
Steven D. Tesch

Research Specialistl

ano

Hans R. Zuuring

Station Biomeuiciao
School of Forestry
University of Montana
Missoula, Montaqa 59812

Predicting Young Ponderosa Pine Growth in the Blackfoot
River Drainage, Montana,

Abslracl
The Jengb of rime required for dominant, narurally regenerared oonderosa oine tpina borlderctd
La$s.) to reach diarneters at breast helghr tb.h.r from 0.0 cenhimerers (cm, ro 1,2.7'cm (t.0!"y") J9 1.".t diarneters at breast height (b.h.) frorn 0.0 cen-timeters (im) io 12.7- cm ().0
inche-s_ (in.)) was predicred as a Iunctior oI site index and initial spacing. Neither indErendent
variable explained much of the variation in the time

ial spacing. Neither
reach the smaller divaflable explarned much of rhe variation in the time required to reach the smaller diameters,

ticularly- the time to reach breast height The time required to obtain a diameter at breasr h
s, par-
height
o  22 . ttanges from four to sixtanges lro"m four to six yeats lot all site indexes from 10.5 meters GD) (14.4 feet 1ft;1 to 27.i

m (7].8 fr.) ( base ag€ 50 years./. Sire index becomes a more importani indeoendeot variable ( hisher
correlarion wi(h rirDe) as d.b.h. increases, bur initial spacine does not su-bsraotiallv affect the'di-
m (7J.8tr.) ( base ag€ 5 0 years ) . Sire i ndex becomes a more imDo rranr i ndeoendeot variable ( hisher
correlarion wi(h rirDe) as d.b.h. increases, bur initial spacing does not su-bsraotially affect the'di-
ameter growth rate of.trees. until they are nearly 12.7 cm (5.0 in) d.b.h., withio t6e range o{ ini-ameter growth rate of trees until they are rrcarIy 12.1 cm (5.0 in) d.b.h., withio t6e range o{ ini-
tial spacings included io rhis study. \(hen the data were stratified by habiiat type and soii"mapping
unit,_the nu-nlber of years required to reach breast height and 5.8'ct" (2.0 i;j b.h. was noi iubl
stanrially differedt between the strata.

Inlroduction

As greater emphasis is placed oo the management of second-glowth forests in the North-
efn Rocky Mountains, foresters require additional information on staod growth and
development under more intensive management regimes. For trees less than 20 yeals
old, it is particulady difficult to extrapolate existing dam from naturally developed
fully stocked or overstocked stands to stands vrhich result from eady stocking contol.
Knowledge of young stand growrh and development becomes particulady important
as rotatioos ate shortened and investments in cultural trmtments are considered_

Under plaotation condirioos the pro€esses of competition, suppression, aod mortailty
may be different from stands fully stocked ar establishmenr (Feduccia e, 4t, 197g,
Oliver and Powers 1978, Tesch 1!80). These differences in stand development pattern
ultimately affect the characteristics of rhe stand available for harvest.

This study attempts to quantify the length of time for oaturally regenerated, dominant
pooderosa pine (Pinus pond,erond Laws. ) uees, rangiog in initial spacing from 2 x 2 m
(6.5 x 6.5 ft.) to opea-growth (not in competition with other trees), to reach 12.7 cm
( 5.0 in.) b.h.

Six linear regression equations were dweloped to predicr rhe time necessary ro

lCurrent addr-qs: -F_orestry_ Intensified Research Program, Departmeat of Forest Science, Oregon State
University, lJol Maple Crove Drive, Medford, Oregon 9750t.
zFunding for this project {'as provided by Champion Timberlards, Milltown, Montana j9851.
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reach breast height,2.54 cm (1.0 in.),5.08 cm (2.0 in.),7.62 cm (3.0 in.), 10.16 cm
(4.0 in.), and 12.7 cm (.5.0 in.) b.h., as a function of site index and initial spacing.
Data were also strarified to quartify the number of years to reach breast height and
to t.08 cm (2.0 in.) b.h. for three habitat types (pfister et dl. 1977 ) and three soil
mapping units ( USDA 1972).

Methods

Iodividual tree data collected by Tesch (1980) wele used to determine rhe time !e_
quired to reach verious diameters at breasr heigha. Sample trees were dominant, pheno-
typically superior trees. All sample rrees wefe located in the Blackfoot River Drainage.
To represent a broad range of stand and site conditions, four factors were identified:
initial spacing class (2-2.9 m, 3-3.9 m, 4-4.9 m): 1o-year age class (10_80 years);
habitat type (3 lwels) and soil mapping uoit (J levels).3 These factors led to the
formation ol 189 (3 x 7 x I x 3) cells. A form of list sampling was employed until
approximately three trees per cell were observed.

Age to respective diameter was determined by computing the difference between
the age of the tree at ground lwel and the age of the tree at an inside bark equivalenl
to the desired diameter at breast height when an estimate of double bark thickness
was added. Radial growrh rates wele obtained by averaging the measureme[ts from
two iocremeor cores taken at bleast height and bored at right angles to otre another.

Using this technique to calculate the age to the desired diameter, young staod
growth can be coffelared wirh a site index measurement obtained on marure !!ees.
This site iodex measuremenr should better represent the long-term productive capacity
(in terms of height growth ) of the site than one obtaioed from very youog trees. Site
index was determined by the use of local site curves dweloped by Tesch er dt, (I9gO)
(base age equals 50 years). To avoid problems with the estimation of site index for
very young trees, Tesch's data were sorted to include only sample ffees grearer than 20
years old- The initial spacing of these older trees, measured in uomanaged stands, was
estimated by a method developed by Tesch ( 1980).

Step-wise multiple linear regression procedures were used to dwelop equations
predicting age to desired dianeter at breast height as a function of site index and
initial spacing. For model building purposes, dara were screened to include trees which
raoged in sire index from 10.5 m (j4.4 ft.) to 22., m (7j.g ft.) and estimated initial
spacing from 1.5 x 1.5 m (4.9 x 4.9 ft.) ro 5.5 x ).5 m (18 x 18 ft.). Based
on plors of the data. models were postulated as follows:

Age:f (site index, ioitial spacing, ioitial spacing x site index )
Age-f ( 1/sire index, l/initial spacing, l/site index x 1/initial spacing)

Aoalysis of residuals was used to assess rhe final equations.
The data were sorted inro 3 m r9.8 ft.) site index classes. using f2 m $).4 ft.),

15 m (49.2 ft.), 18 m (59.0 ft.), and 21 m (68.9 ft.) as midpoints of the intervals.
For each site iridex class rhe mode. range, mean, and srandard deviation of rhe time
required to achieve various diameters at breast height were calculated. Since ages are
discrete interval data, the mode and range were choseo for descriptive porpo*, u,
appropriate measules of central tendency and dispersion, respectively. The mode is

3Habirat rypes.and, soil mapping unirs were selected ro represenr a range of pntenrial ponderosa
prne productrvrry c lasses ( tow, medium, high).
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that datum value which occurs with the highest frequency. Arithmetic mearN and
standard deviations were used to conduct parametric tests of significance between
classes, as opl,osed to equivalent nonparamaric tests. This switch io test procdures
is one of convenience and does not influence the outcomes of various tests of hypotheses
(Gaito L972) .

The modg range, mean, and standard deviation associated with age to b.h. and to
5.08 cm (2.0 in.) b-h. were compuxd for each habitat type (h.t) aod soil mapping
unit (SMU). The three habitat types were all h the Prcudotluge menziesii series,
itcfudirg Symphoricarpot al.bus h.t., Agoplron rpicatum phase (PSME/SYAL AGSP);
Slnpboricarpos albu h.t., Calamagrosti.s rubevers phase (PSME/SYAL CARU); ard
Vacciniam caetpitotunz h.t. ( PSME/VACA ). The three soil mapping units were
Shooflin, I7inkler, and Bignell.

Reaulls .nd Dlscussion
Equatioos predicdog the time required to reach various diameters at breast height are
presented in Table 1. These equations rq>reseot the "besr" models obtainable by step-
wise linear regressiao procedutes when fitting the two postulated model forms to the
data. Final equations were selected on the basis of high R2 values, low srandard devia-
tion about regression, and analysis of residuals. Although these may be the "best" models,
because all included variables arc sigtrificaot, it is clear that several equations do not
have "good" statistics.

The corelation between site index and age to breast height is poor. Perhaps not
surprisingln it appears that on these relatively modest productivity sites in western
Montana, factors other than rhe lorlg-term inherenr productive potential o{ the site
snongly influence the time it takes a dominant tree to reach breast height. For example,

TAELE 1. Equations and:Lssociaiett statisitcs for prediciins number oi years requireat io reach se-
lecteal diamet€rs at br€asi heishi.

0.0 cm b.h.  (0.0 in. )
Y -  7.2244 -  0.11?8 (Si ie)

R 1  = . 0 3 5 % s.D., ,  -  3 5.1

2.54 cm b.h.  (1.0 in. . )
Y = 4.6830 + 79.5635 ( l /Si te)  -  48.236J (1/st te x 1/rspa)

E o  S . D .  =  2 1 . 1  n = 4 0 8

5.08 cm b.h.  (2.0 in. )
a = 5.4272 + 116.5166 ( l /s i ie)  -  49.5958 (1/s i te x 1/rspa)

R 1  = . 2 2

7.62  cm b .h .  (3 .0  in . )
Y  =  4 . 8 0 3 0  1 6 5 . ? 0 6 ;  I  l / S i r c l

R e  = . 3 6

Eo S.D. = 17.5

%  S . D .  -  1 6 . 4  n = 4 0 8

10.16 cm b.h.  (4.0 ln. )
Y = 3.8620 + 224.3t8t i  (1/Si te)  + 5?.38,11 ( l /Si ie x 1/ Ispa)

% s.D. = 1?.2

12.? cm b.h.  (5.0 in. )
Y = 6. ;934 + 214.2031 (1/Si ie)  -24.2016 (1/ Ispa) + 5E4.2??6 ( l /Si te x 1/rspa)

% s.D. = 18.6

vhere Site = sile index (m)
Ispa = iniiial spacirs (m)

.Percenlase S.D. = s.tandaral deviation about resression as perceni ot mean response.
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on those sires where grasses and/or low shrubs coexist with seedlings, the competition
for available soil moisture is intense

As trees get older and thus larger in d.b.h., site index becomes an increasingly
important variable for predictiog the time to reach a given diameter at breast height.
Probably as trees get larget, they are less likely to be strongly influenced by microsite
factors that may mask rhe average long-term site potential.

The RJ values associated with the equations increase as diameter increases, indicat-
ing that more variatioo in the age to that diameter is explaioed by the independent
variables. Site index is the most significant variable in all equations. Initial spaciog
alone does not significantly iofluence diameter growth until age to 72.7 cm (5.0 iq.)
b.h. is predicted. It should be emphasized that the equarions represeot plantation-like
initial spacing.

The data were originally stratified by site index classes and initial spacing classes
Howwer, whento visualize patteros thar would make model building more efficient.

ir became clear that statistically desirable prediction equatiotrs wele not always pos-
sible using the selected indepeodent variables, rhe number of years required to reach
rhe desired diameter was determind for each of four site index classes (Table 2). Using

TAELE 2. Uodal number oi years requir€d io reach various atiameters ai breast heisht ior A m (9.8
It.) siie index classes-

Rarae

Years to breasi heisht
Slie Index 12 m (39.4 ft.)

15  m (41 .2  f t . )
18  m (59 .0  f t . )
21  m (68 .9  l i .  )

Years  to  2 .54  cm b .h .  (1 .0  in . )
Sile Index 12 m

1 5 m
1 E m
2 1  m

Years  to  5 -08  cm b .h .  (2 .0  in . )
Siie Index 12 m

1 5  m
1 8 m
21 m

Years  io  7 .62  cm b .h .  (3 .0  in . )
Site Inilex 12 m

1 t m

2 1  m

Years  io  10 .16  cm b-h .  (4 .0  in . )
Site Inilex 12 m

1 5 m

21 m

Yea.s  to  12 .?  cB b .h .  (5 .0  in . )
Site Index 12 m

1 8 m
2 1  m

5

5
6

1 0
9 *
9 *

1 1 4

1 1 *

9

1 ? .
1 5 *
1 4 *
11

22+
1 9 *
1 ? *
1 6

2 8 *
23.
2t+
1 9

1 3
E
8

I
7

t1
11
1 0

8

11
I

27
1 E
1 3
1 4

3 7
25
1 5
1 9

3 3
139
142

3 3
1 3 9
142

6 5

3 3
1 3 9
142

6 5

3 A
1 3 9
142

6 5

3 3
1 3 9
1 4 1

32
1 3 7
1 3 5

6 4

*Sicnilicani aliirerence between mean number of years to rea.ch a specilic d.b.h. a.t siie index group i
and i + 3, wher€ i = 12, 15, 18. Tests of si8lificance were Dertormed usins Cochran's Approximarion
lor two sample f-iesls wilh unequal subctass numbers (Snedecor and Cochran 196?).

94 Tesch and Zuuring



parametric tesr procedures, statistically significant differences (at the 5 perceot lwel)
in mean number of years were fouqd berween site index classes at larger diameters.
At small diameters, pmctical differences are only one or two growing se,asons.

The uniform period required for dominant trees to reach breast height is interest-
ing. This uniformity suggesrs that on poor sites a very favorable microsire can support

TABLE 3. Modal nmber ot years requireal io rench b.h. and 5.08 cm (2.0 in.) b.h. ior setecieal
habiiai iypes dd soil mappins uDris.

Range

Years to breast heisht
PSME/SYAL AGSP h.t.
PSX]IE/SYAL CAnU h.r.
PSME/VACA h.i.
Bisnell SMU
Shoollin SMU
Winkl€r SMU

Yea.rs to 5.08 cm (2.0 in.) b.h.
PS]IIE/SYAL AGSP h.t.
PSME/SYAL CARU h.i.
PSME/YACA h.i.
Bisnell SMU
Winller SMU
Shooflin SMU

6

6
5

1ts
11
1 1
12
1 1
1 1

1 3
1 1

8
1 3
1 1
8

117
1 1 6
125
162
1 3 6
1 0 5

117
1 1 6
125
1 6 2
105
1 3 6

1 3
12
\ 2
1 3
1 2
1 3

TABLE 4. T-iests ior sisnificant diiierences between the arilhmetic mean tength of iime requiredl io
re:rch breasi heisht and 5_08 cm (2.0 i..) b.h. tor sampteat ha.biiai lr?es anat soil Dappins

Years lo breasi heishi
PSME/SYAL AGSP h.t, (?SA)
vs. PSME/SYAL CARU h.L (psc)
PSME/SYAL AGSP h.t. vs.
PSME/YACA h.i. (P]/)
PSME/SYAL CARU vs.
PSME/YACA
Bienell SMU (B) vs.
Winkler SMU (Ir)
Shoollin SMU (S) vs-
Bigrell Sl\{U
shootlin SMU (S) vs.
WiNKIEI SMU

Tears to 5.08 cm (2.0 in.) b.h.
PSME/SYAL AGSP h.I
vs. PSME/SYAI- CARU h.t
PSME/SYAL AGSP h.t.
vs. PSME/YACA h.t.
PSME/SYAL CARU vs.
PSME/1/ACA
Bisnell SMU vs.
Winkler SMU
Bisnell S]!IU vs.
Shoollin SMU
WibLIer SMU vs.
Ahooilin SMU

1 . ? 9

3 . 6 8 +

1.70

1 . 8 6

0.00

1.80

t . 3 3 *

3 . 4 0 *

2.02+

2.60*

1.27

1.31

PSA>PV3

PSA>PSC

PSA>P\'

PSC>P]I

B>W

*Sisniiicant ililler€nces at the 5 percent tevet oi t, (Snedecor and Cochran 196?).
rcrow1h rate implication reiers io sisnttlcant ditferences in arithbeiic mean number ot years requheat
to rea.ch ih€ specifie diameter.

,> Implies srea.ler iime requireal.
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height growth at a rare essentially equal to that on better sites. On better sites, how_
ever, whele overall environmental conditions may be more favorablq location withio
a more favorable microsire does not incease eady height grqwth.

The rumber of years required to reach b.h. and j.0g cm (2.0 in.) b.h. on the three
habitat types and three soil mapping units is presented in Table 3. Once again, while
statistically significant differences do occur between strata usiog the aritlunetic mear
number of yeam (Table 4), particularly for rhe 5.08 cm (2.0 i;.) b.h. diameter class,
practical diffelences are small.

Conclusions

It appears difficult to predict the height growth of young ponderosa pine using variables
that are related to the loog-term productive height growth potential of the site.
These results document the variability io height growth rate of young vigorous trees
that exhibited no previous suppression of radial growth at ground level. This variability
must be due to variables orher than site index. Stratification by habitat type, whicir
theoredcally provides a measule of long-term average understory microclimatg still
does not appear ro accoutrt for the short-term variation in such factors as lemDerarure
or moisture availability. To quantify rhe height growrh of yorrng pond"rosu pln" pre_
cisely, independeot variables must be identified rhat can arcounr for the short-term
variability in growing conditions. Such variables might include growing season pre_
cipitation (amount and timing) and temperarule (average aod o.r"-.9; understory
vegetatiol composition, phenology, strucnrre, and densiry; and animal browsrng.
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