other words, increment 
reached its peak in one series after it had started to decline in the 
other. . 

Plot S7 (favoring dominants) has a different growth pattern, 
probably because the blackjack groups were opened up in cutting. 
Net increment was relatively high during the .first period and 
remained almost constant for three periods, then fell sharply in 
the fourth. Mortality remained relatively low through all four 
periods; this was due in part to a low incidence of mistletoe. 

If it were possible to maintain increment at the high level 
reached in the second period on such plots as S3 (group selection) 
and S5-3 (light selection), management of ponderosa pine would 
be revolutionized. But on both of these cuttings the current net 
annual increment at the end of 30 years was only about half that 
attained in the 10th year. Where will it be at the end of 40 or 50 
years? 
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There are strong indications that cut-over stands with a large 
residual volume tend, after about 20 years, to assume the char­
acteristics of a virgin stand (86). A large portion of the stand 
has ceased to be growing stock; it is capable of some growth, buL 
the increment of the old stock is outweighed by mortality. What 
little net increment accrues is attributable largely to the younger 
age classeR \vhich conRtitute a Rmall part of the total volume. 

Reasons for Decline of Increment 

In seeking an explanation of the downward trend of increment, 
following the initial rise, attention at once falls upon the rising 
mortality; but gross increment, which excludes the influence of 
mortality, follows the same general trend. Associated with mor­
tality and contributing directly to it, however, iR a growing army 
of slowly dying trees suffering from old lightning strikes, chronic 
mistletoe infection, or stagnation resulting from prolonged com­
petition in dense groups. The skyline of a light selection cutting, 
as viewed 30 years after logging, resembles that of a virgin stand 
(fig. 25). In addition to the dead trees are still larger numbers 
which are slowly dying. Figure 26 illustrates a tree which was 
struck by lightning 20 years ago. It was still classed as living ill 
1943 but it had ceased to grow and the bole was deteriorating. 
Trees in advanced stages of mistletoe infection fall in the same 
class. 

F-427521 

FIGURE 25.-A stand 30 years after cutting by light selection (S5-3). In 
addition to dead trees, many are in a dying condition. Note mistletoe­
infected branches on tree at right. 
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F-427987 

FT<;lIRF. 2G.--A 2R-inch yellow pine struck by lig'htning bctwP.cn 1!)28 and 
1!l28 (plot S~-:l). Diametcr mcasul'ements at ,,-yeaI' intel'vals beginnin",: 
101:, and cndil1~' 194:: al'c: 2Ii.·1, 2(,.9, 27.(" 27.O, 28.0, 28.0, 28.0. 

The cumulative effect of mistletoe infection is illustrated by a 
30-year record of diameter growth in a group of 10 blackjac](s. 
All 10 trees are mistletoe-infected. Diameter growth averaged 
1.2 inches the first decade, 0.8 inch the second, and only 0.5 inch 
the third decade after cutting. Influences other than mistletoe are 
at work in this group, some favoring and others retarding growth, 
but mistletoe is credited with the consistent decline of all trees 
in the group, irrespective of ground position. 
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Competition is less conspicuous but may be as eit'ective as 
lightning and mistletoe in retarding gro wth. Figure 27 illustrat !:s 
two blackjack groups, both practically free of mistletoe and both · 
on the best site found on the light selection cutting. The group in 
figure 27, A was little affected by the 1913 cutting; the trees re· 
mained closely spaced. A few of the trees made fail' growth dur· 
illg the first decade after logging, but ill the third decade only 
two grew as much as all inch and the majority were far below 
that mark. Group B which wa" opened up grew vigorously from 
the start, and although the rate had declined by the end of the 
third period, 7 of the 17 trees were still exceeding 1.G inches. 
Table 23 gives the average diameter growth in the two groups 
during the 30 years since logging. 

TABLE 23.-Ave'mge diametc'f growth in a densely ,~tucked black· 
jack g1'O'U'P and in one upened by cutting (plot S.5·3) 

Mea n periodic diameter growth 

Conditio ll 

U.G 

Tr~ps - -. -I ..... 
__ IS~ d::ad.:12d decade 3d dl'l'ade 

N"m~er 1-nr"", ; 1-"eile.; Inches 

U 7 1 
Densely stocked (not released by 

)913 cutting) .... ...... ..... . 
Open (border trees removed in 

1913 ('utting) ... . .. ... _ ....... . 1(; 

U, 9 I 
I 

2 0 I 1.4 
1_ -

Original Trees and New Trees 

Table 24 throws further light on what is taking place ill the 
cut·over stands. It separates the net incremeut into that contrib­
uted by "original" trees or those ill and above the 12-inch class 
at the beginning of the record , and "new" trees or those which 
have entered the 12-inch class since the record began 20 or 30 
years ago." The latter were small poles or saplings released by the 
cutting; some were less than 4 inches d. b. h. when the plots were 
established, and the largest are now 18 inches d. b, h. In the light 
selection plot (85-3) the new trees contributed 35 board feet 
annually to the net increment during the last decade as against 
28 board feet for the original trees. It is obvious that without 
advance reproduction, which was fairly abundant on these areas 
at the time of cutting, net increment would in another decade 
apprQach the vanishing' point. Moreover, the growth of small 
trees, including large numbers of 1919 origin and still below 
the 12-inch class, is largely dependent UPOll removal of dominat­
ing members of the old stand. Present indications are that the 

G This distinction cannot be made on the earliest group selection cuttings, 
S3 and S4, because the trees were not numbered individually until 15 years 
after the plots were established, 

MANAGEMENT OF PONDEROSA PINE IN THE SOUTHWEST 91 

F- 427524-427525 

FIGURE 27,-1'wo blackjack groups 30 years after logging, A , Dense stand; 
not a tree has grown more than 1 inch in third decade after cutting. B, 
Stand opened up; 12 trees have grown over 1 inch and 6 more than 1.5 
inches dur ing third decade. (See table 23.) 
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yield of original trees will decline evell more rapidly henceforth 
than in the past. New trees, on the other hand, promise to con­
tribute at a rising rate, both through the growth of thm;e now in 
or above the 12-inch class and through the anditioll of new mem­
bers as they advance into the 12-inch class. 

TABLE 24.-Periodic net an11'u,al increment, per acre, of original 
trees,1 new trees,' and all trees on fou,r method-of-cutting plots 

Annual increment per acre 
Item in board feet, by 5-year periods-

1 - 2 -- 1 ~ 4--1 5 anrl 6 1 

---------- - ----- '- --- - 1- - - ' ---- - -----
Net Increment, all trees' I 

Group selection (S5-1) -, ' " I 58 97 83 80 oil 
Scattered-seed-tree(85-2) __ 17 4fl 28 ~7 12 
Light selectIOn (85-:') _ HI 118 78 R4 fiB 
Favonng dominants (S7) 9R 96 96 82 

Net increment, original trees: I 
Group selection _, _ 50 8H 75 72 
Scattered-seen-tree, . 13 1 41 2:1 30 
Light selection _. _ _ 7'2. I 108 70 76 

25 
-14 
28 

Favoring dominan~s. 87 81 76 55 __ . . ____ . _ 
Net increment, new trees: I 

Group selection - - , " -', : -, -: _', . 8
49 

II 9 8 R Scattered-seed-tree __ . 5 5 7 
Light selection. . _ _ lOR R 
Favoring rlominants . .. 11 15 20 27 

I , -------
1 All trees 12 inches d. b. h. or larger at beginning of rccord, 
'All trees reaching 12-inch diameter class after plot was established, 
" 10-year pel'ion, Hl33-43. 

28 
26 
35 

Decline of the original stand and the mitigating influence of 
ingrowth is still more strongly demonstrated on the "Favoring 
Dominants" plot (S7). Net increment of the stand as a whole held 
a high and even course through the first three perions, then 
dropped sharply in the fourth, but decline of the "original" Rtand 
began in the second period (table 24). Although net annual ill­
crement of the entire stand was 96 board feet per acre in the 
second period, that of original trees, excluding "ingrowth," was 
only 81. In the fourth period, original tree increment fell to 55. 
The saving element was ingrowth, which increased steadily dur­
ing the four periods. 
. Ingrowth, indispensable as it is to future production, should not 
be allowed to blind the manager to the true condition of his forest . 
Few of the stems that appear as ingrowth during the firRt 20 years 
will figure in the log cut within four decades. In all of the cut-over 
stands listed in table 24, the class of timber that will make up the 
second and third cuts began neclining in growth rate after the 
tenth year. 

Although total mortality on the favoring-dominants cutting has 
been low, lightning has accounted for half of it ann has resulted 
in damage to twice as many trees a~ were killen. But in addition 
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to visible deterioration, there has been a slowing of growth dis­
closed only by successive measurements of individual trees. Open­
ing up the blackjack groups resulted in excellent diameter growth 
during the first decade, but a noticeable slow-down is evident in 
the last 5-year period. The greatest decline in growth and physio­
logical condition has occurred in the large, more or less isolated 
trees of yellow pine age class. In many instances the cause is ap­
parent in lightning damage, squirrel damage, mistletoe, or rust 
(Cronartium) , but in other instances there is no sign of injury or 
parasitism; in the latter case indications point to root compe­
tition either from neigh boring trees or from groups of poles ann 
saplingR (fig. 28). 

F-423673·442719 

FIGlJRF. 28, - Lill'gP. trees are declining in g'l'owth 1:) years aftel' the 1!l24 
cutting f~voring dominilnt>. 

A, A 2G-inch tree (class III-B), sole r emnant of a large group; top 
il1jUl'ed in 1!l40, apparently hy lightning; saplings encroaching on root 
al'cu; growth by ')-year periods: 1.8, 1.2, 1.2, 0.4 inch . , , 

[J, A ilO-inch tree (class III-AA), open grown, 110 apparent lll.1ury but 
surrounded by dense sapling stand; growth by 5-year periods: 0.4, 0,6, 
0.4. 0.2 inch. 
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Increment of Large Trees 

A tabulation of gTowth records in the 2tl-inch and larger diam­
eter classes on the plot cut to favor dominants (S7) discloses a 
noticeably higher diameter growth during the first decade than 
during the second, and a very pronounced decline during the last 
5 years. Of the 243 trees 24 inches and over in 1925, 28 or 11.5 

F-4279BB 

FlGURI:: 29.-A neal'1y worthless blackjack 28 inches d. b. h. which is dominat­
ing groups of poles. The dominant itself is declining in growth as a result 
of root competition. 
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percent died by 1945. During the 20 years the diameter growth 
rates of the 215 trees still living in 1945 were as follows: 

Growth per decade : 
First decade 

(Trees) 

2 inches and over..... . ......... 21 
1.5 to 1.9 inches. . . . . . . . .. . . . . . .. 53 
1 inch and over............. . ... 164 
0.9 inch or less .... ," ' , . . . ,.... 51 

Seccnul decade 
(~l'rce8) 

o 
18 
80 

135 

Extremely slow growth, 0.3 inch or less in 5 years, was recorded 
for 20 trees during the first 5 years, and for 103 trees in the last 
5 years of the two decades. 

Of no less consequence than the slow growth of large trees on the 
favoring-dominants cutting (S7), is the fact that many of the 
still vigorous survivors of the upper diameter classes are of the 
wolf type. During the 20 years since cutting, crowns have in­
creased their spread and limbs have attained enormous size. Since 
the subordinates cut were necessarily of merchantable size, the 
stimulation of remaining dominants was considerable, but the 
boles in mUllY cases are so rough that value incremellt has been 
negligible (fig. 29). In the light of recent findings, a reversal of 
the favoring-dominants practice-cutting the rough dominants 
and thus liberating healthy subordinates of good form-would 
have improved the stand. 

Increment on Small Cutting Plots in New Mexico 

A series of 11 small plots in New Mexico gives results which 
stress even more than do the Arizona plots the importance of mor­
tality and new trees (74). Pertinent data appeal' in table 25 and 
figure 30. In general, the New Mexico stands arc made up of 
smaller trees and more trees per acre than are found in Arizona 
stands. A much larger pole class in the New Mexico plots adds to 
the role of new trees. 

The New Mexico plots are too small to give the regular periodic 
trends obtained from larger numbers of trees in the Arizona plots . 
Individually, they tend to exaggerate particular features. The 
group as a whole, however, points to consistent trends in agree­
ment with those of the Arizona plots. 

Figure 30 brings out emphatically: (1) The high potential yield 
capacity as reflected in net increments as high as 149 board feet in 
the first decade; (2) high mortality and declining growth of orig­
inal trees; and (3) high net increment of new trees. 

To Keep the Forest Growing 

The foregoing tables show clearly that yield or rate of increment 
in the heterogeneou s, many-aged, and usually understocked stands 
of ponderosa pine is not a stable quantity which can be determined 
once and for a ll by some formula. All the large sample plots and 
nearly all of the small ones show that when ingrowth is eliminated 
the current rate of increment undergoes a progressive decline 
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FIGURE 30.-Incremcnt and morta lity by IO-year pcr iod, during 30 yea r, 
after a gl'O UP selection cutting on four ponderosa pine samplc pl ots in 
New Mexico. 

which begins about the tenth year and continues at an accelerating 
rate. In stands left to take the natural course, this trend can be 
reversed only through build up of young age classeR. 

The problem of silviculture is to stop the decline in trees of mer­
chantable size by combating the agencies responsible for death. 
stagnation, and deterioration. As an emergency measure, decadent 
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anu injured trees can be cut before they die; parasitism can be 
curbed by cutting infected trees, and stagnatlllg s~a~ds can be re­
vived by release cutting. In the long look ahead, silviculture must 
aim to checkmate destroying 01' retarding agencies by developing 
stands which are resistant or little affected. 

For the time being, we shall consider only emergency measures 
in which depressing agencies already at work are met in the most 
direct way-by cutting. Salvaging diseased, injured, and dying 
trees at least staves off a loss equivalent to mortality. But it ac­
complishes more by incidental liueration of dominated trees and 
reproduction. A full measure of liberation, however, requires more 
than salvage; it requires systematic removal of low-grade or sur­
plus stems in order to improve spacing. Salvage cutting, to be 
fully ef-fective, should cover the forest annually, but for economic 
reasons such a program is seldom practical in the ponderosa pine 
region. The answer, for the present at least, seems to lie in fre­
quent periodic cuttings (64, 78). A 10-year interval, with provi­
sion for supplementary operations in the event of heavy storm 
damage or bark-beetle infestations, would salvage most of the 
lightning-struck trees and windfalls, and practically all of the trees 
which decline slowly under the influence of mistletoe, rust (C1'O­
nartium), and squirrel damage. 

A 10-year cutting cycle, or even one of 20 years, is a far cry 
from the 60-year cycle formerly used under railroad logging. The 
old rule that a minimum cut of about 5,000 to 6,obo board feet per 
acre is necessary for economic justification of logging operations 
no longer blocks effective sustained yield. Many investigators 
have shown that with truck and tractor logging it is not low vol­
ume pel' acre so much as small and low-quality trees that increase 
logging costs. Investigations by Hasel (25 ) dealing with ponderosa 
pine in Blacks Mountain Experimental Forest, Calif., and by 
Reynolds, Bond, and Kirkland (78) dealing with second-growth 
shortleaf pine at Crossett, Ark., reached almost identical conclu­
sions. In the last-llamed study, the time required to cut, skid, and 
load a thousand board feet of logs remained virtually unchanged 
in cuts ranging from 500 to 5,000 board feet per acre. In the Fort 
Valley Experimental Forest several seconu cuttings before, dur­
ing, and immediately after the war removed only 1,500 to 2,500 
board feet per acre, and though no time studies were made, the 
sales encountered no objections from contractors on grounds of 
low volume per acre. 

Volume of cut per acre affects transportation costs only insofar 
as road building must be financed by the timber operation. In the 
case of public lands the cost is variable since most roads are built 
for a variety of purposes, of which timber transportation may be 
only one. On the other hand, a private operator who must finance 
essential roads entirely out of the proceeds of a timber project 
may find the cost of road construction a formidaule item. In this 
case, the volume per acre, which determines the total number of 
thousand board feet to pass over the road, may determine the fea­
sibility of the entire project. This explains why some large areas 
of timberland, even in the virgin state, are regarded as economi­
cally inaccessible. Once a road has been built and the initial cut 
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completed, however, only the cost of maintenance is a legitimate 
charge against future cuttings. 

A common obstacle to the short cutting cycle is a heavy initial 
cut. If the first cut is relatively light, a part of the reserve may 
be used to bolster up subsequent cuts, and at the same time a fairly 
high rate of increment may be maintained; but if the first cut 
takes nearly all the merchantable timber, future cuts are de­
pendent almost entirely upon current growth. If, for example, the 
first cut leaves only 2,000 board feet per acre, and the net annual 
increment is only 60 board feet, a second cut in 10 years is prob­
ably out of the question, and even at 20 years a logging operatioll 
on such land may be a doubtful financial venture. But if the first 
cut leaves 5,000 board feet per acre, there is a good chance thai 
increment in merchantable sizes will contribute 1,000 board feet 
in 10 years, which with 1,000 board feet of the reserve would 
provide a cut of 2,000 board feet without impairing the growing 
stock. 

Absence of advance reproduction is another handicap. Some 
stands, because of overmaturity, mistletoe, or for other reasong, 
do not contain as much as 3,000 board feet which is fit to leave 
for 20 years. Twenty years may still see deficient restocking and 
then the manager must choose between two evils: leave declining 
trees for seed in the hope that reproduction will finally occur 
through a break in the climatic complex; or salvage all that are 
below par, thus further impairing the chances of regeneration. 
With good advance reproduction a second cut at the end of 10 or 
20 years might take nearly all of the merchantable volume ~nd 
still leave a growing stock which, though deficient in immediate 
board-foot increment, would eventually develop into a productive 
stand. 

A review of all the old sample plots in the Fort Valley Experi­
mental Forest-those logged prior to 1930-reveals that at the 
outset not one of them possessed the characteristics required to 
maintain continuous high increment. The group selection cuttings 
j'emoved too much of the smaller yellow pine class and failed to 
open up dense blackjack groups; the blackjack class was deficiellt; 
advance reproduction was almost totally absent; and mistletoe 
was serious in two of the three plots. The light selection cutting 
left a fair volume, but poorly distributed, and there were too 
many large yellow pines; the younger age classes from seedlings 
to b'lackjacks were inadequate; mistletoe was a scourge which 
has persisted and increased since cutting. 

A second cut at the end of 20 years should have been made to 
improve this stand. The scattered-seed-tree cutting removed even 
more of the growing stock than did group selection cutting; defi­
cient growing stock, deficient adva11ce reproduction, and mistletoe 
put this plot out of the running at the very outset; reprod uction 
after cutting has, however, preserved the forest stalld. The cut­
ting to favor dominants was blessed with good advance reproduc­
tion; but too many of the smaller stems were sacrificed in favor 
of a few relatively large ones which after 10 years began to de­
cline at a rapid rate. 
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A New Silvicultural Program 

Rarely are natural ponderosa pine fore>;ts found in such condi­
tion that cutting can at once put the stand into a high state of 
production. A common handicap is predominance of old trees 
and a corresponding deficiency of young and intermediate age 
classes. Advance reproduction is of great help but cannot bridge 
a gap of 100 years in age classes. Mistletoe foreshadows an in­
crement rate 10 to SO percent below site capacity. Nevertheless 
the first cutting can determine whether postponement of fud 
production is a matter of 20 or 100 years. Enemies such as fire, 
bark beetles, wind, lightning, plant para>;ites, and rodents present 
hazards which must be anticipated and met by scientific counter­
attack. P~or form can be overcome by correct spacing, selection, 
and trammg through the juvenile period. Timber growing is not 
merely correct harvest cutting, or restocking, or protection, but 
all of these and much more coordinated in a long-range program. 

With these thoughts in mind, a new series of plots was begun 
in 1940. Three areas of approximately 80 acres each were selecterl 
almost side-by-side in a fairly uniform stanrl . The usual disad­
vantage of too much old timber was partially offset by excellent 
arlvance reproduction mostly in the sapling stage but also a fair 
representation of seedlings and poles. A salvage cutting (S6B) 
anrl an ad.ioining control plot in a virgin stand (S6A) were estab­
lished in 1940, and an improvement selection plot (S9) in 1941. 
The board-feet volumes in 1940-4] were, in round number>;, virgin 
stand 13,000, salvage 9,000, and improvement >;election (S9) 
8,000. Further details regarding residual stands arc given in 
tables 11, 12, anrl 13. Methorls of cutting have been described 
earlier under "Cutting in Virgin StanCls." The first 5-year record 
is summarized in table 26. 

TAELE 26.----;-An71lwl increm ent (Jud m01·t(/l?:ty, 1:n. bo(t1-d IN!t 1J(!r 

acre, durmg 5 llf!arR (lItc?' salv atiI', cntf1:11{f and improvement se­
lection, compared with n enrlJ?llJil'(Jin sta,nd 

. _. - - - - -

I 
Virgin stand, Salvage,' . Improvement selec-

Item 
80 acres (S6A ) 72 acres (S6E) tion, g5 acres (59 ) 

-- - -

1930-40 1940-45 1930-40 1940-45 1941-46 

Volume at beginning 
of record __ __ __ __ - - 12,639 13,122 12,967 8,877 8,029 

Gross annual incre-
ment, original t rees .. 

Mortality, annual, 
106 101 101 98 116 

original trees _____ __ 67 55 82 11 13 
Net annual increment, 

origi nal trees ____ __ 39 46 19 87 103 
Net annual increment, 

new trees ______ ____ 9 11 7 4 5 
Net annual in crement", 

all trees ____ _____ .. . .. 4g 57 26 91 108 

- - ------
I 1930-40 before cutting; 1940-45 after cutting. 
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A second improvement Helection cutting (SI0) is, for reasons 
explained later, not comparable with the above series. 

Sclvage Clltting 

Salvage cutting as applied at Fort Valley is regarded as a pl:e­
liminary measure preparatory to a silvicultural cutting to come 
later, The program calls for a second cutting by improvement 
selection in 10 years. The merits of a salvage cutting have been 
questioned on the grounds that it neglects silvicultural oppor­
tunities in the younger age classes while placing all the stress on 
saving declining trees which, in this instance, were 48 percent 
defective (fig. 31). Nevertheless, it is of interest to consider the 
effect of the salvage cutting on the remaining stand. In thi>; ap­
praisal, the companion plot in the virgin stand may be used as a 
yardstick on one side, and the improvement selection plot (S9) 
on the other, The virgin stand is more directly comparable since 
l'cco1'(ls on the two plots cover irlentical periods; the improvement 
selection plot records began a year later. Anoth er check on the 
performance of the salvage plot is furnished by records in this 
same stand covering the 10-year period before cutting (table 26). 

According to the ]940-4!) mortality records in virgin "and sal­
vage stands (table 26) the salvage cutting accomplisherl a saving 
of 44 board feet per acre annually which would otherwise have 
been lost. Gross annual increment of original trees in 1940-4!) 
was ::> board feet per acre less on the salvage area than on the 
uncut area; but net annual increment of original trees rluring the 
same period was 41 board feet higher on the salvage area. The last 
figure (rlisregarding ingrowth) may be assumerl to express ap­
proximately t.he net effect of the salvage cutt.ing, 

Unfortunately, a large portion of this apparent gain i>; only on 
paper. It has been pointed out that much of the volume saved 
through reduction of mortality was defective. More disturbi ng is 
the fact t.hat a large part of the net increment is 011 inferior boles. 
Salvage, as usually practiced, mal<es no conscious effort to re­
move trees of this type unless they appear to be dying; on the . 
contrary, they are favored because they are usually the Iimby 
dominants or open-grown individuals which may be expected to 
live indefinitely. Often they are dominating smaller trees of better 
form which would grow if liberated. 

Salvage cutting automatically opens up the stand and provides 
r€lease in many tree groups. However, far too many crowded 
groups; especially in the blackjack age class, are denied the bene­
fits of release under this method. A gradual decline takes place 
in dense group>; of both blackjack and yellow pine when they are 
ignored in the salvage operation. This is illustrated by the follow­
ing record of average G-year diameter growth in two typical 
nonreleased groups. 

Trrct: in 

Age class: ~Tn",. 

Yellow pine. , .,' 11 
Blnckjack , .. ", 21 

0.4 0 
.42 

0,24 
.34 
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F-427986 

FWURF. 31.-Declining t.·ees in a virgin stand. in salvag'e cutting only the 
three dyin~ trees, already in advanced stages of deterioration, would be 
cut. More would be accomplished by cutting the nearer less decrepit tree, 
which is still worth salvaging'. 

In both groups, the diameter growth rate was considerably 
lower after cutting than before, indicating that stagnation had 
not been relieved. 

The yellow pine group (fig. 32, A) is relatively young and of 
better-than-average quality; several of the subordinates have two 
almost clear logs. The group as a whole would benefit greatly from 
the removal of two or three of the largest stems before they begin 
to deteriorate and before their crowding of good subordinates 
proceeds further. In the blackjack group at least seven rough boles 

MANAGEMENT OF PONDEROSA PINE IN THE SOUTHWEST 103 

F-·433049·432121 

F1GURE 32.-Crowded tree groups left in a salvage clltting, 1940. A, Yellow 
pine group. Three large trees (marked x) have passed the stage of 
profitable growth and should be harvested. The space they occupy could 
be user! to hetter ur!vantage by ~rna.lIcr and hetter ~tem~ under theil' 
domination. Small stumps resulted frol11 a cutting for poles or house 
logs about 50 years ago. TurpentinQ faces date back to InO. B, Blackjack 
group. Propo~ed removal in the next cutting of seven trees (three marked x 
illustrate the type) would stimulate growth to the extent that volume 
increment would exceed that of the entire group before cutting. 
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should be taken out. Thofie marked x in figure 32, B illustrate the 
type. In handling trees of this class the important question is not 
how much they will grow but how much they will damage better 
trees if allowed to stand. Their removal would leave the group 
stocked to the full capacity of the soil and would result in a sub­
stantial increase in volume increment in the group as a whole, 
all placed on boles clafised as fair to good. 

If salvage is followed within 10 years by a silvicultural cutting, 
the delay in improvement of the stand may not prove serious; if, 
on the other hand , cutting is postponed as milch as 20 years, the 
loss from decline 01' death of g-ood subordinates will more than 
offset the apparent gain through salvage of defective alld low­
quality trees. 

Improvement Selection 

Improvement selection undertakes to accomplish in the first 
cutting what the salvage method would do in two cuttings, assum­
ing that the second cut gives adequate attention to improvement 
of the stand. As in the salvage method, improvement selection 
contemplates a second cut in 10 years; but instead of a light first 
cut and a heavier second cut, improvement selection would reverse 
the order. 

Theoretically, it might be possible in improvement selection to 
make the first cut heavy enough to give all the release necessary 
for a 20-year period . Actually, however, this would result in leav­
ing too much soil unused during the first half of the period. The 
most urgent reason for a short interval between the first two 
cuts is that it affords an opportunity to salvage large trees which 
usually begin to decline soon after the first cutting. In the event 
of heavy windfall, a salvage operation should be made without 
delay. In order to justify such salvage from the operator's i-5tancl­
point, it may in some instances be necessary to take a portion of 
the reserve which may in turn necessitate postponing the sched­
uled lO-year cut. With a reserve of as much as ~,OOO board feet 
per acre, however, it is not likely that the cutting program need 
be disrupted. 

Originally it was contemplated that both of the improvement 
selection areas in the Fort Valley Experimental Forest would be 
put on a 20-year cycle after the second cutting. But the trend 
throughout the ponderosa pine region is continually toward lighter 
and more frequent cuts. Silviculturally, a 10-year cycle, or t}ven 
a shorter one, is highly desirable as a general program. Such a 
program would accomplish far more than mere salvage. It would 
make possible the frequent reduction of competition which iR 
necessary to keep stands growing. Wherever advance reproduc­
tion is abundant and provision is made for future regeneration, it 
is only a question of time until short cutting cycles must become 
the rule. With the disappearance of old trees, salvage will recede 
farther and farther into the background, and increasing emphasis 
will be placed on quick growth of many young, clean-holed trees 
to diameters of 1 IS to 22 incheR. 
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According to table 26, the improvement selection area, not­
withstanding a lower volume of growing stock, produced annually 
during the first 5 years after logging 17 board feet per acre (net 
increment) more than the salvage area. The important difference 
is in quality rather than volume of increment. Before the salvage 
area can yield the quality of new wood produced under improve­
ment selection it will be necessary to remove about 3,000 board 
feet per acre of wolf trees, limby dominants, and deformed or 
defective specimens, regardlesR of growth rate, which are using 
water needed by the remaining 6,000 board feet of relatively 
normal trees. 

The photographR in figures 32 and 33 illustrate better than 
words the difference between salvage and improvement Relection 
cutting. Improvement Relection has opened up both yellow pine 
and black,iack groupR, not enough to obtain rapid growth but 
enough to an-eRt decline and start an upward trend. Measure­
ments before cutting are not available for the improvement selec­
tion area, but r ecords during !'l years after cutting show that in 
yellow pin e groups 29 percent of the trees grew 0.5 inch or more 
in diameter, while in the salvage cutting only 9 percent of the 
yellow pines attained this mark. In a similar comparison of black­
jack groups improvement selection scored 61 percent against 29 
percent for salvage. Not until after the second cut, however, will 
pronounced acceleration come into play. And it is worth re­
emphasis that improvement selection stimulates growth of the 
best boles by removing the poorest. . 

As previously stated, the improvement Relection cutting of Hltl2 
(SI0, tables 11, 12, and 13) is not directly comparable with the 
Reries of pIotR in table 26. Because of great irregularitieR in Rtock­
ing, however, it is valuable Jor analysiR. The area lies on the east 
side of a large open area oJ' "park" which i::; being' invaded by 
pine from all side::;. A strip of nearly 20 acres within the cutting 
area, next to the park, bears a sparse stand of sawlog size bllt is 
densely stocked with ::;aplings and poles which originated in 1914 
and 1919. Residual volume, number of trees per acre, and average 
diameter have been computed by 2-acre or 2.5-acre Rubdivisions. 
Average volume of the whole 76 acres after cutting was 5,376 
board feet per acre; but there are 8 acres on which the volume 
ranged from 0 to 1.050, and 9.5 additional acres which bore 2,800 
to 3,700 board feet per acre. Thus, 17.5 acres or 23 percent of the 
area had a residual volume of less than 4,000 board feet per acre. 
The remaining 58.5 acres ran from 4,100 to 9,600 board feet per 
acre, with only 5 acres above 9,000. 

A freak storm sweeping in from the park cut a swath 4 to 6 
chains wide diagonally across one end in 1943, blowing down 
ellough timber to account for an average annual loss of 25 board 
feet per acre on the whole area during the first 5-year period of 
record. For this reason, only gross increment is considered in 
computing growth for this period. 

Average annual gross increment per acre on the area was 88 
board feet. Subplots bearing ~ ,000 to 9,600 hoarc1 feet per acre 
show an increment range from 2G to 147 hoard feet, and the 
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F-410387·41 0384 

FIGURE 33.-Groups cut under improvement selection in 1941 which are still 
too heavily stocked for good growth. The program calls for a second cut­
ting in 1951. A, Yellow pine; B, blackjack. 
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correlation between increment and volume is by no means con­
sistent. Highest increment is not on the two highest-volume plots 
but on one of 6,100 feet. Of the seven 2.5-acre plots which pro­
duced 130 board feet per acre or more, two were in the 5 thousand 
class, two in the 6 thousand class, three in the 8 thollsand class, 
and none in the 9 or 10 thousand class. Evidently a large residual 
volume is not alone sufficient to insure a high rate of increment: 
the volume must be made up of many relatively small trees so 
distributed as to make good use of the soil. 

On the improvement selection cutting (SI0), as in table 19, 
average diameter is fully as important as volume. With a given 
volume per acre, a low average diameter means smaller trees and 
more of them, usually occupying a greater proportion of the soil. 
Average diametel' does not necessarily express the true situation 
because a few large trees may raise the average in a stand of 
pl'evailingly small trees; but it is the best single figure available. 
Average diameter on the S10 subplots ranges from 18 to 26 
inches; the top ranking subplot, whose annual net increment was 
ltl7 board feet per acre, veal'S 19,6 trees per acre averaging only 
18.6 inches d, b. h. 

In a stand as a whole each succeeding cut will continue to stress 
improvement of growing stock. The second cut will remove most 
yellow pines over 26 inches d, b. h., as well as inferior stems of 
smaller size in both yellow pine and blackjack classes. The third 
cut if made as much as 20 years later will leave very few yellow 
pines over 24 inches d. b. h. Thenceforth, the yellow pine class 
will be represented mainly by trees which rated as subordinates 
in the virgin stand-trees which in other methods would have 
been cut because of a small or unsymmetrical crown (fig. 34) . 
Beyond the fourth cut, the original yellow pines will cease to 
figure prominently in the growing stock; their wide spacing will 
provide room for regeneration; the present blackjacks and in­
termediates, along with an important class recruited from ranks 
now below 12 inches d. b. h., will then cunstitute the merchantable 
stand. Grollps approaching maturity will have been opened up to 
such a degree that remaining trees will have room for develop­
ment; they will also be relatively wind-firm by virtue of a strong 
root system. Present pole and sapling stands will then be the 
blackjacks (fig. 32, B). Stand improvement begun after the first 
cut will have eliminated undesirable types and provided space for 
unhampered development of the best. In about 50 years the new 
forest visualized in the first marking will have become a reality. 

Prediction of Yield 

Normal yield tables, granting that they represent stands which 
scarcely exist, nevertheless create standards which are useful in 
setting up goals to strive for . Meyer's yield tables for even-aged, 
fully stocked ponderusa pine in the Northwest (45) give an indi­
cation of the yields attainable if stocking and age classes on large 
areas could be made to conform to the standards on small plots. 
Lexen's empirical growth table for the Southwest (39) provides 
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F IGURE . 34 .-Su.borc~inate tree~ of vig-or class C r eleased by improvement 
selectIOn. cuttlTl.g 1Il 1041. Dlalnetc1' growth during- :> years 'lftel' cuttin/!o 
left 0.7 Inch ; rIght, 1.1 ITIch es. T1'ees of this clm,s usually have th e making­
of an, excellent butt log; they would be cut und er group 'P.lcetio l1 or 
maturIty ,electlOll . . . 
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a reasonably satisfactory basis for predicting gross increment on 
large, partially cut areas. Additional adjustments for mortality 
and ing rowth arc called for, however, unless the forest techniciall 
is willing to assume that mortality is balanced by ingrowth. 
Lexen's table also serves to bring out a sign ificant contrast be­
tween well-stocked young stands and the un derstocked and over­
aged stands usually encountered. 

For larg0. areas of national-forest cutting in si Les lV and V 
in the Southwest , a mean annual increment of 60 board fee t per 
acre on cutting cycles of riO yea rs is abo ut as good a ll average 
g-rowth esti mate as can he off0r0.d. Large reRidlial volu mes, un­
even ly distributed , will lower rather than raise t.he net illcrement 
unless the cutt in g cycle is short. Ahundant ingrowth may in crease 
thi s figure ; deficient ingrowth will reduce it. The presellce of 
good aovanee r ep roduction should raise the illcrement, looking 
ahead 50 years or more; but ulltil clitLing- praetice r ecognizes 
development of growi ng stock as the mitjor objective, yields must 
remain low in both volume and quali ty . 

On t he whole. yield predictions in the present Rtage of man­
agement are of only pass ing interest. It matters little whether 
the estimate of 60 board feet is [) percent or 30 percent in error. 
What does matter is that lands noW yielding only 60 boaro feet 
per acre annually can be made to double or triple their yi eld . For 
the next GO year il the problem is not so much the exact measure­
ment of current increment as it is the need for aggreililive iltep;; 
towaro rais ing the increment to it level commensu rate with the 
proouctive capacity of the lanel. 



Regeneration-Natural and Artificial 

!hat .a forest cannot be maintained without regeneration is 
aXIOmatic. The generally understocked character of virgin pon­
derosa pi~e stands in the interior region is due either to faulty 
regener~tlOn or to the destruction of young trees which normally 
would fill the gaps caused by mortality. In order to maintain a 
s~itable gradation of age classes in many-aged stands, regenera­
tion must go on more or less continuously. It is not uncommon 
to find g~pS of as much as 100 years between age classes. Al­
though this usually means that intervening classes have been de­
stroyed,probably by fire, it is known that long intervals may 
elapse betwee~ years in ,which .appreciable numbers of seedlillgs 
become estabbshed. Studies of 1I1crement have shown the advan­
tages of an abundant inflow of new trees as expressed by "in­
growth," and by contrast the decline of increment where ingrowth 
is lacking. 

Restocking may be accomplished by either natural or artificial 
means. As eXl?lained later, artificial reforestation on the dry sites 
usually occuplCd by ponderosa pine is too difficult and expensive 
for general application, and for this reason reliance must be 
placed mainly on the natural process by which seedlings origi-
nate from seed scattered by trees on the area. . 

NATURAL REGENERATION 

Prior to the great seedling year of 1919 the Southwest was 
noted for its poor reproduction. This was n'ot true of the whole 
region; in fact, a survey might have shown that less than half 
of Arizona and ~ew Mexico was troubled in this way. But the 
sore .spots ~vere vital because they occurred almost invariably in 
10cal1t1es of heavy timber use. Large at'eas of old cuttillo' both 
withi~ and out::lide the nati011al forests had failed to rest;ck. In 
s~me 1I1stances the ~'easo~s were obvious-heavy cutting or fire, 
of~en both. But ~atlOnal-fo~'est cuttings were llOt restocking de­
Spl te fire protectIOn a nd safeguards for seed trees. 

Years of detailed study in the Fort Valley Experimental Forest 
an~ adjacent country have brought to light much information 
which has been presented in several publications (54, {;(J, 59, (J7, 
(J9, 71). Although the 1919 class of seedlings furnished the first 
opportunity for a comprehensive study, remnants of earlier classes 
occurre.d under conditions which indicated that with adequate 
prot~ctlOn, na~ural regeneration could be expected, though at long 
and Irregular llltervais. In the light of what has been learned from 
correlation .of conditions sur~ounding all of these age classes, the 
factors w~lch call f~r speCial. consideration are: Seed supply, 
seedbed, chmate, cuttmg practice, and protection. 
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Seed Supply 

Nature is wasteful in the use of seed. Germination tests of 
ponderosa pine give from 5 to 97 percent viability, averaging 
around 59 percent. Under nursery conditions in the Southwest, 
practically complete germination takes place in 15 to 20 days, 
but in the forest it continues over a much longer period. The 
quantity required for adequate regeneration has been variously 
estimated at from 4 to 10 pounds per acre. Although large trees 
may occasionally yield 10 pounds of seed in a single crop, they 
average 2 pounds per tree in "good" years and 3 or 4 pounds per 
tree in "bumper" years. Good cone crops occur once in 3 or 4 
years with lighter crops intervening; cones are practically absent 
about 1 year out of 4. At irregular intervals, evidently dependent 
on a number of chance variables, there is an exceptional seed 
crop such as was recorded on the Coconino and Kaibab National 
Forests in 1913, 1918, 1927, 1936, 1942, and 1945. 

Important factors in decreasing' seed yields are the cone beetle 
(Conopthorw; 8copulo1'U1n Ropk.) which destroys the seeds within 
the growing cone, and the Abert squirrel which cuts off enormOlls 
numbers of cone-bearing twigs in winter and feeds on green cones 
from July until the seeds are shed in October or November. After 
the seed fall and until July of the next year, seeds on the ground 
are an important source of food for mice, chipmunks, and man­
tled ground squirrels. If these rodents are numerous they may 
consume practically the entire seed crop. 

The minimum seed-tree requirement was formerly placed at 
four trees, 20 inches d. b. h. and over, per acre (54). In "good" 
seed years, these four trees average 2 pounds each or a total of 
8 pounds. Contributions by smaller trees on the same acre might 
bring the total quantity to 12 pounds. Assuming an average of 
10,000 seeds per pound and estimating that under moderately 
favorable field conditions only 1 seed in 100 produces a seedling­
that will survive, 10 pounds would yield only 1,000 seedlings. 
Really effective regeneration on cut-over lands in a single season 
requires at least 2,000 seedlings per acre, thus calling for 20 
pounds of seed. 

When allowance is made for the numerous agents of destruc­
tion and waste, together with the fact that about 10 percent of 
the seed trees will die over a period of 20 years, the minimum 
of four seed trees is barely sufficient unless the area has con­
siderable advance reproduction. Since more than four suitable 
trees as large as 20 inches d. b. h. are seldom available, it seems 
necessary to lower the specified minimum diameter to 18 inches. 
The minimum seed-tree requirement for the Southwest may then 
be restated as six well-distributed trees 18 inches d. b. h. or 
larger. Obviously, the trees which make up this quota should be 
in or adjacent to areas in need of restocking, and the crowns 
should be freely exposed. Isolated individuals, or trees released by 
cutting in groups, meet the essential requirements. The old requi­
site of large crowns may be modified by placing less stress . on 
size and more on vigor of the top, because it is the upper part 
of the crown that bears most of the cones. . 
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Seedbed 

It has been demonstrated repeated ly that pine germination is 
quicker and surer if the seeds are lightly covered with soi l than if 
lying on the surface of the ground. Seeds which lie over winter 
tend to become covered by checking and heavini!' of the soil, but 
artificial covering is more effective. Unfortunately, artificial seed 
covering is seldom practical. 

Experience in the Southwest has borne out the old observation 
that germination is better when the seeds are in contact with 
mineral soil than in deep needle litter. In years of unusually heavy 
summer rainfall, however, germination in the litter under trees 
is abundant, but the seedli ngs inVariably die in these situations 
if the litter is deep and if the ground is shaded more than half 
of the day. 

Effect of Herbaceous Vegetation 

Partial shade by grass and weeds favors germination, uut later 
effects are 011 the whole detrimental to pine seedlings. Survival 
and growth during the first few years are greatly favored by 
elimination of all competing vegetation, especially the bunchgrass 
Arizona fescue. Generally the most adverse effect of herbaceous 
vegetation is root competition. Tests during (it'ought periods have 
consistently shown more moisture in the soil at depths of <1 to 9 
inches where vegetation has been removed than where it is pres­
ent. Shade may become equally injurious if herbaceous vegetation 
is tall and dense, as in the case of Arizona fescue and lupine. 
Figure 35 shows an ungrazed stand opening that bears a dense 

F-43843A 

FIGURE 35.-A dense covel' of herbaceous plants hinders ponderosa pine 
regeneration . A typical un grazed bunchgrass area in which no pino 
seedlings have survived since 1909, although it borders an established 
stand. 

MANAGEMENT OF PONDEROSA PINE IN THE SOUTHWEST 113 

cover of arizona fescue. The area has remail!ed unstocke.d with 
pine from 1909 to the present. Numerous seedlings started m 1919 
but died within a year. . 

The adverse influence of dense herbaceous cover on pme re­
generation is shown not on ly by extensive observation but by 
experiments carried on from H)28 to 194~ (60, 7l). Part of t~e 
area illustrated in figure 8G, beanng undIsturbed stands of AII-

FTGURE ;'''.- Plots ~ ce<led with ponderosa pine and completely protected 
against rodents. A. Portion of plots seeded in 1929, photographed In 1937. 
Wall of :;eedlings in background IS oJ.1 plot denuded of gra.ss and wee.ded. 
An unclippe<l control plot and plots WIth grass chpped to .6-mch and 2:mch 
heights are in foreground; they contain 5, 4, .and 11 seedhngs, re~<;pectn~ely. 
B, Plot seeded in 1937. Denuded-weeded area In foregrou!ld had 3" seedlmgs 
when photogn,:phed in .1941. .Undisturbed grass area In background had 
1 seedling, whIch has since dIed . 
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with intensity of clipping) ; and the poorest survival and growth 
where the grass was undisturbed (fig. 36, A). A similar experi­
ment with some modifications was begun in 1937, and gave essen­
tially the same results, the denuded and weeded plot being the 
only one where survival and growth provee! excellent (fig. 36, B). 
Survival and growth of the 1929 and 1037 seedlings carried 
through 1944 are given in table 27. Figure 37 showg that the soil 
moisture content at depths of 4 to 6 inches and 6 to 9 inches was 
much higher during critical dry periods on e!enuded plots than 
on natural grass plots. 

Climatic Factors In Relation to Germination and 
Survival 

Precipitation 

It has been said that the summer rainy season of the Southwest 
provides ideal conditions for pi ne regeneration. That is true only 
of seasons in which the volu me and distribution of the rain~" 
through July and August are better than average. Really favor­
able conditions occur only when showers fall almost every day 
during a month or more. More commonly, rainy periods of a week 
or 10 days are followed by a dry perioe! of equal or greater length . 
Exceptionally favorable years at Fort Valley were ]911, 1914, 
19]9, and 1£)2]. Examples of years when summer rains were poor 
are ]910, 19]5, 1920, aile! H)22. ,Tuly r ai ns were very e!eficient 
from 1938 through U)45 (table 3), with the result that when 
germination took place at all it was too late to permit the seee!lings 
to develop sufficiently to withstand the winter and ensuing .June 
drought. 

1 ime of Germination 

Midsummer is the usual time for germination. Early in the 
~pring when soil moisture may be adequ ate, the temperature is 
too low; later, after temperatures rise, the surface soil is too 
dry. In July and August both temperatures and moiRtUl'e tene! to 
approach the optimum. Only in 1919, during the entire perioe! of 
years from 1909 to 1945, die! appreciable germination take place 
before July in t he Coconino ane! Kaibab National Forests. 

In most years a favorable germination perioe! occurs sometime 
between July 1 and September Fi. Germination is less critical 
than survival through the early stages. The mo"t common ae!verse 
factors are dronght and frost heaving, the latter being most 
prevalent in years of late germination. 

Sometimes when "eeels fail to germinate e!uring a summer of 
subnormal precipitation, they lie oITer and germinate the following 
summer. Such occurrences are rare; the best example on record 
was in 1928-29 when a 1927 seed crop germinated sparingly in 
1928 and remaining seeds l!'erminlltpN i" lQ<)() 
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Coordination of Seed Supply and Precipitation 

As can be readily understo~d, neither seed sUjJply no~ ra!ns 
alone insure pine reproduction; what is reqUIred IS coordmatlOn 
of the two. Many a seed crop has been w~sted beca~s~ It was 110t 
followed by a summer of adequate and bmely preclplt8;tlOn, and 
many a good summer rainy season has proved of no avail because 
Nat~re had sown too little seee! the precee!illg: autumn. 

The best combination on record w;)s in 1019, a year of excep­
tionally good summer rains, preceded in 1918 by a !l'cnerally heavy 
seed crop. The year 102!) a lso had gooe! summer nUllS bllt the only 
seed available was a variable hold-o ver from the 1927 crop. Agalll 
in 1930 the summer rains were copiolls but seerl wa" deficient.. 
Survival of the 1929 seedlings, however, was favored by the 19:~0 
rains and consequently some good reproduction dateR back to 
1929. Another favorable year for g-ermlll,ltJoll ' was 111 ~. 9:\6. but 
193!'5 was not a good seed year. A fair seed ~rop 111 19<>6 germI­
nated well in places where the June-JUly rams of 1937 were at 
their best. Most of the 1937 seee!lings, however, succumbed to t;re 
unprecedented drought of May, June, a!l~ Ju.1y in 193R and 19,,0. 

With a record of seed crops and precIpItatIOn on the same area 
it is possible to explain past successes and failure~ of reproduc­
tion with considerable accuracy. It must be borne 111 mllld, how­
ever, that both rains and seed cro!?s in any olle year may vary 
greatly within a radius of a few mdes. r:" 

During the period of 38 year.s from 1908 to 191Ll, I11cluslVe, 
only 1 year of abundant and WIdespread reproe!uctlOn ~as been 
recorded in Arizona, namely, in ]919. Pole stands pomt to a 
similar seedling crop in the early eightIes. Good catches were 
registered locally throughout Arizona in 1 !H4 and 1929. A few 
seee!lings started in 1909, Hll1, 1917, 1921, and 1937. As far as 
rains are concerned there could have been many more gooe! 
seedling years, but deficient seed sUPl?ly, unsuita.ble "eerlberls, 
and inadequate protection have all cOlltnbuted to fadurc. 

Relations Between Cutting Practice and Regeneration 

A deeply rooted belief among: foresters is ~hat a "correct" 
methoe! or degree of cutting can 110 foune! that wll! solve once alH1 
for all the problem of natural reproduction. In the Southwest, 
early research efforts to test different methoe!s took. the form of 
empirical cutting experiments followed by systcmatIc records. of 
germination, survival, ane! development of :'leee! I III gs, along WIth 
recore!s of growth alle! mortality of trees. 

The Coulter Ranch Study 

The mosi comprehensive experiment in the .Southwest is the 
Coulter Ranch series of cutting plots (S!'5), III whIch thr~e methods 
of cutting (group sele!3tion, scattered seed tree, and hght selec­
tion), were applied on adjacent ,areas all ~ogg:-e! mthe same year-
191 ~ npt.<>i1"rl rl"~n~;~~'~- -" ~ - . 
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subject to invasion by bunchgrasses, and the annual precipita­
tion is about 20 inches. The reserved volume and number of trees 
over 20 inches d. b. h, per acre were: Group selection 2,846 board 
feet, 3.1 trees; scattered seed tree 1,873 board feet, 2.2 trees; 
light selection 4,510 board feet, 4.6 tree3. More trees between 11 
and 21 inches d. b. h. were left on the two selection areas, but 
on the scattered-seed-tree area nearly all were cut. Sinc.:e the 
entire area was subject to heavy grazing by both sheep and cattle, 
a 50-acre unit of each cutting plot was fenced in 1919. 

Seedlings appeared in appreciable numbers only in one year-
1919. Survi val records of this class are given in table 28. Because, 
as shown later, sheep grazing proved to be a disturbing factor, 
only the records from the fenced plots are included in this table. 
No count was made in 1919, but it is estimated that the number 
of seedling3 recorded in 1920 is at least 50 percent below total 
germination. A marked feature of the annual records from 1920 
through 1924 is the prolloullced downward trend. Mortality did 
not end after the second year but continued high through the fifth 
year and at a lower rate up to the tenth year. Practically all of 
this mortality was ascribed to drought aggravated by root com­
petition from herbaceous vegetation and trees. In some instances, 
where plots were located under tree canopies, shade was un­
doubtedly the dominant factor: Frost heaving also accounted 
for considerable losses but mainly before the 1920 examination. 

As might be expected, the scattered-seed-tree area, with the 
lowest number of trees both in the class over 20 inches d. b. h. 
and in the 12- to 20-inch class, had the fewest seedlings in 1920, 
but in 1929 they almost equaled those on the light selection area, 
and by 1942 the scattered-seed-tree area presented the best aspect 
in the series as far as reproduction is concerned. The most plau­
sible explanation is that with fewer trees to create root competi­
tion and overhead shade, the seedlings on the heavily cut area hact 
a better chance to grow. 

Limitations of Curring Practice 

A moment's reflection should make it clear that in unevenly 
stocked and generally open ponderosa pine stands as afi"ecting 
the influence of cutting on regeneration has definite limitations. 
It is highly improbable that precipitation is influenc.:ed one way 
or another by method of cutting, except as the crown canopy may 
intercept rain or snow. This effect would be confined to areas 
within the immediate influence of the tree crown. 

Light cutting, as compared with heavy cutting or no cutting 
at all, tends to increase the total volume of seed, and in the long 
run this must be regarded as an important factor. However, 
volume of seed above a certain minimum is not a deciding factor , 
nor is germination. Successful restocking is determined also by 
survival of seedlings, and there is no evidence that survival can 
be favored by light cutting. On the contrary, fairly heavy cutting 
favors survival, and but for the fact that heavy cutting also en­
dangers seed supply and induces branchy form, it might be rec­
ommended as a means of favoring reproduction. 
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In the last analysis, the fact remains that these three cutting 
areas provide almost every conceivable combination of shade, seed 
supply, litter, and soil cover. Nevertheless, appreciable regenera­
tion has taken place only once in 3!i years, namely, in 1919, when 
an excellent seed crop falling on a heavily grazed soil coincic1ecl 
with the wettest summer on record. Even then reproc1uction failed 
on areas subjected to heavy grazing, and likewise on small areas 
where complete exclusion of livestock favored luxuriant grass and 
weeds. 

Advance Reproduction 

A common condition in virgin ponderosa pine forests which 
have escaped recent fires is the presence of "advance reproduc­
tion." Usually this young age class occupies all the open spaces be­
tween tree groups, and in some localities it comes in c1irectly under 
the old trees where the canopy is not c1ense. The presence of a 
younger age class, which may range anywhere from seedlings to 
poles, is obviously a great advantage. On one Fort Valley 'area 
(S9), seedlings and saplings of two age classes, ranging from 2 to 
8 feet in height, occupied more than half the area, notwithstand­
ing a volume of 18 M board feet per acre before cutting (fig. 38). 

The area occupied by different age groups, before logging, was 
as follows: 

PC!"t:t!nf, of mora 

Yellow pine .......... '" ..... , ... . .. . . . . . . .. . . . . .. .. 22.8 
Blackjack ...... . ....................... ,.......... 10.4 
Poles ........... . ....... . . .. . . . .. .. . . .... . .... . ..... 3.2 
Seedlinp;s and saplings ..... . . . . . .. . . . .... .... .. . .. ... , ~4.0 
N onre~tocked .. .. .. ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.6 

Total 100.0 

The larger stems may be expected to contribute heavily to 
"ingrowth" ill about 20 years. 

If a large volume of timber is removed, logging damage fol­
lowed by brush burning may c1estroy a large part of this young 
growth. As has been pointed out elsewhere, this situation fur­
nishes an added incentive for conservative cutting because trees 
fellec1 in the next cut can then in many instances be c1ropped into 
bare spots or into old groups which have been openec1 up. On the 
other hand, judicious felling, skidding, and brush piling may be 
employed to accomplish a needed thinning in overdense thickets 
(fig. 39). 

Too much reliance should not be placed on ac1vance reproduc­
tion, however, because of the ever-present danger of fire after 
cutting and because in most stands the old groups are too dense 
and the root competition too severe to permit seedlings to survive 
underneath and within 20 to 30 feet outside the crowns. If mature 
groups are cut clean or nearly so, the result is a large open space 
which may not restock for many years (fig. 40) .. On the other 
hand, partial cutting can keep the land occupied and provide 
seed for a new age class. This practice was applied in the improve­
ment selection cuttings previously c1escribed. 

D 
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LEGEND 

SAPLINGS 

1-25 YEARS 

POLES 

25-80 YEARS 

BLACKJACK 

80-200 YEARS 

YELLOW PINE 

OVER 200 YEARS 

L-J.;--!td00 
SG"Lt- f([T 

FIGURE 38.-Area distribution of age groups, virgin ponderosa pine, sample 
plot SO, 85 acres, Fort Valley Experimental Forest. 
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F-421180·442716 

FIGURE.39.-Log·ging and slash disposal can be used as cheap means of 
~hlnnmg ?vel'dense pme thickets. A, A large tree has been felled directly 
mto a thicket. B, A. brush pile burned within a dense group of saplings 
has created an openmg 20 fe et in diameter, releasing bOl'del' trees, 
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Secondary Species 

Secondary species, generally speaking, do not present a prob­
lem in the ponderosa pine type of the Southwest. In the upper 
transition, white fir, Douglas-fir, and limber pine are often asso­
ciated with ponderosa pine and reproduce well in its shade and 

FIGURE 40.-A stump patch 14 years after logging, The sUl'l'ounding thickets 
wel'e advance reproduction when the al'ea was log'g·ed. 

litter. Of these species, however, only white fir is regarded as all 
inferior species. On sites devoted to saw-timber production, white 
fir seed trees, if not merchantable, could be cheaply eliminated by 
poisoning. White fir in the sapling stage could be cut on a large 
scale for Christmas trees . As a rule, however, the sites on which 
white fir tends to dominate are in the Douglas-fir type. 

In the lower fringe of the ponderosa pine type, junipers and 
oaks mingle with the pine to some extent. These species rarely 
become dense enough to interfere with pine reproduction; more­
over, as ponderosa pine emerges from the cover it overtops the 
junipers and oaks. More often, pine is the aggressor, especially 
in juniper. On account of tip moth damage the pines in the lower 
fringe type gain height slowly, but they grow in diameter at a 
rapid rate. Here, production of railroad ties may have possi­
bilities. 
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Protection of Young Growth 

Protection as covered in the following pages merely calls atten­
tion to the character of damage and closely related circumstances. 
Since control measures for reproduction are a phase of the broader 
field of control of damaging agents, a discussion of this subject 
is reserved for a later section. 

The destructive effect of fire on pine seedlings in its path is 
obvious. Undoubtedly fire accounts for the lack of reproduction, 
or the absence of certain age classes, on extensive areas in the 
ponderosa pine type. Even under organized protection scarcely a 
year passes in which areas of from 100 to 1,000 acres are not 
virtually denuded of seedlings and saplings. Uncontrolled fire 
must be kept out of the forest for the benefit of tree reproduction 
as well as many other interests. 

Browsing by livestock, particularly where too heavy grazing is 
practiced, and stem injury by insects and rodents are other 
factors \vhich, though less spectacular than fire, may in the long 
run be more harmful because they cover more territory and 
unless controlled go on year after year. 

Browsing by Livestock and Deer 

Ponderosa pine seedlings are browsed by sheep, cattle, and 
deer-the degree varying with the intensity of stocking and sys­
tem of management. Sheep eat both growing shoots and needles. 
Cattle normally eat only shoots. Deer eat buds and shoots, but at 
Fort Valley they have !lot been observed to eat pine needles. 
Where browsing occurs all of these animals normally confine 
their activities to the current season's growth and to that portion 
within reach of livestock. In stands of mixed composition, white 
fir and Douglas-fir are eaten in preference to ponderosa pine. 

In the Southwest, all three types of browsing are character­
istically seasonal. Buds are eaten by deer early in the spring when 
the pine shoots first begin to elongate. Stem or shoot-browsing by 
cattle and sheep starts several weeks later when the new growth 
is from 2 to 3 inches long. Stems are rarely browsed by cattle 
or sheep after they cease to elongate and begin to acquire a 
mature texture. Deer, however, occasionally browse pine shoots 
when distinctly woody. The period of shoot browsing usually ex­
tends from about June 15 to July 15, varying with sites and sea­
sons. Needle browsing by sheep begins when the needles are 2 to 
3 inches long, usually about August 1, and continues into No­
vember. 

Shoot injury acts directly to check height growth and to cause 
abnormal branching. If only the leader is cut off, a lateral of the 
upper whorl often rises to take its place; if all shoots of the 
upper whorl are taken, a lateral from the next lower whorl may 
assume leadership (fig. 41). When a new leader is formed by a 
rising branch, a sharp bend is formed in the stem. It becomes 
straight in a few years, unless injured repeatedly. Sometimes new 
shoots are formed from adventitious buds at the base of an in­
jury, or in a needle fascicle (17). If all the upper shoots are 
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bitten off year after year, bud growth gives rise to a profusion 
of stems and the tree becomes bushy. 

The browsing of needles tends to lower the capacity of the 
crown for photosynthesis; unless a large proportion of the foliage 
is taken, however, the effect may not be noticeable. But removal 
of a substantial proportion of foliage year after year is bound to 
have adverse consequences because browsed needles are always 
the newest ones; they are not replaced and those which remain 
are shed after 3 or 4 years. Death may result from repeated near­
defoliation. 

Fatalities from browsing are most common ill the small seedling 
stage, when the bite of an animal may remove the entire crown. 
This result is common in the first and second years and accounls 
for the wholesale destruction which some investigators (41) have 
reported as taking place in the cotyledon stage. In fact, it extends 
beyond the cotyledon stage through the primary and secondary 
leaf stages and into the second year's growth (54, 58). . 

Survival in critical places is the best criterion of damage. The 
consequences of seedling loss are not always directly proportional 
to the number killed or injured but are more nearly related to the 
number which survive. In dense seedling stands the death of large 
numbers may cause little or no real damage, whereas ill thin 
stands an equal number of deaths may be serious. It follows that 
in appraising grazing damage special attention should be given 
to the areas on which seedlings have started spari11gly, such as 
heavy cuttings or flats with heavy soil. An example of such an 
area is illustrated in figure 42. Figures on average damage over 
large areas tend to obscure localized severe damage and thus they 
present an overly optimistic appraisal. 

Damage by Tip Moths 

The growing shoots of pine seedlings and saplings are often 
attacked by the larvae of the pine tip moth (Rhwwionia neomexi­
cana Dyar) which devour the tender tissues within the developing 
shoot. In the course of a few weeks the shoot, above the point of 
entrance, dies and later becomes hollow and crumbly. Within a 
year most of the dead tips break off, and to the inexperienced eye 
the pine shoot appears to have been bitten off by cattle or deer. 
A distinguishing characteristic of tip moth injury is that the stub 
where the dead tip breaks off is ragged and hollow Ol' hOlley­
combed, whereas the stub of a shoot that has been bitten off is 
usually smooth, firm, and pitchy. Recovery from tip moth injury 
takes place in the same way as recovery from browsing (fig. 41). 
If only occasional shoots are killed, the young tree continues grow­
ing, but if severe attacks kill all the young shoots year after 
year, the tree eventually dies. 

Rodent Damage 

Rodents cut off the stems or gnaw the bark throughout the 
reproduction stage. As previously mentioned, mice and chipmunks 
may consume seed. In other instances, soon after germination 
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FIGURE 42.-Dumage on critical areas. An almost cIear-c~t section on which 
abundant reproduction started before logging. At le~st no per cent of the 
seedlings are dead and growth delayed on the survlvoys because of per­
sistent defoliation by sheep. Since few seed trees remam, the heavy dam­
age to seedlings may delay satisfactory regeneration for decades. 

the seed caps are sometimes plucked off, inc\u<iing the cotyledons. 
This is probably the work of mice or chipmunks but .could also be 
done by birds. After the stems become woody, any time from the 
second to the fifth year, they may be cut off close to the ground, 
suggesting the action of wood rats. In this stage and later they 
may also be barked under the sno\'v'; where much of this activ~ty 
is observed it is commonly associated with the runways of mIce 
in dense grass. Abert squirrels and porcupines gnaw the bark of 
trees of all ages, but their acti vity is most conspicuous from the 
pole stage on into older age classes. In total, rodents are an im­
portant factor in retarding pine regeneration, beginlling as they 
do with the seed supply, even (in the case of squirrels) before 
the seed matures, and continuing after the seedlings have passed 
the critical stage of resistance to adverse climatic factors. 

Present Status of Pine Reproduction in Southwest 

Much of the cut-over lalld in Arizona and New Mexico is now 
fairly well restocked. This naturally gives rise to some satisfac­
tion notwithstanding the fact that sizable areas are still poorly 
stocked. Some of the best reproduction, now in the pole stage. 
goes back to pre-national-forest days. Most of the young stands of 
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all ages started as advance reproduction; but considerable areas 
are definitely known to have restocked after cutting, mainly in 
1919, though the 1914 and 1929 classes are represented in various 
degrees. Figure 43 illustrates the progress of reproduction from 
1909 to 1941, after group selection cutting on a fenced plot (S3A) . 

The fact that no appreciable restocking has taken plac:e since 
1919, a lapse of more than 25 years, should serve as a warning 
that trouble lies ahead. Cutting in virgin stands, even though 
advance reproduction may be nearly complete, calls fur further 
regeneration in order to restock spaces opened by cutting and 
to repair logging damage. Moreover, virgin stands are being cut 
that lack adequate advance reproduction. Aside from the question 
of ultimate restocking it should be realized that poles 30 years 
old at the time of logging have a margin of 50 years over seedlings 
which start 20 years . after logging. In most virgin stands less 
than half of the space is occupied by trees beyond the pole stage. 
Management can well begin several decades in advance of logging, 
with a view toward transforming open spaces into pole groups. 

There is no formula fot' prompt natural regeneration of pon­
derosa pine. Weather, more than all other factors combined, 
determines success or failure. Given su'ch seasons as 1919, nothing 
short of clear cutting or fire can prevent regeneration. But 
experience has shown that it is not safe to rely on the coordinated 
recurrence of such weather and a good seed crop. This requires 
planning' a course which aims to take full advantage of the mod­
erately favorable seasons that oc:c:ur at intervals of G to 10 years. 
The plan should take into account the fact that I'arely will full 
stocking oCCUI' over large areas in anyone year. In other words, 
regeneration will, as a rule, be a cumulative process and the result 
will be stands which are not strictly even-aged, even wi th the usual 
latitude of 20 years within an age class. Good silviculture can 
throw its weight on the side of natUl'e by providing an adequate 
seed source and a favorable seedbed-the former by reserving 
ample seed trees supplemented by control of rodents, and the latter 
by judicious use of grazing, supplemented where necessary by 
artificial aids su'Ch as mechanical soil scarification. Protection of 
seedlings against animals and fire will be discussed in a later 
section Oll control of damaging agents. 

Management Holds Key to the Future 

Under continuous good management thel'e need be no serious 
ponderosa pine repl'oduction pl'oblem. The matter lies in the hands 
of forest mallagers. As has been stated, management should begin 
in the virgin stand. Once a good growing stock is established, fur­
ther restocking will be needed only in small spots here and there. 
The fact that pine seedlings do not survive under groups of old 
trees is no cause for alarm, for they will come in after partial 
cutting. Scattered seedlings in small openings usually develop good 
form because they are sLibjected to moderate side shade. The few 
seedlings which normally start in small openings every few years 
are adequate for restocking if given full protection. Under light 
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FIGUllE 43.-Progress of pine regeneration with grazing exc~uded. Views 
. from the same point in 1909, 1919, 1930, 1936, and 1941, wlthlll the fenced 

plot S3A, closed to livestock since 1910. 'l'he 1909 photograph lll':lstrates 
a common condition at that time; absence of advance reprcductlOn and 
heavy group selection cutting left large spaces unoccupied b:( trees. The 
1919 photograph shows little change except that grass and Va!'U?US annuals 
have covered the soil and some of the seed trees are dechnmg. A few 
seedlings 5 to 10 year; old were in evidence here and there, and a bounteous 
1918 seed crop was lI:erminatinf!. 
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FIGU~E i9 continued.-By 1930, the 1010 seedling cl~s's was becoming- visible 
an 0 el' one~ had reached the sapling stage. Six yem's later in 1036 
pine ,rePl'OductlOn was dominatinl!-' the ground. SeveJ:al of the ~eer! tree; 
seen In l!lOfl llnrl hppn t::h'11rl.-- hu 11 N'l,t"i,....f"1' ..... ,.. n,...'.n ..... .j.."~ 'h .... ~ •• ~ ..... ;J 
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FIGURE 43 continued.-The 1941 photograph was taken after the second 
logging in 1930. Camera mover! 20 feet because the orig'inal point had 
become overgrown. 

selection cutting, dense reproduction is not required and the 
uncertainty attending the occurrence of such seedling years as 
1919 is largely eliminated. 

In a well-stocked stand of balanced diameter distribution, selec­
tion cutting does not create large openings. For this reason, the 
light-demanding grasses such as Arizona fescue do not become 
dominant, and the prevailing grasses are mountain muhly, mut­
tongrass, and Junegrass, none of which are very aggressive; other 
herbaceous vegetation will consist of such plants as the vetches, 
lupines, and yarrow. The volume of forage in such a forest is low, 
but its palatability is relatively high. The whole arrangement 
favors pine seedlings with respect to both competition and brows­
ing by domestic livestock. 

The conditions visualized above will not be realized without 
long-range planning and subordination of other in terests to timber 
growing. On large areas of past cutting the desired condition 
cannot be brought about within 50 to 100 years. Present cutting 
practice in the national forests creates more favorable conditions, 
but method of cutting is only one of many factors concerned in 
natural regeneration. Inadequate control of livestock, game, ro­
dents, and fire can bring to naught the best of silvicultural prac­
tices. Management which aims to grow full timber crops can take 
not,hin(! for Q'ranted. 
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AR TIFICIAL REFOREST A TION 

Limitations of Ponderosa Pine Reforestatiol! 
Ponderosa pine has been planted in many parts of the South­

west, but really successful plantations are few as measured 
by stand~rds attained elsewhere with other species. Two reasons 
account for the meager results: one is inherent to the nature of 
the spe'cies and the other is climatic. The two causes combine to 
the disadvantage of ponderosa pine planting. 

Po.n?erosa pi?e is a slow starter even under favorable physical 
condltIo~s. UnlIke many ~ther conifers, it makes only one height 
growth In a season. Termmal siioots push out with the first warm 
weather, then stop; and no matter how much moisture and warmth 
are available later, height growth is practically finished for the 
year. In contrast, the pines of the south Atlantic and Gulf States 
make three or more flushes of growth in a single summer. 
. ~n order to understand the planting problem in ponderosa pine, 
It IS necessary to keep clearly in mind the climatic characteristics 
of t~e ponderosa pine type. It is characteristically a dry zone. The 
specIes ?oes not demand dry conditions, but it does demand rela­
tIvely hIgh summe~ temperatures. In western United States, high 
temperature and hIgh precipitation seldom coincide. 

Protracted drought periods during the growing season, which 
are the ~ule thl'ou&,hout the ponderosa pine type, account for most 
of the hIgh mortalIty and poor growth in young planted trees. The 
Southwest. with its summer rains may seem to be an exception, 
but the rams are seldom adequate and often they arrive too late 
to remedy the damage of a spring drought. Snow is the main 
source of moistUl'€ and most of the height growth takes place 
during the driest seasoll of the year. 

Results of Reforestation In the Southwest 
Experiments over a period of mOl'e than 30 years in the Fort 

Valley Expel'imental Forest have shown how to plant but have 
also poin~ed out drasii~ limitations. A discouraging aspect of the 
problem IS that mortailty coritinues for many years. Plots which 
show a survival of 90 percent at the end of the fll'st season al'e 
usually down to 75 percent in the fifth yeaI' and they continue to 
decline up to the fifteenth year. 

Table 29 gives the record of a few of many experimental plots 
planted at Fort Valley in 1912, 1913, and 1914. The plots were 
one-tenth acre in size, each planted to 100 trees. The site was an 
old pre-national forest cutting area used for many years prior 
to 1909. as a holding pasture for cattle. Competing herbaceous 
ve~etatlOn presentep no problem. A uniform method of planting 
(mIddle of hole) was employed in this series, but several different 
classes of planting stock were used. Although the experiment 
was des~gned pl'im.arily to compare diffel'ent classes and grades 
of plantmg stock, mterest now centers on the ultimate outcome. 
. Sur.viv.al at the end of the fifteenth to seventeenth growing sea­
sons mdlcates that even WIth good stock and careful planting 
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TABLE 29.-RecoTd of some pondeTosa pine plantings hI the For·t 
Valley Experimental Forest, 1912 to 1928 

Plot 1 

No. 

16 
17 
18 
19 
20 

33 
35 
36 
37 
38 

10 
11 
12 
29 

Class of stock 

------- - --
Seedlings, 131 years ____ _ 
Transplants _________ . __ _ 

_____ do _____ _________ . _ . 
_____ do ____ __ 
___ ._do _____ . _________ __ 

Transplants, grade 1 ____ 

I:::::~~~~:::=:::=:t:::: : 
I Seedlings, 131 years. __ 

Transplants, grade L. __ 
_____ do ___________ 2 ____ _ 
_____ do ___________ 1 _____ 
Seedlings, 231 years _____ 

Year 
planted 

----
1912 
1912 
1912 
1912 
1912 

1913 
1913 
1913 
1913 
1913 , 

1914 
1914 
1914 
1914 

I All plots one-tenth acre in size. 

Survival in percent by number of 
growing seasons after planting 

1st 1 2d I~ ~ 
--- ---- - --- -----

74 42 23 15 
87 62 45 38 
92 150 66 65 
81 57 49 45 
94 88 75 64 

16th 
95 91 86 73 
66 55 25 23 
92 90 69 65 
86 153 60 42 
46 39 20 11 

15th 
63 39 24 19 
63 40 16 8 
90 76 52 41 
67 51 a1 27 

methods, mortality is likely to exceed 50 percent of the original 
number of plants. Drought was the main factor during the first 
2 years, but later on biotic agents including root grubs, gophers, 
and tip moth were listed as most prominent. Although no counts 
were made after 1928 it is known that practically no additional 
mortality has taken place. Porcupines, gophers, and other rodents 
have, however, damaged considerable numbers on some plots. With 
an original stocking of 1,000 pel' acre, the number of effective 
trees was reduced to an average of 300 to [)OO per acre, excluding 
those plots on which seedling stock was used. The general aspect of 
the plantation aftel' 30 years was that of a fairly well-stocked 
natural stand containing some small openings. The trees were 
15 to 20 feet tall and mostly of poor form (fig. 44, A). 

Recent experimental plantings have emphasized the importance 
of controlling grass competition. On areas which had been fenced 
against grazing as long as 20 years, practically no survival was 
obtained without "scalping" the soil around each planted tree. Of 
more importance has been the effect of browsing by deer, which 
even on areas fenced against livestock have virtually destroyed 
most of the experimental plantations of the past decade. 

Experiments at Fort Valley have merely served to emphasize 
a few principles and to demonstrate their application. Matters of 
first importance are the site, season, character of planting stock 
01' seed, the planting or seeding operation, spacing, and subse­
quent protection. In the following discussion, the term "seeding" 
refers to the planting of ponderosa pine seed in small prepared 
"seed spots." Broadcast seeding in the Southwest has not given 
any promise of success. 
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FIGURE 44.-~xperj.mental p l a~tation s neal' FIaFstaff, AI·izona. I I , A 30-year­
old plantatIOn, trees 12 to 1., feet tall ~ mlllblted by tip moths, POI'cupines, 
and gophers .. B, A 20-year-old plantatIOn on land formerly in cultivation' 
trees 4 to 6 mches d. b. h. and 15 to 20 feet tall. ' 
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Selection of Sites 

The best criterion for jurlging planting sites is material evidence 
in the form of stumps, logs, or living trees that the gite has pro­
rluced ponrlerosa pine timber in the past. Such evirlence provides 
fail' assurance that tl'eeg will grow if successfully planted and 
protectecl; additional rletails, however, furnish valuable sugges­
tions as to the problems to be encounterecl in establishing a 
plantation. Survival is better and planting easier in sandy or grav­
elly soi ls than in heavy soils. Stony soils also give good sUl'vival 
but digging is diflicult, and therefore it may be advisable to employ 
seeding rather than planting on sllch sites. A dense stand of her­
baceous vegetation, especially grass, is to be avoided; closely 
utilized areas are generally favorable as far as seerlbed condi­
tions are cOllcerned. The foregoing generalizations are supported 
by much experimental work in both artificial and natural refores­
tation (52, ,s4, 68). 

Perllleable Soils Most Favo rable 

Soi l -differences as affecting seedling survival are related pri­
marily to moisture (!)7). Heavy soi ls have a higher water-holding 
capaeity than the sandy soils, but when rlrought sets in the heavy 
soils withhold a high proportion of the moisture from the plant 
roots. Summer showers penetrate the lighter soils most readily, 
anrl since pine trees are deep-rooted, this difference in penetration 
may prove to be it viUtl factor if rains are deficient. Stones tend 
to aid penetration ancl sinee their absorptive capacity is low, the 
water whieh falls on them is eoncentraterl in the soil proper. 

Experimental plantations have demonstrated rClleateclly that 
survival is best on the stony, sandy, or gravelly sites; amI the 
samc relation is tru c of natural regeneration. It has proved clif­
neult to get a satisfactory stand in the swales 01' fiats of relatively 
fine alluvial soils, whereas sites so stony that holes could be 
rlug only with great dimculty have given good survival provided 
thc physieal obstades to goorl planting eould be ovel'eome. 

Ponrlerosa pine toleloates a fairly wide range in soil acidity (pH 
4.5 to 7.0) . The open swales and parks are suggestive of alkali ac­
cumulations, but soil analyses do not confirm their l1resenee. 

Ponderosa pine is not exacting as to so il fertility, but it does 
l'equire so il that is permeable and well drainerl. Tt is a common 
observation that pine seedlings thrive in road side exeavations 
where the :;;ubsoil has been ('xposed. Abandoned railroad grades 
and highways huilt up with loose, stony, or gravelly soil are ideal 
for pille regeneration . On permeable soils denuded by fire, over­
grazing, erosion, 01' mechanieal means, ponderosa pine is often 
the first in vacler if seed trees are present. Ponderosa pine is f'aid 
to thrive on soil too poor for herbaeeous veg'ctation; this is lit­
crally true, but probably not so much because the pine prefers 
sterile soi l as because of low competition on such soils. Notwith ­
standing thi8 tolerance of infertile SOils, the heaviest stands of 
old pine are found on sites which have good soil depth and water­
holding eapacity. What is true of natural regeneration applies 
also to artifidal reforestation. 
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Competing Vegetation 

The infiue~ce of herbac~ous vegetation likewise is primarily 
a water relatIOn, although light may also be a factor . Grasses have 
a shallow b~t ve~'y intensive root system which, during critical 
?rought penods, IS able to appropriate nearly all of the moisture 
III the upper 9 inches of soil. Until young trees have developed a 
strong root system uelow this depth they are at the mercy of the 
gras~es. The bundl~rass Arizona feseue (Festuca mizonica) is 
particularly aggressIve as a water depleter because it is active 
throughout the growing season from May until October. Some 
g.rasses, notably blue grama and mountain muhly, are less objec­
tIOnable because they are practically dormant through the dry 
season preceding the summer rains. . :rall , dense .herbage of allY kind may create enough shade to 
Injure small pllle seedlings. A series of experimental plots carried 
f~om 1928 through 1944 (table 27, fig. 36) has shown that sur­
v.lval of ponderosa pine seedlings in undisturued grass was prac­
tically 1111 as compared with somewhat better survival where the 
grass was clipped t·wice annually, <lnd high survival where the 
grass was eradicated and kept out (71). 

Seasons for Planting 

Tree plallting should obviously take a(\vanta"e of the good 
moisture cOlldi~ions of early spring. Although u~d growth does 
not uecome actIve lllltll J.une, root growth uegins earlier, usually 
about May 1 01' when sol! temperature in the afternoon reaches 
42° F . The roots should be in the ground ready for action as soon 
~s favoraule temperatures arrive and uefore the soil begins to 
for~ a dry upper crust. The average spring planting season is 
Aprl! 15 to May 15. It may begin earlier but should rarely extend 
later. The summer rainy season is not suitable for planting be­
cause the volume of precipitation is too uncertain and because 
the trees at that time are in an active state. October and No­
vember is a good time for plantillg if the soil is moist. If, however, 
~he ~ai~s have not penetrated to a depth of at least 1 foot, plant­
mg IS risky uecause dry weather may continue through November 
and December. 

Seasons for Seeding 

Germination of pine seed calls for continllolls surfaee moisture 
along with relatively high temperature during a period of about 
3. weeks. July, ~ugust, and early September i~, with rare excep­
tions, the only time of the year when this combination of moisture 
and temperature is realized. Seeds sown in the spring remain 
dormant, at first uecause the soil is too cold and later because it 
is too dry. Since July and August are always warm enough the 
only quest}on C01lcerllS moisture. 011 the average, 2 years o~t of 
3 have rams adequate for germination and early survival if the 
seedbed has been well prepared. Germination may take place as 
late as September 15, but seedlings which appear after August 
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15 are likely to succumb to fall drought or frost heaving. July 
germination is much to be desired because it allows time for deep 
root penetration and enables the stems to become lignified before 
winter sets in. 

Seed spots, if screelled against rodents, may be put in at any 
time between October 1 and the following July except when the 
soil is frozen or covered with snow. The usual time is during 2 or 
3 weeks preceding July 10, but if a large acreage is to be covered 
advantage should be taken of the much longer period indicated. 

Planting Stock 

Experience in the Southwest and in other regions of deficient 
moisture has shown that transplanted stock gives the best field 
survival. Transplants designated as 2-1' are usually the most 
desirable type. The stem is 3 to 4 inches tall and the root 8 to 10 
inches long with many branches and subdivisions or feeders (fig. 
45). Plants grown only one sea~Oll in the seedbed are usually too 
small after a year in the transplant bed, but if left a second year 
in the transplant bed the tops become too large. Since successful 
field planting depends on maintainillg a favorable balance between 

I 

.J 

B 
F-362604·362607 

FIGURE 45.-Classes of (2-1) planting stock. A , First-grade transplant. B, 
Second-gl"ade t ransplant which should be culled. Both to'ps and roots are 
smaller in the second grade, but note especially the deficlency of fine root 
laterals. 

'Two seasons in the seedbed and one in the transDlant bed. 



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

water intake by the roots and outgo through the leaves, the leaf 
surface must be kept within prescribed bounds determined by 
experience. Theoretically, a smaller stem and a larger root than 
indicated by the dimensions given for 2-1 stock might be expected 
to give higher survival. Twice-transplanted stock has showll better 
survival, but cost limitations discourage this practice except for 
the most adverse sites. 

Source and Character of Seed 

The seed supply, whether for nursery or field seeding, should 
preferably be from local sources. Experience at Fort Valley has 
shown that seed from California and the Northwest germinates 
slowly and produces seedlings which, though large, succumb to 
the winter and spring conditions of the Southwest. Most of the 
seedlings die in the nursery. Of those which survived long enough 
to be field planted, all eventually died. Stock grown from Black 
Hills and Colorado seed proved to be as hardy as stock from local 
seed; but after several years in the field, the trees were subnormal 
in size and form. In a Fort Valley plantation ;;0 years old, the 
Black Hills and Colorado trees could be recognized at a distance 
by their smaller size, a distinctive color of foliage, and a marked 
tendency toward abnormal stem form. 

If seed must be imported, it is a wise precaution to select a 
region whose climate is similar to that of the site to be reforested. 
However, plant introduction is always attended by more or less 
uncertainty which can be removed only after many years of trial. 

Graded Seed 

Experiments at Fort Valley in which pine seeds have been 
graded as to size have shown marked superiority of large over 
small seeds with respect to rapidity of germination and initial 
size of seedlings. It follows that in a season of deficient rainfall 
large seeds may germinate while small ones awa't a more favor­
able, period. The large seeds may, on the other halld, germinate 
during a temporary moist period and die during a subsequent 
drought. Chance plays a role which cannot be predicted, amI there­
fore it appears safer in the long run to adopt Nature's course 
in which seeds of different sizes are mixed, thus dividing the 
chances on the theory that through the vicissitudes of weather 
some one lot of seeds may find conditions favorable for germina­
tion and Sllrvival. 

According to investigations by Righter (80) size or weight of 
seed is no criterion of inherent vigor of a permanent character. 
The explanation is that inherent characteristics are transmitted 
through the embryo which comprises only about 6 percent of the 
total weight of the seed. The seed coat and the endosperm, by 
contrast, constitute 44 and ;:;0 percent respectively of the total 
weight. Thus the variation in weight of different seeds is due 
almost entirely to variation in these two elements which are 
regarded as a product of environment rather than hereditary 
characteristics. 
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The Planting or Seeding Operation 

The technique of planting trees or of establishing' seed spots 
in the S.outhwest has been described in a previous publication 
(68), and since the details are largely matters of common knowl­
edge, only the guiding principles will be discussed here. It should 
be emphasized, however, that although the procedure is simple, 
meticulous execution is essential to success. The ma,ior steps in­
volved are: (1) Location of the tree or seed spot; (2) preparation 
of the planting hole or seed spot; (3) planting the tree or the 
seeds. 

Locating or selecting the exact place for each tree or seed 
spot is important. Obviously it is unnecessary to plant near grow­
ing trees; their zone of influence ranges from about 10 feet for 
saplings to as much as 50 feet for groups of large trees. 

Competition from grass can be partially evaded by taking ad­
vantage of breaks in the cover and enlarging them, if necessary, 
enough to give the planted tree a clear space at least 1 feet in 
diameter. BUllches of Arizona fescue extend their roots fully 2 
feet. On cut-over areas large spots clear of vegetation may be 
found Ileal' stumps or logs and in slash where merely the removal 
of litter provides an excellent planting spot. Log landingR, truck 
roads, gullies, and burned brush piles also provide sites relatively 
free from root competition (fig. 46). 

Power equipment has not been employed in reforestation in 
the Southwest, but it warrants a trial. On sites occupied by brush 
or dense grass, competing vegetation could be removed by clear­
ing strips with a plow or bulldozer. A disadvantage of such equip­
ment is that natural seedlings on the strip would be destroyed. 
Care must alfio be exercised to follow contours in order to avoid 
starting gullies. 

Planting a Tree 

The planting hole mURt be deep enough and wide enough to 
accommodate the roots in a natural position, spread out in such 
manner as to bring them in contact with a maximum volume of 
soil. Where rocks or other obstructions interfere with the digging 
of such holes, seed spots may be the answer. 

In setting a tree one fundamental principle governs: the roots 
must be placed in the Roil in a natural position and covered with 
fresh soil without permitting undue exposure to sun and wind. 
Any method which accomplishes this meets the essential require­
ments. Placing the roots against one wall of the hole is objection­
able because they tend to grow away from the wall, forming a 
one-sided root system. Any "middle-of-hole" method is preferable. 

Planting Seed Spots 

Preparation of seed spots aims to provide loose soil for cover­
ing the seeds ancl for free development of roots immediately fol­
lowing germination. Deep cultivation is not necessary, but it is 
desirable to loosen the soil to a depth of 4 to 5 inches and to 
pulverize the upper 2 inches. Small stones need not be removed. 
The seed spot is for practical purposes a miniature nursery bed. 
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FIGURE 4G.-Reforestation by seed spots. 11, Successful seed spot G years old; 
seedlings 10 to 14 inches tall; grass was removed in spot :1 feet in diameter. 
B, 4-year-old seed spot in a decayed brush pile, seedling's now G to 8 inche::; 
tall. C to F, Newly sown seed spots screened to exclude rodents; C on 
denuded log' landing, D in deep litter m'ound a stump 2 years after logging, 
E along a decayed log' 60 years after cutting, F in a group of old stumps 
after fire. 
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Quantity of seed presents one of the main questions in seed 
spots. It would be desirable to sow only the quantity required to 
produce the required number of seedlings in each spot. Because 
germination and survival are affected by many unpredictable 
circumstances, however, a generous margin of safety is desirable. 
Experience has established the practice of sowing 10 to 15 seeds 
spaced as uniformly as practical over a spot 4 inches in diameter. 
If germination and survival are good, thinning may be necessary 
after 4 to 5 years. 

Screening Seed Spots 

Exclusion of rodents from seed spots' is a precaution which 
experience has proved essential. Thus far, poisoning methods have 
not been perfected to a degree where complete reliance can be 
placed on poisoning. A screen placed over each spot excludes both 
rodents and birds. After many materials were tested, screens 
made by hand from hardware cloth of 1,4.- to 1/2-inch mesh proved 
most satisfactory. One serviceable type is a conical screen 7 inches 
in diameter at the base and 6 inches tall. These can be nested for 
storage or transportation. At Fort Valley it proved necessary to 
keep the screens on the spots at least 2 years to minimize rodent 
damage to seeds and small seedlings. 

Spacing 
A decision as to the correct distance between trees or seed 

spots, or the number per acre, is necessarily a compromise be­
tween silviculture and economics. Dense stocking is desirable in 
order to encourage saw-timber form; but to be effective the num­
ber must be at least 3,000 per acre. The present cost of planting 
3/000 trees would probably be $100 per acre. One thousand per 
acre, costing about $40, is the minimum number that might be 
expected to produce a reasonably satisfactory stand. 

By reducing the number to 250, the cost per acre could be 
lowered to about $15. In 30 years the number of survivals would 
decline to about 100 and they would assume the chamcteristic 
branchy form, with short, tapering boles. By timely pruning, 
however, about GO pel' acre could be made to produce one or more 
good sawlogs. The crop would not repay the cost of growing it, 
but planting would accomplish the main purpose-that of restor­
ing a forest by providing seed trees for natural reproduction. 

Relative Advantages of Planting and Seed Spots 
In comparing the two methods, one should consider, first, rela­

tive effectiveness and, second, relative costs. 
Planting has one outstallding advantage: the young trees are 

carried through the critical infantile stage in the nursery where 
they call be watered and given such other care as may be needed 
to insure survival. Against this stand several disadvantages: (1) 
The expense of a nursery; (2) the cost of planting; and (3) the 
short planting season. 

Maintaining and operating a large nursery involves a large 
outlay for personnel and equipment, an enterprise of no small 
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magnitude. Another element of cost is the inflexibility of a nursery 
operation. The stock that is planted in a given season must be 
started in the nursery 3 years earlier. 

The manpower required in planting is higher than that of 
seeding in spots. On stony soils this item may be so great as to 
be a deciding factor in favor of seed spots. Directly related to 
this problem is the length of the period during which operations 
are possible. The average planting season is about 1 month in 
the spring and possibly another month in the fall. Seed spots, on 
the other hand, can be put in during 5 to 6 months of each year. 

These two items involving labor and time combine to facilitate 
covering much larger areas by seed spotting than would be pos­
sible by planting. In point of total cash outlay, however, economy 
in labor is more than offset by the cost of protective screens which, 
until rodents can be controlled in other ways, are indispensable. 

In an extensive reforestation program both planting and seed­
ing have their place. On the whole, planting is preferable for the 
sites and during the seasons for which it is adapted. Direct seed­
ing by seed spots is to be reg·arded as a supplementary method to 
be used on stony sites and during periods outside of the planting 
season. 

Protection and Care of Plantations 
Successful planting or seeding is only the first stage of effective 

reforestation. Mortality due to drought and biotic agents may 
be expected to take a toll of 30 to 40 percent during the first 
decade. Control of herbaceous vegetation by weeding· the cleared 
space around each tree will reduce the drought loss and also in­
crease the growth rate, at the same time lowering the danger from 
fire. Uncontrollable biotic agents are tip moths, which curtail 
height growth, and grubs which kill the young trees by cutting the 
roots. C011trollable biotic agents are: Gophers, porcupines, rah­
bits, small rodents, cattle, sheep, and deer. The high investment 
in a plantation demands more than the usual precaution against 
damaging agents; it also warrants cultural measures such as 
stand improvement in order to make the most of trees which 
finally emerge from the elimination process. Possible control meas­
ures are discussed in a later section. 

The Place of Artificial Reforestation 
Both the possibilities and the handicaps of artificial reforesta­

tion have been pointed out. On the whole, the outlook is not 
encouraging. NeverthelHs, artificial reforestation cannot be en­
tirely dismissed, because there are in the Southwest 424 thousand 
acres of commercial forest land now classed as poorly stocked or 
denuded (91). High planting costs and slow growth practically 
eliminate artificial reforestation as a direct means of economic 
timber production. But from a public viewpoint a financial loss 
in the first rotation may be justified if it is possible through 
planting to restore a forest which will henceforth perpetuate itself 
naturally. Planting, then, assumes the character of permanent 
land development. 

Control of Daluaging Agents 

A wide disparity exists between possible timber yields and 
those actually realized over extensive areas. Recol'ds on small, 
fully stocked ·plots indicate that average sites in the Southwest are 
capable of proclucing ponderosa pine at the rate of 200 board feet 
per acre annually. Actual yields on cut-over areas average less 
than 60 board feet. Some of the reasons for this discrepancy, such 
as poor stocking and high mortality, are fairly obviou~. Others are 
less clear. In the latter class are many different agents which pre­
vent or retard reproduction and others which inhiqit i);rowth or 
cause abnormal form. Some are directly controllable, others are 
subject only to indirect control. . 

Following is a list of agents whIch must be ~nder at l~ast I?ar­
tial control in a well-managed forest: (1) wmd, (2) hghtll\~lg, 
(3) snow damage, (4) fir~, (G) rodents, (6) .insects, (7) brOWSIng 
animals, (8) plant paraslteR, (9) fungus dlse~ses, and (10) de­
structive competition. All of these have been (hscusse~ and evalu­
ateel in t.heir relationship to increment and reproduction. Control 
measures have been ref'erve(l largely for the present section. 

WIND 
Mortality records on c.ut-over areas over a period of 30 years 

eredit wincl with from :)0 to 40 percent of the total volume lost. 
On five areas of over 100 acres each (table 17) the average ann ual 
loss clue to windfall ranged from 0.08 to 0.::12 percent of the r~­
sidual volume. Since the loss among trees over 30 inches d. b. h. IS 
about seven times as great as among trees between 12 and ?O 
inches, an effective measure is to avoid leaving large trees, partic-
ularly in the mature class over about 28 inches d. b. h. . 

If, as is usually the case in unmanaged forests , th~re IS a d~fi­
ciency of young age classes, the foregoing measure IS not e~sllY 
carried out because removal of all large trees may leave conSIder­
able portions of the area greatly understocked. Nevertheless, ~rad­
ual conversion of old forests into stands of young and relatively 
small stems should be a long-range objective wherever windfall is 
an important factor . Such a program woulcl be all the more effec­
tive because the rule of mortality rising 'with diameter applies also 
to lightning and bark beetlcf'. A graph of the relation bet.ween 
growth and mortality from all causes by diameter classes has been 
presented in figure 23, page 83. . . 

Selection of tree types which are relatively wJllel-firm has re­
ceived much attention in timber marking in the Southwest. III 
general, trees which have grown more or less ill the open have be~n 
found to be morc wind resistant than trees which have grown m 
dense stands. The tall, clean-boled trees which are highly estee~ed 
for lumber values are, when iRolated by cutting, more sllsceptlble 
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to windthrow than the limby, open-grown type. The reason is that 
the former, having grown under competition, have a more re­
stricted root system than the latter. 

As pointed out earlier, cutting practice that aims to open up 
dense, immature groups as soon as 11atural pruning is well ad­
vanced accomplishes two things: (1) It stimulates diameter 
growth; and (2) it renders the remaining trees more wind-firm 
by providing space for root development. Where, as in most virgin 
stands, opening of groups has been too long deferred, partial cut­
ting is attended by more or less risk of windthrow. Even the inter­
mediate age class in dense groups is subject to windthrow when 
the groups are opened up enough to stimulate diameter growth. 
The dangel', however, is not usually so great as to warrant clear­
cutting mature groups as was often done in the old group selection 
practice. The ultimate answer to wind is a forest organization 
which provides for salvage. 

LIGHTNING 
Lightning mortality in the Fort Valley Experimental Forest has 

been practically 011 a par with windfall and, as in wind, the per­
cent of volume loss increases rapidly with diameter (table 17). Un­
like windfall, however, lightning is not always fatal. On two areas, 
one virgin and the other cut-over, only one-third of the lightning­
struck trees died during a period of 1 G years (92). Trees which 
are struck but not killed suffer more or less retardation of growth 
and deterioration, reflected in cull and degrade, and therefore the 
total loss due to lightning considerably exceeds the loss due to 
wind. Since the majority of the trees which survive are among the 
younger age classes, the reasons for marking large and old trees 
are even greater than in the case of windfall. Thirty-year records 
of blackjack groups show that although some trees are struck, the 
death of a blackjack from lightning stroke is rare. A 20-year cut­
ting cycle would permit salvaging practically all lightning-struck 
blackjacks, and if the forest were managed so as to harvest all 
trees before they pass the age of 17G years, lightning mortality 
would be negligible. 

Since cutting in virgin stands as found today must necessarily 
leave many relatively large, mature trees in order to maintain a 
growing stock and provide seed trees, areas of hig'h lightning in­
cidence must anticipate much lightning mortality even on a short 
cutting cycle. The loss will be all the more serious because the tall­
est and most valuable trees are the ones most likely to succumb ' 
before the end of the cutting cycle. As in the case of windfall, the 
immediate answer to this problem i~ salvage. Looking ahead 50 
years, however, it should be possible to harvest practic,:,lly all 
lightning-struck trees in the regular process of commercIal log­
ging. 

A peculiar form of top injury, until recently thought to be the 
effect of insects, has been classified by James L. Mielke of the Bu­
reau of Plant Industry, Soils, and Agricultural Engineering, as 
possible lightning damage. Usually the tip turns brown and over a 
period of 2 or 3 years the upper part of the crown dies back to a 
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distance of from 3 to about 10 feet; then the dying may cease and 
the remainillg portion of the crown appears normal. In no case 
does observation reveal the characteristic lightning streak which 
generally follows the bole to the ground. Baxter (6) and Boyce (9) 
cite similar examples of injury in other parts of the country. It 
should be noted here, without attempting positive identification, 
that this form of injury-dying at the tip of the crown-is com­
mon in the Coconino and Kaibab National Forests. 

SNOW DAMAGE 
Damage by snow includes breakage and bending. No figures on 

the extent of these types of injury are available, but they are 
known to be common. The effect on yield is all the more serious be­
cause slender poles, which are potentially the most valuable trees, 
are more subject to snow damage than are the limby, tapering 
type. A partial remedy is to avoid undue exposure of the most sus­
ceptible stems j thus in timber marking it is often advisable to com­
promise with partial, as distinguished from complete liberation 
of subordinate stems where the latter treatment would subject 
them unduly to snow damage. In stand improvement, as will be 
shown later, protection from snow damage is an important point 
in favor of poisonillg rather than felling limby trees surrounded 
by slender poles. 

FIRE 
Although ponderosa pine forests are seldom destroyed by fire 

alone, losses from fire through death of occasional merchantable 
trees and the creation of bole scars on others result in consider­
able aggregate loss. Greater ultimate losses come about through 
the destruction of poles, saplings, and seedlings. The technique 
and facilities for fire detection and suppression have advanced 
greatly during the past two decades; but fires of 100 acres or more 
are still too numerous. 

Control of Fires by Reduction of Fuel 
The technique of detection and suppression of forest fire is a 

special field which 'will not be treated here. Instead, the discussion 
which follows will consider ways in which forest management can 
aid fire control by disposition of Or curtailing production of in­
flammable material. It should be understood at the outset that the 
purpose is not to eliminate fuels to the extent of rendering the 
forest "fireproof." Such treatment would defeat its ultimate pur­
pose by impairment of the resource which it would protect. The 
purpose is rather to ameliorate the extreme conditions which make 
prompt suppression difficult or impossible with the facilities at 
hand in a normaily effective fire organization such as every na­
tional forest now maintains. 

The main types of fuel are: Logging slash, litter of needles and 
twigs, undergrowth of young trees 01' shrubs, and grass or other 

. herbaceous vegetation. 



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

Logging Slash 

Disposal of slash, or the oebris resulting from logging opera­
tions, has been made a subject of study for many yean, t.hroughout 
the ponderosa pine type (MJ, 76, 77). The treatment r ecommended 
varies by localities and sites from complete elimination of limbs 
and needles by piling and burning to no disposal whatever except 
on firebreaks. The criterion everywhere for judging the need 
and intensity of slash disposal is the relative danger that fires 
may get out of control and sweep large areas. Fires that cover 
only small areas, ranging from a few hundred square feet to a 
few acres, are accepted as more or less inevitable ; it is those 
which burn from 10 to 1,000 acres or more that are the cause of 
concern. The problem is to prevent small fires from gro'wing into 
large ones. 

Cost is a necessary consideration in slash di sposal. Unless im­
portant indirect values such as water resources and recreation 
are involved, it is not good business to spend more in protecting 
a timber tract than the present and future loss of timber in case 
of fire would amount to. Because of the many factors involved, 
however, it is difficult to draw a fine line of distinction between 
economic and uneconomic fire protection. If the cut is as much 
as 10,000 board feet per acre and the cost of piling and burni ng 
averages 7fi cents per thousand cut (a prewar figure ), the expense 
for a large area runs into high figures. 

In the Southwest the cut on national-forest lands is gen erally 
less than 10,000 board feet per acre. On some areas all the (Iebris 
below 4 inch es in diameter has been piled and burneo; on others 
partial burning has been used. Partial burning may consi s t of 
clearing firebreaks at specified intervals, or piling and burning in 
spots located in such manner as to break up large slnsh concen­
trations. Another variation, known as "lopping ann scattering" 
has been used where soil cover is deficient; it presents a lower 
fire hazard than unoisposed slash, but a higher one than complete 
piling and burning. This method is often cOlllbineo with piling 
and burning, alternating between the two according to local re­
quirements.Figure 47 illustrates brush piles before and after 
bUrlling, and also disposal by lopping and scattering. 

An important consequence of leaving large volumes of undis­
posed slash is that it continues to be a menace that will hamper 
future management. In the Southwest, 30-year-old slash can still 
contribute much to the volume of fuel and add to the difficulty of 
han dling slash from a new cutting. Such a condition is especially 
undesirable after the area has restocked. 

A difficulty commonly encountered is that the volume of old 
down timber, defective logs, and large limbs is so great that even 
after the usual piling and burning sufficient fuel remains to 
constitute a severe handicap in fire suppression. Under such con­
ditions, if forest values are high and fire danger great, thought 
should be given to the removal of all debris from strategically 
located fire lanes; 

A recently developed technique in which bulldozers are em­
ployed to assemble down trees, cull logs, and ordinary slash into 
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FIGURE 47.-Slash disposal. A, Limbs piled for burning; fl, Piles burned 
in snow result in little damage; C, Limbs lopped and scattered among 
saplings. 
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large piles along roads, appears to be a step in the right direction. 
Colvill (16) and Weaver (94) have described this technique. 
Weaver (95, 96) has also reported an experiment in prescribed 
broadcast burning in the Colville Indian Reservation, with the 
double purpose of consuming down timber and thinning' ovel'dense 
sapling and pole stands. 

During 35 years of timber-sale administration, thought and 
practice in the Southwest have swung between wide extremes, 
finally reaching the conclusion that intensity of disposal and sub­
sequent protection should be varied in accordance with the needs 
of each individual site. There is general agreement among timber­
sale men and fire fighters that at least partial disposal by burning 
is desirable almost everywhere. In recent years extensive inroads 
of sapling and pole thickets upon open spaces have placed added 
emphasis on piling and burning. 

Silviculture Can Reduce the Volume of Slash.-lVlcIntyre (76) 
has shown that the lowest volume of slash per thousand board 
feet of merchantable sawlogs occurs in stands of the largest 
volume pel' acre. The reason is that trees in heavy stands have 
relatively short and narrow crowns. Continued management may 
be expected to reduce the volume of slash if attention is directed 
toward training a superior type of tree. Young stands should be 
dense enough so that the crown will be reduced to I.wtween 30 
and 40 percent of the tree height in the advanced pole s',age. 

Defect obviously incl'eases the proportion of slash uy adding 
cull logs and by lowering the net volume of merchantable wood 
produced by a given crown. Stand improvement which eliminates 
stems of infer ior form and removes surplus limbs while below 
11/2 inches in diameter can be expected to decrease infection by 
western red rot and the quantity of cull material left following 
harvest cuttings. Short cutting cycles will permit salvaging many 
trees which would otherwise become culls to be left as fuel. The 
lighter the cut at anyone time the less will be the fire danger 
and the simpler the task of slash disposal. 

Litter and Undergrowth 

The accumulation of litter or duff from needles and dry twigs 
that fall from trees, poles, and saplings provides enough fuel 
to support ground fi res. Flash fires do not usually result from 
this class of fuel, but fires run freely when the litter is dry on 
the surface, even though it may be moist underneath. In high 
winds dead twigs on standing poles and saplings may be ignited, 
thus giving rise to crown fires. One complication introduced by 
litter is the retention of fire underneath the surface after extinc­
tion is apparently complete. Notwithstanding increased fire dan­
ger, a mat of needles is indispensable because it checks runoff, 
promotes water infiltration, retards evaporation, and adds organic 
matter to the soil. 

Protection of young stands must rely chiefly on efficient detec­
tion and suppression. Management can, however, contribute by 
measures which tend to ameliorate the most dangerous conditions. 
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Crown fires are less to be feared under a practice which bY .timely 
stand improvement prunes off the lower branches on the best boles 
and eliminates extremely limby individuals. Windfalls, tops left 
by logging, and twig cutting by squirrels build up deep accumu­
lations of litter, thereby increasing the likelihood of damage to 
the boles by ground fires. 

In the Southwest, the excellent reproduction of 1919 has greatly 
changed the fire situation by filling- in former stand openings 
with sapling thickets . Not only has the difficulty of fire suppres­
sion increased, but the greater values at stake call for a lowering 
of the acreage covered by ground fires as well as the more destruc­
tive crown fires. The whole future of southwestel'l1 timber pro­
duction hinges on these small saplings and poles which are 
highly susceptible to fi re-kill. 

Grass 

Under normal conditions perennial bunchgrasses are the pre­
vailing ground cover in the ponderosa pine forests of the South­
west. The summer rains favor grass and other shallow-rooted 
vegetation over the deep-rooted shrubs. Herbaceous vegetation, 
like needle litter, performs a useful function in providing soil 
cover. Of the'two, herbaceous vegetation is less effective from the 
standpoint of timber production because it seldom forms a con­
tinuous mat, and because it competes with young trees fOl' soil 
moisture. When dry, also, herbaceous vegetation is more inflamma­
ble because it is better aerated. Unused dry grass generates in­
tense heat of short duration and is dangerous mainly because it 
ignites quickly and carries fire rapidly to more bulky types of 
fuel such as needle litter and logging slash. 

In the light cuttings now common on the national forests, the 
cover of highly inflammable slash remaining after the usual forms 
of disposal is seldom continuous enough to carry fire rapidly over 
large areas unless fanned by high winds or supplemented by 
other inflammable material linking slash-covered areas together. 
Un utilized dry grass provides a connecting medium even with 
low wind movement. 

Grazing Can Aid in Control of Fires.-Grass as well as slash 
may vary greatly in density and volume. The tall bunchgrasses in 
the Southwest are particularly hazardous when llot utilized or 
only lightly grazed. Overgrazing is not necessary nor desirable. 
Bunchgrasses grazed to a height of 6 inches by the end of the 
season, usually November 1, will maintain an adequate soil cover 
on level to moderate slopes without contributing unduly to the 
fire hazard (82). Figure 48, A shows a stand of young pine killed 
by fire on an area where unburned slash and lightly used bunch­
grass created conditions making fire suppression difficult. B of the 
same figure illustrates how grass can add to the fuel of unburned 
slash, and C how the grass can be reduced by grazing. Grass can 
be properly grazed by cattle without undue pine browsing, if the 
operation is correctly timed. More complete discussion of the 
proper season of use is presented in a later section headed 
"Browsing Animals." 
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F-365726·49191A·161979 

FIGURE 48.-Fire hazard in grass and slash. A, Pine saplings killed by a 
fire in tall grass and old logging slash; E, Grass and logging slash on a. 
lightly grazed area; C, Grass volume greatly reduced by grazing. 
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Effective control of fire calls for coordination of prevention 
and suppression. Since the ideal of complete prevention is un­
attainable, a good supplementary measure is to facilitate sup­
pression by restricting the concentration of highly inflammable 
fuels. Several hundred thousand dollars are spent annually in 
reducing the volume of slash on recent cut-overs. But where grass 
is abundant, slash disposal, however intensive, cannot yield full 
returns unless supplemented by proper management and use of 
the forage. 

RODENTS 8 

Small Rodents 
Rodent damage affects ponderosa pine trees from seed to ma­

turity. Mice, chipmunl(s, mantled ground squirrel:;;, and Abert 
squirrels are seed eaters. Light or moderate seed crops are largely 
consumed by these rodents and it is only in exceptionally good 
seed years that the remaining seed is likely to be at all adequate 
for regeneration. 

Mice and rats are known to gnaw the bark of seedlings or to 
cut them off completely. In dense stands this may not be serious 
and may perform a useful service by eliminating surplus stems, 
but 'where the stand is already deficient every killed or deformed 
seedling represents a 10iSs. Winter damage is especially prevalent 
in dense grass where runways point to mice as the offenders. In 
plantations a loss of 10 to 20 percent from rodents may be expected 
after the initial planting loss is past. Seed spots are especially 
vulnerable. Screens afford protection through germination and 
early development, but after 2 or 3 years the screens must be 
removed to permit height growth. It is a common experience in 
experimental seeding that within 2 weeks after the screens are 
removed nearly all seedlings are cut down at the ground line. 

Although large-scale demonstrations are lacking in the South­
west, experimental work indicates that it is possible to control 
the small-rodent population by poisoning. In order to be effective, 
poisoning programs must be on a large scale, covering large, con­
tinuous areas simultaneously, and repeated over a period of sev­
eral years. 

Pocket gophers are responsible for much damage by cutting 
or barking the roots of seedlings encountered in their burrows. 
They are especially destructive in plantations. Trapping or poison­
ing is an effective means of control. Of the two, trapping is by 
far the more expensive method. ' 

Abert Squirrel 

Observations at the Fort Valley Experimental Forest indicate 
that the Abert squirrel can become one of the most destructive 
of all animals in the pine forests of the Southwest. During the 
winter months the squirrel cuts twigs and eats the inner bark. 

8 Acknowledgment i~ made to C. M. Aldous, Regional Biologist, Fish and 
Wildlife Service, U. S. Department of the Interior, Albuquerque, N. Mex., 
for review of the material on rodent and wildlife relationships. 
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Beginning about July 1 and continuing into October he cuts 
cones (if any are to be had) , gnaws through the green scales, and 
eats t?e see~s. ~o cones Or seeds are stored by this squirrel. 

TWlg cutting IS on the whole the most injurious of the Abert 
squirrel's ~epredati0l:1s. Shoots of the past year's growth are cut 
o.ff; a section 2 or ? Inches long is peeled and the remaining por­
~lOn of the shoot IS dropped on the ground. Removal of twigs 
froI"l:1 the lo.wer branches would not be serious; but the squirrel 
prefers active shoots from the upper portion of the crown es­
pecially the terminal and the upper laterals. Besides loss of folIage, 
removal of the~e stems automatIcally destroys most of the first­
year cones. It IS not ,unusual to find as many as 1,000 excised 
sho?ts u~der~eath ~ single . tree. Full-crowned trees may lose half 
theIr .follage 111 a smgle wll1ter, and it is the most active foliage 
that IS taken (fig. 49~ A). Saplings, poles, blackjacks, and vet­
eran~ fare ahke. Saphngs and poles suffer most because loss of 
terminals retards height growth and may deform the bole. 

F-407024·28826S 

Fl?URE 49.-1'l'ees injured by squirrels and porcupines. A, A 27-inch black­
Ja~k badly d~maged b~ Abert squinels; upper half of the crUWll has been 
~l'lmmed untJl th~ outhne resembles a spruce ; B, A porcupine tree ruined 
for productIOn of sawlogs. 
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Although squirrel activity has been noticeable during the past 
;W years, it is only in the last decade that damage has attained 
such proportions as to be a cause of concern. Severe damage has 
been reported from several localities i11 Arizona and New Mex­
ico. The Abert squirrel does not occur, however, in the isolated 
,:outhern mountain ranges. A survey of two 12-acre plots in the 
1"ort Valley Experimental Forest in 1940 showed that from 37 
to 49 percent of the trees had been severely inj ured from twig 
cutting. 

Periodic measurements of a number of trees are being made 
to determine how much diameter growth is affected by different 
degrees of injury. The tree showll in figure 49, A may be cited 
as an example. It grew 0.8 inch in diameter during the 1) years 
19::3t1 to 1939 when twig cutting was reported as moderate. During 
the winter of 1940-41 squirrels ravaged the upper half of the 
crown and it is interesting to note that diameter growth dropped 
to 0,4 inch for the 5-year period 1939-44, only half' the previous 
rate. In a few instances trees have been killed by squirrels. 

Trapping by the Arizona State Game Department temporarily 
reduced by about 50 percent the squirrel population on several 
small areas in the Fort Valley Experimental Forest. On three 
areas comprising 21/ i! sections, 626 squirrels were trapped from 
1940 to 1944 and 59 additional were harvested during a special 
hunting season of 3 months in 1942. Thus, a total of 68!'> squirrels 
was removed from 1,600 acres. The number still remaining was 
!oo great for the good of the forest. A 6-month hunting season 
IS the least that can be expected to reduce the number effectively. 

Rabbits 

Rabbits, where abundant, can be very destructive to young 
trees in all forest regions. In the Southwest, jack rabbits eat 
pine needles and buds in winter, and when the snow is deep they 
are able to reach several feet above the ground. Fortunately, they 
are not abundant in the pine and higher forest types of the 
Southwest, but their numbers have increased noticeably during 
the past 30 years. 

Porcupines 

Porcupines girdle the stems of seedlings and saplings near 
the ground. As the trees increase in size the porcupines transfer 
their activities to the upper portion of the bole (83). Young 
trees from 4 to 12 inches in diameter are often deformed in such 
degree as to rellder them worthless for lumber unless the peeling 
occurs above the first log length (fig. 49, B). Forking or the 
wolf-tree form is a common result of porcupine activity. After 
a tree has attained full height porcupine injury becomes less 
serious, but it is still objectionable. 

Effective control can be obtained by poisoning and shooting 
as complementary measures. The United States Fish and Wildlife 
Service (23) has developed an effective poison bait consisting 
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of 1 part powdered strychnine sulfate to 16 parts of common salt 
with sufficient melted lard or bacon grease to form a paste. The 
bait iR placed in a wooden receptacle made by boring a hole about 
2 inches in diameter and 1 inch deep in the flat face of a wooden 
block 2" x 2" x 4". The block is nailed on a large horizontal branch 
high enough above the ground to be out of reach of livestock and 
deer. In the Fort Valley Experimental ForeRt aR many aR three 
dead porcupint'R have been found under a Ringle bait tree. 

INSECTS 9 

Common insect enemies of livilIg' ponderosa pine are of four 
broad classes: Bark beetles, tip moths. cone borers, and root grubR. 
Their relative importance varieR with both year and locality. 
Most conspicuous art' the bark beetles which kill mature timber. 
Next in order is the tip moth which kills the leaders of seedlings 
and saplingR. Cone borers and root grubs, though generally re­
ceiving little notice, have a far-reaching effect by retarding 
regeneration. 

Bark Beetles 

Ponderosa pine beetles have been. mOi:it serious in the interior 
regions of California, Oregon. and WaRhington, where the weRt­
ern pine beetle (Dendroct011u..~ brC1!icomi8 LeG.) is the common 
species. The Rocky Mountain region, the Black Hills of South 
Dakota, and the Kaibab foreRt of northern Arizona have been 
visited by epidemic attacks of the Hlack Hills beetle (Dl'nrirorl.IJ11US 
)londC1'08((C Hopk.). The Black Hills beetle is not known to have 
assumed epidemic proportions on th e Colorado Plateau south of 
the Grand Canyon. 

Three other species of Delldrocl.()JJ1/ .. ~, namely, D. /)(f,r1irJ'i Hopk., 
D. (f'I)I)J'o~:im((tug Dietz, and D. cOTw(!x i/J'ons Hopk., are of wide­
spread occurrence ill the Southwest and occasionally becom<.) f'ni­
clemic, although they are less destructive than the Black Hills 
beetle. They attack ma.inly old trees of slow growth in virgill 
stands, but blackjacks may be attacked especially right after a 
logging operation. The red turpentine beetle, Dendroctonus 1'alens 
Lec., whose acti vity is rendered conspicuous by large reddish 
pitch tubes, may injure trees but seldom kills them outright un­
less they have been previously injured or weakened by other 
agencies such as lightning. 

Several species of the genus Ips, mainly I. con/ usu.s Lec. , work 
almost entirely on young trees from the sapling stage to the 
advanced pole !'tage. OccaRionally they do serious damage to young 
growth following a logging operation. They breed profusely ill cull 
logs, tops, and large limbs. If the logging is continuous they 

, Acknowledg'menl i, made to N. D. Wygant, Forest Entomologist, Bureau 
of Entomology and Plant Quarantine, Agricultural Research Administration, 
U. S. Department of Agriculture, Fort Collins, Colo., for review of the 
material on insects. 
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confine themsel ves to the fresh slash, but if the operat!on ceases 
they are likely to attack living trees. Ips is mos~ actIve I~ the 
lower fril1ges of the type, where both ponderosa pll1e and pll1yon 
are sometimes killed on a large scale. 

Control of Bark Beetles 

The control methods usually prescribed are to ~eel and .bur!! 
the bark of infested trees or to spray the bark With a tOXIC 0.11 
mixture before the broods emerge. If many trees are affected .thls 
is a laborious and expensive process (28). Large control pro.]ects 
should be undertaken only with the advice and uncler the direc-
tion of a professional entomologis~. l n . 

Prevention is the most effective cure. Craighead (19) and 
Keen (.']1) have pointed out that logging which removes the old 
and stagnant trees tends to prevent a build.-up ~f D cndr?ctonn.s 
to the degree that fosters epidemics. In Cahforl1la, expenmental 
control operations (81) have been based on the findll1g that sus­
ceptibility to bark beetle attack is directly related .to the health 
of the tree (as indicated by length, color, and denSity of needles 
and dying twigs). This principle has beel.l demom~~rated Oil t.wo 
160-acre blocks in the Fort Valley Experimental 1< orest. Durll1g 
15 years of record one of these blocks, in a virgin Htate, I<;'Rt 16.5 
board feet per acre annually through bark beetles; dUring the 
same years the anllual loss on an adjoining area logged at the 
beginning of the period hy a method which remover! overmature 
and declining trces ,"vas only 1 . ~ board (ect per aC.re. 

Jf removal of unhealthy or slow-growing trcrs IR he!p.ful, treat­
ment which preventR trees from falling into this conclltlOn should 
also be effective as a long-range measure. Aft~r. the old and de­
cadent members have been removed, the remaJlll11g young stalld 
can be kept in vigorous condition by opening up groups suffi­
ciently to relieve competition and stimulate growth, at t~le same 
time taking out individuals showing sympt~ms of dec1ll1e. Re­
peated cutting at intervals of 10 to 20 years IS usually necessary 
to ward oft' stagnation. 

Cone Beetles 

In the Southwest the larvae of ConopthorU8 scopu/'orum Hopk., 
hatched from eggs deposited within the young ~one, f~ed on the 
immature seeds. As the cone approaches maturity, affected por­
tions take on a dull brown color and the entire cone becomes 
dwarfed and distorted in form. In some years fully. 50 per.cent 
of the seed crop is destroyed by this pest. Damage IS espeCially 
serious in the lower portion of the pine type where almost 
complete destruction of the seed crop has been observe.c1 year after 
year on certain areas. No effective control measure IS known. 

,0 The Bureau of Entomology and Plant Quarantine, U . S. Department of 
Agriculture, will furni sh such assistance. 
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Root Grubs 
White grubs, not definitely identified but related to the June 

beetles, kill pine seedlings by eating the I·OOtS. In n ursery stock 
and young- plal~ted trees, the entire root is devo ured right up 
to the groulld !tile. Natural reproduction suffers le~s than plan­
latIOns, probably because the insect prefers to work ill Roil which 
has. been l~osened to consideraLle depth. Losses of Hi percent 
durmg a slllgie seaSOll in experimental planting~ are not Ull­
common. 

Tip Moths 

The tip moth (Rhyac'ionia neoJnexican(t Dyar) does not occur 
throughout the ponderosa pine region, but is the most widespread 
and persistent insect pest in the Southwest. It attacks ponderosa 
pine from the seedling stage into the early pole stage Lut is most 
active in seedlings from 2 to G feet tall. 

Adult moths deposit their eggs on the growillg shoot ill June; 
the larvae bore into the tender tissues, then eat their way up 
through the ~tem, Usually the leader and one or more of the 
subterminab are attacked. A less prevalellt tip moth is Reclu"/!(l1 'ia 
cundigndla Busck which, instead of con~uming the entire illterior 
tissue of the stem, bores a f1ne tunnel through the pith, In either 
case, if a ~ubtermillal escapes it ri~es promptly to assume 
I~adership and within 2 or ;3 years the damage is repaired , Un­
fortunately, all the shoots of the upper whorl are likely to be 
attacked, in which case replacement of the leader must come 
from buds or from lower brallches and recovery is thus delayed, 
If the same tree is severely attacked year after year, it a::>sumes 
a bu::>hy form, height growth is greatly retarded, branches grow 
overly large, and the effect over a period of years is expressed 
in poor saw-timber form. Trees are seldom killed bv the tip moth 
except in the ::>eedling stage. -

Both immediate effects and method of recovery are much the 
~ame as, i.n .shoots injured by browsing animals (Jig. 'll); Loth 
forms of ll1,lury take place during the early part of the growing 
~eason 'when sh?ot el~ngation is most active. Tip moth injury 
IS an Impurtant fact?r III the slow ,height growth, rapid taper, and 
cuarse Ll'anchlllg of ponderosa pll1e in the seedling and sapling 
stages. 

Tip moth is generally less prevalent within timber stands than 
in the open, suggesting tha t the moth prefers warmth alld sun­
light to partial shade,. Damage is also less severe in dense seedling 
groups than where Widely spaced, a relation which has also been 
P?inted out in Swed.en where a related tip moth attacks Scotch 
pme. Natural remedies are thus to be found in the same silvicul­
tUfal m,easures which are generally conducive to the development 
of st~alght steI?s and clear boles, namely, dense reproduction 
a,?d SIde shade from older trees. The lower transition zone of the 
pme type suffers more than the middle or upper zones. 

No direct control operations have been attempted in the 
Southwest. Experiments by Afanasiev and Fenton (1) in Okla-
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homa plan~ations of shortleaf pine, ponderosa pine, and several 
other speCIes hav.e gwen promising results in the control of tip 
rr:toths (Rh'Yacl~m(~ spp.) closely related to the southwestern spe­
cI,es, b~ spraym.g the growmg shoots with a 1 percent water 
cil::>perslble solutt.on of DDT. Since the effectiveness of the spray 
depends on persistence of a DDT residue during the period of 
m.oth emergence, egg laymg, and larva burrowing, the dry weather 
of the Southwest during this period (June) should prove favor­
able. 

BROWSING ANIMALS 

Browsing of ponderosa pine by domestic livestock was recog­
nized as a serious problem in the Southwest at the turn of the 
present century. Lieberg (41) reported in 1904 the widespread 
destruction of small pine seedlings by sheep in the San Francisco 
Mountains Forest Reserve. Hill (27), after studying the problem 
on, the Coconino National Porest in 1912-ltl, reported that during 
thiS period one-third of the trees of the size subject to grazing 
hau . been bro,:vsed and one-sixth severely damaged each year. 
He further pomted out that the young seedlings were most sus­
eeptible to s~vere injury; that the greatest amount of damage 
oeeu1'l'ed dUring the latter half of June and the first part of July, 
or when the effects of the spring dry period are most pronounced; 
a~)d tha.t und~r normal condItions of grazing, cattle and horses 
did an ll1c,o~slderable amount of damage while sheep, under the 
sc~me conditions, may be responsible for severe injury to 11 percent 
of the total stand. Observations in both Arizona and New Mexico 
led Hil~ t.o the conclusioll that the suitability of the forage to the 
class of l~vestock, the amount of palatable forage available during 
the graz.mg s~aso~, especi~lly during June and July, and the 
manner 111 which Itvestock IS handled, all have an important in­
l1uence on the amount of damage to timber reproduction. 

Following the notable reproduction year of 1919, sizable areas 
suffered a loss of 50 to 75 percent of the seedlings under 3 years 
old. Both before and after] 919, fenced areas closed to sheep pre­
sented a striking contra::>t to adjoining areas open to both sheep 
and eattle (fig. 50). 

During the period 1926 to 1929, large reductions were made 
ill the numbers of li vestock Oil the national forests, In northern 
Arizona reductions of both cattle and sheep varied by allotments 
from 2;) to as much as 100 percent. A program of fencing forest 
and allotment boundaries was also completed in 1928. This re­
sulled ill conlrol and better distributioll of livestock and made 
po::>sible the segregation of cattle from sheep. The influence of 
these ehanges on the severity of browsing damage was pro­
nounced. Records on a series of widely separated regeneration 
plots (58) showed that with some exceptions, the percent of seed­
lings browsed dropped from 80 in 1925 to about 5 in 1930. By 
1932, recovery from old inj uries was likewise pronounced. 

The browsing problem wag greatly alleviated by 1930, but was 
llot altogether solved because concentration of livestock contin ued 
Oll a smaller scale, accompanied in many ingtances by severe 
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FIGIJRf: "O.-Pine l'eproduction virtuall y oestroyed in the early seedling stage 
on range overgrazed by sheep. A., In the background a fine stann of 1014 
s aplings in a pasture grazed only by cattle and horses ; in the foregro~no, 
the area was open to sheep as well; photographed In 1!l36. E, SlImlar 
conditions relating to 1919 reproduction; the area behind the fence closed 
to all livestock gl'm,ing; forcg'rouno open to sheep; photogTaphcn In 1!l32, 
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localized damage, often in areas where regeneration was scant. 
This has been true of both cattle ano sheep allotments. 

Cooperrider ano Cassidy conducteel an intensive study ouring 
the perioo 1027-36 to determine the relatiomihip of cattle and 
sheep grazing to the f)stablishment of pine reproduction in north­
ern Arizona. Several phases of the study have been reporteel (U. 
14. 17, 18) and the over-all tinoings are given in lInpllbli~heo 
manuscripts. 11 

At the beginning of the cattle study, the number of liveRtock 
on the experimental allotment had heen reollced to the estimated 
grazing capacity of the range and the grazing season shorteneo 
to !1 months. In Hl28, water supplies on the range were supple­
mented by the addition of several small temporary stock-watering 
places. Under these conoitions, browsing damage was found to br 
less severe than that reported earlier by Hill for pine-bunehgrass 
ranges open to both sheep ano cattle. During the 9-year study, 
23 percent of the estahlisheo seedlings were browsed annually by 
cattle, but less than 0.2 percent were killeo each year as a result. 
of cattle injury. They confirmed several of Hill's earlier observa­
tions, chiefly that (1) livestock usually browse only the current 
year's gro",th; (2) shoot browsing is most severe during late 
,Tune and early July; and (3) browfling injury, if recurrent, seri­
ously retardfl the height growth of young pine trees. They further 
reported that browsi ng of shoots began when shoot elongation 
was well in progress; it became heavi est in late June ann early 
July when the weather was hot, when stock waters were few, 
and when early growth of forage plants had ceased ano was 
becoming dry or grazeo out within easy walking distance from 
water. Browsing hy cattle ceased under oamp conditions ann 
during ann following' rains . The conclusion was that shoot brows­
ing by cattle occurs mainly under dry conditions, and that this 
fact furnishes the basis for the oevelopment of range management 
practices t.hat will minimize oamage to reproduction. 

Cooperrider anrl Cassidy reported that in the case of sheep 
10 percent of the aovancr reproduction was bro'vvserl anllually, 
and during t.he period of study less than 4 percent of the small 
seedlings surviving' the eot.yleoon st3ge were killed. As with 
cattle, browsing of pine shoots by "hcc'p wa:=; mainly during tlw 
dry weather under circumstancei' productive of thirst. Hot 
weather, dry forage, and long intervals between watering each 
increased the amount of browsing. Conversely. little hrowsing 
took place unoer wet conrlitiolls when sheep had a.mple succulent 
forage and were watered often enough to precll10e their hecoming 
very thirsty. 

Observations over a perioo of many years have leo the author 
to believe that the stage of development of the pine shoots and 

11 COOPERRIDER, CHARLES K., and CASSIDY, HUGH O. CATTLE GRAZING IN 
CUTOVER TIMBERI,ANDS IN REI.ATlON TO REGENERATION OF PONDEROSA PINE 
FORESTS OF THE SOUTHWEST. Southwest. Forest and Range Expt. Sta. 10~!). 
[Typewritten report.] 
-- and CASSInY, HUGH O. SHf:EP GRAZING IN C(ITOV1';R TINlBERI.AN[)S IN 

Rf:LATION TO RF.GF.NERATTON OF PONDERORA PINf: FORERTS OF TH~; SOUTHWF.~T. 
Southwest. FOI'e, t ann JZ.ang-e Rxnt. Sta, 10:~f) , rTvn~",,';HpM "~MA'" , 
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needles exerts a major influence on the season during which 
browsing damage occurs. This applies to both sheep and cattle 
and to a lesser degree to deer. Pine shoots start to elongate very 
slowly in the first part of June, reach a maximum rate of growth 
after June 15, and decline gradually after July 15. Exact dates 
vary from year to year, but shoot browsing is most pronounced 
during the period of rapid elongation and tapers off gradually 
when shoot growth is completed. In the later stages, the lower 
portion of the shoot becomes tough and fibrous and forms a wood v 
e?re.; when this period of development is reached, only the growing 
tip IS usually browsed. It has been observed that pille ,;hoots Hre 
most attractive to livestock when in a thrifty growing condition. 
Vigorous seed liugs ill s Ullny loeations Hre browsed more than 
seedlings in partial shade . Lil(ewise, the main leader is uSll all y 
taken ill preference to the slower growing late ral shoots. . 
. The seasonal course of needle browsing by sheep follows a sim­
liar pattern . Ponderosa pine needles begin to grow vigorously 
about the time the shoots reach maximum elongation. The needles 
emerge from their sheaths in early July and by August 1 they are 
about 3 inch es long. They continue growing into October whell 
they are normally 6 to 9 inches long. Needle browsing begins 
soon after shoot browsing ceases and continues until sheep leave 
the range. usually about November 1. Needle browsing is not 
resumed the following year until new needles are well advanced 
in growth. 

Kind, class, number, and distribution of livestock all exert a 
pronouneed influence on the extent and severity of browsing 
<i.amage. Cha!act~r of forage is likewise believed to afford a par­
t.lal explanab?n for the presence or absence of browsing in dif­
ferent l?cal1tles. Sheep and deer choose the fo liage and tender 
t.wIgS of woody plants over dry gt'Hsses ill t heir r egular die t. The 
tnet that pa latc:ble> shrubs are scarce Oll mal1Y of the pine-bunch­
grass rHnges might well be a cOlltributil1g factor in pine browsing. 

Control of Browsing Damage 

Use of ponderosa pine lands for grazing u:;e as well as timber 
produdion will require the adoption of range management prac­
tices that wi ll minimize and, if possible, elim inate browsing dam­
age to pille repl'ocluction. 

Reduction in numbers alone does llot entirely solve t he browsing 
problem. POl' example, numbers of eattle on the Wild Bill allot­
ment of the ](aibab Na tional Forest were reduced in 19:~f') and 
later yea rs, but ser ious i\hoot browsing continued Oll tho:;e por­
ti OIlS of the ral\ge most used durillg June alld July. Charact.eris­
tically, damage on lightly stocked cattle ranges is usually most 
severe Oil areas neur water, alollg easy routes of travel (roads 
and trails), and on level ground, as distinguished from steep, 
rocky slopes. 

Better distriuutiOll of eattle through f encing' improved saltill'" 
practice, and additional water development wo~ld tend to reliev~ 
extreme browsing damage 011 concentration areas. 
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Shoot Browsing by Livestock Can Be Virtually Eliminated 

Irrespective of the re.ason why livestock browse young pines, 
one fact stands out: pll1e shoots are not browsed appreciably 
after about July 15. If the opening date on livestock ranges subject 
to shoot browsing is deferred until July 15, damage will re'sult 
only in .exceptional years .. In 1937, cattle grazing began on two 
areas after July 15 and 111 both cases plot records showed less 
than 1 percent of the seedlings browsed up to October 31. 

Cattle grazing, if deferred regularly until about July 15 on 
ponderosa pine ranges, can be used effectively to: (1) Utilize the 
bunch~rasses ill their most p~latable state '.vithout danger of pine 
browsmg; (2) encourage pll1e regeneration by relieving gl'aSS 
competition; and (3) lower the fire hazard by reducinO' the vo lume 
of dry grass carried over to the succeeding fire se;son. 

Needle Browsing More Difficult to Control 

Needle browsing presents a different problem because it takes 
place during the months when forage growth is at its best. Since 
this form of damage is confined largely to sheep bedding grounds 
and t~'ails, reliance must be placed on better herding and bedding 
practices. Strict enforcement of a I-night bedding rule supple­
mented by a provision that bed grounds must be at least' 0.5 mile 
apart, would do much toward eliminatinO' the type of injury illus-
trated by figure 51. c 

F-3802~8 

F 1GUHE 51.-A sheep bed ground of about 160 ac)'es which has been used 
intermittently for over 30 years. The damaged sapl ings are the remnants 
of a stand of morc thnn 40,000 seedlings pc)' acre. 
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Better herding may not reduce the total volume of needle~ 
eaten, but it would distribute the browsing in such manner that 
relatively few trees would be seriously injured. Since sheep are 
also mainly responsible for the killing of small seedlings in the 
first and second years, sheep grazing must be su b.iected to rigid 
ll1spection on areas in the initial stages of regeneration. 

Control of Deer Browsing 

Deer browse pines in mu ch the same way as cattle and sheep, 
although they browse shoots earlier in the season. Deer tend to 
con.cen~rate. 011 areas where grazing by domestic livestock is light. 
ThIs sltuabon has been revealed on several areas in thc Fort 
Valley Experimental Forest during the last clecaclc. On two areas 
in particular, both lightly stocked with domestic animals since 
1930, shoot browsing has increased noticeably in recent years; 
a nd so has the number of deer. In 1944 both areas were ~nllsed 
by domestic animals, but shoot browsing by deer continued on a 
sizable scalc. This emphasizes the importance of proper stocking 
by both deer ancl domestic livestock. 

. The recommended control measure for damage by deer is re­
duct.ion of numl?ers throug:h regu~ated hunting. On lands pri­
manly valuable for productlOn of bmber crops, use by game will 
nee~l to be carefully regulated to prevent serious damage to the 
ma,] or resource. 

MISTLETOE 12 

.The pine mis.tletoe (A l'emdhol>ium v(!'qinnt,u,m V. crllptopodum 
Glll) dIrectly (lJsturbs the nutrition of the tree. It attaches itself 
to the branches and sometimes to the bole, and sends its root-like 
filaments into the living tissue, drawing water ancl food elements 
from th.e tree. Mistletoe also causes distortion of the branches 
and excItes an abnormal pitch exudation in both branches and 
bole (fig. 52), producing d~fect or degrarle in the form of huge 
kno~s, bole cCl!Jkers, reSIn-Infiltrated burls, and spongy, coarse­
g~aIned wood In hypertrophied areas. In the early stages, growth 
of. the bole or branch at or ncar the point of infection is greatly 
sbm~la~ed; b\lt sO~)J]er or later over-all growth of the tree declines, 
and If lllfecbon. IS severe the tree dies. The parasite is found 
on pon~lerosa ,Pll1e from the seedling stage to maturity and it 
occurs I~ varYll1g degrees of abundance throughout the range of 
the specIes. 

The .vigor of a mistletoe infection is directly proportional to 
the thn~t of the host tree on which it becomes established. Where 
present 111 a sta~ld, it makes the h~aviest inroad on the best grow­
Ing stock. StudIes by Lake S. GIll at Fort Valley indicate that 

:2 Ackn owledgment is made to Lake S, Gill and .r. L. Mielke, Forest Pathol­
og:.~ts , Bl~)"cau of Plant I~d?stry,. Soils, and Agricultural Engineering, 
Agllcult~llal Research Admll1l;;tratJon, U. S. Department of Agriculture, 
A.lbu<luel'lUe, N, Mex" for reV1ew of the material on mistletoe and fungus 
dIseases. 
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spread of mistletoe from tree to tree and its invasion of new 
areas is a slow but persistent process. A spot infection gradually 
radiates outward so that the area affected is more or less circular 
and it enlarges in geometric progress ion of the radial spread. 
For example, if the radial spread is assumed to be !'i0 feet per 
decade, an infection now 1 acre in size would cover 7 acres in 
40 years, 90 acres in 200 years. 

F-410402 

FIGIIRr. 'i2.-1I'Iistletoc-iniurcd tree worthless for lumber and poi !'oneri in 
order to check infect.ion of SUYl'ouTI<ling 8aplings. 

Korstian and Long (i36) in a study of mistletoe on the Coconino 
and Kaibab National Forests stated the following among other 
conclusions: Mistletoe is responsible for a decrease in diameter 
growth; a reduction in length of needles and total leaf area; a 
rlecrease in yield and viahility of seed; and deterioration of thE' 
quality of wood. 

Mistletoe is one (If the three main causes of ponderosa pine 
mortality in the Southwest, ranking ahout equally with wind 
anrl lightning (tables 17 and 18, pages 72, 75). It accounts on 
the average for about 20 percent of the total mortality, but this 
figure varies from 0 to GO percent. Only a small portion of thE' 
mistletoe damage is registered in board measure, however, because 
most of the seriously affectecl trees die before they are large 
enough to contain appreciable hoard-foot volume. Thus, while 
mistletoe is credited with only 20 percent of the total volume loss 
on cut-over areas, the corresponding loss in number of trees 12 
inches d. h. h. amI over amounts to 38 perce·nt. 
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Loss of increment due to mistletoe mortality is probably less 
t~an the l?ss t~rough retardation of growth by the parasite. 
'1 ab le 30 gives for two 12-acre plots the average 30-year incre­
!TIent of infe~ted and Iloninfected trees by diameter class. A vel'age 
lIlcrement of h~htly or moderately infected trees is slightly higher 
than that of mistletoe-free trees; the difference is too sma ll and 
~oo .iIlconsistent to be gi.ven much consideratioll except as it may 
mdlcate a temporary stimulus due to mislletoe. Heavy infection, 
however, lowered average increment by 35.1 percent and with 
two .exceptions the decline was consistent throughout the range 
of dlUmeter classes. If the 74 heavily infected trees 011 these two 
areas had grown at the same rate as the 178 noninfected trees 
~he total growth on the 24 acres during 30 years would hav~ 
mcreased by 4,474 board feet or 186 board feet per acre. 

TABLE. 30.-Average . SO-year. increment (volumes uncur'ued) of 
nonmfected and 1mstletoe-mfected ponderosa pine on a sample 
area of 24 aC1'es (lJlots SS-A and S3-B) 

Diameter 
breast 
high 

(inches) 
1909 

I~ 
13 . 
14 . . -.1 
15 . I 
16 
17 
I g 
19 
~() 

21 
~2 
:til . 
24 
25 . 
26 
27.. . .1 
:!8. 
29 . 
:~o 

31.. .. 1 
32 __ . _ . . 1 

I 

Total, I 
or 
weight­
ed uver-j 
age __ . 

Total 
trees, 
1909 

_'Vurnb t 
34 
45 
44 
26 
~O 
U 
21 
:JG I 
26 

f~ I 
11 
12 

~ I 
~ I (; 

<:! 

369 1 

Trees 
not 

infected 

'rl'ees 
with 

light to 
medium 
infection 

Trees 
heavily 
infected 

Average increment per tree for-

Trees 
not 

infected 

Trees 
with 

light to 
medium 
infection 

Trees 
heavily 
infected 

----.-- - -.- - 1----- ·-:----'- - - -
Nu m ber 

15 
25

1 <:!5 
12 
12 
~ 
9 

IG . 
H 
9 

2 
7 1 

(; 1 

2 
2 
I 

Nmn/x1' 
11 
II 
11 
9 I 
3 
X 
7 

I:J 
G 

10 I 11 
~ 
2 
I 
I 
1 
1 
1 
I 

2 I 

178 117 

Number 
8 
9 
8 
4 
G 
5 
5 
7 
7 
4 
:1 
4 
3 
1 
1 

- · 1 

74 

Board/eel 
85 

106 
153 
17U 
198 
199 
21:! 
251 
228 
202 I 
;!61 
215 
298 
31<:1 
2~1 
364 
402 

Board/eel 
81 

114 
142 
217 I 
15U 
2UO I 
174 
242 
~45 
259 
~85 
285 
4U2 
24U I 
~87 
5UI 
264 

Board/eel 
66 
79 

111 
66 
1.'3 

lU4 
10~ 
11;9 
155 
292 
17lJ 
In 
IKG 
1 ~5 
292 

523 _ 
351 I ~88 - . - -- -
477 344 L -. _ .. _ 
474 - . - . . _ - . -1 - . -

2U5 ~13_1 __ ' ~3 
I Difference in increment between heavily infected and noninfected tl'f;es 

was 35.1 percent. 
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Mistletoe mortality on the same area during the same period 
accounts for a loss of 158 board feet per acre. Total per-acre loss 
from mistletoe through both mortality and l'etardation of growth 
during 30 yean, can therefore be placed at 344 board feet, or 11.5 
feet per acre anllually. These figures, however, do not include 
loss of trees below 12 inches c1. b. h., or loss through riegTuc1e and 
t: ulL 

Mistletoe Control 
Harvest cuttings, if repeated at least once every 20 years, will 

make possible the sa lvage of most infected trees that would die 
during the cutting cycle and rec1uce to a low figure the board-foot 
volume killed by mistletoe. The primary problem, however, is 
not one of merely salvaging infected trees before they die, but of 
restricting the spread of the parasite and eventually eliminating 
it from ponderosa pine areas managed for saw-timber proc1uc­
tion. 

Stands lightly infected 01' with scattered infections offer the 
best opportunity for mistletoe controL Here periodic harvest cut­
ting and stand-impI'ovement operations t:a n do much toward mis­
tletoe eradication at relatively low cost. Infeded trees in the over­
story can be t:ut to prevent further infedion of the younger 
generation and scattered infections in the sapling and pole classes 
cau be removed by follow-up pruning and thinning measures. 
Results thus far from pathological studies ' " indicate that light 
infections in the lim bs of small trees can be eradicated by pruning 
if the infection occurs 1 foot or more from the bole. 

In stands moderately or heavily infected, opportunities for 
mistletoe control through light selection cuttings are limited be­
cause many infected trees are left in the overstory. Practical 
methods for dealing with heavily infected stands remain to be 
developed. 

FUNGUS DISEASES 

Western Red Rot 

The common heart rot of ponderosa pine, which ot:curs through­
out the range of the tree, is caused by the fungus Polypo?"u s 
ellisianus Sact:. & Trott. In the Southwest heart rot is by far the 
greatest single item of defect in virgin stands where it commonly 
runs as high as 20 percent. 

According to Long (42) the fungus enters hving t rees mainly 
through dead branches; it does not enter through fire scars. 
Fruiting bodies rarely occur on living trees or even on standing 
dead trees, but are common on the under side of down logs in 
contact with the earth, Cull logs and down timber of all kinds , 
over 6 inches in diameter, are the great source of spores for new 
infections, 

'~ Experimel'!tal areas designed to test th ~ prac~icability of mistletoe eradi­
catIOn by cuttmg and prunmg were established In the Fort Valley Experi­
mental Forest in 1933 and 1939 by the Division of Forest Pathology, U_ S. 
Bureau of Plant Industry, Soils, and Ag:l'icultural Engineering. 
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Old trees, especially those bearing dead limbs Oil the lower 
portion of the bole, contain by far the greatest portion of heart 
rot encountered in logging; in some localities, however, especially 
in the warmer sections of the Southwest, it is found in black­
jacks as well as yellow pines. On the whole, however, a r elatively 
short rotation which would leave few trees beyond the interme­
diate age class should considerably lower the percentage of heart 
rot in saw timber. In a second cut on the Wing Mountain :;;amplc 
plot, the unmerchantable volume due to heart rot, accord ing to 
Chapel (15) constituted only 6.1 percent of the total scale. (Other 
forms of defect were: Butt rot 0.2 percent; top rot 0.1 percent; 
:;;ap rot and lightning l.~ percent; fire 0.4 percent; miscellaneous, 
including crook, fork, mistletoe, porcupine damage, and roughne1'os, 
2.fi percent.) . 

Andrews and Gill have recently studied we;;tern red l'ot of 
ponderosa pine in the Black Hills (2 ) and in the Southwe1'ot ( :J) 
with special reference to young stands. In both r egions they found 
that the fungus enters the heartwood of liying trees mainly 
through recently dead branches, which need not necessarily have 
formed heartwood. It is able to ef;tabl if;h itself only in dead wood 
su rrou nded by a sheath of hark which remains intact for several 
years after infection. These authors point out that the fU llgU S has 
not been observed to attack expo~ed sapwood or heartwood 
through wounrfs caused by fire, other in.iurious agencies, or pnll1-
ing. Large branche:;; are much more subject to infection than are 
small one:;;. Rot was found in only 2.4 percent of the branches 0.6 
to 1.0 inch in basal diameter inside the bark; in branches 1.1 to 1.5 
inches the percent r ose to 8.3, and in those over 1.5 inches 16.4 per­
cent contained rot. 

In the light of available information it wou ld appear that in a 
management program looking far into the future, silviculture 
could greatly decrease the prevalence of western red rot through 
the foll owing measures: 

1. Practice a shorter rotation than has been common, aiming to 
harvest nearly all trees before they attain an age of 200 years. This 
would call for encouragement of rapid growth in the blackjack 
stage, in order to attain merchantable diameters at a relatively 
early age. 

2. Maintain close spacing through the pole stage ill order to 
promote natural pruning. As a supplementary measure, practice 
stand improvement, elim inating lhe roughest stems and pruning­
the best ones before their diameter exceeds 8 inches, and espe­
cially before the lim bs become large. 

B. Reduce to a minimum the volume of cull logs and down tim­
ber left in the woods. For many years the great mass of th is class 
of material already present must necessarily remain because the 
expense of removing it wou ld be prohibitive. In the future there 
will be little excuse for the growing of cull logs. 

4. All commercial cutting should place improvement of boles 
foremost in the list of objectives. Potential rot hosts can be spot­
ted for removal in the pole stage by the presence of coarse limbs. 
In many instances the presence of western red rot can be detected 
from the peculiar white mycelium in broken branches. 
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Paintbrush Blister Rust 

A form of decline occurri11g ill ponderosa pine on some areas in 
the Southwest is a rust f ungus Cl'on(('rtiurn fila.11wntosum (Prck) 
Hedgc., which may be recognized by the fruiting bodies appearing 
as small white sacs on the unders:de of twigs and branches (Vn. 
The crown i1'o attacked , beginning- usually at the tip but somt'lim",.; 
at the base or in the middle portion (fig. :');). Dcath of the affeded 

FIGURE 53.-A tree with crown infected in the median zone with paintbl'ush 
blister rust, Crona.,·tium filamcntosum. 
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parts is rapid, but movement through the crown is slow and con­
sequently the tree may remain alive many years. Under a short 
cutting cycle llearly all of the trees attacked by this rust can be 
salvaged. More needs to be known about the rate of spread. 

Root Rot 

A root l'ot has Leen known for many years to attack and kill 
ponderosa pine seedlillgs and saplings. James L. Mielke has re­
cently identified two fungi, Fom es annos'Us Fr. and A1"m'illcP'ia 
'Illellea Vah\., as responsible for root rot of ponderosa pine in the 
Southwest. F . annos'us is capable of killing trees of all ages. 

Wagener and Cave (93) report both of these fungi in Califor­
llia. Fomes annosus is especially active on Jeffrey pine and pon­
derosa pine, mainly in pure or nearly pure pine types on the east­
ern side of the Sierras, where the climate approaches that of the 
desert. As in Arizona and New Mexico, trees of all ages from seed­
lings to veterans are attacked. In both regions, infection appears 
to be associated with stumps or dead trees, but control methods 
have not been worked out. 

STAGNATION 

To the array of directly antagonistic agents described above 
should be added the death struggle between individual trees which 
may be characterized as stagnation or destructive competition. As 
has been pointed out elsewhere, competition is beneficial within 
limits; but beyond these limits it reacts to the disadvantage of the 
tree society as a whole. Stagnation can be as depressing as disease; 
in fact it is a common ally of disease and other direct killing 
agents (43). , 

Next to regeneration, regulation of ,competition within stands 
is by far the greater part of timber growing. It leads definitely to 
the short cutting cycle, which automatically sets up a program of 
improvement cuttings at short intervals. Frequent improvement 
cuttings not only permit the salvage of diseased and injured trees, 
but also render the stand more resistant to wind, lightning, and 
bark beetles by keeping it perpetually young, and by giving indi­
vidual trees room fo.r vigorous growth. It lowers the slash hazard 
by removing culls and Iimby trees early in life, at the same time 
eliminating the favored hosts of mistletoe and heart rot. Sucess­
ful working of this cutting program is dependent upon full stock­
ing and continuous regeneration so that whenever an inferior tree 
is removed its place in the soil is promptly taken by neighboring 
trees, preferably of a younger age class. 

TOT AL LOSS DUE TO CONTROLLABLE AGENTS 

In the Southwest the loss attributable to anyone of the fore­
going agents is usually small, but the aggregate loss spells the dif­
ference between managed forests and haphazard volunteer growth. 
The following tabulation gives the estimated percentual reduction 
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of increment by causes belovv a possible 200 board feet per acre 
annually under extensive and intellsive management. 

Cause of lo~s: 
lJestructi ve COlllpetitioll 
~ljstl etu~ .... ..,., 
Wind and LighUling .. 

,b':xtc11si-ue 
1IlU'nu,ge'mtNlt 

'pcrce'nr 

Sljui'Teb ..... , . . . , .. . , , , 
Cattl e, ~he0 1J , alld det:'r IJl'uwsing- .. 

20 
tl 
tl 
(i 
(; 
(i 
(j 

3 
:3 
2 
i 
2 
:3 

He"rt rot ... , . , , .. 
Fire 
Tip mut h .. ". 
Bark beetl es ,., , .. . .. 
Small rod,'nt, (mi<-e, chipmunl<s, etc.) .. 
Porcupine ,., .. " ,." . , , 
Paintbrush bli,tel' rust "nd root I·ot. 
Misce llaneous ",',., .... 

Total 75 

i 'li tensive 
11IU"I!u-yem c1It 

Verc(;l"1/l 

1 
:L 
:l 
1 
2 
2 
1 
2 
1 
1 
o 
1 
1 

17 

Extensive management assumes present silviculture and protec­
tion standards on a cutting cycle of 40 to 50 years. Intensive man­
agement assumes cutting cycles of 20 years or less under methods 
aiming at constant improvement of the stand, together with ag­
gressive safeguards against damaging agents. Total losses under 
extensive management are estimated at 150 board feet annually 
as compared with 34. board feet under intensive management. The 
foregoing comparison does not take into account the superior qual­
ity under intensive management, except as unmerchantability is 
decreased. Theoretically, the losses under intensive management 
can be further reduced, but in practice a considerable margin must 
be allowed in dealing with large areas. 



Tinlber-Stand IIUprOveluent 

OBJECTS AND PROCEDURE 

Inasmuch as stand-improvement technique has been covered in 
considerable detail in previow:; publications (62,63, (7), the pur­
pose here is more to discuss principles and to amplify previous 
statements elealing with the broader aspects of the operation. 

Stand improvement aims to develop a good growing stock oui 
of the younger generation; it is concemed primarily with trees 
below saw-timber size, but may also remove or otherwise elimi­
nate large trees considrred too poor to warrant handling by the 
loggers. It supplements the improvement measures carried out in 
silvicultural harvest cuttings. In brief, stanel improvement aims: 
To put the young stand in condition for rapid growth; to favor the 
better types of trees by removal of less desirable types that are 
competing; aud to improve the best individuals by special treat­
ment. These objectives are accomplished by three operations: (1) 
Thinning, (2) improvement cutting, and (3) pruning of boles. 

Thinning the Stand 

Thinning has as its primary object the remova.l of surplus stems 
where the density is too great to permit normal growth. Ideal prac­
tice in even-aged stands aims at uniform spacing and uniform de­
velopment of stems. Intensity of thinning is gaged by number of 
stems and basal area per acre desired in the remaining stand. 
European practice contemplates frequent thinnings, beginning at 
an early age, and gradually reducing the number of trees per acre 
as their growth makes greater demands for space. This practice 
assumes a market for the material removed. In the absence of a 
market for stems of small dimensions, thinning of the conven­
tional type encounters economic limitations which are all but pro­
hibitive. Such is the case in the Southwest. 

Thinning, except when combined with improvement cutting, has 
been practiced sparingly in the Fort Valley Experimental Forest. 
Stems of good form and health are considered too valuable to 
sacrifice except in cases where they are so close Jogether that 
future growth will cause physical interference. Under other cir­
cumstances it is considered better to wait until one or more stems 
in a clump become la rge enough for commercial use. It is recog­
nized that this philosophy encountei's limitations where many 
stems of uniform height become deadlocked. This condition, 
prevalent in some regions, is uncommon in the Southwest. When 
it is encountered, thinning may be employed patchwise to release 
prospective crop trees instead of undertaking to bring about 
uniform spacing in entire stands. In the Southwest even the 
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densest sapling thickets usually contain occasional dominants 
which with a little · thinning immediately around their base are 
able to hold or improve their position. Thinning which inv?lv~s 
removal of many stems should for reasons of economy begm 111 
the sapling stage. As the trees incre~se in size ~dditi.onal thinning 
will become necessary. If the spacing of saplings IS made wIele 
enough to accommodate the trees as they advance to the pole 
stage, natural pruning will be retarded and the stems. wlll tend 
to assume a bushy form. Spacing as wide as 10 x 10 feet m sapling 
stands on the Sitgreaves National Forest has been found to be 
distinctly too wide (fig. 8, E). 

Improvement Cutting 

When thinning is deferre(~ until ~he pole stage .. pOl1deros~ pi~e 
stands tend to become so differentiated that umform spaclllg IS 

impractical. In the Southwest the typical 40-year-olel stand w!ll be 
made up of stems ranging from 2 to 10 inches ~. b. h. WIth a 
marked differentiation into dominants and subordmates. In some 
regions, notably the Black Hills and even in parts of the South­
west such differentiation is less marked, with the result that the 
stand; tend to stagnate. In the Black Hills more or less uniform 
thinning has been practiced on a large scale. In .the S~)Uthwest the 
first attempts at thinning quickly developed 1l1to Improvem~nt 
cuttings. As far as practical, dominants were favored by cuttmg 
out subordinates; but in many instances the dominants were 
wholly uns uited to leave because of abnormal fO!'m, and then t hey 
were sacrificed in favor of codomlllants or c1lstmctly suborellllate 
stems. It was soon observed that the stems of highest potential 
saw-timber form were among the codominant and intermediate 
crown classes. It was also found that dominants distillctly t aller 
than their neighbors grow well without removal of subordinates. 
Finally it was deduced that in a region where reproduction is 
uncertain, wholesale destruction of subordinate stems is wasteful, 
because many of these stems can mark time for a hunelred years 
and then spring into vigorous growth when released. 

Elimination of Unwanted Trees 

If costs must be held to a low figure, elimination of inferior 
or objectionable trees may well constitute the whole or the major 
part of stanel improvement. First on the list are wolf trees and 
other low-value dominants which are interfering with the growth 
of smaller trees of good form. Within limits, however, limby dom­
inants may be employed t emporarily to improve the younger 
stand. They induce natural pruning in the stems immeeliat~ly 
surrounding them and , if young trees are very elense, a spreading 
wolf tree may effect a beneficial thinning by killing out the trees 
directly under its crown. If the wolf tree is removed at the right 
time it leaves a vacant space which is quickly appropriated by 
surrounding trees, many of which are likely to be of the desirable 
slender, cleal1-boled type (fig. 54). 
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FIGURE 54.-Unmerchantable trees poisoned in order to release the younger 
genera tion. A, Removal of double wolf tree will stimulate g rowth of SUl"­
l·ollnding ouplings, many of which have good f"OJ·m. B, Excellent poles 4 to 
11 inches d. b. h. have grown in diameter at the rute of 1 to 2 inches 
per deeude since 22-inch wolf tree wus poisoned. 
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Mistletoe-infected trees generally come in this category since 
mistletoe is a common cause of abnormal f orm. The most urgent 
purpose in removing mistletoe trees is, however, to prevent the 
infection of neighboring trees. If infection has already taken 
place, eradication may be impractical, but if infection has made 
but little progress, removal of a mistletoe bearer is to be regarded 
as a measure of first priority. In many instances a mistletoe­
infected wolf tree is surrounded by saplings still practically free 
of infection. Elimination of the wolf tree then becomes doubly 
urgent, and this applies also to infected saplings. 

Removal by Cutting.-Large unmerchantable trees present a 
cost problem. Felling is the least item of expense. As a precaution 
against fire the branches must usually be piled and burned, and 
as a precaution against bark beetles the bole may have to be 
peeled. Felling becomes costly as the diameter exceeds 8 inches 
d. b. h. 

Girdling.-Ponderosa pine commonly lives 2 years after girdling 
and duri"ng this period invites attack by bark beetles. Trees over 
18 inches d. b. h. are not easily girdled because of their thick 
bark. 

Poisoning.-A 12-percent solution of sodium arsenite has 
proved effective and economical in killing trees of all sizes up to 
and over 30 inches d. b. h. " The poison is introduced in holes 
about 4 inches deep, bored at an angle of about 45° from the 
hori zontal with a brace and bit. The required number of holes 
increases with the size of the tree and especially with the area 
of the crown. 

Since sodium arsenite is a deadly poison, it should of course 
be handled with caution. The solution should not be allowed to 
come in contact with the hands , nor should it be spilled \-"here 
animals can get at it. A convenient way to apply the solution is 
with a battery filler of the type ill general use at se rvice stations. 
The battery fill er fits snu gly in the mouth of a l-gallon vinegar 
bottle, which usually has a handle to facilitate carrying. This 
simple equipment, plm; a brace, % -inch bit and an ax for removal 
of obstructing branches, is all that is necessary . A two-man crew 
works most effectively. 

Some experience is required to judge the required number of 
holes. Since the poison acts directly on the foliage, the quantity 
of solution and thus the number of holes is related to the size of 
the crown. For large-crowned trees of the t ype usually selected 
for poisoning, one 4-inch deep hole is sufficient in stems under 
6 inches d. b. h., two holes 6 to 11 inches d. b. h., and three holes 
12 to 16 inches d. b. h. In the case of very large, irregular crowns 
an additional hole adds to the certainty of results, but even so, 
occasional trees may lleed a second application. As the size of 
bole exceeds 16 inches d. b. h., a fairly good rule-of-thumb is t o 
space the holes 12 inches apart, decreasing the distance to 6. 

, I Recently allllnOniul1l sulfamate (" Ammate") a ell emical nontoxic to 
humans and wildlife has also been tested at Fort Valley ane! f ound to merit 
further trial . Current findings from the ammate study are presented in a 
]:~s E)<ll"r.h note ( 26 r . . . . . 
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inches in boles above 30 inches. In large trees considerable work 
can be saved by refilling the holes; the solution applied in the first 
filling is usually absorbed in 15 to 20 minutes. 

In dense stands there is danger of secondary poisoning, that 
is a portion of the poison goes from the intended victim tQ a 
neighboring tree which may be the best one in the group. What 
probably takes place is that the poison solution passes into the 
roots and is transferred from one tree to another through root 
grafts. Under these circumstances it is advisable to apply the 
poison sparingly, and leaving some trees for a second treatment 
after the effects of the first one are known. A further precaution 
is to substitute cutting for poisoning in critical situations. 

Poisoned trees, even of large size, rot with astonishing rapidity 
after death. But for this fact trees large enough to contain sub­
stantial cores of heartwood would stand indefinitely. Poisoned 
trees as large as 30 inches d. b. h. go down within 10 years. 

Poisoning is cheap and gives quick results. Trees as large as 
18 inches ct. b. h. can be killed for about!) cents each and smaller 
ones at a lower cost. Durin!?; summer, death results within 2 weeks 
after application of the poison; if treated after November, how­
ever, the foliage is likely to remain greell until the following 
spring. Only in rare instances have bark beetles (Ips) been known 
to attack standing poisoned trees. The dead trees do no t present 
much of a fire hazard because the needles and twigs fall gradually, 
merely creating a deep litter . 

An importan t advantage of poisoning over felling is that the 
poisoned tree remains standing!) to 10 years and provides shelter 
for slender poles which, if abruptly exposed, are subject to snow 
bend. When a poisoned tree eventually goes down, the damage to 
smaller trees is much less than when a green tree is felled. 

Crop Trees 

The crop-tree method concentrates attention on relatively few 
selected trees; it is the essence of improvement cutting. Wherea::; 
conventional thinning practice leaves perhaps 600 trees per acre 
after the first thinning, with the expectation of ultimately reduc­
ing the number to 100 or less, the crop-tree method selects a much 
smaller n umber with the expectation that most of them will live 
through to the harvest cutting. These selected trees are released 
by removal of competitors, and under intensive practice they are 
also pruned. Theoretically, at least, the crop-tree method is more 
economical since it does not intentionally expend labor on stems 
which in the ordinary course of events will drop out of the stand 
before the harvest cutting. It leaves undisturbed a great many 
subordinate stems which may come into the picture later. The 
method is especially adapted to many-aged stands, or large even­
aged groups that will be gradually converted to a selection type of 
forest. 

In the Southwest, the crop-tree method has completely sup­
planted earlier attempts at uniform thinning. The objective also 
has shifted from an attempt to force rapid growth of crop trees 
to a more conservative purpose which seeks merely to encourage 
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normal development by enabling trees of good form to attain and 
hold a dominant position. . ' 

The ponderosa pine forest of the Southwest IS a mOsaIc of 
many age classes occurri ng mainly in groups which, though esse~­
tially even-aged within themselves, nevertheless vary greatly Il1 

the diameter of individual stems. Besides several pole stages, 
there are stems of sawlog size in the overstory and sapling groups 
below. Betweell groups are areas of various sizes occupied only 
by isolated trees, poles, or saplings. Under . these circumstances 
it is impractical to specify an arbitrary spacing or number of 
trees per acre. 

Crop trees must be taken where they can be found; in some 
places they will be 6 feet apart and in others fiO feet apart. Since 
they vary greatly in age, size, and growth rate , they can not be 
expected to mature uniformly. Stand improvement, like harvest 
cuttings, therefore must be on it selective basis; crop trees will 
be released and pruned as they reach the right size and this 
process, though intermittent, will go on indefinitel y. A.". a r\11e, 
stand improvement should follow each cutting. but if the cutting 
cycles are longer than 20 years intermediate stand improvement 
operations arc rlesirable. 

Sdf'r.bol1 of Crop Trcf's.- Assuming that the primary crop is 
saw timber, crop trees should be of good form and of a t.vpe amI 
size that will sheri their limbs naturally or respond to artificial 
pruning if such operation is necrssary. Trees which meet these 
quali fications are not always the domi nants; more often they are 
subordinates which have been sub.iected to side shade. Removal 
of a single rough dominant or wolf tree commonly releases several 
potential crop trees which already have relatively smooth boles. 
In openings, on the other hand, it may be necessary to retain trees 
of low future value simply because they are the best available. 

In most stands of the Southwest there are at least 40 good 
poles per acre, and not uncommonly there are several hundred. 
The number actually selected for special treatment must also 
consider cost limitations, especially if they are to be pruned. In 
the Fort Valley Experimental Forest, the number on experi­
mental areas varies from 80 to 160 per acre. 

Rdcase of Crop Trecs.-If the crop tree is dif;tinctly dominant, 
immediate removal of competitors is llot necessary; in fact mod­
erate competition is desirable. Crop trees from the codominant 
or intermediate class require more liberation than dominantI'. In 
either case it is well to remove stems which stand so close to the 
bole of the crop tree that the two may grow together. Complete 
release from competition in the pole stage is not only unnecessary 
but distinctly undesirable. The ideal crop tree is one with a crown 
whose length is somewhat leI'S than half the totill height of the 
tree. Release cuttings aiming to stimulate rapid dimneter growth 
should be deferred until the tree has attained a breast-high diam­
eter of 12 inches and a height of 40 to fiO feet. In short, the rule 
for growing saw timber is to keep the stand crowded through the 
pole stage, then open up to maintain or accelerate diameter 
growth by providing the space necesf;ary for good root develop-
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ment, always ~emembering that side shade is essential to good 
form and that m a region of deficient precipitation soil moisture 
rather than !ight is the limiting factor in volume production. 

. The sele.cbon. and release of crop trees should be closely coor­
dmate~ with timber ma:king. Assuming that logging precedes 
stand Improv.ement, the tnnber marker should visualize the whole 
stand after It has been logged-not only trees over ] 2 inches 
d: b. h. but t~e e1ltire gro\\:ing stock. With such a picture in mind, 
tlm.ber mal'k.mg would ue mfluenced by considering not only what 
a gIven .log-sl.ze tree will do if left but also what several associated 
p.o les wlll do If the larger tree is cut. The same picture will help de­
Cide whether au. individual p.ole shall b~ held until full maturity 
or lef~ temporanly to be cut 111 the relatively Ilear future. Timber 
markmg and stand improvement are no longer to be viewed as in­
dependent op~rati~ns but as related phases of the larger enter-
pnse of growing timber crops. . 

Pruning 

. Under ideal l:onditions nature dears the boles by natural prun­
mg. Because spacmg and other conditions are seldom perfect, how­
ever,. th~ natural process must usually be aided by artificial 
prunmg 111 order to produce clean boles. 

Natural Pruning 

The basic factors concerned in natural pruuing have been dis­
cussed under "Silvicultural Foundations." It is desirable, however 
to review some of the relationships directly concerned in stlL-nd im~ 
provement. Mutual shading by the trees in dense stands is the 
primary cause of death of lower limbs, although moisture deficit 
m~y be a contributing factor. The dense stocki ng necessary to 
brm&: abolft early ~atura.1 pruning also tends to create a shortage 
of SOil mOlsture. Since dIameter growth in dense young stands is 
retarded more than height growth, the stems become slender. 
Within limits, this is a desirable feature since it helps prevent 
development of high taper in stems as well as limbiness. 

If soil moisture is reasonably adequate, height growth tends to 
0tt'set the dying of the cro,,:"n f:om below; and thus it becomes pos­
Sible to carry natural prunmg m pole stands to a height as gTeat as 
t,:"o log lengths. Abundant evidence ex ists that ill yOUllg pO~lderosa 
pme a crown length equal to 30 percen t of the total height is ade-
9-uate for photosynthesis ~onl:emed in diameter growth up to 2 
I1lches per decade. ReductlOn of the crown much below this pro­
portion usually signifies water shortage severe enough to have 
checked height growth. This calls for opening up the stand to 
restore ~eight growth as well as diameter growth, and above all 
to permIt development of the root system which governs growth 
in both height and diameter. 

'I.'o be fully effective, natural pruning should come into play 
whIle the branches and the bole itself are still small. Death alone 
does not insure the shedding of limbs from the bole; this take~ 
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place only after wood-destroying fungi have weakened the limb to 
the extent that it breaks off under the weight of rain 01' snow or 
some other form of pressure. A dry rot in sapwood is common in 
the Southwest; heartwood is more resistant, especially if impreg­
nated with pitch. Branches 2 inches or more in ba::;al diameter at 
the time of death tend to persist indefinitely, and because they 
form loose knots in the wood deposited around them, they are more 
objectionable than live branches of the same size. Moreover, dead 
limbs are the point of entrance of western red rot. As previously 
stated, the prevalence of this heart rot increases rapidly as the 
basal diameter of dead limbs exceeds 1 inch inside bark. When it is 
cOllsidered that in ponderosa pine pole stands limbs are commonly 
over 2 inches in diameter, the need for improvement in this re­
spect becomes clear. 

Arrificial Pruning 

Under good management artificial pruning is to be regarded 
primarily as supplemental to natural pruning. In pole stands 
which have been densely stocked since the sapling stage the 
branches generally are small enough to shed naturally . Removal 
of s uch branches by artificial means hastens clearing of the bole, 
but may not be economically justifiable in management which con­
templates growing timber to diameters of 20 inches or more. Even 
ill well-stocked stands, however, fast-growing dominants often are 
l:oarse-limbed. By pruning such trees, which may be expected to 
reach diameters of 18 inches in 80 to 100 years, they may be har­
vested early, thus providi11g much needed growing space for sub­
ordinates having relatively clean boles. 

As pointed out elsewhere, codominant and intermediate trees 
ill dense stands may mark time indefinitely, growing moderately 
in height but very slowly ill diameter . They develop slender, rel­
atively l:lean boles of high potential timber value and are capable 
of rapid growth when released by the removal of dominants . Di­
rectly after such release is the opportune time to prune occasional 
coarse branches or stubs from their boles. 

PTunillg ,in Open Stands.-The greatest need for pruning is in 
open-grown pole stands. Low branches are commonly over 2 inches 
in diameter in trees 10 to 12 inches d. b. h. By pruning the best 
stems aud eliminating the poorest ones in stand improvement or 
preferably some form of commercial cutting, advantage can be 
taken of the opportunity to grow large timber i11 a short period. 
Open-grown blackjacks 30 to 40 inches d. b. h. at an age ·of 140 
years are not uncommon ill the Southwest. Pruning at all early 
age serves to convert what would otherwise be worthless wolf trees 
into stems of high value (fig. 55). 

Size Lim-itat'ions.-Most economical diameter limits for pruni11g 
of crop trees are between 6 and 12 inches d. b. h. Smaller stems 
are desirable if they can be lcept in dominant positions and if tall 
enough to insure a straight bole. Boles as large as 14 inches d. b. h. 
make good crop trees if natural pruning is already well advanced. 
Always the maximum permissible diameter must bear a direct re­
lation to the ultimate diameter. A general rule is that the layer of 
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wood deposited after pruning scars are healed should be at least 
3 inches thick. This would call for an increase in diameter of 8 to 
10 inches after pruning. Here again the initial character of the 
bole may have coniiiderable bearing. For example, if a bole is rel­
atively smooth and regular in shape at the time of pruning, the 
promise of a substantial yield of clear lumber is better than if the 
bole is rough and irregular . 

Healing of Pruning Wounds.-The time required for the heal­
ing of pruning wounds depends upon a number of circumstanceI'; 
such as the rate of diameter growth, diameter of limb removed, 
and length of f;tub left in cutting the limb. Obviously, a bole which 
is growing rapidly in diameter can place layers of wood over the 
wo und in fewer years than are required if the bole is growing­
slowly. For this reason pruned trees should be well released and, 
vice versa, released trees should be pruned if necessary to form a 
smooth bole. Since removal of large limbs leaves a wide surface to 
he covered, healing is slow; this, together with cost, makes the 
pruning of limbs over 2 inches in diameter a questionable oper­
ation. If the limb is not cut flush with the bole, growth must build 
up layers of wood equal in thickness to the length of the stuh 
before covering can begin. In thick-barked trees such as ponderosa 
pine, stubs at least Vz inch long are likely to remain even in close 
pruning, and in boles over 12 inches d. b. h. , the stub may easily 
be 1 inch long. 

Investigations hy Paul ([)O) and others have shown that healing 
is most rapid if the limbs are alive when pruned, because the limb 
tissue is then all integral part of the li ving bole. The cut should 
be made well into the thickened limb base, since stubs beyond this 
base tend to die and act for practical purposes like the stub of a 
clead limb. In ponderosa pine a cut into live tissues quickly becomes 
covered with pitch which presumably exclude" the "pore" of fungi. 

Frequency of Pruninq.-The ideal program would be to begin 
pruning when the tree is about 4 inches d. b. h., taking at first only 
the lower limbs and extending the pruning height every few years. 
Tn dealing with unmanaged stands, however, the trees must be 
taken as found . Many are already too large; others, though pos­
sibly worth pruning, are beyond the stage where the treatment 
can yield maximum returns on the investment in labor; others 
fall within what may be called the optimum diameter range which 
has been placed at 6 to 12 inches d. b. h. A compromise must be 
made in the frequency with which a given area is covered. Ideally, 
this might be once in 5 years, but economic com,iderations will 
extend the period to 10 or perhaps 20 years. Notwithstanding the 
need for ecollOmy in labor, however, it must be understood that 
pruning, like other phases of stand improvement, cannot be dis­
posed of in a single operation. 

Height of P1'unin,r/.-Pruning aims to clear the butt log to a 
height of 16 feet above the stump. Obviously the smaller crop trees 
cannot be pruned to that height in one operation. This does not 
bar pruning, because I'tand improvement must be regarded as a 
RerieR of Ruccessive steps in which each tree receives individual 
attention at times calculated to give the best results. An old rule 
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in the Southwest which specifies retaining a Ii ve crown equal ill 
length to one-half the tree height can be safely modified to permit 
reduction to one-third of the tree height. Likewise, another rule re­
stricting pruning to dead or dying limbs should be disregarded 
because unless the tree is in the open several whorls of limbs will 
die at the base within a period of 10 years. 

Pruning Equipment.-Pruning equipment consists of axes, 
hand saws, and pole saws. Dead branches to a height of 4 to 5 
feet can be removed most readily with axes (fig. 56, A). In addi­
tion to economy in labor, the ax has the advantage of breaking 
the dead limb off well within the bark, thus reducing to a minimum 
the length of stubs which commonly remain on the bole. Above 
a height of 5 feet, especially if inexperienced labor must be em­
ployed, the hand saw has advantages that offset those of the ax. 
Most important of these advantages is the avoida nce of bole in­
juries, which arc likely to result from use of the ax a bove a cer­
tain height, varyillg with the individual workman. Pole saws are 
required above the height of about 6 to 7 feet (fig. 56, B). Handles 
of several lengths up to 12 feet can be used to advantage by a 
crew of workers, the 12-foot saws being reserved for trees ready 
for pruning to the full height of 17 feet. 

Time R equ-ired.-Pruning costs vary greatly, the main factor 
being the character of limb growth. Ideal trees for artificial 
pruning are those whic:h have shed most of the limbs naturally 
and have been fully released through harvest or improvement 
cuttings. Under these circumstances, artificial pruning merely 
insures a complete job. In close-grown trees branches rarely ex­
ceed 1.5 inches in diameter and the larger boles will have shed 
all but a few branches. Under such conditions 5 minutes of one 
man's time is sufficient to prune a tree to a height of 17 feet. 
Most trees in unmanaged stands require more attention. Open­
grown trees bearing whorls of coarse limbs at intervals of less 
than a foot may consume a half houl' of pruning time. Pifteen 
minutes per tree is regarded as an economic maximum to be ex­
ceeded only in rare instances. Ten minutes per tree is a fair 
average for the better class of stems in ponderosa pine stands as 
now found in the Southwest. 

FINANCIAL ASPECTS OF STAND IMPROVEMENT 

Costs 

Costs vary so greatly that an average figure is of doubtful value 
when applied to an individual stand. Important variables are 
the number and character of crop trees to be pruned and the 
Ilumber and size of trees that must be cut out or poisoned. Another 
variable is the hei ght to which crop trees are pruned, since 011 

some areas a large proportion of those selected are not tall 
enough to ue pruned to 17 feet in one operation. Still another 
variable is the class of labol'. 

Experience in the Fort Valley Experimental Forest, 011 about 
1,200 acres of old cut-over areas well stocked with poles, gives an 
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FIGURE 56.-Pl'uning. A, Low pruning: with axes removes liJ?bs to a height 
of about 5 feet. B, High pruning' WIth pole saws alms ' ultl~ately to clear 
the bole to a height of 17 feet, but in small trees thIS heIght IS reached 
only after 2 01' mOl'e prunings. 



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

average of 15 to 20 man-hours per acre ~ith Civilian Consel:va­
ti011 Corps labor for the complete stand-Improvement operatlOn. 
About 100 crop trees per acre were pruned and enormous num­
bers were poisoned because of old porcupine injury. A high pro­
portion of the crop trees pruned were of the extremely I imby 
type. On another area where stand improvement directly followed 
logging in a virgin stand, equivalent operations with seasoned 
labor required only 10 man-hours per acre. Additional treatments 
at 10- to 20-year intervals are estimated to require 4 to 6 man­
hours per acre for each operation. 

Financing 

Stand improvement can be accomplished most economically as 
a current operation keeping pace with logging. Under this pro­
cedure, a relatively small number of trained men can do the work 
with a minimum of supervision, in contrast with the close super­
vision required when large crews of green labor are employed. 

The Knutson-Vandenberg Act, applicable to national-forest 
lands, provides an effective working fund. Uneler the provisions 
of this Act the logging operator is r eq uired to deposit in a co­
operative fund a sum to be used for planting, seeding, or stand 
betterment on the area concerned. In the Fort Valley Experi­
mental Forest, during the prewar period, $1 per thousand board 
feet of timber cut was deposited in the "K-V" fund. On t.his basis, 
the first cutting in virgin stanels returned ample funds for the 
initial stand-improvement operation; and it was estimated that 
subsequent cuttings would provide for supplementary operations. 
Stands which were logged the first time prior to enactment of 
the K-V Act (1930) present a problem because the volume avail­
able for removal in the second cutting is usually too light to pro­
vide sufficient funds for the heavy stand-improvement job needed. 

Returns on the Investment 

In the absence of experience from which actual figures may be 
drawn, only rough estimates of returns are possible. A conserva­
tive opinion is that for cut-over areas in the Southwest as they 
exist today, stand improvement can increase volume yields by 
50 percent and double the .value of the timber crop available in 
80 years. 

A classification of trees 18 inches d. b. h. and larger on the 
480-acre Wing Mountain plot ill 1939, by log grade" showed that 
83 percent of the 17,621 logs on the area fell in the two lowest 
grades-Nos. 5 and 6; less than 0.5 percent graded No. 1 or 
"surface clear" (table 34, p. 204). Since trees whose butt log 
grades as low as No.5 are rated as of minus value on all but 
highly accessible areas, early treatment which would raise the 
butt logs of crop trees into grades 1 and 2 could be expected to 
easily double their maturity value. 

"Pacific Northwest log grades for ponderosa pine, as modified for use 
in the Southwest. The acreage mentioned includes that of the intensive plots. 
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According to such estimates as are now possible, l"7turns would 
be increased sufficiently to repay the cost of stand Improvement 
with a margin for supervision and a low rate of interest (67). 
Private capital would be justified in demanding assurance of a 
reasonable interest on its investment. On publlc lands, however , 
the question assumes a different aspect. If it iR true that the 
Nation and the world at large are confronted by a shortage 
of high grade coniferous timber, returns on the inves.tment may 
well become a subordinate issue. Probably no other smgle meas­
ure can contribute so much toward averting a future shortage of 
quality timber as stand improvement. 

STAND IMPROVEMENT IN EXTENSIVE PRACTICE 

Selection of Areas 

As a general practice, stand improvement should follow rather 
than precede logging. Exceptions may be made in the case of 
virg'in stands where logging is to be deferred 10 ye.ars or more, 
or at times when large supplies of labor are available. Areas 
which have been logged during the past SO years, including lands 
which were cut under "logger' s selectio n," could in a n emergency 
employment program providr 3 million man-days of work .111 
Arizona and Ne\v Mex ico. lnclllsion of virgin stands could 111-

crease this figure. Poorly stocked areas present the n:ost urgent 
need because open stands will remai 11 permanently III the low­
value class unless pruned. 

Aecessibility is a prime essen tial since, obviously, t.here is no 
point in improving stands whi eh cannot be logged economically. 
On the other hand stand improvement, by raising the standard 
of log grades, is one of the l110st practical means of rendering 
what is generally considered inaccessible timber more ec.on0!l1-
ically accessible. Looking ahead half a century, a good obJective 
is to' grow only trees whose high value will enable them to absorb 
high logging and transportation costs. 

Intensity of Operation 

The character and intensity of stand improvement will vary 
with the make-up of the stand and the object of management. 
Although sawlogs will probably always be the main product of 
ponderosa pine stands, many trees may be harvested as railroad 
ties, mine props, or poles. Generally these secondary produc~s 
will be cut from stems which have not been pruned, but thiS 
need not be an invariable rule. Sawn railroad ties may well be­
come a major product of pruned trees because few un pruned trees 
will be sufficiently free of large knots to yield ties meeting modern 
specifications. 

An ironclad limitation in most instances will be the amount 
of money available in advance of stumpage returns. On old na­
tional-forest cut-overs, where Knutson-Va11denberg deposits will 
usually be inadequate to cover a thorough job of stand improve-
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ment, short-cut procedures may become advisable. Partial treat­
ment embodying only the most urgent work is preferable to no 
treatment at all. 

Complete stand improvement calls for: (]) Poisoning or cutting 
inferior duminants of pine 01' associated species where they are 
intei'feriJlg with better trees ; (2) puisuning 01' cuttillg" mistletoe 
bearers where the infection of a yuunger generation is imminent; 
(3) cutting u(;casional stems in dense dumps where they will 
gruw together if all are left; and (4) pruning crup trees up tu 
160 per a(;re, depending on the number of good stems available. 
ThinniJlg in the conventional sense is prohibitive in (;ost unless 
there is a market for the material removed. 

As a last resort, pruning could be omitted, thus cutting the 
cost by GO to 75 percent. This would reduce the uperation to 
liberation of the better class of trees by removal of inferior domi­
nants and to sanitation measures. Although far from adequate, 
su(;h treatment would greatly improve cut-over stands as usually 
found. 

A more adequate, though still inexpensive, program would, ill 
audition to releasing promising trees, prune a limited number uf 
crop trees . First O'n the pruning list would come open-grown 
individuals of the type shown in figure 5ri, A, followed by released 
poles such as the sleJlder one in figure fiG, B. Limby dominants 
slI(;h as the three largest stems in figure 57, A (d. b. h. 8 to 10 
inches) would not be pruned if, as in this case, better buies are 
fuund among the subordinates. This class of tree will never be­
come valuable, but it has the making of a merchantable log 20 to 
30 years hence. The ultimate crop trees in the group shown in 
figure 57, A are the subordinates now 3 to 6 inches d. b. h., of 
good form and fine limb development. Under intensive practice, 
they should be pruned when the dominants are cut or poisoned. 

Figure 57, B illustrates two types of dominants found in dense 
young pole stands. One is an ideal crop tree; the other (at left) 
has a crooked top due to porcupine injury, and is of value only 
to suppress the surplus saplings near it. 

The postwar period has seen both wages and stumpage prices 
more than doubled, and there is little likelihood that either will 
decline to prewar levels. Since justifiable expenditures for stand 
betterment on publicly owned forest lands must in the long run 
be governed by stumpage receipts, an equitable adjustment might 
allocate a given proportion of those receipts. One-third in first 
cuttings and one-half or more in subsequent, lighter (;Uttillg:-; 
would permit a satisfactory stand-improvement job on most areas 
!lOW in a virgin condition. 

The critical stand-improvement job now confrontillg the ad­
ministration of ponderosa pine forests in the Southwest is on the 
several million acres logged prior to 1935. Heavy cuts and lack 
of K-V deposits hinder the financing of needed improvement work. 
Improvement of these stands must await a second cutting i and 
because that cut will rarely exceed 3,000 board feet pel' acre, even 
half of the stumpage receipts would scarcely suffice to meet labor 
costs. 
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Until more informati:,n on the costs and returns from stand 
b.etterment becomes avalla~le it is advisable to handle the opera­
tion on a conservative. bafilS. ThIS rioes not imply postponement 
but rather an aggressIve program in carrying out a number of 
common-sense measure~ such as the elimination of inferior domi­
nant.s, and the separatIOn of rioubles or clumps. Improvement of 
qu~h~y wIll be brought about more cheaply by elimination of 
l11fenor types ~han by expensive artificial pruning. This presup­
pos~s fu!l st~ckl11g or overstocking in the pole stage, so that stems 
of l11fenor form may .at t.he same time be regarded as surplus 
stems. Good ~eprod uctIon IS the first step in the development of 
a. good gro~vl11g stock; stand Improvement should attempt to 
direct and ald. rather t~an revolutionize the forces which Nature 
has employed III prorlucll1g her best stands. 

Managen1ent of Cut-Over Stands 

The foregoing sections have dealt primarily with cutting in 
virgin forests and the reaction to different methods of cutting. 
Already the area of cut-over land in the ponrierosa pine type of 
the Southwest equals that of uncut stands, and the time is fast 
approaching when virgin stands will playa minor role in forest 
management. Management plans must necessarily take into ac­
count the growth on cut-over lands; but as a rule present growth 
estimates deal only with current growth rather than with poten­
tial growth attainable under management. Thus far little effort 
has been made to bring increment up to specified standarcls 
through application of silviculture. The purpose here is to show 
what has been accomplished in that direction through experi­
mental management in the Fort Valley Experimental Forest. 

Response to cutting and to a dozen or more other influencing 
factors has been essentially the same on six relatively large experi­
mental areas under study for 20 to 30 years. Increment per acre 
has been greatly accelerated, as compared with a similarly re­
corded virgin stand. But the period of high acceleration has lasted 
only 10 to 15 years, to be followed by a period of continuous 
decline which shows no signs of abatement after 30 years. On 
some areas the rapid rate of decline in net increment has been 
partially obscured by the entrance of "new" trees or "ingrowth"; 
but a separate account of the trees 12 inchef\ ancl over at the 
beginning of the record shows that there has been no deviation 
from the downward trend. 

Mortality is only one of the causes of the slow-clown of incre­
ment. Decline clue to lightning in.iury, mistletoe, paintbrush blister 
rust (Cr-onal'tium) , or squirrel damage all exert a retarcling influ­
ence. Unexpected but easily explained was the discovery that 
apparently vigorous groups of immature trees tend to stagnate. 
Still more surprising, though equally understanclable, is the rather 
abrupt decrease in diameter growth of healthy, isolated trees after 
encroachment of sapling thickets upon their root zone. Climaxing 
this array of depressing influences comes the realization that the 
trees which really grow are often the poorest in quality, meaning 
that a large part of the slender margin of board-foot increment 
is on paper only. 

Analysis of perioclic growth and mortality records of thousands 
of trees in all possible situations points to a simple remedy­
frequent cutting. Silvicultural cutting at short intervals permits 
salvage of dying anrl deteriorating trees, ancl thus forestalls nearly 
all the usual mortality loss. But salvage is only incidental in a 
silvicultural program whose highest objective is rejuvenation of 
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the living and potentially fast-growing trees of good quality by 
elimination of inferior competitors. There is an endless supply 
of inferior stems, and without improvement cutting they are COII­
tinually growing into positions of dominance. 

SECOND CUTTINGS IN FORT V ALLEY 
EXPERIMENT AL FOREST 

In order to test the theory of improvement by cutting', 01' 
more specincally, to determine whether the descendillg inl:rement 
curve can be reversed by silvicultural cuttillg, two large sample 
plots in the Fort Valley Experimental Forest (S3 and S7, tables 
11 and 12) have beell logged a second time since 1938. A 5-yeur 
record of growth since the second cutting is available for the 
Wing Mountain plot (S3). So fnr as is known, this plot was the 
first ponderosa pine area to be logged twice under Forest Service 
supervision. The two sample plots, S3 of 480 acres (indudino­
S3A and S3B) and S7 of 160 acres, apparently are the only twice": 
cut areas in the West on which all trees have been measured 
periodically through the entire period between the first and the 
second cuttings. 

The Wing Mountain Sample Plot-After the First and 
the Second Cuttings 

A .dis~ussion of the fi,rst cutting. 011 the Wing Moulltain sample 
plot IS gIven m the sectIOn on cuttmg in virgin stands. Increment 
and mortality during the ensuing 30 years are discussed in detail 
in the section on gro:vth after partial cutting. A few important 
facts on the first cuttmg are here summarized to provide a bacl<­
ground for the discussion of the second cutting. 

After the First Cutting 

1. Logging by group selection in 1909 reduced the original 
gross volume of about 12,000 board feet to 3,520, thus adhering 
closely to the two-th irds cut which was standard at that time. 

2. Logging left approximately one-third of the area occupied 
by trees 8 inches d. b. h. and larger, mainly in dense and widely 
separated blackjack groups. Virtual absence of advance repro­
duction necessitated leaving many large, isolated yellow pines as 
seed trees. All but about 15 percent of the unoccupied area be­
came stocked with pine, mainly in 1919 but with some representa­
tion of 1910, 1914 , alld 1929 classes. 

3. Net annual increment pel' acre rose from 85 board feet 
during the first 5-year period to 115 in the second, then fell by 
irregular but persistently downward steps to 52 in the sixth and 
last period before the second cutting. The trend of the periodic 
net annual increment pointed toward a further decline to about 40 
board feet in 1944 and 28 board feet ill 1949. 
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After the Second Cutting 

The area was logged a second time in 1939, 30 years after the 
first cutting. The average volume per acre had by that time in­
creased to 5,939 board feet, of which 2,925 board feet was re­
moved. Cutting and stand improvement left an average volume of 
2,995 board feet per acre on the extensive plot of 456 acres. Be­
cause of divergent opinions as to how a stand should be marked 
for a second cutting, three methods were applied on approxi­
mately equal portions of the area (75). Before proceeding with 
a comparison of th e three methods, however, the aggregate effect 
on the whole area will be analyzed since many important effects 
are common to all three methods of cutting. 

Table 31 shows the periodic annual increment and mortality 
of the Wing Mountain area for the first cutting cycle of 30 years 
as well as for the [) years following the second cuttillg. Anllual 
g ross illcremellt per acre fell from 88 board feet at the end of 
the first cycle to 70 following the second cut, but net increment 
rose from 52 to 67 during the same period. The actual improve­
ment was probably greater than the 15 board feet indicated, 
because the trend of net illcrement was headed downward in 1939 
(fig. 59). Assuming that if the second cutting had been postponed, 
a11l1ual net increment would have dropped to 40 board feet in 
1944, the improvement can be placed at 27 board feet per acre 
per year. 

TABLE (n.-Annual gr08S and net period'ic incrcment cmd mor­
tality in /;oanl f eet pet· Clcre on the Wing M01tntain arca, 1909-
-H (measurements at 5-uear intervals ' ) 

Fi VE'-year periods 

After 1909 cutting 
After 1939 

- 1 I 2 I 3 4 I 5---'1- 6- cutting (7) 

Gro~ inc~-;m-;~-~~=-~ I96-I' 134 -----00 - 1031- 85 ---88----70 
NetincremenL _____ ___ __ 85115 86 76 69 52 67 
Mortality__ ______ _______ 11 i 19 24 27 16 36 3 

___ I 

1 An area of 49 acres used in a mistletoe-control experiment in 1939 wa ,; 
eliminated from the 1944 computation because portions of the a rea were 
almost cleal·-cut. This reduced the acreage from 456 in the first six periods 
to 407 in the seventh. 

The conditions which have afl:'ected increment are briefly re­
viewed in the following paragraphs. 

The effect of removing trees which would have died if allowed 
to stand needs little comment. When mal'king anticipates mor­
tality, however, it makes a large difference whether the marker 
looks ahead 5 years or 30 years. In this instance, a cutting cycle 
of at least 20 years ~md possibly 30 was assumed. Some trees 
were accordingly marked which if left would have lived 5 or 10 
years and raised both gross and net increment during this initial 
period. 
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In addition to visibly declining trees, some large pines were cut 
in 1939 because they were thought to represent a high mortality 
risk. According to figure 23 the chances are that the average tree 
over 32 inches d. b. h. will return a net loss over a period of 20 
years. Although removal of such trees could be expE!ctee! to result 
ill a net gain over a 20-year cutting cycle, this effect would not 
be registered during the first!') years. 

On a portion of the area a considerable number of growing' 
trees of low value were cut in order to liberate smaller ones of 
good form; and clearly unmerchantable trees wen~ cut or poisoned 
over the entire area. To a large extent the inclusion of such trees 
in the growth records prior to ]9::\9 resulted in fictitious incre­
ment. Their removal has not always been offset by a volume gain 
of the liberated trees; but in the long run the volum e balance will 
be restored, and low-value increment can be replaced by high­
value increment. 

Although mistletoe trees were cut mainly as a salvage measure, 
a high er obj ective was to prevent infection of the sapling stands 
which commonly surround such trees (fig. 58, A). Some blackjack 
groups were cut almost clean (fig. 58, B), to safeguard nearby 
saplings from infection. 

The records show that when dense blackjack groups are opened 
up judiciously, increment of the group as a whole generally rises, 
but there may be exceptions to this rule. The most common excep­
tion is when the released trees are too small to regi>ter It large, 
immediate gain expressed in board feeL. Poles, of course, sho,"v 
no board-foot increment until they reach the 12-illch class. 

Re1Jp,J'Mrl of tlU' Down.wanl Tt'P'11d..-A concise appraisal of the 
effects of the secone! cutting is expressed by the g raph in figure 
;:;9 which shows that a sharp downward trend \-vas rev0.rserl into 
an equally sharp upwarrl trend. The me~umres rlesign f' rl to con­
vert a falling growth curve into a rising one wrre not con cernerl 
merely with immediate effects; if they had been, the rise of incre­
ment could have been much greater. Extension of the solid-line 
graph beyonrl 1944 indicates a continued rise for another f:i years. 
This extrapolation is baserl on the performance of all but one 
of Rix large plots after the first cutting. In view of' the fact that 
most of the old trees have been cut alJrl many blackjack .I~TOUpS 
opened up, there is reason to hope that at the end of 10 years the 
graph will level off instead of starting down as it did after the 
first cutting. There can be little doubt, however, as to the silvi­
cultural desirability of a third cut in 20 years instead of 30 . 

What would have taken place had the second cut been deferred 
from :i0 to 40 years was bolrlly prophesierl by the descending 
increment graph. The same train of circumstances seems to justify 
extension of the graph along the course marked, "assuming secono 
cut in 20 years." No actual measurements determine the oirec­
tion of the broken line, however, and the assumption that it would 
run parallel to the solid line from the ~Oth to the ~5th year is 
therefore subject to experimental check. 

PrCRent Condition of the Stand.-Can the remaining stane! be 
built up to the production recorded in 1919? EventuaJ1y, but not 
until younger age classes come into the picture. The deficiency 
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FIGURE 58.-A, A fast-growing but unmerchantable mistletoe tree poisoned 
in order to check infection of young growth. B, All but two trees cut from 
a mistletoe-infected blackjack group. 
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of the present growing stock lies less in volume than in distrilJll­
tion . Scarcely more than one-fourth of the soil is being used by 
trees whose growth is measured in board feet. Both undel'stock­
i ng and overstocking' exist side by side. Mature groups are prac­
tically gone, though generally replaced by reproduction. Black jack 
groups are, as a rule, still too dense; but some were almost clean 
cut in t he war against mistletoe. Spaces as large as 5 al'res bear 
only occasional trees as large a!'l 12 inches d. b. h., though usually 
well stocked with saplillgs and small poles (fig. 58). 
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FIGURE G9.-Net annual increment of ponderosa pine by G-year pel'iod~ 
after 1909 and 1939 cuttings (broken lines by extr apolation), Wing Moun­
tain area, Fort Valley Experimental Fores t . 

Mistletoe is the scourge of the stand. The second cutting accom­
plished much toward checking the spread of this pest, but it came 
10 years too late. Many unmerchalltable mi stletoe hosts were 
poisoned a year or two in advance of the logging, but this also 
was too long deferred. By 1980, extensive areas now in the sapling 
stage will have grown into the pole stage, with dominants of small 
saw log size. The f uture of these young stallds will depend upon 
frequent cuttillg and stand improvement directed toward mistle­
toe control and maintaining a good growth rate in the best stems. 

Methudl:; 0/ Cuttiny.-As pt'eviously stated, three methods of 
cutting were employed Oil subdivbions of the \"ling Mountain area 
ill 1939. The names applied to the three methods are essentially 
Relf-explanatory: (1) Favoring dominants; (2) favo ri ng subordi­
nates ; and (3) salvage. The proportion of gross volume removed 
was: 57, 59, and 33 percent, respectively. Table 32, page 194, 
shows the 11umbers of trees and volume in the residual stands. 

In the favoring-dominants method, the underlying philosophy 
is the belief that a good large tree is better growing stock than a 
good small tree. For obvious reasons, stems of poor physical con­
dition, or of extremely low merchantability,or of such large size 
as to constitute a high risk, were cut. Since the average tree ceased 
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to yield net increment beyond a diameter of 32 inches (fig. 2?), a 
flexible diameter limit of 30 inches was used for yellow pInes; 
blackjacks representing a lower risk to lightning, kill we~e left 
regardless of size, if otherwise desirable. ~avorIng domm~n~s 
does not imply actual removal of all subordmates b~cau~e It IS 
assumed that the dominant is normally capable of holdmg Its own 
in competition. It likewise does not imply that no dominants will 
be cut. In tree groups where several large dominants were compet­
ing with each other, one or more were removed for the good of the 
group as a whole.. ... 

The favoring-subordmates method IS essentIally eqUIvalent to 
the old European practice of cutting from above. Its trial in the 
Fort Valley Experimental Forest was suggested by the observa­
tion that relatively small subordinate trees, even if the crown is 
small, respond vigorously when relieved of intensive root competi­
tion. Since a high proportion of such trees have clean boles, the 
advantage of encouraging their growth is obvious. In cutting 
under this method on the Wing Mountain area, dominants (almost 
invariably limby) were cut where their removal would liberate 
smaller trees of good bole form, free of mistletoe or other visible 
ailments, Even overtopped class D trees or those whose tops had 
been injured by porcupine were left if they were thought to have 
the making of one relatively clear log. Assuming healthy appear­
ance the three principal criteria in marking were, in the order 
nam~d: (1) Bole, (2) spacing, and (3) crown. Other things being 
equal, blackjacks were favored over yellow pines and the latter 
were cut to a general diameter limit of 26 inches. 

Salvage cutting aimed to remove all trees whose appearance 
indicated that they could not be expected to live 30 years. This 
included most lightning-struck trees, heavily mistletoe-i11fected 
trees, and a considerable number which for no known reason had 
dying tops or conspicuous dead limbs in the crown. Trees in this 
condition were of course also removed in the preceding two 
methods. For healthy trees of the yellow pine age class, the cut­
ti 11 g limit was placed at 34 inches d. b. h. (4 inches higher than 
where dominants were favored , and 8 inches higher than in the 
favo ring-subordinates method). Marking paid 110 attention to 
release of subordinates, although such release sometimes came 
about incidentally. 

Differences between the three methods as applied were not al­
ways clear-cut, For example, more than half of the volume cut 
in the favoring-dominants and favoring-subordinates methods reD­
rese'nts salvage, or trees likely to die during the cutting- cycle, 
Both methods assume a profitable operation. which means that 
the volume must come mainly from relatively large trees. Both 
methods aim to practice good forestry, in conformance with the 
laws of silviculture and economics; disregard of these laws for 
the sake of adhering to a rule can lead to absurd results. Only in 
the salvage method was silviculture ignored, and here it was with 
the understanding that the salvage program is only temporary. 

R esults Unde?' Different Methods of Cutting.-Table 32 shows 
the net increment under the three methods of cutting. Although 
increment follows roughly the course of residual volume, it is by 
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no means proportional to such volume. Favoring subordinates 
with a margin of 328 board feet of growing stock yielded 9 board 
feet more in increment than favoring dominants; but the salvage 
cutting with 1,312 feet more growing stock led the favoring­
subordinates cutting by only 2 board feet of increment. 

TABLE 32.-Inerement and mortalit?l following second cuttin.O by 
three methods, Wing M ountnin sample plot (S8), .)-?!ear record 
(1[)3rJ-44) 

Mpthocl of ('I Itting 

Favoring domin 
Favoring subord 

- - ' 

ants , _ 
inates. 

Salvage ..... . - ~ - - - - . 

Arca 

- -

A. 
122 
125 
160 

Reserve stand 
per acre 

----
Trees 

Volume 12 inches 
ancl up 

--------
Fcet/Joa.rd 

mea.<:'UTC N"rnhcr 
2,477 G.4 
2,805 il.4 
4,117 9.8 

Average annual intr ement and 
acre mortality per 

Incre-
ment 

(gross) 
----

Fee/hoa.rd 
m·e(1.~1J,TC 

60 
71 
77 

Mortali 

- ---

Incre­
y ment 

(net) 

Fee/board Feet hoard 
WfWi;11.T{' m,ros.ure 

0 
2 
G 

60 
69 
71 

The low increment of the salvage cutting area is especially 
noteworthy. With a reserve of 4,117 hoard feet per acre, it pro­
duced a net board foot increment of only 71 board feet, or 1.7 
percent annually. 111 the first [) years after the 1909 cutting, the 
entire area of 456 acres yielded 85 board feet per acre annually, 
or 2.4 percent on a reserve of 3,520 board feet. Obviously, the 
growing stock was not functioning as well in 1939-44 as it did 
following the 1909 cutting. The explanation is found mainly in 
the distribution of the growing stock over the plot area. 

The growing stock on the salvage-cutting <livision, t.hough ex­
ceeding that of the 1909 cuttin,g by 600 board feet per acre, ac­
tually utilized less soil than <lid the 190() growing sLock. The 190() 
cutting left numerous relativrly large, widely spaced yellow pinel' 
for seed; nearly all were ill n position to fa vor rapid g-rowth. 
During the ensuing :iO years about a thirrl or them died and most 
of those remaining harl deteriorated to such degree tllat the~' 
were cut in 19:39. It is e::;timated thnt large, more or les::; i::;olaterl 
trees ill 1909 occupied 15 percent of t.he land area on S;3; the 
second cut in ] 939 r erl uced the area thus occupied to about 5 per­
cen t (fig. 60). Sapling thickets subsequently occupied most of the 
space vacated by seed trees . In 40 years' time this younger genera­
tion 'will contribute heavi ly to the increment, but for the time 
bei ng its growth is not registered in board feet. Even for black­
jack groups, the land area actually utilized was reduced through 
the death or cutting of border trees. 

The Tree Grou.p as a Basis for Comparison.-Because of the 
wide variation in growing stock, the best comparison of the three 
methods of cutting is by natural tree groups, and even here yield 
per acre is out of the picture because the area actually utilized 
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F-366897 ·393674 

FIGURF GO -The Wing Mountam area : A, befoI(~ and N, after the 'i~on~ 
cutt{ng. 'Reproduction followed the first cutting and wa~. 20 years 0 a, 
the time of the upper photograph. In adclition to declInmg trees, yello\\ 
pines over 30 in<;hes d. b. h. were C\1t. 
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by a g~oup can only be approximated. This brings the basis of 
compa.rlson dowu to a matter of response; in other words, how 
much IS growth r~te of a given group improved by cutting? 

Some 50 blackJl:lck ~l'oups on the Wing Mountain plot Were 
analyzed .to compal'~ dlUmeter and volume growth dUl'illg the 5 
years before and after the secoud cutting. Table 33 summarizes 

F-427515 

FIGURE 61.-Blackj ack group (la) cut to favor dOl11inant~. Five smaller 
trees (stumps designated by X) were cut to stimulate diameter growth 
of two largest st~ms (28 and 27 inches d. b. h.). In both cases, G-year 
dlan.1eter gTowth Increased from 0.3 inch before cutting to 0.5 inch after 
cuttmg. 

the growth record for three representative groups under each 
cutting met?od. Volumes are from Hornibrook's table (29); be­
cause of their sporadic occurrence, mortality and "ingrowth" were 
oath omitted in computing volume increment. Figures 61, 62, and 
63 shoy.' thre~ of t0e groups listed in table 33 as they appeared 
Immediately j-o!lowmg the 1939 cutting. They further illustrate 
how the three cutting methods differed in application. 

Diameter growth hal> in all cases shoW11 a consistent response 
to cutting (table 33). In seven groups where one or more trees 
we~'e ~emoved, there has been a gain in average diameter growth. 
ThiS IS true of the six groups cut to favor either dominants or 
subordi11ates as well as the one group (48b) where three trees 
were removed under the salvage method. In contrast, diameter 
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F-·423665 

FIGURE G2.-Blackjack group (18) cut to favor .ubol'd inates. Three outside 
dominants 18 to 21 inches d. b. h. (stumps indicated by white cards) were 
cut to libel'ate smaller subordinates of better fOI·Ill. Two additional interior 
dominants should be taken out ill the next harvest cut. Average G-year 
diameter growth increased hom 0.G9 inch before cutting to U.81 inch 
after the second cut. 

F- 427517 

FIGURE G3.-Under the salvage method, no tl'ees were l'emoved from this 
blackjack group (3B-l). Average 5-year diameter gl'owth declined from 
0.60 inch before cutting to 0.42 inch after cutting. 
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growth declined in both groups (3B-l and 48a) of the salvage area 
where no trees were removed. 

In terms of ~otal volume increment of the group, response has 
bee~ more variable. qf three groups on the favoring-dominants 
cu~tIng, two h.ave registered an increase since cutting while the 
t~lrd has declIned (~able 33). On the favoring-subordinates cut­
tIng, one g.roup has Increased in volume increment and two have 
dropped sl~ghtly. A.11 three groups on the salvage cutting showed 
a substantIal drop In board-foot growth after the second cu tting. 

TABLE 33.-Response iu diameter and ?!olume growth to tll'r ee 
me.thods of s.('.eond cutting, I)?! ?:ndividual blackfac/c gl'OUpS. 
Wm .q Mountam Sample Plot. 1984 to 1.9.'1.9 (hetore cutti nq) and 
103.9 to 1.944 (aft;('.r cutUn.q) . 

FAVORING DOMINANTS 

Group 

Stand before cutting 
(1939) 

rlesignation __ ,-__ 

Large Saw- Total 
poles' timber vol-

trees 2 ume 2 - _ ___ 4_ --- - - - - - -
N lIm- Nnm- Board 

her bel' feel 
~ (a and b). , 7 11 2 ,008 
la . .. _. 5 19 6,604 
12. -- . 1 22 8,690 

Stand cut 
(1939) 

Saw-
timber Volume 
trees 

- - - - --
Nllm- Board 

bel' feet 
1 234 
5 2,046 
4 2,483 

, 

Average 
5-year 

diameter 
growth ' 

Total 
5-year 
volume 

growth' 

Before After I Before Aftel' 
cut- cut- I cut- cut-
ting ting ting ting -- ----,-----

Boord Boa.rd 
Inches Inche., feel feet, 
0.68 0.70 :,00 308 

.50 . 62 467 382 

. 60 .94 665 R43 
I ----

FAVORING SUBORDINATES 

19 
10 
27 

4,734 
1, 717 

II , 683 

5 1,725 
3 777 

10 5,073 

SALVAGE 

3B-L--l--48a ___ ___ ._ 
48b ___ __ .= 

I -
4 17 i 4,384 0 

- - -~-- -8 12 I 4 , 251 0 
- - - - -- ~ 9 11 I 4,368 3 1, 863 

1 Trees 7.6 to 11.5 inches d. b. h. 
, Trees 11.6 inches 0. b. h. ano larger. 
" All trees 7.6 inches d. b. h. or larger. 
., No allowance for mortality and ingrowth. 

0 .79 
. 69 
.47 

0.60 
.75 
. 48 

. -

0.95 625 
.81 254 
.84 634 

0.42 469 
.64 412 
.52 243 

----. 

61 5 
207 
783 

311 
368 
202 

-

The resp?nse .shown ~Y two of the groups is noteworthy. For 
group 12 (favonng domlllants) volume grO'wth increased 27 per­
cent after 28 percent.of the growing stock had been remo ved. 
For group 36 (favonng subordinates), volume ilIcrement in­
~reased 24 pe~'Ce~t, f?l1owing removal of 43 percent of the grow­
mg stock. T.hlS rIse In group 1J1crement after a substantial part 
of the . growmg stock was taken out strikingly demonstrates the 
benefits · that can be derived from frequent 'release cuttings in 
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crowded groups. Lack of a similar trend in groups 3, la, 16, and 
18 is due in part to the greater number of pole-size trees present 
in the group. These smaller trees are aided by the cutting, but 
acceleration in diameter growth is not reflected in volume growth 
of the entire group because the pole stems are too small to be 
credited with a board-foot volume. 

Application in Cutting Pmetiee.-Both the favoring-dominants 
and the favoring-subordinates methods are effective in preventing 
group stagnation and in arresting the downward trend of diameter 
growth and increment. 'Where cutting is confined to the salvage 
of dying trees, however, groups will do well merely to hold tllelr 
own. 

From the standpoint of sustained quality increment, the favor­
ing-subordinates method appears to offer the most far-reaching 
opportunities. It recognizes that large dominants as a class are 
inferior in quality and inefficient growers, and that large stems 
must be the financial backbone of the harvest operation. It re­
moves large, low-grade trees, regardless of vigor, if they are 
interfering with the growth of smaller trees of good form, and 
it maintains a larger number of small stems in the group to serve 
as recruits for future yields. 

Strict adherence to a favoring-subordinates or a favoring-domi­
nants rule is neither desirable nor practical in most cut-over 
stands. In many instances the available subordinates are not suit­
able to leave; they may be of poor form, defective, or mistletoe­
infected. It may then be preferable to leave a dominant, especially 
if it is of the better type. Moreover, enough relatively large trees 
must be left to provide for the next cut. In practice the two 
methods tend to merge into one another. 

A review of results under the three methods of cutting de­
scribed and analyzed in the foregoing pages leads inevitably to 
one conclusion: there is no inflexible formula for marking ill cut­
over stands. In some spots best results can be obtained by favoring 
dominants, in others by favoring subordinates, and in still others 
(temporarily) by merely salvaging declining Or defective trees. 
In other words, marking resolves itself into the selection of in­
dividual trees, each on ib:; own merits, not on the preconceived 
merits of a class. Over and over again , the marker is confronted 
by the problem of choosing, not an ideal tree but the best avail­
able in a group where perhaps all are poor or mediocre according 
to customary standards. The choice is not easy, for it involves 
many factors-age, size and character of bole, spacing, condition 
of crown, disease, injuries, probable response to release, and 
probable effect on neighboring trees if left. An effective cOOl'dina­
tion of principles and practice has found expression in a modified 
form of selection cutting caller] "improvement selection." This 
method, developecl from experience on the Wing Mountain area, 
has been described and diRcussed on pages 59-65 ancl 104-107. It 
is equally applicable in virgin and cut-over stands. 



Economic Aspects of Ponderosa Pine 
Managenlent 

The business of producing lumber from virgin stands is not 
concerned with costs of growing the crop. If the operator can sell 
his product for more than the cost of logging and manufacture, 
pius whatever. he must pay for stumpage, the enterprise is con­
Sidered finanCially sound. In the case of private owners who have 
paid interest and taxes on their holdings during a long period 
of. years, the cost may approach that of growing a crop, but it is 
still not actually a timber-production cost. 
. Afte! the mature ti,?ber has been cut, the expense of regrowth 
Immediately assumes Importance. One policy is to leave the cut­
over land wit~ou.t further care except fire protection, in the hope 
that nature wlil In the course of time produce enough to warrant 
olle or more harvests. Another policy is to step in and apply those 
n:easures deemed necessary t o insure yields commensurate with 
~Ite capacity. This is silviculture. Progressive decline of increment 
In c"!t-over stands after their tenth or fifteenth year (table 24, p. 
92) IS a sample of what may be expected under the first policy. Re­
s';!lts aft~r a .second cutting <?n the Wing Mountain area (figure 59) 
give an mkhng as to what IS possible with dynamic silviculture. 

A long-range .silvicultural program does not necessarily con­
template expensive cultural measures. The most essential work 
can ,usually be done in the course of commercial cutting if begun 
?unng the first harvest of the virgin !'ltand. To what extent stand 
Improvement ~an justif~ itself financially depends 011 tircum­
~ta~ces; c~rtall1ly such mexpensive measures as poisoning in­
fenor ~omlnan~s .and pruning isolated poles will payout. Under 
a .contmllous s.1~v~cultura~ program, regulation of stand density 
':VI!1 r.educe a rtJf1clal prulllllg to a supplementary measure, adding 
fimshlz:g touches to Nature's scheme of self pruning. Even the least 
expensIve cultural measures may be prohibitive for the private 
owner w.ho. lacks capital for long-term investmellt, but not so the 
slmI;lle sllvlcultural measures which can be applied in commercial 
~uttmg. On public lan~s s.elf-liquidati~g cash outlays are entirely 
~n ord~r b~cause pubhc forest agencies are less concerned with 
Immediate Income than :vith the assurance of a dependable source 
uf wood products. Public forestry must not lose sight of costs; 
but, on the other hand, costs must not be allowed to stand in the 
way of permanent benefits. Judicious use of the Knutson-Vanden­
berg Act in the national forests can return manyfold the sums 
expended on stand improvement. 

SIL VICUL TURE LOWERS PRODUCTION COSTS 
Ma)or item.s in the future. cost of lumber production are (1) 

gr.owmg t~e timber, (2) l.oggmg, (3) transportation of logs to the 
mill (or of lumber sawn In the woods to distributing points), (4) 
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milling and (5) shipping. Abnormal costs in anyone of these 
items ~ay wipe out the margin between profit and loss. 

The Federal Government has spent millions of dollars on access 
roads to make pussible the utilization of less accessible timber. 
Such measures are justified in time of war and other national 
emergencies, but after the roads have been built timber yields 
should bear a fair share of the cost of maintenance. Here the man­
agement of the cut-over lands assumes great importance. A timber 
access road will obviously come nearer to being self supporting if 
the area which it serves yields annually 2 million board feet of 
lumber worth $50 per thousand than if it yields only one-half that 
volume valued at $30 per thousand. 

Good silviculture on well-selected areas can, to a large extent, 
obviate the necessity for going int o out-of-the-way places for logs. 
Assuming, for example, that a production goal of 500 million 
board feet per year might be set up for Arizona and New Mexico, 
such a volume could be grown more economically on 5 million acres 
of the best and most accessible sites than on the entire 10 million 
acres sometimes classed as commercial timberland, but known to 
include large areas which are economically submarginal because 
of location, topography, poor site, or past abuse. The matter of 
log-trucking alone can give the more accessible lands a wide 
margin of advantage. If, for example, it costs on the average $4 
more per M to truck logs to the mill from areas of low accessibil­
ity, then, other things being equal , stumpage ?11 t.he more acces­
sible areas is really worth $4 more per M. LookIng Into the future, 
this difference will usually justify the building up of a first-class 
growing stock on the most accessible and most productive lands. 

Unfortunately, sizable areas of accessible ponderosa pine land 
have been so overcut and otherwise abused that i'estoration of 
a productive stand will require great expense and years of delay. 
Because of high costs and uncertain results, artificial reforestation 
will play a minor role. But where 50 normal and fairly wel:­
distributed saplings or poles per acre remain, a stand of com­
mercial possibilities can be built up by artificial prunillg. This 
will cost only one-tenth to one-fifth of the cost of planting. 

Labor normally constitutes nearly half the cost of finished 
lumber at the mill. Considering waste, much more labor is re­
quired to produce 1,000 board feet of lumber out of knotty and 
defecti ve logs than out of clear, sound logs, and the finished 
product of the latter brings many times as much money. In a 
well-orga nized forestry program, it costs no more, and probably 
less per M, to grow logs of high grade than of low grade. 

VALUES IN RELATION TO LOG GRADES 

The logs of different trees and in different parts of the same 
tree vary greatly in the grades of lumber they yield ill the mill. 
Logs in standing trees are graded mainly on the number, size, 
character, and arrangement of knots. Local grading systems for 
ponderosa pine developed independently, in California, the Pacific 
Northwest, and the Northern Rocky Mountain region, were har­
monized and combined in 1939 into one standard system ( 87). 
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Since, however, two areas referred to in this monograph were 
previously classified as to log grades by the Pacific Northwest 
rules, that classification is here retained. Briefly, this system 
recognizes six grades: Grade 1 is practicalIy surface-clear; gradr. 
2 permits a few small sound knots; and grade .'J many of the same 
class. Going down the scale, number and size of knots increase, 
and in the lowest grades there may also be "black" or loose knots. 
Bruce (12) has classified standing trees according to the grades 
of the first two logs, from the ground up. Thus, a tree which has 
a grade 1 butt log and a grade 3 second log is classed 1-3, and 
one whose corresponding logs are in grades 5 and 6 is classed 5-6. 

In the preparation of figure 64 by Mason and Bruce, consulting 
foresters, in cooperation with the Pacific Northwest Forest and 
Range Experiment Station, the logs from a large number of trees 
in a logging operation on the Coconino National Forest were fol­
lowed through the mill in 1937 and the actual output of each 
tree tallied by lumber grades. The product was then converted into 
dollar values for the average tree in each of 11 classes represent­
ing different combinations of log grades. It should be understood 
that the entire log-content of each tree was graded; only the first 
two logs are used in the classification because they have been 
found to provide a good index to the entire tree. 

The term "marginal value" expresses the difference between 
the cost of converting a tree into lumber and the selling price 
f. o. b. the mill. Assuming that the operator is purchasing timber 
on the stump, marginal value is the price he can pay without losing 
money. Values below the zero line indicate that the cost of logging, 
trucking, milling, and other conversion costs exceed the selling 
price; in other words, the marginal value is negative. A rise in 
lumber prices or a lowering of production costs would tend to 
lower the zero line, and thus increase the marginal values; con­
trary trends in either prices or production costs would have the 
opposite effect. 

The graphs in figure 64 bring out several relationships of silvi­
cultural significance: (1) In all log-grade classes the marginal 
value rises with tree diameter, reflecting mainly a decreasing 
labor cost; (2) the upper classes, that is, trees containing a grade 
1 Or a grade 2 butt log, riRe more rapidly and attain higher ulti­
mate values than the lower classes; (3) classes in which the butt 
log is below grade i3 remain below the zero line until the tree 
diameter reaches 38 inches. 

Soaring prices of both lumber and labor have upset prewar 
value relations. But high stumpage prices indicate much higher 
marginal values than those prevailing before the war. The differ­
el1ce is probably more in the lower than in the higher grades; in 
other words, if a new set of graphs were drawn, there would be 
less spread between the 1-1 graph and the 6-6 graph, and the 
zero line would be near the foot of the chart. These relationships 
represent what might become a permanent condition without silvi­
culture, when all lumber might be so scarce that the lowest grades 
would command prohibitive prices . There could be no surer way 

MANAGEMENT OF PONDEROSA PINE IN THE SOUTHWEST 203 

12r--'--'---'-~--'---~-'--1I--~~--1I--~-1--1I~ 

--­"I---t-- .--+---+--------j-----r-- . -- . - 1--+-- - - % 
to .. ~ __ . _._" 1--+---1 

VV \~~ 
....----V 

- 5 1&// /V 
-6~~~W~L-+/7'~~+--r~--t--r-t-j~1 

I//"/ _. ___ 1 __ 
- 7l------!------fJrl-l!-l-(, J,l-1-/-A--+--+- r-- r-------i---r-i 
- 8ILo---lI2~11~~~b'6~~'8'-'2~o--~22~~4-:2k6--~28~lJ~n~'~2--~J"~1~~~JW8--M40 

DIAMETER ( IN CHES1 

FI(;URE G4.--Mal'ginal valu e~ per M feet (shipping tally) on. the ',t.um p fo,~ 
tl'ee~ of variou~ log grade classes as related to ,tree dHl,111etel, Onl) . ~hl bu;" 
and' 2d logs need be considered in the determmatlOn of the log. ~1 a; c', fi 
margimll value class. (By Mu"on and Bruce in coopemtlOn W It. n.C.I c 
Northwest Forcst and Range },xpcl'1lllent StatIOn.) 

f driving the lumber industry out of business. The goal of for­
~stry must be to provide an abundance of good lumber at reason-
able prices to the consumer. ' , ]' 

As a permanent pattern, figure 64" perhaps w~th th,e zero me 
considerably lower, represpn ts a deSIrable relatIOnshIp between 
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tree grades. A program which would seek ultimately to eliminate 
trees of the three lowest classes (butt logs below grade 3) is worth 
striving for, not only from the standpoint of profit to the grower 
and operator, but also from the standpoint of public service. As 
forest management undergoes the inevitable transition from har­
vesting natural stands to the {j1 'owinr; of timber, a preponderance 
of low-grade logs will become a sign of professional incompetence. 

Figure 64, however, does not tell the complete story since log­
grade class can be expected to improve as trees increase in size. 
A butt log grading 2 at 14 inches d. b. h. will usually improve to 
grade 1 by the time the tree has grown to 24 inches. A rise in 
grade of the butt log in trees of the lower value classes is also 
possible, but the chances that a grade 6 butt log will ever attain 
grade] or even grade 3 without artificial pruning are extremely 
remote. The smaller the tree, however, the greater is '~he possi­
bility that it may rise to a higher value class, and this fact together 
with the higher increment percent should place a premium on 
stems of relatively low diameter as members of the growing stock. 

Conversion of a low log-grade stand in to one of high log grades 
is a long, painstaking process. It cannot be accomplished by a 
single cutting, and seldom in less than three. The Wing Mountain 
area is an example fairly typical of th e Southwest. A classification 
of logs in the standing trees ill 1930, 30 years after the first cut­
ting, is presented in table 34. Less than 3 percent of the logs were 
in grades 1 and 2 and 83 percent were in gracles 5 and 6. The few 
grade 1 and grade 2 logs were mainly the butt logs of large yellow 
pines or of small subordinates left in the 1909 cutting. Black.iacks 
over 20 inches d. b. h. were almost invariably of the limby type 
found in open-grown or border trees which seldom produce a clear 
log even at 40 inches d. b. h. The stems which have the best chance 
to produce a surface-clear butt log are usually those in the interior 
of groups. The answer to the grade problem is not so much artifi­
cial pruning as dense stocking and frequent commercial cutting, al­
ways aiming at removal of inferior stems to make room for good 

. ones. 

TABLE 34.-Log r;rades on the Wing Mountain sample plot, in 
standin.q trees 30 years after the first cuttin.? (classifi('.d 1 by 
W. G. Thomson, 1l)39, .iust b('.fore the second cUtt?:11rJ) 

Log grades Number of log~ Percent of total number 
--- - --------- 1--
I. _ _.' _ _ __ _ 
2._ . ___ ___ _ . _. __ 
3 .. . _______ . _ 
4. ___ ___ .... _ .. _ . ___ . .. ____ __ . _. 
5. ____ ____ . __ __ _ 
6 ______ . __ . ______ __ . __ . ___ . . __ 

TotaL ___ . . . ______ ___ .. __ . 

R6 
~87 

J,948 
64El 

7,849 
6,730 

17,641 

0 . 5 
2.2 

11.0 
8.7 

44 .5 
38. I 

100.0 

1 Pacific-Northwest grading system, as modified in Region 3, S-SALES 
POLICY-Utilization letter of February 17, 198!>. 
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THE ECONOMIC FUTURE OF PONDEROSA 
PINE LANDS 

Whether it will pay financially to (fTOW ti.mber in the ponderosa 
pine type of the South'west is a question whIch ~annot be am;wered 
at present. The answer depends ?n ~any CI~C\lmstances, first 
among 'which are future lumber pncps m relatI~n . t.o cost of pro­
duction, attainable tim bel' yields, and the pOSSI blhty of ?"re3:tly 
raising lhe average quality above pres'ent stand~rd~. ConSIdering 
present trends of demand in the face of a dwmdlu:g supply of 
accessible virgin timber over the country as a whole, It seems safe 
to predict that future lumber prices will be fixed by the cost. of 
production. Offhand it might be concluded that pon~erosa p111e 
grown in the Soulh-..vest will not be able to compete WIth comfers 
in regions of more rapid growth; but other factors such as lo~ 
fire ha7-ard, easy logging. and superior qualIty may offset thIS 
handicap. Since local markets will likely be able to a.bsorb the 
enUre regional output. home-grown timber will en.ioy a substan­
lial advantage ill freight over competing timber from distant 
reg·ions. 

'Whatever milY he t.h e final answer, on e thil1g' is certain: there 
are ill the Southwest ~omp ,1 or S million acres of ponderosa pine. 
mainlr ill puhlic oWl1('Tship, whose grC'atcst dired. eommercial 
vallie lies in timlwi' procludion. T,i vec;tocl< and big game, as well as 
certain other types of wildlife, ('XH('.t a toll from the forest. through 
injury of the trees. Uiliess these animals are ('arefully C-QntrollNI 
a~d ma1'aged. any revenue derived from them may b0. far out­
weighed by a decrea~e in timber yields. 

It is universa.lly recognized that ponderosa pine forests have 
great value as watersheds and recreational areas. The pnvate 
owner may realize litHe direct benefit from these resources . but 
nevertheless they are important public assets which should be 
taken into account in rec.koning the returns from a forest. There 
need be little conflict between the utili7-ation of these resources 
and full utilization of the timber crop. Admittedly, some nat~re 
lovers deplore timber cutting under the mistaken apprehenSIOn 
that any and all logging is destructive. Sportsmen, on the other 
hand. advocate heavy cutting in order to increase the supply of 
feed for game, and too often they encourage unlimited prooagation 
of game animals, notwithstanding inordinate damage to the trees . 

Timber mal1agement mus!; demonstrate by example that pon­
derosa pille forests can be logged without creating eyesores or 
damaging watershed values. Overcutting, ruthless logging, and 
slove!'lv slash disposal are revolting to an esthetic nature; hut t~ey 
are als~ a menace to the forest itself. Admittedly, the first cuttmg 
in decadent stands presents prohlems because of the enormOllS vol­
ume of waste material which, left in the woods, is not ?~lly .un­
sightly but also a fire mena.ce. Silvicu.lt~re, improved utIhzatI?n, 
and time will correct this dIfficulty. SIlvlcultural measures ~h1Ch 
strive to restock large openings and open up dense groups wIll at 
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the same time promote penetration of water and render the forest 
more attractive. Openings sufficient for a sizable game pOl?ulation 
will never be lacking. Dynamic timber management which strives 
to build up soil, water resources, and esthetic qualities along with 
timber yields will be rewarded by public good will; and it will also 
pay dividends in greater monetary returns from timber products. 

THE BUSINESS OF TIMBER GROWING 
Timber growing for profit is usually thought of as strictly a 

private enterprise. Private industry is more directly dependent on 
current income, but public forestry, too, should in the long run be 
profitable. The indirect benefits-watershed, grazing, and recre­
ation-are often heavily relied on as a means of justifying public 
forestry. This may be necessary for submarginal timberlands, but 
not with the forest areas best suited to commercial timber pro­
duction. On such lands, timber growing is capable not only of 
paying its own way but also of carrying much of the load imposed 
by watershed protedion, recreation, mId other public benefits. 
European states, cities, and municipalities have fol' many years 
depended on the yield of publicly owned forests as it continuous 
source of revenue. 

Financial success in forestry calls for the same scientific man­
agement and attention to details that is required in other br[lnches 
of agriculture. The timber manager who specializes in loggillg 
and selling but neglects silviculture is like a farmer who l<eeps 
up to the minute on markets but neglects to cultivate his COl'll or 
keep the cows out of his wheatfield. Management plans whose 
felling budgets and cutting cycles are based on natural growth 
without silvicultural aids are merely programs of orderly liquida­
tion. 

Fostering the principle of sustained yield without specifications 
as to volume and quality production may be conservation, but it 
will not put forestry on a self-supporting basis. Successful timber 
management must pay attention to every detail from natural 
l'eg'eneration all the way to logging and marketing. Whether 0)' 
not the grower is also a lumber manufacturer, his practice must 
be based on the knowledge that a well-stocked stand will produce 
more and better logs than one which is only partially stocked, 
that grade 1 logs are worth perhaps 10 times as much per i\1 as 
are grade G 01' 6 logs, and that it requires 110 more growing space 
or moisture to grow the better grade of log. 

Because of a low rate of increment, pOllderosa pine in the 
Southwest requires a large acreage to continuously support a 
commercial operation of any magnitude. Heavy initial cutting and 
deficiellt restocking aggravate this situation. Even in the national 
forests there are few cut-over units as large as 100,000 acres 
which, under extensive management, can be expected to average 
over 50 board feet per acre annually during the next 50 years. 
Merely holding these lands under protection will not greatly in­
crease the volume because increment declines rapidly after the 
first 20 year:s. What is needed to stimulate growth is silvicultural 
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cutting repeated as often as economic conditions permit. During 
the process of rehabilitation, virgin stands or old-growth re~erves 
in cut-over stands may bridge the gap but when the old timber 
is gone, growth alone stands in t~e .way of de~letion. Fr~m every 
viewpoint, both economIc a~d .sdvlcultural, future cut~mg p.ro­
grams should embrace both vlrgm and cut-oyer stands, Wlt~ a vIew 
toward putting the largest possible acreage llIto good grOWll1g con­
dition in the shortest time. 



A Program for Better Ponderosa Pine 
MClnagelllcnt 

The ~onderosa pine type in the Southwest is America's near­
des~ rt forest; thIS fact determines its composition and growth 
habl~s, an? l1lUS~ never be forgoLtrn in its management. 

S01l mOIsture IS }~e critical factor; the annual precipitation is 
generally un.der 2.) Inches. and evaporation is high. Forests are 
able to perSIst through WIele spacing, which enables indivielual 
trees to draw upon the moisture of a relatively large soil mass. 
?:,OU~lg groups c:r~ often extremely dense, but as the trees increase 
m SIze, c?mpetItlOn for the limited supply of "vater becomes in­
tense, WIth th.e result that many individuals succumb. This 
struggle .for eXIRtence goes on th roughout the l'fe of the "tand­
fi~Rt saplmgs, then poles, then trees of log size, and finall y ve terans 
~I op out, but always the demand of the survivors exceeds the 
1I1:mteel water supply. Mature groups stagnate almost completely, 
~xcep~ for members whose roots have acceRS to open spaces, and 
m thlR stag~ t~e groups sooner or later become decimated bv 
drought or I~lel]rectly by bark beetles, Wllich prefer s t.agn<1n·j 
f.tt~rels. Unele! th.ese. clr.cumstances s~lvage cutting ac('om]11 is hes 

I. e toward anestlllg further decline. A maior obiect:ivr of 
silVIculture must ~e to assist .nature in making the . necessary 
a.d.lustments to mOIsture COJ1(!ltlOns, t.hereby forestalling stagl 1a­
~~on of grow,~h an~ the appallmg waste which is inevitable l11ider 

,e law. of surVIval of the. fittest," a phra~e which from tile 
stan.elpoll~t of lumber productIOn means survival of the unfittest. 

LI~ht IS abundant throughout the interior type, and becomes 
defiCIent only w0en .obstructer! by the crown canopy. A limited 
amount ?f screelll.ng IS essential f.or the development of saw-timber 
florm. Pme seedlIngs r1emanel dIrect solar raeliation throllfTh at 
east half of the d ..J th' . " 1 _ ay, anlt IS I~ true al!iO of the upper ("["own of 
arg~r tI ~es. As a general rule It may be saiel that free overhead 

Stnhght lS ne.cessary, but so also is side shade. Overhead sunlight 
~ Imulat.es helg~t growth; side shade retards branch growth and 
IS t~e ~Ist step m the natt~ral pruning which produces clear boles. 

~Ilvlculture must .take mto account reaction to both lig-ht anri 
m~lsture . Close, spacmg m youth is necesf;ary to develop good bolr 
fOl m and to pI ornate natural prun1l1g; later in life dense c;tands 
should be. opened up 111 orr!er to relieve competition For moi.~ttlre . 
:rh~ op~1l1ng p.roce.ss should be g~arlll<l:l. c;eeking to ker.p paCR with 
IIlcleasmg mOlst~l1e elemHlIds whIle still retaining the desir('d side 
shade. L~ek of SIde shade i~l o]1en-grown trees and outsirie mem~ 
b~rs of groups resl.llts .111 hmby boles of high taper, in contrast 
w!th ~r:e cle~n,. cylmdncal boles developed under the influences 
PI evallmg .wlth1l1 tree groups. 
~rowth IS related more to root ele vc lopment [han to erown size. 

Lmge-crowned trees usua1]y grow rapidly because they started 
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more or less in the open where abundant soil space permitted ex­
tensi ve root spread. The large crown followed rather than pre­
ceeled this root development. Encroachment upon the root zone 
of such trees by younger age classes results in a decline of growth, 
notwithstanding the persistence of a large crown. On the other 
hand, small-crown eel intermediates, if still healthy anel under 
about 20 inches el. b. h., respond vigorously when fully rele8sed by 
cutting. III the Southwest, a crown-height ratio of RO to 40 perce~t 
is ample for trees up to 30 inches d. b. h.; larger crowns result In 

excessive water use and place large volumes of wooel upon llseless 
limbs at the expense of the bole. 

Virgin stands are predominantly overmature. There is a gen­
eral deficiency of the younger age classes which alone can he 
counted as effective growing stock. Replacement of old with rela­
tively young age classes cannot take place all at once but it should 
be a constant objective in silviculture. After a century of man­
agement, trees over 200 years old will become rare. Age class~s 
will range from seedlings to young yellow pine, with Rbol.1t SIX 
intermediate stages decreasing numerically with advancing 8ge. 

National-forest cutting in the ponderosa pine type llas almost 
invariably employed some form of the selection system . The 
heterogeneous character of virgin stanels compels application of 
the selection principle. Whether, after many years of manage­
ment, there will be a swing towarel even-ageel stands is el oubtful 
hE'cause natural regeneration is, with rare exceptionf', so slow and 
uncertain that conversion into even-aged f'tands would he at­
tendeel by grave risks anel long periods of soil idleness. Moreover, 
young trees need the side shade of oleler ones in order to develop 
saw-timber form. 

Experimental management on large sample plots in the Fort 
Valley Experimental Forest has made use of fou~ forms of selec­
tion and one of scattereel-seed-tree cutting. Vleweel from the 
present vantage point, all the older selection cuttings, dating from 
1909 to 1924, have four common Rhortcomings: (l) They left t.oo 
many large trees of the older age classes; (2) they cut too heavily 
among su bordinateR of the mature class; (3) too many wolf trees 
of all age classes were left; and (4) immature groups were 110t 
opener! enough to prevent stagnation. The scattered-seed-tree 
method clearly removed too much of the young growlTIg stock. 
In 1941 anel 1942 a modifier! form of selection, called improve­
ment selection. unelertook to correct the deficiences of parlier se­
lection methods. It aimer! at a superior growing stock but placeel 
more stress on tree form and spacing than on voll1me per acre. 

Increment on all the old cutting areas has been disappointing. 
Periodic growth has followed a uniform pattern-fajrly high the 
first 10 to I!) yeari'l. then a rapir! and persistent declinC' (tablp 22). 
This experience has added a fifth corrective measure to the four 
listed in the preceding panlgraph, namely short cutting cycles. In 
order to salvage declining trees and encourage continuous growth 
in groups, the interval between cuttings should be not over 20 
years anel preferably less. especially between the fin;t and the 
second cuttings. The 1941 improvement selection cutting (S9) 
shows; in the first 5 years, a marked increase in rate of growth 
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(ta):>le 26, p. 100) ; but gr~ups are still overstocked, a condition 
whl~h the second c.uttmg, m 10 years, will remedy. Subsequent 
cuttlll~S at 20-year Intervals are expected to ward off much of the 
mor~ahty, ~tagnatlOn, and general dec!. ne that has characterized 
earlIer cuttIngs. 

Lar:ge mature .trees, especially those ovel' about 2,J inches d. b. h., 
contnbute hea~lly to mortality, deterioration, and slowdown in 
~rowth. Assumlllg, for example, a l'esidual volume of 6,000 board 
teet pel' a~re, the .gros~ increment ill 20 years at Fort Valley i;; 
nearly tWl~e as hIgh to.l' a growing stock averaging 16 inche::; 
d. ~. h. as f~H' one averaglllg 24 inches (table 19, p. 81). The moJ'­
tah.ty rate III the Sout?west climbs rapidly as diameter passes the 
24-lnch class; at 31 me he,; d. b. It., a vel'age mortality balances 
gr0:-vth so that the average net illerement becomes zero (fig. 23, 
p. 88). Large and old trees are most susceptible to wind lightning 
and b~rk. beet.les; th.e larger the tree the greater is its handicap ir; 
~h~ str uggle f~r. mOIsture. Large, healthy trees of good form and 
III Isolated p.OSlttO~S, e~en though mature, have a place in managed 
stands; but If domInatIng smaller trees of good form the large ones 
should be removed. 
Da~aging agents, of which thel'e are no less than 12, take a 

~ombIned toU estimated at 55 percent of the possible increment 
III the Sout~west. ~ome, ~uch as ti\"( ~, disease, insects, rodents, deer, 
and domestic graZIng anImals, call for aggre::;sive control measure::; 
commensurate with their activity ill specific cases. As a 10nO'­
range pro&,r1;im, good ~ilviclllture can go far toward loweril~g 
lo~ses or aIdIng COITeetive measul'l!S whel'e fire, lightning, wino, 
mlstle.toe, b~r~ beetles! and heart rot are concerned. The simple 
expedient ot dlscouragtng- ovenlev l! lopmellt of crowns call greatly 
low~r the vol.ume of slash and thu~ the fire danger. Elimination 
of ltmby domtnants and others of POOl' fOl'm while still young will 
not only lower ,the sl~sh hazal'd but abo help wal'd off heart rot. 
Ge~leral red~ctlOr: ot a~e and size of trees will lessen the mor­
talIty from ltg~tnll:g, ~lI1d, and bark beetles . Keeping groups open 
enough to mamtam ~lgorouR growth may be expected to make 
the trees less susceptible to bark beetles, and at the same time 
devel?p root !'lystems :·esi.stant to wintlfall. Short cutting cycles 
~ermlt the. remo.val of mIstletoe hosts and the salvage of stems 
ltkely to dl~ d~rtn.g the. period between cuts. As standing snags, 
such stems IllVlte \Jghtmng fires; as down material, they propagate 
heart rot and add to the volume of highly inflammable fuel. 
~n e.xam~le of the possibilities of low-cost proiedion by timely 

actIOn IS aftorued. by the mIstletoe situation in northern Al'izona. 
When the wave ot reproduction carne in 1919, seedlings in illfected 
s~all~s w~re expos.ed to showel's of mi."tletoe seed from overstol'Y 
ttees. Second cutt.tngS and the POlSontttg of unmerchantable ho::;t 
trees (at a cost of about $1 pe\' acre) withitt 10 years could h'lve 
l'emove~ .the m~J.or souJ'c.es . of infec~iol1. When 'whole groups' of 
young .gtowth al e once Infected, mIstletoe eradit:ation becomes 
exp~nslve.' although partial control may be eft'ected by commercial 
cuttll1g dlt'ected toward that end. 

Ingrowth, or the adva~ce of poles into merchantable diametei"s, 
must be the means by whIch eventually the growing stock is main-
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tained and augmented in the face of mort~lity and cutti?g. Virgin 
ponderosa pine stands are generally defi~lent n.ot only III tre~s of 
small log size but also in poles and often In saplmgs and seedhngs. 
On some of the Fort Valley management areas, notwithstanding 
deficient reproduction at the time of cutting, stems which entered 
the 12-inch class after the l'ecords began were at the end of 20 
years contributing as much increment as the ol:iginal tl'ee~ 12 
inches and over (table 24). It follows that all pOSSible precautIOns 
should be taken to preserve young growth in virgin stands and to 
encourage its development after the ~rst cut~ing . . . 

Timber-stand improvement, lllvolvlllg mamly the hberatlOn attd 
pruning of promising poles, is a direct means of .build!ng up grow­
ing stock of desired quality. But costs, even If ultJm~tel~ self­
liquidating, tend to put a damper on extensive apphcatloll of 
measures involving a large cash outlay. Although some handwork 
is necessary and justifiable, management should be so conducted 
that pruning will be accomplished largely by natural means and 
release of crop trees by commercial cutting. Supplemental meas­
ures which may be expected to pay big dividends are pruning the 
better type of isolated poles and poisoning low-grade .wolf trees 
when dominating smaller trees of good form. Prunmg should. 
preferably begin while the stem is under 8 inches d. b. h., but wolf 
trees, whether merchantable or not, may well be left until they 
have exerted the desired thinning and pru11ing effects among 
smaller stems. 

Natural regeneration, the original source of ingrowth, assumes 
an increasingly important role as cutting progresses through a 
series of cycles. Advance reproduction simplifies the first l:uttin~ 
but does not eliminate the reproduction problem. Logging damage 
and group cutting create blank spots which if not promptly re­
stocked will sooner or later count heavily against increment. Suc­
cessive cuttings on the same area tend to increase the number ann 
size of denuded or poorly stocked openings. 

The earliest Fort Valley cuttings were in stands devoid of or 
deficient in advance reproduction. Abundant regeneration in 1919 
restocked all but one of the experimental management areas; 
method of cutting was in all cases subordinate to weather and 
protection. The spots on which the 1919 seedlings failed or were 
subsequently destroyed generally remain unstocked. 

Adequate natural regeneration can be favored, but n.ot assu~ecl, 
by providing seed trees, a suitable seedbed, and protectIOn agalllst 
damaging agents. Every advantage which Nature concedes must 
be capitalized to the fullest extent possible. On many areas, timely 
regeneration will call for control of seed-eating rodents, includ­
ing tree squirrels, subjedion of herbaceous vegetation by regu­
lated grazing or by mechanical means, and control of br~wsing 
animals. whether domestic livestock or big game. ExclUSIOn of 
fire is obviously necessary. Here again, grazing can be put to gooo 
silvicultural use if directed toward reduction of herbaceous vege-
tation. 

Management is assumed to begin with harvest cutting; but on 
nearly all ponderosa pine cut-over lands silviculture is marking 
time, awaiting a second cut. Even with the most painstaking ap-
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plication of silvicultural principles in the first cutting, the resulti' 
fall far short of what is desirable because virgin i'tands rarely 
contain the representation of young age classes and quality classes 
required for an efficient growing stock. Briefiy stated, the timber 
marker cannot leave the right kind of growing stock if the neces­
sary elements are not there to leave. Assuming good regeneration, 
repeated cuttings can , gradually bring about a conversion from 
predominantly old to predominantly young age classes, and from 
a low quality stand to one of high quality. But a second cutting and 
eve1~ a third or fourth may not suffice to accomplish complete re­
habilitation. The immediate objective is not necessarily a so-called 
"normal" growing stock, but merely a sufficient range of diameter 
classes to insure continuow; cutting and a high level of increment. 

Quality will inevitably decline with the removal of old age 
classes, until such time as si lviculture can put quality into the 
younger classei'. Aside from what can be accomplished by limited 
artificial prul1ing or release, improvement of quality must be 
brought ahout largely through commercial cutting-continually 
eliminating inferior stems in favor of better ones, and always 
bearing in mind that as the trees of a well-stocked stand increase 
in size their number mm;t be reduced f rom time to time to main­
tain a satisfactory growth rate and avoid destructi ve competition. 

Second cuttingi' in ponderosa pine have generally been too long 
delayed. Twenty years should be the maximum period between the 
first and the second cuttingi'. Improved growth and quality of the 
remaining stand, rather than i'alvage, should be the objective. Re­
moval of :13 to :';9 percent of the volume on three subdivisions of 
the Wing Mountain area, :10 yeari' after the first cut, res ulted in 
a substantial r ise of net. increment on all three units. On area,,;; 
where the first cutting left too Iowa volume for an economic recut 
in 20 yeari', road buifding and concci'sioni' ill i'tumpage rates are 
warranted in order to promote the necessary i'ilvicultural better­
ment. Even in light standi' the remaining blackjacki' commonly 
occur in groupi' too dense for good growth; ii1 such cases, removal 
of one or more large i'temi' is usually followed by a pronounced 
rise in the increment of the group as a whole. Since the largest 
trees are 1).lmost invariably of inferior form, improvement in 
quality outweighs the increased volume production, It is not 
volume of growing stock that COllnti' so much as its character and 
distribution . 

Profitable timber growing is inseparable from large yields and 
superior quality. Instead of 50 board feet per acre, it is possible 
to grow] 50 to 200; and instead of a log crop which is 90 percent 
in the lower grades and only] 0 in the higher, good silviculture 
can reverse the order. Contrary to prevailing impressions, attain­
ment of these objectives does not involve 'large expenditures of 
money; it does call for time, pers istence, and strategy. Example;; 
of ponderosa pine stands which have been brought to a high state 
of production through the conscious efforts of man nre lacking, 
Research must pave the way to their development. The ma.ior 
problem is no longer how to harvest old timber, but how to grow 
new cropi' which should become available 0 50, 100, or 200 years 
hence. 
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