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ABSTRACT

A large portion of logging residues and materials removed in thinning
consists of trees 1 to 10 inches dbh (diameter at breast height). As part of
research to achieve increased utilization of these small trees, whole-tree
weight tables and prediction equations were developed for small Ap-
palachian hardwoods, based on a sample of 200 trees of 17 species from a
site in central West Virginia. Average green weight of the trees (all
material above a 6-inch stump) was 434 pounds, 80 percent of which was in
material greater than & inches d.o.b. (diameter outside bark). The weighted
average moisture content of the 200 trees was 69 percent, oven-dry basis.
Whole-tree weight tables (green and oven-dry basis) were developed from
the formulas: Ln(GWT) = 1.54934 + 2.39376 Ln (DBH) and Ln (ODWT) =
0.95595 + 2.42640 Ln (DBH); where GWT = whole-tree green weight in
pounds, ODWT = whole-tree oven-dry weight in pounds, DBH = diameter
breast high, and Ln = natural logarithm function.



THE CONCERN

ECAUSE OF ANTICIPATED INCREASES

in demand for forest produects and public
concern about the apparent waste of wood
during timber harvesting, both forest managers
and timber processors have become more
interested in the utilization of logging residues.
In response to this concern, personnel at our
Forest Products Marketing Laboratory at
Princeton, W. Va,, are conducting research to
develop commercial uses and markets for log-
ging residues in the Appalachian Region. The
initial studies were designed to quantify and
characterize residues in terms of their suit-
ability as industrial raw material.

This report provides information about
weights, moisture content, and percentage of
bark for hardwood trees 1 to 10 inches dbh
(diameter at breast height). These small trees
are usually unsuitable for use as sawlogs, and
they are often felled and left in areas where
sawtimber has been harvested by clearcutting.
And many of the trees removed in thinnings are
in the 1- to 10-inch dbh range.

The data in this report will enable forest
managers, forest-products manufacturers, and
others engaged in efforts at closer timber utili-
zation to estimate green and oven-dry weights
for individual trees or stands of Appalachian
hardwoods.

PROCEDURE

During the summer and fall of 1975, 200
whole trees—the entire tree from a 6-inch
stump to the top—were weighed, 20 in each 1-
inch dbh class from 1 to 10 inches. The trees
were selected randomly from the top to the bot-
tom of the slope. The stand, located on the
Monongahela National Forest near Richwood,
W. Va., had a predominantly oak overstory and
a maple understory. Slope averaged about 30
percent; site index for red oak averaged 80.

I recorded tree number, species, and dbh to
the nearest 1/10-inch, and total height to the
nearest foot. Each tree was then cut into pieces
and weighed with a portable 500-pound capacity
straight spring scale (fig. 1). A cut was made at
each point where the tree bole or limb diameter
was 3 inches d.o.b. (diameter outside bark). Tree
portions greater than 3 inches in diameter were

weighed and recorded separately from portions
less than or equal to 3 inches in diameter.

Sample disks were cut from each tree for
determining moisture content and percentage of
bark. One sample disk was taken from near the
mid-stem of trees 1 to 2 inches dbh. Two sample
disks were taken from trees 3 inches dbh or
larger; one from the stem midway between the
stump and the 8 inch d.o.b. cutoff point, and one
at random from branch wood less than 3 inches
d.o.b. Each disk was labeled with the tree
number and disk diameter and put in an airtight
plastic bag.

Later the same day, the sample disks were
weighed and the weights were recorded. The en-
tire disk was weighed first, then the bark was
hand-peeled and the resultant bark-free disk
was reweighed. Weight difference was recorded
as green bark weight. The peeled bark was kept
in a bag with the corresponding sample disk to
maintain its identity. The wood disks and bark
samples were then oven-dried and reweighed for
determining moisture content of wood and bark.
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Figure 1.—System for weighing logging residues
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Regression analyses were used to develop
equations for tree weight as a function of dbh.

RESULTS

Average green whole-tree weight was 434
pounds. Eighty percent of this weight, 349
pounds per tree, was in portions of the trees
greater than 3 inches d.o.b. The remaining 20
percent, 85 pounds per tree, was in the portions
less than or equal to 3 inches d.o.b.

Whole-tree weight estimates (table 1) were
computed by using equations developed by
regression analyses. Natural log transfor-
mations on whole-tree weight and dbh gave
the best fit. The equations developed were:

Ln(GWT) = 1.54934 + 2.39376 Ln(DBH)R? = .97
Ln(ODWT) = 0.95595 + 2.42640 Ln(DBH)R? = .97
Where

GWT = Whole-tree green weight (in pounds).
ODWT = Whole-tree oven-dry weight (in pounds).
DBH = Diameter at breast height (1”<dbh<10").
Ln = Natural logarithm function.

For predicting the weights of portions of
trees, the ratios of weight of the portions larger
than 3 inches to whole tree weight were
calculated for each tree and regressed on dbh.
The resulting best-fit equation was PG =
0.83059 — 14.57918 x Exp[ -DBH], where PG =
proportion of weight in material larger than 3
inches d.o.b. This same equation was found

acceptable for green and oven-dry weights. Then
the percentages were applied to whole-tree
weights to get table values for material larger
than 3 inches d.o.b. These values were sub-
tracted from whole-tree weights to determine
the table values for weights of tree portions less
than or equal to 3 inches d.o.b.

Weights shown in table 1 include the 17
different hardwood species shown in table 2.
Scatter diagrams showed very little difference
in the green weights of different species: soft
hardwood trees weighed slightly less than hard
hardwoods of the same dbh. The soft hardwoods
generally had higher moisture contents, which
compensated for differences in specific gravity.
Since our sample distribution (table 2) included
so few soft hardwoods, no statistical tests were
made for differences between species or species
groups.

The overall weighted average moisture con-
tent of the 200 trees was 69 percent. The
moisture contents for the green weights varied
by species from 54 to 114 (table 2). These
average moisture contents for each species were
weighted by the proportion of residue weight
represented by each sample disk.

Moisture content and percentage of bark
varied with disk diameter (fig. 2). Wood
moisture content was 70 £ 5 percent over the 1-
to 8-inch disk diameter range. The bark
moisture content gradually decreased over the
diameter range from a high of 96 percent at 1
inch to a low of 61 percent at 8 inches.

The overall weighted bark percentage on a

Table 1.—Small Appalachian hardwood tree and component weights 2
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1 — 5 5 - 3 3 16
2 —_ 25 25 -— 14 14 24
3 7 58 65 4 33 37 31
4 73 57 130 42 33 75 40
5 163 59 222 94 35 129 46
6 273 70 343 160 41 201 50
7 406 90 496 239 53 292 55
8 564 119 683 334 70 404 59
9 751 155 906 446 92 538 70
10 968 198 1,166 576 118 694 70

2 Weights represent 17 species. Weighted average percentage of bark (green-weight basis) is 16. To convert weights from

pounds to kilograms, multiply by 0.454.

b Weighted average moisture content (oven-dry basis) is 69 percent.
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Table 2.—Species distribution and weighted average moisture content and percentage of
bark, by species

s Weighted average & Weighted average b
Species Trees moisture content bark percentage
No. Percent Percent
Soft Maple 47 69 16
(A cer rubrum)
Chestnut Oak 32 64 20
(Quercus prinus)
ed Oak 31 75 16
(Quercus spp.) ’
White Oak 28 66 17
(Quercus alba)
Hickory 13 54 17
(Carya spp.) )
Sourwood 12 88 14
(Oxydendrum arboreum)
Hard Maple 9 64 14
(Acerspp.)
Sassafras 7 64 14
(Sassafras albidum)
Black Gum 4 89 19
(Nyssa sylvatica)
Yellow-Poplar 4 104 19
(Liriodendron tulipifera)
Mountain Magnolia 3 97 17
(Magnolia frasert)
Aspen 2 78 23
(Populus spp.)
Beech 2 78 10
(Fagus grandifolia)
Cucumber 2 107 17
(Magnolia acuminata)
Dogwood 2 71 13
(Cornus Florida) :
Black Cherry 1 95 15
(Prunus seroting)
Sweet Birch 1 114 18
(Betula lenta)

2 Oven-dry basis.

b Green-weight basis.
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green-weight basis was 16. The bark percentage
decreased with increasing diameter. The 1-inch
disk samples averaged 23 percent bark while the
8-inch samples had an average 12 percent bark.

USE OF RESULTS

The information in table 1 can be used for
estimating green or oven-dry weights of in-
dividual trees (or portions of trees) and stands
growing on the better upland oak sites. Use of

the conversion factors at the bottom of table 1
allows prediction in metric terms.

The only tree measurement needed for predic-
tion is dbh. For instance, a 7-inch dbh hardwood
tree would weigh 496 pounds green, or 292
pounds dry: the portions larger than 3 inches
d.o.b. would weigh 406 pounds green or 239
pounds dry; the portions 3 inches d.o.b. and
smaller would weigh 90 pounds green or 53
pounds dry.
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