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PREFACE 

The concept and objectives of this symposium 
were not new, only the cosponsors. The first 
symposium emphasizing contributions from women 
scientists was held in 1983. The increasing number 
of women in natural resources and the USDA Forest 
Service's comitment to promote, enhance, and 
endorse civil rights suggested that the timing was 
right for a second symposium to bring together 
women in natural resources research to present 
their research findings. This time the format was 
changed. An opportunity was presented to women and 
men to contribute oral or poster papers as well as 
to hear presentations from invited speakers. 

To announce the symposium, information was 
sent to many professional journals in an effort to 
reach researchers in universities, government 
agencies, and forest industry. This was undertaken 
by the Program Committee, consisting of: 

Susan V. Kossuth 
Principal Plant Physiologist 
Southeastern Forest Experiment Station 
University of Florida, Gainesville 

Nancy A. Pywell 
Assistant Professor of Forestry 
School of Forest Resources 
and Conservation 

University of Florida, Gainesville 

Sharon G. Haines 
Section Leader, Soils Research 
International Paper Company 
Bainbridge, Georgia 

We have many individuals and organizations to 
thank for the success of the symposium. First, 
special thanks to Jerry A. Sesco, Director, South- 
eastern Station, for creating the opportunity for 
the symposium, for his quiet behind-the-scenes 

support and encouragement, for financial backing, 
and for serving as a buffer against critics by 
responding to their comments without bogging down 
the Program Committee. Thanks go to Arnett C. 
Mace and C.P. Pat Reid, University of Florida, 
School of Forest Resources and Conservation 
(SFRC), for their full endorsement in cosponsor- 
ship of the symposium. Thanks to Thomas F. Geary, 
USDA Forest Service, International Forestry, who 
was instrumental in announcing the symposium 
worldwide, resulting in the attendance of several 
women from foreign countries. A special thanks to 
Max Peterson, Chief of the Forest Service, for his 
positive comments in the Keynote Address. We wish 
to acknowledge the meticulous work of Monica 
Lindberg, University of Florida, SFRC, who handled 
registration and financial arrangements. Appreci- 
ation is extended to Jefferson-Smurfit Company for 
the afternoon tour "Southern Forestry in Action." 
Thanks also to many unnamed people in civil 
rights, personnel offices, and administrative 
positions in universities, government, and 
industry who supported the symposium by encour- 
aging and supporting participants from their 
respective organizations. Finally, we wish to 
thank the speakers and participants who came and 
fulfilled beyond all expectations the objectives 
of the symposium as outlined in the opening 
Overview. 

Papers published in this proceedings are as 
they were submitted by the authors--in camera- 
ready form. Authors are responsible for the 
content and accuracy of their papers. Statements 
by contributors outside the USDA Forest Service 
may not necessarily reflect Department policy. 

SUSAN V. KOSSUTH 
NANCY A. PYWELL 
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OVERVIEW 

Susan V. Kossuth 

The first symposium of this kind grew out of 
the creative thinking of scientists at the USDA 
Forest Service, Northeastern Station, and de- 
veloped with strong support from the enlightened 
management of their Director, Denver Burns. 
Margaret M. Harris of the Northeastern Station and 
Ann M. Spearing of the University of Vermont at 
Burlington made the concepts and ideas of the 
symposium a reality to me and many others in 
attendance at that first meeting on September 16- 
17, 1983. This second symposium originated in an 
informal discussion I had with Jerry Sesco, 
Director of the USDA Forest Service, Southeastern 
Station, He was concerned that I not feel alone 
and isolated as the only woman Project Leader and 
scientist in the Forest Service in Florida. We 
discussed opportunities for contact with other 
women scientists. I commented on the symposium 
held at Burlington in 1983 because there I made 
new friends and learned about companionship of 
women in research that is different from compan- 
ionship of women with men in research. In the 
months after the first symposium I changed my 
whole concept of "women in forestry." The timing 
was right and the opportunity was created. 

Many women, like me in 1983, do not even 
recognize that they need meetings such as this. 
By attending such symposia, they are working to 
obtain full status as professionals in natural 
resources. Meetings that emphasize women in 
natural resources raise the consciousness level 
that they are indeed professionals. For those of 
us with a Ph.D., "full status" means the "rights, 
privileges and prerogatives thereofH--and it must 
be a two-way street. We give our loyalty, time, 
and energies to our institutions; our employers 
must respond in kind. This symposium testifies 
to the fact that the day of the "token woman" is 
gone and that women indeed belong right where 
they are, in the jobs in natural resources that 
they love. 

So why are we here? We are here because in- 
creasingly women are being given equal employment 
opportunities in the profession: women are highly 
competitive, they have a lot to offer the profes- 
sion, and they are changing the workforce. Thus, 
women are making a statement. Times have changed 
in the United States, and the natural resources 
profession is out of balance in regard to the 
ratio of men to women. This conference represents 
women who are working in the profession and bring- 
ing it into balance. Women in natural resources 
research cover the spectrum. They graduate from 
universities to the Forest Service and other 
government employment, to industry or private 
enterprise, and to faculty and other research 
positions in universities. 

There are many objectives for this symposium. 
The first is to focus on women scientists and 
their research findings. Of importance, this is 
to be accomplished in the same manner as it would 
be at national or international meetings within 
each discipline. The second is to establish 
communication links among women and men who are 
interested in helping women obtain and remain in 
employment in which to grow, to develop, to make 
contributions, and to advance in their careers. 
Some call this networking. The third major ob- 
jective is to involve women graduate students so 
they can meet women who are already on the re- 
search career ladder. They need to know women are 
a positive force that is needed in this area of 
scientific endeavor called forestry and natural 
resources. This symposium is an excellent oppor- 
tunity to see women as active professionals, and 
where graduate students may find role models or 
mentors. Natural resources is a satisfying 
profession and it needs the support of women to 
remain a strong, vital, and dynamic enterprise in 
these great United States. Each one here may add 
other reasons for attending and, whatever they 
are, we are happy you came and hope you come away 
with much more than you gave--the same as I did 
from the first symposium in Burlington, Vermont. 



WOMEN IN NATURAL RESOURCES 

R ,  Max Peterson, Chief, Forest Service 
U.S. Department of Agriculture 

ABSTRACT.,,The importance of  the work being shared a t  this  
conference i s  not that i t  was produced by women, but that 
i t  i s  a contribution to  science, Conferences that spotlight 
the high quality of work being done by women sc ient i s t s  will 
help breakdown stereotypes and encourage other women to 
pursue excellence in professions previously dominated by 
males, As we move closer to  the goal of  equal opportunity we 
must not lose respect for individual differences. It  i s  
the diverse backgrounds of  a well-integrated society that 
provide unique perspectives, insights,  and solutions to  the 
chal 1 enges we face. 

I am d e l i g h t e d  t o  be here ,  and honored t o  be 
t h e  keyno te  speaker  a t  t h i s  con fe rence .  I am 
impressed w i t h  t h e  dep th  and b r e a d t h  o f  t he  
papers b e i n g  p resen ted .  The t o p i c s  a r e  c e r t a i n l y  
w o r t h y  o f  w idespread rev iew .  It i s  b o t h  
encou rag ing  and d i s a p p o i n t i n g  t h a t  papers o f  t h i s  
c a l i b e r  a r e  b e i n g  p r e s e n t e d  a t  a  con fe rence  
p r i m a r i l y  aimed a t  and o r g a n i z e d  b y  women. I 
l o o k  f o r w a r d  t o  t h e  day when t h e  number and 
q u a l i t y  o f  s c i e n t i f i c  c o n t r i b u t i o n s  b y  women i s  
so much a  p a r t  o f  m a j o r  s c i e n t i f i c  even ts  t h a t  a  
s e p a r a t e  seminar  wou ld  s i m p l y  n o t  be c o n s i d e r e d  
necessa ry  o r  a p p r o p r i a t e .  

T h i s  con fe rence  i s  encou rag ing  because i t  
p r o v i d e s  a  showcase f o r  t h e  h i g h  qua1 i t y  work 
b e i n g  done b y  women i n  n a t u r a l  r e s o u r c e  
management and research.  It a l s o  p r o v i d e s  an 
o p p o r t u n i t y  t o  c e l e b r a t e  t h e  f a c t  t h a t  t h e r e  a r e  
an i n c r e a s i n g  number o f  women s c i e n t i s t s  who a r e  
mak ing s i g n i f i c a n t  c o n t r i b u t i o n s  t o  f o r e s t  
sc ience .  

The h i s t o r y  o f  women i n  s c i e n c e  i s  l o n g  and 
i l l u s t r i o u s ,  d a t i n g  back a t  l e a s t  t o  Madame 
C u r i e ' s  p i o n e e r i n g  c o n t r i b u t i o n s  t o  t h e  s t u d y  o f  
magnet ism, r a d i a t i o n ,  and a tom ic  s t r u c t u r e  and as 
r e c e n t  as t h e  success o f  R i t a  L e v i - M o n t a l c i n i  
(LEV1 MONT-ALCHEENEE) , who, a1 ong w i t h  h e r  
p a r t n e r  S t a n l e y  Cohen, r e c e i v e d  t h i s  y e a r ' s  Nobel 
P r i z e  f o r  M e d i c i n e  f o r  t h e i r  work  s t u d y i n g  c e l l  
g row th  and t h e  o r d e r l y  deve lopment  o f  t i s s u e .  

By t h e  way, I t h i n k  t h e r e  i s  an i n t e r e s t i n g  
s i d e  n o t e  t o  t hese  two examples I used. Madame 
C u r i e  was educated i n  Po land b u t  c o u l d n ' t  f i n d  
work as a  s c i e n t i s t  u n t i l  she moved t o  France and 
m a r r i e d  P i e r r e  Cu r i e .  I n  o t h e r  words,  t h e  
h u r d l e s  t o  overcome f o r  a  female r e s e a r c h e r  were 
a l m o s t  i nsu rmoun tab le  then. I f  h e r  husband had 
n o t  sponsored h e r ,  i t  i s  d o u b t f u l  t h a t  she would  
have been g i v e n  t h e  o p p o r t u n i t y  t o  make t h e  
c o n t r i b u t i o n s  she made. 

I n  t h e  more r e c e n t  example, Ms. 
L e v i - M o n t a l c i n i  s a i d  t h a t  she had t o  do most o f  

h e r  e a r l y  r e s e a r c h  a t  home. Her e t h n i c  
h e r i t a g e  d i d  n o t  a1lol.i he r  t o  t a k e  t h e  same 
p a t h  t o  success t h a t  h e r  resea rch  p d r t n e r  
took .  

F o r t u n a t e l y  f o r  a1 1  o f  us, d e s ~ i  t e  t h e  
f a c t  t h a t  t hese  two s r e a t  s c i e n t i s t s  d i a  s u f f e r  
d i s c r i m i n a t i o n ,  t h e y  were a b l e  t o  overconie 
a d v e r s i t y .  That  b r i n 5 s  me t o  t h e  f i r s t  p o i n t  
I ' d  1  i ke t o  make today- -a  s o c i e t y  t h a t  a1 lows 
o r  encourages c o n t r i b u t i o n s  f rom s c i e n t i s t s  
f r om o n l y  one sex, o r  race,  o r  e t h n i c  
background i s  d o i n g  i t s e l f  a  g r e a t  d i s s e r v i c e .  
I t s  p r o g r e s s  as a  s o c i e t y  w i l l  a s s u r e d l y  be 
r e t a r d e d .  

We face  many i m p o r t a n t  cha l l en5es  i n  t h e  
area o f  n a t u r a l  r e s o u r c e  management. We need 
t h e  b e s t  s c i e n t i s t s ,  t h e  b e s t  r e s e a r c h e r s ,  t h e  
b e s t  minds search inc j  f o r  s o l u t i o n s  t h a t  w i l l  
a l l o w  t h i s  and f u t u r e  g e n e r a t i o n s  t o  p rospe r .  
And we need t h e  push f o r  e x c e l l e n c e  t h d t  o n l y  
comes f rom open c o m p e t i t i o n  t o  move up 
o r g a n i z a t i o n a l  1  adders  o r  t o  g e t  f i n a n c i  d l  

g r a n t s ,  o r  t o  r e c e i v e  o t h e r  o p p o r t u n i t i e s  and 
r e c o g n i t i o n .  

That  open c o m p e t i t i o n  has been a  l o n g  t i m e  
coming i n  p r o f e s s i o n a l  and s c i e n t i f i c  
o r g a n i z a t i o n s  t h a t  t r a d i t i o n a l  l y  were dominated 
b y  w h i t e  males ,  and t h e  F o r e s t  S e r v i c e  was no 
excep t i on .  

I prorri ise I w o n ' t  go on a t  l e n g t h  a b o u t  
o u r  numer i ca l  success i n  p r o v i d i n g  
o p p o r t u n i t i e s  f o r  women-- I f e e l  t h a t  t i c  k i  ncj 
o f f  numer i ca l  s t r e n g t h  o f t e n  d i s p l a y s  more 
abou t  an o r g a n i z a t i o n ' s  f a i l u r e  t h a n  i t ' s  
success- -any number t h a t  doesn'  t d i s p l a y  f u l l  
equa l  i t y  i s  r e a l l y  a  r e f l e c t i o n  o f  how f a r  we 
have y e t  t o  go! h e v e r t h e l e s s ,  f o r  t he  sake of  
r e fe rence ,  I do k a n t  t o  p r o v i d e  some 
s t a t i s i t i c a l  a c c o u n t i n g  o f  t he  p rog ress  women 
a r e  mak ing i n  d e v e l o p i n g  c a r e e r s  i n  n a t u r a l  
r e s o u r c e  sc iences  . 



The f i r s t  woman s c i e n t i s t  hired by the 
Forest Service,  Eloise Gerry, undertook wood 
s t ruc tu re  research a t  the Forest Products 
Laboratory in 1910--the same year the Laboratory 
was established.  In 1978, Susan Kossuth became 
the f i r s t  woman to head a  Forest Service research 
project .  That was a  long time coming! 

I t  was 1932 before a  woman graduated with a  
degree in fores t ry .  She found employement in 
biology, since the notion of women actual ly  
working in fo res t ry  was s t i l l  too radical to 
enter ta in .  

The f i r s t  woman professional fo res t e r  was 
hired by the Forest Service in 1957--eight years 
a f t e r  I s t a r t e d  work in the Forest Service. That 
was a  long time in coming too! To f in i sh  the 
milestones, the f i r s t  female Dis t r i c t  Ranger was 
selected in 1979, and the f i r s t  female Forest 
Supervisor was appointed in 1985. 

How long before we have our f i r s t  female 
Chief? Well, t he re ' s  no doubt in my mind tha t  
one of my successors will be a  woman. 

The examples of slow progress t h a t  I 've  jus t  
c i ted  a1 1 pertained to the Forest Service. 
However, the track record for other government 
agencies, u ~ i v e r s i  t i  es , and private businesses 
could be writ ten in the same lacklus ter  manner. 

Fortunately, women are  making great  s t r i d e s  
today in the natural resource sciences and are 
assuming t h e i r  r ightful  place as innovators, 
managers, and 1  eaders. However, the t rue  success 
s to ry  cannot be found by simply examining how 
many women or other minorit ies are entering the 
natural resource sciences. 

That success must be measured not by how we 
t r e a t  everyone as equal s--I  see  providing 
equal i ty  as a  moral and e th ica l  
responsibil i ty--but by how well we acknowledge 
and use everyone's unique t a l en t s  and know1 edge. 
For today, I ' d  l i ke  to focus a t tent ion on open 
competition, not only as a  moral imperative, b u t  
as a  contribution toward our soci a1 we1 1-being. 

As women, Blacks, Hispanics, Asians, Native 
Americans, and other minorit ies f i r s t  s tar ted  
moving in to  the sciences,  the emphasis was not on 
learning from them, b u t  in f i t t i n g  them into 
positions tha t  were once held almost t o t a l l y  by 
white ma1 es.  We often missed the boat by not 
taking advantage of the new resources being made 
avai lable  fo r  the benefi t  of us a l l - -qual i f ied  
professionals with a  par t icular  perspective, with 
pa r t i cu la r  in s igh t s ,  and with unique solutions to 
chal lenges he faced. 

I  think the benefi ts  to be achieved from 
equal opportunity are  especia l ly  important in the 
natural resources sciences. We have a  good 
understanding of basic s c i e n t i f i c  principles.  
What we don ' t know i s  who wi 1  1  , o r  how someone 
w i l l ,  take these basic pr inciples ,  rearrange them 
according to t h e i r  unique vis ion,  and rea l ize  a  
major breakthrough in solving current problems. 

No one can rea l ly  predict these kinus of 
s c i e n t i f i c  breakthroushs. No one picked 
Einstein out as a child who wohld somedaq 
provide major insights into how our world 
operates. Even now, no one knows what caused 
his  to visual i r e  the real l t y  of e=mc2, b u t  
where would the d isc ip l ine  of pnjsics be t o d a ~  
i f  Einstein had been prevented from workins in 
his chosen science? 

! sa id  e a r l i e r  tha t  I  was del ishtea  to be 
here. The reasons transcena m j  position as 
Chief, and they transcend my career  in the 
Forest Service. Some of those reasons can be 
traced to my role of fa ther  of three aau5hters 
and one son. As a  parent, I f e l t  tha t  my 
c h i l d r e n s ' a s p i  ra t ions  and c a p a b ~ l  I t i e s  should 
not be limited or  shaped ~y t h e i r  sex. I 
think t h a t ' s  the real underlying messase of 
t h i s  conference. 

A socie ty  doesn ' t  reach i t s  potential 
unti l  a l l  of i t s  members have the opportunity 
to reach t h e i r  potential .  Freedorti means t h d t  
a  minimum of r e s t r i c t ions  are placea on the 
individual.  The number of wor;ien i n  natural 
resource sciences i s  not representative of the  
number of women in our society.  I think t h i s  
i s  due in part to the fac t  t h a t ,  in the pas t ,  
women were not encourayea to enter  the 
sciences. So some of the problems we face 50 
back to elementary and high school. 

Research has shown tha t  our expectdtions 
of others play a  large role in deterriiin'rns 
behavior. For example, teachers who were t o l ~  
t h a t  a  c lass  they were about to s t a r t  t e a c h ~ n g  
was coriiposed of very br isht  students tended to  
have a  c lass  tha t  excelled, Similarly,  i f  we 
expect tha t  we can a t t r a c t  top-notch wonien in 
science,  we will a t t r a c t  more top-notch fenidle 
students.  

When I  was in school, r e l a t ive ly  few 
women studied natural resource sciences or  
engineering , . . they weren't expected to! 
There were no women fo res t e r s ,  engineers,  o r  
other s c i e n t i s t s  in my graduating c lass .  
Women were in the t radi t ional  schools of 
journal ism, nursing, education, and so on. 
Perhaps conferences such as t h i s  will ra ise  
a1 1  of our expectations. 

Without downgradi ng  the seriousness of 
the obstacles in your paths, I  think some 
obstacles for  women are self-imposed, jus t  ds 
they are  for  men. In my job,  I s e t  asked by a 
l o t  of peoble about career plannins, I a i a  a 
videotape se t t ing  out my basic a d v ~ c e ,  and i t  
should be widely available--at  l eas t  in each 
of the Forest Service ' s  Regions and Stations.  
If you haven't seen i t ,  1 hope you ' l l  ask to 
have i t  shown. Because my advice pertains to 
women as well as men, I ' d  1 i  ke to share some 
of my career  counsel in9 thoughts with you. 



When ycu ' re  trying to build a  career ,  1 
recommend you look a t  what the  organization o r  
f i e l d  of study i s  1 i  kely to need in terns  of 
future t a l e n t .  For example, i f  an organization 
will be going through an expansion, i t  will 
reward those employees who are  f l ex ib le  and f a s t  
learners ,  If an organization i s  s t ab le  or  i f  i t  
i s  g i n g  through a  period of a u s t e r i t y ,  i t  will 
seek out those employees who have b u i l t  a  breadth 
and depth of exper t i se  t h a t  will allow jobs to be 
done more e f fec t ive ly ,  If  an organization must 
deal with high p r io r i ty  national problems such as 
acid r a in ,  i t  will seek o u ~ e o p l e  who are  
adaptable and have an i n t e r e s t  in he1 ping provide 
solut ions .  

A second b i t  of advice I would pass on i s  
tha t  nothing succeeds l i k e  success, To find out 
how you can benefit  your ca ree r ,  t a lk  to people 
who have been successful .  Find out the 
ingredients of t h e i r  success. I  think each 
successful person will  t e l l  you some of the same 
things,  such as :  

I ,  I t "  important to work as part of the 
team. 

2. I t ' s  important to be able to  communicate 
we7 7 , incl udi ng 1 is tening.  Interpersonal ski  11s 
are  important in every position in an 
o r g a n i z a t i o ~ .  

3. I t ' s  important to have a  posit ive 
a t t i t u d e .  There's an old saying, "Smite and the  
world s ~ i l e s  with you," There's a  l o t  of t r u t h  
to tha t .  NG one advocates bejny blind to 
d i f f i c u l t i e s ,  b u t  successful people tend to see 
the d i f f i c u l t i e s  as challenges to be overcome, 
not problems to run from. As a  var ia t ion  on the 
notion of posit ive thinking,  1% sure each of you 
has been in a s i tua t ion  where someone e l se  got 
c red i t  fo r  your work, or  someone e lse  with the 
same qual i f ica t ions  got a  be t t e r  deal than you. 
I t  happens, Everyone gets imposed on a t  some 
time. How you handle such s i tua t ions  may be 
important to your success. Cynicism and 
pessimism are  poisons to good ideas and good 
people. 

Another piece of advice I pass on to people 
trying to build a  career  i s  t ha t  you need an 
o r i en ta t ion  to the future.  Traditions are 
important. In tegr i ty  i s  a  must. Respect for  
other individuals i s  e s s e n t i a l ,  b u t  the one thing 
you c a n ' t  do i f  you want to move forward i s  t o  
l i v e  in the past. I t "  always a mistake to think 
a s i tua t ion  i s  temporary, and someday we can a l l  
go back to the "good o l d  days," You can ' t .  The 
successful people are movi ng toward tomorro~j and 
he1 ping I ead the way. 

A f ina l  b i t  of advice for people, both men 
and women, who are  in teres ted  in building a  
career  i s  tha t  you mast develop a  broad 
o r i en ta t ion  or perspective to your work. 

Uhatever your job i s ,  i t ' s  important to 
understana the nature of your or5anizat ion ; how 
others Pi t  into the picture--what the i r  
responsibil i  t i e s  a re ;  and how many di f f e ren t  
jobs or tasks compose your par t icular  f i e l a  of 
enceavor, 

There's a popular notion tha t  i f  you are  
goins to advance in your career ,  you must learn  
more and n;ore about your pa r t i cu la r  f i e ld .  
That's not always true.  The climb up the 
career  ladder i s  not a1 ways a s t r a i g h t  l i ne .  I 
think the oppor tuni t j  of gainin5 a  broader 
perspective i s  one of the side benefi ts  to the 
i nterdi sci  pl i  nary process i  ncreasi ngl y  useu 
both in research and in operdting programs. by 
working to5ether,  you can learn the concepts, 
ideas,  and s c i e n t i f i c  principles of several 
d isc ip l ines .  There i s  a  c ross - fe r t i l i za t ion  of 
s k i l l s  and a b i l i t i e s .  I t  i s  sometimes 
surpr is ing to see the benefi ts  of working, with 
others.  

A good example i s  in the f i e ld  of medicine 
and e lec t ronics .  kho would have thou5ht years 
ago t h a t  someone with an h.0. degree would yo 
back to school to s tud j  e l ec t ron ics ,  o r  be 
working c losely  with an e l ec t r i ca l  en9ineer t o  
jo in t ly  analyze problen~s and seek solut ions?  
Or, who would have thousht tha t  an e l e c t r i c a l  
engineer would have to learn about how the 
human booy functions to work e f f e c t i v e l j  with a  
medical team? Today, the pacemaker ana 
e lec t ronic  ana nucl ear diagnostic equipment a r e  
jus t  examples of the synergism of 
i n t e r d i s c i p l i n a r j  approaches. 
i n t e rd i sc i  pl inary approaches. 

There's one other major topic I want t o  
cover here today. That i s  the notion t h i i t  
while we s t r i v e  for open competition and 
equal i ty ,  we must not lose respect for 
differences.  blanagers have a  very d i f f i c u l t  
job in t h i s  regard. They must recocjnize 
differences in a  constructive way without 
appeari ncj to create separate categories. There 
are di f  ferences between how men and women, or  
individuals from various ethnic backgrounds, 
will function on a  job. 

Within the l a s t  year,  I was a t  a  meeting 
and one of the D i s t r i c t  Rangers came to me and 
told me tha t  we have another " f i r s t "  in the 
Forest Service--our f i r s t  presnant Di s t r i c t  
Rantjer. She was pregnant, ana she told me 
about some of her plans, such as workinc, ~ v i t h  
her a s s i s t an t  to appoint an Acting Ranger 
durins her maternity leave. So we had a  new 
s i tua t ion  we had to deal with, and there are  a  
l o t  of those t h a t  Gifford Pinchot never had to  
deal with, So we couldn' t  look a t  t radi t ional  
approaches. This d idn ' t  mean i t  wds a  ser ious  
problem--it was merely a  new one. 



We have to ask what we can do so women are 
not forced to  make a decision between having a 
career  or having a family. O f  course, when 
concessions are  made in t h i s  d i r ec t ion ,  the 
question a r i s e s  about the r ights  of men to also 
be given time off  for paterni ty  leave. 

We have to ask what can be done to lessen 
the trauma of a career move in a two-career 
family, In t h i s  regard, we%e launched a dual- 
career family policy which makes i t  possible t h a t  
i f  one member t r ans fe r s ,  the other i s  found 
appropriate employment in the new locat ion,  
However, t h i s  presents the poss ib i l i t y  tha t  the 
dual -career family pol icy penal izes the s ingle  
person. With the number of dual-career families 
a t  an a1 I-lime high, and with a growing number of 
people delaying marriage to build a career ,  you 
can see the d i f f i c u l t y  of the questions we are  
facing. 

I am looking forward to hearing some of the 
other speakers present t h e i r  papers, The scope 
of t h i s  conference indicates tha t  we have made 
good progress in achieving our goal o f  equal 
opportunity. Let me highlight some of the ideas 
I 've  presented today. 

While the theme of the conference i s  women 
i n  science,  the importance o f  the work being 
shared here i s  not only tha t  i t  was produced by 
wonen, b u t  t h a t  i t  i s  a contribution to sclence,  
The ckallenses we face i n  the natural resource 
sciences a r e  too d i f f ~ c u l t  For us to exclude a n j  
element OF socie ty  Prom the search f o r  so lut ions ,  

I a1 so mentioned tha t  in our race to achieve 
s t a t i s t i c a l  success, he s o ~ e t i m e s  overtook 3 ;are 
c r i t i c a l  value i n  having people with diverse 
backgrounds working together--that  i s ,  t ha t  
d ive r s i ty  allows for  a c ross - fe r t i l  ization a n d  
expansion o f  ideas,  

I t r i e d  to o f fe r  some key points I have 
found useful in building a professional i i  f e ,  and 
I discussed some o f  the dilemmas we face as we 
t r y  t o  find solut ions  t h a t  will provide e q m l  
opportunit ies for a l l .  

Once again,  l e t  me congratulate a l l  of you 
for putting together a very impressive 
conference, By s pot1 i ghting the accompl i shments 
of some of our women s c i e n t i s t s ,  you are 
encouraging others to fol low i n  t he i r  footsteps.  



Use of Models in Resource Management 
1 

Katherine C. Ewe1 2 

Abstract. --Use of models for resource management 
is increasingly appropriate because of the growing 
complexity of resource management issues. Three 
factors limit the complexity of models that are 
constructed to address these issues: the amount of 
information necessary to construct and simulate 
the model; inherent error in the integration 
process; and the advisability of restricting the 
range of turnover times of the state variables 
that comprise the model. Models that describe 
only one or two basic processes in an ecosystem, 
such as decomposition, may be useful in spite of 
their simplicity. More complex models that 
describe entire ecosystems are often most useful 
if they are part of an on-going research project. 
Models of entire landscapes may be less complex 
than ecosystem models because of greater 
aggregation of state variables, but they are 
useful nonetheless for exploring management 
implications. 

Keywords: Simulation model, non-linear 
differential equations, integration error, 
aggregation 

With increased population pressure and a 
shrinking land base, resource management has 
become more dependent on active manipulation not 
only of ecosystems but often of entire landscapes, 
even for maintenance of "natural" conditions. The 
ability to do this, however, requires-an 
understanding of simultaneously interacting 
factors such as climate variables, primary and 
secondary productivity, nutrient cycles, water 
availability, and fire frequency, as well as the 
perturbations introduced by management. It can be 
extremely difficult, however, to perform the 
necessary integration mentally. With increased 
availability and diversity of computers, the 
ability to conceptualize, to express 
mathematically, and to explore the multitude of 
relationships among components in managed and 
natural ecosystems, watersheds, and even 
landscapes has increased greatly. 

These interactions can be explored effectively 
by constructing and simulating computer models. A 
model is an abstraction of reality: a 
simplification of a complex system. The 
mathematical models that I will discuss are sets 
of non-linear differential equations that express 
inflows and outflows from the components (state 
variables) that comprise a unit of the landscape, 
such as an ecosystem, that is assumed to be 
discrete, Simulation of such a model for 
exploring resource management practices requires 
estimating the magnitudes of the state variables 
and their flows and expressing the precise 
relationships among the state variables and other 
factors (such as climate) that govern them. 

SCOPE AND USEFULNESS OF MODELS 

The complexity of a model should be limited as 
much as possible to ensure its usefulness. Two 
factors set these limits. First, each interaction 
and/or process that is included in a model must be 
described in the equation, and its magnitude must 
be estimated. Because equations for most state 
variables contain at least two flows (usually 
more), each of which may include one or more 
interactions with other components, the amount of 
information required to support the equations 
mounts rapidly as the number of state variables 
increases. Second, there is usually no precise 
analytical method for solving systems of nonlinear 
differential equations. (The major exception is 
use of an analog computer, which usually limits 
the size and complexity of a model.) Using a 
digital computer is inherently inaccurate, 
requiring discrete time steps rather than 
instantaneous solutions. Although the amount of 
integration error can be reduced by selecting 
small time steps andlor sophisticated integration 
routines, rounding error also accumulates at each 
integration, at least partially offsetting any 
increased accuracy. Consequently, a larger model 
carries the potential for greater cumulative 
error. Because the relative importance in the 
model of feedback mechanisms, such as predation, 
and forcing functions, such as climate variables, 
may vary, there is no straightforward association 
between the accuracy of a model and its 
complexity. Nevertheless, it is clear that a 
modeler should relinquish simplicity with great 
reluctance. 

A model should be constructed so that its state 
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any useful information about the real system. Two 
approaches for incorporating such state variables 
are available. A portion of a model can be 
excised as a subroutine and solved with a 
different time step, e.g., an hourly 
photosynthesis module in a model that includes 
annual changes in plant biomass. But it is then 
difficult to allow the simulated processes in the 
subroutine to interact significantly with the rest 
of the model, and the two become fairly 
independent. Moreover, the subroutine with the 
shorter turnover time, which is ostensibly 
introduced to increase accuracy, may in fact be 
subject to greater error because of integration 
error, as described above. The second approach is 
to incorporate state variables with short turnover 
times into a general, aggregated state variable 
(e.g., including phytoplankton and macrophytes as 
"plant biomass" in a lake model). The risk is in 
losing details that may be significant (such as 
the relationships between phytoplankton and 
consumers that may change in very short time 
periods). Unfortunately, there is no easy method 
for selecting the appropriate level of resolution; 
the choice must be based on the system being 
simulated and the issues or questions that the 
model is intended to address. 

Lack of a data base should not deter model 
construction. Clearly, a strong data base and 
independent validation are necessary if a model is 
to be used to establish actual management 
practices. However, a model may also illustrate 

the range of behavior patterns a system may follow 
under a variety of possible values for both state 
variables and processes, providing insight into 
the structure and function of an ecosystem as well 
as direction for further research efforts, 
Consequently, the purpose of the model should be 
considered before judgement is made about the 
extent of its data base. 

Models may therefore differ in complexity, the 
scale of processes that are included in them, and 
the amount of data that support them. The 
strategy of determining the appropriate level of 
complexity, deciding on the appropriate time and 
geographic scales, and dealing with a large or 
small data base must be determined for each model. 
Five models that describe a broad range of 
complexity (1 - 21 state variables) are outlined 
in Table 1 and are described below to illustrate 
these points. 

PROCESS MODELS 

Although many resource management models may 
focus on specific ecosystems, simple models that 
describe important processes within an ecosystem 
may be of interest to resource managers. One of 
the first ecological models to be simulated (Olson 
1963) describes the process of litter 
decomposition: 

Table 1. State variables included in five resource management models. 

PROCESS MODEL ECOSYSTEM MODELS LANDSCAPE MODELS 

Litter Florida Pine 
Decomposition Plantation 

Labile biomass Pine foliage 
Refractory Pine stems 
biomass and branches 

Pine coarse roots 
Shrubs 
Herbs 
Litter and humus 
P in pine foliage 
P in pine stems 
and branches 

P in pine roots 
P in shrubs 
P in herbs 
P in litter 
Available 

inorganic P 
Total inorganic P 
Soil water 
Deep aquifer 

Florida 
Lake 

Commercial Tropical 
Forest Watershed 

Phytoplankton Foliage Land in forest 
Macrophytes Stems and branches Land in coffee 
Macrophyte Coarse roots Land in pasture 

storage organs Fine roots Human population 
Epipelic algae Litter and humus Soil moisture 
Zooplankton Soil organic matter Sediments 
Benthic invertebrates Understory 
Omnivorous fish 
Adult primary 
predator fish: 
biomass and numbers 

Young primary 
predator fish: 
biomass and numbers 

Adult secondary 
predator fish: 
biomass and numbers 

Young secondary 
predator fish: 
biomass and numbers 

Number of white amur 
Particulate dead 
organic matter 

Detritus 
P in detritus 
Inorganic P: 
epilimnion and 
hypolimnion 



This general model defines the decomposition 
constant, k ,  as an index of the rates at which 
dead organic matter (Q) decays and, indirectly, 
nutrients may be remineralized in the litter 
layer, a fairly discrete subsystem of many 
ecosystems. The accuracy of this model is 
increased by the use of two state variables rather 
than one (see Table I): labile organic matter (A) ,  
which decays rapidly, and refractory organic 
matter (B), which consists primarily of structural 
materisl and decays more slowly: 

dA/dt = -kl * A dB/dt = -k2 * B 

This simple model was used to demonstrate the 
apparent impact of wastewater disposal on foliage 
quality as well as on decomposition rate (Dierberg 
and Ewel 1984). However, doubling the number of 
state variables also doubles the number of 
estimates necessary for simulation: the proportion 
of each of the components as well as the decay 
rate of each, This two-variable model has also 
been used to establish confidence bands for 
estimates of the two decay rates that describe the 
decomposition process (Portier and Ewel 1981). 

ECOSYSTEM MODELS 

Constructing and simulating a model of an entire 
ecosystem may serve any or all of three purposes: 
to test the feasiblity of hypotheses about 
ecosystem dynamics; to determine priorities for 
future research by examining the behavior of the 
components of a model; and to predict the 
consequences of proposed management practices. 
Consequently, the data base required for a model 
may range from minimal to extensive based on the 
degree of use that the model may receive, 

A model of a managed slash pine (Pinus elliottii 
Engelm,) plantation was constructed over a period 
of several years, as the information about 
magnitudes of carbon and nutrient storages and the 
nature of the interactions among carbon, 
phosphorus, and water cycles slowly increased. 
The earliest version of the model (Ewel et al. 
1978) was developed from a very small data base 
and an understanding of basic ecosystem processes. 
Expansion of the model as the data base increased 
improved the resolution of this model (Table I; 
Golkin and Ewel 1 9 8 4 1 ,  and pinpointed belowground 
processes as the most important target for future 
research. Further development has led to a 
partially validated, l-yr version of the model 
that continues to serve as a tool for setting 
research priorities and may eventually become a 
management tool, 

When data-gathering and model building are 
simultaneous, model development may be much more 
rapid, and all three goals may be realized. The 
carbon and phosphorus dynamics in a Florida lake 
that had been invaded by an exotic aquatic plant 
(Bydrilla verticillata Royle) were simulated as 
part of a large-scale research effort that 
included documentation of annual patterns in water 
quality and plant and animal populations. By 
incorporating into a single model the dynamics of 
major groups of plant and animal populations, dead 

organic matter, and organic and inorganic forms of 
phosphorus (see Table I), it was possible to 
demonstrate that addition of a fish that eats 
aquatic weeds could increase the biomass of 
benthic invertebrates and of game fish such as 
bass, increase the water quality, and increase 
turnover rate of carbon in spite of decreased 
photosynthesis rates (Ewel and Fontaine 1982, 
1983). Once validated, such a model could be used 
to determine specific management strategies for 
aquatic weed control. 

This model, however, contains state variables 
that span a wide range in turnover times: from 2 
hr for carbon incorporated in phytoplankton to 29 
days for carbon incorporated in omnivorous fish; 
turnover times for inorganic dissolved phosphorus 
and for detritus represent an even broader range. 
The combination of widely varying turnover times 
and the damping of programmed climate factors by 
the aqueous environment decrease the stability of 
the model, particularly when it is simulated for a 
Long time, and therefore compromise its usefulness 
for exploring a broad range of potential 
management strategies. The pine plantation model 
has a greater probability of usefulness for 
management because the ecosystem is structurally 
more simple, and hence easier to express in a 
model, and because of the importance that climate 
plays in regulating inflows, outflows, and rates 
of processes in the structure of the model. 

The usefulness of these ecosystem models is not 
restricted to management, however. The results 
also outline the general patterns and magnitudes 
of carbon, nutrients, and water cycles, serving as 
a basis for comparison not only with similar 
ecosystems but among ecosystem types as well. The 
following general carbon budgets derived from the 
two ecosystem models described above demonstrate 
the differences in magnitude and apportionment 
that can occur: 

Florida Florida 
Components and Processes Pine Forest Lake 

Live plant biomass (tiha) 8.0 0.4 

-1 -1 
Plant respiration (t ha yr ) 1.2 0.7 

Increase in- ive biomass -1 1 
(t ha yr ) 0.8 0 

-1 -1 
Grazing (t ha yr ) 

Detritus pro uction -1. -(ii 
(t ha yr 1 

LbTDSCAPE MODELS 

Expanding an ecosystem model to incorporate the 
patterns found throughout a landscape need not 
require increased complexity. An aggregated 
version of the slash pine model was constructed to 
explore the implications of different kinds of 
forest management practices on large scale carbon 



storage patterns in commercial forests (Table I). 
Nutrient and water cycles were omitted, replaced 
by factors in the carbon fixation term that 
account for fertilization and latitudinal changes 
in evapotranspiration. Simulating this relatively 
simple model (seven state variables and l-yr age 
classes for the pines) resulted in a broad 
spectrum of uses, from verifying a hypothetical 
decomposition rate for soil organic matter 
(Cropper and Ewel 1983) to predicting the 
magnitude of decline in carbon storage patterns 
that could be expected if Florida plantations were 
intensively managed for biomass production 
(Cropper and Ewel in press). The model was 
sufficiently general to be applied to a similar 
analysis of the impacts of forestry practices on 
carbon cycling in the Pacific Northwest (Cropper 
and Ewel 1984). Although this general a model 
cannot compensate for site-to-site differences 
among individual forests, it expresses the general 
patterns that can be observed in a landscape. Its 
data base is stronger than the ecosystem models, 
in part because it is much simpler. Its breadth 
in geographic scope is matched by a long time- 
scale. Without having been validated, it has 
suggested potential long-term effects of resource 
management strategies on global carbon storage 
pat terns. 

Many processes that can be expressed in 
considerable detail at the ecosystem level can be 
aggregated at the landscape level. A model 
simulating population growth and related changes 
in land use patterns in a Large tropical 
watershed, and their impacts on sedimentation in a 
proposed downstream reservoir in the Dominican 
Republic was constructed by assembling simple 
models of population growth, land use change, and 
water balances (Table I; Antonini et al. 1975). 
This model had only six state variables. The data 
base was sufficient to program historic land use 
changes, population growth, and climate. Although 
it was too general to predict the specific 
lifetime of the reservoir, the model was useful 
for comparing relative impacts of a series of 
government policies, such as controls on forest 
harvesting, other land use conversions, and 
emigration, that would affect population and land 
use in the watershed. It demonstrated the 
importance of interactions among different 
components of the landscape in determining the 
impacts of management strategies. 

CONCLUSIONS 

Neither the degree of complexity nor the 
availability of data need define the usefulness of 
a model in resource management. Very complex 
models with only a small data base can be useful 
in setting research priorities; as the data base 
broadens they become more useful for interpreting 
research data. Very simple models, on the other 
hand, can accurately describe general behavior 
patterns of a portion of an ecosystem or of an 
entire landscape. It is also clear, however, that 
much of the responsibility for making best use of 

a model rests on the shoulders of the modeler. A 
model should not be expected to be more than an 
abstraction of reality, but it can clearly serve 
as a useful tool in probing reality, 

1 thank Wendell P, Cropper, Jr., and Mary Duryea 
for constructive comments on this manuscript. 
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Abstract,--Accurate p r e d i c t i o n  of s tand  growth and 
y i e l d  r e q u i r e s  a  thorough understanding of t h e  
e f f e c t s  t h a t  var ious  s i l v i c u l t u r a l  t rea tments  have 
on s tand  s t r u c t u r e  and development. Tree improve- 
ment, th inn ing ,  s i t e  p r e p a r a t i o n  and f e r t i l i z a t i o n  
have been shown t o  change t h e  shape and/or  l e v e l  of 
growth curves. Therefore ,  modeling success  can be 
b e s t  achieved where emphasis is  placed on t h e  
e f f e c t  of those t rea tments  on t h e  b a s i c  r e l a -  
t i o n s h i p s  underlying s tand  growth and development 
and v a l i d a t i o n  a g a i n s t  long-term da ta .  

Many s i l v i c u l t u r a l i s t s  a r e  i n t e r e s t e d  i n  t r e a t -  
ments o r  combinations of t rea tments  t h a t  i n c r e a s e  
product ion e f f i c i e n c y ,  E f f i c i e n c y  is  improved i f  
t h e r e  is  a  r e d u c t i o n  i n  product ion c o s t  per  u n i t  
of a  d e s i r e d  q u a l i t y .  For a  f o r e s t  crop,  t h a t  
r e d u c t i o n  can be measured d i r e c t l y  i n  d o l l a r s .  
Costs  a s s o c i a t e d  wi th  a  s i l v i c u l t u r a l  regime 
i n c l u d e  t h e  o p e r a t i o n a l  c o s t s  of c u l t u r a l  t r e a t -  
ments, c o s t s  of i n s t a l l i n g  s t u d i e s  t o  document 
t rea tment  e f f e c t s ,  c o s t s  of wai t ing  f o r  opera- 
t i o n a l  o r  r e s e a r c h  r e s u l t s ,  and c o s t s  of t ak ing  a  
wrong a c t i o n .  These c o s t s  make mathematical 
models of s t a n d  growth necessary  t o o l s  f o r  pro- 
j e c t i n g  probable t rea tment  e f f e c t s  and r e s u l t i n g  
y i e l d s .  To be u s e f u l  f o r  e x t r a p o l a t i o n ,  a  model 
must r e f l e c t  observed o r  q u a n t i f i e d  behavior of 
s t a n d s  over  t h e  long term. This  paper b r i e f l y  
o u t l i n e s  l o b l o l l y  pine (P inus  t a e d a  L.) s tand  
behavior and reviews s e v e r a l  r e c e n t  advances i n  
modeling s i l v i c u l t u r a l  t rea tments  i n  l o b l o l l y  pine 
s Lands. 

BEHAVIOR OF LOBLOLLY PINE STANDS 

Much of what is  known about t h e  development of 
l o b l o l l y  pine s t a n d s  is  der ived  from long-term 
o b s e r v a t i o n s  i n  d e n s i t y - c o n t r o l  s t u d i e s  i n s t a l l e d  
a t  very e a r l y  ages i n  n a t u r a l  s t a n d s  and from 
p lan ted  spacing s t u d i e s .  Examination of long-term 
r e s u l t s  provides much in format ion  about t h e  
e f f e c t s  of h e i g h t  growth, i n i t i a l  d e n s i t y ,  and t h e  
i n t e r a c t i o n  of t h e s e  f a c t o r s  i n  s tand  development. 

The fo l lowing  a r e  o b s e r v a t i o n s  from l o b l o l l y  
p ine  s t a n d s  of t h e  same i n i t i a l  d e n s i t y :  

a .  Stands on poor s i t e s  c o n t a i n  more t r e e s  
per  a c r e  than s t a n d s  on b e t t e r  s i t e s  a t  t h e  same 
age (F igure  1 ) ;  

b. At t h e  same mean h e i g h t  of dominant t r e e s ,  
s t a n d s  on b e t t e r  s i t e s  c o n t a i n  more t r e e s  per a c r e  
than  s t a n d s  on poorer  s i t e s  (F igure  2 ) ;  and 

c .  B e t t e r  s i t e s  can suppor t  h igher  basa l  a r e a s  
than  poorer s i t e s .  
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Given t h e  same s i t e  q u a l i t y ,  basa l  a r e a s  and volu- 
mes produced from s t a n d s  of d i f f e r e n t  i n i t i a l  den- 
s i t i e s  converge, c r o s s  over ,  and d e c l i n e  ( F i g u r e  
3 )  

Mean annual  increments of both volume and b a s a l  
a r e a  culminate  e a r l i e r  on b e t t e r  s i t e s  than on poor 
s i t e s  and a t  h igher  i n i t i a l  d e n s i t i e s  than a t  lower 
i n i t i a l  d e n s i t i e s .  These observa t ions  and t r e n d s  
a r e  apparent  i n  the  compiled information from long- 
term d e n s i t y  s t u d i e s  (Balmer e t  a l .  1975, Harms 
and Lloyd 1981, Gilmore and Gregory 1974, Arnold 
1978, Arnold 1981, Sprinz e t  a l .  1979, Hafley 5 
a l .  1981, Buford and Hafley 1985, Harms and Langdon - 
1976). 

TREATMENTS 

S i l v i c u l t u r a l  t rea tments  have t h r e e  c l a s s e s  of 
g o a l s :  I )  manipulat ing t h e  t r e e  d i r e c t l y  by gene- 
t i c  improvement, 2 )  improving t h e  compet i t ive  
environment by th inn ing  o r  weed c o n t r o l  and 3) 
improving t h e  chemical and phys ica l  environment by 
s i t e  p repara t ion  o r  f e r t i l i z a t i o n .  Advances i n  
modeling these  t rea tments  r e s t  on determining t h e i r  
e f f e c t  on r e l a t i o n s h i p s  b a s i c  t o  s tand  
development, 

Tree Improvement 

Using long-term, block-planted g e n e t i c  s t u d i e s  t o  
i n v e s t i g a t e  t h e  e f f e c t s  of t r e e  improvement on 
l o b l o l l y  pine s tand  dynamics, Buford (1986) and 
Buford and Burkhart (1985) found t h a t :  1) f o r  seed 
sources  and f a m i l i e s ,  t h e  shape of t h e  height-age 
curve is d i c t a t e d  by t h e  s i t e ,  but the  l e v e l  of t h e  
height-age curve is  d i c t a t e d  by t h e  seed s o u r c e  o r  
family (Fig.  4 ) ;  2) f o r  seed sources  and f a m i l i e s ,  
t h e  shape of t h e  height-diameter  r e l a t i o n s h i p  a t  a  
g iven  age is determined by t h e  s i t e  and i n i t i a l  
d e n s i t y ,  while  t h e  l e v e l  of t h e  height-diameter  
r e l a t i o n s h i p  is determined by t h e  seed source  o r  
fami ly  and is d i r e c t l y  r e l a t e d  t o  t h e  dominant 
h e i g h t  of t h e  seed source  o r  fami ly  a t  t h a t  age; 
and 3)  i f  s i l v i c u l t u r a l  t rea tments  a r e  t h e  same and 
a r e  e q u a l l y  s u c c e s s f u l ,  v a r i a n c e s  of he igh t  and 
d iameter  i n  s t a n d s  o r i g i n a t i n g  from s e l e c t e d  geno- 
types  a r e  n o t  d i f f e r e n t  from those  i n  g e n e t i c a l l y  
unimproved s tands .  The i m p l i c a t i o n s  f o r  modeling 
growth of s tands  o r i g i n a t i n g  from s e l e c t e d  genoty- 
pes a r e :  1 )  g e n e t i c  improvement of t r e e s  a f f e c t s  
t h e  r a t e  a t  which s t a n d s  develop,  but does n o t  fun- 
damental ly  a l t e r  t h e  p a t t e r n  of s tand  development 
from t h a t  of unimproved s t a n d s ;  2) changes i n  gene- 
t i c  m a t e r i a l  on a  g iven  s i t e  w i l l  l i k e l y  a f f e c t  t h e  
l e v e l ,  but no t  t h e  shape,  of b a s i c  a s s o c i a t i o n s  
such a s  t h e  height-age and height-diameter  rela- 



t i o n s h i p s ;  and 3)  c o r r e c t l y  c h a r a c t e r i z i n g  t h e  
height-age p r o f i l e  is c r u c i a l .  I n  g e n e r a l ,  growth 
of g e n e t i c a l l y  improved l o b l o l l y  pine can be 
modeled by a l t e r i n g  t h e  height-age curve i n  
c u r r e n t  growth and y i e l d  models t o  r e f l e c t  d i f -  
f e r e n c e s  i n  t h e  l e v e l ,  o r  s i t e  index,  a t t a i n e d  by 
d i f f e r e n t  s o u r c e s  o r  f a m i l i e s  (Buford and Burkhart 
1986). At p r e s e n t ,  t h e r e  is  a  major e f f o r t  t o  
i d e n t i f y  key hypotheses about dynamics of s t a n d s  
of g e n e t i c a l l y  improved s t o c k  and t o  determine t h e  
most e f f i c i e n t  exper imenta l  means t o  t e s t  those  
hypotheses (Nance e t  a l .  1986). 

Thinning 

S e v e r a l  d i a m e t e r  d i s t r i b u t i o n  models have been 
developed which inc lude  a  th inn ing  component. 
Thinning is accomplished by t r u n c a t i n g  t h e  
d iameter  d i s t r i b u t i o n  o r  by removing c e r t a i n  pro- 
p o r t i o n s  of s tems from s p e c i f i e d  diameter  c l a s s e s .  
Height is p r e d i c t e d  from a  height-diameter  
equa t ion  and i s  not  among t h e  th inn ing  c r i t e r i a .  
Examples of t h i s  type of model a r e  g iven  by Matney 
and S u l l i v a n  (1982) and Cao e t  a l .  (1982). 

An i n d i v i d u a l  t r e e  model t r e a t s  t h e  s tand  a s  
an  a g g r e g r a t e  of s e p a r a t e  t r e e s ,  each having spe- 
c i f i c  c h a r a c t e r i s t i c s .  Such a  model f o r  l o b l o l l y  
p ine  s t a n d s  was presented by Daniels  and Burkhart  
( 1975). I n  t h i s  model, th inn ing  was accomplished 
by removing i n d i v i d u a l s  meeting s p e c i f i e d  c r i t e r i a  
from t h e  d iameter  d i s t r i b u t i o n .  Although t h e  
i n d i v i d u a l  h e i g h t s  a r e  known, h e i g h t  was no t  used 
i n  th inn ing  d e c i s i o n s .  I n  t h e  models d i scussed  
above, s t a n d  parameters  a r e  not  f u n c t i o n s  of i n i -  
t i a l  d e n s i t y  o r  spac ing ,  but of t h e  number of sur-  
v i v i n g  t r e e s  a t  any g iven  time. 

A model f o r  thinned s t a n d s  mathematical ly  
der ived  from a  model f o r  unthinned s t a n d s  was pre- 
s e n t e d  by Hafley and Buford (1985). The s t a n d  is  
modeled a s  a  b i v a r i a t e  d i s t r i b u t i o n  of h e i g h t s  and 
d iameters  w i t h  s t a n d  c h a r a c t e r i s t i c s  p red ic ted  
from age,  i n i t i a l  d e n s i t y ,  and dominant he igh t .  
The model shows t h e  convergence of basa l  a r e a  and 
volume observed i n  long term d e n s i t y  s t u d i e s .  
Thinning was accomplished by manipulat ing t h e  
b i v a r i a t e  d i s t r i b u t i o n  s o  t h a t  th inn ing  d e c i s i o n s  
a r e  based on h e i g h t  and diameter .  The model was 
v a l i d a t e d  us ing  d a t a  from long-term th inn ing  s t u -  
d i e s .  It c l o s e l y  pred ic ted  h e i g h t  and d iameter  
d i s t r i b u t i o n s  f o r  25 y e a r s  a f t e r  th inn ing  under 
v a r i o u s  regimes (Smith and Hafley 1986). b y  
d e c i s i o n s  made i n  developing t h i s  model were t h a t  
t h e  growth of a l l  s t and  c h a r a c t e r i s t i c s ,  inc lud ing  
h e i g h t ,  is a f f e c t e d  by i n i t i a l  d e n s i t y ,  t h a t  
h e i g h t  growth e f f e c t s  t h e  growth of o t h e r  s t a n d  
c h a r a c t e r i s t i c s  and, t h e r e f o r e ,  t h a t  h e i g h t  should 
be considered i n  th inn ing  dec i s ions .  

F e r t i l i z a t i o n  and S i t e  P r e p a r a t i o n  

Recent r e s u l t s  from t h e  Lower A t l a n t i c  
Coas ta l  P l a i n  i n d i c a t e  t h a t  both bedding and 
phosphorus f e r t i l i z a t i o n  a l t e r  t h e  shape and l e v e l  
of t h e  h e i g h t  growth curve on a  g iven  s i t e .  
R e s u l t s  a t  ages 10 and 15 from a  s t u d y  i n  South 
Caro l ina  (McKee and W i l h i t e  1986, Buford and McKee 
1986) and a t  age 13 from a  s tudy  i n  North Caro l ina  
(Gent e t  a l .  1986) c o n s i s t e n t l y  show d i f f e r e n c e s  

of 10 f e e t  o r  more i n  average h e i g h t  ( a t  ages 10, 
15 and 13) between bedded p lus  phosphorus and 
c o n t r o l  t rea tments .  Di f fe rences  i n  t h e  shape  of 
t h e  height-age p r o f i l e s  a r e  more pronounced among 
t rea tments  on t h e  w e t t e r  s i t e s  (McKee and W i l h i t e  
1986). I n d i c a t i o n s  a r e  t h a t  progress  can be made 
i n  modeling t h e s e  t rea tments  by quant i fy ing  t h e  
e f f e c t s  of changes i n  t h e  s o i l  chemical and physi- 
c a l  p r o p e r t i e s  on t h e  h e i g h t  growth p r o f i l e .  

CONCLUSIONS 

This  paper has presented a  compilat ion of obser-  
v a t i o n s  on l o b l o l l y  pine s tand  development. 
Advances i n  modeling s i l v i c u l t u r a l  t r e a t m e n t s  such  
a s  t r e e  improvement and th inn ing  have been made 
where emphasis has  been placed on t h e  e f f e c t  of t h e  
t rea tment  on b a s i c  reLa t ionsh ips  underlying s t a n d  
growth and development. Progress  i n  y i e l d  projec-  
t i o n  w i l l  con t inue  i f  t h e  emphasis i n  model 
bu i ld ing  is placed on understanding changes i n  t h e  
underlying r e l a t i o n s h i p s  of s tand  dynamics and 
v a l i d a t i n g  t h e  r e s u l t i n g  models a g a i n s t  long-term 
d a t a .  

$ :  
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E c o p h y s i o l o g i c a l  D i v e r s i t y  of Ectomycorrhizae  
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C a r o l i n e  S.  Bledsoe 
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P a c i f i c  Northwest f o r e s t s  p r e s e n t  a  
f a s c i n a t i n g  paradox:  low s p e c i e s  d i v e r s i t y  o f  
h o s t  t r e e s  and h i g h  s p e c i e s  d i v e r s i t y  o f  f u n g i .  
It i s  w e l l  known t h a t  b o t h  t h e  d i v e r s i t y  and 
abundance of f l e s h y  f u n g i  (Basidiomycetes  and 
Ascomycetes) a r e  tremendous. 

Why a r e  t h e r e  s o  many d i f f e r e n t  f u n g a l  
s p e c i e s ?  Is f u n g a l  taxonomic d i v e r s i t y  r e l a t e d  
t o  e c o p h y s i o l o g i c a l  d i v e r s i t y ?  For t h e s e  
e c t o m y c o r r h i z a l  f u n g i ,  have t h e y  s p e c i a l i z e d  i n  
some p h y s i o l o g i c a l  r o l e s ?  Are some f u n g i  
b e t t e r  t h a n  o t h e r s  a t  p r o c e s s e s  which a f f e c t  
t h e i r  h o s t  - such a s  enhanced n u t r i e n t  u p t a k e ?  
O r  a l l e v i a t i o n  of w a t e r  s t r e s s ?  T h i s  p a p e r  
d i s c u s s e s  t h e s e  q u e s t i o n s  and p r e s e n t s  
e x p e r i m e n t a l  r e s e a r c h  which answer some o f  
t h e s e  q u e s t i o n s .  

S p e c i e s  d i v e r s i t y ,  we s u g g e s t ,  i s  r e l a t e d  t o  
p h y s i o l o g i c a l  d i v e r s i t y ,  e s p e c i a l l y  f u n g a l  
p h y s i o l o g i c a l  p r o c e s s e s  which can  a f f e c t  t h e  
h o s t .  H i s t o r i c a l l y ,  e c t o m y c o r r h i z a l  f u n g a l  
b e n e f i t s  t o  t h e  h o s t  have  been documented i n  2 
major  a r e a s :  w a t e r  r e l a t i o n s  and n u t r i t i o n  
(Harley and Smith 1983, Marks and Kozlowski 
1973, Alexander  1983, Reid and Bowen 1979, 
Pa rke  et & 1983 and many o t h e r s ) .  

T h e r e f o r e ,  we s u g g e s t  t h a t  some f u n g i  a r e  
a b l e  t o  t a k e  up n u t r i e n t s  more r a p i d l y  t h a n  
o t h e r  f u n g i  and t h a t  t h e  h o s t  t r e e  w i l l  b e n e f i t  
from t h i s  i n c r e a s e d  a b i l i t y  o f  t h e  f u n g i .  
S i m i l a r l y ,  some f u n g i  may b e  b e t t e r  a b l e  t o  
t a k e  up w a t e r  from t h e  s o i l  and r e l i e v e  p l a n t  
w a t e r  s t r e s s  t h a n  o t h e r  f u n g i .  I n  t h e  
f o l l o w i n g  s e c t i o n s ,  we d i s c u s s  l i n k a g e s  between 
f r u i t  b o d i e s  and f u n g i  on t r e e  r o o t s ,  fo l lowed  
by a  d i s c u s s i o n  o f  ev idence  t h a t  
e c t o m y c o r r h i z a l  f u n g i  d i f f e r  i n  t h e i r  a b i l i t i e s  
t o  t a k e  up  w a t e r  and n u t r i e n t s  - b o t h  i n  p u r e  
c u l t u r e  and i n  a s s o c i a t i o n  w i t h  t r e e  r o o t s .  

' p resen ted  a t  t h e  Symposium on " c u r r e n t  Top ics  
i n  F o r e s t  Research:  Emphasis on C o n t r i b u t i o n s  
by Women ~ c i e n t i s t s " ,  U. S. F o r e s t  S e r v i c e  
S o u t h e a s t e r n  F o r e s t  Experiment S t a t i o n ,  
U n f v e r s i t y  o f  F l o r i d a ,  G a i n e s v i l l e  FL, 4-6 
November 1986. 

' ~ e s e a r c h  P r o f e s s o r ,  C o l l e g e  o f  F o r e s t  
Resources  AR-10, U n i v e r s i t y  o f  Washington, 
S e a t t l e ,  WA 98195. 

A b s t r a c t  A f a s c i n a t i n g  paradox i s  t h e  low 
s p e c i e s  d i v e r s i t y  of t r e e s  i n  t h e  P a c i f i c  
Sor thwes t  and t h e  h i g h  s p e c i e s  d i v e r s i t y  o f  
a s s o c i a t e d  e c t o m y c o r r h i z a l  f u n g i .  T h i s  pa radox  
s u g g e s t s  t h a t  t h e  f u n g a l  d i v e r s i t v  may a r i s e  
from a  p h y s i o l o g i c a l  s p e c i a l i z a t i o n  f o r  n u t r i e n t  
and w a t e r  u p t a k e ,  which w i l l  b e n e f i t  t h e  h o s t  
t r e e s .  T h i s  paper  d e s c r i b e s  r e s e a r c h  t o  s u p p o r t  
t h i s  h y p o t h e s i s .  

Keywords: Ectomycorrhizae ,  f u n g i ,  c o n i f e r s ,  
w a t e r  s t r e s s ,  n i t r o g e n  u p t a k e ,  phosphorus  
up take .  

LINKAGES BETWEEN FRUIT BODIES AND 
ROOT-ASSOCIATED FUNGI 

F r u i t i n g  of Ec tomvcor rh iza l  Fungi  

F r u i t i n g  P a t t e r n s  

Sporoca rps  ( f r u i t  b o d i e s )  of e c t o m y c o r r h i z a l  
f u n g i  a r e  a  dominant d i v e r s e  f e a t u r e  o f  t h e  
f o r e s t  f l o o r  and l i t t e r  i n  many c o n i f e r o u s  
f o r e s t s .  An e s t i m a t e d  43% of t h e  above-ground 
(ep igeous )  s p o r o c a r p s  i n  a  S c o t s  p i n e  
p l a n t a t i o n  were  e c t o m y c o r r h i z a l ;  t h e  r emain ing  
s p e c i e s  were s a p r o b i c  f u n g i  (Richardson 1970).  
I n  P a c i f i c  s i l v e r  f i r  s t a n d s  i n  w e s t e r n  
Washington, USA, 50-85% of t h e  ep igeous  
s p o r o c a r p s  were e c t o m y c o r r h i z a l  (Vogt e t  a l .  
1981) .  Obse rva t ions  on p r o b a b l e  m y c o r r h i z a l  
f u n g i  and l i s t s  of g e n e r a l  occur rence  have  been  
made by numerous r e s e a r c h e r s  (Trappe 1962 and 
p a p e r s  c i t e d  t h e r e i n ;  Ammirati et 5 1981; 
Knighton 1976; Rhoades 1972; Maas and S t u n t z  
1970) .  I n  some Douglas - f i r  f o r e s t s ,  t h e r e  may 
be  more t h a n  300-400 d i f f e r e n t  e c t o m y c o r r h i z a l  
f u n g a l  s p e c i e s ,  b u t  we know o f  no s t u d i e s  which 
have s y s t e m a t i c a l l y  surveyed t h e s e  f o r e s t s  
(Ammirati p e r s .  comm.). I n  a d d i t i o n ,  hypogeous 
f u n g i  a r e  o f t e n  n e g l e c t e d .  

Importance o f  Hypogeous Fungi 

Ec tomycor rh iza l  f u n g i  may f r u i t  above-ground 
(ep igeous )  o r  below-ground (hypogeous, 
t r u f f l e s )  o r  t h e y  may n o t  f r u i t  a t  a l l .  
Hypogeous s p e c i e s ,  a l t h o u g h  t h e y  a r e  n o t  
r e a d i l y  v i s i b l e ,  a r e  abundant  and a r e  o f t e n  
m y c o r r h i z a l  (Fogel  1981, Vogt e t  a l .  1981).  
The P a c i f i c  Northwest f o r e s t s  "harbour  more 
known t r u f f l e s  s p e c i e s  t h a n  any comparable a r e a  
on e a r t h . .  . . ' I  (Trappe 1980).  

I n  Oregon, 24 d i f f e r e n t  below-ground s p e c i e s  
were  found i n  a young Doug las - f i r  s t a n d  (Foge l  
1976, 1981).  S i m i l a r  numbers were r e p o r t e d  i n  
a n  I t a l i a n  oak s t a n d ,  a  German r e d  beach 
f o r e s t ,  and a  German s p r u c e  s t a n d  ( C e r u t i  et 
a l .  1967, Gross  1969).  P r o d u c t i v i t y  o f  - 
hypogeous f u n g i  is  i m p r e s s i v e  - up t o  16,700 
s p o r o c a r p s  p e r  h e c t a r e  i n  a  w e s t e r n  Oregon 
Doug las - f i r  f o r e s t ,  w i t h  o p t i m a l  p r o d u c t i o n  
l o c a t e d  abou t  mid-way between any 2  t r e e  s t e m s  
(Fogel  1976).  



Fruit Body-Root Connections 

Thus far we have been discussing only the 
fruit bodies. How are fruit bodies related to 
ectomycorrhizal fungi on roots? 

Ectomycorrhizal species are generally assumed 
to be functioning in a forest ecosystem if 
their fruit bodies are present. However, this 
assumption lacks supportive evidence and needs 
careful evaluation. "Our knowledge of most 
higher fungi is so very meager at the moment 
because our results are dependent entirely on 
observing fruit-bodies and these are only a 
small part of the actual fungus ....I1 (Watling 
1974, p. 231). 

The ectomycorrhizal fungus complex consists 
of fruit bodies attached to hyphae in the 
litterlsoil matrix and of fungal hyphae on the 
roots. The major functioning part of the 
complex is the ectomvcorrhizal hyphae on the 
roots. However, most physiological studies have 
been conducted with fungi isolated from 
sporocarps. 

Identification of Ectomvcorrhizal Funei 

Fruit Bodies 

Identification of ectomycorrhizal fungi is 
based entirely on the fruit body - using a 
variety of characters such as color of spores 
and the fruit body (mushroom cap and stalk), 
presence of gills or pores, microscopic 
examination of hyphal structures, etc. Even 
with the presence of a fruit body, often 
identification can be difficult (Ammirati pers. 
comrn.). 

Root-Associated Fungi 

Isolation and Identification Difficulties. 
Fungi are difficult to isolate from roots, in 
contrast to the relative ease of isolation from 
mushroom sporocarps (Zak 1969, 1973; Molina 
and Palmer 1982). Further, root-associated 
fungi are difficult to identify since they do 
not produce sporocarps in pure culture. Thus 
although it is important to work with 
ectomycorrhizal fungi known to be associated 
with roots, little work of this kind has been 
done due to difficulties of isolation, culture 
and identification. 

Methods of Identification. By detailed 
morphological studies of roots ectornycorrhizal 
with a single, known fungal species, one can 
learn to identify certain fungi with reasonable 
success. Using characteristics of gross root 
morphology, degree of root branching, thickness 
and color of hyphal sheath, length and diameter 
of hyphae, etc., Last and co-workers could 
distinguish 3 different ectomycorrhizal types 
on tree roots (Last g al. 1985). 

Detailed studies of ectomycorrhizal root 
morphology are being done by Agerer (Agerer 
1987). In some cases, electron microscopy has 

been used to study ectomycorrhizae (Strullu 
1976). Ascomvcete hyphae (simple septa) can be 
distinguished from Basidiomvcete (dolipore 
septa) (Scannerini and Bonf ante-Fasolo 1983) . 
Several researchers have tried to identify 
fungal hyphae on the basis of species-specific 
monoclonal antibodies - but with limited 
success (Schmidt et al. 1974; Chard 1981; 
Wright and Morton, W. VA Univ., pers. comm.). 

In our laboratory we are using DNA 
restriction enzyme patterns to identify these 
ectomycorrhizal fungi. The DNA methodology 
involves growing fungi in pure culture and 
harvesting after several weeks. We are trying 
several different protocols for DNA extraction 
which involve a CTAB extraction followed by 
cesium chloride density gradient 
centrifugations. When the DNA is sufficiently 
clean, restriction enzymes are used to cut the 
DNA, followed by Southern blots, using a veast 
ribosomal probe. We have had some success with 
several fungal species - Boletus edulis, 
Laccaria laccata, and Hebeloma crustuliniforme. 

Regardless of the methods chosen, it is 
clearly important to be able to identify fungi 
on roots. Then we can begin to understand 
fungal succession on roots and to study the 
different physiological functions of these 
fungi . 
ECOPHYSIOLOGICAL DIVERSITY 

Tree growth is often limited by water stress 
and nutrient availability, particularly 
phosphorus and nitrogen. Since nutrients and 
water enter the tree primarily through 
mycorrhizal roots, it is likely that these 
fungi can exert major controls on these 
processes. We know that mycorrhizae generally 
enhance water and nutrient uptake, but little 
is known about how individual fungal species 
differ with respect to these processes. The 
following sections discuss the ecophysiological 
diversity of ectomvcorrhizal fungal species for 
water and nutrients. 

Water Stress 

Mycorrhizal associations can increase 
transpiration flux and the ability to tolerate 
water stress in their host trees. These 
benefits may result from several fungal 
effects. First, fungi explore a greater soil 
volume, taking up more water. Secondly, fungi 
improve the nutritional status of the host, 
thus optimizing the whole plant's physiology 
and its water status. Thirdly, some fungi 
produce rhizomorphs (root like hyphal strands) 
which are specialized for rapid water transfer 
through the hyphae. Fourth, the hyphal system 
has a capacitance for water storage, increasing 
the amount of water available to the host. 
What is the experimental evidence to 
substantiate these four suggestions? 

Although most work has been done with 
endomycorrhizae, the more limited work with 



ectompcorrhizae does support the hvpothesis that 
mycorrhizae increase water movement through the 
host (Ekwebelam and Reid 1983; Parke et al. 
1983; Dixon et al. 1980; Reid 1979). -- 
Ectomycorrhizal roots can survive greater soil 
moisture depletion than nonmgcorrhizal roots, 
perhaps due to the fungal abilitv to tolerate 
greater water stress levels than those tolerated 
by plant roots (Cromer 1935; Goss 1960). If 
fungi can influence the host water status, what 
ecophysiological diversity exists among 
different fungal strains? 

In pure culture, using polyethylene glycol 
(PEG) to induce osmotic stress, the fungus 
Cenococcum geophilum seems to be very tolerant 
of low water potentials, unlike such fungi as 
Suillus luteus and Telephora terrestris (MexaL 
and Reid 1973). This fungus can survive Low 
water potentials in the field as well (Pigott 
1982). Two different fungi, Rhizopogon 
vinicolor and Pisolithus tinctorius, also differ 
in their response to PEG-imposed water stress 
(Dieblot and Mudge 1985). 

We have collected data for a number of species 
and found a wide range in fungal growth response 
to PEG-imposed water stress in pure culture 
Fig. 1 These diameter growth data represent 
3 patterns of response to stress. Type 1 
represents fungi which exhibits tolerance to 
stress, since the fungi can grow better under 
moderate stress (-3 or -7 bars) than under 
little (-2 bars) stress. Tvpe 2 fungi have an 
intermediate response with progressive 
inhibition of growth as osmotic stress 
increases. Type 3 fungi show total inhibition 
of growth under anv osmotic stress at all. In 
our current work, we have found another pattern, 
which suggests that some fungal species map be 
able to develop stress tolerance (M. Coleman, 
pers. comm.). These fungi initially grow 
poorly under imposed stress, but adapt over time 
and grow more rapidly. 

Figure 1. Diameter growth in mm of 3 types of 
ectomycorrhizal fungi grown for 30 davs in 
liquid culture of varying osmotic stress from -1 
to -30 bars (Fig. 1) 

30 

TYPE 1 TYPE 3 

Negative Osmotic Potential, bars 

An important step in evaluation of the range 
of responses of fungi to water stress is an 
examination of these fungi when in association 
with tree seedlings, We are proceeding to 
svnthesize mycorrhizal seedlings with these 
osmotic-stress tolerant and intolerant 
seedlings to determine if the fungal attributes 
are passed on to the host. Similar work is 
being done bv Xudge at Cornell KY (pers, 
corn..). In some other seedling work, Parke 5 
a l .  1983 have shown that some f u n g a l  specLes - 
apparentlv allow seedlings to recover faster 
from drought stress. 

Nutrient Uptake 

Ectomycorrhizal fungi clearly benefit the 
nutrition of their hosts, particularly for 
nitrogen and phosphorus. We believe that some 
fungi are better than others at uptake of K and 
P, Further, this enhancement should increase 
nutrient levels in the tree, 

Phosphorus 

Fungi take up and store inorganic P (and 
perhaps organic P), but most fungal data in 
pure culture are for nonmycorrhizal fungi 
(Beever and Burns 5980). 

in our current work, we are screening a 
number of different ectomycorrhizal fungi for 
their ability to take up inorganic phosphate. 
Preliminary results indicate that these fungi 
do differ in their phosphorus uptake rates 
(Brown, unpublished data). 

Far ectomycorrhizal roots, Langiois and 
Fortin (1984) reported differences in rates of 
P absorption between different color types of 
ectomycorrhizal roots, The absorption of 
golden ectomycorrhizal apices was much higher 
than that of the 3 other types throughout the 
season (Langlois and Fortin 1984). 

There are also differences in phosphatase 
activities of a number of different fungi 
(Antibus et al. 1381; Wo and Zak 1979; -- 
Calleja and D'Auzac 1983)- Phosphatase 
activity may or may not be related to P levels 
Ln the surrounding medium; data are 
conflicting (Calleja and D%uzac 1983; Dighton 
1983; Zacaze 1983; Doumas et al. 1980; 
Alexander and Wardv 1981), Clearly much more 
research on the functions of the varlous 
phophatases is needed, In general, however, it 
seems likely that fungi do differ 
physiologically in their ability to take up 
phosphorus. 

Nitrogen 

Inorganic Nitrogen, Mycorrhizae can enhance 
uptake of inorganic N by trees  o ow en and Smith 
1981; France and Reid 1978; Littke 1982; 
Rygiewicz et ale 1984a and 1984b). Fungal 
species grown in pure culture differed in their 
rates of amoniurn uptake (LFttke et ale 1 9 8 4 ) .  
The most rapid rates (Pisolithus tinctorius) 



were 600 micromoles per gram dry weight roots 
per hour, 3 times greater than the lowest 
rates, observed in a strain of Bebeloma 
crustuliniforme, 

The genus of the host also affected N uptake 
since uptake rates of Douglas-fir mycorrhizal 
with Hebeloma were higher than were uptake 
rates for western hemlock mycorrhizal with the 
same fungus (Rygiewicz et & 1984a). 

Mycorrhizal fungi map also be able not only 
to increase nitropen uptake but also to shift 
the pH optimum for ammonium uptake (Rygiewicz 
et al. 1984a) and alter ionic balance during -- 
ammonium uptake (Bledsoe and Rygiewicz 1986). 

Organic Nitrogen. Soluble orpanic N exists 
in many soils in ecologically significant 
concentrations. Mycorrhizal roots may be able 
to take up this form of N as well as the 
inorganic forms of ammonium and nitrate. We 
have studied the abilities of different 
ectomycorrhizal fungi to take up organic N in 
the form of amino acids (Bledsoe and Sangwanit, 
unpublished data). Our data suggest that the 
choice of the fungal partner can affect the 
amino acid uptake rate. Further, the 
mycorrhizal roots seem to store more amino 
acids in the roots, while nonmycorrhizal roots 
transfer more N to their shoots (Sangwanit and 
Rledsoe, unpublished data). All the above data 
support the hypothesis that there are 
differences in the ability of ectomvcorrhizal 
fungal species to take up N and these 
differences may affect the nutrition of the 
host. 

Since mycorrhizal roots are the principal 
means by which trees communicate with the soil 
environment, understanding this linkage is 
necessary to the study of how forests function. 
We wil.1 contribute to this understanding by 
learning how ectomycorrhizal fungi differ 
functionally. This knowledge may help to 
explain why certain fungi do not survive when 
outplanted cnly dry, nutrient stressed sites 
(Bledsoe et al. 1982). In addition, 
identification of specialized fungal species 
map allow selection of fungi to enhance tree 
seedling growth on these stressed sites. 
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Stand Dynamics and Early Growth o f  Yellow B i r c h  

and A s s o c i a t e s  i n  t h e  White Mountains 
1 

Deborah B, ~i%l" 

Yellow b i r c h  is u s u a l l y  r e g a r d e d  as one o f  
t h e  more valuzble commercial species sf t h e  
n o r t h e r n  hardwood f o r e s t ,  Today i n  n o r t h e r n  
New England, it s t i l l  ranks t h i r d  as v e n e e r  
l o g s  and f o u r t h  i n  sawlog v a l u e ,  H i s t o r i c a l l y ,  
it has a v e r a g e d  between 50 and 20 percent of 
t h e  n o r t h e r n  hardwood a s s o c i a t i o n ,  b u t  I n  
r e c e n t  d e c a d e s ,  y e l l o w  b i r c h  h a s  been obse rved  
t o  be closer t o  t h e  lower  end of t h a t  r a n g e  and 
i t s  p r o p o r t i o n  i n  younger a g e  c l a s s e s  i n d i c a t e s  
f u r t h e r  d e c l i n e  i n  numbers, 

G e n e r a l l y ,  sugar maple and heech a p p e a r  t o  be 
d i s t r i b u t e d  throughout old growth and second 
growth northern hardwood s t a n d s .  B i r c h ,  on t h e  
o t h e r  hand, is located primarily a l o n g  streams 
or i n  o t h e r  moi s t  sites {HoyLe 1965, Kujawski 
and Lemon 1969), Near t h e  periphery of  i t s  
r a n g e ,  y e l l o w  b i r c h  is  Found a l m o s t  exclusively 
on v e r y  wet sites,  It is h y p o t h e s i z e d  t h a t  
yellow b i r c h  i s  a b l e  t o  compete more 
s u c c e s s f u l l y  on w e t t e r  sites that are less 
d e s i r a b l e  f o r  o the r  s p e c i e s ,  b u t  is u n a b l e  t o  
compete a g g r e s s i v e l y  with s u g a r  maple and heech 
on t h e  g e n e r a l l y  most d e s i r a b l e  mesic s i t e s .  

H i s t o r i c a l  Logging p r a c t i c e s  and 
s i l v i c u l t u r a l  e x p e r i m e n t a t i o n  have shown that 
s h a d e  t o l e r a n t  s p e c i e s ,  such  a s  s u g a r  maple and 
beech, r e g e n e r a t e  c u t o v e r  areas b e s t  when t h e y  
o c c u r  i n  t h e  u n d e r s t o s y  as advance g rowth ,  
Yellow b i r c h ,  on t h e  o t h e r  hand,  b e i n g  
m o d e r a t e l y  shade  i n t o l e r a n t ,  r e g e n e r a t e s  best 
 fro^ seed an newly c u t  areas where there  is  
bo th  adequate l i g h t  and d i s t u r b e d  seedbed 
c o n d i t o n s ,  Because  its shade  t o l e r a n c e  i s  on ly  
modera t e ,  y e l l o w  b i r c h  does n o t  u s u a l l y  
r e g e n e r a t e  s u c c e s s f u l l y  under  a c l o s e d  canopy, 

' p r e s e n t e d  at t h e  Current Trends in Forest 
Research, S o c i e t y  of American F o r e s t e r s  
m e e t i n g ,  C a i n e s v i l h e ,  F l o r i d a ,  

2~ssistant P r o f e s s o r ,  Department of F o r e s t r y ,  
U n i v e r s i t y  of Kentucky, L e x i n g t o n ,  KY 40546- 
0073. 

Abstract,--In t h e  beech-birch-maple a s s o c i a t i o n  
within t h e  n o r t h e r n  hardwood f o r e s t  t y p e ,  
American beech i Ehrh. and 

.) have been  
rninate  ye l low b i r c h  ( B e t u l a  

B r i t t . )  i n  f r equency ,  abundance,  
d e n s i t y ,  and size, However, under  c o n d i t i o n s  
of heavy removal  c u t t i n g  on t h e  t y p i c a l l y  m o i s t  
b u t  w e l l - d r a i n e d  till s o i l s  of t h e  n o r t h e r n  
hardwood t y p e ,  y e l l o w  b i r c h  d e m o n s t r a t e s  
a g g r e s s i v e  growth i n  a l l  t h e s e  p a r a m e t e r s  i n  
comparison w i t h  heech and s u g a r  maple.  

Keywords: Nor the rn  hardwoods, s o i l  m o i s t u r e ,  
s t a n d  dynamics ,  y e l l o w  b i r c h  

The h i s t o r y  o f  f o r e s t  management i n  t h e  White  
Mountains  c o n s i s t e d  p r i m a r i l y  o f  l o g g i n g  f o r  
sof twood t i m b e r  i n  t h e  l a t e  n i n e t e e n t h  and  
e a r l y  t w e n t i e t h  c e n t u r i e s ,  fo l lowed w i t h i n  a  
Pew y e a r s  by e q u a l l y  heavy h a r v e s t i n g  o f  :he 
more v a l u a b l e  hardwoods, such  a s  t h e  b i r c h e s  
and s u g a r  maple.  T h i s  k i n d  o f  s e l e c t i v e  
c u t t i n g ,  o t h e r w i s e  known a s  h igh -g rad ing ,  had a  
n e g a t i v e  e f f e c t  on t h e  r e s i d u a l  s t a n d s  b e c a u s e  
t h e y  were t h e n  h e a v i l y  dominated by beech o f  
v a r y i n g  q u a l i t y  and by p o o r - q u a l i t y  spec imens  
of a v a r i e t y  of o t h e r  s p e c i e s .  

The style of c u t t i n g  done i n  t h e  e a r l y  
decades of' t h e  t w e n t i e t h  c e n t u r y  l e f t  many 
f o r e s t e d  a r e a s  w i t h  o l d  growth t h a t  was 
unmerchan tab le ,  and incoming growth of 
p redominan t ly  shade  t o l e r a n t  s p e c i e s .  Wi thou t  
s u f f i c i e n t  o p e n i n g s  i n  t h e  canopy, young y e l l o w  
b i r c h  s imply  d i d  n o t  r e p l a c e  i t s e l f  i n  numbers 
s u f f i c i e n t  t o  m a i n t a i n  a modera t e  p r o p o r t i o n  i n  
t h e  s t a n d s ,  O c e a s i o n a l l y ,  n e a r l y  p u r e  y e l l o w  
b i r c h  s t a n d s  can  be s e e n  a s  t h e  r e s u l t  o f  a  
major  p e r t u r b a t i o n  such  a s  a  h u r r i c a n e  blowdown 
o r  a f i r e ,  S i l v i c u l t u r a l  p r a c t i c e s  which 
p r o v i d e  l a r g e r  open ings  t h a n  s i n g l e  tree 
removal  a r e  t h e r e f o r e  p robab ly  more d e s i r a b l e  
f o r  the encouragement  o f  y e l l o w  b i r c h  
p r o l i f e r a t i o n  i n  subsequen t  s t a n d s .  

Many s t u d i e s  have been done t o  c l a r i f y  t h e  
b e s t  c o n d i t i o n s  under  which ye l low b i r c h  w i l l  
g e r m i n a t e  and e s t a b l i s h  s e e d l i n g s .  The main 
pu rpose  sf t h i s  s t u d y  was t o  examine t h e  
dynamics  of growth between y e l l o w  b i r c h  and i t s  
compet ing a s s o c i a t e s  i n  t h e  s a p l i n g  and po le -  
s i z e  s t a g e s  of s t a n d  development .  The q u e s t i o n  
was whethe r  o r  n o t  y e l l o w  b i r c h  cou ld  compete  
a g g r e s s i v e l y  w i t h  i ts  a s s o c i a t e s ,  a s  w e l l  as 
what e f f e c t  s o i l  m o i s t u r e  had bo th  on t h e  
development  o f  a l l  t h r e e  s p e c i e s ,  and on t h e i r  
i n t e r a c t i o n s .  
The o b j e c t i v e s  o f  t h i s  s t u d y  were: 
F i r s t  - t o  d e t e r m i n e  whe the r ,  unde r  what  
c o n d i t i o n s ,  and by what sequence  o f  e v e n t s ,  
y e l l o w  b i r c h  might  outcompete  o r  g a i n  
a scendancy  o v e r  s u g a r  maple  and beech a f ter  
g r o u p  s e l e c t i o n  o r  p a t c h  c l e a r c u t t i n g  
h a r v e s t i n g  p r a c t i c e s .  



Second - t o  determine t h e  effect of soil 
mois tu re  variations on t h e  i n t e r a c t i o n  
between sugar maple, beech, and yeblow birch, 
w i t h i n  the range of s i t e s  suitable for  sugar 
mapie and other c h a r a c t e r i s i t l c  northern 
hardwood speeles. 
And - to determine whether or  not 
yel low b i r c h e s  i n i t i a t i n g  from seed after 
cutting could compete s u @ e e s s f u l l y  w i t h  
advance growth seedl ings  or saplings of sugar 
maple and beech in t h e i r  f i r s t  decade or so 
of growth, 

The pr imary study area was l o c a t e d  on t h e  
B a s t l e t t  Experimental  Forest i n  B a r t b e t t ,  New 
Hampshire j u s t  northwest  of' the Presidential 
Range o f  the White Mountains i n  t h e  White 
Mountain N a t i o n a l  Forest, The B a r t l e t t  F o r e s t  
has been devoted t o  s i l v i e u L t u r a 1  research 
since t h e  19308ss. An experiment  had been 
i n i t i a t e d  there in t h e  late 30Ps and ear ly  4 0 f s  
t o  i n c r e a s e  t h e  p r o p o r t i o n  of yel low birch in 
the hardwood stands by clearcutting a s e r i e s  of 
smal l  p a t c h e s  ( -10 - -30  ha ) .  These th i r ty -odd  
patehes were s c a t t e r e d  over  a 40-hectare  area 
wi th  t h e  expectation t h a t  new a r e a s  would be 
opened up on a 20-year c y c l e ,  so that 
u l t i m a t e l y  t h e  e n t i r e  40 b e e t a r e s  would be a 
mosaic o f  small, evenaged s t a n d s .  Two 
a d d i t i o n a l  s e t s  of' elearcuts, each compris ing 
about  18% of the a r e a ,  were made i n  1950 and in 
1960, b u t  no f u r t h e r  cutting has  been done' 
s i n c e .  S o i l s  are p r i m a r i l y  spodoso ls  of 
g l a c i a l  o r i g i n  varying i n  t e x t u r e .  Aspects  a r e  
n o r t h e r l y  varying from ENE do WNW and 
e l e v a t i o n s  range from 372-4532 ZI ( m * s . l . ) ,  A s  a 
r e s u l t  o f  t he  n o r t h e r l y  o r i e n t a t i o n ,  none of 
t h e s e  sites were "dryw i n  an a b s o l u t e  sense: 
some were r e l a t i v e l y  d r i e r  than o t h e r s .  

Secondary s t u d y  areas a t  the Hubbard Brook 
F o r e s t  i n  West Thornton, Mew Hampshire and at 
Sawyer River  i n  Livermore, New Hampshire were 
s e l e c t e d  because they  a l so  supported n o r t h e r n  
hardwood forest associations and had had 
comparable h i s t o r i e s  o r  logg ing ,  Hubbard 
Brook" second growth f o r e s t s  were 55 t o  58 
years o ld ;  Sawer River  had been c u t  i n  t h e  
1950Fs and supported a 15-20 year o l d  forest. 
Both s i t e s  were similar to BartLett in slopes 
and elevaticns; S a w e r  River  also had a 
no r theas t e r l y  orientation; Hubbard Brook faced 
soukh (Tabbe 1 ) -  

To determine mois tu re  variability on the 
B a r t l e t t  s i t e s ,  an a t t e m p t  was made t o  locate 
t h e  water  t a b l e ,  o r  a t  l e a s t  t h e  capillary 
zone, with a s o i l  auger i n  each of the p a t c h e s ,  
This was s u c c e s s f u l  i n  12 o f  t h e  30 p a t c h e s ;  in 
t h e  remaining patches, t he  water table or its 
c a p i l l a r y  fringe was not reached, and moisture 
tension was measured with a tensiometer, Where 
the water t a b l e  had been l o c a t e d ,  narrow wells 

were dug w i t h  a t i l e  spade to a dep th  of 
rough ly  68 crn for t h e  purpose of moni to r ing  t h e  
fluctuation of t h e  water t a b l e  throughout  t h e  
growing season, The wells were monitored at 
Least once a week throughout the two rowing 5 seasons of t h e  study, Permanent 25 m p l o t s  
sites were chosen where t h e  w e l l s  were l o c a t e d  
a t  BarLett, and additional se t s  of 12 25 rn2 
p l o t s  were es tabl i shed  at t h e  two secondary 
sites during the se~0nd growing season of t h i s  
study. Moisture availability at the secondary 
s i t e s  was d e t e r m i n e d  with a tensiometer 
c a l i b r a t e d  according t o  t h e  known moisture 
bevels on the w e l l  s i t e s  a t  BartEett, 

Slope, a s p e c t  and e l e v a t i o n  were determined 
f o r  a l l  p l o t s ,  Frequency of yellow b i r c h ,  
beech and sugar maple was determined, as  well 
as density, abundance, and importance v a l u e ,  
Soils were sampled and identified- Basic 
weather  d a t a  jrnax,/min, temperature, r a i n f a l l )  
were recorded a t  Eartlett f o r  both growing 
seasons and c o r r e l a t e d  w i t h  well data. Weight 
and diameter measurements were t aken  on a l l  
exper imenta l  trees and pairs 0% increment  sores 
were t aken  from each tree for aging, 

Owing t o  the variability oP growth paramete rs  
r e s u l t i n g  from suppression of trees during 
stand development, it was decided t o  l i m i t  t h e  
majority of t h e  analyses to those trees of each 
species which had been most s u c c e s s f u l  i n  terms 
sf to ta l .  attained height, A l l  tree d a t a  on 
each p l o t  were scrutinized, t h e  t a l l e s t  beech, 
yellow b i r c h ,  and sugar maple were chosen from 
those prese2t, and up to three additional trees 
of each species were selected from a roughly 
comparable height class within each p l o t -  
These s u b s e t s  were t h e n  utilized for the 
detailed data a n a l y s e s ,  In a d d i t i o n ,  29 
dominant t r e e s  of each s p e c i e s ,  located near 
b u t  n o t  within p l o t  boundar ies  at B a r t l e t t ,  
were harvested fo r  stem analysis and sectioned 
at metes intervals, An attempt was made to 
select these tsees from areas w i t h  varying 
moisture a v a i l a b i l i t y ,  but ultimately they a l l  
ended up i n  t h e  w e t t e s t  range a s  determined by 
tensiometer r e a d i n g s ,  



A l l  t r e e  d a t a  were s u b j e c t e d  t o  s t a n d a r d  
s t a t i s t i c a l  methods.  M u l t i p l e  l i n e a r  r e g r e s s i o n  
and s t e p w i s e  m u l t i p l e  r e g r e s s i o n  a n a l y s e s  were 
r u n  f o r  t h e  t a l l e s t  t r e e s  o f  each  o f  t h e  t h r e e  
major  s p e c i e s  on a l l  s i t e s .  S t u d e n t "  t tests 
were pe r fo rmed  on compar i son  o f  most growth 
p a r a m e t e r s  between t a l l e s t  t r e e s  o r  a l l  t r e e s  
o f  p a i r s  o f  s p e c i e s  on a l l  p l o t s .  

R e s u l t s  

A 1 1  o f  t h e  o b s e r v a t i o n s  o f  t h i s  s t u d y  were 
c o n f i n e d  t o  m o i s t  b u t  w e l l - d r a i n e d  g l a c i a l  till 
s o i l s .  Wi th in  t h i s  s t a t e d  r a n g e  o f  s i t e s ,  an  
a t t e m p t  was made t o  i n c l u d e  t h e  w i d e s t  p o s s i b l e  
r a n g e  o f  s o i l - m o i s t u r e  c o n d i t i o n s .  Dur ing t h e  
c o u r s e  of t h e  s t u d y  i t  became a p p a r e n t  t h a t  t h e  
a c t u a l  r a n g e  of s o i l  m o i s t u r e  was r emarkab ly  
s m a l l .  While s o i l s  d e r i v e d  from t h e  rocky  
t i l ls  o f  t h e  r e g i o n  are h i g h l y  v a r i a b l e ,  t h e  
a c t u a l  r a n g e  o f  s o i l  m o i s t u r e  was v e r y  s m a l l  
compared t o  t h a t  o f  f o r e s t  s o i l s  i n  g e n e r a l .  

The t h r e e  a r e a s  used i n  t h i s  s t u d y  v a r i e d  
p r i m a r i l y  i n  age .  A t  B a r t l e t t ,  a g e  de te rmined  
from c o r e s  and d i s c s  i n d i c a t e d  t h a t  beech and 
s u g a r  maple  were o f t e n  p r e s e n t  as advance 
g rowth ,  w h i l e  y e l l o w  b i r c h  u s u a l l y  came i n  from 
s e e d  a f t e r  l o g g i n g .  The a g e  r a n g e  w i t h i n  t h e  
p l o t s  was narrow enough t o  c o n s i d e r  them 
evenaged ,  and a b o u t  35 y e a r s  o l d .  Topography 
v a r i e d  f rom k n o l l s  and s l o p e s  of v a r y i n g  
s t e e p n e s s  t o  f l a t  o r  concave  a r e a s .  Most o f  
t h e  p l o t s  were on t y p i c a l  m o i s t  b u t  we l l -  
d r a i n e d  s o i l s .  

The s i t e  a t  Hubbard Brook was q u i t e  damp, 
w i t h  p r o l i f e r a t i o n  o f  ephemeral  s t r e a m s  common 
a f t e r  heavy r a i n s .  A t  Hubbard Brook, t h e r e  
were r e a l l y  two a g e  c l a s s e s ,  b u t  most o f  t h e  
t r e e s  were between 55 and 70 y e a r s  o l d .  The 
t a l l e s t  t r e e s  used f o r  d a t a  a n a l y s i s  were 
p r i m a r i l y  from t h e  o l d e r  a g e  c l a s s .  

Table  2.--Freqitency o f  o e c u r r ~ n i ~ t ~ ,  
o f  ye l l ow  b l r c h ,  beech, and sug i r  

A t  Sawyer R i v e r ,  i n f o r m a t i o n  from t h e  a g i n g  
o f  c o r e s  and d i s c s  showed t h a t  t h e  b e e c h e s  
f r e q u e n t l y  o r i g i n a t e d  from advance g rowth ;  
o c c a s i o n a l l y  t h e  s u g a r  maples  d i d  a l s o ,  b u t  t h e  
m a j o r i t y  o f  trees o f  a l l  s p e c i e s  a t  t h a t  
l o c a t i o n  came i n  from s e e d  o r  from s e e d l i n g  
s p r o u t s  p r e s e n t  a t  t h e  time of t h e  c l e a r c u t  
a p p r o x i m a t e l y  20 y e a r s  b e f o r e  t h i s  s t u d y .  

The o r i g i n a l  h y p o t h e s i s  of t h i s  s t u d y  was 
t h a t  ye l low b i r c h  was b e t t e r  a d a p t e d  t h a n  beech 
o r  s u g a r  maple t o  u t i l i z e  m o i s t e r  s i tes ,  and 
was t h u s  e x p e c t e d  t o :  1) o c c u r  w i t h  g r e a t  
f r e q u e n c y ,  abundance,  and d e n s i t y ;  2) be more 
s u e e e s s f u l  i n  c o m p e t i t i o n  w i t h  s u g a r  maple and 
beech ;  and 3)  d e m o n s t r a t e  b e t t e r  g rowth  t h a n  
t h e  o t h e r  two s p e c i e s  o r  t h a n  i t s e l f  on d r i e r  
s i t e s ,  a s  measured by p a r a m e t e r s  such a s  
h e i g h t ,  d i a m e t e r ,  and volume. 

P e r c e n t a g e s  o f  f r e q u e n c y ,  abundance and 
d e n s i t y  were c a l c u l a t e d  from measurements on 
a l l  t r e e s  o f  t h e  t h r e e  s p e c i e s  s t u d i e d  on a l l  
p l o t s .  Impor t ance  v a l u e  is d e r i v e d  form t h e  
sum o f  t h e  o t h e r  t h r e e  pa ramete r s .  T a b l e  2 
i l l u s t r a t e s  t h a t  y e l l o w  b i r c h  is o f t e n  
s i g n i f i c a n t l y  g r e a t e r  i n  abundance,  b a s a l  a r e a  
and impor t ance  v a l u e  t h a n  e i t h e r  o r  b o t h  s u g a r  
maple and beech on t h e  w e t t e s t  s i t e s .  Its 
dominance d i m i n i s h e s  a s  t h e  s i t e s  become 
r e l a t i v e l y  d r i e r .  

He igh t  and d i a m e t e r  measurements were  t a k e n  
f o r  a l l  dominant  s t u d y  t r e e s  i n  each p l o t .  
F i g u r e s  2 and 3 i l l u s t r a t e  t h a t  ye l low b i r c h  i s  
a g a i n  g r e a t e r  i n  both  h e i g h t  and d i a m e t e r  t h a n  
t h e  o t h e r  two s p e c i e s  on t h e s e  
c h a r a c t e r i s t i c a l l y  damp s i t e s .  Suga r  maple and 
beech show i n c r e a s e s  i n  b o t h  h e i g h t  and 
d i a m e t e r  w i t h  i n c r e a s i n g  d r y n e s s ,  b u t  do n o t  
exceed t h e  performance o f  ye l low b i r c h .  

abiind?nc:e, b a s a l  a r e a  'pet) , and importance valile 
rn3pie by molstiirp tr:r?ion r ange  and s t a n d  age.  

Moi?t,ilr~ Tension {i P l o t s  PcL F r r q i l ~ n c y  Pc t  Ablir,~lince Pet Bas.il Area Importance Value 
I c ~ ~ n t  i5ar-3) Y R  3 4  Re 'I!!? 34 Be "3 SM Be YB SM 13e 

00-10 ( w e t )  12 83 i 0 ?  9? 25 2 23 ;gab '  9 15" 4 1.33 1.30 

35 y e a r s  
00-10 ( w e t t e s t )  1 8 100 8 3  86 36ab 27 22 47a5 18c 9 1.83ab 1.23ab 1.17 

11-20 7 100 57 100 32a 23 31e 314" 16 23 i.66" 0.93 1.5he 

21-40 ( d r i e s t )  5 100 83 100 ?ha 13 35" 323b 17 14 1 . 6 0 " ~  0.90 1.49 

60 y e a r s  
00-10 ( w e t t e s t )  3 100 75 7 5  91b 4 1  12 65b 22 2 2.06b 1.38 0.89 

1 i-20 6 100 88 63 31 38 22 52"3c 9 1 . 8 3 ~  7.60 0.94 

21-40 ( d r i e s t )  2 ?00 100 100 25 37d 30 54b 4Oc 3 1.79 1 .7TC 1 -36  

'a11 l e t t e r s  i n d i c a t e  d ~ f f e r e n c - 3  at; s i g n r f i c a n c e  l e v e l s  o f  90 p c t  or- g r e a t e r .  

a = yel low b r r ch  > sitgar maple 
b = yel low b x c h  ) beech 
c = suga r  maple besch 
d = s i lgar  maple yel low b i r c h  
e = beech .* sugar  maple 
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F i g .  2 Mean Diameter ( c m )  Per P l o t  for  Yellow 
B ~ r c h ,  Sugar Mop le  and  Beech  B y  
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F I ~  3 Mean H e r ~ h t  ( M )  P e r  P l o t  for  Yellow 
B ~ r c h .  Sugor  Mop le  and  B e e c h  b y  
A g e  and  M o ~ s t u r e  Tens ion  

- -  - 
00-10 0 0 - 1 0  11 -20  2 1 - 4 0  0 0 - 1 0  11-20 2 1 - 4 0  

Stand Age l y r s )  and Moisture Tens~on (cent~bors)  

Volume i n d e x  (m/3) is a  pa ramete r  d e r i v e d  
from t h e  p r o d u c t  o f  h e i g h t  ( m )  and b a s a l  a r e a s  
(m2) o f  each  t r e e  w i t h i n  t h e  e x p e r i m e n t a l  
p l o t s .  Volume index  v a l u e s  a r e  a n  
a p p r o x i m a t i o n  o f  r e l a t i v e  stem volume, n o t  o f  
a c t u a l  volume ( T a b l e  3) .  F i g u r e  4 shows t h a t  
s p e c i e s  o t h e r  t h a n  s u g a r  maple,  beech,  o r  
y e l l o w  b i r c h  were more i m p o r t a n t  components o f  
t h e  t o t a l  volume i n  t h e  younger s t a n d s ,  b u t  
l e s s  s o  i n  t h e  o l d e s t  s t a n d s ,  p a r t i c u l a r l y  on 
t h e  most mes ic  s i t e s .  Beech is a  s m a l l  
component o f  a l l  s t a n d s  r e l a t i v e  t o  s u g a r  maple  
and ye l low b i r c h ,  b u t  t h e  t h r e e  s p e c i e s  
t o g e t h e r  c l e a r l y  compr i se  more t h a n  t h r e e -  
q u a r t e r s  o f  t h e  t o t a l  volume o f  t h e s e  a r e a s .  
D i f f e r e n c e s  among t h e  t h r e e  s p e c i e s  a r e  
g e n e r a l l y  most s i g n i f i c a n t  on t h e  w e t t e s t  
s i t e s ,  a l t h o u g h  on t h e  35-year-old s t a n d ,  
y e l l o w  b i r c h  domina te s  s u g a r  maple 
s i g n i f i c a n t l y  a t  a l l  m o i s t u r e  l e v e l s .  

F i g  4.  Mean Volume Index Per Plot fur  Y e l l o w  B i r c h .  

Sugor Maple, Beech, a n d  Other S p e c ~ e s  

By age and Mossture Tens ion 

Legend 

Yellow Birch 

r;9 01 her Species 

2 0  Yrs 35 Yrs 60 Y rs 

Stand Age ( y r s )  and Moisture Tension (cent~bars)  

Tab le  3.--Mean volllme lndex l  and pe rcen t ages  pe r  p l o t  
f o r  ye l l ow  b l r c h ,  suga r  maple, beech,  and a l l  s p e c l e s  

Morn t :~ re  Tension # P l o t s  YB SM Be A l l  Spec i e s  

20 y e a r s  
00-10 ( w e t t e s t )  1  2  1.44ab (33  p c t )  0.27C 16 p e t )  0.47 (11  p e t )  4.42 (100 p e t )  

35 y e a r s  

00-10 ( w e t t e s t )  18 6.16ab (48 p e t )  2.30C (19  p e t )  3.52 ( 4  p e t )  12.74 !I00 pet) 

1 1-20 7 3.5Za (34 pet! 1 .84 (18 p e t )  2.56 ( 2 5  p e t )  10.22 (100 p e t )  

5  4 . 6 ~  (34 2.02 (15  p e t )  1 .75  ( 1 3  p e t )  13.70 (100 p e t )  21-40 ( d r i e s t )  

60 y e a r s  
00-10 ( w e t t e s t )  3  19.83a"(h11 p e t )  14.72" (73  p e t )  0.33 ( 1  p e t )  30.87 (100 p e t )  

1  1-20 6 14.01ab (6; pc" 6.53c (29  p e t )  1.72 (8 p e t )  22.48 (100 p e t )  

2  1-110 i d r i e s t  1 3 21.12 (60  p e t )  '3.14C 137 p e t )  9.85 ( 2  p e t )  35.12 (100 p e t )  

lvoli ias index ( & )  = b a s a l  a r e a  (m2) x t o t a l  h e i g h t  (m) 



Rate of he igh t  growth was determined in t w o  
ways: first by dividing t he  h e i g h t  of t a l l e s t  
trees of each species by their ages as 
determined from increment  cores, and second by 
s tem analysis of t h e  tall t r e e s  from t h e  
B a r t l e t t  p l o t s ,  Data Prom t he  l a r g e r  group of  
t r e e s  ( F i g u r e  5) show t h a t  yel low b i r e h  u s u a l l y  
has a more r a p i d  rate sf growth than the  o ther  
two s p e c i e s ,  and consistently shows a g r e a t e r  
advan tage  on t he  wettest o f  t h e  sides, 

F i g  5 R a t e  @"eight G r , w l e  i F4 i f o r  ' re i ic iv ,  B i r c O  
S u g o r  M a p l e ,  s n a  B e e c h  B y  A g e  a n d  Morsiure  Tensicn 
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The smaller sample of 29 t a l i  trees from 
B a r t l e t t  yielded results s i m i l a r  t o  t h o s e  sf 
t h e  larger sample ( F i g u r e  61, What is most 
i n t e r e s t i n g  i n  t h i s  wore d e t a i l e d  a n a l y s i s  is 
t h a t  t h e  yel low b i ~ e h e s  began l a t e r ,  a n d l o r  had 
ach ieved  Less h e i g h t  growth at t h e  f i r s t  p o i n t  
(1940) t h a n  t h e  sugar  maples and t h e  beeches. 
But w i t h i n  t e n  y e a r s ,  t h e  b i r c h e s  had t a k e n  
dominance and maintained t h a t  dominance over 
t h e  o t h e r  two s p e c i e s  f o r  t h e  subsequent  15 
y e a r s -  A measurement sf t h e  t h r e e  harves ted  
t r e e s  - one o f  each species - i n  one p l o t  a l s o  
shotis the  performance of yel low b i r e h  coming 
i n t o  t h e  s t a n d  well af ter  &he a d h e r  two s p e c i e s  
and still being a b l e  t o  ach ieve  p a r i t y  w i t h ,  i f  
n o t  dominance o v e r ,  t h e  o t h e r  s p e c i e s  (F igure  
7 )  0 

C3 YsIlo+r Ealrch I'si low B~rch ,  Suglrr Mdplr and 

TS1 Sugar Maple Bac-ck on 
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F i q  7 C o m p a r a t i v e  C n n . i o i  W c i q n r  i3roivrn ( M :  
2 I r L e a e n d  of  ' r e l l o w  E j l r c h ,  S u g r i r  M a p l e ,  a n d  B e e c h  o n  Gna  P : o t  a t  h i a h e s t  P J e t f i u r e  

I Vci*Soa birch -- Content 

Beech  ...... 

Data from t a l l e s t  t r e e s  was analyzed by bo th  
multiple b i n e a r  r e g r e s s i o n  and s t e p w i s e  
m u l t i p l e  r e g r e s s i o n ,  A11 t h r e e  s p e c i e s  and 
exper imenta l  areas were analyzed s e p a r a t e l y .  
F i n a l  a n a l y s i s  p l o t t e d  h e i g h t  a g a i n s t  s i t e  
f a c t o r s  and a g e  bud d i d  n o t  y i e l d  h igh  
v a l u e s ,  The trends i n d i c a t e  t h a t  ye l low b i r c h  
h e i g h t  v a r i e s  w i t h  f a c t o r s  a s s o c i a t e d  
w i t h  reduction i n  mois tu re  a v a i l a b i l i t y ;  s u g a r  
maple and beech appear t o  vary w i t h  
t h e  same s i t e  f a c t o r s ,  Regression a n a l y s i s  
se rved  to c o r r o b o r a t e  t h a t  i n h e r e n t  d i f f e r e n c e s  
i n  h e i g h t  growth between s p e c i e s  were much more 
impor tan t  khan t h o s e  w i t h i n  o r  between s p e c i e s  
induced by s o i l  v a r i a b l e s  i n  t h e  observed 
range, 

D I S C U S S I O N  

R e s u l t s  of t h e  v a r i o u s  experiments  performed 
i n  t h i s  s t u d y  show s i m i l a r  p a t t e r n s ,  En t h e  
f o r e s t ,  under  c o n d i t i o n s  of group s e l e c t i o n  o r  
patch e l e a r c u t d i n g ,  yel low b i r e h  comes i n  w i t h  
g r e a t e r  f requency ,  abundance, and d e n s i t y  t h a n  
e i t h e r  sugar mapbe o r  beech. Mithin t h e  
t y p i c a l  n o r t h e r n  hardwood range ,  t h e  w e t t e r  t h e  
cut-over  s i t e s  are, t h e  more c o n s i s t e n t l y  
dominant yel low b i r c h  is  i n  t h e  s t a n d s ,  a s  
measured i n  growth paramete rs  such as h e i g h t ,  
d i a m e t e r ,  and volume, and the  g r e a t e r  a b i l i t y  
yel low b i r e h  has  t o  compete s u e e e s s f u l l y  w i t h ,  
and o f t e n  supercede ,  t h e  h e i g h t  growth o f  t h e  
o t h e r  two s p e c i e s ,  r e g a r d l e s s  o f  t h e  o t h e r s ?  
i n i t i a l  h e i g h t  advankage, If a l l  t h r e e  s p e e i e s  
o r i g i n a t e  s imul taneous ly  on t h e s e  mois t  b u t  
wel l -drained nos tkern  hardwood s i t e s  a f t e r  
heavy c u t t i n g ,  yellow b i r e k  w i l l  probably 
dominate because o f  i ts r a p i d  e a r l y  h e i g h t  
growth-  If smar maple and beech o c c u r  a s  
advance r e g e n e r a t i o n ,  yel low b i r c h  s t i l l  
f r e q u e n t l y  can competc with, or exceed,  t h e  
growth o f  t h e  o t h e r  two, bu t  t h e  p r o b a b i l i t y  sf 
ye l low b i r e h  dominat ing is l e s s  c e r t a i n ,  

In format ion  from s t a t i s t i c a l  a n a l y s e s  of 
t r e e s  on t h e  exper imenta l  p l o t s ,  and from stem 
a n a l y s e s  o f  h a r v e s t e d  t r e e s  n e a r  t h e  Time 



exper imenta l  p l o t s  a t  B a r t l e t t ,  Tndica tes  t h a t  
t h e  r e l a t i v e  r a t e  o f  h e i g h t  growth of yel low 
b i r c h ,  p a r t i c u l a r l y  i n  t h e  f i r s t  couple  of 
decades o f  development, is s i g n i f i c a n t l y  
g r e a t e r  t h a n  t h e  r a t e s  e i t h e r  f o r  sugar maple 
o r  f o r  beeeh. 

Yellow b i r c h  t h u s  appears t o  be  a t  a 
s e l e c t i v e  and c o m p e t i t i v e  advantage on t h e  
m o i s t e r  sites o f  t h e  n o r t h e r n  hardwood type  
range ,  i n  comparison w i t h  sugar  maple and 
beech. The f a c t  t h a t  ye l low b i r c h  is  a 
p r o f l i g a t e  wa te r  u s e r  w i t h  a  consequent  h igh  
mois tu re  demand, compared wi th  sugar  maple and 
beech, may account  i n  p a r t  f o r  t h e  observed 
d i f f e r e n c e s  i n  growth behav ior  among t h e  t h r e e  
s p e c i e s  on t h e  moist  s i t e s .  

CONCLUSIONS 

The range  o f  yel low b i r c h  i s  broad,  ex tend ing  
from t h e  A t l a n t i c  c o a s t s  o f  t h e  United S t a t e s  
and Canada west t o  t h e  Lake S t a t e s  and s o u t h  
i n t o  Georgia  a long  t h e  Appalachian Mountain 
range.  Other  s t u d i e s  i n d i c a t e  t h a t  yel low 
b i r c h  h a s  bo th  g e n e t i c  and morphological  
v a r i a b i l i t y  over  its range  (Clausen 1968, 4973; 
Fowells  1965; S h a r i k  and Barnes 1979, Wears t l e r  
and Barnes ,  1977). The r e s u l t s  of  t h i s  s t u d y  
a r e  t h e r e f o r e  c l e a r l y  r e s t r i c t e d  t o  t h e  f o r e s t  
t y p e s  I observed - t h e  beech-birch-maple 
a s s o c i a t i o n  o f  n o r t h e r n  hardwoods found on 
t y p i c a l l y  mois t  bu t  we l l -d ra ined  podzo l ic  
s o i l s ,  s u b j e c t e d  t o  c l e a r c u t t i n g  i n  pa tches  o r  
group s e l e c t i o n  c u t t i n g .  These r e s u l t s  a r e  
probably a p p l i c a b l e  t h e r e f o r e  on ly  i n  t h e  
n o r t h e a s t e r n  United S t a t e s  and p o s s i b l y  e a s t e r n  
Canada. 

Most o f  t h e  d a t a  p resen ted  i n  t h i s  s t u d y  show 
t h a t  ye l low b i r c h  outgrows both sugar  maple and 
beech,  and o f t e n  a l l  o t h e r  s p e c i e s ,  on t h e  
exper imenta l  a r e a s .  The q u e s t i o n  a r i s e s  why 
t h e r e  is n o t  more yel low b i r c h  i n  t h e  old-  
growth and second-growth f o r e s t s  o f  n o r t h e r n  
New England. The answer probably l i e s  more i n  
t h e  h i s t o r y  o f  logg ing  p r a c t i c e s  than  i n  t h e  
s u i t a b i l i t y  o f  t h e  s i t e s .  I n  t h e  und is tu rbed  
f o r e s t ,  t h e  most f r e q u e n t  cause  of openings f o r  
new growth i s  t h e  demise and subsequent  
windthrow o f  i n d i v i d u a l  t r e e s .  Though such 
r e l a t i v e l y  s m a l l  openings i n  t h e  canopy do 
prov ide  s u f f i c i e n t  l i g h t  f o r  t h e  moderately 
shade t o l e r a n t  yel low b i r c h  t o  germina te  and 
grow, t h e  smal l  space  is u s u a l l y  r a p i d l y  
u t i l i z e d  by e x i s t i n g  codominant t r e e s  o r  
smaller growth n e a r  t h e  opening,  and by 
a g g r e s s i v e  advance growth o f  t h e  more shade 
t o l e r a n t  s u g a r  maple and beech. Only l a r g e  
s c a l e  n a t u r a l  c a t a s t r o p h e s ,  such a s  h u r r i c a n e  
o r  f i r e ,  open a r e a s  s u f f i c i e n t l y  l a r g e  t o  
encourage yel low b i r c h  r e g e n e r a t i o n .  Openings 
l a r g e r  t h a n  a  h e c t a r e ,  p a r t i c u l a r l y  a f t e r  f i r e ,  
were more conducive t o  invas ion  by paper  b i r c h  
than  by ye l low b i r c h ,  s o  storm-induced 
windthrow pocke t s  provided t h e  most 
advantageous c o n d i t o n s  f o r  t h e  e s t a b l i s h m e n t  of 

yellow bireh as a s u b s t a n t i a l .  proportion of t h e  
s t a n d ,  

Early logg ing  p r a c t i c e s  in t h e  White 
Mountains of highgrading, o r  selecting out the 
best and b i g g e s t  trees, were to a large extent 
mimicking the s i n g l e  t r e e  open ings  i n  the 
n a t u r a l  forest, and as such,  were more 
f a v o r a b l e  t o  beech and maple than t o  yellow 
b i r c h  e s t a b l i s h m e n t ,  It is t h e  more r e c e n t  
p r a c t i c e s  of group selection c u t t i n g  (which 
Leaves a minimal canopy) ,  an3 e l e a r c u t t i n g ,  
e i t h e r  i n  l a r g e  u n i t s  or i n  smaller s t r i p s  and 
p a t c h e s ,  that have  s imul taneous ly  provided t h e  
e o n d i t o n s  of adequa te  l i g h t  and adequate 
moisture, both necessa ry  f o r  t h e  s u c c e s s f u l  
e s t a b l i s h m e n t  of yellow b i r e h .  k s i d e  e f f e c t  
of c l e a r c u t t i n g  is  that the water t a b l e s  are 
h i g h e r  a f t e r  the t r a n s p i r a t i o n  pump of t h e  
f o r e s t  is removed, Ex tens ive  s t u d i e s  (Marquis  
1965~1, 1965b, 1966, 1972, Hatcher  1966, F i l i p  
1973,  Esdmann e t  al, 1381, Roberge 1975) have 
shown t h a t  t h e  s c r i p  and pa tch  e l e a r e u t t i n g  a r e  
most advaa tageous t o  t h e  germina t ion ,  
e s t a b l i s h m e n t ,  and e a r l y  growth o f  yel low 
b i r e h ,  The h i s t o r y  of t h e  three areas used i n  
t h i s  s t u d y  inc luded  p e r i o d i c  heavy c u t t i n g  a t  
Hubbard Brook, pa tch  e l e a r c u t t i n g  at B a r t l e t t ,  
and e x t e n s i v e  e l e a r c u t t i n g  a t  Sawyer R i v e r ,  
The results of this s t u d y  show that suck 
c u t t i n g  p r a c t i c e s  enhance t h e  growth of  yellow 
b i r c h  r e l a t i v e  t o  sugar maple and beeeh i n  t h e  
s a p l i n g ,  p o l e - s i z e ,  and Later post-  
e s t a b l i s h m e n t  s tages ,  

The h e i g h t  growth o f  ye l low b i r e h  does  no t  
va ry  widely throughout  t h e  range of mois t  s i t e s  
t y p i c a l  o f  t h e  n o r t h e r n  hardwood f o r e s t  type.  
The h e i g h t  growth of sugar  maple and beech is 
f a r  more s e n s i t i v e  t o  t h e  w e t t e r  end o f  t h i s  
range and shows i n c r e a s i n g  improvement a s  t h e  
s i t e s  become more mesic ,  Both sugar  maple and 
yel low b i r c h  t end  t o  dominate beeeh, u n l e s s  
beeeh occupied the s i t e  f i r s t  a s  t a l l  advance 
growth p r i o r  t o  logg ing ,  S i n c e  t h e  w e t t e s t  of 
t h e  n o r t h e r n  hardwood s i t e s  a r e  more f a v o r a b l e  
t o  ye l low b i r c h  than  t o  t h e  o t h e r  two s p e c i e s ,  
yel low b i r e h  can q u i c k l y  g a i n  ascendancy over  
t h e  o t h e r s ,  both i n  h e i g h t  and i n  numbers o f  
t r e e s .  However, as t h e  s i t e s  become d r i e r ,  t h e  
dominance o f  yel low b i r c h  over  sugar maple is 
Less c e r t a i n ,  though i ts  dominance over  beech 
remains f a i r l y  c o n s i s t e n t ,  

The importance of c e r t a i n  c u t t i n g  p r a c t i c e s ,  
such a s  patch e l e a r e u t t i n g ,  f o r  t h e  s u c c e s s  of 
yel low b i r c h  has  been wel l  e s t a b l i s h e d .  The 
r e s u l t s  o f  t h i s  study--in f requency ,  abundance,  
and d e n s i t y ;  i n  c o m p e t i t i v e  a b i l i t y ;  i n  
pa ramete rs  o f  h e i g h t  and diameter , - -support  
p rev ious  work and show t h a t  yel low b i r c h  grows 
c o n s i s t e n t l y  more a g g r e s s i v e l y  and s u c c e s s f u l l y  
on t h o s e  s i t e s  wi th  abundant mois tu re  khan do  
e i t h e r  s u g a r  maple o r  beech,  S ince  s o i l  
mois tu re  condi tons  can be r e a d i l y  a s c e r t a i n e d ,  
i t  is hoped t h a t  f u t u r e  ye l low b i r c h  management 
w i l l  s e l e c t  a r e a s  f o r  c u t t i n g  wi th  t h e  mois tu re  
c o n d i t i o n s  of t h e  r e g e n e r a t i v e  s i t e  i n  mind, 



S e l e c t i n g  t h e  m o i s t e r  s i t e s  could i n s u r e  a more 
v igorous  and r e l i a b l e  c rop  o f  yel low b i r c h  than  
would be found on t h e  more mesic s i t e s  o f  t h e  
n o r t h e r n  hardwood t y p e ,  where sugar  maple and 
beech a r e  l i k e l y  t o  be more compet i t ive .  
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E f f e c t s  of Mexico's S e l e c t i v e  C u t t i n g  System on 

Pine Regenerat ion and Growth i n  a  Mixed Pine-Oak 

l 
( Pinus-Quercus 1 F o r e s t  . 

Laura C .  Snook and P a t r i c i a  Negreros c 

INTRODUCTION 

Over 80% o f  Mexico's i n d u s t r i a l  wood comes from 
p i n e s  (SARH 1 9 7 8 ) ,  most o f  which grow in te rmixed  
with oaks  (Rzedowski 1978) i n  highland f o r e s t s  
which cover  20 m i l l i o n  h a s  (SARH/SF 1984) .  Respon- 
s i b i l i t y  f o r  s i l v i c u l t u r a l  management of t h e s e  and 
a l l  o f  Mexico's f o r e s t s  r e s t s  e n t i r e l y  wi th  t h e  
f e d e r a l  f o r e s t  s e r v i c e  (Ley F o r e s t a l  1960/1986). 
S ince  t h e  1 9 5 0 ' ~ ~  t h e  c o u n t r y ' s  f o r e s t s  have been 
e x p l o i t e d  accord ing  t o  t h e  s i l v i c u l t u r a l  system 
known a s  t h e  Metodo Mexicano d e  Ordenacion d e  
Montes' (Mexican Method f o r  Ordering F o r e s t s )  
( C a r r i l l o  1955; Rodriguez 1958; Rodriguez e t  a 1  
1959; Rodriguez & Rodriguez 1966) .  T h i s  s e l e c t i v e  
c u t t i n g  regime l i m i t s  h a r v e s t  i n t e n s i t y  t o  35% - 
50% of  t h e  volume of d e s i r e d  ( c o n i f e r )  s p e c i e s ,  and 
a t  l e a s t  u n t i l  1978 i n c o r p o r a t e d  a  d iameter  l i m i t  
of 45 cm (Musalem 1979) .  I n  mixed f o r e s t s ,  t h e  
a p p l i c a t i o n  of t h i s  system o f t e n  t r a n s l a t e s  i n t o  
s e l e c t i v e  e x t r a c t i o n  of  l e s s  t h a n  20% of t o t a l  
volume (FAPATUX 1980 ) . 

The Mexican method seeks  t o  manage uneven aged 
s t a n d s  by main ta in ing  a  balanced r e v e r s e  J- 
shaped d iameter  d i s t r i b u t i o n .  I t  assumes t h a t  con- 
t i n u o u s  r e g e n e r a t i o n  and c l a s s - t o - c l a s s  r e c r u i t m e n t  
w i l l  p r o v i d e  f o r  s u s t a i n e d  y i e l d s  (Xlepac and Mass 
P o r r a s  1968) .  A s  o f  1981, a l though  a few f o r e s t e r s  
had expressed doubts  about  t h e  v a l i d i t y  o f  t h e s e  
assumptions (Musalem 1 9 7 9 ) ,  no f i e l d  s t u d i e s  t o  
confirm o r  modify them had been publ i shed .  I t  was 

1 
Presen ted  a t  t h e  Symposium 'Cur ren t  Topics  i n  

F o r e s t  Research : Emphasis on C o n t r i b u t i o n s  by 
Women S c i e n t i s t s ' ,  dosponscred by t h e  USDA F o r e s t  
S e r v i c e  Southeas te rn  S t a t i o n  and t h e  Department of 
F o r e s t r y ,  U n i v e r s i t y  o f  F l o r i d a ;  G a i n e s v i l l e ,  
F l o r i d a ,  November 4-6, 1986. 

' ~ e s e a r c h e r  , Nat iona l  I n s t i t u t e  f o r  Research on 
B i o t i c  Resources (INIREB), Xalapa, Veracruz,  Mexico; 
and Researcher ,  Nat iona l  I n s t i t u t e  f o r  Research on 
F o r e s t r y ,  A g r i c u l t u r e  and Animal Husbandry, (INIFAP) 
San F e l i p e  Baca la r  , Quintana Roo, Mexico. 

A b s t r a c t .  E f f e c t s  o f  t h e  o f f i c i a l  s e l e c t i v e  har-  
v e s t i n g  system on a  mixed pine-oak f o r e s t  i n  Oaxaca 
were eva lua ted  20 y e a r s  l a t e x  and compared t o  f m e y -  
l y  c l e a r e d  f o r e s t  a r e a s  and unexplo i ted  f o r e s t .  
P i n e  r e g y e r a t i o n  i n  s e l e c t i v e l y  c u t  f o r  5 st  averaged 
o n l y  5 m /ha b a s a l  a r e a  compared t o  40 m /ha i n  f o r -  
merly c l e a r e a  a r e a s .  The c o r r e l a t i o n  between p i n e  
regenexa t ion  and r e c o n s t r u c t e d  r e s i d u a l  b a s a l  a r e a  
a f t e r  h a j v e s t  was R = -0.82. P ine  groh th  increments  
o f  4.6 rni/ha/year gccur red  i n  s e l e c t i v e l y  c u t  a r e a s ,  
compared t o  11.4 m /ha/yr  i n  formerly c l e a r e d  a r e a s .  
New r e g u l a t i o n s  a s s o c i a t e d  wi th  t h e  f o r e s t  law of 
1986 may i n c l u d e  r e p l a c e m e n t  of t h e  o f f i c i a l  s e l e c -  
t i v e  c u t t i n g  method by an even-aged s i l v i c u l t u r a l  
management system. However, t h e  l a c k  of marke ts  
f o r  oak wood r e p r e s e n t s  an o b s t a c l e  t o  t h e  i m p l a e n -  
t a t i o n  of more i n t e n s i v e  h a r v e s t i n g  systems necessary  
t o  a s s u r e  s u s t a i n e d  y i e l d s  of p i n e  wood. 

Keywords: n a t u r a l  r e g e n e r a t i o n ,  s i l v i c u l t u r e  

dec ided  t o  survey a  pine-oak f o r e s t  20 y e a r s  a f t e r  
e x p l o i t a t i o n  t o  e v a l u a t e  t h e  e f f e c t s  of p r i o r  
h a r v e s t  by t h i s  method, p a r t i c u l a r l y  with r e g a r d s  
t o  p i n e  r e g e n e r a t i o n .  

THE STUDY SITE 

The s tudy  was c a r r i e d  o u t  i n  t h e  Zapotec community 
of San Pablo Macui l t i anguis ,  i n  t h e  S l e r r a  d e  
J u a r e z ,  Oaxaca. The i r  approximately 5000 ha of 
commercial f o r e s t  i s  dominated by p i n e s  ( P i n u s  
p a t u l a ,  P, pseudostrobus,  F-, ayacahui te ,  and E. 
r v d i s )  in te rmixed  wi th  s p e c i e s  of oak i n c l u d i n g  
&uercus l a u r i n a ,  &. rugosa ,  p. c r a s s i f o l i a ,  Q. 
exce lsa ,  Q, candicans ,  and 8, s a l i c i f o l i a .  Madrone 
(Arbutus g l a n d u l o s a ) ,  a l d e r  (Alnus acumina ta ) ,  and 
o t h e r  hardwood s p e c i e s  occur  a s  w e l l  (FAPATUX 1962; 
Perez and Perez 1984) .  

F o r e s t  e l e v a t i o n s  range  from 2200 m t o  2700 m ,  
averag ing  2450 m. S lopes  average  45%, and r a n g e  
from 15% t o  more than  100%. Annual p r e c i p i t a t i o n  
is between 1500 and 2000 mm and i s  s t r o n g l y  
i n f l u e n c e d  by humid wintex winds from t h e  Gul f ,  
knohn a s  ' n o r t e s '  , A marked d r y  season o c c u r s  
d u r i n g  A p r i l  and May. Average annual  t empera ture  
h a s  been es t imated  a t  12" t o  14* C (FAPATUX 19771, 
whi le  a  weather s t a t i o n  a t  a  s l i g h t l y  lower eleva-  
t i o n  j u s t  on t h e  o t h e r  s i d e  o f  t h e  mountains 
r e g i s t e r e d  an average  tempera ture  o f  16.7* C and 
a  p r e c i p i t a t i o n  of  1982 mm (Garc ia  1981).  

These f o r e s t s  were concessioned t o  Mexico' s 
f i r s t  newspr in t  paper  f a c t o r y ,  F a b r i c a s  d e  Pape l  
Tuxtepec (FAPATUX), i n  t h e  l a t e  1950 ' s ,  a s  a  s o u r c e  
of  p i n e  wood f o r  c e l l u l o s e  ( D i a r i o  C f i c i a l  N o v a -  
b e r  12,  1956) .  S e l e c t i v e  c u t t i n g  of p i n e s  began 
about  1959, b u t  t h e  second c u t t i n g  c y c l e  had n o t  
y e t  been i n i t i a t e d  i n  1981. 



METHODS 

Data C o l l e c t i o n  

A 25 km t imber  e x t r a c t i o n  road  known a s  'b recha  
200' , which r u n s  through t h e  f o r e s t  from west t o  
e a s t ,  was used a s  a  t r a n s e c t .  A t  500 m i n t e r v a l s ,  
c o u r s e s  were run  p e r p e n d i c u l a r  t o  t h e  road between 
50m and 350 m i n t o  t h e  f o r e s t ,  where sample p l o t s  
were l a i d  o u t .  D i s t a n c e s  from t h e  road  were 
s e l e c t e d  u s i n g  a  random numbers t a b l e .  

Among 27 p l o t s  l o c a t e d  by t h i s  method, 4  f e l l  i n  
u n e x p l o i t e d  f o r e s t  and one  i n  a  former c l e a r c u t  
where a  tower had been e r e c t e d  t o  suppor t  power 
l i n e s .  To g i v e  s t a t i s t i c a l  c o n t e x t  t o  t h i s  p l o t ,  
an a d d i t i o n a l  p l o t  was l o c a t e d  i n  t h e  c l e a r c u t  
a r e a ,  and complemented wi th  two p l o t s  l o c a t e d  i n  
former a g r i c u l t u r a l  f i e l d s  abandoned 30 y e a r s  b e f o r e ,  
one i n  'Aqua F r i a '  and one behind t h e  'Comedor 
Cerro Machin' . The f i n a l  d a t a  s e t  f o r  t h i s  s tudy  
was based on 30 p l o t s  i n  3 d i f f e r e n t  f o r e s t  t y p e s  
( s e l e c t i v e l y  h a r v e s t e d ,  unexplo i ted ,  and former ly  
c l e a r e d ) .  

Four r a d i i  ma ked a t  3 i n t e r v a l s  were used t o  5 
i n d i c a t e  1000 m c ' r c u l a r  p l  t s  wi th  n e s t e d  i n t e r -  2 
n a l  p l o t s  o f  400 mi and 80 m . Trees  1 5  cm dbh and 
above were measured o v e r  t h e  f u l l  1000 m 2  whi le  
t r e e s  betw en 5 cm and 14.9 cm dbh were measured 5 
over  400 m . T r e e s  2 cm t o  4.9 cm dbh were measured 

2 
o n l y  w i t h i n  t h e  80 m p l o t ,  Genus, dbh, crown c l a s s ,  
and s i g n s  o f  i n j u r y  were no ted  f o r  each t r e e .  Incre -  
ment c o r e s  were taken  o f  a t  l e a s t  two smal l  p i n e s  
and a t  least two l a r g e  p i n e s  on each p l o t .  The for -  
m e r  were used  t o  de te rmine  t h e  age  and s i z e  r a n g e  
of p o s t - h a r v e s t  r e g e n e r a t i o n  . Cores o f  l a r g e  t r e e s  
were t a k e n  t o  r e p r e s e n t  t h e  range  of d iameter  
c l a s s e s  and p r o v i d e  d a t a  on increments .  

Data A n a l y s i s  

Measurements t aken  i n  1982 showed t h e  e f f e c t s  of 
p a s t  c o n d i t i o n s  on t h e  d e n s i t y  of p i n e  regenera-  
t i o n .  To r e l a t e  t h e s e  e f f e c t s  t o  c a u s a l  f a c t o r s  
r e q u i r e d  t h e  r e c o n s t r u c t i o n  o f  t h e  f o r e s t  a s  it was 
j u s t  a f t e r  h a r v e s t .  While w r i t t e n  r e c o r d s  were 
u n a v a i l a b l e ,  t r e e  c o r e s  and in format ion  ob ta ined  by 
hearsay  i n d i c a t e d  t h a t  1962 was t h e  average  y e a r  of 
r e g e n e r a t i o n  subsequent  t o  h a r v e s t  and t h e  c l e a r c u t  
f o r  t h e  power l i n e s .  

A l l  trees 20 y e a r s  o r  younger i n  1982 were t h u s  
cons idered  pos t -harves t  r e g e n e r a t i o n .  I n  s e l e c t i v e l y  
c u t  and unexplo i ted  f o r e s t ,  n e a r l y  a l l  o f  t h e s e  
t r e e s  measured l e s s  than  1 5  cm dbh, b u t  d i f f e r e n t i -  
a t i o n  o f  r e g e n e r a t i o n  on each p l o t  was v e r i f i e d  
accord ing  t o  increments ,  sampled a g e s ,  and d iameter  
d i s t r i b u t i o n s .  To permi t  comparison between t h e  
20 y e a r  o l d  c l e a r c u t  and t h e  30 y e a r  o l d  abandoned 
f i e l d s ,  inc rements  f o r  t h e  l a s t  t e n  y e a r s  were sub- 
t r a c t e d  from a l l  t r e e  d i a m e t e r s  on t h e  abandoned 
f i e l d  s i t e s .  

I n  t h e  c a s e  of t h e  c l e a r c u t  and t h e  abandoned 
f i e l d s ,  it was known t h a t  r e s i d u a l  b a s a l  a r e a  had 
been z e r o  a t  t h e  t i m e  o f  r e g e n e r a t i o n  es tab l i shment .  
To de te rmine  r e s i d u a l  b a s a l  a r e a  a t  t h i s  t ime  i n  
s e l e c t i v e l y  harves ted  f o r e s t ,  inc rements  s i n c e  

1962 were s u b t r a c t e d  from d iameters  of o l d e r  t r e e s .  
Average measured p e r i o d i c  increments  of 0.44 cm/yr 
i n  p i n e s  l e s s  than  60 cm dbh and 0.36 cm/yr i n  
p i n e s  g r e a t e r  than 60 cn dbh y i e l d e d  r e s p e c t i v e  
d iameter  r e d u c t i o n  f a c t o r s  of 8.8 cm and 7.2 cm 
over  t h e  20 y e a r  pos t -harves t  per iod .  

Oaks were n o t  cored,  both because of p h y s i c a l  
d i f f i c u l t i e s  and because it was n o t  known whether 
t r o p i c a l  oaks have annual  r i n g s .  For l a c k  of d a t a  
on Mexican oak growth, d iameters  were reduced t o  
1962 l e v e l s  us ing  t h e  fo l lowing  increments ,  d e r i v e d  
from an  es t imated  volume increment of 2% a y e a r  
(Mass P. 1977) and an oak volume t a b l e  (FAFATUX 1 9 7 7 ) :  

Diam. c l a s s  Annual increment  20 y e a r  r e d u c t i o n  

1 5  - 19.9 0.35 em 7.0 cm 
20 - 29.9 0.49 ern 9 .8  cm 
30 - 39.9 0.69 cm 13.8 cm 
40 - 49.9 0.79 cm 15.8 cm 
50 - 59.9 0.89 cm 17.8 cm 
60 and over  1.30 cm 26.0 cm 

Using t h e s e  r e d u c t i o n  f a c t o r s ,  average  1962 d i a -  
m e t e r s  and b a s a l  a r e a s  were determined f o r  p i n e s  
and oaks  i n  each 1982 diameter  c l a s s .  Diameter 
d i s t r i b u t i o n  t a b l e s  f o r  each p l o t  were t h e n  used 
t o  de te rmine  t o t a l  r e s i d u a l  b a s a l  a r e a  (Table  I ) .  

Table  I. C a l c u l a t i o n  o f  r e s i d u a l  b a s a l  a r e a  i n  
s e l e c t i v e l y  c u t  f o r e s t  ( S i t e  033 ) . 
Avg. c l a s s  BA/tree # T o t a l  BA 
dbh 1982 1962 t r e e s  1962 

P i n e s  
17 .5  2 

59 cm2 1 59 cm 
2 

25.0 205 cm 2 2 
2 410 an2 

35.0 537 cm 6 3222 cm2 
2 

45.0 1027 cm2 1 1026 cm2 
55.0 1673 cm 2 3346 cm 

I 

Oaks 
17.5 
25.0 
35.0 
45.0 
55.0 

2 T o t a l  r e s i d u a l  b a s a l  a r e a :  11,491 cm / lo00 m 2 

To compare unexplo i ted  f o r e s t  c o n d i t i o n s  w i t h  
s e l e c t i v e l y  c u t  and former ly  c l e a r e d  f o r e s t ,  a  
s i m i l a r  p r o c e s s  of d iameter  r e d u c t i o n  and t r a n s -  
fo rmat ion  t o  b a s a l  a r e a  i n  1962 was a p p l i e d ,  u s i n g  
t h e  same e s t i m a t e s  of oak increments  a s  i n  t h e  
s e l e c t i v e l y  c u t  f o r e s t ,  and t h e  f o l l o w i n g  p e r i o d i c  
p i n e  increments  measured i n  t h e  p l o t s :  

Diam. c l a s s  Annual increment  20 y e a r  r e d u c t i o n  

1 5  - 39.9 0.34 cm 6.80 cm 
40 - 49,9 0.38 cm 7.60 cm 
50 - 59.9 0.30 cm 6.00 a n  
60 and o v e r  0.24 cm 4.80 cm 



These same transformation ~ a b l e s  were used t o  
recons t ruc t  che 1962 diamecer distribution of each 
s i t e ,  By cornblning these  with a p ine  vo lu re  t a b l e  
IFRPATVX 197?), i~ was poss ib l e  t o  determine 1962- 
1982 volume increment by fo re se  t rea tment ,  

RESULTS ANC DISCUSSIOK 

A s  can be observed i n  Table 2,  t h e  average 
dens i ty  of p ine  regcnera-c io~ twenty yea r s  a f t e r  
s e l e c t i v e  c c t i n g  was 5.2 rn /ha, only 13% of t h e  '2 
near ly  40 m ,/ha on chi3 formerly c leared  s i t e s .  
Regeneration establiskment i n  u n e x p l o i t d  f o r e s t  
during t h i s  pe r iod  was neg l ig ib l e .  

The r e s i d u a l  basa l  a r e a  i n  each case  followed an 2 
i nve r se  p a t t s n  t o  regenera t i9nt  averaging 34 m /ha 
i n  unexploited f o r e s t ,  19.2 m i n  s e l e c t i v e l y  cut  
f o r e s t ,  and 0 i n  t h e  c i e a r c u t  and abandoned f i e l d s ,  
A l i n e a r  regress ion  between r e s idua l  basa l  a r ea  and 
basa l  a r ea  of regenera t ion  y ie lded  a co r r e l a t i on  
c o e f f i c i e n t  of R = -0.82, i nd i ca t ing  t h a t  67% of 
t h e  v a r i a b i l i t y  i n  p ine  regenera t ion  r e f l e c t s  t h e  
va r i a t i on  i n  r e s i d u a l  b a s a l  a rea .  This  i nve r se  
r e l a t i o n s h i p  i s  no s u r p r i s e  s ince  basa l  a r e a  i s  
a measure of s i t e  occupation, The more growing 
space ( l i g h t ,  water ,  n u t r i e n t s  ) occupied by r e s i -  
dual  t r e e s ,  t h e  l e s s  is  a v a i l a b l e  f o r  regenera t ion  
e s t a b l i  sh rne~ t  , 

Oak regenera t ion  was i n s e n s i t i v e , t o  v a r i a t i o n  i n  
L 

r e s i d u a l  b a s a l  a r ea ,  y i e ld ing  an R of only C.08. 
This no doubt r e f l e c t s  oaks9 g r e a t e r  shade t o l e  - 
rance. I t  i s  no tab l e  t h a t  only i n  t h e  unexploited 
f o r e s t ,  with t h e  h ighes t  ' r e s i d u a l ' b a s a l  a r ea ,  i s  
t h e  average oak regenera t ion  dens i ty  approximately 
equal t o  and perhaps slA.ghtly g r e a t e r  than pine.  

Rates  of  suppression amongst p ines  followed t h e  
same p a t t e r n  as  r e g ~ a e r a t i o n  dens i ty .  I n  formerly 
c leared  a r eas ,  10% of  t h e  p ines  were suppressed by 
o the r  p ines .  I n  s e l e c t i v e l y  c u t  and unexploited 
f o r e s t ,  80% and 100%, r e spec t ive ly ,  of t h e  p ine  
regenera t ion  was suppressed, by a mixed canopy of 
p ines  and oaks. These t r e e s  w i l l  almost c e r t a i n l y  
d i e  before  reaching commercial s i z e .  

Table 2. P ine  and Oak Regeneration a f t e r  20 Years 

Ywmerly Se l ec t ive ly  Unexploi t e d  
Cl ear  ed Cut 

Residu l BA 9 + C 
0 l 9 , 2  - L,7 34.1 - 3.0 

1962 m /ha 

Oak r e  en. 9 + + 4- 
6.2 - 2*1  3 . 6 -  0.7 0.3 - 0,2  

1982 rn /ha 

Growth 

Average per iodic  diameter increment between 1962 
and 1982 d i f f e r e d  amongst pines i~ d i f f e r e n t  f o r e s t  
t rea tments ,  Combining da t a  f o r  ava i l ab l e  diameter  
c l a s s e s  y ie lded  averages of 1.3S cm/yr i n  t h e  fo r -  
merly c leared  f o r e s t ,  0.45 cm/yr i n  s e l e c t i v e l y  c u t  
f o r e s t ,  and 0.35 cm/yr i n  unexploited f o r e s t .  In 
r h e  f i r s t  case,  rap id  growth r a t e s  r e f l e c t  t h e  
youth and lor.ier range of  diameters of t h e  s t ands ,  
and deereasing r i n g  briachs over t h e  l a s t  cwo o r  3 
years  indicace  chat t h e s e  r a t e s  a r e  slowing a s  com- 
p e t i t i o n  becomes more i n t e ~ s e .  

Diaqeteu d i s t r i b u t i o n  t a b l e s  f o r  1962 and 1982 
were transformed t o  volumes t o  determine t h e  d i f -  
f erence i n  volume incremer,t/ha y o n g  f o r e s t  t r e a t -  
mencs. These r a g e d  from 4.3 m /ha/year i n  t h e  
unexploited f o r e s t  t o  11.4 rn /ha/yr i n  t h e  c l e a r c u t  
and abandoned f i e l d s  (Table 3),comparing favorably  
with da t a  f o r  s p lan ta t i on  of P .  p a t u l g i n  I4acuil- 
t i a n g u i s ,  which grew ac a r a t e  of  12  m /ha/yr 
during t h e  f i r s c  14 yea r s  a f t e x  i t s  establishment 
( FAF'ATUX 197 7 ) . 
Table 3. Volume increments/ha, p ine  only 

Formerly Se l ec t ive ly  Unexploited 
C l  ear  ed Cut 

Vol, p ines  
0 

1962 

Vol, p ines  
228 m 

3 
1982 

Increment 3 
92 m 

3 
80 m 

3 
228 m 

62-82 

Annual 
11.4 m 

3 
4.6 m 

3 
4.0 m 

3 
i n c r  ,/ha 

Fores t  dynamics 

Se l ec t ive  c u t t i n g  i n  t h e  mixed f o r e s t s  of  San 
Pablo bacu i l t i angu i s ,  a s  i n  most of Mexico, was 
appl ied  exclus ive ly  t o  pines.  This has modified 
t h e  r e l a t i v e  dominance of p ines  and oaks (Table  4 ) .  
While p ines  accounted f o r  64% of t h e  t o t a l  volume 
of t h e  f o r e s t  p r i o r  t o  exp lo i t a t i on  (FAPATUX 19621, 
twenty yea r s  a f t e r  t h e  f i r s t  s e l e c t i v e  c u t  t hey  
represented  only 54% of t h e  basa l  a rea .  FJhile 
f orrnerly c leared  s i t e s  were ocxnpl e t  e ly  dominated 
by p ines ,  only 58% of t h e  dominant t r e e s  i n  s e l e c -  
t i v e l y  cut  s i t e s  were p ines ,  while 40% of t h e  
dominant Crees were oaks. The in termedia te  p ine /  
oak r e l a t i o n s h i p  demonstraeed by d a t a  from t h e  
unexploited f o r e s t  probably r e f l e c t s  t h e  h i s t o r y  
of t h i s  p a r t i c u l a r  a rea ,  which appeared t o  have 
regenerated a f t e r  a f i r e  about 40 years  before.  

C-, p ines  -i- + 
10% - 4 80% - 4 100% 

suppressed 



Table 4. F o r e s t  c h a r a c t e r i s t i c s  and p r o p o r t i o n s ,  
1982 (adap ted  from Negreros & Snook 1984) .  

Tota l  BA 

BA F i n e s  

BA Cjaks 

% P i n e s  

% Oaks 

P ines  
% dom. 

Oaks 
% dom. 

Formerly 
Cleared 

S e l e c t i v e l y  Unexploi t ed  
Cut 

'Data from FAPATCX (1962) . 
2 0 t h e r  hardwood s p e c i e s  made up  t h e  missing %. 

CONCLUSIONS 

The low- in tens i ty  s e l e c t i v e  c u t t i n g  of p i n e s  i n  
t h e  pine-oak f o r e s t s  of t h e  S i e r r a  d e  J u a r e z  h a s  
n o t  s t i m u l a t e d  adequa te  p i n e  r e g e n e r a t i o n  t o  pro- 
v i d e  f o r  t h e  replacement  of h a r v e s t e d  t r e e s .  On 
t h e  c o n t r a r y ,  t h e s e  c u t t i n g s  a r e  encouraging t h e  
s u c c e s s i o n a l  p rocess  of replacement of p i n e s  by 
oaks, a s  h a s  been observed i n  t h e  United S t a t e s  by 
v a r i o u s  a u t h o r s ,  among them Chris tensen and Pee t  
(1983 and reviewed by J a r d e l  (1985) .  

Regenerat ion of p i n e  was e i g h t  t imes  g r e a t e r  i n  
b a s a l  a r e a  (and t w i c e  a s  l a r g e  i n  d iameter )  on 
s i t e s  s u b j e c t  t o  complete  c l e a r i n g .  Growth r a t e s  
fol lowed t h e  same p a t t e r n ,  annual  volume increments  
o f  p i n e  reach ing  l e v e l s  2.5 t i m e s  g r e a t e r  i n  f o r -  
merly c l e a r e d  s i t e s  than  i n  s e l e c t i v e l y  c u t  f o r e s t .  
Thus i t  seems apparen t  t h a t  p a t c h  o r  s t r i p  c l e a r -  
c u t t i n g ,  a  c l o s e  i m i t a t i o n  of a g r i c u l t u r a l  abandon- 
ment and f i r e s  which a p p a r e n t l y  maintained p i n e  
dominance i n  t h e s e  f o r e s t s  i n  t h e  p a s t ,  would b e  
much more e f f e c t i v e  s i l v i c u l t u r a l  methods than  
s e l e c t i v e  c u t t i n g  f o r  ensur ing  and maximizing f u t u r e  
y i e l d s  o f p i n e  wood needed f o r  c e l l u l o s e  and o t h e r  
i n d u s t r i a l  purposes.  

I n  f a c t ,  a g a i n s t  t h e  backdrop of t h e  n a t i o n a l  
g u i d e l i n e s  f o r  low- in tens i ty  s e l e c t i v e  c u t t i n g ,  a  
movement t o  i n t e n s i f y  Mexican s i l v i c u l t u r e  was 
i n i t i a t e d  by a smal l  group o f  concerned f o r e s t e r s  
i n  t h e  mid-7OVs, and p i l o t  p r o j e c t s  u s i n g  a  system 
of even-aged s i l v i c u l t u r a l  management were e s t a -  
b l i s h e d  on 2000 ha of  mixed c o n i f e r  f o r e s t s  by 
t h e  end of t h e  decade. The s i l v i c u l t u r a l  system, 
c a l l e d  t h e  'Metodo d e  D e s a r r o l l o  S i l v i c o l a '  (Method 
of S i l v i e u l t u r a l  Development) i s  based on t h e  

a p p l i c a t i o n  of seed t r e e  regenera t ion  c u t s  and 
p e r i o d i c  t h i n n i n g s ,  and presumes t o  manage even- 
aged s t a n d s  (&<usalm 1979) .  AS of 1983, 56,000 ha 
( l e s s  than  3% of Mexico's mixed c o n i f e r  f o r e s t s )  
were under  rnanagemmt according t o  t h i s  method, and 
y i e l d e d  25% of t h e  n a t i o n a l  product ion t h a t  y e a r  
(SARH/SF 1984). 

A new Kexican f o r e s t r y  law was s igned t h i s  y e a r ,  
r e p l a c i n g  t h e  f o r e s t r y  law of 1960 ( D i a r i o  CKic ia l  
Nay 30, 1986) . While t h e  a s s o c i a t e d  f o r e s t r y  regu- 
l a t i o n s  w i l l  n o t  h e  publ i shed  u n t i l  December, t h e  
appearance of t h e  words "management plan" and 
" s u s t a i n e d  y ie ld"  i n  t h e  t e x t  of t h e  new law i f o r  
t h e  f i r s t  t i m e )  may foreshadow a modi f ica t ion  of 
s i l v i c u l t u r a l  g u i d e l i n e s .  

However, t h e r e  a r e  s t i l l  o b s t a c l e s  t o  t h e  
implementat ion of a  more i n t e n s i v e  s i l v i c u l t u r a l  
system i n  Mexico's pine-oak f o r e s t s .  Among them 
is  t h e  l a c k  of markets  f o r  oak wood. Mexico b o a s t s  
over  120 recognized s p e c i e s  of o a k s  (Rzedowski 
1978) .  N e i t h e r  t h e i r  taxonomy nor  t h e i r  wood 
technology i s  wel l  known, and t h e r e  has been l i t t l e  
u s e  of oaks  f o r  i n d u s t r i a l  purposes.  

Because l o g g e r s  a r e  p a i d  by t h e  cub ic  meter  by 
t h e  buyer  of t h e  wood, t h e  l a c k  of a  demand f o r  
oaks makes it u n l i k e l y  t h a t  t h e s e  t r e e s  w i l l  b e  
c u t .  I n  N a c u i l t i a n g u i s ,  an average of 140 o a k s  
occur red  p e r  h e c t a r e s ,  r e p r e s e n t i n g  n e a r l y  20 m 

2 

of b a s a l  a r e a .  This  d e n s i t y  is  g r e a t e r  t h a n  t h e  
t o t a l  r e s i d u a l  b a s a l  a r e a  which s o  s e v e r e l y  
i n h i b i t e d  p i n e  r e g e n e r a t i o n  a f t e r  t h e  s e l e c t i v e  
h a r v e s t .  Unless  t h e s e  t r e e s  a r e  c u t ,  adequa te  
p i n e  r e g e n e r a t i o n  cannot b e  expected.  Thus oak 
marke ts  should be  developed a s  p a r t  of a  new 
s i l v i c u l t u r a l  s t r a t e g y  t o  a s s u r e  t h e  f u t u r e  o f  
Mexico's p i ~ e  resource .  

P o r t i o n s  of t h i s  paper ,  corresponding t o  t h e  
second a u t h o r '  s Mas te rs  t h e s i s ,  were f i r s t  p u b l i s h e d  
i n  Spanish ( s e e  Negreros & Snook 1984) .  The s t u d y  
could n o t  have been c a r r i e d  o u t  wi thout  t h e  generous 
suppor t  of D r .  Margar i t a  Soto, then  D i r e c t o r  o f  
INIREB's Mas te r ' s  Program i n  Ecology and B i o t i c  
Resources. We a l s o  thank Ing. Ja ime  E s c a r p i t a  f o r  
h i s  openness i n  p rov id ing  in format ion  about  t h e  
f o r e s t  and i t s  h i s t o r y .  D r .  C h a r l e s  P e t e r s '  i n s i g h t s  
were i n v a l u a b l e  , 
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Gains from Superior Tree Selection in Black 

Spruce and White sprucel  

Katherine K .  c a r t e r2  

Among the  conifer  species native t o  the fo res t s  
of Maine, the spruces (Picea spp.)  are  of great -  
e s t  i n t e r e s t  t o  f o r e s t  industry because of t h e i r  
superior pulping q u a l i t i e s  and t h e i r  widespread 
d i s t r ibu t ion  throughout the s t a t e .  Tree im- 
provement programs f o r  white spruce (P. glauca 
(Moench) Voss) and f o r  black spruce (P. mariana 
(Mi l l . )  BSP) have been i n i t i a t e d  in the past 
decade. Research t o  evaluate se lec t ion method- 
ology and t o  est imate potent ia l  gains has been 
carr ied  out  a t  the University of Maine in coop- 
era t ion with local industry and with the U.S. 
Forest Service.  

Results from progeny t e s t s  of superior t r ees  
selected in natural stands of white spruce and 
black spruce are  reported here. These ear ly  
r e s u l t s  indica te  t h a t  d i f f e r e n t  se lec t ion methods 
may be preferred f o r  each species.  

WHITE SPRUCE 

White spruce was one of the f i r s t  species t o  be 
included in t r e e  improvement research programs. 
During the  1960ts ,  super ior  t r e e s  were located 
by f i e l d  fo res t e r s  in Maine and New Hampshire, 
and graded by Clyde H u n t  of the U.S. Forest 
Service. A comparison-t'ree se lec t ion method 
was used, with 2 o r  3 comparison t r ees  in most 
stands.  The parent t r e e s  ranged in age from 
18 t o  75 years ;  most were 30 t o  50 years old.  
They averaged 9 percent g rea te r  in D B H  and 8 per- 
cent g rea te r  in height than comparison t r ees  in 
the same stands.  A north-south range of almost 
3 degrees in l a t i t u d e  was re la ted  t o  d i f f e ren t  
r a t e s  of height growth: Northern parents had a 
mean annual increment in height of 1.3 f t i y e a r ,  
while southern parents averaged 1.9 f t l y e a r ,  

Open-pollinated seed from 23 parents was 
col lec ted  t o  e s t ab l i sh  a hal f -s ib  progeny t e s t .  
Seed was sown in the New Hampshire s t a t e  nursery 
in 1971. In 1974, 3-0 seedlings were l i f t e d  and 
planted a t  a t e s t  s i t e  located on abandoned farm 

]presented a t  the symposium, "Current Topics in 
Forest Research: Emphasis on Contributions by 
Women S c i e n t i s t s , "  Gainesvil le,  FL,  4-6 Nov. 1986. 
Maine Ag. Expt. S ta t ion  publication no. 1149. 

2 ~ s s o c i a t e  Professor Forest Biology, Univer- 
s i t y  of Maine, Orono, ME 04469. 

Abstract.--Open-pollinated progeny t e s t s  were 
established t o  assess  the gains a t t r i b u t a b l e  t o  
p lus- t ree  se lec t ion in black spruce and white 
spruce in Maine. Of 23 se lec ted  famil ies  of white 
spruce, a l l  but one were t a l l e r  than nursery-run 
checks a f t e r  17 growing seasons i n  the f i e l d .  
Height gains averaged 23 percent. Lati tude of 
the parent t r e e  was negatively corre la ted  with 
progeny growth r a t e s .  For b lack  spruce, progeny 
of p lus- t rees  se lec ted  using the baseline method 
were no t a l l e r  than offspring of average t r e e s ,  
a t  age 7.  Her i t ab i l i t y  values f o r  black spruce 
are  low, indicating t h a t  family se lec t ion might 
be more e f fec t ive  than individual t r ee  se l ec t ion ,  

land near Moscow, Maine. Nursery-run white 
spruce seedlings from the New Hampshire and Maine 
s t a t e  nurseries were included as check seed lo t s ,  
as were seedlots  of red sPruce i P .  rubens Sara . )  
and Norway spruce (P. abies (i. j - ~ a r s t ) .  -!'he4 ' 

experimental design i s  a randomized complete 
block with 6 repl ica t ions  and 10 t r ees  ber p lo t .  

After 11 growing seasons ( 1 4  years from seed) ,  
survival averaged 71 percent. The average height 
fo r  a l l  s e l e c t  offspring was 9.9 f t ,  which re-  
presents a gain of 19 percent over the New Hamp- 
sh i r e  check and 36% over the Maine check. When 
northern and southern families are  compared with 
the appropriate check l o t ,  average height gains 
are  25 percent t o  28 percent (Table 1 ) .  White 
spruce were a l so  t a l l e r  than the Norway spruce 
(8.7 f t )  and red spruce (7.2 f t )  seedlots .  

Height measurements were subjected t o  analys is  
of variance t o  determine h e r i t a b i l i t y .  A heri t- 
a b i l i t y  value of h2 = 0-4 was calcula ted ,  which 
i s  c lose  to  the value of 0.35 reported by Mohn 
e t  a l .  (1976) in Minnesota. Height a t  age 74 was 
highly corre la ted  with height a t  ages 11 and 6 ,  
and with growth of  the terminal leader a t  age 6,  
Mean annual increment of the parents was corre- 
la ted  with progeny height a t  age 6 but not a t  
l a t e r  ages (Table 2 ) .  

B L A C K  SPRUCE 

During the 1970ts ,  i n t e r e s t  sh i f ted  toward 
black spruce as a plantation species because of 
i t s  rapid juvenile growth and i t s  r e l a t i v e  r e s i s -  
tance t o  the spruce budworm. Previous work by 
Morgenstern (1 974)  had indicated 7 i t t l e  re1 a t ion-  
ship between parental growth r a t e s  and juveni le  
growth of t h e i r  progeny. In order to  explore 
t h i s  re la t ionship  fu r the r  and t o  t e s t  the  base- 
l i n e  method of se l ec t ion ,  16 stands of black 
spruce throughout Maine were iden t i f i ed  f o r  
intensive study. Five t o  10 dominant o r  co- 
dominant t r ees  in each stand were se lec ted  a t  
random and measured t o  provide baseline data 
f o r  mean annual height and diameter increments. 
'"Plus" t r ees  were then located which were 1.0 
t o  2.5 standard deviations above the average 
fo r  t h a t  stand (Kenlan 1981). Cones were col -  
lected from plus t r ees  and from two or  more 
average t r ees  ( those  c loses t  t o  the baseline 
values) in each stand. 



Table 1.--Comparat ive h e i g h t s  f o r  w h i t e  spruce 
progenies o f  n o r t h e r n  and sou thern  s e l e c t  pa ren ts .  
S u p e r i o r i t y  o f  n o r t h e r n  progeny i s  compared t o  
Maine check seed lo t ;  sou thern  progeny i s  compared 
t o  New Hampshire check s e e d l o t  

Seed H e i g h t  01 0 

source ( f t )  s u p e r i o r i t y  

Nor the rn  Trees 
AC 47 
AC 21  
AC 50 
AC 3 1  
AC 39 
AC 54 
AC 40 
AC 78 
AC 37 

ME check 

Southern Trees 
AC 7 1  
AC 55 
AC 06 
AC 83 
AC 85 
AC 16 
AC 73 
AC 02 
AC 66 
AC 67 
AC 68 
AC 72 
AC 60 

NH check 
AC 56 

5  3 
3  7  
3  3  
32 
2  3  
23 
2  2  
2  1 
14 
- - 

Ave. 28 

4  5  
39 
3  7  
3  4  
3  3  
2  9  
2  7  
2  7  
23 
19 
16 
16 

2  
- - 
- 1 

Ave. 25 

Table 2 . - -Cor re la t ions  among p a r e n t  and progeny 
h e i g h t  and growth parameters, f o r  Spruce-F i r  
Committee w h i t e  spruce progeny t e s t  i n  Moscow, 
Maine 

He igh t  Growth H e i g h t  H e i g h t  
1976 1976 1981 1984 

Paren ta l  .64* .58* .37 .34 
h e i g h t  (MAI) 

He igh t  1984 .75* .75* .95* - - 

H e i g h t  1981 .82* .73* - - - - 

Growth 1976 .87* - - - - - - 

* s i g n i f i c a n t  a t  0.05 l e v e l .  

Seed l ings  were grown i n  t h e  n u r s e r y  f o r  2  y e a r s  
and then  o u t p l a n t e d  a t  3  f i e l d  s i t e s  i n  a  rando- 
mized des ign  w i t h  5  rep1  i c a t i o n s  o f  3 - t r e e  p l o t s .  
Seed l ing  h e i g h t  was measured a t  ages 1  and 2  
( n u r s e r y ) ,  and ages 5 and 7  i n  t h e  f i e l d .  

A t  age 7, o v e r a l l  s u r v i v a l  i n  each p l a n t a t i o n  
ranges f rom 88 p e r c e n t  t o  94 percen t .  O v e r a l l  
mean h e i g h t  v a r i e s  f rom 3.8 f t  t o  4.5 ft among 
t h e  p l a n t a t i o n s ;  w i t h i n  each p l a n t a t i o n  f a m i l y  
mean h e i g h t s  range f rom approx imate ly  80 p e r c e n t  
t o  120 p e r c e n t  o f  t h e  p l a n t a t i o n  mean. 

Measurements o f  s e e d l i n g  h e i g h t  i n  t h e  n u r s e r y  
revea led  a  n e g a t i v e  c o r r e l a t i o n  w i t h  l a t i t u d e  o f  
t h e  p a r e n t  s tand,  and s i g n i f i c a n t  d i f f e r e n c e s  
(0.05 l e v e l )  among s tands.  A f t e r  5  years  i n  t h e  
f i e l d ,  t h e  s tand  e f f e c t  i s  s t i l l  s i g n i f i c a n t  a t  
2  o u t  o f  3  p l a n t a t i o n s  b u t  t h e  c o r r e l a t i o n  w i t h  
l a t i t u d e  has disappeared. 

Examinat ion o f  f i f t h - y e a r  da ta  i n d i c a t e s  t h a t  
p a r e n t a l  s e l e c t i o n  has been i n e f f e c t i v e  f o r  im- 
provement o f  j u v e n i l e  growth r a t e .  There i s  no 
s i g n i f i c a n t  d i f f e r e n c e  i n  o v e r a l l  h e i g h t  between 
o f f s p r i n g  o f  " s e l e c t "  and "average" pa ren ts  
(Tab le  3 ) ;  n o r  i s  t h e r e  a  s i g n i f i c a n t  c o r r e l a t i o n  
between p a r e n t a l  h e i g h t  o r  DBH and progeny h e i g h t .  
There a re ,  however, s i g n i f i c a n t  d i f f e r e n c e s  i n  
f a m i l y  h e i g h t  when da ta  f o r  a l l  3  p l a n t a t i o n s  i s  
combined (Tab le  4 ) .  Based on t h e  combined d a t a  
f o r  a1 1 3  p1 a n t i  ng s i t e s ,  i n d i v i d u a l  - t r e e  h e r i  t- 
a b i l i t y  i s  0.19. When t h e  3  p l a n t a t i o n s  a r e  
examined s e p a r a t e l y ,  however, t h e  f a m i l y  e f f e c t  
i s  n o n - s i g n i f i c a n t  a t  2  o f  t h e  s i t e s  and h e r i t -  
a b i l i t y  ranges from 0.08 t o  0.27. C o r r e l a t i o n s  
of Fami l y  h e i g h t  r a n k i n g  across t h e  3  p l a n t a -  
t i o n s  a r e  n o n - s i g n i f i c a n t  i n  2  cases, and low 
( r  = 0.48) i n  t h e  t h i r d  case. 

Table 3.--Mean h e i g h t  o f  s e l e c t  and average b l a c k  
spruce progeny 

Age and L o c a t i o n  Progeny H e i g h t  ( i n )  
S e l e c t  Average 

1 - Nursery  
2  - Nursery  

5 - Wowland 
5  - Demo Pond 
5  - Loon Lake 

7  - Howland 
7  - Demo Pond 
7  - Loon Lake 

Table 4, - -Analys is  o f  va r iance  f o r  h e i g h t  o f  
b l a c k  spruce f a m i l i e s  a f t e r  5  years  i n  t h e  
f i e l d  (age 7  from seed) 

Source of  Degrees o f  Mean Square F 
V a r i a t i o n  Freedom 

S i t e  2  59.7962 50.31** 
Fami l y  6  7  3.0001 2.52** 
Rep1 i c a t i o n  11 6.8152 6.86** 

( s i t e )  
S i t e  x  f a m i l y  127 1.1884 1.19 
E r r o r  1722 0.9996 

** s i g n i f i c a n t  a t  0.01 l e v e l .  
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Results  of these p lus- t ree  se lec t ion and open- 
po l l ina ted  progeny t e s t s  indica te  t h a t  d i f f e ren t  
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her i tabi  1 i t y  values f o r  height a l so  indicates  
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Geographic Va r i a t i on  of Allozymes i n  Eas te rn  

Larch (Lar ix  l a r i c i n a  (Du Roi) K. ~ o c h )  From 

Northwestern Ontario 
1  

Peggy H. Knowles and Dan J .  Per ry  
2  

Isozyme ana lyses  of n a t u r a l  popula t ions  of num- 
e rous  p l a n t  spec i e s  have i nd i ca t ed  t h a t  f o r e s t  
t r e e s  a r e  among t he  most g e n e t i c a l l y  v a r i a b l e  
(Hamrick 1979). The ma jo r i t y  of t h i s  d i v e r s i t y  
has been found t o  be d i s t r i b u t e d  w i th in  popula- 
t i o n s  a s  compared t o  t h a t  among popula t ions  
(O'Malley and o t h e r s  1979; Yeh and O'Malley 1980; 
Brown and Moran 1981; Yeh 1981; Guries  and Ledig 
1982; Wheeler and Guries 1982; Dancik and Yeh 
1983; Hiebert  and Hamrick 1983; Furn ie r  and 
Adams 1986). Conifer spec i e s  of t h e  borea l  f o r -  
e s t  ge ne ra l l y  have broad geographical  d i s t r i bu -  
t i o n s  and have not  been a s  thoroughly s tud ied  due 
t o  t he  problematic  na tu r e  of rangewide access .  
Larch i s  d i s t r i b u t e d  from Newfoundland west t o  
t he  Mackenzie River dra inage  and from t h e  nor- 
t he rn  l i m i t  of t r e e  growth south  t o  t h e  c e n t r a l  
Canadian p r a i r i e  provinces i n  t h e  west and t he  
nor thern  s t a t e s  i n  t h e  e a s t .  A d i s j u n c t  po r t i on  
of t h e  range a l s o  occurs  i n  c e n t r a l  Alaska and 
t h e  Yukon. Ecologica l ly ,  l a r c h  i s  no t ab l e  f o r  
i t s  succe s s fu l  growth under extremely va r i ed  
c l i m a t i c  and s o i l  condi t ions  (Fowells 1965). 

The o b j e c t i v e  of t h i s  s tudy was t o  a s s e s s  t he  
allozyme v a r i a t i o n  i n  e a s t e r n  l a r c h  (Lar ix  
l a r i c i n a  (Du Roi) K. Koch) sy s t ema t i ca l l y  across  
a  s u b s t a n t i a l  po r t i on  of i t s  range i n  northwes- 
t e r n  Ontar io  . 
MATERIALS AND METHODS 

Ten t r e e s  from each of two s t ands  i n  c l o s e  
proximity a t  each of t e n  s i t e s  were sampled ac- 
r o s s  northwestern Ontario (Figure 1 ) .  The twen- 
t y  t r e e s  a t  each of t e n  s i t e s  were t r e a t e d  a s  a  

'presented a t  t h e  symposium on Current  Topics 
i n  Fores t  Research: Emphasis on Cont r ibu t ions  by 
Women S c i e n t i s t s .  Ga ine sv i l l e ,  F lo r i da ,  November 
4-6, 1986. 

' ~ s s i s t a n t  Professor  of Forestry/Biology and Re- 
search  Assoc ia te ,  r e spec t i ve ly ,  Lakehead Univer- 
s i t y ,  Thunder Bay, Ontar io ,  Canada 

Abstract . --  Allozyme v a r i a t i o n  i n  e a s t e r n  l a r c h  
across  northwestern Ontario was assessed  by t r an -  
s p l a n t i n g  20 s eed l i ngs  from each of 10 pooula- 
t i o n s  t o  greenhouse cond i t i ons ,  r oo t i ng  vepeta-  
t i v e  t i s s u e ,  and sub j ec t i ng  roo t  t i p s  t o  e l e c t r o -  
pho re t i c  ana lyses .  Five l o c i  encoded by f i v e  
polymorphic enzyme systems were assayed.  A l l e l i c  
he te rogene i ty  t e s t s  i nd i ca t ed  no s i g n i f i c a n t  d i f -  
fe rences  among pooula t ions .  F  s t a t i s t i c s  i nd i -  
ca ted  l i t t l e  pooula t ion  d i f f e r e n t i a t i o n  w i th  a  
s i n g l e  p o ~ u l a t i o n  i nd i ca t i ng  a  heterozygote d e f i -  
c iency .  Mul t i -var ia te  analyses s u ~ o o r t e d  t h e  
u n i v a r i a t e  r e s u l t s ;  no s t a t i s ' t i c a l l y  s i g n i f i c a n t  
mul t i locus  d i s c r im ina t i on  obtained among t h e  
10 popula t ions .  However, a  small  amount of 
patchy d i f f e r e n t i a t i o n  i s  evidenced and may be 
due, i n  p a r t ,  t o  inbreeding.  The lack  of d i f f e r -  
e n t i a t i o n  may r e s u l t  from the  r e l a t i v e l y  homo- 
geneous bo rea l  environment and t he  r e l a t i v e l y  
sho r t  occupation s i nce  g l a c i a t i o n .  

s i n g l e  popula t ion .  Sampled t r e e s  were 10 t o  200 
cm. i n  he ight  and gene ra l l y  10 meters a p a r t  w i th  
a  s epa ra t i on  of 5 meters  i n  a  minori ty of c a s e s .  
Trees were removed from the  f i e l d  with b a l l e d  
r o o t s ,  t r a n s f e r r e d  t o  greenhouse cond i t i ons ,  and 
po t t ed .  A t h r e e  month s t a b i l i z a t i o n  per iod  was 
allowed a t  which time a  branch end was removed 
from each sampled t r e e  and vege t a t i ve ly  propoga- 
t ed .  Af te r  four  months growth of t he  roo ted  cu t -  
t i n g s ,  one t o  t h r e e  a c t i v e l y  growing r o o t  t i p s  
from t h i s  c l ona l  ma t e r i a l  were excised and ground 
i n  2 drops of t he  fo l lowing  gr ind ing  b u f f e r :  To 
0.2 g  a s co rb i c  a c i d ,  0.095 g cys t e ine ,  I m l  tween, 
2  m l .  10% MgC12, 2  m l  10% CaC12, 17.1 g suc ro se ,  
20 mg glutamic a c i d ,  2 drops b-mercaptoethanol, 
add 0.1M t r i s /HCl  (pH 7.5) t o  100 m l  volume. The 
g r i nda t e  was then  subjec ted  t o  e l e c t r o p h o r e t i c  
a n a l y s i s  (Table 1 ) .  Five l o c i  encoded by f i v e  
polymorphic enzyme systems (Table 1) were assayed 
f o r  a l l  i nd iv idua l s  except  f o r  f i v e  t r e e s  t h a t  
had i n s u f f i c i e n t  6pg a c t i v i t y .  De t a i l s  of t h e  

x 

Manitoba 1- 
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Figure 1 ,  Map of s i t e  l oca t i ons  f o r  l a r c h  samples 



TABLE I .  Enzyme systems sssayed i n  l a r c h  r s o t  t l s s u e  

Buffer, 
Lociis E.C. Piumber System- 

l ~ u f f e r  systems: 
T r l s - c ~ t r a t e  ph 8.5 gel buffer ;  l i t h l d n  bcrate pH 8.i 
e ? e c t r o d e  buffer (fi idc;eray - - -  : ' . ,  1970). P u n  a t  300 
r o i t s .  

6 . -h is i id jne- t r ; s  p,Y 7 .0  gel bu4fe-; T r i s - c i t r a t e  pH 7.0 
e l e c t r o d e  buffer (Florence, 1%:). Rsn a t  200 v o l t s .  

i n h e r i t a n c e  of t h e s e  al lozymes are desc r ibed  by 
Che l iak  and P i t e l  ( 1 9 8 4 ) .  

A l l e l i c  and genotypic  f r e q u e n c i e s  were t a l l i e d  
f o r  each  p o p u l a t i o n  and t e s t e d  f o r  a l l e l i c  h e t e r -  
ogene i ty  and d e v i a t i o n  from Hardy-Weinberg e q u i l i -  
brium r e s p e c t i v e l y .  In bo th  i n s t a n c e s ,  t h e  maxi- 
mum l i k e l i h o o d  G procedure was used (Sokal and 
RohLf 1 9 8 l ) ,  S ince  t h i s  procedure i s  no t  r o b u s t  
f o r  smal l  sample s i z e s  w i t h i n  any row by column 
c e l l ,  a l l e l e s  w i t h  low f r e q u e n c i e s  ( l e s s  than  2 )  
were bulked w i t h  t h e  a l l e l e  f o r  t h e  nex t  lowest 
f requency.  

A h i e r a r c h i c a l  a n a l y s i s  of popula t ion  s t r u c t u r e  
was conducted by means of F s t a t i s t i c s  (Wright 
1969; Kirby 1975;  Nei 1 9 7 7 ) .  The s t a t i s t i c s  were 
c a l c u l a t e d  accord ing  t o  N e i k  ( 1 9 7 7 )  Gethod. The 
average d e v i a t i o n  of a  subpopula t ion ' s  genotypic  
p r o p o r t i o n s  from Hardy-Weinberg e q u i l i b r i u m  i s  
measured by F w i t h  a n e g a t i v e  va lue  i n d i c a t i n g  
an excess  of  i z t e r o z y g o t e s .  S i m i l a r l y ,  FIT 
measures t h e  same d e v i a t i o n  bu t  r e l a t i v e  t o  t h e  
t o t a l  p o p u l a t i o n  r a t h e r  than  the subpopula t ion .  
% n a i l y ,  FST measures t h e  e x t e n t  of d i f f e r e n t i -  
a t i o n  among subpopula t ions ,  

The p a t t e r n  of  m u l t i l o c u s  v a r i a t i o n  among t h e  
10 p o p u l a t i o n s  was examined by s u b j e c t i n g  t h e  d a t a  
t o  p r i n c i p a l  components a n a l y s i s  and d i c r i m i n a n t  
f u n c t i o n s  a n a l y s i s ,  These procedures  have proven 
u s e f u l  t o  t h e  unders tand ing  of g e n e t i c  f a c t o r s  
u n d e r l y i n g  geographic  d i f f e r e n t i a t i o n  (Yeh and 
o t h e r s  1985) .  Genotypic d a t a  were coded accord ing  
t o  t h e  method of Smouse and o t h e r s  (1982). Each 
g e n e t i c  v a r i a b l e  i s  expanded to (n - I )  indepen- 
den t  v a r i a b l e s  where n  i s  t h e  number of a l l e l e s  
a t  a p a r t i c u l a r  locus .  Th is  scheme i n c o r p o r a t e s  
bo th  gene frequency and genotypic  f requency i n f o r -  
mation and r e s u l t e d  i n  the c o n s t r u c t i o n  of 10 
g e n e t i c  v a r i a b l e s  which were then summarized by 
p r i n c i p a l  components a n a l y s i s  i n t o  f a c t o r  load ings  
f o r  each  i n d i v i d u a l .  The p r i n c i p a l  components 
procedure c o n s t r u c t s  s e v e r a l  " f a c t o r s "  f i t b a t  sum- 
marize t h e  g e n e t i c  v a r i a t i o n  and t h e  load ing  f o r  
each  i n d i v i d u a l  i s  t h a t  i n d i v i d u a l ' s  c o n t r i b u t i o n  
t o  t h e  newly c o n s t r u c t e d  mui t id imens iona l  " fac to r" .  
Five of t h e s e  s u m a r y  v a r i a b l e s  o r  " f a c t o r s "  were 
s u b j e c t e d  t o  d i s c r i m i n a n t  a n a l y s i s  which s t a t i s -  
t i c a l l y  maximizes t h e  v a r i a t i o n  among groups i n  
o r d e r  t o  d i s t i n g u i s h  among t h e  10 p o p u l a t i o n s .  

RESULTS 

Frequenc ies  f o r  the most common a l l e l e  a t  t h e  
f i v e  p o l y m o r ~ h i c  l o c i  f o r  e a c h  of the f O  popula- 

t i o n s  a r e  l i s t e d  i n  Table  2 .  Note t h a t  t h e  com- 
mon a l l e l e  i s  a c t u a l l y  f i x e d  f o r  Pgm and Dia i n  
f o u r  and f i v e  of t h e  10 popula t ions  r e s p e c t i v e l y .  
T e s t s  f o r  d e v i a t i o n  from Hardy-Weinberg expec ta -  
t i o n s  i n d i c a t e d  no s i q n i f i c a n t  d e p a r t u r e s .  Sirni- 
l a r l y ,  no s i g n i f i c a n t  a l l e l i c  h e t e r o p e n e i t y  was 
d e t e c t e d  among t h e  10 popula t ions .  

TABLE 2. Frequency of m o s t  common a l l e l e .  

Si te  - .  ., 7, a !.!&- 1 Pg{ -2 23" 6-pg 

A s u m a r y  of t h e  F s t a t i s t i c s  i s  provided i n  
Table  3. Values f o r  FIS a r e  p resen ted  s e p a r a t e l y  
f o r  each popula t ion  a t  each  locus .  The average  
FIT v a l u e s  over  a l l  popula t ions  f o r  each  l o c u s  
and t h e  s i n g l e  FST va lues  f o r  each locus  a r e  
p r e s e n t e d .  I n  t h o s e  p o p u l a t i o n s  where a l l e l e s  
a r e  f i x e d ,  t h e  FIS s t a t i s t i c s  have no t  been c a l c -  
u l a t e d ,  Note t h e  l a c k  of p a t t e r n  f o r  t h e  d i r e c -  
t i o n  of d e v i a t i o n  among t h e  FIS v a l u e s ,  e x c e p t  
f o r  t h e  locus  6-pg t h a t  shows a  c o n s i s t e n t  b u t  
smal l  excess  of he te rozygotes  over  a l l  popula- 
t i o n s ,  Popula t ion  1 shows t h e  g r e a t e s t  v a l u e  
f o r  mean F1s (0.203) .  

TABLE 3. Values of F f o r  each of the ten larch populatqons 
and mean vai%es of FIT and FSI for a l l  ten populations. 
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':.v. = :nsuff ic ient  v a r l a t i o r  f o r  FIS calcula t ions .  

The r e s u l t s  of t h e  o r i n c i p a l  components ana ly-  
s i s  i n d i c a t e d  t h a t  each  of t h e  t e n  e x t r a c t e d  f a c -  
t o r s ,  cor responding  t o  t h e  t e n  i n p u t  g e n e t i c  va r -  
i a b l e s ,  c o n t r i b u t e d  a ~ p r o x i m a t e l y  e q u a l l y  i n  ac- 
count ing  f o r  t he  e x i s t i n g  v a r i a t i o n .  An examin- 
a t i o n  of t h e  Loadings (not  shown) i n d i c a t e d  t h a t  
each p r i n c i a a l  component r e f l e c t e d  v a r i a t i o n  i n  
very  few l o c i ,  s u g g e s t i n g  t h a t  groups o f  penes 
were n o t  covary ing  i n  t h e  same p a t t e r n .  I n d i v i -  
d u a l  f a c t o r  load ings  f o r  t h e  f i r s t  f i v e  f a c t o r s ,  
account ing  f o r  62% of  t h e  v a r i a t i o n ,  were chosen 
t o  submit t o  t h e  d i s c r i m i n a n t  a n a l y s i s .  The 
f i r s t  f u n c t i o n  genera ted  by t h e  a n a l y s i s  accoun- 
t e d  f o r  40% of t h e  v a r i a t i o n  bu t  was n o t  s t a t i s -  
t i c a l l y  s i g n i f i c a n t  i n d i c a t i n g  t h a t  t h e r e  was no 
s i g n i f i c a n t  d i s c r i m i n a t i o n  among t h e  p o p u l a t i o n s .  
A g r a p h i c a l  i l l u s t r a t i o n  of t h e  f i r s t  and second 



f u n c t i o n s  i s  p r e s e n t e d  i n  F i g u r e  2 ,  In combin- 
a t i o n ,  t h e s e  two f u n c t i o n s  accoun t  f o r  66% of t h e  
v a r i a t i o n  e x i s t i n g  i n  t h e  f a c t o r  s c o r e s .  F i g u r e  
2 i n d i c a t e s  t h a t  d F f f e r e n t L a t i o n  among popula-  
t i o n s  i s  minimal  w i t h  p o p u l a t i o n s  I and 5 showing 
d i v e r g e n c e  f rom all o t h e r  ~ o p u l a t i o n s  as a  group,  

Function 1 10 I 

F i g u r e  2 . - -Graphical  p l o t  o f  t h e  c e n t r o i d s  r e -  
p r e s e n t i n g  t h e  t e n  e a s t e r n  l a r c h  p o p u l a t i o n s  
based on t h e  f i r s t  two f u n c t i o n s  o f  t h e  d i s -  
r i m i n a n t  a n a l y s i s .  

The r e s u l t s  i n d i c a t e  t h a t  the isozyme s t r u c t u r e  
of l a r c h  d o e s  n o t  e x h i b i t  marked h e t e r o g e n e i t y  
a c r o s s  t h e  geograph ic  a r e a  s t u d i e d ,  Even though 
t h e  sampl ing  range  ex tended  o v e r  a 1300 km. d i s -  
t a n c e  i n  a nor th - sou th  d i r e c t i o n  w i t h  a  2600 km, 
eas t -wes t  d i s t a n c e ,  no c o n s i s t e n t  t r e n d s  i n  i s o -  
zyme v a r i a t i o n  were d e t e c t e d ,  The s t a t i s t i c a l  
ev idence  f rom a l l e l i c  h e t e r o g e n e i t y  t e s t s ,  FST 
s t a t i s t i c s ,  and t h e  d i s c r i m i n a n t  f u n c t i o n s  pro-  
cedure  c o n s i s t e n t l y  s u p p o r t  t h i s  g e n e r a l  conclu-  
s i o n .  However, t h e  m u l t i v a r i a t e  a n a l y s i s  does  
p r o v i d e  e v i d e n c e  f o r  s m a l l  b u t  d i s t i n c t i v e  d i f f e r - -  
e n t i a t i o n  o f  two p o p u l a t i o n s  from a l l  o t h e r s  a s  
a  group.  Even though t h i s  d i f f e r e n t i a t i o n  does  
n o t  a t t a i n  s t a t i s t i c a l  s i g n i f i c a n c e ,  it may r e -  
p r e s e n t  a  b i o l o g i c a l l y  mean ingfu l  " 'patchiness"  
of g e n e t i c  s t r u c t u r e  w i t h i n  t h i s  p o r t i o n  of i t s  
range .  

D e v i a t i o n s  from Hardy-Weinberg e q u i l i b r i u m  pro-  
p o r t i o n s  as measured by FIS w a r r a n t  c l o s e r  exam- 
i n a t i o n .  P o p u l a t i o n  I shows a n  e x c e s s  o f  homo- 
z y g o t e s ,  T h i s  r e s u l t  c o r r e s p o n d s  t o  a  p r e v i o u s  
f i n d i n g  of a r e l a t i v e l y  low l e v e l  of o u t c r o s s i n g  
f o r  d i f f e r e n t  t r e e s  a t  t h e  same Locat ion (Rnowles 
and o t h e r s ,  1986) .  T h i s  o u t c r o s s i n g  s t u d y  foc-  
used on s e e d s  from samples  o f  mature  t r e e s  a t  
l o c a t i o n s  c o r r e s p o n d i n g  t o  numbers I ,  5, 6 ,  7 ,  
and 9 of t h e  p r e s e n t  s t u d y .  The m u l t i l o c u s  o u t -  
c r o s s i i l g  e s t i m a t e s ,  tm (%aw and A l l a c d ,  19821, 
r e p r e s e n t  t h e  f r e q u e n c i e s  o f  o u t c r o s s e d  progeny 
and were c a l c u l a t e d  a s  ,537, .735, .699,  -908,  
and -768 f o r  t h e s e  f i v e  s i t e s  r e s p e c t i v e l y ,  The 
e c o l o g i c a l  a n d / o r  g e n e t i c  f a c t o r s  t h a t  a r e  

encourag ing  t h i s  r e l a t i v e l y  h i g h  l e v e l  of i n b r e e -  
d i n g  a t  s i t e  1  a r e  r e f l e c t e d  by t h e  s e e d l i n y  pop- 
u l a t i o n  sampled from t h e  same l o c a t i o n  i n  t h e  
p r e s e n t  s t u d y ,  

The u n z s u a i  genetic s t r u c t u r e  of p o p x l a t i o n  1 
i s  f u r t h e r  emphasized by t h e  r e s u l t s  of t h e  mul- 
t i v a r i a t e  a n a l y s e s ,  Even though t h e  d i f f e r e n c e s  
among t h e  t e n  p a ~ u l a t i o n s  s u b j e c t e d  t o  t h e  d i s -  
c r iminanc  a n a l y s i s  a r e  not s t a t i s t i c a l l y  s i g n i -  
f i c a n t ,  population I shows a s u b s t a n t i a l  d e v i a -  
t i o n  from most o t h e r  p o ~ u l a t i o n s  ( s e e  F i p u r e  2). 
We i n t e r p r e t  t h a t  t h i s  d e v i a t i o n  r e s u l t s  f rom t h e  
unusua l  gerzutypic s t r u c t u r e  o f  p o ~ u l a t i o n  P a e r -  
haps  due t o  i n b r e e d i n g  a t  t h i s  s i t e .  

The a c t u a l  Level of d i f f e r e n t i a t i o n  among ~ o p u -  
l a t i o n s ,  as measured by t h e  v,, s t a t i s t i c ,  i s  

51 
s i m i l a r  t o  t h a t  found i n  s e v e r a l  o t h e r  f o r e s t  t r e e  
s p e c i e s  (Table 4 ) .  The GST s t a t i s t i c  used f o r  
t h i s  cornsarison was desigaed by Nei (1975) and i s  
mathemat ica l ly  i d e n t i c a l  t o  F S ~  ( S e i ,  1977) .  
G u l l b e r g  and o t h e r s  (1985) s i m i l a r l y  compared 
p o p u l a t i o n  d i f f e r e n t i a t i o n  from s e v e r a l  s t u d i e s  
of c o n i f e r  ~ o p u l a t i o n s  i n  t h e  L i t e r a t u r e  conc lu -  
d i n g  t h a t  i n  a r e a s  t h a t  had been covered by i c e  
d u r i n g  g l a c i a t i o n  e v e n t s ,  c o n i f e r s  had g e n e r a l l y  
lower d i f f e r e n t i a t i o n  t h a n  t h o s e  o c c u ~ y i n g  un- 
g l a c i a t e d  a r e a s ,  The p r e s e n t  f i n d i n g s  suDDort 
t h i s  c o n c l u s i o n  w i t h  a p r e v i o u s l y  undocumented 
spec  kes , Lar i x iar i c  i n a  , 

TABLE 4. P o p p u l a t ~ o ~  d i f f e ren t i a t ion  jGST.  N e i ,  1935) of some 
conifer  soecles. 

S p e c ~ e s  'ST Reference 

;y Zveszris 
- .  0.02 Gullberg et ci.!i985) 
: 2 ~ ; ~ s  res <?osc 
. . 0.00 Fowler and Morris (1977) 
r ,?ti3 pCLp:da 0.02 Guries and i e d i q  (1982) 
i i q u s  bi-nksia-u 0.02 Dancik and Y@k (1983) 
pir' *a- ~ c n t c r t i i  0.06 Wheeler and Guries (19821 
;ends rnsntics So 0.15 Steinhoff e t  cJ. (19833 
Pinus pc~dergsa 
-, ' 

0.1% O'Malley et ai. (19791 
i z n i ~ s  mn'iatn 0.13 Brown and Moran !198lj 
P L V ~ S  jeff17e3i 0.14 Furnier and Adarns (2986) 
.z~<ceu s ~ y r h e ~ s t ~  0.08 Yeh and El-Kassaby (1980) 
i7se2idots~gu rnen~ics-li 0.03 Yeh and O'Maliey (1980) 

What a c c o u n t s  f o r  t h e  g e n e r a l l y  homogeneous 
~ e n e t i c  s t r u c t u r e  o f  l a r c h  a c r o s s  n o r t h w e s t e r n  
O n t a r i o ?  One e x p l a n a t i o n  i s  t h e  l a c k  of t ime  f o r  
d i f f e r e n t i a t i o n  s i n c e  l a r c h  has  o c c u ~ i e d  t he  a r e a  
f o r  o n l y  abou t  208 t o  300 g e n e r a t i o n s  s i n c e  t h e  
l a s t  g l a c i a t i o n .  Davis (1983) i n d i c a t e s  t h a t  
l a r c h  moved nor thwards  and e a s t w a r d s  from t h e  
Grea t  P l a i n s  r e a c h i n g  t h e  p resen t -day  ~ a n a d a /  
Uni ted S t a t e s  b o r d e r  approx imate ly  l O , O Q O  y e a r s  
ago a f t e r  s p r u c e s  had been well e s t a b l i s h e d ,  
F u r t h e r ,  t h e  r e l a t i v e l y  u n d i f f e r e n t i a t e d  vege- 
t a t i - ~ e  and t o p o g r a p h i c  c h a r a c t e r i s t i c s  of t h e  
b o r e a l  r e g i o n  r e s t r i c t s  s e l e c t i v e  f o r c e s  t o  t h o s e  
of c l i m a t i c  o r i g i n .  C o n i f e r s  from t h e  w e s t e r n  
part of t h e  c o n t i n e n t  w i t h  mountainous a n d / o r  
d i s c o n t i n u o u s  d i s t r i b u t i o n s  can be  s u b j e c t  t o  
s t r o n g e r  d i f f e r e n t i a l  s e 2 e c c i o n  and a l s o  t e n d  t o  
show h i g h e r  g e n e t i c  d i f f e r e n t i a t i o n  ( O  % a l l e y ,  
ALlendorf and Blake 1939; Brown and %oran 1981; 
S t e i n h o f f ,  Joyce  and Fins 1983; F u r n i e r  and Adarns 
1986) .  F i n a l l y ,  as a ~ i n d - p o l l i c a t e d  s n e c i e s  i n  
a b o r e a l  r e g i o n ,  l a r c h  ~ o n u l a t i o n s  s u f f e r  no 
s i g n i f i c a n t  o b s t r u c t i o n  t o  gene f l o w ,  Yowever, 



t h e  p r e v i o u s l y  ment ioned r e c e n t  f i n d i n g  of r e l a -  
t i v e l y  h i g h  l e v e l s  of s e l f - f e r t i l i z a t i o n  i n  l a r c h  
(Knowles and o t h e r s ,  1986) i n d i c a t e s  t h a t  t h i s  
f a c t o r  may be l e s s  i m p o r t a n t  i n  c o n t r i b u t i n g  t o  
among-populat i o n  homogenei ty .  

I n  c o n c l u s i o n ,  t h e  l a r c h  p o p u l a t i o n s  sampled 
from n o r t h w e s t e r n  O n t a r i o  show no s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n t i a t i o n  based  on isozyme 
v a r i a t i o n .  T h i s  i s  p o s s i b l y  due t o  t h e  r e l a t i v e -  
l y  homogeneous b o r e a l  env i ronmen t  and t h e  r e l a -  
t i v e l y  s h o r t  o c c u p a t i o n  of  t h i s  env i ronmen t  
s i n c e  g l a c i a t i o n .  A  s m a l l  amount of  p a t c h y  d i f -  
f e r e n t i a t i o n  i s  ev idenced  and 
p a r t ,  t o  i n b r e e d i n g .  A  more comple te  range-wide 
i n v e s t i g a t i o n  i n c o r p o r a t i n g  more l o c i  and l a r g e r  
sample  s i z e s  would be a  v a l u a b l e  c o n t r i b u t i o n  t o  
t h e  u n d e r s t a n d i n g  of t h i s  b o r e a l  c o n i f e r .  

F i n a n c i a l  s u p p o r t  was p r o v i d e d  by t h e  N a t u r a l  
S c i e n c e s  and E n g i n e e r i n g  Resea rch  Counc i l  of  
Canada Gran t  F0004 and t h e  Canadian F o r e s t r y  
S e r v i c e .  For f i e l d  work, we a r e  g r a t e f u l  t o  
Olenka Bakowsky, Tim D i c k i n s o n ,  Rob Farmer ,  
Hea the r  F o s t e r ,  Maddie Maley, Gwen O ' R e i l l y ,  Rob 
R e i n h o l t ,  and I a n  S e a r l e .  Lea Tarnowsky p r o v i d e d  
v a l u a b l e  a s s i s t a n c e  w i t h  t h e  l a b o r a t o r y  a n a l y s e s .  
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Soil and Foliage Analysts in Intensive Forest 

~ana~ementl 

Sharon 6. Haines and L, Kayne bines2 

Only recently have Crees been considered a 
crop. ..,foresters must know as much about how 
to manage crop trees as a farmer does about 
managing his agricultural crop, 

(Waines, 1978b) 

Scientists have spent over a century 
attempting to quantify the nutritional status of 
plants and the nutrient-supplying capacity of 
soils. Compilations by Goodall and Gregory 
(1947) and Chapman (1966) summarize approaches 
used and diagnostic criteria developed for 
plants and soils. When compared to most 
agronomic and horticultural crops, relatively 
little is known about nutrient requirements of 
forest trees. Bauer (1910) and Kubler (1912) 
provided most of the available nutrient data for 
forest trees until the 1930s. 

The scarcity of data on mineral nutrition of 
forest trees was emphasized during a Duke 
University symposium in 1958 (Anonymous, 1959). 
Subsequently, progress on the issue of tree 
nutrition and modification of nutrient status 
via forest fertilization was summarized at a 
1967 symposium at the University of Florida 
(Anonpous, 1968). More recent advances 
including use of operational fertilization in 
intensive forestry have also been summarized 
(Bengtson, 1979; Pritchett and Gooding, 1975). 

The use of soil and foliage analysis in 
agronomy and horticulture is a rather highly 

l~resented at spposium on Current Topics in 
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Women Scientists, Go-sponsored by USDA Forest 
Service, Southeastern Station and the Department 
of Forestry, University of Florida, Gainesville, 
FL 32611, Noveaber 4-6, 1986, 
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Abstract,--Forest management decisions often 
require knowledge of soil and foliage nutrient 
levels, Accurate interpretation of analytical 
results requires knowledge of sampling, 
handling, and analytical procedures, since 
variation in methodology can significantly alter 
nutrient levels measured, Inaccurate management 
decisions will result if acalytical values 
obtained do not accurately reflect the nutrient 
status of the soil or foliage, Key aspects of 
soil and foliage analysis are discussed herein. 
Data are presented to demonstrate the impacts of 
variation in methodology on results obtained. 

Keywords: soil nutrients, foliar nutrients, 
sampling procedures, analytical methods, forest 
trees 

refined discipline. Foresters are only now 
beginning to tap these analyses to their maximun 
potential in forest management. An expansive 
examination of the topic is not possible in this 
forum; however, selected principles of soil and 
foliage analysis are discussed along with some 
factors impacting the utility of these proce- 
dures in forestry. 

ANALYTICAL CYCLE 

Both soil and foliage sampling have several 
things in common including what night be called 
the analytical cycle. This cycle includes 
accurate sampling, proper handling of samples, 
accurate analysis, and correct interpretation of 
analytical results. An error at any point 
within the cycle can yield inaccurate results or 
interpretations. 

The first step in the cycle is accurately 
sampling the site conditions of concern. Tbe 
samples collected must be representative of the 
situation that the sampler is interested in 
documenting. For example, if an area of poorly 
growing trees within a stand is of concern, it 
is imperative that the sample collected 
represent the portion of the stand that is 
unhealthy. Samples from healthy areas of the 
stand may also be collected for comparison; 
however, the identity of samples must be 
maintained so that correct comparisons can be 
made. 

After collection, the samples must be properly 
handled until they can be analyzed. Specific 
details of handling are dependent upon analyses 
to he performed, but some general rules apply. 
Soil saolples should be kept in a clean area away 
from fertilizers and other chemicals. Soil is 
usually air dried after collection and prior to 
submission to the laboratory. Foliage samples 
should be dried or frozen as soon after sampling 
as possible. If dried, the saaples should be 
kept dry and in a clean area away from 
contaminating agents. If frozen, foliage should 
be kept totally or partially frozen until 
analyzed, 



The third part of the cycle involves the 
handling and analysis of samples once they 
arrive in the laboratory. Samples nust be 
redried and ground prior to analysis. 
Analytical procedures should be chosen thar 
permit the required interpretations once the 
analysis is completed. Both the methods and 
laboratory quality control standards should be 
well documented. 

Interpretation of results obtained from the 
lab analyses is the final step in the cycle. 
Accurate interpretations are dependent upon 
having results available that accurately reflect 
nutrient status or some other characteristic. 
Evaluation of analytical results cannot be done 
without knowledge of the methods used to analyze 
the samples. 

It is important to remember that the numbers 
themselves are not magical. They have no 
meaning in and of themselves but must be 
interpreted in light of research or operational 
results. The numbers that are ultimately 
interpreted can be altered by an error that 
occurs at any point from selecting the area to 
be sampled through the analysis process. Thus, 
it is imperative that the integrity of the 
analytical cycle be maintained throughout the 
entire process. 

TYPES OF SOIL APSD FOLIAGE ANALYSIS 

Soil 

Chemical analysis generally includes pH, 
organic matter (O.M.), phosphorus (P), potassium 
(K), calcium (Ca), magnesium (Mg), and manganese 
(Mn). Micro-elements determined may include 
aluminum (Al), boron (B), copper (Cu), iron 
(Fe), molybdenum (Mo) , and zinc (Zn). Sulfate 
(SO4-S), nitrate ( N 0 3 - N ) ,  and amonium 
(NH4-N) are other nutrient levels monitored. 
Chemical soil analysis is used to determine the 
need for fertilization, rates of application of 
soil-active herbicides, and nutrient imbalances 
of trees growing on the site sampled. 

Three freqently measured physical traits are 
particle-size analysis (texture), bulk density, 
and moisture-holding capacity. Other physical 
analyses, such as sand fractionation, are less 
frequently measured. Texture analysis is 
required to determine rates of application of 
soil-active herbicides. Bulk density measure- 
ments provide indications of potential rooting 
restrictions for new seedlings. Moisture- 
holding capacity can be used to characterize the 
moisture available on specific sites for tree 
growth and development. 

Foliage 

Chemical analysis of foliage generally 
includes nitrogen (N), P, K, Ca, Mg, and Mn. 
Micro-elements determined may include Al, B, Cu, 
Fe, Mo, and Zn. Sulfate is another nutrient 
level monitored in foliage. Chemical foliage 

analysis is normal ly  used to determine the need 
for fertilization (primarily with N and P in 
established forests) or to determine a nutrient 
inbalance that is causing reduced growth or 
unhealthy appearance of seedlings or trees. 

Biochemical analyses can be performed on 
foliage also. These include various sugars, 
starches, carbohydrates, and amino acids, Rapid 
development of new root tissue after planting is 
essential for pine seedling survival, and rout 
elongation early in the growing season is 
dependent upon carb~hydrate reserves stored in 
the roots from the previous growing season 
(Kramer and Kozlowski, 1979)- Management 
activities that increase levels of reserve 
carbohydrates in seedling root systems may 
provide the needed energy source for increased 
root elongation shortly after outplanting and 
thereby increase the seedling's survival 
potential. 

FACTORS IMPACTING ANALYTIC& RESULTS 

Factors that can alter analytical results 
include site history, map unit variability, 
topography, intensity of sampling, and season of 
the year. Factors specific to soils include the 
horizon or depth in the profile to be sampled. 
Location within the crown and the part of the 
leaf to be analyzed are additional factors to 
consider when sampling foliage. The manner in 
which samples are handled and analyzed can have 
significant effects on the results obtained in 
the analysis. 

Site History 

Results obtained cannot be interpreted 
properly without knowledge of the site history, 
Examples of site characteristics that must be 
documented during sampling are the site's 
burning and fertilization history. Soil 
nutrient status can be altered by these two 
practices for long periods, Applications of P 
can be monitored in many soils for years after 
treatment. Repeated fertilizer applications, 
such as are used in seed orchards, can signifi- 
cantly change soil chemistry (Gregory et al., 
1982). Burning large amounts of surface debris 
can have a fertilizing effect because of the 
quantities of nutrients deposited in the ash. 
This is also true when thick organic surfaces 
over mineral soils are burned. 

Comparisons of soil nutrient status before and 
after burning debris piles often reveal large 
differences in the levels of cations present 
(Table 1). A debris pile composed of approxi- 
mately 60 cu m of pine stens, branches, and 
foliage was burned on a sandy soil (Kaines, 
197th). Burning yielded increased pH as well as 
higher levels of P, K ,  Ca, and Mg, plus lower 
organic matter concentrations, Over a 3-month 
sampling period, nutrient levels in the 0-2 cm 
zone decreased while those ia Lower zones 
increased, indicating nutrient movement through 
the profile. Post-burning nutrient means were 



s u b s t a n t i a l l y  l a r g e r  than  those  observed p r i o r  
t o  burn ing .  

Table 1.--Comparisons of s e l e c t e d  n u t r i e n t  
c o n c e n t r a t i o n s  a t  3 dep ths  i n  a  s o i l  p r o f i l e  
b e f o r e  and a f t e r  burning a  d e b r i s  p i l e  (Haines ,  
1978a)a 

S o i l  Depth pH O.M. P K Ca Mg 
(X) --------- PPm---------- 

Table  2.--Sample s i z e s  requ i red  t o  e s t i m a t e  mean 
v a l u e s  of s o i l  p r o p e r t i e s  on 2 s i t e s  w i t h i n  5 
percen t  w i t h  95 percen t  confidence (Haines  and 
Cleve land ,  1981) 

S o i l  P r o p e r t y  Old F i e l d  Pine & Hardwood 

Bulk d e n s i t y  5 49 

S o i l  mois tu re  2 2 616 

Pre-Burn Sur face  pH 2 2 

Pos t-Burn 

aMeans of 6 o b s e r v a t i o n s  before  burning and 42 
o b s e r v a t i o n s  over  a  3-month per iod  a f t e r  burning.  

Map Uni t  V a r i a b i l i t y  and Topography 

Map u n i t  v a r i a b i l i t y  w i l l  determine the  
l o c a t i o n  of sample p o i n t s  and a l s o ,  t o  some 
e x t e n t ,  t h e  i n t e n s i t y  of sampling r e q u i r e d  t o  
o b t a i n  a c c e p t a b l e  measures of n u t r i e n t  s t a t u s .  
Topography i s  a l s o  impor tan t  i n  l o c a t i n g  sample 
p o i n t s  s i n c e  n u t r i e n t  v a l u e s  u s u a l l y  vary  w i t h  
topograph ic  p o s i t i o n .  For example, n u t r i e n t  
s t a t u s  on the  r i d g e t o p  can be lower than  t h a t  a t  
the  bottom of t h e  s l o p e  because of t o p s o i l  
e r o s i o n  downslope. Samples should be c o l l e c t e d  
only on those  p o r t i o n s  of t h e  map u n i t  o r  s i t e  
t h a t  a r e  of concern. I n c l u s i o n s  of d i f f e r e n t  
s o i l  o r  s i t e  c o n d i t i o n s  should no t  be sampled. 
For example, smal l  wet d e p r e s s i o n s ,  o l d  home 
s i t e s ,  o l d  roads ,  o r  o t h e r  p o r t i o n s  of t h e  s i t e  
t h a t  a r e  c l e a r l y  d i f f e r e n t  from t h e  c o n d i t i o n  of 
concern should be avoided.  I f  comparisons a r e  
needed by topographic  p o s i t i o n ,  samples from t h e  
r i d g e ,  s i d e s l o p e ,  and bottom of t h e  s l o p e  might 
be a p p r o p r i a t e .  

S a m ~ l i n g  I n t e n s i t y  

I n t e n s i t y  of sampling is dependent on s i t e  
v a r i a b i l i t y  and on t h e  l e v e l  of conf idence  
r e q u i r e d  i n  the  r e s u l t s  of t h e  a n a l y s i s .  Sample 
s i z e s  r e q u i r e d  vary c o n s i d e r a b l y  depending upon 
c h a r a c t e r i s t i c s  of t h e  s i t e  being sampled a s  
w e l l  a s  t h e  s o i l  p r o p e r t y  being measured 
(Tab le  2 ) .  Five f o r e s t e d  s i t e s  i n  southwest  
Georgia were sampled monthly f o r  a  1-year pe r iod  
t o  determine t h e  magnitude of v a r i a t i o n  i n  16 
s o i l  p r o p e r t i e s  (Haines and Cleveland,  1981) .  
As a  p a r t  of t h i s  examinat ion,  t h e  sampling 
i n t e n s i t y  requ i red  t o  a c c u r a t e l y  p r e d i c t  means 

Sur face  0. M .  5 2 205 

Surf ace  P  7  6  2  2 7  

Sur face  K 6 9  144 

Sur face  Ca 9  4  387 

of s o i l  v a r i a b l e s  was determined.  S e l e c t e d  s o i l  
p r o p e r t i e s  f o r  two of t h e  s i t e s  examined a r e  
inc luded  i n  Table  2 .  The o l d - f i e l d  s i t e  i s  a  
14-year-old s l a s h  p ine  (Pinus e l l i o t t i i  Engelm. 
v a r .  e l l i o t t i i )  p l a n t a t i o n  on a n  Orangeburg s o i l  
(Typic P a l e u d u l t :  fine-loamy, s i l i c e o u s ,  
the rmic) .  The p ine  and hardwood s i t e  i s  a  
c l e a r c u t  mixed pine-hardwood s tand  t h a t  had been 
chopped and burned. The s o i l  i s  an E s t o  (Typic  
P a l e u d u l t :  c l a y e y ,  k a o l i n i t i c ,  the rmic) .  

The d i f f e r e n c e s  i n  sampling i n t e n s i t i e s  
between t h e  two c o n t r a s t i n g  s i t e s  r e f l e c t  
d i f f e r e n c e s  i n  s i t e  un i fo rmi ty .  G e n e r a l l y ,  
fewer samples a r e  needed on the  o l d - f i e l d  s i t e  
w i t h  i t s  uniform cover  of p ine  canopy and 
absence of unders to ry  v e g e t a t i o n .  Only pH can 
be measured a t  bo th  l o c a t i o n s  w i t h  t h e  same 
sampling i n t e n s i t y .  

The v a r i a t i o n  among s o i l  p r o p e r t i e s  i s  caused 
by n a t u r a l  v a r i a t i o n  and by how p r e c i s e l y  t h e  
v a l u e  can be determined i n  t h e  l a b o r a t o r y .  The 
lowest  i n t e n s i t y  was f o r  pH, a  p r o p e r t y  t h a t  has  
a  r e l a t i v e l y  low n a t u r a l  s p a t i a l  v a r i a t i o n  and a  
s imple ,  e a s i l y  r e p l i c a t e d  a n a l y t i c a l  t e s t .  
Higher sampling i n t e n s i t i e s  f o r  t h e  o t h e r  
v a r i a b l e s  r e f l e c t  a  g r e a t e r  range of n a t u r a l  
v a r i a t i o n  a s  w e l l  a s  l e s s  p r e c i s e  o r  
r e p r o d u c i b l e  a n a l y t i c a l  procedures .  

Season of Year 

V a r i a t i o n  i n  f o l i a g e  biochemical  compounds and 
n u t r i e n t  l e v e l s  throughout  t h e  growing season  
has  been documented (Kramer and Kozlowski,  1979; 
Wells  and Metz, 1963).  Concen t ra t ion  v a r i a t i o n s  
r e s u l t  w i t h  r e a l l o c a t i o n  of  n u t r i e n t s  and 
biochemical  compounds a s  growth and development 
p r o g r e s s .  Fo l iage  sampling t o  document p i n e  
n u t r i t i o n  is  u s u a l l y  conducted dur ing  t h e  
dormant season  when n u t r i e n t  c o n c e n t r a t i o n s  a r e  



most stable. However, some researchers 
recommend sampling during the growing season 
when nutrient demand is greatest. 

Table 3.--Nutrient concentrations in fertilized 
and unfertilized lobolly pine foliage by crown 
position (Haines and Haines, 1979)a 

Less attention has been given to variation in 
soil properties throughout the year. Haines and 
Cleveland (1981) measured selected chemical and 
physical soil properties for 12 consecutive 
months on five forested sites in southwest 
Georgia. Surface bulk density and percent 
moisture, O.M. and K to 20 cm, and P to 10 cm 
varied significantly over time at all 
locations. Soil pH, Ca, Mg, and cation exchange 
capacity to 20 cm and P at 10 to 20 cm differed 
significantly over time at some, but not all, 
sites. The authors concluded that periodic 
variation must be considered when effects of 
forest management and research treatments on 
soil chemical and physical properties are 
evaluated. 

Crown Position and Leaf Portion 

Nutrient composition of tree foliage is known 
to vary with age of foliage and position within 
the crown (Madgwick, 1964; Wells and Metz, 
1963). Application of 198 kg-N/ha, 7 kg-P/ha, 
and 26 kg-K/ha over a 2-year period signifi- 
cantly increased loblolly pine (Pinus taeda L.) 
foliar N concentrations but not P or K (Haines 
and Haines, 1979). Nitrogen concentrations were 
significantly higher in fertilized loblolly pine 
foliage regardless of the portion of the crown 
sampled (Table 3). Rates of P and K fertili- 
zation apparently were too low to affect concen- 
trations of those nutrients in foliage. Since 
operational fertilization decisions are tied to 
foliar N levels, sample location within the 
crown can determine whether or not prescriptions 
are accurately developed. 

When determining nutrient status of broadleaf 
species, one must decide which portion of the 
leaf to analyze. Analysis of specific portions 
of leaves of agronomic and horticultural crops 
has been common for decades (Bould, 1961; Kwong 
and Boynton, 1959; Goodall and Gregory, 1947). 
Variation of nutrient concentrations by leaf 
portion has been documented for some forest tree 
species such as yellow poplar, Liriodendron 
tulipefera L. (Auchmoody, 1974; Finn, 1966), as 
well as sycamore maple, Acer pseudoplatanus L., 
and European horsechestnut, Aesculus 
hippocastanum L., (Guha and Mitchell, 1965). 

Haines et al. (1979) compared nutrient 
composition of sycamore (Platanus occidentalis 
L.) blades, petioles, and whole leaves. 
Nitrogen was highest in the blade and lowest in 
the petiole; when the whole leaf was analyzed 
the higher concentration in the blade was 
diluted by lower petiole-N levels (Table 4). 
Petiole-P and K were both significantly higher 
than levels in other leaf parts; petiole-Ca was 
significantly lower. Given the magnitude of 
nutrient concentration variation, it is unlikely 
that one leaf portion could be selected to most 
accurately reflect sufficiency or deficiency for 
all nutrients of interest. 

Crown Position N P K 
------------pet-------------- 

Check Trees 

Upper 0.97 6.13 0.81 
(0.09) (0.02) (0.07) 

Middle 0.78 0.11 0.43 
(0.07) (0.03) (0.05) 

Lower 0.69 0.10 0.31 
(0.09) (0.04) (0.04) 

Fertilized Trees 

Middle 0.89 0.11 0.46 
(0.07)" (0.03) (0.06) 

Lower 0.91 0.09 0.40 
(0. LO)** (0.02) (0.05) 

aMeans of 4 check and 4 fertilized trees; 
standard errors of the mean in parenthesis. 
* denotes significance at the .05 level; **, at 
the .O1 level. 

Table 4.--Nutrient concentrations in sycamore 
foliage by leaf part (Haines et al., 1979)a 

Leaf Part N P K C a 
-------------pet-------------- 

Whole Leaf 1.82 y 0.12 x 0.80 y 0.95 y 

Blade 2.10 z 0.12 x 0.71 x 0.96 y 

Petiole 0.62 x 0.16 y 1.22 z 0.85 x 

aMeans followed by different letters are 
significantly different at the .05 level. 

Correlation of nutrient concentrations with 
broadleaf tree growth presents similar problems 
(Table 5). Haines et al. (1979) determined 
correlation coefficients between nutrient con- 
centrations by leaf part and sycamore height and 
volume growth. Blade-N was the most highly cor- 
related with height and volume growth of all 
nutrients. Blade-P and K were both more highly 
correlated than petiole or whole leaf concentra- 
tions. For height growth, blade-N was the best 
single variable predictor while blade-P was the 
best for volume growth. 



Sample Handling Table 6.--Effects of handling procedures on 
slash pine foliage concentration (Anonynious, 
1976)a Nutrient levels in pine foliage can be used as 

indicators of the need for operational fertili- 
zation of established stands (Pritchett, 1979; 
Wells et al., 1973). When foliar nutrient 
levels are below established critical values, 
fertilization will likely result in an increase 
in tree growth. The analytical values obtained 
are dependent upon the actual nutrient content 

Sample Handling K P K 
~reatment~ ------- PC t---------- 

Ice + Dry 0.82 0.077 0.35 

Ice + Refrigerate f Dry 0.84 0.078 0.35 Table 5.--Correlation coefficients between 
sycamore foliage nutrient concentrations and 
height and volume growth (Haines et al., 1979)a Ambient + Dry 0.81 0.075 0.34 

Ambient +Refrigerate + Dry 0.85 0.079 0.35 
~lement/Leaf Part Height Growth Volume Growth 

Ambient + Store + Dry 0.91 0.082 0.38 

Nitrogen 
Blade 
Petiole 
Whole Leaf 

"Means of 4 observations 

b ~ c e  = 5 hrs in ice chest; dry = 24 hrs at 60' 
C; refrigerate = 10 days at 5' C; ambient = 5 
hrs at 16' 6; store = 10 days at 21° C. 

Phosphorus 
Blade 
Petiole 
Whole Leaf Another alternative handling procedure is to 

freeze samples until they can be analyzed. A 
trial was established to determine whether or 
not foliage samples could be frozen prior to 
drying without altering nutrient concentrations 
obtained when the samples were analyzed. 
Thirty-six samples were collected and divided in 
half. One-half of each sample was frozen for 2 
weeks after collection, thawed, dried, and 
ground. The other half was dried immediately 
after collection and then ground. All samples 
were analyzed at the same time. Paired t-tests 
indicated that N, Ca, Al, and Cu concentrations 
differed significantly by treatments (Table 7). 

Potassium 
Blade 0.29 0.48** 
Petiole 0.23 0.31 
Whole Leaf 0.12 0.13 

a** denotes significance at the .05 level. 

and the oven-dry weight of the foliage sample. 
Since the results are expressed as a percentage 
of oven-dry weight, it is imperative that no 
changes occur in the weight of the sample from 
sampling to analysis. Weight losses can occur 
if respiration continues in the sample prior to 
oven-drying. Obviously, the situation is quite 
important when the foliar concentrations are 
close to the critical levels where a relatively 
small difference in the results could influence 
the decision to fertilize. Attempts have been 
made to document the kinds of changes in 
nutrient levels that result with different 
sample treatments. 

Table 7.--Comparison of effects of freezing on 
N, Ca, Al, and Cu concentrations in loblolly 
pine foliagea 

Element Dried Frozen 

In one study, the staff of the Cooperative 
Research in Forest Fertilization (CRIFF) program 
at the University of Flordia tested five 
different handling procedures (Anonymous, 
1976). Storing samples at ambient temperature 
at collection plus 10 days storage at room 
temperature resulted in increased N and K levels 
in slash pine foliage (Table 6). This appar- 
ently was a result of dry-weight loss from 
continued respiration prior to drying. Extended 
refrigeration following sample collection 
affects P levels more than other elements. The 
conclusion reached in this study was that the 
safest way to handle foliage samples after 
collection is to keep samples on ice or in a 
refrigerator until they can be dried. Drying 
should occur as soon after collection as 
possible. 

A1 (ppm) 404 
(22 

apleans of 36 observations; standard errors of 
the mean in parenthesis. ** denotes 
significance at the 0.01 level. 

The difference in N levels had the most 
serious implications because decisions on 



operational fertilization are made on the basis 
of foliar N levels. If sample handling causes N 
levels to be higher than they should be, stands 
that night respond to N fertilization would be 
eliminated from the program because the N 
concentrations are above critical levels. 
Similarly, if S levels are lowered by sample 
handling, stands might be fertilized that are 
not actually economically responsive. 

A follow-up trial was conducted to deternine 
if duration of freezing impacted results 
obtained. Samples were either oven dried only, 
frozen one week and oven dried, or frozen 2 
weeks and oven dried. Both freezing treatments 
significantly altered the K ,  P, and Mn levels 
obtained (Table 8). Since freezing can alter 
both N and P results obtained, operational 
foliage samples should not be frozen. Critical 
levels for bi and P fertilizer response were 
established using oven dried samples, and 
reliable correlations between frozen and oven 
dried samples have not been established. 

Table 8.--Effects of freezing duration on N, P, 
Mn, and Zn concentrations of loblolly foliagea 

Treatments N P Mn Z n 
-------------pet----------- PP" 

Dried 1.22 x 0.101 x 0.021 x 33.5 x 
(0.013) (0.001) (0.002) (1.1) 

Frozen 1.17 y 0.095 y 0.024 y 35.9 y 
1 week (0.013) (0.001) (0.001) (1.3) 

Table 9.--Effect of drying method on loblolly 
pine nutrient concentrationsa 

Drying N P K 
Met hod ------------pet----------- 

Forced-Air 1.16 0.096 0.23 
(0.013) (0.002) (0.014) 

Microwave 1.15 0.095 0 -24 
(0.014) (0.004) (0.008) 

aMeans of 36 observations; standard errors of 
mean in parenthesis. 

King and Haines (1979) examined the effects of 
mechanical thinning equipment on soil bulk 
density at 2 depths in a loamy Coastal Plain 
soil. Thinning had no effect on bulk density at 
either 5 cm or 10 cm depths (Table 10). In this 
same study, 2 methods of measuring bulk density 
(gravimetric and neutron probe) were compared. 
The gravimetric method requires collection of a 
known volume of soil, oven-drying, and 
calculation of the bulk density. Bulk density 
has traditionally been measured by the 
gravimetric method. The neutron probe measures 
density in place in the soil as a function of 
neutron scatter, and the value is read on the 
inst rumenti 

Table 10.--Comparison of 2 methods of 
determining bulk density at 2 depths before and 
after thinning (King and Haines, 1979)a 

Frozen 1.15 y 0.097 y 0.024 y 34.1 xy 
2 weeks (0.013) (0.001) (0.002) (1.2) 

Met hod Bef ore Thinning After Thinning 
5 cm 10 cm 5 cm 10 cm 

aMeans of 36 observations; standard errors of 
mean in parenthesis. Methods by element 
followed by different letters differ 
significantly at the 0.05 level. 

Standard foliage drying procedures involve use 
of forced air drying ovens that are not always 
readily available to foresters who collect 
operational foliage samples. Since microwave 
ovens are widely available, a trial was 
conducted TO compare nutrient concentrations 
obtained following conventional forced-air and 
microwave drying (Table 9). No significant 
differences in loblolly pine foliar M, P, or K 
concentrations were observed that would prevent 
use of microwave drying. 

Instrumentation and Analytical Techniaues 

Variation in results is expected depending 
upon the instrumentation and the analytical 
technique utilized. Instruments and techniques 
used must be carefully documented so that the 
results can be interpreted correctly. Compari- 
sons among methods of analysis have been nade 
for some soil determinations. 

Gravimetric 1.54 1.62 1.50 1.66 
(0.09) (0.10) (0.14) (0.08) 

Neutron 1.21 1.29 1.27 1.34 
Probe (0.08) (0.06) (0.06) (0.06) 

aMeans of 14 observations; standard deviations 
in parenthesis. 

The neutron probe consistently underestimated 
density when compared to the gravimetric 
method. Standard deviations from the mean were 
greater with the gravimetric method than with 
the neutron probe. This is attributed to more 
direct measurement of density with the probe as 
compared to the handling, weighing, drying, and 
calculations required for the gravimetric 
method. Generally speaking, the more mechanized 
a method the more precise it is likely to be. 



As a part of our laboratory research program, 
we have done extensive work comparing extrac- 
tants for soil analysis across soil types on our 
land, Data presented (Table 11) were obtained 
from the A horizon of a wet, loamy sand soil in 
the Atlantic Coastal Plain known to be moder- 
ately responsive to P fertilization at stand 
establishment. Following extraction, P was 
determined by a modified vanadomolybdate method 
(Chapman and Pratt, 1961); A1 and Fe were 
determined by atomic absorption spectropho- 
tometry. 

Table 11.--Comparison of P, Al, and Fe 
concentrations in the A horizon determined 
following five different extractionsa 

Extractant P A1 Fe 
em-------- ppm---------- 

Double Acid 3.3 
(0.2) 

Mehlich I + Flourine 4.5 
(0.3) 

Mehlich I1 4.2 
(0.2) 

Strong Bray 3 9 
(2.2) 

Weak Bray 

aMeans of 24 observations; standard errors of 
the mean in parenthesis. 

The most dramatic difference is with the 
Strong Bray extractant that measures from 7 to 
12 times as much P as the other extractants. 
Extractants rank the same for A1 as for P, but 
the differences are only 2 to 4 times as large. 
Iron does not follow the same pattern as P and 
Al. Fertilizer recommendations on wet coastal 
plain soils are often made on the basis of soil 
P levels. Obviously, it is imperative to know 
the extractant used to obtain results being 
examined. More research is also needed to 
determine correlations of fertilizer response 
with results of different extractants, since 
response was usually correlated with only one 
extractant. 

Attempts were made to correlate loblolly pine 
foliage P concentrations with soil P levels 
determined following the same five soil 
extractions. Correlation analysis was used to 
relate soil-P levels obtained with foliar P 
concentrations. Soil samples were collected 
from the surface, upper subsoil, and lower 
subsoil beneath the crown of the tree from which 
the foliage sample was collected. The highest 
correlation observed was in loblolly stands less 

than l5 years old in the lower subsoil for the 
Mehlich I + Flourine extractant (0.523 **). 

In the same study, correlations between soil 
A1 and Fe levels and foliar P levels were 
examined. Both soil Al and Fe levels in the 
surface horizon were significantly correlated 
with foliar P for all five extractants. Highest 
correlation for soil A1 was with the Mehlich I + 
Flourine extractant (0.649 A*). The highest 
correlation for soil Fe was a negative one with 
the Weak Bray extract (-0.720 **). 

MTAGEMENT IMPLICATIONS 

The utility of soil and foliage analysis has 
been demonstrated; however, foresters still have 
ample opportunity to refine the use of these 
procedures. More in-depth knowledge of how 
various nutrient levels relate to site produc- 
tivity and tree health and vigor is required for 
better utilization of the technology. Clearer 
understanding of the total nutrient cycle in 
forested ecosystems will help foresters more 
accurately interpret analytical results. 

Standardization of collection, handling, and 
analytical procedures will make interpretation 
of results obtained more reliable. Examples 
presented herein have demonstrated that varia- 
tion in any of the procedures can alter the 
results obtained. Such variation is parti- 
cularly troublesome when results obtained are 
near critical levels that indicate nutrient 
sufficiency or deficiency. For example, foliage 
analysis results may indicate that an N or P 
deficiency exists and that operational fertili- 
zation can provide an economically attractive 
growth increase. However, if those results do 
not accurately reflect the nutrient status of 
the site in question, a bad decision will be 
made. 

Standard procedures will also help us to 
develop a body of analytical knowledge that is 
comparable and more widely applicable in forest 
management. It may be too much to hope for one 
standard procedure to be accepted throughout the 
discipline, but it is a worthy goal to strive 
toward. At the least, researchers must become 
much more adept at interpreting results. 
Correlations among different techniques must be 
identified so that accurate interpretations can 
be made. Additionally, unless such correlations 
exist, we will be unable to fully utilize 
information that is already in the literature. 

Henry George (Wahlenberg, 1960) noted, "Until 
there is correct thought there cannot be correct 
action." Correct thought is based on informa- 
tion. Incorrect thought stems less from a 
scarcity of information than from its relative 
inaccessibility. Information overload is often 
more of a problem today than a lack of data. It 
is imperative that pertinent information on soil 
and foliage analysis be readily accessible in 
easily understandable form for decision makers. 
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Tropical Forests and the Global Carbon cycle1 

Sandra J3rown2 

Abstract.--The uncertainty about the role of 
tropical forests in the global cycle is due to 
many factors, including problems of estimating 
(1) forest biomass, (2) losses of soil carbon 
from forest clearing, and (3) rates of wood 
decomposition. Estimates of biomass of tropical 
forests based on extensive forest volume data 
give significantly lower values than estimates 
based on direct measurement methods. A major 
source of error in converting commercial volumes 
to total biomass is the high variability in the 
expansion factors (ratio of total biomass to 
commercial biomass) that suggests a need for 
regional estimates rather than for highly aggre- 
gated ones as has been done in the past. Loss 
rates of soil organic carbon upon conversion of 
forests to agriculture are influenced by the type 
of agriculture practice (small loss to small gain 
for pastures versus about 40 percent loss for 
crops), soil texture (less loss from clay soils), 
climate, and time. Decomposition rates of woody 
debris of primary forest species are slow (aver- 
age decomposition coefficients of 0.02-0.07 yr-1) 
and are partially regulated by the chemical 
characteristics of wood. These decomposition 
rates are slower than rates of forest regrowth 
and create carbon sinks in logged and natural 
forests. Further research is still needed to 
refine some of these carbon storages and fluxes 
to improve our understanding of the carbon cycle 
of tropical forests. 

Keywords: Biomass, carbon cycle, soil carbon, 
tropical forests, wood decomposition. 

Clearing of tropical forests for agriculture 
has the potential of producing a source of C02 to 
the atmosphere and thus exacerbating the poten- 
tial "greenhouse effect". The release of C02 
from clearing tropical forests for agriculture is 
due to burning and decomposition of plant mate- 
rial and the increased oxidation of soil organic 
matter. Results from models have demonstrated 
that land use changes in tropical forests produce 
a source of atmospheric C02 that may be as much 
as 20-80 percent of the amount contributed by the 
burning of fossil fuel (Houghton and others 1983, 
Detwiler 1986). These estimates of carbon flux 
(as C02) to the atmosphere are derived from 
models that consider rates of forest clearing, 
specific land uses for which an area is cleared 
(e.g., for permanent agriculture, shifting agri- 
culture, pasture, or timber), and changes in 
biomass or carbon content of the vegetation and 
soil due to clearing. 

There are several sources of error associated 
with the estimates of carbon flux from tropical 
forests. These errors are based based mainly on 
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uncertainties in the value of the parameters used 
in models such as: the biomass or carbon content 
of tropical forests that are being cleared, the 
rates of forest clearing by forest type (i.e., 
low or high biomass forest), changes in soil 
carbon pools upon clearing, and rates of 
decomposition of organic material left behind on 
the site after clearing. The objectives of this 
paper are to discuss some of the sources of error 
associated with estimating (1) the carbon content 
of tropical forests, (2) changes in the carbon 
content of tropical soils due to forest 
conversion, and (3) decomposition rates of 
tropical woody debris. 

CARBON CONTENT OF TROPICAL FOREST VEGETATION 

Because of the diversity of forest types in the 
tropics, the problems of estimating their carbon 
content with any degree of precision are enormous. 
According to the Holdridge Life Zone system 
(Holdridge 1967) for classifying plant formations 
of the world, a system based on mean annual bio- 
temperature and precipitation, there are 30 
unique forested life zones in the tropics ranging 
from lowland very dry forests to montane rain 
forests. Each of these forested life zones poten- 
tially has a different organic carbon content 
because of the influence of temperature and mois- 
ture on structure and function of forests 
(Holdridge 1967). Brown and Lugo (1982) synthe- 
sized existing data on the carbon content of trop- 
ical forests and found that there was a highly 



significant relationship between carbon content 
of vegetation (expressed as biomass) and an index 
of life zone (ratio of temperature to precipi- 
tation; Fig. I). Carbon content of tropical 
forests peaks in the moist forest life zone 
(T/P=0.7-1.4 x with lower values in wetter 
(TIP (0.6 x and drier (T/P >2.0 x 10-2) 
life zones. Thus, models of tropical forest 
clearing need information on the kinds of forest 
being cleared because their carbon content is 
related to the climate in which they grow. 
Unfortunately, this kind of information is 
lacking and represents a source of error in 
carbon flux estimates. 
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Figure 1.--Relationship between total biomass of 
tropical forest vegetation and the ratio of tem- 
perature to precipitation (T/P), a ratio used as 
an index of life zone (see text for further expla- 
nation). This relationship was determined by 
least squares regression analysis and is signifi- 
cant at p=0.05 with an r2=0.54 (from Brown and 
Lug0 1982). 

Another uncertainty in the data base for tropi- 
cal forests is the magnitude of the carbon con- 
tent of tropical forest vegetation. There have 
been several attempts during the last decade to 
both estimate the carbon pool in tropical forests 
and compute a weighted average carbon density 
(Table 1). The first four values in Table 1 are 
based on a summary of the published ecological 
literature. Variation in the estimates of the 
size of the carbon pool is attributed to both 
differences in the area of tropical lands covered 
by forests and differences in the carbon content 
of tropical forest vegetation. The changes in 
the amount of tropical forests used in these 
studies reflect improved accuracy in the area 
estimates by the international organizations 
charged with such assessments (e.g., Food and 
Agriculture Organization of the United Nations 
[FAo]) rather than a real decrease in forest area. 
Differences in the carbon content of forests used 
in the studies  able 1) are due to (1) grouping 
of forests into fewer or more categories (e.g., 
two main types were used by Whittaker and Likens 
El9731 whereas six main types were used by Brown 
and Lugo [19823) and (2) accessibility to a 

larger data base in the later studies (e.g., many 
studies used by Brown and Lugo were published 
after 1975). It is generally agreed by those 
working with the global carbon cycle that the 
lower estimates, based on the ecological litera- 
ture, of Brown and Lugo (1982) and Olson and 
other (1983) are more representative of the 
carbon content of tropical forests. 

Table 1.--Estimates of carbon content in tropical 
forest vegetation 

Carbon 
Area Carbon content (t/ha) poo 1 

Weighted 
( 106ha) Range average ( 1015g 

aWhittaker and Likens 1973 
b~jtay and other 1979 
CBrown and Lugo 1982 
d~lson and others 1983 
eBrown and Lugo 1984 

Brown and Lugo (1984) made another estimate of 
the carbon content of tropical forests using com- 
mercial volumes. This study relied heavily on 
the FA0 (1981) report in which average commercial 
volumes for eight forest types in 76 tropical 
countries were given. Commercial volumes were 
converted to total biomass of vegetation by multi- 
plying volume by an average wood density to ob- 
tain commercial biomass and then by an expansion 
factor (ratio of total above and below ground 
biomass to commercial biomass); biomass was con- 
verted to units of carbon (assuming 1 gram of 
organic matter = 0.5 gram of carbon). (Details 
of the analysis are given in Brown and Lugo 
[1984].) This analysis resulted in a carbon pool 
and weighted carbon density of tropical forest 
vegetation of about one-half the values based on 
direct measurements given in the ecological 
literature  able 1). 

One of the major causes of the discrepancy 
between ecological-based and volume-based biomass 
estimates is due to sampling error. Biomass esti- 
mates derived from the ecological literature are 
based on direct measurements (either by harvest 
methods or allometry) of small areas (a total of 
< 30 hectares for all studies) of a few tropical 
forest types and extrapolated to all tropical 
forests. Volume-derived biomass estimates are 
based on large sample areas (hundreds to thou- 
sands of hectares) and tend to be a more repre- 
sentative sample. Selection of small sample 
plots for ecological studies of direct measure- 
ments may be biased towards large biomass plots 



because o f  a  p reconce ived  n o t i o n  a s  t o  what a  
t r o p i c a l  f o r e s t s  shou ld  look l i k e .  For example, 
a  f r e q u e n c y  d i s t r i b u t i o n  o f  volume-derived bio-  
masses  f o r  t r o p i c a l  m o i s t  f o r e s t s  o f  t h e  Amazon 
b a s i n  d e m o n s t r a t e  t h a t  more t h a n  50 p e r c e n t  o f  
t h e  a r e a  covered i n  t h e  su rvey  had biomass v a l u e s  
l e s s  t h a n  200-220 m e t r i c  tonne p e r  h e c t a r e  ( t / h a )  
(F ig .  2 ) .  Biomasses o f  t r o p i c a l  American f o r e s t s  
o b t a i n e d  from d e s t r u c t i v e  sampling o r  a l l o m e t r i c  
methods r a n g e d  from 210-480 t / h a  ( ~ r o w n  and Lugo 
1982) ,  o f  which 50 p e r c e n t  had v a l u e s  between 
210-330 t / h a  and t h e  o t h e r  50 p e r c e n t  were be- 
tween 370-480 t / h a ,  w i t h  a  g r e a t e r  f r equency  a t  
t h e  h i g h  end o f  t h e  r ange .  These r e s u l t s  s u g g e s t  
t h a t  b i o m a s s e s  o b t a i n e d  by d i r e c t  measurement on 
a  few h e c t a r e s  a r e  n o t  a v e r a g e  f o r  Amazonian t r o p -  
i c a l  m o i s t  f o r e s t s  bu t  a r e  b i a s e d  towards  h igh  
biomass p l o t s .  S i m i l a r  t r e n d s  were o b t a i n e d  f o r  
f o r e s t s  i n  t r o p i c a l  A f r i c a  and Asia  ( ~ r o w n  and 
Lug0 1 9 8 4 ) .  

There  a r e  s e v e r a l  p o t e n t i a l  s o u r c e s  o f  e r r o r  i n  
biomass  e s t i m a t e s  based  on volume: wood dens i -  
t i e s ,  s t a n d  volumes, and expans ion  f a c t o r s .  Of 
t h e s e ,  t h e  g r e a t e s t  e r r o r  i s  l i k e l y  t o  e x i s t  i n  
t h e  e x p a n s i o n  f a c t o r s ,  and t h e  d e t e r m i n a t i o n  o f  
new f a c t o r s  i s  t h e  emphasis  on my c u r r e n t  r e -  
s e a r c h  ( i n  c o o p e r a t i o n  w i t h  A r i e l  Lugo).  New 
e x p a n s i o n  f a c t o r s  a r e  b e i n g  de te rmined  from 
d e t a i l e d  f o r e s t  p l o t  d a t a  which i n c l u d e  diame- 
t e r s ,  s p e c i e s ,  and commercial volumes o f  i n d i v i d -  
u a l  t r e e s  i n  t h e  p l o t s  and s p e c i f i c  g r a v i t i e s  o f  
t h e  s p e c i e s .  From t h i s  i n f o r m a t i o n  commercial 
biomass w a s  c a l c u l a t e d  (sum o f  t h e  p roduc t  o f  
commercia l  volume and s p e c i f i c  g r a v i t y  o f  a l l  
t r e e s ) .  A l l  t h e  a v a i l a b l e  a l l o m e t r i c  d a t a  f o r  
t r o p i c a l  t r e e s  have been  g a t h e r e d  ( f rom t h e  l i t e r -  
a t u r e  and p e r s o n a l  r e c o r d s  from c o l l e g u e s )  and 
a l l o m e t r i c  r e g r e s s i o n  e q u a t i o n s  developed.  These 
a l l o m e t r i c  r e g r e s s i o n  e q u a t i o n s  were t h e n  used t o  
c a l c u l a t e  aboveground biomass  o f  t h e  p l o t s  f o r  
which commercia l  biomass was c a l c u l a t e d .  Root 
biomass was determined from r o o t / s h o o t  r a t i o s  
g i v e n  i n  Brown and Lugo (1982) .  Expansion f a c -  
t o r s  were  c a l c u l a t e d  a s  t o t a l  biomass/commercial 
biomass.  R e s u l t s  o f  t h i s  a n a l y s i s  t o  d a t e  a r e  
shown i n  T a b l e  2  and a r e  compared t o  t h e  expan- 

Tab le  2.--Expansion f a c t o r s  f o r  c o n v e r t i n g  t r o p i -  
c a l  f o r e s t  volumes t o  t o t a l  biomass 

Expansion F a c t o r  Sample 
F o r e s t  t y p e  Range Mean s i z e  

Closed humid 
f o r e s t s a l b  1.3-1.8 1.6 19 

Open f o r e s  ta  : 2.7-3.1 2.9 2  

Mois t  f o r e s t :  1.0-1.7 1 .3  10 

Wet and r a i n  f o r e s t s :  1.9-2.4 2.2 5 

Dry f o r e s t s  : 3.6-3.7 3.7 2  

aFrom Brown and Lugo 1984 
b ~ h i s  c a t e g o r y  i n c l u d e s  m o i s t ,  wet ,  and r a i n  
f o r e s t s  

B i o m a s s  Class ( t / h a )  

F i g u r e  2.--Frequency d i s t r i b u t i o n  o f  volume- 
d e r i v e d  biomasses  based on volume d a t a  c o l l e c t e d  
from 1230 x  1 h e c t a r e  p l o t s  of f o r e s t s  i n  t h e  
Amazon Basin  ( f rom Brown and Lugo 1984).  

s i o n  f a c t o r s  used by Brown and Lugo (1984)  i n  
t h e i r  e a r l i e r  volume-derived biomass e s t i m a t e s .  
D i f f e r e n c e s  between t h e  e a r l i e r  and p r e s e n t  
e f f o r t s  a r e  c l e a r l y  e v i d e n t ;  however, t h e  p r e s e n t  
e f f o r t  has  no t  been completed and i t  remains  t o  
be  s e e n  how s i g n i f i c a n t  t h e s e  changes  w i l l  be .  

I n  c o n c l u s i o n ,  use  o f  f o r e s t  volume d a t a  o f f e r s  
a n  advan tage  o v e r  e c o l o g i c a l  biomass d a t a  because  
l a r g e r  a r e a s  o f  t r o p i c a l  f o r e s t s  a r e  r e p r e s e n t e d  
and a  more r e a l i s t i c  p i c t u r e  o f  t h e  v a r i a b i l i t y  
i n  f o r e s t  biomass i s  p rov ided .  Revised e x p a n s i o n  
f a c t o r s  a p p e a r  t o  be  more v a r i a b l e  t h a n  t h e  p r e v i -  
ous  a n a l y s i s  (Brown and Lugo 1984) sugges ted  and 
d e m o n s t r a t e  t h e  need f o r  r e g i o n a l  biomass e s t i -  
mates  r a t h e r  t h a n  aggrega ted  ones .  A comparison 
o f  t h e  new expans ion  f a c t o r s  (Tab le  1 ,  based  on 
t h e  a n a l y s i s  t o  d a t e )  w i t h  t h o s e  o b t a i n e d  by 
Brown and Lugo (1984)  s u g g e s t  t h a t  volume-derived 
biomass e s t i m a t e s  o f  t r o p i c a l  f o r e s t s  c o u l d  
change by a s  much a s  plus /minus  40 p e r c e n t .  

CHANGES I N  SOIL CARBON CONTENT FROM FOREST 
CONVERSION 

The g o a l  o f  t h i s  phase  o f  my r e s e a r c h  was t o  
d e t e r m i n e  t h e  changes  i n  o r g a n i c  ca rbon  c o n t e n t  
o f  s o i l  due t o  c o n v e r s i o n  o f  t r o p i c a l  f o r e s t s  t o  
a g r i c u l t u r e .  T h i s  was accomplished by sampl ing  
s o i l  from a  chronosequence o f  a g r i c u l t u r e  s i t e s  
o f  known age and comparing t h e i r  ca rbon  c o n t e n t  
t o  t h a t  o f  a  nea rby  f o r e s t  s i t e ,  c o n t r o l l i n g  f o r  
such  f a c t o r s  a s  s l o p e ,  e l e v a t i o n ,  and s o i l  t e x -  
t u r e .  Sampling was accomplished i n  a  v a r i e t y  o f  
l i f e  zones i n  t r o p i c a l  America ( ~ u e r t o  R ico ,  U.S. 
V i r g i n  I s l a n d s ,  Cos ta  R i c a ,  and Venezue la ) .  
Because most o f  t h e  f o r e s t  c o n v e r s i o n  was t o  pas-  
t u r e ,  sampling was c o n c e n t r a t e d  i n  t h i s  p r a c t i c e ,  
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Other studies of wood decomposition in the 
tropics obtained decomposition coefficients of 
0.11-0.46 year-I iOdum 1970; Kira 1978; Lang and 
Knight 1979) ,  values that are about an order of 
magnitude greater than those that I obtained, 
The reasons for these differences remain to be 
determined. Preliminary results from the analy- 
sis of extractives, lignin, and nitrogen contents 
demonstrate that the slow decoqosing woods have 
high concentrations of extractives and lignin and 
low nitrogen. Greater understanding of rates of 
wood decomposition in the tropics will be gained 
when the influence of wood chemistry as well as 
climate on this process are investigated, 

Table 3.--Decomposit ion coefficients (yr-l) for 
woody debris (model: y=e-kt) of eight tropical 
species. 

Size class (cm) 
10-20 20-30 30-40 >4 0 

n 6 5 4 2 

Range 0.006 - 0.016 - 0.004 - 0,012 - 
0.130 13.115 0.075 8.026 

Mean 0,068 0.058 0.040 0,019 

CONCLUSIONS 

Much of the previous understanding of the car- 
bon cycle in tropical forests lands contained 
many misconceptions including: all tropical for- 
ests have high biomasses, conversion to agricul- 
ture results in high losses of soil carbon, and 
decomposition of all organic materials occur at 
fast rates. Incorporation of the results from my 
research and from the research of others into 
carbon models of tropical forests have lowered 
estimates of their contribution to atmospheric 
C02 from a value almost equal to that from the 
burning of fossil fuels (e,g,, Houghton and 
others 1983) to a value equal to about 20 percent 
of that from burning fossil fuels (~etwiler 1986) .  
Progress has clearly been made in improving our 
understanding sf the carbon cycle in tropical 
forests, however results from research also demon- 
strate how much more there still is to learn 
about this cycle in the tropics, 
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Xylem Sap Technology: A New Frontier in 

Forestry Research 
1 

This report surveys the development of soil 
and plant chemical analysis for mineral nutrients 
and explores the potential of xylem sap analysis 
for problem solving in forestry. 

The field of forest soil chemistry has developed 
slowly, drawing heavily on the methods used in 
agricultural soil chemistry. Scientists have 
acknowledged the deficiencies of agricultural 
methodology in handling forest soil problems. 
This is evident in the much more frequent use of 
foliage analyses rather than soil analyses 
(Youngberg & Davey 1968). Soil extractions re- 
quire digging a soil pit, while subsamples are 
analyzed using artificial extraction agents. Re- 
sults show what that particular extracting agent 
can remove from the soil, not necessarily what is 
available and not how much of each ion that is 
used by the plant. 

Soil samples have to be dried, sieved, weighed, 
extracted and brought to volume prior to analysis. 
The process is time consuming and when the data 
are finally available, the analyst knows that the 
results do not directly reflect what the tree with 
its specific mycorrhiza is able to take up. It 
requires about 12 hours to collect and analyze one 
soil sample, not including drying time. The inter- 
pretation of forest soil chemical data is still 
part art, part science. 

Because of the problems with using agricultural 
methods on forest soils (Page 1982, Walsh and 
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Abstract.--This paper reviews some of the 
difficulties with existing forest soil and plant 
chemical analytical techniques. The uses, ad- 
vantages and disadvzntages of the new xylem sap 
technology are discussed, along with results and 
a description of sample selection, extraction 
and xylem sap analysis. Xylem sap is extracted 
from branches or roots using a modified pressure 
chamber. Nutrient distribution frequencies from 
large areas for conifer and shrub species are 
needed as a reference source for routine use of 
the method. The newly developed portable ex- 
traction equipment is described, along with re- 
sults from analysis of sap from wild huckleberry 
(Vaccinium globulare Rydb.) stems, alder, coni- 
fers and tropical vegetation. The potential for 
use of tree xylem sap technology to solve specific 
types of problems with insects, diseases, animal 
damage or growth is offered as a challenge to 
expand the method. 

Keywords: Tree extracts, Pinus ponderosa, 
Pseudotsuga menziesii, Vaccinium globulare, 
xylem sap. 

Beaton 1473) and because of the limited financial 
support for Iorest soil chemistry as a distinct 
science, foresters have relied heavily on foliar 
analyses. Foliar samples can be collected from 
conifers at any time of year, however, the pro- 
portions of mineral nutrients to organic compounds 
changes over the year, resulting in natural 
changes in the per gram proportions of each 
mineral nutrient. Thus, it is hard to compare 
foliar nutrient concentrations within species 
from spring to fall or from year to year. Annual 
comparisons may be confounded by differences in 
the absolute amount of carbon fixed because of 
variations in sunlight and other climatic factors. 
Foliar samples are not available in winter for 
deciduous species, many of which translocate 
nutrients from the leaf back into the stem before 
abscission occurs. The total time for sampling 
deciduous foliage is a few short months between 
the time the leaves are fully expanded and the on- 
set of translocation prior to abscission. 

In addition, foliage must be collected, cleaned, 
dried, ground, weighed, ashed or digested, taken 
up in acid and brought to volume before chemical 
analyses can be made. Sample collection and 
analysis usual1.y takes t 8 hours per sample, not 
counting drying time. The process is time-con- 
suming and costly. Although Zinke and 
Stangenberger (1979) have established reference 
nutrient-frequency distributions for Pinus 
ponderosa and Pseudotsuga menziesii, these are not 
stratified by possible exposure to pollution or by 
soil types. 

Another approach that has appealed to forest soil 
scientists is extraction of soil water using eith~r 
pressure or tension (Marshall and Holmes 1979). 
Various lysimeters and soil water probes have been 
developed to collect soil water moving under the 
influence of gravity or tension (Hanks and 
Ashcroft 1980). The gravity-fed lysimeter is of 



limrted vaiile in drrer clln,ates when nobile col1 
water is citen ur-iava~lable, Eve7 pressr,re a r ~ d  
suction de\lces will F a i l  to produce wscer simples 
in dry sumTers. The pcrous cbps used in soil 
kater probes have a tendency to zccu~ulete phos- 
phate acd other ions, v a X ~ n g  them less \ a i a a S i e  
o-ve r t 1n;e . 

I n  spite of these drawbacks, some researchers 
feel that soil water anal::sis is far superia3r to 
analyzing soil e s e r a c r s  made with artificial ex- 
tracting agents. The main drawback is t11s.t 1x0 one 
has established frequency distributions for soil 
water ions that relace in an:J Gsefui way to tree 
growth. 

One other method, 3 y l e r n  sap analqsls, had been 
explored by parnologists prirrarily in the ldbora- 
tory to study the form of nitrogen transport in 
x> lem sap using suction, 

In 1978, a grobp of scientists at the School of 
Forestry, University of Yontand, began exploring 
the value of xylem sap in conifers as an indlca- 
tion of the water stress dnd nutrient stress 
status af trees. 

The idea of syien sap extraction was not ent~relq 
new, Bollard (1953, 1956, 1957) used tension ex- 
traction of xqlem sap "om apple trees to stud. 
the forrils and movepent of nitrogen in fruit trees. 
Petchle and Lopushrns~y (1981) collected natural 
root exudstes frov conlters 12 the field and 
analyzed rhese chernlcallq, Scholander and co- 
workers 11966) bsed the pressure chamber in the 
1960s to evaluate the degree of water stress in 
trees. No one had explored the possibilrty of 
field extraction of xylem sap, using the pressure 
chamber to coilect sap for chemical analysis, 

THE DEVELGPYENT OF XYLEM SAP TECHNOLOGY FOR FOZESTRY 

Once it was established that xylem sap could be 
easily obtained from roots or s~aller branches 
with a large Scholander-type pressure chamber, 
and that the sap had easily measurable ion levels, 
it was essential to develop an understanding of 
the degree and sobrces of natural variation in 
xylem sap chemistr). The sources of variation 
that were examined were changes in ion concentra- 
tion with differences in: 

extraction pressure 
time of day 
time of year 
tree to tree uithin species, random 
tree to tree within species. paired trees 
betwesn species 
crown aspect 
height into the crown 
tree age 
trees of one species on different soils 
flush versus hardening-off 

12. insect cr disease status: 
a. infected with Endochronartiuri harknesii 

versGs uninf ected 
b .  iniesred with Chcristonera occiden~alia 

versos uninfested (same soil) 
c, porcupine-damaged versus unda~aged 
d, root rot-infected versus uninfected 

These preliminary studies made it possible to 
prescribe a standard extraction procedure for 
conifers that can be used for making controlled 
coelparisons of xylem sap chii~istry, 

The res~lts of thousards of sap extractions are 
now available {Stark and Sp~tzner l985a, b ) .  
These results show that the best way to obtain 
xylem sap from con~fers is to standardize coi- 
Iection and analysis procedures. Trees from a 
stand that has grow~l-i or other problems and con- 
troi or healthy trees are sanpled with the 
following criteria, tor sampling within a species: 

same cime of day, (one branch from the test 
plot, followed by a brdnch from the control 
plot throughout the day) 
or wrthin ten days in time of each other, 
with similar weather conditions (cloudy 
or rainy days are the best) 
rainy days during the pre-flush period, if 
the problea relates to poor branch growth. 
within the mid-growing season if the 
problern relates to radial growth. 
during winter if xylem sugar storage is of 
concern 
any time of year if the problem is not re- 
lated to growth and if samples can be 
taken alternately during the day from af- 
fected and unaffected individuals. 
trees of + 5 >ears in age 
trees paired hithin a stand or class 
(within affected individuals or within 
unaffected individuals) by similar physical 
appearance, size, crown form, density, 
color) 
samples from the lower one-third of the 
crown. 
on the west aspect if possible, although 
aspect is of minor importance 
within a class, all individuals should 
have the same apparent amount and type of 
disease or insect problem or be totally 
free of such influences depending on the 
objectives of the study. 

Deformed individuals are sampled only when they are 
needed for a specific study. 

Extraction Procedures 

Branch ends or roots 60 cm long are cut and 
stripped of bark for 6 cr at the cut end. The 
wood is cleaned o f  phioem with acetone, and the 
pressure is increased to allow reading of the 
branch or root water potential. A tight-fitting 
Tygon tubing is placed over the cut end to contain 
the sap as the pressure is increased to 2.0 or 
2.4 megapascais. One milLiLiter of xylem sap is 
removed from the tubing with a syringe and added 



to four mls of 0.12 S nitric acid. This sample 
is then analyzed by inductively coupled plasma 
spectrometer for Al, B, Ca, Co, Cu, Fe, Mg, Mn, k, 
Mo, ?;a, P, Si and Zn. The whole process from 
cutting the branch to data print out takes a b o u t  
six to eight minutes. 

A second milliliter is removed from the branch, 
and five microliters are injected into a zitrometer 
for total nitrogen analysis by chemilurninrscence. 
The analysis takes about two minutes. 

During winter, branches store small amounts of 
sugar in the xylem sap behind the bud. It is pre- 
sumed that this material (for Douglas fir 
(Pseudotsuga menziesii (Mirb.) Franco) and ponder- 
osa pine (Pinus ponderosa Laws.) mostly glucose 
and fructose with some pinetol) =ill support some 
of the rapid new branch growth that occurs in 
spring during flush. If the levels of sugar storage 
are low, there is a possibility that the tree may 
be energy limited at the time of spring flush, 
Root sugars can also be determined through sap 
extraction and tissue analysis. One ml of sap 
extracted in winter is analyzed by the phenol- 
sulfuric acid sugar method (Whistler 1964). 

Since results of the xylem sap research have 
been published (Stark and Spitzner L985a, b ) ,  this 
paper will concentrate on newer work and possible 
uses of the method. 

Xylem S ~ D  of Wild Huckleberrv 

Xylem sap extractions have been successfully 
made from shrubs such as wild huckleberries 
(Vaccinium globulare). Shrub sap extractions are 
slower than conifer sap extractions because of the 
smaller wood volume per branch, The sap tends to 
bubble excessively, but collections can still be 
made easily by attaching a vessel to the end of 
the Tygon tubing. 

Xylem sap was extracted from ten or more 
branches of Vaccinium globulare {wild huckleberry) 
growing on habitually high and low production sites 
in western Montana. Samples were collected under 
similar weather conditions within five days' time 
in July during fruiting. The high berry production 
site was significantly higher in Al, B, Fe, Mn 
and Ya in the sapcompared to the low production 
site. The soils from the two sites showed a 
pattern of significant nutrient differences 
(Table 1) for B, Ca, Cu, Mg and Na. Nutrient dif- 
ferences between xylem sap and soil agree for B 
and Na, but not the other nutrients, The reason 
for this is that the roots of this plant take con- 
siderable amounts of nutrients from the rotten wood 
of the Oalayer, with less dependence on soil 
nutrients than many other shrub species. Also, 
many of the nutrients are taken up selectively by 
mycorrhizal roots so that soil nutrient avail- 
ability determined from artificial extracts in 
the laboratory would not necessarily correlate 
directly with the concentrations of nutrients in 
the xylem sap. This is a problem with most forest 
soil chemical data. The concentrations of nutri- 
ents in the artificial extracts do not necessarily 

reflect what the plant takes u ~ ,  only what is 
available {or uptake u s i i , ~  a specific extracting 
agent, 

T a b l e  1.--Yean and standard deviation of nutrient 
concentrations in xylem sap of Vaccinium -- 
globulare during 3uly from consistantly high 
and LOW productivity sites, and available soil 
nutrients as i:g/g, 

good site sap poor site sap 
liucrient X SD * X S D 

good site soil poor site soil 
SutrLent 5; SC TI S D 

A l l,77 1.4 
IS O.;a L?,L6 
Ca 2819a 418 
C u 1.4a 0,3 
F e 6 2 0.9 
i.lg 203a 24 
Fin 8 3 12 
Na l4a i. 8 
P 18 2.3 
S i 6 4 6 
Z n 6.6 1-6 
K 388 8 

Total N 396 i 1 

a,b- 
tor soils, two means followed by differenc 

letters are significantly different at p = <.CIS.  

'for sap, ~brse values are significantly higher 
than those for the poor site. 

d~~ - standard deviation. 

The importance of boron to berry production is 
apparent from juice, leaves, xylem sap and soils 
from high berry production areas compared to poor 
producti~n sites, Sodium is hypothesized to be 
important only as a passive ion to influence the 
osmotic potential needed to develop Large fruit 
size through water storage, It is not likely 
that Na is raken up actively so that soil Ka and 
sap Sa should correlate well, 

Xylem sap analysis of wild huckleberry has 
provided evidence of potential control of berry 
productivity by nutrient availability assuming 



that climatic factors are not adverse for a 
particular year. 

Sap extraction from shrubs would be of potential 
value in studying shrub nutrition and in examining 
the influence of fire on the nutrient status of 
shrubs. The value of  shrubs to wildlife might 
also be studied using xylem sap technology. An 
example would be the analysis of xylem sap quality 
of the edible branches of shrubs before and after 
fire. 

Xvlem Sav Analvsis for Conifers 

One important aspect of the devel-opment of sap 
technology is to establish what ranges of ions are 
likely to be found in the sap of each major conifer 
species relative to growth rate. This is a 
sizeable job, but some guidelines have already 
been established for Pseudotsuea menziesii 

L, 

(Douglas-fir), Larix occidentalis (western larch) 
and Pinus ponderosa (ponderosa pine) from good 
and poor growth sites. These data will eventually 
be published and will provide a frame of reference 
against which xylem sap from trees of these species 
in other areas can be compared. Such comparisons 
will almost certainly show significant differences 
in sap ion concentrations by major soil types and 
may also reveal ecotypes. Such broad-based sap 
chemistry data must be assembled and published. 
It will be of potential value in studying air 
pollution. If the crowns are weakened by air 
pollution or the soil ion populations are altered, 
the xylem sap chemistry should reflect these 
changes. 

Xylem sap analyses of subalpine fir (Abies 
lasiocarpa (Hook) Nutt.) seedlings grown under the 
influence of alder (Alnus sinuata (Regel) Rydb.) 
with nitrogen-fixing symbionts and away from alders 
showed significantly more nitrogen in the seedlings 
near alder, as expected. Xylem sap analysis can 
be used to detect changes in plant uptake patterns, 
enrichment from fertilizer or changes in ion 
availability. Sap analyses make it possible to 
detect fertilizer uptake in 70 percent of the 
trials for nitrogen and 60 percent for other ions. 
The timing of sampling after fertilization is 
critical. 

Xylem sap chemistry correlates closely with 
apparent radial growth rates. On sites where the 
soils were different (alkaline, pH 7.5 and acid, 
pH 5.8) but precipitation and temperature were not 
significantly different, Pinus ponderosa and 
Pseudotsuga menziesii both showed significant dif- 
ferences in the concentrations Ca, Mg, Mn, P and 
total N in the xylem sap during summer. These 
nutrients are now being applied as fertilizers to 
determine if statistical significance relates to 
biological significance -- i.e., radial growth. 

Xylem Sap Analysis of Roots 

Roots of trees may also be extracted for xylem 
sap but not as easily as branches. For shallow- 
rooted species such as lodgepole pine (Pinus 
contorta Dougl.) it is relatively easy to locate 
a secondary root near the base of a tree and pull 

the root loose with gentle excavation. This 
method worked well with shallow-rooted tropical 
trees as well. Roots are extracted in the same 
manner as branches. A comparison between root 
nutrient concentrations and nutrient concentra- 
tions in the lowest live branch provides an esti- 
mate of how much nutrient is being used by the 
bole in radial growth. 

Xylem Sap Analysis Of Tropical Species 

Routine xylem sap extractions are made with 
equipment mounted on the tailgate of a pickup 
truck. This system works well wherever there are 
roads. In July 1986, the equipment was made more 
portable for use away from roads. The pressure 
chamber was mounted on an aluminum pack frame 
with short feet to allow it to stand three feet 
high for easier use from the ground. It is dif- 
ficult to haul a large air tank over uneven 
trails, so the air system was modified to use a 
SCUBA airtank for the air supply. This required 
adapting a SCUBA regulator that connects to the 
tank to a two-stage air regulator that will con- 
trol delivery pressure to the chamber by tapping 
into the high pressure port of the SCUBA regulator. 
When mounted, the system weighs about 24 Kg, plus 
the weight of the air tank. The SCUBA air tank 
weighs about the same as the pressure chamber and 
can be carried in a SCUBA tank harness or a 
standard backpack. A SCUBA tank will permit about 
20-24 extractions at low pressure (150 psi). The 
front pouch of the backpack is useful for storing 
the syringe, vials, knife, tubing and other 
accessories needed for extraction. 

The portable extraction system was used success- 
fully in Panama at the Smithsonian Tropical Re- 
search Institute's Barro Colorado Island Preserve. 
Branches were extracted from Hybanthus prunifolius, 
Psychotria horizontalis and Psychotria furcata 
(all understory plants) from plots receiving sup- 
plemental irrigation during the dry season and 
others that were not receiving irrigation. The 
study is being conducted by Dr. S. Joseph Wright 
of the Smithsonian Institute and the author. The 
objective of the study is to develop an under- 
standing of the normal functioning of this tropical 
ecosystem by removing one stress--dry-season water 
deficits--and comparing the nutrient status of the 
soils and vegetation with and without dry-season 
water stress. Results are not yet available, but 
there are some interesting trends in nutrient up- 
take that will be reported at a later date. 

SUMMARY 

In summary, there are many possible new and 
potentially valuable uses of this technique, 
especially now that the extraction system is por- 
table. Problems of tree growth, disease or in- 
sect damage, animal damage and many other possible 
uses of the method have been tentatively explored 
by the author, but there are many uses yet to be 
discovered for this new analytical tool, all of 
which could help to advance the field of forest 
science. 
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3ctomycarrhizbe (M) , t?:? s p ' u i o t i c  root-fu_~t;as  
a z s o e i a t i o z s  05 xany t r e e  s ?ec i e s  ;ndIgencxz t o  
t e n p e r a t e  f o r e s t s ,  a,re c k ~ r a c t e r i z e d  by cwolLen 
rook t i p s  of t h e  host  s9e:les. I:,mgal hyphae 
grow as a x a n t l e  cover icg  "ve roo t  wi th  t h e  ex- 
pa:;ded hypna!. zetwnrk is t -e  c c i l  s i g ~ i i f i c a n t  i y  
l n c r e a s i ~ g  Lie a b s o r ~ t i v e  sur%ce of %he hosz 
roc$ (3'3-c~er1, 1973; Sk in r~e r  ar,d hover ,  igyi). ir, 
t,his way, M enhacce i u k  aptake of e s s e r t i a l  e1.e- 

,s (:'owell, 1982 ) .  ?he xent  c  sach a s  p ' r :osp i i~r~~. -  
i r n~o r t anc  e  of ec t onyeo r rk l za l  root:: ?:as been 
denons t r a t ed  in nlztr tent  poor s c i l s  (sowen, 1973; 
Harley,  1969 ) .  

IV-~qero;~ pa r aae t e r s  i n f l uence  cc toayco r rh i zn l  
f o r x a t i o n  and f - ~ n c t i o r .  Sol; n u t r i e n t  f a c t o r s  

, . 
promoting e c t o ~ y c o r r h i z a l  f c r a a t ~ o n  i nc l ade  
xodera te  t o  low l e v e l s  of P and N (ldarx, c t  a l . ,  
1977; Foweil ,  ~ 9 8 2 j .  Low ? l e v e l z  i xc r ea se  phos- 
pha tase  a c t i v i t y  a rd  F w t a k e  ( ~ l e x a n d e r  and 
HarQ, 1981;  R a r t i e t t  a r d  lie;.rLs, 1973; X g h t o r ,  
1983) .  I n  a c id  s o i l s  e s s e n t i a l  n u t r i e c t s  a r e  
ge ne ra l l y  i o ~ ,  a  si:i~at i on ?avori::g ectoxycor- 
r h i z a i  f ormat ion 2nd f x ~ c t i o n  , but  !.cavy metal  
a v z i i a b i l i t y  i s  er:ha.ncea (3uciixian an6 Erady, 
1969) .  The t o x i c i t y  c f  heavy ~ ~ e t a l s  on ec;c- 
rnycorrhizzl fungi  (Thompson and "edve, 19843, 
r oo t  g r o ~ h r !  and b i o l o g i c a l  I"uxi3tion (3'37, e% a;. , 
1978) , have been demonstrated.  O i ~ r  f i e l d  szrfigles 
have i n d i c a t e d  heavy rzetal load izgs  I n  oak M frorr 
acid-xor bu t  zo t  f r o z  z e ~ t r a l - n u l l  f o r e s t s  
(Xa,;urdar, e t  ill., 1986 ) ;  -de ba;re Frevicl;sly 
shcwr? t h e  ectomyccrr i i izai  f r e q u e ~ c i e s  (147's) of 
oaks i n  t h e  acid-mor t o  be zons iderab ly  lower 
t h e c  t hose  i n  ~ e u t r a l - x u l l  f c r e s5s  (Xixeo e t  s l . ,  
1984 j . go%h d i ve r s  i t ; r  of r ~ y c o r r ? ~ L ~ a ;  fungi  
and r e s u l t a n t  ec toxycnr rb iza i  morphc log~  d i f f e r  In  

, - 
"?resented a t  t k e  Synposimi on Cmrez t  &opics  i r -  

Fores t  Research,  A Nat Iona l  S ~ ? ~ p s i r n ,  Novenber . - 4-6, 1986. Saines~i-il-e , F lo r i da .  

2 ~ e p a r t m e c t  of I i o l o g y ,  Lafaye t te  Cs l l ege ,  
Eastor-, PA 16042. 

3 ~ e F a r t m e n ~  of  Me ta l l u rg i ca l  Znghee r ing  , 
i a f a y e t t e  College,  Eas ton ,  3 118042. 

>[os;ract. --Zctorn;rcoryIc_iz& ronzs sf two f o r e s t -  
groTE zak spec les  , 2l;erc-as a l b a  a ~ d  g. r u b r a ,  . - -- 
e.;r,;z:r:ec s  % ~ ~ i f  tcarztly ao-r;.e cslcia3 i n  t h e  neu- 

. - t r a 1  " ~ 2 ; s - a ~ l l  ~ h ; = ~ ?  In t?ie 3,:id:c h-&%;r-s-ynor s a l i s .  
?:;oa~hcr+zs ~ ~ n t e z t  T,.~as L ' e ~ ~ r s ~ d  ; t k a t  i s ,  3ak 
e C - - w y e o r r ~ ~ z a e  -81.. ,--".- b ~ b - L c L - - L  :,Ted - aA5~--. : --; *:  -~z;;tLy h5gFAer 
- ,  - - - -  . -  z:lgscytorus _e~ .~e - -  52 nor r - t 'er  t?ian ~ ~ 3 ~ 1  ~=:,z. 

,- , r e s e  - r c c - ~ i t ; ,  c i ; ~ ~ l ~ e i  ;15-,c x-ray n ~ c r o a n a ~ j ; ~  is 
. -  - r.--T;ected a\-al_:lc,i. ~alc;-&y zxii skas-c.&rus - A 

z o - ; e n h f  erac?: sr?LI :L-rpe, 2-6 c l 2 s e r  exaxit- 
,,.-, 4- -,,A : ,,- r.n-- ,I ,eyl;pr? <yi) :-t.;y<z:cry yc le  55 ectfi- 

3 .  - ,  
- c.3- c - ~ : F > ~  7 e.2 ~ r ,  add l- yycoylr:: i'cr u : ~ . ~ s D ~ ~ - c ; ; ~  ~ 1 ; :  , d,i,,,a 

- .  
; ignsl i-essul~:jry of pc$oxiycc:-rri:zse ( 2 4 )  f 3 r  

- .  . . - 7 

. , li-1. ' l , L c  :-27; 1 r_ :::el 1%;~- :;0 115 ~ p p f z r ~ d  
i ; ~  b e  ? ~ c - - l d e d  +?vi;:~ 2i ; ,  

xcr ayld niLL oak f o r e s t s  ( :lcr;ubllsheix, MI:ieo, 
et a l . ) .  AcLB en;-;ror,nefitn r:sy fsvor n e i t h e r  
ectonjrcorrhizal  "orma~ior ,  nor i ' l~rc<io:;,  b a t  xany 
L~- , te rzc t ing  " c to i .~  a r e  i:lvo:ved ix 3 : e ~ ~  p r r , c e s s t r .  

;'arj.o:j:: r,lqyrjczL f'actcr.2 er:c,3-2yat-;e ectorr.ycor- 
r h t z s l  fcrniatiori a,yl~i i ' ? ~ q i 3 t i ~ i r i  such as  xode ra t e  
soil a i s t ; r e ,  aeratio:; ax2 ternperatiires (Fr;wel1, 
1982).  Zoot 2 e s z i t y  ;;Lor,e lias 5eec sh:>'gn t o  
i c f l ; i e ~ , z e  s o l , ~ t e  s;?t,;~:i.~ from (~nlc?;r i?, 

e t  al l . ,  1972) ; S t .  John ~d  C o l e ~ a : ~  (1983) 
r,oirt,i,l-d 3;i t.*:e Inl~cir",::ce . ~ f ' a , ~ ~ a i l a b i ; l e  s o i l  
v o l ~ ~ ? ! e  and com;r;r:lty sLr.7~clui.e In t h e  o7;erall 
assessrgent of  t he  b i o l o g i c z l  s i gn i f i c ance  of  M. 

Ectomycorrr izae,  a l though Influenced by t h e  
many va r j  ab l e s  of n a t u r a l  eqvironrientc , ber ie f i t  
t h e  host  ~ l a n t s  i q  s eve ra l  ways o the r  %ban t h e  
l nc r ea se  c f  e s  s en t  l a 2  elexev,t u;?:ake. ; o r  example, 
t:ie hornlonci ba lance  of Y o?fl'setc t h e  ag ing  of' 
t hose  roo t  5 i ~ s  (Meyer, 1974) ;  a l c o  t n e  p r o t e c t i o n  
agair,;t c e r t a i n  p a t t o g e ~ ~ ;  's erlkiaxce3 by %he pro- 
ci1;c+,io-" gf ant  i n i c r o b i a l  co~po l~ r~c?s  an3 t h e  forma- 
C f  L:GY~ of  a  ~ 5 r u c t i l r e d  ri,iz?;phere c o n t a l c i r g  o t h e r  
becef l c i a l  x ic robes  (Varx, 1973) .  Is a d d l t  i o n ,  
T'ogel (1980) and oti-erc have poin ted  ou t  t h e  
ixpor tance  of  M i n  r i r t r i en t  cyc l i ng  processes  il 
n a t u r a l  environments. ;c t l z n ,  e c toxyco r rb l za l  
f7zngi a r e  dependent upoc t h e i r  hos t s  f o r  bo th  
carbohydrates  ( ~ : o r k ~ a n ,  1970) and o t h e r  suos tances  
s ~ c k  a s  B-v i taa i r s  ; p n o t ~ s y n t ~ e s i s  , t h e n ,  has  been 
correlated w i t  n nycorrh i  z a l  d e v e l o p ~ e n ~  (3; orknan,  
;?TO; Marx e t  a l . ,  1977 ) ,  wl th  decreased. photo- 
syn the s i s  c a ~ s i l g  decreased :47. 

,,s s t  d3jr was t o  compare i,h? P T%e pispose c f t t " '  
a ~ d  Ca c3nten t  of  o2k ec:cn;~corrkizal mant les  
f r c ~  two d i f f e r e r t  f o r ez t  s o i l s  with t h e  conten t  
of t hose  s o i l s  and t3 co r s ide r  t h e  i r f l u e n c e  of 
M on t h e  incorpora t ion  cC P and :a i n t o  bo th  t h e  
n a n t l e  and hos t  f i n e  roo t  t i s s u e s .  Thls  at tempt 
t o  acders tand  n a t s l - i  p rocesses  seems app rop r i a t e  
co r s i de r i ng  t 3 e  irrportance of oaks i n  many f o r e s t  
c o m n 7 ~ ~ i t i e s  and t h e  genera l  l a c k  of thLs klnd of 
i ~ f o r m a t  ion f o r  t h e s e  spec i e s .  
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.,At; ,,L 51 bz-ei;;t .I~~GII) . uc-..r ..rLt-.L r e f e r s  ta 
~'- , ry-;pd s , _ > L  1; -,qi",l. a h-&~~:l~-j- j~j :  l a y e r  c o - z i s t l r , ~  
c~ e;r,-c; . - =lr,c;:-eL . ail13 g3irgeulic r::aterlal t?.2", k?e:leL 
- #,:,l-,_l*" - 7  + , ,. a:; &br;i3; chzrAg-;e in sol'; Lsi-L3rscteyist lcs .  
P . ; - J ~ =  Teetie - - , > *  r #.,,,; nr;d 1.1 weye Icca ted  i~ ";Le .A? 
- .  rlcv--3r, -&-r;~c:; - . .  (23 c e n t i y r L e t e r ~ l  azfi i-cjLs,- 

~ l - , ~ e ? - -  ~ t ~ ~ e - f y c e .  yko xrm, "xor" r t ) ye_ r~  c-3 
- Y  

. ,  ,~ . fS3res te6  so; is wl"; a an:i;rlpcr,, ;uy:nc?raorr",ed 
h -  .r,. 

. - .  
L u L L ~ : 5  :-:?.yet7 0:' orgzr-ic ~ ! e ~ e _ r ; z , ~  ::iz; Is ~YTc::: 

. . J ,  7 .  Ifas?; of t h e  Ceeuer r.)ci,s 
~. 3s-j " TJCS L s ~ . a - , e ~  ;c ;::e s:;a;lo-~ (7 ,e:li,i,e?ders) 

, .  - 02 horlzor ,  ~1l-c:: was nfter: s t o r y .  S t ~ u y  e r e z ~ s  
bier... -A~c tk - i ; i  L~ 25 r r ;< l -  rs,<us o r  eec? s t hey  znd 
- wev.e - , - ' . p x - . ~ - -  20  excli;de s iopec  g r  ,z is~, l ; rbed :;cil:;. 

- A  -.-'uL> - A &  

. 7  c~-- . ; ao ; i tc  so:, s ~ ~ ~ p i e s  f r o 3  euc? ?cre::-k,y?c 
w~1-o ancj,-ly-& ~ea : ; o - a l l y  Sy t k e  S a i l  3:la 5::jircr- 
n;,e:ltal- C h e ~ i s t y y  r , a - ~ o r a t c r i e s  C i_';:e :'enr:sylvar,ls 

. - Sta", en iv2 r s  ;ty. S.i,a:;j;~yd n;et:locs us fcl;-;il il; 
Zlack (1965) were used t c  ob;aln plhnt-available 
l e v e l s  of elernenzs . L'otessi-AT mil calcl-~nn va lues  
were ob",air~ed f ron  a rL~ :o~1~~" i  zcel;aC,e e ) i t r~ac~;5ors ,  
while  ~?~ospi:or?;s  valses were cb ta lned  fro-. a r ~ ~ o -  

. . niu~!: f1;jor;ac.i e)ii;rac-,io-s. rr,ean v a l - ~ e s  of 
. - 

p l a n t - a v z ~ l l a b l e  e;eme::", i~:: t h e  q p e r  so: - kor lzcn  
c P  each f o r e s t  ( ~ a 5 1 e  I )  wex-e ca l c2 l a t ed  f'rox 5 
sarngle s e t s  taken over a 3-year p e r i o i  (1984- 
1986) .  E a c h  saap le  s e t  -4as cornprlsed c f  I0 s e i l  
cores . 

200% Analyses 

R e p r e s e n t a t i ~ ~ e  a c t i v e  ec?,omycorrhizal r o o t s  . ,  . -  , 
(swollen and l i g h t - c o ~ o r e d )  ckcsen from t n e  s o l i j  
roo t  szmples were f i xed  i n  7iA ( C C T C ~ I ~ T ,  5C per- 
cen t  e t h y l  Zlcghci  and g l a c i a l  a c e t l c  a c i d ;  
5 :  9C : 5 1. S o i l - f r e e  M chosec al; randox f,2r e l e -  
mental a n a l y s i s  were c ross -sec t ionec  - s i n g  a  
c r y c s t a t ,  dcky3ra;ed i n  a -  e lnanol  s e r i e s  ayld 
c r i t i c a l l y  po l a t  Cr ied .  The r s o t s  were :he- 
carbcc  coa$ed a1:d ? laced  orL carbon ~ i c r o s c o ~ y  
st?jTcs. l;?wen;y-f l ve  rooi;s frorr, each l.oca";cr ~ r , d  

f o r  each sgec l e s  were anal;rzec f o r  e l e ~ ~ e n t a l  
contez t  u s ing  a T r ince to r  Ja~~ma-Tech S y s t e .  L;Z 
energy-dlspersi-4-e s ~ e c t r o r n e t e r  'EDS) a t t a cked  t o  
s scanning e ieczron  x i c r c sce3e  ( ~ i g - z e  1). C-z ing  
aL a ,na lys l s ,  an e l e c t r o n  beazn foczs-2 o r  ;he . . - .  , 
sample p r adxce j  an x - r a j  e x l s s l a s  ? a t t e r n  wri;c!: 
the  22s c e t e c t e d .  The x-ray cou r t s  ( o r  intenzi t2-1 
were d i sp l ayed  as  a f:;r~ction c f  x-ray energy. 
ill i s e  s p e c s r a l  peaks c s r r e s ~ c e d e C  t o  const i tuen;  

eLements w i t h i n  t h e  semp;e; c = n t i n r a  x-rays 
(background) were roi;=ine;y sub t r ac t ed  f r c ~  t h e  
c h a r a c t e r i s t i c  x-rays (F igures  2 and 3 ) .  'Tith 
t h i s  t echnique  exac t  e l e n e n t a l  c c n c e ~ t r s t l o n s  
cannot be d i r e c t l y  ob ta ined ,  b7at spectr :m peak 
a r e a s  ( o r  x-rey i n t e n s l t l e s )  can be corriuared 

betweex diflerer_;; s a :q l e s  t o  determine wkickL - .  
sanpie  c a s  xiore s f  n p a r t i e a l a r  elemest  L n  gues- 
C o r on (I>.-:-.-.. , ,,_, e t o r  c ~ ~ ~ ~ a . - T ~ ‘ e c n ,  1981; . ?or example, 
t h e  d - - -  T P P C - ~ P  c c r c e r t y a ~ l o n  of czlci3&y ;ri:hia 
t ? s s - j e  carrLct  be d e t e r a i ~ e d ,  73~2t $he r a t i o  of Ca 
x-ralr izC,ecs:ty,!~ x-ra;- l:lter,~i",- ?ram izne spec i -  
pcir .,,,,_ p r - n  -a,,.. be ~_.ozcareii t o  ;hat s? anotker .  3 a % i ~  

' . .  
l ie Q r i r r ~ ~ r :  ree c - o  i r ke r e - t  v z r i a t  i3n t h a t  
,7n-,--F- --iLli a ;if-rr: s s n ~ l e  ;o s ~ x a l e  such a s  d i f f e r e n c e s  

I n  s-;-<ace ro~;ghr_ess (a-d c e l l  i j r i en ta t ic ; ; ) ,  and 
Ir; -no-, s i z e ,  s,<n cf  ",e filmen;; o r  r7&r t i x c .  
"22 t i n e  of  153 secc1:2s, spc t  s i z e  -~hLck prod-xed  
203 co-jnt; ne r  secocd 2nd workicg dis:arce of 23 
r n i l l l - e t e r s  xe r e  r o u t i n e l y  x e d  ( ~ o l d s t e l r  , 
e h . 2 .  , ;gal.  ) . I- order  t o  normelize t k e  apec- 
.* L, a l  Lnfcr~z : io-  Tor coxparat ive p-2goses, 

potassi-m; was ckosen a s  t h e  r a t i o  denorninetor 
s i : ~ c e  c l - , e~~Lcal  ar,aY.yses Lrdtcated t h a t  potassi-ml 
was s i ~ ; i l a r l ; r  x i a l l a j l e  i n  muI; a.rd mor s o i l s  
('i'a'cle I) znd s i z c e  po tass i lm appeared t o  be 

, . p l - e s e ~ ' ~  1:: + , r e  ' mid-rarce of cozc ts  cn eac5  spec- 
. !xtxai  c o z c e n t r a t i c ~ s  of  K, Ca acd  3 f o r  
bulk f i n e  rock t i s s - ~ e s  were determined by t h e  
!?ora{;e Ie;tlr_g Laboratary of The Pennsylvania 
S t e t e  Ynlvers l ty   able 2 )  a s ing  we-asking pro- 
cedures co:lg;ed wi t :?  absorg t ion  f l a r e  s cec t ro -  
,- 1- kAAotoxetry methodc (Srr;tcll:"le azd Saker ,  1978) . 

?he 3 s  x-rsy xlcroarialyses were = ; e r f o r ~ e d  
a r c ~ z d  ;:ye o u t e r  co r t ex  of each s a ~ p l e  i n  t h e  
-c -, ,- , .  - ~ , l o s  of  t?-e ~*r7,ic0rr~:zai n a n t l e .  R e l a t i v e  x - r a j  
I ~ ~ t e n s i t i e s  of eLernects wizhin a given roo t  
smpl  e  were b a s i c a l l y  s i z i i l a r  f o r  v a r i o - ~ s  a l t e r -  
cate Locatiocs 03 the c e r i p k e r a l  mantle .  

Eas te rn  ?ezns2-lvanla i s  geo log i ca l l y  d i v e r s e ;  
C 1  
L L ~  r o i l s  of t h e  Lehigh Valley reg ion ,  where 
forest-1x1: samples were c o l l e c t e d ,  were i ier ived 
n a l r l y   fro^ ~ e u t r a l l z i n g  carbonates c f  l imes tone  
and dolomite ( S o i l  Szrvey, 19741, and r e s u l t e d  
i n  c e ~ t r a l  s o i l s  ( p ~  6.5-7.1, AH hor izon)  w i th  
low Levels oT keavy metals  and 12  percent  o rganic  
ma t t e r  ( ~ i z e o ,  e t  al. , 1984;. Four x ~ l l  f c r e s t s  
were s a ~ c l e d ;  i n  each f c r e s t  , oaks ( ~ ~ e r c u s  a l b a  
and - -  3. r z b r a )  predominated. The unde r s to r i e s  
ve r e  coviprised of  Scrnus f l o r i d a ,  Vibernm spp . ,  -- 
Fhus rad icans  a d  var ious  herbs .  The o v e r a l l  
r oo t  d e c s t t i e s  per  wit vol-me of s c i l  were low. 
1r. co r~Lra s t ,  t h e  ?ocoxo s o i l s ,  where forest-mor 
s azp l e s  were c o l l e c t e d ,  a r e  uqder la in  t r i t h  sand- 
s:cae, sha l e s  and conglomerates and possess  l e s s  
b-dffer ing capac i t y .  The r e s c l t a n t  nor  s o 5 l s  of 
t h e  52 korizc-  were ac id  ( p ~  3.8-4.7) w i t h  h igh  
l e v e l s  of a v a i l a b l e  heav i  metals  and 41-51 per- 
cen t  o rgac ic  m a t e r i a l  ( M i ~ e o  e t  al., 1984) .  Two 
nor  f o r e s t s  were sampled; caks ( ~ u e r a u s  r u b r a ,  - " - - , .  2rixlus, 2. a ~ c a  a r d  - 2, vel l ; t i ca )  predominated 
with Acer r u b r m  a s  a  cormon a s s o c i a t e .  The -- 
-&riderstories were coxprised of Ba.r;a,melis 
V' r"' ,- ln iana ,  PhodadenL~on spp.  , T J a c c i ~ i m  s2p. , 
Gayl-dssacia spp.  , G a ~ l t h e r i a  procu?ibens and 
<<verse  mosses. The o v e r a l l  roo t  d e n s i t i e s  pe r  
-.,- u_ iLb  ;+ vo17miz of s o i l  were high.  

P_lthougtL t h e  geo l cg j ,  s o i l s  and co~mxmity 
s t r u c t u r e  i a  each f o r e s t  type  d i f f e r e d  a s  s t a t e d  



above, the  f o r e s t s  appeared t o  be s i m i l a r  i n  s o i l  
a o i s t u r e ,  a e r a t i on  and temperature.  Also, a l l  
saxpled oaks  occupied t h e  overs tory  and rece ived  
d i r e c t  s u l i g h t  on a  s i z a b l e  portioK of t h e  
carcpy. 

Calcium and pkospkorus concenxrat ions d i f f e r e d  
is eac5 s o i l  type .  Calciari l e v e l s  were espe- 
c i a l l y  h i g h  i n  t h e  m i l l  s o l i s  (mean, 2,856 ppm) 
but  lower i n  t h e  mcr s o i l s  (xean,  500 ppm); 
xhese meac va17~es  were s i g n i f i c a n t l y  d i f f e r e n t  
from each  o tke r  (iL?VOVA p  9.01 . Phosphor-as 
l e v e l s  were somewhat reverse&,  t h a t  i s ,  wi th  
lcw-normal Levels (niean, 29 ppm; i n  t h e  mor s c i l  
but  wi th  low concent ra t ions  (mean, 10 p;sm) i n  
t h e  m ~ l l  s o i l  ( A _ T O ~ ~ A  p  0.05) (Table I ) .  On t h e  
o the r  hand,  potasslum l e v e l s  of bo th  s o i l s  (245 
ppm mul l ;  230 ppm mor) were s i m i l a r .  ?he d a t a  
i n  ?aisle 1 represent  t h e  p lan t -ava i lab le  
n u t r i e n t s  of t h e  upper s o i l  horlzon,  a s  most 
of t h e  M and f i n e  r o o t s  were found i n  t h i s  
horizon . 

Table 1 .  E l e m e n t a l  C o n t e n t  (pprn) o f  Mor and Mull s o i l i w 2  

P K Ca 

Mull  (neutral)  10- 2 45 2.856 * 

Mar (acid) 2 9  230  5 0 0  

'values, as ppm, represent the means of 5 sample sets taken 
ever a 3-year period. Each sample set was comprtsed of 10 
soil cores. Values are given for the A hortzon only. 

2 ~ o t l  analyses were performed by the Sot1 and Environmental 
Testtng Laboratories of The Pennsylvania State  Universtty; 
plant available Concentrations were determined according 
to standard methods (Black. 1965). 

* 
nul l ,  stgnif icantly df fferent from rnor (pcO.0 1. ANOVA) 

M 
Mull, stgniflcantly different from rnor (p<0.05, ANOVA) 

The calcium and phosphorus content  of  t h e  
mycorrhizal  mantles genera l ly  r e f l e c t e d  t h e  
a v a i l a b i l i t y  of e s s e n t i a l  n u t r i e n t s  i n  t h e s e  
s o i l s .  X-ray microanalysis  procedures,  which 
d isp layed  t h e  nascent  l e v e l s  of elements wi th in  
t h i s  smal l  t i s s u e  a r e a ,  i nd i ca t ed  t h a t  calcium 
l e v e l s  were high f o r  both  oak spec ies  i n  t h e  
humus-mull (b lack  b a r s )  but  low i n  t h e  humus-mor 
(hatched b a r s )  a s  shown i n  Figure 1. These 
calcium ( c ~ / K )  va lues  of mull M were s i g n i f i -  
c a n t l y  h igher  than  calcium ( c ~ / K )  va lues  of mor 
M (ANOVA p  0.~5). Phosphorus l e v e l s ,  on t h e  
o the r  hand, were reversed;  t h a t  i s ,  low i n  t h e  
humus-m?..iLl (b lack  b a r s )  but  high i n  t h e  humus- 
mor (hatched b a r s )  and a l s o  s i g n i f i c a n t l y  d i f -  
f e r ed  from each o the r  (AEoVA p 0.05). 

1 evels of CnllllllIl and P h ~ g m  
rlm-ive to  pot*- Leveb 

r n g m - w  

Figure 1. X-ray microanalysis data tndtcated that both red and whlte oak 
mycorrhtzae contained higher calclum levels i n  mull (neutral) 
than In rnor (actd) solls. The reverse relattonshlp occurred for 
phosphorus; lower P levels were found In the mycorrhlzae of 
mull soti than in acld solls. 

* 
Mull, stgntficantly dlfferent from rnor (p<0.05. ANOVA) 

Representat ive x-ray microanalysis  s p e c t r a  
( ~ i g u r e s  2  and 3)  exemplify t h e  r e s u l t s  of 
Tigure I ,  namepj, high calcium l eve l s  i n  t h e  
mycorrhizal  mantles of red oak from t h e  humus- 
mull s o i l  ( ~ i ~ u r e  2 )  with moderate potassium and 
low phosphorus l e v e l s  a s  wel l  a s  low heavy meta l  
l e v e l s .  Figure 3  i nd i ca t e s  t h e  moderate calcium 
and potassium l e v e l s ,  but a l s o  t h e  h igh  phos- 
phorus l e v e l s ,  i n  r ed  oak mycorrhizal mantles  
from humus-mor s o i l .  Enhanced heavy meta l  con- 
t e n t  i s  a l s o  v i s i b l e  on t h i s  spectrum. Spec t r a  
of white oak M were s i m i l a r  t o  those  of r e d  oak 
i n  each r e spec t i ve  s o i l  type .  

A comparison of s o i l  contents  (Table 1) wi th  
r e l a t i v e  ectomycorrhizal  mantle contents  
( ~ i g u r e  1 )  suggests  a  regula tory  r o l e  f o r  M wi th  
r e spec t  t o  ca t i on  inc lus ion  e spec i a l l y  i n  h igh  
Ca s o i l s .  The mull s o i l  which was h igher  i n  [Ca] 
t han  [K] by one order  of magnitude, showed on ly  
s l i g h t l y  more Ca included i n  M than  K. This  
sugges ts  d i f f e r e n t i a l  incorpora t ion  o f  Ca and K 
i n t o  M ;  e i t h e r  K i s  excess ive ly  favored o r  Ca i s  
excluded from t h e  M .  Calcium exclusion i s  con- 
s i s t e n t  with t h e  i n t r i c a t e  r o l e s  of Ca i n  p l a n t  
development (Hepler and Wayne, 1985).  

A comparison of  [ P ]  i n  s o i l  with t h a t  of  [K] 
 able 1 )  a l s o  demonstrates one order  o f  magni- 
tude  d i f f e r ence  between t h e  a v a i l a b i l i t y  of t h e s e  
two elements,  bu t  t h e  inc lus ion  of s i m i l a r  amoucts 
of bo th  elements i n  t h e  14 from mor s o i l s  ( ~ i g u r e  
1) emphasizes t h e  accumulation of P  by M when [PI 
i n  t h e  s o i l  i s  low. The enhanced P content  of 
t h e  mycorrhizal  mantles ,  over t h a t  i n  t h e  sur-  
rounding s o i l s ,  i s  cons i s t en t  with t h e  d a t a  of  
s eve ra l  o the r  i nves t i ga to r s  f o r  spec ies  o t h e r  
t han  oak (.Alexander and Hardy, 1981; B a r t l e t t  
and Lewis, 1973; Dighton, 1983; and Skinner and 
Bowen, 1974).  Our d a t a  i nd i ca t e  t h a t  oak M a l s o  
concent ra te  phosphorus. 



RED OAK flYCORRHlZAL W L E  
Table 2. Elemental Content (pct) of Bulk Fine Root ~ issu : ' * ' ~  

Flg 2. X-ray mtcroanalysis spectrum (corrected for background 
emission) of Red oak mycorrhlza in humus-mull soil. 
August 1985 

RED OAK fWCORRHfZAL CUNilE 

Fig 3. X-ray mlcroanalysts spectrum (corrected for background 
emission) of Red oak mycorrhlza tn humus-mor soll, 
August 1985 

The d i f f e r e n t i a l  F c o n t e n t  of mor and mull  oak 
M, a s  i nd i ca t ed  by x-ray microanalys is ,  however, 
does not  r e f l e c t  t h e  o v e r a l l  P content  of f i n e  
roo t  t i s s u e   able 2). The P content  of bo th  
mor and m u l l  b5 provide t h e  same genera l  P content  
t o  t h e  hos t  t i s s u e  (0.10-0.13 pe rcen t ) .  This 
r a t h e r  even d i s t r i b u t i o n  of  P t o  f i n e  root  t i s -  
sues impl ies  a  f w t h e r  r egu l a to ry  r o l e  of 14 with  
r e spec t  t o  t h e  host  p l a n t ;  t h e  a c t u a l  mechanism 
of t h e  movement of P i n t o  host  remains inconclu- 
s i v e  ( e l a rk son ,  1985).  These d a t a  f o r  t h e  t i s s u e  
l e v e l s  of  P correspond t o  t hose  repor ted  by 
o the r s  f o r  oak ( ~ o g e l ,  l 9 8 0 ) ,  f o r  t r e e  spec ies  
o the r  t han  oak (Chu-Chou, 1978) and p l an t  t i s s u e s  
gene ra l l y  ( S u t c l i f f e  and Baker, 1978).  

- 

nu11 O.1° 
0.9 1 0.83 

Red Oak 
(0.08-0.1 1) (0.66- 1.16) (0.55- 1.27) 

0.13 0.6 1 0.50 
'Or (0.12-0.14) (0.49-0.68) (0 3 1-0.64) 

Mutt 0.12 
1 .OO 1.18 

White Oak (0.1 1-0.13) (0.79- 1.33) (0.88- 1.57) 
0.13 0.55 0.56 

-- 'Or (0.1 1-0.16) (0.49-0.65) (0.25-0.80) 

These data represent the mean value of several trees of each 
species in each forest location. 

L ~ h e  data for two successive summers were comblned (1985, 
1986) wlth the range of percentage values in parentheses. 

3 ~ l n e  roots are 1.5 mm or less In diameter. (Mycorrhlzae made 
up only a small amount of the bulk llne root samples. 

The calcium and potassiiun content  of bu lk  f i n e  
r o o t s  (Table 2)  from mull-forests  appeared t o  be 
s i m i l a r  i n  botk red  oak (Ca, 0.83 pe rcen t ;  K ,  
0 .91 pe rcen t )  and white oak (Ca, 1.15 percent  ; 
K, 1.00 pe rcen t )  but  were present  a t  uniformly 
lower l e v e l s  i n  t h e  ao r - fo re s t  r oo t s  ( ~ a ,  0.50 
and 0.56 pe rcen t ;  K ,  0 .61 and 0.55 p e r c e n t ) .  
The high Ca l e v e l s  of t k e  mull mycorrhizal  
mantles ,  a s  i nd i ca t ed  by x-ray microanalyses,  
were not  found i n  t h e  f i n e  root  t i s s u e .  Although 
t h e  f i n e  roo t s  of  t h e  m u l l  f o r e s t  contained 
h igher  Ca l e v e l s  than  those  of t h e  mor f o r e s t ,  
t h e  propor t ion  of C ~ / K  was lower than  expected 
i n  t h e  mull and h igher  than  expected i n  t h e  rnor. 
These r e s u l t s  suggest o the r  d i f f e r e n t i a l  o r  
r egu l a to ry  r o l e s  f o r  t h e  ~ y c o r r h i z a l  mantle a t  
t h e  hos t - t i s sue  i n t e r f a c e .  

The calcium l e v e l s  found i n  f i n e  root  t i s s u e s  
from t h e  m u l l  f o r e s t s  (0.8-1.1 percent )  were 
cons i s t en t  wi th  t hose  repor ted  f o r  p l an t  t i s s u e s  
gene ra l l y  ( ~ p s t e i n ,  1972; S u t c l i f f e  and Baker, 
1978) ;  however, t h e  t issue-calcium l e v e l s  found 
i n  t h e  f i n e  roo t s  from mor f o r e s t s  were a t  t h e  
low end of  t h e  range (0 .5  percent )  and approached 
t h e  marginal  concent ra t ion  support ing m i t o s i s  
( ~ e p l e r  and Wayne, 1985) .  The lower va lues  re-  
por ted  f o r  mor r o o t s  were l e s s  than  those  re-  
por ted  f o r  r i v e r  b i r c h  i n  a c i d  s o i l s  wi th  s i m i l a r  
ava i l ab l e  f Ca++] ( ~ a r t u s k a  and Ungar, 1980) but  
were c l o s e r  t o  t hose  repor ted  f o r  Quercus robur 
a s  presented  i n  t h e  review by Fogel (1980).  i n  
an eva lua t ion  of Cac+ i n  p l an t  development, 
Sepler  and Wayne (1985) have pointed out t h e  
paradox of i n t r ace l l u i l a r  Ca++ funct ion  a t  sub- 
micromolar concent ra t ions  but  an apparent  re -  
quirement f o r  Ca++ a t  t h e  millirnolar l e v e l  o - ~ e r -  
a l l .  

Although xany f a c t o r s  o the r  than  M in f luence  
p l an t  p roduc t iv i t y  ( s t .  John and Coleman, 1983 ) , 
t h e  so i l - root  i n t e r f a c e  provides a  s i g n i f i c a n t  
po r t i on  of  t h e  p r e r e q u i s i t e s  f o r  p o t e n t i a l  prc- 
d u c t i v i t y  and needs t o  be considered a s  p a r t  of 
t h e  t o t a l  p i c t u r e .  A r egu l a to ry  r o l e  of  M has 
been suggested by t he se  d a t a  f o r  Ca a s  we l l  a s  
those  proven f o r  P; however, i n  t h e  case of  Ca, 
exclusion i s  suggested when s o i l s  conta in  h igh  



Ca l e v e l s .  Znder t h e s e  c o n d i t i o n s  Ca exc lus ion  
i s  c o n s i s t e n t  wi th  t h e  r o l e  o f  Ca i n  p l a n t  
development. 
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Light  Company of ALLlentown, PA_ f o r  a suppcr5 lcg  
g r a n t  t o  c a r r y  ou t  t h i s  s t u d y .  'tie a r e  a l s o  
a p p r e c i a t i v e  of P r o f e s s o r s  L.T. S t a b l e f c r d ,  3. 
XcCreary and C .  Hol l iday  f c r  review and comment; 
and we a r e  g r a t e f d  f o r  t h e  k e l p  o f  K r .  R .  Ho2.5, 
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SOIL PHYSICAL AND CHEMICAL PROPERTIES ASSOCIATED 

WITH THREE SITE PREPARATION TECHNIQUES AND THEIR 

EFFECTS ON GROWTH AND SURVIVAL OF SEEDLINGS IN 

NORTHERN IDAHO= 

ABSTRACT 

Survival of outplanted western white pine and 
Douglas-fir is often hampered by droughty soil 
conditions in the northern Rocky Mountains. This 
study was initiated to compare soil properties from 
three site preparation techniques and to assess the 
impacts on seedling survival and growth for a 
relatively dry planting site and a moist planting 
site. Surface organic matter and mineral soil were 
mechanically mounded to form raised planting beds 
on two cedar-hemlock sites in the northern Idaho 

D. S. Page-13umroese2, M. F. ~urgensen~, R.T. ~ r a h a m ~ ,  panhandle region. Soil properties and seedling 
A.E. ~ a r v e y ~  growth resulting from this treatment were compared 

with scalped and minimum scarification treatments 
on both sites. 

Organic matter content was significantly (P<0.05f 
altered by site preparation, as was bulk density, 
Nutrition in the soil was improved in the raised 
planting beds. An increase in volume of organic 
matter in raised beds acted as mulch, thus 
retaining subsurface moisture and moderating soil 
temperature. Seedling top growth was not 
significantly altered the first year, but nutrients 
in the foliage were significantly increased in the 
mounded treatments. Rooting depth was also greater 
in the mounds. Bedding the soil was most 
beneficial on the site with low organic matter and 
warm, dry soils. On the site with moderate 
moisture and good soil, the minimally disturbed 
treatment was just as productive as the raised 
planting bed treatment. 

KEYWORDS: Site preparation, bedding, scalping, 
soil physical properties, soil chemical properties. 

Historically, artificial regeneration in the 
Pacific Northwest has been unsatisfactory on sites 
with low soil moisture, high evaporative demand and 
low nutrient status (Haig and others 1941; Foiles 
and Curtis 1973). On such sites adequate stocking 
levels may be achieved through mechanical site 
preparation which provides favorable microsites for 
moisture and nutrient accumulation and reduction of 
vegetative competition (Wellner 1976). Use of 
scalping, burning, scarification or a combination 
of these are effective for ease of planting, but 
survival is often poor (Beebe 1982). Site 
preparation techniques that utilize mounding of 
surface organic and mineral soil have been 
effective elsewhere (Worst 1964; Wilhite and 
Harrington 1965; McMinn 1969; Shultz and Wilhite 
1974; 

Francis 1979; Frederick and others 1984). This 
technique concentrates limited moisture and 
nutrients into the planting zone for more effective 
seedling uptake. 

In northern Idaho and the Pacific northwest in 
general, the growing season is characterized by 
harsh growing conditions, including drought and 
extensive heat, which can markedly reduce seedling 
performance especially for high value species such 
as Douglas-fir (Pseudotsuga menziesii var. glauca 
[Mirb.] Franco) and western white pine (Pinus 
monticola Dougl. ex D. Don). Mounding mineral soil 
and surface organic matter may alleviate much of 
the environmental stress imposed on seedlings in 
this area. This study was initiated to compare 
potential effectiveness of mounding to commonly 
used site preparation techniques which are utilized 
for alleviating environmental limitations to early 
seedling perfomance. 

'presented at the Symposium on Current Topics in 
Forest Research, Gainesville, FL. 

MATERIALS AND METHODS 
2~oil Scientist Trainee, Research Forester, and 

Project Leader, respectively, Intermountain 
Research Station, U.S. Department of Agriculture, 
Forest Service, Moscow, ID 83843. 

3~rof essor of Forest Soils, Department of 
Forestry, Michigan Technological University, 
Houghton, MI 49931. 

Location 

Two sites, located on the Priest River 
Experimental Forest near Priest River, ID, were 
used for this study. One site is located at an 
elevation of 715 m above sea level on a flat 



bench adjoining the Priest River. It is the wamer 
and drier of the two sites. The habitat type is 
classified as Abies grandis/ Symphoricarpos albus 
(Cooper and others in preparation] and the soil is - 
classified as Andic Xerochrept. Annual 
precipitation averages 8 3 - 8  cm, with a mean annual 
teqerature of 6 .eQ6 {Finklin 1983) . 

Site 2 is at an elevation of 1 456 rn above sea 
level, The slope angles range from 10 to 35 
percent and have north-to-nertheast aspects. The 
haitat type is classified as Tsuqa heterclphylla 
[Cfintonia uniflora (Cooper and others in 
prqarationf and the soil is classified as a Typic 
Cryorthent, This area is considered a productive 
forest site, Annual precipitation at this 
elevation is 92.3 cm and the mean annual 
temperature is 5 .3"C  (Ficklin 1983) . 

Treatments 

Two randomized complete block experiments were 
est&lished, one on each site, At the low 
elevation site there were three treatments with 
four replications, and at the high elevation site 
there were three treatments replicated three times, 
The high elevation site was divided into three 
separate 1-ha areas, each was cleareut, and had 
approximately the same slope, aspect, soil, and 
habitat type. The treatments consisted of: 

1. Mound--mixing the top 10 cm of mineral 
and organic soil into beds 
approximately 46 an high and 30 m long. 

2. Scalp--removal of the top 20 cm of 
mineral and organic soil by machine. 

3. Minimal disturbance--essentially 
undisturbed after harvesting. 

Each treatment was planted with either 
containerized Douglas-fir or western white pine 
seedlings at a 31 x 46 cm spacing with 228 trees 
per treatment. Trees were grown in 4 em3 cells at 
the U.S.D.A. Forest Service, Coeur d%lene Nursery, 
Goeur dfAlene, ID. The Douglas-fir and western 
white pine utilized were adapted to each of the two 
elevations. 

Sampling 

Soil samples and seedlings were collected from 
each treatment four times during the growing 
season. Soil smples were collected from 15 
randomly selected microsites within each treatment, 
to the maximum depth of the rooting zone. These 
smples were categorized by soil type based on 
their organic/mineral composition, Temperatures 
were t&en of each soil category under eaeh 
seedling. Bulk density samples were taken at 
depths of 0 to 5 cm, 10 to 15 cm, and 20 to 25 cm 
at five random points in eaeh treatment, Fifteen 
seedlings were measured for height and total 
rooting depth. 

All soil smples used for chemical and physical 
analysis were passed through a 2 - m  sieve. Bulk 
density and moisture content sapless were dried at 
105°C for 24 hours. Organic matter was determined 
by weight loss after combustion at 

375OC for 26 hours. Ca, Mg, and K were extracted 
with 1 amuniurn acetate adjusted to pH 7.0  and 
detemined using atomic absorption techniques 
(Black 1965). Soil pH was determined using 1:2 
soi1:water mix. Total soil nitrogen and 
phosphorous were detemined by block digestion and 
analyzed using Technicon AutoAnalyzer techniques 
(Brenrner 1965) . 
For Ga, M g  and K deteminations, foliage was 

ashed and extracted using 2 g nitric acid. Analysis 
was perfomed hy atomic absorption techniques, 
Total foliar nitrogen and phosphorous were 
detemined after block digestion and analyzed using 
Technicon AutoAnalyzer techniques. 

An analysis of variance was conducted on the 
data, utilizing a randomized complete block design, 
The treatment means were separated using Duncan's 
multiple range test. 

RESULTS ANZ) DISCUSSION 1 

Soil Physical Properties 

Mounding the organic and surface mineral soil 
layers had a Large impact on soil physical 
properties, The changes that occurred were usually 
associated with the degree of diseurbance. The 
mounded treatments at both sites had significantly 
jP<0.05) more organic matter than the scalped 
treatment as can be seen in table 1. 

The minimally disturbed treatment was not 
significantly different from the mounded treatment 
because this treatment was maintained as 
undisturbed as possible and much of the organic 
matter was left intact. The higher levels of 
organic matter in these two treatments are also 
reflected in lower bulk densities at both sites, 
The minimally disturbed treatment showed a slight 
increase in bulk density with depth because it was 
not layered with organic matter as was the mounded 
treatment (table 2). Soil density in the scalped 
treatment also increases significantly with depth. 
This is probably because organic matter was removed 
and soil particles were somewhat compacted. Mixing 
of the organic matter with the mineral soil in the 
mounds improved aeration of the treatment and can 
be seen in the lack of hulk density change 
throughout the profile. 

Table 1,--Organic matter ( % )  for each elevation and 
trea-tn\ent 

Minimal 
Site Mound Scalp disturbance 

Low elevation 15.0a 9.4b 14,4a 

Nigh elevation 27.5a 14.5b 29.2a 

Different letters indicate significant differences 
(P<0.05) across treatments, 



T&le 2,--Bulk density (g/cc) means at three depths 
from both elevations 

Minimally 
Mound Scalp disturbed 

Low elevation 
5 crn 0.7a 0-9a 0.Ta 
15 em 0.7a 1, LS o , ac 
25 cm 0,7a 1,3b 0 . 8 ~  

High elevation 
5 cm 0.523 9 - 9b 0.5a 
15 crn 0.6a g.9b 0.7s 
25 cm 0,6a 1.0b 0-8s 

Different letters indicate significant differences 
/P<0,05j across treatments. 

Concentrating organic matter and surface mineral 
soil into mounds increased the moisture content of 
the soil in the rooting zone at the high elevation 
(table 3 ) .  This was most evident during the peak 
growing months of July and August. Only small 
differences in moisture content between treatments 
were detected at the low eievation site, 

At the low elevation the scalped treatment had 
less soil moisture than the high elevation during 
all the sample dates except September, At the high 
elevation site, Large soil moisture differences 
occurred among treatments, particularly the mounded 
and scalped treatments, These differences were 
likely caused by the increase of organic matter in 
the mounds, which increased moisture holding 
capacity by improving soil structure and porosity. 

Soil temperature data were recorded throughout 
the growing season, however mounding had little 

Table 3.--Moisture content ( & )  in the rooting zone 
for each treatment and sample date 

Minimally 
Sample Mound Scalp Disturbed 

Low elevation 
June 37-76 36,9b 39,6a 
J u l y  $6, 7a 34.2b 46,!3a 
August 49.3a 46.6a 48.923 
September 37. P,b 39.7b 36,5b 

High elevation 
June 37.5B 39,Ba 36.5b 
Zuhy 81-8a 53 -6a 86.4a 
August 7l.3a 45.fb 65,5b 
September 66.6a 46.4b 76.5a 

effect on it. The temperatures at the high 
elevation averaged 3-4OC lower than those at the 
lower elevation from June to August. Lower 
temperatures were expected in the mounded 
treatments because moisture content is positively 
related to organic matter content and inversely 
related to temperature {Shultz and Wilhite 1974; 
Morris and Pritchett 19831. Curing the summer oT 
1983, rainfall at the low site exceeded the 75-year 
average by 9-8 cm and at the high site by 14.6 cm. 
Thls heavy rainfall throughout the growing season 
is believed to have negated any major effect of 
moundlng on temperature or moisture content. 

Soil Chemical Properties 

The soil chemical properties were also affected 
by concentrating organic matter into mounds. 
However, in many cases the differences were not 
significant. Soil acidity differences were found 
between the scarified treatments and the mounds at 
the high elevation and could be attributed to a 
greater component of decayed wood. The low 
elevation soil generally had a higher pH than the 
soil at the high elevation and this difference is 
likely due to base cycling by grasses present at 
the low site. There were no significant differences 
between calcium, magnesium or potassium between 
treatments during the first growing season. 

Mounding surface organic matter and mineral soil 
significantly changed the concentration of total 
nitrogen in the soil profile. At the lower 
elevation the highest percentage of total nitrogen 
was found in the mounded treatments and the lowest 
percentage in the scalped treatments (table 4). 
This was a reflection of soil organic matter 
content. The high elevation treatments had a 
greater percentage of total nitrogen than the low 
elevation treatmemts. Some of the differences may 
be accounted for by the large quantity of undecayed 
wood that was incorporated into the mounds at the 
high elevation. 

Table 4.--Total nitrogen and total phosphorous 
concentrations ( % )  in the rooting zone as 
affected by site treatment (all strata 
types combined) 

Minimally 
Mound Scalp disturbed 

Low elevation 
Total Nitrogen .27a .12c .18b 
Total Phosphorous .28a .2 5b .29a 

High elevation 
Total Nitrogen -3 la - 3  4a -2 8b 
Total Phosphorous .Zla .13a .15a 

Different letters indicate significant differences 
(P40.05) across treatments. 

Different Letters indicate significant differences 
(P<0.05) across treatments. 



The l o w e s t  c o n c e n t r a t i o n s  o f  t o t a l  phosphorous  a t  
t h e  Low elevation were zn t h e  s c a l p e d  t r e a t m e n t  and 
a r e  due t o  t h e  removal o f  o r g a n i c  m a t t e r  ( t a b l e  4 ) .  
I n  g e n e r a l ,  h i g h e r  phosphorous  e o n c e n t r a t l o n s  were 
p r e s e n t  a t  t h e  low e l e v a t i o n  than a t  t he  h l g b  
e l e v a t i o n ,  S r n c e  t h e  m a l o r i t y  of o r g a n l c  
phosphorous  cornpo~nds become a v a i l a b l e  th rough  t h e  
decay o f  f r e s h  vegetation (Alexander  i977), t h e  
h l g h e r  v a l u e s  a t  t h e  low e l e v a t i o n  can be  
a s s o c i a t e d  w l t h  t h e  i n c o r p o r a t i o n  of g r a s s e s  i n t o  
t h e  mounds. A t  t h e  h l g h  e i e v a t r o n  t h e  Pow s o l 1  p H  
v a l u e s  may a l s o  be l r r z t r n g  t h e  r e l e a s e  cf o r g a n i c  
phosphorous  i n t o  t he  s o i l  (Alexander  1977), 
G r e a t e r  o r g a n i c  m a t t e r  levels a t  t h e  h i g h e r  
e l e v a t i o n  may r e s u l t  i n  more phosphorous  r e l e a s e ,  
b u t  ~t nay be immediate ly  t i e d  up because of a h i g h  
carbcn/phosphorous  r a t i o .  

S e e d l i n g  Growth Response 

Root ing d e p t h  a t  t h e  end of t h e  growing s e a s c n  
was most a f f e c t e d  by p h y s i c a l  changes  I n  t h e  s o i l  
( t a b l e  5 ) .  Doug las - f i r  and w e s t e r n  w h i t e  p i n e  
appeared  t o  occupy a b o u t  t h e  same amount o f  below 
ground volume, i n d i c a t i n g  t h e r e  w a s  no s p e c i e s  
d i f f e r e n c e ,  However, t h e r e  were  t r e a t m e n t  
d i f f e r e n c e s .  S e e d l i n g s  from t h e  mounded t r e a t m e n t s  
had t h e  g r e a t e s t  r o o t i n g  d e p t h  and ,  e x c e p t  f o r  
w e s t e r n  w h i t e  p m e  a t  t he  h i g h  e l e v a t i o n  s i t e ,  t h e  
mound s e e d l i n g s  had s i g n i f i c a n t l y  d e e p e r  r o o t s  t h a n  
t h e  scalped t r e a t m e n t ,  I n  g e n e r a l ,  s e e d l i n g s  from 
t h e  s c a r i f i e d  t r e a t m e n t  had a g r e a t e r  r o o t i n g  depth 
t h a c  t h e  s e e d l i n g s  from t h e  s c a l p e d ,  a l t h o u g h  n o t  
s i g n i f i c a n t l y  so,  T h i s  r e s u l t  nay have been due t o  
less compact ion i n  t h e  s c a r i f i e d  t r e a t m e n t  and, 
t h e r e f o r e ,  e a s i e r  r o o t  p e n e t r a t r o n .  

S e e d l i n g  h e i g h t  growth w a s  u n a f f e c t e d  by t h e  s i t e  
p r e p a r a t i o n  t e c h n i q u e s  ( t a b l e  6) l a r g e l y  due t o  t h e  
abundance o f  r a i n f a l l .  and p rede te rmined  growth from 
t h e  bud. However, t h e r e  were  s i g n i f x c a n t  
d i f f e r e n c e s  i n  t o t a l  n i t r o g e n  a t  t h e  end of t h e  
growing s e a s o n  i n  D o u g l a s - f i r  f o l i a g e  ( t ab le  71, 
D i f f e r e n c e s  i n  t o t a l  n i t r o g e n  can be a t t r r b u t e d  t o  

T a b l e  5 . - -Total  r o o t i n g  depth icmf f o r  each  
t r e a n e n t  

and  s p e c i e s  a t  t h e  end of t h e  f i r s t  
growing season  

Minimal ly  
Mound S c a l p  d i s t u r b e d  

Low e l e v a t i o n  
White p i n e  25, l a  21.9b 2 0  4I; 
D o ~ g l a s - f i r  23-92 19,7b 21,4aS 

High e l e v a t i o n  
White p i n e  23.3~1 20.9~1 20,8a 
D o u g l a s - f i r  23-9a l8,4k 20,3k 

D i f f e r e n t  l e t t e r s  i n d i c a t e  s i g n i f i c a n t  d i f f e r e n c e s  
fP<0,051 a c r o s s  t r e a t m e n t s .  

T a b l e  6 , - -To ta l  t r e e  h e i g h t  (ern) a t  t h e  end of t h e  
f i r s t  growing season  

Min imal ly  
Mound S c a l p  d i s t u r b e d  

-------------- eJp'---------------- 

Low e l e v a t r o n  
White pine 7,7a 7.4a 7,Oa 
DcugLas - f l r  I5,iia 15,9a 15,2a 

High elevation 
idhike p i n e  7,6a 6,la ?,6a 
D o u g l a s - f i r  15,7a 1 5 - 4 3  14,6a 

be~ter growing c o n d i t i o n s  i n  t h e  mounds d u r i n g  
1983. Thls improved n u t r i e n t  s t a t u s  should be 
r e f l e c t e d  In l 9 e 4  growth. Western w h i t e  p r n e  
showed no r e s p o n s e  t o  t h e  t r e a t m e n t s  i n  t e r m s  of 
f i r s t  year  ? e r f o m a c e e ,  T h i s  r e s u l t  i s  p r o b a b l y  
related t o  b e t t e r  a d a ~ t a b i l i t y  of  che s p e c i e s  t o  
h a r s h  env i ronments ,  a s  compared t o  Doug las - f i r .  
There were no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  uptake 
o f  t o t a i  phosphorous ,  ca lc ium,  magnesium, o r  
po tass ium.  There  were ,  however, h i g h e r  va lue s  f o r  
t h e s e  c a t i o n s  a t  t h e  low e l e v a t i o n  s i t e  p r o b a b l y  
because  of r a p i d  base  eycllng by the grasses. 

CONCLUSION 

The r e s u l t s  cf moundlng SOIL o r g a n i c  m a t t e r  and 
~ l n e r a l  s o l 1  as a s i t e  p r e p a r a t i o n  t e c h n i q u e  were  
v a r l e d  Ln t h l s  exper l rnent ,  Fs expec ted ,  o r g a n i c  
m a t t e r  l e v e l s  were hzgher  Ln t h e  mounded t r e a t m e n t  
thar* i n  t h e  s c a l p e d  t r e a t r n e c t  and would lead t o  
greater microcrganlsrn a c t ~ v ~ t y  and ,  hence ,  
increased n c t r r e n t  a v a l l a h l l i t y ,  

If t h e  wea the r  conditions f o r  t h e  f i r s t  y e a r  o f  
t h r s  s t u d y  had been  more d rough ty ,  d i f f e r e n c e s  of 
m o i s t u r e  and t e m p e r a t u r e  nay have been more e v i d e n t  
between t h e  s c a l p e 2 ,  s c a r i f i e d ,  and mounded 
t r e a t m e n t s .  These t e m p e r a t u r e  and m o i s t u r e  

T a b l e  7 , - -Pe rcen t  t o t a l  n i t r o g e n  iri t h e  f o l i a g e  a t  
t h e  end of t h e  growing season  

Minimal ly  
I.lound S c a l p  d i s t u r b e d  

------------- ~prcent------------- 
.L - 

Low e l e v a t i o n  
White p i n e  1,25a 16,22a 1, lOa 
D o u g l a s - f i r  1,17a -13 3b 1, i2ab 

High e l e v a t i o n  
White pine 1, 01a -9Oa b,03a 
D o u g l a s - f i r  1,18a -7 2h l , 3 3 a  

D i f f e r e n t  l e t t e r s  i n d i c a t e  s i g n i f i c a n t  d i f f e r e n c e s  
(P<0,051 a c r o s s  t r e a t m e n t s ,  



changes  w o u l d  t h e n  make t h e  d i f f e r e n c e s  i n  chemica l  
p r o p e r t i e s  and s e e d l i n g  growth more pronounced from 
t h e  r e l e a s e  o f  more n u t r i e n t s  from o r g a n i c  m a t t e r ,  

Based on. t h e s e  f i r s t  y e a r  r e s u l t s  some management 
s t r a t e g i e s  f o r  t h e  P a c i f i c  Northwest  c a n  b e  
a d d r e s s e d *  I n  a r e a s  where m o i s t u r e  and n u t r i e n t s  
a r e  n o t  l i m i t i n g ,  as  a t  t h e  h i g h  e l e v a t i o n  s i t e ,  
t h e r e  is no need t o  p r e p a r e  t h e  s i t e  i n t e n s e l y .  
Leaving t h e  o r g a n i c  m a t t e r  and decayed wood i n t a c t  
w i l l  p r o d u c e  favorable s e e d l ~ r i g  growth.  However , 
on  d r o u g h t y  s i t e s  w i t h  c o m p e t i t i o n  problems t h e  
b e n e f i t s  o f  mounding a r e  t w o f o l d ,  F i r s t ,  mounding 
c r e a t e s  a s o i l  p r o f i l e  w i t h  lower  s o i l  d e n s i t y  and ,  
t h e r e f o r e ,  a l l o w s  g r e a t e r  r o o t  p e n e t r a t i o n .  
Second, mounding ~ r o d u c e s  a  m i c r o s i t e  o f  i n c r e a s e d  
m o i s t u r e  h o l d i n g  c a p a c i t y  and n u t r i e n t s  f o r  
s e e d l i n g  g r o w t h .  

T h i s  s t u d y  w i l l  b e  c o n t i n u e d  f o r  two more y e a r s  
i n  o r d e r  t o  d i s c e r n  some o f  t h e  long  range  e f f e c t s  
o f  mounding on s o i l  p r o p e r t i e s  and t r e e  growth,  
O t h e r  s t u d i e s  w i t h  mounding t h e  s o i l  m i n e r a l  and 
o r g a n i c  l a y e r s  w i l l  i n c l u d e  f u m i g a t i n g  t h e  s o i l  t o  
t e s t  f o r  b e n e f i c i a l  o rgan i sms  i n  t h e  r o o t i n g  zone 
and s o i l / s e e d  m a n i p u l a t i o n  t o  improve f i r s t  y e a r  
s u r v i v a l ,  
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The Use of Senescent Cultures of Postia placenta, 

Gloeophyllm saepiariurn, and Gloeophyllm trabem 

in the Study of Wood ~ e c a ~ l  

J. A. Micales and T. Z. ~ i g h l e ~ ~  

Brown-rot decay fungi play a major role in the 
decomposition of wood and wood products. Unlike 
the white-rotting Basidiomycetes, brown-rot furagi 
are able to metabolize the cellulose and hemi- 
cellulose of wood but are unable to substantially 
metabolize lignin (Kirk and Cowling 1984). The 
mechanisms by which this is done are largely 
unknown. Brown-rot fungi produce several kinds 
of extracellular carbohydrate-degrading enzymes 
(Highley 1977; Kighley and Wolter 1982; 
Ishihara and Shimizu 1980, 1984; Ishihara and 
others 1978); the role of these enzymes in the 
process of wood decay has not been fully 
explained (Kirk and Cowling 1984). A better 
understanding of the biochemistry of brown-rot 
fungi could result in the development of specific 
metabolic controls which could prevent or inhibit 
decay, thus replacing highly toxic preservatives. 

One possible way to study the biochemistry of 
wood decay is to examine the physiology of cul- 
tures which have lost the ability to degrade 
wood. Most Basidiomycetes are fairly stable 
in culture due to their dikaryotic state. 
Occasionally, isolates change in culture; they 
become less vigorous and are unable to decay 
wood. Such senescence in fungi is poorly under- 
stood and has been associated with fungal 
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Abstract.--The brown-rot frulgi Postia placenta, 
Gloeophyllm saepiarium, and 5. trabeum are 
economically iqortant decayers of wood. These 
organisms metabolize the cellulose and hemi- 
cellulose of woody tissues but do not substan- 
tially metabolize lignin. Senescent cultures 
of these species lose their ability to degrade 
wood and are thin and appressed compared to the 
more robust, floccose eonsenescent isolates. The 
physiology and growth habits of these senescent 
cultures were compared to nonsenescent isolates 
in order to study the biochemical mechanisms of 
wood decay. No significant differences were 
fouad in growth rates of senescent and nonsenes- 
cent cultures on malt-extract agar. Senescent 
isolates retained the ability to produce 
g-D-glucosidase, a- and 6-D-galactosidase, 
xylanase, endo-@-I,&-glucanase and other 
cellulose-degrading enzpes. These data suggest 
the hypothesis that additional chemical or bio- 
chemical mechanisms besides simple enzpatic 
degradation are involved in wood decay by 
brown-rot fungi. 

Keywords: Brown rot, carbohydrate-degrading 
enzpes, Basidiomycetes, senescence. 

viruses (Day and Dodds 1979, Lemke 1977, Hanrmter 
and others 1986, Castanho and others 1978), 
bacteria- or mycoplasma-like organisms (Wilson 
and Hanton 1979), and specific chromosomes 
working in conjunction with plasmids (Esser and 
others 1984; Esser and Tudzynski 1979). A 
comparison of the physiology of senescent and 
nonsenescent cultures of brown-rot fungi should 
further our understanding of the decay process. 
The objective of this study was to determine 
whether certain cultural characteristics and the 
production of extracellular carbohydrate- 
degrading e n m e s  are related to senescence, and 
thus required for wood decay. 

MATERIALS m MErnODS 

Maintenance of Fungal Cultures 

A11 cultures were maintained on 2.0 percent 
malt-extract agar (PIEA) slants stored at 4 OC. 
Sources and dates of collection of all cultures 
are presented in table 1. 

Identification of Senescent Cultures 

Representative isolates of Postia placenta (Fr.) 
M. J. Larsen and Lombard [syn: Poria placenta 
(Fr.) Cke.], Gloeophyllm saepiarium (Wulf.: 
Fr.) Karst. and 5, trabeum (Pers.: Fr.) Murr. 
were evaluated for their abilities to cause wood 
decay by the standard ASTM soil block method 
(ASTM 1971) using southern pine blocks (25.4 by 
25.4 by 3.2 m, the long axis parallel to the 
grain). Soil block bottles were maintained at 
27 OC and 70 percent relative huidity; the percent 
weight loss of each block was detemined after 
12 weeks. Isolates which caused weight losses of 
less than 35 percent were considered "senescent." 



This was an arbitrary value and represents a 
reduction i n  decay capacity of about 50 percent. 

Rate 

Senescent and nonsenescent cultures of each of 
the three species were grown on 2 percent =A; 
gross colony morphology and light microscopy 
of individual hyphae were observed after 3 weeks. 
Growth rates were determined by inoculating 
2 percent HEA with 5 - m  plugs taken from the 
margins of 7-day-old cuLtures also grown on 
2 percent PIEA, Radial growth of each colony 
was measured after 2, 6, 11, and 13 days. 

Cultures 

Senescent and nsnsenescent isolates sf each 
of the three species were grown in 25-mP 
stationary liquid cultures in 250-m1 Erlemeyer 
flasks with 0.5 percent ceklobiose in a basal 
salts solution (Nighley 1993)  as the growth 
medim. In  a second experiment, the fungi were 
grown in the same basal salts solution amended 
with I percent sweetgw sawdust with or without 
0.5 percent ceZPsbiose as a supplemental carbon 
source. Control flasks contained the basal 
salts solution alone. The liquid media were 
inoculated with 5 - m  mycelial plugs taken from 
the margins of 7-day-old colonies grewn on 2 per- 
cent m A -  Culture filtrates were collected by 
vacuum filtration and dialyzed overnight against 
distilled water in 12,000 to 14,000 Dalton 
Spectrajpss dialysis tubing. Culture filtrates 
were then assayed for general extracellular 
proteins (Lowry and others 1951) using dilutions 
of bovine serw albuglia for the standard curve, 

The activities of a-D-galactosidase (E.C. 
3.2.1.22), &-B-galactosidase (E.C. 3.2.1.23) and 
B-D-glucosidase (E.C,  3.2.1.21) were determined 
by the liberation of p-nitrophenol from the 
respective p-nitrophenol substrate (Nelson 1944) -  
One unit of enzpe activity was defined as the 
amomt sf eazpe needed to release I pH of 
p-nitrophenol per hour a t  40 O C ,  

The activities of ends-g-l,4-gbucaaase (car- 
bo~ethyleellulase) (E,C. 3.2.1.4)  and endo- 
p-1,4-xylanase (E.C. 3 . 2 J . 3 7 )  were assayed by 
measuring the increase in reducing groups using 
Nelson's modification of the Somogyi method 
(Nelson 1944). One unit sf enzpe activity was 
defined as the a m o w t  of enzyrne needed to 
liberate reducing power equivalent to 1 of 
glucose per 24 hours at 40 O G .  

Cellulolytic e n z p e  activity was also measured 
by the degradation cellulose-azure as described 
by Highley (1983). Senescent and aonsenesceat 
isolates of each of the three species were 
grom i n r  vertical tubes of a basal salts medim 
(Nighley 1973) on which sterilized cellulose- 
azure had been aseptically layered. E a z p e  
activity was estimated by the amouret of dyed 
cellulose degradation products released into the 
agar medim. The intensity of color was esti- 
mated on a O to 4 scale, with O representing no 

coboration (i.e. no cellulase activity) and 4 
representing an intense blue color (i-e. high 
levels of ceblulase activity). 

Chemicals 

CarboxyllretbylcePLu1.ose was obtained 
Prom Hercules (Wilaiagton, DE); all other chemi- 
cals were purchased from Sigma (St. Louis, MO). 

Identification of Senescent Cultures 

The 15, 16, and 16 isolates of P. placenta, . . 6 ,  - and 6. traberzlrm, respectively, 
we r for their abilities to decay wood; 
percent weight bosses of southern pine test 
blocks are presented in table 1 .  Some isolates 
sbo eased decay capacity. These were: 
P. --ME20, ME387; 6. saepiarim--m517, 
k 4 8 3 ,  MAD536, TA13; G .  trabeurn--MAD5096-15, 
KPSP539s, TP354b. These cultures were termed 
"senescent" a d  wwer used in all subsequent 
tests with representative nonsenescent strains. 

and Growth Rate 

The colony morphologies of senescent cultures 
differed from those of the nonsenescent iso- 
lates. Colonies produced by senescent cultures 
were thin and appressed coinpared to the more 
robust, floccose wild strains. Senescent 
isolates of 6. trabem and 6. saepiarim also 
failed to produce the characteristic pigments 
fomd in nonsenescent cultures. Hflhae of 
senescent isolates were swollen and distorted. 

A large degree of growth rate variation 
occurred among isolates of each of the three 
species. Growth rate was not related to 
senescence (figs. 1-3); certain senescent iso- 
lates (m387, MD483) actually grew more rapidly 
than nonsenescent cultures of the same species. 

Growth and Enzyme Production in Liquid Culture 

Senescent and nonsenescent isolates of 
P. - , 5. saepiarium, and 2. trabeum 
were grown in a basal salt solution with 
0.5 percent cellobiose as the carbon source. 
Culture filtrates were assayed for the presence 
of a- and B-D-galactosidase, @-D-glucosidase, 
endo-@-1,4-xylanase, and endo-p-1,4-glucaaase 
(carboxymethylcekluIase]; dry weights of the 
mycelia and pH's of the culture filtrates were 
also determined (table 2). All cultures drama- 
tically lowered the pH of the culture filtrates 
from an initial reading of 4.5. In most cases, 
the extent of this decrease was related to the 
dry weight of the fungus; isolates which formed 
the greatest amount of mycelium produced the 
lowest pH readings (MAD537s, MAD539s, NE20). 

Total extracellular protein production 
appeared to Be independent of dry weight and 
was characteristic of each species, Isolates 
of 6. formed low levels of 



Table 1.--Collection data on isolates of Postia 9 and 6 .  trabem 
ranked by their ability to degrade southern pine as esthated by the ASTl"f soil-wood block assay 

Species Isolate nmber Date of Source and location Weight 
collection of collection loss 

Mo/yr 

Postia placenta (Fr.) M. 5.  Larsen 
and Lombard TR1;2556 

RLG3760R 

3/50 Mineshaft support, Transvaal, 68.2 
Africa 

7/63 Betula Britton, 65.4 
Newcomb, W 

Pinus Laws, , Coronado 65 a 4 
National Forest, AZ - - 62,o 

menziesii (Hirb. ) 60.8 
Fraaco. Orepoa " 

Pseudotsuga meaziesii, yacht 60.4 
'%ericaft 

Pseudotsuga meaziesii, 60.3 
Clark County, WA 

Telephone pole, Clark County, 60.0 
rvJA 

Conifer sills and piles, 59.5 
Fairfield, OH 

Pseudotsuga menziesii, Oregon 59.4 
PhiladePobia. PA 58 .3  A ? 

Pinus sg., Madison, W I  57.2 
(Raf . ) 52-5 

Sarg., Madison, W I  
Pole, Willarnette Valley, OR 6-5 
Fko.or planking, Pleasant 5.1 
Hill, 68 

Gloeophyllum saepiarium (Wulf.: 
Fr.) Karst FD18 1961 meaziesii, 61.1  

NAD537s 1920 Railway ties, Arkansas 59.4 
FP100242sp 9/52 Picea eagelmaanii Parsy, 57.8 

White River National Forest, 

ME79 10/62 heterophylla, Cowallis, 57.2 
OR 

Tsuga sp., Corvallis, OR 
Telephone pole, South Dakota 
~iceH enReimanni or Abies 
concolor (Gord. & Glend.) 
Lindl., McCall, ID 

lawsoniana 
(A- Murr.) Parl. 

Pseudotsuga menziesii, 
Albany, OR 

Pinus sp-, Gulfport, MS 
Tsuga sp,, Hunt Couaty, PA 
Pinus contorta Dougl., 
Gulfport, MS 

6/74 Picea glauca var. albertiana 32.9 
(S. Brown) Sarg. 

... - - - 3 1 e 3  
3/22 Picea sp,, Madison, M I  28.7 
7/63 Pinus sp., Syracuse, NY 14.6 



Table 1.--Collection data on isolates of Postia placenta, Gloeophyllum saepiarium and 5. trabeum 
ranked by their ability to degrade southern pine as estimated by the ASTM soil-wood block assay--con. 

Species Isolate nmber Date of Source and location Weight 
collection of collection loss 

trabem (Pers  . : 
Fr.) Murr- ME39 7/61 Sequoia sempenrirens (D. Don) 66.3 

End1 . , Akron, OX 
MBr) SAVO IS 11/51 Pseudotsuga menziesii, "Savo 63.2 

Island" aircraft carrier 

DAOM-F3823 4/65 Unidentifiedhardwood, 63.0 
Ottawa, Ont. 

MD7 6 - - - - 62.1 
FP125076sp 5/62 Acer sp., West Alton, NH 62.1 
W 6 1 7  6/26 Thuja plicata DOM, 60.8 

Madison, WI 
ME76 2/63 Plywood flooring, Madison, WI 59.2 
MD5 05 4/62 Pinussp.,Madison,WI 51.3 
1320 8/64 Unidentified hardwood, 48.1 

Routt County, UT 
TA- 1A 6/63 Syracuse, NY 48.1 
MD256 - - - - 43.9 
ME509 10172 Pseudotsuga menziesii, 37.1 

Racine, WI 
OPSAL860 1 6/63 Telephone pole, South Dakota 35.8 
MAL15096- 15 - - Pinus sp., Bogalusa, LA 25.0 
MAD539s 3/24 Pinus sp., Madison, WI 3.6 
TP356b 1938 Pinus sp., Spartanburg, SC 1.2 

Figure 1.--Radial growth (m/da) of senescent 
and nonsenescent isolates of Postia placenta 
on 2 percent malt extract agar. Solid line = 
nonsenescent cultures; broken line = senescent 
cultures. (HL86 5330) 

2 4 6 8 10 12 14 
T I M E  Id1 

Figure 2,--Radial growth (m/da) of senescent 
and nonsenescent isolates of Gloeophyllum 
saepiarium on 2 percent malt extract agar. 
Solid line = nonsenescent cultures; broken 
line = senescent cultures. (ma6 5331) 
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Figure 3.--Radial growth (ilsmlda) of senescent 
and nonsenescent isolates of Gloeophyllum 
trabem on 2 percent malt extract agar. 
Solid line = nonsenescent cultures; broken 
line = senescent cultures. (ML86 5332) 

extracellular proteins; enzyme production by 
G. trabem isolates was much higher, and - -  
cultures of P. placenta exhibited an inter- 
mediate response. A few exceptions to this 
pattern were noted. Certain senescent isolates 
of 6 .  trabeum (MAD539s and TP356b) and 
P. placenta (ME3871 produced lower levels of - 
extracellular proteins than the nonsenescent 
strains of each species. Another senescent 
isolate of P. placenta, ME20, produced 
extremely high levels of extracellular pro- 
teins. 

There was no apparent relationship between 
senescence and levels of glycosidase produc- 
tion. Enzyme levels were extremely variable 
mong the different isolates of each species; 
senescent cultures typically produced equi- 
valent or higher levels of f3-D-glucosidase, 
a-D-galactosidase, and p-D-galactosidase than 
their nonsenescent ccuaterparts. Isolate m20, 
a senescent culture of P. placenta, produced 
extremely high levels of these enzymes, There 
did appear to be some correlation between 
xylanase production and senescence of P. placenta 
and 5. trabeum; senescent isolates of these 
species produced aberrant levels of this enzyme. 
Isolates ME387, MAD5096-15, MAI)539s, and TP35Sb 
produced decreased quantities of xylanase com- 
pared to the nonsenescent strains; isolate ME20 
produced much higher levels of xylanase than the 
remaining isolates of P .  placenta. No correla- 
tion was found between senescence and the 
presence of endo-@-1,4-glucanase, although 
senescent isolates MAT1539s aad TP356b (G. trabeum) 

produced slightly lower quantities of this 
enzyme than the nonsenescent strains. 

Senescent and nonsenescent isolates of the 
three species were also able to grow in a basal 
salt medium supplemented with 1 percent sweetgum 
sawdust (table 3). Fungal hyphae were observed 
to grow on and around the sawdust particles and 
gathered the sawdust into a loosely connected 
mat. Mycelial growth was greatly stimulated by 
the addition of 0.5 percent cellobiose. This 
increase in growth is reflected in the lower pH 
values and increased levels of extracellular 
proteins produced by most isolates in the 
presence of cellobiose. 

As in the previous experiment, there was no 
correlation between levels of f3-D-glucosidase, 
a- and f3-D-galactosidase and senescence. The 
addition of cellobiose to the medium generally 
increased glycosidase production, but it is 
unknown whether this was due to increased 
amounts of mycelial growth or whether additional 
quantities of enzyme were induced. All isolates 
of g. saepiarium produced extremely low levels 
of a-D-galactosidase with or without the addi- 
tion of cellobiose; this trait appears to be 
characteristic of the species. Certain isolates 
of 5. trabeum (MAD617, kAD539.5, TP356b) produced 
much lower levels of f3-D-galactosidase in the 
presence of cellobiose; this phenomenon was not 
confined to senescent cultures, 

Production of xylanase and endo-8-1,4- 
glucanase also appeared to be largely. independ- 
ent of senescence. Xylanase production by 
isolates of P. placenta generally increased 
with the addition of cellobiose with the ex- 
ception of isolate ME387, a senescent culture. 
Levels of xylanase declined upon the addition 
of cellobiose for isolates of 5. saepiarium 
and were generally unaffected for isolates of 
G. trabeum. The ienescent isolates of g. - -  
trabeum expressed decreased levels of xylanase 
production with and without the addition of 
cellobiose. This is consistent with the results 
obtained in the previous experiment. Levels of 
endo-f3-1,4-glucanase production generally 
increased with the addition of cellobiose for 
isolates of P. placenta and were unchanged for 
most isolates of G. saepiarium and g. trabeum. 
Certain senescent isolates of g. saepiarium 
(MAD536, TA13) and 5. trabeum (MAD539s, TP356b) 
showed a decline in endo-@-1,4-glucanase produc- 
tion upon the addition of cellobiose. 

There was no relationship between senescence 
and the production of cellulase as measured 
by the degradation of cellulose azure (table 4). 
The senescent isolates of g. placenta, ME20 and 
ME387, produced extremely low quantities or no 
detectable levels of this enzyme, but several 
nonsenescent isolates with good decay capacity 
(MAD4874, MD506, TRL2556) were also poor enzyme 
producers. Senescent isolates of 5. saepiarium 
(TA13, MD483, ME517) and t;. trabeum (MAI)539s, 
TP356b) produced high levels of cellulolytic 
enzymes; isolates of these species which were 
poor cellulase producers (ME102, MAD536, 1320) 
exhibited little if any decreased ability to 



Table 2.--Fungal mass, pH of culture filtrate, and extracellular 
enzvme uroduction of senescent and nonsenescent isolates of . A 

Postia placenta, Gloeophyllum saepiarium, and g. trabeum after 
4 weeks in 0.5 percent cellobiose + basal salts solution1 

Isolate Dry weight pH Protein $-GLU~  GAL^ P-GAL~ XYL5 C H C ~  

POSTIA PLACENTA 

GLOEOPHYLLW SAEPIARIUM 

GLOEOPHYLLUM TRABEW 

ME39 29 2.78 114 0.042 0.030 0.028 556 112 
MAD Savo Is 27 2.98 73 0.030 0.028 0.009 516 80 
MAD6 17 14- 3.11 149 0.592 0.468 0.362 557 104 
MAD5096-15 12 2.97 138 0.680 0.101 0.111 291 100 
MAD539 s 29 2.62 25 0.174 0.100 <0.010 134 62 
TP356b 17 2.86 28 0.360 0.134 <0.010 257 61 

lAl1 readings represent an average of 5 replications. 
2j3-~LU = activity of 6-D-glucosidase. 
'u-GAL = activity of a-D-galactosidase. 
*B-GAL = activity of $-D-galactosidase. 
5~ = activity of endo-1,4-8-D-xylanase. 
6~~~ = activity of endo-1,4-$-D-glucanase (carboxymethylcellulase) . 

decay wood, with the exception of isolate 
MAD536. Cellulase production generally increased 
with time in all isolates and was not dependent 
on the presence of cellobiose in the medium. 

DISCUSSION 

A series of isolates of the brown-rot fungi 
P. placenta, G. saepiarium, and G. trabeum were 
evaluated for their ability to decay wood. 
There was a large variation in decay capacity; 
isolates which produced weight losses of less 
than 35 percent were considered senescent. 
Senescent cultures produced flattened, appressed 
colony morphologies; individual hyphae were 
often swollen and distorted. Senescence was 
not related to growth rate, length of time in 
culture, the ability of the fungus to lower the 
pH of liquid media, or the total production of 
extracellular proteins. Senescent cultures 
retained the ability to produce the carbohydrate- 
degrading enzymes $-D-glucosidase, a- and p-D- 
galactosidase, xylanase, endo $-1,4-glucanase, 

and other cellulolytic enzymes. Xylanase pro- 
duction seemed to be aberrant (i.e., higher or 
lower than nonsenescent isolates) in senescent 
cultures of P. placenta and 5. trabeum. Such 
aberrant levels of xylanase production suggests 
that the regulation or secretory mechanisms of 
these cultures may be impaired. The removal 
of hemicellulose occurs early in the process 
of wood decay (Kirk and Highley 1973, Highley 
and Kirk 1979); the production of xylanase is 
essential to this process. Further studies 
are needed to determine whether senescence in 
these species is dependent on altered xylan 
metabolism. 

If altered xylanase levels are not the major 
expression of senescence, the ability to decay 
wood must be dependent on more than the pro- 
duction of extracellular carbohydrate-degrading 
enzymes. Senescent cultures retained the ability 
to produce these enzymes in response to saw- 
dust and cellobiose; it is unknown whether 
the enzymes are formed in response to solid 
wood. A nonenzymatic mechanism, involving 



Table 3.--Extracellular enzyme production and pH of culture 
filtrate of senescent and nonsenescent isolates of Postia placenta, 
Gloeophyllm saepiarium, and g. trabeum after 4 weeks on sweetgum 
sawdust (1 pct) in a basal salts solution 2 0.5 percent cellobiosel 

Isolate ~reatment~ pH Protein P-GLU~ a- GAL^ B-GAL~ XYL' C M C ~  

ME39 A 
B 
C 

MAD Savo Is A 
B 
C 

MAD617 A 
B 
C 

W 5 0 9 6 -  15 A 
B 
C 

POSTIA PLACENTA 

GLOEOPHnLUM SAEPIARIUM 

GLOEOPWZLUM TRABEUM 



Table 3.--Extracellular enzyme production and pH of culture 
filtrate of senescent and nonsenescent isolates of Postia placenta, 
Gloeophyllum saepiarium, and G. trabeum after 4 weeks on sweetgum 
sawdust (1 pct) in a basal salts solution 1 0.5 percent cellobiosel-- 
con. 

Isolate Treatment2 pH Protein @-GLU3 ~-GAZ* $-GAL' XYL' C M C ~  

GLOEOPHYLLUM TRABEUM--con. 

l~ach reading represents an average of 3 replications. 
2Treatment A = Basal salts solution, B = Basal salts solution + 

1 percent sweetgum sawdust, C = Basal salts solution + 1 percent sweetgum 
sawdust + 0.5 percent cellobiose. 

3f3-GLU = activity of f3-D-glucosidase. 
4a-~AL = activity of a-D-galactosidase. 
5f3-~AL = activity of f3-D-galactosidase. 
'xYL = activity of endo-1,4-f3-D-xylanase. 
'CMC = activity of endo-1,4-f3-D-glucanase (carboxymethylcellulase) . 

hydrogen peroxide and ferrous ions, has been 
proposed to explain the rapid depolymerization 
of cellulose which occurs during brown rot 
(Koenigs 1972, Koenigs 1974a and b, Kirk and 
Cowling 1984); this proposal has not been 
proven (Highley 1982, Highley and Murmanis 
1985). The loss of such a nonenzymatic mechanism 
would explain why senescent cultures are unable 
to decay wood despite the production of 
carbohydrate-degrading enzymes. 

The debilitating agent associated with the 
senescence of these cultures has not been 
identified but appears to be transmissible 
(HighPey, unpublished data). The distorted 
hyphae of these senescent cultures resemble 
those of strains of Leucostoma cincta 

(Harnmar and others 1986) and Rhizoctonia solani 
(Castanho and Butler 1978) which contain dsRNA, 
the genetic material of fungal viruses. Experi- 
ments are currently underway to screen the 
isolates used in this study for dsRNA. The 
potential use of senescent cultures for the 
biological control of wood decay, as hypoviru- 
lent strains of Cryphonectria parasitica (Murr . ) 
Barr are used in the control of the chestnut 
blight fungus (Anagnostakis 1982), needs to be 
explored. 
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Table 4. --Breakdown of cellulose-azure1 '2 by brown-rot fungi having different 
capacities to decay wood 

Cellulase activity 

Isolate Time (days) 

TRL2556 
RLG3760R 
L9138sp 
MD484 
MAD5 75 
MAD698 
ME48 
ME146 
FP100086sp 
MI28 1 
BTL-V- 10 
MD506 
MAD48 74 
ME387 
ME20 

m 3 9  
MAD Savo Is 
DAOM-F3823 
MD76 

POSTIA PLACENTA -- 



Table 4. --Breakdown of cellulose-azure1" by brown-rot fungi having different 
capacities to decay wood--con. 

Cellulase activity 

Isolate Time (days) 

7 14 2 1 2 8 42 

- C +- c -C +C - C +C - C +C -C +C 

FP125076sp 
MAD617 
ME76 
MD505 
1320 
TAlA 
MD256 
ME509 
OPSAL860 1 
MAD5096- 15 
MAD539s 
TP356b 

l0 = no dye released. 
1 = very slight color visible 
2 = slight color visible. 
3 = moderate color visible. 
4 = deep color visible. 

2 - ~  = no cellobiose in medium. 
+C = 0.1 pct cellobiose in medium. 

L I T E R A m  CITED 

American Society for Testing and Materials. 
Standard method for accelerated laboratory 
test of natural decay resistance of wood. ASTM 
Stand. Desig. D 2017. Philadelphia, PA; 1971. 

Anagnostakis, S. L. Biological control of 
chestnut blight. Science 215:466-471; 1982. 

Castanho, B.; Butler, E. E. Rhizoctonia decline: 
A degenerative disease of Rhizoctonia solani. 
Phytopathology 68:1505-1510; 1978. 

Castanho, B.; Butler, E. E.; Shepherd, R. S. 
The association of double-stranded RNA with 
Rhizoctonia decline. Phytopathology 68: 
1515-1519; 1978. 

Day, P. R.; Dodds, J. A. Viruses of plant 
pathogenic fungi. In: Lemke, P. A., ed. 
Viruses and Plasmids of Fungi. Marcel Dekker, 
Inc., New York; 1979. 

Esser, K.; Kuck, V.; Stahl, U.; Tudzynski, P. 
Senescence in Podospora anserina and its 
implication for genetic engineering. In: 
Jennings, D. H.; Rayner, A.D.M., eds. 
The Ecology and Physiology of the Fungal 
Mycelium. Cambridge University Press, New 
York; 1984:343-352. 

Esser, K.; Tudzynski, P. Genetic control and 
expression in Podospora anserina. In: 
Lemke, P. A., ed. Viruses and Plasmids in 
Fungi. Marcel Dekker, Inc., New York; 1979: 
595-615. 

Kamar, S. A.; Fulbright, D. W.; Adams, G. C. 
A degenerative disease of Leucostoma cincta, 
the causal agent of Cytospora canker of 
peach. (Abstract). Phytopathology 76:in press; 
1986. 

Highley, T. L.  Influence of carbon source on 
cellulase activity of white-rot and brown-rot 
fungi. Wood Fiber 5:50-58; 1973. 



Highley, T. L. Hemicellulases of white- and 
brown-rot fungi in relation to host 
preferences. Material und Organismen 11:33-46; 
1977 .. 

Highley, T. L. Is extracellular hydrogen 
peroxide involved in cellulose degradation 
by brom-rot fungi? Material und Organismen 
17:205-214; 1982. 

Highley, T. L. Measurements of cellulase activity 
in brown- and white-rot fungi on dyed 
cellulose. Material und Organismen 18:161-170; 
1983. 

Highley, T. L.; Kirk, T. K. Mechanisms of wood 
decay and the unique features of heartrots. 
Phytopathology 69:1151-1157; 1979. 

Highley, T. L.; Murmanis, L ,  L. Determination of 
hydrogen peroxide production in Coriolus 
versicolor and Poria placenta during wood 
degradation. Material und Organismen 20: 
241-252 ; 1985. 

Highley, T.  L.; Wolter, K. E. Properties of a 
carbohydrate-degrading enzyme complex from 
the brown-rot fungus Poria placenta. Material 
und Organismen 17:127-134; 1982. 

Ishihara, M.; Shimizu, K. Hemicellulases of 
brown rotting fungus Tyromyces palustris. 
IV. Purification and some properties of an 
extracellular mannanase, Mokuzai Gakkaishi 
26:811-818; 1980. 

Ishihara, M.; Shimizu, K. Purification and 
properties of two extracellular endo-cellulases 
from the brown rotting fungus Tyromyces 
palustris. Mokuzai Gakkaishi 30:79-87; 1984. 

Ishihara, M.; Shimizu, K.; Ishihara, T. Hemi- 
cellulases of the brown rotting fungus, 
Tyromyces palustris. 111. Partial purification 
and mode of action of an extracellular 
xylanase. Mokuzai Gakkaishi 24:108-115; 1978. 

Kirk, T. K.; Cowling, E. B. Biological decorn- 
position of solid wood. In: Rowell, R .  M., 
ed. The Chemistry of Solid Wood. Advances in 
Chemistry Series 207. American Chemical Soc., 
Washington, DC; 1984:455-487. 

Kirk, T. K.; Highley, T. L. Quantitative changes 
in structural components of conifer woods 
during decay by white- and brown-rot fungi. 
Phytopathology 63:1338-1342; 1973. 

Koenigs, J. W. Production of extracellular 
hydrogen peroxide and peroxidase by wood- 
rotting fungi. Phytopathology 62:100-110; 
1972. 

Koenigs, J. W. Hydrogen peroxide and iron: A 
proposed system for decomposition of wood by 
brown-rot Basidiomycetes. Wood Fiber 6:66-79; 
1974a. 

Koenigs, J. W. Production of hydrogen 
peroxide by wood-decaying fungi in wood and 
its correlation with weight loss, depoly- 
merization, and pH changes. Archive fuer 
Mikrobiologie 99:129-145; 1974b. 

Lemke, P. A. Fungal viruses and agriculture. 
In: Romberger, J. A., ed. Virology in 
Agriculture. Allanheld, Osmun and Co., 
Montclair, NJ.; 1977. 

Lowry, 0. H.; Rosebrough, N. J.; Farr, A. L.; 
Randall, R. 3. Protein measurements with the 
folin phenol reagent. Journal of Biological 
Chemistry 193:265-275; 1951. 

Nelson, N. A photometric adaptation of the 
Somogyi method for determination of glucose. 
Journal of Biological Chemistry 153:375-380; 
1944. 

Wilson, J. F.; Hanton, W. K. Bacteria-like 
structures in fungi. In: Lemke, P. A*, ed. 
Viruses and Plasmids in Fungi. Marcel Dekker, 
Inc., New York; 1979:525-527. 



A Consideration of Factors Affecting the 
Development and Physiology of Tissue- 
Cul tured 
plants' 

Hazel Y. b?etzstein2 

The applications of tissue culture are 
numerous and include rapid clonal propaga- 
tion, the production of disease free p1an:s. 
isolation of genetically unique lines, 
germplasm storage, chemical screening, and 
plant breeding applications. The number cf 
in vitro culture protocols for tree species 
is increasing. Yet, protocols with effi- 
ciencies suitable for commercial productlor! 
are much less frequent, and are commonly 
restricted to horticulturally oriented 
ornamental and fruit tree species. The 
advent of biotechnological procedures has 
the potential of accelerating tree improve- 
ment through methods such as genetic 
engineering, somatic hybridization and 
somaclonal screening. However, the future 
prospects for the clonal production of manv 
hardwood species, except as a research tool 
are limited by economics (Sommer and 
Wetzstein 1984). Particularly for forest 
tree species, the current high costs 
associated with tissue culture production 
greatly limit its application for mass 
propagation. 

Attempts at increasing the efficiency of 
tissue culture systems are most often ap- 
proached through the optimization of media 
components. Protocol development is often 
centered around regeneration or multiplica- 
tion rates, with little consideration given 
towards evaluating plantlet form and 
structure. 

'presented as an invited paper at the 
Symposium on Current Topics in Forest 
Research. 

2~ssistant Professor, Department of Houci - 
culture and Adjunct Assistant Professor, 
School of Forest Resources, University of 
Georgia, Athens, GA 30602. 

Abstract.--In the development of tissue 
culture protocols, it is suggested that in 
addition to regeneration rates, considera- 
tion be given to plantlet structure and 
form. Tissue-cultured plants have been 
described to have an atypical anatomy and 
physiology. The modification of the culture 
environment (e.g., light, medium matrix, gas 
environment) may be a means of increasing 
the efficiency of culture systems and of 
producing more competent plants. Some 
results of studies using 

are described 

Plants developed in culture often exhibit 
unusual anatomical and physiological 
features which may contribute to survival 
difficulty after transfer to greenhouse or 
field conditions (Wetzstein and Somer 1982: 
1983) and to early depressed field perfor- 
mance (Frampton and Isik 1986). These 
characteristics include altered leaf 
anatomy, poor vascular development, root 
system abnormalities and depressed photo- 
synthesis. 

Many of these tendencies are a result of 
the peculiar conditions associated with 
culture systems, some of which may poten- 
tially be modified to elicit more "normal" 
plant development. Developmental aspects 
should be an important consideration in 
tissue culture methods. For this reason, we 
have been studying environmental and media 
factors and their role on plantlet develop- 
ment at the University of Georgia. The 
rationale has been to understand how 
specific factors affect plantlet develop- 
ment, toward the modification of these 
factors to produce more competent plantlets 
with greater efficiency. 

PLANTS REGENERATED IN CULTURE 

Plantlets developed in culture have been 
described to have an atypical form. We have 
been interested in the tissue culture of 
sweetgum, Lisuidambar L., an 
important hardwood species in the Southeas- 
tern U.S. Initial evaluations of regener- 
ated plantlets originated in an attempt to 
explain the stress and desiccation exhibited 
by cultured plants upon transfer to ex vitro 
conditions (Wetzstein and Somer 1982; 
1983). Stress and mortality of cultured 
plantlets appears to be due, in part, to 
water deficits as a result of reduced 
cuticle and wax development, increased 
stomatal densities, nonfunctional stomata, 
and extensive intercellular and substornatal 



air spaces. Similar observations have been 
described in other plants regenerated ic 
culture ( e.g., Brainerd et al 1381; 
Donnelly and Vidaver L884a; Grout and k s t o n  
1978). 

Environment has been shown to haa~e  a 
pronounced effect on plant morphology zed 
physiology (Esau 1965; Fitter and Hay 1981) 
The evaluation and manipulation of condi- 
tions in vitro hold promise for inpro-ied 
developmental patterns. 

FACTORS AFFECTING DEVELOPMENT 

Enviromental and substrzte effects can 
influence growth and development of p l a r t s  
in culture. Some of these factors can 
potentially be manipulated. This 
paper will describe conditions which we k a - ~ e  
been evaluating using as a 
model. These inelude Light effects, medicrn 
matrix, and gas environment factors. 

Plants in culture are usually placed under 
low light conditions. A carbohydrate sou rce  
is present in the medium of most culture 
systems, thus high bight for extensive 
photosynthesis may not be necessary in a 
heterotrophie situation. However, the l a c k  of 
a functional autotrophie system may be a majo r  

problem in transplant v~lnerahility ~jbec 
grantlets are taken from culture to field. 

Low photosynthetic rates have been rneasurcu 
in some culture systems ( e . g . ,  DonnelLy and 
Vidaver 1384b; Smith, Palta and McCown 1986\ 
However, under our culture conditions for 

lack of photosynthetic capacrty 
is not a limiting characteristic in p i a n t l e t  
acclimatization and transplant growth (Lee, 
Wetzstein and Somer 1985). Plantlets 
exhibited higher rates of photosynthesis 
compared to noncultured plants grown under 
similar light conditions (Table I). 

Table 1.--Net photosynthesis of sweetgum 
seedlings and plantlets at Light intensities 
of 315 high), 155 (medim) and 50 ( low) 1 p~s-l-m- . 

Light  
Intensity Seedlings PLantle ts 

High 6 .&  12. L 
Medim 4.7 13.6 
Low 2.7 11.4 

As in manipulations for the production of 
autoeroghic suspension cultures, it appears 
that plants in culture can he conditioned to 
undergo active photosynthesis. The develop- 
ment of full photosynthetic capacity should 
be a consideration. 

The effect of light on development is also 
an important factor, Light intensity 
effects on leaf anatomy were evaluated in 
sweetgum in an effort to induce a more 
normal Leaf morphology. A comparison was 
made of cultured and noneultured plants at 
different Light levels. Leaves developed 
under higher light Levels were thicker, had 
a more differentiated palisade, fewer 
intercellular spaces, and greater cuticle 
development compared to low Light leaves. 
However, when in vitro and ex vitro leaves 
developed under similar bight levels were 
compared, cultured leaves were generally 
smaller, thinner and had more extensive 
intercellular spaces. 

Stomata1 morphology was Less affected by 
light bevels, but varied greatly between 
cultured versus noncultured plants. A11 
Leaves in vitro had large, open and raised 
stomata (Figure I?. Leaves developed ex 
vitro had small, sunken stomata with 
ellipsoid guard cells (Figure 2). 

Some of the divergent l e a f  characteristics 
contnmnly described in tissue culture systems 
can be diminished by the rase of higher light 
intensities. Thicker, more differentiated 
Leaves with more developed cuticles form 
under higher light. However, factors other 
than low light are responsible for other 
characteristics such as raised, nonfme- 
tional stomata wieh higher densities. 

Figure 1,--Surface of leaf developed in 
culture. Note raised, open stomata. X 750. 



Figure 2.--Surface of nuncultured leaf grcx . r  
under the same light conditions as Figur. 1 
X 750.  

Medium Matrix 

Culture gro;:th and development can ci. 
influenced by the physical nature bf tne 
medium. A so2ldif ied meoixni is f r e q t ~ c ~ ; t i .  
used as a support and to obtain orderi:~, 
oriented growth. In contrast, fastt3i grt;* :Il 
rates have been reported la Liquid or ic - 
agar medium, bu t  tiith vltxescecce symp t o l ~ l i  

occurring in some species. 

In a study comparing medium matrix and 
culture growth, we found greater shoot 
growth. root growth, and rooting perc?ntcaE 
in liquid xyersus agar (0.8% Phytager) 
cultures of (Lee, IJetzstei~ aria 
Somer 1986). Shoot-root ratios were 
greater for liquid than agar-grown pianticLs 
(0.75 versus 0.18, respectively). F ~ r t ' r e r  
studies are underway to evaluate osmotic ~ ~ 1 6  

matrix potential effects, availability a?<? 
diffusion of nutrients, and cell differen- 
tiation differences as a result of medi~irrl 
matrix changes. 

In studies with sweetgum, trends of less 
negative leaf water potential and more 
negative leaf osmotic potential are obsi-1.r-iei: 
in liquid versus agar medium cultures o - ~ e r  
time, Turgor pressure is greater in Liquld 
versus agar leaves. The processes of eel1 
growth and enlargement are extreme1 jr sens l tr-,-e 
to water deficit conditions. Water potenti-zl 
and specifically turgor presmre  ray he 

nsion and directly affecting cellular expa-& 
division, Differences in the degree of 

cortical and vascular tissue development 
ofsweetgm shoots are also observed in 
Liquid versus agar cultures. More extensive 
cell division is exhibited in liquid versus 
agar cultures. 

Plantlet nutrient uptake appears to be 
facilitated in liquid versus agar culture 
medium in our sweetgum system. Signifi- 
cantly higher levels of some nutrients on a 
per plantlet basis were observed in plants 
on liquid medium. Agar has been shown to 
have a restrictive effect on the diffusion 
of some mobecules (Patil, Adhyapak and Joshi 
1985). Uptake differences may also be a 
reflection of root developmental differ- 
ences. Roots initiated on liquid medium 
were more numerous, of larger diameter and 
with more lateral branching and root hair 
development compared to agar medium cul- 
tures. 

Gas Environment 

The gas environment within the culture 
vessel can affect plant development in 
v i t r a ,  yet is given relatively little 
consideration in culture protocol develop- 
ment. A variety of vessels and enclosure 
types is zvailable with varying permeability 
values to water vapor and other gases. 

A lack of adequate gas exchange could lead 
to variations in C O 2 ,  0 2 ,  ethylene, acetal- 
dehyde and other compounds at accumulation 
or deficit levels. For example, ethylene 
has been shown to accumulate in culture 
systems ( e . g .  Garinlertvatana et al. 1982; 
LaRue and Gamborg 1971). Also of question, 
is if C02 levels in culture are adequate for 
photosynthesis. Container size has been 
shown to influence growth and morphogenesis 
in culture. This effect may, in fact, be 

t 

due to gaseous environment modification. 

We found that Licjuidambar cultures are 
capable of high rates of photosynthesis 
(Lee, Wetzstein and Sommer 1985). Yet in 
culture, plantlets displayed comparably 
lower growth vigor than noncultured plants. 
It is possible that restricted gas exchange 
(i.e., ethylene accumulation or limiting 
(202) may be a factor. An area of current 
study is the evaluation of different film 
enclosures on gas permeability, and plant 
growth and morphogenesis. Information such 
3s this may contribute to the attainment Of 
full photosynthetic potential and more 
rapid, efficient growth in culture. 
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An Exceptional Case of Natural Regeneration 

of White Spruce in Interior ~laskal 

Tricia L. Wurtz and John C. zasada2 

Abstract.--Traditionally, successful natural 
regeneration of white spruce (Picea glauca 
Moench Voss) requires a mineral soil seedbed for 
germination and establishment. Such a seedbed is 
usually provided in managed systems by scarifica- 
tion. This study suggests that if a large seed 
crop is imminent, and i f  the dimensions of the 
harvested area are small, scarification may not 
be necessary for sufficient stocking. In such a 
case, scarification may result in such dense 
stands that it is detrimental to seedling growth. 

The distribution of the boreal forest is cir- 
cumpolar, ranging between the latitudes of 50 
and 68 degrees north. In North Aimerica, the 
most economically important boreal species is 
white spruce (Picea glauca Moench Voss); it is 
the cornerstone of the forest products industry 
in western Canada. In Alaska, it is estimated 
that there are 12.8 million acres (4.8 million 
ha) of commercial white spruce forest land 
(Butchison 1968). The most significant exploi- 
tation of Alaska's forests occurred during the 
gold rush period at the turn of the century, 
when large quantities of white spruce were used 
for a variety of purposes. Since then, white 
spruce has been harvested in interior Alaska 
mostly for local use, with small quantities 
exported to Pacific Rim countries. 

Based on research and operational experience 
in Canada, white spruce is a difficult species 
to regenerate (see Zasada and Gregory 1969, and 
Dobbs 1972 for reviews). Attempts at natural 
regeneration have often been particularily un- 
successful, in part because good seed crops are 
sporadic and as yet, unpredictable, The vast 
majority of Canadian studies have found that a 
mineral soil seedbed provides the best conditions 
for seed germination and early seedling develop- 
ment. Such a seedbed is usually provided by 
removing the surface organic layer by mechanical 
means, fire, or a combination of the two, 

While a mineral soil seedbed is ideal for the 
establishment of white spruce, it is also well 
suited to the regeneration by seed of spruce's 
woody competitors (mainly Betula papyrifera 
Marsh and Alnus spp. in Alaskaj. Moreover, 
these hardwood species exhibit a period of 
rapid juvenile growth, which allows them a head 
start over the slow-growing spruce, 
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METHODS 

This study was begun in 1971, and was conducted 
at Bonanza Creek Experimental Forest, about 25 km 
southwest of Fairbanks, AK (65"N,148"W). In the 
Fairbanks area, in 1985, there were 107 frost- 
free days (May 21 - September 5). The mean annual 
temperature was 28°F (-2.2"C), and the total 
annual precipitation was 12.9 inches (33 cm) 
(NOAA 1985). The site was a 160 to 180 year-old 
white spruce stand on a gentle southwest-facing 
slope. The experiment consisted of three clear- 
cut units of 2.5 - 3.8 acres (1.0 - 1.5 ha) each, 
and three shelterwood units of 5.7 acres (2.3 ha) 
each, each with a residual stand of about 33 
trees per acre (80 treeslha). The residual stand 
accounted for 35 - 45 square feet of basal area 
per acre, out of the 80 - 120 square feet per acre 
of the original stand. The units were roughly 
square in shape. The harvesting was done in 
August and September of 1972. Eleven thousand 
board feet per acre was removed from the shelter- 
woods, and 17,000 board feet per acre was removed 
from the clearcuts. 

The site was scarified immediately following 
logging using a tractor and standard straight- 
edged blade. Scarification was done in 6 foot 
(1.8 m) wide strips, paralleling the contour of 
the hillside. Within the strips, 6- to 10-foot- 
long (1.8- to 3-meter-long) scarified patches 
alternated with unscarified patches. During the 
month that scarification was completed and in the 
following months, a large seed crop fell, measured 
in an undisturbed stand nearby at 500 filled seeds 
per square meter. 

The next spring, forty square-meter plots were 
established in each of the six units, twenty on 
scarified surfaces and twenty on unscarified sur- 
faces. These plots were surveyed after the first 
five growing seasons, and again after the thir- 
teenth growing season, in 1985. In spring, 1986, 
fifteen 1 milacre (4 square-meter) plots were 
established in the dense stands that now occupy 
surfaces that were scarified in 1972. Ten domin- 
ant spruce seedlings were selected in each plot, 
and all other woody vegetation was cut at the 
ground and removed. The basal diameters of the 
seedlings in the cleaned and thinned plots were 
measured at the beginning and the end of the 1986 
growing season. Seedlings growing in fifteen 
unthinned control plots were also measured. 



A two-way analysis of variance was done on the 
seedling density data, while the first season 
thinning study results were subjected to a one- 
way anova (Sokal and Rohlf 1981). 

RESULTS 

Based on the survey conducted in 1985, thirteen 
years after harvesting, no difference was found 
between clearcut and shelterwood silvicultural 
systems in the density of spruce stems per square 
meter. However, there was a highly significant 
difference (p < 0.001) between scarified and un- 
scarified surfaces. No interaction between sil- 
vicultural treatment and scarification treatment 
was observed. These results were not only true 
for spruce densities, but also for birch and alder 
densities (Table I). 

Table 1.--Number of seedlings per square meter by 
treatment type, 1985 survey (Mean f 1 sE, n = 60) 

Treatment Spruce Birch Alder 

Scarified 
Clearcut 35.2 (2.15) 28.1 (2.29) 2.5 (0.72) 

Shelterwood 35.8 (2.03) 29.9 (2.09) 3.6 (0.53) 

Unscarified 

Shelterwood 2.9 (0.60) 0.7 (0.25) 0.0 (0.02) 

Spruce, birch and alder frequencies are shown in 
table 2. Frequency is defined as the percent of 
square-meter plots with at least one seedling of 
a given species. 

Table 2.--Percent frequency of seedlings in square- 
meter plots (n = 60 per treatment) 

Treatment Spruce Birch Alder 

Scarified 
Clearcut 100 

Shelterwood 98 

Unscarified 
Clearcut 68 3 2 5 

Shelterwood 6 3 19 3 

seedlings growing in unthinned control areas: 

control thinned 
Diameter growth (mm) 
in3units (Mean+ 0.90 (0.10) 1.89 (0.12) 
1 SE, n - 50 for 0.72 (0.06; 1.41 (0.12) 
each value) 0.67 (0-08) 1.00 (0.09) 

Scarification significantly increased white 
spruce seedling density and frequency.in this 
study. An unexpected result was that spruce es- 
tablishment was good even on unscarified surfaces. 
If 60 percent milacre stocking is the criterion 
for acceptable stocking, stands on both scarified 
and unscarified surfaces were more than sufficient- 
ly stocked. This is most likely due to the com- 
bination of two factors: the small dimensions of 
the harvested units, and the large seedcrop that 
fell in the months after scarification was com- 
plete. One way to look at the importance of small 
harvesting unit dimensions is to consider the num- 
ber of seeds required by each seedbed type to pro- 
duce one established seedling. A mineral soil 
seedbed may need only 5 or 10 seeds per established 
seedling, while a seedbed on unscarified forest 
floor may require 100 or even 1000 seeds to produce 
a single established seedling. To maximize the 
chance that unscarified surfaces throughout the 
entire cutting unit receive enough seed, units 
should be laid out so that no point is more than 
200 to 300 feet (60 - 90 m) from a seed source. 
It has been recommended that clearcuts be no more 
than 400 feet (120 m) wide if natural regeneration 
is to be relied upon (Zasada 1972). 

Seed regeneration of the competing species, birch 
and alder, is also favored by the same cultural 
pracrices associated with the successful regenera- 
tion of white spruce. In this case, scarification 
improved conditions for birch establishment even 
more than it did for spruce. Scarification in- 
creased spruce frequency by 50 percent, while it 
led birch frequency to increase by 300 percent in 
clearcuts and by 500 percent in shelterwoods. 
Other scarification methods, such as removing only 
part of the organic layer, or tilling the substrate 
to make a seedbed of mixed organic and mineral soil, 
may provide conditions that give spruce seedlings 
the advantage over birch. Various new scarifica- 
tion systems are being tested now in Alaska with 
just that goal in mind. Alternately, one can 
attempt to control the competing species' seed 
source. As yet, this technique has not been tried 
in Alaska. 

This study produced excelllent spruce regenera- 
The spruce seedlings ranged in height in 1985 tion on both scarified and unscarified surfaces. 

from 11 to 64 inches (0.3 - 1.6 m) on scarified sur- The scarified areas, though, are severely crowded 
faces, and from 5 to 72 inches (0.13 - 1.8 m) on with a combined spruce and birch density of 60 
unscarified surfaces. seedlings per square meter. A low-level manage- 

ment plan would allow the crowded seedlings to 
The seedlings that were released in the spring self-thin, with the dominant seedlings gradually 

of 1986 showed significantly more diameter growth establishing themselves as the dominant trees. 
(p < 0.001) in a single growing season than A more intensive management plan would seek to 



ensure that each dominant spruce seedling was 
free to grow. Such a plan might call for clean- 
ing out the competing vegetation and thinning 
the spruce seedlings. The results from the first 
season cleaning and thinning study demonstrate 
that overcrowded spruce seedlings respond rapidly 
to being released. Tho utilization of interior 
Alaska's forests is not yet intensive enough, 
however, to warrant such intermediate treatments 
on a large scale. 
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A System Approach to Structural Design 

of Roof ~ssemblies' 

Monica McCarthy and Ronald wolfe2 

Comunication between forest researchers and 
wood products researchers is extremely iqortant. 
There are many areas where wood products research 
overlaps forestry research. Conservation of 
resources can be enhanced by more efficient 
design and use of material. The development of 
reconstituted wood products (small pieces of wood 
held together by adhesives) allows for use of 
timber previously considered waste, and permits 
use of smaller diameter trees. Use of hardwoods 
is another area of interest to both foresters and 
forest products researchers. There is a great 
deal of potential for exciting and creative 
research developments, especially when communi- 
cation across disciplines is encouraged. At the 
Forest Products Laboratory, in the structural 
research area, we are investigating ways to use 
wood more efficiently and innovatively for struc- 
tural purposes. 

There have been many barriers to using wood in 
highly engineered structures. The main barriers 
have been concern about decay, insect damage, and 
fire resistance. Other barriers include its 
variability and size limitations. The size of a 
piece of lumber has traditionally been limited by 
the height and width of the tree from which it is 
cut. Knots and other irregularities (grain 
orientation, varying growth rates) make the per- 
formance of an individual piece of lumber vari- 
able, which necessitates conservative approaches 
in design. 
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Abstract.--Current design procedures for light- 
frame residential roof assemblies do not en- 
courage the most efficient or innovative use of 
material. These procedures are based on proper- 
ties of each individual member without concern 
for interactions between mernbers. At the Forest 
Products Laboratory we are developing analytical 
structural models that will eventually lead to 
system oriented design, We tested four full- 
scale roof assemblies to failure to verify these 
roof assembly models. 

These structural models will be useful to those 
involved in developing design recsmeedations. 
The models will help evaluate the effects of 
factors such as lmber strength and stiffness, 
roof pitch, truss configuration, span, sheathing 
properties, and comector properties on roof 
assembly performance- Significant inrprovements 
in material utilization could result from design 
changes based on this sensitivity analysis, 

Keywords: Structural methods, wood, roof assemblies* 

There are a l s o  factors wbich speak in favor of 
wood, It is by its nature a structural material, 
because it must support itself as it grows verti- 
cally. It has a high strength to weight ratio 
relative to o the r  materials sucb as steel. It is 
very easy to work with, and in many cases Large 
wood tihers are actually more fire resistant 
than steel. .The development of preservative and 
fire resistant treatments f o r  wood bas reduced 
difficulties with decay, insect damage, and fire 
resistance* 

The development of plpsod, glularn beams, and 
other wood products wbich combine several pieces 
of lunober with the use of adhesives has revolu- 
tionized the wood products industry and opened 
the door to seemingly unlimited potential for 
engineered use of timber. Not only are the size 
limitations overcome, but with the dispersion of 
characteristics sucb as knots, the variability 
problem can be greatly reduced. There are areas 
now in the comercial market where engineered 
wood products are or could be coqetitive with 
steel and concrete, 

Even with the perfomaace of single mefnbers 
more reliable and predictable, understanding and 
predicting the performance of full structures 
is another step, As a start in that area, we 
are looking into the gerfomance of light-frame 
residential structures. We, in cooperation with 
others, are developing structural models for 
light-frame residential floors, walls, and roofs. 
The purpose of these models is to iqrove our 
understanding of the gerfomance of these systems 
which will eventually lead to more efficient 
structural design, as well as innovations in 
designs and types of materials used. 

Because wood has been seen as having lhited 
potential for sophisticated engineering design, 
much of present residential wood design is based 



on t r a d i t i o n ,  The evolu t ion  of wood s t r u c t u r e s  
over the p a s t  200 years  has been guided by those  
islgovations which reduce construction l abo r  costs 
r a t h e r  t h a n  those which improve structural e f f i -  
ciency. Roughly 150 years ago, the  in t roduct ion  
of mass produced steel n a i l s  l ed  t o  t h e  shift 
from h e a v  tirnber, gost ,  and beam cons t ruc t ian  t o  
l ight - f rame platform cons t ruc t ion .  This  was a 
major change t o  cons t ruc t ion  methods, bu t  not  
n e c e s s a r i l y  an improvement t o  s t r u c t u r a l  per-  
fomance ,  The popular  r e s iden t i a l  bui ld ing  ism 
used today remains t h e  same as it was i n  the 
e a r l y  1880's. More r ecen t ly ,  t h e  replacement of 
board shea th ing  with wood-based panels ,  and t h e  
use of l ight - f rame t r u s s e s  t o  replace  solid-sawn 
luniber r a f t e r s  and j o i s t s  ( f i g .  1 )  were a l s o  changes 
adopted p r imar i ly  f o r  labor saving p u q o s e s .  
Because there has been a p l e n t i f u l  supply of 
timber a% a r e l a t i v e l y  bow c o s t ,  by c o q a r i s o n  
t o  o the r  ma te r i a l s ,  t h e r e  has been l i t t l e  need 
t o  i q r o v e  the  mater ia l  e f f i c i ency  of wood 
s t r u c t u r e s ,  

 STUD 
(01 RAFTER ROOF ASSEMBLY 

Ib) PREFABRICATED TRUSS WITH METAL PLATES 

Figure 1 , - - T p i c a l  roof conf igura t ions .  (a) R a f t e r  
roof assembly; (b) p re fab r i ca t ed  t r u s s  w i t h  metal 
p l a t e s  ., 

Current  design procedures consider each element 
of a s t r u c t u r a l  assembly t o  be a c t i n g  independ- 
en t ly .  For e x a q l e ,  each r a f t e r  of a  roof 
assembly is  elrpected t o  support  an equal  share  
of a  u n i f o m l y  d i s t r i b u t e d  load,  L i t t l e  reeog- 
n i t i o n  is  given t o  the p o s s i b i l i t y  t h a t  loads 
may be d i s t r i b u t e d  away from a weak member wi th in  

the assembly, I n  addi t ion ,  when one cons iders  an 
e n t i r e  s t r u c t u r a l  system, assembly i n t e r a c t i o n s  
( f l o o r ,  wal l ,  roof)  may also a f f e c t  load d i s t r i b u -  
t i o n .  For example, a limber wall  mag c r e a t e  roof 
problems i f  t he  roof i s  allowed t o  spread a p a r t  
too  eas i ly  a t  the ends, 

Because sf  i t s  high degree of v a r i a b i l i t y ,  and 
the a s s m p t i o n  t h a t  members a c t  independently, 
current design methods a s s m e  t h a t  each meniber has 
a near minimm s t r e n g t h  f o r  i t s  grade, This i s  aa  
example of the b u i l t - i n  conservatism i n  cu r r en t  
design,  which a l s o  allows for  a comfortable 
margin of e r r o r .  

Currently accepted design methods discourage 
the development of i m s v a t i v e  systems. I f  
someone wants t o  design an imova t ive  system 
t h a t  relies on assembly- i n t e r ac t ions  t o  provide 
the  s a f e t y  margins required by current  des ign  
codes, they have the  option of bui ld ing  and 
t e s t i n g  the  system t o  demonstrate i t s  load 
capacity.  Such t e s t s  are  p roh ib i t i ve ly  expensive 
and r a r e l y  used fo r  l a rge  systems. 

ROOF ASSEmLY mSTS 

le order  t o  l e a r n  more about system performance 
and t o  provide a da ta  base f o r  va l ida t ion  of 
computer models, we b u i l t  and t e s t ed  two r a f t e r  
roof assemblies and two t russed  roof assemblies 
( f i g .  1). Rafter a s s e h f i e s  a r e  an o l d e r  f o m  
of roof cons t ruc t i on  where c e i l i n g  j o i s t s  ( t h e  
bottom hor izonta l  p ieces)  a r e  na i led  t o  r a f t e r s  
( the  top  p ieces  t o  which p l p o o d  roof shea th ing  
is  a t tached)  a t  t h e  cons t ruc t ion  s i t e .  Trussed 
roof asselnblies a r e  made from p re fab r i ca t ed  
t r u s s e s  held together  with metal t r u s s  p l a t e s .  
I n  t h i s  r epo r t  we w i l l  d i scuss  t he  t e s t  r e s u l t s  
of t he  t ru s sed  roof assemblies. 

The two t ru s sed  roof assemblies were s i m i l a r  
except f o r  t h e i r  pitch--one had a 3/12 p i t c h  
( 3  i n .  of  r i s e  f o r  every 12 i n .  ho r i zon ta l ly )  
and t h e  o ther  had a 6/12 p i t c h .  Each roof 
assembly was b u i l t  with nine t ru s se s  ( f i g .  2 ) .  
Trusses were f ab r i ca t ed  so t h a t  some were in ten-  
t i o n a l l y  made from low s t i f f n e s s  ma te r i a l ,  some 

Figure 2*--Test se tup  f o r  roof a s s a b l y  t e s t s .  



from mediurn stiffness material, and some from 
high stiffness material. The purpose of this 
was to exaggerate stiffness variability to eval- 
uate its effect on assembly performance. 

We measured loads, deflections, and sheathing 
nail slips, a total of 96 data values for each 
load increment, as we loaded the trusses to their 
design load. Before assembling the roof, each 
truss was loaded individually outside the 
assembly. This simulates the performance that is 
assumed in current design procedures. Once the 
roof was constructed, trusses were loaded individ- 
ually in the assembly. This type of load would 
occur in real life when, for example, bundles of 
shingles are piled on the roof or a person is 
walking on the roof. Finally, we loaded all the 
trusses in the assembly simultaneously. This 
simulates a snow load on the roof. 

Figure 3 shows how the trusses deflected at 
design load for the three types of loadings. 
Trusses appeared stiffer when loaded individually 
in the assembly than when they were loaded 
individually outside the assembly. This was due 
to the stiffening effect of the plywood and load 
distribution. Each truss loaded individually in 
the assembly actually carried only 40 to 60 per- 
cent of the applied load. The end trusses 

WEST TRUSS NUMBER (STIFFNESS CATEGORY) EAST 
END END 
I(M1 21H) 3(L) 4(M) 5(H) 6(Ll  7(L) 8(MJ ?(Hf 

0.000 ' 

0.025 *----- *----*----*----*- 
*-<NDIVIDUAL TRUSSES - - _ *-.. 
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Figure 3.--Deflections for the 6/12 roof system at 
33 pounds per square foot design load. 

deflected more because load could only be dis- 
tributed in one direction (toward the inner 
trusses), and so they carried a higher proportion 
of the applied load. When the full assembly was 
loaded, trusses deflected more than they did when 
loaded individually in the assembly, because all 
trusses were loaded and less load could be 
distributed to adjacent trusses. In both load- 
ings within the assembly, the variability in 
deflections among trusses decreased. This means 
that the more limber trusses carried less load 
than the stiffer trusses. Thus, provided that 
stiffer trusses are also stronger, roof assem- 
blies have some built-in safety valves. 

We also learned that the end wall stiffness is 
very important. This is an indication of inter- 
action between subsystems (how wall performance 
affects roof performance). 

MODEL DEVELOPMENT 

These tests provided useful and interesting 
information, but they were very specific to the 
particular roof assembly design and loading con- 
ditions used. In cooperation with the Forintek 
Corp. of Canada we are developing computer models 
that will simulate roof assembly performance. 
Once these models are validated with experimental 
tests they can be used to model many different 
roof assemblies, and to evaluate effects of 
factors such as lumber strength and stiffness, 
roof pitch, truss configuration, span (length), 
sheathing properties (e.g. plywood thickness), 
and connector properties (e.g. nail diameter, 
truss plate area). 

As new materials and designs are developed, an 
initial determination of their viability can be 
made with'a computer model rather than an expen- 
sive structural test. For example, structural 
models may facilitate the development of recon- 
stituted structural wood products made from 
hardwoods. 

SUMMARY 

In wood roof systems, interactions exist which 
are not accounted for in current design methods. 
Development of structural models will enable us 
to quantify and learn more about these inter- 
actions, thus promoting more knowledgeable and 
efficient design of wood structures as well as 
providing potential for innovative design. 



Strength of Mechanically Fastened 

Wood Connections' 

Marcia patton-~allory~ 

Mechanical fasteners used in wood construction 
are familiar to any person who has ever driven 
a nail to connect two pieces of wood, used 
screws or bolts, or seen the toothed steel plates 
commonly used to connect members of wood trusses. 
Because of our familiarity with these fasteners 
we often take their behavior for granted. 

What is the significance of mechanical fas- 
teners, and why do scientists study their 
behavior? The history of mechanical fasteners 
use in connecting wooden members dates back to 
ancient Egypt and Rome where wood building con- 
nectors were iron, copper, or bronze nails. 
Viking ships were built using copper nails. 
Fastening of wood has been indispensable since 
the earliest times of civilization. Even today 
our industrial progress depends upon our ability 
to fasten things together. Like the principle of 
a chain being no stronger than its weakest link, 
an item made of wood is no stronger than the con- 
nections holding it together. In fact, it is my 
intention to help you realize that connections in 
wood structures many times do, in fact, limit the 
strength of the structure. 

The concept of fastening wood using mechanical 
fasteners is a simple one, however, the behavior 
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Abstract.--Some of the most highly stressed areas 
of a wood structure are in the vicinity of 
mechanical fasteners. Consequently, the majority 
of structural failures initiate at the fastener 
or in the connection areas. The focus of the 
ongoing, and most recently completed, research at 
the USDA Forest Products Laboratory in the 
Engineering Design Criteria Research Work Unit 
is to understand the strength of mechanically 
fastened wood connections. The analysis methods 
used included a European based "Yield Theory" 
which describes mechanisms of failure for bolts, 
nails, and lag screws considering fastener yield 
strength, wood crushing strength, and connection 
geometry. Additionally, fracture mechanics 
analyses are being used to predict connection 
failures where crack propagation is the primary 
mode of failure. This analysis is used where 
fastener end-distances and spacing control con- 
nection strength. The results of this research 
are used as a basis for wood connection design 
criteria, published by the National Forest 
Products Association, which are subsequently 
incorporated in the Uniform Building Code and 
local building codes. 

Keywords: Wood connection, mechanical fastener, 
nail, bolt, design criteria, wood joint, timber 
construction. 

of the fastener in a wood connection is extremely 
complex. Despite this complex behavior, simpli- 
fied design guidelines exist for designing wood 
connections utilizing mechanical fasteners. The 
current design information is based on laboratory 
tests of ideal comections. For the most part, 
wood connection performance has been satisfactory. 
However, according to forensic engineers who 
investigate failure of wood buildings, over 
90 percent of failures occur in the vicinity of 
the connections. I 

WHY DO WOOD CONNECTIONS FAIL? 

There are many reasons why the connection has 
a higher failure rate. First, the connection is 
an area of high stresses. When most mechanical 
fasteners are installed, part of the wood member 
is removed and the metal fastener transmits load 
by interacting with only a small area of the wood 
cross section. Fasteners which are installed by 
driving, such as nails and truss plates, initiate 
small splits in the wood which also create areas 
of stress concentration. 

Second, tensile strength of wood in the direc- 
tion perpendicular to the grain severely limit 
the strength of many comections. The detailing 
of connections during design and installation can 
have significant strength-reducing implications. 

Finally, but not least important, is the lack 
of basic understanding of how the large number 
of in-service factors interact to increase the 
nominal connection stresses. For example, 
shrinkage perpendicular to the grain in multiple 
fastener connections can cause shrinkage stresses 



which result in conrrmection failure at loads well 
below the design load. Slight eccentricities 
in a group of fasteners can cause the connection 
to perfom as a semi-rigid connection (a connec- 
tion that transmits moment) which can cause 
stresses perpendicular to the grain to exceed 
perpendicular-to-grain strength, failing 
the connection. Connection spacing and end 
distance requirements assme that sound wood 
exists near the end of the member, However, 
in-service dqing can cause significant end 
splits to develop. Also, wood contains numerous 
knots and other naturally occurring defects which 
are also areas of high stress. The probability 
of these factors occurring simultaneously, and 
their synergistic effects are important real life 
design concerns. 

WWlT IS THE FOCUS OF FPL RESEARCH ON 
CONNECTING WOOD? 

Research relating to comecting wood is pri- 
marily spread among three research work units 
(RWfs). These are (I) Engineering Design 
Criteria, (2) Engineered Wood Products and 
Structures, and (3) Intproved Adhesive Systems. 
The majority of the mechanical fastener research 
in the Engineering Design Criteria RW is on the 
comon fasteners: bolts, nails, and lag screws. 
The Engioeered Wood Products and Structures RW 
conducts a Limited amount of research on behavior 
of truss plated connections. Their research on 
truss plated connections is usually limited to 
the necessary testing of specific connections for 
input into floor and roof analysis computer pro- 
grams. Truss plates are proprietary products, 
therefore, their design infomation is supplied 
by the plate manufacturers. 

Timber connectors such as split rings and shear 
plates are used in some timber structures. 
However, there has been less demand for informa- 
tion on these types of wood connectors compared 
to information on design criteria for the comon 
fasteners. 

Wood joinery was used comonly in early wood 
construction, but is seen most comonly now in 
furniture. These connections include the mortise 
and tenon, dove-tail, and finger joint. Only the 
finger joint has been studied as an engineered 
wood connection during recent times at FPL. 

The Improved Adhesives Systems R W  conducts 
research on performance of adhesive connections, 
and with the Engineering Design Criteria RW, has 
conducted isolated studies combining adhesives 
with mechanical fasteners. 

W T  INFOWTION IS NECESSARY TO DESIGN 
A WOOD COmCTION? 

There are three levels of complexity in 
designing an adequate wood connection. The three 
research work units at FPL which are involved in 
Wood Engineering Research have vital and distinct 
roles in understanding connection perfomance. 

On the most basic level are the material prop- 
erties which ultimately limit the connection 
capacity, Basic material properties and factors 
which affect these properties are primarily the 
responsibility of the Engineered Properties of 
Wood RWU. As mentioned earlier, low tension 
perpendicular-to-the-grain strength is a major 
rnaterial property limiting connection perform- 
ance. Wood compression strength parallel and 
perpendicular to the grain significantly affect 
connection strength and stiffness behavior. 

A second level of complexity exists by con- 
sidering the way the fastener transfers loads 
between members of the connection. Geometric 
variables include spacing, end distance, bolt 
bearing area, size and alignment of bolt holes, 
and the relationship between loading stresses and 
grain orientation. Engineering Design Criteria 
RWU considers these variables by considering the 
connection as a single entity. How does a bolt 
fail? How do the stresses in the vicinity of the 
fastener hole combine to cause failure? What 
kinds of deformations can be expected from a 
typical connection type in different species of 
wood? How much do connections creep under load, 
and is the "load durationt' effect the same for 
connections as is used for solid wood members? 
Fmen small flaws exist in the vicinity of a 
mechanical fastener, at what stress does the flaw 
grow to a significant crack causing fracture of 
the wood and failure of the connection? These 
are the questions we seek to answer. 

There is a third level of complexity which 
considers thei connection as one type of member 
in a structure made of many types of members. 
Research in the Engineered Wood Products and 
Structures RWU evaluates the performance of wood 
structures using information about the way each 
part of the structure interacts and performs. 
For the adequate design of a wood structure, the 
connection must transfer loads between members 
and eventually to the foundation. This research 
combines beam, column, sheathing, and connection 
performance to model complete roof, floor, and 
wall systems. 

For example, strength and stiffness of the 
fasteners between sheathing and the wood frame 
of a shear wall are critical to wall performance. 
The consequences of inadequate shear walls are 
critical considerations during earthquakes and 
high winds. As part of my graduate research I 
tested shear wall panels to evaluate shear stiff- 
ness and shear strength of the wall as a function 
of sheathing and fastener type. (Patton-Mallory 
and others 1984 and 1985). Subsequently, we 
verified a shear wall stiffness model using 
the same wall test data (Patton-Mallory and 
McCutcheon 1986). The stiffness model can eval- 
uate shear wall performance for walls with two 
different sheathing types, e.g. plywood on the 
exterior and gypsum on the interior surface. The 
results of the shear wall research can be used by 
building code officials and others to evaluate 
sheathing required to achieve acceptable shear 
performance in the walls of a structure. 



THE EUROPEAN "YIELD THIZORY" RESEARCH EFFORT 

The bulk of our current fastening research in 
the Engineering Design Criteria RWU is to 
develop adequate computer models to predict how 
connections deform and fail when loaded. Even- 
tually, we will be able to conduct the majority 
of connection tests using the computer, saving 
laboratory testing for model development and 
verification. 

One research effort is to put all dowel-type 
fasteners on a common analytical basis. The 
European community has been using a "Yield 
Theory" to describe the performance of dowel- 
type connections. In the term dowel-type con- 
nection they include nails, bolts and lag screws. 
Briefly, the Yield Theory evaluates fastener 
yield using the yield strength of the metal 
fastener and the bearing strength of the wood. 
Yield strength is the load beyond the linear 
elastic connection performance, and can be con- 
sidered maximum fastener load for most practical 
purposes. A visiting scientist from Norway, 
Professor Petter Aune, studied the applicability 
of the Yield Theory to typical connections in 
U.S. construction (Aune and Patton-Mallory 
1986a ,b) . 

The Yield Theory explains some of the empirical 
adjustment factors that we currently use for 
connection design. For example, when designing a 
bolted joint with steel side plates, the deforma- 
tion in the connection occurs primarily in the 
wood main member, and is significantly less than 
the deformation seen in a bolted joint made 
entirely of wood. The Yield Theory predicts a 
25 percent increase in yield load when wood 
bearing is the primary mode of failure. When 
bolt bending is the primary failure mode, a much 
smaller increase is justifiable (Soltis and 
Wilkinson 1986). By using analytical models 
rather than relying on experimental data, we can 
better understand which factors influence con- 
nection performance, and properly account for 
these factors in our design criteria. The most 
significant impact from adopting the Yield Theory 
is to bring all similar type fasteners together 
with a common analytical basis. This should 
result in more uniform reliability of connection 
design criteria. 

A second research effort involves using frac- 
ture mechanics to predict connection failure 

I due to propagating cracks. In this research I 
evaluate critical end distances and spacing of 
bolted connections. The model is being developed 
cooperatively with Professors Steve Cramer and 
Bob Rowlands at the University of Wisconsin. 
Fracture mechanics is an area of engineering 
analysis that evaluates how small flaws grow to 
critical cracks, and lead to eventual structural 
failure. Applications of fracture mechanics to 
the performance of wood products have existed in 
the literature for many years (Patton-Mallory 

and Cramer 1986), but have not had significant 
effect on how we design wood structures. The 
intent of our cooperative effort is to use 
fracture mechanics principles and wood material 
properties to better understand stress concen- 
trations and failure process in the vicinity of 
mechanical fasteners. 

Complimentary to the spacing and end distance 
research is the need to predict load distribution 
among fasteners in a multiple fastener connection. 
This research also involves developing a computer 
model to describe the distribution of load among 
fasteners in a multiple fastener co~ection as a 
function of material properties and connection 
geometry. Historically, the majority of research 
has been conducted on single fasteners. The 
single fastener data are used to design connec- 
tions containing multiple fasteners. Simply 
derived modification factors account for multiple 
fastener connection strength being less than the 
sum of individual fastener strengths. However, 
significant fabrication effects exist in multiple 
fastener connections. Most bolt holes are over- 
sized to allow easy installation of bolts, and 
to account for small misalignments. When the 
connection is loaded, the oversized holes cause 
fasteners to come into bearing at different 
loads, resulting in one or two bolts carrying the 
load in a connection designed for 4 bolts. This 
causes the loaded bolts to exceed their design 
load. This phenomenon is thought to be the cause 
of recent building failures which involved large 
wood beams with multiple bolt connections. Our 
future research will investigate ways to minimize 
this problem. 

FROM RESEARCH TO DESIGN CRITERIA 

How does the research we conduct on mechanical 
fasteners find its way into the handbooks and 
building codes which are used by building 
designers? The building designer relies 
primarily on a local building code. Local 
codes rely on wood design information from the 
"National Design Specification for Wood 
Construction" published by the National Forest 
Products Association (NFPA). NFPA uses results 
from research conducted at the Forest Products 
Laboratory, as well as research from universities 
and other sources, to specify design criteria for 
wood connections. 

To summarize, the research on mechanical 
fasteners at the Forest Products Laboratory 
involves the expertise of many people. My 
contributions are primarily in the area of 
spacing and end distance effects, including 
applications of fracture mechanics to predict 
failure, load distribution and strength of 
multiple fastener connections, and applications 
of the European Yield Theory as a common method 
to predict yield loads of all dowel-type 
fasteners. 
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Modeling t h e  E f f e c t  of Moisture Content 

on t h e  F l e x u r a l  P rope r t i e s  of  

Dimens i o n   umber ' 

Carol  L.   ink^ 

Abstract . --Moisture conten t  of a  p iece  of  lumber 
a f f e c t s  i t s  f l e x u r a l  p r o p e r t i e s .  U n t i l  r e c e n t l y ,  
t h e  on ly  procedures a v a i l a b l e  t o  a d j u s t  f l e x u r a l  
p roper ty  va lues  of dimension lumber t o  some 
comon moisture conten t  were based on d a t a  from 
smal l ,  c l e a r  p i ece s  of wood o r  mean va lue s  of 
small  lumber samples. Curren t ly ,  t h e s e  proced- 
u r e s  a d j u s t  p rope r ty  va lues  by a f i xed  percentage  
r ega rd l e s s  of t h e  p i e c e ' s  q u a l i t y .  Given a c t u a l  
da t a  from dimension Lumber, t h i s  paper d i s c u s s e s  
t h e  modeling of t h e  e f f e c t  of moisture con t en t  en 
f l e x u r a l  p r o p e r t i e s  of southern p ine  and how one 
might judge t h e  adequacy of a model. T r a d i t i o n a l  
models were i napp rop r i a t e  f o r  s t r e n g t h  p r o p e r t i e s .  

K e p o r d s :  Ana ly t i c a l  models, bending, mechanical 
p r o p e r t i e s ,  moisture conten t ,  l m b e r .  

This  paper  r epo r t s  on t h e  process  of  modeling 
f l e x u r a l  p r o p e r t i e s  of  dimension lumber a s  a  
f unc t i on  of  moisture con t en t .  The modeling 
was done w i th  published da t a  on southern  p ine  
(McLain and o the r s  1984) and r e s u l t e d  i n  recom- 
mendation of models f o r  use i n  var ious  s i t u a t i o n s  
(Green and o the r s  1986). A s i m i l a r  s tudy  was done 
on Douglas F i r  (Aplin and o t h e r s  19861, r e s u l t i n g  
i n  r e cowenda t i on  of models f o r  use wi th  t h a t  
 specie^.^ The recommended models a r e  being com- 
bined t o  produce a procedure which i s  spec i e s  
independent .  These mois ture  conten t  s t u d i e s  
were i n i t i a t e d  f o r  two reasons:  

--Concern about  procedures c u r r e n t l y  used t o  
a d j u s t  f l e x u r a l  p r o p e r t i e s  f o r  moisture conten t .  
The c u r r e n t  procedure (ASTM D 245, 1986) i s  based 
on mean p r o p e r t i e s  of smal l  samples of lumber 
(Green 1980) and i s  independent of lumber q u a l i t y .  
A procedure accu ra t e  over  t h e  e n t i r e  d i s t r i b u t i o n  
and based  on l a r g e r  samples would be p r e f e r ab l e .  
I n  a d d i t i o n ,  some s t u d i e s  (Gerhards 1968, 1970; 
Hoffmeyer 1978; Madsen 1975, 1980) have i nd i -  
ca ted  t h a t  an adjustment  f a c t o r  should be 
dependent upon lumber qua l i t y - - a s  was, i n  f a c t ,  t h e  
case  from 1930 t o  1964 under t h e  so-ca l led  "25 per-  
c e n t  r u l e .  '' 

--The need of a  r e l i a b l e  adjustment  procedure f o r  
d a t a  from t h e  In-Grade program. The In-Grade pro- 
gram i s  a l a rge - s ca l e  lumber- tes t ing  program being 
c a r r i e d  o u t  i n  t h e  United S t a t e s  and Canada. 
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Because of t h e  scope of t h e  In-Grade program, 
some of t h e  t e s t i n g  i s  c a r r i e d  ou t  i n  t h e  f i e l d ,  
on lumber which va ry  i n  moisture conten t  from 
one p i ece  t o  another .  These da ta  w i l l  n o t  be u s e f u l  
without  a  procedure t o  a d j u s t  t h e  f l e x u r a l  p rope r ty  
va lues  t o  a comon moisture conten t .  

The procedures descr ibed  i n  t h i s  r e p o r t  were 
developed f o r  f ou r  p r o p e r t i e s ,  using three s i z e s  
of sou thern  p ine  lumber i n  t h r e e  grades a t  f o u r  
t a r g e t  moisture contents: 

Grades S izes  

S e l e c t  S t r u c t u r a l  2 by 4 
No. 2 2 by 6 
No, 3 2 by 8 

Moisture conten ts  P rope r t i e s  

Green Modulus of r up tu r e  
20 pe r cen t  Modulus of e l a s t i c i t y  
15 pe r cen t  F l exu ra l  s t i f f n e s s  
10 pe r cen t  Moment c apac i t y  

Coe f f i c i en t s  f o r  adjustment  procedures f o r  a l l  
p r o p e r t i e s ,  s i z e s ,  and grades a r e  given i n  Green 
and o the r s  (1986). Fu r the r  d e t a i l s  of  t h e  procedures 
used i n  ga ther ing  and drying the  lumber a r e  g iven  i n  
McLain and o t h e r s  ( 1 9 8 4 ) .  T h i s  gaper  i s  designed t o  
cover t h e  modeling process used i n  developing t h e  
procedures.  For s i m p l i c i t y ,  t h e  d i s cus s ion  i n  t h i s  
paper  d e a l s  o n l y  wi th  one proper ty  (modulus of 
rup ture  (NOR)) ,  one grade (Se lec t  ~ t r u c t u r a l )  , 
and one s i z e  (2 by 4 ) .  In  t h e  o v e r a l l  s t udy  
descr ibed  i n  Green and o the r s  (1986) f o r  a l l  
f l e x u r a l  p r o p e r t i e s ,  models were f i r s t  derived 
from da t a  f o r  each of t h e  nine g r ade l s i z e  
combinations. Then models were derived from a l l  
t h e  da t a  s e t s  s imultaneously,  

The f i n a l  s e c t i o n  of t h i s  paper shows how t o  
assess t h e  accuracy of t he se  models, 
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THX MODELS 

Seve ra l  a n a l y t i c a l  models were t e s t e d  f o r  t h e i r  
a b i l i t y  t o  p red i c t  t he  e f f e c t  of moisture content  
on f l e x u r a l  p rope r t i e s  : 

(1)  A ze ro  adjustment model. 

(2)  Constant  percentage models. 

(3)  S t r e n g t h  r a t i o  models. 

(4)  Weibull models. 

(5)  Su r f ace  models. 

A l l  modeling was based on the  a s s m p t i o n  t h a t  given 
p e r c e n t i l e s  of t he  proper ty  d i s t r i b u t i o n s  a t  one 
moisture content  a r e  ad jus ted  t o  t he  correspond- 
ing  p e r c e n t i l e  of t h e  proper ty  d i s t r i b u t i o n  a t  
another mois ture  content .  Each type of model 
contains a value of moisture content  above which 
t h e  f l e x u r a l  p rope r t i e s  do not  change, known a s  
t he  i n t e r s e c t i o n  moisture content ,  M . Tradi- 

P 
t i o n a l l y  t h i s  value has been 21 percent  f o r  
southern p i n e ,  although Wilson (1932) shows t h a t  
t h i s  v a l u e  va r i e s  with proper ty  f o r  c l e a r  wood. 
Given t h e  models considered i n  t h i s  paper,  we 
found no reason t o  change t h i s  value (Green and 
o thers  1986). 

Zero Adjustment Model 

This i s  t h e  simplest  of  a l l  t he  models; no 
adjustment f o r  moisture content  i s  taken. 
Although n o t  an appropr ia te  model f o r  our pur- 
poses,  it serves  a s  a base l ine  aga ins t  which 
o the r  models can be compared. 

Constant Percentage Models 

Constant percentage models do a d j u s t  f o r  moisture 
content ,  b u t  t he  adjustment f a c t o r  i s  t h e  same, 
regardless  of t he  q u a l i t y  o r  s i z e  of  t he  lumber. 
A l l  c u r r e n t  s tandard adjustment procedures f o r  
dimension lumber and f o r  c l e a r  wood a r e  of t h i s  
type. An example i s  t he  model developed by Wilson 
(1932) and given i n  t he  Wood Handbook (1974) 
f o r  small  c l e a r s .  This model f o r  longleaf  pine i s  
shown a s  t h e  s o l i d  l i n e  i n  f i g u r e  1. The ASTM 
D 245-81 (1986) adjustment f a c t o r  f o r  a l l  spec ies  of 
lumber i s  shown a s  t he  dashed l i n e .  Each of t he se  
l i n e s  s t a r t s  a t  8,500 pounds pe r  square inch 
( 1 b / i n a 2 ) ,  t he  value given f o r  green (21 percent  
moisture content )  longleaf  p ine  i n  t h e  Wood 
Kandbook. Note t h a t  t he  adjustment f o r  small 
c l e a r s  i s  much l a r g e r  than  t h e  adjustment f o r  
lumber. To a d j u s t  a  value of 8,500 ~ b / i n . ~  f o r  a  
green p i e c e ,  i . e .  a  moisture content  of 21 percent ,  
t o  15 pe rcen t ,  one would fol low the  p lo t t ed  l i n e s  
and read o f f  ad jus ted  values of 12,000 l b / i n . 2  f o r  
t he  small c l e a r s  and 9,500 l b / i n . 2  f o r  t he  ASTM 
lumber. 

The form of  t he  cons tant  percent  models i s  
P2 = FtP where P. is t h e  proper ty  value a t  1 
moisture content  i, i = 1 , 2 ,  and F i s  t he  mois- 
t u r e  content  adjustment f a c t o r .  F is a funct ion  
only of t h e  two moisture content  l e v e l s ,  MI and 

M2. 
One could obta in  l i n e s  t o  ad jus t  o t h e r  

values by using the  same constant  pe rcen t ,  F,  and 
varying t h e  i n i t i a l  property PI. This y i e l d s  a 

s e t  of fanning l i n e s .  One of these  s e t s  of l i n e s  
f o r  t h e  ASTM lumber adjustment procedure is  shown 
i n  f i g u r e  2. Think of these  l i n e s  a s  a s e t  of 
contours.  When you wish t o  ad jus t  a  p rope r ty  P 1 
a t  moisture content  M t o  t h e  corresponding 1 
proper ty  a t  moisture content  M2,  you need t o  f i nd  

a contour which i n t e r s e c t s  t h e  poin t  (M P ), 1' 1 
Following t h i s  contour along t o  M you a r e  then  2 
ab l e  t o  read o f f  t he  corresponding proper ty  va lue  

a t  t he  po in t  (M2,P2). 

To determine t h e  moisture content  adjustment 
f a c t o r ,  F,  f o r  cons tant  percentage models, one f i t s  
a  regress ion  t o  a l l  p a i r s  of property va lue  and 
moisture content  values (M,P). M and P without  
subsc r ip t s  denote general  p a i r s  of da t a  p o i n t s .  The 
moisture content  of t he  green samples i s  replaced 
by Mp. Three d i f f e r e n t  types of regress ion  

models were used: 

Linear P = a + b*M 

Exponential P = exp(a + b*M) 

Quadratic P = a + b*M + c*M 
2 

The moisture content  adjustment f a s t o r  F t o  
a d j u s t  p rope r t i e s  from moisture content  M 1 to 
i s  F = P2/Pl, where P is  the  value from t h e  

i 
equation a t  M i = 1,2 .  The l i n e a r  model w i l l  

i ' 
give a s e t  of l i n e a r  contours ( l i k e  t he  ASTM 
lumber model), t h e  exponential  model w i l l  g ive  a 
s e t  of concave contours ( l i k e  t h e  c l e a r  wood 
model), and the  quadra t ic  model w i l l  y i e l d  a s e t  
of convex contours i f  t he  value of c  is  l e s s  than  
zero ,  which was t h e  case i n  t h i s  study. These 
models f i t  t he  average t rend of t he  da t a .  The 
Se l ec t  S t r u c t u r a l  2 by 4 da ta  p lus  the  t h r e e  
f i t t e d  l i n e s  a r e  shown i n  f i gu re  3. Data po in t s  
with moisture content  values l a r g e r  than 21 per -  
cent  a r e  p l o t t e d  a t  21 percent ,  which i s  t h e  va lue  
of M . The l i n e a r  model i s  shown a s  t h e  s o l i d  

P 
l i n e ,  t he  exponential  model a s  t he  sho r t  dashed 
l i n e s ,  and t h e  quadra t ic  model i s  shown a s  t h e  
long dashed l i n e .  These t h ree  l i n e s  do no t  
d i f f e r  by much, so they w i l l  y i e l d  s i m i l a r  
adjustment procedures. To obta in  a model inde- 
pendent of grade and s i z e ,  one must f i t  t h e  
t h ree  regress ion  models t o  a l l  t he  da t a ,  i n s t ead  
of j u s t  a  s e l ec t ed  grade and s i z e .  

S t rength  Ratio Models 

S t rength  r a t i o  models assume t h a t  t he  moisture 
adjustment f a c t o r ,  F, depends on the  s t r e n g t h  
r a t i o  of t he  lumber. The s t r eng th  r a t i o  is  a 
funct ion  of lumber qua l i t y .  The "25 percent  rule'" 
( f i g .  4) i s  such model. The s t r eng th  r a t i o  of  a  
p iece  of lumber va r i e s  from 0 t o  100 percent  and 
i s  an es t imate  of  t h e  s t r eng th  of t he  p i ece  i n  



Moisture content, pct 
Figure 1.--Current moisture content adjustment 
procedures for MOR: solid line = small clears, 
dashed line = lumber. These procedures are 
similar to the constant percentage models used 
in this study. (ML86 5340) 

Moisture content, pct 
Figure 2.--A set of contours for ASTM D 245 
moisture content for MOR of lumber. The 
procedure was a constant percentage model. 
(M.86 5341) 

Yogistwe content, pct 
Figure 3.--Select Structural 2 by 4 MOR data. 
Pieces with moisture contents above 21 percent 
are plotted at 21 percent: solid line = linear 
fit, short dashes = exponential fit, long 
dashes = quadratic fit. These lines are used 
to construct constant percentage models. (ML86 5342) 

Strength ratio, pet 

Figure 4.--Moisture content adjustment factor, 
F (from green to 15 pct): 25 percent rule, 
as a function of strength ratio. This procedure 
is a strength ratio model. (ML86 5343) 



comparison to one with no strength-reducing defects 
such as slope of grain or knots, To be graded as 
Select Structural, No. 2, or No. 3, the strength 
ratio of a piece of lumber must be greater than or 
equal to 65 (67 for 2 by 4s), 45, and 26 per- 
cent, respectively. If the strength ratio is 
below some cutoff value, yO, here 50 percent, 

then F = 1, i.e. no adjustment is taken. The 
maximunt adjustment, P, occurs for pieces with 
strength ratio of 100 percent, here F k  = 1.25, i.e. 
a 25 percent increase from green to 15 percent 
moisture content. 

The southern pine data set gives us little 
information from which to choose a form for an 
adjustment factor dependent upon strength ratio, 
because 55 percent of the data had strength ratios 
above 90 percent (even though only approximately 
one-third of the data is Select Structural with 
the other two-thirds being No. 2 or No. 3). 
Therefore we asswed that E had a value equal to 
one below some cutoff, yo, then curvilinear (like 

the 25 pct rule) or linear until it reached a 
value of Fi at 100 percent strength ratio. The 
cutoff values chosen were 0, 26, 45, and 50 per- 
cent. The values of 26 and 45 percent correspond 
to the minim- acceptable strength ratio values 
for No. 3 and No. 2 grades of structural lmber, 
respectively, The value of O percent gives a 
nonzero adjustment factor for evesy piece, and the 
50 percent value corresponds to the value used in 
the 25 percent rule. 

Given the assued form of the strength ratio 
models, all that was left to model was fl as a 
function of moisture content. To do this, pieces 
with strength ratios of 100 percent were selected. 
As with the constant percent models, the property 
values were modeled as a function of moisture 
content by using either the linear or exponential 
model. Because grade is assmed not to be a factor 
(having already been taken care of with strength 
ratio), the models of F* were done by size or 
with all the data. As an exanrple, the MOR of the 
2 by 4 data with strength ratios of 100 percent 
are plotted in figure 5 against moisture content 
with the fitted linear (solid line) and exgonen- 
tial (short dashed line) models, Again either 
the linear or exponential MORlmoisture content 
relationship will give similar moisture content 
adjustment models. A quadratic model could have 
been used, but the results would not differ 
significantly from the exponential or linear 
model. The value of F" going from greea to any 
other moisture content is plotted in figure 6 for 
the exponential model. At 15 percent moisture 
content tbis mean value is 1.23 which compares 
favorably with the value of 1.25 from the 
25 percent rule. To obtain a model independent 
of size, one must fit the models of P, using all 
the pieces with 100 percent strength ratio 
instead of just one size. 

Weibull Models 

This type of model is obtained by first fitting a 
two-parameter Weibull distribution to eaeb of the 
36 gradelsizelmoisture groups. The distributional 
parameters are given in McLaia and others (1984). 

The fitted two-parameter Weibull distribution is 
plotted with the data lor Select Structural 2 by 
4, 20 percent moisture content group in figure 7. 
The two parameters of the Weibull distribution are 
known as the shape and scale parameters. The shape 
and scale parameters were then modeled as a quadratic 
fuaction of moisture content. The shape and scale 
parameters for the Select Structural 2 by 4 data and 
fitted quadratic curves are given in figure 8. Then 
the property value, P 2 d a t  moisture content M 2 "  
given the property value, PI, at moisture content M 1 
is: 

where a is the estimated scale parameter and b i i 
is the estimated shape parameter at moisture 
content i, i = 1,2. Weibul1 models fit to each 
gradefsize combination contained six coefficients 
each (two parameters, shape and scale, each 
modeled by a quadratic equation which has three 
coefficients). Therefore, there are 54 coeffi- 
cients when considering a11 the data (9  separate 
gradelsize combinations), Using analysis of 
variance, we were able to reduce tbis amber of 
parameters to 19, but the resulting model is 
still dependent upon grade and size. To use a 
Weibull model for grades and sizes which were 
not tested requires some asslunption of how the 
coefficients vary across grades and sizes. Sizes 
could be modeled using nominal values--3.5, 5.5, 
and 7.25--hut there is no clear americal con- 
version for grade. 

Surface Models 

A surface model is obtained by fitting a surface 
to the relationship between MOR and moisture 
content. In these models, we atteqted to find 
contours that were similar to how the underlying data 
behaved. For example, a visual s 
Select Structural 2 by 4 data is given in figure 9. 
For each of the four groups of data (target moisture 
contents of 10, 15, 20 pct and green), 21 percentiles 
(2nd, 5th, loth, ..., 90th, 95tb, and 38th) are 
plotted versus the average moisture conteat for that 
group. The green group is plotted at 21 percent 
moisture content. Now if we join like percentiles, 
this forms a target of h a t  our contours should look 
like with perhaps some smoothing. Some of these 
contours look as if they could be fitted with a 
straight line; others look as if a quadratic equation 
would be necessary. So we fitted linear and 
quadratic surface models, depending on whether the 
fitted contours appear in a linear or a quadratic 
fomat, In tbis paper, only the quadratic surface 
models will be discussed. 

A quadratic model was fitted to each of the 
21 percentile sets, each consisting of 4 pairs 
of points, mentioned above. Next, the coeffi- 
cients of the quadratic and linear terms were 
plotted versus the predicted MOR values at 
15 percent moisture content using the quadratic 
equations (figs. 10 and 11). Some baseline 
moisture conteat must be chosen, but the choice 



Noidwe content, pct 
Figure 5.--MOR data for 2 by 4 ' s  with 108 percent 
strength ratio. Pieces with moisture contents  
above 21 percent are plotted at 21 percent: solid 
line = linear fit, short dashes = exponential fit. 
(ML86 5344) 

Moisture content, pct 
Figure 6.---w, Moisture content adjustment factor 
at 100 percent s t rength  ratio (from green to 
another moisture content. (PIL86 5345)  

NOR, 1000 psi 
Figure 7.--Select Structural 2 by 4 MOR, 20 per- 
cent moisture content group: data = solid line, 
fitted two-parameter Weibull distribution = 
dashed line. (ML86 5346)  

Moisture content, pct 
Figure 8.--The Weibull distribution's shape parameter 
(squares) and scale parameter (triangles) data for 
Select Structural MOR with fitted quadratic curves: 
Weibull shape = solid line, scale = dashed line. 
(ML86 5347) 



of 15 percent was arbitrary. Now a cubic func- 
tion was fitted to these points. Contours using 
these fitted coefficients are shown in figure 12. 
Contours for small values of HOR do not behave 
nicely because there is no Select Structural 
2 by 4 data in this region. Given any property 
value PI at moisture content M I ,  one needs to find 

a contour that goes through the point N1,PI 
The property value at M2 is then read off of this 

same contour. In practice, these contours start 
behaving badly sear the extremes of MOR. Therefore, 
the contours above and below the data were bounded 
(fig. 13). (The bourrding for higher NOR values would 
be more apparent for lower grades of luuiber because 
for those grades tbere would be ao data in tbat 
region.) The lower contours were not allowed to 
be concave, and the upper contours are parallel to 
the contour going through the predicted PlBOR value at 
15 percent moisture content o f  14,000 ~ b f i n , ~  
(essentially the upper bound of the data). T s  
fit surface models which are independent of grade 
and size, coefficients were fit to I89 sets sf 
quadratic and linear terns (9 gradelsize combina- 
tions each with 21 sets of percentiles) instead 
of just 21 sets for each gradelsize combination. 

ASSESSING T m  MODELS 

If no adjustment for moisture coatent is made, 
the curves of the MOR distributions for the four 
moisture coateats (green, 28, 15, and 10 pct) 
are quite different (fig. 1 4 ) -  However, if each 
of the four  distributions were adjusted by a 
perfect procedure to a comon moisture content, 
the four adjusted distributions would have exactly 
the same curve, The similarity between the curves 
of adjusted distributions would reflect the ability 
of the procedure to model the effect of moisture 
content. 

As mentioned, models were first derived using 
only a single gradefsize codination and then 
using all sine gradelsize combinations. For 
simplicity, this report contains graphs only of 
models derived from Select Structural 2 by 4 data 
(see figs. 15 and 16). These models are then 
coerpared with those derived from all nine grade! 
size groups (see table 1). M e n  each o f  the four 
data sets for Select Structural 2 by 4s are adjusted 
to a moisture content of 21 percent (green) using 
the quadratic surface model for Select Structural 
2 by 4s ,  the cmulative distribution fmctions appear 
to be quite similar (fig. 15). Although the dis- 
tribution functions are not identical, we did not 
find other models that gave curves tbat were more 
similar. Using the data from Select Structural 
2 by 4s with the quadratic constant percent model 
for Select Structural 2 by 4s yields a set of 
cmulative distribution functions that are slightly 
more discrepant, especially at upper end (fig. 15), 
but much better than no adjustment. Strength ratio 
models were worse than any constant percent models, 
Weibull models worked as well as the quadratic surface 
models but were not independent of grade and size. 

data sets adjusted to the same moisture content, 
Table 1 shows the maxirnm absolute differences in 
MOR at the 5th, 50tb, and 85th percentile between 
the four moisture content groups oh Select 
Structural 2 by 4s when those data were unadjusted 
and when adjusted by two of the types of models coa- 
sidered in this study, The absolute differences 
for the two model tmes are shown both for models 
derived only from Select Structural 2 by 4 data and 
for models derived from the data of all nine grade/ 
s ize  groups (models independent of size and grade). 
Similar results are found when adjusting the data to 
another moisture content. 

Table I.--Maximm absolute differences (Lbjin.') 
for Select Structural 2 by 4 adjusted to green 
(21 pc t  moisture content) 

5th 95th 

Model 
ger- per- 

Median cent- 
cent- 
ile if e 

No adjustment 2,210 4,150 5,590 

Constant percent, 
quadratic 
Select Structural 

2 by 4 5 38 310 750 
AZI n ine  gradeisize 648 930 1,370 

Surface,  quadratic 
Select Structural 

2 by 4 560 230 450 
A l l  nine gradelsize $90 220 510 

Some Loss in precision occurs when going from an 
individual gradelsize model to an overall model 
which is independent of grade and size. However, 
one would prefer a model independent of grade and 
s i z e ,  so that data from sizes and grades which 
were not part of this study could be adjusted. A 
model independent of grade and size would not  have 
to be changed if grading rules or standard d-jrsnea- 
sions changed, Also, models specific to one grade 
and size may overfit some of the peculiarities of 
the given sets of data. This is why one might 
use the quadratic surface model independent of 
grade and size to adjust Lumber property data. 
It adjusts a l l  parts of the property distribu- 
Lions almost as well as a nnadel dependent upon 
grade and size. 

Another way to characterize how well a model 
does is to look at t he  maximm absolute differ- 
ences at selected percentiles between the four 



Moisture content, pct 

F igure  9 , - -Se lec t  S t r u c t u r a l  2 by 4 MOR d a t a ,  
s e l e c t e d  p e r c e n t i l e s  (2nd, 5 t h ,  l o t h ,  . . . ,  90th ,  
95 th ,  98 th)  p l o t t e d  a t  group average moisture 
conten t  (21  p c t  f o r  green group).  The 2nd, 20 th ,  
40 th ,  60 th ,  80 tb ,  and 98th  p e r c e n t i l e s  a r e  
represen ted  by Xs. (ML86 5348) 
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MOR at 15% MC 
Figure  10 . - - l i nea r  c o e f f i c i e n t s  f o r  t h e  su r f ace  
model ve r su s  p r ed i c t ed  MOR a t  15 percent  moisture 
conten t  p l u s  f i t t e d  cubic  equa t ion ,  (PIL86 5349) 

MOR at 15% MC 

F igure  11.--Quadratic c o e f f i c i e n t s  f o r  t h e  s u r f a c e  
model versus  p r ed i c t ed  MOR a t  15 percent  mois ture  
conten t  p lu s  f i t t e d  cubic equat ion.  (ML86 5350) 
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Moisture content, pct 
Figure 12.--Umodified quadratic surface model 
contours for Select Structural 2 by 4 NOR. 
(ML86 5351) 

Moisture content, pct 

Figure 13.--Modified quadratic surface model 
contours for Select Structural 2 by 4 MOR: bounded 
moisture content adjustment for small and large 
values of MOR. (ML86 5352) 



MOR, 1000 psi 
Figure 14.--Cwulative distribution functions for 
Select Structural 2 by 4 MOR data with no adjustment 
for moisture content: solid line = green group, 
long dash = 20 percent group, medim dash = 
15 percent group, short dash = 10 percent group. 
(Me85 5 3 5 3 )  

MOR, 1000 psi 

#OR, 1000 psi 

Figure 16.--Cwulative distribtution functions 
for Select Structural 2 by 4 MOR data after 
adjusting data to green (21 pct moisture content) 
by the Select Structural 2 by 4 quadratic constant 
percent model: solid line = green group, long 
dash = 20 percent group, mediw dash = 15 percent 
group, short dash = 10 percent  group. (HZ86 5355) 

Figure 15.--Cumulative distribtution functions 
for Select Structural 2 by 4 NOR data after 
adjusting data to green (21 pct moisture content) 
by the  Select Structural 2 by 4 quadratic surface 
model: solid line = green grow, long dash = 
20 percent group, medium dash = 15 percent group, 
short dash = 10 percent group. (m86 5354) 



THE IMPORTRKCE OF ARCHEOLOGICAL SITES SEZATFD TO THE 

NAVAL STORES INDUSTRY IS FLCK D A ~  

Sandra  J o  l?orneY2 

The p r o d u c t i o n  of n a v a l  s t o r e s  was t h e  f i r s t  
major  i n d u s t r y  o f  t h e  s o u t h e r n  p i n e  f o r e s t s .  The 
i n d u s t r y  e x t r a c t e d  r e s i n  from p i n e  t r e e s  and d i s -  
t i l l e d  i t  t o  produce r o s i n ,  t u r p e n t i n e ,  p i t c h ,  
t a r  and o t h e r  p r o d u c t s .  Over t h e  p a s t  t h r e e  
c e n t u r i e s ,  n a v a l  s t o r e s  have been used i n  t h e  
c o n s t r u c t i o n  of s h i p s ,  p a p e r  s i z i n g ,  perfumes,  
a d h e s i v e s ,  p h a r m a c e u t i c a l  s u p p l i e s ,  p l a s t i c s  and 
p a i n t s  . 

L i k e  o t h e r  f o r e s t  p r o d u c t s ,  t h e  n a v a l  s t o r e s  
i n d u s t r y  p rov ided  employment f o r  B lacks  l e a v i n g  
t h e  p l a n t a t i o n  sys tem d u r i n g  t h e  R e c o n s t r u c t i o n  
Era .  A r c h e o l o g i c a l  i n v e s t i g a t i o n s  i n  o t h e r  a r e a s  
o f  t h e  S o u t h e a s t  have p rov ided  g l impses  of t h e  
s o c i a l  and economic n a t u r e  o f  t h e  p l a n t a t i o n  sys -  
tem ( O t t o  1975, 1977, 1980; S i n g l e t o n  1980).  

S i n c e  t h e  lumber and t u r p e n t i n e  i n d u s t r y  was 
e s s e n t i a l l y  a n  e x t e n s i o n  o f  t h e  p l a n t a t i o n  system 
(Shofner  1974, 1981a, 1981b) r e l a t i o n s h i p s  s i n i l a r  
t o  t h o s e  among t h e  p l a n t a t i o n  owner, t h e  o v e r s e e r  
and s l a v e  o r  i n d e n t u r e d  s e r v a n t  and l a t e r  s h a r e -  
c r o p p e r  may be expec ted  among t h e  workers  of a  
n a v a l  s t o r e s  o p e r a t i o n .  The f o l l o w i n g  d i s c u s s i o n ,  
adap ted  f rom h i s t o r i c a l  r e s e a r c h  o f  p r imary  and 
secondary  s o u r c e s ,  forms t h e  b a s i s  f o r  e s t a b l i s h -  
i n g  t h e  p o t e n t i a l  s i g n i f i c a n c e  of a r c h e o l o g i c a l  
s i t e s  r e l a t e d  t o  t h e  n a v a l  s t o r e s  i n d u s t r y  i n  
F l o r i d a  . 

Over t h e  y e a r s  t h e  t u r p e n t i n e r s  evo lved  a 
d i s t i n c t  s o c i e t y  due t o  t h e i r  u s u a l  i s o l a t i o n  
(Hickman 1962) .  During t h e  l a t t e r  19 th  and e a r l y  
20 th  c e n t u r i e s ,  n a v a l  s t o r e s  was a n  i n d u s t r y  w i t h  
a  r o u t i n e  o f  l a b o r ,  language and l i f e  t h a t  was 
d i s t i n c t  and o f t e n  viewed a s  p i c t u r e s q u e .  A 
t y p i c a l  d a y ' s  work f o r  a  t u r p e n t i n e r  was from 
"k in  t o  k a n t "  (dawn t o  d a r k ) .  He would r i s e  abou t  
4:30  a.m., e a t  a  q u i c k  meal p r e p a r e d  t h e  n i g h t  
b e f o r e ,  and head i n t o  t h e  woods a t  f i r s t  l i g h t ,  
Between 8:00 and 9:00 a.m. t h e  t u r p e n t i n e r s  a t e  
a  l i g h t  meal which a l s o  was p repa red  and packed 
t h e  n i g h t  b e f o r e .  They worked u n t i l  n e a r l y  sun- 
down, t h e n  walked back t o  t h e i r  q u a r t e r s  f o r  
supper  and borne c h o r e s .  T h i s  r i t u a l  was performed 
f i v e  o r  s i x  days  p e r  week denending on hot7 f a s t  

I ~ r e s e n t e d  a t  t h e  Symposium on C u r r e n t  Top ics  
i n  F o r e s t  Research:  Emphasis on C o n t r i b u t i o n s  by 
Women S c i e n t i s t s ,  November 4 - 6 ,  1986, G a i n e s v i l l e ,  
FL. Co-sponsored by t h e  USDA F o r e s t  S e r v i c e ,  
S o u t h e a s t e r n  S t a t i o n ,  and t h e  Univ. o f  F l o r i d a .  

2 F o r e s t  P , rcheoiogis t ,  N a t i o n a l  F o r e s t s  i n  
F l o r i d a ,  T a l l a h a s s e e ,  FL. 

each  g o t  the p r e s c r i b e d  job  done ( S c h u l t z  
1982 : 38) .  

As i n  the p l a n r a t i o n  sys tem,  n a v a l  s t o r e s  
o n e r a t i o n s  a l s o  had an  o v e r s e e r  o r  foreman.  T h i s  
i n d i v i d u a l ,  who made h i s  rounds on horseback ,  was 
c a l l e d  a "woodsr ider .  ' v r d o o d s r i d e r s  were generallj.7 
Caucas ian  and t h e i r  d u t i e s  were t o  i n s v e c t  and 
s u ~ e r v i s e  t h e  work a t  a  t u r p e n t i n e  s t a n d .  The 
Black workers  \*ere  under  t h e  c o ~ p l e t e  c o n t r o l  o f  
t h e  x ~ o o d s r i d e r .  i n  f a c t ,  i t  was s a i d  t h a t  a  
woods r ide r ,  s n o r t i n g  a n i s t o l  and .i7hip, was t h e  
law i n  t h o s e  i s o l a t e d  a r e a s .  

The worker s  u s u a l l y  r e c e i v e d  company s c r i g  o r  
me ta l  tokens  as wages. These were  o n l y  redeem- 
a b l e  a t  t h e  o p e r a t o r ' s  c o m i s s a r y  h i c h  was 
u s u a l l y  l a c a t e d  a t  t h e  t u r ? e n t i n e  d i s t i l l e r y .  
Other  forms of money cou ld  b e  a c q u i r e d  by t r a d i n g  
s c r i v  a t  a  d i s c o u n t ,  however, For most 1 - ~ o r k e r s ,  
a c c e s s  t o  a r e a s  o u t s i d e  the  t u r p e n t i n e  cam? o r  
d i s t i l l e r y  was f o r b i d d e n .  Sa tu rday  was g e n e r a l l y  
payday a t  t h e  t u r p e n t i n e  camp. Yale worker s  were  
p a i d  abou t  $10 n e r  month, w h i l e  female  w o r k e r s ,  
n a t u r a l l y ,  r e c e i v e d  $2  l e s s .  The etroodsrider, 
however, r e c e i v e d  around $30 p e r  month, whicb was 
u s u a l l y  n a i d  i n  c u r r e n c y  r a t h e r  than  s c r i p .  

Goods were  u s u a l l y  nurchased  on c r e d i t  f rom t h e  
commissary lihose k e e n e r  a f f i x e d  a  h i g h  i n t e r e s t  
cha rge .  Thus, t h e  worker s  were  u s u a l l y  i n d e b t e d  
t o  t h e  comvany s t o r e ,  making t h e i r  a b i l i t y  t o  
l e a v e  t h e  t u r ~ e n t i n e  camins f o r  o t h e r  ennloyment 
even l e s s  l i k e l y .  The commodities s u p p l i e d  by t h e  
c o m i s s a r y  sys tem s u g g e s t  t h a t  most p e a l s  o f  t h e  
worker s  n robab ly  c o n s i s t e d  o f  co rnbread ,  bacon ,  
b l a c k  c o f f e e  and a n  o c c a s i o n a l  t r e a t  o f  b a k i n g  
powder b i s c u i t s  (P r idgen  1962:150). B e r r i e s ,  
g r a p e s ,  p e r s i m o n s ,  n u t s  and o t h e r  e d i b l e  w i l d  
p l a n t  foods  were  p robab ly  a l s o  g a t h e r e d  i n  s e a s o n .  

Housing and w a t e r  were f u r n i s h e d  as p a r t  o f  t h e  
worker s '  c o n n e n s a t i o n ,  Because t h e  t r e e s  began 
t o  l o s e  t h e i r  p r o d u c t i v i t y  a f t e r  s e v e r a l  y e a r s ,  
t u r p e n t i n e  camps were  occup ied  t e v o o r a r i l y ,  
u s u a l l y  f o r  a  p e r i o d  o f  f i v e  y e a r s ,  Vast o f  t h e  
e a r l y  t r e e s  were worked n e a r  r i v e r s  f o r  e a s y  
s h i n n e n t  . S i d e  camns and d i s t i l l e r i e s ,  where t h e  
r e s i n  tras p r o c e s s e d  i n t o  t u r n e n t i n e ,  began moving 
i n t o  t h e  i n t e r i o r  ? o r t i o n s  of t h e  f o r e s t  r ~ h e n  
r a i l r o a d  l i n e s  were comqleted i n  t h e  l a t e  1 9 t h  
c e n t u r y .  

? los t  t u r n e n t i n e  worker s  l i v e d  i n  shacks  o r  
q u a r t e r s  grouped c l o s e l y  t o g e t h e r  o r  i n  rows t o  
? r e v e n t  t h e  s o c Z a l  ! -sole t ion i n h e r e n t  Fn l i v ? n y  



a l o n e  i n  t h e  m o d s ,  and t o  p rov ide  a b e t t e r  nearis 
o f  o v e r s e e i n g  and c o n t r o l l i n g  workers  a c t i v i t i e s ,  
These rough  lumber s h a n t i e s ,  occuo ied  by b o t h  
workers  a n d  t h e  woods r ide r ,  were l o c a t e d  a t  s i d e  
camps and a t  t h e  d i s t i l l e r y ,  

E a r l y  s h a n t i e s  f o r  t h e  workers  were o f t e n  one- 
room p o l e  s t r u c t u r e s  w i t h  no f l o o r  o r  windows. 
I f  a w o r k e r ' s  f a n i l y  was l a r g e ,  a  l e a n - t o  w a s  o f t e n  
added a l a n g  one w a l l  f o r  a d d i t i o n a l  s l e e p i n g  s n a c e ,  
Each s h a n t y  occupant  o r  f a m i l y  probably had a  
s m a l l  g a r d e n  o f  v e g e t a b l e s  t o  supplement t h e i r  
d i e t ,  

Data  compi led  d u r i n g  a l and  a c q u i s i t i o n  a p p r a i s a l  
of a  L i b e r t y  County t u r p e n t i n e  camp i n  t h e  1 9 3 0 ' ~ ~  
p r o v i d e s  a n  i n d i c a t i o n  o f  s t a t u s  d i f f e r r n t i a t i o n  
i n  t h e  camp (USDA 1934) .  I n  a d d i t i o n  t o  2 7  box 
and frame q u a r t e r s  t o  house  157 occcpan t s  and t h e i r  
f a m i l i e s ,  t h e  camp, encompassing 640 a c r e s ,  i n -  
c luded  a  combina t ion  church and s c h o o l ,  commissary 
and cemete ry .  

The w o r k e r s '  s h a n t i e s , v a l u e d  a t  $10 e a c h ,  were 
22'x24'  wood frame s t r u c t u r e s  w i t h  a t  l e a s t  two 
rooms. Housing f o r  t h e  foreman, hovever ,  con- 
s i s t e d  o f  a six-room d w e l l i n g  measur ing 22 'x40 ' ,  
and was v a l u e d  a t  $50. The a p p r a i s e d  v a l u e  o f  t h e  
s t a b l e ,  s h e d  and ga rage  was e q u a l  t o  t h a t  o f  t h e  
worker s '  s h a n t i e s  i n  t h e  camp, 

With few e x c e p t i o n s ,  a r c h e o l o g i c a l  remains  from 
o c c u p a t i o n a l  a r e a s  o f  t h e  s i d e  cam? d i f f e r  l i t t l e  
from t h o s e  of t h e  d i s t i l l e r y  s i t e ,  s i n c e  most 
commodit ies  a t  b o t h  t y p e s  o f  s i t e s  were ~ u r c h a s e d  
a t  t h e  company commissary. G l a s s  and ceramic 
remains  c o n s t i t u t e  t h e  m a j o r i t y  o f  t h e  u t i l i t a r i a n  
m a t e r i a l s  a s s o c i a t e d  w i t h  t h e s e  s i t e s .  Kerosene 
l a n t e r n  g l o v e s  and b a s e s ,  beverage  and m e d i c i n a l  
b o t t l e s ,  and o r n a t e  c u t  g l a s s  d innerware  a r e  t h e  
most common t y p e s  o f  g l a s s  r e f l e c t i n g  l i f e  a t  t h e  
t u r p e n t i n e  s i t e .  The g r e a t e s t  p e r c e n t a g e  o f  
u t i l i t a r i a n  ce ramics  c o l l e c t e d  from t h e s e  s i t e s  
i s  i r o n s t o n e ,  w i t h  o t h e r  types  i n  l e s s e r  f r e -  
q u e n c i e s .  The m a t e r i a l  remains  a s s o c i a t e d  w i t h  
a  t u r p e n t i n e  s t a n d  i n c l u d e  i s o l a t e d  o b j e c t s  such  
a s  beverage  b o t t l e s ,  c u p s ,  t o o l s ,  and o t h e r  equip-  
ment used d u r i n g  t h e  o p e r a t i o n  of gum c o l l e c t i o n ,  
a s  w e l l  a s  a n  o c c a s i o n a l  domes t i c  i t e m .  

The socio-economic c o n d i t i o n s  o f  t u r p e n ~ i n e  
workers  remained c o n s t a n t ,  d e s p i t e  a number of 
t e c h n o l o g i c a l  advances  which improved h a r v e s t i n g  
and p r o c e s s i n g  t e c h n i q u e s ,  One o f  t h e  major  
developments  which d r a s t i c a l l y  changed t h e  i n d u s t r y  
was t h e  i n t r o d u c t i o n  of t h e  c l a y  c o l l e c t i n g  cup. 

I n i t i a l l y ,  t h e  gum o r  r e s i n  w a s  c o l l e c t e d  i n  
"boxes" o r  c o l l e c t i n g  b a s i n s  chopped i n t o  cbe 
b a s e s  o f  t r e e s  w i t h  a  b roadaxe .  A " s t r e a k "  o r  
wedge-shaped groove was t h e n  c u t  i n t o  t h e  f a c e  of 
t h e  t r e e  above t h e  box t o  a l l o w  gum t o  f low.  Each 
week a new s t r e a k  was c u t  t o  i n c r e a s e  t h i s  f low.  
The box c a v i t y  was found t o  weaken t h e  t r e e  a t  t h e  
b a s e ,  l e a v i n g  i t  v u l n e r a b l e  t o  d i s e a s e ,  wind, and 
f i r e  and t o  l e s s e n  t h e  v a l u e  o f  t h e  t r e e  a s  t imber  
f o r  lumber.  

Although t h e  box ing  method r e m i n e d  i n  c o m n  
u s e  u n t i l  aSout  1915, C h a r l e s  E e r t y k  1904 

invention of  t h e  c l a y  cup ,  i n i t i a t e d  a  new method 
for c o l l e c t i n g  p i n e  r e s i n .  A s t r e a k  was made i n  
t h e  t r e e  and then  an  i n c i s i o n  was c u t  i n t o  t h e  f a c e  
where a  g u t t e r  w a s  f a s t e n e d  t o  d i r e c t  t h e  f low o f  
r e s i n  i n t o  t b e  c o l l e c t i n g  cup ~ c h i c h  hung by a  
s i n g l e  n a i l  b e l o ~ a .  The use  of c l a y  i n c r e a s e d  t h e  
q u a l i t y  o f  r e s i n  by a v o i d i n g  i r r p a r i t i e s  which 
t ended  t o  c o l l e c t  i n  t h e  oqen box c a v i t y .  

S t y l i s t i c  changes  i n  t u r p e n t i n e  c o l l e c t i n g  cups  
a r e  a major soorce f o r  de te rmin ing  t h e  ch rono logy  
o f  a n a v a l  s t o r e s  r e l a t e d  s i t e  i n  F l o r i d a .  D i s -  
~ i n c t i o n s  i n  t h e  n h y s i c a i  c h a r a c t e r i s t i c s  o f  
c o l l e c t i n g  cups  nay be due t o  f u n c t i o n a l ,  t e m p o r a l  
o r  s p a t i a l  c o n s i d e r a t i o n s .  The r e l a t i v e  d a t e s  and 
p o s s i b l e  r anges  f o r  t h e  nmnufacture  and u s e  o f  
t h e s e  cups  were d e r i v e d  from a  number of s o u r c e s ,  
p a r t i c u l a r l y  p r e v i o u s  r e s e a r c h  conducted by S a l p h  
Cler ients  a t  t h e  O l u s t e e  F o r e s t  Experiment S t a t i o n .  

T u r p e n t i n e  cups  now i n  t h e  ?luseun of F l o r i d a  
H i s t o r y  c o l l e c t i o n  i n  T a l l a h a s s e e  b e a u t i f u l l y  
i l l u s t r a t e  v a r i a t i o n s  i n  20th c e n t u r y  c l a y  and 
meta l  cups .  Because t h e y  were much cheaper  t o  
purchase  t h a n  ~ e t a l ,  c l a y  cups  were a lmos t  ex- 
c l u s i v e l y  used i n  F l o r i d a ,  excep t  i n  t h e  n o r t h e r n  
p a r t  o f  t h e  s t a t e  where c l a y  cups could e a s i l y  
3 r e a k  d u r i n g  a  f r e e z e .  

The Her ty  cun was t h e  most common s t y l e  on t h e  
marke t .  E s t a b l i s h e d  i n  1904, t h e  Her ty  T u r p e n t i n e  
Cup Company of Da i sy ,  Tennessee ,  produced a t  l e a s t  
60,000 cups  p e r  day u n t i l  abou t  1914, when t h e  
adven t  o f  g a l v a n i z e d  i r o n  cups fo rced  a  d e c r e a s e  
i n  t h e  demand f o r  ceramic cups .  These cups  were  
q a r k e t e d  e x c l u s i v e l y  i n  Alabama, Georgia and 
F l o r i d a  (Smith and Rogers 1979) .  

Ya jo r  ownership  i n  t h e  Her ty  Cup Company was 
w i t h  t h e  Conso l ida ted  Naval S t o r e s  Company o f  
J a c k s o n v i l l e  from 1910 u n t i l  1942 when t h e  company 
was v o l u n t a r i l y  d i s s o l v e d .  These d a t e s  c o r r e s p o n d  
n i c e l y  w i t h  t h e  major  e r a  of n a v a l  s t o r e s  pro-  
d u c t i o n  i n  t h e  S t a t e ,  ~ a r t i c u l a r l y  i n  t h e  
J a c k s o n v i l l e  a r e a .  

Another  v a r i e t y  o f  c l a y  c o l l e c t i n g  cup was con- 
n e c t e d  t o  t h e  t r e e  by a  me ta l  f a s t e n e r  a t  t h e  r i m  
i n s t e a d  o f  b e i n g  hung by a  n a i l .  The e x a c t  pur-  
oose  o f  t h i s  unique a t t achment  i s  no t  c u r r e n t l y  
known. These cuys  were  p robab ly  used i n  F l o r i d a  
between 1910 and 1925. Reminiscent  o f  t h e  Her ty  
cup,  due t o  i t s  f l u t e d  e x t e r i o r  and s i m i l a r  r e d  
p a s t e ,  t h i s  cup may a l s o  have been made a t  t h e  
Tennessee  p l a n t .  

The c l a y  P r i n g l e  C U D ,  curved t o  f i t  t h e  shape o f  
t h e  p i n e  t r e e ,  was a l s o  on t h e  n a r k e t  d u r i n g  t h e  
f i r s t  q u a r t e r  o f  t h e  20 th  c e n t u r y .  Although t h e  
l o c a t i o n  o f  manufacture  is  p r e s e n t l y  unknown, a  
p a t e n t  d a t e  o f  J u l y  20, 1910 i s  i n d i c a t e d  on t h e  
b a s e s  o f  t h e s e  cups .  

S e v e r a l  v a r i e t i e s  o f  y e l l o w  c l a y  cups were  
a p p a r e n t l y  b e i n g  made and used a lmost  e x c l u s i v e l y  
i n  t h e  Escambia County, F l o r i d a  a r e a  d u r i n g  t h e  
e a r l y  1930 ' s .  Al though t h e i r  ~ a s t e  was c o n s i s t e n t ,  
shapes  and s i z e s  v a r i e d  g r e a t l y  s u g g e s t i n g  t empora l  
d i s t i n c t i o n s  i n  t h e  s t y l e s  o r  perhaps  d i f f e r e n t  
m a n u f a c t u r e r s  . 



An unnamed J a c k s o n v i l l e  company, p o s s i b l y  a s s o c i -  
a t e d  w i t h  C h a r l e s  H e r t y ' s  b u s i n e s s ,  manufactured a  
cement cup  i n  t h e  mid-1930's.  Exper imen ta l  g l a s s  
cups  were  a l s o  made i n  J a c k s o n v i l l e  d u r i n g  t h e  
l a t e  1 9 3 0 ' s .  

A s  e a r l y  a s  1914, g a l v a n i z e d  i r o n  cups  were on 
t h e  marke t .  S t y l e s  i n c l u d e d  t h e  f lower  p o t  shaped 
Bi rdeye  c u p ,  t h e  t r a p e z o i d  shaped Buzzard wing cup ,  
and a v a r i e t y  o f  m e t a l  ob long  boxes .  During t h e  
1920 ' s  and ' 3 0 ' s  a n  a r r a y  o f  t i n ,  g a l v a n i z e d  i r o n  
and aluminum cups were b e i n g  manufactured f o r  use  
i n  c o l l e c t i n g  p i n e  r e s i n .  

I n  a f i n a l  a t t e m p t  t o  produce q u a l i t y  r e s i n  f r e e  
o f  l e a f  l i t t e r  and o t h e r  d e b r i s ,  s t e e l  ob long  
boxes w i t h  a  f i r e d  enamel f i n i s h  were used d u r i n g  
t h e  waning y e a r s  o f  t h e  i n d u s t r y .  

Another  s o u r c e  o f  d a t a  f o r  e s t a b l i s h i n g  a  
chronology o f  t h e  n a v a l  s t o r e s  i n d u s t r y  i n  F l o r i d a  
is t h e  development of s p e c i a l i z e d  t o o l s  used i n  
c h i p p i n g  a n d  d i p p i n g  t h e  p i n e  gum. F i v e  t ech-  
n o l o g i c a l  i n n o v a t i o n s  o c c u r r e d  i n  t h e  i n d u s t r y ' s  
peak y e a r s  between 1900 and 1935 were i n  c o l l e c t -  
i n g  cups .  During t h e  l a t t e r  50 y e a r s  o f  t h e  
i n d u s t r y  a t  l e a s t  38 new t o o l s ,  equipment and 
e x t r a c t i o n  methods were adop ted  and a c c e p t e d ,  
o v e r  h a l f  o f  which o c c u r r e d  between 1942 and 1958. 

The common c h i p p i n g  t o o l  known a s  a  hack r e -  
p l a c e d  a x e s  and s i n g l e  b e v e l  h a t c h e t s  i n  t h e  f i r s t  
h a l f  o f  t h e  19 th  c e n t u r y .  F u r t h e r  advancements 
were made i n  d e s i g n  d u r i n g  t h e  e a r l y  20 th  c e n t u r y  
w i t h  t h e  i n t r o d u c t i o n  o f  t h e  So. 2 hack i n  1900, 
t h e  No. 0  hack i n  1910, and t h e  d e t a c h a b l e  b l a d e  
hack i n  1915. These e a r l y  hacks ,  which were 
a t t a c h e d  t o  a  h a n d l e  and w e i g h t ,  c o n t i n u e d  i n  u s e  
th roughou t  t h e  c o u r s e  of t h e  i n d u s t r y .  

To accompany t h e  new e x t r a c t i o n  methods, a  
broadaxe f o r  maul ing t h e  i n c i s i o n  i n t o  t h e  s t r e a k  
was i n t r o d u c e d  i n  1908 t o  r e p l a c e  t h e  box ing  a x e  
i n  u s e  s i n c e  1700. A p u l l e r ,  i n v e n t e d  i n  1865 t o  
c h i p  h i g h  s t r e a k s ,  was s t i l l  i n  u s e  i n  a t  l e a s t  
t h e  l a t e  1 9 3 0 ' s .  

I n  1918, t h e  hoga l  was i n v e n t e d  t o  smooth t h e  
b a r k  f o r  g u t t e r  i n s e r t i o n  and c h i p  subsequen t  
s t r e a k s .  Chipping p a d d l e s  t o  p r e v e n t  c h i p s  from 
f a l l i n g  i n t o  t h e  cup were i n t r o d u c e d  d u r i n g  t h e  
l a t e  1920 ' s .  Two s t y l e s  o f  s p e c i a l i z e d  b u c k e t s  
and d i p  p a d d l e s  were i n v e n t e d  i n  t h e  1930 ' s  t o  
r e p l a c e  t h e  d i p  spoon p r e v i o u s l y  i n  u s e  s i n c e  
1750. 

It is a p p a r e n t  from t h e  p r e c e d i n g  d i s c u s s i o n  
t h a t  h i s t o r i c  a r c h e o l o g i c a l  s i t e s  r e l a t e d  t o  t h e  
n a v a l  s t o r e s  i n d u s t r y  p r o v i d e  a  p o t e n t i a l l y  
i m p o r t a n t  s o u r c e  of d a t a  f o r  t h e  s t u d y  o f  s t a t u s  
d i f f e r e n t i a t i o n  and t h e  e v o l u t i o n  and geographi-  
c a l  d i s t r i b u t i o n  o f  h a r v e s t i n g  t echno logy .  
U n f o r t u n a t e l y ,  a  r ev iew o f  t h e  r e s u l t s  o f  
c u l t u r a l  r e s o u r c e s  i n v e n t o r y  and assessment  s u r -  
veys  conducted d u r i n g  t h e  p a s t  s e v e r a l  y e a r s  
i n d i c a t e s  t h a t  s i t e s  a s s o c i a t e d  w i t h  t h e  n a v a l  
s t o r e s  i n d u s t r y ,  w i t h  few e x c e p t i o n s ,  have been  
" w r i t t e n  o f f "  a s  a n  i n s i g n i f i c a n t  c u l t u r a l  r e -  
s o u r c e .  It i s  urged t h a t  f u t u r e  i n v e s t i g a t i o n ~  
conducted i-n F l o r i d a  and o t h e r  s t a t e s  make e v e r y  

e f f o r t  t o  more a p p r o p r i a t e l y  c o n s i d e r  and e v a l u a t e  
t h i s  v a l u a b l e  h i s t o r i c  r e s o u r c e  d u r i n g  t h e  i n -  
v e n t o r y  compliance and p r e s e r v a t i o n  p r o c e s s .  
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In s t i t u t e  for  Research on Blotic Resources [ I N I R B )  

The Case of San Pablo Macuiltianguis i n i t i a t ed  a community forest  industry project  fo r  
ru ra l  development i n  a Zapotec vi l lage i n  t he  
mixed pine-oak fores t s  of highland Oaxaca, the  
resu l t s  and the process are  evaluated, In addition 
t o  problems of inadequate technology and t echiology 
t ransfer ,  social factors  including the migrat ion 
of local  people t o  urban areas for work and education 
has created a labor shorcage which has affected t h e  
fo res t  industries.  I t  1 s  suggested t ha t  demographic 
dynamics l i k e  these nay imwse unexpected obstacles 
t o  the  Mexican policy of encouraging community- 
owned small-scale forest  industries.  

Laura c. snookL 

Keywords: Emigration, ru ra l  development, social 
forestry,  technology t ransfer ,  

Seventy percent of Mexico's 40 million ha of 
fo res t s  a r e  in  the  hands of nearly 8000 'ejidos'  
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and indigenous (Indian) communities whose communal 
r igh ts  t o  the land cannot be bought or  sold (SEP 
1981 ; SRRH/SF 1984 ) . Furtheu , the  approximately 
10 mil l ion peasants who l i v e  i n  Mexico's forested 
areas a r e  among the poorest people i n  the  country 
(de La Madrid 1983). Therefore, Mexico's national 
forestry policy seeks t o  achieve the double objec- 
t i v e  of stimulating forestry sector production a t  
the  nat ional  level and providing a basis fo r  socio- 
economic development of fo res t  communities, by 
organizing forest  landowners and integrating them 
in to  fo r e s t  harvesting and transformation ac t iv i -  
t i e s  (SFF 1981; de l a  Madrid 1983; Castanos 1984; 
Ley Forestal  1960;1986). 

However, while a number of community forestry 
projects have been i n i t i a t ed  i n  different  par t s  of 
the  country (SARH/SF 1984), the process of deve- 
loping, imp1 menting , and evaluating the  methods 
for  achieving forestry and rura l  development objec- 
t i ve s  among Mexico's peasant communities i s  just 
beginning. I t  is hoped tha t  t h i s  review of seven 
years of experience i n  t he  community of San Pablo 
Macuiltianguis on the par t  of INIREB (Mexico's 
National I n s t i t u t e  for  Research on Biotic Resources) 
w i l l  contribute t o  t h i s  process. 

BACKGROUND m7D SETTING 

San Pablo Macuiltianguis is  an indigenous 
Zapotec community of about 1600 people, located i n  
the  highlands of the Sierra de Juarez, in  
the  s t a t e  of Oaxaca, Mexico. Their communal 
property includes approximately 5000 ha of commer- 
c i a l  temperate forest  a t  an average elevation of 
2400 m, mostly dominated by pines (Pinus patula,  
P. pseudostrobus, P. rudis,  P. ayacahuite) and 
oaks (puercus laurina, (3, ruqosa, Q. c rass i fo l ia ,  
Q. excelsa, 9, candicans, and p. s a l i c i f o l i a )  
(FAPATUX 1962; Perez & Perez 1984). 

Until 1959, San Pablo Macuiltianguis was not 
accessible by road, and the comunity l ived off 
of subsistence agriculture and peddling goods 
among the highland vi l lages  and between these 
vi l lages  and the c i t i e s  of Tuxtepec and Oaxaca, 
three days walk away down the mountains (Garcia 
1972; KMETICAl 1980; Perez & Perez 1984). A l l  
t h i s  began t o  change when the forests  of San Pablo 
Macuiltianguis and other communities of the  EFerra 
de Juarez were concessioned t o  the  f i r s t  newsprint 
paper m i l l  in  the  country, Fabricas de Papel Tux- 
tepec (FAPATUX), as  i t s  source of pine wood for  
cel lulose (Diario Oficial November 12, 1956). A 
highway and a web of lumber extraction roads were 
b u i l t  through the Sierra and i t s  fo res t s  i n  1959, 
and the economy of San Pablo Macuiltianguis began 
t o  s h i f t  towards forestry. 

'presented a t  the  symposium 'Current Topics i n  
Forest Research: Ehphasis on Contributions by 
bornen Scient is ts '  cosponsored by the USDA Forest 
Service Southeast Station and the  University of 
Florida Department of Forestry, Gainesville, Fla., 
November 4-6, 1986. 

'~esearcher ,  National I n s t i t u t e  fo r  Research 
on Biotic Resources ( I N I R E B ) ,  Apdo. postal 63, 
Xalapa , Veracruz , Mexico, 

3 ~ h e  *e j ido l  i s  a communal land grant made t o  
peasants a s  par t  of Mexico's Agrarian Reform. 

Under the terns  of the concession, t he  comunity 
had no r igh t  t o  s e l l  the i r  wood t o  buyers other 
than the  paper company, nor could they t rans fom 
it themselves. However, cjommunity members worked 
a s  loggers, paid by the m for pine bo l t s  cut and 
delivered t o  roadside for  the paper company. The 
company also paid forest  use payments known a s  
'derecho de monte' t o  the comunity a s  a whole, 
most of it deposited direct ly  in to  a t r u s t  fund 
for  community development. 

During the  f i r s t  few years of the  concession, 
a s  many as  80 men from Macuilti3nguis worked a s  
loggers, cutting up t o  12,000 m /year (mETICAL 
1980) or  more (Carlos Ruiz, pers. corn.) of the i r  



allowable annual cu t  of 21,000 m3/pine (FAPATUX 

19771, S u b s e q u ~ ~ t l y ,  c o n f l i c t s  between t h e  ccmu- 
n i t y  and t he  paper company over ebe p r i c e  pa id  for  
t h e i r  m o d  (or l a b o r )  and t k e  d i f f i c u l t  swrking 
condi t ions  i n  t h e  f o r e s t ,  l e d  t o  a work stoppage 
between i 9 6 E  and 1972, 

During t k i s  p a i d ,  t h e  men of San Pablo &lacuil- 
tiangiais d id  no logging, To compensate for t h e  
l o s s  of t h e i r  p r i n c i p a l  source  of income, many 
m i g r a t e d  to distant c i t i e s  and t h e  L'nired S t a t e s  
(Garcia 19721, Men forestry a c e i v i t i e s  were 
r e i n i t i a t e d  i n  1972, under a more favorable  agree- 
ment with t h e  paper cornparay, fewer men than before  
worked i n  t 3 e  f o r e s t g  GcLivering ax average of 
only 5000 m / y e a ,  only one f i f t h  of t h e  annual 
allowable c u t ,  o r  even less ( comtunity archit-es)  , 

The cornunity of Macui l t ianguis  f e l t  t h e i r  
r e l a t i o n s h i p  with t h e  paper company was u n f a i r .  
Conscious now t h a t  t h e i r  f o r e s t  represented  ""green 
goldf* ",they began t o  look for  ways t o  obta in  
g r e a t e r  b e n e f i t s  from t h e  exp lo i t a t i on  of t h i s  
comun i ty  resource,  

THE ESTmLZSmEKT OF A COYiPiiUNAL FOREST INDUSTRY 

I n  1977, fou r  yea r s  before  t h e  end of t h e  FAPATUX 
concession, t h e  cornunity of San Pabfo Macuiltian- 
p i s  made contac t  with ~NIREB, and requested t h e i r  
suppout i n  s s t a b l i s h i n g  a f o r e s t  indus t ry  i n  t h e  
comun i ty ,  INIREB, i n  p a r t i c u l a r  t h e i r  Laboratory 
f o r  Mood S c i ~ r i c e  and Technology (L>=CLTEkA 1 was 
i n t e r e s t e d  i n  evalua t ingthe  process  of  technology 
t r a n s f e r  to determine how t h e i r  s c i e n t i f i c  know- 
ledge  about n a t u r a l  resources  could be i n t eg ra t ed  
i n t o  t h e  production process.  "We did  not  want t o  
c o l l e c t  information and make con jec tu re s  about 
a at t h e  cormunity could do with t h e i r  resources ,  . 

lCNlt  t o  i n i t i a t e  a process,  a dynamic, and t o  l ea rn  
&out it by evaluating not  only t h e  d i f f i c u l t i e s  
t h a t  came up, but  a l s o  t h e  com.unity% capaci ty  t o  
ovscome t h e  d i f f i c u l t i e s  generated during this 
process" ((BtV1ETICkL 1980),  

Both t h e  cornunity and XNIREB bird hopes t h a t  by 
providing o p w r t u n i t i e s  f o r  s t a b l e  a p l o l m e n t  i n  
l o c a l  f o r e s t  i n d u s t r i e s  the r a t e  of  m i g r a t i o n  from 
San Pablo M a c u i l t i a n w i s  could be slow&, During 
t h e  work stoppage, 56% of t h e  economicaily a c t i v e  
p p u l a t i c n  had d g n a t e d  (Garcia 19721, and s i n c e  
then  about 39% of t h e  populat ion was l i v i n g  ou t s ide  
t h e  cornunity a t  any given t ime (mE"PICAL 1980; 
Perez & P a e z  1984). 

""We expected t h a t  a peasant i ndus t ry  would encou- 
r age  t h e  f o r e s t  owners t o  stay and work i n  t h e i r  
c o m u n i t i e s ;  and t h a t  a comun i ty  i n d u s t ~ g  would 
produce economic resources  which would be re inves ted  
d i r e c t l y  i n t o  t h e  comun i ty , , , a  communal i ndus t ry  
would serve a s  a l eve r ,  with rnult ipl iev e f f e c t s ,  t o  
s t imu la t e  t h e  developmat  of co rnun i t i e s  which w e r e  
s tagnat ing ,  s l i pp ing  backwards, o r  had a slow or 
e r r a t i c  dex~dopnmt dynmic" WIETSGAII 1980 ) , 

hIhi3.e t h e  cornunity sf San Pablo Macuil t ianguis 
wanted .i;o e s t a b l i s h  a pine sawmill, t h e  terns of 
t h e  concession and t h e  i n t e r e s t s  of  the paper 

company did not  pexmit them t o  u se  t h e  p ines  i n  
their f o r e s t ,  A s  a consquence ,  and t o  achieve  a 
g rea t=  degree of t ransformation,  more va lue  added, 
and more potential f o r  Local miploymat,  t h e  
I n s t i t u t e  s u g g ~ s t d  t h a t  t h e  cornunity i n v e s t  
i n s t ead  i n  a m a l l  f ac to ry  t o  produce t o o l  handles  
from t h e  unexploited oaks i n  zhe f o r e s t  (mETICAL 
19eo 1 ,  

I n  1978, permission was ebtained f r m  FAPATUX t o  
use t h e  oaks, and with $700,000 pesos ($30,000 
US ac that t ime)  which had aecmula t ed  i n  t h e i r  
t r u s t  account of  f o r e s t  use payments, and a bank 
loan  f o r  $i,000,000 pesos ($44,000 U S ) ,  t h e  comu- 
n i t y  invesced i n  a f l a t b e d  cruck, a bui ld ing ,  and 
t h e  simple l a t h e s  and sanders necessary. INIREb 
helped them with t h e  complicated papemork and 
o t h e r  e f f o r t s  necessary t o  achieve t h i s ,  and t o  
ob ta in  che e l e c t r i c a l  connection t o  powev t h e  
f ac to ry .  The  oak was cu t  and s p l i t  by comun i ty  
m-ers  dur ing  "tequios" , unrmunerated c 
l abo r  sessions,  and i n  1980 t h e  t o o l  handle f a c t o r y  
begdn functioning,  s t a f f e d  by 16  members of t h e  
cornunity ( ~ e v e z  & Perez 1984).  

There were still many problems ahead, Among 
o the r s ,  thousands of h er handles were refused  
by t h e  buyer because they  d id  not  meet q u a l i t y  
con t ro l  s tandards.  Problems with maintenance, due 
i n  p a r t  t o  t h e  poor s t a t e  of t h e  machinay when it 
w a s  bought second band, and i n  p a r t  t o  t h e  l ack  
of  t r a i n i n g  of personnel i n  t h i s  f i e l d ,  l e d  t o  
low r a t e s  of production, Problems i n  personnel  
managment derived from t h e  form of payment (which 
was changed from an hourly t o  a p i ece  r a t e  with 
i ncen t ives )  and absenteeism due t o  a g r i c u l t u r a l  
l a b o r s ,  This made it very d i f f i c u l t  t o  achieve 
a continuous r a t e  of production and i n t e g r a t e  t h e  
f a c t o r y ' s  output  i n r c  a supply system f o r  p o t e n t i a l  
buyers. 

B y  t h i s  t ime,  INIRE23 had been p a r t i c i p a t i n g  along- 
s i d e  t h e  community f o r  nea r ly  t h r e e  years. They 
f e l t  t h a t  many of t h e  prcblems which were impeding 
t h e  development o f t h e  i ndus t ry  should be resolved  
by t h e  communal assembly, autonomously. They d i d  
not  want t o  f i n d  t h a s e l v e s  tak ing  over t h e  process  
and i n t e r f a i n g  with t h e  development of a sense  of 
r e s p o n s i b i l i t y  and duty on t h e  p a r t  of t h e  comuni-  
t y ,  so  they  withdrew (METICAL 1980).  

THE END OF THE COPJCESSIW AND THE INSTALLATION OF 
THE SAMILL 

A t  t h e  end of 1981, t h e  paper company's 25 yea r  
concession over t h e  f o r e s t s  of t h e  S i e r r a  d e  
Juarez  ended. The comun i ty  a u ~ k o r i t i e s  decided 
t o  i n s t a l l ,  a c  l a s t ,  t h e  p ine  s a m i l l  t h a t  t h e  
cornunity had always wanted. Using n advance 9 paid by t h e  paper company f o r  5000 m of p ine  m d ,  
t h e  cornunity bought a new s a m i l l ,  and i n s t a l l e d  
it i n  1982, with t h e  t echn ica l  a s s i s t a n c e  of 
FAPATUX, 

By t h e  end of 1982, San Pablo F'"iacuiltianguis 
b a s t e d  t h e  complete i n f r a s t r u c t u r e  necessary f o r  
an i n t e g r a l  f o r e s t  u t i l i z a t i o n  system. They hag a 
f o r e s t  with an al lowable annual c u t  of 25,000 rn 
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of p i n e  and 20,000 m o f  oak, a  complete network 
of e x L r a c t i o n  roads ,  a  market f o r  c e l l u l o s e  produc ts ,  
a  p i n e  sawmill, a  f a c t o r y  f o r  oak t o o l  handles ,  
and a  c a r p e n t r y  shop; a l l  belonging t o  t h e  community 
a s  a  whole. The h a r v e s t i n g ,  t r a n s p o r t a t i o n  and 
t r a n s f o r m a t i o n  a c t i v i t i e s  provided employment f o r  
approximately 100 people.  

However, t h e  t o o l  handle  i n d u s t r y  had s h u t  down 
due t o  problems wi th  t h e  machinery, l a c k  of raw 
m a t e r i a i s  (oak was more d i f f i c u l t  t o  f e l l  and buck 
t h a n  p i n e ,  and then  had t o  be  s p l i t  t o  b e  p r o c e s s e d ) ,  
l a c k  of  l a b o r ,  and a d m i n i s t r a t i v e  problems. The 
sawmill which began working i n  November .,gas c l o s e d  
d o m  by t h e  end of t h e  year  f o r  l a c k  of  wood. The 
t imber  h a r v e s t i n g  a c t i v i t i e s  were para lyzed  due t o  
l a c k  of  manpower i n  t h e  f o r e s t ,  r e f l e c t i n g  i n  p a r t  
a  l a c k  of working c a p i t a l  t o  pay t h a n  with. 

I n  e a r l y  1983 t h e  a u t h o r i t i e s  of San Pablo 
i"i a c u i l t i a n g u i s  r e t u r n e d  t o  INIREB t o  r e q u e s t  
counse l  and suppor t .  The I n s t i t u t e  agreed t o  
a n a l y z e  t h e  f o r e s t r y  s i t u a t i o n  i n  t h e  community a s  
soon a s  funds  could b e  ob ta ined  t o  suppor t  t h e  
n e c e s s a r y  research .  BEfore t h e s e  a r r i v e d ,  a  major 
f o r e s t  f i r e  swept th rough  t h e  f o r e s t ,  a f  f  e c t i n g  
about  3000 ha i n  May 1983 (Quin te ro ,  S e r v i c i o  
F o r e s t a l  Oaxaca, p e r s ,  com.). 

Conscious of t h e  importance of c u t t i n g  t h e  
damaged t r e e s  b e f o r e  t h e y  r o t t e d ,  and t h e i r  
i n a b i l i t y  a s  a communi y t o  c u t  such a volume 5 
( e s t i m a t e d  a t  80,000 m , Quintero p e r s .  corn.), t h e  
a u t h o r i t i e s  of San Pablo Macui l t i anguis  c o n t r a c t e d  
w i t h  t h e  paper  company t o  e x t r a c t  most-of  t h e  
burned t r e e s .  The l o g s  c u t  a t  2.62 m would b e  
d e l i v e r e d  t o  t h e  community sawmill and t h e  b o l t s  
(1.25 m )  would be  s o l d  t o  t h e  paper  company f o r  
c e l l u l o s e .  Timber e x t r a c t i o n  began i n  August 1983 
and t h e  sawmill began t o  f u n c t i o n  aga in  ( l a r g e l y  
wi th  workers  from ne ighbor ing  c o m u n i t i e s )  u n t i l  
t h e  d i r e c t o r  ( a  member of t h e  community) r e s i g n e d  
a t  t h e  end of t h e  y e a r ,  i n  p r o t e s t  t o  t h e  heavy 
t i m e  demands and h i s  low s a l a r y .  

INIREB ' S EVALUATION 

I n  A p r i l  of 1984, t h e  yard o f  t h e  sawmill was 
f u l l  o f  l o g s ,  and t h e  s a l v a g e  c u t t i n g  cont inued.  
A new d i r e c t o r  f o r  t h e  sawmill was named by t h e  
c o m u n i t y  assembly, and sawing a c t i v i t i e s  resumed. 
I t  was d u r i n g  t h i s  month t h a t  t h e  a u t h o r ,  wi th  a  
g r a n t  from CONACyT (Mexico's Nat iona l  Counci l  f o r  
Sc ience  and Thchnologk*) , r e t u r n e d  t o  San Pablo 
M a c u i l t i a n g u i s  with a  team of r e s e a r c h e r s  (Mas te rs  
s t u d e n t s  i n  Ecology and B i o t i c  Resources a t  INIREBJ, 
and t h r e e  o u t s i d e  c o n s u l t a n t s ,  t o  e v a l u a t e  commu- 
n i t y  f o r e s t r y  a c t i v i t i e s  and a d v i s e  how t h e i r  prob- 
lems might be  r e s o l v e d ,  Seven s e p a r a t e  s t u d i e s  
were c a r r i e d  o u t  and t h e i r  r e s u l t s  d e l i v e r e d  t o  
t h e  c o m u n i t y  i n  J u n e  1984. T h i s  paper  draws on 
s e v e r a l  o f  them. 

The major  o b s t a c l e s  t o  t h e  development of t h e  
f o r e s t  i n d u s t r i e s  i n  San Pablo Macui l t i anguis  were: 
I )  problems wi th  raw m a t e r i a l s  supply;  2 )  an 
i n s u f f i c i e n t  l a b o r  f o r c e ;  and 3 )  a  l a c k  of admini- 
s t r a t i v e  and t e c h n i c a l  capac i ty .  Therefore,  i n  

a d d i t i o n  t o  e v a l u a t i n g  xhe produc t ive  f o r e s t r y  
a c t i v i t i e s  p e r  s e  ( f o r e s t  h a r v e s t i n g ,  t h e  sawmil l ,  
and t h e  c o o l  handle  i n d u s t r y ) ,  a  socioeconomic 
survey was made of t h e  community. 

"he c o m u n a l  f o r e s t  i n d u s t r i e s  of San Pablo 
:Xacuii t ianguis  have been s h u t  down p e r i o d i c a l l y  
f o r  l a c k  of wood supply.  This  r e s u l t s  f r a n  b o t h  
t e c h n i  a 1  and s o c i a l  f a c c o r s .  The sawmill r e q u i r e s  t3 
8400 m of p i n e  roundwood/year t o  produce 8000 
board f e e t / d a y  d u r i n g  222 working days a  y e a r .  
T h i s  volume r e p r e s e n t s  j u s t  over  a t h i r d  of c h e  
a l l o w a b l e  annual  c u t  of p i n e .  Ho~ever ,~be i ;ween  
August I983 and A p r i l  1984, of 16,000 m of p i n e  
h a r v e s t e d ,  on ly  twenty percen t  was c u t  a s  sawlogs,  
a  p ropor t ion  which would prov ide  l e s s  t h a n  h a l f  o f  
t h e  s a m n i l l ' s  annual  needs (J. Mayoral,  R. Perez ,  
p e r s .  corn.]. Th ls  d e s p i t e  t h e  f a c t  t h a t  t h e  f o r e s t  
s tudy  i n d i c a t e d  t h a t  h a l f  of t h e  s t a n d i n g  volume 
was of  adequa te  s i z e  and q u a l i t y  f o r  sawlogs 
(FAPATUX 1977 ) . 

I n  p a r t ,  t h i s  p r o p o r t i o n  r e f l e c t e d  t h e  paper  
m i l l ' s  i n t e r e s t  i n  supply ing  i t s  own needs  f o r  
c e l l u l o s e  over  community needs f o r  sawlogs, d u r i n g  
t h e i r  p o s t - f i r e  sa lvage  c o n t r a c t ,  b u t  p r e v i o u s  and 
s imultaneous h a r v e s t s  c a r r i e d  o u t  by t h e  c o m u n i t y  
i t s e l f  a l s o  c u t  b i g  t r e e s  t o  b o l t  s i z e .  T h i s  h a s  
occur red  l a r g e l y  a s  a  r e s u l t  o f  t h e  s e l e c t i v e  
c u t t i n g  regime a p p l i e d  t o  t h e  f o r e s t ,  combined wi th  
inadequa te  e x t r a c t i o n  technology.  

Although mechanical winches have been used on 
occas ion  t o  h a u l  l o g s  u p h i l l  t o  t h e  road ,  most o f  
t h e  wood c u t  i n  San Pablo Macui l t i anguis  i s  r o l l e d  
downhil l  manually t o  t h e  e x t r a c t i o n  r n a d s  ( t h e  
average s l o p e  i s  n e a r l y  20 o e r c e n t ) .  S i n c e  t h e  
o f f i c i a l  s i l v i c u l t u r a l  system l i m i t s  e a r a c t i o n s  
t o  30 t o  40 p e r c e n t  o f  t k e  p i n e  volume ( 1 5  t o  25 
p e r c e n t  of t z t a l  volume). t h e  d e n s i t y  o f  r e s i d u a l  
t r e e s  i s  v e r y  h igh  ( s e e  Snook & Negreros 1986) .  
A s  a  r e s u l t ,  t h e  r o l l i n g  of  l a r g e  l o g s  among t h e  
t r e e s  which a r e  l e f t  i s  d i f f i c u l t ,  and l o g g e r s  
g e n e r a l l y  buck a l l  l o g s  t o  1.25 m b o l t  l e n g t h  i f  
t h e y  a r e  l o c a t e d  more t h a n  50 m from t h e  road ,  
r e g a r d l e s s  o f  t h e i r  d iameters  (which may reach  80 
cm o r  more) and optimum use .  

A more i n t e n s i v e  s i l v i c u l t u r a l  system (which 
would a l s o  improve r e g e n e r a t i o n  and growth, s e e  
Negreros and Snook 1984; Snook and Negreros 19861, 
combined wi th  improved e x t r a c t i o n  methods, would 
permi t  t h e  e x t r a c t i o n  of l a r g e  l o g s  a t  sawlog 
l e n g t h ,  t h u s  a s s u r i n g  s u f f i c i e n t  raw m a t e r i a l  supply  
t o  t h e  community sawmil l ,  and a d d i t i o n a l  income 
t o  t h e  community. 

A more complex a s p e c t  of t h e  raw m a t e r i a l s  
supply problem f o r  t h e  community f o r e s t r y  i n d u s t r i e s  
o f  San Pablo Macui l t i anguis  is  t h e  l a b o r  supply.  
S i n c e  t h e  beginning of t h e  concession,  t h e r e  h a s  
been i n s u f f i c i e n t  l a b o r  t o  e x t r a c t  t h e  annua l  c u t  
o f  p ine ,  much l e s s  t h e  oak, i n  San Pablo  Macuil- 
t i a n g u i s .  I n  1984, d e s p i t e  a  c a l l  f o r  workers  i n  
neighboring communities, on ly  1 2  teams o f  l o g g e r s  
were a v a i l a b l e 3  of t h e  25 o r  more n e c e s s a r y  t o  c u t  
t h e i r  25,000 m annual  c u t  o f  p i n e  d u r i n g  37 working 
weeks a  year .  

Only t h e  f o r e s t  f i r e  of 1983,and t h e  



r e s u l t i n g  community c o n t r a c t  wi th  t h e  paper  
f a c t o r y  t o  e x t r a c t  t h e  damaged trees, h a s  a s s u r e d  
t h e  s u p ~ l y  o f  raw m a t e r i a l s  t o  t h e  sawmill.  
However, t h i s  c o n t r a c t  h a s  a f i x e d  t i m e  l i m i t .  
Unless it i s  continr,musly renewed, t h e  problem o f  
raw m a t e r i a l s  supply w i l l  r e a p p a r .  

The l a c k  o f  manpower a v a i l a b l e  t o  c u t  wood is 
i n  p a r t  a f u n c t i o n  of  t h e  t e c h n o l o g i c a l  problems 
of  e x t r a c t i o n  which reduce  t h e  p r o d u c t i v i t y  and 
t h u s  t h e  e a r n i n g s  o f  l o g g e r s ,  who a r e  p a i d  
accord ing  t o  t h e  volume of  l o g s  d e l i v e r e d  t o  
roadwde .  A t i m e  and motion s t u d y  r e v e a l e d  t h a t  
a p a i r  o f  l o g g e r s  s p e n t  n e a r l y  60 p e r c e n t  o f  t h e i r  
t i m e  moving l o g s  wi th  a pevee and debarking b o l t s  
f o r  c e l l u l o s e  by hand wi th  axes .  I n  a d d i t i o n ,  by 
producing mos t ly  bol tyood f o r  c e l l u l o s e ,  l o g g e r s  
earned 40% less per  m than t h e y  would have had 
they  produced sawlogs. 

I f  boltwood f o r  c e l l u l o s e  were s o l d  wi th  bark ,  
and i f  t h e  t i m e  s p e n t  moving l o g s  by hand t o  
r o a d s i d e  cou ld  be c u t  i n  h a l f  by m o d i f i c a t i o n s  i n  
s i l v i c u l t u r e  and improved g x t r a c t i o n  t e c h n ~ l o g y , ~  
l o g g e r s  c o u l d  produce 36 m /week i n s t e a d  o f  26 m / 
week, and fewer l o g g e r s  would b e  necessary  t o  c u t  
t h e  same volume of wood. I f  they  a l s o  produced 
35% of t h e i r  t o t a l  volume a s  sawlogs,  they  could 
no t  o n l y  a s s u r e  t h e  supply o f  wood t o  t h e  sawmil l ,  
b u t  would a l s o  ea rn  a lmos t  50% more than a t  
p r e s e n t .  Such m o d i f i c a t i o n s  would c o n t r i b u t e  t o  
t h e  r e s o l u t i o n  o f  t h e  raw m a t e r i a l s  supply problem 
i n  two ways: by i n c r e a s i n g  p r o d u c t i v i t y  and by 
prov id ing  g r e a t e r  i n c e n t i v e s  and rewards f o r  
logging.  

The problem of i n s u f f i c i e n t  l a b o r  supply  
a f f e c t s  t h e  wood t r a n s f o r m a t i o n  i n d u s t r i e s  a s  
well .  I n  1984, o n l y  7 p e r c e n t  o f  t h e  economical ly 
a c t i v e  men i n  k a c u i l t i a n g u i s  were working i n  t h e  
f o r e s t  i n d u s t r i e s ,  w h i l e  60% of t h e  workers came 
from ne ighbor ing  communities, T h i s  r e f l e c t e d  i n  
p a r t  t h e  low s a l a r i e s ,  which M a c u i l t i a n g u i s  
c i t i z e n s  cons idered  inadequate.  But whi le  t h e  
maximum e a r n ' n  s of a l o g g e r  r e s u l t  from t h e  3 
v a l u e  of a m o f  wood and h i s  own p r o d u c t i v i t y ,  
t h e  s a l a r i e s  o f  t h e  f o r e s t  i n d u s t r y  workers a r e  
low because t h e  communal assembly f i x e d  them 
t h a &  way. 

While it is d e s i r a b l e  t h a t  f o r e s t  i n d u s t r i e s  
belong t o  t h e  communities which own t h e  r i g h t s  
t o  t h e  f o r e s t  l a n d ,  t h i s  h a s  i m p l i c a t i o n s  which 
can i n  f a c t  create o b s t a c l e s  t o  t h e i r  own indus-  
t r i a l  development. I n  San Pablo k a c u i l t i a n g u i s ,  
where t h e  f o r e s t  and t h e  i n d u s t r y  belong t o  t h e  
community a s  a whole, every  member o f  t h e  commu- 
n i t y  h a s  a n  equa l  r i g h t  t o  s h a r e  i n  t h e  p r o f i t s  
o f  t h e  f o r e s t r y  a c t i v i t i e s ,  S i n c e  o n l y  13% of 
t h e  members work i n  f o r e s t - r e l a t e d  a c t i v i t i e s ,  
t h e  m a j o r i t y  o f  t h e  community wants  t h e  i n d u s t r y  
t o  produce a h igh  p r o f i t  margin r a t h e r  than  
paying good s a l a r i e s ,  I n  1984, most workers  
f z l t  t h a t  t h e i r  wages were inadequa te ,  y e t  saw- 
m i l l  e a r n i n g s  were scheduled t o  be  i n v e s t e d  i n  
a d d i t i o n a l  i n f r a s t r u c t u r e  ( i n c l u d i n g  v e h i c l e s ) ,  
o r  a p p l i e d  t o  p r o f i t s ,  

The r e p e a t e d  suspension of  p roduc t ion  f o r  l a c k  
of  l a b o r  o r  raw m a t e r i a l s ,  o r  subsequent  t o  t h e  

r e s i g n a t i o n  of  t h e  d i f f  e r e n t  d i r e c t o r s  o f  t h e  
f o r e s t  i n d u s t r i e s ,  h a s  occur red  p a r t i a l l y  because  
of t h i s  c o n f l i c t  between a l l o c a t i o n  t o  p r o f i t s  and 
a l l o c a t i o n  t o  s a l a i e s .  With an  i n c r e a s i n g  propor- 
t i o n  of f o r e s t  workexs from o t h e r  c o ~ m u n i t i e s ,  o n e  
would expec t  t h i s  c o n f l i c t  t o  worsen. 

E ~ i g r a t i o n  a l s o  a f f e c t s  t h e  a v a i a a b i l i t y  o f  
workers i n  t h e  f o r e s t r y  a c t i v i t i e s  o f  t h e  c o m u n i t y .  
I n  1984, 60% of  t h e  men between 16 and 35 y e a r s  o f  
a g e  were l i v i n g  o u t s i d e  t h e  c u n i t y ,  naif of them 
working (many i n  t h e  US), and h a l f  stcdydnq, T h i s  
demographic dynamic could be  s i g n i f i c a n t  f o r  t h e  
f u t u r e  of t h e  f.  rest i n d u s t r i e s  i n  San Pai-,lo k a c u i l -  
t i a n g u i s ,  and may be i n d i c a t i v e  of a p a t t e r n  
echoed i n  o t h e r  f o r e s t  communities i n  P.exico. 

The emigra t ion  of economically a c t i v e  citizens 
from San Pablo h a c u i l t i a n g u i s  began d u r i n g  t h e  
second World War, when American a g r i c u b t u r a l i s t s  
came t o  Mexico t o  h i r e  ' b raceros '  t o  work i n  t h e  
American f i e l d s .  A number of men went from San 
Pablo K a c u i l t i a n g u i s .  h e a r i y  25 y e a r s  l a t e r ,  
d u r i n g  t h e  work s t o p m g e  p r o t e s t  a g a i n s t  t h e  
paper  f a c t o r y ,  more t h a n  h a l f  of t h e  economically 
a c t i v e  popula t ion  emigrated,  both t o  hex ico  C i t y  
( 7 5 % ) ,  and t o  t h e  UniPed S t a t e s  (15% 1 (Garc ia  
1972), sending money back t o  suppor t  t h e i r  £am- l ies.  

T h i s  p a t t e r n  of  emigra t ion  from San Pablo Wacuil- 
t i a n g u i s  may r e f l e c t  t h e  t r a d i t i o n a l  m o b i l i t y  o f  
be Lapotecs. Before t h e  f o r e s t  concess ion ,  most 
of t h e  members 6 f  t h e  community were p e d d l a r s  
(Garc ia  1 9 7 2 ) ,  and t h e  goods they  s o l d  weae n o t ,  
f o r  t h e  most p a r t ,  p r o d u c t s  of t h e i r  own f i e l d s  
o r  l a b o r s ,  b u t  c o f f e e ,  avocados, and o t h e r  p r o d u c t s  
gzom t h e  neighboring v i l l a g e s  of t h e  Chinantecs.  
Because t h e y  d e r i v e d  t h e i r  income p r i n c i p a l . 1 ~  from 
long-d is tance  t r a d i n g  r a t h e r  than  t h e  produc t ion  
of  goods from a f i x e d  p o i n t ,  pe rhaps  t h e  Macuil- 
t e c o s  a r e  n o t  p a s t i c u l a r l y  a t t r a c t e d  t o  t h e  i d e a  
of becoming i n d u s t r i a l  workers wi th  f i x e d  p l a c e s  
and t i m e s  o f  work. I n  f a c t ,  11 p e r c e n t  of t h e  
faxnfl ies  o f  San Pablo Macui l t i anguis  a r e  merchants  
today ,  main ta in ing  20 s t o r e s  i n  t h e  community. 

The m u l t i p l e  d e v a l u a t i o n s  of t h e  peso d u r i n g  
t h e  p a s t  5 y e a r s  (from $23/do l la r  i n  J u n e  1981 t o  
$800/do l la r  i n  November 1986) have provided a n  
a d d i t i o n a l  i n c e n t i v e  t o  emigra te  t o  t h e  United 
S t a t e s .  Accumulating s a v i n g s  i& impor tan t  t o  
c i t i z e n s  o f  San Pdalo Macuil t iangrr is  f o r  s e v e r a l  
reasons ,  One of them is t h e  community t r a d i t i o n  
of  unremunerated c i t i z e n  p a r t i c i p a t i o n  i n  t h e  
community government, Some of  t h e s e  jobs,  f o r  
example, t h e  committee r e s p o n s i b l e  f o r  communal 
n a t u r a l  r e s o u r c e s ,  i n c l u d i n g  t h e  f o r e s t ,  now 
r e q u i r e  f u l l - t i m e  d e d i c a t i o n ,  A s e r v i n g  c i t i z e n  
may have t o  maintain h i s  fami ly  wi th  no incame 
f o r  a s  l o n g  a s  t h r e e  y e a r s .  There a r e  s o  many 
community r e s p o n s i b i l i t i e s ,  &hat  a n  average  
c i t i z e n  o f  San Pablo M a c u i l t i a n g u i s  is involved  
i n  one  o r  a n o t h e r  d u r i n g  7 t o  1 0  y e a r s  of h i s  
l i f e .  ( I f  a c i t i z e n  d o e s  n o t  s e r v e ,  when named 
by t h e  Assembly, he l o s e s  h i s  r i g h t s  a s  a member 
o f  t h e  community, and f o r f p x t s  a l l  p r o p e r t y ) .  

Another demographic phenomenon which a f f e c t s  
tie habor supply  f o r  f o r e s t  i n d u s t r i e s  i n  San 



Pablo H a c u i l t i a n g u i s ,  is t h e  emigra t ion  o f  young 
pemple f rom t h e  community t o  s t u d y ,  A f t e r  gradua- 
t i n g  f rom secondary school  i n  t h e  c o m u n i t y ,  30 
p e r c e n t  o f  t h e  young people  go tr t h e  c i t ies  t o  
s t u d y  i n  t e c h n i c a l  s c h o o l s  o r  h igh  s c h o o l s ,  Some 
of  them c o n t i n u e  through u n i v e r s i t y ,  These young 
people  w i t h  t h e i r  t e c h n i c a l  diplomas o r  p r o f e s s i o n a l  
d e g r e e s  are u n l i k e l y  t o  r e t u r n  t o  t h e  c o m u n i t y  
because t h e  a v a i l a b l e  employment does  n o t  r e q u i r e  
o r  remunera te  t h i s  l e v e l  of p r e p a r a t i o n ,  and l i f e  
i n  a s m a l l  m u n t a i n  v i l l a g e  d o e s  n o t  o f f e r  t h e  
s t i m u l a t i o n  of  a c i t y ,  While a n u a e r  of young 
p e o p l e  from San Pablo N a c u i l t i a n g u i s  have seudied  
f o r e s t r y ,  i n  1984 o n l y  one of  them was w r k i n g  i n  
t h e  communal f o r e s t  i n d u s t r i e s ,  (To work i n  
f o r e s t r y  p e r  se, f o r e s t r y  g r a d u a t e s  must o b t a i n  
government eznployment, s i n c e  by law o n l y  t h e  f o r e s t  
s e r v i c e  c a n  c a r r y  o u t  managwent  r e s p o n s i b i l i t i e s ,  
r e g a r d l e s s  of t h e  ownership of  t h e  f o r e s t  l a n d ) ,  

C c m u n i t y  i n t e r e s t  i n  advanced educa t ion  h a s  
o t h e r  i m p l i c a t i o n s  f o r  t h e  l o c a l  f o r e s t  r n d u s t r i e s .  
S i x t y  p e r c e n t  of t h e  parent5 i n  San Pablo Macuil- 
t i a n g u i s  c o n s i d e r  expenses a s s o c i a t d  wi th  t h e  
e d u c a t i o n  of t h e i r  c h i l d r e n  t o  b e  m o n g  t h e  most 
s i g n i f i c a n t  o f  t h e  fami ly  expendi tu res .  I n  L 9 8 4 ,  
39% of  t h e  f a m i l i e s  were main ta in ing  one  o r  two 
c h i l d r e n  i n  some c i t y ,  t o  s tudy .  The  c o s t  o f  
m a i n t a i n i n g  a c h i l d  i n  a p r o v i n c i a l  c i t y  was 
$5000 t o  $10,000 pesos  a month, and up  t o  $15,000 
p e s o s  a month i n  Piexico C i t y ,  The  s a l a r i e s  paid 
i n  t h e  communal f o r e s t  i n d u s t r i e s  w s e  a b u t  
$15,000 pesos/month a t  t h a t  t ime ,  c l e a r l y  inade- 
q u a t e  f o r  p rov id ing  f o r  t h e  e d u c a t i o n a l  g o a l s  of 
many f a m i l i e s .  ( I n  #me, 1984, t h e  p e s o i d o l l a r  
exchange was $191/1.00). 

'rhe problems of  raw m a t e x i a l s  supply and l a b o r  
a v a i l a b i l i t y  w s e  observed t o  be  complex, i n v o l v i n g  
t h e  i n t e r a c t i o n  o f  s o c i o l o g i c a l ,  c u l t u r a l ,  econmic,  
t e c h n o l o g i c a l ,  and even l e g a l  f a c t o r s .  Sos* of 
t h e s e  r e f l e c t  t h e  very p r o c e s s e s  o f  socioeconomic 
development, and changing e x p e c t a t i o n s ,  kany are 
l i n k e d  t o  s t r u c t u r a l  f e a t u r e s  e x t e r n a l  t o  t h e  
community. For  example, t h e  s e l e c t i v e  e x t r a c t i o n  
regime a p p l i e d  t o  M a c u i l t i a n g u i s V o r e s t s  is  t h e  
o f f i c i a l  s i l v i c u l t u r a l  system d e f i n e d  by f d e x a l  
f o r e s t  s e r v i c e  g u i d e l i n e s ,  and a p p l i e d  t o  a l l  
Mexican f o r e s t s  (see Snook & Negreros 1986, i n  
t h i s  volume), By t h e  same token ,  it h a s  been 
paper  company p o l i c y  t o  buy debarked l o g s ,  The 
peso t o  d o l l a r  exchange r a t e ,  i n  p a r t  a f u n c t i o n  
o f  i n t e r n a t i o n a l  o i l  p r i c e s ,  h a s  probably a f f e c t &  
t h e  community's l a b o r  supply by a c o u r a g i n g  
emigra t ion  t o  t h e  United S t a t e s ,  

Y e t  many o p e r a t i o n a l  p r o b l a s  w i t h i n  t h e  f o r e s t  
i n d u s t r i e s  were perce ived  a s  a f u n c t i o n  of  i n s u f -  
f i c i e n t  t e c h n i c a l  and a d m i n i s t r a t i v e  c a p a c i t y  
w i t h i n  t h e  c o m u n i t y ,  o r  i n a d v a t e  technology 
t r a n s f e r ,  I n  f a c t ,  t h e  i n e x p e r i e n c e  of c o r n u n i t y  
l e a d e r s ,  who named by t h e  c o m u n i t y  assembly, gameby 
undertook t o  manage t h e  f l e d g l i n g  f o r e s t  i n d u s t r y  
complex ( f i r s t  t h e  oak t o o l  handle  f a c t o r y ,  t h e n  
t h e  sawmil l  and t imber  e x t r a c t i o n  a c t i v i t i e s ) ,  
were hampered i n  t h e s e  under tak ing  by t h e i r  lack 
o f  t r a i n i n g  and s k i l l s ,  Maintenance and marketing 
problems have a l r e a d y  been mention&, ~ " ' a r t u ~  of 
t h e  sawmil l  was de layed  n e a r l y  a y e a r  aft= it was 

~ n s t a l l e d ,  hecause no working c a p i t a l  had been 
budgeted t o  pay workers or loggers .  T h e  l a c k  of 
account ing  skills on t h e  part of t h e  c o m u n a l  
committee which had been n m &  by t h e  a s s a b l y  t o  
d i r e c t  the f o r e s a y  activities, I d  t o  a c c u s a t i o n s  
s f  fraud, and c o r n u n i t y  doubts  a b u t  the economic 
p t e n t i a l  of t h e  oak tool handle  16x3 to  i ts 
v i r t u a l  abandonment, h o r  bad a n  evaluation of 
f u t u r e  r a w  materials supply  i n  l r g b t  of t h e  f i r e  

ed w i t h  t h e  r e s w s i b l e  forest 
service pc r sonne l  , 

I h I R E B  had o f f = &  courses i n  maeh~nexy  main- 
t enance  and a d a t ~ n i s t r a t i o n  f o r  h a m i l t i a n g u x s  even 
b e f o r e  t h e  tool handle factory w a s  i n s t a l l & ,  but 
t h e  c o r n u n i t y  d id  n o t  send t h e i r  personnel, p a h a p s  
because these w e r e  to t a k e  p l a c e  a t  I n s t i t u t e  
h e a d q u a r t e r s ,  a f u l l  day  away by bus, G t h e r  short 
courses ,  on tree f e l l i n g  and aecsuwting,  had been 
o f f e r e d  a t  t h e  papex c o m p n y ' s  nearby forestry 

p i n  t h e  S i e r r a ,  b u t  on ly  one  cornuni ty  mmber 
had gone i n  each case. 

However, t h e  m m u n i t y  bad arranged f o r  a Sew 
of t h e i r  workers  t o  spend a few weeks t r a i n r n q  in 
a n o t h a  s a w i l l ,  and had hired a technic inn  t o  help 
them start up their ow =mill, They had a l s o  
reques ted  t h a t  t h e  paper  company send one of the* 
a c c o u n t a n t s  t o  help t h m  o r g a n i z e  t h e i r  m k s ,  
Cornunity Zeadms had come t w i c e  to I N X m B  to 
x e q e s t  help, first in s e t t i n g  up and thew in 
diagnosing their forest industry, And & i f e  i t  
was not easy to a x a n a e  m r k i n g  sesslons wi th  
c o m u n i t y  leaders t o  d s l i v a  and d i s c u s s  the 
r e s u l t s  of those evaluat ions ,  t h e y  may have been 
taken i n t o  account ,  and act& upon, s i n c e  thew, 
(The r e s u l t s  of t h e  analysis descr ibd  i n  Snosk & 

Negreros 1986, sn t h x s  volusne, which  had been 
p r e s e n t &  t o  t h e  a s s a b l y  i n  1983, were found later 
t o  have be= us& t o  define terns for t h e  s a l v a g e  
c u t t i n g  c o n t r a c t  s i g n 4  with t h e  paper company 
a f t e x  t h e  forest f i r e ) ,  Meanwhile, t h e  samibl  
s e a s  t o  c o n t i n u e  to f u n c t i o n ,  

This overview of t h e  San Pabl0 N a c u i l t i a n g u i s  
e x p e r i e n c e  i n  f o r e s t r y  devdopment  h a s  been fax 
frm e*austive, yet c e a t d n  o b s e r v a t i o n s  can 
be made, To begin wish, a dynmic  process was 
i n i t i a t d  w f l m  t h e  f o r e s t s  of Ssr gablo M a c r a i l -  
t i a n g u i s  were r e c c l g n i z d  as  a r e m u r c e ,  and t h e  

l t y i i a s  been an  a c t i v e  p r o t a g o n i s t ,  parti cu- 
s i s e e  t h e  w r k  s toppage sf  1968, mile 
v e s t &  I N I R E B k  a d v i c e  on e s t a b l i s  
i t y  f o r e s t r y  i n d u s t s y  i n  1977, t h e  c 

r e s p o n d 4  t o  t h e  end of  t h e  f o r e s t  c o n c e s s i w  i n  
1981 by a h n d o n i n g  the oak tool handle faetsrqa and 

e s t a b l i s h &  t h e  p ine  s a m i l f  on t h e i r  o m  initiative, 

T b a e  have c w t a i n l y  been weaknesses i n  t h e  
pmcess o f  technology transfa, *ish have 16x3 
ks i n e f f i c i e n q ,  pmbims, shutdoms, and a 
p s t a t i a l  for cont inu ing  or wrse d i f f i c u l t i e s  i n  
t h e  Sutusre, I n  part, these m y  have r e f l e c t &  t h e  
v a y  dynmism sf t h e  e n i t y ,  *ich h a s  h e n  
more adaptive than p a s i s t e n t  in i t s  respnse to 



obstac les .  The d i f f e r e n c e  i n  percept ions  ACKNOWLEGElYl ENT S 
between INIREB and t h e  cornuni ty  about t h e  b e s t  
so lu t ion  may a l s o  have impeded adequate follow- 

e 

This  a r t i c l e  is adapted from a p i ece  submitted 
through, For example, t h e  oak toof handle f ac to ry  t o  Biot ica ,  t h e  journal  of  INIREB,  Funding f o r  
does seem l i k e  t h e  optimal f o r e s t  indus t ry  t o  1 I N I R E B e s  work i n  San Pablo Macuil t ianguis was 1 h p r o v e  f o r e s t  u t i l i z a t i o n  and s i l v i c u l t u r e  (see provided by CONACyT, Hexicues National Council f o r  
Negreros & Snook 1986, i n  t h i s  volume), and maxi- Science and Technology, Expert consul t ing  by 
mize emplopen t  and p r o f i t  p e r  u n i t  volume of D r .  J. Kachleen Parker, s o c i a l  eco log i s t ,  was 
mod, Y e t  t h e  cornunity perceived t h e  sawmill,  supported by t h e  World Wild l i fe  Fund, US, Juan 
probably a simpler  opera t ion  and less d i f f i c u l t  Manuel Chavez, Emiliano Sanchez, Francisco Hernaw- 
t o  supply and maintain,  as more des i r ab l e .  dez,  and Jonathan Flores ,  Masters s tuden t s  a t  I 

Among t h e  most important l e s sons  from t h e  
San Pablo Macuil t ianguis experience,  however, is 
t h e  demonstration t h a t  c e r t a i n  key assumptions 
about t h e  cornunrey f o r e s t r y  development process  
were no t  borne ou t ,  For one, emigration was 
not  slowed by t h e  c r e a t i o n  of jobs i n  t h e  commu- 
n i t y  -- r a t h e r ,  t h e  i ndus t ry  su f f e red  from insuf  
f i c i e n t  l abo r  supply. I n  t h i s  case ,  t h e  seeming 
anomaly may r e f l e c t  t r a d i t i o n a l  c u l t u r a l  va lues ,  
changing expecta t ions ,  o r  i n t e r n a t i o n a l  f i n a n c i a l  
r e l a t i onsh ips ,  but  apparent ly  t h i s  assumption 
has  been shown not  t o  hold i n  ot-her r u r a l  d e v e l o p  
ment experiences a s  w e l l  (Rhoda 1979). 

An i m p l i c i t  hope of t h e  Hexican community 
f o r e s t r y  development po l i cy  has  been t o  i nc rease  
t h e  l e v e l  of  timber harves t ing ,  and thus  reduce 
: ~ e  s e v s e  s h o r t f a l l  of c e l l u l o s e ,  which is 
cu r r en t ly  m e t  by imports ,  Yet it appears t h a t  
t h e  r h y t h  of ex t r ac t ion  i n  San Pablo macu i l t i an -  
gu i s  dropped t o  l e v e l s  inadequate even t o  supply 

i t y  i n d u s t r i e s ,  u n t i l  tpe f o r e s t  
en t  sa lvage  con t r ac t .  P a r t  of 

t h i s  may r e f l e c t  o t h e r  f o r e s t r y  p o l i c i e s  ( f o r  
example t h e  o f f i c i a l  s i l v i c u l t u r a l  system) whose 
e f f e c t s  m y  i n d i r e c t l y  d iscourage  
t i c i p a t i o n  i n  f o r e s t r y ,  I t  would appear t h a t  
s p e c i f i c  s t r a t e g i e s  and t a c t i c s  should be developed 
t o  provide incen t ives  and means f o r  increased  
l e v e l s  of harvest ing.  

F ina l ly ,  it is humbling t o  acknowledge t h a t  
t h e  process  of f o r e s t r y  development, even i n  a 
seemingly i s o l a t e d  mountain v i l l a g e ,  is  s o  complex, 
and s u b j e c t  t o  s o  many unexpected and cons t an t ly  
changing f a c t o r s ,  many seemingly unre la ted  t o  
fo re s t ry .  One wonders what responses might be 
expected i n  connection with t h e  new Mexican 
f o r e s t r y  law of 1986, t h e  new US immigration law, 
o r  t h e  i nc reas ing  unemployment of  Mexican univer- 
s i t y  graduates  r e s u l t i n g  from t h e  count ry ' s  
deepening economic crisis and cutbacks i n  govern- 
ment spending, What dues seem c l e a r  among t h e  
mind-boggling l i nkages  and u n c e r t a i n t i e s  of  
t h i s  cornuni ty  f o r e s t r y  development dynamic, is 
t h a t  t h e  success  of  Mexico's f o r e s t r y  po l i cy  
depends l a r g e l y  on t h e  understanding of sociolo-  
g i c a l  processes,  

INIREB, work& on t h e  co l l ec t ion  and a n a l y s i s  of  
d a t a  f o r  t h e  soc io log ica l  and indaastr ial  evalua- 
t i o n  of t h e  community. 
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Diffusion of Innovations: A Sociological Approach Abstract,--Methodology based on diffusion of 
innovations research was developed to identify 

to the Nonindustrial Private Forests Challenge 
I nonindustrial private forestland owners who are 

opinion leaders and investigate their traits, 
attitudes and values. The sample was composed of 
sixty-four respondents who live in the South 
Carolina Piedmont region. They were verified as 
"early adopters." 'ore than one-half of the 
sample valued lifestyle enhancement benefits of 
their forestland more than timber production/ 
economic benefits. This preliminary study lends 
credence to the theory that an interdisciplinary 
approach, similar to that successfully applied to 
farmers, is appropriate to improve technology 
transfer to nonindustrial private forestland 
owners. 

Keywords: Change agent, early adopter, 
information source, lifestyle enhancement, opinion 
leader, technology transfer. 

This paper presents results of a study designed 
to develop methodology to identify opinion leaders 
who own nonindustrial private forestland and to 
search for common traits, attitudes and values. 
Understanding the attitudes and values of opinion 
leaders can enhance technology transfer programs 
to im rove forest management on private forest- 
1 and. S 

Numerous studies have been made of the private 
forestland owner. In general, the intent of 
technology transfer efforts has been to increase 
wood production on private land in a manner 
similar to wood-using industry land management 
practices. However, the goals and attitudes of 
private owners differ from those of the wood-using 
industry. Lip service has been given to private 
owner objectives, but successful technology 
transfer programs must be designed to satisfy 
these goals. Technology transfer between profes- 
sional foresters and private landowners may be 
expedited by an interdisciplinary approach 
combining social science--the study of people-- 
with forestry. 

SOCIOLOGICAL BACKGROUND 

Rural sociologists have used diffusion of 
innovations research to improve technology 
transfer to farmers by defining their attitudes 
toward their land, their enterprises (e.g., crops, 
livestock) and new farm practices, Diffusion is 
that type of communication by which an innovation 

spreads among members of a social system (Zaltman 
et a l .  1973). An innovation, in sociological 
terms, is any idea perceived as new by the 
receiver. This study was designed to test the 
applicability of some diffusion of innovations 
meehodology to private forestland owners. 

Rogers and Shoemaker (1971) defined adopters of 
innovations in five groups as innovators, early 
adopters, early majority, late majority and 
laggards or late adopters, Innovators are the 
first 2.5 percent to adopt a new idea, followed by 
early adopters (13.5 percent), early majority (34 
percent), Late majority (34 percent) and laggards 
(16 percent); Muth and Nendee (1980) suggested 
the five categories are appropriate for describing 
forestland owners. Baird (personal communication 
1982) wrote in a problem analysis that the results 
of numerous surveys "indicate forestland owners 
follow a decision-making process that is one of 
the most well-established phenomena in sociology-- 
the innovation-decision process." Applying 
diffusion of innovations research methods to 
categorize forestland owners will allow foresters 
to recognize the early adopter groups and direct 
information transfer programs to them. The early 
adopter category, more so than any of the other 
four, exhibits the highest degree of opinion 
leadership and, therefore, is the key target 
audience for change agents (Rogers 1983). 

METHODS 

Preliminarv Work 

'presented at the National Symposium on Current 
Topics in Forest Research: Emphasis on 
Contributions by Women Scientists, Nov. 4-6, 1986, 
Gainesville, FL. 

'Assistant Professor of Forestry, Clernson 
University, Clemson, SC 29634. 

3 ~ n  this paper, private forestland refers to 
nonindustrial private forestland. 

One hundred and forty scientists in the fields 
of rural sociology, forestry and natural resources 
were contacted by mail. The study design was 
based on suggestions of the fifty-nine respondents 
and of other personal contacts. Following pilot 
interviews with research scientists and investiga- 
tion of questionnaires used in other studies, the 
final 12-page questionnaire and interviewing 
techniques were developed and field tests were 
conducted. 



Eight counties were selected based on statisti- 
cal data and discussions with the county agents in 
ail eighceen counties in the South Carolina 
Piedmont region, First-stage selection was based 
on three factors used to create a composite 
ranking: (I) income from forest products as a 
percentage of total Land-derived income in the 
county, ( 2 )  the percentage of county commercial 
forestland owned by private forestland owners, and 
(3) the number of acres of private forestland in 
each county, Data used are available for all 
South Carolina counties, as we11 as generally 
throughout the United States, Final selection was 
based on four factors: (I) the counties were 
among the top ranked according to the co~posite 
ranking scheme, (2) t h e  percentage of national 
forestland within the county was low (less than 
20% of the tats1 commercial forestland), (3) sio 
major urban areas occurred in the county, and (1) 
the county agent was willing to cooperate and 
relatively enthusiastic about the project, 

Opinion leaders were identified by requesting a 
l i s t  from three people in each county who were 
familiar w i t h  the county residents, County 
Extension Service agents, South Carolina Forestry 
Commission foresters, and one other local resource 
person provided lists -&ich were prepared indepen- 
dently. 

Sixty-four of the one hundred and ninety-six 
nominees were selected for interviews based ox the 
following criteria: 

I ,  ,411 opinion leaders named by more than one 
informant were asked to participate i n  the study 
(except those eliminated by Item 21, 

2. The county agent or commission forester 
(primary informant) was consulted to screen the 
List of nominees, Professional foresters, 
Landowners employing full-time foresters, 
additional members of the same family owning 
forestland mutually, and those persons judged as 
likely to be uncooperative or unknown by the 
primary informant were deleted from the Lists, 
The remaining opinion leaders were ranked by the 
primary informant in each county and interviewees 
were chosen according to this order, 

3. A minixurn of seven and a m a x i m u m  o: f i f t e e n  
opinion leaders were interviewed in each 3f the 
eight counties, 

Interview Process 

All subjects were personally interviewed by the 
author. Each interview w a s  tape-recorded and 
basted about two hours, Short answers to specific 
questions were written on questionnaire forms 
during the interview. Other responses were 
transferred from t h e  tape to the forms after the 
interviews were completed, The primary goal was 
to establish an atmosphere conducive to 

conversational responses rather than restricting 
replies to forced-choice lists. 

RESULTS AND D I f  GUSSFON 

Evaluarion of Informants 

The ability of the county agent an3 the county 
forester to name opinion Leaders was compared by 
developing a '%success .i_r,c?icat~r'~ based on iden- 
tical noainations, The test revealed the amount 
of cross-over betwee3 informants, taking into 
account the differences in numbers of names 
submitted by the three informants in each county. 
A score of 1-00 would indicate complete agreement. 
Although differences occurred between counties, 
and between agent and forester in the same county, 
the average success indicator was essentially the 
same: agent .32, forester - 3 3 .  The two types of 
change agents exhibited approximately the same 
informant ability, It is important to recognize a 
limitation to this success indicator test: it 
assumes the agent, the forester, and the third 
resource person had equal facility for recalling 
nanes of opinion leaders and recognizing opinion 
leadership qualities of nominees based on the 
written descriptive characteristics provided by 
the author and enumerated below: 

I, Not the first, but one of the first, to try 
a new idea. 

2, Having more education than the average, but 
not the most, 

3, k leader in cornunity organizations, but not 
usually state or national ones, 

4 ,  Respected by neighbors as a "good manager'" 
of his land. 

5 ,  Owning a moderate area of farm/forestland 
but not the Largest amount. 

6, Getting most of his information about new 
farm/forestry practices from county agents, 
extension bulletins, newspapers, and magazines. 

7. Progressive in his thinking bus not 
radically different from most other people. 

The self-designating method (Rogers 1983) was 
used to verify that t h e  opinion leaders could be 
categorized as early adopters, Combined responses 
to the seven questions on a self-judwent rest 
developed by the author indicated 82 percent of 
the opinion leaders considered themselves early 
adopters and 16 percent considered themselves 
early majority, One person thought he was an 
innovator and one a late majority adopter. 

1 

A diverse p o p u l a t i o n  was deliberately selected 
to include a variety of people with regard to age, , 

i 



r a c e ,  r e l i g i o n ,  sex, o c c u p a t i o n  and o t h e r  cha rac -  
t e r i s t i c s ,  The o n l y  common a t t r i b u t e  r e q u i r e d  f o r  
nomina t ion  was o p i n i o n  Leadersh ip ,  N e v e r t h e l e s s ,  
many a t t i t u d e s  and t r a i t s  were  s h a r e d  by a 
m a j o r i t y  of t h e  o p i n i o n  l e a d e r s .  

P e r s o n a l  C h a r a c t e r i s t i c s  

Most of t h e  opinion leaders  sampled were o v e r  
50 years o l d ,  male, a farmer, o r  a businessman,  
Most s p o u s e s  never  worked o u t s i d e  &he hone o r  were 
r e t i r e d .  The respondents had two o r  three 
c h i l d r e n  and c o n s i d e r e d  t h e  family upper-middle 
c l a s s  o r  u p p e r  c lass  s o c i a l l y  and economically, 
The fami ly"  annual income w a s  over $20,OC3 w i t h  
n e a r l y  equal numbers e a r n i n g  $20-30,800, 
$30-40,000, $40-50,000 and o v e r  $50,000, Few 
r e p o r t e d  incomes of Less khan $20,000, Most 
o p i n i o n  leaders be l ieved  that their f a m i l y  cou ld  
n o t  g e t  by on l ess  income, a l t h o u g h  44 p e r c e n t  
i n d i c a t e d  t h e y  c o u l d ,  

C u l t u r a l  C h a r a c t e r i s t i c s  

The t y p i c a l  o p i n i o n  leader was of S c o t c h - I r i s h  
d e s c e n t  and s p e n t  his ch i ldhood  on a farm, He 
went on a v a c a t i o n  sometime d u r i n g  t he  p a s t  
12 months ,  e i t h e r  traveling o r  t o  &he beach,  H e  
l i k e d  m u s i c ,  was more l i k e l y  t o  r ead  magazines 
t h a n  books ,  and watched t e l e v i s i o n  more than h e  
L i s t e n e d  t o  t h e  r a d i o .  He had no d e s i r e  for more 
L e i s u r e  t i m e ,  Many were  r e t i r e d  and o t h e r s  
p r e f e r r e d  working t o  relaxing. Hunting,  reading 
and fishing were f a v o r i t e  past imes when p a r t l c i -  
p a t i n g  i n  l e i su re  a c t i v i t i e s .  

Over 90 p e r c e n t  of t h e  o p i n i o n  Leaders  r e p o r t e d  
r e a d i n g  magazines  regularly, The most  popu la r  was 
" P r o g r e s s i v e  Farmes,'"Only L i  p e r c e n t  of t h e  
o p i n i o n  leaders r e a d  f o r e s t r y - r e l a t e d  magazines ,  
Opinion l e a d e r s  en joyed  a wide v a r i e t y  of music  
i n c l u d i n g  o p e r a ,  c l a s s i c a l ,  r e l i g i o u s ,  and swing,  
b u t  '%countryv music was t h e  most popular, Near ly  
one-half of the r e s p o n d e n t s  listed news a s  t h e i r  
f a v o r i t e  t e l e v i s i o n ,  fo l lowed  by s p o r t s ,  As was 
t h e  c a s e  w i t h  magazines  and mus ic ,  a wide v a r i e t y  
of p r e f e r e n c e s  was given, 

I n s t i t u t i o n a l  C h a r a c t e r i s t i c s  

A t y p i c a l  o p i n i o n  l e a d e r  was m a r r i e d  and L iv ing  
w i t h  his spouse. H e  c h a r a c t e r i z e d  himself as a 
p o l i t i c a l  c o n s e r v a t i v e ;  o n l y  one was a L i b e r a l ,  
Seventy p e r c e n t  of the r e s p o n d e n t s  had a t  l e a s t  
some c o l l e g e ;  53 p e r c e n t  had a degree, He was a 
member of a P r o t e s t a n t  church ,  u s u a l l y  Method i s t ,  
P r e s b y t e r i a n ,  o r  B a p t i s t ,  and o f t en  one o r  two 
o t h e r  s o c i a l  groups and one o r  more c i v i c ,  govern- 
ment,  farm or  p r o f e s s i o n a l  o r g a n i z a t i o n s ,  b u t  he  
d i d  n o t  b e l o n g  t o  a hobby group.  The Farm Bureau 
and ~ a t t l e m a n ' s  A s s o c i a t i o n  were the two farm,  
b u s i n e s s  o r  p r o f e s s i o n a l  o r g a n i z a t i o n s  i n  which 
o p i n i o n  Leaders  were most a c t i v e .  Many were 
members of s e v e r a l  o t h e r  dairy, beef o r  o t h e r  
l i v e s t o c k  o r g a n i z a t i o n s .  About one - th i rd  of t h e  
respondents d i d  n o t  be long  t o  any farm, b u s i n e s s  
o r  p r o f e s s i o n a l  o r g a n i z a t i o n ,  However, near ly  
one-half of t h e s e  opinion l e a d e r s  belonged t o  a 

f o r e s t r y - o r i e n t e d  o r g a n i z a t i o n  or s e r v e d  on a 
f o r e s t r y  a d v i s o r y  committee,  

Twenty-two p e r c e n t  of t h e  r e sponden t s  d i d  n o t  
p a r t i c i p a t e  i n  c i v i c  o r  government o r g a n i z a t i o n s ,  
Those who were a c t i v e  in such  groups p a r t i c i p a t e d  
i n  twenty-six different organizations, w i t h  t h e  
Soil Conserva t ion  S e r v i c e  and Lions Club r a n k i n g  
first and second. P a r t i c i p a t i o n  i n  o r g a n i z e d  
groups was usually restricted t o  the Loca l  level ,  
not state o r  n a t i o n a l ,  T h i s  was one c h a r a c t e r i s -  
t i c  which d i s t i n g u i s h e d  these o p i n i o n  Leaders as 
e a r l y  a d o p t e r s  i n s t e a d  of i n n o v a t o r s ,  

Lnformat ion Sources  

One of the key variables i n  t echno logy  transfer 
i s  i n f o r m a t i o n  sources, Diffusion of i n n o v a t i o n s  
r e s e a r c h  i n d i c a t e s  t h a t  e a r l y  a d o p t e r s  g e t  most of 
t h e i r  i n f o r m a t i o n  from local change a g e n t s ,  f a rm 
magazines and e x t e n s i o n  bulletins, This was t r u e  
of t h e  peop le  i n  this s tudy ,  The p e r c e n t a g e  o f  
o p i n i o n  leaders u s i n g  each  s o u r c e  was: 

I n f o r m a t i o n  Source  
County f o r e s t e r  
SCS o r  ASCS 
County agent 
F a r m / f o r e s t r y  magazines 
Industry f o r e s t e r  
Extensioa/research bulletins 
F o r e s t r y  o r g a n i z a t i o n s  
Family  t r a d i t i o n s  
Paid f o r e s t r y  c o n s u l t a n t  

P e r c e n t  
85 
7 4 
6 8 
6 6 
5 8 
5 6 
4 7 
4 7 
4 5 

More than 65 p e r c e n t  of t h o s e  e v a l u a t i n g  informa-  
t i o n  s o u r c e s  r a t e d  the above s o u r c e s  as "'good,'" 
Other sources r a t e d  good by SO p e r c e n t  o r  f ewer  
were a l o g g e r  o r  buyer  (50), f r i e n d s  and n e i g h b o r s  
( 4 2 ) ,  newspapers ( 4 0 ) ,  t e l e v i s i o n  ( 3 8 ) ,  o t h e r  
f o r e s t  Landowners ( 3 7 ) ,  and r a d i o  ( 3 1 1 ,  

In d i s c u s s i o n s  w i t h  t h e  Landowners, i t  became 
c l e a r  t h a t  newspapers ,  r a d i o ,  and t e l e v i s i o n  are 
good s o u r c e s  o f  farm techno logy  i n f o r m a t i o n  but 
l i t t l e  forestry i n f o r m a t i o n  i s  r e c e i v e d  v i a  t h e s e  
mass med ia ,  Apparently, f o r e s t r y  t echno logy  
t r a n s f e r  programs are n o t  fully u t i l i z i n g  t h e s e  
communication channe l s .  4t shou ld  be n o t e d  that 
d i f f u s i o n  r e s e a r c h  has shown t ha r  mass media has  
been most u s e f u l  f o r  c r e a t i n g  awareness ,  n o t  
p e r s u a s i o n ,  

Forestland Odaership 

The typical opinion l e a d e r  had lived on or n e a r  
his f o r e s t l a n d  more than 20 y e a r s ,  many a l l  of 
t h e i r  l i v e s ,  Approximately one-%bird of t h e  
r e s p o n d e n t s  bought all of t h e i r  f o r e s t l a n d ,  
one - th i rd  i n h e r i t e d  i t  and one- th i rd  owsied some 
Land that was bought and some that was i n h e r i t e d .  

The t o t a l  number s f  a c r e s  of r u r a l  p r o p e r t y  
r e p o r t e d  by t h e s e  i n d i v i d u a l s  ranged from 85 t o  
12,000, Those r e p o r t i n g  acres by f o r e s t  type 
owned between 30 and 5,400 a c r e s  of forestland- 
The median s i z e  was 300 a c r e s ,  S ix ty - seven  
p e r c e n t  of t h e i r  r u r a l  property was i n  f o r e s t l a n d ,  



Most of the forestland was in natural pine or 
mixed pine-hardwood, Only 16 percent was in 
planted pine and 8 percent in hardwoods. 

Most opinion leaders had sold pine and hardwood 
pulpwood and sawtimber and cut their own Christmas 
trees, fenceposts and firewood, Only two people 
reported no sales, One-half of the respondents 
reported making a sale of forest products within 
10 years after acquiring the land. Income from 
past sales had been used for farm, business or 
living expenses; to reinvest in other areas; or to 
pay for the land from which the timber was 
harvested. Only four respondents had used timber 
sales income for reforestation of their land and 
only five planned to use future timber sales 
income for this purpose. 

Nearly 80 percent of those interviewed said: "I 
wish I had invested some money or more money to 
improve my forestland.'' They were aware of the 
increase in prices for timber and, in retrospect, 
thought investing more money in improving their 
forestland for timber production would have been a 
good investment. However, many believed that the 
time for profitable investment had passed, prices 
would not continue to increase, and they did not 
intend to invest money in forestry. 

Reasons for Valuing Forestland 

Opinion leaders gained satisfaction from owning 
their forestland for several reasons other than, 
or in addition to, income production-from timber 
sales. Some of the most frequently given reasons 
were not related to timber production or economics 
but were categorized as lifestyle enhancement 
values. More than 80 percent of these owners 
said : 

I'm proud of it. 
It protects the environment. 
It is satisfying just to own it. 
Birds and animals live in my forest. 
It's like money in the bank. 
Wildlife is important to me. 
1 Like to walk in the woods. 
Me cut firewood from our forest. 
It will help finance my retirement. 

When asked specifically about wildlife, 
78 percent of the respondents had hunted game 
animals, but more had enjoyed the following 
activities: 

Appreciated fall leaf colors. 
Gathered wildflowers, nuts, or berries. 
Watched migratory birds. 
Observed birds and animals, 
Provided food for wild animals. 
Observed flowering plants. 

Forty-eight percent of these owners valued their 
forestland primarily for timber production 
(11 percent) or economic reasons (37 percent). 
More than one-half of them (52 percent) gave 
lifestyle enhancement values as the primary 

reasons. Since this was the case, effective 
change programs must be designed to encompass 
noncommodity lifestyle enhancement goals which are 
clearly unrelated to economics or timber produc- 
tion. Chi-square tests indicated that the 
respondent's age, income, education, retirement 
status, and size of his forestland holdings were 
not related to his primary reason for valuing his 
forestland, but his occupation was related to his 
perceived benefits. 

Independent Variable Chi-square p-value 

Age: < 50, = or > 50 0.938 0.33 
< 60, = or > 60 0.382 0.54 

Income: < $30,000, 
= or > $30,000 0.543 0.46 

Education: college degree, 
no degree 0.963 0.33 

Occupation: farmer, 
businessman 6.313" 0.01 

Retirement: yes, no 1.666 0.20 

Size of forestland ownership: 
< 300 acres, = or > 300 acres 0.087 0.77 

a~ Chi-square of 6.31 with a p-value of 0.01 
indicates nonhomogeneity. 

Those owners whose primary source of income was 
farming gave reasons related to timber production 
or economics, and businessmen gave reasons related 
to lifestyle enhancement values. 

CONCLUSIONS AND QUESTlOSS 

Three conclusions of the study lend credence to 
the use of an interdisciplinary approach combining 
forestry and sociology to improve technology 
transfer to private forestland owners: 

1. Opinion leaders who own nonindustrial 
private forestland can be identified equally well 
by county agents and county foresters. 

2. These opinion leaders can be categorized as 
early adopters. 

3 .  More than one-half of the opinion leaders 
placed more importance on lifestyle enhancement 
benefits of their forestland than on timber 
productionleconomic benefits. 

This preliminary study has explored the 
applicability of some diffusion of innovations 
research methodology to the nonindustrial private 
forestland owners social system. The findings are 
presumed applicable in rural counties of the South 
Carolina Piedmont, but not necessarily elsewhere. 
Much work remains to be done. Two important 
questions are: 



1. Do the findings apply to other nonindustrial 
private forestland owners (a) who are not living 
on their land? (b) who live in other geographic 
locations? 

2. Do silvicultural practices spread through 
the nonindustrial private forestland owners social 
system in a manner similar to diffusion of 
innovations in other social systems? 

Partial support for this study was provided by 
the McZntire-Stennis Cooperative Forestry Research 
Program. 
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X Conpar1 son o f  P ro f  i t a b ~  i i t y  f o r  A g r i c u l t u r a i  

and F o r e s t r y  Prodcct  l on on Southern Margi n a l  

AURELlA B, HARRIS 2 

Lana 1s t h e  fundamental p r o d u c t ~ o n  resource  f o r  
a g r i c u l t u r e  and f o r e s t r y ,  F o r  t h e  p a s t  two 
decaaes t h e  U.S, has been burdened ~ 7 t h  
b e c l  ~ n i  ng a g r ~ c u i t u r a l  commod~ty p r l c e s ,  excess 
c r o p  p r o d u c t 1  on, and  most r e c e n t l y ,  ~ n c r e a s i  ng  
acreage b e i n g  croppea f o r  a g r ~  c u l t u r e ,  F e d k ~ w  
e t  a l ,  (1983) e s t ~ m a t e d  t h a t  t h e r e  a r e  2 t o  7 
r n ~  7110n ac res  o f  crop and p a s t u r e l a n d  I n  t h e  
Southern S ta tes  o f  N o r t h  C a r o l ~ n a ,  South 
C a r o l  ~ n a ,  F l o r i d a ,  G e o r g ~ a ,  Alabama, 
M i s s ~ s s - i p p i ,  Lou is iana ,  A r ~ a n s a s ,  Tennessee, and 
Texas  w b ~ c h  would produce a g r e a t e r  net  r e t u r n  
f r o m  f o r e s t r y  t h a n  from e x ~ s t i  ng a g r ?  c u l t u r a l  
c rops,  V a s ~ e v ~ c h  es t ima ted  t h a t  t h e r e  a r e  
c l o s e  t o  n l n e  m s l l i o n  acres o f  h i g h l y  e r o d i b l e  
a g r i c u l t u r a l  low p r o d u c t i v e  c rop land  i n  these  
t e n  Southern States,  G o n v e r t ~ n g  m a r g ~ n a l  
c r o p l a n d  t o  f o r e s t  would reduce excess crop p ro -  
d u c t i o n  and Inc rease  a g r i c u l t u r a l  commodity 
p r i c e s ,  t h u s  p r o v ~ d ~ n g  a h i g h e r  r a t e  o f  r e t u r n  
on inves tments  t o  those  who remas n i n  a g r i  - 
c u l t u r e ,  H ~ g h e r  commodity p r l c e s  c o u l d  a l s o  
reduce t h e  c o s t  o f  farm crop s u b s ~ d y  programs, 

Timber 1s un ique among marke tab le  c o m m o d ~ t ~ e s  
I n  t h a t  i t s  p r l c e s  over  t h e  long  te rm have  bee^ 
i n c r e a s l n g  I n  r e l a t i o n  t o  t h e  p r l c e s  o f  o t h e r  
goods, Adams and Haynes (1980), I D  what i s  p ro -  
b a b l y  t h e  bes t  known f o r e s t  econometric model, 
p r o j e c t  a c o n t i n u a t ~ o n  o f  t h ~ s  t r e n d  o f  
i n c r e a s l n g  p r l c e s .  I f  t h e  demand f o r  t i m b e r  
continues t o  i n c r e a s e  as expected t h r o u g h  2030, 
f u r t h e r  r e a l  price inc reases  a r e  l i k e l y  f o r  
sou thern  t imber ,  Th is  o u t l o o k  e x l s t  i n  part 
because o f  i nadequaxe r e g e n e r a t i o n  of p i  ne a f t e r  
h a r v e s t  and l o s s  o f  f o r e s t  acres t o  o t h e r  land  
uses. 
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A b s t r a c t ,  --An analys~s i s  underway t o  compare 
r e t u r n s  f r o m  crop a n d  pine t ~ n b e r  p r o d u c t i o n  on 
marg lna i  c rop land  I n  10 Southern S ta tes ,  M a r g i n a l ,  
h ~ g k l y  e r o d i b l e  croplaob has much lower y :e lds  than 
most o t h e r  fa rm land  p r o d u c ~ n g  t h e  same c rops  I n  t h e  
same regions, tow y i e l d s  retard earn ings ,  no 
m a t t e r  what t h e  p r s d d c t  p r i c e .  Much o f  t k l s  m a r g l -  
n a i  c rop land  may be h i g h l y  p r o b u c t ~ v e  f o r  p j n e  
c t i l t u r e ,  

Not s u r p r ~ s ? n g f y ,  we have found very low r e t u r n s  
f r o m  co rn ,  wheat ,  a n d  soybean p r o d u c t i o n  on suck 
l a ~ d ,  Al though t h e  a n a l y s i s  1s incomplete,  we 
belleve t h a t  r e t u r n s  f rom p i n e  c u l t u r e  w i l l  be 
h i g h e r  than  t h a t  f rom c rops ,  even when 10-year  
Covse rvad ion  Reserve payments a r e  ignored,  

Keywords : Marginal  c rop land ,  r e t u r n s ,  p r o d u c t  i o n  
a l t e r n a t i v e s ,  crop convers ion,  

This paper d e s c r l  bes progress I n  an e f f o r t  t o  
compare t h e  ne t  r e t u r n s  o f  jnvestment a l t e r -  
n a t t v e s  I n  a g r l c u l t u r e  and f o r e s t r y  f o r  owners 
o f  sou thern  m a r g ~  n a l  c rop land,  The a n a l y s i s  
1s c o n f ~ n d e d  t o  s ~ t e s  w ~ t h i n  t h e  10 s t a t e s  on 
w h ~ c h  low a g r l c u l t u r e  p r o d u c t i v ~ t y  and h i g h  e ro -  
s l o n  p o t e n t ~ a l ,  M a r g ~ n a l  crop land,  as used i n  
t h ~ s  paper ,  1s d e f ~ n e d  as  l and  p r e s e n t l y  i n  a g r l -  
c u l t u r a l  c rops t h a t  does no t  g e c e r a t e  r e t u r n s  
s u f f i c a e n t  t o  cover  t h e  cos t  sf p r o d u c t ~ o n  and 
t h a t  has an e r o s l o o  f a c t o r  of a t  l e a s t  3T ( t h r e e  
t Jnes  t h e  So11 C o n s e r v a t ~ o c  Servace a c c e p t a b l e  
s o l  l l o s s  t o 1  erance) ,  

Marg ina l  c rop land  i n  t h e  South i s  i d e n t i f i e d  by 
u s i n g  Major  Land Resource Areas (MLRA) ,  MLRA's 
a r e  ma jo r  geographic  land  resource u n i t s  t h a t  
a r e  c h a r a c t e r i z e d  by a  p a r t i c u l a r  p a t t e r n  o f  s o i l  
c l i m a t e ,  wa te r  resources and l a n d  uses. I n  t h e  
South 30 d i f f e r e n t  M t R A k  c o n t a i n  marg ina l  
crop land,  

Land Use i n  t h e  South 

In a thorough d i s c u s s i o n  on southern l a n d  use, 
Healy (1985) r e p o r t e d  t h a t  56.5 pe rcen t  o f  
sou thern  land  i s  fo res ted .  The Coasta l  P l a i n  
t ends  t o  be p i n e  coun t ry ,  t h e  Piedmont a m i x t u r e  
o f  p ines  and hardwoods w i t h  t h e  up land f o r e s t  
c o n s i s t i n g  o f  a few l o c a l  softwood s tands,  but  
c o n t a i  n i  ng predominan t l y  hardwoods, 

A g r i  c u l t u r e  , ranked second, occupy i ng 17.6 p e r -  
cen t  o f  t h e  t o t a l  l and  area o f  t h e  12 Southern 
S ta tes  exarnrned by Healy, By acreage, t h e  
South" p r i n c i p a l  crops a r e  soybeans ( o v e r  25 
m i l l i o n  a c r e s )  wheat, corn,  hay,  c o t t o n ,  r i c e ,  
and peanuts, The h i g h e s t  va lue  crop i s  soybeans 
w1t.h tobacco a c l o s e  second, Healy found t h a t  
g r a z i n g  i s  t h e  t h i r d  most impor tan t  use of 
sou thern  Sand. Approx imate ly  41 m i  1 1  ion acres ,  
12.5 pe rcen t  o f  t h e  South" l a n d  a re  used exclu- 
s i v e l y  o r  p r i m a r i l y  f o r  p a s t u r e  and rangeland,  
The f o u r t h  most impor tan t  l a n d  use ca tegory  Mealy 
d i scussed  was c a l l e d  t h e  " ' b u i l t - u p  area, 'hwhich 
accounts f o r  6 - 4  percen t  o f  t h e  South" land, 



F l e x i b i l i t y  o f  l a n d  use has always been an 
i m p o r t a n t  asse t  i n  h e r i c a ,  N a t ~ o n a l  Resources 
I n v e n t o r y  JNRI) o f  t h e  Soi l Conserva t ion  Serv i ce  
(SCS) i n d i c a t e s  t h a t  between 2907 and 1975 
approx imate ly  80 m t  1 l i o n  acres o f  l a n d  has 
s h i f t e d  between a g r i c u l t u r e  and f o r e s t r y ,  

D u r i n g  t h a t  p e r i o d ,  t h e r e  was a net  loss of 
approx imate ly  30 m i  1 1  i o n  acres o f  f o r e s t  l a n d  
( A l i g  19833, Many acres l o s t  t o  f o r e s t r y  were 
ga ined by a g r i c u l t u r e  as a g r i c u l l g r a l  p rsces  
i n c r e a s e d  i n  t h e  7 0 ' s -  

A n a l y s i s  o f  c o m p e t i t i v e  l a n d  uses i s  compli- 
c a t e d  by t h e  d i f f e r e n t  t i m e  p a t t e r n s  sf income 
f l o w s  f rom v a r i o u s  uses ( A l i g  19&), A 1  t e l se  
b e i n g  equa l ,  landowners may p r e f e r  ( o r  r e q u i r e )  
t h e  annual r e t u r n s  of a g r i c u l t u r e ,  t o  t h e  less 
f r e q u e n t  r e t u r n s  f rom f o r e s t r y .  Land use com- 
p a r i s o n s  a l s o  i n v o l v e  '"expected" n e t  incomes. 
A1 i g r a i  ses an addi t i ona 1 comp l i c a t  i on because 
l i t t l e  i s  p r e s e n t l y  known about how landowners 
e s t i m a t e  f u t u r e  p r i c e s  and c o s t  assoc ia ted  w i t h  
a l t e r n a t i v e  uses, I n  t h i s  paper, we p resen t  
expected incomes f o r  a g r i c u l t u r e  and e x p l a i n  how 
f o r e s t r y  incomes a r e  t o  be c a l c u l a t e d  i n  hopes o f  
r e d u c i n g  c o m p l i c a t i o n s  and p r o v i d i n g  landowners 
and p o l i  cy-makers w i t h  r e l e v a n t  i n f o r m a t i o n ,  

Government Programs 

Recent concern w i t h i n  and o u t s i d e  t h e  USDA has 
focused  on cons is tency  o f  some USDA programs 
des igned t o  i n f l u e n c e  l a n d  use dec is ions ,  
Speci f i c a l  l y  , programs t o  reduce excess produc- 
t i o n  of a g r i c u l t u r a l  commodit ies, t o  suppor t  com- 
modi t y  p r i  ces conf 1 i c t  i ng e f f e c t s  and i ncome and 
t o  promote c o n s e r v a t i o n  have i n c o n s i s t e n t  and 
c n f l i c t i n g  e f f e c t s .  

Commodity p r i c e  and income suppor t  programs a r e  
des igned t o  improve p r i c e s  and r a i s e  farm income 
(Osteen, 1984), H i  gher  , more c e r t a i  n income 
leads  t o  inc reased  investment  i n  crop p r o d u c i t o n ,  
i n c l u d i n g  b r i n g i n g  marg ina l  c r o p l a n d  under  c u l t i -  
v a t i o n .  When a  commodity program i s  i n s t i t u t e d ,  
i t  i s  t o  t h e  land-owner 's  advantage t o  maximize 
t h e  use o f  t h e  area under c u l t i v a t i o n .  By do ing  
so  t h e  landowner m in im izes  t h e  impact o f  w i t h -  
d raw ing  a  p a r t  o f  t h e  l a n d  f rom p r o d u c t i o n  and 
maximizes t h e  acreage base f rom which payments 
computed. 

I f  f u t u r e  p r i c e s  a r e  u n c e r t a i n ,  landowners a r e  
l e s s  i n c l i n e d  t o  commit t o  l ong  te rm investments ,  
H igher ,  more s t a b l e  p r i c e s  encourage t h e  develop- 
ment o f  more marg ina l  l and ,  and d iscourage t h e  
convers ion  o f  c rop land  t o  f o r e s t .  Hence, i f  
m a r g i n a l  c r o p l a n d  i s  e r o d i  b l e ,  some commodity 
programs t e n d  t o  encourage t h e  use o f  e r o d i b l e  
land,  whi f e  s o i  l c o n s e r v a t i o n  programs hope do 
d iscourage  such use. 

Some research  i n d i c a t e s  t h a t  t h e  p r i c e  
inc reases  a s s o c i a t e d  w i t h  commodity programs 
b e n e f i t  as much o r  more n o n p a r t i c i p a n t s  than  pas- 
t i  c ipan ts .  Johnson and Shor t  (1983) i n d i c a t e d  

t h a t  70 percen t  o f  s n d l  r e c t  ( p r ~  ce improvement 1 
benefits  o f  the 1978 corn acreage r e d u c t i o n  
program i n  selected Southern States were r e c e i v e d  
by those  who b i d  not p a r t ~ c i p a t e  i n  the program, 
Gardner Cl.982) es t ima tes  t h a t  f a r m  programs 
inc reased  p r i c e s  r e c e i v e d  by fa rmers  by 6 p e r c e n t  
i n  2978-79, P a r t i c i p a n t s  and n o n p a r t i c i p a n t s  
a l i k e  b e n e f i t   fro^ these p r i c e  e f f e c t s ,  
P a r t i c i p a n t s  a l s o  r e c e i v e  d i  r e c t  payments, b u t  
they g i v e  up  income o~ l a n d  t e m p o r a r i l y  i d l e d  t o  
comply w i t h  program requ i  rement 

R e i c h e l d e r f e r  (1984, 1985) studied fa rms i n  
h i g h l y  e r o d i b l e  areas o f  t h e  U,S,, i n c l u d i n g  t h e  
Southern Piedmont, t h e  Sobthern Coasta l  P l a i n ,  
and t h e  Southern M i s s i s s i p p i  V a l  ley. E r o s i o n  was 
measured a t  2,800 sample p o i n t s  i n  6 8  c o u n t r i e s ,  
The c h a r a c t e r ?  s t i c s  o f  t he  opera to rs  who managed 
t h e  land  a t  each po l  n t  were then  t a 7  l i e d  arid ana- 
lyzed ,  One of t h e  m a j o r  goals o f  t h i s  e f f o r t  was 
t o  i d e n t i f y  r e  r a t  i onships between USDA program 
p a r t i  c i p a t ~  on and e ros ion ,  The r e s u l t s  show t h a t  
those  p a r t i c i p a t i n g  only i n  commodity programs 
had a h i g h e r  percentage o f  t h e i  r l a n d  e r o d i n g  a t  
g r e a t e r  than  5 tons  p e r  ac re  pe r  year  t h a n  d i d  
n o n p a r t i c i p a n t s  and those  p a r t i c i p a t i n g  i n  b o t h  
c o n s e r v a t i o n  and conmodi ty programs, Never the-  
l e s s ,  she found t h a t  p a r t i c i p a n t s  i n  the  USDA p r o -  
grams show some c o n t r i b u t ~ s n  t o  s o i l  e r o s i o n ,  

R e i c h e l d e r f e r  (1983) found t h a t  50 t o  35 
m i l l i o n  a c r e s  ( 4 1  t o  28 percen t  o f  t h e  U.S, 
c r o p l a n d )  l o s i n g  more t han  5 t o n s  per a c r e  p e r  
year  t o  e r o s i o n  were operated by p a r t i c i p a n t s  i n  
USDA cornrnodtty a n d l o r  conserva t ion  programs, 
However, 70 t o  95 m i l l i o n  acres s f  a l l  c r o p l a n d  
e r o d i n g  a t  s imi l a r  r a t e s  were  ope ra ted  by t h o s e  
who d i d  no t  p a r t i c i p a t e  I n  USDA programs. USDA 
program p a r t i c i p a n t s  Farmed 30 t o  70 m i l l i o n  
acres i n  such a way t h a t  e r o s i o n  was a t  o r  below 5 
t o n s  p e r  ac re  p e r  year .  

Conserva t ion  Reserve 

The developers o f  t h e  Conservat i on Reserve t h a t  
i s  i n c l u d e d  i n  t h e  Conservat ion T i t l e  o f  t h e  1985 
Farm B i  17 e s t i m a t e  t h a t  over 70 m i  l 1 i o n  ac res  
n a t i o n a l l y  and 5 m i l l i o n  i n  t h e  Southe w i l l  be 
e l i g i b l e  f o r  t h e  reserve  i n  SCS capabi t i t y  
c lasses  s i x  t o  e i g h t  o r  two t o  f i v e ,  These 
c lasses  have an average s o i l  loss g r e a t e r  t h a n  3T  
p e r  ac re  pe r  y e a r  i n  t h e i r  p resen t  a g r i c u l t u r a l  
c rops  (Meal, 1986j, These F igu res  i n c l u d e  
wetlands as we17 as h igh l y  e r o d i b l e  land,  The 
program i s  s t r u c t u r e d  so  t h a t  convers ion  f rom 
a g r i c u l t u r e  t o  permanent grasses o r  f o r e s t r y  w i  1 f 
be gradual ,  One-s ix th  o f  a1 1 l a n d  i n  t h e  r e s e r v e  
i s  t a r g e t e d  t o  be p l a n t e d  t o  t r e e s ,  

Conserva t ion  T i t i e  o f  t h e  1985 Farrn B i ?  7 

C l e a r i n g  f o r  a g r i c u l t u r e  i n  t h e  pas t  has been a 
ma jo r  cause f o r  d e c l i n i n g  f o r e s t  acreage, S ince 
1960, 6 percen t  o f  t h e  n a t i o n ' s  f o r e s t  l a n d  has 
been l o s t  t o  a g r i c u l t u r e  (Fedkiw ed a1  . , 1983), 
Many o f  t h e  ga ined acres by a g r ~ c u l t u r e  have been 
marg ina l  crop land.  F o r  one o r  more p h y s i c a l  
reasons, t h i s  l a n d  i s  n o t  as p r o d u c t i v e  as t h e  
average qua1 i ty  farmland,  



For  t h e  p a s t  30 years  t h e  USDA farm programs 
have encouraged convers ion  o f  some a g r i  cu 1 t u r a l  
l a n d  t o  f o r e s t .  I n  t h e  mid 1950 's  t h e  S o i l  Bank 
Program was i n i t i a t e d  w i t h  t h e  p r imary  purpose o f  
d i v e r t i n g  land  f rom t h e  p r o d u c t i o n  o f  farm crops,  
b u t  a1 so t o  e s t a b l  i sh c o n s e r v a t i o n  p r a c t i c e s ,  
T h i s  program l e d  t o  t h e  development o f  numerous 
p i n e  p l a n t a t i o n s  s c a t t e r e d  th roughou t  t h e  South. 
Between 1957-1961 n e a r l y  2 m i l l i o n  acres o f  t r e e s  
were p l a n t e d  i n  t h e  South ( k l i g ,  M i l l s  and 
S h a c k l e f o r d ,  1982), Many o f  these  p i n e  p l a n -  
t a t i o n s  now con ta ins  pulpwood, sma l l  sawlogs, and 
o t h e r  f o r e s t  products ,  The reserve  program 1s 
s i m i l a r  t o  The S o i l  Bank except t h a t  c o n s e r v a t i o n  
i s  t h e  m a j o r  concern o f  t h e  newer program. 

The 1985 Conservat ion Reserve Program (CRP) has 
f o u r  p a r t s  each hav ing  i t s  own o b j e c t i v e :  

C o n s e r v a t i o n  Reserve: P rov ide  annual r e n t a l  
payments f o r  10 years  
t o  t a k e  out o f  produc- 
t i  on crop 1 and t h a t  has 
t h e  h i g h e s t  e r o s i o n  
l e v e l s .  A l s o  p r o v i d e  
h a l f  o f  t h e  cos t  t o  
e s t a b l i s h  a  conser-  
v a t i o n  cover  on con- 
v e r t e d  land. 

Swampbuster: D iscourage convers ion  
o f  addi t i ona 1 wet 1 ands 
t o  a g r i c u l t u r e  by 
making landowners t h a t  
do so i n e l i g i b l e  f o r  
many government bene- 
f i t s .  

Sodbuster :  O i  scourage t h e  break1 ng 
o f  new h i g h l y  e r o d i b l e  
l a n d  i n t o  a g r i c u l t u r e  
and encourage t h e  use 
o f  adequate conser- 
v a t i o n  p r a c t i c e  i f  
crops a re  p lan ted .  

Conserva t ion  Compliance: Encourage widespread 
use o f  conserva t ion  
p r a c t i c e s  on h i g h l y  
e r o d i b l e  land  by t y i n g  
comp 1  i ance t o  govern- 
ment program b e n e f i t  s. 

The CRP wi 7 1 a t t a c h  permanent l a n d  use r e s t r i  c -  
t i  ons on 45 mi l 1 i o n  acres over  t h e  nex t  15 
years .  F i n a n c i a l  i n c e n t i v e s  a r e  o f f e r e d  t o  
encourage landowners t o  t a k e  advantage o f  a l t e r -  
n a t i v e  p r o d u c t i o n  a c t i v i t i e s .  Land q u a l i f i e s  f o r  
t h e  program i f  i t  i s  s u s c e p t i b l e  t o  annual e ro -  
s i o n  g r e a t e r  than  3T p e r  ac re  p e r  year .  N e i t h e r  
l a n d  s u b j e c t  t o  p o t e n t i a l  w ind e r o s i o n  n o r  h i g h l y  
e r o d i b l e  l a n d  no t  p r e s e n t l y  be ing  cropped f o r  
a g r i c u l t u r e  i s  e l i g i b l e  f o r  t h e  program. 

p e r c e n t  o f  c rop land  i n  any one county) .  A f t e r  
b i d s  a r e  accepted, t h e  landowner must grow e i t h e r  
t r e e s  o r  grasses on t h e  b idded land  area f o r  1 0  
y e a r s  w i t h o u t  h a r v e s t i n g  o r  s e l l i n g  whatever  i s  
grown on t h e  land, I n  r e t u r n ,  t h e  f e d e r a l  
government w i  1 1  pay 50 percen t  o f  t h e  c o s t  o f  
convers ion  p l u s  an annual payment f o r  t h e  f i r s t  
10 years,  The Cross-Compliance program i n  t h e  
CRP w i l l  p e n a l i z e  landowners t h a t  farm h i g h l y  
e r o d i  b1 e  c rop land  a f t e r  1990 w i t h o u t  an approved 
c o n s e r v a t i o n  p l a n  by making them i n e l i g i b l e  f o r  
many government programs, Th is  program i s  an 
example o f  how t h e  government i s  t r y i n g  t o  
improve and implement i t s  e x i s t i n g  programs, 

Fedkiw e t  a7, (1983) r e p o r t e d  a p o s s i b l e  long-  
, r u n  economic g a i n  f o r  owners o f  marg ina l  c r o p l a n d  

i n  t h e  South who conver t  t o  lob101 l l y  p i n e  (P inus 
taeda L. ) p l a n a t i o n s .  Conversion t o  f o r e s t  c rops  
f rorn a g r i c u l t u r e  c o u l d  decrease farm s u r p l u s e s ,  
i n c r e a s e  t h e  n a t i o n ' s  l ong  te rm t i m b e r  s u p p l i e s ,  
dampen t h e  expected s t r o n g  upward t r e n d  i n  s o f t -  
wood t i m b e r  p r i c e s ,  and p r o v i d e  an economica l l y  
e f  f i c i  e n t  and compet i t i ve r e t u r n  on f o r e s t  
investment  whi l e  reduc ing  s o i  1  e r o s i o n  and s t ream 
sed imenta t ion  and improv ing  w i l d l i f e  h a b i t a t s .  

Investment  dec is ions  f o r  l and  a re  u s u a l l y  
c o n s t r a i n e d  by c a p i t a l  l i m i t a t i o n s ,  l a c k  o f  
r e l e v a n t  i n f o r m a t i o n ,  owner o b j e c t i v e s ,  market  
e x p e c t a t i o n s  ( s h o r t  and long  te rm) ,  and f u t u r e  
t e c h n o l o g i c a l  developments. The investment  
a l t e r n a t i v e s  f o r  margi n a l  c rop land  were ana lyzed  
here  accord ing  t o  t h e  p r o f i t  max im iza t ion  c r i -  
t e r i o n .  D i f f e r e n t  p r o f i t  max im iza t ion  c r i t e r i a  
a r e  d iscussed by Hi  r s h l e i  f e r  (1984) and Henderson 
and Quandt (1968). These c r i t e r i a  i n c l u d e  u n i t  
c o s t ,  p resen t  va lue  o f  net  r e t u r n s ,  p r e s e n t  v a l u e  
o f  b e n e f i t s  and c o s t ,  i n t e r n a l  r a t e  o f  r e t u r n ,  
and p a y - o f f  pe r iod .  I n  t h i s  a n a l y s i s ,  t h e  p r e -  
sent  va lue  o f  net  r e t u r n s  be fo re  taxes  i s  used t o  
determine t h e  p r o f i t a b i l i t y  o f  each p r o d u c t i o n  
venture.  

A g r i c u l t u r e  

I n  a n a l y z i n g  t h e  p r o f i t a b i l i t y  o f  a g r i c u l t u r e  
and f o r e s t r y ,  i t  i s  assumed t h a t  on ly  t h r e e  
crops,  soybeans, corn,  and wheat a re  grown on 
sou thern  margi n a l  c rop land  and t h a t  o n l y  sou thern  
p i n e  w i  ll be grown on conver ted marg ina l  
c rop land .  These crops and t r e e  spec ies were 
s e l e c t e d  because they  a re  t h e  most p r e v a l e n t  
crops and t r e e s  grown commerc ia f ly  i n  t h e  South. 
Others (Hard ie  1983; Eason and F l inchum 1984, and 
Fedkiw e t  a l ,  1983) have i n  some way compared 
a g r i c u l t u r a l  p r o d u c t i o n  t o  f o r e s t r y  p r o d u c t i o n  
u s i n g  l a n d  r e n t s  o r  r e t u r n s  p e r  acre. Here t h e  
p r o d u c t i o n  o f  t h r e e  a g r i c u l t u r a l  c rops i s  com- 
pared w i t h  t o  southern p i n e  p r o d u c t i o n  on 
sou thern  marg ina l  crop land.  The income 
landowners r e c e i v e  f rom USDA a g r i c u l t u r a l  and 
f o r e s t r y  income and suppor t  programs i s  a l s o  con- 
s ide red .  

Landowners w ish ing  t o  p a r t i c i p a t e  a r e  accepted 
i n  a f i r s t  come f i r s t  served v o l u n t a r y  b i d d i n g  
system, There i s  a  maximum annual number o f  
ac res  p e r  county  accepted i n t o  t h e  program (25 



A g r i c u l t u r a l  Crops 

The p e r  a c r e  y i e l d s  f o r  each crop a r e  t h e  
r e s u l t  o f  t h e  bes t  two ou t  o f  t h r e e  years  1982 
t o  1985 on t h e  s e l e c t e d  MLRA by s t a t e  f rom SCS 
c rop  budget data. The annual n a t i o n a l  average 
y i e l d  f o r  c o r n  i s  110 bufacre,  bu t  on southern 
m a r g i n a l  c r o p l a n d  t h e  h i g h e s t  average y i e l d  f o r  
t h e  s p e c i f i e d  p e r i o d  i s  80.7 bu [acre. The 
h i g h e s t  annual average y i e l d  f o r  soybeans on 
marg ina l  c r o p l a n d  i s  27 bufacre i n  Lou is iana  com- 
pared  t o  t h e  annual n a t i o n a l  average o f  75 
bu lac re .  The n a t i o n a l  average annual y i e l d  f o r  
wheat i s  70 b u l a c r e ,  w h i l e  on marg ina l  c rop land  
t h e  t o p  y i e l d  i s  i n  M i s s i s s i p p i  a t  41 bu lacre.  

The e s t i m a t e d  cos ts  p e r  ac re  f o r  p roduc ing  
a c r e  o f  co rn ,  soybeans, and wheat on southern 
marg ina l  c r o p l a n d  were taken  f rom budget data o f  
t h e  SCS o f  t h e  USDA (Tables 1, 2, and 3). T o t a l  
c o s t s  p e r  a c r e  ranged f rom $77 t o  $179 f o r  corn; 
$81 t o  $243 f o r  soybeans, and wheat f rom $63 t o  
$160. These t o t a l  cos ts  i n c l u d e d  bo th  v a r i a b l e  
c o s t s  and l a n d  ownership c o s t ,  c o s t  d i f f e n t i a l s  
a r e  assumed due t o  r e g i o n a l  l and  c h a r a c t e r i s t i c s ,  

............................................................................... 
R A T E  ~ Y I E L D  ?RICE TDT COST CROSS #T S T  lRWIll ----------------------------------------------------------____ 

ru./m $pu. ------- $/VIELO ------- 
MMAM Sl 3.12 # 119 34 

ARUUSA.5 36.4 t.23 $7 11Z 15 

FLORIDA 36.7 3.24 148 119 -29 

l E O I C I A  4 3.11 62 I13 51 

(IISSISSIWI 40.5 3.28 119 133 14 

NORTH UlQfM 17.4 3.10 124 110 -14 

SOUTIICMOLINA I . 7  3.11 122 115 -8 

T E ~ S S E E  SB 3.16 9s 120 a 
TEXAS jP.1 3.49 115 1 36 2 1 

............................................................................... 
'BEST TWO WT ff THREE YEARS 

SOURCE: D c r l v e d  frm unpublished I t '  p r w t d . d  by USDA Soil Conserva t ion  
S t r v l c e ,  Uashington,  IK. 1!U%. 

T o t a l  c o s t s  ( v a r i a b l e  c o s t  and l a n d  ownership 
c o s t ) ,  y i e l d s  ( p e r  bushel p e r  a c r e ) ,  and c u r r e n t  
no rma l i zed  p r i c e s  data f o r  1985 were e x t r a c t e d  
f r o m  t h e  SCS data f i l e s  and used t o  c a l c u l a t e d  
n e t  r e t u r n s  ( b e f o r e  t a x e s )  f o r  each crop by s t a t e  
on MLRA's c l a s s i f i e d  as margi n a l  southern 
c rop land .  E s t a b l i s h e d  y i e l d s  were m u l t i p l i e d  by 
t h e  c u r r e n t  no rma l i zed  p r i c e  p e r  crop t o  
o b t a i n  t h e  gross re tu rns .  T o t a l  c o s t  was then  
s u b t r a c t e d  t o  get  net  r e t u r n  b e f o r e  taxes. 

Net r e t u r n s  p e r  acre b e f o r e  taxes  f o r  wheat 
v a r i e d  f rom -$52 t o  $75; co rn  r e t u r n s  p e r  ac re  
ranged f rom $105 t o  $65; and soybeans t h e  lowest  
o f  t h e  t h r e e  crops $-I55 t o  $25. U n f o r t u n a t e l y ,  
i t  was no t  p o s s i b l e  t o  o b t a i n  da tz  on t h e  amount 
o f  income suppor t  and commodity monies p r o v i d e d  

TABLE 2. AWNUAL AVERAGE NET RETURNS BEFORE TAXES FOR SOYBEANS 
GROWN ON SOUTHERN MRGINAL CROPLAND 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STATE aYIELD PRICE TOT COST GROSS RET NET RETURN ............................................................................... 

BU./ACRE S ~ B U .  --------- $/YIELD --------- 
ALABAMA 21.4 4.98 115 1% - 9 
ARKANSAS 20.4 5 .08  108  108 0 

FLORIDA 25.8 5.11 163 132 -41 

LOUIS IAW 26.8 5.03 1% 118 -8 

UISSISS IPP I  25.7 5.10 1 2 1  131 1 0  

NQRTH CAROLINA 22.98 5.02 131 103 -28 

W T H  CAROLINA 21.19 5.08 131 99 -32 

TENNESSEE 23 5.05 145 1 16 -29 

TEXAS 23.7 4.80 93 % 3 

SOURCE: D e r i v e d  frm unpub l fshed  d a t a  p r o v i d e d  by USOA S o i l  Conserva t ion  
S e r v i c e ,  Washington,  DC. 1986. 

TABLE 3. W W A L  AVERAGE NET RETURNS BEFORE TAXES FOR CORN 
GROWN ON SOUTHERN MARGINAL CROPLAND 

--------__-___--_-_------------------------------------------------------------ 
STATE aYIELD PRICE TOT COST GROSS RET NET RETURN ___--_--_____-_-___------------------------------------------------------------ 

BU./ACRE f/BU. -------- $/YIELD ------- 

ARKANSAS 59.8 2.66 123 159 36 

FLORIDA 80.7 2.74 154 221 6 7 

GEORGIA 53.7 2.74 168  147 -21 

~ I S S I S S I P P ~  60.8 2.88 162 175 13 

NORTHCARdINA 62.5 2.62 147 184 37 

SOUTH CAROLINA 5 8  ' 2.73 151 158 7 

TENNESSEE 80 .2  2.74 164 219 55  

TEXAS 56.7 2.87 112 16 3 5 1 

------------------------------------------------------------------------------- 
a~~~~ NO OUT OF THREE YEARS 

SOURCE: D e r i v e d  f rom unpub l ished  d a t a  p r o v i d e d  by USOA S o i l  Conserva t ion  
S e r v t c e ,  Washington,  DC. 1986. 

t o  i n d i v i d u a l  landowners growing crops i n  t h e  
s p e c i f i e d  MLRA's. P lans l a t e r  a r e  t o  de te rm ine  
cash amounts by s t a t e ,  crop and p r o d u c t i o n  
r e g i o n  f o r  marg ina l  l a n d  t o  see i f  t h e r e  i s  a  
s i g n i f i c a n t  d i f f e r e n c e  between t h e  expected 
income and t h e  a c t u a l  income received.  

Net r e t u r n s  b e f o r e  taxes  w i t h  average y i e l d  and 
norma l i zed  p r i c e s  a r e  shown i n  Tables 1, 2, and 
3. Fo r  example co rn  grown i n  Arkansas on MLRA 
1170 w i t h  a  y i e l d  o f  54.1 bushels  p e r  a c r e  n e t t e d  
$17 p e r  ac re  before taxes  a t  a  p r i c e  o f  $2.66 p e r  
bushel .  Corn grown i n  F l o r i d a  on MLRA 1561 had a  
y i e l d  o f  o n l y  35.9 average bushels p e r  a c r e  and 
p r i c e d  a t  $2.74 a  bushel n e t t e d  -$65 p e r  acre.  
To break even o r  t o  cover  cos t  t h e  F l o r i d a  y i e l d  
must be a t  l e a s t  6 0  bushels p e r  a c r e  a t  t h e  
c u r r e n t  p r i c e .  Y i e l d s  do have a  d i r e c t  r e l a -  
t i o n s h i p  t o  income earned. S ince t h e  y i e l d s  p e r  
a c r e  f o r  each crop on marg ina l  c rop land  a r e  f a r  
below t h e  n a t i o n a l  average, ne t  r e t u r n s  b e f o r e  
taxes  f o r  t h e  crops i n  most o f  t h e  s p e c i f i e d  
acres w i t h  i n  each s t a t e  produce low t o  n e g a t i v e  
r e t u r n s  p e r  acre. 



F o r e s t r y  

A F o r e s t  Serv i ce  a n a l y s i s  o f  t h e  t i m b e r  
s i t u a t i o n  i n  t h e  U.S. p r o j e c t s  s i g n i f i c a n t  
i n c r e a s e s  i n  t h e  demand f o r  sou thern  p i n e  because 
o f  economic growth and t h e  Sou th ' s  improv ing  
p o s i t i o n  r e l a t i v e  t o  t h e  P a c i f i c  Northwest.  The 
t i m b e r l a n d  base i s  expected t o  c o n t i n u e  t o  
decrease,  and f u t u r e  growth on some l a n d  may be 
lower  t h a n  o r i g i n a l  ty a n t i c i p a t e d  (Haynes and 
Adams, 1980). Cont inued i n c r e a s e  i n  demand w i t h  
a  r e l a t i v e l y  s t a b l e  supp ly  suggest t h a t  r e a l  
so f twood  p r i c e s  w i  11 r i s e  over  t ime.  

H i s t o r i c a l  l a n d  use p a t t e r n s  suppor t  t h e  
assumpt ion t h a t  t h e  l a n d  used f o r  t i m b e r  growing 
i s  t h a t  l e f t  over  f rom most o t h e r  uses. From 
1952 t o  1977, r e a l  p r i c e s  o f  sou thern  sof twood 
stumpage inc reased  f rom an index  va lue  o f  57.8 t o  
138.9 (1967=100). D e s p i t e  t h e  r e a l  p r i c e  r i s e  
f o r  t i m b e r  and t i m b e r  p roduc ts ,  p r i v a t e  nonin-  
d u s t  r i  a1 t i m b e r l a n d  h o l d i  ngs decreased f rom 143 
t o  134.1 m i l l i o n  acres. I n  t h a t  same t i m e  
p e r i o d ,  h o l d i n g s  o f  f o r e s t  i n d u s t r i e s  inc reased  
f r o m  32.1 t o  36.2 m i l l i o n  acres (Hard ie ,  1984). 
The Conserva t ion  T i t l e  o f  t h e  1985 Farm Bi  11 p ro -  
v i d e s  an i n c e n t i v e  t o  t h e  n o n i n d u s t r i a l  landowner 
t o  c o n v e r t  f rom j a g r i c u l t u r a l  crops on e r o d i b l e  
land, V a s i e v i c h  c a l c u l a t e d  t h a t  t h e r e  a r e  8.8 
mi l l i o n  acres o f  h i g h l y  e r o d i b l e  c rop land  a r e  
s u i t a b l e  f o r  growing t r e e s  (Table 4) .  

A n a l y s i s  o f  f o r e s t r y  investments  i s  no t  y e t  
complete. Some cos t  a n a l y s i s  has been done, bu t  
o t h e r  a n a l y s i s  i s  j u s t  underway. F o r e s t r y  
r e t u r n s  w i l l  be c a l c u l a t e d  by Timber Mar t  South 's  
p r o d u c t i o n  reg ions  f o r  each s t a t e  f o r  h i g h ,  
medium and low q u a l i t y  t r e e  s i t e s .  

Cost Assumption 

Management c o s t  ( c o s t  o f  p r o d u c t i o n )  and 
e s t a b l i s h m e n t  c o s t  a r e  t h e  o n l y  c o s t  a s s o c i a t e d  
w i t h  growing p ine.  The es tab l i shment  c o s t  i s  a  
f i x e d  one- t  ime e x p e n d i t u r e  p e r  r o t a t i o n ,  whi l e  
management c o s t  i s  t h e  c o n t i n u i n g  c o s t  o f  main- 
t a i n i n g  and managing a  p i n e  s tand  th roughou t  i t s  
p r o d u c t  i on p e r i  od. 

The ma jo r  expense i n  e s t a b l i s h i n g  p i n e  p lan -  
t a t i o n s  a r e  s i t e  p r e p a r a t i o n ,  seeds o r  seed l ings  
and p l a n t i n g .  S ince t h e  l a n d  under i n v e s t i g a t i o n  
i s  p r e s e n t l y  i n  crops,  s i t e  p r e p a r a t i o n  c o s t  a r e  
assumed t o  be c l o s e  t o  zero. V a r i a b l e s  f o r  t h i s  
a n a l y s i s  i n c l u d e  t o t a l  c o s t ,  which i s  t h e  sum o f  
convers ion  c o s t  ( c o s t  o f  t r a n s f e r i  ng p r o d u c t i o n  
f rom crops t o  t r e e s ) ,  es tab l i shment  c o s t ,  manage- 
ment c o s t ,  and landownersh ip  cos t  ( e x c l u d i  ng land  
p u r c h a s i n g  c o s t ) .  V a s i e v i c h  has es t ima ted  t o t a l  
p l a n t i n g  c o s t  o f  p roduc ing  p i n e  on h i g h l y  erod- 
i b l e  t o  be 6 3  p e r  acre. 

3 ~ n p u b l  i shed USDA F o r e s t  Serv i ce ,  Southern 
Timber Supply Study, P rov ided  by Dr. J ,  
Michael  Vas iev ich ,  East Lans ing,  MI. October ,  
1986. 

Growth and Y i e l d  

Ttrnber y i e l d  a t  t h e  end o f  a  g i ven  c r o p p i n g  
p e r i o d  o r  r o t a t i o n ,  The annual i nc rementa l  
growth depends upon spec i  es , s i t e  condi  t i on, 
management p r a c t i c e s .  Since we a r e  i n t e r e s t e d  
o n l y  i n  sou thern  p i n e ,  i t  i s  assumed t h a t  a l l  
owners use t h e  same management p r a c t i c e s  , and 
t h u s  t h a t  y i e l d  depends on ly  on s i t e  q u a l i t y .  
The p r o d u c t i v e  c a p a c i t y  o f  a  f o r e s t e d  a rea  i s  
o f t e n  expressed i n  terms o f  as s i t e  i n d e x  ( S I ) .  
The h e i g h t  o f  dominant t r e e s  a t  a c e r t a i n  age. 
L o b l o l  l y  p i n e  was s e l e c t e d  because i t  wi 11 p r o -  
duce t h e  h e i g h t  y i e l d s  on h i g h l y  e r o d i b l e  
Southern s o i  1s. SCS data on s o i l  t y p e l s i t e  and 
s i t e  i ndex  f o r  marg ina l  c rop land  i n  t h e  South 
was averaged f o r  a  25 year  r o t a t i o n .  Land w i t h  
low a g r i c u l t u r a l  p r o d u c t i v i t y  i s  not  necessar i  l y  
poor  f o r  t r e e  growing, A l though t h i n n i n g  schedu- 
l e s  c o u l d  have been c a l c u l a t e d  u s i n g  mean annual 
growth,  s i t e  q u a l i t y ,  and t y p o g r a p h i c  r e g i o n  
t h i n n i n g  p o s s i t i l i t i e s  were ignored  i n  t h e  ana ly -  
s i s .  The es t ima ted  average volume f o r  marg ina l  
h i g h l y  e r o d i b l e  c rop land ,  accord ing  t o  Vas iev ich ,  
i s  108 c u b i c  f e e t  p e r  ac re  p e r  year .  

Stumpage P r i c e  

Stumpage p r i c e  i s  t h e  p r i c e  p a i d  f o r  t r e e s  as 
t h e y  s tand  i n  t h e  f o r e s t .  Stumpage p r i c e s  vary  
c o n s i d e r a b l y  w i t h  t r e e  q u a l i t y ,  and l o c a t i o n ,  b u t  
t h e s e  f a c t o r s  were a l l  assumed t o  be equa l  f o r  
each s e t  o f  c a l c u l a t i o n s .  Past and c u r r e n t  stum- 
page p r i c e s  f o r  t i m b e r  were taken  f rom Timber Mar t  
South ( v a r i o u s  volumes). 

Government Cost-Sha r e  Programs 

Severa l  e x i s t i n g  f e d e r a l  and s t a t e  programs 
h e l p  o f f s e t  t h e  c o s t  o f  s t a r t i n g  a  f o r e s t .  The 
t w o  major  e x i s t i n g  programs a r e  t h e  F o r e s t r y  
I n c e n t i v e  Program (F IP)  and t h e  CRP. The 
F o r e s t r y  I n c e n t i v e  Program, admi n i s t e r e d  t h r o u g h  
t h e  A g r i c u l t u r a l  S tab i  1  i z a t i o n  and Conserva t ion  
S e r v i c e  (ASCS), may re imburse landowners up t o  
68% o f  s tand  es tab l i shment  cos t  not  t o  exceed 
some maximum amount p e r  acre. 

Fo r  a l l  e l i g i b l e  landowners who have accep tab le  
b i d s ,  t h e  CRP pays 50% o f  es tab l i shment  c o s t  and 
an annual i n c e n t i v e  payment f o r  10 y e a r s  i n  
exchange f o r  growing permanent cover  ( t r e e s  o r  
g rass )  on t h e  c o n t r a c t e d  acres. Fo r  t h o s e  who 
p a r t i c i p a t e ,  s tand  es tab l i shment  c o s t  a r e  m i n i -  
mal. The 10 y e a r  income suppor t  a l s o  makes 
growing t r e e s  more a t t r a c t i v e  t o  some fa rmers ,  
who a r e  concerned about cash f l o w  , b u t  w i  1 l i n g  
t o  conver t  t o  t r e e s .  

Ca 1  cu 1  a t  i ng F o r e s t r y  Returns 
E 

There a r e  many v a r i a b l e s  t h a t  a f f e c t  t h e  econo- 
mics of f o r e s t r y  i n  c o n t r a s t  t o  annual c rop  p r o -  
d u c t  i on .  A g r i c u l t u r a l  crops a r e  ha rves ted  
a n n u a l l y  o r  semiannual ly ,  b u t  t r e e s  a r e  grown f o r  t 

4~ b id .  



REFERENCES much longer  p e r i o d s  o f  t i m e  and f o r  uses o t h e r  
t h a n  t i m b e r  sa les .  T h i s  s tudy  i s  concerned o n l y  
w i t h  income r e c e i v e d  f rom t r e e  sa les.  

Us ing  t h e  p r o d u c t i o n  reg ions  o f  Timber Mar t  
South and a d j u s t i n g  acreage t h r e e  d i f f e r e n t  net  
r e t u r n s  f o r  each s t a t e  were computed on t h e  
b a s i s  o f  s i t e  q u a l i t y .  The r o t a t i o n  l e n g t h  i s  
t o  be 25 years .  S i t e  q u a l i t i e s  a re  d e f i n e d  as: 

( 1 )  h i g h  s i t e  - annual mean growth p e r  ac re  
o f  85 c u b i c  f e e t  o r  more, 

( 2 )  medium s i t e  - annual mean growth p e r  
a c r e  o f  50 t o  85 c u b i c  f e e t ,  

( 3 )  low s i t e  - annual mean growth p e r  ac re  
o f  49 c u b i c  f e e t  o r  less.  

I t i s  a l s o  assumed t h a t  t h e r e  w i l l  be no oppor- 
t u n i t y  c o s t  o c c u r i n g  f o r  any o t h e r  l a n d  uses 
o t h e r  t h e  crops p r e s e n t l y  grown on t h e  land  and 
sou thern  p ine.  F o r  each s t a t e  and each s i t e  t y p e  
f rom a1 1 p r e v i o u s l y  mentioned data Present  Net 
Worth (PNW) f o r  f o r e s t r y  w i  11 be c a l c u l a t e d .  

Return Comoari son 

The most a p p r o p r i a t e  c r i t e r i o n  f o r  comparing 
r e t u r n s  f rom crops and f o r e s t r y  i s  an annua l i zed  
v e r s i o n  o f  p resen t  ne t  worth. 5The recommended 4 
percen t  r e a l  d i scoun t  r a t e  ( i  ) can be 
m u l t i p l i e d  by t h e  PNW t o  ge t  ne t  annual equiva-  
l e n t  v a l u e  by s t a t e  and s i t e  q u a l i t y .  The n e t  
annual e q u i v a l e n t  va lue  o f  revenue due t o  t i m b e r  
s a l e s  p e r m i t s  comparison o f  a  s e r i e s  o f  annual 
c r o p  r e t u r n s  w i t h  one f u t u r e  r e t u r n  f o r  each s i t e  
q u a l i t y  f rom t imber .  

Landowners who p a r t i c i p a t e  i n  CRP and conver t  
t o  t r e e s  a r e  e l i g i b l e  f o r  an annual i n c e n t i v e  
payment averag ing  $40 an ac re  f o r  10 years.  
P a r t i c i p a t i o n ;  t h e r e f o r e ,  reduce t h e  burden o f  
l o s t  cash f l ow.  F o r  example, n e t  r e t u r n  b e f o r e  
t a x e s  f o r  co rn  i n  N o r t h  C a r o l i n a  i s  $7 p e r  ac re ,  
n e t  r e t u r n s  f o r  CRP p a r t i c i p a n t s  i s  approx imate ly  
$40 p e r  a c r e  f o r  t h e  f i r s t  10 years.  A f t e r  c o s t  
f o r  l a b o r  and management a r e  deducted, income p e r  
a c r e  o f  a g r i c u l t u r a l  c rops i s  no where near t h a t  
o f  t r e e  cover  under t h e  CRP. 

 our p e r c e n t  i s  t h e  r e a l  d i s c o u n t  r a t e  used by 
t h e  F o r e s t  S e r v i c e  f o r  e v a l u a t i n g  long- te rm 
investments  i n  resource  management which i n c l u d e s  
e s t i m a t e  f o r  long- term measures o f  t h e  oppor- 
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Determinants of Hardwood Lumber Price 
1 

Jennifer I.1. Jacobsen and lJilliam G. Luppold 

The erratic movement of hardwood lumber prices 
over the last 15 years has been a source of ag- 
gravation to producers and buyers of hardwood lum- 
ber (fig. 1). In this paper, we isolate and meas- 
ure the factors that determine overall hardwood 
lumber price and the price of the predominate do- 
mestic hardwood species--oak. By analyzing over- 
all hardwood lumber and oak lumber price, we can 
compare and contrast price formation of hardwood 
lumber in general to price formation of our most 
important species of hardwood lumber. 

Hardwood lumber price, as used in this paper, 
is the average price of more than 30 domestic 
hardwood species, and oak lumber price refers to 
grade No. 1 Common (medium grade) red and white 
oak. Discussion of the determination of these 
prices is presented in five sections. The first 
section discusses theoretical factors influencing 
price and how these principles apply to hardwood 
and oak lumber price formation. This discussion 
is followed by discussions on model development, 
data base, and empirical results. The final 
section presents an analysis of the empirical 
model and conclusions. 

THEORETICAL CONSIDERATIONS 

In most elementary textbooks, price is shown as 
a Function of supply and demand. These relation- 
ships usually are shown via linear demand and 
supply curves intersecting at some market price. 
If demand increases relative to supply, then price 
goes up; conversely, when supply increases rela- 
tive to demand, price goes down. In the real 
world, price determination cannot always be fully 
explained this way because there may be large 
amounts of inventory on hand, or more than one 
demand interacting with a common supply. Such 
is the case of the hardwood lumber market. 
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in Forest Research: Emphasis on Contributions by 
Women Scientists," n'ovember 4-6, 1986, Gaines- 
ville, FL. 

2~conomist , Princeton, WV: and Economist, Eorth- 
eastern Forest Experiment Station, Forest Service, 
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Abstract.--Increased export activity in the hard- 
wood and oak lumber markets coincided with rising 
prices of these commodities, which also coincided 
with an increase in the overall price level of all 
commodities. To determine the effect that domes- 
tic and international demands have on the prices 
of hardwood and oak lumber, relative price models 
were developed to remove the effects of inflation. 
The models indicated that exports to Europe have 
had and will have an influence on hardwood lumber 
price and oak price seems to be more sensitive to 
changes in exports than overall hardwood lumber 
price. The main determinants of hardwood lumber 
and oak lumber prices were found to be domestic 
demand and millstock levels. 

Keywords: Oak, demand, exports. 

As indicated, price is mainly the result of 
supply and demand forces. However, in any given 
year, as much as 20 percent of the hardwood lumber 
produced is held in inventory in the form of mill- 
stocks (lumber on hand at sawmills). Furthermore, 
hardwood millstocks can vary by as much as 20 per- 
cent from one year to the next. The volatility of 
millstocks results from the yearly differences in 
lumber production versus lumber demand and, there- 
fore, affects hardwood lumber price. 

Domestically produced hardwood lumber is demand- 
ed by both domestic and foreign buyers. The do- 
mestic market for hardwood lumber is nearly 20 
times the size of the export market. Almost 50 
percent of the lumber demanded domestically is oak. 
Although the export market for hardwood lumber is 
relatively small, the level of exports seems to 
affect lumber prices significantly. Again oak is 
the major exported species accounting for 50 per- 
cent of the exports. 

MODEL DEVELOPMENT 

Luppold (1982) developed an equation for nominal 
hardwood lumber price as part of a system of equa- 
tions depicting hardwood lumber demand, supply, 
and price. The price equation was a multiplicative 
form and was estimated using ordinary least squares 
(OLS) procedures. The specification of Luppold's 
price equation is presented in equation 1 and in- 
cludes variables representing past lumber price, 
quantity of lumber demanded domestically, quantity 
of lumber exported, and millstocks. 

where bo, bl, b2, b3, and b4 are estimated param- 
eters and: 

P = Current price of hardwood lumber 
EXP = Average price of hardwood lumber over the 

past 3 years 
QD = Quantity of hardwood lumber demanded 
QE = Quantity of hardwood lumber exported 
XS = Level of milistocks 

The weakness in Luppoldfs specification is that 
inflation, exports, and expectations of inflation 
all followed similar paths during the last 15 



years. Therefore, the influence of exports could 
have been over- or underestimated. A real-price 
(inflation adjusted) model or its operational 
proxy, a relative price model, would resolve this 
problem. The difference between relative price 
movement versus nominal (actual) price movement 

can be seen by comparing figures l and 2. The 
models to be presented in this paper are relative 
price models. Since price expectation in the 
hardwood lumber market tends to be related to in- 
flationary expectations, the current specification 
excludes past lumber prices. 

Actual Price lndex of Oak Lumber --- Actual Price index of Hardwood Lumber 
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Figure 1.--Indexes of actual oak and hardwood lumber prices. 

Relative Price lndex of Oak Lumber --- Relative Price Index of Hardwood Lumber 
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YEAR 
Figure 2.--Indexes of relative prices of oak and hardwood lumber (relative 
to the price index for all commodities). 



Another difference between the specification of 
the current price equations and Luppold's (1982) 
specification is that European and nun-European 
exports are represented by separate variables. 
This allows us to separate the effects of European 
exports from those of exports in general and to 
test whether European exports affect domestic lum- 
ber price differently from non-European exports. 
The specific definition of the variable to be in- 
cluded in the hardwood lumber and oak lumber rela- 
tive price equations is outlined in Table I. 

DATA BASE 

The data base used in the estimation of the 
hardwood lumber price equations and the oak lum- 
ber price equation extended from 1960 through 
1980. All data were obtained or derived from 
secondary sources. 

Indexes for hardwood lumber price, oak lumber 
price, and the producer price index of all com- 
modities were obtained from U.S. Department of 
Labor (1961-80) Producer Price and Price Indexes. 
Since no aggregate oak price representing all 
grades and species was available for the study 
period, the price of No. 1 Common red oak was 
used as the dependent variable in the oak price 
equation. 

Quantities of hardwood lumber and oak lumber 
exported were obtained from U.S. Exports, Schedule 
B. Commodity by Country (U.S. Department of Com- 
merce 1961-79). Millstock and lumber production 
figures were obtained from U.S. Department of 
Commerce (1961-80) Current Industrial Reports: 
Lumber Production and Mill Stocks. Quantity of 
hardwood lumber demanded domestically was derived 
by subtracting exports and changes in millstocks 
from production figures. 

The quantity of oak lumber demanded and the 
millstocks of oak lumber were estimated by multi- 
plying the proportion of oak lumber produced by 
domestic quantity demanded and by millstocks, re- 
spectively. The proportion of oak lumber produced 
was calculated by dividing oak lumber production 
by total hardwood lumber production. 

MODEL ESTI?&TIOK 

The statistically estimated parameters of the 
hardwood lumber and oak lumber price equations are 
presented in Table 2. Both equations fitted the 
data relatively well, as indicated by the Il2's 
and the "t" statistics. The nonintercept varia- 
bles representing exports to Europe, millstocks, 
and domestic demand were significant at the 13.10 
Level or better. The variable representing non- 
European exports was insignificant in both equa- 
tions. Although the Durbin Watson (DW) statistics 
are reported for both equations, they are not 
strictly interpretable because of the inclusion 
of a lagged dependent variable in the model 
specification. 

The price equations were estimated in multipli- 
cative form by taking the natural logarithms of 
all variables before estimating the relationships 
through OLS procedures. Because the equations are 
in multiplicative form, the resulting parameters 
are measurements of the percentage change in price 
resulting from a 1-percent change in the respec- 
tive independent variable. Such measurements are 
termed flexibilities (Tomek and Robinson 1972). 
Because the non-European export coefficient is 
not statistically significant, future use of the 
term "price flexibility of export" refers to ex- 
ports to Western Europe. 

The estimated price flexibilities indicate that 
oak lumber price is affected by changes in domes- 
tic demand, millstocks, and exDorts to a greater 
degree than hardwood lumber price. This finding 
may explain why oak price tended to fluctuate 
more than hardwood lumber price even during the 
pre-1973 period when exports were a minor part of 
the market. The increased divergence between oak 
lumber and hardwood lumber price fluctuations 
since 1973 (figs. 1 and 2) probably results be- 
cause (1) changes in oak exports affect oak price 
more than changes in hardwood exports affect hard- 
wood price, and (2) changes in oak exports to 
Europe have been greater than changes in total 
hardwood lumber exports to Europe. 

Table 1.--Dependent variables for the hardwood lumber and oak lumber price equations 

Variabl e 
Actual variable used in 

hardwood lumber price model 
Actual variable used in 
oak lumber price model 

Quantity demanded 
domestically 

Exports to 
Western Europe 

Exports outside of 
Western Europe 

Millstocks 
(inventories) 

Quantity of hardwood lumber domestically Quantity of hardwood lumber domestically 
consumed in current year consumed multiplied by the proportion of 

oak lumber produced 

Quantity of hardwood lumber exported to Quantity of oak lumber exported to 
Western European countries Western European countries 

Quantity of hardwood lumber exported to Quantity of oak lumber exported to other 
other than Western European countries than Western European countries 

Average level of millstocks of hardwood Average level of millstocks of hardwood 
lumber at end of current year and past lumber multiplied by the proportion of 
year oak lumber produced in current year and 

past year 



Table 2.--Ordinary least squares estimates for 
hardwood and oak lumber price equations 
(t statistics in parentheses) 

Item 
Hardwood Oak 
lumber lumber 

Intercept 

Quantity demanded 
domestically 

Exports to 
Western Europe 

Exports outside of 
Western Europe 

Millstocks 

.I. J. 4 
r r  ,, zc = Significant at the 0.01 level. 
-7 J- = Significant at the 0.05 level. 

= Significant at the 0.10 level. 

Another fact demonstrated by the estimated price 
flexibilities is that a 1-percent change in domes- 
tic demand or millstocks has a much larger influ- 
ence on hardwood lumber and oak lumber prices than 
a I-percent change in exports. In the case of oak 
lumber price, exports would have to increase by 
19.5 percent to have the same impact as a 1-percent 
change in domestic demand and by 12.6 percent to 
have the same impact as a 1-percent change in mill- 
stocks. However, to fully understand the causes 
of price variation, the relative impacts of changes 
in the independent variables that are represented 
by the flexibilities must be coupled with the act- 
ual changes in these independent variables. 

From 1972-80, yearly changes in domestic demand 
averaged 6 percent, millstocks averaged 12 per- 
cent, and exports averaged 50 percent. Analysis 
based on these 1972-80 average yearly changes 
shows that changes in domestic demand affected oak 
lumber price 2.3 times as much as changes in ex- 
ports, and changes in millstocks affected oak lum- 
ber price 3 times as much as changes in exports. 
Similarly, changes in domestic demand affected 
hardwood lumber price 5.2 times as much as changes 
in exports, and changes in millstocks affected 
price 10.1 times as much as changes in exports. 
In the late 19701s, when domestic demand was in- 
creasing and millstocks were decreasing, increased 
levels of exports helped push lumber prices up 
even further. On the other hand, during 1979 and 
1980, when domestic demand was decreasing and 

inventories were increasing, increases in exports 
helped moderate the drops in hardwood lumber and 
oak lumber prices. However, since 1980, changes 
in export demand have moderated; therefore, the 
effect of exports on hardwood lumber prices has 
become almost nonexiscent. 

The ~rimary factors influencing hardwood lumber 
and oak lumber prices are price expectations, 
domestic demand, exports, and lmel of millstotks. 
The results of model estimation indicate that the 
coefficients associated with these variables are 
higher in the oak lumber equation than in the 
overall hardwood lumber equation. This explains 
why there is a greater variation in oak lumber 
price than in overall hardwood lumber ?rice. The 
results also indicate that while changes in domes- 
tic demand have the greatest relative influence 
on hardwood lumber and oak ltlmber price, Large 
swings in level of exports over the last several 
years have contributed to the large swings in 
price. 
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An Economic and Ecolog ica l  P e r s p e c t i v e  on t h e  

Renewabil i ty  of F o r e s t  Ecosystems 1  

Jud i t  h    ax we 1 l2 

Man and f o r e s t s  have co-evolved i n  response t o  
each o t h e r .  H i s t o r i c a l l y ,  t h e  onus was on man t o  
adapt  by d e v i s i n g  types o f  s h e l t e r  and methods of 
hunt ing and g a t h e r i n g  which increased  t h e  proba- 
b i l i t y  o f  s u r v i v a l .  Only very  r e c e n t l y ,  from t h e  
s t a n d p o i n t  o f  e v o l u t i o n a r y  t ime,  have f o r e s t s  
become t h e  adap te rs .  This  change can be  a t t r i -  
buted t o  t h e  emergence of t h e  modern economic 
s t a t e  w i t h  t h e  primacy i t  p l a c e s  on human g o a l s  
and t e c h n i c a l  advance a s  a  means f o r  overcoming 
resource  s c a r c i t y .  F o r e s t s  a r e  p r i m a r i l y  viewed 
a s  a  s y s  tem f o r  produc ing market-or iented o u t p u t s ,  
such a s  t imber ,  a s  opposed t o  such nonmonetary 
produc ts  a s  r e c r e a t i o n  and a e s t h e t i c s .  Fur ther -  
more, t h e  f a i l u r e  of market p r i c e s  t o  r e f l e c t  t h e  
v a l u e s  a s s o c i a t e d  wi th  t h e  a s s i m i l a t i v e  and regen- 
e r a t i v e  c a p a c i t i e s  of f o r e s t  ecosys tems have 
r e s u l t e d  i n  t h e  cho ice  of "economic" management 
techniques which ignore  impacts on t h e  long-term 
r e n e w a b i l i t y  o f  f o r e s t  ecosystems. 

RECENT TRENDS I N  FORESTRY: SOME OBSERVATIONS 

Popula t ion  p r e s s u r e ,  fuelwood demand, and the  
w i l l i n g n e s s  o f  governments t o  l i q u i d a t e  n a t u r a l  
resources  f o r  f o r e i g n  exchange have r e s u l t e d  i n  a  
l o s s  of two-thirds  of Southeast  Asian r a i n f o r e s t s  
and one-half of Afr ica 's  t r o p i c a l  f o r e s t s ,  whi le  
more than  one-third of Amazonian f o r e s t s  have been 
c u t  over  (Spears  and Ayensu, 1985). Acce le ra t ing  
r a t e s  o f  t r o p i c a l  d e f o r e s t a t i o n  have been one 
f a c t o r  l ead ing  t o  s e v e r a l  a larming p r o j e c t i o n s  o f  
s p e c i e s  e x t i n c t i o n s  (Myers, 1979; E h r l i c h  and 
E h r l i c h ,  1981 ; Soule and Wilcox, 1980). However, 
even though these  ecosystems a r e  e x t r a o r d i n a r i l y  
v u l n e r a b l e ,  l i t t l e  i s  known about  t h e  c o r r e l a t i o n  
between t h e  d i sappearance  of  t r o p i c a l  f o r e s  ts  and 
s p e c i e s  e x t i n c t i o n  (Har r ing ton  and F i s h e r ,  1982). 

I n  c o n t r a s t ,  t h e  a r e a  o f  temperate  f o r e s t s  has  
remained r e l a t i v e l y  s t a b l e  i n  r e c e n t  y e a r s ;  s tand-  
ing t imber  i n v e n t o r i e s  have a c t u a l l y  increased  i n  
t h e  U.S, However, t h e  q u a l i t y  of r e g i o n a l  f o r e s t  
resources  i n  t h e  U.S. has been quest ioned (Bi rch ,  
1986; McLintock, 1983; Marty, 1983). Also,  whi le  
t h e r e  i s  a  g e n e r a l  commitment t o  r e f o r e s t a t i o n  i n  
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many c o u n t r i e s  i n  t h e  temperate  zone, t h i s  has  
f r e q u e n t l y  meant t h e  es tab l i shment  of monocultures 
of Pinus s p ~ .  r e s u l t i n g  i n  d e c l i n e s  i n  s p e c i e s  
d i v e r s i t y  s i m i l a r  t o  those  assoc ia ted  w i t h  a g r i -  
c u l t u r e .  For mixed temperate  hardwood f o r e s t s  , 
logging p r a c t i c e s  have n e g a t i v e l y  impacted n a t u r a l  
regenera t ion  caus ing  s o i l  e r o s i o n  and s t ream 
s i l t a t i o n .  S e l e c t i o n  c u t t i n g  (h igh  grad ing)  of 
t h e  hardwood f o r e s t s  i n  the  e a s t e r n  U.S., by 
c o n c e n t r a t i n g  on the  h a r v e s t  o f  commercially 
p r e f e r r e d  s p e c i e s  and log s i z e s ,  has  r e s u l t e d  i n  
i n c r e a s i n g  acreages  of poor q u a l i t y  and l a r g e l y  
suppressed i n d i v i d u a l s  of l e s s  d e s i r e d  s p e c i e s  
( B a r r e t t ,  1980; Seymour, Hannah, e t  a l ,  1986).  
McConnell (1980) sugges t s  t h a t  h igh  grad ing  has  
degraded l o b l o l l y  p ine  i n  the  e a s t e r n  U.S. Ledig 
(1986) d i s c u s s e s  t h e  c o r r e l a t i o n  between t h e  
dysgenic e f f e c t  of c e r t a i n  f o r e s t r y  p r a c t i c e s  on 
g e n e t i c  resources  and t h e  p o t e n t i a l  f o r  diminished 
r e s i l i e n c e  of f u t u r e  f o r e s t s .  

Of a l l  t h e  n a t u r a l  resources  examined by Manthy 
(1978),  wood was the  on ly  commodity t h a t  h a s  ex- 
perienced a  cont inuous long-term upward t rend  i n  
i t s  r e a l  p r i c e  i n  t h e  U.S. Such i n c r e a s e s  i n  r e a l  
p r i c e  a r e  considered t o  be  i n d i c a t i v e  of  "econom- 
ic"  s c a r c i t y .  S t a r t i n g  i n  1979, however, t h e  r e a l  
p r i c e s  f o r  s tand ing  t imber  and f i n i s h e d  produc ts  
plunged and have s i n c e  become s o  v o l a t i l e  a s  t o  be  
u s e l e s s  i n  de te rmin ing  s c a r c i t y .  Brown (1981) 
argues t h a t  a  p r e f e r r e d  measure of resource  s c a r -  
c i t y  inc ludes  some concept  of c a r r y i n g  c a p a c i t y  
such a s  the  r a t i o  o f  p roduc t ion  t o  popula t ion  and 
p o i n t s  ou t  t h a t  t h e  world produc t ion  of wood on a 
per  c a p i t a  b a s i s  a c t u a l l y  dec l ined  over  t h e  per iod  
1964 t o  1980. However, p roduc t ion  i s  a  f u n c t i o n  
of demand and the  a v a i l a b i l i t y  of s u b s t i t u t e s  and, 
a s  such,  i s  a  very  imprecise measure o f  s c a r c i t y ,  

Hannon (1986) contends t h a t  t h e r e  e x i s t  f i n i t e  
l i m i t s  t o  t h e  c a p a c i t y  of t e c h n i c a l  change t o  
m i t i g a t e  t h e  e f f e c t s  of increas ing  r e s o u r c e  s c a r -  
c i t y .  Evidence of t h i s  l i m i t  i s  the  s u b s t i t u t i o n  
of low-wage f o r  high-wage labor  and low-return 
c a p i t a l  f o r  h igh- re turn  c a p i t a l  a s  a l r e a d y  
witnessed i n  t h e  s h i f t  of e x t r a c t i v e  r e s o u r c e  
i n d u s t r i e s ,  such a s  f o r e s t r y ,  from developed t o  
developing c o u n t r i e s .  I f  we a l s o  account  f o r  t h e  
e f f e c t s  of resource  u s e  on t h e  environment, i t  
becomes apparen t  t h a t  resource  s c a r c i t y  reduces 
bo th  long-term m a t e r i a l  weal th and environmental  
q u a l i t y .  We a r e  i n c r e a s i n g l y  confronted w i t h  t h e  
d i f f i c u l t  cho ice  between environmental  q u a l i t y  and 
commerc i a l  goods and s e r v i c e s .  However, where 
consumers and producers  a r e  geographica l ly  sepa- 
r a t e d ,  i t  i s  i n  t h e  consumers' b e s t  i n t e r e s t  t o  



avoid t h i s  choice.  This  f a c t o r ,  i n  p a r t ,  has  led 
t o  a  ban on log e x p o r t s  by s e v e r a l  s o u t h e a s t  Asian 
n a t i o n s .  

The s c a r c i t y  of wood i n  some reg ions  and f o r  
p a r t i c u l a r  end-uses has r e s u l t e d  i n  an i n c r e a s i n g  
t rend t o  p l a n t a t i o n  f o r e s t r y .  F o r e s t r y  i s  under- 
going a t r a n s i t i o n  s i m i l a r  t o  t h a t  experienced by 
a g r i c u l t u r e .  Some b e l i e v e  t h a t  a g r i c u l t u r e ,  by 
h a b i t a t  m o d i f i c a t i o n ,  i s  t h r e a t e n i n g  t h e  very 
b a s i s  o f  i t s  resounding success- the a v a i l a b i l i t y  
of n a t u r a l  environments which prov ide  an inventory  
of new g e n e t i c  ~ t r a i n s . ~  However, ex s i t u  p reser -  
v a t i o n  o f  g e n e t i c  c a p i t a l  f o r  a g r i c u l t u r a l  c rops  
f a r  exceeds t h a t  f o r  t r e e  s p e c i e s ,  and g iven  the  
d i f f i c u l t y  i n  main ta in ing  g e n e t i c  i n t e g r i t y  i n  
s t o r a g e ,  i n  s i t u  p r e s e r v a t i o n  i s  p r e f e r r e d  (Ledig,  
1986). J a s s o  (1970) has documented the  e f f e c t s  of 
t h e  expansion of a g r i c u l t u r e  on t h e  g e n e t i c  d i v e r -  
s i t y  of s e v e r a l  s p e c i e s  of a s  remnant s t a n d s  
a r e  i n c r e a s i n g l y  confined t o  poor s i t e s .  

I n  t h e  c a s e  of  n o r t h e r n  hardwood f o r e s t s ,  i t  is 
no t  t h e  l a c k  of g e n e t i c  c a p i t a l  i n  a  r e g i o n a l  
sense  t h a t  is  a t  i s s u e ,  b u t  t h e  lack of p roduc t ive  
use of  t h i s  c a p i t a l  i n  i n d i v i d u a l  management d e c i -  
s i o n s .  I n  the  n o r t h e r n  U,S., p l a n t a t i o n  f o r e s t r y  
has the  p o t e n t i a l  t o  i n c r e a s e  bo th  g e n e t i c  and 
s p e c i e s  d i v e r s i t y  and t o  c r e a t e  a more d i v e r s e  
r e g i o n a l  h a b i t a t ,  a s  d i d  a g r i c u l t u r e  i n i t i a l l y .  
However, t h e  c o r r e l a t i o n  between the  supply of  
g e n e t i c  c a p i t a l  and t h e  e x t e n t  o f  d i v e r s e ,  n a t u r a l  
f o r e s t s  must be considered whenever h a b i t a t  i s  
modified o r  converted.  

Duerr (1986) argues t h a t  whi le  f o r e s t s  a r e  
b i o l o g i c a l l y  renewable, what r e a l l y  counts  i s  
t h e i r  s o c i a l  r e n e w a b i l i t y ,  no t ing  t h a t  t h e  ragged 
c o n d i t i o n  o f  many n o n i n d u s t r i a l  p r i v a t e  timber 
ho ld ings  is  a  s o c i a l  d e c i s i o n .  However, our  
a b i l i t y  t o  i n c r e a s e  t h e  e f f i c i e n c y  of e x t r a c t i o n  
and t o  deve lop  h igh ly  p r o d u c t i v e  monocul t u r e s  i n  
response t o  economic f a c t o r s  has f a r  o u t s t r i p p e d  
t h e  a b i l i t y  of our  s o c i a l  and p o l i t i c a l  i n s t i t u -  
t i o n s  t o  respond t o  r e s u l t a n t  nega t ive  impacts on 
environmental  q u a l i t y .  This  i s  due t o  missing 
markets f o r  many f o r e s t  ecosystem b e n e f i t s  and t h e  
absence o f  d a t a  on ecosystem processes .  

My own r e s e a r c h  is  d i r e c t e d  toward expla in ing  
t e c h n i c a l  c h o i c e  i n  the  management o f  mixed 
hardwood f o r e s t s  of t h e  e a s t e r n  U.S. i n  terms of  
the  absence of markets f o r  c e r t a i n  f o r e s t  o u t p u t s  
and t o  c l a r i f y  the  r o l e  o f  p o l i t i c a l  and s o c i a l  
i n s t i t u t i o n s  i n  in f luenc ing  t h e  development and 
adopt ion  of techniques which account f o r  environ-  
mental  impacts. This  paper  exp lores  some of  t h e  

3 ~ t  i s  important  t o  d i s t i n g u i s h  between s p e c i e s  
and g e n e t i c  d i v e r s i t y ,  Tree improvement programs 
can prov ide  f o r  more g e n e t i c  d i v e r s i t y  i n  
monocultures than can be  ob ta ined  i n  n a t u r e  where 
p a r e n t s  a r e  widely separa ted  and t h e  r a d i u s  of 
seed d i s p e r s a l  i s  r e l a t i v e l y  l i m i t e d .  The concern 
here  is  f o r  t h e  l o s s  of g e n e t i c  c a p i t a l  a s  h a b i t a t  
i s  converted t o  monoculture p roduc t ion  n o t  t h e  
l ack  of  s p e c i e s  d i v e r s i t y  i n  t h e  monoculture 
i t s e l f ,  

t h e  economic and e c o l o g i c a l  i s s u e s  which a r e  r e l e -  
van t  t o  the  proposed research .  

GOWRCIAL VALUES AND THE VALUE OF FOREST 
ECOSYSTEMS 

The f a c t  t h a t  nature 's  va lues  a r e  seldom eco- 
nomic v a l u e s  i s  exemplif ied by the  rap id  invas ion  
of  abandoned f a m l a n d  by weedy, shade i n t o l e r a n t s .  
And, even though t r e e s  provide the  major commer- 
c i a l  va lue  f o r  f o r e s t s ,  c h a r a c t e r i s t i c s  such a s  
i m o b i l i t y ,  low d i s p e r s i b i l i t y ,  smal l  number of 
progeny, and long l i f e  spans cause t r e e s  t o  be 
more s u s c e p t i b l e  t o  h a b i t a t  m o d i f i c a t i o n ,  po l lu -  
t a n t s  and p e s t s  than such g e n e r a l i s t  s p e c i e s  a s  
annual  p l a n t s *  

The dichotomy of views i s  apparent  i n  what many 
e c o l o g i s t s  and economists measure t o  de te rmine  t h e  
p r o d u c t i v i t y  and s t a b i l i t y  of n a t u r a l  ecosystems.  
For e c o l o g i s t s  the  focus i s  on ecosystem r e s i l -  
i ence  and t h e  product ion of biomass, a s  opposed t o  
economists '  preoccupat ion with the  s u s t a i n e d  y i e l d  
of a  p a r t i c u l a r  s p e c i e s  o r  log s i z e .  The l a t t e r  
concept  i s  epitomized i n  p l a n t a t i o n  f o r e s t r y  which 
main ta ins  an ecosystem i n  i t s  most h igh ly  produc- 
t i v e  phase ( a l b e i t  a  phase c h a r a c t e r i z e d  by v e r y  
low s p e c i e s  d i v e r s i t y )  through r e l i a n c e  on f e r t i l -  
i z e r s ,  p e s t i c i d e s ,  and energy inputs .  

The n a t u r e  of  c o n s t r a i n t s  used a l s o  shows funda- 
mental  d i f f e r e n c e s  between the  two d i s c i p l i n e s  
Ecology emphasizes t h e  conserva t ion  laws of 
energy,  c a r r y i n g  c a p a c i t y  , and the  d e t e m i n a t  i o n  
of a  s t r e s s  th reshold  f o r  ecosystem r e s i l i e n c y .  
Economics r a r e l y  emphasizes p h y s i c a l  c o n s t r a i n t s ,  
except  when s igna led  by p r i c e s ,  c o n c e n t r a t i n g  on 
f inanc i a l  c o n s t r a i n t s  such a s  i n t e r e s t  r a t e s  and 
i n s t i t u t i o n a l  c o n s t r a i n t s  on investment s t r a t e g y .  

The temporal and s p a t i a l  t rea tment  o f  t h e s e  
c o n s t r a i n t s  a l s o  d i f f e r s .  For temperate  hardwood 
f o r e s t s ,  a  time frame of 300 o r  400 y e a r s  i s  
c o n s i s t e n t  wi th  s u c c e s s i o n a l  p rocesses  w e l l  i n  
excess  of human planning horizons.  The r e s u l t  i s  
t h a t  t h e  h igh  d i s c o u n t  r a t e s  used by p r i v a t e  
owners t o  a s s u r e  short- term p r o f i t  maximization 
can cause  o v e r e x p l o i t a t i o n  and eventua l  exhaus t ion  
of renewable resources  such a s  f o r e s t s  ( C l a r k ,  
f 973). Even i f  t h e  d i s c o u n t  r a t e  were z e r o ,  
meaning t h a t  f u t u r e  d o l l a r s  equal  c u r r e n t  d o l l a r s ,  
the  r e l a t i v e l y  s h o r t  l i f e s p a n  of humans w i l l  s t i l l  
r e s u l t ,  f o r  many owners, i n  f o r e s t  management 
p r a c t i c e s  aimed a t  keeping a  f o r e s t  i n  i t s  s h o r t -  
term produc t ive  phase even i f  t h i s  undermines 
long-term h e a l t h  and p r o d u c t i v i t y .  

I n  e c o l o g i c a l  a n a l y s i s  t h e  cho ice  of  boundary 
( s p a t i a l )  c o n d i t i o n s  w i l l  focus on the  a r e a  w i t h i n  
which m a t e r i a l  and energy flows take  p l a c e  and a r e  
d e t e m i n e d  by whether t h e  a n a l y s i s  concerns a  
s p e c i e s  o r  some h igher  o r d e r  p rocess .  I n  econom- 
i c s ,  b o r d e r s  tend t o  be p o l i t i c a l  o r  managerial  o r  
may b e  def ined  by an  economic r e l a t i o n s h i p  such  a s  
a t r a d e  p a t t e r n .  

One of t h e  major f a i l i n g s  of economics, from t h e  
s t a n d p o i n t  of e c o l o g i s t s ,  i s  i t s  preoccupa t ion  
w i t h  human v a l u e s  and t h e  underlying premise t h a t  



monetary u n i t s  can be  used t o  va lue  t h e  non-mone- 
t a r y  a spec t s  o f  n a t u r a l  resources .  The observed 
inc r e a s  ing dependence of  man-made ecosys terns on 
energy i npu t s  led  t o  t he  s tudy  of  energy flows i n  
n a t u r a l  systems,  with one ob j ec t i ve  being t o  draw 
a t t e n t i o n  t o  t he  f i n i t e  l i m i t s  t o  development 
imposed by energy b u t  no t  made apparent  by eco- 
nomic measures. Lave (1986) contends t h a t  t he  
major d i f f i c u l t y  i n  e s t ima t i ng  t he  b e n e f i t s  and 
c o s t s  o f  changes i n  environmental q u a l i t y  l i e s  i n  
t he  q u a n t i f i c a t i o n  of t he se  e f f e c t s  i n  phys i ca l  
terms r a t h e r  than  i n  eva lua t i on  v i a  monetary 
reduct ionism which tends t o  d i v e r t  a t t e n t i o n  away 
from t h e  important  i s sue s .  However, do energy 
u n i t s  do  a  b e t t e r  job? 

ECONOMICS AND ECOLOGY : THE INTERFACE 

I n  s p i t e  of  obvious d i f f e r e n c e s ,  t h e r e  i s  enough 
common ground between t h e  two d i s c  i p l i n e s  t o  
support  a  comb ined economic and eco log i c  parad igm 
f o r  f o r e s t  management. The shor t - s igh tedness  of  
t r a d i t i o n a l  human "use" va lue s ,  which change too 
unpredic tab ly  over  time t o  be of  use  i n  eva lua t ing  
long-term r e t u r n s  t o  f o r e s t  management (such a s  
lumber p r i c e s  and timber u t i l i z a t i o n  s t anda rds ) ,  
has r e s u l t e d  i n  a  p r o l i f e r a t i o n  of new resource  
va lue  concepts  . Economics take  the  longer  
view. I n  p a r t i c u l a r ,  op t i on  va lue ,  quasi-op t ion 
va lue ,  and beques t  va lue  r e f e r  t o  concern over  the  
a v a i l a b i l i t y  of  f u t u r e  uses ;  the  l o s s  of f u t u r e  
va luable  u s e s ,  y e t  unknown, t o  h a b i t a t  mod i f  i ca -  
t i on ;  and t o  t he  a l t r u i s t i c  d e s i r e  t o  preserve  
a v a i l a b i l i t y  f o r  f u t u r e  gene ra t i ons ,  r e spec t i ve ly .  
These a r e  examples of  economists' a t tempts  t o  f i nd  
a l t e r n a t i v e  measures of t he  b e n e f i t s  of n a t u r a l  
ecosystems and t o  incorpora te  some met r ic  of r i s k  
when t h e r e  e x i s t s  a  p o t e n t i a l  f o r  c a t a s t roph i c  
c o s t s  when our  c u r r e n t  s t a t e  of  knowledge regard- 
ing t he  response of  ecosystems t o  s t r e s s  is  
l imi ted .  

I n  p r a c t i c e ,  the  measurement of these  va lue  con- 
c e p t s  has remained d i f f i c u l t  and l a rge ly  l imi ted  
t o  t he  va lua t i on  of  i nd iv idua l  spec i e s  and aesthe-  
t i c  and r e c r e a t i o n  b e n e f i t s  which d i r e c t l y  b e n e f i t  
humans. Eh r l i ch  and Eh r l i ch  (1981) d i f f e r e n t i a t e  
between t h e  d i r e c t  and i n d i r e c t  b e n e f i t s  of  spe- 
c i e s  p r e se rva t i on ,  de f i n ing  t h e  l a t t e r  t o  c o n s i s t  
of t he  l a rge ly  f r e e  s e r v i c e s  of ecosystems and t h e  
processes  which suppor t  them. These inc lude  the  
maintenance of  atmospheric and aqua t ic  q u a l i t y ,  
t h e  amel iora t ion  and c o n t r o l  of  c l ima t e ,  flood 
c o n t r o l ,  t h e  maintenance of  a  gene t i c  l i b r a r y ,  and 
t h e  suppor t ive  r o l e  of  food webs and n u t r i e n t  
eyc 1 ing . 

The o v e r a l l  d e f i c i e n c i e s  i n  the  d a t a  regard ing  
ecosystem b e n e f i t s  l ed  S.V. Ciriacy-Wantrup (1968) 
t o  sugges t  the  Safe Minimum Standard Approach 
(SHS) which i s  def ined  a s  the  minimum l e v e l  of  
p r e se rva t i on  which ensures  su rv iva l .  This 
approach has been promoted by Bishop (1978) t o  
argue f o r  t h e  p r e se rva t i on  of spec i e s  . While 
avoiding q u a n t i f i c a t i o n  of  b e n e f i t s ,  Bishop takes  
t he  continued d iscovery  of  va luable  uses  f o r  
spec ies  a s  an i n d i c a t i o n  of t h e i r  h igh  and r i s i n g  
va lue *  Given t h a t  t h e  su rv iva l  of spec i e s  i s  

dependent on p r e se rva t i on  of i t s  h a b i t a t ,  and t h a t  
t h i s  h a b i t a t  i s  dependent on the  a b i l i t y  of  i t s  
ecosystem( s )  t o  withstand pe r t u rba t i on ,  sugges t s  
t he  u se fu lne s s  of t he  SMS approach i n  arguing f o r  
t he  p r e se rva t i on  of whole ecosystems o r  even 
l a r g e r  a r ea s .  

Norton's 11986) concept of con t r i bu to ry  va lue  
would a s s ign  va lue  t o  spec i e s ,  no t  due t o  t h e i r  
d i r e c t  va lue  t o  humans, bu t  according t o  t h e i r  
r o l e  i n  maintaining and accentua t ing  ecosystem 
processes which provide i n d i r e c t  b e n e f i t s  t o  man. 
Cont r ibu tory  va lue  recognizes bo th  the  long t ime 
frames involved i n  many eco log i ca l  processes and 
the  synergism which can r e s u l t  from the  i n t e r ac -  
t i o n  of two o r  more spec i e s  c r e a t i n g  b e n e f i t s  of  
which none i s  i nd iv idua l l y  capable.  Though 
emp i r i c a l l y  e l u s i v e ,  t h i s  va lue  concept does 
provide a  u s e f u l  focus f o r  conceptua l iz ing  how 
f o r e s t  ecosystems might be evaluated.  

Before eva lua t i on  can be achieved,  some method 
needs t o  be devised f o r  monitoring the  i n t e g r i t y  
of f o r e s t ed  landscapes over  time. The concept  of  
t o t a l  d i v e r s i t y ,  developed by Whittaker ( 1  960) and 
MacArthur (1965) and extended by Norton ( f o r t h -  
coming), o f f e r s  a  more simple s p a t i a l  framework 
f o r  eva lua t ing  economic and ecologic imp l i ca t i ons  
of the  d i v e r s i t y - s t a b i l i t y  hypothesis .  Norton 
argues t h a t  i t  i s  t o t a l  d i v e r s i t y ,  no t  with-in 
h a b i t a t  d i v e r s i t y ,  t h a t  c o r r e l a t e s  with s t a b i l i t y .  
m e r e a s  with-in h a b i t a t  s t a b i l i t y  r e f e r s  t o  t h e  
number of spec i e s  and frequency and complexity of 
i n t e r a c t i o n s  w i th in  a  c losed  ecosystem, t o t a l  
d i v e r s i t y  i s  s o l e l y  a  f unc t i on  of the  t o t a l  number 
of  spec ies  i n  a  g iven  geographic a r e a  t h a t  con- 
s i s t s  of mu l t i p l e  ecosystems i n  var ious  succes-  
s i o n a l  s t age s .  

As such, t he  concept of  t o t a l  d i v e r s i t y  
c i t l ~  recognizes t he  importance of  underlying 
ecosystem processes  by assuming t h a t  t he se  proc- 
e s s e s  and/or interdependencies a r e  the  r e s u l t  of  
non-random organiza t ion  over  evolu t ionary  time. 
S t a b i l i t y  i s  p o s i t i v e l y  r e l a t e d  t o  spec i e s  count  
f o r  a  geographic a r ea ;  the  more numerous and 
var ied  a r e  invading spec i e s  , the  more r ap id ly  and 
f u l l y  w i l l  systems develop defenses aga in s t  sixni- 

invas ions  fol lowing f u t u r e  d i s t u rbances .  Sys- 
tems which evolve i n  an environment of h igh  t o t a l  
d i v e r s i t y  a l s o  e x h i b i t  more complex spec i a l i z a -  
t i o n s  and interdependencies.  This  view i s  con- 
s i s t e n t  wi th  the  observed changes i n  d i v e r s i t y  
w i th in  an ecosystem due t o  success iona l  p rocesses  
and expla ins  t he  s t a b i l i t y  of  l e s s  d i v e r s e ,  mature 
ecosystems such a s  the redwood f o r e s t s .  

The t o t a l  d ive r s i t y - s  t a b i l i t y  c o r r e l a t i o n  a l s o  
expla ins  the  f r a g i l i t y  of  very d ive r s e  sy s  tems 
such a s  t r o p i c a l  f o r e s t s .  The s u b s t a n t i a l  t o t a l  
d i v e r s i t y  of the  t r o p i c s  meant t h a t  i nd iv idua l  
ecosystems had t o  develop mechanisms t o  wi ths tand  
t he  i n t ense ,  a l b e i t  normal, competi t ion o r  e l s e  
remain uns tab le .  The e f f ec t i venes s  of t he se  
systems i n  dampening ou t  "standard" d i s t u rbances  
a c t u a l l y  increases  s u s c e p t i b i l i t y  t o  new, more 
i n t ense  o r  more pervas ive  d i s turbances .  Thus, 
g r e a t e r  l o c a l  s t a b i l i t y  may r e s u l t  i n  diminished 
g loba l  s t a b i l i t y .  



For n o r t h e r n  mixed hardwood f o r e s t s ,  which a l s o  
e x h i b i t  a  h igh  degree  of ecosystem d i v e r s i t y ,  t h i s  
may mean t h a t  f o r e s t  management p r a c t i c e s  which 
c o n t i n u a l l y  d i v e r g e  from n a t u r a l  s u c c e s s i o n a l  
p r o c e s s e s ,  even i f  with- in h a b i t a t  d i v e r s i t y  is  
increased ,  may n o t  produce g r e a t e r  s t a b i l i t y .  
This  a l s o  does n o t  sugges t  t h a t  management should 
be d i r e c t e d  a t  minimizing per tu rbance  s. I n  
h i s  s tudy  of f o r e s t  community development i n  
Wiscons i n ,  Loucks ( 1  970) observed t h a t  p e r i o d i c  
d i s t u r b a n c e  r e s u l t e d  i n  a l t e r n a t i n g  h igh  produc- 
t i v i t y  phases w i t h  h igh  d i v e r s i t y  phases and 
concluded t h a t  t h e  a b i l i t y  o f  a  f o r e s t  ecosystem 
t o  r e j u v e n a t e  i t s e l f  i s  dependent on t h e  n a t u r a l  
tendency t o  a l t e r n a t e  between t h e  two phases.  

As a  f o r e s t  economist ,  I am n o t  a b l e  t o  e v a l u a t e  
t h e  u s e f u l n e s s  of t h e  t o t a l  d i v e r s i t y  concept  f o r  
monitor ing t h e  e f f e c t s  o f  f o r e s t  management 
p r a c t i c e s  , p o l l u t i o n  and n a t u r a l  d i s t u r b a n c e s  on 
mixed hardwood f o r e s t s .  However, i t  does seem t o  
square  w i t h  observa t ions .  I n  p a r t i c u l a r ,  t h e  
concept  o f  t o t a l  d i v e r s i t y  p rov ides  a  more s a t i s -  
fy ing  answer t o  t h e  q u e s t i o n ,  "What i s  f o r e s t  
p r o d u c t i v i t y ? "  by r e f u t i n g  the  t r a d i t i o n a l  n o t i o n  
t h a t  p r a c t i c e s  t h a t  i n c r e a s e  d i v e r s i t y  enhance 
s t a b i l i t y  and t h a t  l o c a l  s t a b i l i t y  i s  concomitant 
wi th  g l o b a l  i n s t a b i l i t y .  

THE ROLE OF INDUCED INNOVATION AM) INSTITUTIONAL 
CHANGE 

Given t h a t  d i v e r s e  f o r e s t  ecosystems prov ide  
s u b s t a n t i a l  b e n e f i t s  t o  humans, i t  s t i l l  remains 
t h a t  t h e s e  b e n e f i t s  a r e  d i f f i c u l t  t o  q u a n t i f y  
r e l a t i v e  t o  those r e s u l t i n g  from h igh ly  produc t ive  
monocultures .  The f a c t  t h a t  many s i l v i c u l t u r i s t s  
agree  t h a t  h i s t o r i c  management p r a c t i c e s  i n  nor th -  
e r n  hardwood f o r e s t s  have n e g a t i v e l y  impacted 
p r o d u c t i v i t y ,  even when t h e  t r a d i t i o n a l  "pre fe r red  
spec i e s / l o g  s i z e "  measure o f  p r o d u c t i v i t y  i s  used 
prov ides  a  s t rong  b a s i s  f o r  cons ider ing  a l t e r n a -  
t i v e  management techniques.  However, the  absence 
of a  market f o r  most b e n e f i t s  from f o r e s t s  ind i -  
c a t e s  t h a t  the  development and adoption of appro- 
p r i a t e  techniques w i l l  r e q u i r e  i n s t i t u t i o n a l  
innovat ion.  

Binswanger , Ruttan and o t h e r s  ( 1986) have 
c l e a r l y  shown t h a t  t e c h n o l o g i c a l  change i s  
s e n s i t i v e  t o  economic f a c t o r s  such a s  input  and 
product  p r i c e s .  Ruttan (1971) and Runge (1986) 
argue t h a t  t h e  absence of  markets ,  f o r  bo th  t h e  
a s s i m i l a t i v e  c a p a c i t i e s  and t h e  environmental  
ameni t i es  of ecosystems, has r e s u l t e d  i n  t h e i r  
overuse o r  abuse,  l ead ing  t o  a  demand f o r  an 
i n s t i t u t i o n a l  mechanism, such a s  l e g i s l a t i o n ,  t o  
amel io ra te  n e g a t i v e  impacts. This  e x p l a i n s  the  
rap  id  i n c r e a s e  i n  environmental  agenc i e s  and regu- 
l a t i o n s  over  the  p a s t  1 5  y e a r s .  

This  high and r i s i n g  demand f o r  environmental  
q u a l i t y  i s  l a r g e l y  l imi ted  t o  upper income coun- 
t r i e s  such a s  t h e  U.S., where p e r  c a p i t a  consump- 
t i o n  of most f o r e s t  p roduc ts  has dec l ined  s i n c e  
t h e  t u r n  of t h e  cen tury  (Duerr ,  1986) a s  has t h e  
convers ion  of  f o r e s t  land t o  a g r i c u l t u r a l  uses .  
However, who can blame t h e  poorer  c o u n t r i e s  f o r  
t h e  low va lue  placed on environmental  q u a l i t y  when 

t h e  primary concern i s  sustenance? The s o l u t i o n  
t o  d e c l i n i n g  environmental  q u a l i t y  i n  l e s s  devel-  
oped c o u n t r i e s  i s  l i k e l y  t o  r e q u i r e  b o t h  an  in-  
c r e a s e  i n  and a  r e d i s t r i b u t i o n  of income. 

I n  t h e  U . S . ,  t h e  environmental r i s k  a s s o c i a t e d  
w i t h  t h e  d e g r a d a t i o n  of f o r e s t  ecosystems i s  
l i k e l y  t o  be l e s s  s u s c e p t i b l e  t o  c o n t r o l  through 
e x i s t i n g  l e g a l  and r e g u l a t o r y  i n s t i t u t i o n s ,  due  t o  
some of  t h e  c h a r a c t e r i s t i c s  d i scussed  by Page 
(1978) and adapted h e r e  t o  c o n s i d e r  f o r e s t s .  
F i r s t ,  while  t h e r e  e x i s t s  a  p o t e n t i a l  f o r  c a t a s -  
t r o p h i c  l o s s  ( t h a t  i s ,  a  f o r e s t  ecosystem i s  
s t r e s s e d  beyond some th reshold  and c o l l a p s e s ,  
thereby imposing h igh  c o s t s  t o  s o c i e t y  i n  terms of 
a l t e r e d  c l i m a t i c  p a t t e r n s  o r  l o s s  of p o t e n t i a l l y  
v a l u a b l e  g e n e t i c  s t r a i n s )  , t h e  p r o b a b i l i t y  of such 
a  c a t a s t r o p h e  i s  very low. Secondly, most of t h e  
c u r r e n t  environmental  l e g i s l a t i o n  i s  geared t o  
address  immediate, a c u t e  and v i s i b l e  problems, 
whi le  the  d e c l i n e  i n  a  f o r e s t  ecosystem may extend 
over  s o  many years  t h a t  changes a r e  impercep t ib le  
and even masked by o t h e r  f a c t o r s .  These two char -  
a c t e r i s t i c s ,  combined wi th  our  ignorance concern- 
ing t h e  i n t e r a c t i v e  mechanisms bo th  i n  f o r e s t s  and 
between p o l l u t a n t s ,  d i s e a s e  and p e s t s ,  make i t  
very d i f f i c u l t  t o  impose c o r r e c t i v e  measures. 

However, the  f o u r t h  c h a r a c t e r i s t i c  , t h e  i r r e v e r -  
s i b i l i t y  o f  an ecosystem c o l l a p s e ,  makes p u b l i c  
a c t i o n  necessary.  I r r e v e r s i b i l i t y  i s  def ined  by 
bo th  economics and time. Once a  s t r e s s  th reshold  
has been c rossed  ecosystem d e c l i n e  becomes i r r e -  
v e r s i b l e  due t o  e i t h e r  the  long time requi red  f o r  
r e j u v e n a t i o n  o r  p r o h i b i t i v e  economic c o s t s .  U n t i l  
we recognize  t h e  asymmetry which e x i s t s  between 
t h e  very modest b e n e f i t s  t o  i n d i v i d u a l  owners who 
use  dysgenic f o r e s t  p r a c t i c e s  and the  p o t e n t i a l  
f o r  very  high s o c i e t a l  c o s t s ,  we w i l l  c o n t i n u e  t o  
underinves t i n  the  development of new techno log i- 
c a l  and i n s t i t u t i o n a l  innovat ions which w i l l  re-  
s u l t  i n  the  management of f o r e s t s  which i s  more 
c o n s i s t e n t  wi th  ecosystem processes .  

F i f t h ,  our  t r a d i t i o n a l  d e f i n i t i o n s  o f  f o r e s t  
p r o d u c t i v i t y  f a i l  t o  recognize t h a t  a  f o r e s t  
ecosys tem and i t s  subcomponents a r e  t echnolog ies  
i n  themselves. These " e c o t e ~ h n o l o ~ i e s "  ( Jorgensen  
and Mitsch,  forthcoming) o f f e r  s t r a t e g i e s  f o r  
enhancing the  p r o d u c t i v i t y  o f  bo th  n a t u r a l  and 
man-made systems by management (manipu la t ion)  o f  
s p e c i e s  o r  h igher  o r d e r  p rocesses  w i t h i n  an 
ecosystem. Examples inc lude  t h e  management o f  
f o r e s t s  t o  provide:  1 )  i n  s i t u  gene banks which 
p r o t e c t  bo th  g e n e t i c  c a p i t a l  and t h e  s i t e  s p e c i f i c  
c h a r a c t e r i s t i c s  which a r e  t h e  inputs  i n  t h e  pro- 
d u c t i o n  of t h i s  c a p i t a l ;  2)  f o r e s t  i s l a n d s  which 
a r e  r e p o s i t o r i e s  o f  l o c a l l y  adapted s p e c i e s  f o r  
c o l o n i z a t i o n  when a d j a c e n t  land i s  abandoned; 3 )  
f o r e s t  i s l a n d s  and c o r r i d o r s  which s e r v e  a s  o a s e s  
and passageways f o r  migratory animals;  and, 4 )  
fo res t /wet land  and complexes t o  c o n t r o l  a c i d  mine 
seepage o r  o t h e r  p o i n t  source p o l l u t a n t s .  

S i x t h ,  t h e  common proper ty  n a t u r e  of many of  t h e  
o u t p u t s  o f  these  eco technolog ies  i n d i c a t e s  t h a t  
government o r  o t h e r  publ ic  i n s t i t u t i o n s  must b e  i 

involved i n  bo th  t h e  development and t h e  adopt ion  
of these  eco technolog ies .  We have long been aware 
of t h e  d i s i n c e n t i v e  t o  t h e  development o f  a  new 



technology t h a t  cannot  be embodied i n  a  product  
t h a t  has  a  market va lue  o r  when the  b e n e f i t s  of an  
innovat ion a r e  r a p i d l y  d i f f u s e d ,  a s  i n  b io technol -  
o g i e s  such a s  h igh  y i e l d i n g  c r o p  v a r i e t i e s .  This  
r e s u l t e d  i n  an  i n s t i t u t i o n a l  innova t ion ,  i n  t h e  
form of government and o t h e r  p u b l i c l y  funded re -  
search  i n s t i t u t i o n s ,  t h a t  p rov ides  i n c e n t i v e s  t o  
innova tors  through d i r e c t  compensation. The major 
d i f f e r e n c e ,  t h e n ,  between eco technolog ies  and most 
b i o t e c h n o l o g i e s  produced i n  p u b l i c  i n s t i t u t i o n s  i s  
t h a t  t h e  l a t t e r  have r e l a t i v e l y  well-defined mar- 
k e t s .  However, while  eco technolog ies  may prov ide  
s u b s t a n t i a l  b e n e f i t s  t o  s o c i e t y ,  t h e  i n d i v i d u a l  
consumer would be  u n w i l l i n g  t o  pay f o r  a  good o r  
s e r v i c e  from which o t h e r  u s e r s  cannot  be  excluded. 
Therefore ,  p u b l i c  agenc ies  w i l l  a l s o  be instrumen- 
t a l  e i t h e r  i n  the  d i r e c t  u t i l i z a t i o n  of t h e s e  
eco technolog ies  o r  i n  p rov id ing  i n c e n t i v e s  t o  
i n d i v i d u a l  landowners. 

A l l  o f  t h e s e  c h a r a c t e r i s t i c s ,  I b e l i e v e ,  ind i -  
c a t e  a  diminished c a p a c i t y  t o  provide a  t imely  
response t o  concerns over  t h e  r e n e w a b i l i t y  o f  
f o r e s t s .  Given t h e  p r o b a b i l i t y  of ecosystem 
c o l l a p s e ,  a l b e i t  s m a l l ,  and t h e  i n c r e a s e  i n  types 
and i n t e n s i t i e s  of d i s t u r b a n c e s  t o  which our  
f o r e s t s  a r e  s u b j e c t e d ,  I do n o t  th ink  t h a t  we can 
r e l y  on t h e  u s u a l  endogenous p r e s s u r e s  which 
induce t e c h n i c a l  and i n s t i t u t i o n a l  change i n  
response t o  t y p i c a l  problems of environmental  
q u a l i t y .  However, t h e  theory  of  induced innova- 
t i o n  does p rov ide  a  b a s i s  f o r  determining appro- 
p r i a t e  responses .  I n  p a r t i c u l a r ,  we need t o  
examine how t h e  s p e c i f i c  environmental  b e n e f i t s  
provided by f o r e s t s  a r e  impacted by f o r e s t  
management t echniques ,  and t o  a s s e s s  the  e f f i -  
c  iency and e q u i t y  of more environmental ly  benign 
techniques.  We need t o  do t h i s  even though 
s tand ing  i n v e n t o r i e s  a r e  h igh  and t h e  r e a l  p r i c e s  
f o r  many f o r e s t  p roduc ts  remain low because t h e s e  
measures do n o t  adequately r e f l e c t  t h e  v a l u e  of 
many of t h e  i n d i r e c t  b e n e f i t s  provided by f o r e s t  
which a r e  n e g a t i v e l y  impacted by management 
p r a c t i c e s .  
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Fores t r y  Research Eva1 ua t ion :  Why and HOW' 

Pamela J. Jakes and David N. Bengston 2 

F o r e s t r y  research eva lua t i on  i s  not a new 
idea  or a c t i v i t y .  We have t raced t he  f i r s t  
f o r e s t r y  research eva lua t i on  t o  Bernard Fernow. 
I n  1893, Fer now estimated po ten t i  a1 increases 
i n  t imber value from research on the phys ica l  
c h a r a c t e r i s t i c s  o f  var ious  t imber species i n  an 
e f f o r t  t o  j u s t i f y  an annual investment o f  
$40,000 (USDA 1893). 

Although research eva lua t i on  i s  not  new, 
i n t e r e s t  i n  developing r igorous  methods t o  
eva lua te  the  impacts o f  f o r e s t r y  research i s  
new. E a r l y  f o r e s t r y  research eva lua t ions  used 
r e l a t i v e l y  in fo rma l ,  nonquant i ta t i ve  techniques 
t o  eva lua te  the  general e f fec t i veness  o f  
f o r e s t r y  research programs. Recent eva lua t ions  
o f  f o r e s t r y  research have concentrated on 
i d e n t i f y i n g  t he  s p e c i f i c  impacts o f  new 
knowledge--knowledge embodied i n  new produc t ion  
techniques,  more e f f e c t i v e  and use fu l  products, 
o r  more r e f i n e d  management p rac t i ces .  Because 
o f  t h i s  focus, these eva lua t ions  have 
concentrated on appl ied, not on basic research, 

Recent ly  p u b l i c  f o r e s t r y  agencies i n  the  U.S. 
and Canada have i n i t i a t e d  programs t o  develop 
methods and frameworks f o r  eval u a t i  ng f o r e s t r y  
research, w i t h  a major ob jec t i ve  o f  i d e n t i f y i n g  
and q u a n t i f y i n g  i t s  impacts on the  economy, t he  
environment, and society.  Why i s  t h i s  a c t i v i t y  
r e c e i v i n g  inc reas ing  a t t e n t i o n ?  How should or 
can we go about eva lua t ing  t he  impact o f  
f o r e s t r y  research? Some answers t o  these 
quest ions are o f f e red  below. 

WHY EVALUATE FORESTRY RESEARCH 

Sever a1 major t rends con t r i bu te  t o  the  growing 
i n t e r e s t  i n  f o r e s t r y  research eval uat ion.  

'presented a t  the  Symposium on Cur r e n t  
Topics i n  Fo res t r y  Research, November 4-6, 
1986, Ga inesv i l l e ,  FL. 

'p ro jec t  Leader and Fores t  Economist, North 
Centra l  Fores t  Experiment S ta t ion ,  U.S. 
Department o f  Ag r i cu l t u re ,  Forest Service, St. 
Paul, MN 55108. 

Abstract ,  --Recent t rends i n  feder a7 research 
a l l o c a t i o n s  and inc reas ing  sc ru t i ny  o f  research 
by the  pub l i c  have r e s u l t e d  i n  a growing 
i n t e r e s t  i n  f o r e s t r y  research eva lua t ion  mong 
f o r e s t r y  research decisionmakers. Current 
research i n  t h i s  f i e l d  concentrates on adapt ing 
and developing methods f o r  eva lua t ing  the 
impact o f  f o r e s t r y  research. 

Keywords: Research management, program 
eval ua t ion ,  f o r e s t  pol i c y .  

F i r s t ,  the l eve l  o f  funding f o r  f o r e s t r y  
research has been decl i n i ng .  The magnitude o f  
t h e  dec l i ne  becomes apparent when we compare 
recent  federal  funding o f  Fores t ry  research i n  
the  U.S. t o  funding o f  a g r i c u l t u r a l  research 
( f i g  1 )  One exp lanat ion  o f fe red  f o r  the gap 
between the funding l eve l  f o r  f o r e s t r y  research 
and t h a t  f o r  a g r i c u l t u r a l  research i s  
a g r i c u l t u r e ' s  long  t r a d i t i o n  o f  research 
evaluat ion.  A g r i c u l t u r a l  research eva lua t ions  
c a r r i e d  out over the  past two or three decades 
have c o n s i s t e n t l y  shown h igh  ra tes  o f  r e t u r n  t o  
a g r i c u l t u r a l  research (Evenson e t  a1 . 1979). 
This has resu l t ed  i n  the widespread percept ion  
t h a t  investment i n  agr i c u l  t u r  a1 research 
b e n e f i t s  society. Although we may fee l  t h a t  
f o r e s t r y  research produces s i rn i l  ar h igh payoffs, 
we have lacked, u n t i l  q u i t e  recent ly ,  empi r i ca l  
evidence support ing t h i s  hypothesis. 

A second t rend  r e l a t i n g  t o  budgets i s  the  
'bil i t a r  i z a t i o n "  o f  research. S i g n i f i c a n t  
s h i f t s  i n  research p r i o r i t i e s  i n  recent years 
have resu l t ed  i n  more o f  the research budget 
going t o  na t iona l  defense ( f i g .  2). I n  1985, 7 2  
cents out o f  every federa l  research do1 l a r  went t o  
defense programs (Norman 1985). This s h i f t  has 
resu l t ed  i n  increased compet i t ion  mong non- 
m i l  i t a r y  research programs fo r  the  remaining 
federa l  research funds. 
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Figure  1.--Growth i n  U.S. a g r i c u l t u r a l  and 
f o r e s t r y  research budgets, 1975-1984 (Greger sen 
and Olmstead 1986). 



The third trend i s  increasing public 
participation in science and technology 
decisionmaking. In forestry th i s  trend has been 
most evident in discussions on the use of 
pesticides and herbicides in forestry 
management. In agriculture,  we have a s t r iking 
example of how the pub1 ic  can have a major 
impact on research programs in the recent legal 
ba t t l e  in wbich the University of California was 
sued for the allegedly harmful social impact of 
i t s  agricultural mechanization research (Martin 
and Ofmsead 1985). There may be an important 
lesson for the forestry research community in 
t h i s  action, as agricultural research 
decision makers have been widely cr i t ic ized for 
not giving enough attention to the social 
consequences of their research. 

Why eval uate research? Because research 
evaluation can he1 p pol icy and decision makers 
meet the demands or opportunities resulting from 
these trends. John Fedkiw, Associate Director, 
Office of Budget and Program Analysis, USDA, has 
been quoted as saying "Evaluation results can be 
a powerful tool for research managers because 
such resu l t s  provide a basis for disinterested 
judgment in a1 1 ocat i ng revenues to enhance 
national welfare or State  welfare" (Fedkiw 
1985). And Robert Buckman, former Forest 
Service Deputy Chief for Research, has stated 
tha t ,  "Evaluation act ivi t ies . .  .give a legitimacy 
and a c red ib i l i ty  to research" (Buckman 1985). 

HOW DO WE EVALUATE FORESTRY RESEARCH 

Research evaluations can be divided into two 
categories: impact evaluations and process 
evaluations ( f ig .  3 ) .  Impact eval uations focus 
on the impact of research innovations that have 
been adopted and p u t  into practice. They 
analyze research inputs and outputs while 
t reat ing the research process i t s e l f  as a black 
box. Process evaluations peek inside the black 
box to analyze the process by which research 
inputs are transformed into outputs. Process 
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Figure 2.--Percent of U.S. federal budget by 
budget function, 1976 and 1986 (estimated) 
(National Science Foundation 1985). 
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eval uations focus on the effectiveness or 
efficiency of deci sonmaki ng, resource 
a1 location, pl anning, and other research 
ac t iv i t i es .  
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The current research in forestry research 
eval uation focuses on impact evaluations. The 
research eval uat ions conducted in agriculture 
have provided a valuable starting point for 
research on forestry research evaluation. 
Research to date has i l lustrated that methods 
devel oped for agr icul tur a1 research eval uation 
may be used to eval uate some forestry research 
effor ts .  

For exampl e ,  usi ng an economic sur pl us 
approach common in agriculture,  Bengston (1984) 
evaluated returns to research resulting in the 
development of structural particleboard. He 
cal cul ated average internal rates of return 
ranging from 19 t o  22 percent. Somewhat 
surprisingly, a sensi t ivi ty  analysis indicated 
that  the rates of return were very insensitive 
to  estimates of research costs. Marginal rates 
of return ranged from 27 t o  35 percent, 
suggesting that further investment in this  type 
of research would produce at t ract ive rates of 
return. 

60 

Westgate (1985) appl ied the method devel oped 
by Bengston to eval uate the impact of 
containerized forest t ree  seedling research. He 
cal cul ated inter na1 rates of return ranging from 
37 t o  111 percent, depending on (1)  the quantity 
of containerized seedlings produced in the 
future ,  ( 2 )  estimates of research costs, and (3)  
the pr ice discount of containerized seed1 ings. 
The internal rate of return was very sensitive 
to  assumptions made for the la t t e r  two factors.  
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A1 though agr icul t u r  a1 research eval uation 
methods are applicable in some forestry cases, 
we've identified five character is t ics  of 
forestry research that  make i t  necessary to 
devel op eval uati on methods. 
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Figure 3.--Impact and process evaluations in the 
context of the research process. 



Fir s t ,  agr icul t u r  a1 research eval uations have 
focused almost excl usi vely on commodity 
research. Early forestry research eval uations 
have a1 so concentr ated on comodi ty  research by 
evaluating research e f for t s  in forest products 
and u t  i 1 i zat i on and timber management. Thi s 
ear ly  emphasis in forestry i s  understandable--i t 
i s  re la t ively easy to identify the research 
inputs and outputs for these areas of forestry 
research, there  i s  a market for the outputs 
that  he1 ps establ i sh research benefits , data 
r equi red for eval uat ions are avai 1 able, and 
agr icul tur a1 methods can be adapted for the 
eval uation. However, commodity research i s  only 
a small portion of the total forestry research 
e f for t .  Other areas of research, particularly 
those for which research benefits are not easi ly  
measured or valued, can not be evaluated using 
existing methods. We need to develop methods 
for evaluating commodity as we1 1 as 
non-commodity research. 

Second, methods currently available for 
research eval uation are useful primarily for 
case studies of specific projects or 
innovations. However, narrowly focused case 
study eval uations have been cr i t ic ized for only 
consider ing highly successful research e f for t s ,  
thus casting doubt on the representativeness of 
the evaluation resul ts  for a given f ie ld  or 
industry. We need methods that will enable us 
t o  conduct more aggregate level evaluations of 
forestry research. Aggregate level research 
eval uations avoid the "success story" cr i t ic i  sm 
by ignoring individual innovations and by 
instead examining the re1 ationship between 
research in a broad area and the growth or 
productivity in an ent i re  industry or sector of 
the economy, Pol icy implications are a1 so more 
credible from th i s  type of evaluation. 

In one of the few aggregate research 
eval uations conducted, Greger sen e t  a1 . (1983) 
evaluated returns to investments in all  forest 
products u t i l i za t ion  research. Even with a 
conser vat i ve estimate of benef i t s and an 
extremely liberal estimate of costs,  the 
calculated rate  of return on the public 
investment in forest products uti 1 ization 
research was about 20 percent, A t  the 
University of Georgia, Fred Cubbage and Don 
Hodges are developing methods that will allow 
them to perform an aggregate-level analysis of 
the impact of public investments in forest 
management research. 

Third, most of the evaluation methods used 
t o  date have generated a single measure of 
worth re1 ated to  economic efficiency. In 
forestry,  we have found average rates of return 
ranging from 9 percent for forest f e r t i l  ization 
research in the Pacific Northwest (Bare 1985) 
t o  more that  400 percent for research leading 
t o  the development of the softwood plywood 
industry (Seldon 1985). For decision makers, 
economic impacts are seldom the primary 

c r i t e r i a  in determining policy or research 
program direction; therefore we need to develop 
multiple measures of the worth of a project. 
We need to develop methods for evaluating the 
impact of forestry research on society and the 
environment , as we1 l as the economy. 

In an effor t  to provide broader economic 
measures of research impacts, David Lewis and 
his students a t  Oklahoma State University are 
eval uati ng the useful ness of macro-economic 
s t a t i s t i c s ,  such as mployment and income data,  
in research eval uation. These s t a t i s t i c s  can 
t e l l  us more about impacts on society than the 
traditional measures of economic efficiency. 

Fourth, agricultural and forestry research 
eval uations have been a1 most excl usively ex 
post eval uations, analyzi ng the benefits and 
costs of past research. I t  i s  d i f f i cu l t  to 
make decisions on current or future research 
programs using studies of past efforts.  If 
evaluations are to be useful in research 
pl anning, management, and pol icymaki ng , ex ante 
evaluation methods are needed. Ex ante -- 
eval uations analyze the antic i pated impacts of 
research in progress or proposed for future 
funding. The development of methods for 
conducting ex ar te  eval uations of forestry 
research i s T r i t i c a l  to the growth of forestry 
research evaluation as a vita1 segment of the 
broader di sci pl i ne of eval uation research. 

Fi nal ly ,  eval uation methods cannot be 
developed in isolation from the intended users 
of evaluations. We must understand how 
eval uati ons are used and by whom in order to 
produce useful , re1 evant eval uation methods. 
Most of the agricultural and forestry research 
eval uations have been oriented primarily 
towards education--that i s ,  increasing 
knowledge in eval uation research. The 
challenge i s  to adapt and expand our effor t  to 
ensure that i t  meets the needs of individuals 
involved in forestry research resource 
allocation and policy formation. 

How do we evaluate forestry research? 
Although there are methods available to 
evaluate some of the impacts of applied 
forestry research, the answer to th i s  question 
must be provided by the cl ient  (decision maker, 
pol icy maker, legi sl a to r ,  c i t i zen)  conducting 
or requesting the evaluation. The issues 
important to that individual or group determine 
the impacts evaluated. Clients should be aware 
that  methods are avail able for eval uating the 
economic impact of individual techno1 ogies. 
Additional methods for evaluating economic 
impacts are being developed as we1 1 as methods 
for eval uating social and environmental 
impacts. We will probably never be able to 
evaluate all  impacts on equal terms, but we 
must recognize that a variety of impacts are 
possible and that a l l  must be considered in a 
thorough eval uation. 



LITERATURE CITED 

Bare, Bruce. A case h i s t o r y  o f  t h e  r e g i o n a l  
f o r e s t  n u t r i t i o n  research p r o j e c t :  
investment ,  r e s u l t s ,  and appl i c a t i o n .  Col l e g e  
o f  F o r e s t  Resources, Un i ver s i t y  o f  
Washington, F i n a l  Repor t  f o r  USDA Fores t  
S e r v i c e  P r o j e c t  Number PNW 82-248; 1985. 
5 2 ~ ~ -  

Bengston, David N. Economic impacts o f  
s t r u c t u r a l  p a r t i c l e b o a r d  research: an 
assessment. Forest  Science, 30(3)  : 685-697; 
1984. 

Buckman, Robert. Summary: r e f l e c t i o n s  on 
f o r e s t r y  research eva lua t ions .  I n :  R isb rud t ,  
Chr i s topher  D.; Jak.es, Pamela J., eds. 
Proceedings, f o r e s t r y  research e v a l u a t i o n :  
c u r r e n t  progress,  f u t u r e  d i r e c t i o n s ;  1984 
August 20-21; R o s e v i l l e ,  MN. Gen. Tech. Rep. 
NC-104. St. Paul , MN: U.S. Department o f  
A g r i c u l t u r e ,  Forest  Serv ice,  Nor th Cen t ra l  
F o r e s t  Experiment S t a t i o n ;  1985:128-130. 

Evenson, Robert E,; Waggoner, Paul E.; Rut tan 
Vernon W. Economic b e n e f i t  f rom research:  an 
example f rom a g r i c u l t u r e ,  Science 
205:lOl-107; 1979. 

Fedkiw, John. Research eval u a t i o n  and 
p o l  icymaki  ng. I n :  R i  sbr u d t  , Chr i stopher D. ; 
Jakes, Pamela J., eds. Proceedings, f o r e s t r y  
research  e v a l u a t i o n :  c u r r e n t  progress, f u t u r e  
d i r e c t i o n s ;  1984 August 20-21; R o s e v i l l e ,  MN. 
Gen. Tech. Rep. NC-104. St. Paul, MN: U.S. 
Department of A g r i c u l t u r e ,  Forest  Serv ice,  
Nor th  Cen t ra l  Fores t  Experiment S t a t i o n ;  
1985 : 5-9. 

Greger sen, Hans ; Olmstead, James. Assessment o f  
methods used t o  p lan  and budget f o r e s t r y  
research  programs. Col l e g e  o f  Fores t ry ,  
Uni ver s i  t y  of Minnesota, F i  na1 Repor t  f o r  
USDA Fores t  Serv ice  P r o j e c t  Number 
NC-23-82-22; 1986. 1 5 8 ~ ~ .  

Gregersen, Hans; Waygreen, John; Hol land,  I r v .  
Impacts o f  f o r e s t  u t i l i z a t i o n  research : an 
economic assessment. Col lege o f  Fores t ry ,  
U n i v e r s i t y  o f  Minnesota, F i n a l  Report f o r  
USDA Fores t  Serv ice  P r o j e c t  Number 
FP-1981-0395; 1983. 97~. 

M a r t i n ,  P.L. ; Olmstead, A. L. The a g r i c u l t u r a l  
mechanizat ion controversy.  Science 
227: 601-606; 1985. 

Na t iona l  Science Foundation. 15% inc rease  i n  
Federa l  R&D funds  proposed i n  1986 budget,  
mos t l y  for defense. Science Resources S tud ies  
High1 i g h t s ,  J u l y  31. NSF 85-322, kashington,  
D.C. : Nat ional  Science Foundation; 1985. 4pp. 

Norman, C o l l i n .  The science budget: a dose o f  
a u s t e r i t y .  Science 227:726-728; 1985. 

Seldon, Barry. Supply f u n c t i o n s  and s o c i a l  
r e t u r n s  t o  research. In :  Risbrudt ,  
Chr is topher  D.; Jakes, Pamela J., eds. 
Proceedings, f o r e s t r y  research eval u a t i o n :  
c u r r e n t  progress , f u t u r e  d i  r e c t  i ons ; 1984 
August 20-21; Rosevi l  f e ,  MN. Gen. Tech. Rep. 
NC-104. St. Paul, MN: U.S. Department o f  
A g r i c u l t u r e ,  Forest  Serv ice,  Nor th Centr a1 
Fores t  Experiment S t a t i o n ;  1985: 111-115. 

U.S. Department of A g r i c u l t u r e .  Report o f  the  
Ch ie f  o f  the  D i v i s i o n  o f  F o r e s t r y  f o r  1892. 
Washington, D.C: D i v i s i o n  o f  Fores t ry ,  U.S. 
Department o f  A g r i c u l t u r e .  1893. 

Westgate, Robert. Returns t o  investment i n  
f o r e s t r y  research:  t h e  case o f  c o n t a i n e r i z e d  
f o r e s t  t r e e  seed1 i ngs. In :  R i  sbr ud t  , 
Chr is topher  D. ; Jakes, Pamela J., eds. 
Proceedings, f o r e s t r y  research eval u a t i o n :  
c u r r e n t  progress, f u t u r e  d i r e c t i o n s ;  1984 
August 20-21; R o s e v i l l e ,  MN. Gen. Tech. Rep. 
NC-104, St. Paul, MN: U.S. D e ~ ~ r t m e n t  o f  
A g r i c u l t u r e ,  Forest  Serv ice,  Nor th Centra l  
Fores t  Experiment S t a t i o n ;  1985: 117-120. 



C .  Denise Ingram, Jan 6 .  Laarman, and M iche l  6. 

Contezac 
2 

The au thors  are, r e s p e c t i  ve ly ,  F o r e s t e r ,  USDA 
F o r e s t  Serv i ce ,  Southeastern Cen te r  f o r  F o r e s t  
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o f  F o r e s t r y ,  Box 8002, N o r t h  C a r o l i n a  S t a t e  Un i -  
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The F o r e s t  Products  L a b o r a t o r y  (FPL) o f  t h e  
USDA F o r e s t  S e r v i c e  has ga ined i n t e r n a t i o n a l  
r e c o g n i t i o n  as a  leader  i n  wood u t i l i z a t i o n  
research.  S i n c e  i t s  es tab l i shment  i n  1910 on t h e  
campus o f  t h e  U n i v e r s i t y  o f  Wisconsin, FPL has 
grown t o  t h e  p o i n t  where i t  now employs about 300 
s c i e n t i s t s ,  p r o f e s s i o n a l s ,  t e c h n i c i a n s ,  admin is-  
t r a t i v e ,  and o t h e r  s t a f f .  I n  a d d i t i o n  t o  
address ing  research needs o f  t h e  f o r e s t  p roduc ts  
s e c t o r  i n  t h e  U n i t e d  S ta tes ,  a  p a r t  o f  FPL 's  
m i s s i o n  i s  t o  "p rov ide  wor ldw ide  e x p e r t i s e  on t h e  
t e c h n i c a l  aspects  o f  wood." Thus, among FPL's  
techno logy  t r a n s f e r  a c t i v i t i e s  i s  t h e  d i s t r i b u -  
t i o n  of t e c h n i c a l  a r t i c l e s ,  f e a t u r e s ,  and w r i t -  
t e n  m a t e r i a l s  t o  more t h a n  2,000 f o r e i g n  
addresses. A d d i t i o n a l l y ,  FPL r e g u l a r l y  schedules 
t o u r s ,  programs, and t e c h n i c a l  conferences and 
meet ings f o r  s p e c i a l  groups, i n c l u d i n g  a  l a r g e  
number of f o r e i g n  v i s i t o r s  and s c i e n t i s t s .  

T h i s  paper  assesses t h e  sources, growth and 
s u b j e c t  m a t t e r  o f  f o r e i g n  (non-US) reques ts  f o r  
i n f o r m a t i o n  and s e r v i c e s  p r o v i d e d  by FPL over  
S t a t e s  f o r  i n f o r m a t i o n  and s e r v i c e s  p r o v i d e d  by 
FPL, uses t h i s  c l a s s i f i c a t i o n  t o  c a t a l o g  FPL's  

lsymposium on "Current  Top ics  i n  F o r e s t  
Research: C o n t r i b u t i o n s  by Women S c i e n t i s t s .  " 
Nov. 4-6, 1986, G a i n e s v i l l e ,  FL. 

 o or ester, USDA F o r e s t  Serv i ce ,  Southeastern 
Cen te r  f o r  F o r e s t  Economics Research, P.O. Box 
12254, Research T r i a n g l e  Park, NC 27709; Asso- 
c i a t e  Pro fessor ,  Department o f  F o r e s t r y ,  Box 
8002, N o r t h  C a r o l i n a  S t a t e  U n i v e r s i t y ,  Rale igh,  
NC 27695; and W r i t e r ,  USDA F o r e s t  Serv i ce ,  
F o r e s t  Products  Labora to ry ,  P.O. Box 5130, 
Madison, W I  53705, 

A b s t r a c t  

I n  t h e  p e r i o d  1955-84 t h e  USDA F o r e s t  S e r v i c e ' s  
F o r e s t  Products  Labora to ry  (FPL 1 r e c e i  ved approx-  
i m a t e l y  3,000 requests  f o r  i n f o r m a t i o n  and s e r -  
v i ces  f rom f o r e i  gn (non-US) sources. Requests 
f r o m  o u t s i d e  o f  t h e  U n i t e d  S t a t e s  have grown f r o m  
fewer  than  50 p e r  y e a r  i n  1955-70 t o  more t h a n  10 
t i m e s  t h a t  number i n  1984. Approx imate ly  two- 
t h i r d s  o f  t h e  reques ts  have o r i g i n a t e d  i n  i ndus -  
t r i a l i z e d  c o u n t r i e s .  More than  t h r e e - f o u r t h s  a r e  
f r o m  p r i v a t e  f i r m s  and i n d i v i d u a l s ,  t o g e t h e r  w i t h  
research  and educa t iona l  o r g a n i z a t i o n s .  The most 
f r e q u e n t  fo rm o f  technology t r a n s f e r  i s  t h r o u g h  
d i r e c t  v i s i t s  t o  FPL i n  Madison, W I .  F o r e i g n  
reques ts  f o r  FPL's  s e r v i c e s  have ranged b r o a d l y  
across a  number o f  t e c h n i c a l  f i e l d s :  economics 
and u t i l i z a t i o n ,  manufactured boards, p r o t e c t i o n  
and p r e s e r v a t i o n ,  p u l p  and paper p roduc t ion ,  wood 
p r o p e r t i e s ,  and wood energy. Requests by t e c h -  
n i c a l  f i e l d s  have been l a r g e l y  s i m i l a r  when com- 
p a r i n g  i n d u s t r i a l i z e d  w i t h  n o n - i n d u s t r i a l i z e d  

Keywords: techno logy  t r a n s f e r ,  f o r e s t  p roduc ts ,  
i n t e r n a t i o n a l .  

reco rds  o f  requests  f o r  such f o r e i  gn -o r ien ted  
i n f o r m a t i o n  and s e r v i c e s ,  and desc r ibes  t h e  ma jo r  
and minor  l i n e s  o f  FPL ' s  f o r e i  gn -o r ien ted  t e c h -  
n i  c a l  ass is tance.  

ANALYSIS 

D e s c r i p t i o n  o f  Data 

Data f o r  t h i s  s tudy were o b t a i n e d  f rom FPL 's  
genera l  correspondence f i l e s  i n  Madison. A l l  
correspondence t o  FPL d u r i n g  t h e  30-year p e r i o d  
1955-1984 was surveyed. Record ing  forms were 
used t o  document requests  f o r  se rv i ces ,  i n f o r -  
mation, m a t e r i a l s ,  etc. ,  f rom f o r e i g n  sources 
a c c o r d i n g  t o  t h e  f o l l o w i n g  fo rmat :  (1) c o u n t r y  
and y e a r  o f  request ,  ( 2 )  t y p e  o f  i n s t i t u t i o n  r e -  
p resen ted  by t h e  request ,  ( 3 )  t y p e  o f  i n f o r m a t i o n  
o r  s e r v i c e  requ i red ;  ( 4 )  t e c h n i c a l  s u b j e c t  o f  
and requests  a r e  d e f i n e d  and d iscussed i n d i  v i d -  
u a l l y  i n  t h e  f o l l o w i n g  sec t ions .  

Region and Time P e r i o d  

FPL 's  requests  f r o m  f o r e i g n  sources were docu- 
mented by coun t ry  and year .  These data were t h e n  
aggregated accord ing  t o  n i n e  g e o p o l i t i c a l  r e g i o n s  
and t h r e e  10-year t i m e  per iods .  The r e s u l t s  a r e  
shown i n  Tab le  1. 

O f  t h e  n e a r l y  3,000 reques ts  r e p o r t e d  here, 
t h o s e  f rom ma in ly  i n d u s t r i a l  i z e d  reg ions  outnum- 
bered those  f r o m  ma in ly  n o n - i n d u s t r i a l  i z e d  r e -  
g ions by a  r a t i o  o f  2 : l .  Only i n  t h e  f i r s t  sub- 
p e r i o d  (1955-64) d i d  non- i  n d u s t r i  a7 i z e d  r e g i o n s  
dominate. F o r  t h e  p a s t  t h r e e  decades as a  whole, 
f o r e i g n  requests  f o r  FPL's  s e r v i c e s  were l e d  by 
Europe, As ia ,  and Canada, r e s p e c t i v e l y .  



Types o f  I n s t i t u t i o n s  Table 1. FPL 's  f o r e i g n  requests, by w o r l d  reg ion .  

World R e g ~ o n  1955-64 1965-74 1975-84* T o t a l  
The requests  f o r  t e c h n i c a l  i n f o r m a t i o n  and s e r -  

v i c e s  were c l a s s i f i e d  by t h e  t y p e  of i n s t i t u t i o n s  
represented:  p r i v a t e ,  governmental, e d u c a t i o n a l  
i n t e r n a t i o n a l  agency, o r  research. The c l a s s i f  i- 
c a t i o n  was based e n t i r e l y  on i n f o r m a t i o n  c o n t a i n e d  
i n  t h e  l e t t e r h e a d s  and correspondence. Thus 
assignment t o  one category o r  another  i s  i n h e r e n t l y  
a f f e c t e d  by a  h i g h  degree of researcher  
s u b j e c t i v i t y .  A p a r t  of t h i s  prob lem a r i s e s  
because t h e  c a t e g o r i e s  are o v e r l a p p i n g  and n o t  
always separable.  F o r  example, u n i v e r s i t i e s ,  
government l a b o r a t o r i e s ,  and p r i v a t e  f i r m s  o f t e n  
engage i n  research  and a r e  cons idered research  
i n s t i t u t i o n s  themselves. 

------------- No. o f  repuests ------- 
I n d u s t r i a i i z e d  

A u s t r a i l i a  8 New Zealand 

Canada 

Europe and USSR 

Japan 

S u b t o t a l  

Won-industr:al:zed 

A f r i c a  

As ia  (ex. Japan) S u b j e c t  t o  t h e s e  l i m i t a t i o n s ,  Tab le  2 shows t h a t  
reques ts  have been dominated by p r i v a t e  o r g a n i z a -  
t i o n s  and i n d i v i d u a l s ,  research o r g a n i z a t i o n s  and 
e d u c a t i o n a l  i n s t i t u t i o n s  (main ly  u n i v e r s i t i e s ) .  
F o r  t h e  30-year s tudy per iod ,  these  t h r e e  t y p e s  o f  
i n s t i t u t i o n s  accounted f o r  more than  t h r e e - f o u r t h s  
o f  FPL's  requests  f rom o u t s i d e  of t h e  U n i t e d  
S ta tes .  

L a t i n  A w r i c a  & Caribbean 

Midd le  East 

Oceania (ex. Aust.  L N . Z .  ) 

S u b t o t a l  

A i l  reg:ons ( T o t a l s )  

*Data a r e  no t  complete f o r  yeprs  1971-79. 
Tahie 2. F P L 1 s  fore'gn requests, by type o f  i n s t : t u t i o n  mak:'?g t h e  request.  

I n  some reg ions  t h e  bu lk  of f o r e i g n  requests  
o r i g i n a t e d  f r o m  j u s t  a  s i n g l e  coun t ry .  F o r  
example, I n d i a  and t h e  R e p u b l i c  o f  South A f r i c a  
accounted f o r  more t h a n  h a l f  o f  FPL's  requests  
f r o m  A s i a  ( e x c l u d i n g  Japan) and A f r i c a ,  respec- 
t i  ve ly .  

F i g u r e  1 shows t h e  annual numbers of f o r e i g n  
reques ts  d u r i n g  t h e  s tudy  per iod .  Because o f  
m i s s i n g  data, numbers of reques ts  a re  no t  shown 
f o r  t h e  y e a r s  1977-1979. The t i m e  t r e n d s  o f  
reques ts  f rom i n d u s t r i a l i z e d  and non- 
i n d u s t r i  a l  i z e d  r e g i o n s  move i n  rough ly  p a r e l  l e l  
f ash ion .  Requests inc reased  d r a m a t i c a l l y  a f t e r  
1971, and aga in  a f t e r  1982. 

i ~ t e r n a t i o n a l  a g e n c y  2 4  5 63 92 

(Not def lnedi (9) (47 ) !79) (1351 

T o t d l  - .-- 247 37 3 : 99u 2>10 

*Data a - v  n'i: comj i i t t r  f?r y e a : ~  1 9 7 7 - 7 9 .  

Types o f  I n f o r m a t i o n  and Serv i ces  

The reques ts  were c l a s s i f i e d  a c c o r d i n g  t o  t h e  
t y p e s  o f  i n f o r m a t i o n  and s e r v i c e s  asked o f  FPL. 
The c a t e g o r i e s  of requests  were: v i s i t s  t o  FPL 's  
f a c i l i t i e s  i n  Madison, p r o f e s s i o n a l  a d v i c e  on 
t e c h n i c a l  procedures and research a n a l y s i s ,  
pub1 i c a t i o n s  and research m a t e r i a l s  (e. g., wood 
samples, chemical compounds ), s e r v i c e s  t o  be p e r -  
formed (e.g., t e s t i n g  and o p e r a t i o n a l  ), FPL s c i e n -  
t i s t s  t o  p a r t i c i p a t e  i n  i n t e r n a t i o n a l  conferences 
and, th rough  c o o p e r a t i v e  agreements between FPL 
and f o r e i g n  i n s t i t u t i o n s ,  t o  p r o v i d e  s tudy ,  
t r a i n i n g ,  and research  exper iences f o r  f o r e i  gn s t u -  
dents  and s c i e n t i s t s  i n  t h e  U n i t e d  S t a t e s .  

R e g i o n s  

& too- 
! l 

:Nan-~noustr~all 
: R a g  ons 

T a b l e  3  i n d i c a t e s  t h a t ,  s i n c e  t h e  l a t e  1960s, 
t h e  most numerous requests  concerned v i s i t s  t o  
FPL 's  f a c i l i t i e s  i n  Madison. Requests t o  v i s i t  
FPL, requests  f o r  p r o f e s s i o n a l  advice, and 
reques ts  f o r  pu b l  i c a t  i o n s  and m a t e r i  a l  s  accounted 
f o r  f o u r - f i f t h s  o f  a l l  f o r e i g n  i n q u i r i e s  d u r i n g  
t h e  l a s t  two subper iods.  

YEAR 

ftgur. 1  FPL'S  Fore ign  R a q u e s t s .  by Y*.f 

Bec.ure o f  mtsrlng d a l e  numbers tor 1 9 7 7 - 7 9  e r e  no t  

p l O f t @ d  



Table 3. FPL 's  f o r e i g n  requests, by type o f  inforrnat.cn o r  serv3ce  requested. 

SUBJECT 
Type- o f  1nformatlon 
o r  serv ice  requested -- 1955-64 1965-74 1975-d4* Tota l  

' 4 - s - t s  t o  F P L  1 4  2t l t  61b *3b 

Profess'ona 1 adv:ce db 1 4 7  490 723  

Puhl:cat-orrs & mat p r 7 a i s  19 92 477 588 

T ~ c h n - r d i  s e r v ~ c e s  8 46  1 R r  2 4 2  

T c t a i s  -- -- 32, 3 / 19 ' 5  2,515 

_ -_-_____ 

* ~ c t a  a r p  not conyipte f n -  y-3-5 l Q 7 7 - 7 . ' .  

B u t  d u r i n g  t h e  f i r s t  subper iod  1955-64, more 
t h a n  h a l f  o f  t h e  reques ts  o r i g i n a t e d  th rough  
c o p e r a t i v e  agreements. Most o f  these  agreements 
were a d m i n i s t e r e d  th rough  t h e  I n t e r n a t i o n a l  
Coopera t ion  A d m i n i s t r a t i o n  (ICA), predecessor  o f  
t h e  Agency f o r  I n t e r n a t i o n a l  Development (AID ). 
The ICA p r o v i d e d  funds f o r  t r a i n i n g  and s tudy by 
f o r e i g n  i n d i  v i d u a l s  a t  t h e  Madison f a c i  1  i t y ,  
o f t e n  i n  c o n j u n c t i o n  w i t h  t h e  U n i v e r s i t y  o f  
Wisconsin. By 1965 t h e  ICA suppor t  had essen- 
t i a l l y  d isappeared,  and a  reduced l e v e l  o f  
f o r e i g n  c o n t a c t  w i t h  FPL was ma in ta ined  th rough  
t h e  funds o f  P u b l i c  Law 480 ( o f t e n  c a l l e d  t h e  
"Food f o r  Peace" program). F o r  t h e  30-year 
p e r i o d ,  approx imate ly  t w o - t h i  r d s  o f  FPL 's  f o r e i g n  
reques ts  under  these  c o o p e r a t i v e  agreements 
o r i g i n a t e d  i n  non- i  n d u s t r i a l  i z e d  c o u n t r i e s .  

Techn ica l  Sub jec ts  

The reques ts  were d i s t r i b u t e d  over  a  wide 
v a r i e t y  o f  t e c h n i c a l  s p e c i a l  i t  i e s  i n  f o r e s t  p ro -  
d u c t s  technology.  The survey recogn ized  t h e  
f o l l o w i n g  seven c a t e g o r i e s :  wood p r o p e r t i e s ,  wood 
p r o t e c t i o n  and p r e s e r v a t i o n ,  manufactured boards, 
p u l p  and paper  p r o d u c t i o n ,  economics and u t i l i z a -  
t i o n ,  wood energy, and o the r .  O f t e n  a  s i n g l e  
reques t  o r  con tac t ,  such as a v i s i t  t o  FPL, was 
m o t i v a t e d  by i n t e r e s t s  i n  more than  one 
s u b j e c t .  I n  these  cases, a l l  o f  t h e  d i f f e r e n t  
s u b j e c t  areas were recorded s e p a r a t e l y .  
A d d i t i o n a l l y ,  some i n q u i r i e s  were d i r e c t e d  
towards broad research  programs a t  FPL, and these  
reques ts  were c l a s s i f i e d  as "genera l  ". 

F i g u r e  2 shows t h e  d i s t r i b u t i o n  o f  reques ts  by 
t e c h n i c a l  s u b j e c t s  f o r  t h e  i n d u s t r i a l i z e d  and 
n o n - i n d u s t r i a l  i z e d  reg ions  s e p a r a t e l y .  These 
d i s t r i b u t i o n s  were h i g h l y  s i m i l a r .  F o r  bo th  
i n d u s t r i a l i z e d  and n o n - i n d u s t r i a l i z e d  reg ions ,  
reques ts  were spread q u i t e  evenly  across p r o t e c -  
t i o n  and p r e s e r v a t i o n ,  economics and u t i l i z a t i o n ,  
p u l p  and paper p roduc t ion ,  and wood p r o p e r t i e s .  
Manufactured boards and wood energy were r e l a -  
t i v e l y  l e s s  impor tan t ,  d e s p i t e  t h e  p o p u l a r i t y  of 
wood energy i ssues  d u r i n g  t h e  p a s t  few years.  
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DISCUSSION 

The data and observa t ions  p resen ted  h e r e  a t t e s t  
t o  t h e  i n t e r n a t i o n a l  s t a t u r e  o f  FPL, and t h e  
remarkable growth i n  i t s  s e r v i c e  t o  t h e  w o r l d ' s  
f o r e s t  p roduc ts  i n d u s t r i e s .  T h i s  growth i s  
i n f e r r e d  f rom FPL ' s  correspondence f i l e s  a lone,  
wh ich  i s  o n l y  one i n d i c a t o r  o f  FPL's  c o n t a c t s  and 
t e c h n i c a l  exchanges a t  t h e  i n t e r n a t i o n a l  l e v e l .  
T r a v e l  and communication i n  a  "g loba l  v i l l a g e "  
make FPL a c c e s s i b l e  t o  i n c r e a s i n g  numbers o f  
s c i e n t i s t s  everywhere. We do n o t  c l a i m  t h a t  
t h e  da ta  presented a r e  h i g h l y  accurate. A  su rvey  
o f  government f i l e s  spanning t h r e e  decades i s  
bound t o  c o n t a i n  i n c o n s i s t e n c i e s  and incorn- 
p a t i b i  l i t i e s  f rom y e a r  t o  year .  The p e r i o d  i s  
s u f f i c i e n t l y  l o n g  t h a t  many c o u n t r i e s  changed 
p o l i t i c a l  boundar ies and names, and many new 
developments occur red  i n  f o r e s t  p roduc ts  tech -  
no log ies .  Hence, readers shou ld  regard  t h e s e  
survey data as b road ly  i n d i c a t i v e ,  n o t  quan- 
t i t a t  i v e l y  p rec ise .  

There a r e  many p o l i c y  ques t ions  which come t o  
mind when r e v i e w i n g  technology t r a n s f e r  a c t i  v i  - 
t i e s  w i t h i n  an o r g a n i z a t i o n .  Can and s h o u l d  FPL 
i n c l u d e  technology t r a n s f e r  o b j e c t  i ves f o r  i n t e r -  
n a t i o n a l  c l i e n t e l e ?  I f  so, what i s  t h e  o p t i m a l  
mix  o f  domestic U.S. i n t e r n a t i o n a l  s e r v i c e  f o r  
p u b l i c  agencies? The p a t t e r n  o f  requests  by 
t e c h n i c a l  s u b j e c t s  i s  b road ly  s i m i  l a r  when com- 
p a r i n g  t h e  n o n - i n d u s t r i a l i z e d  and i n d u s t r i a l i z e d  
reg ions .  I s  t h i s  an accura te  r e f l e c t i o n  of 
r e a l i t y ?  What a re  t h e  i m p l i c a t i o n s  f o r  t h e  i s s u e  
o f  " a p p r o r i a t e  techno logy"?  The answers t o  t h e s e  
and o t h e r  p o l i c y  ques t ions  can o n l y  be addressed 
by t h e  a n a l y s t s  and decision-makers o f  t h e  USDA 
F o r e s t  S e r v i c e  and FPL. Today 's  complex market 
f o r  i n t e r n a t i o n a l  goods and s e r v i c e s  and t h e  
growing co inpe t i t i on  by n o n - i n d u s t r i a l  i z e d  
c o u n t r i e s  i n  these  markets r e q u i r e  c l o s e  a t t e n -  
t i o n  by p o l i c y  makers t o  t h e  i s s u e  o f  tech -  
n o l o l  gy t r a n s f e r .  
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A m a j o r  component o f  p u b l i c  f o r e s t  p o l i c y  i n  t h  
United S t a t e s  concerns t h e  a p p r o p r i a t e  r o l e  o f  
government i n  t h e  management o f  p r i v a t e  f o r e s t  
l ands .  T h i s  q u e s t i o n  h a s  been widely debated i n  
America f o r  more than  a  h a l f  century.  P r e s e n t l y  
governments a t  a l l  l e v e l s  i n f l u e n c e  p r i v a t e  
f o r e s t r y  p r a c t i c e s  through such p o l i c y  t o o l s  a s  
t a x a t i o n ,  d i r e c t  and i n d i r e c t  s u b s i d i e s ,  and 
formal  r e g u l a t i o n .  H i s t o r i c a l l y ,  r e g u l a t o r y  
c o n t r o l  h a s  been t h e  most c o n t r o v e r s i a l  o f  t h e s e  
i n f l u e n c e s .  

HISTORICAL EACKGROUND 

P u b l i c  r e g u l a t i o n  of p r i v a t e  f o r e s t  l a n d s  was 
f i r s t  in t roduced  i n  North America i n  t h e  e a r l y  
1 7 t h  c e n t u r y  when t h e  Plymouth Colony passed a  law 
t h a t  p r o h i b i t e d  t h e  c u t t i n g  of  t r e e s  without  
o f f i c i a l  permission ( s i e g e l  and Cubbage 1985, 
Huffman 1978).  A nunber o f  o t h e r  r e g u l a t o r y  laws 
c o n t r o l l i n g  t imber  c u t t i n g  were l a t e r  passed i n  
many of t h e  c o l o n i e s  (~awashima and Tone 1983). 

A f t e r  t h e  Dec la ra t ion  o f  Independence, however, 
p u b l i c  r e g u l a t i o n  o f  p r i v a t e  f o r e s t r y  p r a c t i c e s  
rece ived  s c a n t  a t t e n t i o n  which r e s u l t e d  i n  wide- 
spread  t imber  e x p l o i t a t i o n  and waste t h a t  con- 
t i n u e d  unabated f o r  more than  100 y e a r s .  P u b l i c  
concern f i n a l l y  l e d  t o  f e d e r a l  l e g i s l a t i o n  i n  t h e  
l a t e  1 9 t h  and e a r l y  20 th  c e n t u r i e s  t h a t  au thor ized  
s e t - a s i d e  o f  p u b l i c  l a n d s  and f e d e r a l  purchase of 
p r i v a t e  l a n d s  f o r  f o r e s t  p r e s e r v e s - - l a t e r  desig-  
na ted  a s  n a t i o n a l  f o r e s t s .  Regulat ion was n o t  
s e r i o u s l y  considered a t  t h a t  time. 

Extens ive  deba te  over  p u b l i c  r e g u l a t i o n  of  
p r i v a t e  f o r e s t r y  i n  t h e  United S t a t e s  d i d  n o t  
begin u n t i l  about  1917 and cont inued through t h e  

' paper  p resen ted  a t  Nat iona l  Symposium of Cur ren t  
Topics i n  F o r e s t  Research: Emphasis on Contsibu- 
t i o n s  by Women S c i e n t i s t s ,  November 4-6, 1986, 
G a i n e s v i l l e ,  F lor ida .  
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and Economics, Southern F o r e s t  Experiment S t a t i o n ,  
U.S.D.A, F o r e s t  S e r v i c e ,  New Or leans ,  Louisiana.  

Abstract.--The c u r r e n t  s t a t u s  and l e g a l  background 
of  f o r e s t  p r a c t i e e  r e g u l a t i o n  i n  t h e  United S t a t e s  
is b r i e f l y  d i scussed .  The C a l i f o r n i a  and Nassa- 
c h u s e t t s  s t a t u t e s ,  t h e  most comprehensive i n  t h e i r  
r e s p e c t i v e  r e g i o n s ,  a r e  examined i n  more d e t a i l .  
For both S t a t e s ,  h i s t o r i c  p e r s p e c t i v e s  a r e  ana- 
lyzed ;  impor tan t  s t a t u t o r y  and r e g u l a t o r y  provi-  
s i o n s  d i scussed  and compared; and proposed l e g i s -  
l a t i v e  changes and c u r r e n t  a d m i n i s t r a t i v e  t r e n d s  
i d e n t i f i e d .  S t a t e  f o r e s t  regu la tory  t r e n d s  w i t h i n  
t h e  c o n t e x t  of us ing  p u b l i c  r e g u l a t i o n  a s  a  p o l i c y  
t o o l  t o  c o n t r o l  f o r e s t  landowner a c t i v i t i e s  a r e  
b r i e f l y  examined. 

Keywords: Fores t  p o l i c y ,  f o r e s t r y  p r a c t i c e s ,  
p u b l i c  r e g u l a t i o n ,  f o r e s t  p r o t e c t i o n ,  p r i v a t e  
landowners. 

mid-1920% ( s i e g e l  and Cubbage 1985). I n  1919, 
bo th  t h e  U.S. F o r e s t  S e r v i c e  and t h e  S o c i e t y  o f  
American F o r e s t e r s  began campaigning f o r  f e d e r a l  
r e g u l a t o r y  l e g i s l a t i o n .  Even though t h e s e  
a t t e m p t s  r e s u l t e d  i n  l e g i s l a t i o n  a c t u a l l y  be ing  
in t roduced  i n  Congress, a l l  f a i l e d .  

The d e b a t e  began once a g a i n  i n  t h e  l a t e  1930 ' s  
( 3 i e g e l  and Cubbage 1985). Fearing t h a t  an  onerous 
f e d e r a l  r e g u l a t o r y  law would be enacted i f  t h e y  
f a i l e d  t o  respond a t  t h e  S t a t e  l e v e l ,  15 S t a t e s  (10 
i n  t h e  Eas t  and 5  i n  t h e  west)  passed l e g i s l a t i o n  
between 1937 and 1949 f o r  t h e  c o n t r o l  o f  f o r e s t r y  
p r a c t i c e s  on p r i v a t e  woodlands ( ~ u b b a ~ e  and 
E l l e f s o n  1980). The primary purpose o f  t h e s e  laws 
was t o  c o u n t e r  t h e  t h r e a t  o f  t imber  s h o r t a g e s  by 
r e q u i r i n g  adequate regenera t ion  a f t e r  harves t - -  
u s u a l l y  i n  t h e  form o f  a seed t r e e  requirement .  
Enforcement was g e n e r a l l y  mild i n  t h e  E a s t  and 
s t r i c t  i n  t h e  West. The c a l l  f o r  f u r t h e r  regu la -  
t i o n  l a r g e l y  disappeared dur ing  t h e  1950 ' s  and 
1960%, wi th  o n l y  one a d d i t i o n a l  s t a t e  f o r e s t  
p r a c t i c e  a c t  being passed. 

THE LEGAL FRAMEWORK OF PUBLIC REGULATION 

A f i r m  l e g a l  b a s i s  f o r  p u b l i c  r e g u l a t i o n  o f  p r i -  
v a t e  f o r e s t r y  p r a c t i c e s  has  e x i s t e d  f o r  many y e a r s  
(cubbage and S i e g e l  1985). The c o u r t s  have unani- 
mously r u l e d  t h a t  such r e g u l a t i o n  is c o n s t i t u t i o n a l  
i f  enac ted  t o  p r o t e c t  t h e  p u b l i c  h e a l t h ,  s a f e t y ,  
morals ,  o r  g e n e r a l  welfare .  Use of  t h e  s t a t e e s  
p o l i c e  power t o  r e s t r i c t  landowner a c t i v i t i e s  i n  
t h i s  regard  is d iscussed  i n  Carrnichael (1  975).  
F o r e s t  p r a c t i c e  laws have u s u a l l y  been cha l lenged  
i n  c o u r t  on t h e  b a s i s  o f  t h e  5 t h  h e n d m e n t h  t a k i n g  
c l a u s e  which p r o h i b i t s  t h e  p u b l i c  t a k i n g  o f  p r i v a t e  
p roper ty  wi thout  j u s t  compensation. T h i s  c o n s t i t u -  
t i o n a l  p r o v i s i o n  is g e n e r a l l y  app l ied  t o  t h e  i n d i -  
v i d u a l  S t a t e s  through t h e  due process  and e q u a l  
p r o t e c t i o n  c l a u s e  of t h e  14 th  Amendment   aster 
1983). I n  t h a t  r e s p e c t ,  t h e  c o u r t s  have h e l d  t h a t  
f o r e s t  p r a c t i c e  r e g u l a t i o n  is an  a p p r o p r i a t e  exer -  
c i s e  of p o l i c e  power if i t  does n o t  d i s c r i m i n a t e  
among anal a p p l i e s  e q u a l l y  t o  a l l  f o r e s t  owners. 

S t a t e  v. Dexter  (32  Wash. 2d 551, 202 P. 2d 906, 
70  3. Ct* 147 [ I  9473) is  t h e  l a n b a r k  d e c i s i o n  



involv ing  S t a t e  f o r e s t  p r a c t i c e  l e g i s l a t i o n .  The 
only  such ca se  t o  reach t h e  U.S. Supreme Court,  i t  
concerned a v i o l a t i o n  of  t he  Washington s t a t e  
f o r e s t  p r a c t i c e  s t a t u t e .  The defendant  maintained 
t h a t  t h e  requirements  spec i fy ing  t h a t  t r e e s  below 
a c e r t a i n  d iameter  could no t  be c u t ,  and t h a t  a  
c u t t i n g  permit  had t o  be obtained before  logging ,  
was t h e  equ iva l en t  o f  t ak ing  p r i v a t e  proper ty  
r i g h t s  without  compensation and due process  
( s i e g e l  1974). The t r i a l  cou r t  r u l ed  f o r  Dexter ,  
bu t  t h e  Washington S t a t e  Supreme Court reversed 
and he ld  t h e  law t o  be c o n s t i t u t i o n a l .  Its deci-  
s i o n  w a s  upheld by t h e  U.S. Supreme Court.  The 
Dexter dec i s i on  has been f r equen t l y  used i n  sub- 
sequent  y e a r s  t o  suppor t  t he  enactment of  f o r e s t  
p r a c t i c e  r egu l a to ry  s t a t u t e s .  

CURREBT FOREST PRACTICE LAWS 

Af t e r  a  r e l a t i v e l y  q u i e t  period dur ing  t h e  
1950's  and d9601s,  a t t e n t i o n  was once aga in  
focused on S t a t e  f o r e s t  p r a c t i c e  l e g i s l a t i o n  
dur ing  t h e  1970's  and 1980's .  

Since 1970 a number of S t a t e s  have enacted com- 
prehensive l e g i s l a t i o n  t o  r egu l a t e  f o r e s t  opera- 
t i o n s  on p r i v a t e ,  and i n  some i n s t ances ,  pub l i c ,  
f o r e s t  l and .  The o l d e r  laws passed p r i o r  t o  t h e  
1970's  emphasized t imber production and r e fo r e s -  
t a t i o n  ( s i e g e 1  and Cubbage 1984). The modern 
laws, however, s e t  s t anda rds  f o r  a  v a r i e t y  of 
f o r e s t  management a c t i v i t i e s  t h a t  inc lude  t imber 
ha rve s t i ng ,  regenera t ion ,  road cons t ruc t i on ,  and 
s l a s h  d i sposa l .  They a l s o  a t tempt  t o  p r o t e c t  a  
wide range of  o t h e r  f o r e s t  resources  such a s  water  
q u a l i t y ,  s o i l  p roduc t i v i t y ,  f i s h  and w i l d l i f e ,  a i r  
q u a l i t y ,  and i n  some ca se s ,  a e s t h e t i c s .  These 
s t a t u t e s  a r e  a  response,  i n  p a r t ,  t o  t h e  environ- 
mental  movement of t h e  1960's and 1970's. The 
Western S t a t e s ,  i n  p a r t i c u l a r ,  have many fo r e s t ed  
a r e a s  on s t e e p  s l opes  with h igh ly  e rodable  s o i l s  
and nea r  s treams.  These s i t e s  a r e  very  s e n s i t i v e  
t o  f o r e s t  opera t ions .  Another f o r ce  behind enact-  
ment of  t h e  newer laws has been t h e  Federa l  Water 
Po l l u t i on  Control  Act Amendments of  1972. This  
l e g i s l a t i o n  r equ i r e s  t h e  i nd iv idua l  S t a t e s  t o  
develop water  q u a l i t y  management p lans  f o r  t h e  
c o n t r o l  of  nonpoint source water  p o l l u t i o n ,  
i nc lud ing  t h a t  emanating from s i l v i c u l t u r a l  
a c t i v i t i e s .  

Enhancement of f o r e s t  p roduc t i v i t y  is i n  t he  
b e s t  i n t e r e s t  of many western s t a t e s .  Because 
f o r e s t  i n d u s t r y  is very  important  t o  t h e i r  econ- 
omies, s i x  Western States--Alaska, Ca l i f o rn i a ,  
Idaho, Mevada, Oregon and Washington--currently 
have a f o r e s t  p r a c t i c e  law enacted o r  rev ised  
dur ing  t h e  1970's. I n  add i t i on ,  New Mexico has 
an  o l d e r  f o r e s t  conserva t ion  law t h a t  is r a t h e r  
narrow i n  scope. It  s e t s  s t anda rds  f o r  t r e e  
u t i l i z a t i o n ,  s l a s h  d i s p o s a l  and f i r e  c o n t r o l  mea- 
su r e s .  fvlassachusetts is t h e  on ly  S t a t e  i n  t h e  
East  with a  comprehensive modern law. However, a  
number of  o t h e r  Eas te rn  S t a t e s  have l e g i s l a t i o n  
a f f e c t i n g  f o r e s t  p r ac t i c e s .  Maine r egu l a t e s  f o r -  
e s t  ope ra t i ons  through a zoning law t h a t  p r ima r i l y  
r e s t r i c t s  f o r e s t  a c t i v i t i e s  i n  t h e  e n v i r o m e n t a l l y  
s e n s i t i v e  a r e a  of t h e  unincorporated townships of 

t h e  S t a t e .  Approximately 28 percent  of t h e  f o r e s t  
land i n  t he se  townships is sub j ec t  t o  t he  law. 

New Hampshire and Vermont have piece-meal sys-  
tems of f o r e s t  p r a c t i c e  regula t ion .  Each ha s  
s e v e r a l  laws t o  r e g u l a t e  s p e c i f i c  f o r e s t  a c t i v -  
i t i e s .  

F lo r i da ,  Naryland, Missouri ,  Mew York and V i r -  
g i n i a  have r egu l a to ry  l e g i s l a t i o n  o r i g i n a l l y  
adopted i n  t h e  1940's  o r  1950's--although some 
have been amended i n  recent  years .  Maryland a l s o  
ha s  a  s epa ra t e  seed t r e e  law adopted i n  1977. The 
s t a t u t e s  of  Maryland, V i rg in i a ,  and F lo r i da  a r e  
p r ima r i l y  concerned wi th  ensur ing  proper  r e fo r e s -  
t a t i o n  of cu tover  s i t e s .  Those of New York and 
Missouri  address  a  broader  range of  a c t i v i t i e s ,  
bu t  compliance with them is s t r i c t l y  vo luntary  i n  
r e t u r n  f o r  f o r e s t  management a s s i s t a n c e  from t h e  
S t a t e .  Missouri a l s o  g r a n t s  a  t a x  subsidy t o  
those  who fol low its r u l e s .  

Although f o r e s t  p r a c t i c e  r egu l a t i on  i n  t h e  Eas t  
has  no t  been a s  comprehensive o r  severe a t  t h e  
S t a t e  l e v e l  a s  i n  t h e  West, i n  recent  y e a r s  t h e r e  
has  been a p r o l i f e r a t i o n  of l o c a l  ordinances i n  
s e v e r a l  Eas te rn  S t a t e s .  I n  some ca se s ,  t h e s e  have 
been very  r e s t r i c t i v e  o r  even p roh ib i t i ve  t o  
t imber opera t ions .  For example, among t h e  567 
mun ic ipa l i t i e s  i n  New Je r s ey ,  about 100 have 
e s t ab l i shed  ordinances r e s t r i c t i n g  t imber opera-  
t i o n s  ( ~ o ~ a n  1984). 

Modern f o r e s t  p r a c t i c e  l e g i s l a t i o n  i n  t h e  United 
S t a t e s  has s i g n i f i c a n t  impl ica t ions  f o r  t h e  
Nation 's  f o r e s t  resources .  A n  examination of  t h e  
h i s t o r y ,  development, and major provis ions  of  
t he se  s t a t u t e s  i n d i c a t e s  t h a t  they have indeed 
been a major component of  f o r e s t  po l icy  du r ing  t h e  
l a s t  s e v e r a l  decades. The Ca l i f o rn i a  and Massa- 
c h u s e t t s  laws, a s  t h e  most comprehensive of  t h e i r  
r e spec t i ve  reg ions ,  provide exce l l en t  i l l u s t r a -  
t i o n s  of  t h e  developing r o l e  of r egu l a t i on  i n  f o r -  
e s t  po l i cy  and how t h e  approach has  d i f f e r e d  i n  
t h e  West a s  compared t o  t h e  East .  A s  Western 
S t a t e s  without  r egu l a to ry  l e g i s l a t i o n  cons ide r  
enactment of such s t a t u t e s ,  they w i l l  c e r t a i n l y  
examine c l o s e l y  t h e  r egu l a to ry  experience i n  Cali- 
fo rn i a .  S imi l a r l y ,  t he  p r o l i f e r a t i o n  o f  l o c a l  
laws i n  t h e  East  may prompt many S t a t e s  i n  t h a t  
reg ion  t o  cons ider  S t a t e  l e g i s l a t i o n  s i m i l a r  t o  
t h a t  o f  Rassachuset ts .  For t he se  reasons ,  we have 
examined and compared t h e  Ca l i f o rn i a  and Massachu- 
s e t t s  laws i n  terms of major provis ions ,  c o s t s ,  
e f f e c t i v e n e s s ,  and imp l i ca t i ons  f o r  o t h e r  S t a t e s .  
Conclusions w i l l  fol low. 

THE CALIFORNIA AND MASSACHUSETTS STATUTES 

The Fores t  P r a c t i c e  Act of  1945, adopted p r i -  
mar i ly  t o  c o n t r o l  d e s t r u c t i v e  harves t ing  prac- 
t i c e s  a s soc i a t ed  with meeting World War I1 wood 
needs and t o  defuse th rea tened  f e d e r a l  l e g i s l a -  
t i o n ,  was t h e  f i r s t  Ca l i f o rn i a  law t o  r e g u l a t e  
f o r e s t  p r ac t i c e s .  This  s t a t u t e  regula ted  har -  
v e s t i n g  p r a c t i c e s  t o  i n s u r e  r e f o r e s t a t i o n  and 
p ro t ec t i on  of r e s i d u a l  s t ands  bu t  was dec l a r ed  
uncons t i t u t i ona l  i n  1971. The cou r t  found 



(Bayside Timber Co. v. Board of  Superv isors  of San 
Hateo County, 97 Cal. Rptr.  431) t h a t  t h e  members 
o f  t h e  Board of  F o r e s t r y  and t h e  D i s t r i c t  Commit- 
t e e s ,  who were r e s p o n s i b l e  f o r  p r e p a r a t i o n  and 
adopt ion  o f  r u l e s ,  had a  pecuniary i n t e r e s t  i n  t h e  
r e g u l a t i o n  o f  f o r e s t  p r a c t i c e s .  It a l s o  ob jec ted  
t o  t h e  p r o v i s i o n  o f  t h e  law t h a t  requ i red  approval  
of two-thirds  o f  t h e  owners of p r i v a t e  t imberland 
p r i o r  t o  adopt ion  of f o r e s t  p r a c t i c e  r u l e s .  The 
1945 law was rep laced  i n  1973 by t h e  Z'berg- 
Nejedly F o r e s t  P r a c t i c e  Act which s t i p u l a t e s  t h a t  
t h e  membership of  t h e  Board and D i s t r i c t  Commit- 
t e e s  s h a l l  i n c l u d e  f i v e  members from t h e  g e n e r a l  
publ ic .  These members, who c o n s t i t u t e  a  m a j o r i t y ,  
may have no d i r e c t  f i n a n c i a l  i n t e r e s t  i n  timber- 
land.  Furthermore, t h e  p rov is ion  r e q u i r i n g  t h e  
approval  of f o r e s t  landowners was removed from t h e  
Act. The c u r r e n t  law has  been modified exten-  
s i v e l y  s i n c e  its o r i g i n a l  enactment, by both 
l e g i s l a t i v e  amendment and t h e  c o u r t s .  

I n  c o n t r a s t  t o  C a l i f o r n i a ,  f o r e s t  p r a c t i c e  
l e g i s l a t i o n  i n  Massachuset ts  has  been s u b j e c t  t o  
l i t t l e  o r  no l i t i g a t i o n .  The c u r r e n t  law regula-  
t i n g  f o r e s t  p r a c t i c e s  is t h e  1983 F o r e s t  P r a c t i c e s  
Cut t ing  Act. An e a r l i e r  Cut t ing  P r a c t i c e s  Act had 
been passed i n  1943 i n  response t o  t h e  f o r e s t  
d e v a s t a t i o n  r e s u l t i n g  from a  1938 h u r r i c a n e .  That 
law r e q u i r e d ,  a s  a  minimum, t h a t  seed t r e e s  be 
l e f t  a f t e r  h a r v e s t i n g  t o  i n s u r e  r e g e n e r a t i o n .  
Landowners were a l s o  requ i red  t o  g i v e  n o t i c e  of 
t h e i r  i n t e n t  t o  c u t  and t h e  S t a t e  was charged with 
p repar ing  a  c u t t i n g  plan.  Over t h e  y e a r s  i t  
became too  much o f  a  burden f o r  t h e  S t a t e  t o  pre- 
pare  a l l  t h e  requ i red  p lans  and t o  a d m i n i s t e r  t h e  
Act e f f e c t i v e l y .  A s  a  r e s u l t ,  i n  1977 t h e  Gover- 
n o r ' s  Committee on P o l i c y  c a l l e d  f o r  r a d i c a l  rev i -  
s i o n  of  t h e  law. This  played a  major r o l e  i n  
adopt ion  o f  t h e  1983 s t a t u t e .  Two o t h e r  f a c t o r s  
a l s o  in f luenced  its enactment. 

F i r s t ,  compliance wi th  p rov is ions  o f  t h e  S t a t e ' s  
Wetlands P r o t e c t i o n  Act was impeding logging  
o p e r a t i o n s  and c r e a t i n g  c  s t l y  d e l a y s  i n  har-  
v e s t i n g  of  up t o  45 days.' The new law i s  coordi-  
na ted  wi th  t h e  Wetlands Act, and a n  a d m i n i s t r a t i v e  
agreement wi th  t h e  Department o f  Environmental 
Q u a l i t y  and Engineering has  e l imina ted  many of  t h e  
de lays .  The t h i r d  f a c t o r  i n  t h e  adopt ion  of t h e  
c u r r e n t  law was t h e  r a p i d  p r o l i f e r a t i o n  of  l o c a l  
o rd inances  r e g u l a t i n g  f o r e s t  o p e r a t i o n s ,  some of 
which have been h i g h l y  r e s t r i c t i v e .  

General Prov is ions  

The s t a t e d  i n t e n t  o f  both t h e  Massachuset ts  and 
C a l i f o r n i a  laws is b a s i c a l l y  t h e  same--to maximize 
t h e  t imber  resource  while  a t  t h e  same t ime pro- 
t e c t i n g  a l l  o t h e r  f o r e s t  resources .  The Massachu- 
s e t t s  law r e g u l a t e s  a c t i v i t i e s  on a l l  p u b l i c  and 
p r i v a t e  f o r e s t  land.  The C a l i f o r n i a  s t a t u t e ,  by 
c o n t r a s t ,  is a p p l i c a b l e  t o  a l l  nonfedera l  p u b l i c  
and p r i v a t e  woodland, 

? ~ e l e ~ h o n e  i n t e r v i e w  wi th  Thomas Quink , Chief 
F o r e s t e r ,  Massachuset ts  Div is ion  of F o r e s t s  and 
Parks ,  Boston, J u l y  1986. 

C e r t a i n  a c t i v i t i e s  a r e  exempt from r e g u l a t i o n  
i n  bo th  S t a t e s .  I n  Massachuset ts  t h e s e  a c t i v i t i e s  
i n c l u d e  c u t t i n g  f o r  right-of-ways, smal l  commer- 
c i a l  h a r v e s t s  o f  up t o  25,000 board f e e t  o r  50 
c o r d s ,  and c l e a r i n g  f o r  conversions t o  o t h e r  l and  
uses .  C a l i f o r n i a  exempts opera t ions  on p a r c e l s  o f  
l and  3 a c r e s  o r  l e s s  i n  s i z e ,  removal o f  dead o r  
dying t r e e s ,  and c u t t i n g  of  fuelwood. Exemptions 
i n  C a l i f o r n i a ,  however, on ly  apply t o  c e r t a i n  
a d m i n i s t r a t i v e  f i l i n g  requirements. The opera-  
t i o n s  must s t i l l  comply wi th  a l l  o t h e r  r u l e s  and 
r e g u l a t i o n s  of t h e  Act. 

The C a l i f o r n i a  F o r e s t  P r a c t i c e s  Act o f  1973 d i d  
n o t  i n i t i a l l y  preempt county r u l e  enactment and 
l o c a l  ordinances s t r i c t e r  than t h e i r  S t a t e  coun- 
t e r p a r t s  were adopted. However, a  1981 amendment 
removed t h i s  county a u t h o r i t y .  The amendment gave 
t h e  Board of F o r e s t r y  t h e  a u t h o r i t y  t o  i s s u e ,  a t  
i t s  o p t i o n ,  county s p e c i f i c  r u l e s  upon recommenda- 
t i o n  of  t h e  county. To d a t e  t h i s  has  been done 
f o r  f i v e  count ies .  

The Massachuset ts  Act does no t  c u r r e n t l y  l i m i t  
t h e  a u t h o r i t y  of l o c a l  governments t o  promulgate 
r u l e s .  Although t h e  s t a t e  law t o  d a t e  h a s  s a t i s -  
f i e d  t h e  r e g u l a t o r y  needs of most l o c a l  govern- 
ments, an  amendment t o  c o n t r o l  enactment o f  l o c a l  
o rd inances  is  being considered.  

Adminis t ra t ive  Rule Establ ishment  

The two laws a l s o  d i f f e r  i n  t h e i r  method of  
e s t a b l i s h i n g  a d m i n i s t r a t i v e  regu la t ions .  The 
Massachuset ts  f o r e s t  p r a c t i c e  law d i r e c t s  t h e  
Div is ion  of Fores t  and Parks t o  adopt one s e t  o f  
r u l e s  t h a t  app ly  t o  o p e r a t i o n s  i n  t h e  e n t i r e  
S t a t e .  To i n s u r e  p r o t e c t i o n  of nontimber 
r e s o u r c e s ,  t h e  r u l e s  must a l s o  be approved by 
t h e  Department o f  Environmental Management. The 
C a l i f o r n i a  law, however, d i r e c t s  t h e  Board o f  
F o r e s t r y  t o  d i v i d e  t h e  S t a t e  i n t o  a t  l e a s t  t h r e e  
d i s t r i c t s .  Each d i s t r i c t  has  a  s e p a r a t e  s e t  o f  
r u l e s  promulgated by an  appointed committee. To 
a c h i e v e  a  balance between t imber and nontimber 
i n t e r e s t s  i n  t h e  rule-making process ,  t h e  Board 
must maximize coopera t ion  and i n p u t  from o t h e r  
S t a t e  resource  agenc ies  i n  t h e  r u l e  making pro- 
c e s s .  Both laws prov ide  f o r  publ ic  i n p u t  i n  t h e  
rule-making process  by r e q u i r i n g  t h a t  p u b l i c  
h e a r i n g s  be he ld  p r i o r  t o  adoption o r  r e v i s i o n .  

The rule-making bodies  i n  C a l i f o r n i a  a r e  each 
composed of  n ine  members, f i v e  of whom may have no 
f i n a n c i a l  i n t e r e s t  i n  t imberlands.  This  member- 
s h i p  composition prov ides  p o i n t s  o f  view t h a t  may 
n o t  be p r e s e n t  on t h e  Massachusetts f o r e s t r y  
rule-making committee. The l a t t e r  is composed by 
law of  e i g h t  members, f o u r  of whom by d e f i n i t i o n  
have a f i n a n c i a l  i n t e r e s t  i n  f o r e s t r y .  The e i g h t -  
member committee must i n c l u d e  a  f o r e s t  landowner, 
a  r e p r e s e n t i v e  from t h e  primary wood-using indus-  
t r i e s ,  a  l i censed  t imber  h a r v e s t e r ,  a  c o n s u l t i n g  
f o r e s t e r ,  t h r e e  r e p r e s e n t a t i v e s  of o t h e r  r e s o u r c e  
i n t e r e s t s ,  and one person r e p r e s e n t i n g  t h e  g e n e r a l  
p u b l i c .  This  appears  t o  g i v e  a  f a i r l y  balanced 
membership, b u t  c l o s e  examination of  t h e  c u r r e n t  
board r e v e a l s  a  preponderance of  i n t e r e s t s  i n  



t imber .  C u r r e n t l y ,  t h e  p u b l i c  member is a Massa- 
c h u s e t t s  t r e e  farmer and a t  l e a s t  one member repre-  
s e n t i n g  o t h e r  resource  i n t e r e s t s  is involved i n  
f o r e s t r y  and t h e  Tree Farm Program. Thus, a t  pre- 
s e n t ,  6 o f  t h e  8 committee members have a  f i n a n c i a l  
i n t e r e s t  i n  f o r e s t r y .  The requirement  t h a t  r u l e s  
prepared by t h e  Massachuset ts  C o r n i t t e e  be approved 
by t h e  Department o f  E n v i r o m e n t a l  Q u a l i t y  before  
f i n a l  promulgat ion appears  t o  provide f o r  f u r t h e r  
review of t h e  r u l e s  and t h e i r  impact on f o r e s t  
resources .  However, t h i s  may n o t  be t h e  c a s e .  The 
Commissioner o f  Environmental Management is a l s o  
t h e  S t a t e  F o r e s t e r  and h i s  approva l  i s  g e n e r a l l y  a  
mere f o r m a l i t y .  

P r a c t i c e s  Addressed By Regulat ion 

Rules  i n  both S t a t e s  r e q u i r e  t imber  o p e r a t o r s  t o  
be l i c e n s e d .  The r u l e s  a l s o  a d d r e s s  h a r v e s t i n g  
systems t o  be used,  r e g e n e r a t i o n  methods, logging 
p r a c t i c e s ,  road c o n s t r u c t i o n ,  and s l a s h  d i s p o s a l .  

C learcu t  s i z e  and t h e  use  of  shel terwood and seed 
t r e e  c u t s  a r e  inc luded  i n  t h e  r e g u l a t i o n s .  Massa- 
c h u s e t t s  l i m i t s  c l e a r c u t  s i z e  t o  1 0  a c r e s .  Larger  
a r e a s  may be allowed i f  approved by t h e  S t a t e  i n  
t h e  c u t t i n g  p lan .  In C a l i f o r n i a ,  t h e  maximum 
a l lowable  c l e a r c u t  is dependent on t h e  s i t e ' s  ero-  
s i o n  p o t e n t i a l .  The s i z e  may range from 80 a c r e s  
f o r  a  s i te  wi th  a low e r o s i o n  p o t e n t i a l  t o  20 a c r e s  
i n  a r e a s  wi th  an ex t remely  h igh  p o t e n t i a l .  

Both S t a t e s  r e q u i r e  minimum s t o c k i n g  s t a n d a r d s  
t o  be met a f t e r  h a r v e s t .  The Massachuset ts  law 
mandates es tab l i shment  o f  1,000 s e e d l i n g s  p e r  a c r e  
w i t h i n  2 y e a r s  of h a r v e s t .  I n  C a l i f o r n i a ,  t h e  
number o f  s e e d l i n g s  requ i red  v a r i e s  depending on 
t h e  p r o d u c t i v i t y  of t h e  s i t e .  Fiegeneration s tan-  
d a r d s  must be met w i t h i n  5 y e a r s  of h a r v e s t .  

Both t h e  Massachuset ts  and C a l i f o r n i a  r u l e s  
r e q u i r e  t h a t  c a r e  be taken  when conduct ing f o r e s t  
o p e r a t i o n s  such a s  t r e e  f e l l i n g ,  use  of logging  
equipment, yard ing ,  and c o n s t r u c t i o n  of roads and 
s k i d  t r a i l s .  However, t h e  r e g u l a t i o n s  i n  C a l i f o r -  
n i a  a r e  cons iderab ly  more d e t a i l e d  and p r e s c r i p -  
t i v e  than  t h o s e  i n  Massachuset ts .  For example, 
they  i n c l u d e  s p e c i f i c  r u l e s  concerning t h e  proper  
i n s t a l l a t i o n  of d ra inage  s t r u c t u r e s ,  t h e  a l lowable  
d i s t a n c e  between wate r  b a r s ,  t r ea tment  o f  f i l l  and 
s u r f a c i n g  m a t e r i a l s ,  and maintenance requirements .  
The Massachuset ts  r e g u l a t i o n s  r e q u i r e  on ly  t h a t  
adequate d i t c h e s ,  c u l v e r t s  and water  b a r s  be pro- 
vided.  

Each S t a t e ' s  law g i v e s  s p e c i a l  a t t e n t i o n  t o  
o p e r a t i o n s  i n  wet a r e a s ,  on s t e e p  s l o p e s ,  and i n  
t h e  v i c i n i t y  o f  l a k e s  and streams. I n  a d d i t i o n ,  
Massachuset ts  r e q u i r e s  t h a t  s p e c i a l i z e d  h a r v e s t i n g  
and road c o n s t r u c t i o n  p r a c t i c e s  be used i n  a e s  the-  
t i c a l l y  s e n s i t i v e  a r e a s .  

Adminis t ra t ive  Procedures 

D e t a i l e d  a d m i n i s t r a t i v e  procedures a r e  requ i red  
i n  both S t a t e s  f o r  conduct ing f o r e s t  o p e r a t i o n s .  
However, f i l i n g  requirements  of t h e  C a l i f o r n i a  a c t  
a r e  more complex and numerous than t h o s e  i n  Massa- 
c h u s e t t s .  

Massachuset ts  r e q u i r e s  a  n o t i c e  o f  i n t e n t l f o r e s t  
c u t t i n g  p lan ,  n o t i c e  t o  a b u t t e r s  i f  c u t t i n g  w i l l  
occur  w i t h i n  200 f e e t  o f  a n o t h e r ' s  p roper ty ,  and a  
n o t i c e  o f  completion. An a d d i t i o n a l  form is 
requi red  f o r  o p e r a t i n g  i n  a  wetland o r  on s t e e p  
s lopes .  The n o t i c e  o f  i n t e n t i f o r e s t  c u t t i n g  p l a n  
is a check o f f / f i l l - i n - t h e - b l a n k  type  of  form. It 
a d d r e s s e s  s i l v i c u l t u r a l  methods, method o f  des ig-  
n a t i n g  t r e e s  t o  be c u t ,  e s t imated  volume o f  s p e c i e s  
on t h e  s i t e ,  logg ing  and e r o s i o n  c o n t r o l  measures ,  
s p e c i a l  procedures i n  b u f f e r  s t r i p s ,  and measures 
t o  c o n t r o l  mud on highways. Both a  d e t a i l e d  map of 
t h e  o p e r a t i o n  s i t e  and a  l o c u s  map o u t l i n i n g  t h e  
c u t t i n g  a r e a  on a U.S. Geological  Survey topo- 
g r a p h i c  map a r e  requ i red .  Cut t ing  p lans  a r e  
s u b j e c t  t o  review and approva l  by t h e  D i v i s i o n  o f  
F o r e s t  and Parks. Although p lan  requirements  a r e  
complex, t h e  law does  n o t  r e q u i r e  t h a t  they  be 
completed by a  f o r e s t e r  a s  i n  C a l i f o r n i a .  

Cur ren t ly ,  a l l  o p e r a t i o n s  i n  Massachuset ts  a r e  
inspec ted  p r i o r  t o ,  d u r i n g ,  and upon complet ion 
of logging.  Proposed h a r v e s t i n g  i n  wetlands is 
always inspec ted  p r i o r  t o  h a r v e s t i n g  p lan  
approval .  Decis ions o f  t h e  Divis ion may be 
appealed by t h e  o p e r a t o r  o r  landowner t o  t h e  
D i r e c t o r  of F o r e s t s  and Parks and u l t i m a t e l y  t o  
t h e  Super ior  Court.  

The s i t e s  a s s o c i a t e d  wi th  approximately 8 0  per-  
c e n t  of a l l  C a l i f o r n i a  h a r v e s t i n g  p lans  submi t ted  
a r e  inspec ted  p r i o r  t o  p lan  approval .  S e l e c t i o n  
of  s i t e s  is a n  a d m i n i s t r a t i v e  dec i s ion .  Fur ther -  
more, a11  o p e r a t i o n s  a r e  inspec ted  a t  commence- 
ment, d u r i n g ' o p e r a t i o n s ,  and upon completion. 

The C a l i f o r n i a  Act r e q u i r e s  p r e p a r a t i o n  of  a  
t imber  h a r v e s t i n g  p l a n  by a  l i censed  f o r e s t e r ;  t h e  
p l a n  is then submit ted t o  t h e  Department o f  Fores- 
t r y  f o r  approval ,  S e v e r a l  l e g i s l a t i v e  modif ica-  
t i o n s  have been made o v e r  t h e  y e a r s  t o  r e n d e r  har-  
v e s t i n g  p lans  t h e  f u n c t i o n a l  equ iva len t  o f  t h e  
S t a t e  environmental  impact r e p o r t s .  These changes 
were made i n  response t o  Natural  Resources Defense 
Council v. Arcata  Nat iona l  Corp. (1  Civ. No. 
37555, Cal.  Ct. App. 1 0 t h  D i s t .  [ J U ~ ~  8, 19761) 
where t h e  c o u r t  r u l e d  t h a t  t imber  h a r v e s t i n g  p l a n  
approva l  was s u b j e c t  t o  t h e  environmental review 
requirements  o f  t h e  S t a t e ' s  Environmental Q u a l i t y  
Act. A s  a  r e s u l t ,  t h e  f o r e s t e r  must conduct a  fea -  
s i b i l i t y  a n a l y s i s  t o  e v a l u a t e  p o s s i b l e  a c t i v i t i e s  
t h a t  might be conducted t o  l e s s e n  adverse  environ-  
mental  e f f e c t s .  I n  a d d i t i o n ,  t h e  s o i l  e r o s i o n  
hazard r a t i n g  of  each s i t e  must be determined.  

The t imber  h a r v e s t i n g  p l a n  i n  C a l i f o r n i a  is a l s o  
a  check o f f / f i l l - i n - t h e - b l a n k  form t h a t  a d d r e s s e s  
s i l v i c u l t u r a l  methods, h a r v e s t i n g  and e r o s i o n  con- 
t r o l  p r a c t i c e s ,  road and land ing  c o n s t r u c t i o n ,  
s p e c i a l  o p e r a t i o n s  n e a r  wate r ,  and hazard reduc- 
t i o n .  A s  i n  Hassachuse t t s ,  t h e  owner o r  o p e r a t o r  
must a l s o  submit a  d e t a i l e d  map of  t h e  o p e r a t i o n  
s i t e .  Harvest ing p l a n s  a r e  s u b j e c t  t o  review by 
t h e  C a l i f o r n i a  Department o f  F i s h  and Game, t h e  
S t a t e  Water Q u a l i t y  Cont ro l  Board, and d i s t r i c t  
i n t e r d i s c i p l i n a r y  teams. 

Landowners i n  C a l i f o r n i a  a r e  requ i red  t o  s u p p l y  
t h e  Department of F o r e s t r y  wi th  t h e  names and 



a d d r e s s e s  o f  a d j o i n i n g  proper ty  owners w i t h i n  300 
f e e t  o f  t h e  c u t t i n g  boundaries-  The Department 
then  n o t i f i e s  a b u t t e r s  o f  Lbe proposed o p e r a t i o n s -  
The l a n d o m e r  must a l s o  n o t i f y  t h e  Department when 
o p e r a t i o n s  a r e  completed. P e r i o d i c  s t o c k i n g  
s t a t u s  r e p o r t s  a r e  then  requi red  u n t i l  s t o c k i n g  
rneets minimurn s tandards .  

If C a l i f o r n i a  owners s e l l  t h e i r  p r o p e r t y  d u r i n g  
h a r v e s t i n g ,  they  must i n f o m  t h e  purchaser  of t h e  
f o r e s t  p r a c t i c e  r e g u l a t i o n s  regard ing  s t o c k i n g  
s t a n d a r d s  a f t e r  h a r v e s t i n g .  Otherwise,  t h e  p r i o r  
owner may be he ld  r e s p o n s i b l e  f o r  r e f o r e s t a t i o n  
c o s t s  . 

Timberland convers ions  i n  C a l i f o r n i a  r e q u i r e  a  
permi t  and may be denied i f  t h e  s t a t e  de te rmines  
t h a t  t h e  s i t e  would be b e t t e r  l e f t  i n  t imber  pro- 
duc t ion .  I n  c o n t r a s t ,  convers ions  i n  Massachu- 
s e t t s  r e q u i r e  no approva l .  

Enforcement 

Tools  f o r  e n f o r c i n g  f o r e s t  p r a c t i c e  r u l e s  a r e  
provided i n  t h e  laws o f  both S t a t e s .  Legal 
a c t i o n s  a r e  avoided i f  p o s s i b l e .  Agency personnel  
p r e f e r  t o  ach ieve  compliance by prov id ing  t h e  
o p e r a t o r  and/or  owner wi th  e d u c a t i o n a l  o r  t echni -  
c a l  a s s i s t a n c e .  

When necessary ,  each S t a t e  may i s s u e  stopwork 
o r d e r s .  I n  Massachuset ts  t h e  o r d e r  remains i n  
e f f e c t  u n t i l  d e f i c e n c i e s  a r e  c o r r e c t e d  o r  u n t i l  a 
h e a r i n g  is held.  I n  1984, 1,059 h a r v e s t i n g  p lans  
were submit ted wi th  o n l y  25 stopwork o r d e r s  being 
i s s u e d  -- e i t h e r  f o r  f a i l u r e  t o  submit a c u t t i n g  
p lan  o r  f o r  f a i l u r e  t o  fo l low p r a c t i c e s  approved 
i n  t h e  plan. No v i o l a t i o n s  of t h e  Act have 
r e s u l t e d  i n  j u d i c i a l  a c t i o n  t o  d a t e .  In a d d i t i o n  
t o  stopwork o r d e r s ,  t h e  S u p e r i o r  Court may l e v y  a  
f i n e  o f  up t o  $100 p e r  a c r e  f o r  f a i l u r e  t o  make 
t h e  necessary  a d m i n i s t r a t i v e  f i l i n g s  and f o r  vio-  
l a t i n g  r u l e s .  F a i l u r e  t o  o b t a i n  a n  o p e r a t o r ' s  
l i c e n s e  is s u b j e c t  t o  a  f i n e  o f  up t o  $1,000 p e r  
v i o l a t i o n .  Thus f a r ,  no f i n e s  have been imposed 
nor  l i c e n s e s  revoked f o r  v i o l a t i o n  of t h e  F o r e s t  
P r a c t i c e  Act (8en ly  and E l l e f s o n  1986). 

I n  C a l i f o r n i a ,  a  f o r e s t  p r a c t i c e  i n s p e c t o r  may 
i s s u e  a  temporary stopwork o r d e r  t h a t  is  e f f e c t i v e  
f o r  up t o  7 days* I f  t h e  i n f r a c t i o n s  a r e  n o t  cor-  
r e c t e d ,  c o u r t  a c t i o n  may be sought .  The c o u r t s  
can o r d e r  t h a t  i r m e d i a t e  c o r r e c t i v e  measures be 
taken by t h e  r e s p o n s i b l e  p a r t y .  If r e p a i r s  a r e  
n o t  made, t h e  c o u r t s  may a u t h o r i z e  t h e  Department 
o f  F o r e s t r y  t o  t a k e  c o r r e c t i v e  a c t i o n  i t s e l f  a t  
t h e  expense of  t h e  r e s p o n s i b l e  p a r t y .  Expenses 
i n c u r r e d  may r e s u l t  i n  a  l i e n  on t h e  proper ty  
involved.  

V i o l a t i o n s  of t h e  C a l i f o r n i a  Act a r e  punishable 
by a  $1 ,OW f i n e  and/or  6 months i n  j a i l .  Each 
day of  a  v i o l a t i o n  is cons idered  a  s e p a r a t e  
o f f e n s e .  I n  1984, 964 o f  t h e  1,260 t imber har-  
v e s t i n g  p lans  submit ted were found i n  v i o l a t i o n  of  
t h e  law. Of t h e s e ,  40 r e s u l t e d  i n  enforcement 
a c t i o n s  bu t  o n l y  i n  one i n s t a n c e  was of  an opera- 
t o r ' s  l i c e n s e  suspended. 

The C a l i f o r n i a  f o r e s t  p r a c t i c e  law r e q u i r e s  
n m e r o u s  and more d e t a i l e d  a d m i n i s t r a t i v e  f i l i n g s  
t h a n  does  t h e  g a s s a c h u s e l t s  s t a t u t e .  The 
C a l i f o r n i a  l a w  is a l s o  more e x p l i c i t  r e g a r d i n g  
a c t i o n s  t h a t  should be taken  t o  ach ieve  a  p a r t i c u -  
far  p e r f o m a n e e  s tandard .  I n  E a s s a c h u s e t t s ,  
o m e r s  o r  o p e r a t o r s  have nore  d i s c r e t i o n  i n  
s e l e c t i n g  s p e c i f i c  p r a c t i c e s  t o  ach ieve  compliance 
wi th  t h e  s t a n d a r d s ,  

Economic and Cost Cons idera t ions  

The laws of  bo th  S t a t e s ,  a l though d i f f e r i n g  i n  a 
number of r e s p e c t s ,  have been moderately t o  h i g h l y  
e f f e c t i v e  i n  p r o t e c t i n g  and enhancing bo th  t imber  
p r o d u c t i v i t y  and nontimber resources  (13enly and 
E l l e f s o a  1986), 

Est imates  o f  t h e  c o s t  of compliance wi th  t h e  
C a l i f o r n i a  Act range from $25 t o  $80 p e r  thousand 
board f e e t  ( ~ e n l y  and E l l e f s o n  1986). A major 
c o s t  is f o r  p r e p a r a t i o n  of  t h e  timber h a m e s t i n g  

4 p lan ;  t h i s  averages $1,000 . Complex p l a n s ,  how- 
e v e r ,  mag c o s t  a s  much a s  s e v e r a l  thousand do l -  
l a r s .  The expenses i n c u r r e d  by smal l  landowners 
may be p r o p o r t i o n a l l y  much h igher  than  t h o s e  of  a  
l a r g e  landowner f o r  s i m i l a r  plans.  The c o s t s  o f  
complying with o t h e r  requirements  a r e  more d i f f i -  
c u l t  t o  q u a n t i f y .  However, t h e  Act has  r e s u l t e d  
i n  an  annual  s ta te -wide  i n c r e a s e  i n  r e f o r e s t a t i o n  
expendi tu res  of $2 do $3 m i l l i o n  ( ~ a u x  1983). 

There has  been some s p e c u l a t i o n  t h a t  t h e  Ca l i -  
f o r n i a  L a w  would have an  o v e r a l l  n e g a t i v e  impact 
on f o r e s t  inveskment i n  t h e  S t a t e .  For example, 
t h e  increased  c o s t  o f  eoatpliance may have been a  
f a c t o r  i n  t h e  divestment  o f  C a l i f o r n i a  h o l d i n g s  by 
both Weyerhauser and I n t e r n a t i o n a l  Paper companies 
( ~ e n l ~  and E l l e f s o n  1986). Although a d e c r e a s e  i n  
t imber  product ion was a n t i c i p a t e d ,  two r e c e n t  
s t u d i e s  found no evidence t h a t  t h e  l e v e l  o f  t imber  
produced i n  C a l i f o r n i a  has changed s i n c e  passage 
of t h e  F o r e s t  P r a c t i c e  Act  r re en and o t h e r s  1981 , 
Henly and E l l e f  son 1 986). 

I d  is t o o  e a r l y  do determine i n  a  meaningful  way 
t h e  economic i m p l i c a t i o n s  o f  t h e  Hassachuse t t s  
Act. A t  l e a s t  s e v e r a l  more y e a r s  exper ience  w i l l  
be needed. 

Conclusions 

Regulat ion of  f o r e s t  p r a c t i c e s  and enforcement 
of the  r u l e s  i n  C a l i f o r n i a  a r e  g e n e r a l l y  much 
s t r i c t e r  than  i n  & s s a e h u s e t t s -  C e r t a i n l y  one 
f a c t o r  r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e  is  t h e  
g r e a t e r  p o t e n t i a l  f o r  danrage t o  t h e  e n v i r o m e n t  i n  
C a l i f o r n i a ,  wi th  its s t e e p  s l o p e s  and f r a g i l e  
s o i l s ,  a s  compared t o  Hassachuset ts .  S i n c e  bo th  
S t a t e s  a r e  w e l l  hewn f o r  t h e i r  a c t i v e  e n v i r o m e n -  
t a l  groups,  t h a t  a l o n e  would no t  n e c e s s a r i l y  be 
expected do r e s u l t  i n  g r e a t e r  r e g u l a t i o n  i n  
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Cal i forn ia .  Another explanation f o r  t he  d i s p a r i t y  
i n  t he  two s t a t e s y o r e s t  p r ac t i ce  l e g i s l a t i o n  may 
be r e l a t ed  t o  t he  ex t en t  of f ede ra l  land holdings. 
The Vest Coast S t a t e s  have experienced extens ive  
publ ic  ownership and publ ic  involvement i n  f o r e s t  
resources s ince  1900. This h i s t o r y  has probably 
f a c i l i t a t e d  s t r i c t e r  s t a t e  regula t ion  of  p r iva t e  
f o r e s t r y  i n  t he  West than i n  the E a s t  s i nce  s t r i c t  
regula t ion  is perceived a s  l e s s  onerous than pub- 
l i c  ownership. The debates  during the  1960% over 
f o r e s t  management sn p r i v a t e  land a l s o  no dsubt 
helped s e t  t he  s t age  f o r  g r e a t e r  publ ic  regula t ion  
i n  t he  West (%laza r  1985). 

On the  s t h e r  hand, t he  major fo rce  behind enact- 
ment s f  t he  Massachusetts Fs re s t  Cutt ing Prac- 
t i c e s  Act was t he  profusion of l o c a l  ordinances 
r e s t r i c t i n g  f o r e s t r y  opera t ions .  The same f ~ r c e  
w i l l  probably r e s u l t  i n  t he  enactment of s i m i l a r  
laws i n  o the r  Eastern S t a t e s .  Furthermore, t he  
Massachusetts law has been l a rge ly  successfu l  thus 
f a r  and is gene ra l ly  supported by env i romen ta l  
organiza t ions ,  f o r e s t  indus t ry ,  l o c a l  governments, 
and p r i v a t e  landowners ( ~ e n l ~  and El le fson  1986). 
It the re fo re  provides a v i ab l e  model f o r  o the r  
S t a t e s  i n  t he  region. Connecticut, Maine, New 
Jersey ,  Maryland, and Pennsylvania have a l l  con- 
s idered  enactment of new o r  revised S t a t e  f o r e s t  
p r ac t i ce  l e g i s l a t i o n  during the  l a s t  few years.  

I n  t he  West, add i t i ona l  s t a t e s  may fol low the  
lead of Alaska, Ca l i fo rn i a ,  Oregon, Washington, 
and Idaho i n  passing a comprehensive s t a t u t e .  
Forest  p r ac t i ce  l e g i s l a t i o n  was se r ious ly  con- 
s idered  by the  Montana Legis la ture  i n  1985. 

Addit ionally,  s i nce  t h e  regula tory  env i romen t  
is a dynamic one, cu r r en t  laws w i l l  be revised 
pe r iod ica l ly  a s  s o c i e t y ' s  goals  f o r  t he  management 
of  f o r e s t  resources change. 

The o f t en  opposing i n t e r e s t s  of environmental 
groups, f o r e s t  indus t ry ,  landowners and l o c a l  gov- 
ernments a r e  c e r t a i n  t o  r e s u l t  i n  c o n f l i c t s  a s  
regula tory  programs evolve o r  a r e  revised.  Rope- 
f u l l y ,  t he  outcome w i l l  be pos i t ive :  well  balanced 
laws which a r e  t echn ica l ly  s t rong and which r equ i r e  
environmentally sound methods of harves t ing  and 
stand management a t  a  c o s t  which i s  not  p roh ib i t i ve  
f o r  e i t h e r  f o r e s t  landowners o r  t he  public.  
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A Cone and Seed Cisease of Souther2 Pines Caused 

by the Pitch Cszker Fungus 
I 

In the southeastern United States, the bulk of 
seedlings for reforestation plantings by private 
industry and public forestry organizations come 
from seed orchards. At least 65 percent of the 
915 million seedlings produced ann6ally in this 
region are from geneticaily improved pines grown 
on 9,800 acres of seed orchards. Pitch canker. 
caused by Fusariun moniliforne Sheld. var, sub- 
glutinans ~ollenw. & Reink. (FHS), is one of the 
diseases that is rapidly increasing in importacce 
in seed orchards across the Southeast. Although 
seed orchard managers have noticed the disease for 
at least 25 years, the perceived insignificance of 
past outbreaks limited attempts to determine the 
causal agent. In 1975, however, the disease 
suddenly becane severe in two loblolly (Pinus 
taeda L.) seed orchards in separate regions of 
the South. Since then the pitch canker disease 
has been confirmed in more than 40 seed orchards 
(Dwinell and others, 1985; Kuhlman and others, 
1978). 

SYMPTOMS 

The two primary symptoms on vegetative struct- 
ures are pitch canker and shoot dieback. Pitch 
cankers are characterized by a bleeding, resinous 
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Abstract,--The ?itch canker fenps, Fusariun -- 
noniliforme var. sub~lutinar~s (FlviS), causes -- 
se'sious darrage ir, pine s?eC orc:-izrds in ~ h e  
~ o u t h e ~ ~ t e r z  Usited Stztes. These orchards supply 
the zeneticzlly inproved seeds reqcired for 
replecticg harvested forest lznbs in this fezion. 
The saze pathoty~es of FPiS that cause synptorns o -  
pitch cazker on x ~ i n  stens: brenches, and shoots 
of souther6? ~ i ~ e s  also caGsp mortslity of repro- 
ductive structures on loblolly (Pines taeda) and -- P 

slash (P. zlliottii vdr. eiliottii) pines* the - 
two most econonically inportant southern pine 
species. The pattern of fungus isolation and 
hist~l~~gical data indicates that outbreaks of 
shoot diebscb and coce deterioration can occur 
independently I n  loblolly pine seed orchards. 
During the approximate IS-nonth period between 
production of female strobili and naturation of 
fully developed pine seed, there are potentially 
nuzerous op~ortunities for the causal pathogen to 
reduce seed yields. At this tine, determination 
of a complete disease cycle on ~ i n e  reproductive 
structures awaits further investigation. 

Keywords: Shoot dieback, seed orchard nanagement 
histopathology. 

canker on the trunk or large branches of a tree. 
The canker is usually sunken and the bark is 
retzined, while the wood beneath rhe csnker is 
deeply pitch-soaked. Pitch--soaking of the under 
lying wood and the absence of swelling or callus 
help separate pitch canker from the other canker 
diseases of pine. 

The other symptom is shoot dieback in the upper 
croun. Lesions form on the late-sur;,ner flushes of 
growth; in autumn, fully developed needles turn 
yellow to reddish brown (fig. I). In the spring, 
new shoots may expand before they are killed by 
girdling of the older tissue. Witchesi broom 
develops in some trees when adventitious buds forr 
in response to repeated infection and dieback. 

Figure 1.--Canker formation on lateral shoots in 
the upper crown is a synptoc of shoot dieback. 






































































































