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ABSTRACT 

Slash, loblolly, longleaf, and shortleaf pines in northern Louisiana were examined for differences in 
moisture content (MC) and basic specific gravity (SG) of wood and bark in the complete tree, root, 
stem, and branches and differences in diameter at breast height (dbh), total height, and taproot length 
of trees in even-aged plantations under identical site conditions, planting densities, and management 
practices. The four species did not differ statistically in stemwood, branchwood, or complete-tree 
wood SG on any of the three sites examined (wet, intermediate, and dry). Shortleaf had a significantly 
higher rootwood SG on all sites. The wet site generally produced wood with a lower SG, and the dry 
site produced wood with a higher SG. Differences among species in MC appeared dependent upon 
the tree component and site condition, while intersite differences in MC were generally component 
and species dependent. No significant difference among the four species was detected for dbh, total 
height, or taproot length on the dry or intermediate site. Shortleafon the wet site produced a significantly 
shorter stem and taproot than the other species. Tallest trees grew on the intermediate site. 

Keywords: Moisture content, specific gravity, root, stem, branch, southern pine, loblolly pine, slash 
pine, longleaf pine, shortleaf pine, species comparison, site. 

INTRODUCTION 

As Cole et al. (1966) and Snyder and Hamaker (1970) indicate, wood and bark 
properties are undoubtedly affected by site, geographic location, age, and other 
factors. Removal or reduction of these influences is essential if valid comparisons 
are to be made between different species. Such comparisons should provide a 
better baseline from which managers can make decisions regarding stand man- 
agement and wood utilization strategies. 

Reported here are basic specific gravities (oven-dry weight-green volume basis) 
and moisture contents (oven-dry basis) ofwood and bark for three tree components 
(roots, stems, and branches) and complete-tree averages for the four major species 
of southern pine, loblolly (Pinus taeda L.), longleaf (Pinus palustris Mill.), shortleaf 
(Pinus echinata Mill.), and slash (Pinus elliottii Engelm. var. elliottii), grown to 
the same age at identical planting densities on each of three sites in northern 
Louisiana. Also reported are dbh, total height, and taproot length. Comparisons 
are made among species for each component. Wood properties of each component 
are compared to those of bark, and stemwood and stembark properties are com- 
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TABLE 1. Sample tree characteristics.' 

DBH Total height2 Taproot length' 
No. of 

Spec~cs samples Age Mean (Range) Mean (Range) Mean (Range) 

yr in, ........................ .............................. -------------.------ ft -------.. ---------------------------------.--..---- 

Dry site 

Loblolly 12 26 5.4 a (2.3-8.1) 46 a (23-59) 6.4 a (4.3-9.2) 
Slash 12 26 6.0 a (3.1-8.6) 50 a (28-65) 5.8 a (4.7-8.0) 
Longleaf 12 26 6.1 a (3.2-8.8) 51 a (31-66) 6.7 a (4.3-10.5) 
Shortleaf 12 26 4.9 a (1.9-8.5) 44 a (23-62) 6.0 a (3.4-10.1) 

Intermediate site 

Loblolly 12 27 6.7 a (4.6-8.8) 58 a (49-64) 4.4 a (3.1-5.5) 
Slash 12 27 7.9 a (3.0-10.5) 59 a (37-71) 3.9 a (2.1-5.3) 
Longleaf 12 27 6.3 a (3.0-8.5) 56 a (37-68) 3.7 a (2.7-5.0) 
Shortleaf 12 27 6.6 a (4.9-9.8) 60 a (55-66) 4.1 a (3.0-5.4) 

Wet site 
Loblolly 12 25 6.4 a (4.7-8.3) 54 ab (42-64) 3.7 a (2.6-4.9) 
Slash 12 25 6.5 a (3.8-9.5) 58 a (43-70) 3.4 ab (1.8-4.5) 
Longleaf 12 25 5.0 ab (2.4-7.4) 44 b (24-63) 2.7 b (1.6-4.0) 
Shortleaf 12 25 4.0 b (2.3-6.7) 30 c (17-40) 2.6 b (1.6-4.2) 

' Under each site, numbers in the same column followed by the same lower case letter(s) are not slgn~ficantly different at the 0.05 
lcvcl according to Scheffe's multiple-cornpanson procedure. Numbers represent the average of 12 trees per specles. 

F~gures represent the mean heights from groundl~ne to apical tip. 
' F~gures represent the mean lengths from groundl~ne to taproot tip. 

pared to those of branchwood and branchbark and rootwood and rootbark for 
each species. 

MATERIALS AND METHODS 

Trees were selected from three relatively uniform sites in northern Louisiana. 
Three distinctly different soil types were represented: a wet site (poorly drained 
Caddo series), an intermediate site (well-drained Shubuta series), and a dry site 
(Alaga series). All sites contained three plots of loblolly, longleaf, slash, and short- 
leaf pine in a randomized complete block design. The between-tree and between- 
row spacing in each plot was 6 feet. Four trees were selected from each plot by 
ranking all tree dbh's, dividing the ranking into quarters, and selecting the mid- 
point of each quarter as a sample tree. Means and ranges of sample tree charac- 
teristics are presented in Table 1 by site and species. 

Sample trees were measured for dbh and total height, then felled and limbed. 
Branches were segregated into four categories: (1) dead, (2) live pieces 2.0 inch 
dob and larger, (3) live pieces 0.25 to 2 inches dob, and (4) live pieces 0.25 inch 
dob and smaller including needles. Stems were bucked at 8.5-foot intervals from 
the base to just below the 4-inch dob height, the 4-inch dob height, and the 2-inch 
dob height. The top of each stump was sealed with a waxy end-coating to reduce 
moisture loss prior to excavation. Stump-taproots were excavated within 2 weeks 
of felling and stored under a water spray until they could be cleaned, measured 
for length, and bucked at 5 positions along their length: first, 2 inches below the 
stump top, then at the base of the major laterals, and finally at three equidistant 
points between the base of the major laterals and the taproot tip. 

Disks for moisture content (MC) and basic specific gravity (SG) determination 
of wood and bark were removed at the time of felling from each stem bucking 
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point, and from two randomly selected branches within each branch category. 
Stump-taproot disks were obtained after excavation and cleaning from each buck- 
ing point. All disks were marked, placed in plastic bags, and stored at 2 C prior 
to laboratory analysis. All sampling was completed between August and Novem- 
ber 1982. 

The green weight of each sample disk was measured with and without bark, 
and bark percentage was determined from the disk sample on a green-weight basis. 
Disk green volumes were determined by water immersion following saturation 
of the specimens under vacuum. Moisture content was determined on an oven- 
dry basis after drying to a constant weight at 103 C. Specific gravity of wood and 
bark was computed on an oven-dry weight-green volume basis. Weighted values 
for MC and SG of wood and bark in the stump-taproot, stem, branches, and 
complete tree were calculated by weighting sample disk values for each component 
in proportion to the total volume of the component in the tree. 

The data were analyzed using an analysis of variance (P I 0.05) for a random- 
ized complete block design. Moisture content and SG data were examined for 
heterogeneity of variance and transformed logarithmically when necessary to cor- 
rect for this condition. Data are presented here as untransformed values for ease 
of interpretation. Species differences were compared using Scheffe's multiple com- 
parison procedure at the 0.05 level of significance (Steel and Torrie 1980). Sta- 
tistical analyses for differences among sites were not performed because of the 
small sample size. 

RESULTS AND DISCUSSION 

Tree characteristics 

The average dbh, total height, and taproot length for the four species on each 
site are shown in Table 1. There was no significant difference (P = 0.05) among 
the four species for these characteristics on either the dry or the intermediate sites. 
The wet site, however, showed significant differences among the species in all 
variables. 

On the wet site, the dbh of slash and loblolly pines was significantly larger than 
that of shortleaf. Total height in shortleaf was significantly less than in the other 
three species, and longleaf was significantly shorter than slash. Taproot length 
was significantly greater in loblolly than in longleaf or shortleaf, yet slash did not 
differ significantly from the other three species. These findings probably reflect 
inherent differences between species in nutrient requirements and tolerance to 
poor soil aeration (U.S. Division of Timber Management Research 1965, pp. 
360-372, 384-389, 451-463). 

As Shoulders (1983) reported for the larger study from which these sites were 
chosen, our average tree heights were greatest on the intermediate site for all 
species. The shortest trees, on the average, occurred on the dry site for loblolly 
and slash, but on the wet site for longleaf and shortleaf. Average taproot length 
was greatest on the dry site and shortest on the wet site for all species. 

Specific gravity 

The average specific gravity (SG) of wood and bark in the complete tree, root, 
stem, and branches for the four species on each site is presented in Table 2. 
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Dry site. -No significant differences in wood SG were noted among the four 
species on the dry site for the complete tree and its components, with the exception 
of rootwood (RW). A comparison of bark SG showed significant differences among 
the species for complete-tree bark (CTB) and stembark (SB), but no significant 
differences in rootbark (RB) or branchbark (BB) SG. 

Intermediate site. -This site exhibited significant differences among the four 
species in RW SG with shortleaf significantly higher than the other species. How- 
ever, there was no statistical difference among species for complete-tree wood 
(CTW), stemwood (SW), or branchwood (BW) SG. Bark SG was not significantly 
different among the species for the complete tree and its components, with the 
exception of SB. 

Wet site. -The four species on the wet site did not differ statistically in CTW, 
SW, nor BW SG, but did show differences in RW SG. No statistical differences 
among species existed for SB or BB SG, but differences were present for RB and 
CTB. 

Comparison of root, stem, and branch SG. -The following general relationships 
were discernible when root, stem, and branch SG were compared. Wood SG 
ranked SW > BW > RW for all species on the wet site; for loblolly, slash, and 
longleaf on the intermediate site; and for slash and longleafon the dry site. Loblolly 
and shortleaf on the dry site and shortleaf on the intermediate site ranked SW > 
RW > BW. Phillips et al. (1976), comparing the same four species in natural 
uneven-age stands in Alabama and Mississippi (one species per stand), found, as 
we did, that SW SG > BW SG in all species. They also showed BB SG > SB SG 
in shortleaf and slash, but BB SG < SB SG in loblolly and longleaf. In contrast, 
we found BB SG > RB SG or SB SG for all species on all sites, RB SG > SB SG 
on the dry and intermediate sites, and SB SG > RB SG for all species on the wet 
site. One possible explanation for these conflicting results may be stand differences, 
such as: tree diameter range (5.8-2 1.0 inches in their study versus 1.9-10.5 inches 
in ours) and age range (28-1 10 years versus 25-27 years). 

Comparison of wood and bark SG. -The wood SG of the four species on the 
three sites was greater than the bark SG in the complete tree, stem, and root of 
all species on all sites. Branchwood versus branchbark demonstrated this same 
relationship on the dry and intermediate sites for all species; however, wet-site 
BB SG exceeded BW SG in slash and shortleaf. Our findings for the dry and 
intermediate sites corresponded to those of Phillips et al. (1976). 

Site comparison. -Intersite differences in SG were basically component and 
species dependent; however, several trends were recognizable. The wet site gen- 
erally produced wood with the lowest SG, while the dry site generally exhibited 
the highest wood SG. For example, RW SG was lowest for all species, CTW SG 
and SW SG were lowest for all species except loblolly, and BW SG was lowest 
for slash and longleaf when wet-site values were examined. When dry-site values 
were inspected, CTW and SW exhibited their highest SG for all species and RW 
had the highest SG in all species except slash. Branchwood was the notable ex- 
ception to the pattern in that the intermediate site exhibited the highest SG, except 
for longleaf which had its highest BW SG on the dry site. 

The highest bark SG generally occurred on the wet site, but the site with the 
lowest bark SG was not consistent. For example, CTB and BB SG in all species, 
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TABLE 2. SpeciJic gravity of the complete tree and tree components of four southern pine species on 
three sites.! 

Specific gravity 

Wood Bark 

Complete- Complete- 
S~ec l e s  treei Root' Stem4 Branch5 tree Root Stem Branch 

Loblolly 
Slash 
Longleaf 
Shortleaf 

Loblolly 
Slash 
Longleaf 
Shortleaf 

Loblolly 
Slash 
Longleaf 
Shortleaf 

Dry site 

0.496 a 0.418 a 0.306 b 
0.501 a 0.458 a 0.308 b 
0.498 a 0.465 a 0.334 ab 
0.504 a 0.429 a 0.349 a 

Intermediate site 

0.474 a 0.43 1 a 0.324 a 
0.482 a 0.462 a 0.3 16 a 
0.469 a 0.464 a 0.346 a 
0.488 a 0.455 a 0.337 a 

Wet site 

0.489 a 0.429 a 0.334 b 
0.473 a 0.448 a 0.347 ab 
0.455 a 0.444 a 0.380 a 
0.487 a 0.448 a 0.374 ab 

' lJnder each stte, numbers In the same column followed by the same lower case letter(s) are not significantly different at the 0.05 
level according to Scheffe's mult~ple-compar~son procedure. Numbers represent the average of 12 trees per species. 

Complete-tree includes the root, stem. and crown (I~ve and dead branches, excluding foliage). 
' Root ~ncludes all the root system within an I I-inch radlus of the plth from the top of a 6-inch stump to the taproot tlp. 

Stem includes all mater~al from a 6-inch stump to the term~nal leader. 
' Branch Includes all branches 0 25-inch doh or larger. 

RB SG in longleaf and shortleaf, and SB SG in all species except loblolly were 
higher on the wet site. 

In comparison with the SG values of Phillips et al. (1976), our BW values for 
slash were slightly higher and those for loblolly and longleaf were slightly lower 
on all sites than their respective values of 0.434, 0.449, and 0.489. Shortleaf BW 
SG on the wet and dry sites were slightly lower than, and on the intermediate site 
slightly higher than their value (0.450). Our SW SG for slash and longleaf on all 
sites was slightly lower than their respective values of 0.516 and 0.558. Our 
loblolly and shortleaf SW SG were slightly higher on the dry and wet sites than 
their values of 0.474 and 0.473, respectively, but loblolly was identical to and 
shortleaf was slightly higher than their values on the intermediate site. 

In comparison with the average SW SG presented by Wahlgren and Schumann 
(1 975) in their wood density survey, our values on all sites for loblolly and shortleaf 
were slightly higher than their values of 0.47 and 0.46, respectively, while slash 
and longleaf were slightly lower than their value of 0.53. 

Moisture content 

The average moisture content (MC) of wood and bark in the complete tree, 
root, stem, and branches for the four species on each site is presented in Table 3. 

Dry site. -Wood MC differed significantly among the four species on the dry 
site for RW, but showed no statistical difference for CTW, SW, or BW. A corn- 
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TABLE 3. Moisture content of the complete tree and tree components offour southern pine species on 
three sites.' 

Moisture content (96) 

Wood Bark 

Complete- Complete- 
Species tree2 Root' Stem4 Branch' tree Root Stem Branch 

Dry site 

Loblolly 87 a 126 ab 77 a 7 0 a  8 5 a  136a 7 5 b  6 6 a  
Slash 82 a 122ab 7 2 a  83 a 103a 162a 97 ab 66 a 
Longleaf 92 a 136 a 8 1 a  8 5 a  l l O a  165a 107a 6 6 a  
Shortleaf 81 a 110 b 75 a 7 3 a  86 a 143 a 81 ab 5 4 a  

Intermediate site 

Loblolly 80 b 97 b 77 b 74 ab 8 8 a  125 b 8 7 a  76 a 
Slash 69 b 84 b 67 b 6 2 b  99 a 153 ab 104a 7 2 a  
Longleaf 98 a 124 a 9 5 a  8 6 a  103 a 162a 101 a 75 a 
Shortleaf 84 ab 95 b 83 ab 68 b 9 7 a  133ab 9 4 a  9 2 a  

Wet site 

Loblolly 95 a 106 a 9 4 a  6 7 a  8 0 a  130ab 7 5 a  7 1 a  
Slash 9 3 a  112a 9 1 a  6 8 a  8 5 a  166a 8 2 a  5 6 a  
Longleaf 104a 112a 104a 7 8 a  8 0 a  150a 8 0 a  5 3 a  
Shortleaf 100 a 9 3 a  102a 7 3 a  7 1 a  115b  6 3 a  6 8 a  

' Under each site. numbers in the same column followed by the same lower case letter(s) are not sign~ficantly different at the 0.05 
level accord~ng to Scheffe's multiple-comparison procedure. Numbers represent the average of 12 trees per species. 
' Complete-tree includes the root. stem, and crown (live and dead branches, excluding foliage). 
' Root includes all the root system w~thin an I L-~nch radlus of the pith from the top of a 6-lnch stump to the taproot tip. 
'Stem lncludes all mater~al from a 6-~nch slump to the termlnal leader. 
' Branch lncludes all branches 0.25-~nch doh or larger. 

parison of bark MC showed significant differences among species for SB, but none 
for CTB, RB, or BB. 

Intermediate site. -Significant species differences in wood MC on the inter- 
mediate site were present for the complete tree and all components. Bark MC 
was significantly different among the species for RB. However, CTB, SB, and BB 
MC did not differ significantly among species. 

Wet site. -The four species did not differ significantly in wood MC on the wet 
site. No statistical differences among species existed for CTB, SB, nor BB MC, 
but differences were present for RB MC. 

Comparison of root, stem, and branch MC. -The following general relation- 
ships occurred when root, stem, and branch MC were compared. Wood MC ranked 
RW > SW > BW for all species on all sites with the exception of slash and longleaf 
on the dry site (RW > BW > SW) and shortleaf on the wet site (SW > RW > 
BW). Bark MC ranked RB > SB > BB for all species on all sites, except for 
shortleaf on the wet site (RB > BB > SB). 

Phillips et al. (1 976) found, as we did, that SW MC exceeded BW MC in loblolly, 
but found the opposite result for the other three species. In the SB and BB 
comparison, they found BB > SB, which corresponded only to our wet-site short- 
leaf. Differences between their study and ours with respect to tree diameter and 
age may have led to these conflicting results. 

Comparison of wood and bark MC. -The comparison of wood and bark re- 
vealed CTB MC exceeded CTW MC for all species on the dry and intermediate 
sites, with the exception ofdry-site loblolly. On the wet site, the trend was reversed 
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for all four species. Rootbark MC exceeded RW MC for all species on all sites. 
Stembark MC exceeded SW MC for all species on the intermediate site, for all 
except loblolly on the dry site, and for none of the species on the wet site. Branch- 
wood MC exceeded BB MC except for loblolly on the wet site and loblolly, slash, 
and shortleaf on the intermediate site. Phillips et al. (1976) found SB MC was 
lower than SW MC for the four species and BW MC exceeded BB MC except in 
loblolly. 
Site comparison. -Intersite differences in MC were generally component and 

species dependent; although certain trends were discernible. The highest SW MC 
and CTW MC occurred on the wet site, while the highest RW MC occurred on 
the dry site for all species. No single site produced a consistently high MC for 
BW for all species. Loblolly and slash produced the lowest MC for CTW, RW, 
and SW on the intermediate site, while longleaf and slash had their lowest MC 
for these components on the dry site. Branchwood MC was lowest for loblolly 
and longleaf on the wet site and lowest for slash and shortleaf on the intermediate 
site. 

CTB MC was highest for slash and longleaf on the dry site, highest for loblolly 
and shortleaf on the intermediate site, and lowest on the wet site for all species. 
Rootbark MC was highest on the dry site (except in slash). Stembark MC was 
highest on the intermediate site (except in longleaf) and lowest on the wet site 
(except in loblolly). Branchbark SG was highest on the intermediate site for all 
species. 

CONCLUSIONS 

The four species did not differ significantly in CTW, SW, or BW SG on any 
site. Rootwood SG was significantly higher in shortleaf than in the other three 
species on all sites. 

Intersite differences in SG were usually component and species dependent, 
although the wet site generally produced wood with a lower SG and the dry site 
produced wood with a higher SG. 

The average wood MC in the complete tree, root, stem, and branches of longleaf 
pine was consistently higher than the other three species on all sites. Differences 
among species in component wood and bark MC were generally component and 
site dependent, while intersite differences in MC were generally component and 
species dependent. 

Average dbh, total height, and taproot length did not differ significantly among 
the four species on the dry or the intermediate sites. Wet-site shortleaf produced 
a significantly shorter stem than the other species and a significantly shorter taproot 
than loblolly. 

On the average, all species grew taller on the intermediate site. The shortest 
loblolly and slash occurred on the dry site, while the shortest longleaf and shortleaf 
occurred on the wet site. 

Taproots were longer, on the average, on the dry site and shorter on the wet 
site for all species. 

ACKNOWLEDGMENTS 

This research was supported by funds from McIntire-Stennis Project 24 and 
the USDA-Forest Service-Southern Forest Experiment Station. The authors wish 



Glhson el a1.-MOISTURE CONTENT AND SPECIFIC GRAVITY O F  SOUTHERN PINES 435 

to thank Continental Forest Industries, Crown Zellerbach Corporation, and In- 
ternational Paper Company for granting access to the sites used in this study. 

REFERENCES 

COLE, D. E., B. J. ZOBEL, A N D  J. H. ROBERDS. 1966. Slash, loblolly, and longleaf pine in a mixed 
natural stand; a comparison of their wood properties, pulp yields, and paper properties. TAPPI 
49(4): 16 1-1 66. 

PHILLIPS, D. R., A. CLARK, 111, AND M. A. TARAS. 1976. Wood and bark properties of southern pine 
branches. Wood Sci. 8(3): 164-169. 

SHOULDERS, E. 1983. Comparison of growth and yield of four southern pines on uniform sites in 
the Gulf Coastal Plain. Pages 75-100 in J. E. Hotvedt and B. D. Jackson, eds. Predicting growth 
and yield in the mid-south. Proceedings of the 3 1st Annual Forestry Symposium, Louisiana State 
University, Baton Rouge. 

SNYDER, E. B., AND J. M. HAMAKER. 1970. Specific gravity and fiber length of loblolly and spruce 
pines on the same site. USDA Forest Service Res. Note SO-103, Southern Forest Exp. Sta., New 
Orleans, LA. 3 pp. 

STEEL, R. G. D., AND J. H. TORRIE. 1980. Principles and procedures of statistics: A biometrical 
approach, 2nd ed. McGraw-Hill, New York. 633 pp. 

U.S. Drvrslo~ OF TIMBER MANAGEMENT RESEARCH. 1965. Silvics of forest trees of the United States. 
Compiled and revised by H. A. Fowells. Agriculture Handbook No. 27 1. USDA, Forest Service, 
Washington, D.C. 762 pp. 

WAHLGREN, H. E., AND D. R. SCHUMANN. 1975. Properties of major southern pines: Part I-Wood 
density survey. USDA Forest Service Res. Pap. FPL- 176. 57 pp. 




