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INTROGUCTION

Loblolly pine is the principal timber species
in the South for a variety of wood-based prod-
ucts, Consequently, numerous investigations
have been conducted to assess its chemical
propertizs. Southern yellow pine plantations
presenily make up one-third of the acreape in
pine forests but are projected to account for
565 of all pins stands by the year 2000. By
2050, plantations are expectsd to make up
two-thirds of the South's pine foresis (Brown
and McWilliams 1990), Consequently, re-
searchers have addressed the effect of various
silviculural practices on selecied chemical
properties of weoed. Zobel et &l (1961) ad-
dressed the effect of fenilizer on the alpha-
cellulose and holocellulose contents of loblol-
ly pine wood. More recent ressarch by Shupe
et al. (1995) investigated the individual and
interactive effects of fertilization, thinning,
and pruning on the extractive content, Klason
lignin, holocellulose, and alpha-cellulese con-
tents of 12-year-old loblolly pine innerwood
and owterwood.

The chjectives of this study were to expand
the smdy by Shupe et al. {1995), which was
on 12-year-old loblolly pine trees, and to ad-
dress the cffect of various silvicultural treat-
ments on the chemical properties of older lob-
lolly pine teees, Specifically, the objectives of
this study were: (1) to determing the effect of
five different silvicultural strategies on the
chemical composition of loblolly pine wood,
and (2) to evaluate the differences in the
chemical composition of loblolly pine inner-
wood and outerwood.
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PROCEDURES
Plantation sampling

Five representative trees each from five sil-
viculturally different loblolly pine (Pinus fae-
der L) stands prowing near Crossett, AR, wers
harvested and bucked into peeler bolis, A
summary of basic stand information is pre-
sented in Table 1. All stands are described in
detail by Baker and Bishop (1986). Three of
the sibvicultural regimes were even-aged and
consisted of stand 1 (sudden sawlog), stand 2
{conventiomal), and stand 3 (natural regenera-
tion). The sudden sawlog and conventional
stands were the only true plantations included
in the study. The uneven-aged stand investi-
gated was subdivided into two trec age cless-
s, Le., stand 4 (single tree selection) and stand
5 {crop trees).

The aven-aged stands can be described as
follows, Stand 1 (sudden sawlog) was har-
vested at age 48 and was subjected to green
pruning and biennial mowing, The goal of a
sudden sawlog silvicultural steategy is to pro-
duce trees of sawlog dimension as rapidly as
possible. Stand 2 (conventional) was 48 years
old at harvest and was moderately thinned. It
was never pruned or treated for onderstory
comtral. This stand is typical of many pine
stands throughout the South. Stand 3 (natoral
regeneration} was 47 w0 49 years old. These
trecs were naturally regenerated and were nev-
er subjected to thinning, pruning, or understoe-
ry control,

The mature, uneven-aged site had been un-
der selection management for 50 years. During

Tanik 1. Besic swnd yfoomation mean valies af the five farcosted Tablafly pine trees from the five stends growing
near Croseett, AR, Flve troes were hervested frone el stand.
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this time, two age-classes of trees developed,
Stand 4 (single-tree selection) included 47- to
Sl-year-old dominant and codominant tress,
Stand 3 (crop trees) was 77 to 85 years old
and was harvested from the same stand as the
single-trea selection. These two groups are
hereafter referred to as separate stands for sim-
plicity even though both were actually grow-
ing together. The crop trees (stand 5} had been
left uneut by all previous thinning operations
and were easily separated from the single tres
selection group (stand 4) based on size.

This study was done in conjunction with
other veneer-based studizs. Conscquently, the
bolts were rotary-peeled by Hont Plywood at
Pollock, LA, to appreximately 137 cm ¥ 249
cm at a target thickness of 03175 em. The
venesr was coded aceording to stand, tree
number, and bolt number as it was peeled. The
veneer was dried commercially to a moisture
content (MC) of 6-8%, transported to the
USDA-Forest Service, Southern Research Sta-
tion in Pineville, LA, stored in a controlled
environment of T2°F and 36% relative humid-
ity (RH), and graded by an APA-The Engi-
nesred Wood Association veneer grader.

Venger sampling was limited oo the bontom
two pesler bolts for all stands, Innerwood was
considered the last ten veneer sheets removed
from a pesler bolt, and outerwood was treated
as the first ten sheets peeled from a bolt. All
bolts were peeled to a final dameter of 7.62
cm. Therefore, our innerwood was considered
to be entirely juvenile wood and heartwood,
and the cuterwood was clearly in the sapwood
zome. Clear wood that passed through a labo-
ratory Wiley Mill until it would pass through
a Mo, 40 mesh sieve yet also be retained on a
Mo. 60 mesh sieve was used for chemical

property testing,.

Laboratory experimentation and data
analysis

Chemical constitnent values were ohtained
using the following test procedures; (1} aleo-
hol-benzene extractive content (ASTM D
1105-84), (2) hol-water extractive content

TabLe 2. Swwraarized means af lablally pine anfervood
anid innerwond alcoliol-benzene, e, wnd hotwaier e
tractive comlents fram five different silvicwliral trear
AL

Exaaniive coatem (5]

Alcoank- Wt
i —woad e ‘bz Etluer wiET Tistal
l—Omterwood 4532 4% 0504 397A  20DA
2—hubarwond 4034 D42 A 3934 HR3Ea
3—harerwond 1B 039A 335B TU3B
24— Chaterwcod 258C 041A 32IB G2IB
Se—Daterwoad 250C  040A JI5B G05B
1—Inperwood 608A  053A 301A 12524
2—Innerwocd GO2A  O55A 4TSN 12224
F—Anmerwinsd 5498 042Aa 3EZAa 973B
d—Inmerwosd 53ZB 041A 3FIE 926B
S—Innerwood 513B 039A 3I3E 8ESC

Vsmad | = Sadden sawlop. Stased 2 = Corvertioral. Stand 3 = Noarsd
regeneration, Stanad 4 = Slaght iree selection. Susd 5 8 Crop reet.

* Requesens the mean of |1 ramples.

T iikin alibor wood Cipe groopieg, sesm foloscd By ko dame lotizm
indicare ps dgeiicenl differesce aaias batwsan misos for o pen kol poop.
any seconding v 1he Tokey mean separsiion p Jore. Signi i
wert declired 2l o = (L05 The grmping A7 poelaing 0 tha groip vtk tie
Bipes mess vl B 1 tke grosp sith the woond bigheni men valms, and
T te the dhinl highes meon walies,

(ASTM 1110-84), (3) ether extractive content
{ASTM 1108-84), (4) Klason lgnin content
(D 1106-84), (5) holoceliulose content { ASTM
D 1104-56), and (6) alpha-cellulose content
(ASTM D 1103-600 (ASTM 1982, 1993).

The statistical analysis was conducted wsing
SAS programming methods (SAS [989) in
conjunction with analysis of variance (AOWV)
technigues (Steel and Torrie 1980; Box et al,
1978). The significance of each factor and fac-
tor interactions were deterrmined at the o =
005 level using Type III Sum of Squares, Tt
was determined that samples were normally
distributed with different means and with a
COmmon variance.

RESULTS ANMD DISCUSSION
Extractives (extrancons material)

Extractive content values ohtained by three
methods using innerwood and outerwood
from the five silviculturally different stands
are presented in Table 2. Tukey's mean sepa-
ration lemers are listed next to each mean val-
ue.
In the outerwood region, stand [ (sudden
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sawlog) and stand 2 {conventional) gave sig-
nificantly higher alcohol-benzene and hot-wa-
ter extractive contents than the slower grown
rees from stand 3 (nateral), stand 4 (single
trea), and stand 5 (crop wee), Mean ether ex-
ractive content values ranged from 0.39%-
0.50% and showed no significant differences
(Table 2). These findings are comparable with
those of Shupe et al. (1996}, who found mean
outerwood extractive values of 2.90%, 0.41%,
and 3.18% for alcohol-benzene, ether, and hot
water, respectively.

& similar pattern was detected for inner-
wood extractive contents, Again, stand | {sud-
den sawlog) and stand 2 (conventional) gave
significantly greater aleohel-benzene and hot-
water extractives. Stand 3 (natural) gave a sia-
tistically similar mean value to stand 1 (sud-
den sawlog) and stand 2 (conventional) for
hot-water extractives, Mo differences were de-
tected for ether extractives due to the small
range {0.39%-0.55%).

Our values are preater than those reported
by Max (1945) for alcohol-benzene (2.76%)
and hot water (1.249%) on green loblolly pinz
wood, However, Max (1945) found a much
greater value for ether extractives of 1.83%. It
is interesting to note that all of our values for
innerwood are much greater than those re-
ported by Max (1945) even though our wood
was dried prior to extraction, which typically
meduces the amount of extractives remaved by
the alechol-benzene or ether extraction meth-
ods. Petersen (1984) reported the following
mean extractive contents for loblolly pine: 1%
MNaOH (119}, hot water {24%), and alcohol-
benzene (3%},

Our findings regarding higher extractive
contents for stand 1 (sudden sawlog) and stand
2 {comventional) are logical becavse Kramer
and Kozlowski (1979) have shown that ex-
tractives are products of metabolic tree
growth, Therefore, silvieultural treatments that
serve o increase tee growth and vigor should
increase the extractive content. This hypothe-
sis was not directly tested in owr study, but it
appears to be valid in this study because stand
1 (sudden sawlog) and stand 2 {conventional)

were the only plantations sampled and were
aetively managed for rapid growth. In general,
Shuope et al. (1996 found this hypothesis not
o be true because they found minimal and in-
consistent differences due to fertilization,
pruning, and stend density wsing the same
three methods of determination of extractive
content.

As expected, the hot water and alechol-ben-
rene extractive contents were significanily
greater in innerwood than outerwood. Nati-
rally, the innerwood wood type contained a
higher percentage of extractives than the out-
erwood wood type. The difference in southern
pine heartwood (high extractive concentration)
and sapwood (low extractive concentration)
exiraciive content has been well documented
{Ritter and Fleck 1926; Wahlenberg 1960 Po-
sey and Robinson 1969; McMillin 1968; Hillis
1987). The mean values for ether extractives
showed little variation between innerwood and
outerwood in this study and alse in the Shupe
el al. (1996) sdy,

Nowextraneous material

The mean Klason lignin, holocellulose, and
alpha-cellulose contents obwained from the in-
nerwood and outerwoad portions of five sil-
viculturally differsnt stands are presented in
Table 3. In contrast to the extractive content
findings, the slower-grown stands gave higher
mean valugs for both mnerwood and outer-
wood. Specifically, stand 4 (single tree) and
stand 5 (crop trez} yielded significantly higher
mean values for holocellulose and alpha-cel-
lulose for both innerwood and outerwond
wood types. Holocellulose values ranged from
70.379%—74.53% for outerwood and showed
no significant differences between the stands.
In the innerwood region, stand 4 {single tree)
and stand 5 (crop tree) yielded significantly
less holocellulose than the other stands. The
lower holocellulose content was expected
since these stands (4 and 5) gave compard-
tively higher values for Klason lignin. The
procedures used allow for a summative anal-
wais of total polyssccharide and non-polysac-
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charide structural material. On an oven-dned
wood basis, the holocellulose and Klaoon lig-
nin contents should sum to 1005 bt can vary
due 10 the alcohol-benzene extractive content
and the destructive nature of the testing
(Shupe 1993),

Most growth-accelermting silviculiursl treas-
memix feported in the literature have fadled 10
stgmificantly (nfuence Klason hignin, holocel-
lulose, or alpha-cellalose. However, Shupe of
al. (1996) did find a significantly higher Kla-
soa lignin content with wood from & fertilized
plot than from an unfestifized plot. Zobel et al.
(1961) faaled 10 detect n significant difference
between heavily and moderasely festilized
25-yearold loblaolly pise plantations and a
control plantation for water-reststant carbobiy-
drates, “holocellulose,” and alpha-cellalose.
Moteover, Shupe et ul. (1996) found fentiliza
tion and peuming 1o have an insignificant effect
and stand demsity 1o have 5 manimad offect on
holocellulose and alpha-cellalose. Therefore,
we cun cooclude that most forms of silvicul-
tural manipulation have & minimal effect on
the noncxtrancous contest of loblolly pine

wood. The concentration of holocellulose and
alpha-cellulose fends 10 closely paraliel the
satural increase i wood density from pith to
bark as described by Megraw (1985), As wood
specific gravity incresses dusing the juvenile
period, so will the holocellulose and alpha-cel-
lulose concentration because these
are the primary constituents of he cell wall.
We found lower values in innerwood for
Klason lignin end slpha-cellulose. Many pro-
vious investigations have found that Joblolly
pne outerwood possesses mote holocellulose
and thas inperwood (Byrd et
al. 1965; McMillin 1968; Stamm and Sanders
1966; Zobel ared McEiwee 1958, Zobel ef al.
1966). These differences hetween Innerwood

located largely in the owterwood region. The
density of wood s determined by the amount
of structural cell-wall material present. There-
fore, since juvenile wood ix Jess dense than
wood, # follows that it slso contains
holocellulose and alpha-cellalose than
mature wood.

d

CONCLERIONS

This rescacch was itiated 10 determine the

(1) Sumds that have been managed using
Mm;mnuﬂm
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wood), which is produced after tree growth
and vigor have declined.

(3} Holecellulose and zlpha-cellulose are
minimally affected by silvicultural strategies.
The concentration of thess chemicals mimics
the natural pattern of wood density from pith
1o bark. Thercfare, any cultural treatment that
affects this natural pattern will be manifested
in the polysaccharide content.

(4) Klason lignin showed an inverse rela-
tionship with holocellulose. This is logical
singe the total polysaccharide and pon-poly-
saccharide structural marerial should sum to
100%. Therefore, an incresse in holocellulose
will cause a decresse in Klason lignin,
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