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PREFACE 

The Problem 

Planta t ions  current ly  comprise one-third of the  pine fo r e s t  a rea  i n  the 
South, but  contr ibute  only about 15 percent of m i l l  furnish  i n  the  region. By 
the  year 2000, only a decade away, the  area  of pine planta t ions  w i l l  increase 
modestly, but  they w i l l  by then provide about 50 percent of the  South's 
softwood f i b e r  supplies.  A t  t he  very l e a s t ,  t h i s  s u b s t m t i a l  s h i f t  i n  our 
resource base w i l l  require  us t o  make rapid technological and market 
adaptations.  Greater impacts of the  change could be re f lec ted  i n  poorer wood 
qua l i t y ,  reduced product y ie lds  from planta t ion wood, adverse e f f e c t s  on so l i d  
wood and f i b e r  products, and l o s s  of market share t o  other  wood-producing 
regions o r  t o  nonwood products. 

This subs t an t i a l ,  rapid change i n  our resource base should mandate 
immediate s t r a t e g i c  planning and research. I f  the South is t o  r e t a i n  its 
competitive advantage and its market share i n  softwood-based industry ,  w e  must 
assess  the  impacts of the  changing resource on our manufacturing processes. A 
cooperative e f f o r t  is  needed t o  gain s c i e n t i f i c  knowledge of growth and 
u t i l i z a t i o n  of p lanta t ion wood, t o  develop regional s t r a t e g i c  plans t o  develop 
and implement new manufacturing and fo r e s t  management technology, and t o  
produce and market goods t ha t  take advantage of our resource. Most o ther  major 
w ~ r l d  softwood producers--the Pac i f ic  Northwest, B r i t i sh  Columbia, and New 
Zealand--have developed integrated research and planning e f f o r t s  t o  deal with 
t h e i r  second-growth softwood resources. The South should do the  same now. 

The Workshop 

S c i e n t i s t s ,  manufacturers and fo r e s t  managers were inv i ted  t o  t h i s  workshop 
t o  i den t i fy  the  problems and opportunit ies associated with the changing 
southern pine resource base. Attendees par t ic ipated i n  commodity group 
sessions t o  iden t i fy  information needs t h a t  may then be used t o  guide fo r e s t  
management and manufacturing research associated with the  pine planta t ion 
resources. 

These proceedings contain overview papers presented a t  the  workshop and the  
recommended research information needs iden t i f i ed  i n  each group session.  It is 
hoped t h a t  t h i s  workshop w i l l  serve a s  the  bas i s  f o r  fu tu re  in tegrated research 
and planning e f f o r t s  f o r  the  southern softwood industry.  
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PINE STANDS ACROSS W E  S O m  - DS AND PROJECTIONS 

Mark J. Brown and William W. HeWilliams 1 

Abstract.--Across t h e  South, 61.9 mil l ion  acres were c l a s s i f i e d  as pine 
management types i n  1985. One-third o f  these acres were pine planta t ions .  
P lan ta t ions  have s t e a d i l y  increased i n  area dur ing the  last t h r e e  decades, and 
t h i s  t rend is expected t o  esca la te .  Rates of change i n  t h e  p l a n t a t i o n  resource 
d i f f e r  by ownership, On a l l  ownerships t h e  area of  n a t u r a l  p ine  s tands  is 
decreasing,  mainly because of  conversion t o  p lan ta t ions  a f t e r  harvest .  Stand-age 
p r o f i l e s  suggest  t h a t  a younger p ine  resource is developing. I n  1985, 
p lan ta t ions  accounted f o r  one-f i f th  of t h e  softwood volume i n  p ine  s tands .  This 
proport ion should inc rease  dramatical ly as more p lan ta t ions  reach merchantable 
s i z e .  Softwood removals from p lan ta t ions  accounted f o r  one-sixth of t h e  removals 
from pine  s tands  and are a l s o  expected t o  inc rease  rapidly.  Southeast  Georgia 
and Northeast F lo r ida  are characterized by very high concentrat ions of  planta-  
t i o n s .  This a r e a  provides i n s i g h t  i n t o  important resource changes which w i l l  
l i k e l y  develop across  t h e  Southern Coastal P l a i n  and por t ions  o f  t h e  Piedmont, 
The diameter d i s t r i b u t i o n s  o f  both inventory volume and recen t  removals from pine  
p lan ta t ions  suggest t h a t  wood suppl ies  w i l l  probably be s u b s t a n t i a l l y  smaller  
than n a t u r a l  p ine  suppl ies  unless r o t a t i o n  lengths  a r e  ra ised .  

A s  we move toward the  21st  century, t h e  South 's  p ine  resource is changing 
rapidly .  The changes a r e  not  confined t o  dec l ines  i n  a rea  o r  s h i f t s  i n  
ownership pa t t e rns .  The a c t u a l  composition o f  p ine  s tands  is evolving toward 
p lan ta t ion  dominance. Since p lan ta t ion  pines  conta in  more juvenile wood than do 
na tu ra l  p ines ,  s i g n i f i c a n t  impacts on the  wood processing indus t ry  could l i e  
ahead. I n  t h i s  paper we analyze changes i n  t h e  South 's  p ine  resource. 

I n  analyzing the  pine resource, w e  could look a t  t o t a l  softwood volumes by 
individual  species  regardless  of  f o r e s t  type o r  w e  could focus only on those 
s tands  where p ines  make up a majori ty of t h e  stocking--the p ine  f o r e s t  types. 
We have chosen t o  do t h e  l a t t e r  and t o  separa te  planted pine  s tands  from na tu ra l  
pine s tands .  

This paper r epor t s  a reas ,  volumes, and removals i n  p ine  s tands  o f  the  
South, A s  r e fe r red  t o  here ,  t h e  South includes t h e  12 Southeastern and South 
Central  S ta tes .  However, only t h e  timber producing regions of  Oklahoma and 
Texas a r e  included. We w i l l  compare both planted and n a t u r a l  s t ands  by 
ownership c l a s s ,  

We look a t  cur ren t  f igures ,  p a s t  t rends ,  and f u t u r e  projec t ions .  Final ly ,  
w e  focus on an a rea  of  the  South with a very high proport ion o f  timberland i n  
p lan ta t ions  f o r  some i n s i g h t  i n t o  the  fu tu re  complexion of t h e  p ine  resource. 

' ~ u t h o r s  a r e  research f o r e s t e r s  with the  Southeastern Forest  Experiment 
S t a t i o n ,  Ashevil le ,  NC, and the  Southern Forest  Experiment S ta t ion .  S t a r k v i l l e .  
MS. respect ively .  



SOUTHWIDE CONDITIONS 

Most of the  d a t a  and projec t ions  presented here were developed f o r  the  
"South's Fourth Forest"  publ ica t ion (U.S. Department of  Agriculture 1988). 
Three main models were used t o  make the  projec t ions  i n  t h e  "South's Fourth 
Forest"  (McWillims 1987). The Southern Area Model (SAM) was used t o  simulate 
changes i n  timberland a rea  and ownership (Alig 1985). The Timber Resource 
Inventory Model ( T R I M )  was used t o  simulate changes i n  inventory, growth, and 
removals (Tedder e t  a l  1987). The Timber Assessment Market Model ( 
used t o  simulate roundwood harves t  (Adams and Haynes 1980). 

Area 

I n  1985, the  South contained 182 mil l ion  acres  of timberland. Pine types 
account f o r  near ly  62 mi l l ion  of these  ac res ,  o r  about 34 percent  of  the  South's 
timberland. Pine p lan ta t ions  make up one-third of the  a r e a  i n  p ine  types i n  the  
South ( f i g . 1 ) .  

Of the  21 mi l l ion  acres  of planted pine  s tands ,  f o r e s t  indust ry  controls  63 
percent ,  nonindust r ia l  p r iva te  f o r e s t  (NIPF) owners con t ro l  32 percent ,  and the  
publ ic  owners about 5 percent  (Knight 1986). Of the  41 mi l l ion  ac res  i n  na tu ra l  
pine s tands ,  NIPF owners hold 65 percent .  

Figure 2 dep ic t s  the  area  planted t o  pine i n  the  South between 1952 and 
1988. Not u n t i l  1983 did  we exceed p lan ta t ion  establishment r a t e s  of the  s o i l  
bank e r a .  Since then,  new records have been s e t  each year  and have exceeded 2 
mi l l ion  acres f o r  4 years i n  a row. Also, the re  has been a 34 percent  increase 
i n  p lan t ing  r a t e s  s i n c e  1985. Note t h a t  these  numbers do not  r e f l e c t  p lanta t ion 
f a i l u r e  and may include some replant ing.  

The a rea  of p ine  p lan ta t ions  by S t a t e  va r ies  widely across  the  South. 
Georgia has more p ine  p lan ta t ions  than any other  Southern S t a t e  with 4.3 mi l l ion  
acres .  F lor ida  i s  next  with 3.6 mi l l ion  ac res ,  followed by Alabama with 2.4 
mi l l ion  acres .  Tennessee has the  least acreage i n  p lan ta t ions  with less than 
one-half mi l l ion .  

Pine p lan ta t ions  present ly  make up one-third of the  acreage i n  p ine  types, 
but a r e  projected t o  account f o r  56 percent  of a l l  pine s tands  by the  year 
2000. By 2030, p lan ta t ions  a r e  expected t o  make up two-thirds of the  South 's  
pine types ( f i g .  3 ) .  Acreage of na tu ra l  pine is projec ted  t o  f a l l  t o  about 23 
mi l l ion  acres  by 2030 and planted pine t o  increase  t o  48 mi l l ion  ac res  by then. 
Although acreage i n  n a t u r a l  pine s tands  is  decl in ing rap id ly ,  t h e  combined a rea  
of planted and n a t u r a l  pine timberland is s t a b l e  and w i l l  l i k e l y  increase  from 
1985 on. Future gains  a r e  expected t o  come from conversion of a reas  present ly  
i n  oak-pine and hardwood types. 

The replacement of na tu ra l  p ine  s tands  with pine p lan ta t ions  is  a trend t h a t  
is  evident  i n  each major ownership category. On f o r e s t  indust ry  land the  t o t a l  
a rea  i n  pine s tands  has increased t o  22 mi l l ion  acres  and i s  expected t o  
continue t o  increase  beyond 2000 before slowing. I n  1985, 60 percent  of f o r e s t  
i n d u s t r y ' s  pine s tands  were already i n  p ine  p lanta t ions .  By 2000, t h i s  
proportion is  projected t o  reach 83 percent.  By 2030, 89 percent  of  f o r e s t  
indus t ry ' s  pine s tands  should be i n  p lanta t ions .  
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Figure 2.--Acres planted annually i n  the South, by year. 
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Figure  3.--Area of p l a n t e d  and natural  p i n e  s t a n d s  i n  t h e  South,  t r e n d s  and p r o j e c t i o n s .  



On NIPF timberland, the  t o t a l  a rea  i n  pine stands has declined s tead i ly  from 
1952 u n t i l  1985 and now t o t a l s  33 mil l ion acres.  Acres of NIPF pine stands a r e  
projected t o  l eve l  o f f  and remain f a i r l y  s t a b l e  from now through 2030. However. 
the  proportion of these pine s tands  i n  planta t ions  is projected t o  continue in-  
creasing beyond year 2000 before level ing o f f .  Pine planta t ions  currently make 
up 20 percent of the  NIPF pine stands.  By 2000, t h i s  proportion should reach 41 
percent. By 2030, they should account f o r  54 percent of the  NIPF pine stands. 

On public timberland, the  t o t a l  area i n  pine types has changed l i t t l e ,  and 
now t o t a l s  6.6 mil l ion acres.  This area  is expected t o  remain f a i r l y  s t ab l e  
throughout the  project ion period. Pine planta t ions  current ly  occupy only 18 
percent of pine stands on public land. They are expected t o  reach about 41  
percent by 2030. 

From 1952 u n t i l  1970, the  a rea  of p lanta t ions  es tabl ished was about equal 
f o r  f o r e s t  industry and NIPF ownerships. Since then, f o r e s t  industry has 
exceeded NIPF planta t ion establishment, and the  current  industry t o t a l  of 13.2 
mill ion acres  is double the  NIPF area  i n  planta t ions .  Between now and the year 
2000, l a rge  increases i n  planta t ion establishment a r e  projected f o r  NIPF and 
f o r e s t  industry land. Between now and 2030, f o r e s t  industry is expected t o  
continue t o  have the most acreage i n  pine planta t ions .  Its planta t ion acreage is 
projected t o  reach 27 mill ion acres  by 2030. A t  t h a t  time, NIPF ownerships are 
expected t o  have 19 mill ion acres  i n  plantations.  Public lands a r e  projected t o  
have l e s s  than 3 mill ion acres  i n  pine planta t ions  by 2030. 

Some 39 percent of a l l  pine planta t ions  across the  South a r e  l e s s  than 10 
years o ld ,  and 74 percent a r e  less than 20 years old  (Knight 1986). Only about 
3 percent of the  pine planta t ions  i n  the  South a r e  more than 30 years old. 
Forest industry has 68 percent of a l l  pine planta t ions  under 20 years old. 

Volume 

In  1985, softwood inventory volume i n  the  South to ta led  102 b i l l i o n  cubic 
f ee t .  Of t h i s ,  72 b i l l i o n  cubic f e e t  were i n  pine f o r e s t  types, Nineteen 
percent of the  softwood volume i n  pine fo r e s t  types was i n  pine planta t ions  
(13.6 b i l l i o n  cubic f e e t ) .  I n  contras t  t o  the projected increases i n  t o t a l  area  
of pine s tands ,  the long upward climb i n  softwood volume on pine stands has 
ended and is  projected t o  decline through year 2000 before turning up again. It 
doesn' t  regain 1985 l eve l s  u n t i l  2030 ( f i g .  4 ) .  This decl ine  is re la ted  t o  
declines i n  t o t a l  area  of timberland, pa r t i cu l a r l y  on NIPF land, and conversion 
of o lder  na tura l  stands t o  young pine planta t ions .  Pine planta t ions  a r e  
projected t o  contain 48 percent of the  softwood volume i n  pine stands by year 
2000, and as  much a s  73 percent by 2030. 

Removals 

The South has recently supplied an average of 5.4 b i l l i o n  cubic f e e t  of 
t o t a l  softwood removals each year. Softwood volume from pine stands accounted 
f o r  76 percent,  o r  4.1 b i l l i o n  cubic f e e t ,  of t h i s  t o t a l .  Pine planta t ions  
provided 18 percent of the  softwood volume removed from these pine stands.  
Softwood removals from pine stands have generally increased between 1952 and 
1985. They a r e  a l so  projected t o  continue a steady increase throughout most of 
the  projection period. Softwood removals from natural  pine stands w i l l  continue 
t o  decline as  these stands a r e  replaced a f t e r  harvest  by planta t ions .  By year 
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Figure 4.--Softwood volume i n  planted and natural pine stands o f  the South, trends and projections. 



2000. p lan ta t ion  wood w i l l  supply 54 percent of the  softwood removed from pine 
stands ( f i g .  5 ) .  The proportion of pine cu t  from planta t ions  is expected t o  
jump t o  69 percent i n  2010 and reach 74 percent by 2020. 

SOWMST GEORGIA - NORmWT FLORIDA 

Planta t ion establishment is not uniform across t he  South. Mapping 
planta t ion acreage as a proportion of timberland i n  Southern counties provides 
an excel lent  impression of where these stands a r e  located ( f i g .  6 ) .  Counties 
with a t  least 25 percent of t h e i r  t o t a l  timberland i n  pine planta t ions  are 
concentrated i n  southeast  Georgia and northeast  Florida.  The complexion of the  
pine resource i n  t h i s  region already approaches t he  condit ions projected 
Southwide by t he  year 2000 and beyond. We w i l l  focus on t he  area.  volume, and 
removal s t a t i s t i c s  f o r  t h i s  region (Brown 1987 and Johnson 1988) as our window 
t o  the  future .  

Area 

Southeast Georgia and northeast  Florida contain 4.9 mil l ion acres  of planted 
pine and 2.8 mil l ion acres  of na tura l  pine ( f i g .  7 ) .  Sixty-three percent of 
t h i s  regions timberland is i n  pine planta t ions ,  compared t o  one-third 
Southwide. Forest  industry controls  nearly two-thirds of the  planta t ions  and 
NIPF owners have 61 percent of the  natural  pine stands i n  t h i s  region. 

Table 1 shows pine stands i n  the  region by stand-age c lasses .  Although 
there  is subs tan t ia l  acreage i n  the  no manageable stand category, many of these 
acres  were recent ly  harvested and are i n  need of site preparation and 
regeneration. Pine planta t ions  account f o r  93 percent of a l l  pine stands under 
20 years old.  Forty-seven percent of the pine planta t ions  are less than 10 
years o ld ,  compared t o  39 percent f o r  the  whole South. S l i gh t l y  more than 3 
percent of the  planta t ions  are over 30 years old.  The l a t e s t  increases i n  
plant ing on NIPF land a r e  already showing up i n  the  planted 0-10 year age 
c l a s s .  Planta t ions  i n  t h i s  c l a s s  are more than t r i p l e  the  a rea  of NIPF i n  the 
11-20 age c lass .  Note the  reduction i n  a rea  of na tura l  pine stands below 20 
years old .  Most na tura l  pine stands here a r e  more than 30 years old.  Also note 
t h a t  NIPF owners control  most of these na tura l  pine stands.  

Table 1.--Area of timberland in planted and natural pine stands in Southeast 
Georgia/Northeast Florida, by stand-age class, by ownership, 1987. 

Stand Total Ownership 
Age Pine Forest Industry NIPF Public 
Class Planted Natural Planted Natural Planted Natural Planted Natural 
years Thousand Acres 

61+ 0 158.6 0 13.6 0 99.8 0 4 5 . 2  
TOTAL 4905.8 2849.3 3185.9 641.7 1548.2 1738.4 171.7 4 6 9 . 2  

(a) No Manageable Stand 
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Figure 5.--Average annual softwood removals from planted and natural pine stands i n  the South, 

trends and projections. 
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Figure 7 .--Area o f  timberland i n  Southeast Georgia/Northeast Flor ida i n  1987, by managment type. 



Volume 

There are 6.5 b i l l i o n  cubic f e e t  of softwood volume i n  pine stands of 
southeast  Georgia/northeast Florida. Pine planta t ions  current ly  account fo r  44 
percent,  o r  2.9 b i l l i o n  cubic f e e t ,  of t h i s  t o t a l  compared t o  only 19 percent 
Southwide. Figure 8 shows the  diameter d i s t r i bu t i on  of softwood volume fo r  pine 
stands i n  t h i s  region. For pine planta t ions ,  72 percent of the  softwood volume 
is found i n  the  6- and &inch diameter c lasses .  Ninety-one percent of the 
planta t ion volume is i n  diameter c lasses  10 inches and smaller. Softwood volume 
i n  na tura l  pine stands is more evenly d i s t r ibu ted  across a l l  d i m e t e r  c lasses ,  
The 10- and 12-inch diameter c lasses  contain 42 percent of the  na tura l  pine 
stand volume. Almost a l l  softwood volume i n  trees l a rge r  than 14 inches occurs 
i n  the  na tura l  pine stands.  

Removals 

Annual removals of softwood f ro3  pine stands averaged 551 mil l ion cubic f e e t  
i n  southeast  Georgia/northeast Florida. Pine planta t ions  already contribute 45 
percent of these removals versus 16 percent Southwide. The diameter d i s t r ibu-  
t i on  of these removals reveals t ha t  41 percent of the  removals from plantations 
come from the  8-inch diameter c l a s s  alone ( f i g .  9 ) .  I n  addi t ion,  89 percent of 
the  planta t ion removals come from the  10-inch and smaller diameter c lasses .  
Removals from na tura l  pine stands a r e  more evenly d i s t r ibu ted  across the range 
of diameter c lasses ;  the  10-12 inch c lasses  provide 41 percent o r  more than 
two-fifths the  removals from na tura l  pine stands. 

SUMMARY 

What has already transpired i n  the  pine stands of southeast  Georgia and 
northeast  Florida is indicat ive  of the  future  i n  other  pine growing regions of 
the  South. The t o t a l  area  of pine stands i n  southeast  Georgia and northeast  
Florida is already dominated by plantations.  The volume i n  planta t ions  is  
quickly approaching half  the  t o t a l  volume i n  pine stands,  Planta t ions  now 
contr ibute  nearly hal f  of the  removals. Furthermore, almost three-fourths of 
the planta t ion volume is i n  6- and 8-inch t r ee s ,  and 8-inch trees supply 41 
percent of p lanta t ion removals. The s i t ua t i on  i n  t h i s  region confirms a trend 
toward more planta t ion wood and smaller diameter t r e e s .  I f  more juvenile wood 
is not des i rab le ,  a  solut ion would be t o  extend ro ta t ions  and grow l a rge r  logs. 
But t h i s  is  seemingly incompatible with the  projected decl ine  i n  softwood volume 
through year 2000. Industry may have t o  shorten ro ta t ions  and cu t  more from 
its own land temporarily t o  keep its m i l l s  supplied. The emphasis on increased 
use of hardwoods w i l l  ce r ta in ly  have an impact on fu ture  timber suppl ies ,  
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ABSTRACT 

Juveni le  wood has always formed a por t ion of  the  southern p ine  raw 
mate r i a l ,  but  t h e  proport ion has increased a s  the  amount of p lan ta t ion  pine 
with its s h o r t e r  r o t a t i o n  reaches the  pulp m i l l s .  A s  a r e s u l t ,  both pulp and 
paper p roper t i e s  a r e  changed. Paper made from chemical pulp with a high 
content  of juveni le  wood f i b e r  has higher b u r s t ,  t e n s i l e  s t r eng th ,  fo ld  
endurance, shee t  densi ty  and lower t e a r  than paper from pulp with a high 
content  of mature wood f i b e r ;  uniformity of sheet  formation and p r i n t i n g  
c h a r a c t e r i s t i c s  a l s o  improve, Manufacturing c o s t s  increase  as d iges te r  
packing, pulp y i e l d  and byproducts decl ine  and harves t ing c o s t s  increase.  
Thus, the  raw mater ia l  change provides both benef i t s  and l imi ta t ions .  
Procedures f o r  maximizing the  benef i t s  and minimizing the  l i m i t a t i o n s  through 
separa t ion of the  raw mater ia l ,  process manipulation and changing technology 
a r e  described. Although so lu t ions  may be m i l l  s p e c i f i c  f o r  many of the  process 
manipulation techniques, raw mater ia l  separa t ion may be the  b e s t  so lut ion f o r  
most m i l l s .  

INTRODUCTION 

Juveni le  wood has always formed a por t ion  of t h e  raw mate r i a l ,  but  the  
proport ion has increased a s  the  amount of p lan ta t ion  pine with i ts  shor te r  
r o t a t i o n  reaches the  pulp m i l l s .  From 1962 t o  1985, n a t u r a l  pine acreage 
declined 13.5 percent  and p lan ta t ion  pine increased 9.1 percent .  A t  t he  same 
time, na tu ra l  hardwood acreage increased 3.5 percent .  Although hardwoods w i l l  
become increas ingly  important a s  t h e i r  acreage increases ,  t h i s  paper w i l l  
p r imar i ly  consider only the  impact of the  changing pine  resource on paper 
manufacturing and p roper t i e s .  

A s  pointed out  by Semke (1984), almost a l l  commercial pulps from l o b l o l l y  
p ine  already have s i g n i f i c a n t  contents  of juvenile wood f i b e r  (Table 1.). The 
f u t u r e  trend w i l l  be t o  even higher contents .  

&/Fleprinted with permission from the  Forest  Products Research Society/ .  



Table 1,  EFFECT OF TREE AGE ON THE JUVENILE CONTENT 
OF WOOD AND PULP FROM TYPICAL LOBLOLLY PINE TREES 

Juveni 1 e Wood Con tent 

Tree age, years Wood, % Dry W t .  Pulp, % Oven-Dry W t .  

7 5 76 75 
25 50 48 

40 15 14 

From Semke (1984) 

Juveni le  wood is formed i n  t h e  cen te r  of the  stem and usual ly  cons i s t s  of 5 
t o  20 growth r i n g s ,  The number o f  r ings  of  juvenile wood is higher f o r  
longer-l ived spec ies  than f o r  shor t - l ived species.  P lan ta t ion  grown trees with 
t h e i r  accelera ted  growth reach marketable s i z e  a t  an e a r l i e r  age than na tu ra l  
grown pine and the re fo re  contain a higher proport ion of  juveni le  wood. 
Thinnings from p lan ta t ions  younger than about 15 years  o l d  are e s s e n t i a l l y  100 
percent  juvenile wood. The tops  of  trees from both p lan ta t ion  and n a t u r a l  pine 
w i l l  a l s o  be comprised of 100 percent  juvenile wood, 

P r i o r  t o  examining the  e f f e c t s ,  both l i m i t a t i o n s  and b e n e f i t s  of juvenile 
wood on paper manufacturing and p roper t i e s ,  a b r i e f  review of t h e  anatomical, 
chemical and physica l  p roper t i e s  of juvenile wood is appropriate.  

JUVmILE WOOD PROPEBTIES 

The changes t h a t  occur i n  some of t h e  anatomical, chemical and physical  
p roper t i e s  of juveni le  wood with increas ing age a r e  shown i n  Figure 1. Note 
the  s u b s t a n t i a l  and rapid change from the  p i t h  t o  the  mature wood zone. A 
summary of the  anatomical,  chemical and physical  p roper t i e s  of juvenile wood 
follows 

Anatomical Charac te r i s t i c s  

The length ,  diameter, and wall  thickness of juvenile wood c e l l s  a r e  
s i g n i f i c a n t l y  d i f f e r e n t  from mature wood c e l l s ,  Figure 1 i n d i c a t e s  t h e  change 
i n  c e l l  length and wall  thickness from the  p i t h  t o  the  mature wood zone, A 
q u a n t i t a t i v e  ind ica t ion  of the  change is shown i n  Table 2. Note t h a t  the  wood 
source i s  l i s t e d  i n  order  of decreasing juvenile wood content  and the  c e l l  
dimensions increase  with decreasing juvenile wood. 

Within the  c e l l  wal l ,  alpha-cellulose is organized i n  long s t r i n g - l i k e  
s t r u c t u r e s  c a l l e d  mic rof ib r i l s ,  I n  mature wood, the  m i c r o f i b r i l s  a r e  or iented  
almost p a r a l l e l  t o  the  long a x i s  of  the  f i b e r s  (10 t o  30 degrees) .  However, i n  
juvenile wood the  o r i en ta t ion  is much g r e a t e r ,  up t o  55 degrees i n  some species  
(Dadswell, 1958). Erickson and Armina (1974) found a m i c r o f i b r i l  angle change 
from 32 degrees i n  juvenile wood t o  7 degrees i n  mature wood. A s  t he  
mic rof ib r i l  angle increases ,  t e n s i l e  s t r eng th  i n  the  long a x i s  of the  f i b e r  
decreases and longi tudinal  shr inking and swell ing increase .  
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Figure 1. Change i n  juveni le  wood character is t ics  with increasing age. The 
size o f  the juveni le  wood zone i s  p r imar i ly  species dependent and 
varies from 5 t o  20 growth r ings.  The t rans i t ion  zone indicates 
an area wi th in  which the d i f f e r e n t  properties reach maturi ty a t  
d i f f e r e n t  times. 



Table 2. D I M E N S I O N S  O F  CELLS I N  LOBLOLLY P I N E  PULP 
FROM Dl FFERENT SOURCES 

Fiber Source 

Average Cell Dimensions 

Length Di ameter Wall Thi ckness 
Millimeters Micrometem Micrometers 

10-year-01 d trees 
15-year-01 d trees 
Topwood 
Conventional roundwood 
Sawmill Chips 

From Sernke and Corbi (1974) 
Higher r e l a t i v e  amounts of compression wood a r e  found i n  juvenile wood than 

i n  mature wood (Bendsten, 1978). Compression wood has a higher l i gn in  content ,  
g rea te r  microf ib r i l  angle and shor te r  f i b e r s  than normal wood, regardless of 
locat ion ( juveni le  o r  mature wood zones). The cha rac t e r i s t i c s  of t h i s  abnormal 
wood a r e  s imi la r  t o  those of juvenile wood. 

Another anatomical cha rac t e r i s t i c  is the increase i n  the  amount of 
summerwood with increasing age of juvenile wood. Taras (1965) documented an 
increase from 10 percent t o  60 percent summerwood across the  juvenile zone of 
s l a sh  gine. This,  of course, is  d i r e c t l y  re la ted t o  the  wall thickness 
increase  noted e a r l i e r .  

Chemical Composition 

The primary chemical const i tuents  of softwoods and t h e i r  approximate 
composition by weight a r e  alpha-cellulose,  42 percent; hemi-cellulose, 27 
percent;  and l i gn in ,  28 percent. Signif icant  d i f ferences  i n  the  percentage 
composition e x i s t s  between juvenile and mature wood. Juvenile wood has a lower 
ce l lu lose  and a higher l i gn in  content than mature wood. Although these 
di f ferences  a r e  qu i t e  var iable ,  they a r e  s i gn i f i c an t ,  with ce l lu lose  increases 
ranging from 5.7 percent (Byrd, 1964) t o  13.7 percent (Cole, Zobel and Roberds, 
1966) from juvenile t o  mature wood. 

The major proper t ies  within which juvenile wood d i f f e r s  from mature wood 
a r e  s t reng th ,  spec i f i c  gravi ty ,  and dimensional s t a b i l i t y  as a r e s u l t  of 
changing moisture content. Although a l l  three  proper t ies  relate t o  the  
performance of juvenile wood as  a s o l i d  wood o r  composite product, only 
spec i f i c  gravi ty  is d i r e c t l y  re la ted  t o  the  performance of paper products. 

Figure 1 reveals the  typical  pa t te rn  of increasing spec i f i c  gravi ty  
throughout the  juvenile wood zone and then holding r e l a t i ve ly  constant i n  
mature wood. This change is not unexpected s ince  c e l l  wall thickness is 
increasing rapidly compared t o  c e l l  diameter (56 percent t o  14 percent; Table 
1) and the  proportion of summerwood is accelera t ing rapidly.  



IWAGT OF JWmILE WOOD ON PULP I N G  AND PAPm PROPmTIB 

The l i t e r a t u r e  contains may  references pertaining t o  the  impact of 
increasing mounts of juvenile wood f i b e r  on pulp and paper manufacturing 
processes and on the  physical proper t ies  of the  f inished paper products. Some 
e f f e c t s  are benef ic ia l  whereas others  are not. A s ary  of some of the  
l i t e r a t u r e  per ta ining t o  the  benef i ts  and l imi ta t ions  imposed on the  
manufacturing process and paper proper t ies  follows. 

The i n i t i a l  impact of increasing - o u t s  of juvenile wood can be found i n  
the  increased cos t  of harvesting wood containing la rge  mounts  of' juvenile 
wood. Table 3 ind ica tes  the  mount of f i b e r  obtained per  cord of wood 
harvested from stands of varying ages. Since the  cos t  of harvesting small 
stems with less f i b e r  per  un i t  vo lme is e s sen t i a l l y  the  sme as harvesting 
stems with a g rea te r  weight of f i b e r  per  un i t  volume, the  cos t  per  pound of 
f i b e r  delivered t o  the  m i l l  is higher. Also, contributing t o  the  increased 
harvesting cos t  per  u n i t  weight of f i b e r  is the  higher bark content o f  young 
stems (Table 3) . 

'I'he purchase of wood by weight r a the r  than vo lme is now practiced by most 
m i l l s  i n  order t o  avoid paying the  sme pr ice  f o r  low density as f o r  high 
density wood. However, the  higher moisture content associated with Juvenile 
wood pa r t l y  negates t h i s  e f f o r t .  Table 3 indicates  the  re la t ionship  between 
moisture content a d  t r e e  age. 

Also i l l u s t r a t e d  i n  Table 3 is  a prediction of the  p o u d s  sf oven-dry wood 
tha t  e m  be obtained per ton of green wood from trees of varying ages. The 
di f ferences  are due t o  the lower spec i f i c  gravi ty ,  r e l a t i ve ly  high bark 
content ,  and the  higher moisture content associated with trees of young ages. 
According t o  McKee (1984) the most s i g n i f i c m t  impact of high proportion of 
juvenile wood i n  a m i l l  supply is on the  delivered cost  per  u n i t  dry weight of 
woad f i be r .  Zobel (1978) reported the cos t  of harvesting tops and t h imings  
from 15-year-old trees t o  be $10 per  cord more than from 25-year-old trees. 
Also, Kirk, Breemm and Zobel (1972) indicated t h a t  a ton of pulp from a 
12-year-old planta t ion t o  be 84 percent higher i n  cos t  than pulp produced from 
30-year-old trees. They a t t r i bu t ed  the  higher cos t s  primarily t o  harvesting, 

Although chip configuration and method of loading can e f f e c t  batch digester  
loading by as much a s  10 percent (McKee, 1984). the loading of a high 
proportion of juvenile wood chips a l so  r e s u l t s  i n  a lower pulp y ie ld  per 
d iges te r  cook due t o  less f i b e r  per un i t  volume. I n  addit ion,  because juvenile 
wood has a lower ce l lu lose  content than mature wood, pulp y i e ld s  a t  a l l  Kappa 
numbers a r e  lower. Ten year-old wood cooked t o  a Kappa number 50 had a pulp 
y ie ld  of 45.2 percent compared t o  49.2 percent f o r  25-year-old wood (Howell, 
1984). Table 3 indicates  pulp yie lds  from wood of varying ages. Thus, 
juvenile wood pulp y ie lds  a r e  reduced not only due t o  less wood per un i t  volume 
but a l so  because of a lower cel lu lose  content. Howell (1984) estimated t ha t  
5.4 tons of rough green wood from 15-year-old trees is required t o  produce 1 
ton of oven-dried pulp, whereas only 4.4 tons of 25-year-old wood is required 
(Table 3 ) .  



Tab1 e 3, SOME AGE-ASSOCIATED CHARACTER1 ST1 CS OF SOUTHERN 
YELLOW PINES 

Tree Age (years) 

Per Cent Juveni l e  Woo& 85 55 19 
b Pounds o f  Dry F ibe r  per  Cord- 3,590 3,805 4,122 

Bark t o  Wood Weight ~ a t i &  .I 742 1 345 .I181 

% Moisture Content (Dry Basis15 113 92 75 

D r y  Weight o f  Wood pe r  Ton 
Green Wood ( Ibs  .)f 776 896 999 

% Pulp Y i e l d  (Kappa No. 5012 48 49.2 49.8 

Tons Green Wood/Ton Oe Pulp 
(Kappa No. 50) - 5.4 4,4 3.9 

From Zobel e t  a1 (1976) 

b - Based on Juveni le  Mood S,G. o f  ,413 and Mature Wood .54 

5 Howell e t  a1 (1984) 

The l i t e r a t u r e  a l s o  i n d i c a t e s  t h a t  juvenile  wood requ i res  s l i g h t l y  more 
pulping chemicals t o  cook t o  a given Kappa number than is required  f o r  mature 
wood (Kirk e t  a l .  , 1972; Hitchings,  1984). 

With regard t o  byproduct y i e l d  of t a l l  o i l  and tu rpen t ine  from juvenile  
wood, the  l i t e r a t u r e  is n e i t h e r  p l e n t i f u l  nor c l e a r .  McKee (1984). Foran 
(1984) and Zobel e t  a l .  (1976) i n d i c a t e  lower y i e l d s  of  both t a l l  o i l  and 
tu rpen t ine  from juveni le  wood than from mature wood. However, Howell (1984) 
noted t h a t  turpent ine  y i e l d  was constant  with age on an oven-dry b a s i s ,  but  
t h a t  tu rpen t ine  y i e l d  decreased pe r  ton of dry  pulp with inc reas ing  tree age 
because less wood was required t o  produce a ton of pulp. H e  a l s o  observed t h a t  
younger wood produced s i g n i f i c a n t l y  more t a l l  o i l  than o l d e r  wood, probably a s  
a r e s u l t  of  t h e  g r e a t e r  r e l a t i v e  amount of knots  associa ted  with young wood. 

Concerning mechanical pulping, Carpenter ( 1984 ) s t a t e s  t h a t  low densi ty  
wood conta in ing r e l a t i v e l y  l a r g e  amount of  juvenile  wood springwood is 
prefer red  t o  denser  wood with a r e l a t i v e l y  high summerwood content .  However, 
problems a r e  still  encountered i n  the  manufacture of  l ightweight  coated grades 
of paper from thermomechanical pulping of juvenile  wood because of  poor 
i n t e r f i b e r  bonding. Ten t o  twenty percent  chemical pulp is  needed i n  the  
mixture t o  meet the  standard.  



A wealth of  information regarding the  e f f e c t s  of juvenile wood on paper 
p roper t i e s  e x i s t s  (Barefoot e t  a l . ,  1970; Cole e t  a l l ,  1966; Corn and 
Kibblewhite, 1980; Hitchings, 1984; Kibblewhite, 1980; Kirk et  a l . ,  1972; 
Lobosky and I f j u ,  1981; Semke, 1984; Semke and Corbi, 1974; Uprichard, 1980). 
The published d a t a  c l e a r l y  i n d i c a t e  t h a t  paper derived from pulp produced from 
juvenile wood has higher b u r s t ,  t e n s i l e  s t r eng th ,  fo ld  endurance, and sheet  
densi ty ;  a l s o  noted is improved m i f o r m i t y  of sheet  formation and p r i n t i n g  
c h a r a c t e r i s t i c s ,  Teas s t r eng th ,  on the  o the r  hand, decl ines  as the  juvenile 
wood content  of  the  m i l l  f u rn i sh  increases.  Changes i n  paper p roper t i e s  
influenced by tree age a r e  shown i n  Table 4. Note t h a t  t h e  s t r eng th  parameter 
most influenced by tree age is t e a r .  

T a b l e  4, VARIATION IN KRAn PAPER PROPERTIES ASSOCIATED 
WITH AGE OF RADIATA PINE& 

R i n g s  From P i  t h  

Pulp Property 1-5 6- 10 16-25 26-35 

T e a r  index 

T e n o i  l e  index 
S t r e t c h  (%) 

B u r s t  index 

T e n s i l e  energy (J/kg) 

S h e e t  d e n s i  t y  (kg/m3) 

From U p r i c h a r d  (1980) 

Pulp from juvenile wood forms shee t s  of high dens i ty  s i n c e  the  thin-walled 
f i b e r s  a r e  more f l e x i b l e  and therefore  a r e  more e a s i l y  collapsed and 
consolidated than o lde r  wood f i b e r s .  The decrease i n  b u r s t  and t e n s i l e  
s t r eng ths  with increas ing age of the  wood is l a r g e l y  r e l a t e d  t o  the  decrease i n  
shee t  densi ty ,  which i n  tu rn  is r e l a t e d  t o  the  higher densi ty  of  the  o lde r  
wood. It should a l s o  be noted t h a t  the  s t r eng th  c h a r a c t e r i s t i c s  associated 
with f i b e r  t o  f i b e r  bonding (burs t ,  t e n s i l e  and s t r e t c h )  increase  i n  pulps made 
from juvenile wood, s ince  the  more read i ly  c o l l a p s i b l e  f i b e r s  provide a g rea te r  
bonding area.  Thicker walled f i b e r s ,  c h a r a c t e r i s t i c  of higher dens i ty  wood, do 
not  r ead i ly  co l l apse  and thus shee t s  of lower bonding a rea  and lower densi ty  
a r e  formed. A s  a general  r u l e ,  increased beat ing w i l l  r e s u l t  i n  increased 
shee t  densi ty  and the  associated s t reng th  proper t ies .  However, juvenile wood 
pulps a r e  much more e a s i l y  beaten t o  higher sheet  densi ty  than mature wood 
pulps. This is obviously an advantage s ince  beat ing requires  energy. Also, 
the  l e s s  beating required t o  obta in  s a t i s f a c t o r y  b u r s t  and t e n s i l e  s t r eng th ,  
the  smaller  the  decrease i n  the  already low t e a r  f ac to r .  



Kibblewhite (1980) showed t h a t  f o r  rad ia ta  pine, chip o r  wood-density was 
the wood property most c losely  re la ted  t o  pulp and handsheet proper t ies .  About 
80 percent of the  var ia t ion  i n  handsheet tear, burs t ,  t e n s i l e  and density 
proper t ies  were accounted f o r  by chip density var ia t ion.  Kibblewhite (1980) 
a l so  showed a good re la t ionship  between chip density and f i b e r  coarseness and 
suggested t h i s  more e a s i l y  determined property as  a po ten t ia l  f o r  qua l i ty  
control  procedures. Adding f i b e r  length increased the var ia t ion  accountabil i ty 
by another 5 t o  10 percent. 

Tear s t reng th  is the  paper property most influenced by wood age and 
therefore  may, depending upon end-product use,  be the  parameter of most concern 
as l a rge r  proportions of juvenile wood a r e  used i n  pulp and paper 
manufacturing. Tear s t rength  is d i r ec t l y  proportional t o  wood density 
regardless of the  source of the  wood. Thus, the  re la t ionship  between t e a r  and 
wood age is the  r e s u l t  of increasing density with increasing wood age. The 
blending of pulps is based on the  assumption t h a t  pulp proper t ies  a r e  
addi t ive .  Uprichard (1980) showed t h a t  the t e a r  index is an addi t ive  
property. I f  paper t e a r  s t rengths  equivalent t o  t h a t  produced from a wood 
supply of na tura l  pine,  containing a small amount of juvenile wood, are 
required f o r  a pa r t i cu l a r  product, then mature wood with i ts associated higher 
density must be used o r  the  blending of pulps with the  r equ i s i t e  proper t ies  
must be performed. 

Tear s t reng th  is a l so  dependent upon f i b e r  length. For most pulp and paper 
products of the  southern pines,  however, t e a r  s t rength  is not a l imi t ing  
fac tor .  Of g r ea t e r  importance is wetweb strength.  I n  unaltered form, 
tracheids of southern pines,  even of juvenile wood, a r e  su f f i c i en t l y  long t o  
provide the  needed wetweb s t rength,  averaging 3.23 and 4.28 mm f o r  juvenile and 
mature wood, respect ively  (McKee, 1984). During the  chipping and pulping 
process, however, the c e l l s  a r e  reduced i n  length t o  1.62 mm f o r  10-year-old 
trees ( juven i le  wood) and t o  2.80 mm f o r  sawmill chips (mature wood) (Table 
2 ) .  The pulp f i b e r s  of the  juvenile wood a r e  shor t  enough t o  adversely a f f ec t  
wetweb s t rength and consequently sheet  breakage leading t o  machine downtime. 
Similar  incidents  occur infrequently when using topwood, conventional 
roundwood, and sawmill chips. 

ACTIONS TO CONTROL IMPACT OF THE CHANGING RAW MATERIAL RESOURCE 
ON PULP AND PAPER MANUFACmING 

Possible act ions  t o  deal  with the  increasing amounts of juvenile wood 
contained i n  the raw material  supply f a l l  i n t o  two categories - long and shor t  
range. Long-range a c t i v i t i e s  include the  development of f o r e s t  management 
procedures with the  ult imate goal of producing a raw material  with less 
var iable  and perhaps even spec i f i c  charac te r i s t i cs .  Research and development 
programs designed t o  develop manufacturing processes capable of coping with raw 
material  v a r i a b i l i t y  would a l so  be long range. Short-range act ions  a r e  
designed t o  address u t i l i z a t i o n  of the  present raw material  with current  
technology and minimize the  impact of the  raw material  on both t he  
manufacturing operations and finished product performance. 

Forest Mananement 

The land base supporting a pulp m i l l  can have a tremendous e f f e c t  on the 
raw wood material .  Organizations with land spanning two o r  more physiographic 



provinces w i l l  o f t en  encomter  two o r  more pine species,  each of which w i l l  
have unique wood proper t ies .  Even with a province, such as the Lower Coastal 
P la in  of South Carolina, Georgia, and Florida,  mixed stands s f  lob lo l ly ,  s l a sh  
and longleaf pine occur. The extracted wood spec i f i c  gravi ty  of juvenile and 
mature wood of the respective species i n  mixed stands i n  South Georgia averaged 
0.413, 0.439 and 0.413, and 0.540, 0.526 and 0.540 (Cole e t  a l . ,  1966). Even 
g rea t e r  d i f ferences  than those among species can occur with a species from one 
province t o  another. For example, the  average spec i f i c  gravi ty  of lob lo l ly  
pine  i n  the  Coastal P la in  is about .04 higher than t h a t  i n  the  Piedmont. Such 
dif ferences  mount t o  about 77 kg/m of dry f i be r ,  These differences a r e  
prima f ac i a  evidence t h a t  manufacturing eff ic iency could be real ized by an 
organization owning land i n  a common province. Planting the  e n t i r e  land base 
t o  a s ing le  species ,  however, presents more of a problem because of the need t o  
match species t o  site,  

The var ia t ion  i n  juvenile wood from one tree t o  another of the  southern 
pines  is  su f f i c i en t l y  g rea t  t h a t  a breeding program, i n  which the  wood spec i f i c  
g rav i ty  of juvenile wood could be made comparable t o  mature wood of the  same 
t r e e ,  is f ea s ib l e  (Matziris  and Zobel, 1973). Because of the  l a rge  var ia t ion  
among t r ee s  f o r  e i t h e r  high o r  low wood spec i f i c  gravi ty ,  the  opportunity 
e x i s t s  t o  breed f o r  e i t h e r  low juvenile-mature o r  high juvenile-mature wood. 

The value of breeding f o r  a broad-based wood property l i k e  spec i f i c  g rav i ty  
is  t h a t  the  t r a i t  is pos i t ive ly  corre la ted with percent summerwood and c e l l  
wall thickness. I f  high y ie ld  chemical pulps a r e  desired and i f  t e a r  
res i s tance  is an important sheet  property, then wood of high spec i f i c  gravi ty  
would be favored. Conversely, wood of low spec i f i c  g rav i ty  would be desired 
f o r  paper and paperboard products requiring high burs t ,  t e n s i l e  s t rength ,  fo ld  
endurance, sheet  density and opacity. 

An added opportunity e x i s t s  t o  plant  the  trees of a spec i f i c  wood type t o  
stands which can be separate ly  harvested. Tree improvement programs i n  which 
the  seeds from selected clones are col lected a r e  already making t h i s  option 
ava i lab le ,  t he  onset of t i s sue  cu l tu re  of f o r e s t  trees is intensi fying the  
option.  

Planting seedlings a t  high dens i t i es  so  as t o  r e s t r i c t  juvenile wood t o  a 
small core,  and managing the  stands t o  ro ta t ions  of 35 t o  40 years t o  reduce 
the  r e l a t i v e  proportion of juvenile wood a r e  other  advocated options (Martin, 
1984). However, ne i ther  of these options is presently acceptable t o  the pulp 
and paper industry ,  Planting seedlings a t  high dens i t i es  t o  r e s t r i c t  diameter 
growth is  counter t o  the appl icat ion of good s i l v i c u l t u r e  p rac t ices ,  including 
tree improvement programs, i n  which the object ive  is t o  optimize volume growth 
per  un i t  a rea  per  un i t  time. The same reasoning appl ies  t o  ro ta t ion  length. 
Financial maturity of southern pine stands managed f o r  f i b e r  production is from 
20 t o  25 years.  Longer ro ta t ions  can be j u s t i f i ed  by the  f o r e s t  industry only 
i f  sawtimber production is an objective.  The f o r e s t  industry of today is 
concentrating on f i b e r  production t o  the almost t o t a l  exclusion of sawtimber 
ro ta t ions .  

Manuf ac tur ine  

The changing raw mater ia l ,  with i t s  higher juvenile wood content ,  r e su l t s  
i n  increased manufacturing cos t s ,  lower d iges te r  packing, lower ce l lu lose  
content ,  higher chemical consumption and lower byproduct y ie lds .  Also, pulping 



mature and juvenile wood together r e s u l t s  i n  e i t h e r  overcooked juvenile wood o r  
undercooked mature wood (Barefoot, Hitchings and Ellwood, 1965). Strength 
losses  and lower pulp y i e l d s  a r e  associa ted  with overcooked wood. A reduction 
i n  t h e  percentage of juvenile wood i n  t h e  d i g e s t e r  would reduce t h e  impact of 
these  cos t s .  

With regard t o  product performance, most shee t  p roper t i e s  are improved as  
t h e  juveni le  wood content  increases .  The one detriment is  t h e  reduction i n  
tear s t reng th .  

Solut ions  t o  increased manufacturing c o s t s  a r e  not  r e a d i l y  apparent,  as 
most of the  d i f f i c u l t i e s  a r e  associated with inherent  juvenile wood 
proper t ies .  However, a poss ib le  so lu t ion  t o  t h e  overcooking of juvenile wood 
is  the  processing of juvenile wood alone o r  i n  a mixture with a low percentage 
of mature wood. Uprichard (1980) showed t h a t  the  t e a r  index of beaten pulps is 
add i t ive ;  thus ,  the  blending of pulps from mature and juvenile wood o r  the  
blending of wood p r i o r  t o  pulping t o  obta in  a spec i f i ed  t e a r  index is 
poss ib le .  However, the  p re requ i s i t e  f o r  blending e i t h e r  wood o r  pulp is wood 
separat ion.  A thinning operat ion of a 15-year-old p lan ta t ion  would obviously 
produce wood containing a high proportion of juvenile wood. This wood could be 
pulped separa te ly  f o r  the  manufacture of p r i n t i n g  and wr i t ing  papers, o r  i t  
could be held i n  s torage  f o r  subsequent blending with o the r  pulps f o r  spec ia l  
paper and paperboard grades. Blending of chips from a Chip-n-Saw operat ion,  o r  
of veneer l o g  round-up mater ia l ,  o r  s l a b s  from a conventional sawmill with the  
p lan ta t ion  thinnings would increase  the  average s p e c i f i c  g rav i ty  and 
subsequently increase  the  t e a r  index of paper produced from t h e  blended wood 
pulp. Al ternat ively ,  chips from mature wood with its associa ted  higher densi ty  
can be processed alone when products speci fy ing even higher t e a r  a r e  required. 

Space l i m i t a t i o n s  may make separa t ion of conventional roundwood i n  the  
woodyard d i f f i c u l t ,  but  separa t ion on a r r i v a l ,  based on source,  would su f f i ce .  
An immediate negative react ion is  encountered when wood s o r t i n g  is suggested. 
Sor t ing does r e s u l t  i n  an added c o s t ,  but  the  quest ion is whether the  benef i t  
derived is g r e a t e r  than the  expense. The f a c t  t h a t  s o r t i n g  is already 
commonly done i n  the  woods should p a r t l y  counter negative react ions .  The 
g r e a t e s t  amount of s o r t i n g  occurs on the  log  deck, where the  f i r s t  separa t ion 
is between hardwoods and softwoods. The second separa t ion is between sawlog 
and pulpwood within the  hardwood and softwood groups. Since much of the  timber 
harvested i n  the  South i s  tree length,  a common p r a c t i c e  is t o  d i v e r t  trees of 
sawlog q u a l i t y  t o  the  merchandiser, where the  sawlogs and Chip-n-Saw b o l t s  a r e  
c u t  t o  length f o r  f u r t h e r  processing; the  remaining timber is chipped f o r  
del ivery  t o  the  pulpmill.  Present ly ,  the  chips from top b o l t s  are mixed with 
the  outerwood chips from the  sawmill and Chip-n-Saw. These f r a c t i o n s  could be 
kept separa te .  

The p o t e n t i a l  f o r  segregating chip flows d i f f e r i n g  s i g n i f i c a n t l y  i n  
s p e c i f i c  g rav i ty  has been i l l u s t r a t e d  by Veal, Marrs , and Jackson (1984) . 
Working with l o b l o l l y  pine,  they described two examples of wood segregation.  
I n  the  f i r s t  example, 1,000 green tons of t ree-length stems were c u t  i n t o  2.4 m 
bo l t s .  The lowest two b o l t s  were chipped separa te ly  from t h e  remainder of the 
stem. This mater ia l  averaged 0.46 s p e c i f i c  g rav i ty ,  and the  tops 0.39. Their 
second example was concerned with s o r t i n g  sawmill r e s idua l  chips.  Outer wood 
chips from Chip-n-Saw had a s p e c i f i c  g rav i ty  of 0.46, and veneer l o g  round-up 
res idua l s ,  0.45. A t h i r d  source, a mixture of core and ou te r  wood consis t ing  
of top and b u t t  ends trimmed from the  stems and de fec t ive  stem segments, had a 



spec i f i c  gravi ty  of 0.43. This flow had a highly var iable  spec i f i c  gravity i n  
t h a t  i t  was comprised of a mixture of stem par t s .  

Veal and coworkers (1984) a l so  i l l u s t r a t e d  a segregation by stands. 
Although a cor re la t ion  e x i s t s  between age and spec i f ic  g rav i ty ,  there  is a 
s i gn i f i c an t  var ia t ion  between stand means a t  the same age. They c i t ed  an 
example of segregation where age alone gave a difference i n  spec i f i c  gravi ty  of 
5.0 percent. Actually measuring the  stands f o r  spec i f i c  g rav i ty ,  and 
a l l oca t i ng  the  higher stand spec i f i c  gravi ty  material  t o  one stream and the  
lower t o  another, the  di f ference i n  spec i f i c  gravi ty  w a s  6.7 percent. 

The three-pi le  chip inventory advocated by Veal and coworkers (1984) 
cons i s t s  of a low spec i f i c  gravi ty  p i l e  composed of stands of low spec i f i c  
g rav i ty ,  thinnings , tops, and peeler  cores (0.40 o r  less) ; an intermediate and 
var iab le  spec i f i c  g rav i ty  p i l e  comprised of stands of intermediate spec i f ic  
gravi ty ,  segregated tops,  and sawmill c u l l  residues (more than 0.40, but less 
than 0.45);  and a high spec i f i c  g rav i ty  p i l e  consis t ing of sawmill residual  
chips and segregated bu t t  l og  wood (grea te r  than 0.45). 

Another advantage of a wood separation system would be t he  elimination of 
the  d i f f i c u l t i e s  imposed on the  manufacturing processes when sudden and la rge  
changes i n  the  raw material  supply occur. Wood sor t ing  would a l s o  permit the 
production of pulps with specif ied charac te r i s t i cs ,  and t he  subsequent 
blendings of these  pulps t o  produce paper with t he  required proper t ies .  For 
example, l inerboard is of ten produced on a dual headbox fourdr in ie r  paper 
machine. The top l i n e r ,  which comprises about 20 percent sf the  board, is 
usually cooked t o  a lower Kappa number than the  base stock,  because the  burs t  
s t rength  of the  duplex sheet  is largely  controlled by the top l i n e r .  Also, 
th ree  wire machines a r e  used t o  make linerboard. A machine of t h i s  design 
opens up numerous p o s s i b i l i t i e s  of manufacturing three-ply paper with the 
center  and outer  p l i e s  made from pulps with d i f fe ren t  proper t ies  designed t o  
give pa r t i cu l a r  performance proper t ies  t o  the  f i n a l  product. 

Also, i t  has been shown t h a t  press drying of high y ie ld  chemical pulps with 
t h e i r  associated high l i gn in  content r e s u l t s  i n  paper with higher sheet  
densi ty ,  higher burs t  and t e n s i l e  s t rength ,  and a t e a r  s t reng th  e s sen t i a l l y  
equal t o  the lower y ie ld  chemical pulps (Setterholm, Benson, Wichmann and 
Auchter, 1975). This suggests t ha t  juvenile wood can be cooked t o  a higher 
Kappa number, thus increasing y ie ld ,  and obtaining paper with su i t ab l e  s t rength  
proper t ies .  

HARDWOODS 

Although the above discussion r e f e r s  t o  softwoods, primarily southern pine,  
the  increasing consumption of hardwood pulpwood i n  the  South warrants comment. 
According t o  Ince (1986)~ during the  pas t  30 years the  r a t i o  of hardwood i n  a l l  
pulpwood consumption doubled i n  the  United S t a t e s  a s  a whole. During the same 
period, a l l  pulpwood consumption more than t r i p l ed  and almost quadrupled i n  the 
South, With the  increasing hardwood acreage, low hardwood stumpage pr ices ,  and 
technological changes, hardwood pulpwood conswnption w i l l  continue t o  
increase.  The technological changes t h a t  have precipi ta ted the  increasing use 
of hardwoods a r e  press drying, improvements i n  re f in ing ,  and wet-press design 
changes t h a t  achieve longer residence time of the  sheet  m d  higher pressures,  
r e su l t i ng  i n  increased sheet  density (Ince,  lg86)* 



Research a t  the  U S .  Forest Products Laboratory, Madison, Wisconsin, 
confirmed tha t  southern red oak k r a f t  pulp can produce sheets  with the same 
burs t ,  t en s i l e ,  and compression s t rengths  a s  a sheet  made from pine k r a f t  
pulp. Also, the Forest Products Laboratory showed t h a t  by separate  ref ining of 
hardwood and softwood f i be r s ,  i t  is possible t o  use more than 50 percent 
hardwood f i b e r  i n  conventional linerboard and achieve a s a t i s f ac to ry  
compressive s t rength.  

Presently,  9 percent of the  f i b e r  i n  softwood-based pulps are hardwood 
f ibers .  Ince (1986) suggests t h a t  because of technological changes alone, by 
the  year 2000 the  hardwood f i b e r  component of softwood-based pulps i n  the  South 
may reach 50 percent o r  more. Given t h i s  increase,  the  hardwood component is  
projected t o  be 50 percent of t o t a l  pulpwood consumption, o r  47.5 mill ion 
cords, These s h i f t s  toward hardwood, should they occur, w i l l  l i k e l y  have an 
e f f ec t  on products, as well a s  stumpage costs  and fo r e s t  management. 

CONCLUSIONS 

The f a c t  t h a t  juvenile wood has generally an undesirable e f f e c t  on pulpmill 
economics is obvious, pa r t i cu l a r l y  on byproduct y ie lds ,  harvesting, and pulping 
costs .  It is a l so  obvious t h a t  there  is e s sen t i a l l y  no prospect, a t  l e a s t  i n  
the shor t  term, of reducing the  juvenile wood content of the  wood being 
delivered t o  many m i l l s .  One method of coping with the  f luctuat ions  i n  the 
juvenile content of the  raw material  is wood segregation. This segregation c m  
very of ten  take place p r io r  t o  reception a t  the  m i l l  woodyard, Wood separation 
w i l l  permit the achievement of the benef i ts  associated with cooking low-density 
and high-density woad separately.  Depending upon the  end product, the  pulps 
can be d i r e c t l y  formed i n t o  paper o r  blended t o  produce paper with specif ied 
end-product performance. The blending of wood p r io r  t o  cooking can el iminate 
the processing d i f f i c u l t i e s  associated with sudden and s ign i f i c an t  changes i n  
the  amount of juvenile wood i n  the  raw material  furnish.  

Many f ac to r s ,  some of which may not be applicable t o  a l l  m i l l s ,  must be 
considered p r io r  t o  making the  decision t o  separate the incoming wood. Some 
fac tors  t o  be evaluated are raw material  species and source (planta t ion o r  
na tura l  s tands ,  m i l l  residue from Chip-n-Saws, sawmill and veneer m i l l  
operations,  t h i m i n g s ,  t r e e  tops,  age of s tands ,  d i f ference i n  stand mean 
densi ty ,  and end-product spec i f i ca t ions ) .  N e w  technology must a l so  be 
considered. Developments i n  ref ining and press drying may be d i r e c t l y  
applicable t o  solving some of the  problems associated with u t i l i z i n g  the  
changing raw material  resource. 
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AND WOOD QUALITY 
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Planta t ions  current ly  comprise one-third of the  pine f o r e s t  area i n  the  
South and are prodected t o  exceed na tura l  stand acreage by the  year 2000. 
Also, by t he  year 2000, i t  is projected t h a t  50 percent of the  softwood 
harvested i n  the  South w i l l  be from planta t ions .  Since fast-grown 
planta t ion pine contains a high percentage of juvenile wood, a decline i n  
the  qua l i ty  of softwood timber and associated processing and in-use problems 
w i l l  become increasingly troublesome, This ant ic ipated change i n  the  
cha rac t e r i s t i c s  of the  southern pine resource has caused f o r e s t  managers t o  
re-examine those cu l t u r a l  p rac t ices  and management options t h a t  consider not  
only volume growth but a l so  the  qua l i ty  of wood produced. 

The South has about 22 mill ion acres of pine planta t ions  and USDA Forest 
Service (1988) project ions  ind ica te  t ha t  the  t o t a l  w i l l  increase t o  35 
mill ion acres  by the  year 2000. I n  a f rac t ion  of a ro ta t ion ,  o r  10 years,  
southern pine planta t ions  w i l l  be the  dominant source of softwood timber i n  
the  region. Because of controlled growing condit ions,  p lanta t ion t r ee s  grow 
f a s t e r  than those i n  na tura l  stands and therefore reach harvest  s i z e  a t  an 
e a r l i e r  age. However, the resu l t ing  growth has a cha rac t e r i s t i c a l l y  high 
proportion of juvenile wood--a wood generally not  su i t ab l e  f o r  acceptable 
grades of construction lumber o r  plywood because of decreased s t rength and 
poor dimensional s t a b i l i t y .  High proportions of juvenile wood a l so  reduces 
the  value of wood from pulp, 

The changing pine resource and its po ten t ia l  impact on softwood-based 
indus t r i es  mandates t h a t  timber mmagement a c t i v i t i e s  not  only be assessed 
r e l a t i v e  t o  growth r a t e  but must a l so  include a component of wood qual i ty .  
An integrated stand managementfwood qua l i ty  approach is needed t o  develop 
spec i f i c  quan t i t a t ive  information on the  e f f e c t s  of d i f f e r en t  management 
regimes--some of which may have i n t e r ac t i ng  treatments such as plant ing 
density,  thinning and f e r t i l i z a t i o n  on wood qual i ty .  

Some da ta  suggests t ha t  ac t ions  i n  the  realm of s i l v i c u l t u r e  can 
influence the  proportion of juvenile wood i n  tree stems but much more 
information is needed. The se lec t ion  of p lant ing stock,  p lant ing densi ty ,  
control  of  stocking,  combinations of management treatments, and harvest  
schedule o f f e r  po ten t ia l  solut ions ,  



EFFECTS 

Before addressing p o t e n t i a l  so lu t ions ,  w e  must recognize c e r t a i n  
d i f f i c u l t i e s  i n  def in ing the  term "juveni le  wood," While its c h a r a c t e r i s t i c s  
d i f f e r  from t h a t  of mature wood, the  change from t h e  production of juvenile 
wood t o  production of mature wood i n  individual  trees is gradual and barely 
pe rcep t ib le  from one year t o  t h e  next .  Figure 1 provides a generalized 
i l l u s t r a t i o n  of  how wood proper t i e s  change with age from p i t h  a t  any pos i t ion  
i n  the  stem, Wood formed near the  p i t h  is weak, has low wood property values 
and is comonly re fe r red  t o  as crown-formed wood, A s  t h e  tree matures and 
t h e  crown recedes,  wood p roper t i e s  undergo rapid  change and then e s s e n t i a l l y  
s t a b i l i z e .  Wood formed during the  period of rapid  change is re fe r red  t o  a s  
t r a n s i t i o n  wood and wood with s t a b i l i z e d  p roper t i e s  is  mature wood, 
Crown-formed and t r a n s i t i o n  wood together a r e  re fe r red  t o  as juvenile wood. 
I n  assess ing f a c t o r s  associa ted  with juvenile wood formation, w e  have found 
t h a t  s p e c i f i c  g rav i ty  is a convenient measure t h a t  s t rong ly  r e f l e c t s  the  
p a t t e r n  of maturation from juvenile t o  mature wood. 

Se lec t ion  of Plant ing Stock 

Several  s t u d i e s  i n  t h e  l i t e r a t u r e  i n d i c a t e  t h a t  the  period of juvenile 
wood formation i n  s l a s h  and l o b l o l l y  pine d i f fer - -1oblol ly  9 t o  12 years ,  
s l a s h  6 t o  8 years ,  (Zobel and o the rs  1959, Taras 1965, Larson, 1969, Pearson 
and Gilmore 1980). I n  a recent  s tudy,  Clark and Saucier  (1989) found t h a t  
when these  species  a r e  grown i n  t h e  same o r  neighboring p lan ta t ions ,  they 
d i sp lay  the  same juven i l i ty  period o r  developmental p a t t e r n  when measured by 
s p e c i f i c  g rav i ty  changes. 

Figure 2 shows s p e c i f i c  g rav i ty  t rends  f o r  the  two species  a t  four  
d i f f e r e n t  loca t ions  ranging from the  Piedmont of South Carolina t o  the  Gulf 
Coastal P la in  of Florida.  A t  each loca t ion ,  the  p a t t e r n  of juven i l i ty  is 
s i m i l a r  f o r  both species .  I n  t h e  Piedmont of South Carolina,  both species  
produced juveni le  wood f o r  the  f i r s t  14 r ings  from p i t h ;  10 years i n  the  
Coastal P la in  of  Georgia and South Carolina; and 6 years  i n  the  Gulf Coastal 
P l a i n  of Flor ida .  These d a t a  show t h a t  the  period of juven i l i ty  of s l a s h  and 
l o b l o l l y  pine is less influenced by inherent  species  d i f ferences  than by 
environmental d i f ferences  associa ted  with geographic locat ion.  There a r e  
ind ica t ions ,  however, t h a t  i t  is poss ib le  t o  reduce juvenile wood production 
through genet ic  s e l e c t i o n  (Loo and o the rs  1985). Zobel and o the rs  (1978) 
s t a t e  t h a t  s p e c i f i c  g rav i ty  through age 10 can be increased by 10 percent i n  
a s i n g l e  generat ion by s e l e c t i o n  f o r  high s p e c i f i c  g rav i ty .  

The s t rong  inf luence  of geographic locat ion on length of juven i l i ty  and 
s p e c i f i c  g rav i ty  i n  l o b l o l l y  and s l a s h  pine is shorn i n  F i w r e  3, m e  p l o t s  
of l o b l o l l y  s p e c i f i c  g rav i ty  over r ings  from p i t h  show two groups of 
curvesm-one f o r  the  Piedmont loca t ions  and one f o r  the  Coastal P la in  
loca t ions ,  A s  a  group, l o b l o l l y  p ine  s m p l e d  i n  t h e  Coastal P la in  produced 
juveni le  wood f o r  the  first 6 t o  10 r ings  while l o b l o l l y  i n  the  Piedmont 
produced juveni le  wood f o r  about 10 t o  14 r ings .  

The length of juven i l i ty  of s l a s h  pine a l s o  var ied  with geographic 
loca t ion .  I n  these  da ta ,  the  d i s t i n c t i o n  between locat ions  is  c l e a r e r .  I n  
Flor ida .  s l a s h  p ine  produced juvenile wood f o r  6 years ,  f o r  10 t o  12 years i n  
the  Coastal P la in  of South Carolina and Georgia, and f o r  14 years i n  the  
Piedmont of South Carolina, 
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Figure 1.--Schematic diagram o f  r a d i a l  change i n  wood propert ies wi th  age 

from p i t h  and the pa t te rn  o f  maturation. 
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Figure 3.--Comparison of juvenile wood pat terns  a t  d i f f e r en t  

locations of l ob lo l l y  and s lash  pine. 



Plant ing Density 

The s i z e  of  the  juvenile core  i n  p lanta t ion trees is r e l a t e d  t o  the  r a t e  
of growth which, i n  tu rn ,  is influenced by i n i t i a l  p lan t ing  densi ty .  We were 
i n t e r e s t e d  i n  looking a t  p lan t ing  densi ty  as i t  might influence the  period of 
t r a n s i t i o n  from juvenile t o  mature wood as w e l l  a s  t h e  proport ional  volume of 
each wood type. A 30-year-old l o b l o l l y  pine spacing study i n  the  South 
Carolina Piedmont was sampled. P l o t s  had i n i t i a l  p lan t ing  d e n s i t i e s  of 6 by 
6,  8 by 8, 10 by 10,  and 12 by 12 f e e t  and were unthinned. Results  presented 
i n  f i g u r e  4 show t h a t  the  period of  juven i l i ty  o r  the  p a t t e r n  of wood 
maturation is unaffected by i n i t i a l  p lan t ing  densi ty  even though the re  were 
l a r g e  d i f fe rences  i n  the  r a t e  of growth amount specings as shown i n  t ab le  1. 

Table 1,--The influence of spacing on growth r a t e  and the  proport ional  
basa l  a rea  i n  juvenile wood of 30-year-old l o b l o l l y  pine 

Average Diameter of Proportion of BA 
Spacing d.b.h. juvenile core i n  juvenile wood 

Feet Inches Inches Percent 

Plant ing a t  c lose  spacing such a s  6 by 6 f e e t  d id  r e s t r i c t  the  s i z e  of 
the  juvenile core  but  i n  the  absence of thinning the  proport ional  a rea  i n  
juvenile wood is only s l i g h t l y  l e s s  than t h a t  planted a t  wider spacing and 
growth of individual  t r e e s  was s i g n i f i c a n t l y  reduced. 

In  another study with l o b l o l l y  p ine ,  thinning was done beginning a t  age 
17 and a t  subsequent 5-year i n t e r v a l s  t h a t  maintained the  thinning treatment 
of unthinned con t ro l  and basal  areas  of 100 and 60 square f e e t .  Figure 5 
shows the  r a d i a l  growth p r o f i l e  of earlywood and latewood f o r  the  6 by 6 f e e t  
spacing and f o r  the  th ree  thinning l eve l s .  It is obvious t h a t  growth 
responses were roughly proport ional  t o  the  degree of thinning,  but  the  
s ign i f i cance  is t h a t  thinnings beginning a t  o r  near mid-rotation st imulated 
both earlywood and latewood growth. This r esu l t ed  i n  wood of r e l a t i v e l y  
uniform proper t i e s  which is important from a wood q u a l i t y  standpoint .  The 
d ips  i n  78 and 80 a r e  the  r e s u l t  of severe droughts i n  those years and not  
treatment e f f e c t s .  

Control of Rotation Length 

Increasing the  length of r o t a t i o n  is  probably the  most e f f e c t i v e  ac t ion 
t h a t  can be taken t o  increase  the  proportion of mature wood i n  stems a t  f i n a l  
harves t .  Table 2 shows t h a t  s l a s h  pine growing i n  the  upper Coastal P la in  on 
a 22-year r o t a t i o n  has approximately 40 percent  of i ts basal  a rea  i n  juvenile 
wood. On a 32-year r o t a t i o n ,  the  proportion is reduced t o  about 25 percent .  
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Figure 4.--Comparison o f  juven i l e  wood pat terns  a t  four  d i f f e r e n t  

p lant ing  densi t ies .  
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Table 2,--The influence of spacing and r o t a t i o n  age on the  
proport ion of  basal  a rea  i n  juvenile wood of s l a s h  pine 

Average Diameter of Proportion of BA 
Spacing d.b.h. juvenile core i n  juvenile wood 

Feet Inches Inches Percent 

Rotation Age 22 
6 x  6 6.2 4.0 
8~ 8 7.2 4.6 

10 x 10 8 * 7 5.5 
15 x 15 10.4 6.3 

Rotation Age 32 
6~ 6 7.3 4.0 
8 x  8 8.9 4.6 

10 x 10 10.7 5 5 
15 x 15 12.9 6.3 

Determination of an appropriate length of r o t a t i o n  is complex and 
includes many b io log ica l  and economic var iables .  The q u a l i t y  of the  wood 
t h a t  i s  produced is only one of these  va r iab les ,  but  too o f ten  i t  is not 
included i n  the  assessment. A s  p lan ta t ions  become increas ingly  important 
sources of wood f o r  manufacture, f o r e s t  managers w i l l  have t o  g ive  g rea te r  
considerat ion t o  the  q u a l i t y  of wood produced from p lan ta t ions .  

SUNMARY AND CONCLUSIONS 

1. Slash  and l o b l o l l y  pine,  when grown i n  the  same loca t ion ,  have the  
same period of juven i l i ty  o r  developmental pa t t e rn .  

2. Large d i f ferences  i n  the  length of the  t r a n s i t i o n  period from 
juveni le  t o  mature wood is geographically r e l a t e d .  There is  a 
north-south trend of decreasing juvenile period f o r  both l o b l o l l y  
and s l a s h  pine t h a t  is r e l a t e d  t o  d i f ferences  i n  seasonal  
p r e c i p i t a t i o n .  

3 .  Spacing i n  the  absence of thinning does not  inf luence  o r  change the  
p a t t e r n  of wood maturation but  does influence the  proport ional  
volume of juvenile wood i n  stems. 

4. Thinning done a t  mid-rotation and beyond s t imula tes  both earlywood 
and latewood growth, and with proper timing, can be used f o r  
maintenance of uniform wood proper t ies .  

5. Rotation length is probably the  most e f f e c t i v e  t o o l  ava i l ab le  t o  
f o r e s t  managers f o r  e f f e c t i n g  the  proportion of mature wood i n  stems 
a t  harves t .  
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ECONOMIC IMPACTS OF SOUTHERN PINE WOOD QUALITY CWNGES 
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INTRODUCTION 

One-third of the South's pine timberlands currently consist of 
plantations, and the shift from natural pine stands to either 
plantations or mixed pine-hardwood stands continues. Currently, pine 
plantations contribute only about 15 percent of the total pine fiber 
supplies used in the South. By the year 2000, however, they are 
projected to comprise 50 percent of the total pine harvest volumes 
(U.S.D.A. Forest Service 1988). This change has many implications for 
timber utilization and timber requirements, product manufacturing and 
grading, and consumer demands for forest products. These impacts will 
affect the profitability of timber forest products firms and influence 
the desirability of intensive forest management practices. 

This paper evaluates the economic impacts of this changing 
resource base on the forest industry. It outlines a production 
economics framework for making an evaluation of the costs of the 
changing pine resource, Then it makes use the framework to some 
preliminary cost assessments of the changes for the industry as a whole 
and for hypothetical individual firms. Based on these economic 
evaluations, general implications for the forest industry are discussed. 

PLANTATION JUVENILE WOOD QUALITY 

Timber grown in plantations tends to have greater amounts of 
juvenile wood than does that grown in natural stands. Juvenile wood 
consists of the annual growth rings nearest the pith of a tree, 
extending from the base to the top of the bole. Juvenile wood of 
southern pine is usually contained in the first 10 rings from the pith, 
but may range from 5 to 20 rings. In plantations, trees usually grow 
faster in the early years than they do in natural stands, which is one 
reason that plantations are becoming more common. Thus, trees from 
plantation wood will generally have a greater percentage of juvenile 
wood than trees from natural stands of the same diameter. 

The principal forestry concern with juvenile wood is that it often 
has inferior structural properties and lesser product yields compared to 
mature wood (Kellison and Zobel 1978). Juvenile wood is characterized 
by low specific gravity, high moisture content, short, thin-walled 
tracheids, higher hemicellulose content, and increased amounts of 
compression wood compared to the characteristics of mature wood 
(Bendtsen 1978). 



Lower yields, opacity, and tear are obtained from pulping and 
paper manufacturing with juvenile wood compared to mature wood. Because 
of lower specific gravity of juvenile wood, less dry matter content can 
be included in the digester than could be contained with mature wood, 
decreasing yields. Additionally, pulp yields from equal weights of the 
two types of wood cooked under identical conditions are less for 
juvenile wood than for mature wood. Widely varying mixes of mature and 
juvenile wood at different times may also decrease digester efficiency. 
Pulp by-product yields are also less with juvenile wood. Ground wood 
newsprint pulping is, however, much better with juvenile wood than 
mature wood. 

Plantation-grown trees also make inferior lumber because of their 
greater amounts of juvenile wood. They have a lower lumber recovery 
than larger older-growth natural trees, as well as lower strength. 
Lumber yields decrease because of smaller diameters, more defects from 
edges and trim, more damage in the kiln and the planer mill, and more 
lumber degrade (Senft et al. 1985). Juvenile wood is highly porose, so 
can withstand high drying temperatures under pressure. However, such 
drying is expensive. Juvenile wood may also be acceptable for oriented 
strand board. 

PRODUCTION ECONOMICS 

Production economics is a form of microeconomics that involves 
determining the optimal mix of physical inputs into a production process 
in order to maximize the net return from producing one or more products. 
It involves determining the physical input-output relationships 
(production functions), the costs for the inputs and the price for the 
outputs, and the best use of inputs to maximize profit, minimize costs, 
or meet some other economic criterion. 

In the case of juvenile wood, our concern with economics then 
relates to the use of such wood for production of traditional forest 
products. The first step required in the analysis is to determine the 
production function for juvenile wood, particularly compared with the 
production function for mature wood. What are the comparative product 
yields for lumber pulp, or other products for juvenile and mature wood? 
There are no doubt gradations of "juvenile" and ttmature" wood, but for 
this analysis, let's just use the two distinct categories. To make 
things even simpler, this analysis will generally just make assumptions 
about possible yield decreases that might be expected from use of 
juvenile wood. 

The second step in the analysis will be to estimate the price 
effects of these yield reductions. At least three price effects seem 
relevant. First, and most obvious, reduced product yields will 
translate into a cost for firms equal to the amount of yield reduction 
that occurs times the price of each product. This will include direct 
losses from decreased yields and secondary losses in lumber due to 
warpage, product degrade, and similar problems. Second, use of juvenile 
wood for lumber is apt to also translate into losses in market share, 



particularly if grading standards are loose enough that inferior 
juvenile wood lumber may be marketed in place of mature wood lumber. 
Lumber that either actually is or is perceived to be of inferior quality 
will lose market share, and may even cause further price reductions for 
the product. This may also occur to a lesser extent with other wood 
products. 

In contrast to these costs of using juvenile wood, one must 
consider its obvious price advantage. The reason we have so much 
juvenile wood is because there is a significant, economic advantage in 
short rotations. The southern forest industry has already implicitly 
decided that it is better to grow large volumes of wood swiftly, no 
matter what the quality, than to worry about juvenile wood problems. 
Hopefully, this advantage is real. If not, it may cost the South a 
large amount of market share in solid wood products mostly for the 
benefit of pulp and paper production. 

Most industrial forest management practices are geared to 
increasing wood volume produced per year. The large amount of old 
growth natural pine grown on nonindustrial private forest lands is also 
rapidly being liquidated, and much of it will be replaced with planted 
pine. These factors will increase the amount of juvenile wood produced. 
These trends are caused by economic factors. The capital cost of 
growing trees for a long time so that they are composed of mostly mature 
wood are immense. Give the intense competition facing the industry, 
firms cannot afford to over-invest in growing stock. Non-industrial 
owners are also becoming more astute managers of capital. Thus it will 
be left to wood and paper technologist to develop new ways to use 
existing wood. Otherwise, we will be inundated with mature lumber from 
Canada or elsewhere, even if tariffs are imposed. This paper does not 
consider the benefits of short rotations; rather it focuses on possible 
costs from use of juvenile wood. 

POSSIBLE AGGREGATE INDUSTRY EFFECTS 

Accurately quantifying the difference in yields when using 
juvenile rather than mature wood is difficult. Since the precise 
effects of juvenile wood on pulp yield and lumber yields depend on many 
factors, we will just examine several scenarios to determine the 
potential impacts. Essentially each of these requires determining the 
amount of yield decrease involved with using juvenile wood, the price of 
the product involved, and the total volume of the product made. To 
avoid antitrust concerns, this paper uses historical production and 
price data to illustrate possible juvenile wood impacts. 

P u l ~  and P a ~ e r  

For pulp and paper production, let's assume a uniform pulp product 
is being produced from southern pine pulpwood. In 1984, pulp mills in 
the South used about 42,000,000 cords of pine pulpwood or chips 



(American Pulpwood Association 1986). Even i f  t h i s  mix were current ly  
one-half juveni le  wood and one-half mature wood, increasing the amount 
of juvenile wood i n  the fu tu re  would have s i g n i f i c a n t  c o s t  impacts. 
F i r s t ,  s ince  it takes more timber volume t o  make the same amount of ne t  
f i b e r  volume, then the pulpwood furnish  would have t o  increase ,  which 
would increase procurement purchase, harves t ,  s torage ,  and handling 
c o s t s .  Second, s ince  the ac tua l  pulp y i e l d  from equivalent  volumes of 
f i b e r  may decrease, t h i s  would a l s o  represent  a c o s t .  Third, the 
g rea te r  wood volume required with low s p e c i f i c  g rav i ty  juveni le  wood t o  
equal the  same amount of wood f i b e r  content of higher s p e c i f i c  gravi ty  
mature wood a l s o  e f f e c t i v e l y  reduces d iges tor  (and p lan t )  capacity.  

More juveni le  wood w i l l  require  t h a t  more pulpwood be bought t o  
ge t  the same amount of ne t  f i b e r  i n  the b o i l e r .  Using a conservative 
y i e l d  d i f fe rence ,  a t  l e a s t  10% more pulpwood w i l l  be needed with 
juveni le  wood compared t o  mature wood. The h i s t o r i c a l  components of 
t h i s  estimated cos t s  a r e  shown i n  Table 1, assuming t h a t  the estimated 
50% mature wood furnish  w i l l  be replaced with varying amounts of 
juvenile wood. The t ab le  could be updated f o r  current  cos t s  i f  desired.  

Pulp y i e l d  decreases and reduced p lan t  capacity a l s o  w i l l  be 
s i g n i f i c a n t .  Using 42,000,000 cords of pine pulpwood would y i e l d  about 
28,000,000 tons of wood pulp. I f  y ie ld  from the d iges to r s  were 
decreased 1 t o  2% as  more juvenile wood were used, cos t s  would be as 
follows : 

14,000,000 tons of Replacement with Pulp 
mature wood pulp/yr x Juvenile pulp x Yield Decrease x Price 

($320/ton) 

This would equal the following yearly amounts, assuming juvenile wood 
displaced varying amounts of ex i s t ing  mature wood fu rn i sh ,  ranging from 
25% t o  75%: 

1% decrease i n  pulp y i e l d - -  
25% $11,200,000 
50% $22,400,000 
75% $33,600,000 

2% decrease i n  pulp y i e l d - -  

Assumptions cannot be made as  e a s i l y  t o  est imate the cos t s  of 
reduced p lan t  capacity because l e s s  juvenile wood can be processed i n  a 
d iges tor  than mature wood. The net  e f f e c t  of t h i s  problem is t h a t  
e f f e c t i v e  p lan t  capacity per  day o r  year is reduced. For instance,  a 
1000 ton per day pulp m i l l  using an equal mix of mature and juvenile 
wood might become a 950 ton per day m i l l  i f  juvenile wood increased t o  
75% of the mix. One might think t h a t  a m i l l  could j u s t  increase 
d iges tor  capacity by 10% o r  so  t o  make up f o r  the d i f fe rence ,  but  t h i s  
i s  of course not poss ib le .  Instead,  incremental expansions must take 



Table 1. Estimated Annual Costs of Procuring Increased Amounts of 
Juvenile Pulpwood, 1984 

Possible Volumes Total Cost 
Required at % of 

Procurement Approximate Replacement of Juvenile 
Phase Cost Per Cord Mature Wood Furnish Wood 

Purchase 

Harvest & Handling 

Storage, Planning 

Total 












































































