BOLE VOLUME GROWTH IN STEMS OF QUERCUS GAMBELII
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Shrub-form and tree-form Gambel oak (Quercus gambelii) stands contain a potentially significant fuelwe

ree. Information on their srowth characteristics can form a basis for future stand management. Stem analyses shov

heterl
11l

rate as th--\t' ms increased in age and size.

it orowth of shrub-form stems essentially ceased after age 50, while tree-form stems continued to increase
ht until approximately age 100 Both stem forms continued to increase in basal area and volume at a relatively const

[nereases in all size measures were subst: mti.d]\ greater in tree-form stems tl

in shrub-form stems. Mean bole volume for tree-form stems at age 100 was over Iﬁlum\l]n of shrub-form stems. Spro

from tree-form stands would reach minimum size for fuelwood marketing in approximately 45 years.
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Gambel oak (Quercus gambelii) is a species
important for wildlife habitat, watershed pro-
tection, and fuelwood. It is found in many areas
of Arizona, Colorado, New Mexico, and Utah.
In Utah the optimum elevations are 1700~
2300 m where Gambel oak is a dominant in the
Mountain Brush or mountain mahogany-oak
shrub potential natural vegetation zone (Kuch-
ler 1964, Harper et al. 1985, West 1989).

Gambel oak has a variable growth form. Nor-
mally a tall shrub or small tree, it can be found
as dense, shrubby patches 1 m tall, or as widely
spaced trees up to 23 m tall (Clary and Tiede-
1986). This Il()]])ll(]]()”[(di variation
|m:m|)tul carly taxonomists to recognize as
many as eight additional species within popula-
tions now considered Gambel oak (Har peretal.
1955). The variability may have an environ-
mental source (Neilson and Wullstein 1983). a
Pendleton et al. 1985). or both.

Sexual reproduction is sporadic, generally
with limited success (Cottam et al. 1959. Neil-
son and Wullstein 1983, Wullstein and Neilson

1955

T

genetic sourcee |

However, the species has a high regen-
erative capacity from adventitious buds situated

ignotubers and rhizomes of existing

Gambel oak is particularly (l(=s1u1hle as fun
wood because of its heat- \1()](1111
pm\mmtt*]\ [.4 times “’]'(’dt('] t]mn p(mdc I¢
pine (Barger and anl]]t)tt 1972). The supers
heat- ptt)(]uuntf qualities of this species and
proximity to several major population cent
have generated considerable interest in ma
agement and use of Gambel oak for fuelwo
(Harper et al. 1985, Betters 1986). Retail pric
reflect the heat-producing value of Gambel o:
[tis t\]nml[\ sold for $10 more per ton than a
other species (Johnson and Grosjean 1980).

Some information is available on project
arowth characteristics of Gambel oak based p
marily on diameter increments (Wagstaft 198
However, no information is known to be ava
able on the incremental growth of Gambel o
Because of this, we conduct
this study to determine the volume growth che
acteristics of Gambel oak stems to assist in f
ture management of this often ignored, b
locally important, species.

I)(l]l‘ \'()Ill]ll("ﬁ

METHODS

FIELD METHODS —The plant materials

( ' mes (Muller 1‘1-'11 Tiedemann et al. 1987).  this study were collected as part of earlier stu
H".' .I uds give rise to numerous sprouts, par-  ies of \Lill([]ll“‘{l(lpi)l()tlld‘\‘\ (Clary and Tied
HERIRIG A Jwe | thicides. woodentting, or  mann 1986, 1987). Eight small tree- a
ch - s lled the aboveground stem  shrub-form plots were hdll]l)l(’(l within typic
Engle et ) stands on Bald Mountain near Ephl‘uim,'Utu
1 ' . 1) :j_-w"--\-r-\l variculture, Boise, Idaho S3702. Correspond with this author at his present address

nt of Agriculture, La Grande, Oregon 97850

162



1993] BOLE GROWTH OF QUERCUS GAMBELII 163
TaBLE 1. Growth curve' coelficients and Rs.
Variables Coefficient term
Stem
form X X B & B} R-
Shrub Basal area \ge S14.992 139716 001556 355.110 0.56
Tree Basal area \ge 330 944 762575 022552 56.1056 0.55
Shrub Volume \ge 5T4601. S46456 002510 542.712 0.68
Tree Volume \ue 169008, 546096 011471 76.9049 0.55
Combined Volume Basal area 223504 356965 002732 173.616 (0,94
Shrub Height Age 4.11932 1.09578 026754 27.2519 0.78
Tree Height Age 9.71913 S19354 037815 19.0701 0.85
Shrub Annual iner. Volume 1363.82 053418 000016 3426.15 0.75
Tree Annual iner. Volume 2409.61 242472 000009 24327.8 .50
'Model: Y = A*(1 + (B — 1)°EXP(—C*(X — D))A(1/(1 — B
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Fig. 1. Basal area (cm®) versus age (vears): a, shrub-form stems; b, tree-form stems.

These are hereafter referred to as shrub-form.
The .‘s"dl]'ll)](’ stands were on s]npv.\' of up to 40% .
The plots sampled varied in size from 3 < 3 m

for high densities of small stems to 9 x 9 m for

pl()ts of less dense stems. [,zu‘g(' Gambel oak
trees were represented by five stands in the
Cascade Springs area of the Uinta National For-
est, Utah. These are referred to as tree-form.
Tree-form stands were visibly distinet from sur-
rounding vegetation and occupied concave
slope positions where soil depth and moisture
tavored tree growth. Stands had to be of suffi-
cient size to accommodate a 100-m” plot. Plots
were square when possible, otherwise rectangular:

Stems greater than 1 m high were counted.
numbered, and measured for diameter at a
]1(’i}_{ht of 4 em. Three (in tree-form p[f)ls} or five
(in shrub-form plots) trees were selected at ran-
dom for sampling. Stem boles were cut 4 cm
above ground line and separated from branches

and foliage. Where the tree bole forked, the
largest fork was selected as the main bole. These
boles were partitioned into 60-cm sections con-
tinuing ||I)\\"n‘tl until stem diameter outside-
bark had decreased to .11);)m\n|| ately 1 em. The
last sections were therefore of variable length.
A 10-cm length was removed from the base of
.i(ll section for tree-ring analysis by the late
Dr. C. Wes Ferguson and associates, Labora-
tory u{ Tree-Ring Research, University of Ari-
zona. Tueson.
LABORATORY METHODS —The

pro ach of ring-count dating was angmented in this

basic ap-
study by the use of dendrochronological tech-
nic!u-t'.\'. In instances where the ring pattern was
obscured or distorted. two tvpes of controls were
used to reconstruct the radial tree-ring sequence.
First, a comparison was made with other areas of
the cross section. with other sections from the
same tree, or with other trees. The second, using
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lIt'Iltll'llt‘]ll'l]ll()](]tﬂi('&ll pl‘in('iplc's‘ was to date all,
r a portion thereof, of the radius in comparison
\\nll two relatively nearby (‘\t \blished tree-ring
chronologies Nine Mile Anyon and E mory-
Link. Several notable re |[ rence points were a
pair of large rings at 1957 and 1958, and in some
instances a wide band of vessels oceurred in the
1919 ring. Some data had to be
for individual bole sections because of tree (I'llll~
age |r<m| fire or other mjury, distortion due tc
whorls, ¢

reconstructed

The diameter increments were (lv
h-r'mim'(l to the nearest millimeter by decades.

g.. 1980-1971, progressing from the outer ring
of the stem toward the pith. Partial decade

orowth was recorded when the beginning or

tlulm” of the section tf]f)\\ﬂl record fell \\"lt}ml
a decade. As the stems tended to be asymmet-
rical, the longest and shortest inside bark radii
were !'{‘{HI'(l{'(l‘

Cross-sectional area and volume caleulations
were made by using spreadsheet software on a
personal :Ur||]!1| er. Diameter and volume val-

nes were caleulated on an 'lll'(li\' inside-bark
basi .'I'lw-t ross-sectional area for a give I]l‘l(lll}(l

s
Ly UL

termined for both ends of each section
the longest and shortest radii and assum-
lliptical shape. Section volume for each
Iy decadal was calculated from the
bottom arcas for the
tion length lt\irv_[t]u-

CTOSS ‘-1'1'HH||.1|
yarab-
eriod (usnally decadal) volumes

tions to give stem vol-
Hi i

ll\ were deter-
I noths. Hl'];‘:hlﬁ

Lenl
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[Volume !

b

160 —
-
140+ =
-
L ]
1204 Nl
— - -
-
¢ = 1004 - =
z2
=7
w
3 E
(@]
>

0 25 50 75 100 125
AGE (YEARS)

a. shrub-form stems: b, tree-form stems.

assumed to be equally spaced throughout t
section. Patterns of volume change were exa
ined by graphic and regression methods, usii
periods or height segments within trees as sai
ple units to 1]]11§.t1.lt(' growth trends. All regre
sion fits were made using the Richards grow
curve model (Richards 1959).

RESULTS

Little data overlap occurred between the tv
populations above age 30 in the basal ureu\'em
age relationships ( l*]ﬁx la, 1b, Table 1). At a
30 tree-form stems h il mean basal alm\d]u
nearly 10-fold those of shrub-form stems. Sin
lar rvinliunsl‘;ipq occurred with volume vers
age (Figs. 2a, 2b, Table 1). Atage 100 mean ste
\'l)[lIII'I(!\ were 4049 ¢m’ &md 65,808 cm® f
shrub-form and tree-form, respectively, ora d
ference exceeding 16-fold.

The relationship of volume to basal area w
more consistent between stem forms than in tl
previously described  relationships. A sing
function fit the full range of data {m both pop
lations combined (Fig. 3, Table 1

Relationships of height to ug(‘ varied b
tween the two pupu]'ltimn Rates ol heig
growth were not greatly different among popr
lations for the [nsl 20 vears. After 50 yea
however, little additional height increment o
curred on shrub-form stems (Fig. 4a, Table 1
Maximum height averaged 4.1 m. Tree-for
stems continue (l growth a[tm age 50 at substa

tial, although -\ln\\lx dvu(uu\mtf rates until aj
proximate Iy 9.3 m in he ight was attained at ag
100 (Fig. 4b, Table 1)
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Fig. 3. Volume (cm’) versus basal area (cm”) for com-

bined stem forms.
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Fig. 4. Height (m) versus age (years): a, shrub-form

stems: b, tree-form stems.

T||(-n-lulitmshil)Iu-t\\'(‘c-n:m1||1:||\'(:Imm‘m—
crement and age was not strong hll’('illl(’l'l]t)])ll—
lation; R? values were .29-.38. A better fit was
obtained between annual volume increment
and total volume (R* = .75-.80). Annual volume
increment as a function of existing volume was
greater at all volumes in tree-form stems than in
shrub-form stems. illustrating more vigorous
growth (Figs. 5a, 5b, Table 1)

DISCUSSION

S;unp]in'_{ in this 5.(11(!} was limited to central
Utah, but stem sizes encountered were repre-
sentative of sizes across the distribution of Gam-
bel oak. Mean basal diameters of the stands in
this study varied from 3.6-11.7 cm in shrub-
form stems to 15.1-24.6 cm in tree-form stems
(Clary and Tiedemann 1986, 1987). Our shrub-
form stems, therefore, corresponded to the av-
erage 7.6-cm stump height diameters in westemn
Colorado (Brown 1938). Our tree-form stems
were similar in diameter to the larger stems in
north central Arizona (Barger and Ffolliott
1972).

Limited information has been available con-
cerning direct volume measures or growth char-
acteristics of Gambel oak. A volume table based
on a technique of visually estimated volume is
available for Colorado (Chojnacky 1985), and
one has been used in Arizona that was devel-
oped by modifying a composite volume table for
trees in the Great Lakes vicinity (Barger and
Ffolliott 1972). Barger and Flolliott (1972
found that annual stand volume growth in Ari-
zona averaged 0.24 m”ha, or about a 2% incre-
ment. A similar percentage increment was
found in Utah for individual older trees (Wag-
staff 1984). Wagstafl’s (1984) data showed that
diameter growth in tree-form stems slowed lit-
tle in older trees: thus, the rate of basal area
accumulation increased with age. In this \'lllll_\
our estimates of annual growth in older tree-
form stems were similar to those of Wagstalt,
although differences in magnitude between
shrub-form and tree-form stems were striking
in nearly all data collected. Basal areaversus age,
volume versus age, height versus age, and an-
nual volume increments in relation to total vol-
ume were different between stem  forms.
Volume versus basal area was the only relation-
ship examined that appeared similar between

stem formes.
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Fig. 5. Annual volume inerement (em’) versus volume (em’): a, shrub-form stems; b, tree-form stems.

\ massive underground structure, which
-.I1|)])HI[\I ipid: nd normally voluminous sprout-
ing following top remove al, provides a reliable
reproduction strategy that should fit well into a
coppice fuelwood management cvele of harvest
and regrowth (Clary and Tie demann 1986,
Tiedemann et al. 1987). This would be espe-
:-1';1||_\' true on the more [n‘n(lu('l'i\'c sites where
clones of tree-form stems or larger shrub-form
stems are available. While we can offer no direct
evidence that tree-form stands will coppice to
new tree-form stands rather than to shrub-form
stands, circumstantial evidence suggests this is
so. Tree-form stands in this study were se pa-
ated by a distance of several kilometers: vet
most of the stems of these stands were est: i]%
lished within a 3- vear period. The most likely
ause would be spmnlmo following a wide-
spread, hot wildfire. Sprouting following such
events typically results in high stem densities. As
the new stand ages, a natural thinning occurs.
[his is reflected in old stem scars on lignotubers
1987). Scars of
ious stems and the undereround intercon-
ctedness ot G

md rhizomes (Tiedemann et al.

DIy

ubel oak clones sugoest that

Fatiom (

1 stems arise I'(‘llt'.‘ll('l“\ |h|'n1|| lil('

]
ot

structures. These stems would re-
renetic IJI.lI\r'II!‘ as the I)l‘('\'i()lIH

| be or
L1 I

wine on the same site.

R tential of mature stands near cit-
les thstantial. Maximum retail
Velltl ‘-_'-”f”‘]:.:|:1-=1(1|\(‘]:11|i‘1‘|‘
indiy ' lume Utah sites are com-
]‘lt'fl'[_\ \ 1984 \rizona for-

ests have ma | oak vol
ORI

sof 16

m/ha averaged across broad clone-occupic
and non-clonal areas (B: wrger and  Ffollic
1972). The retail value on a landscape bas
therefore, would be $740/ha (1983 dollars) if :
harvestable volume were removed (Wagst:
1984).

Gambel oak is marketable when average
ameters are relatively small. Wagstaft (198
reporte ' that stems are salable as fue l\\()(
when the basal diameter reaches about 9 ¢
(basal area of 64 cm?). This diameter, based «
our stem allul]}'svﬁi, would be attained in 45 vea
in our unmanaged tree-form stands. A fe
shrub-form stems would reach marketable si:
in 90 to 100 years, but a projecte 4 170 vea
would be required in our average unmanage
shrub-form stands.

Our current (mature) tree-form stands wil
marketable volumes of 150.6-604.6 mYI
would be worth $11,144-$44.740 per hectare
clone (Wagstaff 1984, Clary and Tiedemar
1987). Marke ‘ting of the 1(‘\11“11]0‘ sprout grow!
could occur in approximately 45 vears, althoug
volumes would be much less than the origin
harvest. Estimated volume at age 45 would 1
only 25% of that attained at age 100.

Only one of our shrub-form stands had ave
age stem diameters of marketable size althoug
four of the eight stands had some stems th:
exceeded the 9-em-diameter requirement. TI
stands had mean bole volumes of 46.6-94
m /ha and no apparent correlation between vo
ume and stand density, although lower densit
stands tended to have i[nﬂ( v stems. Thus, value
for those stands that lmu- attained marketabl
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