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Growing Stock Levels in Even - aged Ponderosa Pi ne 

by 

C ljfford A . My ers 

Growth of the most wIdely distributed pine in North 
America is under Joint study by the western forest and 
Range Experiment Stations of the U. S. Forest Service. 
Young, even·aged ponderosa pine ( Pinus ponderosa laws.) 
stands are being ellammed over II Wide range of tree sizes. 
stand denSities, and site .ndell. The single plan thai co· 
ordmates actiVities 01 the fOUf Stations IS an example of 
how the growing stock problem can be handled for II widely 
distributed species. The wide range in treatments should 
prOVide data needed 10 answer the questions that arise In 
evaluahon and applicatton of multiple use management of 
ponderosa pine forests. 

'ItenSlfied management 01 ponderosa pine for wood 
producls depends on control 01 growing stock. Such conlrol 
will permit actual yields of the coast form of ponderosa 
p ine to approach i ts high potential. The intenor form of 
ponderosa pine occurs In areas of lower site quality. and 
much of It 15 subject to stagna\lon. Saw.log rotation s of 
some dense. young stands may be shortened 60 to 80 
years by thmnmg. Growmg stock can be controlled most 
effectively If stand productivity can be forecast lor various 
combinations of such factors as tree size. stand denSity . 
and site quality. 

Thinnmg studies. once conducted m almost all ponderosa 
pme areas. have nol prOVided all the Information needed to 
prescribe growing stock goals. Results from thmned plol s 
have been useful m planning pa st management and research 
actiVities but defiCienCies have become more apparent as 
converSion 10 managed stands contmues. There was usually 
no attempt to test the low· reserve densilies that may be 
tomorrow's standard. Data were often nOI complete enough 
to provide for changes In products or merchantable sizes. 
Remeasurements were sometimes made at such long m· 
tervals that the growth information did not Indicate results 
attainable from the frequen t cuttings of today. Thlnnmg 
studies were somellmes ptanned With economic restrictions 
as part of the deSign. for example, thinning frequency 
and intensity were sometimes determined by the idea thai 
only one thinning was practicable durmg a rotation . Current 
work is intended to obtain growth information over a range 
of stand and site conditions, and with a mmlmum of opera· 
tional restr ictions. Resutts are expected to prOVide useful 
guides for a variety of management objectives. 
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Much necessary Information on the management of 
ponderosa pine Will be obtained from satelli te studies. 
These additional studies. !>Ome of which will be done on the 
growth plots, Will cover such work as ( 1) costs of cultu ra l 
operations. (2) effects of stand denSi ty on tree and wood 
quality. ( 3 ) effects of slash and ground vegetallOn on SOil 
mOisture and tree growth. (4) relationships between stand 
denSity and the production lor lorage and other lorest prod· 
ucts. and (S) growth of individual trees as related to vanous 
tree and stand fac tors. 

Gene ral Desis;n 

Study deSign was determined by the questions to be 
answered and by the nature of available stands. The fol . 
lowmg problems and objectives were conSidered m decldmg 
what would be done. 
I . lack of areas uniform in slle quality and stand character· 

ISt lCS thai are large enough lor inSlaliation of compact 
deSigns such as random ized blockS or latin squares. 

2. Probability that treatments would be modif ied by po r
cupmes. msects. or other agenCies. 

3. Danger that some plots 01 a deSign would be deslroyed 
before complehon of the study. 

4. Inlerest In the response over a range of poSSible con· 
dltlons. rather than m certain compaflsons selected in 
advance. 

S. Interest In mel hods for Ihe prediction of growth and 
yield for various pOSSible management objectives. 

l ocations 

Five areas 01 ponderoi>a pme forest were selected for 
study and assigned 10 Ihe parltCipalmg Experiment Stations 
( fig. I ) . These l ive " provinces" differ In several respec ts. 
PhySiography ranges from the uplift 01 the Black Hills to 
the Coconino Plateau 01 Arizona and the mountains 01 
California. Some provinces are Without p recipitation for 
of the su mmer; other provinces receive mosl of the annual 
precipi ta tion dUring the grOWing season. Ponderosa pines 
01 the live provmces exhibit a number of genetic differences. 
and may diller genetically In lactors that affect wOOd pro· 
duction. 



FiguT'e 1 . --Province boundaJ>ies foT' stu.dy of levels of ponderosa pine grobJing stock 
(map adapted from Intermountain Forest and Range Exp . Sta . Misc . Pub. 12) . 
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Within each province. a vanety of conditions In even· 
aged stands are selected for study. As many 01 the following 
tree size classes as are available will be sampled. 

Class 

Small saplings 
Large saplings 
Small poles 
large poles 

Average d.b.h . alter thinning 
( Inches) 

0.6 · 2.0 
2.1 4.0 
4 . 1 8.0 
8 . 1 12.0 

Groups 01 Sill plots each will be eSlabllshed to s.ample 
areas 01 dillerent site Quail ly Wl l hln each size class. As a 
minimum. each Station will establish plots In areas 01 low. 
average. and high si le Indell for their province. In one 
province, the range 01 site Indell 01 sUi table stands IS so 
na rrow that only on e 1 O·foot Site Indell ctass Will be studied. 

Plots are to be at least 0.2S to 0 .5 acre lor small 
saplings. and 0.5 to 1.0 ac re for other Size classes. Each 
plot will contain healthy. even ·aged stands 01 ponderosa. 
pine. Tree size. stand density. and si te inde ... 01 each plot 
are to be as Ul'lltorm as can be selected . 

IJmform areas large enough to contain compact blocks 
With all the deSired cutting treatments cannot be found 
for most Sll e'Slte combination s. Si ll plots. one set of the Sl ... 
cull ing treatments dell ned below. Will usually be seallered 
Irregularly over a hmlted area wherever sUitable condi tions 
eXIst. 

Each Station IS studYing a variety of site and stand 
conditions. so results from each province can be analyzed 
separately. II necessary. 

Inil ial Treatments 

Stand denSities to be retalOed after thlnmng are Specl ' 
fled as a senes of growing stcx:k levels. These levels are 
defined by relationships between basal area and average 
stand diameter (table 1. fig . 2 ). Numencal deSignation 
of the level aSSigned a plot IS the basal area per acre that 
wil l remain after th in ning when stand diameter is 10 inches 
or more. For example. a plot thinned to growing stock 
level 80 and an average diameter of S.5 Inches will have 
51.6 square feet per acre. Number of trees per acre is 
used when diameters are so small that basal area is not .a 
convenient measure. [xperlence has shown that stands 
can be marked to a denSity based on diameter after thin · 
nlng. With only minor changes In marking needed after 
actual average diameter has been computed . No allempt 
IS made to obtalO ellactly the bas.al areas specified. Devia· 
lions from the values 01 table 1. however, have usually 
been much less than the :0::2.0 square feet allowed . 

Derivation of density levels 

Values in table 1 and figure 2 were based on pub· 
lished and unpublished result s of thinning experiments. 
Most avail able data were from plots in site indell class 60, 

so compansons were restricted to plots 10 this class. Pairs 
and groups 01 '.,Plots prOVided In formahon on the residual 
basal area that appeared best for each average stand 
di ameter represented. Growth per acre 10 cubiC volume 
to a 4 ' lnch top and probable length of s.aw· log rotations 
gUided each selection of " best. " Selected basal areas were 
plotted over corresponding stand diameters. Almost all 
pomts could be connected by the cu rve labeled 80 in 
figure 2. Other curves were drawn I above and below the 
curve for level 80 at filled percentages of the basal areas 
of level 80. The percentages were computed from basal 
area at average diameter of \ 0.0 Inches divided by 80. 

- 3 -

Basal areas and average stand diameters were used as 
JOlOt measures of growing stock for both accuracy and 
convel'llence. Basal area and average diameter are highly 
co rrelated with growth In diameter. basal area, and volume. 
Basal area. With pomt sampling. is a quick . easy way of 
gellmg results of thiS sl udy applied on the ground. 

Applicat ion of Density l evels 

One plot of each group 01 s .... In a site-size combination 
is thmned to the denSity conSid ered best for the average 
s.te mdell of the provlOce. Th.s density is selected on the 
baSIS of expenence. temporary plots. and past thmnlng 
studies. Two or three plots are thinned to lower denSities 
and two or three have higher reSidual density. The opera· 
hon IS primanly a low thinl'llng; the smallest trees and 
rough dominants are removed . 

Aval table evidence indicates that t he highest and lowest 
densities selected will be beyond the desir able range of 
growing stock for all alternat ives of timber production (1Igs. 
3. 4 . and 5) . In one province. plol s were established With 
growing stock level s 01 20 . 40. 60. 80. 100, and 120. 
In another province, levelS of 30. 60. 80. 100. 120. and 
150 are under test. About three groups of si ... ptots each 
Wi ll be established in each slle,slze comblOahon 01 a 
province. 

Several opera tions are performed alter thinning IS com · 
pleted. Merchantable p.eces or pulpwood bolts. whichever 
IS smaller . are removed from the plots. Other slash is 
lopped and scattered. Dead branches are pruned to head 
height for convenience In measurements. Live branches 
rem am uncut so that the effect of stand density on wood 
Quality and on prun ing costs can be evaluated . Ground 
vegetation IS allowed to develop normally so forage produc, 
lion can be studied. Reserve trees were sprayed with 2 
percent emulSifiable DDT In one province because the prob· 
abili ty of I ps bUildup was great . 

Field Measu rements 

Certain i tems are to be measured at least every 5 
years. These include the usual tree measurements such as 
diameter breast high and total height. Crown cl assi fication. 
crown dimensions, and information on tree Quality are ob · 
tained for use in future satelli te studies. <;rown cl assification 
is determined by S. A.F. crown clas, . Crown dimensions 
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Figure 3.-- Some r'eseT'Ve densities are expected to be gT'eateT' than desiT'ed for any objeetive of 
muZtipZe use management . This 150- ZeveZ pZot had an average stand diameter afte r thinning 
of 4. 7 inches and 81 square f eet of basal area in about 580 trees per acre . 

measured include proportion of tree length in live crown. 
and amount 01 crown circumference with live branches. Tree 
quality descriptions include amount 01 lean, presence of 
dwarf mistletoe or other disease, porcupine damage, and 
other items that can reduce vigor or merchantable volume. 
Most Stations plan to obtain cubic volumes both from volume 
tables and f rom optical dendrometer readings.23 A complete 
soi l profile description will be obtained on each plot. 
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2 Grosenbaugh. L . R. OptioaZ dendraneter s 
for out-of- reach diame t ers : A oonspeotuB and 
Benle new theory. Fores t Sci . Moru>gr . 4, 47 
pp . 1963 . 

] Me savage, CZement . 
and Stroud dendr cmeteT's. 
Proc . 1964: 238- 244 . 

Aids fo r using Barr 
Soc . Amer . FOT'est . 



t • Figure 5.- - Low reserve densities are expected 
to reduce wood production bel~ desirable 
levelo . Thinning to gT'OWing stock level 
30 left about 125 tress and 18 square feet 
of basal area peT' acre . The tpees averaged 
5.2 inches in diameter . 

• Pigure 4. --This plot ~ll be l'ethinned period
ically to the appropriate basal area of 
g~ng stock level 80 . These 336 tress av
eraged 5. 1 inches in diameter immediately 
aftsr initial thinning to 48 8qum'S feet of 
basal area per acrs . 

- 7 -



Subsequent Treatments 

Each plot will be reth inned at least once to the basal 
area determined by stand diameter after rethinning and the 
growing stock level initially assigned . Reserve density of 
each plot will thu s move down the appropriate colum n of 
table 1 as average diameter approaches 10 inches. 

The interval between treatments has not been specified 
definitely. Most participants bel ieve that a 1 a·year interval 
wi ll be most informative. As a check , plots already es· 
tablished will be remeasured live full growing seasons after 
ini t ial cutting. Periodic growth wi ll be examined to see if 
a 5 ·year treatment in terval should be adopted . Tentat ively, 
all plots of the study wilt be re· treated at the same inte rval, 
or at intervals that are multiptes of a base period. 

Analysis of Data 

II possible, final data from all live provinces wi ll be 
analyzed as a unit to take advantage of the large sample 
size and wide range of va riables measu red. If a single 
analysis is not possible, the min imum numbe r of sets of 
data necessary will be identi f ied and analyzed. Not all 
Stat ions are establishmg plots on the same t ime schedule, 
so prel iminary results from single p rovinces will be available 
before combined analyses are made. 

Multiple regressions will p robably be a major part 01 
growth analyses. Oependent variables will include periodic 
or periodic annual increases in average d iameter. basal 
area. and volume in cubic feet. Independent variables will 
probably include ave rage diameter. basal area. and site 
index . Regressions can be used to prepare yield tables and 
to predict the results of management with va r ious levels 
of growmg stock. " 5 

Some Stations may be so fortunate as to locate areas 
la rge and uniform enough to establish all the plot locations 
needed for comp act experimental deSigns lor one or more 
site· size combinations. In such cases. they Will conduct 
addi tional analyses of their data to support the regression 

~_ .- au. h. eoamo 
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analyses. Factorial analysis of the form tree size x si te 
index x density is suggested.6 There is interest in interactions 
such as density x tree size and density x si te index. 

Duration of Study 

It is estimated that there will be two th inning treatments. 
each followed by a I a ·year period of growth. Plots In each 
tree size class should move to the next size class or beyond 
in 20 years. At t hat time. t he results wi ll be exa mined to 
determine if responses by plots initially in different size 
classes will overlap . For example, do small sap lings that 
have grown into small poles cu rrently exhibit th e same 
growth response as small poles d id at the beginning of the 
study? If so, the regressions obt ained wil l describe eXisting 
and luture stands, and the experiment can be terminated. 
If no\. t he study will be exam ined to determine if it should 
be continued in whole or in part for additional Ih innings 
and growth periods. 

Regardless of the ultimate deciSion on duration of the 
study, useful information will be avail able soon . Preliminary 
results on the effects of stand denSity and tree size on 
volume growth will be available 5 years after any plots are 
installed . Results will be improved as increasing numbers 
of plot s complet e measurement cycles of 5 and 10 yf-ars. 

" Clu ttep~ JePOme L. Compatible 
and yield models fop loblolly pine . 
Sci . 9: 354- 371 . 1963. 

(J1'OWth 
F'o!"est 

5 Myeps ~ Cli ff OM A. Yie ld tables fop man
aged stands v;ith speoial pejepenoe to the 
Black Hills . U. S . FOY'est Sept) . Res . Pap . RM-
21 , 20 pp . ~ Hl/.W . Rooky Mountain Fopest and 
Range Exp . Sta . , Fort Collins . Colo . 1966. 

6 Ya tes~ F. The design and analysis of 
faotopial expeT'iments . Impepial Bup . SoiZ 
Sci . Technol . Camm . 35, 95 pp . 1937 . 
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