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ABSTRACT

Selected growth-quality parameters: moisture content, extractables content,
specific gravity, and growth rate were measured for eastern redcedar grown in
Missouri. Both standing trees (40) and 4” x ¢” x 8’ cants (78) from butt-logs
were sampled for study. An additional 15 trees were used for measurement of
moisture content changes in the heartwood and sapwood zones of standing trees
over a nine-month period.

Pertinent findings were:

1. Moisture content in the heartwood zone of redcedar varied only =2 percent
from an average value of 22 percent for 40 trees sampled.

2. Moisture content of sapwood of redcedar trees (15 trees sampled) showed a
considerable varjation qver.the nine-manth.period when samples were taken.
The avcragt:','va_hﬁ wis z:'bbqt:féif pcgg:ifrgt;_.‘ti:lcg rahge from 56 to 130 percent.
Transitidh From high Sh'pévqbfi :rn'ogstu.rc content to low heartwood moisture
content is abrupt for...r'cagc'ca:z_r.} The Reartwood zone ranged from 19 to 25 per-
cent for these 15 treds oVet*the hine month sampling period.

3. Acetone followed iy Whtdffxtrzc:t’d:lcs cénent of heartwood averaged 64 per-
cent and was faitly uniform"along the radius for two heights sampled. Sapwood
values were significantly lower, averaging 5.4 percent.

4. Considerable variation in acetone extractable content was found within 2 four-
foot bolt of redcedar. In addition, kiln drying was found to significantly re-
duce the amount of acetone extractables obtained compared to acetone extrac-
tion of matched samples of air-seasoned wood.

5. Specific gravity (acetone, then water extractable-free basis) decreased from
pith to bark and averaged 0.421 for 40 trees.

6. Rate of growth ranged from 3 to 28 rings per inch and averaged 10 rings per
inch for 78 timbers sawed from butt logs. False rings were present through-
out heartwood and sapwood zones of all trees examined.

7. Correlations between rate of growth and extractables content, rate of growth
and specific gravity, and extractables content and specific gravity were non-
significant.
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INTRODUCTION

Missouri’s commercial forests, which occupy approximately one-third of the
state’s 45,000,000 acres, are composed predominately of hardwood species. There
are four conifers native to the state: shortleaf pine, redcedar, bald cypress, and
Ashe juniper (5). The latter is not of commercial importance. Growth-quality
studies of native shortleaf pine have been reported previously (3). This study
was designed to evaluate some properties of redcedar wood important in the
manufacture of novelty items. This wood-using industry has been an important
one in Missouri since the early 1940s (4).

There are 17 novelty firms in Missouri which employ 400 people, use 3.5
million feet of cedar annually, and produce an estimatéd 90 percent of the na-
tion’s rcdccdarmovelfy fems: ﬁ@d&,fdar 1.\ also .uuhzcd in Missouri for manufac-
turing closetshning #nd; 6 x lesser éxtent, specmlty furniture and cedar chests.

The numerous sty.lfe of cedar’ novelties all stem from three basic patterns:
the box, the flat plaque; and -turaed items. Processing techniques may vary with
pattern, but each r:rwo'lv;s sawing nf -grees wood, seasoning, fabricating, finish-
ing, and packaging far. s‘vnmﬁm-“ o

Redcedar is found throughout the state (5). However, it is most common
in the Ozarks, particularly in the Southwestern Ozark region where 67 percent
of the total amount used in the state was harvested in 1968 (2). The species is
common on many sites throughout Missouri. Redcedar may invade old fields
where it is often found with sassafras and persimmon. It is also found in almost
pure stands on extremely dry, limestone glade areas (5). These dry sites are usu-
ally wet in the spring, permitting the redcedar to produce a fairly wide annual
increment.

Redcedar is not listed as a wood of commercial importance on a national
scale. As a result, research dealing with the anatomy and fundamental properties
of this species is lacking or fragmentary at best. For this reason, basic data on
standard indices of wood quality, such as specific gravity and growth rate, were
obtained before undertaking studies directly concerned with minimizing various
processing problems of redcedar novelty manufacturers. This bulletin presents
results of these initial studies on moisture content, extractables content, specific
gravity, and growth rate in Missouri-grown redcedar.

*Professor of Forestry, University of Missouri.
*Research Technician, University of Missourt.
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Solvents, sequences of solvents, and extraction times were varied. The sol-
vents used were: methanol, acetone, water, and ethanol-benzene (%, 95% etha-
nol—2%, benzene). The solvent sequences were: acetone followed by water or
acetone followed by alcohol-benzene and water. Extraction times varied from 24
to 96 hours.

Sample form was also varied in that wiley-milled material (passed 40-mesh
but retained on 60-mesh screens) was used as well as increment core segments,
or, in some instances, one-inch squares of wood (% inch thick along the grain).
In addition, heartwood, sapwood, and predominately knotty tissue samples were
evaluated for various extractable contents.

The use of a fairly wide range of extracting solvents, sample forms and ex-
traction times provides a good estimate of the amounts of materials removable
by various extraction techniques. This work was done to give direction and basic
information for further research on the influence of extractables on color proper-
ties of redcedar wood.

In all instances reported in this bulletin, samples were oven-dried prior to extrac-
tion, and extractable content is expressed as a percentage of this original oven-dry weight.
This is because studies dealing with the influence of extractables on color change
in redcedar are, for the most part, done on kiln-dried, solid wood. Therefore, the
conventional use of *“air-dried,” wiley-milled material for extractable determina-
tions would not be appropriate.

Specific Gravity

Specific gravity was determined using a modified maximum-moisture con-
tent procedure (3). Wood samples were extracted in acetone, then water, prior
to measurement of maximum moisture content. Extraction has been found nec-
essary for use of maximum moisture content procedures on some coniferous
species (3, 6). Specific gravity estimates were obtained on increment core seg-
ments for the 40 trees from Ava at both the 1-foot and 4-foot height levels. Data
were later combined as differences between heights did not prove significant.

Growth-Rate

Growth rate determination of redcedar is complicated by the frequent pres-
ence of one or more false “rings” formed during a growing season. Estimation
of growth rates presented in this study was limited to data from cross-sectional
disks removed from the bottom, middle, and top of 78 eight-foot cants of red-
cedar. These cants were delivered, on the yard, to three novelty manufacturers in
the state. Data obtained from increment core measurements were not incorpor-
ated into growth-rate estimates presented in this bulletin. Examination of 40 in-
crement cores from standing trees to provide additional estimates of growth rate
resulted in significant experimental error. This error was attributed to improper
identification of false rings as well as complications in determining ring width,
arising from the wavy or convolute pattern of annual growth characteristic of
redcedar.
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Fig. 2—Variation in moisture content of sapwood and heartwood of 15 redcedar
trees over a period of nine months during 1968.
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lap” between solvent types in terms of quantity and classes of substances they
remove from redcedar. Acetone, alcohol—benzene, and water, used in succession
as extracting solvents on wiley-milled wood, removed significantly less than the
total for these solvents used individually on redcedar for different time periods.
The measured “over-lap” probably exists between the acetone and ethanol-ben-
zene fractions.

The range of acetone extractables present in a 4” x 6” x 8’ bolt of cedar and
the influence of kiln-drying on acetone extractables content are shown in Figure
6. Acetone extractables content of air-dried (average of 9% moisture) cedar, aver-
aged 3.11 percent ranging from 0.5 to 9.5 percent. Marched samples which were
kiln-dried to 8 percent moisture averaged 2.69 percent acetone extractables con-
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Fig. 6—Frequency diagram showing that kiln-drying significantly reduces amount
of acetone extractable material in redcedar heartwood.
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tent, ranging from 0.5 to 4.5 percent. In this experiment the bolt was sawed into
consecutive Y%-inch thick boards; odd-numbered boards were air-seasoned, and
even-numbered boards were kiln-dried. Differences berween acetone extractable
contents for air-dried and kiln-dried redcedar were significant at the 5 percent
level. These data are interpreted to mean that the process of kiln-drying either
removes a significant quantity of acetone extractables, or else alters these sub-
stances so that they are not removed under the extraction conditions used as
compared with air-dried material similarly extracted.

Data presented in Figure 7 indicate that successive extractions first with ace-
tone, then water, remove about the same amount of materials throughout the
heartwood (from the pith to the sapwood). This is illustrated for successive 2-
cm. sections of redcedar as shown in Figure 7. Sapwood extractables content is
significantly less than that of heartwood. This difference, significant at the 5-
percent level, is assumed to be caused by 2 lesser amount of acetone soluble ma-
terial in the sapwood. The range of acetone, water-soluble extractives in sapwood
was from 1.07 to 16.45 percent.

Specific Gravity

Redcedar is not often utilized for purposes where strength is a dominant
requirement, or as a fiber or cellulose source, but specific gravity determinations
were obtained because such data were not available for Missouri redcedar. Speci-
fic gravity does influence shrinkage and is therefore of interest in novety fabri-
cation.

Specific gravity values for successive 2-centimeter increments from pith to
bark are presented in Figure 8. All values are expressed on green volume, and
acetone, then on water extracted, oven-dry basis. The trend for specific gravity
to decrease from pith to bark is of interest as most coniferous trees show the re-
verse relationship. Data on fiber dimensions (such as length, width, wall-thick-
ness) might explain this rather unusual trend in specific gravity pattern for red-
cedar, and such a study is planned.

The average specific gravity value obrained for redcedar in this study was
0.421; values ranged from 0.320 (a sapwood sample) to 0.580 (a 2-centimeter in-
crement next to the pith). If values are adjusted for acetone and then for water
extractables content, specific gravity estimates determined in this study are com-
parable to those reported elsewhere (1).

Growth Rate

Estimation of the rate of annual growth of redcedar is complicated by two
features for the species: (1) the convolute or wavy configuration of tree growth
as seen in cross-section views of the wood and (2) the presence of two or more
“false” rings within 2 true annual growth increment. These two features are
readily discernible in Figure 9. Note the numerous false rings throughout both
the sapwood and heartwood zones of the tree.
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Fig. 7—Diagram indicating acetone-water extractables content of successive 2-cm.
increments of redcedar from pith to bark. Sapwood contains a significantly lower
quantity of extractables compared to heartwood zones.

BARK (Discarded)

(2)INCREMENT CORE SUB~DIVIDED INTO 2-CM SECTIONS

INCREMENT C ORES
REMOVED FROM 40

4 6
TREES, SEPT., 1965 2 3 5

D T @1 0D OO

SPECIFIC GRAVITY
(Acetone, Water =~ 466 .435 .426 417 .407 .374

Extracted Basis)———,’_—__/

SIGNIFICANT DECREASE FROM PITH TO BARK

Fig. 8—Diagram showing a significant trend of decreasing specific gravity, from
DPith to bark, for successive 2-cm. increments of redcedar.
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difference between heartwood and sapwood values was due to the greater amount
of acetone extractables present in the heartwood.

4. Specific gravity decreased significantly from pith to bark. This is a de-
parture from the normal pattern for within-tree variation of most coniferous
species, but is not unique to redcedar. Average specific gravity for redcedar was
estimated to be 0.421 on an acetone, water, extractable-free basis. As extractables
content averaged about 6.4 percent, data reported should be increased by this
amount in order to get specific gravity values approaching the conventional val-
ues given for “green” redcedar (1).

5. Average rate of growth for redcedar was 10 rings per inch; however,
growth rate was variable and ranged from 3 to 28 rings per inch on the material
sampled. False rings were prevalent in the material investigated.

6. Statistical evaluation of data indicated correlations were not significant
between rate of growth and specific gravity, rate of growth and extractables con-
tent, or specific gravity and extractables content. Coefficients (*r”) for the latter
two correlations were —.10 and -.17, respectively. These statistical analyses are
based on data from 680 samples.

LITERATURE CITED

1. Markwarde, L. J. and T. R. C. Wilson, Strength and Related Properties of Wood
Grown in the United States. United States Department of Agriculture technical
bulletin 479. 99 pp. 1935.

2. McBee, Forest Industry Records. Unpublished data compiled by Forestry Division,
Missouri Department of Conservation, 1965.

3. McGinnes, Jr. E. A. Growth-Quality Evaluation of Missouri Grown Shortleaf Pine
(Pinus echinata, Mill). University of Missouri, Agricultural Experiment Station Re-
search Bulletin No. 841. 59 pp. 1963.

4. McGinnes, Jr. E A. A Survey of Wood Industries of Missouri. University of Mis-
souri Agricultural Experiment Station Bulletin No. 824. 47 pp. 1965.

5. Settergren, C. D. and R. E. McDermatt. Trees of Missouri. University of Missouri
Agricultural Experiment Station Bulletin No. 767. 123 pp. 1962.

6. Thor, E. Variations in Virginia Pine. Part I; Natural Variation in Wood Proper-
ties. Journal of Forestry (62): 258-262. 1964.



	age000960p0001
	age000960p0002
	age000960p0003
	age000960p0004
	age000960p0005
	age000960p0006
	age000960p0007
	age000960p0008
	age000960p0009
	age000960p0010
	age000960p0011
	age000960p0012
	age000960p0013
	age000960p0014
	age000960p0015
	age000960p0016
	age000960p0017
	age000960p0018
	age000960p0019

