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ABSTRACT

The influence of silvicultural treatments {fertilization, stand density, and pruning) on the chemical
composition (hot-water axtractives, aleohol-benzene extractives, ether extractives, Klason lignin, hol-
oeellulose, and alpha-cellulose) of outerwood and innerwood of plantation-grown 1 2-year-old loblolly
pine (Fimis taeda L.) was investigated. Flois located near Bogalusa, in southesstern Louvisiana, were
rxpintained at four levels of stand density (2,470, 1,976, 1,482; and 983 1rees per hectare) and exhibated
varied effects on wood chemical propertics, The highest mean extractive contents occurred in the plots
with 2,470 residual trees per heatare, Stand densities did not appear to be conststently related Lo
Klason lignin, holocellulose, and alpha-cellulose contents. Fertilization caused a sipnificant reduction
in alcobol-benzene extractive content, ether exiractive comtent, and Klmon lignin. There was no
significant effect in any chemical property atiributable to the pruning treatment, excepd in alcohol-
benzene extractives, which decreased sipnificantly in the pruned wees. Innerwood yielded dgnibeantly
greater extrnetive contents for the alcohol-benzene and hot-water methods of extractive content de-
termination, and outereaod yielded significanily higher values for Klason lignin, holocellulose, and
alpha-cellulose.

Kepwords:  Alpha-ceflulose, extractives, fertilization, holocsllulose, loblelly pive, pruning, Klason
lignin, thinning,

INTRODUCTION

There has been much research on the future
uses of forest biomass from short-rotation in-

! This paper {Mo. 95.22.5253) is published with the
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the Melntire-Stennis Cooperative Forest Research Pro-
gramL.
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tensive culture (SRIC) plantations. The thrust
of this effort has focused on the potential prof-
itability of hardwood woody biomass as a raw
material for energy purposes (Fege et al, 1979;
Howlett and Gamachie 1977; Inman et al,
1877) and the characterization and identifi-
cation of favorable species (Chow et al. 1987,
Bendtsen 1978; Blankenhom et al. 1985; Shupe
1993; Shupe et al, 1993),
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SRIC research has traditionally been justi.
fied by linking the increased future demand of
wood and wood products and an ever-increas-
ing global population. As the global popualation
continues 10 (ncrease, tolal wood demand is
also prodicted to mcrease (Sutton 1994), In
addition to solid wood products and wood
composite pancls, there will cermainly be an
increased demand for both uaditional and
novel products that can be derived from wood's
ofganic constituents.

Extractives are directly related 10 perme-
ability, specific gravity, hardness, and wood
compressive strongth (Panshin and deZecuw
1980) and can also be used to predict extracted
specific gravity values from specific gravity
values determined on unextricted materal
(Taras and Saucier 1967). The alpha-cellulose
and bolocellulose content of wood is critical
in determining the acceptability of s particular
species for pulp und paper. Alpha-cellulose
content s also critical in terms of rayon pro-
duction for the textile industry. The lignin
component of wood can be used 10 derive end-
products such as benzene and vanillin, Lignin
also can potentially be used as an additive or
supplement in wood composite adhesive tech-
nology (Cyr and Ritchie 1989),

While other researchers have studied the ef-
fects of an individual weatment, i.¢.. fertilizer,
on alpha-cellulose and holooellulose content
(Zobel et al. 1961), research is lacking on the

ning, and pruning on the alcohol-benzene, hot-
waler, and ether extractive contents along with
Klason lignin, holocellulose, and alpha-cellu-
lose contents of 12-year-old loblolly pine in-
perwood and outerwood. All references 1o plot
ages are actual tree ages, which include the year
before hifting and outplanting of seedlings.

PROCEDURES
Planiation sampiing

The 12-year-old loblolly pine plots used in
this study are located on & previous agricul-
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tural pasture ot the Louisiana State University
Lee Memorial Forest i southeastern Louis-
fana's Washington Parish. The site is located
wtapproximately 30°52'N lutitude and 89°59'W
longitude and is & good sile for growth of Job-
lofly pine because of the milder winters, more
fertile soil, and longer growing seusons. The
sotl on this particular plot is a Ruston fine
sandy Joam (finc-loamy, siliceous, thermic
Typic Paleudults) (USDA Soil Conservation
Service 1991). The soil is well dramed with 4
pH of 4,549 (Burms o1 al. 1985). The site
index is 100 feet at age SO (Bums 1982). Ge-
ncticafly unaltered (1-0) scedlings were grown
using seed collected from natural loblolly stands
located in Lowisiana and were planted on each
one-hectare (ha) plotat 1.82 m x 182 m spac-
ings.

The study consisted of four main plots, each
comprising | ha. The four main plots were
randomly assigned one of four levels of stand
density at the time of establishment (2470;
1,976, 1,482, and 988 trees per ha). At a stand
age of 9 years, silvicultural treauments were
assigned 10 0, 50-ha subplots on all main plots.
The fertilizer treatments (222 kg per ha of
granular urea (45% nitrogen), superphosphate
(53.4% available P,0O,), and muriate of potash
(60% available K.O) were randomly assigned
10 cither 1he cast or west haif of each subplot,
und the pruming treatment was randomly se-
lected 1o be applied to either the north or south
half of each subplot (Fig. 1), Pruning trent-
ments were performed simultaneousky with the
fertilization treatments and simply consisted
of manually removing all live brunches along
the bolo up to 10 m below the live crown. The
cultural treatments in the ninth yeur were all
performed within a Muday period,

From each experimental unit (0.25 ha sub.
plot) (Fig. 1), 10 wrees were randomly selocted,
and an over-sized increment borer 10 mm in
diameter was used 10 take o sample at breast
height, Increment cores were immediely
wrapped in plastic to prevent mossture hoss,

into mnerwood (growth rings 1-6) and outer-
wood (growth rings 7-12).
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Fig. 1, Split-plot srrangement of fertliention and
peuming treatments for each main plot. There was one
onaan phot for cach Jevel of stand density (Le., 2470, 1,976,
1,452, and 988 trees per ha)

Labwratory experimentation

Chemical constituent values were obtained
using the following test procedures: 1) alcohol-
benzene extractive content (ASTM D 1105
84), 2) hot-water extractive content (ASTM
1110-84), 3) ether extractive content (ASTM
1 108-84), Klason lignin content (D 1106-84),
holocellulose content (ASTM D 1104-56), al-
pha-cellulose comtent (ASTM D 1103-60)
(ASTM 1982, 1993),

The statistical analysis was conducted using
SAS programming methods (SAS 1989) in
conjunction with analysis of variance (AOV)
techniques (Steel and Torrie 1980; Box ef al.
1978). The significance of each factor and fac-
tor interactions were determined at the a =~
0.05 level using Type 11l Sum of Squares. In
order to test the treatment effects on the chem-
1cal composition of wood, a split-plot arrange-
ment was established to provide four thinning
weatments (e, 2,470; 1,976; 1,482; and 988
trees per ha) as whole plot factors with levels
of fertilizer (fertilized and unferulized) and
pruning (pruncd and unpruned) as subplot fac-

tors.
RESULTS AND DISCUSSION

Extractives (extraneous material)

Chemical property values of |2-year-old
loblolly pine wood are summarized in Tables
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1-2. The extractive contents for each method
of determination are summarized for each cul-
tural treatment in Table |, Duncan's mean
separation letters associated with levels of sig-
nificance arc listed in all tables.

Fertilization resulted in a significantly lower
alocohol-benzene and ether extractive content
but did not significantly affect hot-water ex-
tractives (Table 1). Our values are near those
reported by Max (1945) for alcohol-benzenc
(2.76%) and hot-water (1.24%) on green lob-
lolly pine wood. However, Max (1945) found
a much greater value for ether extractives of
1.83%. It is interesting to note that our value
for innerwood (6.83%) is much greater than
that reporied by Max (1945) even though our
wood was scasoned (air-dried) prior to extrac-
uon, which typically reduces the smount of
cxtractives removed by alcohol-benzene or
ether. Pettersen (1984) reported the following
mean extractive contents for loblolly pine: 1%
NaOH (11%), hot-water {(2%), and alcohol-
benzene (3%).

The results for the pruning treatment were
mixed, Pruning resulted in insignificantly less
hot-water extractives and significantly less al-
cohol-benzene extractives. However, pruning
led to insignificantly more ether extractives
(Table 1),
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A slight association between trees per ha and
extruclive content is evident in the stand den-
sity treatments. For cther extractives, there is
2 continuous decrease in extractives with de-
creasing trees per ha (Table 1), However, the
range of mean values is smafl (0.18-0.47), The
hot-water and akcobol-benzene extractives both
showed the following rank for thinning effect
(2470 > 1,482 > 988 > 1,976) (Table 1).
These results are interesting since Krnmer and
Kozlowski (1979) found extractives to be
products of metabolic growth, Hence, treat-
ments that incrcase tree growth and vigor
should increase extractive content, However,
this hypothesis was not proven in this study,
In general, plots of 2,470 trees per ha yielded
wood with the highest extractive content (Ta-
ble 1).

As expecied, the hot-water and alcohol-ben-
zene extractive conteats were significantly
mhwmmmm
ference in southem pine heartwood and sap-
wood extractive content has been well docu-
mented (River and Fleck 1926; Wahlenberg
1960, Poscy and Robinson 1969: McMillin
1968). Sarprisingly, the values were the same
(0.41) for ether extractives,

Non-extraneous material

Fertilization served to significantly lower the
mean Klason lignin content from 75.52% for
unfertilized to 73.30% for the fertslired plots,
There was not & significant difference between
fertilized and unfertilizod plots for holocellu-
lose and alpha-cellulose (Table 2), Zobel et al.
(1961 ) also fuiled 10 find a sigmficant difference
between heavily and moderately fertilized 25-
year-old loblolly pine plantations and a control
plantation with regards to both waser-resistant
carbohydrates, “holocellulose,” and alpha-cel-
Iulose. Pettersen (1984) reporied the following
mean carbohydrate contents: holocellulose
(68%), alpha cellulose (45%), and Klason lignin
(27%).

There was not a sigaificant difference be-
tween pruned and unpruned plots for Klason
lignin, holocellulose, or alpha-cellulose con-
tent. The thinning treatment showed mixed
results with regards 1o Klason lignin, holocel-
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lulose, and alpha-cellulose (Table 2). There ap-
pears 1o be no association between stand den-
sity and Klason lignin, holocellulose, and al-
ph-cdlulooeva)ua‘rbewnfulm(u
all three chemical properties was very small,
and no single thinning treatment was signifi-
cantly superior for improving any chemical

As expected, outerwpod values were signif-
icantly higher than innerwood for Klason lig-
nin, holocellulose, and alpha-cellulose. There
is a relationship between wood density and the
structural cell-wall material (i.e.. holocellulose
and alpha-cellulose) (Panshin and deZecuw
1980). Also, in addition to forming a majority
of the middlc lamells. lignin is intimately as-
sociated with cellulose and adds rigidity to the
cell (Haygreen and Bowyer 1989),

Koch (1972) attnbuted the changes in poly-
saccharide content across roe diameter to the
peesence of juvenile wood, Many researchers
have also found that loblelly pine outerwood
posscsses more holocellulose and alpha-cel-
lulose than innerwood (Byrd et al. 1965
McMillin 1968; Stamm and Sanders 1966, Zo-
bel and McElwee 1958; Zobel et al. 1966).

CONCLUSIONS

(1) Fertilization was found to result in a sig-
nificant decrease in alcohol-benzene and ether
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extractive contents and Klason lignin contents.
However, fertilization did not affect hot-water
extractive, holocellulose, or alpha-cellulose
conients,

{2) Pruning had an insignificant effect on all
chemical properties except alcohol-benzene
extractive content, which decreased signifi-
cantly in the prunsd trees,

(3) Plots with the most trees per ha (2,470)
gave the highest mean extractive gontent for
all three methods of determination, but this
level was uniguely and significantly greater for
only the alcohol-benzene test. Stand density
did not appear 1o be consistently related to
lower or higher Klason lignin, holocellulose,
and alpha-cellulese mean values,

(4} In regards to outerwood/ innerwood dif-
ferences, this study has shown an increased
amouni of alcohol-benzene and hot-water ex-
traciive contents in innerwood and a greater
amount of Klason lignin and polvsaccharides
in the outerwood region.
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