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Abstract 

More than  h a l f  of  t h e  commercial f o r e s t  
l and  i n  t h e  Southeas t  Piedmont suppor t s  
hardwood s t a n d s  he ld  by small nonin- 
d u s t r i a l  p r i v a t e  landowners. T o t a l  
biomass product ion would i n c r e a s e  1 5  t o  20 
pe rcen t  i f  t h e s e  s t a n d s  were f u l l y  
s tocked ,  and much o f  t h e  p re sen t  produc- 
t i o n  could be s h i f t e d  t o  more d e s i r a b l e  
spec i e s .  Only 21 percent  o f  a l l  nonin- 
d u s t r i a l  p r i v a t e  f o r e s t  (NIPF) s t a n d s  are 
f u l l y  s tocked wi th  growing-stock trees. 

Piedmont hardwood s t a n d s  con ta in  an 
average of 75.5 t o n s  per  a c r e  o f  above- 
ground t r e e  biomass. When t h e s e  s t a n d s  
are harves ted ,  39.1 t o n s  of  l i v i n g  resi- 
dues a r e  l e f t  behind i n  t h e  form of  rough 
o r  r o t t e n  c u l l  trees and noncommercial 
s a p l i n g s .  It is t h i s  p r a c t i c e  which has  
caused t h e  l a r g e  number o f  poor-qual i ty  
s t a n d s  we have today. If t h e  t imber  
remaining after  h a r v e s t  is not  marketable ,  
it should be f e l l e d  t o  encourage t h e  
n a t u r a l  r egene ra t i on  of  more d e s i r a b l e  
spec i e s .  

Only 37 pe rcen t  o f  a l l  hardwood biomass 
harves ted  ( s t and ing  and f e l l e d )  is 
c u r r e n t l y  being u t i l i z e d ,  The product 
ou tpu t  from t h e  hardwood r e sou rce  could a t  
least  be doubled wi th  no t h r e a t  t o  conven- 
t i o n a l  hardwood s u p p l i e s  by improving u t i -  
l i z a t i o n .  Dramatic i n c r e a s e s  i n  hardwood 
product ion can be expected i f  NIPF owners 
can  be persuaded t o  employ r e l a t i v e l y  
inexpensive management techniques.  

Keywords: Nonindus t r ia l  p r i v a t e  f o r e s t  
l and ,  f o r e s t  t r e n d s ,  hardwood f o r e s t  l and ,  
Piedmont f o r e s t  l and ,  f o r e s t  biomass, 
hardwood t imber  volume, hardwood s i l v i -  
c u l t u r e .  

Introduction 

Bio log ica l ,  economic, and s o c i a l  f o r c e s  
occu r r ing  between 1945 and 1965 l e d  t o  t h e  
es tab l i shment  o f  much of  t h e  v a s t  sou thern  
p ine  resource  we know today (Boyce and 
Knight 1979). F o r e s t  i n d u s t r y  has  pro- 
vided t h e  c a p i t a l  and technology needed t o  
use t h e  p ine  resource ,  and f o r e s t  managers 
have devoted t h e i r  e f f o r t s  t o  its main- 
tenance and improvement. Because o f  t h e  
numerous advantages a s s o c i a t e d  wi th  p ines ,  
hardwood management has  been discouraged 
f o r  decades. Long r o t a t i o n s ,  low stumpage 
va lues ,  expensive c u l t u r a l  t r ea tmen t s ,  and 
t h e  absence o f  dependable hardwood markets  
have l i m i t e d  op t ions  a v a i l a b l e  t o  t hose  
w i l l i n g  t o  improve t h e  q u a l i t y  o f  t h e i r  
hardwood s t a n d s  (Sosbe 1966). A common 
management approach has  been t o  e r a d i c a t e  
and conver t  hardwood s t a n d s  t o  p ine  
(Kel l i son  1971). Despi te  decades o f  such 
o b s t r u c t i o n ,  hardwoods have been ga in ing  
ground on southern  p ines  f o r  a t  least  10  
yea r s  and are l i k e l y  t o  cont inue  t o  do s o ,  
Current  b i o l o g i c a l ,  s o c i a l ,  and economic 
f o r c e s  f avo r ing  hardwoods outweigh t h e  
c u l t u r a l  p r a c t i c e s  t h a t  f avo r  p ine  (Boyce 
and Knight 1980).  



The f r o n t  l i n e  o f  t h i s  hardwood advance 
is on non indus t r i a l  p r i v a t e  f o r e s t  (NIPF) 
land.  For a v a r i e t y  of  reasons ,  many NIPF 
owners have opted a g a i n s t  t h e  i n t e n s i v e  
c u l t u r a l  t rea tments  requi red  t o  r egene ra t e  
p ine  after ha rves t ,  Many NIPF owners can- 
not  p r o f i t a b l y  employ expensive i n d u s t r i a l  
management techniques,  o r  do not  sha re  t h e  
same management o b j e c t i v e s  as f o r e s t  
i n d u s t r y  (Kingsley 1980). Oftentimes 
landowners a r e  simply w i l l i n g  t o  accept  
whatever na tu re  o f f e r s ,  and low-quality 
hardwood s t ands  a r e  permit ted t o  develop 
by d e f a u l t .  This  pass ive  o r  wcus tod ia ln  
approach t o  f o r e s t  management i s  becoming 
i n c r e a s i n g l y  c o s t l y  t o  NIPF owners i n  
terms o f  l o s t  oppor tun i t i e s .  Many can 
p r o f i t a b l y  improve t h e i r  hardwood s t ands  
and s t i l l  s a t i s f y  t h e i r  nontimber needs. 

The marginal p roduc t iv i ty  of  NIPF hard- 
wood s t a n d s  is p a r t i a l l y  a t t r i b u t a b l e  t o  
unfavorable market condi t ions  bu t ,  as pine 
s u p p l i e s  dec l ine ,  hardwoods can be used t o  
supplement o r  r ep lace  pine i n  many prod- 
u c t s .  Sof t - tex tured  hardwood s p e c i e s  a r e  
being peeled i n t o  veneer f o r  t h e  i n n e r  
p l i e s  of southern p ine  plywood. ~a rdwoods  
a r e  a l s o  being s u b s t i t u t e d  f o r  p ine  i n  
board products ,  i n  paper,  and i n  some 
solid-wood products.  

A s  oppor tun i t i e s  t o  use low-quality 
hardwoods m a t e r i a l i z e ,  management opt ions  
a v a i l a b l e  t o  t h e  NIPF owner w i l l  expand 
accordingly,  Improved hardwood management 
g u i d e l i n e s  a r e  needed t o  he lp  t h e  small 
landowner grow more and b e t t e r  t imber 
whi le  meeting needs f o r  firewood, good 
w i l d l i f e  h a b i t a t ,  and e s t h e t i c  values.  

Th i s  paper desc r ibes  t h e  s t a t u s  of  t h e  
NIPF hardwood resource  i n  t h e  Piedmont of 
t h e  Southeas t ,  It i d e n t i f i e s  a r e a s  with 
p o t e n t i a l  f o r  major improvement, o u t l i n e s  
a few inexpensive management p r a c t i c e s  t h e  
NIPF owner might adopt  t o  make improve- 
ments, and provides a da tabase  f o r  con- 
t i n u i n g  hardwood re sea rch  i n  t h e  a rea .  

Procedures 

The Southeast  Piedmont ranges from North 
Carol ina  t o  Georgia and encompasses 44 
m i l l i o n  a c r e s  The Piedmont boundaries 
d e l i n e a t e d  i n  f i g u r e  1 fo l low Survey Unit 
boundaries used by t h e  USDA F o r e s t  Serv ice  
f o r  s t a t ewide  mul t i resource  inven to r i e s ,  

Data c o l l e c t e d  dur ing  t h e  latest  inven- 
t o r i e s  o f  t hese  s i x  Uni ts  over  a 5-year 
per iod  were pooled f o r  p re sen ta t ion  i n  
t h i s  r epor t .  Addit ional  information and 
inventory  procedures a r e  ou t l ined  i n  t h e  
latest  Resource B u l l e t i n s  f o r  t h e  Piedmont 
Uni ts  of  each S t a t e :  Cent ra l  and North 
Cen t ra l  Georgia (Cathey 1972; Knight 
1972), t h e  Piedmont of  North Carol ina  
(Welch 1975), t h e  Southern and Northern 
Piedmont of  V i r g i n i a  (She f f i e ld  1976, 
1977), and t h e  Piedmont of South Carol ina 
(Snyder 1978). 

I n i t i a l  e s t ima tes  of  f o r e s t - a n d  non- 
f o r e s t  land a r e a  were based on t h e  c l a s s i -  
f i c a t i o n  of 150,947 16-point sample 
c l u s t e r s  sys t ema t i ca l ly  spaced on t h e  
l a t e s t  a e r i a l  photographs ava i l ab le .  To 
a d j u s t  f o r  changes s i n c e  photos were taken 
and f o r  e r r o r s  i n  photo i n t e r p r e t a t i o n ,  
10,693 o f  t hese  c l u s t e r s  were then exam- 
ined  on t h e  ground. 

Est imates of t imber volumes and f o r e s t  
c l a s s i f i c a t i o n s  were based on measurements 
recorded a t  6,573 ground sample l o c a t i o n s  
sys t ema t i ca l ly  d i s t r i b u t e d  on commercial 
f o r e s t  land. A t  each sample l o c a t i o n ,  
t r e e s  5.0 inches  d.b.h. and l a r g e r  were 
s e l e c t e d  f o r  measurement a t  3 t o  10 p o i n t s  
wi th  a basa l  area f a c t o r  of 37.5 square 
feet per acre .  Trees l e s s  than 5 - 0  inches  
d.b.h. were t a l l i e d  on f ixed  r a d i u s  p l o t s  

.around t h e  poin t  centers .  
P l o t  t a l l i e s  were converted t o  volumes 

through a s e r i e s  o f  volume p red ic t ion  
equat ions  der ived  from d e t a i l e d  measure- 
ments of  over 35,000 t r e e s  throughout t h e  
Southeas t  (Cost 1978). Area s t a t i s t i c s  
were then used t o  expand t h e  per-acre 
volumes measured on t h e  sample p l o t s  t o  
volume es t ima tes  f o r  t h e  e n t i r e  s tudy 
area .  

The u t i l i z a t i o n  of  hardwood removals was 
determined by merging information from 
s e v e r a l  sources.  Primary wood-using m i l l s  
were canvassed t o  ob ta in  information on 
wood r e c e i p t s  des t ined  f o r  i n d u s t r i a l  prod- 
uc t s .  Timber volume removed f o r  f u e l ,  
removed due t o  c u l t u r a l  ope ra t ions  and 
land  c l e a r i n g ,  and volume l e f t  s tanding  i n  

1/1ncludes 389,000 a c r e s  o f  water 
according t o  Survey s t anda rds  of  a r e a  
c l a s s i f i c a t i o n  but  def ined  by t h e  Bureau 
of  Census as land. 



F i g u r e  1,--Forest survey u n i t s  i n  the  Southeast Piedmont, 



a r e a s  where c l a s s i f i c a t i o n  changed from 
commercial f o r e s t  t o  nonfores t  were e s t i -  
mated from t h e  permanent remeasurement 
samples. Fe l l ed  t r e e s  were measured a t  a 
sample of  a c t i v e  ha rves t ing  opera t ions  t o  
develop a  measure of logging res idues .  
Resu l t s  of an e a r l i e r  s tudy,  a l s o  based on 
t h e  remeasurement of permanent samples and 
a c t i v e  c u t t i n g  ope ra t ions ,  were used t o  
e s t ima te  volume i n  r e s i d u a l  t r e e s  ( l i v i n g  
r e s idues )  l e f t  on commercial f o r e s t  
fol lowing ha rves t  (Welch 1980). 

Biomass, as used i n  t h i s  paper,  is 
def ined  as t h e  aboveground green weight o f  
wood and bark i n  a l l  l i v e  t r e e s  1.0 inch  
d.b.h. and l a r g e r ,  inc luding  limbs g r e a t e r  
than 0.5 inches  a t  t h e  base, but  excluding 
a l l  fo l i age .  Tree volumes were converted 
t o  weight wi th  equat ions  developed by t h e  
U t i l i z a t i o n  o f  Southern Timber Research 
Unit  of t h e  Southeas tern  Fores t  Experiment 
S t a t i o n  i n  Athens, Georgia (Saucier  1979). 

Included wi th  t h e  hardwood f o r e s t  types 
r e f e r r e d  t o  i n  t h i s  gaper i s  t h e  oak-pine 
type. This  type gene ra l ly  r e s u l t s  from 
ha rves t ing  pine s t ands  and leaving  a , r e -  
s i d u a l  of  nonmerchantable hardwoods and 
pines.  I n  t h i s  c l a s s ,  p ines  make up a t  
least 25 percent  of  t h e  s tocking ,  but  not  
more than 50. Oak-pine f i g u r e s  f o r  
Georgia may be s l i g h t l y  d i s t o r t e d  because 
sample p l o t s  were allowed t o  s t r a d d l e  two 
o r  more condit ions.  I f  one po r t ion  o f  t h e  
p l o t  was i n  an oak-hickory s t and  and t h e  
o t h e r  i n  a  p ine  s t and ,  t h e  a r e a  was o f t e n  
typed as oak-pine. S ince  t h e  last  Georgia 
survey,  s t r a d d l i n g  has  been el iminated.  

The NIPF Hardwood Perspective 

More than  28 mi l l i on  a c r e s ,  o r  some 64 
percent  o f  t h e  t o t a l  land a r e a  i n  t h e  
Southeas t  Piedmont, a r e  c l a s s i f i e d  as com- 
merc ia l  f o r e s t .  O f  t hese  28 m i l l i o n  
a c r e s ,  one-half support  hardwood s t a n d s  
he ld  by non indus t r i a l  p r i v a t e  owners. 
Although t h i s  assessment is l a r g e l y  con- 
f i n e d  t o  t h e  f o r e s t  biomass on these  14 
m i l l i o n  a c r e s ,  it is important t o  
understand t h e  r e l a t i o n s h i p  of  NIPF hard- 
wood s t a n d s  t o  a l l  o t h e r  s t a n d s  i n  t h e  
Piedmont. Tables 1-3 provide t h e  break- 
down o f  t h e  t o t a l  Piedmont timberland 
acreage  and a s soc ia t ed  biomass by S t a t e ,  
ownership, and broad management c l a s s .  

About 17 m i l l i o n  a c r e s ,  o r  59 percent  of 
t h e  Piedmont commercial f o r e s t  acreage,  is 
a l l o c a t e d  among t h e  t h r e e  hardwood types-- 
oak-pine, upland hardwood, and lowland 
hardwood ( t a b l e  1 ) .  The remaining a c r e s  
a r e  i n  p ine  f o r e s t  types ,  16 percent  of  
which have been planted.  Moving through 
t h e  Piedmont from nor th  t o  south ,  t h e  pro- 
po r t ion  o f  t o t a l  t imberland acreage i n  
hardwood types  decreases  from a high o f  74 
percent  i n  Vi rg in i a  t o  a low of  50 per- 
cen t  i n  South Carol ina  and Georgia. 

NIPF owners possess  over 23 m i l l i o n  
a c r e s ,  o r  82 percent  o f  t h e  Piedmont com- 
merc ia l  f o r e s t .  They own 94 percent  o f  
t h e  Piedmont timberland i n  North Carol ina,  
83 percent  i n  Vi rg in i a ,  78 percent  i n  
Georgia,  and 77 percent  i n  South Carolina. 

The d i s t r i b u t i o n  o f  biomass throughout 
t h e  Piedmont is  similar t o  t h e  a l l o c a t i o n  
of  acreage ( t a b l e  2) .  Nearly 1.3 b i l l i o n  
tons ,  o r  62 percent  o f  t h e  t o t a l  Piedmont 
biomass, occurs  i n  t h e  hardwood c l a s ses .  
P lanted  pine accounts  f o r  only 4 percent  
of  a l l  Piedmont f o r e s t  biomass. A s  wi th  
acreage ,  t h e  r e l a t i v e  amount of biomass i n  
hardwood f o r e s t  types  decreases  from nor th  
t o  south. NIPF landowners own 1.7 b i l l i o n  
tons ,  o r  83 percent  o f  t h e  t o t a l  biomass 
i n  t h e  Piedmont. Thei r  po r t ion  ranges 
from 93 percent  of  t h e  biomass i n  t h e  
North Carol ina Piedmont t o  77 percent  i n  
South Carol ina  and Georgia. 

Nearly 53 percent  o f  t h e  t o t a l  f o r e s t  
biomass i n  t h e  Southeas t  Piedmont occurs  
wi th in  NIPF hardwood s tands .  NIPF upland 
hardwood s t a n d s  by themselves conta in  over 
one-third o f  t h e  t o t a l  Piedmont biomass. 
NIPF oak-pine s t ands ,  which a r e  very s i m i -  
l a r  t o  upland hardwood s t ands ,  account f o r  
another  12 percent .  Only 6 percent  of  t h e  
t o t a l  Piedmont biomass is i n  NIPF lowland 
hardwood s tands .  

Tons o f  biomass per a c r e  i n  NIPF s t ands  
are very c l o s e  t o  S t a t e  averages because 
t h e s e  averages a r e  heav i ly  weighted by 
l a r g e  numbers of NIPF acres ( t a b l e  3 ) .  
More biomass per a c r e  is on pub l i c  land 
because s t a n d s  t h e r e  are gene ra l ly  o l d e r  
than  NIPF s tands .  Conversely, less 
biomass has  accumulated on f o r e s t  i ndus t ry  
land  because i ts s t a n d s  a r e  younger and on 
s h o r t e r  r o t a t i o n s .  The same l o g i c  holds  
when examining t h e  broad f o r e s t  types.  
Lowland hardwood s t a n d s  have accumulated 



T a b l e  1.--Area of  commercial  f o r e s t  l a n d  by S t a t e ,  y e a r ,  owne r sh ip  g roup ,  and broad f o r e s t  t y p e ,  
S o u t h e a s t  Piedmont 

S t a t e  
Broad f o r e s t  t y p e  

: Ownership : ------------- --------- 
and groupa All : P i n e  : N a t u r a l  : 3ak- 1 Upland : Lowland 
y e a r  p i n e  1 hardwood hardwood c l a s s e s  p l a n t a t i o n  1 p i n e  . 

-------- --- ----------- ---- - 
- - - - - - - - - - -  - Thousand a c r e s  - - - - - - - - - - - - --- 

I 

Geo rg i a  P u b l i c  449.0 28.7 247.0 79.0 64.5 29.8 
1972 F o r e s t  i n d u s t r y  1,995.6 352.2 741.8 308.5 390. 202.7 

O t h e r  p r i v a t e  8,876.4 619.5 3,620.7 1,616.3 2,106.5 913.4 
------ -- -- 

T o t a l  11,321.0 1,000.4 4,609.5 2,003.8 2,561.4 1,145.9 

S o u t h  C a r o l i n a  P u b l i c  428.8 20.0 235.8 50.9 107.9 14.2 
1977 F o r e s t  i n d u s t r y  628.2 192.9 195.2 59.5 153.4 27.2 

O t h e r  p r i v a t e  3,471.1 193.1 1,419.0 563.2 1,208.7 87.1 

T o t a l  ' 4,528.1 406.0 1,850.0 673.6 1,470.0 128.5 

Nor th  C a r o l i n a  P u b l i c  143.3 .5 40.6 27.1 41.9 33.2 
1975 F o r e s t  i n d u s t r y  237.2 58.1 57.7 42.8 74.4 4.2 

O t h e r  p r i v a t e  5,647.5 111.7 1,827.3 757.5 2,572.3 378.7 

T o t a l  

V i r g i n i a  P u b l i c  
1976 F o r e s t  i n d u s t r y  

O t h e r  p r i v a t e  

T o t a l  

A l l  S t a t e s  P u b l i c  
F o r e s t  i n d u s t r y  
O t h e r  p r i v a t e  

T o t a l  28,207.6 1,884.5 9,718.0 4,211.7 10,471-8 1,92186 

a ~ o r e s t  i n d u s t r y  f i g u r e s  i n c l u d e  337.9 thousand a c r e s  of  commercia l  f o r e s t  l a n d  l e g s e d  from NIPF 
owners.  



T a b l e  2.--Total g r e e n  we igh t  o f  aboveground biomass ( e x c l u d i n g  f o l i a g e )  by S t a t e ,  y e a r ,  ownership  g roup ,  and 
broad f o r e s t  t y p e ,  S o u t h e a s t  Piedmont 
- - - - - - - - _ 1 _ - - - - _  - ---- 

S t a t e  Broad f o r e s t  t y p e  
owner sh ip  j ---- -- - 

and ." 
y e a r  groupa A l l  P i n e  . N a t u r a l  : 3ak- : Upland 1 Lowland 

p i n e  hardwood 1 hardwood c l a s s e s  : p l a n t a t i o n  1 p i n e  . - ------------ --------I---------- ----- 

Georg i a  P u b l i c  37.1 1 .7 22.5 5.8 3.8 3.3 
1972 F o r e s t  i n d u s t r y  124.5 12.8 50.4 17.2 22.7 21.4 

O t h e r  p r i v a t e  554.1 27.3 215.3 100.9 135.6 75.0 

T o t a l  

2 

Sou th  C a r o l i n a  P u b l i c  45.7 -7 24.8 3-7 13.7 2.8 
1977 F o r e s t  i n d u s t r y  33 - 9 7 7 14.3 2.2 6.5 3.2 

O t h e r  p r i v a t e  273.4 14.6 106.0 42.0 102.5 8.3 

T o t a l  353 0 23.0 145.1 47.9 122.7 14.3 

North C a r o l i n a  P u b l i c  14.4 -- 5.2 3. 1 3.3 2.8 
1975 F o r e s t  i n d u s t r y  18.9 1 .O 6.6 4.0 6.6 .7 

O t h e r  p r i v a t e  445.9 8.3 143.1 57.3 205.4 31.8 

T o t a l  479.2 9-3 154.9 64.4 215.3 35.3 

V i r g i n i a  P u b l i c  31.2 -- 6.4 2.4 21.8 .6 
1976 F o r e s t  i n d u s t r y  49.2 4.3 11.4 5.4 25.9 2.2 

O t h e r  p r i v a t e  402.6 4.7 84.4 39.8 260.2 13.5 

T o t a l  

A l l  S t a t e s  P u b l i c  128.4 2.4 58.9 15.0 42.6 9.5 
' F o r e s t  i n d u s t r y  226.5 25.8 82.7 28.8 61.7 27.5 

O t h e r  p r i v a t e  1,676.0 54.9 548.8 240.0 703.7 128.6 

T o t a l  2,030.9 83.1 690.4 283.8 808.0 165.6 

a F o r e s t  i n d u s t r y  f i g u r e s  i n c l u d e  1 4 . 4  m i l l i o n  t o n s  of  b iomass  on commercial  f o r e s t  l a n d  l e a s e d  from 
NIPF owners.  



Table 3.--Average green weight of  aboveground biomass (excluding f o l i a g e )  per  a c r e  by S t a t e ,  year ,  ownership 
group, and broad f o r e s t  type ,  Southeas t  Piedmont 

S t a t e  Broad f o r e s t  type  
Ownership - -  - 

and groupa 1 A l l  Pine 1 Natural  1 Oak- Upland : Lowland yea r  1 c l a s s e s  p l a n t a t i o n  pine p ine  hardwood 1 hardwood 

Georgia Publ ic  
1972 Fores t  i n d u s t r y  

Other p r i v a t e  
A l l  owners 

r 

South Caro l ina  Pub l i c  
1977 Fores t  i n d u s t r y  

Other p r i v a t e  
A l l  owners 

North Caro l ina  Pub l i c  
1975 Fores t  i n d u s t r y  

Other p r i v a t e  
A l l  owners 

V i r g i n i a  Pub l i c  
1976. Fo res t  i n d u s t r y  

Other p r i v a t e  
A l l  owners 

A l l  S t a t e s  Pub l i c  
Fo res t  i n d u s t r y  
Other p r i v a t e  
A l l  owners 

aFores t  i n d u s t r y  f i g u r e s  i nc lude  l ands  l ea sed  from NIPF owners. 



high average amounts of  biomass due t o  
long  r o t a t i o n s ,  whi le  pine p l a n t a t i o n s  are 
younger and have accumulated s i g n i f i c a n t l y  
less biomass. 

NIPF Hardwood Stand Composition 

Q u a l i t y ,  s p e c i e s ,  and s i z e  d i s t r i b u t i o n  
o f  t h e  1.1 b i l l i o n  t o n s  of f o r e s t  biomass 
i n  NIPF hardwood s t a n d s  a r e  g iven  i n  
t a b l e s  4  and 5. T o t a l s  shown i n c l u d e  147 
m i l l i o n  t ons  of biomass i n  softwood spe- 
c i e s  i n  t h e s e  hardwood s t ands .  Not 
inc luded  are 120-mi l l i on  t o n s  o f  hardwood 
biomass occur r ing  ' i n  NIPF p ine  s t ands .  I n  
NIPF hardwood s t a n d s ,  t o t a l  g reen  weight 
o f  a l l  f o r e s t  biomass exceeds t h e  weight 
o f  convent iona l  growing s t o c k  by 66 per- 
cen t .  Only 60 pe rcen t  of t o t a l  biomass is 
i n  t h e  bole  po r t i on  of growing-stock 
t r e e s ;  14 pe rcen t  i s  i n  t h e  stumps and 
t o p s  o f  growing-stock trees, 11 percen t  i n  
rough o r  r o t t e n  t r ,ees ,  and 15 pe rcen t  i n  
s a p l i n g s .  These averages  do not  vary  
s i g n i f i c a n t l y  by State. 

On t h e  average ,  oak-pine s t a n d s  tend t o  
have a lower propor t ion  o f  biomass i n  
rough and r o t t e n  t imber  than  do pure hard- 
wood s t ands .  S ince  oak-pine s t a n d s  have 
u s u a l l y  been more heav i ly  c u t ,  and t h u s  
more open than  t h e  two o t h e r  hardwood 
types ,  they  have a h ighe r  propor t ion  of 
biomass i n  s ap l ings .  Lowland Hardwood 
s t a n d s  have t h e  h i g h e s t  percentage o f  
biomass i n  rough and r o t t e n  trees, because 
t h e s e  s t a n d s  are g e n e r a l l y  o l d e r  and 
r e c e i v e  l e s s  t rea tment  than  upland s t ands .  

Oaks account  f o r  more f o r e s t  biomass 
t han  any o t h e r  s p e c i e s  group ( t a b l e  5 ) .  
A t  126 m i l l i o n  t ons ,  more biomass has  
c o l l e c t e d  i n  whi te  oak t h a n  any o t h e r  
s i n g l e  spec i e s .  White oak, yellow-poplar,  
sweetgum, and h ickory  t o g e t h e r  account  
f o r  more t han  one-third o f  t h e  t o t a l  t r e e  
biomass i n  NIPF Piedmont hardwood s tands .  

Nearly two-thirds  o f  t h e  biomass i n  
t h e s e  s t a n d s  i s  concent ra ted  i n  t r e e s  be- 
tween 5 and 15  inches  i n  d iameter ,  and t h e  
g r e a t e s t  accumulation is i n  t h e  10-inch 
class. One-half of t h e  t o t a l  g reen  weight 
o f  f o r e s t  biomass is i n  sawtimber-size 
trees, 35 pe rcen t  i n  po le t imber ,  and t h e  
remainder i n  s ap l ings .  

Hardwood Stand Performance 

Two v a r i a b l e s  impor tan t  t o  t h e  per for -  
mance of  a l l  t imber  s t a n d s  are s tock ing  

and s i t e  q u a l i t y .  I n  t h i s  a n a l y s i s  we 
demonstrate  t h e  e f f e c t s  t h a t  varying 
degrees  of s i t e  and s tock ing  have on t h e  
performance o f  NIPF hardwood s tands .  Oak- 
p ine ,  upland hardwood, and lowland hard- 
wood s t a n d s  were grouped because no 
s i g n i f i c a n t  ' d i f f e r ences  were observed when 
t h e s e  s t a n d s  were examined sepa ra t e ly .  
Georgia d a t a  were omit ted because s t and  
age in format ion  c o l l e c t e d  dur ing  t h e  
f o u r t h  survey of Georgia was weakened by 
p l o t s  s t r a d d l i n g  more t han  one cond i t i on  
and t h e  grouping of some s t a n d s  i n t o  mixed 
age c l a s s e s .  We assume hardwood s t a n d s  i n  
Georgia perform s i m i l a r l y  t o  t hose  i n  t h e  
rest of  t h e  Piedmont. 

S tocking  l e v e l s  a r e  based on a l l  l i v e  
t r e e s ,  and s tock ing  s t anda rds  a r e  def ined 
i n  t a b l e  6. S tands  100 pe rcen t  o r  more 
s tocked a r e  f u l l y  s tocked;  s t a n d s  60 t o  99 
pe rcen t  s tocked a r e  medium stocked;  and 
s t a n d s  less than  60 pe rcen t  s tocked a r e  
poor ly  stocked. 

S i te  c l a s s  is a measure o f  t h e  i n h e r e n t  
c a p a c i t y  o f  land t o  grow crops  of  
i n d u s t r i a l  wood based i n  f u l l y  s tocked 
n a t u r a l  s t ands .  S i t e s  capable  of  pro- 
ducing more than  85 cub ic  feet (roughly 3 
t o n s )  o f  wood per  a c r e  pe r  year  are good 
s i t e s .  S i t e s  a b l e  t o  produce 50 t o  85 
cub ic  feet per  acre annua l ly  are medium 
s i tes ,  and s i t e s  capable  o f  producing only  
20 t o  50 cub ic  feet are poor s i t e s .  

F igu re s  2 and 3 i s o l a t e  t h e  effects of 
s t o c k i n g  on s t and  performance. These 
graphs r e p r e s e n t  t h e  n e t  r e s u l t s  of a l l  
p a s t  t r ea tmen t s  and d i s tu rbances ,  and 
t h e r e f o r e  show how NIPF Piedmont hardwood 
s t a n d s  a r e  performing c o l l e c t i v e l y .  Care 
is advised  i n  t h e  i n t e r p r e t a t i o n  o f  t h e s e  
f i g u r e s ,  because a p a r t i c u l a r  s t and  may 
no t  n e c e s s a r i l y  fo l low t h e  d e l i n e a t e d  per- 
formance p a t t e r n s  throughout  i ts  e n t i r e  
l i f e s p a n .  Depending on what t r ea tmen t s  o r  
d i s tu rbances  a s t a n d  exper iences ,  it could 
e a s i l y  jump from one s tock ing  l e v e l  t o  
ano the r  dur ing  i t s  development. Indeed, 
t h e r e  is a tendency f o r  both f u l l y  s tocked  
and poor ly  s tocked s t a n d s  t o  d r i f t  toward 
medium s tock ing  as they  g e t  o lder .  

F igure  2 shows how biomass accumulates 
over  time. S tands  are grouped i n t o  
10-year age c l a s s e s ,  and t h e  average 
biomass is p l o t t e d  a t  each age-class  mid- 
po in t .  By age 30, s t a n d s  a t  each s tock ing  
l e v e l  have accumulated w e l l  over  h a l f  of  
t h e  biomass they  a r e  l i k e l y  t o  accumulate 
if allowed t o  proceed t o  age 100. Across 



T a b l e  4.--Total g r e e n  we igh t  o f  aboveground biomass  ( e x c l u d i n g  f o l i a g e )  on NIPF hardwood s t a n d s  i n  t h e  S o u t h e a s t  Piedmont by 
S t a t e ,  y e a r ,  hardwood broad f0res . t  t y p e ,  and t r e e  components 

T r e e s  5.0 i n c h e s  d.b.h. and l a r g e r  
Abnveground 

S t a t e  _______-----_--I------------------------- 

: Broad f o r e s t  : biomass  
and Growing s t o c k  Rough and r o t t e n  j S:::::gS 

t y p e  year  --- -----  ----------------- _-------------_---- --------------------- 
T o t a l  Ro l e  3 t h e r b  T o t a l  j Ro l e  j O t h e r  T o t a l  : Bole  O t h e r  : ----- -------  ----- --- -------- --------------------,---------' ---,----------------------------------------------- 

Georg i a  
1972 

T o t a l  

Sou th  C a r o l i n a  
1977 

T o t a l  

Nor th  C a r o l i n a  
1975 

T o t a l  

V i r g i n i a  
1976 

Oak-pine 100.9 56.3 34.6 74.3 60.7 13.6 7.5 5.6 1.9 19.1 
Upland hardwood 135.6 89.1 46.5 95.6 77.0 18.6 16.3 12.1 4.2 23.7 
Lowland hardwood 75.0 52.8 22.2 55.8 45.7 10.1 - 9.4 7.1 2.3 9.8 

Oak-pine 42.0 28.3 13.7 30 -4 24.8 5.6 4.7 3.5 1.2 5.9 
Upland hardwood 102.5 71.7 30.8 77.. 5 62.4 15.1. 12.4 9.3 3.1 12.6 
Lowland hardwood 8.3 6.5 1.8 6.4 5.3 1.1 1.4 1.2 .2 .5 

Oak-pine 57.3 37.8 19.5 42.9 35.0 7.9 3.7 2.8 .9 10.7 
Upland hardwood 205.4 140.5 64.9 155.7 126.0 29.7 19.1 14.5 4.6 30.6 
Lowland hardwood 31.8 23.3 8.5 23.7 19.8 3.9 4.6 3.5 1.1 3.5 , 

Oak-pine 39.8 25.1 14.7 27.5 22.3 5.2 3.8 2.8 1.0 8.5 
Upland hardwood 260.2 181.5 78.7 195.2 158.2 37.0 30.9 23.3 7.6 34.1 
Lowland hardwood 13.5 10.1 3.4 9.8 8.1 1.7 2.5 2.0 .5  1.2 

T o t a l  313.5 216.7 96.8 232.5 188.6 43.9 37.2 28.1 9.1 43.8 

A l l  S t a t e s  
i 

Oak-pine 240.0 757.5 82.5 175.1 142.8 32.3 19.7 14.7 5.0 45.2 
Upland hardwood 703.7 482.8 220.9 524.0 423.6 100.4 78.7 59.2 19.5 101.0 
Lowland hardwood 128.6 92.7 35.9 95.7 78.9 16.8 17.9 13.8 4.1 15.0 

T o t a l  1,072.3 733.0 333.3 794.8 645.3 149.5 116.3 87.7 28.6 161.2 

aDoes no t  i n c l u d e  biomass on NIPF l a n d s  l e a s e d  t o  f o r e s t  i n d u s t r y .  
b ~ n c l u d e s  a l l  s tumps,  t o p s ,  and l i m b s ,  p l u s  t o t a l  s a p l i n g  weight .  



T a b l e  5.--Total g r e e n  w e i g h t  o f  aboveground biomass ( e x c l u d i n g  f o l i a g e )  on NIPF hardwood s t a n d s  i n  t h e  S o u t h e a s t  P i edmont ,  by s p e c i e s  and  
d i a m d t e r  c l a s s a  

: A l l  : Diamete r  c l a s s  
S p e c i e s  d i a m e t e r  :---------------------------------_---------------------------_--------- 

j c l a s s e s  : 2 j 4 j 6 j 8 i 10 j 12 j 14 i 16 j 18 i 20 i 22-28 : 30+ - - - - - - - - - - - - -  -------- ---------------------- -2 2 -----' ------- --------------- ---- 

S o u t h e r n  ye l low p i n e s :  
L o b l o l l y  p i n e  57.0 .6 2.5 5.4 6.8 8.7 10.0 8.6 5.9 3.7 2.1 2-5 .2 
S h o r t  l e a f  p i n e  43.8 .7 2 6.3 10.2 10.1 7.4 3.7 1.8 1.0 .3 .I -- 
V i r g i n i a  p i n e  78.0 1.1 3.8 5.6 6.7 5.7 3.2 1.3 .5 1 -- -- -- 
O t h e r  ye l low p i n e s  6.2 .I .5 .6 .8 1.0 1.3 .9 .5 .2 1 .2 -- 

T o t a l  ye l low p i n e s  135.0 2.5 9.0 17.9 24.5 25.5 21.9 14.5 8.7 5.0 2.5 2.8 .2 

O t h e r  so f twoods  , , 12.3 1.2 1.7 1.9 1.5 1.3 1.0 1.0 .8 .9 -5 .4 1 
'6 - -  - --- -- -- --- - - - - - - - - - - - - - - -  - - - - - -  - -  --- ------_-_--_--_-_-__________________________---_----------------------- 

T o t a l  so f twoods  147.3 , 3.7 10.7 19.8 26.0 26.8 22.9 15.5 9.5 5.9 3.0 3.2 -3 

S o f t  hardwoods: 
S w e e t g ~ m  92.3 6.3 9.8 12.3 13.3 14.0 12.5 8.5 6.4 3.6 2.3 2.9 .4 
Yellow p o p l a r  101.8 2.8 5.2 7.6 9.3 12.8 15.8 14.7 11.6 8.0 5.7 6-8 1.5 
Tupe lo  and blackgum 28.3 2.8 2.7 2.9 3.8 4.5 4.3 2.7 2.1 .9 .5 .9 .2 
Bay and  magno l i a  3.9 .3 .4 .5 .6 .5 .4 .6 .2 .1 . 1  .1 1 
S o f t  maples  67.6 6.5 8.9 9.4 9.0 9.4 6.8 5.5 4.1 2.7 1.9 2.8 .6 
O t h e r  s o f t  hardwoods 32.4 2.5 3.6 3.8 4.2 3.6 4.0 3.1 2.4 1.5 1.0 2.2 .5 

T o t a l  s o f t  hardwoods 326.3 21.2 30.6 36.5 40.2 44.8 43.8 35.1 26.8 16.8 11.5 15.7 3.3 

Oaks: 
B lack  
C h e s t n u t  
L a u r e l  
Nor the rn  r e d  
S c a r l e t  
S o u t h e r n  r e d  
Water  
White  
O t h e r  oaks  
S c r u b  o a k s  

T o t a l  Oaks 402.9 13.4 '25.3 41.4 47.8 55.6 56.1 49..3 38.5 25.7 16.6 26.7 6-5 

O t h e r  hardwoods: 
Ash 17.6 1.2 1.8 2.6 2.6 2.4 2.2 1.8 1.1 .8 .4 .6 .1 
Hickory  78.6 4.6 6.5 7.9 9.1 10.5 10.8 9.5 7.9 5.0 2.5 3.8 -5 
O t h e r  ha rd  hardwoods 70.8 12.5 13.5 5.6 5.8 6.4 7.5 5.7 3.9 3.4 2.0 4.0 .5 
M i s c e l l a n e o u s  spp.  28.8 6.7 9.7 6.2 2.9 1.8 .7 .4 .2 -- .1 1 -- 

T o t a l  o t h e r  hardwoods 195.8 25.0 31.5 22.3 20.4 21.1 21.2 17.4 13.1 9.2 5.0 8.5 1.1 

T o t a l  hardwoods 925.0 59.6 87.4 100.2 108.4 121.5 121.1 101.8 78.4 51.7 33.1 50.9 10.9 

A l l  s p e c i e s  1,072.3 63.3 98.1 120.0 134.4 148.3 144.0 117.3 87.9 57.6 36.1 54-1 11.2 

a ~ o e s  n o t  i n c l u d e  biomass on NIPF l a n d s  l e a s e d  t o  f o r e s t  i n d u s t r y  n o r  s t a n d s  c l a s s i f i e d  a s  p r i m a r i l y  p ine .  



Table 6.--Minimum stocking standards by diameter class, numbers of trees, and 
basal area for fully and medium stocked stands 

Minimum basal area per acre Minimum number of trees per 
acre for-- 

* for-- 
D.b.h. 
class Full . 

Medium Full Medium 
stocking stocking stocking stocking . 

Seedlings 



a l l  age c l a s s e s ,  f u l l y  s tocked hardwood 
s t ands  i n  t h e  Piedmont are accumulating 15 
percent  more biomass per a c r e  than  medium 
stocked s t ands  and over  t h r e e  t imes more 
biomass than  poorly s tocked s tands .  

These graphs o r i g i n a t e  a t  age 1 5  because 
many hardwood s t a n d s  begin with some 
biomass i n  r e s i d u a l  t r e e s  l e f t  when t h e  
previous s t and  was harvested.  Data from 
s t a n d s  younger than age 1 5  a r e  heav i ly  
inf luenced  by t h e s e  r e s i d u a l s  and were not  
included. 

About 63 percent  o f  a l l  NIPF hardwood 
s t a n d s  i n  t h e  Piedmont are f u l l y  s tocked,  
33 percent  mediurii s tocked,  and 4 pecent 
poorly stocked wi th  a l l  l i v e  t r e e s .  These 
percentages and t h e  biomass product ion 
va lues  a s soc ia t ed  with them sugges t  t h a t  
biomass product ion could be increased  by 
15 t o  20 percent  i f  a l l  s t ands  were f u l l y  
stocked. I n  r e a l i t y ,  o p p o r t u n i t i e s  a r e  
much g r e a t e r  i f  growing-stock s tock ing  is 
considered. Only 21 percent  o f  NIPF hard- 
wood s t a n d s  a r e  f u l l y  s tocked wi th  
growing-stock t r e e s ,  while  56 percent  a r e  
medium stocked and 23 percent  a r e  poorly 
stocked. Obviously, t h e r e  is much oppor- 
t u n i t y  not  only t o  inc rease  t o t a l  growth 
but  a l s o  t o  s h i f t  t h i s  growth t o  more 
d e s i r a b l e  t r e e s .  

Dividing accumulated tons  of  biomass per  
a c r e  i n  each age c l a s s  by t h e  age-class  
midpoint y i e l d s  a measure of annual  
biomass product ion ( f i g .  3).  I n  both 
medium and f u l l y  s tocked s t ands ,  annual  
biomass product ion peaks before  age 1 5  and 
begins t o  f a l l  sha rp ly  as t r e e  crowns 
c l o s e  and o v e r a l l  growth slows. Poorly 
s tocked s t ands ,  disadvantaged from t h e  
start by l ack  of t r e e s  a v a i l a b l e  t o  f i x  
l i g h t  energy, never experience t h i s  e a r l y  
surge  of  growth. These s t ands  s t a r t  ou t  
s lowly and reach t h e  apex o f  biomass 
product ion a t  about age 30. 

Unlike percent  s tocking ,  s i te  q u a l i t y  is 
expensive t o  improve. Nevertheless ,  i t  is 
important  t o  know t h e  f u l l  impact o f  s i te  
q u a l i t y  on timber growth. The ma jo r i ty  o f  
Piedmont s t ands  occur on medium sites. 
Figures  4 and 5 d e p i c t  t h e  in f luence  of  
s i t e  c l a s s  on biomass accumulation and 
production. Performance o f  a p a r t i c u l a r  
s tand  w i l l  vary as a r e s u l t  o f  t h e  t r e a t -  
ment i t  rece ives ,  bu t  t h e r e  is much less 
s h i f t i n g  among s i t e  c l a s s e s  than  among 
s tock ing  l e v e l s .  

A s  expected, s i te  c l a s s  a l s o  has  a 
s i g n i f i c a n t  bearing on biomass accumula- 

t i o n  ( f i g .  4). On t h e  average, good sites 
accrue  about 26 percent  more biomass than 
medium s i t e s  and 48 percent  more than  poor 
si tes ac ross  a l l  ages. Stands on poor 
s i t e s  a r e  not nea r ly  as disadvantaged a s  
s t a n d s  t h a t  a r e  poorly stocked. Figure 5 
shows t h a t  s t ands  on poor s i t e s  experience 
an e a r l y  surge o f  growth, whereas poorly 
s tocked s t ands  do not  ( f i g .  3). 

Green weight of  f o r e s t  biomass on a l l  
NIPF commercial f o r e s t  land suppor t ing  
hardwood s t ands  i n  t h e  Piedmont averages 
79.5 tons  per acre.  The weighted average 
age of  t h e s e  same s t a n d s  is 43.1 years .  
By d iv id ing  average age i n t o  average 
weight we can determine t h a t  t h e  average 
Piedmont hardwood s tand  is manufacturing 
over 1.8 tons ,  o r  nea r ly  3,700 pounds, of 
biomass per a c r e  annually. Remember t h a t  
t hese  f i g u r e s  do not  inc lude  any f o l i a g e ,  
shrubs ,  v ines ,  fo rbs ,  e t c .  

NIPF Hardwood Past Treatment 

A t  each sample loca t ion ,  f i e l d  crews 
recorded t h e  primary p a s t  t reatment  o r  
d is turbance  t h a t  had occurred dur ing  t h e  
l a t e s t  remeasurement period. Resul t s  were 
separa ted  by broad f o r e s t  type and summed 
f o r  a l l  s i x  Piedmont Survey Units.  S ince  
t h e  remeasurement per iods  f o r  t h e  Piedmont 
averaged 10.9 yea r s ,  one can assume t h a t  
va lues  repor ted  r ep resen t  condi t ions  
approximately 5.5 yea r s  after treatment .  
Also, they  i n d i c a t e  t h e  f o r e s t  type a t  t h e  
time o f  t h e  new inventory  r a t h e r  than a t  
time o f  t reatment .  

Over t h e  remeasurement period nea r ly  2.3 
m i l l i o n  a c r e s  of  NIPF land i n  t h e  Piedmont 
experienced a f i n a l  ha rves t ,  were re t a ined  
i n  commercial f o r e s t ,  and are now c la s sed  
as hardwood types  ( t a b l e  7) .  Thus, t h e  
r a t e  o f  f i n a l  harves t  ( i nc lud ing  clear- 
c u t t i n g ,  seed-tree c u t t i n g ,  sa lvage ,  and 
high-grading) averaged more than 207,000 
a c r e s  annual ly,  excluding commercial th in-  
n i n g ~ ,  o t h e r  in te rmedia te  c u t t i n g ,  and 
land c l ea r ing .  The r e s i d u a l  green weight 
o f  f o r e s t  biomass on these  a c r e s  averaged 
39.1 t o n s  per  a c r e  ( t a b l e  8) .  Much o f  t h e  
biomass l e f t  i n  t h e  woods after f i n a l  
ha rves t  is i n  rough, r o t t e n ,  and smal l  
t r e e s .  The high propor t ion  o f  r e s i d u a l  
biomass l e f t  i n  these  hardwood s t ands  
i n d i c a t e s  t h a t  many a c r e s  a r e  s t i l l  being 
high-graded. This  p r a c t i c e  must be cur- 
t a i l e d  i f  we are t o  stem t h e  p r o l i f e r a t i o n  
of  low-grade hardwood s tands .  The poor- 
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Figure 3,--Mean annual production o f  biomass per 
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Figure 5,--Mean annual production of biomass per 

acre, by stand age and s i t e  class, on a l  l NlPF hard- 
wood stands, Southeast Piedmont (exc ludi ng Georgl a). 

Figure 4.--Accumu l a t  ion o f  biomass per acre, by 

stand age and s i t e  class, on a l l  NlPF hardwood 
stands, Southeast P i  edmont (exc lud l ng Georgl a). 



. Table 7.--Area of  NIPF hardwood s t ands ,  by r ecen t  p a s t  t reatment  o r  
d i s tu rbance  and broad f o r e s t  type,  Southeast  Piedmont 

Recent p a s t  
t rea tment  o r  
dis turbancea 

A l l  types  

Broad f o r e s t  type  
- -- - - -- - - -- - - - 

Oak- Upland : Lowland 
hardwood hardwood pine - 

- - - - - . I - -  Thousand a c r e s  - - - - - - - - 
Harvest ing 2,257.0 533.6 1,532.5 190.9 
Commercial th inning  296.6 112.0 145.3 39.3 
A r t i f i c i a l  'pJ.anting 18.0 13.3 4.7 -- 
Natura l  d is turbance  424.2 119.0 208.5 96.7 
o the rb  2,463.4 630.6 1,618.9 213.9 
None 8,743.5 2,097.5 5,609.9 1,036.1 

A l l  s t a n d s  

aPrimary t reatment  o r  d is turbance  of t h e  s t and  dur ing  l a t e s t  survey 
i n t e r v a l  i n  each S t a t e .  

b ~ n c l u d e s  c leaning ,  r e l e a s e ,  d ra in ing ,  prescr ibed  burning, s i t e  prepara- 
t i o n ,  and o t h e r  miscel laneous t reatments .  

Table 8.--Average green weight o f  f o r e s t  biomass on NIPF hardwood s t ands ,  by 
r e c e n t  p a s t  t rea tment  o r  d is turbance  and hardwood broad f o r e s t  type ,  
Southeas t  Piedmont 

Recent p a s t  . Broad f o r e s t  type  

t rea tment  o r  A l l  types  
d is turbancea  Oak- : Upland : Lowland 

p ine  hardwood hardwood 

- - - . . I . . . - - . I  Tons per  a c r e  - - - - - - - - 
Harvest ing 39. 1 38.5 37.8 51.1 
Commercial t h inn ing  70.1 69.9 70.5 69.3 
Artificial p l an t ing  21.6 29.2 0 om 

Natura l  d is turbance  75.2 78 . 7 73.4 74.9 
o the rb  76.2 70.5 78.4 75.9 
None 85.0 75 0 87.9 89.4 

A l l  s t a n d s  75.5 68.4 77.2 81.6 

aPrimary t reatment  o r  d is turbance  of  t h e  s t and  dur ing  l a t e s t  survey 
i n t e r v a l  i n  each S t a t e .  

b ~ n c l u d e s  c leaning ,  r e l e a s e ,  d ra in ing ,  prescr ibed  burning, s i t e  prepara- 
t i o n ,  and o t h e r  miscel laneous t rea tments .  



q u a l i t y  hardwood s t a n d s  w e  observe today 
are n o t  s o  much t h e  r e s u l t  o f  poor s i tes  
o r  i n h e r e n t l y  poor tree form, bu t  r a t h e r  
of  t h e  i n f e r i o r  trees l e f t  on t h e  s i t e  
after  one o r  more h a r v e s t  c u t s .  We cannot 
expec t  t o  produce f u l l y  s tocked ,  high- 
q u a l i t y  hardwood s t a n d s  when an  average o f  
39.1 t o n s  pe r  a c r e  o f  biomass remain on 
s i t e  after  h a r v e s t  i n  t h e  form o f  rough 
and r o t t e n  c u l l  trees and noncommercial 
unders tory  s ap l ings .  Landowners should 
a t t empt  t o  se l l  a l l  trees when they  make a 
t imber  sale, bu t  where fuelwood markets  
a r e  poor and firewood is t o o  expensive t o  
remove, sale may n o t  be pos s ib l e .  I n  such 
c a s e s ,  t h e  r e s i d u a l s  should be f e l l e d  and 
l e f t  i n  t h e  woods. Although t h i s  p r a c t i c e  
appears  was t e fu l ,  t h e  long-range b e n e f i t s  
of e s t a b l i s h i n g  more va luab le  hardwoods 
f a r  exceed t h e  l o s s  o f  u n d e r u t i l i z e d  
biomass a t  t h e  time o f  ha rves t .  

Only 2 percent  of  a l l  NIPF hardwood 
s t a n d s  experienced a commercial t h i n n i n g  
over  t h e  remeasurement per iod.  On t h e  
average ,  t h e s e  s t a n d s  had about  1 5  t o n s  
per  acre, o r  1 8  pe rcen t  o f  t h e  biomass, 
removed from them. R e l a t i v e l y  few hard- 
woods have been p l an t ed  on NIPF land ,  The 
f i g u r e s  l i s t e d  i n  t a b l e s  7 and 8 are most 
l i k e l y  unsuccess fu l  p ine  p l a n t a t i o n s  which 
r e s u l t e d  i n  an oak-pine f o r e s t  type.  
Na tu ra l  d i s tu rbances  and misce l laneous  
t r e a t m e n t s  occurred on 2.9 m i l l i o n  acres 
o f  NIPF Piedmont t imberland.  These even t s  
reduced t h e  average per  a c r e  f o r e s t  
biomass by about 1 0  tons ,  

Hardwood Utilization 

Some people have expressed concern t h a t  
h a r v e s t i n g  f o r e s t  biomass f o r  energy o r  
i nc reased  f i b e r  product ion might aggrava te  
hardwood procurement problems i n  t h e  
Piedmont. Es t imates  o f  Piedmont hardwood 
removals show t h a t  on ly  54 pe rcen t  o f  a l l  
f e l l e d  hardwood biomass (22.9 m i l l i o n  
t o n s )  is used f o r  roundwood products  
( t a b l e  9) .  S ince  it was not  p o s s i b l e  t o  
i s o l a t e  removals from only  NIPF t imberland 
f o r  every  i tem,  t h e  f i g u r e s  i n  t a b l e  9  
i n c l u d e  estimates of hardwood removals 
from a l l  ownerships i n  t h e  Piedmont. 
However, t h e  NIPF ownership group ho lds  
such a h igh  propor t ion  of  hardwood acreage  
i n  t h e  Piedmont t h a t  r a t i o s  developed from 

t a b l e  9 are h e a v i l y  in f luenced  by har-  
v e s t i n g  p r a c t i c e s  on NIPF land. Also, a 
f r a c t i o n  o f  t h e  hardwood biomass shown 
he re  came from pine  s tands .  

I n d u s t r i a l  products ,  a long  with t h e  
weight o f  hardwood biomass harves ted  f o r  
fuelwood, c o n s t i t u t e  t h e  estimate of  a l l  
roundwood products .  T r a d i t i o n a l l y ,  t h e  
merchantable volume of  a tree has  been 
def ined  as t h a t  po r t i on  between a 1.0-foot 
stump and a  4.0-inch d,o.b. t op ,  i n c l u d i n g  
a l l  f o r k s  g r e a t e r  than  4.0 i nches  d.0.b i n  
t r e e s  5.0 i nches  and l a r g e r .  Logging 
r e s i d u e s  a r e  t h e  merchantable p o r t i o n s  o f  
f e l l e d  t r e e s  remaining i n  t h e  woods a f t e r  
ha rves t .  Logging s l a s h  is t h e  weight of  
wood and bark i n  f e l l e d - t r e e  stumps less 
than  1.0 f o o t  above ground, i n  f e l l e d - t r e e  
t o p s  between 4.0 inches  and 0.5 i nches  
d.o.b., and i n  a l l  f e l l e d  s a p l i n g s  n o t  
used f o r  t imber  products .  Other removals 
i nc lude  t h e  unused t o t a l - t r e e  biomass of 
a l l  hardwoods des t royed  i n  land  c l e a r i n g  
and c u l t u r a l  opera t ions .  Between 1971 and 
1976, an average  of  12  percent  o f  t h e  
t o t a l  annual  f e l l e d  weight o f  hardwood 
biomass i n  t h e  Piedmont remained i n  t h e  
woods as logging  r e s idues ;  17  pe rcen t  
remained as logging  s l a s h ,  and 1 7  pe rcen t  
as unused o t h e r  removals. 

During most ha rves t  ope ra t i ons ,  some 
trees are judged wor th less  by t h e  l ogge r  
and bypassed because o f  s i z e ,  s p e c i e s ,  o r  
q u a l i t y  (Welch 1980). On NIPF land  i n  t h e  
Piedmont, some 39 t o n s  per  a c r e  o f  t h e s e  
l i v i n g  r e s i d u e s  were l e f t  i n  t h e  woods 
fo l lowing  f i n a l  ha rves t .  General ly  t h e s e  
l i v i n g  remnants,  a l though counted as p a r t  
of  t h e  t imber  resource ,  i n h i b i t  t h e  de- 
velopment of  new s tands .  A t  least  7.4 
m i l l i o n  t o n s  o f  hardwood biomass accumu- 
l a t e d  annua l ly  as o b s t r u c t i v e  l i v i n g  resi- 
dues on commercial f o r e s t  land'  i n  t h e  
Piedmont between 1971 and 1977 ( t a b l e  9 ) .  

Other s t and ing  r e s i d u e s  are those  trees 
which were once p a r t  of  t h e  commercial 
f o r e s t  bu t ,  because o f  l and  c l e a r i n g  f o r  
a g r i c u l t u r a l ,  urban, o r  some o t h e r  land  
use ,  now s t and  i n  a nonfo re s t  condi t ion .  
I n  many I n s t a n c e s ,  t h e s e  t r e e s  are benef i -  
c i a l  because t hey  encourage w i l d l i f e ,  have 
e s t h e t i c  va lue ,  provide shade,  o r  reduce 
e r o s i o n  and s i l t a t i o n .  I n  any ca se ,  t hey  
do no t  i n h i b i t  t h e  es tab l i shment  of  new 
s t a n d s  on e x i s t i n g  t imberland. About 2.9 



Table 9.--Total green weight of  annual  removals of a l l  hardwood l i v e  t imber  on a l l  
ownerships by item, S t a t e ,  and y e a r ,  Southeas t  Piedmont 

S t a t e  and yea r  

Item A l l  : 
South Carol ina  Vi rg in ia  : S t a t e s  : Georgia : North Caro l ina  . . . . : 1971 1973 . 1977 : 1976 

A l l  roundwood 
produc tsa 12.3 3.2 

Logging 
res iduesb  "; 2.7 7 

Logging s l a s h C  3.9 1.2 
Other removalsd 4.0 1.1 

T o t a l  f e l l e d  22.9 6.2 6.4 3.0 7.3 
weight 

Commercial 
f o r e s t  l i v i n g  
res iduese  

Removed from 
commercial 
f o r e s t f  

T o t a l  s t and ing  10.3 3.4 2.8 1.6 2.5 
r e s i d u e s  

T o t a l  a l l  33.2 9.6 9.2 4.6 9.8 

aGreen weight of  merchantable and unmerchantable p o r t i o n s  of  a l l  l i v e  hardwoods 
5.0 i n c h e s  d.b.h. and l a r g e r ,  p l u s  a l l  hardwood s a p l i n g s  used t o  produce a l l  round- 
wood products.  

b ~ r e e n  weight of  merchantable p o r t i o n s  of a l l  l i v e  hardwoods 5.0 inches  d.b.h. 
and l a r g e r  des t royed and no t  u t i l i z e d  dur ing  h a r v e s t  opera t ions .  

CGreen weight o f  unmerchantable p o r t i o n s  o f  a l l  l i v e  hardwoods 5.0 inches  d. b. h. 
and larger, p l u s  a l l  hardwood s a p l i n g s  des t royed and n o t  u t i l i z e d  dur ing h a r v e s t  
opera t ions .  

d ~ o t a l  green weight of a l l  l i v e  hardwoods 5.0 inches  d.b.h. and l a r g e r ,  p l u s  a l l  hard- 
wood s a p l i n g s  des t royed and no t  u t i l i z e d  dur ing  c u l t u r a l  opera t ions  and l and  c lea r ing .  

eTota l  green weight of a l l  l i v e  hardwoods 5.0 inches  d.b.h. and l a r g e r ,  p l u s  a l l  hard- 
wood s a p l i n g s  s t i l l  s t and ing  i n  commercial f o r e s t  on a c r e s  which experienced a f i n a l  
h a r v e s t  . 

f ~ o t a l  g reen  weight of a l l  l i v e  hardwoods 5.0 inches  d.b.h. and l a r g e r ,  p l u s  a l l  
hardwood s a p l i n g s  s t i l l  s tand ing  bu t  no longer  i n  a f o r e s t  condi t ion.  



m i l l i o n  t o n s  o f  hardwood biomass were 
added t o  t h i s  ca tegory  annua l ly  ( t a b l e  9 ) .  

When both s t and ing  and f e l l e d  r e s i d u e s  
are considered,- on ly  37 pe rcen t  o f  t h e  
hardwood biomass i n  harves ted  s t a n d s  is 
being u t i l i z e d .  The remaining 63 pe rcen t  
is  l e f t  i n  t h e  woods because, t o  d a t e ,  
l ogge r s  have n o t  been a b l e  t o  make t h e s e  
r e s i d u e s  pay t h e i r  way o u t  o f  t h e  woods. 
Th i s  s i t u a t i o n  may be changing. Cur- 
r e n t l y ,  hardwood whole-tree c h i p s  b r i n g  
an average de l ive red  pulpwood p r i c e  o f  $12 
per  green  ton  i n  t h e  Piedmont (Timber 
Mart-South 1982). Based on c o s t  com- 
pa r i sons  with NO. 2 f u e l  o i l ,  t h e  Office 
of  Technology Assessment has  es t imated  
t h a t  economic cond i t i ons  i n  t h e  fore-  
s e e a b l e  f u t u r e  sugges t  t h a t  wood energy 
u s e r s  could a f f o r d  t o  pay up t o  $90 p e r  
d ry  t on  o f  wood d e l i v e r e d ,  o r  about  $45 
per  green t o n  (U.S. Congress 1980). Even 
i f  t h e  va lue  of t h i s  wood waste does no t  
quadruple ,  t h e  p o t e n t i a l  f o r  i nc reased  
va lue  a long  wi th  t h e  magnitude o f  t h e  
r e sou rce  c l e a r l y  i n d i c a t e s  s u b s t a n t i a l  
economic oppor tun i ty .  I n  a d d i t i o n  t o  t h e  
p o t e n t i a l  d e l i v e r e d  va lue  o f  logging  waste 
and l i v i n g  r e s i d u e s ,  t h e  removal o f  t h e s e  
m a t e r i a l s  from t h e  f o r e s t  would substan-  
t i a l l y  reduce t h e  landowner's c o s t  o f  s i t e  
p repa ra t i on  and r ep l an t ing .  

It i s  not  reasonable  t o  expec t  t h a t  a l l  
harves ted  biomass can o r  should be u t i -  
l i z e d .  The economic, e c o l o g i c a l ,  and 
s o c i a l  impacts  of  t o t a l  u t i l i z a t i o n  are 
complex and d i f f e r  g r e a t l y  wi th  l o c a l  
s i t u a t i o n s .  I f  hardwood s t a n d s  i n  t h e  
Piedmont were p rope r ly  ha rves t ed ,  however, 
t h e  product  ou tpu t  from t h e  hardwood 
r e sou rce  could a t  l e a s t  be doubled wi th  no 
t h r e a t  t o  convent iona l  hardwood supp l i e s .  
With proper  r egene ra t i on  and maintenance 
a f t e r  h a r v e s t ,  i nc reased  y i e l d s  o f  b e t t e r  
q u a l i t y  hardwoods a r e  c e r t a i n .  

Hardwood Treatment Opportunity 

A s  long  as vege t a t i ve  cover  is p r e s e n t ,  
biomass w i l l  be produced. It i s  t h e  t a s k  
of  t h e  f o r e s t  manager t o  maximize and 
channel  t h i s  growth onto  t h e  most benefi-  
c ia l  s p e c i e s  t h a t  c i rcumstances permit ,  
On 14  m i l l i o n  a c r e s  of  NIPF i n  t h e  
Piedmont, hardwood management is a  l o g i -  
cal -choice because i t  can produce good 

r e t u r n s  a t  much lower c o s t s  than  p ine  
management, and because it can provide  
t h e  m u l t i p l e  b e n e f i t s  many small land- 
owners d e s i r e .  A s  t h e  hardwood r e sou rce  
on NIPF l and  p l ays  a r o l e  o f  i n c r e a s i n g  
importance, it becomes c r i t i ca l  t h a t  t h i s  
resource  be managed more product ive ly .  

I n  c o n t r a s t  t o  p ine  management, hardwood 
s i l v i c u l t u r e  need be n e i t h e r  expensive 
nor i n t ens ive .  Although r e sea rch  on 
hardwood management i n  t h e  Piedmont has  
been r a t h e r  l i m i t e d ,  r e s u l t s  a p p l i c a b l e  
t o  t h e  Piedmont are a v a i l a b l e  from o t h e r  
r eg ions  o f  t h e  count ry  (Kel l i son ,  
F rede r i ck ,  and Cardner 1981; McGee, Beck, 
and Sims 1979; McGee and Hooper 1970).  
Seve ra l  s i l v i c u l t u r a l  op t ions  a v a i l a b l e  
t o  t h e  hardwood manager a t  minimal c o s t  
a r e  : 
1. After f i n a l  h a r v e s t ,  c l e a r c u t  a l l  

r e s i d u a l s  1.0 inch  debohm and l a r g e r .  
Res idua ls  need t o  be removed because t hey  
do no t  respond favorab ly  t o  release a f t e r  
being i n  t h e  unders tory  s o  long; t h e y  
shade ou t  new s p r o u t s  and s e e d l i n g s ,  and 
t h e  stumps o f  t h e s e  small stems prove t o  
be t h e  b e s t  sp rou te r s .  Salvage t h e  re- 
s i d u a l s  f o r  firewood where p o s s i b l e  bu t ,  
even i f  t h e  wood is not  recoverab le ,  f e l l  
t h e  stems s o  a  new vigorous even-aged 
s t and  can begin. 

2. S t r i v e  t o  main ta in  f u l l  s tock ing .  
T h i s  cond i t i on  is e a s i l y  achieved a t  
h a r v e s t  by apply ing  proper  r egene ra t i on  
techniques;  i t  is much more d i f f i c u l t  t o  
i n c r e a s e  t h e  s tock ing  o f  e s t a b l i s h e d  
s t ands .  Landowners should have t h e i r  
s t a n d s  assessed  f o r  n a t u r a l  r egene ra t i on  
p o t e n t i a l .  Some o f  t h e  b e t t e r  oak 
s t ands ,  wi th  most of  t h e  stems l a r g e r  
than  15  inches  d.b.h., w i l l  no t  regen- 
e r a t e  n a t u r a l l y  because t h e  stems do not  
sprout .  I n  t h e s e  s t a n d s ,  enrichment 
p l a n t i n g s  may be needed t o  o b t a i n  f u l l  
s tock ing .  Fo r tuna t e ly ,  most hardwood 
s t a n d s  do not  need enrichment p l an t ings .  
Sp rou t s  from small stumps, and seeds  t h a t  
remain v i a b l e  i n  t h e  s o i l  l i t t e r  f o r  long  
pe r iods  o f  time, normally provide suf -  
f i c i e n t  regenera t ion .  

3. Deadening o f  undes i r ab l e  s p e c i e s  
may be h e l p f u l  on c e r t a i n  s i t e s  where 
s t r o n g  compet i t ion  from unwanted s p e c i e s  
w i l l  s e v e r e l y  r e s t r i c t  o r  e l i m i n a t e  

' d e s i r a b l e  spec i e s .  Landowners should 



weigh t h e  c o s t  o f  t rea tment  a g a i n s t  t h e  
probable improvement of s p e c i e s  com- 
pos i t i on .  They should be reminded t h a t  
many undes i r ab le  s p e c i e s  w i l l  d rop  o u t  
through n a t u r a l  m o r t a l i t y  a s  t h e  s t and  
develops. D i sc re t ion  should be used s o  
t h a t  a t r e e  is not  k i l l e d  where no o t h e r  
t r e e  is a v a i l a b l e  t o  occupy t h e  si te.  
4. I n  f u l l y  s tocked o r  overstocked 

s t a n d s ,  t h inn ing  and timber s t and  
improvement (TSI) c u t s  a r e  p o s s i b i l i -  
t i e s .  A t  p r e sen t ,  t he se  ope ra t ions  a r e  
economical on ly  where a heavy t h i n n i n g  
is p o s s i b l e  and-markets a r e  favorable .  
I n  t h e  f u t u r e ,  it'. is hoped t h e  biomass 
removed i n  l i g h t  t h inn ings  and TSI 
ope ra t ions  w i l l  r e t u r n  enough revenue t o  
offset ope ra t ing  c o s t s .  Landowners 
should be reminded t h a t  r e t u r n s  from 
management e f f o r t s  a r e  u s u a l l y  g r e a t e s t  
on t h e  b e s t  sites and t h a t  a l l  s t a n d s  do 
n o t  need t reatment .  Some young s t a n d s  
j u s t  need time t o  develop on t h e i r  own. 

I f  NIPF owners would apply  some o f  t h e  
t r ea tmen t s  suggested he re  and put  t h e i r  
l and  under management, s e v e r a l  important  
b e n e f i t s  would l o g i c a l l y  follow. I n  t h e  
s h o r t  run, t h e  demand f o r  energy wood 
and some o t h e r  products  would be met 
through t h e  conversion of  poor-qual i ty  
s t a n d s  t o  young, vigorous s tands .  I n  
t h e  long  run,  t h e  hardwood resource  
would be improved i n  both q u a n t i t y  and 
q u a l i t y ;  landowners would make more 
p r o f i t  from timber sales; and some of  
t h e  demand p re s su re  now placed on 
southern  p ines  could be r e l i eved .  
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