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P R E F A C E  

The Fourth B ienn ia l  Southern S i l v i c u l t u r a l  Research Conference was he ld  i n  A t 1  a n t a ,  Georgia, on 
November 4-6, 1986, This vol ume conta ins  104 presenta t ions  from the  21/2-day conference, The w e t i  ng 
opened w i t h  a general session on World Fores t ry  Trends, fo l lowed by f ou r  concurrent sess'ions cover ing  23 
areas o f  research and a pos te r  session. The general session was conducted f o r  on ly  t he  second t ime, and 
t h e  pds te r  session was presented f o r  t he  f i r s t  t ime; both were we l l  received, I n  add i t ion ,  a new sess ion  
on pine-hardwood mix tu res  was added t o  the  agenda, Also f o r  the  f i r s t  t ime, abs t rac ts  of the  papers were 
p r i n t e d  and d i s t r i b u t e d  a t  t he  m e t i n g ,  At t h i s  f o u r t h  conference, t he  Society o f  h e r i c a n  F o r e s t e r s  was 
added as a new sponsor. 

I n i t i a t e d  i n  1980 and he ld  i n  November on succeeding even-numbered years, t he  Southern S i l v i c u l t u r a t  
Research Conference provides a forum f o r  s c i e n t i s t s  a c t i v e l y  engaged i n  s i l v i c u l t u r a l  research do report 
study resu l t s ,  t o  present new concepts and techniques, t o  discuss t o p i c s  o f  mutual i n t e r e s t ,  t o  coord ina te  
coopera t i ve  e f f o r t s ,  and t o  remain cu r ren t  on developments i n  the f i e l d ,  Nonresearchers f i n d  t he  can- 
ferences and t he  proceedings t o  be valuable sources o f  in fo rmat ion  on cur ren t  and developing trends i n  
southern s i l v i c u l t u r e ,  

The Fourth B ienn ia l  Conference was sponsored by t he  Southeastern and Southern Forest Experiment 
S ta t i ons  o f  t he  USDA Forest  Service, t he  Southern Region o f  t he  Nat ional  Associat ion o f  Professional  
Fo res t r y  Schools and Colleges, t he  Southern I n d u s t r i a l  Fores t ry  Research Counci l ,  and the  S i l v i c u l t u r a l  
Working Group s f  t he  Soc ie ty  o f  American Foresters. 

The Steer ing Committee, made up o f  i n d i v i d u a l s  from u n i v e r s i t i e s ,  indus t ry ,  and the  Forest Serv i ce ,  
a re  g r a t e f u l l y  acknowledged f o r  t he  t ime and e f f o r t  they gave t o  assure t he  success o f  t he  meeting, 
Fo l low ing  are t he  members o f  t he  1986 committee: 

Jim Be1 1 and John W. Henley, Conference Co-chai rpersons, Southern Forest Experiment S ta t ion ,  
New Orleans, LA 

Gordon D. Lewis , Conference Co-chai rperson, Southeastern Forest Experiment Stat  ion,  
Ashev i l le ,  NC 

Doug1 as R. Phi 11 i p s  , Program Chai rperson, Southeastern Forest Experiment S ta t ion ,  
Clemson, SC 

M, Boyd Edwards, Southeastern Forest Experiment S ta t ion ,  
Dry Branch, GA 

Constance A, Ha r r i  ngton, Southern Forest Experiment Stat ion ,  
Mont ice l lo ,  AR 

David L. Graney and Edwin R. Lawson, Southern Forest Experiment S ta t ion ,  
F a y e t t e v i l l e ,  AR 

David H, Van Lear, Clemson Un ivers i ty ,  
Clemson, SC 

E r i c  Jokela, U n i v e r s i t y  o f  F lo r ida ,  
Gai nesvi 11 e, FL 

D. M. Crutchf  i e l d ,  Westvaco Corporation, 
Summervif l e ,  SC 

Howard Hanna and Tim McIlwain, Container Corporat ion of America, 
Fernandina Beach, FL 

Special thanks are extended t o  t he  con t r i bu to r s  who prepared and presented research papers and to 
t h e  16 moderators who presided over t o p i c  sessions and maintained a very s t r i c t  t ime schedule, Thanks 
a l s o  t o  others who submitted abs t rac ts  f o r  cons idera t ion  by the  Program Committee and t o  those who 
at tended the  conference and p a r t i c i p a t e d  i n  t he  discussions, 

Papers publ ished i n  t h i s  proceedings are as they were submitted by the  authors-- in  camera-ready 
form, Authors are respons ib le  f o r  t he  content and accuracy o f  t h e i r  papers, P r i n t i n g  and produc t ion  were 
superv ised by the  e d i t o r i a l  s t a f f  o f  t he  Southeastern Forest Experiment Stat ion,  USDA Fores t  Service, 
Ashev i l l e ,  North Carol ina. 

DOUGLAS I?, PHILLIPS 
Program Cha i rman 
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Technology Development for Increased Use of ~ardwoods' 

Peter J. 1nce2 

Abstract.--New developments in technology are altering the historical 
dominance of softwood over hardwood as a preferred raw material for many 
kinds of products. Developments span the whole range of forest products, 
from traditional products such as lumber, wood panels, and paper, to 
energy uses and biotechnology. In the lumber-area, new drying technology 
overcomes the problem of excessive warp in low density hardwoods and 
permits their use for framing lurnber, In addition, new technologies are 
being developed to make lumber substitutes from wood strands or wafers, 
that enable use of higher density hardwoods in applications where soft- 
wood lumber is used exclusively today. In the structural panel area, 
waferboard and oriented strandboard panels are replacing conventional 
softwood plywood in a substantial share of the market. These new panel 
products can be made entirely from hardwoods. In pulp and paper, 
a general trend toward greater use of hardwood fiber is evident as the 
proportion of industry capacity dedicated to production of printing and 
writing grades increases. Also, improvements in pressing, drying, and 
refining technologies are allowing high quality linerboard to be made 
with much higher proportions of hardwood. A growing use of wood for 
energy, in residential heating and industrial uses, favors hardwoods 
because of their higher density. Finally, through biotechnology, hard- 
woods will probably play a more significant role than softwoods. 
Consequently, silvicultural knowledge about lower valued timber species, 
such as hardwoods, needs to bt3, developed for the future, 

Keywords: Technology, hardwoods, silviculture. 

INTRODUCTION OBBCTIVES OF SILVICULTUaAL RESEARCH? 

This paper addresses ongoing technology 
developments for increased use of hardwoods. 
A wide range of technological and economic 
developments are described that are reducing the 
advantage of softwood over hardwood as a pre- 
ferred wood raw material, 

These developments reflect a principle of 
human behavior which I call the "leveling 
principle." The principle says that when less 
expensive resources are available, people develop 
new technologies to use less expensive resources. 
Thus, people seek to level the advantages of 
more expensive resources in order to improve 
economic efficiency. This kind of very rational 
human behavior presents complexity for silvi- 
cultural researchers, because it means that as 
you focus your objectives on timber species that 
you think will have the highest value in the 
future, others will be trying consciously and 
vigorously to develop new technologies to utilize 
the less expensive timber species. 

lThis paper was presented in the General 
Session of the Fourth Biennial Southern 
Silvicultural Research Conference, Atlanta, GA, 
Nov. 4-6, 1986. 

2Ret;earch Forester, Forest Products 
Laboratory, U.S. Department of Agriculture, 
Forest Service, Madison, WI 53705-2398. 

Let me begin by asking a very general question: 
What are the objectives of silvicultural research 
in the South? No doubt you've wrestled with this 
question before. If we had time to ask everyone 
about silvicubtural research objectives, we would 
probably find a variety of ideas. However, among 
the most practical objectives we would find a 
common goal something like the following: to 
expand knowledge needed to improve abundance and 
quality of timber resources which society will 
demand in the future. 

The problem is that we can't say for certain 
what kind of timber resources society will demand 
30 or 40 years from now, so it's difficult to 
say what kind of silviculturah knowledge needs 
to be developed. It would be easy to set silvi- 
cultural research objectives if we could believe, 
for exaqle, that growth in the southern pine 
plpood industry, observed in the past 20 years, 
will coatiaue into the next century, But, 
believe Be, that would ignore some important 
developments taking place in structural panel 
technology. 

Evidence suggests that future forest product 
technology is not necessarily going to be any- 
thing like the past. Industry is developing 
technologies to level the advantages of higher 
value timber resources and to enable the use of 
lower value timber resources, For example, 
technology is being applied that allows the use 



of low density hardwoods or softwood pulpwood 
in place of softwood veneer logs in manufacturing 
structural panels. Developments are occurring 
also in lmber, structural panels, pulp and 
paper, energy, and biotechology. We will look 
at specific examples in each of these areas. I 
hope that as f discuss these examples, you will 
recognize their significance in terms of silvi- 
cultural research objectives in the South. Let's 
look first at the framing lumber area. 

roduce Hardwood 

Softwood dominates the market for framing 
l w b e r  in the United States. Last year, we 
conswed nine times as much softwood lumber as 
hardwood, and in structural framing we depend 
entirely on softwood. 

Historically, industry has avoided the use of 
low density hardwoods for framing lumber largely 
because of the problem of excessive warp, Years 
ago, grading rules were established which limited 
allowable warp to small fractions of an inch in 
all but the lowest grade of framing lumber. 
Because of the way that framing lumber is used 
in modern construction, each piece needs to be 
dimensionally precise and stable. Unfortunately, 
hardwood lumber would typically come out of a 
conventional sawmill and drying process with 
excessive warp. Because of this dimensional 
stability problem, production of hardwood framing 
lmber was not economical. 

However, in our Eastern forests, net growth 
and volunne of hardwood exceed that of softwood. 
Forests in the South contain increasingly 
abundant quantities of inexpensive low density 
hardwoods such as yellow-poplar, sweetgum, 
blackgm, and soft maple. These hardwood species 
have strength values between southern pines and 
spruce-pine-fir, and can be nailed easily or 
joined with truss plates. 

Researchers have now developed a sawmilling 
innovation that eliminates the problem of exces- 
sive warp in hardwood framing lumber. The inno- 
vation is called Saw-Dry-Rip, or SDR. With SDR 
technology, the mill saws a log into full width 
flitches. The flitches are dried, and then sawn 
(or 'kQpedfi) into warp free framing lumber. 
The key innovation is that framing lumber is cut 
from the wood after drying, instead of before, 
as in conventional sawmilling. This simple 
innovation eliminates the problem of warp 
(Maeglin and Boone 1383). 

Recently, a recornended grading stamp was 
developed For yellow-poplar framing lwnber, and 
building codes will now accept yellow-poplar 
lrannber (Allison and Deal 1983). The new hardwood 
lunaber is less splintery than softwood, is 
lighter and easier to handle than southern pine, 
and tests show that yellow-poplar lumber bas 
bigher truss plate holding capacity than southern 
pine, la demonstration projects, the hardwood 
lwnber appears to be a very attractive structural 
material. 

With SDR technology, you can envision a sawill 
able to use either low density hardwoods or 
softwoods. In the future, there will be less 
differentiation between softwoods and Isw density 
hardwoods for framing lumber. 

The point T am making is n o t  a forecast but 
simply a recognition cf present capability. The 
technology is now avai lable  which levels  the 
advantage of softwoods over low density hardwoods 
in framing Lwber, So long as softwoods remain 
economical and abundant, as they are now, you can 
expect that softwoods will continue to dominate 
the framing luntber market. But, if softwood 
becomes too expensive relative to low density 
hardwoods, you can expect to see a switch to 
hardwoods. If you are a silvicultural researcher 
developing knowledge based on an assuption that 
softwood sawtimber will have a tremendous market 
advantage over hardwood in the decades ahead, I 
would suggest that you might go back over your 
assumptions. You might also consider silvi- 
cultural research objeceives that will foster 
improved management of the low density hardwood 
resource in the South. 

Structural Panels 

The structural panel market is also an area in 
which softwood traditionally dominated, but where 
things are now changing. 

Until recently, softwood plpood thoroughly 
dominated the structural panel market.. Softwood 
plywood itself was a major technological develop- 
meat of the early part of this century, and the 
softwood pl-wood industry grew tremendously in 
the South in t he  1960's and 1970%.  Today, more 
than half of U.S. softwood plywood is produced 
in the South. There is no doubt that the 
tremendous growth of the southern pine plywood 
industry contributed enormously to an enthusiasm 
for pine silviculture in the South. 

However, i f  you look closely at construction 
sites around the country these days, you will 
see that a growing share of the structura1,panels 
are a new class of products, known in the market 
as waferboard and OSB (oriented strandboard). 
In the 1970's at the Forest Products Laboratory 
we developed computer models of manufacturing 
processes for these kinds of products. We were 
quite enthusiastic about how economical the 
process was relative to conventional plwood 
technology. Part sf the reason for our enthu- 
siasm was the fact that waferboard and OSB tech- 
nology offered the ability to use lower quality 
timber, such as pulpwood i n s t e ad  of veneer logs, 
and hardwood instead of softwood. As many of 
you know, this kind a f  technology exists now, 
not just in the form of a computer model, but in 
the form of a growing and rapidly expanding 
iadust ry . 

The new waferboard and OSB structural panel 
products provide excellent structural performance 
and are accepted by building codes as a subsli- 
tute for softwood pipood in most types of con- 
struction. Although performance is cowarable 



to softwood plpood, the new waferboard and OSB 
products are cheaper to produce. As a result, 
we have seen the industry installing new wafer- 
board and OSB mills in significant nwnbers in 
recent years, while we see almost no capacity 
expansion in softwood plpood, 

Growth of the U.S. waferboard and OSB industry 
has been exponential. From only one plant with 
a capacity of 100 million square feet as late as 
1979, the industry has grown to a capacity of 
nearly 4 billion square feet, by late 1986, and 
the growth is continuing (Anderson and Hutton 
1986). Today, waferboard and OSB capacity equals 
nearly 20 percent of U.S, softwood plywood pro- 
duction, and 12 percent of total structural panel 
capacity. Industry is locating many of its new 
waferboard and OSB mills throughout the South. 

Many new waferboard and OSB mills in the South 
will be using southern pine pulpwood because of 
the economic abundance of the resource and good 
board quality that is obtained with southern 
pine. Bowever, there is a demonstrated ability 
to use many species of hardwoods in the wafer- 
board and OSB products. Host mills in the North 
use hardwood species exclusively, and some mills 
in the South are using hardwood species as well. 

Besides being economical to produce, waferboard 
and OSB products offer much more latitude for 
product innovation. Structural comonents can 
be made in an infinite variery sf molded forms 
and shapes which are not attainable with conven- 
tional lumber or plywood technology. Most sig- 
nificantly, unlike structural wood products of 
the past that were made entirely out of soft- 
woods, the structural products of the future can 
be made out of small diameter hardwoods, using 
techohogy similar to waferboard and OSB tech- 
nology. Even the hardwoods such as oak may be 
useful, as in thick roof decking samples that 
have been made in the laboratory from southern 
red oak. Simple innovations, such as using 
longer strands or detaining better strand align- 
ment, will also enable the industry to take full 
advantage of the inherent strength in dense 
hardwood species. The market is already seeing 
the introduction of high strength parallel strand 
lumber, made by gluing together long strands of 
wood. In the future, lumber substitutes and 
complete structural components may be made from 
hardwood wafers and strands, using technplogy 
similar to waferboard and OSB. 

Once again, I am not really making a forecast, 
but simply pointing out the current status of 
technological development. If your silvicultural 
research objectives are based on an asswtion 
that there will be growing demands for softwood 
veneer logs, I would suggest that you go back 
over your assumptions. Structural panel products 
can be made economically from small diameter, low 
quality, hardwood species, as well as from small 
diameter softwoods. 

Technology to Utilize Hardwood 

The U - S .  pulp and paper industry i s  another 
important market area where softwoods have 
dominated, but where new technology is leveling 
advantages of softwoods over hardwoods. Pulp- 
wood consumption increased over the last 28 years 
by about 75 percent, to a present level of 
90 million cords per year. Over 65 percent of 
that pulpwood comes from Soutbern forests, As 
most of you know, the largest share o f  that 
pulpwood is southern pine, and pine pulpwood 
generally has a higher value than hardwood 
pulpwood, 

The technical advantages of pine versus bard- 
wood can be explained in terms of morphoiogical 
differences between softwood and hardwood fibrous 
material. Softwood fibers are comparatively long 
and flexible. Softwood fibers naturally provide 
good strength characteristics in products like 
kraft linerboard. By coqarison, hardwood 
fibers are generally smaller, shorter, and less 
flexible, Consequently, hardwood does not pro- 
vide good strength perfomance with conventional 
technology, although hardwood can provide 
a smoother sheet with better opacity, which is 
useful in printing and writing grades (bidon 
1981>. 

One major technological trend is toward 
increased production of those grades sf pulp and 
paper products which utilize more hardwood fiber. 
Production of hardwood-based pulps, which include 
bleached and semibleached hardwood kraft and 
semichemical pulps, has increased more rapidly 
than production of all other grades of pulp* 
Consequently, in the South, we have seen hardwood 
pulpwood go from around 15 percent to nearly 
30 percent of pulpwood consumption in the past 
30 years (Ince 1986). This trend is continuing, 
particularly with recent conversions of a amber 
of mills from packaging grades to printing and 
writing grades. Even in packaging grades, %he 
need for good surface printability has led a 
number of mills to increase their demand for 
hardwood furnish. These gradual changes, 
favoring increased use of hardwood pulpwood, are 
expected to continue in the future. However, a 
much more dramatic kind of technological develop- 
ment is uademay, and that involves development 
of new technology that will produce high strength 
paper and paperboard products from hardwood 
fiber, 

Nanufacturing pulp and paper involves a series 
of process steps. Wood chips are converted into 
pulp in digesters and refiners. The gulp goes 
in a slurry to the paper machine, where pulp  is 
formed into a fibrous mat, pressed, and subse- 
quently dried. Conventional gapemaking is 
largely a felting process, in which sheet 
strength depends on random interlocking and con- 
formability of fibers. Therefore, long flexible 
softwood fibers have always provided better 
strength than short stiff hardwood fibers. 

However, in recent years, new pressing equip- 
ment, including high pressure and wide nip 



presses, have been installed in many linerboard 
mills. With the new equipment, much better 
quality i s  obtained with higher proportions of 
hardwood and recycled fiber (Wicks 1953). 
Furthemore, researchers have developed an even 
more actb-anced technology, known as press drying, 
Unlike conventional papermaking, press drying 
involves simultaneous application of heat and 
pressure in the press section of the paper 
machine, resulting in good conformability and 
bonding among hardwood fibers. With press 
drying, a very good kraft linerboard can be made 
from 100 percent hardwood, such as southern red 
oak (Horn and Setterholm 1983). The press drying 
technology is not yet available comercially, 
but it appears economical, and it illustrates 
a potential technological capability to utilize 
much higher proportions of hardwood fiber in 
pulp and paper products. In addition to improved 
pressing technology, improvements are being made 
in techn~logy for refining pulp fibers, for 
putting strength enhancing chemical additives in 
paper and paperboard, and for producing higher 
quality hardwood pulp with mechanical pulping 
processes. 

As a result of these technological develop- 
ments, there has been a significant leveling of 
the former advantage of softwood fiber in pulp 
and paper technology. The industry has only 
begun to adopt these tecknological improvements, 
and change will be gradual, but we can no longer 
point to a future in which softwood fiber will 
absolutely dominate because of its fiber charac- 
teristics. In fact, it is possible to conceive 
of a future in which hardwood fibers may be 
preferred over softwood fibers in pulp and paper 
technology. 

The Increasing Importance 
of Wood for Energy 

Another development favoring the future use of 
hardwood is the increased importance of wood for 
energy in our economy. As a result of energy 
price shocks in the 1970's, we have seen a sub- 
stantial shift toward increased use of wood for 
residential heating, particularly in rural 
America. Even though the South has a warmer 
climate than northern regions, fuelwood use is 
significant because of a large rural population. 
Across the United States, we are consuming about 
49 million cords of fuelwood for residential 
heating per year (Energy Information 
Administration 1984). Of the 49 million cord 
total, about 16 million cords are conswed in 
the South, In addition, several million cords 
of fuelwood are being used directly for indus- 
trial energy. Provided that petrole- and gas 
prices stabilize in the years ahead, 1 expect to 
see a leveling off of the increase in fuelwood 
demand. Still, I would expect that fuelwood 
will continue to be an important use for wood in 
the future. 

The important thing about the increased use of 
wood for energy is that hardwood species are 
preferred by households, the major roundwood 
users. A nice seasoned piece of red oak burns 
better and longer than softwood in fireplaces 

and waodstcves. In a l l  regions of the country, 
fuelwood producers have appeared. These com- 
mercial operations derive their income in the 
fuelwood market, Other woad product companies 
that have traditionally deraved income in dif- 
ferent markets have also branched out into the 
fuebwood market. They advertise and sell their 
fuelwood in both r u r a l  and urban areas, amd are 
utilizing primarily hardwood, 

I'm ne t  suggesting that silvicultural 
researchers should give total attention to the 
growth of hardwoods for fuelwood. There is 
certainly a tremendous abundance of low quality 
hardwoods in the South that will adequately 
serve needs for fuelwood in the future. However, 
in your process of establishing silvicultural 
,research objectives, you should consider not 
only such things as precomercial thinnings and 
pulpwood harvests in softwood stands, but also 
such things as fuelwood thinnings or fuelwood 
harvests in hardwood stands. Perhaps if fuelwood 
demand is put into the equation, you will find 
that hardwood silviculture Looks a little more 
attractive. 

Hardwood Use Associated 

A final area of technological development that 
I'd like to talk about is biotechnology. Most 
of you are aware of the importance that biotech- 
nolegy has assunned I n  many areas of research. 
Biotechnobogy is no less important in the area 
of wood util.izaliox research. At the Forest 
Products Laboratory, we recently organized 
biotecbnology research into an institute, which 
we call the Institute for Microbial and Bio- 
chemical Technology. The scope of research in 
this area is expanding. The focus continues to 
be on basic research, with possible applications 
in biopulping, and promising applications in 
bleaching, modifying pulp properties, removing 
chemicals, and treating effluent (Kirk et. al. 
1983). 
Most of the wood biotecbnology research is 

directed at utilization of the abundant and 
inexpensive hardwood resource. For one thing, 
the molecular structure of hardwood and softwood 
fignias are different. Hardwood lignin is'more 
readily and rapidly biodegraded than softwood 
lignin, Another reason why biotechnology is 
focusing on hardwoods is a matter of economics. 
Hardwoods are relatively cheap and abundant, 
whereas softwoods are already in high demand. 
In addition, hardwood biotechnalogy is receiving 
greater attention because the chemistry of hard- 
woods is approximately the same as that of agri- 
cultural crop residues, which are also receiving 
much research at"cntion. Xylans, from which 
xylose sugar is derived, are abundant in hard- 
wood hemicellulose and agricultural residues, 
but not in softwoods. Utilization of glucose 
sugars from ordinary ceflulose is already 
feasible, but utilization of xylose is one aim of 
current research. 

It is hard to say where this research will lead 
30 o r  40 years from now, but it is apparent that 
the biotechaology of the future may just as 



likely utilize hardwoods as softwoods. In fact, 
due to differences in lignin chemistry and com- 
parative economics, bio-utilization of hardwoods 
may be mcrc sear at hand than bio-utilization of 
softwoods* 

Change in techaology is a gradual process, so 
we wan" see a wholesale switch to hardwoods from 
softwoods overnight, or even in a matter of 5 or 
10 years. Change in forest management techniques 
is also a slow process, Wowever, to be effective 
in the future, changes in the philosophy of 
silvicultural research should be made today. 
Technological change is relentless and it can 
have profound inrpasts on resource utilization. 
Look at how iqrsvemeets in basic energy tech- 
nology over the past 15 years have drawtically 
altered the world market for oil. There used to 
be an oil shortage, now there's an oil glut. Of 
course the leveling principle in human behavior 
is limi~ed by Laws sf thermodynamics and laws of 
nature. But, when we look at the forests of the 
Eastern United States, when we look at the dif- 
ferences between hardwoods and softwoods, and 
when we look at current human endeavors aimed at 
reducing the advantage of expensive softwoods 
over cheap and abundant hardwoods, we do see that 
this leveling principle is at work. In summary, 
there is a message here for silvicultural 
researchers: We should be critical of time-worn 
guidelines regarding such things as optimal 
species, stand conversion, site preparation, and 
other factors related to species distribution. 
When we do research t h a t  enables foresters of 
the future to grow timber resources that we think 
will have the highest value 30 or 40 years from 
now, others in society will be attempting con- 
sciously and vigorously to change technology in 
order to utilize other lower valued timber 
species, If we find that our research, partic- 
ularly our basic research, is focusing narrowly 
an only a few species that are currently in high 
demand, we should consider how we can expand our 
research to focus on other species as well. It 
may be feasible for example to inexpensively 
replicate our exgeriments across a wider array 
o f  species, so that we develop more silvicultural 
knowledge about species that may be in greater 
demand in the future, We should recognize that, 
where feasible, silvicultural knowledge about 
lower valued timber species, such as hardwoods, 
needs to be developed for the future. 
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I/ INmRNATIONU TRADE ANI) SOUTBEm POBEST* 
2f  James E. Granskoe 

Abstract.--The value of southern 
wood exports has dropped by more than a 
third since 1980, after rising sharply 
during the 1970's. Major factors in the 
recent decline were a worldwide recession 
and a strong U.S. dollar, which made 
southern wood products more expensive 
overseas. However, trends for individual 
products have varied; exports of softwood 
plywood and hardwood lumber have grown 
while other product shipments have fallen. 
Currently, a weakening U.S. dollar appears 
to be turning the overall trend for south- 
ern wood exports upward again. 

International trade is becoming increasingly 
important to our nation's economy. In 1985, 
imports and exports accounted for 21 percent of 
our country's gross national product--almost 
double the percentage from 20 years earlier. Per- 
haps more enlightening is that 70 percent of all 
products manufactured in this country now face 
international competition, In other words, mar- 
kets for most U.S. products no longer are deter- 
mined solely by domestic forces. 

Timber markets also have been vulnerable to for- 
eign influences. A strong rise in the value of 
the U.S. dollar in the first half of the 1980's-- 
which made U.S. products more expensive and for- 
eign goods cheaper--has increased the flow of 
forest products from abroad, Domestic markets 
for lumber, pulp, and paper products have been 
impacted by rising imports of softwood lumber 
from Canada, and new inflows of eucalyptus pulp 
from Brazil and coated paper from Scandinavia. 

While recent events have focused attention on 
the import side of international trade, there has 
been nonetheless a growing interest in exporting 
forest products as well. This interest has been 
stimulated by a combination of factors, including: 

- unstable domestic markets for wood products 
over the past decade, - expanding foreign competition in certain pro- 
duct lines, - forecasts of slow growth in domestic wood 
markets and faster growth overseas, and 

- a national concern over a widening trade 
deficit and the need to increase the sale of 
products abroad. 

Lipaper presented at the Fourth Biennial South- 
ern Silvicultural Research Conference, Atlanta, 
Georgia, November 4-6, 1986. 

-1'~rinci~al Economist, Southern Pores t Experi- 
ment Station, USDA Forest Service, New Orleans, LA 
70113. 

As a result, potential markets overseas are being 
viewed as a vital ingredient for future growth. 

To support the growing interest in exporting 
forest products, the Southern Forest Experiment 
Station has been conducting research aimed toward 
investigating the potential for southern wood 
products in overseas markets. In this paper, 
recent trends for the principal wood products 
exported from the South are examined, and the out- 
look for southern wood products in foreign markets 
is discussed. 

Although exports represent only a small fraction 
of total production for most southern forest pro- 
ducts, they are important from a value standpoint. 
For the most part, export demand for wood products 
is for high-quality material. Exports can enhance 
timber values, thereby encouraging more complete 
utilization while providing incentives for more 
intensive silvicultural practices. 

SOUTHERN WOOD EXPORTS 

Southern exports of wood products have been 
declining since 1980, following a dramatic rise 
during the 1970's (table 1). The total value of 
southern exports rose from near the $50 million 
level in the early 1970's to almost $500 million 
in 1980, but it has dropped by more than a third 
since then. 

Several factors have influenced this rise and 
fall, but currency fluctuations have been a key 
item. The strong upturn during the 1970's was 
stimulated by a weakening U.S. dollar. In effect, 
prices for southern wood products--in terms of 
foreign currencies--were reduced. Other con- 
tributing factors to the upturn were: a rising 
demand overseas, other global sources becoming 
constrained by resource depletion or government 
restriction, and a growing recognition among 
domestic producers of the importance of diversi- 
fying markets. Trial shipments of wood chips to 
Scandinavia, in particular, seemed to trigger a 
greater awareness of the market potential abroad. 



Since 1980, hoever, changing economic and mone- 
tary conditions have turned the direction for 
southern mod exports domward. First, a world- 
wide economaic slowdown lowered total degtand. Then 
the continuing rise in the value of the dollar 
through early 1985 made southern mod products 
sore expensive and less competitive in foreign 
markets. But a rerent weakening of the U.S. dol- 
lar since Nsrch 1985 has stopped the decline and 
appears to be turning the trend upward again. 

Table 1.-Value of southern wood exports by pro- 
duct group. 

Product 1970 1975 1980 1985 

Million S 

Roundwood 15.3 26.9 93.4 52.2 

Lumber 26.6 37.0 206.0 160.0 

Panels 3.3 18.2 59.6 61.6 

Other 13.1 16.4 140.0 52 . 1 
Total 58 . 3 98.5 499.0 325.9 

EUROPE-EEC 

OTHER [3 

SO. FIRER1 

QFKICR 

EUROPE-OTHER 

Figure 1.--Export markets for southern wood 
produc ts . 

Products 

Trends since 1980 for individual products have 
varied according to the markets served and the 
specific items demanded in those markets (table 
2) 

Among the major commodity groups, lumber is the 
largest export, on the average accounting for 
about 45 percent of the total value of shipments. 
However, only panel products have increased since 
1980. The size of the miscellaneous group-pri- 
marily aillwork and prefabricated wood buildings-- 
was inflated in 1980 by a huge, one-time shipment 
of prefabricated housing to Syria. Roundwood 
shipments include logs, poles, and chips. 

Table 2.--Southern wood product exports, 1980 and 
1985. 

Product 1980 1985 

Roundwood : 
Softwood logs (mill. bd. ft .) 7 5 
Hardwood logs (mill. bd. ft.) 44 37 
Poles (thousand) 142 87 
Chips : ( thousand tons, dry) 424 6 7 

Europe, the Caribbean, and the Far East are the 
largest regional narkets for southern wood pro- 
ducts (fig. 1). Most important within Europe are 
the nations in the European Economic Community 
(EEC). The Caribbean aarket includes the West 
Indies and Central America. Japan, Taiwan, and 
South Korea are the primary destinations in the 
Far East. The remaining markets are made up 
mostly of the oil-exporting countries in the 
Middle East, Africa, and South herica. 

The inaterial shipped to each of these markets 
ia different. In general, EEC nations have been 
major buyers of the principal hardwood exports 
(logs, lumber, and veneer) as well as selected 
southern pine products (plywood and rough-cut 
clear luaber). Wood chips for Scandfnavia and 
rough southern pine lmber have been the primary 
products shipped to European countries outside the 
EEC. The Caribbean is largely a market for soft- 
wood products, while the Par East is a southern 
hardwood market. Oil-producing countries in the 
Near East region import poles and prefabricated 
wood buildings. 

Lumber: (mill. bd, ft.) 
Softwood 274 1971 
Hardwood 67 86 

Panels: (mill. sq. ft.) 
Veneer, softwood 46 9 
Veneer, hardwood 336 206 
Plywood, softwood 6 2 179 
Plywood, hardwood 12 14 
Particleboard 11 2 

Miscellaneous: (mill. dollars) 
Cooperage 9 3 
Prefabricated buildings 101 2 4 
Other 30 25 

Roundwood 1 
I 

Southern log exports are atostly hardwood. Soft- 
mod log shipments have been relatively small, 
fluctuating between 5 to 10 millian board feet 
annually. Southern pine logs going to the 
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In a d d i t i o n  t o  the griaary products,  the  South 
expor ts  a varLety s f  manufactured i t e m s  o r  pro- 
duct8 0% secondary aanufacturing, Since there Is 
no cornon measure o f  solme, o n l y  the value s f  
s h i p e a t s  i s  shorn in table 2 a  O f  the  nme tous  
products covered in t h i s  ca tegory  of expor ts ,  
cooperage sad prefabricated mod bufldkngs are of 
p a r t i c u l a r  interest.  

Cooperage is  one mod export  t h a t  has s t e a d i l y  
dec l ined  over a long per iod* I n  the l a t e  1960's, 
cooperage aceounked fo r  20 percent of t he  t o t a l  
va lue  of southern mod expor t s ,  ranking second 
oa ly  $0 southern pfne Imber. By 1985, i t  
mounted to less than 1 percent of the t o t a l ,  
m e n  LafLtatBoa i s  factored i n ,  t h e  dec l ine  i n  
r e a l  t e r n s  has been about 95 percent ,  

Prefabr ica ted  mod bui%dLngs have replaced 
cooperage as kbe l a r g e a t  miscellaneous product 
export .  S h i p e n t s  of daedular cons t ruc t ion  camps 
t o  t he  o i l  exporting coun t r i e s  became a notice-  
ab l e  itera following the  f i r s t  surge i n  o i l  p r i c e s  
i n  1973. 3 3  1980, as menbt~ned ea r lde r ,  t he re  
was a l s o  a huge sh imen$  f o r  goverment sponsored 
housing i n  Syria.  

More r ecen t ly ,  however, t he  cons t ruc t ion  camp 
market has  dr ied  up rand a new market f o r  r u s t i c ,  
recreat ion-oriented type s t ruc tu res  has developed. 
For t he  South, s h i m e n t s  have been primar%ly f o r  
r e s o r t  developewts  i n  t h e  Caribbean i s l ands ,  but 
nationwgde the re  have a l s o  been s h i p e n t s  t o  Japan 
and o t h e r  Pac i f i c  des t i na t ions ,  I w  any ease, t he  
deatand is f o r  panelized s t r u c t u r e s ,  gre-cut k i t s ,  
and log  homes, a l l  of which can be skipped i n  con- 
t a i n e r s .  This s u b s t a n t i a l l y  reduces handling and 
t r anspor t a t i on  costs,  wZIIC~ can be excessive f o r  
modular u n i t s  and mobile homes. 

OUTLOOK 

As noted a t  the  o u t s e t ,  t he  d o l l a r e s  steady r i s e  
during t h e  e a r l y  1980"s made southera wood pro- 
ducts  more expensive and l e s s  eoape t l t i ve  i n  
fo re ign  markets. Elowever, t he  more recent  d o l l a r  
dec l ine  Ps producfng s igns  of a turnaround, 
Mthough expor ts  s f  southern pine lurnber and ply- 
wood were down s l i g h t l y  o v e r a l l  i n  1985 compared 
t o  1984, ahipnaents i n  t he  t h i r d  and four th  quar- 
t e r s  were above the  previous year ,  And f o r  t he  
f i r s t  half  of 1986, southern pine amber  expor ts  
were up 14 percent and southern pine p l ~ o d  
juaaped 59 percent*  

Wcbange rate deve lopen t s  will continue t o  
a f f e c t  t h e  prospects  f o r  southern mod expor ts ,  
but long-tern impacts a r e  uncertain, It"s l a r g e l y  
t h r o q h  exehange ratee t h a t  t he  r e l a t i v e  competi- 
t i v e  pos i t fon  sf  d i f f e r e n t  count r ies  is  estab- 
l i s h e d ,  Indeed, the head of &:Am-the General 
b reemen t  on Tariffs and Trade--recently s t a t e d  
t h a t  t a r i f f s ,  on the  average,  are no longer iatpor- 
t a n t  obs t ac l e s  t o  world t r ade ,  %at counts more, 
i n  h i s  opin ioe ,  are exchange rates fo r  na t iona l  
cur rencies ,  mat lie8 ahead is  d i f f i c u l t  t o  say ,  
but -re aad arose there are proposals c a l l i n g  f o r  

Lirn$te or  ranges to be established t o  improve t h e  
current  floating exchange system and prevent t h e  
wide fluctuations that have occurred over t he  l a s t  
decade, 

matever t h e  outcone, an tmportant point  con- 
cerning exchange rates is how changes affect t h e  
markets that are signlfieant for southern wood 
products-  POP example, based on recent currency 
shifts and considering exchange rare e f f e c t s  
alone,  t h e  South should see increasing expor ts  t o  
Europe, stagnation or decline i n  the Catfbbean 
because of currency devaluatfons, and some addi- 
t i o n a l  growth i n  the  Far East due t o  &he r i s i n g  
Japanese pea. These e f f e c t s  mag be enhanced o r  
moderated by o the r  factors, however, 

Exchange rates aside, the outlook far southern  
wood exports appears f avorable--prov%ded world 
economic cond i t i ons  contfnue t o  improve, f r e e  
t r ade  p o l i c i e s  prevail over protectionist f o r c e s ,  
and the  f a r e s t  products industry mafntairas a 
comitment t o  expand expart markets, 

I n  western Europe, we should see oppor tun i t i e s  
t o  increase  e x p r t s  sf  clear southern pine I m b e r ,  
southern pfne pl~wood, high-qual i ty hardwood 
Lmber, and hardwood veneer, Two p f 0 d ~ e t 8  t h a t  
have been important prevLous8p--hardwood logs and 
wood chips--may not recover due t o  r ee t rdc t ions  
re la t ing t o  oak wilt disease and t h e  pinewood 
nematode. Also, a European quota f o r  softwood 
plywood 2% an obstacle, since a 10-percent t a r i f f  
is  levged an amounts t h a t  exceed the quota. But 
southern pinees share o f  the t o r a l  U.SB plywood 
exports  continues t o  rfse; i t  reached 53 percent  
i n  3.985 af te r  averaging only 5 percent during t h e  
1970"s + 

In t he  Caribbean, f u t u r e  shipments s f  southern  
softwood products ~$13. depend l a r g e l y  on t h e  r a t e  
of econom2e progress Sn the area, t h e  ac t ions  of  
competf ng softwood s u p p l i e r s ,  and whether 
exporting programs are designed t o  meet t h e  
unBque charaeterBstBcs of the market. Mtholygh 
per ciapita incomes are r e l a t i v e l y  l o w  i n  most 
count r fes ,  rap%dlg  expanding populat ions a r e  
generat ing housing needs that support  continuing 
imports due t o  the lack of domestic softwood 
resources-  Pol i r tcal  InstabflSty i n  Central  
Atnetica has d is rupted  t h e  flow of l m b e r  from 
t h a t  a r ea ,  but  Nonduras--our l a r g e s t  competitor 
i n  t he  region--fs expanding s a m i l l i n g  capaci ty .  
Ghile a l s o  has been a recent supp l i e r  of Radiata 
pine l m b e r  i n  the  region, Thus maingaining o r  
expanding southern shipments will requi re  aggres- 
s i v e  and inaovat8ve marketing e f f o r t s .  

The developing market for hardwoods i n  the Far 
%st has become important, and may become even 
mre so, mfs is  somehat o f  a mixed bleeglng,  
however, s i nce  U.Se  manufacturers must compete 
Kith f u r n i t u r e  i m p r t s  that are coming back i n t o  
our country,  

An encouraging development for  f u t u r e  southern  
mod exports has been t h e  involvement of indus t ry  
t r ade  a se sc i a t i ons  and government agencies i n  t h e  
promotion of wood products in fore ign  markets. 
bsoeia t8ons suck as the  Southern Forest Produces 



Associat ion (SFPA), and the  Arnerican Plywood 
Associat ion (@A), i n  cooperat ion with t he  
National  Forest  BPoducts Associat ion and the  For- 
e ign  & s i c u f t u r a l  Service,  have developed progracns 
t h a t  w i l l  support increased s a l e s  t o  coun t r i e s  
t h a t  o f f e r  oppor tunt t ies  f o r  export  expansion. 
For example, both the SFPA and APA have conducted 
educat ional  seminars i n  Caribbean count r ies  where 
the  use of softwood products could be expanded. 
In a d d i t i o n ,  SFPA placed a European representa-  
t i v e  i n  London i n  1985, and more r ecen t ly  added 
a &ribbean r ep re sen ta t i ve  i n  t he  Mminican 
Republ i c e  

Success i n  developing fore ign  markets, however, 
may be de t emined  i n  l a r g e  p a r t  by the  ex t en t  of 
the comftment  sf southern producers t o  export ing.  
I n  t he  p a s t ,  i n t e r e s t  i n  export ing has dec l ined  a s  
doaes t i e  markets improved, leaving  U.S. producers 
with a r epu ta t ion  a s  u n r e l i a b l e  suppl ie rs .  But 
progress is being made i n  changing t h i s  percep- 
t i o n ,  Several recent  art icles i n  fore ign  t r ade  

journals  have noted a g r o d n g  c o m t t a e n t  by ' uBsa  
producers t o  expottiprg, a s  well  as a favorable  
view concerning our r e l i a b i l i t y  coasgared t o  o ther  
world sources of wood prodaaets. 

ing  up our recent  export  perfomance and 
t he  outlook: t he  South has not  done as baddy as 
the  i n i t i a l  a v e r a l l  value t rends  aap have sug- 
ges ted ,  s i n c e  s eve ra l  product exports  have 
remained s t rong;  however, i t  may not  do as w e l l  
i n  t he  f u t u r e  a s  t he  popular r epo r t s  about the  
dec l ine  i n  t h e  d o l l a r  might lead u s  to  believe, 
a s  most exchange indexes do not  r e f l e c t  a%$ of 
the cu r r enc i e s  i n  markets important  for southern 
wood products. Heverthelese, these  are o?psa- 
t u n i t i e s  t h a t  should be pursued--both to more 
f u l l y  u t i l i z e  t h e  h ighes t  va lue  p o t e n t i a l  from 
our f o r e s t  and t o  he lp  reduce the  nat8on"s trade 
d e f i c i t .  One th ing  is  ce r t a in :  the  inrernaeional 
marketplace can no longer be ignored if southern 
f o r e s t s  and f o r e s t  i n d u s t r i e s  intend t o  aurvtve 
and grow i n  Codayes integrated world ecaaomy, 



Abstract  .--Antong L a t i n  American count r ies ,  Brazi  1  has t he  g rea tes t  
p o t e n t i a l  f o r  becoming a  major f o r ce  i n  wor ld wood and f o r e s t  products 
markets. The Amazon Basin con ta ins  570 m i l l i o n  ha, o f  fo res t  land. 
Only 5% o f  t h i s  a rea 's  f o r e s t  has been permanently cleared. R e l a t i v e l y  
l i t t l e  progress has been made i n  managing o f  e x i s t i n g  f o r e s t s  i n  t he  
h a z o n  Basin, bu t  i n  c e n t r a l  and south B r a z i l  much land  has been p lanted 
w i t h  Eucalyptus and pine, Yie lds i n  successfu l  Eucalyptus p l an ta t i ons  
have been very h igh,  and p l a n t a t i o n s  are supp ly ing  about h a l f  of t he  
n a t i o n ' s  wood needs f o r  f o r e s t  i ndus t r i es ,  s t ee l  manufacturing, and 
fuelwood, Between 1970 and 1980, t h e  value o f  wood products expor ts  
from B r a z i l  grew by 660%, and cont inued growth i s  an t i c ipa ted ,  With 
major investments i n  f o r e s t r y ,  B r a z i l  cou ld  become a  l ead ing  wor ld 
supp l i e r  o f  wood and wood products, 

I n  t r a v e l i n g  t o  t he  meeting i n  A t lan ta ,  I f l ew  
from the  c i t y  o f  Belem, a t  t he  mouth o f  t he  h a z o n  
Basin, t o  t h e  c i t y  o f  Manaus, hal fway up t he  
Amazon. This f l i g h t  took 2-1/2 hours by j e t  over 
no th ing  bu t  f o r e s t  broken on ly  by t he  occasional 
c leared  patch o f  land  caused by s h i f t i n g  a g r i c u l b  
tu re .  One cou ld  cont inue and f l y  another 3 hours 
on t o  t he  c i t y  o f  Qu i tos ,  Peru, over t he  same con- 
t i  nuous fo res t ,  

While f l y i n g  I was reading an a r t i c l e  by World 
Watch s t a t i n g  t h a t  40% o f  t he  f o r e s t  would be 
c leared  by t h e  year 2000, That would mean c l e a r -  
i n g  on t he  order  of 16 m i l l i o n  ha,/year and 
des t roy ing  3 b i l l  i o n  tons o f  wood. On t he  o ther  
hand, i n  t he  f i r s t  391 years o f  t he  h a z o n ' s  
set t lement  on ly  5% was permanently c l  eared (NASA 
1986). Why so l i t t l e  c l e a r i n g ?  I be l i eve  the  
answer i s  t h a t  i t  i s  d i f f i c u l t  and expensive t o  
c l e a r  t h i s  land, 

This f o res t ,  instead o f  being the  legendary lung 
o f  t he  world, produces i t s  own ac id  r a i n  and 
gases, a i d i ng  t he  greenhouse e f f e c t  (TNPAiNASA 
1986). The a r t i c l e  about t h i s  l a r g e s t  and most 
con t rove rs i a l  f o r e s t  accepts no middle-of- the-road 
t h i n k i n g  on u t i l i z a t i o n  and susta ined p r o d u c t i v i t y .  
One has t o  choose between des t roy ing  t h i s  f o r e s t  
and l eav ing  i t  fo rever  w i ld ,  

Return ing t o  the  t o p i c  o f  t he  pape r - - i t ' s  r a t h e r  
d i f f i c u l t  t o  cover South American f o r e s t r y  i n  t h i s  
sho r t  time, Ce r ta i n l y  many o thers  a re  more 
q u a l i f i e d  t o  cover the  var ious top ics ,  However, a  
unique oppo r tun i t y  and experience was af forded t o  
me i n  t h a t  w i t h i n  a  12-year per iod,  t he  p r o j e c t  I 
was assoc i ated wi th:  

1, c leared  land 
2. es tab l  ished p l an ta t i ons  
3. harvested the  t r e e  crops 
4. produced h igh  grade pu lp  
5. rep lan ted  and coppiced a  second generat ion 
6, and, no t  l e a s t  o f  a l l ,  learned from l o t s  

of mistakes. 

I n  o ther  words, sho r t - r o ta t i on ,  h i gh -y i e l  d  
p l a n t a t i o n  f o res t r y  i s  p rac t i ced  i n  South America 

and i s  a  resource p o t e n t i a l  we w i l l  have no t  on l y  
t o  accept but  a l so  understand as p ro fess iona ls .  

AS we discuss South America i n  more d e t a i l ,  
keep i n  mind t he  p re requ i s i t es  f o r  development o f  
t h e  f o res t  resources : 

1, land 
2, r i g h t  amount and d i s t r i b u t i o n  o f  people 
3, i n f r a s t r u c t u r e  
4, c a p i t a l  goods i ndus t r y  
5, c a p i t a l  f o r  inves tnent  and operating, 

We tend t o  take these items f o r  granted. How- 
ever ,  they are l i m i t i n g  f ac to r s  f o r  many developing 
count r ies .  

FORESTRY I N  SOUTH AMERICA WITH EMPHASIS ON BRAZIL 

I n  order t o  d iscuss f o r e s t r y ,  we should f i r s t  
s i tua te  ourselves. 

I .  L a t i n  h e r i c a  

L a t i n  h e r i c a  i s  composed o f  21 count r ies  on 2 
b i l l i o n  ha. o f  land as compared t o  t he  remainder 
o f  North Ikneri,c,a w i t h  2  count r ies  and a lso  roughly 
2 b i l l i o n  ha. o f  land. L a t i n  America as a  whole 
i s  a  net  importer  o f  f o r e s t  products (1980 net  
imports = $924 m i l l i o n ) .  

Honduras i s  t he  on ly  net  expor te r  i n  Centra l  
America (1980 - $4 m i l l i o n ) .  The r e s t r a i n i n g  
f a c t o r s  i n  Centra l  America are h igh  populat ion,  
l i m i t e d  land a v a i l a b i l i t y ,  o ther  land  use p r i o r i -  
t i e s  ( f r u i  t i c u l  t u r e  and h o r t i c u l t u r e  on b e t t e r  
s o i l s )  , and s h i f t i n g  ag r i cu l t u re .  However, some 
very good f o r e s t r y  work b3s been accomplished such 
as t he  work by CATIE and seed work on Caribbean 
p ine  and o ther  t r o p i c a l  pines, A h igh  p r i o r i t y  
has been placed on productSon o f  fuelwood f o r  
i n d i v i d u a l  consumption, 

'Paper presented a t  Fourth B ienn ia l  Southern 
Si 1 v i c u l  t u r a l  Research Conference, A t lan ta ,  
Georgia, November 4-6, 1986, 

2 ~ o n s u 4 ~ a n t ,  Seneca, South Carol ina, 



II. South h e r 1 3  

South h e r i c a  i s  composed o f  13 c o u n t r i e s  on 1.7 
h i 1  1 i o n  ha, o f  land, Fores t  occupies 561 o r  957 
m i l l i o n  ha. o f  t h i s  l a n d ,  The Arnazon Basin a lone  
has 570 m i l  1 i o n  ha, o f  f o r e s t  l a ~ d ,  I n  o r d e r  t o  
r e l a t e  t h i s - - t h e  f o r e s t e d  l a n d  o f  t h e  w o r l d  today 
i s  es t ima ted  a t  4 b i l l i o n  ha, 

South h e r i c a  i s  a  n e t  e x p o r t e r  o f  f o r e s t  prod- 
u c t s  ( n e t  e x p o r t s  1980 = $340 m i l l i o n ) ,  However, 
t h i s  f i g u r e  i s  m i s l e a d i n g  because t h e  o n l y  two ne t  
e x p o r t e r s  a r e  Chi 1  e  and B r a z i  1  (Net  e x p o r t s  = $1.21 
b i l l i o n ) .  The t h r e e  o t h e r  l a r g e  f o r e s t  p roduc t  
producers,  Argent ina,  Col umbia , and Venezuel a, a r e  
a11 n e t  i m p o r t e r s  ($400, $100, and $222 m i l l  i on ,  
r e s p e c t  i v e l  y )  , 

A1 1  have ve ry  a c t i v e  p l a n t a t i o n  f o r e s t r y  p ro -  
j e c t s ,  i n c l u d i n g  i n n o v a t i v e  ones l i k e  t h e  Savannah 
P ine  p l a n t a t i o n s  i n  Venezuela and Columbia, The 
s t r o n g e s t  growth has been i n  C h i l e  ( o l d e s t  f o r e s t  
p r o d u c t s  i n d u s t r y  and p l a n t a t i o n  f o r e s t r y )  and 
B r a z i  1  . Some c o u n t r i e s  1 i ice Surinam accumul a t e d  a  
g r e a t  w e a l t h  o f  R K D  i n  f o r e s t  resources d u r i n g  
c o l o n i a l  t imes b u t  no appl i c a t i o n ,  I n  genera l  , 
p o p u l a t i o n  pressure,  f o r e s t  d i s t r i b u t i o n ,  and o t h e r  
1 and uses have kept  t h e  o t h e r  c o u n t r i e s  from deve l -  
op ing  t h e i  r f o r e s t  resources.  

111. B r a z i l  . Past,  Present .  and Fu tu re  

General 

B r a z i l  has more than 50% o f  t h e  t o t a l  land,  
f o r e s t  land,  and Fores t  p roduc ts  p r o d u c t i o n  o f  
South Anterica and i s  now cons ide red  a  wor ld  c l a s s  
e x p o r t e r ,  I n  o r d e r  t o  r e l a t e ,  l e t ' s  l o o k  a t  some 
comparat ive s t a t i s t i c s ,  

B r a z i  1  - - -- ----- U n i t e d  States- 

850 m i l ,  ha, T o t a l  Zand 937 m i l ,  ha, 
570 m i l .  ha, T o t a l  f o r e s t  292 m i l ,  ha, 
300 mi 1 . ha, Rraz i  l i an Amazon 
135 m i l .  Prspul a t  i o n  236 mi 1 . 
200 mi 1, ( o s t ,  y r ,  2000) 
142 mi 1  ./PI3 1970 roilndwood prod. 334 mi 1. / Q 3  
245 mi 1  . /V3  1980 rorindwood prod. 390 mi l . / ! 1 5  
$5 b i l .  1380 t r a d e  d e f i c i t  
$5 b i l .  1983 t r a d e  s u r p l u s  
$100 b i l ,  Fo re ign  debt  

I n  some respects ,  I compare B r a z i l  i n  i t s  s t a t e  
o f  development t o  t h e  Un i ted  S ta tes  i n  t h e  e a r l y  
1950 's  dduri ng i t s  resource expansion per iod ,  

FOREST AND FOREST PRODUCTS INDUSTRY 

Development and growth i n  t h e  f o r e s t  p roduc ts  
s e c t o r  of B r a z i l  can be shown by changes i n  t h e  
f o l l o w i n g  s t a t i s t i c s :  

1970-1380 -- --- U n i t s  -- Change 

Sawn wood ! I3  85% 
Panel p roduc ts  ~4 210% 
Wood p u l p  T  312% 
Paper T  116% 

Wood p roduc t  impor ts  $ 388% 
Wood p roduc t  expo tt s iE 660% 
Net t r a d e  % 910% 

O f  Rraz i  1 ' s  t o t a l  f o r e s t  land, 570 m i  11 i o n  
ha., 300 m i l l i o n  ha, a re  u n e x p l o i t e d  reserves  con- 
t a i n i n g  45 h i 1  1 i o n  N~ of wood i n  heterogeneous 
t r o p i c a l  f o r e s t ,  

A l though R r a z i l  s t i f  1  impor ts  $250 n i l  l i o n  o f  
f o r e s t  p roduc ts ,  o f  which 50% i s  from t h e  U.S. ,  i t  
has changed i t s  s t a t u s  d u r i n g  t h e  pas t  decade f rom 
n e t  i m p o r t e r  t o  n e t  expor te r ,  The va lue  o f  f o r e s t  
p roduc ts  produced a n n u a l l y  i s  $1.2 b i l l i o n ,  o f  
which e x p o r t s  account f o r  $916 mi 11 ion .  

The p u l p  and paper i n d u s t r y ,  f o r  example, grew 
a t  a  r a t e  o f  lO%/year  f o r  t h e  l a s t  15 years .  The 
va lue  o f  e x p o r t s  i n  t h i s  s e c t o r  was $180 m i l  1  i o n  
i n  1979 and $514 mi 11 i o n  i n  1983. Today, t h e  160 
smal l  t o  medium p u l p m i l l s  produce 3,600,000 T,/yr. 
o f  wood pulp,  

The energy f o r e s t  o f t e n  spoken o f  today  i s  v e r y  
r e a l  i n  R r a z i l .  I n  1980, 20 m i l l i o n  TOE ( t o n s  o f  
o i l  eqcr iva le i l t  1 i n  wood were consumed f o r  energy, 
o r  24% o f  t h e  c o u n t r y ' s  energy need. R r a z i l  has 
no coal  t o  speak of, e s p e c i a l l y  cok ing  coa l  f o r  
t h e  s t e e l  i n d u s t r y ,  Charcoal has always been used 
f o r  t h i s  purpose, Most people d o n ' t  r e a l i z e  t h a t  
over  50% o f  a1 1 wood produced hy R r a z i l  ends yp as 
charcoal  f o r  t h e  s t e e l  i q d u s t r y ,  30 m i l l i o n  N /yr. ,  
and another  30 mi 11 i o n  F?"/yr, as d i  r e c t  f t l e l  . 

The n a t u r a l  f o r e s t  s t i l l  p l a y s  a  b i g  r o l e  (50% 
o f  wood produced) i n  t h e  f o r e s t  p roduc t  i n d u s t r y ,  
a ~ d  most o f  t h i s  i s  i n  t h e  Amazon Basin area. 
S e l e c t i v e  l o g g i n g  p rov ides  wood f o r  more t h a n  1200 
srnaf 1 t o  medium s i z e d  f o r e s t  p roduc ts  i n d u s t r i e s .  

Not commonly known i s  t h e  f a c t  t h a t  once- 
c l e a r e d  1 and r e v e r t i n g  t o  secondary f o r e s t  i s  sup- 
p l y i n g  much o f  t h e  wood f o r  t h e  e x p o r t  i n d u s t r y ,  
The more homogeneous p ioneer  spec ies supp ly  a  
b e t t e r  resource  t h a n  t h e  c l imax  f o r e s t .  

FORESTRY DEVELOPMENT 

P l a n t a t i o n  f o r e s t r y  was s t i m u l a t e d  i n  1916 
when t h e  R a i l  road Company o f  t h e  S t a t e  o f  Sao Paulo 
sent  a  b o t a n i s t  t o  A u s t r a l i a  t o  c o l l e c t  E u c a l y p t u s  
seed. Many Euca lyp tus  spec ies were t e s t e d  and 
p l a n t e d  a long  t h e  r a i l w a y s  t o  p r o v i d e  f u e l .  As 
mentioned p r e v i o u s l y ,  t h e  s t e e l  i n d u s t r y  f o l l o w e d  
q o i c k l y ,  e s t a b l i s h i n g  p l a n t a t i o n s  f o r  charcoa l  p ro -  
duc t ion .  

I n  t h e  s t e e l  p roduc ing  areas, t h e  n a t u r a l  
f o r e s t  has been cu t .  Thus p l a n t a t i o n  f o r e s t r y  f o r  
charcoa l  and d i  r e c t  energy consumption deve l  oped 
r a p i d l y  i n  c e n t r a l  B r a z i l .  

I n  1966 two events  occurred,  The B r a z i l i a n  
f o r e s t  Serv i ce  ( IRDF)  was e s t a b l i s h e d  and t h e  " t a x  
i n c e n t i v e  investment  law f o r  r e f o r e s t a t i o n "  was 
i n s t i t u t e d .  Very q u i c k l y ,  a  few m i l l  i o n  hec ta res  



were pf anted i n  Eucalyptus species and t he  f i r s t  
1  arge-scal e  p i ne  p l  an ta t  i ons (most ly  1  o b l o l  l y  and 
s lash)  were es tab l  ished, 

Due t o  en t repreneur ia l  man ipu la t ion  o f  funds, 
l ack  o f  f o r e s t r y  knowledge, and t he  shor t  t ime  
frame, a  l o t  o f  these p lan ta t i ons  were unsuccess- 
f u l  and a  l o t  o f  money was wasted, However, some 
U.S. companies w i t h  pl an ta t  i ~ n  f o res t r y  experience 
and some very respons ib le  B r a z i l i a n  companies 
es tab l i shed a  very good resource base. Most o f  t he  
development occurred i n  t he  cen t ra l  South region. 
The pu lp  and paper i ndus t r y  had i t s  s t ronges t  growth 
due t o  t he  e f f e c t  o f  t h f s  investment incent ive ,  

Other laws were passed t o  s t imu la te  and p ro tec t  
f o r e s t  resources, Exampl e are: 

1. p l a n t  4 t r ees  f o r  every M~ used by any 
i ndust r y  

2. 50% o f  any land  ownership has t o  s tay  i n  
na tu ra l  forest ,  

These two laws have had very l i t t l e  impact i n  
r e a l i t y .  We won't discuss t h e i r  f a i l u r e .  

The Amazon reg ion  was and i s  t he  l a s t  t o  
develop any s o r t  o f  p l a n t a t i o n  f o r e s t r y  o r  r a t i o n -  
a l  management o f  t he  na tu ra l  f o res t .  Some f u t i l e  
at tempts have been made w i t h  t he  na tu ra l  f o res t .  
There are two s i g n i f i c a n t  exampl es o f  p l a n t a t i o n  
f o res t r y .  The Pace1 p r o j e c t  o f  p l a n t i n g  t r o p i c a l  
p ines on savannah land has done q u i t e  we? 1 and 
today has developed 50,000 ha. The J a r i  p r o j e c t  
( con t rove rs i a l  as i t  may be) has i n  a  shor t  t ime 
(18 years )  proven and d isproven many t heo r i es  of 
p l a n t a t i o n  establ ishment i n  t he  t r op i cs .  

Although economical l y  t h e  J a r i  p r o j e c t  i s  
debatable, b i o l  ogicaf  l y  and f o r e s t  resource-wise, 
i t  made a  g rea t  impact on fo res t  development i n  
t h e  t r op i cs .  It demonstrates t he  p o t e n t i a l  f o r  
f o r e s t r y  appl i c a t i o n s  i n  o ther  t r o p i c a l  envi ron- 
ments. 

FORESTRY PRESENT AND FUTURE 

Much development has taken p lace i n  t he  l a s t  
15 years. Many exo t i c s  were planted, More 
Eucaly t u s  species have been p lanted i n  B r a z i l  + t an i n  any o ther  country. Both U.S. southern 
p ines and t r o p i c a l  p ines are being planted, O f  
a l l  southern and re l a ted  p ines p lanted i n  t he  
world, 101 are  beinq p lan ted  i n  B raz i l .  Other 
e x o t i c  species, such as Gmel i n a  arborea and Acacia 
spp. have been commercia tecf , 

To date, 6,6 m i l l i o n  ha, are i n  p l a n t a t i o n  
management, o f  which 70% i s  Eucalyptus, 25% pine, 
and 5% other ,  I n  1985, t he  p l a n t a t i o n  es tab l i sh -  
ment schedule was f m i l l  i o n  ha., w i t h  55% 
Eucalyptus, 35% pine, and 10% other. O f  t he  p1 an- 
t a t i o n s  es tab l i shed,  65% were w i t h  tax  i ncen t i ve  
money o f  t h e  t o t a l  sum o f  $180 mi 11 ion, 

The ac tua l  harvest  i n  1986, no t  count ing t he  
na tu ra l  f o res t ,  i s  80 m i l l i o n  M' and 800,000 ha, 
Rota t ion  ages vary from 3-7 year  f o r  Eucalyptus t o  
8-16 years f o r  p i n e  Averase M A I  per year can pro- 
duce 15 t o  30 M over the  ro ta t i on ,  To s t a t e  t h a t  
25 ~ ~ / h a , / ~ r ,  can be a f a c t  would be no overs ta te -  
ment. 

With genet ic  
~ u c a l y p t u s  p lan 
w i t h  a  tendency 

improvement and crossing,  some 
t a t i o n s  a re  producing 75 ~ ~ / h a . / ~ r .  

t o  reach 100 ~ ~ / h a , / ~ r ,  As w i t h  
most p l an ta t i ons  i n  Brazi  1, these are  f e r t i  1  ized, 
However, w i t h  these y i e l d s  many s i  1  v i c u l  t u r a l  
a c t i v i t i e s  wi 11 be sound inve3tments. 

Brazi  1  ' s  ta rge ted  roundwood harvest  from p l  an- 
t a t i o n s  i n  t he  year 2000 i s  267 m i l l i o n  bI3 y r .  The 
year 2000 t a r g e t  a1 so inc ludes  a  t o t a l  o f  14 m i l -  
l i o n  ha. i n  t r e e  p l an ta t i ons ,  r ep lan t i ng  2 m i l l i o n  
ha. per year, and an employment o f  1,1 m i l  1  i o n  
people i n  t h i s  sector, I F  on ly  50% o f  t h i s  near- 
impossib le program i s  achieved, i t  w i l l  p rov ide  a  
resource base t h a t  w i l l  a f f e c t  wor ld t rade,  even 
though a t  l a s t  50% w i l l  be consumed by t he  s tee l  
i ndust r y  and by energy requi  rement s  , 

B r a z i l ,  i n  f ac t ,  has t he  necessary land, c l  i- 
mate, and techno log ica l  expe r t i se  t o  become a  
lead ing  wor ld supp l i e r  o f  wood and wood products. 
However, an annual investment o f  over $1 b i l l  i o n  
f o r  f o r e s t r y  a1 one woul d  be required.  

CONCLUSION 

There i s  no doubt t h a t  several  count r ies  i n  
South America, due t o  t h e i r  l a n d  base, c l ima te  and 
1  abor, could develop a  s t rong  f o r e s t  indus t ry ,  So 
f a r ,  on ly  B r a z i l  and Ch i l e  have developed t h i s  
resource as an export  p o t e n t i a l .  However, if the  
des i r e  t o  develop t h i s  resource i s  matched w i t h  
c a p a b i l i t y ,  some areas i n  South America could 
become a  st rong f ac to r  i n  wor ld wood f i b e r  markets. 

The two most l i m i t i n g  f ac to r s  are c a p i t a l  
a v a i l a b i l i t y  and t he  e x i s t i n g  socio-economic ph i -  
1 osophy. The phi  l osophy o f  many devel oping 
coun t r i es  i s  t h a t  f o r e s t r y  and f o r e s t  i n d u s t r i e s  
a re  too  p r i m i t i v e  and have no p lace  i n  a  developed 
country except as a  predatory a e t i v i  t y .  

Ce r ta i n l y ,  p l  an ta t i on  resource development i s  
a  great  achievement, However, t he  vast m a j o r i t y  
o f  fo res ted  hectares i n  L a t i n  h e r i c a  are s t i l l  
i n  cl imax fo res t  and t he  g rea tes t  problem i s  s t i l l  
how t o  manage and develop these f o res t s  r a t i o n a l l y .  
I n  the  Amazon Basin, t h i s  need i s  espec ia l l y  
urgent, Qf t he  570 m i l  1 i o n  ha,, on ly  5% has been 
c leared  so f a r ,  bu t  pressure does e x i s t  fo r  land  
u t i l i z a t i o n ,  The race t o  clear  t he  f o res t  f o r  con- 
vers ion  t o  c a t t l e  pasture o f  t he  1970% has l u c k i l y  
slowed down, Ths convers ion and land use was an 
eco log ica l  d isas te r .  Tree crops may be t he  answer, 
bu t  how and what are t he  g rea t  quest ions t h a t  need 
an urgent answer, 



CURRENT AND FUTURE WOOD SUPPLY TRENDS I N  AUSTRALIA, 

NEW ZEALAMD AND CHILE" 

Dr, W, R ,  J. su t ton2  

Abstract,--Austral i a ,  New Zeal and and Ch i l e  a re  no t  s i g n i f i c a n t  wood pro- 
ducers. Their  cu r ren t  combined harvest  i s  on ly  12,3 m i l l i o n  c u n i t s  - 
i .e. on ly  1/17th t he  combined annual harvest  of t h e  IlSA and Canada. A  
comprehensive rev iew of t h e i r  fo res t  p o t e n t i a l  (most ly  p l  an ta t i ons )  shows 
t h a t  none o f  t he  t h ree  coun t r i es  w i l l  increase produc t ion  t o  t he  l e v e l s  
which have recen t l y  been pub1 ished. I n  a l l  t h ree  count r ies ,  scope fo r  
p roduc t ion  increases i s  l i m i t e d  before t he  mid 199flts. A u s t r a l i a  w i l l  
remain a  ne t  importer  we11 i n t o  t he  next century. New Zealand and Ch i l e  
between them could be producing an a d d i t i o n a l  7 t o  10 mi 1 1  i o n  c u n i t s  per 
year  by t he  year 2000, Given t he  low l e v e l s  of these increases, and 
g iven the  perceived market oppor t r ln i t ies  i n  Asia, t he  " t h rea t "  t o  North 
America from the  fo res ts  o f  t he  South P a c i f i c  Rim i s  much less  than many 
now be l ieve .  

DISCLAIMER 

Mhere possib le,  fac tua l  ma te r i a l  used i n  t h i s  
paper i s  e i t h e r  referenced o r  t he  source i d e n t i -  
f i ed ,  Decisions on which data source t o  use must 
in t roduce a  degree o f  s u b j e c t i v i t y .  I n t e r p r e t a -  
t i o n  o f  the  data a lso  invo lves  elements of suhjec- 
t i v i t y .  A l l  such dec is ions  and i n t e r p r e t a t i o n s  
a re  my own. They are not  necessar i l y  those o f  t he  
company f o r  whom I work, 

INTRODUCTION 

This paper summarises f o r  Aus t ra l i a ,  New 
Zealand and Chi le:  

( a )  The present supply s i t u a t i o n ;  
( b )  The s t r u c t u r e  o f  t he  p l a n t a t i o n  

resource; and 
( c )  Pro jec t ions  of f u t u r e  y i e l d .  

The paper i s  an updated, but  shor te r  vers ion  
o f  a  paper g iven i n  Ju ly  1985 i n  Vancouver t o  t he  
P a c i f i c  Rim Markets f o r  Forest Products (1985-2000) 
(Sut ton  1985). 

Aus t ra l i a  i s  t he  l a rges t  of t he  th ree  
count r ies .  I t s  area i s  on l y  f r a c t i o n a l l y  l ess  
than t he  USA (exc lud ing  Alaska). Ch i le  i s  much 
smal le r  - l / l O t h  the  area o f  t he  USA. New Zealand 
i s  smal ler  s t  i 11. I ts  t o t a l  area only equals t he  
State o f  Colorado o r  about 1130th t h a t  of t he  48 
contiguous States. 

PRESENT SUPPLY SITUATION 

The most recent wood harvest  s t a t i s t i c s  are 
summarised i n  Table 1. The t o t a l  harvest s ta -  
t i s t i c s  f o r  the  USA and Canada are a lso  g iven f o r  
comparison. By North American standards, t he  
t h ree  South P a c i f i c  count r ies  a re  not s i g n i f i c a n t  
producers. USA produc t ion  i s  around 30 t imes t h a t  
o f  Aus t ra l i a ,  j u s t  over 48 t imes t h a t  of Chi le ,  
and near ly  50 t imes t h a t  o f  New Zealand. On pre- 
sent l eve l s ,  t he  combined harvest  o f  Canada and 
t h e  USA i s  17 t imes t h a t  of t he  combined harvest 
o f  Aus t ra l i a ,  New Zealand and Chile, 

N ine ty - th ree  percent o f  New Zeal and's wood 
supply comes from p1 a n t a t i  ons o f  in t roduced t r ees  
(most ly  r a d i a t a  p ine) .  I n  Ch i l e  90% o f  t h e  harvest  
i s  r ad ia ta  pine. A u s t r a l i a ' s  p l a n t a t i o n  p roduc t ion  
(again,  most ly  r ad ia ta  p ine)  i s  as ye t  unimportant, 
supp ly ing  on ly  30% of Austra l  i a ' s  t o t a l  r equ i re -  
ments - the  balance comes from indigenous f o r e s t s  
(most ly  eucalyptus) .  New Zeal and and Chi 1  e  a re  
ne t  expor te rs  o f  wood. 

New Zealand exports  j u s t  on 1.4 m i l l  i o n  c u n i t s  
( logs ,  sawn t imber,  chips, pu lp  and newsprint.  
Ch1 l e  exports  about t he  same wood volume i n  much 
t he  same products. Aus t ra l i a  i s  a  net importer .  

Current i n d u s t r i a l  and t rade  l e v e l s  a re  g iven i n  
Table 2. Although these produc t ion  and export  
l e v e l s  are s i g n i f i c a n t  t o  t he  r e l a t i v e l y  small  
economies o f  New Zealand and Ch i le ,  n e i t h e r  
count ry  'can be regarded as a  s i g n i f i c a n t  producer 
o r  expor te r  a t  wor ld leve l .  Combined produc t ion  
t o t a l s  fo r  t he  USA and Canada f o r  the major  f o r e s t  
products i s  50 t imes, o r  more, t he  l e v e l s  achieved 
by e i t h e r  New Zealand o r  Chi le. Aus t ra l i an  
imports,  except i n  mechanical pulp, a re  i n  excess, 
and sometimes we1 1 i n  excess, of New Zealand's 
exports .  

FUTURE WOOD SUPPLIES 

There i s  widespread b e l i e f ,  almost fear ,  
t h a t  the  p l an ta t i ons  o f  t he  t h ree  coun t r i es  w i l l  
soon mature and t h a t  s i g n i f i c a n t ,  ever i nc reas ing  
volumes of wood wi 11 be placed on t he  wor ld  
market, Many see these volumes as a  rea l  t h r e a t  
t o  the  t r a d i t i o n a l  f o res t  products producers and 
exporters,  espec ia l l y  i n  North America, 

' Paper presented a t  Southern Si l v i c u l  t u r a l  
Research Conference, At lanta,  Georgia, November 
4-6, 1986. 

ze as man Fores t ry  Limited, P r i va te  Rag, Rotorua, 
New Zeal and 



Tab1 e 1.--Current annual wood harvest  

Wood Harvest ( m i l l i o n  cun i t s f yea r f  
PI an ta t  i on 

1.0 0.7 1.7 5.3 

1.8 1.3 3.1 3.3 

1.8 1.5 3.3 3.7 

154.7 

56.8 

Notes and Sources: 

1 Saw1 ogs i nc l ude  pee le r  1 ogs and logs  f o r  export  
2Valent ine (1986) Table 16 
3From Table 33 o f  INFOR (1986) P lan ta t i on  values are those f o r  r ad ia ta  p ine  

Only. A l l  o ther  assumed t o  be indigenous. 

Table 2.--Current Product ion and t rade  of fo res t  products 

Sawntimber (mi 11 i o n  bd f t )  

Wood chips f o r  export  
(thousand BDU' s )  

Mechanical Pul p (thousand 

Chemical Pu1 p (thousand 

Newsprint (thousand long  

Source: A u s t r a l i a  1984 BAE, 1985 (*Green tonnes value converted t o  b.d.u,'s by m u l t i p l y i n g  by 0,444) 
New Zealand 1985 Va len t ine  1986 
C h i l e  1985 INFOR 1986 

(*Separate expor t  f i gu res  f o r  mechanical and chemical pu lp  a re  not a v a i l a b l e  b u t  almost a l l  
expor ts  wi 11 be o f  chemical pul p,) 



The p l  an ta t  i on resources, age c lass  
s t r u c t u r e s ,  and p ro j ec t i ons  of f u tu re  supply f o r  
each o f  t he  t h ree  coun t r i es  a r e  reviewed below, 

CURRENT AREA OF PLAMTATIONS 

The most recent  est imate of p l a n t a t i o n  areas 
i s  g iven  i n  Tab le  3, 

A u s t r a l i a  has just on 2 m i l l i o n  acres o f  p lan-  
t a t i o n  f o res t .  S i  xty-seven percent  i s  r ad ia ta  
and o the r  p ine  species, most ly  i n  Queensland, make 
up t h e  ba l  ance. 

New Zeal and has j u s t  under 2.6 mi11 i o n  acres 
o f  p l a n t a t i o n ,  86% of which i s  r ad ia ta  - 2.4 m i l l i o n  
acres, 

C h i l e  i s  now repor ted  t o  have t he  g rea tes t  
area o f  p l an ta t i ons  o f  t he  t h ree  coun t r i es  - 
approximately  3 mi1 1 i o n  acres, Ch i l e  a1 so has t he  
g rea tes t  area of r a d i a t a  p ine  - 2-6 m i l  1 i o n  acres - 87% o f  t he  country"  t o t a l  p l a n t a t i o n  area. 

Fu ture  wood a v a i l  a k i l  i t y  from p lan ta t i ons  
depends p a r t l y  on t he  r a t e  of e a r l i e r  p l a n t i n g  
(and res tock ing  o f  f e l l e d  p1 an ta t i ons )  and p a r t l y  
on o the r  f a c t o r s  such as growth ra tes ,  commercial 
t h i n n i n g  and age a t  f i n a l  Fe l l i ng .  

RATES OF PLANTATION ESTABLISHMENT 

F igu re  1  g ives t he  annual p l a n t i n g  ra tes  f o r  
t h e  t h ree  count r ies ,  For New Zealand, est imates 
begin from 1921, f o r  A u s t r a l i a  1945, and Ch i l e  
1952. 

New Zealand's p l an t i ngs  du r i ng  t he  l a t e  1920's 
and e a r l y  1930's aimed t o  p rov ide  inc reas ing  volumes 
o f  wood f o r  the  domestic market from the  1960's 
onwards. It was expected t h a t  by then suppl ies 
from t h e  slow growing and l a r g e l y  non-renewable 
indigenous f o res t s  would be nea r l y  exhausted. New 
Zealand's i n i t i a l  p l a n t i n g  e f f o r t  was not  matched 
by t he  two o ther  count r ies ,  However, dur ing  the  

1950's and 1960's Austra l  i a  created new plan-  
t a t i o n s  fas te r  than t he  o ther  two coun t r i es  
(between 12,500 and 25,000 acres per year  more). 
New Zealand's r a t e  o f  new p lan t i ng  was u s u a l l y  t he  
lowest of the  three, h u t  there was 1  i t t l e  d i f -  
ference between New Zealand 3.4 Chile, 

Through the  1950's the r a t e  of new p l a n t i n g  
increased i n  a l l  three countr ies.  By t he  e a r l y  
1970's a l l  were p l a n t i n g  about 75,000 acres per 
year. Since t he  mid 19701s, there  have been major 
d i f fe rences ,  Over t he  l a s t  10 years (1974-1983) 
A u s t r a l i a ' s  average r a t e  of p l a n t i n g  was 91,000 
acres per year. Mew Zealand's was 113,000 acres 
per  year  and Ch i l e ' s  an impressive 205,000 acres 
per  year, 

New p l a n t i n g  i s  not t he  on ly  c o n t r i b u t i n g  fac-  
t o r .  New p l  a n t i  ngs are suppl enented by regenerated 
c l e a r f e l l  ing, This i s  p a r t i c u l a r l y  impor tan t  i n  
New Zealand because c l e a r f e l l  i n g  of t h e  1925-35 
p l an t i ngs  began i n  the  1950's and has cont inued 
ever  since, 

A more r e a l i s t i c  measure of the  p l a n t a t i o n  
resources, and t h e i r  p o t e n t i a l ,  i s  t he  age c l ass  
d i s t r i b u t i o n  o f  the p lan ta t ions .  

AGE CLASS DISTRIBUTION OF THE 
PLANTATION RESOURCE 

The publ ished age c lass  d i s t r i b u t i o n s  o f  p lan-  
t a t i o n s  as o f  the  end o f  1983 are g iven i n  F igure  2. 
A1 1 p l an ta t i ons  are inc luded f o r  Aus t ra l ia .  For 
New Zealand, f i gu res  f o r  a l l  p lan ta t i ons ,  and fo r  
r ad ia ta  on ly  are included. For Chi le,  on l y  t he  
r a d i a t a  p l an ta t i ons  are ava i lab le ,  

New Zealand has a s i g n i f i c a n t  area o f  t r ees  o l d e r  
than 36 years. More than h a l f  o f  t h a t  i s  i n  spe- 
c i e s  o ther  than rad ia ta  p ine  (mos t l y  Douglas f i r ) ,  
Near ly  a l l  t he  o l d  r ad ia ta  p ine  crop w i l l  be 
f e l l e d  before 1990 t o  sustain suppl ies u n t i l  
s i g n i f i c a n t  areas o f  new p l  an t i ng  become avai  1  ab le  
f o r  harvest. 

Table 3,--Total Area of P lan ta t ions  - 1984/5 
( m i l l i o n  acres) 

1, BAE (1985a) Table 3, 
2, Valent ine (1986) Table 9. 
3. INFOR (1986) Table 14. 
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The most quest ionable aspect o f  t he  p ro jec-  
t i o n s  i s  the  pred ic ted  supply f o r  t he  indigenous 
eucalypt f o res t ,  A1 1  p ro j ec t i ons ,  i nc l ud ing  t he  
p r e l  im inary  1985 est imates by FAFIPC suggest t h a t  
the indigenous suppl ies w i l l  continue, w i t h  on ly  a  
s l i g h t  drop, we l l  i n t o  the  next  century. 

However, a t  t he  recent  12th A1 1  Aus t ra l  i a  
Timber Congress Conference (August 1986) several  
a u t h o r i t i e s  c l a i ned  t h a t  these l e v e l s  cou ld  no t  be 
sustained. Between 1970 and 1984 environmental 
pressures have resu l t ed  i n  t h e  withdrawal of 1.8 
mi 1 l i o n  acres o f  hardwood f o r e s t  from product ion.  
The consequence o f  t h i s ,  and o ther  r e s t r i c t i o n s ,  
will be t o  reduce saw and pee le r  l o g  a v a i l a b i l i t y  
by the  year 2000 by over one m i l l i o n  c u n i t s  (i.e. 
t o  about t h e  present supply l e v e l  ) (Duncan 1996). 
I expect t h e r e  would be the  same propor t iona l  
reduc t ion  i n  t he  pulpwood harvest  (i.e. g i v i n g  a  
t o t a l  hardwood harvest  o f  1,8 m i l  1  i o n  c u n i t s  by 
t h e  year 2000), I a1 so expect t h a t  t he  hardwood 
harvest  w i l l  dec l i ne  even f u r t h e r  a f t e r  t he  year 
2006, 

It seems c e r t a i n  t h a t  A u s t r a l i a  w i l l  remain a 
ne t  impor te r  u n t i l  we l l  a f t e r  t he  year 2000. 

NEM ZEALAND 

U n t i l  a shor t  t ime ago, t h e  most au tho r i t a -  
t i v e ,  and comprehensive p r e d i c t i o n  o f  p l a n t a t i o n  
supply was t h a t  s f  E l l i o t t  and Levack 1981. They 
pred ic ted  t h a t  New Zealand has l i m i t e d  scope fo r  
i ncreasi  ng produc t ion  be fore  1990, The harvest  
could increase t o  around 8,5 m i l l i o n  c u n i t s  a f t e r  
t he  year 2600, These f i g u r e s  have now been 
rev ised  and new estimates (see Table 5) p r e d i c t  
t h a t  the increases w i l l  be lower than former ly  
expected, The harvest j u s t  a f t e r  t he  year 2000 i s  
now expected do be 7 , 7  m i l l i o n  c u n i t s  per year. 
Some a u t h o r i t i e s  (e.9, A l l i s o n  1984) present e v i -  
dence t h a t  suggests even t he  rev ised  p red i c t i ons  
a re  t oo  o p t i m i s t i c ,  

Very few pruned logs a re  c u r r e n t l y  ava i lab le ,  
Suppl i e s  will  slowly increase and volumes are 

expected t o  exceed 1 m i l l i o n  eun i t s  soon a f t e r  t h e  
year 2000. 

Major unce r ta i n t i es  make p red i c t i ons  d i  f f  i c u l  d :  

1. M i l  1 present level s of new pl an t i ng  he 
maintained, espec ia l l y  g iven recent  Qvernment t a x  
changes which p o s i t i v e l y  d i sc r im ina te  a g a i n s t  new 
f o r e s t  p l a n t i n g  and res tock ing? 

2. What r o t a t i o n s  w i l l  be adopted, e s p e c i a l l y  
now t h a t  economics now favour longer,  r a tne r  
than shor te r ,  r o t a t i o n s ?  

My view i s  t h a t  new p l a n t i n g  rates wif l f a l l  
and t h a t  r o t a t i o n s  wi 11 lengthen, Projected 
y i e l d s  a re  t he re fo re  probably on the  high, ra ther  
than t he  low, side, 

On one supply aspect there  i s  t o t a l  agreement, 
Suppl i e s  from indigenous f o r e s t s  wi 11 d im in i sh  t o  
n e g l i g i b l e  amounts i n  t he  near fu tu re ,  

New Zealand w i  1 1  be an inc reas ing  expor te r  o f  
wood, but  f o r  the  next 10 years any increase w i l l  
be re1 a t i  ve l  y  small . The b i g  increase w i  1 1 no t  
come u n t i l  a f t e r  t he  t u r n  o f  t he  century and t h a t  
depends on new p l a n t i n g  ra tes  being maintained. 

CHILE 

A1 though Ch i l e  has more rad ia ta  p ine  than New 
Zealand, t he  advantage i s  l i m i t e d  t o  stands l e s s  
than 10 years old. Chi lean f o r e s t r y  p r a c t i c e  i s  
going through a  revo lu t ion .  The emphasis i s  
changing from pulpwood t o  sawn t imber, Pruning 
was t he  except ion 5 years ago, but  i t  i s  now stan-  
dard p rac t i ce .  To c a p i t a l i s e  on t h i s  q u a l i t y  
improvement, r o t a t i o n s  w i  11 have t o  be lengthened 
from around 24 years t o  30 years o r  more, 

I n  1984 t he  Chileans pub1 ished conprehensi ve 
p ro jec t i ons  o f  f u t u r e  y i e l d  (see Table 6 f o r  t he  
p red i c t i ons  assuming r o t a t i o n  lengths o f  24 and 28 
years) .  Our company has been l ook ing  a t  t h i s  ( a s  
have some Chi lean  organ isa t ions)  and our ana lys i  s 

Table 5,--Project ions o f  f u t u r e  wood supply 

New Zealand - P lan ta t ions  Only 

Average Annual Y ie ld  Forecast f o r  Periods 
( i n  m i l l i o n  c u n i t s )  

Product 1986-90 91-95 96-00 01-05 06- 10 

Pruned logs  0.1 0.4 0.7 1.2 1.4 

Total  saw1 ogs 2.3 2.5 3.9 5,l 6.1 

Pul ppwood 0.6 0.8 1.0 1,4 1,5 

Tota l  3.0 3.7 5.6 7 ,7  9,O 

Source: tevack (1986) (pers. com) 



Table 6,--Projectic?s ID? Fi~tur-e wood Supply 

Chile - Rad ia ta  Pine P l a n t a t i o n s  Only 
- - - - -  -- 

%an A~8irral v r e l d s  ( m i l  1 ion ccan-its) fo r  periods -- 

83-85 86-88 89-91 92-94 95-97 98-00 01-03 04-05 

P4a1.r SSL* t 39s 2,9 2,9 3,8 3,7 a,  5 9,3 8-8 
Scenar io  Pul p 1 - 3  I, 6 2.7 3.5 3, i 5 -3  4.2 
(24 yr  r ~ t d t i ~ n )  

Toea l 4, Z 4.5 6,s 7.2 7-6 14,6 13.0 13.8 

l o e a l s  f o r  
28 yr r o t a t i o n  
s c e n a r i o  Total 3-5 3,8 4 - 1  5-0 6,s 3 , 3  i i , 9  f9,7 

Source : 

GOKFO- V a l d e s  For the 24 y e a r  r o t a t i o n s  from t h e  t a b l e  accompanying Graph No, 2 (page 451, 
INFOR 1984 Values f o r  28 year  r o t a t i o n  from t h e  t a b l e  accompanying F i g u r e  No, P (page  561, a l s o  

t o t a l  value for 2004-06 on a  24 y e a r  r o t a t i o n ,  

l eaves  us i n  no doub t  t h a t  t he  pub l i shed  Ch i lean  
p r o j e c t i o n s  are very o p t i m i s t i c ,  Our own p r o j e c -  
t i o n s  a r e  not y e t  complete b u t  they suggest t h a t  
t h e  Ch i lean  y ie ld  f a r  t he  rest a f  t h i s  c e n t u r y  
w i l l  be v e r y  similar t o  t h a t  dh ich  Levack (1986) 
now f o r e c a s t s  fo r  Y"u"e~ Zeal and, Chile wi;i 1 have t o  
w a i t  u n t i l  the nex t  c e Q t t ~ r y  before she can c a p i t a -  
l i se on her expanded p5 anting programme, 

The data presented above i s  based on p r o j e c -  
t i o n s .  There are d o u b t s  about  many aspects and  
about what w i l l  ac tua l  l y  happen, Some i m p o r t a n t  
aspects  are:  

Data Accuracy 

There a r e  doubts a b o u t  &ether a17 t h e  p l a n t a -  
t i o n s  c la imed  t o  e x i s t  do i n  f a c t  e x i s t ,  Y i e l d  
f o r e c a s t s ,  d e s p i t e  recent advances, are  n o t  a1 ways 
r e l i a b l e ,  S i l v i c u l t u r e  a lone  can a f f e c t  t h e  
volume produced i n  New Zealand by 25% o r  more. 
The t r e n d  t o  lower s tockings  w i l l  improve f i nan-  
c i a l  r e t u r n s  b u t  lower overall y i e l d s ,  

Tree O u a l f t v  

Rare fy  i s  t ree  qua1 i e y  t a k e n  i n t o  account i n  
p r o j e c " t o ~ s .  Siltb;iltiltl~re, s i t e  and genetics can 
a f f e c t  tree sine a 0 4  q11al";ty and therefore, end 
use, Apart Prom a d4vision betdeen sawlogs a ~ d  
puf pwood t h i s  aspect i s  c j e ~ e ~ a l  l y  ignored i n  a9 1 
p r o j e c t i o n s ,  Qua1 i ty l and  eccnom.ic) cons4 dera"cons 
have m a j o r  imp1 icaeions on r o t a t i o n  l e ~ g t h ,  The 
t r e n d  i s  towards longer r o t a t i o n s ,  

appear t o  have Seen g i v e n  t h e  c o n s i d e r a t i o n  i t  
war ran ts ,  

L o c a t i o n a l  and Industrial Considerations 

Some p l a n t a t i o n s  a r e  remote and may n o t  be 
harves ted  when pf anned,  P h i s  could a f f e c t  F u t u r e  
p r o j e c t i o n s ,  Some i n d u s t r i e s  (say ,  a new 
p u l  pmi 11  ) need cont inuous l a r g e  s u p p l  i e s  of raw 
m a t e r i a l  be fo re  they  ca? begin p roduc t ion ,  
C a p i t a l  , energy, i n f r a s t r u c t u r e ,  and marke ts  have 
t o  be o rgan isen  be fo re  new ventures can begin, 
These f a c t o r s  w i l l  t end  t o  delay harvest ,  These 
p r o j e c t i o n s  usual l y  i g n o r e  f o r e s t  ownership, 
ano ther  f a c t o r  wki ch c o u l d  delay devel opnent . 

CONCLUSIONS 

The ev idence does n c t  suppor t  a be1 i e f  t h a t  
t h e  t h r e e  South P a c i f i c  R i m  c o u n t r i e s  are soon t o  
produce vas t  a d d i t i o n a l  volumes o f  wood which w i l l  
f l o o d  t h e  wor ld  market,  A l l  t h r e e  c o u n t r i e s  
appear  t o  have l i m i t e d  p o t e n t i a l  increases i n  
p r o d u c t i o n  b e f o r e  1990, Even by t h e  year 2000 t h e  
inc reased  vof ume produc t ion  p o t e n t i a l  may n o t  be 
g rea t ,  

A u s t r a l i a  w i l l  be a net  i m p o r t e r  s f  wood w e l l  
beyond t he  end o f  t h i s  century, 

Even when the p ~ t e r r t i a l  prodirc"r,ion f o r  Yew 
Zealand and Chile a r e  cnrnhi?ed, the additional 
volume available i n  the year 20C0 w i l l  probably 
only be i n  t h e  range of 7 t o  10,s million c u n i t s ,  

X repea t  t h a t  I believe t he  real threat  t o  
n o r t h e r n  hemisphere producers from southern 

Envi ronmental - Pressure hemisphere pf antati~ns i s  much more f r om t h e  tech-  
no logy o f  p l a n t a t i o n  management, than f rom 

T h i s  w i  1 9  c e r t a i n l y  i n f l  u e x e  wood a v a i l  a b i l  i t y  inc reased  volumes of ) O W  cost  wood, 
f rom indigenal is f o r e s t s  i n  Adscral f a  arid, t o  a 
l e s s e r  e x t e n t ,  hew Z e a l a ~ d ,  It may i n f l u e n c e  That p l a n t a t i o n  t echno logy  o f f e r s  muck more of 
p l a n t a t i o n  supplies as well, T h i s  aspect does not an o p p o r t u n i t y  than it does a th rea t ,  





THE PULP AND PAPER INDUSTRY IN THE NORDIC COUNTRIES 

I N  AM ERA OF IMCREASING INTERNATIONAL C O M P E T I T I O N "  

Kar i  pesonen2 

INTRODUCTION 

I am very pleased t o  have t h i s  oppor tun i ty  t o  
d iscuss t h e  pu lp  and paper i n d u s t r y  i n  the  Nordic 
count r ies ,  Dur ing the  l a s t  t en  t o  f i f t e e n  years, 
t h e  g loba l  pu lp  and paper i ndus t r y  has experienced 
cons iderab le  changes due t o  f l u c t u a t i n g  exchange 
ra tes ,  i nc reas ing  o i l  p r i ces ,  new producers and 
consumers, etc, 

The Nordic count r ies ,  where t he  importance o f  
t h e  pu lp  and paper i ndus t r y  sec to r  i s  among the  
h ighes t  i n  t he  world, have been s t r ong l y  chal lenged 
t o  meet these changing cond i t ions  i n  such a  manner 
t h a t  t h i s  key i ndus t r y  could su rv i ve  and even 
prosper. 

I w i l l  d i v i d e  my presenta t ion  i n t o  f i v e  
p a r t s  : 

1 Nordic count r ies  and the  r o l e  o f  f o r e s t  
i n d u s t r i e s  t o  t h e i r  economies. 

2 Role o f  the  Nordic coun t r i es  i n  g lobal  
pu lp  and paper markets. 

3  Changing i n t e r n a t i o n a l  market cond i t ions  
f o r  pu lp  and paper products. 

4 Changes i n  pu lp  and paper i ndus t r y  s t ruc -  
t u r e  i n  t h e  Nordic count r ies .  

5 Competi t iveness o f  t he  Nordic pu lp  and 
paper indus t ry .  

I w i l l  concentrate on Fin1 and, Sweden and 
Norway. Denmark i s  a  p a r t  of t he  European 
Economic Community (EEC) and has completely d i f -  
f e ren t  resources and problems, I w i l l  a lso  leave 
Ice land out  as i t s  raw ma te r i a l  base does no t  sup- 
p o r t  t he  p roduc t ion  o f  pu lp  o r  paper products, 
Add i t iona l  l y ,  I w i l l  concentrate on pu lp  and paper 
i n d u s t r y  on l y  as the  importance of t h i s  sec to r  
w i t h i n  t he  f o res t  i n d u s t r i e s  i n  t he  Nordic coun- 
t r i e s  today i s  c l e a r l y  most important ,  

COUNTRY PROFILES FOR THE NORDIC COUNTRIES 

Land and People 

The expression, M r d i c  coun t r i es  , usual l y  
r e f e r s  t o  F in land,  Sweden, Nsrway, knmark  and 
Ice1 and. The o f t e n  used expression, Scandinavia, 
a c t u a l l y  does not  inc lude  F in land  which on ly  
be1 ongs t o  t he  expanded expression Fenno-Skandia. 
F i  n l  and, Sweden and Norway, where t he  product ion 
o f  pu lp  and paper i n  t he  Nordic coun t r i es  i s  con- 
centrated,  a re  loca ted  between 55 and 70 degrees 
Northern l a t i t u d e ,  As can be seen from Figure 1 
t h i s  geographical l o c a t i o n  suggests a  c1 imate 

ha rd l y  s u i t a b l e  fo r  t he  p roduc t ion  of f o res t  pro- 
ducts. The in f luence o f  the  warm Gulf-stream, 
however, has resu l t ed  i n  a  c l ima te  far warmer than 
geographi cs a1 one suggest. 

To g i ve  a  general idea of t he  Nordic coun t r i es ,  
some basic i n d i c a t o r s  o f  t he  people and t h e  coun- 
t r y  have been summarized i n t o  Table 1. I n  t h i s  
t ab le ,  the  popu la t ion  i n  m i l l i o n s ,  GDP i n  USD b i l -  
l i o n s  and fo res t  area i n  m i l l i o n s  o f  hectares a re  
presented. To make comparisons somewhat eas ie r  
a lso,  some per cap i t a  f igures  a re  presented. 

o  The t o t a l  popu la t ion  of t he  Nordic coun t r i es  
i s  on ly  some 17 m i l l i o n ,  but  the  land area i s  con- 
s i de rab l y  l a r g e  (Sweden i s  t he  f o u r t h  l a rges t ,  
F in land  the  f i f t h ,  and Norway t he  s i x t h  l a r g e s t  
count ry  i n  Europe). As a  r e s u l t ,  t he  number o f  
i nhab i t an t s  per square k i l ome t re  i s  low (on l y  some 
20 compared t o  163 i n  t he  EEC count r ies ) .  For 
reference, t he  USA has s l i g h t l y  h igher number than 
t h e  Nordic coun t r i es  w i t h  25 (31 exc lud ing  Alaska) 
bu t  Canada has one o f  t he  lowest f i gu res  i n  t he  
wor ld  w i t h  on ly  3  i nhab i t an t s  per square k i l o -  
met re. 

o The Nordic coun t r i es  have a  very h i g h  stan-  
dard o f  l i v i n g  measured as GDP per cap i ta .  It was 
12 000 IJSD i n  1984 compared t o  7000 USD as t h e  EEC 
average. For reference, t he  income per c a p i t a  i n  
t h e  USA was about 16 000 USA and i n  Canada some 
13 000 USD. The magnitude of t he  t o t a l  GDP corn- 
pares roughly w i t h  Canada. 

o  The f o res t  area i n  t he  Nordic coun t r i es  i s  
considerable compared t o  popu la t ion  and t he  average 
f o r e s t  area per cap i t a  i s  3  hectares compared t o  
l e s s  than 0.2 i n  the  EEC countr ies.  For reference, 
t h e  f o res t  area per cap i t a  i n  t he  USA i s  about 1 
hectare per cap i t a  bu t  i n  Canada a  subs tan t i a l  12. 
The t o t a l  f o r e s t  area i n  the Nordic coun t r i es  (52 
m i l l i o n  hectares)  exceeds t h a t  o f  t he  EEC-10 (34 
m i l l i o n )  but  i s  small compared t o  the USA (298 
m i l l  i o n )  o r  Canada (314 m i l  1 i on ) ,  

The above f a c t s  about t he  Nordic coun t r i es  can 
be summarized as f o l l ows :  

o  a  small popu la t ion  w i t h  a l a rge  land  area 
o h igh standard o f  l i v i n g  
o  a  l o t  of forests.  

1 Payer presented a t  Southern S i l v i c u l t u r a l  
Research Conference, A t l an ta  , Geory i a, November 
4-6, 1986. 

' ~aakko  Poyry Oy, P.O. Box 16, K a u t i n t i e  3, 
00441 He1 s i  n k i  , F i  n l  and 



SOVIET UNION 

Figure 1 

PROFILES OF THE NORDIC COUNTRIES COMPARED TO 
WESTERN EUROPE AND NORTH AMERICA 

TOTAL 
POPULATION TOTAL GDP FOREST AREA 
(MILLIONS) (BILLION USD) (MILLION HA) 

NORDIC COUNTRIES 17 21 2 52 

USA 239 3841 298 

CANADA 25 342 31 4 

INHABITANTS/ INCOME FOREST AREA 
SQUARE KI LOMETRE USDfCAPITA HAlCAPlTA + 

NORDIC COUNTRlES 16 12 000 3.0 

USA 26 16 000 1.2 

CANADA 3 13 000 12.4 

Table 1 



Role o f  Forest  I ndus t r i es  t o  t he  Economy 

Due t o  t h e i r  small populat ion,  the  manufactur- 
i n g  i n d u s t r i e s  i n  the  Nordic coun t r i es  soon found 
t h e i r  domestic markets 1  im i  t i ng and were forced t o  
seek expor t  markets, Th is  t r end  has cont inued and 
i s  c l e a r l y  seen i n  F igure  2 where the  share o f  
exports  as percent of t he  GDP f o r  t he  herdic coun- 
t r i e s  i s  presented i n  1970 and 1384, 

o The share o f  expor ts  as percent o f  t he  GDP 
i n  the  Nordic coun t r i es  i s  very h igh  and has grown 
c l e a r l y  s i nce  1970. 

o  The share o f  exports  i s  h ighest  i n  Norway 
where they accounted f o r  almost ha1 f o f  t he  GDP i n  
1984, For Norway, however, crude o i l  has had a  
dec i s i ve  r o l e  i n  t h i s  development. 

o  I n  F in land  and Sweden export  revenues 
accounted f o r  more than 30 X o f  t he  GDP i n  1984 
compared t o  some 25 % i n  1970. 

o  For reference, i n  the  USA the  share o f  
exports  i s  l ess  than 10 %, but  i n  Canada exports  
accounted f o r  almost as much as i n  the  Nordic 
countr ies.  

Looking c l ose r  a t  t he  exports  (F igure  3 )  i n  
1970 and i n  1984 i t  can be concluded t h a t :  

o  The share o f  f o r e s t  products as percent o f  
t o t a l  exports  has dec l ined  i n  t he  Nordic i o u n t r i e s .  
This does no t  mean, however, t h a t  f o r e s t  i n d u s t r i e s  
had not grown but r a the r  t h a t  o ther  i n d u s t r i e s  such 
as t he  metal and chemical i n d u s t r i e s  i n  F in land  and 
Sweden and t he  o i l  i ndus t r y  i n  Norway have simply 
grown f as te r .  

o  The importance o f  t he  f o r e s t  i ndus t r y  i s  
h ighest  f o r  F in land where i t  accounts f o r  almost 
40 % o f  export  revenues. En Sweden, t he  share o f  
f o r e s t  products i s  today a l ready less  than 20 % and 
i n  Norway on ly  some 5 Z of t o t a l  exports. 

o  For reference, t he  share of f o r e s t  i ndus t r y  
o f  t o t a l  exports  i n  t he  USA i s  on ly  3 % but  i n  
Canada i t  accounts f o r  almost 15 % of a l l  exports. 

The r o l e  o f  t he  fo res t  i ndus t r y  i n  t he  Nordic 
count r ies  can be summarized as fo l lows:  

o  The importance o f  f o r e s t  products t o  the  
economy i s  c l e a r l y  b igges t  f o r  Finland, For 
Sweden, i t  i s  today t he  number two i ndus t r y  and 
f o r  Norway i t s  importance i s  r e l a t i v e l y  small. 

o  Export o f  paper i n  t he  Nordic count r ies  has 
grown f a s t e r  than t h a t  o f  o ther  f o r e s t  products 
making i t  the  most important  export  product of 
t he  Nordic fo res t  i ndus t r y  today, 

ROLE OF THE NORDIC COUNTRIES IN 
WORLD PULP AND PAPER TRADE 

Share o f  Markets and Main Products o f  the  Indus t ry  

The share of t he  Nordic count r ies  o f  wor ld 
p roduc t ion  o f  pu lp  and paper i s  i i l u s t r a t e d  i n  
F igure  4: 

o  The share o f  t he  Nordic count r ies  i s  about 
14 % i n  pu lp  p roduc t ion  and 8 % i n  paper product ion.  

o  North h e r i c a  has c l e a r l y  t he  h ighes t  
capac i ty  o f  both pu lp  and paper. 

o  The share of t he  Nordic count r ies  o f  pu lp  
expor ts  i s  about 24 % and 31 % o f  paper exports ,  

o  North h e r i c a  dominates expor ts  o f  market 
P U ~  P *  

o  Mestern Europe i s  an important  expor te r  o f  
paper w i t h  a  24 % share o f  wor ld exports. 

The importance o f  the  Nordic count r ies  i s  con- 
s i de rab l y  b igger  i n  wor ld exports  than i n  wor ld 
product ion,  Together w i t h  North America, t he  
Nordic coun t r i es  s t i l l  dominate exports  of market 
pu lp  and toge ther  w i t h  North America and Western 
Europe t he  expor ts  of paper, 

The produc t ion  o f  main pu lp  and paper grades 
i n  the Nordic coun t r i es  i s  presented i n  F igure  5: 

o  Sweden i s  t he  b iggest  producer of pu lp  
w i t h i n  t he  Nordic coun t r i es  w i t h  a  product ion of 
some 9 m i l l i o n  tons i n  1984 fo l lowed by F in land  
w i t h  c lose  t o  8 m i l l i o n  tons, 

o  Norway i s  c l e a r l y  l e a s t  s i g n i f i c a n t  w i t h  a  
p roduc t ion  l ess  than 2  m i l l i o n  tons i n  1984, 

o  Bleached k r a f t  pu lp  i s  t he  most important  
chemical pu lp  f o r  F in land and Sweden. Sweden pro- 
duces most ly  softwood k r a f t  whereas Fin land a l so  
has a  s izeab le  hardwood k r a f t  product ion.  

o  The share o f  o ther  chemical pulps i n c l u d i n g  
unbleached k r a f t  and sul ph i  t e  pul ps i s  consider-  
ab le  i n  Sweden due t o  h igher share of i n d u s t r i a l  
paper grades of t o t a l  paper p roduc t ion  but  small 
i n  the  o ther  Nordic count r ies ,  

The paper p roduc t ion  i n  t he  Nordic count r ies  
can be summarized as fo f  lows: 

o  F in land  i s  t he  b iggest  producer o f  paper 
w i t h  a  p roduc t ion  o f  7.5 m i l l i o n  tons i n  1384 
fo l lowed by Sweden w i t h  7  m i l l i o n  tons, 

o  The produc t ion  of paper i n  Norway was l ess  
than 2 m i l l i o n  tons i n  1984. 

o  The share o f  newsprint o f  t o t a l  paper pro- 
duc t i on  i n  F in land  and Sweden was about 20 X and 
equ iva len t  t o  over 1.5 m i l l  ion tons fo r  each i n  
1984, I n  Norway t he  p roduc t ion  of n e ~ s p r i n t  was 
on l y  some 0.8 m i l  1 i o n  tons but  accounted f o r  60 Z 
o f  t o t a l  paper production. 

o  P r i n t i n g  and w r i t i n g  papers accounted f o r  
c l ose  t o  50 % o f  paper product ion i n  F in land  w i t h  
3,5 mi l l  i o n  tons whereas i n  Sweden t h e i r  share was 
on l y  about 20 % w i t h  st i g h t l y  over 1 mi 11 i o n  tons, 

o The share o f  i n d u s t r i a l  papers i nc l ud ing  
sack paper, l i ne rboa rd  bleached board, etc,  
accounted f o r  over 50% o f  paper p roduc t ion  i n  
Sweden w i t h  c lose  t o  4 mi1 1 ion tons o f  p roduc t ion  
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i n  1984. I n  F in land t h e i r  p roduc t ion  t o t a l  l e d  
about 2.5 m i l  1 i o n  t ~ n s  but was on ly  about 30 % o f  
production, 

F in land  and Sweden are c l e a r l y  t he  most impor- 
t a n t  producers o f  p u l p  and paper among t he  Nordic 
count r ies ,  The product mix between t he  Nordic 
coun t r i es  f o r  bo th  p u l p  and gaper d i f f e r s  consider-  
ab ly  as F in land  produces p r i n t i n g  and w r i t i n g  
paper, Sweden most ly  i n d u s t r i a l  grades and Norway 
newsprint.  Because t he  demand fo r  pu lp  i n  the 
Nordic coun t r i es  i s  most ly  created by t he  
coun t r i es  own paper m i l l s  i t  i s  l o g i c a l  t h a t  t he  
d i f f e rences  i n  produced pul p grades r e s u l t  main ly  
from d i f f e rences  i n  paper mix, 

MAIN MARKETS FOR WLJ A$.ID PAPER PRODUb3nON 
OF THE MORDIC COUflRIES 

PULP BjIRN E W I M  

Main Markets 

The main markets o f  pu lp  and paper f o r  t he  
Nordic coun t r i es  are presented i n  F igure  6: 

o The m a j o r i t y  o f  t he  pu lp  p roduc t ion  i n  t he  
Nordic coun t r i es  i s  used i n  i n t eg ra ted  paper 
m i l l s .  

o The volume o f  exports  i s  about 4-83 m i l  1 i o n  
tons represent ing  about 25 % o f  t o t a l  pu lp  
production. 

o Western Europe represents the  main market 
f o r  pu lp  expor ts  w i t h  a volume c lose  t o  4 m i l  1 i o n  
tons o r  about 88 % of exports ,  

o Other markets f o r  pu lp  a re  marginal w i t h  a 
t o t a l  volume of about 1 m i l  I i o n  tons. Oceania and 
Asia are most important  among them. 

The paper markets can be summarized as f o l l ows :  

o Domestic markets account f o r  on l y  21 % of 
t o t a l  p roduc t ion  o f  paper, 

o Also f o r  paper, Mestern Europe i s  t he  most 
s i g n i f i c a n t  export  market w i t h  an export  volume 
c lose  t o  9 m i l l i o n  tons o r  72 % of exports. 

o A u s t r a l i a  and Asia are t he  second most 
important  expor t  markets f o r  paper from the  Nordic 
count r ies  w i t h  a volume s f  1.5 m i l l i o n  tons. 

o North h e r i c a  and e s p e c i a l l y  t he  USA has 
increased i n  importance considerably dur ing  t he  
l a s t  years and t h i s  market today takes 6 % o f  t he  
paper exports  w i t h  a volume c lose  t o  1 m i l l i o n  
tons, 

The markets o f  the  Nordic pu lp  and paper 
i ndus t r y  can be summarized as f o l f  ows: 

o The m a j o r i t y  o f  t he  pu lp  p roduc t ion  i s  con- 
sumed domestical l y  and t he  remainder i s  exported 
t o  Western Europe. 

o Domestic markets on l y  absorb 20 % o f  t he  
paper p roduc t ion  and t he  m a j o r i t y  of paper i s  
exported t o  Western Europe, Markets ou ts ide  
Western Europe have, however, increased i n  impor- 
t ance. 

WESTERN 

D0Mf4s?li 
TOTAL PR0DUC;TION l8-7 M I L  TO% 

PAPER 4 

TOTAL PROWCTlON 16.4 M I L  TONS 

Figure  6 

Main Competitors 

. The compet i tors of the  Nordic count r ies  are 
discussed main ly  on t he  Western European markets 
as t h i s  market c l e a r l y  dominates i n  importance f o r  
bo th  pu lp  and paper exports. 

The market shares o f  main compet i tors f o r  
selected pul p and paper grades are presented i n  
F igure  7 and F igure  8, The Fol lowing can be 
concl uded : 



OTHER 

MARKET SHARE OF BEACHED SOFNVOOD 
IN THE EEG 

Figure  7 

MWEI S M R E  OF NEWSPRINT 
IN THE EEC 

M K n  S M R E  OF BtEACHED HARDWOOD WWT PULP 
IN THE EEC 

nN 

o The Nordic coun t r i es  toge ther  w i t h  t he  USA 
and Canada a re  the  most important  supp l ie rs  of 
softwood chemical pu lp  t o  Western Europe, The 
Nordic coun t r i es  and especia l  l y  F i  n l  and and Sweden 
are main compet i tors t o  each other, 

o  For bleached hardwood k r a f t  pu lp  t he  domes- 
t i c  supply from Spain and Portugal i s  t he  most 
important .  The Nordic coun t r i es  compe.te a l so  
against  each o ther  and Canada, USA and Rrazi 1. 

o A l l  Nordic count r ies  are important  produc- 
e r s  of newspr int  and supply about 50 % of t he  
Western European demand. The compet i t ion  stems 
1 a rge ly  from domestic producers but  a l so  Canada 
i s  an important  compet i tor  i n  Western Europe. 

MARKFT SWAAE OF PRlNnNG AND WRITING PAPERS 
IN THE EEC 

F i g u r e  8 

o  For p r i n t i n g  and w r i t i n g  papers, F in land  
and Sweden compete against  each o ther  f o r  some 
grades but  are re1 a t i v e l y  small compared t o  t he  
main compet i t ion  from l o c a l  producers. 

CHANGING INTERNATIONAL CONDITIONS 

The markets For  pu lp  and paper l i k e  t he  whole 
wor ld t rade  have experienced considerable changes 
du r i ng  the  l a s t  f i f t e e n  years, b o n g  the most 
important  changes a f f ec t i ng  t he  pu lp  and paper 
i ndust r y  have been : 

o f l  uc tua t  i ng exchange rates,  
o inc reas ing  energy p r ices .  
o  new producers, 



Exchanae Rates 

The exchange ra tes  o f  wor ld currencies 
remained f i x e d  u n t i l  1971 when the  Bre t ton  Woods 
agreement was signed (F igure  9). l Jn t i l  then the  
US d o l l a r  was f i x e d  t o  the p r i c e  o f  gold, and the 
exchange ra tes  o f  fo re f  ;n carrencies were adjusted 
p e r i o d i c a l l y  on ly  i f  t he re  was a  need f o r  it, 
Since, t he  exchange ra tes  s ta r t ed  t o  f l u c t u a t e  i n  
1971: 

o  The US d o l l a r  depreciated against  the  
European cur renc ies  up u n t i l  1980. This had a  
negat ive i n f l uence  f o r  t he  pulp and paper i ndus t r y  
i n  the  Nordic count r ies  as most o f  t h e i r  products 
were t r a d i t i o n a l l y  invo iced i n  US do l l a r s .  

o  Since 1980, t he  development was reversed 
and a  dramatic apprec ia t ion  o f  t he  US do1 l a r  was 
experienced i n  the  world. This was very benef i -  
c i a l  f o r  t he  p r i c i n g  o f  t he  Nordic pulp and paper 
producers and improved the  cost  competit iveness t o  
such ex ten t  t h a t  exports t o  the  US markets became 
economical l y  feas i  b l  e. 

o  Since 1985, t he  US d o l l a r  has, however, 
again reversed i t s  development and has depreciated 
against  most i n d u s t r i a l  i zed currencies and has 
again app l ied  cost pressures f o r  the  pu lp  and paper 
producers i n  t he  Nordic countr ies.  

Energy Pr ices 

The p r i ces  o f  energy have experienced dramatic 
changes dur ing  the  l a s t  f i f t e e n  years i n f l uenc ing  

t he  whole world economy. We have a l l  i n  a  very 
concrete fashion experienced the  e f f e c t s  o f  r i s i n g  
o i l  p r ices  i n  t he  1970's. The r i s i n g  o i l  p r i ces  
have a1 so in f luenced the p r i c e  development o f  other 
f o s s i l  f ue l s  such as na tura l  gas. 

O f  the  Nordic count r ies ,  F in land and Sweden 
have no o i l  , gas o r  coal deposi ts  o f  s i gn i  f i cance 
w i t h i n  t h e i r  boundaries wh i le  Norway has developed 
b i g  reserves o f  o i l  i n  the  North Sea. The r i s i n g  
o i l  p r i ces  have consequently had an opposi te 
e f f e c t  f o r  Norway than- f o r  Fin1 and and Sweden. 

The pul p  and paper i ndus t r y  which i s  an energy 
i n tens i ve  i ndus t r y  was s t rong l y  chal lenged by t he  
r i s i n g  o i l  p r i ces  both i n  Fin land and i n  Sweden. 
The dramatic p r i c e  development o f  crude o i l  s ince 
1973 i s  il l u s t r a t e d  i n  Figure 10 i n  US do1 l a r s :  

o  The o i l  p r i c e  i n  US do1 l a r s  increased a  
subs tan t ia l  42 % p.a. dur ing  1974-1980 t o  35 
USD/barrel , 

o The apprec ia t ion  o f  the  Nordic cur renc ies  
against  the US do1 l a r  p a r t l y  reduced the e f f e c t  up 
t o  1980. 

o  Since 1980, t he  p r i c e  o f  o i  1  decreased 
s l  i g h t l y  t o  USD 28/barrel , but  the  apprec ia t ion  of 
t he  US d o l l a r  created s t i l l  s t rong increases i n  
1  ocal currencies,  

o Since 1985, t he  dramatic drop i n  o i l  p r i ces  
together w i t h  a deprec ia t ing  US d o l l a r  have com- 
p l  e t e l y  reversed the  s i t ua t i on .  

EXCHANGE RATE DWELOPMENT OF NORDIC 

CURRENCIES AGAINST THE US DOLIAR 

RM SEK NOK 040 --- -------- ..*.......-. 

F i g u r e  9 



CRUDE OIL PRICES 1973-1986 
ARABlAN UGHT AP134,SPOT ROTTERDAM 

- YEAR - 
Figure  10 

Rew Producers 

The supply o f  both pu lp  and paper has exper i -  
enced cons iderab le  changes dur ing  the  l a s t  f i  f t een  
years. New producers have appeared on both domes- 
t i c  and expo r t  markets of several grades changing 
t h e  o v e r a l l  market p i c t u re .  

This development has been e s p e c i a l l y  dramatic 
f o r  bleached hardwood k r a f t  market pulp. I n  F igure 
11, the  development o f  t he  market shares f o r  main 
producers o f  t h i s  grade are i l l u s t r a t e d  dur ing  
1965-1985. 

The f o l  1 owing concl us ions about t he  devel op- 
ment can be drawn: 

o Producers i n  L a t i n  I lner ica,  most ly  B r a z i l  
and i n  t he  Southern Europe, i n  Spain and Portugal,  
have i n i t i a t e d  a massive p roduc t ion  o f  bleached 
hardwood k r a f t  from eucalyptus p1 an ta t  i ons s ince 
t h e  1970's. This wood which produces a low cost ,  
h i gh  q u a l i t y  pu lp  has had a tremendous impact on 
t h e  g lobal  pu lp  markets. 

o The share o f  t he  ~ a L ' i n  American and Southern 
European producers today i s  c lose  t o  40 % of t he  
market fo r  bleached hardwood pu lp  compared t o  
s l i g h t l y  over 10 X i n  1965. 

o The North American producers have kept 
t h e i r  market share whereas producers i n  t he  Nordic 
coun t r i es  have i n teg ra ted  i n t o  paper p roduc t ion  
and have seen t h e i r  35 % market share i n  1965 
decl i n e  t o  about 15% i n  1985, 

The produc t ion  of chemical market pu lp  where 
t h e  cos t  of wood raw ma te r i a l  i s  dec i s i ve  f o r  p r o f -  
i t a b l i l t y  has begun i t s  s h i f t  t o  southern regions 
where huge p l  an ta t i ons  guarantee a v a i l  a b i l  i t y  and 
t h e  favourable c l  imate r e s u l t s  i n  as ton i sh ing l y  

WORLD PRODUCTION OF BLEACHED SULPHATE 
HARDWOOD MARKET PULP 

Figure  I1 



f a s t  groltPGh and consequently low cos t  o f  wood. 
This t r e n d  w i l l  cont inue i n  t he  years t o  come as 
p roduc t i on  i s  expanded and new appl i c a t i o n s  f o r  
eucalyptus pulps are developed. This w i l l  p lace  a 
s t rong  cha l lenge fo r  t he  market pu lp  producers 
i n  the  qo r t he rn  pa r t s  o f  t he  world. 

CHANGES I N  THE NORDIC PULP AND PAPER INDUSTRY 

Markets 

and woodfree f i ne  paper i s  presented. As p r e v i -  
ous ly  discussed, t he  Nordic pu lp  and paper i ndus t r y  
has faced inc reas ing  compet i t ion  fo r  products where 
t h e  share o f  f i b e r  cost  i s  h igh  such as chemical 
pulp,  This has forced the  i ndus t r y  t o  i n t e g r a t e  
i n t o  papermaking, t o  develope new products such as 
SC (supercalendered) papar and t o  i nves t  i n  prod- 
u c t s  where the  cost  competi t iveness i s  be t t e r .  I n  
F igure  14, t he  share o f  market pu lp  of t o t a l  pu lp  
p roduc t ion  i s  demonstrated f o r  F in land and Sweden: 

As p r e v i o u s l y  discussed, t he  Nordic pu lp  and 
paper i n d u s t r y  has i t s  main market i n  Mestern 
Europe f o r  most pulp and paper grades. Due t o  
changing i n t e r n a t i o n a l  cond i t ions ,  however, a l so  
o ther  markets have become a t t r a c t i v e .  Good exam- 
p l e  o f  t h i s  has been the  r a p i d l y  growing demand 
f o r  pu lp  and paper products i n  t he  Asia. Another 
example i s  t he  US market which became a t t r a c t i v e  
due t o  t h e  apprec ia t ion  o f  t he  US d o l l a r  s ince  
1980. I n  F igure  12, t he  exports  o f  t he  Nordic 
coun t r i es  t o  t he  USA are  i l l u s t r a t e d  du r i ng  1970- 
1985, The annual growth r a t e  i n  t he  1980's has 
exceeded 20 %, The f o l  1 owing can be concl uded 
about t h e  development : 

o The increase i n  exports  has been very r a p i d  
and t he  l eve1 today i s  c lose  t o  0.8 mi 1 1 i o n  tons. 

o Newsprint exports  have reached a l e v e l  o f  
200 000 t ons  i n  1985, Norway and Sweden are the  
major f o r ces  behind increased exports  of 
newsprf n t  . 

o Exports o f  p r i n t i n g  and w r i t i n g  papers t o  
t h e  USA were c lose  t o  0.5 m i l l  i o n  tons i n  1985, 
F in land  i s  t he  major force f o r  these grades con- 
s t i t u t i n g  c lose  t o  80 X o f  the  Nordic exports. 

o The exports  o f  i n d u s t r i a l  grades from the  
Nordic coun t r i es  have remained a t  marginal l eve l s ,  
most o f  them coming from Sweden. 

It must be, however, remembered t h a t  a l though 
t h e  Nordic producers c o n s t i t u t e  a considerable 
p o r t i o n  s f  the  o f f -shore  imports, they  a re  s t i l l  
small compared t o  the  t o t a l  paper imports o f  c lose  
t o  9 m i l l  i o n  tons o r  t o t a l  paper consumption o f  65 
m i l  1 i o n  tons i n  the  USA, For c e r t a i n  h igher  
q u a l i t y  paper grades where t he  market volume i s  
1 im i t ed  t h e  importance o f  t he  Nordic producers 
has been o f  s i gn i f i cance ,  

I t  remains t o  be seen how the  recent  deprecia- 
t i o n  o f  t h e  US d o l l a r  against  t he  Nordic cur renc ies  
w i l l  i n f l uence  export  i n c e n t i v e  t o  the  USA. Sever- 
a l  Nordic pu lp  and paper companies have expressed 
t h e i r  de te rmina t ion  t o  stay on t he  US markets and 
t h e  export  cont inues a t  about t he  same ra te ,  
a l though c e r t a i n  grades such as SC and LWC paper 
have seen a s lackening o f  demand, 

Product ion 

Product M i x  

I n  t he  p roduc t ion  of pu lp  and paper, t he  share 
o f  f i b e r  cos t  o f  t o t a l  costs va r i es  considerably 
between d i  f f e r e n t  grades as i 11 us t ra ted  i n  F igure  
13 where cos t  s t r u c t u r e  o f  bleached softwood k r a f t  

o The share o f  market pu lp  o f  t o t a l  pu lp  pro- 
duc t i on  has decreased s i g n i f i c a n t l y  du r i ng  t he  
l a s t  twenty years. 

o F i n l  and has decreased i t s  dependence on 
softwood market pul  p from 64 & i n  1965 t o  28 X i n  
1985 and Sweden from 85 X i n  1965 t o  65 X i n  1985. 
Sweden i s  thus s t i l l  more dependent on softwood 
market pulp. 

o I n  hardwood pulp, F in land  has decreased 
dependence from 85 X i n  1965 t o  48 X i n  1985, For 
Sweden, t he  development i s  even more dramat ic  as 
t h e  dependence on hardwood market pulp i n  1965 was 
97 % compared t o  57 % i n  1985. A1 so i n  hardwood 
pulp,  Sweden i s  more dependent on market pu lp  than 
F i  n l  and. 

I n  a d d i t i o n  t o  h igher  degree o f  i n t e g r a t i o n ,  
t h e  Nordic coun t r i es  have invested i n  paper prod- 
u c t s  where the  share o f  expensive f i b e r  i s  lower. 
I n  F igure  15, t he  product  mix of paper p roduc t ion  
i n  F i n l  and and Sweden i s  demonstrated: 

o The share o f  c u l t u r a l  papers i n c l u d i n g  
newspr int  and p r i n t i n g  and w r i t i n g  papers has 
increased i n  both countr ies.  

o The share o f  c u l t u r a l  papers has increased 
considerably i n  Finland, from 53 % i n  1965 t o  
67 % i n  1985. Sweden which has t r a d i t i o n a l l y  had 
a lower share of c u l t u r a l  papers has a l s o  
experienced t he  same devel opment . The inc rease 
has, however, no t  been as dramatic as i n  F in land,  
from 37 % i n  1965 t o  42 % i n  1985. 

The pu lp  and paper i ndus t r y  i n  F i n l  and and 
Sweden have s i  gni  f i can1 t y  decreased t h e i  r depend- 
ence on market pu lp  by i n t e g r a t i n g  i n t o  paper- 
making. Both count r ies ,  and e s p e c i a l l y  F in land,  
have changed t h e i r  product mix i n  the i nc reas ing  
compet i t i ve  markets and have invested h e a v i l y  i n  
t h e  p roduc t ion  o f  c u l t u r a l  papers, and consequent- 
l y  they account f o r  t he  m a j o r i t y '  o f  paper produced 
i n  F in land today and approach t he  50 X market a l  so 
i n  Sweden. 

Product ion Inputs 

The product ion cos ts  o f  pu lp  and paper d i f f e r  
considerably by product, but  usua l l y  t h e  most 
important  cost  elements are f i b e r ,  energy and 
1 abor, 

F iber  

Due t o  t he  Northern geographical l oca t i on ,  t he  
growth o f  wood i n  t he  Nordic count r ies  i s  c l e a r l y  
slower than i n  most competing regions. This i s  
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COMPETITIVENESS OF THE NORDIC PULP 
AND PAPER INDUSTRY 

The c m p e t i t i v e n e s s  o f  any i ndus t r y  can be 
measured i n  several ways, bu t  i n  i n d u s t r i e s  where 
t he  p roduc ts  do not  subs tan t i a l  f y  d i f f e r  from one 
another t h e  comparison o f  manufacturing cos ts  i s  
one o f  t h e  most i n t e r e s t i n g  ones, 

Size o f  Paper Machines 

As p rev ious l y  discussed, t he  pu lp  and paper 
i n d u s t r y  i n  t he  Nordic coun t r i es  has inves ted  i n  
b igger  paper machines than t he  competing regions, 
This i s  c l e a r i y  i l l u s t r a t e d  i n  F igure  21 where t he  
average s i z e  o f  e x i s t i n g  paper machines f o r  selec- 
t ed  coun t r i es  i s  presented: 

o  F in l and  has t he  b igges t  e x i s t i n g  paper 
machines w i t h  an average capac i ty  o f  over 70 000 
tons per year  fo l lowd by Sweden w i t h  over 60 000 
tons. Th is  i s  very h igh  compared t o  EEC where t he  
average s i z e  s t i l l  i s  l e s s  than 20 000 tons per 
year. 

o  Norway has c l e a r l y  smal ler  machines than 
F in land  and Sweden. 

o Canada and t he  USA a l so  have b i g  machines 
i n  i n t e r n a t i o n a l  comparison w i t h  average capaci- 
t i e s  o f  over  50 000 tons. 

I n  these f i gu res  each graph represents a  reg ion  
and t he  y -ax is  shows costs of producers p laced i n  
ascending order  whi l e t he  x-axis  shows cumula t i ve  
tonnage of each region, 

For bleached hardwood k r a f t  f o l  lowing can be 
concl uded : 

o Portugal and B r a z i l  have about 30 % lower 
cos ts  than Finland. 

o  & s t  m i l l s  i n  the  US South have a l so  lower 
cos ts  than t he  F inn ish  producers, 

For uncoated rroodfree paper the conclus ions 
a re  fof  lowing: 

o  The i n teg ra ted  m i l l s  i n  F in land and Sweden 
are  compet i t i ve  i n  Western Europe. 

o  The i n teg ra ted  m i l  1 s  i n  Sweden appear t o  
have t he  lowest costs. 

o The un in tegra ted  m i l  Ts i n  the Nordic 
coun t r i es  have h igher  cos ts  than most o ther  
producers. 

The cos t  competi t iveness o f  the  Nordic pro- 
ducers c l e a r l y  i l l u s t r a t e s  t h a t  even the b i g ,  
modern p roduc t ion  u n i t s  cannot compensate the  
s u b s t a n t i a l l y  lower wood costs o f  the  Southern 
producers f o r  hardwood pu lp  and the  cost  com- 
pe t i t i veness  aga ins t  them i s  weak, 

The cos t  competi t iveness i.e. manufacturing 
cos ts  and d e l i v e r y  cos ts  t o  Western Europe o f  t he  For uncoated woodfree paper t he  s i t u a t i o n  i s  
Nordic producers f o r  two d i  f f e r e n t  products, reversed and t he  i n teg ra ted  producers i n  F in land  
namely bleached hardwood k r a f t  pu lp  and uncoated and Sweden have a  c l e a r  cost  advantage aga ins t  t he  
woodfree paper are presented i n  F igures 22 and 23. un in tegra ted  producers o f  t he  EEC. 

AVERAGE CAPACIN OF EXISTING PAPER MACHINES 

Figure  2 1  
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COMCLUDING REMARKS 

The Nordic count r ies  where the  importance of 
t he  pulp and paper i ndus t r y  t o  t he  na t iona l  econ- 
omy i s  among the  h ighest  i n  the  world have been 
s t rong l y  chal lenged t o  meet the  changing i n t e r -  
na t iona l  cond i t ions  dur ing  ' t he  1 as t  f i f t e e n  years, 

The i ndus t r y  has gone through several changes 
concerning i ndus t r y  s t ruc tu re ,  energy e f f i c i e n c y  , 
product mix, markets etc, b o n g  the most impor- 
t a n t  changes are  the f o l  lowing: 

o The pulp product ion i n  the Nordic count r ies  
has been i nc reas ing l y  i n teg ra ted  i n t o  paper pro- 
duction. This has been espec ia l l y  t r u e  f o r  hard- 
wood k r a f t  pulp where new producers w i t h  substan- 
t i a l l y  lower product ion costs have emerged on the 
markets. 

o The share o f  c u l t u r a l  papers where the 
share o f  f i b e r  cost i s  less  important  have grown 
a t  the  expense o f  i n d u s t r i a l  papers. 

o The Nordic producers have looked a t  new 
markets such as the  Far East t o  take a share o f  
t he  rap id  growth o f  pulp and paper consumption. 
Increasing marketing e f f o r t s  have a1 so been aimed 
a t  the USA which has been a t t r a c t i v e  due t o  the 
st rong US do1 l a r ,  

o Fiber costs have been decreased as a r e s u l t  
o f  new mechanical pulps developed i n  the Nordic 
count r ies  such as the  MP and PGW, 

o Consi.derab1 e investments i n  energy conser- 
va t i on  have made the  Nordic pu lp  and paper i ndus t r y  
t h e  most energy e f f i c i e n t  i n  t he  world, 

o The new paper machines i n  the Nordic coun- 
t r i e s  have been bigger than i n  competing regions 
r e s u l t i n g  i n  lower manhours per ton  o f  end prod- 
uct .  

o The Nordic pul p and paper i ndus t r y  has a l so  
experienced considerable r e s t r u c t u r i n g  which i s  
s t i l l  i n  progress. The r e s u l t  o f  t h i s  development 
i s  the b igger s ize  o f  companies which enabf es more 
e f f i c i e n t  u n i t s  and greater  r a t i o n a l  i z a t i o n  of 
production. 

The pulp and paper i ndus t r y  i n  the Nordic 
count r ies  today can be considered as a leader i n  
t h e  world w i t h  modern and cost  e f f i c f e n t  produc- 
t i o n  un i ts .  I t s  importance t o  t he  na t iona l  econo- 
mies w i l l  remain important f o r  many years t o  come, 
bu t  i n  order t o  keep i t s  lead ing  p o s i t i o n  on t he  
key markets i n  Western Europe i n t e g r a t i o n  i n t o  
papermaki ng sha l l  be f u r t h e r  increased and new 
paper products are developed where f u l l  advantage 
o f  t he  compet i t i ve  advantages such as the low 
power ra tes  and b i g  product ion u n i t s  can be taken, 
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SLASH PINE PLAEFPATION SPACING STUDY--AGE 30'' 

E a r l e  P. Jones ,  J r ,  2 / 

Abstract.--In 
var .  e l l i o t t i i )  
5x10, 8x8, 6x12 

1952, s l a s h  p ines  (Pinus e l l i o t t i i  E w e l n .  
were p lan ted  a t  s p a c i n g s  o f  6x6, 6x8 ,  
, 10x10, 7 . 5 ~ 1 5 ,  and 15x15 f e e t  on an o l d  

f i e l d  ( s i t e  index 65 f e e t  a t  age  25) i n  t h e  middle Coas ta l  
P l a i n  o f  Georgia, Except f o r  a few t r e e s  rmoved  t o  
s a l v a g e  i c e  damage, p l o t s  were n o t  th inned ,  1'4erchmtable 
volumes a t  ages  25 and 30 d i d  n o t  diff 'er  s i g n i f i c a n t l y  
among o r i g i n a l  spac ings .  Recomaendations a r e :  ( 1 )  For 
pulpwoat p roduc t ion ,  p l a n t  600-800 t r e e s  p e r  a c r e  and 
h a r v e s t  a t  age 25. ( 2 )  For  sawtimber, p l a n t  600-700 t r e e s  
p e r  a c r e  and t h i n  a t  age 15 t o  20, o r  p l a n t  400 t o  600 and 
d e l a y  t h i n n i w  u n t i l  a f t e r  age  20. 

INTRODUCTION 

Most s t u d i e s  o f  pine p l a n t a t  ion  spac ings  have 
incorpora ted  some c u l t u r a l  t r e a t m e n t ,  such a s  
f e r t i l i z a t i o n  o r  t h i n n i n g ,  when t h e  t r e e s  
a t t a i n e d  merchantable  s i z e .  Although t h i n n i a s s  
a r e  c e r t a i n l y  warranted i n  most pine p l a n t a t i o n s ,  
it is i n t e r e s t i n g  t o  s e e  how s l a s h  p i n e  ( P i n u s  
e l l l o t t i i  Engelm, var. e l l i o t t i i )  responds t o  -- 
e i g h t  s p a c i n g s ,  u n a l t e r e d  by t h i n n i n g  o r  any 
o t h e r  c u l t u r a l  a c t i v i t y .  Ear ly  r e s u l t s  of t h i s  
s t u d y  were r e p o r t e d  a f t e r  8 y e a r s  (Bennet t  1960)  
and 12 y e a r s  (Harms and C o l l i n s  196Q. I n t e r i m  
growth in format ion  der ived  from t h e  s t u d y  has 
been inc luded  i n  o t h e r  r e p o r t s  ( e n n e t t  1963 and 
1975). R e s u l t s  through age  30 a r e  repor ted  here .  

METHODS 

The s t u d y  s i te  was an  o l d  f i e l d ,  which had 
been c u l t i v a t e d  t h e  prev ious  y e a r ,  on t h e  Nolt 
Walton Experimental F o r e s t  i n  Dooly County, 
& o r g i a ,  i n  t h e  middle Coas ta l  P l a i n .  The s o i l  
is loany sand,  most ly o f  t h e  Lakeland and Gilead 
s e r i e s ,  I n  January 1952, nursery-run 1-0 s l a s h  
p i n e s  from t h e  Georgia F o r e s t r y  Commission 
n u r s e r y  a t  Albany, Georgia ,  were p lan ted .  The 
s t u d y  was l a i d  ou t  i n  p l o t s  of approximately 
0.8-acre w i t h  a 12-foot wide f i r e b r e a k  around 
each p l o t .  Two blocks were e s t a b l i s h e d ,  wi th  
each o f  t h e  e i g h t  s p a c i n g s  represen ted  i n  each  
block, Spacings were p r e c i s e l y  measured i n  NS 
and El4 d i r e c t i o n s ,  and p l a n t i n g  s p o t s  were narked 
with a peg p r i o r  t o  a r r i v a l  of t h e  s e e d l i n g .  
S e e d l i w s  were d ibb le -p lan ted  under c a r e f u l  

-- - 
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Paper p resen ted  a t  Fourth Biennia l  Southern? 
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Research F o r e s t e r ,  USDA F o r e s t  S e r v i c e ,  

Southeas te rn  F o r e s t  Experiment S t a t i o n ,  
Macon, Georgia. 

s u p e r v i s i o n  over  a 24ay  period when s o i l  
x o i s t u r e  was p l e n t i f u l .  The Pew dead s e e d l i n q s  
found i n  i n s p e c t i o n s  were r e p l a c d  i n  March and 
May of 1952, and r e s u l t i n g  o v e r a l l  s u r v i v a l  a t  
t h e  end of  f ou r  growing seasons  was 97 p e r c e n t .  
Eight  spac ings  were i n s t a l l e d :  15x15, 7 . 5 ~ 1 5 ,  
18x10, 6x12, 8x8, 5x10, 6x8 and 6x6 f e e t  
( t a b l e  1 ). These spac ings  r e p r e s e n t  d e n s i t i e s  
From 994 Lo 1210 t r e e s  per  a c r e  (TPA). Hardwoods 
and shrubs  were never  a probeen on t h i s  r e c e n t l y  
c u l t i v a t e d  s t u d y  s i te ,  and t h e  few invading s tems  
t h a t  d i d  appear ,  inc lud ing  v o l u n t e e r  p i n e s ,  were 
rernoved. 

Since age 12,  zeasurenents  have been taken  on 
p r m m e n t  h t e r i o r  m e a ~ u r e a e n t  p l o t s  o f  
a p p r o x i m t e l y  0.37 a c r e .  Measurements were made 
annua l ly  u n t i l  age 22,  then  a t  ages  25, 28, and 
30. A t  t h e s e  tires, d.b,h. was memured and 
crown c l a s s  and m o r t a l i t y  were noted of a l l  trees 
on t h e  sanple p l o t ,  Total. h e i g h t s  and l i v e  crown 
r a t i o s  were neasured on no l e s s  than  20 randomly 
s e l e c t e d  t r e e s  p r o p o r t i o n a l l y  r e p r e s e n t i q  t h e  
1-inch d i a m t e r  c l a s s e s  encountered.  

D i m e t e r  d i s t r i b u t i o n s ,  h e i g h t  d a t a ,  and p l o t  
dimension information were cssrtbined t o  g e n e r a t e  
s t o c k  and s tand  t a b l e s  by I-inch d iameter  c l a s s e s  
f o r  t o t a l  and rqerckantable cubic-%oat  v o l u ~ i e ,  
b a s a l  a r e a ,  mean t o t a l  h e i g h t s  o f  a l l  t r e e s  and 
t h e  dominant s t a n d ,  and o t h e r  s t a n d  p a r a m t e r s .  

For each t rea tment  p!>t, by y e a r ,  a 
k e i g h t 4 i a m t e r  r e l a t i o n s h i p  was f i t t e d  t o  t h e  
f o r n  : 

where: Log = comwn logar i thm,  base 10,  
W = t o t a l  he igh t  ( f ee t ) ,  
D = diameter  b r e a t  h e i g h t  

(0 ,1  i n c h ) ,  and 
a and b = c a l c u l a t d  c o e f f i c i e n t s .  
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RESULTS 

S u r v i v a l  

I n i t i a l  p l a n t i n g  d e n s i t i e s  ranged from 194 t o  
1210 TPA (15x15 t o  6x61, A s  would be  expec ted ,  
t h e  number o f  s u r v i v i n g  TPA remained d i r e c t l y  
r e l a t e d  t o  i n i t i a l  d e n s i t y ,  through age  30, w i t h  
b u t  a few e x c e p t i o n s ,  S u r v i v a l  ranged from 91 t o  
96 p e r c e n t  a t  age  10 ( t a b l e  1 ) .  A s e v e r e  i c e  
s torm on New Year" Dayy, 1964, a t  age  12,  caused 
some t o p  b reakage  and branch s t r i p p i w  throughout  
t h e  s tudy .  The 6x6 had s i g n i f i c a n t l y  l e s s  damage 
than  a l l  o t h e r  spac ings .  Those t r e e s  t h a t  
appeared u n l i k e l y  t o  s u r v i v e  were removed t o  
reduce t h e  r i s k  of  a t t a c k  by bark  b e e t l e s  (Ips 
spp. and Dendroctonus spp. ), but  r e u o v a l s  a s  a 
p e r c e n t  of t h e  number o f  s u r v i v i n g  trees on t h e  
p l o t s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  among 
spac ings .  By age  15, s u r v i v a l  still was n o t  
s i g n i f i c a n t l y  r e l a t e d  t o  i n i t i a l  d e n s i t y  and 
v a r i e d  from 9 2  t o  84 p e r c e n t ,  S i g n i f i c a n t  
d i f f e r e n c e s  were apparen t  a t  age  20, i n  a range  
from 87 t o  7 5  percen t ,  Ry age  30, s u r v i v a l  
v a r i e d  from 1 6  percen t  on t h e  15x15 s p a c i n g  t o  45 
p e r c e n t  f o r  t h e  6x8 spac ing ,  

Most e a r l y  m o r t a l i t y  can be a t t r i b u t e d  t o  a 
combinat ion of compet i t ion  and f u s i f o r m  r u s t  
caused by t h e  fungus Cronartium quercuum (Berk.) 
Niyabe e x  S h i r a i  f ,  s p ,  f u s i f o r n e .  S u r v i v a l ,  a t  
l e a s t  th rough  age  20, was above norna l  f o r  
o p e r a t i o n a l  p l a n t i n g  and r e p r e s e n t s  ve ry  n e a r l y  
t h e  e f f e c t  o f  f u l l  s t o c k i n g  a t  t h e  i n i t i a l  
spacing.  

Basal  Area 

T o t a l  b a s a l  a r e a  has  remained d i r e c t l y  
c o r r e l a t e d  w i t h  o r i g i n a l  s p a c i n g ,  wi th  few 
e x c e p t i o n s ,  through age 25. By age 70 t h e  t h r e e  
c l o s e s t  s p a c i n g s  (5x10 and c l o s e r )  a l r e a d y  had 
over  100 s q u a r e  f e e t  o f  b a s a l  a r e a  p e r  a c r e ,  and 
t h e r e  was a 73-square-foot range between spac ing  
extremes ( t a b l e  1 ) .  By age 20, t h e  f o u r  c l o s e s t  
s p a c i n g s  (8x8  and c l o s e r )  had converged a t  about  
150 square  f e e t ,  and Prom age 20 t o  age 25, t h e y  
showed l i t t l e  o r  no i n c r e a s e  i n  b a s a l  a r e a ,  
Basal  a r e a  s t o c k i n g  on a l l  bu t  t h e  two wides t  
s p a c i n g s  culminated a t  o r  b e f o r e  age 25, A 
maximum b a s a l  a r e a  o f  165 square  f e e t  was reached 
on one o f  t h e  6x6 p l o t s  a t  age  25. Only t h e  
15x15 and 1,5x15 had n o t  %horn a doamturn by age 
30 * 

Quadra t i c  mean d i a n e t e r s  o f  a l l  t r e e s  were 
c a l c u l a t e d ;  t h e y  are perhaps 0.1 i n c h  h i g h e r  than  
t h e  a r i t h m e t i c  mean. A s i q n i f i c m t  d i f f e r e n c e  i n  
nean d i m e t e r  f i r s t  e c c u r r &  a t  age 5 a t  a 
d e n s i t y  o f  500 t o  550 TPA (Bennet t  4960), and 
m a n s  have become i n c r e a s i w l y  more d i v e r g e n t  
a c r o s s  t h e  range o f  d e n s i t i e s  t o  age 30. Average 
d iamete r  o f  a l l  t r e e s  a t  t h e  wides t  spac ing  was 
53  percen t  l a r g e r  than  t h a t  a t  t h e  c l o s e s t  
spac ing  a t  age  48, and 81 p e r c e n t  l a r g e r  a t  a g e  
30 ( t a b l e  1 ) .  The s t r o n g  e f  f e c t  o f  p l a n t i n g  
d e n s i t y  a n  d.b,h.  can be s e e n  i n  t h e  f a c t  t h a t  
over  t h e  1000-tree range  o f  i n i t i a l  d e n s i t i e s  i n  

t h i s  s t u d y ,  t h e r e  a r e  f i v e  o r  s i x  s i g n i f i c a n t  
d i f f e r e n c e s  i n  m a n  dianreter .  Two of  t h e s e  
d i f f e r e n c e s  c o n s i s t e n t l y  occur  a t  t h e  two s p a c i n g  
e x t r m e s - - t h e  6x6 and 15x35 have s i m i f i c a n t l y  
s m a l i e r  and l a r g e r  d i a w t e r s ,  r e s p e c t i v e l y ,  t h a n  
a l l  o t h e r  s p a c i w s ,  A t  age 20, o n l y  t h e  15x15 
s p a c i n g  had more than half its s u r v i v i n g  t r e e s  i n  
n e r ~ h ~ t a b l e  s i z e s ,  but  by age 30 a l l  s u r v i v i w  
t r e e s  were n e r c h a n t a b l e  a t  all spac ings .  

Crown R a t i o  

Crown r a t i o  is impor tan t  i n  main ta in ing  
d i a m t e r  growth, and it Fs s i g n i f i c a n t l y  r e l a t e d  
t o  s t a n d  d e n s i t y .  Assuning a 35-pewent  crown 
r a t i o  is d e s i r a b l e  i n  pulpkmad s i z e  s l a s h  p i n e ,  
t h e  6x6 spac ing  was i n  Jeopardy a t  age 15, w i t h  
3 2  p e r c e n t  of t o t a l  h e i g h t  i n  g r e e n  crown ( t a b l e  
1 ). A t  age  20, a l l  s p a c i n g s  6x12 and c l o s e r  
( o v e r  600 TPA) had l e s s  t h a n  35 p e r c e n t  g r e e n  
erorm,  and by age 25, o n l y  the 115x15 spac ing  
sti l l  had 35 p e r c e n t  crown. 

T o t a l  Height 

Mean t o t a l  h e i g h t  is u s u a l l y  n o t  r e l a t e d  t o  
s t a n d  d e n s i t y  among t h e  d e n s i t i e s  normally 
encountered i n  managed s t a n d s  of s o u t h e r n  p i n e s ,  
T h i s  spac ing  s t u d y  has  been an e x c e p t i o n  s i n c e  
age  10 (Harm and C o l l i n s  1965, Lloyd and J o n e s  
1983). P l o t s  p lan ted  c l o s e r  than  8x8 (681 TPA) 
g e n e r a l l y  had s i g n i f i c a n t l y  s h o r t e r  t r e e s  th rough  
age  30 ( t a b l e  1 ). Onby t h e  very  wide and v e r y  
c l o s e  s p a c i m s  were c l e a r l y  d i f f e r e n t  i n  h e i g h t ,  
i , e , ,  fewer  t h a n  400 vs, more than  800 TPA. 

These h e i g h t  d i f f e r e n c e s  a l s o  have an e f f e c t  
on t h e  e s t i m a t i o n  o f  s i t e  index when widely 
d i f f e r e n t  d e n s i t i e s  a r e  found on o t h e r w i s e  
s i m i l a r  s i d e s .  The average  h e i g h t  of  t h e  
dominant s t a n d  a t  age  25 i n  t h i s  s t u d y  is a 
d i r e c t  measure of  25-year s i t e  index  ( t a b l e  11,  
and a 10-foot d i f f e r e n c e  i n  s i t e  index can be 
recognized due t o  s p a c i n g ,  whi le  t h e  d i f f e r e n c e  
between b locks  was n o t  s i g n i f i c a n t ,  With two 
over lapp ing  s i g n i f i c a n c e  ranges  by Duncants tes t ,  
t h e  d i f f e r e n c e  p o i n t  can be g e n e r a l i z e d  a t  600 
TPA s u r v i v i n g  a t  age  10,  

Perhaps we should r a h d  o u r s e l v e s  as we a r e  
look ing  f o r  numbers t o  pu t  i n t o  computer models,  
t h a t  s i t e  index was n o t  o r i g i n a l l y  intended a s  an 
a b s o l u t e  neasure  of s i t e  p o t e n t i a l ,  I n  f a c t ,  
s i t e  index  is u s u a l l y  e s t i m a t d  t o  t h e  n e a r e s t  
10-foot e l a s s ,  I n  t h a t  l i g h t ,  v a r i a t i o n s  o f  less 
t h a n  10 f e e t  a r e  n o t  serious d e f e c t s ,  However, 
i f  t h e s e  e i g h t  s p a c i n g  t r e a t a e n t s  a r e  ass igned  t o  
10-foot s i t e  index c l a s s e s ,  t h e  t h r e e  wides t  
s p a c i n g s  w i l l  be s i t e  1 0 ,  and a l l  o t h e r s  s i t e  60. 

Merchantable Cubic-Foot Vollme 

From ages  10 through 30, t h e r e  were very  few 
s i g n i f i c a n t  d i f f e r e n c e s  i n  m r c h a n t  a b l e  volume 
produc t ion  among t h e  e i g h t  s p c i n g s ,  but 
v a r i a t i o n  among t r e a t m n t s  was h i g h  ( t a b l e  1 ) .  
A t  age  10, t h e  wides t  and c l o s e s t  s p a c i n g s  had 
s i g n i f i c a n t l y  l e s s  vobuae than  t h e  i n t e r m e d i a t e  
spac ings .  A t  a g e s  15 and 20, o n l y  t h e  15x15 was 
s i g n i f i c a n t l y  belgw o t h e r  s p a c i n g s  in c u b i c  



volume. There was c o n s i d e r a b l e  v a r i a t i o n  i n  Averwe  d.b*h. a t  s p a c i n g s  below 6x12 ( l e s s  
c u b i c  volume among t r e a t m n t s  a t  a g e s  20, 25,  and than  600 TPA) were s i g n i f i c a n t l y  l a r g e r  t h a n  a t  
30 ( f i g .  l ) ,  bu t  t h e  d i f f e r e n c e s  a t  a g e s  25 and c l o s e r  s p a c i n g s ,  Aver%e d i m e t e r n  of 10 i n c h e s  
30 were n q 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 .  were ob ta ined  by age  20 a t  t h e  widest  s p a c i n g  

( 200 TPAI , which is d e s i r a b l e  f o r  e a r l y  sawtimber  
p roduc t  ion.  
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TREES PER ACRE <X ID@> 

F i g u r e  1 .--Merchantable volume over  i n i t i a l  t r e e s  
p e r  a c r e  and s p a c i n g s ,  by age ,  f o r  s l a s h  p i n e  
s p a c i n g  s tudy .  

These r e s u l t s  should be  viewed w i t h  c a u t i o n .  
They r e p r e s e n t  o n l y  t h e  e f f e c t  o f  i n i t i a l  TPA 
( s p a c i n g )  on volume, and n o t  s u r v i v i n g  TPA, which 
is t h e  product  o f  i n i t i a l  d e n s i t y  and c u r r e n t  
s u r v i v a l  pe rcen t .  Yield s t u d i e s  c o n s i s t e n t l y  
show a h i g h l y  s i g n i f i c a n t  e f f e c t  o f  s u r v i v i n g  TPA 
on c u b i c  volume y i e l d s  (Benne t t  1963). 

DISCUSSIOM AND COMCLUSZOMS 

Herchan tab le  cub ic - foo t  volunes a t  a g e s  25 and 
30 were n o t  s i g n i f i c a n t l y  d i f f e r e n t  a c r o s s  t h e  
e i g h t  i n i t i a l  s p a c i n g s  i n  t h i s  s t u d y  (15x15 t o  
6x6, 194 t o  1210 TPA), b u t  y i e l d s  f o r  t h e  two 
extreme s p a c i n g s  were c o n s i s t e n t l y  lower t h a n  f o r  
t h e  o t h e r s  ( t a b l e  1 ) .  However, s p a c i n g  a lone  
does n o t  account  f o r  c h m g e s  i n  TPA o v e r  t ine ,  a s  
a r e s u l t  o f  m o r t a l i t y .  F u r t h e r  i n v e s t i g a t i o n s  
wi th  t h e s e  d a t a  w i l l  examine e f f e c t s  o f  TPA on 
growth and y i e l d .  14ercbantable volune growth 
d e c l i n e d  s h a r p l y  a f t e r  age 25 ( f i g .  I ) ,  
e s p e c i a l l y  f o r  s p a c i n g s  o f  8x8 and c l o s e r  (over  
680 TPA) . For example, t h e  6x8 s p a c i n g  (900 TPA) 
had t h e  h i g h e s t  volune o f  a l l  s p a c i n g s  a t  ages  
15,  20, and 25, bu t  f e l l  t o  f i f t h  h i g h e s t  a t  a s e  
30,  when t h e  7 . 5 ~ 1 5  s p a c i n g  had t h e  h i g h e s t  
volune.  Lacking s i g n i f i c a n t  d i f f e r e n c e s  i n  
merchantable  volume, t h e  c h o i c e  o f  i n i t i a l  
spac ing  may t h e r e f o r e  be based on o t h e r  f a c t o r s .  

A l t h o w h  t h i s  s t u d y  was n o t  designed t o  
compare s q u a r e  vs .  non-sqmre  spac ings ,  ev idence  
i n d i c a t e s  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  
merchantable  c u b i c  voluae p roduc t ion  th rough  age  
30 due t o  spac ing  c o n f i ~ r a t i o n .  Ten f e e t  o r  
more between rows permi t s  a c c e s s  i n t o  t h e  s t a n d ,  
bu t  a p p a r e n t l y  does  n o t  s a c r i f i c e  merchantable  
volune product ion.  

Mutual compet i t ion  was e v i d e n t  i n  t h e  e a r l y  
d e c l i n e  o f  l i v e  crown r a t i o  a t  t h e  c l o s e r  
spac ings .  Crown r a t i o  was approaching 30 p e r c e n t  
by age  20 a t  s p a c i n g s  o f  6x12 and c l o s e r  ( o v e r  
600 TPA). I f  sawtimber  is t h e  o b j e c t i v e ,  
t h i n n i n g s  should be a p p l i e d  by age 20 f o r  s t a n d s  
p lan ted  wi th  o v e r  600 TPA. Thinnings i n  s t a n d s  
s t a r t i n g  from fewer than  600 TPA can be d e f e r r e d  
u n t i l  a f t e r  age  20. Perhaps s t a n d s  o r i g i n a t i n g  
wi th  400 o r  fewer TPA could go  unthinned t o  a g e  
30. Without t h i n n i n g ,  b a s a l  a r e a  w i l l  peak a t  
150-160 s q u a r e  f e e t  p e r  a c r e ,  and then  d e c l i n e d  
due t o  mutual compet i t ion  among planted t r e e s .  

S e v e r a l  conc lus ions  can be drawn from t h i s  
s t u d y  and a p p l i e d  t o  s i m i l a r  unthinned o l d - f i e l d  
s l a s h  p ine  p l a n t a t i o n s  on s i t e s  60 t o  70: 

1. A 6x6 spac ing  is  n o t  e f f i c i e n t  f o r  
merchantable  volume product ion.  

2. S e l e c t  a spac ing  p a t t e r n  t o  a l l o w  10  t o  1 2  
f e e t  be tween rows. 

3. For pulpwood produc t ion  on ly ,  p l a n t  600 t o  
800 TPA and h a r v e s t  a t  age 25. 

4. For sawtimber p roduc t ion ,  p l a n t  600 t o  700 
TPA and t h i n  a t  age  15 t o  20, o r  p l a n t  400 t o  600 
t r e e s  and d e l a y  t h i n n i n g  u n t i l  a f t e r  age  20. 

5. On s i m i l a r  s i t e s ,  unthinned s l a s h  p i n e  
s t a n d s  s t a r t i n g  from 200 TPA w i l l  have dominant 
s t a n d  h e i g h t s  appsoximately 10 f e e t  t a l l e r  t h a n  
p l a n t i n g s  o r i g i n a t i n s  w i t h  1200 TPA. 
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GOSVERTLKG "THE BABRENS" FROM LOW-QGALITY W D g O O D S  TO HIGH-YIELDING 

LOBLOLLY PIHE PL>NT~TT ION sL' 
2 :" 

Edward Buckaer,  R icha rd  Evans, John  l i u l l i n s  and Eyvirad Thor- 

Abstract , - -A s p l i t - p l o t  d e s i g n  was used t o  t e s t  no 
t r e a t m e n t ,  f i r e  p lowing and doub le  d i s k i n g  a s  main t r e a t m e n t s  
f o r  c o n t r o l l i n g  r e s i d u a l  hardwoods f o l l o w i n g  a  c o m e r c i a l  
t i m b e r  h a r v e s t  and p l a n t i n g  1-0 s e e d l i n g s  v s  d i r e c t  s e e d i n g  
a s  sub-p lo t  t r e a t m e n t s  f o r  c o n v e r t i n g  a  low-qua l i ty  hardwood 
s t a n d  t o  a  l o b l o l l y  p i n e  p l a n t a t i o n .  T h i s  e v a l u a t i o n  was  
made a t  p l a n t a t i o n  a g e  23. Double d i s k i n g  was n o r e  e f f e c -  
t i v e  t h a n  the  o t h e r  s i t e  p r e p a r a t i o n  t r e a t m e n t s  and p l a n t i n g  
was more e f f e c t i v e  t h a n  d i r e c t  s e e d i n g ,  annua l  
growth where t h i s  combinat ion was used was 2 . 4  c o r d s  p e r  a c r e  
p e r  y e a r .  Although l e s s  p r o d u c t i v e ,  t h e  f o l l o w i n g  t r e a t m e n t  
combinat ions  r e s u l t e d  i n  s t a n d s  o f  a c c e p t a b l e  s t o c k i n g :  
p l o w / p l a n t ,  no s i t e  p r e p a r a t i o n l p l a n t  and d i s k l s e e d .  High 
y i e l d s  from t h e  d i sked lp la r ' t ed  p l o t s  makes t h i s  t r e a t m e n t  
a t t r a c t i v e  f o r  i n t e n s i v e  management. P l a n t i n g  w i t h o u t  s i t e  
p r e p a r a t i o n  a p p e a r s  t o  b e  a  v i a b l e  o p t i o n  on s m a l l  ownerships  
where i n t e n s i v e  s i t e  p r e p a r a t i o n  is  n o t  f e a s i b l e ,  

1NTRCIS)UCTLON The " n a t i v e "  f o r e s t s  a l s o  s u g g e s t  t h a t  t h e s e  
s o i l s  would be unproduc t ive  f o r  f o r e s t  c r o p s ,  

The long-term a n d  h igh  risk n a t u r e  o f  f o r e s t r y  The dominant t r e e s  a r e  ~ r i m a r i l v  oaks - s c a r l e t  
i n v e s t m e n t  i s  such  t h a t  p r o d u c t i o n - o r i e n t e d  (Quercus c o c c i n e a  L. ) , c h e s t n u t  (Quercus p r i n u s  L.  1 ,  
f o r e s t e r s  g e n e r a l l y  prefer t o  " p r a c t i c e  t h e i r  p o s t  (Quercus s t e l l x t a  b?angenh,),  b l a c k j a c k  
t r a d e "  on s u i t a b l e  l a x d  t h a t  i s  f r e e  from c o n f l i c t  (Quercus m a r i l a n d i c a  Fuenchh . ) ,  and s o u t h e r n  r e d  -- 
w i t h  o t h e r  p o s s i b l e  l and-use  o p t i o n s  ( e . g , ,  
w i l d e r n e s s ,  a g r i c u l e u r e ,  urban development ,  
n a t u r a l  a r e a s ,  e t c , ) .  Finding Land f r e e  from 
t h e s e  c o n s t r a i n t s  t h a t  i s  s u i t a b l e  f o r  t h e  p r a c t i c e  
o f  i n t e n s i v e  f o r e s t r y  i s  becoming i n c r e a s i n g l y  
d i f f i c u l t  a s  p r e s s u r e s  f o r  l and  i n c r e a s e .  "The 
B a r r e n s , "  an e x t e n s i v e  r e g i o n  on the E a s t e r n  
E igh land  Rim i n  s o u t h - c e n t r a l  Tennessee ,  may b e  o c e  
s u c h  a r e a .  

T h i s  f l a t  t o  g e n t l y  r o l l i n g  r e g i o n  i s  covere6  
w i t h  a  l o e s s  man te l  i n  which s o i l s  deve lop  t h a t  
commonly have  a  f r a g i p a n  a t  lC-2h i n c h e s .  The 
c h a r a c t e r i s t i c  s o i l  f o r  t h i s  r e g i o n  i s  Dickson 
s i l t  loam ( u n d u l a t i n g  p h a s e ) ,  I t  i s  n o t  i n  demand 
f o r  a g r i c u l t u r a l  c rops  a l t h o u g h  t h e r e  is i n c r e a s i r g  
u s e  f o r  p a s t u r e .  I t  i s  n o t  s u i t a b l e  f o r  s u b d i v i s i o n  
development o r  o t h e r  u rban  c o n s t r u c t i o n  due t o  
impermeab i l i ty .  S e p t i c  systems do n o t  work 
e f f i c i e n t l y ,  e s p e c i a l l y  i n  t h e  w i n t e r  when a  
pea rched  w a t e r  t a b l e  commonly w a t e r l o g s  t h e  s o i l s .  

i'Paper p r e s e n t e d  a t  Southern S i l v i c u l t u r a l  
Research Conference,  A t l a n t a ,  Georgia ,  Xovember 
4-6, 1986,  

Z i ~ r o f  e s s o r .  S u p e r i n t e n d e n t  of F o r e s t r y  
S t a t i o n s ,  Research A s s o c i a t e  and P r o f e s s o r  
Emer i tus ,  r e s p e c t i v e l y ,  Depar tnen t  of F o r e s t r y ,  
W i l d l i f e  6 F i s h e r i e s ,  VnLvers i tp  of 'Tennessee, 
K n o x v i l l e ,  TN 37901-1871. 

(Quercus f a l c a t a  2l ichx. j  w i t h  a few h i c k o r i e s ,  
elms and an o c c a s i o n a l  a sh .  Unders tory t r e e s  a r e  
l a r g e l y  dogwood, soLtrwood and redbud.  I n  t h e  
s p r i n g  r a p i d  e v a p o t r a n s p i r a t i o n  q u i c k l y  d r i e s  t h e  
s h a l l o w  r o o t i n g  zone making d rough t  a common 
o c c u r r e n c e  d u r i n g  n'ucii of t h e  growirig s e a s o n ,  
The p i n e s  n a t i v e  t o  Tennessee  a r e  no t  g e n e r a l l y  
found i n  t h i s  r e g i o n .  

A h i s t o r y  o f  f r e q u e n t  f i r e s ,  g r a z i n g  and 
h igh-g rad ing  have combined t o  mask t h e  p o t e n t i a l  
p r o d u c t i v i t y  of t h e s e  s i t e s  f o r  f o r e s t  c r o p s .  
The g e n e r a l  l a c k  of i n t e r e s t  i n  f o r e s t  management 
by landowners  l i k e l y  r e s u l t s  from t h e  low i n h e r e n t  
v a l u e  of t h e  n a t i v e  s p e c i e s ,  t h e i r  degraded  
c o n d i t i o n  ( f i r e  s c a r s ,  i i m b i n e s s ,  e t c . )  and a  
g e n e r a l  l a c k  of marke t s  f o r  unprocessed f o r e s t  
p r o d u c t s .  Conver t ing  t h e s e  s i t e s  t o  p i n e  h a s  n o t  
been wide ly  p r a c t i c e d  as t h e  r e g i o n  is o u t s i d e  
t h e  procurement  zones for a l l  b u t  2 o r  3 p u l p  
companies.  

I n  1966 approx imate ly  860 acres i n  'The  
Barrens"  was a c q u i r e d  35 surplus povernment 
p r o p e r t y  by t h e  U n i v e r s i t y  of Tennessee ,  e s s e n t i a l l y  
a l l  o f  which suppor ted  a Low-quality hardwood 
f o r e s t  t h a t  w a s  t y p i c a l  f o r  this r e g i o n .  11: was 
composed of two d i s t i n c t  a g e  c l a s s e s  - a p o o r l y  
s t o c k e d  o v e r s t o r y  dozinated by oaks t h a t  were  
g e n e r a l l y  o v e r  10-12 inches  dbh and an u n d e r s t o r y  
o f  mixed hardwoods g e n e r a l l y  Less t h a n  1 0  y e a r s  
o l d .  I n  the mid-1350's an  e f f e c t i v e  f o r e s t  f i r e  
c o n t r o l  program was impiexented i n  Tennessee  which 
a l lo t r ed  tfie ;'our,ger zSe c_lass t o  become e s t a b l i s 5 c d .  



THE STUDY 

T h i s  s t u d y  was e s t a b l i s h e d  i n  t h e  w i n t e r  of 
1961-62. It was prompted by t h e  a p p a r e n t  low 
p r o d u c t i v i t y  o f  t h e  " n a t i v e f r  f o r e s t  cover .  ,An 
e a r l y  i n d i c a ~ i o n  of the g r e a t e r  p r o d u c t i v i t y  of 
l o b l o l l y  p i n e  on t h e s e  s o i l s  was e v i d e n t  from 
p l a n t a t i o n s  e s t a b l i s h e d  on Arnold E n g i n e e r i n g  
p r o p e r t i e s  (a f e d e r a l  ownership)  i n  t h e  1 5 4 0 ' s  
and 5 0 ' s .  

Study o b j e c t i v e s  were t o  e v a l u a t e :  

I) m e c h a n i c a l  s i t e  p r e p a r a t i o n  a e t h o d s  f o r  
c o n t r o l l i n g  t h e  r e s i d u a l  hardwood under-  
s t o r y  s u f f i c i e n t  t o  e s t a b l i s h  a l o b l o l l y  
p i n e  p l a n t a t i o n ,  

2 )  p l a n t i n g  v s  s e e d i n g  f o r  e s t a b l i s h i n g  a  
l o b l o l l y  p i n e  p l a n t a t i o n ,  and 

3) t h e  p o t e n t i a l  f o r  l o b l o l l y  p i n e  on t h e s e  
seeming ly  unproduc t ive  s i t e s .  

METHODS 

A l l  merchan tab le  t imber  12 i n c h e s  dbh and 
l a r g e r  on t h e  115 a c r e  s t u d y  a r e a  was removed i n  a  
commercial t i m b e r  s a l e .  The remain ing  o v e r s  t o r y  
t r e e s  ( 3  i n c h e s  dbh and l a r g e r )  were i n j e c t e d  
u s i n g  a m i x t u r e  of 2,4-D and 2,4,5-T. There 
remained a  hardwood u n d e r s t o r y  t h a t  would compete 
w i t h  p l a n t e d  p i n e s .  

The e x p e r i m e n t a l  d e s i g n  was a s p l i t  p l o t  
ar rangement  of 3 s i t e  p r e p a r a t i o n  t r e a t m e n t s  i n  
which 2  p l a n t i n g  methods were t e s t e d  (Tab le  I )  . 
There were 3 r e p l i c a t i o n s ;  however,  one was Large ly  
d e s t r o y e d  by a  w i l d f i r e  i n  1970. 

Table  1.--&ln and s u b p l o t  t r e a t m e n t s  o r  t h e  s p l i t  
p l o t  exper imenta l  $@sip.  

Hain t r e a t m e n t s  were ( p l o t  s i z e  = 1,000' x 500 ' )  
I. Contro l  = no t rea tment  of unders tory  

hardwoods ( a  few were d m a g e d f k i l l e d  by the 
logging  o p e r a t i o n ) .  

2. F i r e  plow = opening f i r e  plow l a n e s  on 8 
f o o t  i n t e r v a l s .  

3 .  Double d i s k i n g  - uniform coverage of e n t x r e  
a r e a  u s i n g  bog-type d i s k .  

Sub-plot t r e a t m e n t s  were ( ~ l a t  s i z e  500' x 500 ' ) :  
1. D i r e c t  seeding  of s t r a t i f i e d  l o b l o l l y  p ine  

seed. I n  t h e  d isked  p l a t s  seeding  was done 
wi th  a cyclone s e e d e r  a t  t h e  r a t e  of one 
pound p e r  a c r e .  I n  the  f i r e  plow p l o t s  
seeding  was cont inuous  a long the  bottom of 
t h e  t r e n c h  whi le  i n  the e o n t r o l  p l o t s  
seeded s p o t s  were spaced a s  were the 
p l a n t e d  t r e e s  and a t  the  r a t e  of 1/2 
pound p e r  a c r e  u s i n g  a Panama seeder .  

2. P l a n t i n g  1-0 l o b l o l l y  p ine  s e e d l i n g s  on a 
spac ing  t h a t  would g i v e  1,000 t r e e s  p e r  
acre (approximately 8' x 5 . 5 ' ) .  

These main and sub-plo t  t rea tment  cornbinac lo~s  
g i v e  the  fo l lowing t r e a t m e n t s  i n  t h e  5.75 a c r e  
sub-plots:  

I. no s i t e  p r e p a r a t i o n  + d i r e c t  seedrng 
( i n  s p o t s  us ing  P a n m a  seeder)  

2.  no s i t e  p r e p a r a t i o n  + p l a n t i n g  s e e d l i n g s  
3.  f i r e  plow + d i r e c t  seeding  ( c o n t h u o u s  

along f i r e  plow t rench)  
4. f i r e  plow + p l a n t i n g  s e e d l i n g s  
5. double d i s k i n g  + d i r e c t  seeding  

(broadcas t  us ing  Cyclone s e e d e r )  
6. double d isk ing  + p l a n t i n g  s e e d l i n g s  

S i t e  p r e p a r a t i o n  and p l a n t i n g  were done i n  
t h e  s p r i n ~  of 2.962. Twenty f i v e  permanent sample  
p l o t s  were e s t a b l i s h e d  i n  each  t r e z t m e n t  p l o t .  
The s t a n d  p a r a x e t e r s  used  i n  t h i s  r e p o r t  were 
o b t z i n e d  i n  the f a l l  and w i n r e r  of 1984-85, 
follow in^ t h e  23rd growlrlg season .  

Nain t r e a t m e n t  ( s i t e  p s e p a r a t i o n j  e f f e c t s  
i n d i c a t e  t h a t  double  d i s k i n g  r e s u l t e d  i n  s i g n i f i -  
c a n t l y  g r e a t e r  s t o c k i n g  and b a s a l  a r e a s  t h a n  t h e  
o t h e r  two t r e a t m e n t s  (Table  2 ) .  P l o t s  r e c e i v i n g  
t h i s  t r e a t m e n t  a l s o  had s 2 g n i f i c a n t t y  g r e a t e r  
t r e e  h e i g h t s  t h a n  t h e  c o n t r o l  and g r e a t e r  cordwood 
volumes t h a n  t h e  plowed p l o t s .  Plowing d i d  n o t  
r e s u l t  i n  s i g n i f i c a n t  improvement ove l  t h e  c o n t r o l s  
f o r  any of t h e  measured p a r a m e t e r s .  These p l o t s  
had t h e  l o w e s t  s t o c k i n g ,  which was l i k e l y  due t o  
compe t i t ion  from r e s i d u a l  hardwoods and f r o s t  
heav ing  ( a s  p l a n t i n g  was i n  t h e  bot tom of t h e  
fu r row where w a t e r  o f t e n  s t o o d  d u r i n g  the  w i n t e r  
months) . 

Table 2.--Stand d e n s i t y  and growth parameters f o r  
t h e  v a r i o u s  t rea tment  combinations.  

Trees  DBH Height Basa l  Cords 
Treatment per  Acre ( i n . )  ( f e e t )  Area j s q . f t . )  per  Acre 

AVERAGES FOR. INDIVf DUAL TREATMENTS 

SITE PREPARATION 
None 351a 7.49 5sa 1 1 3 . 5 ~  3 3 .  5ab 
Plowed 3 0 4 ~  8.00 57ab 1 0 6 . 6 ~  3 2 .  4a 
Disked 430b 7.76 5ab 1 4 6 . 6 ~  45.1b 

PLANTING METHOD 
Seeded ~ 9 4 ~  7.67 55a 97.1a ~ 8 . 6 ~  
P lan ted  4 3 ~ ~  7.80 5gb 1 4 9 . 6 ~  4 6 . 0 ~  

AVERAGED FOR COMBIhTD T E A T ~ N T S ~ '  

a fValues  i n  columns fol lowed by t h e  same l e t t e r  a r e  no t  
s i g n i f i c a n t l y  d i f f e r e n t  a t  the  .05 p r o b a b i l i t y  l e v e l  
accord ing  t o  Duncan's P lu l t ip le  Range Tes t .  

I l - lS ta t i s t i ca l  a n a l y s i s  of t h e  combined t rea tments  was no t  
a p p r o p r i a t e  due t o  a f ire  t h a t  des t royed  por t ions  of 
two r e p l i c a t i o n s .  

A l l  of t h e  t r e e / s t a n d  pa ramete r s  measured 
were h i g h e r  i n  t h e  p l a n t e d  p l o t s  t h a n  i n  t h o s e  
e s t a b l i s h e d  by d i r e c t  s e e d i n g  (Tab le  2 ) .  The 
one-year growth advzntage of p l a n t e d  s e e d l i n g s  
L ike ly  xade them b c t  t e r  c o m p e t i t o r s  a g a i n s t  
hardwoods and a c c 3 u n t s  f o r  t h e i r  Larger  s i z e .  
Higher  s t o c k i n g  i n  a 7 1  p l s n t e d  p l o t s  was n o t  t h e  
c a s e  a t  age 5 when t h e  C'oubLe d i s k e d / d i r e c t  s e e d e d  
p l o t s  had 2 , 4 7 1  t r e e s  p e r  a c r e ,  t h e  h e a v e s t  
s t o c k i n g  i n  t h e  s t u d y  a t  t h a t  Lime (Thor arid 
Huf fman, 1969) .  I f i i l e  h i g h  m o r t a l i t y  i s  e x p e c t e d  
w i t h  s t a n d  developrrient i n  such o v e r s t c c k e d  s t a n d s ,  
a  c o n t r i b u t i n g  f a c t o r  may have been t h e  s low 
e a r l y  growth of seeded  p i n e s  r e l a t i v e  t o  s p r o u t i n g  
hardwoods. 

Although n o t  ana lyzed  s t a t i s t i c a l l y ,  a l l  of 
t h e  t r e e / s t a n d  pa ramete r s  measured nxcept  a v e r a g e  



d i a m e t e r  were  t h e  h i g h e s t  i n  t h e  d i s k e d l p l a n t e d  
p l o t s  ( T a b l e  2 ) .  T h i s  i n d i c a t e s  r h a r  the r a p i d  
development of f u l l y  s t o c k e d  p i n e  s ~ a n d s  i s  
s t r o n g l y  dependent  on e f f e c t r v e  c o n t r o l  c f  hard -  
woods and t h e  growth advan tage  p r o v i d c c  by  ;-0 
p i n e  s e e d l i n g s .  \Chile t h e  ki igk s t a n d  d e ~ s i t i e s  
l i k e l y  r educed  d i a m e t e r  growth,  o n l y  t h e  plow/'seeded 
p l o t s  had  h i g h e r  a v e r a g e  d i a z e t t r s .  These l a r g e  
d i a m e t e r s  were l i k e l y  d u e  t o  t h e  low s t o c k i n g  
conb i n e d  w i t  some hardwood c o n t r o l .  However, 
s t o c k i n g  i n  t h ~ s e  p l o t s  was u n s a t  i s f  actor?.  

A l l  s t a n d  p a r a m e t e r s  were t h e  l o w e s t  where 
d i r e c t  s e e d i n g  was done w i t h  no s i t e  p r e p a r a t i o n  
(Tab le  2 ) .  N c t  o n l y  were t h e s e  p l o t s  u n d e r s t o c k e b ,  
b u t  i n d i v i d u a l  t r e e  parameEers  ( h e i g h t / a i a m e t e r )  
were t h e  lowesc .  T h i s  l i k e l y  r e f l e c t s  t h e  growth 
advan tage  of t h e  r e l a t i v e l y  u n d i s t u r b e d  hardwoed 
u n d e r s t o r y  o v e r  t h e  d i r e c t  s eeded  p i n e s  r e s u l t i n g  
i n  s low p i n e  growth and h i g h  m o r t a l i t y ,  

S t a n d s  w i t h  s a t i s f a c t o r y  s t o c k i n g  were ob- 
t a i n e d  i n  a l l  of t h e  p l a n t e d  p l o t s  and i n  t h e  
d i r e c t  s e e d e d  p l o t  t h a t  was double  d i s k e d .  In 
p l a n t e d  p l o t s  t r e e  h e i g h t  and d i a m e t e r  a p p e a r e d  
t o  improve w i t h  i n c r e a s i n g  i n t e n s i t y  of s i t e  
p r e p a r a t i o n  b u t  d i d  n o t  a p p e a r  t o  be r e l a t e d  t o  
p i n e  s t a n d  d e n s i t y .  T h i s  s u g g e s t s  t h a t  t h e  growth 
of i n d i v i d u a l  p i n e s ,  a l t h o u g h  i n  "f ree- to-grow" 
p o s i t i o n s ,  were s t r o n g l y  i n f l u e n c e d  by t h e  r e s i d u a l  
hardwoods. Low s t o c k i n g  i n  t h e  p l o w l p l a n t  p l o t s  
r e s u l t e d  because  f r o s t  heav ing  was e s p e c i a l l y  
damaging t o  p i n e s  p l a n t e d  i n  t h e  plow f u r r o w ,  
Idhile t h i s  r e s u l t e d  i n  t h e  Lowest b a s a l  a r e a s  
and volumes i n  t h e  p l a n t e d  p l a t s ,  t h e s e  s t a n d s  a r e  
now f u l l y  s t o c k e d   able 2)  . 

For  b o t h  p l a n t i n g  methods ave rage  d i a m e t e r  
and h e i g h t  were  t h e  l o w e s t  wh t re  t h e r e  was no  
s i t e  p r e p a r a t i o n .  S i n c e  t h e s e  p a r a m e t e r s  d i d  n o t  
a p p e a r  t o  b e  i n f l u e n c e d  by p i n e  s t o c k i n g  t h e  
s lower  growth is  l i k e l y  due t o  hardwood c o i n p e t i t i o n ,  
which was e s p e c i a l l y  a p p a r e ~ t  i n  t h e  seeded  p l o t s .  

S i n c e  h e i g h t  d i f f e r e n c e s  a r~ong  t r e a t m e n t s  
were s m a l l  and even t h e  s m a l l e r  p ine  s were of 
pulpwood s i z e ,  t h e r e  was a  s t r o n g  c o r r e l a t i o n  
between b a s a l  a r e a  and c u b i c  volume ( c a r d s )  p e r  
a c r e  ( T a b l e  2 ) .  C o n s i d e r i n g  d i r e c t  seeding w i t h  
no  s i t e  p r e p a r a t i o n  t o  h e  t h e  nlnimum s i ; v i c u l t u r e  
t h a t  might  b e  a p p l i e d  i n  e s t a b l i s h i n g  p i n e s  on 
t h e s e  s i t e s  a f t e r  removal  of t h e  hardwood ovc r -  
s t o r y ,  c u b i c  volume g a i n s  a c h i e v e d  i n  t h % s  s t u d y  
f rom a p p l y i n g  more i n t e n s i v e  t r e a t r e n t s  sere:  

no s i t e  p r e p  (plowed < d i s k &  ' plowed < no site prep, d i s k e d  
seeded  seeded  seeded planted planted planted 

----___-_----__--_---------------------------------------------- 

e s t a b l i s h e d  on a " r e g u l a r "  s p a c i n g ,  a s  is b e s t  
accompl i shed  by planting g e n e t i c a l l y  improved 
s t o c k  s u i t e d  t o  t h e  p l a n t i n g  s i t e ,  g r e a t l y  i n c r e a s t s  
t h e  l i k e l i h o o d  of  o b t a i n i n g  v i g o r o u s ,  f u l l y - s t o c k e d  
p l a n t a t i o n s  i n  which compet ing hardwoods do n o t  
s e r i o u s l y  erode p r o d u c t i v i t y .  

A ma jo r  f i n d i n g  i n  t h i s  s t u d y  was t h e  produc-  
t i v i t y  of t h e  l o b l o l l y  p i n e  p l a n t a t i o n s  e s t a b l i s h e d  
on t h e s e  seeming ly  u n p r o d u c t i v e  s i t e s  ( F i g u r e  1 )  . 

MEAN ANNUAL GROWTH OF LOBLOLLY PINE 

N GORDS PER A C E  PER YEAR 
r--7 

SEEDED 

F i g u r e  I. Average a n n u a l  growth i n  c o r d s  p e r  a c r e  
p e r  y e a r  f o r  2 3  y e a r  o l d  l o b l o l l y  p i n e  a c c o r d i n g  
t o  s i t e  p r e p a r a t i o n  and p l a n t i n g  methods.  

Average a n n u a l  growth of 2 . 4  c o r d s / a c r e / y e a r  on a 
23 y e a r  r o t a t i o n  r e p r e s e n t s  h i g h  p r o d u c t i v i t y  even 
f o r  t h e  b e t t e r  p i n e  s i t e s  i n  t h e  South  (Smal l ey  
and B a i l e y ,  1974) .  That t h i s  o c c u r r e d  on "The 
Bar rens"  where p i n e s  do n o t  n o r m a l l y  grow and 
n a t i v e  hardwoods a r e  l a r g e l y  i n f e r i o r  s p e c i e s  of 
low q u a l i t y ,  s u g g e s t s  t h a t  a  s i g n i f i c a n t  improve- 
ment i n  f o r e s t  p r o d u c t i v i t y  can b e  ach ieved  by 
a p p l y i n g  i n t e n s i v e  f o r e s t  p r a c t i c e s  t h a t  a r e  now 
"s t anda rd"  th roughou t  much of t h e  Sou th .  Al though 
p l a n t i n g  f o l l o w i n g  commercial  l o g g i n g  an6  i n j  ec -  
t i o n  of o v z r s t o r y  t r e e s  w i t h o u t  f u r t h e r  s i t e  
p r e p a r a t i o n  e s t a b l i s h e d  an a c c e p t a b l e  p l a n t a t i o n  
i n  t h i s  s t u d y ,  i t  i s  q u e s t i o n a b l e  whe the r  t h i s  
would b e  s u c c e s s f u l  unde r  p r e s e n t  c o n d i t i o n s .  A 
l o n g  p e r i o d  of e f f e c t i v e  f i r e  p r o t e c t i o n  h a s  
r e s u l t e d  i n  l a r g e r ,  more v i g o r o u s  hardwood s t a n d s .  
A s i m i l a r  t r e a t m e n t  today  would n o t  l i k e l y  b e  a s  
e f f e c t i v e  a s  was t h e  c a s e  i n  t h i s  s t u d y .  

A d d i t i o n a l  r e s e a r c h  needed t o  f u r t h e r  d e f i n e  
t h e  p o t e n t i a l  f o r  p i n e  on t h e s e  s i t e s  i n c l u d e s  
s t u d i e s  on: 1 )  f o r e s t  f e r t i l i z a t i o n ,  2 )  r i p p i n g  
( t o  f r a c t u r e  t h e  f r a g i p a n ) ,  and 3 )  c a r r y i n g  t h e  
p i n e  th rough  a  sawtimber  r o t a t i o n .  A s t u d y  t o  
t e s t  t h i n n i n g  and p r e s c r i b e d  b u r n i n g  as s u i t a b l e  
t r e a t m e n t s  f o r  m a i n t a i n i n g  s t a n d  v i g o r  t h r o u g h  a  
sawtimber  r o t a t i o n  i s  b e i n g  implemented on t h i s  
s t u d y  s i t e .  

LITEk4TURE C I T E D  

The s i g n i f i c a n t  g a i n s  tchie-ced i n  t h i s  s t u d y  
th rough  i n t e n s i v e  s i t e  p r e p a r a t i a n  and p l a n t i n g  
s e e d l i n g s  a r e  c o n s i s t e n t  w i t h  e x p e r i e n c e  i n  p i n e  
p l a n  t a t  i o n  management th roughou t  t h e  S o t ~ r t .  
C o n t r o l l i n g  t h e  a g g r e s s i v e  hardwoods tbtt compete 
w i t h  and c o n s t a n t l y  t h r e a t e n  t o  r ~ p l a c e  ylne: on 
e s s e n t i a l l y  a l l  s i t e s  i n  t h e  Sou th  i s  essential if 
v i g o r o u s ,  f u l l y - s  tockeb  p i n e  p l a n t a t i o n s  a r e  t o  'he 
m a i n t a i n e d .  The rapid e a r l y  growth of p i n e s  
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RELATIONSHIPS BETWEEN HEIGHT GROWTH AND ROOT SYSTEM ORIENTATION 

I / 
I N  PLANTED AND SEEDED LOBLOLLY AND SHORTLEAF PINES 

4/ 
Constance A. Harrington2', Wi l l i am C. Carlson2/ ,  and John C. B r i s s e t t e -  

Abstract.--Trees i n  34 young (3 t o  8 year-old) l o b l o l l y  (pinus 
taeda L.) and sho r t l ea f  pine (pinus echina ta  $fill.) s tands  i n  - 
Arkansas, Oklahoma, and Texas were sampled t o  cha rac t e r i ze  t he  
general  r o o t  system o r i en t a t i on  of planted and seeded t rees .  
Seventeen s tands  had been planted,  and 17 had been regenerated v i a  
a r t i f i c i a l  o r  na tu ra l  seeding, I n  each stand,  12 t r e e s  werg 
excavated and t o t a l  height  and height  growth increments f o r  the  
previous 3 years  were recorded. Stand o r ig in ,  e i t h e r  planted o r  
seeded, influenced the  percentage of t r e e s  i n  each of four  general  
roo t  system o r i en t a t i on  c lasses .  For both spec ies ,  seeded t r e e s  
were much more l i k e l y  t o  have a s ing l e  taproot  type of roo t  system 
than planted trees.  For seeded and planted t r e e s  of both species,  
t r e e s  with roo t  systems or iented  downward ( e i t h e r  wi th  a main 
taproot  o r  wi th  severa l  l a t e r a l  roo t s )  had b e t t e r  he ight  growth than 
t r e e s  with surface-oriented roo t  systems. The l e a s t  favorable roo t  
o r i en t a t i on  c l a s s  d i f f e r ed  by species;  surface-oriented l a t e r a l  
roo t  systems were l e a s t  favorable f o r  sho r t l ea f  pine, and t ap roo t s  
no t  or ien ted  downward were l e a s t  favorable f o r  l o b l o l l y  pine. 
Overal l ,  3-year he ight  growth d id  not  d i f f e r  between seeded and 
planted t r e e s ;  however, p lant ing  d id  increase  t he  percentage of 
t r e e s  i n  t he  roo t  o r i en t a t i on  c l a s se s  which were l e s s  favorable f o r  
height  growth. 

INTRODUCTION 

Loblolly (pinus taeda L.) and sho r t l ea f  (P, 
echina ta  Elill.) pine a r e  t he  major commercial 
t r e e  spec ies  i n  Arkansas, southeastern Oklahoma 
and nor theas tern  Texas. The na tu ra l  range of 
shor t leaf  pine extends f a r t h e r  west and no r th  
than t h a t  of l ob lo l ly  pine  o ow ells 1965); 
however, in  cen t r a l  Arkansas and southeastern 
Oklahoma large-scale p lant ings  of l ob lo l ly  pine 
outs ide  of its na tu ra l  range have been very 
successfu l  ( ~ a m b e t h  and o the r s  1984). In  many 
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a reas ,  when na tu ra l  s tands  of sho r t l ea f  pine a r e  
harvested,  t he  s i t e  i s  regenerated by p lant ing  
l o b l o l l y  pine because of the  g rea t e r  growth 
r a t e s  t h a t  can be achieved over sho r t  r o t a t i o n s  
by l o b l o l l y  on some s i t e s .  

I n  addi t ion  t o  inherent  d i f f e r ences  i n  
growth r a t e s  between lob lo l ly  and shor t leaf  
pines, o ther  reasons f o r  d i f f e r e n t i a l  performance 
i n  p l an t a t i ons  include d i f ferences  i n  the q u a l i t y  
of p l an t ing  s tock  produced by nu r se r i e s  and 
d i f f e r ences  i n  the  way the  roo t  systems of each 
spec ies  develop a f t e r  planting. This study was 
designed t o  i nves t iga t e  i f :  (1) there  were spec ies  
d i f f e r ences  i n  r o o t  system o r i en t a t i on  between 
planted and seeded t r e e s ,  and (2) d i f ferences  i n  
r o o t  system o r i en t a t i on  were associa ted  wi th  
d i f f e r ences  i n  height  growth, The information 
presented here is p a r t  of a l a rge r  study 
comparing roo t  systems of planted and seeded 
l o b l o l l y  and sho r t l ea f  pines. 

METHODS 

Seventeen paired p l o t s  (34 p l o t s  i n  t o t a l )  
were s e t  up i n  3- t o  8-year-old, well-established 
s tands  of e i t h e r  l ob lo l ly  e r  sho r t l ea f  pine i n  
Arkansas, Oklahoma, and Texas (f ig.  1). One p l o t  
of each p a i r  had been regenerated by a r t i f i c i a l  
o r  na tu ra l  seeding; t he  o ther  had been planted 
using a l oca l  seed source. Both p l o t s  of each 



Figure 1. Location of  s i t e s  used i n  r o o t  
system o r i e n t a t i o n  study: X= l o b l o l l y  pine 
s i t e ,  0= s h o r t l e a f  p ine  s i t e .  

p l o t  p a i r  were of t he  same t r e e  spec ies ,  on 
s i m i l a r  s o i l  wi th  comparable s i t e  condi t ions  and 
l oc a t ed  w i th in  I 0  km of  each o the r ;  mean ages 
d i f f e r e d  by a maximum of 2 years. P l o t s  were 
e s t a b l i s h e d  i n  bo th  t h e  I n t e r i o r  Highland and 
Upper Coastal  P l a i n  physiographic provinces. A s  
would be expected given t he  o v e r a l l  range i n  s i t e  
condi t ions  and t r e e  age, mean t r e e  s i z e  va r i ed  
s u b s t a n t i a l l y  ( t a b l e  1) .  

Randomly generated X-Y coord ina tes  were used 
t o  l o c a t e  12  sampling p o i n t s  i n  each p l o t ;  t h e  
t a l l e s t  of the  f i v e  t r e e s  c l o s e s t  t o  the  sampling 
po in t  was chosen a s  a  sample t r e e  i f  it appeared 
hea l thy ,  f r e e  from major damage, and had one main 
t e rmina l  leader .  I f  t he  t a l l e s t  t r e e  d id  no t  
meet t he  c r i t e r i a ,  another  t r e e  was subs t i t u t ed ,  
Trees w i th  minimal top  damage were s e l ec t ed ;  
however, on some s i t e s  a lmos t  a l l  t r e e s  exh ib i t ed  
repea ted  replacement  of  t h e  main terminal .  The 
observed damage was probably caused by Nantucket 
pine t i p  moth ( ~ h y a e i o n i a  f r u s t r ana ) .  

Each sample t r e e  was tagged on t he  nor th  
s i d e  and marked t o  i n d i c a t e  l oca t i on  of t he  
groundline. Trees were then excavated using 
shovels  and mattocks t o  a  depth of approximately 
40 cm. La t e r a l  r o o t s  were severed about  20 cm 

o u t  from the  base of t h e  t r e e .  Total  he igh t  and 
he igh t  increment  f o r  t h e  t h r e e  growing seasons  
p r i o r  t o  excavat ion were measured f o r  each t r e e ,  
Height increments  were determined by counting t h e  
number of he ight  growth f l u shes  and us ing  
c h a r a c t e r i s t i c s  such as r e l a t i v e  needle length ,  
r e l a t i v e  f l u s h  length,  needle r e t en t i on ,  and 
changes i n  bark and branching c h a r a c t e r i s t i c s .  
Questionable f l u s h e s  were assigned t o  the  c o r r e c t  
year  by c u t t i n g  above and below the  bud s c a l e  
s c a r s  and counting t he  number of annual r ings ,  
After  t he  he ight  measurements were taken t h e  t o p s  
of t he  t r e e s  were severed from the  r o o t s  15 t o  25 
cm above t he  groundline mark, 

Root systems were t r an spo r t ed  t o  the  
labora tory ,  washed, and then e i t h e r  measured 
immediately o r  s t o r ed  indoors u n t i l  measured, 
P r i o r  t o  measurement, s t o r ed  roo t  systems were 
rehydrated by soaking i n  water  f o r  24 t o  48 
hours. Roots were suspended i n  a  c y l i n d r i c a l  
frame f o r  measuring; t h e  groundline mark was 
placed a t  t h e  t op  of t he  frame. The frame was 36 
cm deep and d iv ided  i n t o  t h r ee  12-cm deep layers .  
Each l a y e r  was subdivided i n t o  4 compass 
quadrants;  thus ,  the  frame had 12 measurement 
s e c t i o n s  p l u s  a  t op  and a bottom. Tree d i ame te r  
was measured a t  the  groundline mark. 

Root systems were c l a s s i f i e d  a s  t o  t h e i r  
genera l  o r i e n t a t i o n  ( f ig .  2). Or ien ta t ion  1 was a  
r o o t  system wi th  one majar r o o t  o r i en t ed  
downward. No a t t emp t  was made t o  d i s t i n g u i s h  
between undisturbed t ap roo t s  and a major r o o t  
t h a t  may have o r i g ina t ed  a f t e r  t he  o r i g i n a l  r o o t  
was c u t  o r  damaged. Or i en t a t i on  1 a l s o  inc luded  
t ap roo t s  wi th  major t u r n s  i f  the  ove ra l l  
o r i e n t a t i o n  of  t h e  r o o t  system was p r i m a r i l y  
downward; t hus  t h i s  category would have inc luded  
both t r e e s  w i th  sLra ight  ( v e r t i c a l )  t a p r o o t s  and 
t r e e s  wi th  a  t ap roo t  o r i g i n a l l y  i n  a  "L" o r  llJ" 

conf igura t ion  t h a t  recovered o r  co r r ec t ed  i t s e l f  
and grew downward. Or ien ta t ion  2 was f o r  r o o t  
systems having one major r oo t ,  bu t  the  r o o t  
system was no t  o r i en t ed  downward; t h i s  included 
r o o t  systems having an "L1' o r  "JW con f igu ra t i on  
t h a t  were no t  included i n  o r i e n t a t i o n  1. 
Or i en t a t i on  3 was appl ied  t o  r o o t  systems t h a t  
had a downward o r i e n t a t i o n  but  more than one 
major r o o t  was involved. This  included r o o t  
systems wi th  two t o  f ou r  l a rge  "sinker" r o o t s  a s  
wel l  a s  more f i b r o u s  r o o t  systems wi th  a  s t r o n g  
downward o r i en t a t i on .  Or i en t a t i on  4 was f o r  r o o t  
systems without  a  major r oo t  where t h e  
o r i e n t a t i o n  of t he  l a t e r a l  r o o t s  was p r i m a r i l y  
outward r a t h e r  than downward. 

The number of major t u rn s  made by the  
t ap roo t  between groundline and where t he  t a p r o o t  
ended o r  where it ex i t ed  the  measuring frame was 
recorded f o r  a l l  roots .  Af te r  t h e  r o o t  sys tems  
were measured the  stump was severed from t h e  r o o t  
system a t  t he  groundline mark and aged by 
counting t he  number of annual r ings.  

Planted and seeded t r e e s  were compared by 
r o o t  o r i e n t a t i o n  c l a s s  us ing  a chi-square t e s t  
f o r  each species-physiographic province 



Tab le  I .--Mean t r e e  c h a r a c t e r i s t i c s  by s p e c i e s ,  physiographic province and stand origin.  

Total  height  

Short leaf  pine I n t e r i o r  Highlands Seeded 5 4*4 I /  1.5 3.5 
(0.4)- (0.3) ( 0 * 6 )  

Planted 5 4.1 3 - 4  3.5 

Coastal P la in  Seeded 4 6.5 4.2 8.3  
(1 .o) (1 *o) (1  

Planted 4 5 -7 3.8 8 * 3 

Loblolly pine I n t e r i o r  Highlands Seeded 4 4.8 2*1 5.8 
(0  4 ) (0.1 

Planted 4 5.3 2.2 6.2 

Coastal P la in  Seeded 4 7-1 5.3 10.0 
(1.1) (1 *I  ) (1  * 7 )  

Planted 4 6. I 4 - 3 10.3 

't / - Yalue i n  parentheses is the mean absolute d i f ference  between seeded and planted paired p lo ts .  



group, Differences between planted and seeded 
t r e e s  i n  annual and 3-year t o t a l  he ight  growth 
were t e s t e d  on a paired-plot  b a s i s  and by 
combining t r e e s  i n  each species-physiographic 
province group, The e f f e c t s  of roo t  o r i en t a t i on  
c l a s s  on height  growth were examined by: (1) 
comparing weighted averages f o r  he ight  growth by 
roo t  c l a s s  f o r  each species-province combination, 
and (2) ranking roo t  o r i en t a t i on  c l a s s e s  i n  each 
p l o t  by he ight  growth i n  the  year preceding 
excavation. A s p l i t - p l o t  ana lys i s  of variance was 
precluded by the  number of empty ce l l s .  Loblolly 
and s h o r t l e a f  pine p l o t s  had not  been paired i n  
s i t e  s e l ec t ion .  Thus s t a t i s t i c a l  t e s t s  of t he  
d i f f e r ences  between species  were not  appropr ia te  
and d i r e c t  comparisons between species  could not  
be made. 

RESULTS AND DISCUSSION 

Root o r i e n t a t i o n s  

The majori ty of seeded l o b l o l l y  and sho r t l ea f  
p ines  had a taproot  type of roo t  system ( roo t  
o r i e n t a t i o n  c l a s s  1; t a b l e  2). There were small  
but  cons i s t en t  d i f f e r ences  between provinces and 
between species  i n  the  percentage of seeded t r e e s  
having t ap roo t s ;  these  d i f f e r ences  could be t he  
r e s u l t  of  v a r i a b i l i t y  i n  p l an t  populat ions o r  
could be r e l a t e d  t o  the  genera l ly  higher rock and 
gravel  content  i n  the  I n t e r i o r  Highlands compared 
t o  t he  Coastal  Plain. In  addi t ion ,  sho r t l ea f  pine 
p l o t s  i n  the  I n t e r i o r  Highlands had higher rock 
contents  than the  l o b l o l l y  pine plots .  For both 
spec ies  i n  both provinces, the d i s t r i b u t i o n  of 
roo t  systems by roo t  o r i en t a t i on  c l a s s  d i f f e r ed  
between planted and seeded trees.  The percentage 
of t r e e s  i n  o r i en t a t i on  I was Lower i n  planted 
than i n  seeded stands,  and, i n  general ,  the  
percentage of t r e e s  i n  t he  o ther  t h r ee  r o o t  
c l a s se s  was higher i n  planted stands. 

Planted t r e e s  of both spec ies  were more 
l i k e l y  t o  have one major roo t  (o r i en t a t i on  
c l a s s e s  1 and 2) i n  the  Coastal P l a in  than i n  the  
I n t e r i o r  Highlands. The reasons f o r  t h i s  
d i f f e r ence  between physiographic provinces a r e  
n o t  known. Growing condi t ions  on the Coastal 
P la in  s i t e s  were genera l ly  more favorable and 
t h i s  may have encouraged the r e t en t ion  of a 
t ap roo t  type of roo t  s t ruc ture .  Root systems 
with two o r  more major l a t e r a l s  heading downward 
( c l a s s i f i e d  a s  o r i en t a t i on  c l a s s  3) could have 
"grown into" orienta"con c l a s s  1 i f  one of the  
downward-oriented l a t e r a l s  increased i n  r e l a t i v e  
s i z e  and appeared dominant o r  i f  two o r  more 
r o o t s  tw i s t ed  together,  were overgrown, and 
appeared a s  one root. This type of scenario is 
more l i k e l y  t o  have occurred i n  t he  Coastal P l a in  
than i n  t he  I n t e r i o r  Highlands because the  roo t  
systems i n  t he  Coastal P la in  were more developed 
due t o  t h e i r  somewhat g rea t e r  age and b e t t e r  
growing condit ions,  

Height growth 

A s  would be expected i n  these young s tands ,  
annual height  growth is still increas ing  over t ime 
( t a b l e  3). Differences i n  3-year and annual 
he ight  growth between planted and seeded t r e e s  
were genera l ly  smal l  and inconsistent .  None of 
t he  paired-plot  ana lyses  of the t o t a l  3-year 
he ight  growth r e su l t ed  i n  s t a t i s t i c a l l y  
s i g n i f i c a n t  (p=0.10) d i f f e r ences  between p lanted  
and seeded t r e e s  f o r  e i t h e r  l ob lo l ly  o r  sho r t l ea f  
pine. Analysis of he ight  growth by the t h ree  
indiv idual  years  a l s o  r e su l t ed  i n  nons igni f icant  
d i f f e r ences  between planted and seeded p l o t s  f o r  
sho r t l ea f  pine i n  both provinces. 

The seeded lob lo l ly  pine p l o t s  i n  the  Coastal  
P l a in  had s i g n i f i c a n t l y  g rea t e r  annual he ight  
growth the  3rd year p r io r  t o  excavation (n-3) than 
planted t r e e s ;  however, t h i s  d i f ference  i n  growth 
between stand o r i g i n s  was no t  maintained over 
time. 

The lob lo l ly  pine p l o t s  i n  the  I n t e r i o r  
Highlands exhib i ted  a d i f f e r e n t  pa t t e rn  of he ight  
growth f o r  seeded and planted stand o r i g i n  types. 
For these  p lo t s ,  seeded s tands  had s i g n i f i c a n t l y  
l e s s  annual growth than planted s tands  t he  3rd 
year p r i o r  t o  excavation (n-3), the same growth 
the  2nd year p r i o r  t o  excavation (n-2), and 
g rea t e r  annual growth the  year p r io r  t o  excavation 
( I )  This group of l o b l o l l y  P"ine p l o t s  was more 
s i m i l a r  i n  s tand  h i s to ry  than the  o ther  spec ies-  
province groups, and t h i s  g rea t e r  s i m i l a r i t y  may 
have allowed smal l  d i f f e r ences  i n  height  growth 
pa t t e rns  t o  be v i s ib l e .  A l l  the  l ob lo l ly  pine 
p l o t s  i n  t he  I n t e r i o r  Highlands had been e i t h e r  
planted o r  seeded a f t e r  the regenerat ion f a i l u r e  
associa ted  wi th  a severe drought i n  1980, Thus, 
although the  s tands  had been es tabl i shed  the  same 
year,  t he  seeded s tands  were a year younger (age 
from seed) than the  planted stands,  and i n i t i a l l y  
had poorer growth. Once the  seeded t r e e s  became 
well  es tabl i shed ,  however, they were ab l e  t o  
catch-up t o  the  planted t r ee s ,  The f a c t  t h a t  t he  
seeded t r e e s  were able  t o  catch-up with t he  
planted t r e e s  i nd i ca t e s  t h a t  there  may have been 
de t r imenta l  e f f e c t s  associa ted  with the  plantings.  

Helght growth by r o o t  o r i en t a t i on  c l a s s  

The pa t t e rns  of he ight  growth by r o o t  
o r i en t a t i on  c l a s s  d i f f e r e d  between species  bu t  
were genera l ly  s i m i l a r  f o r  planted and seeded 
t r e e s  and ac ros s  provinces ( t ab l e  4). For both 
planted and seeded sho r t l ea f  pine i n  t he  I n t e r i o r  
Highlands, o r i e n t a t i o n  c l a s s  4 had the  poores t  
mean he ight  growth; t he re  was very l i t t l e  
d i f ference  i n  mean growth between the o the r  t h r ee  
roo t  c lasses .  Planted sho r t l ea f  pine i n  t he  
Coastal P la in  followed the  same pattern--with t he  
poorest  mean he ight  growth associa ted  wi th  
o r i en t a t i on  c l a s s  4. Seeded sho r t l ea f  pine i n  
the  Coastal P la in  exhib i ted  a d i f f e r e n t  pa t t e rn ,  
with the  bes t  growth i n  o r i en t a t i on  roo t  c l a s s  4 
and the  worst i n  o r i en t a t i on  c l a s s  2. This 
anomaly was based on a few t r e e s ,  however, and is 
probably the  r e s u l t  of sampling v a r i a b i l i t y .  



Table 2.0- t r i b u t i o n  of roo t  systems by roo t  o r i en t a t i on  c l a s s ,  s tand o r ig in ,  physiographic province and 4Y species, - 

Number(and percent )  of roo t  systems 
by roo t  o r i en t a t i on  c l a s s  

Physiographic Stand x P 
Species province o r i g i n  1 2 7 4 l e v e l  

Short leaf  p ine  I n t e r i o r  Highlands Seeded 38 ( 63 ) 2( 3) 13 ( 22 7 ( 12 ) 
9.81 0.025 

Planted 21(35) 5(8) 22(37) 12(20) 

Coastal P la in  Seeded 35(73) 2(4) 7(15) 4 (8) . 
6.15 0.150 

Planted 25(52) 8(17) 8(17) 7(15) 

A l l  P l o t s  Seeded 73(68) 4(4) 20(18) lj(10) 
15.02 0.005 

Planted 46(43) 13(12) 30(28) 19(18) 

b b l o l l y  pine I n t e r i o r  Highlands Seeded 37 (TI ) 3( 6) 5(10) 3 (6) 
24.22 0.005 

Planted 14(29) 3(6) 23(48) 8(17) 

Coastal P l a in  Seeded 39(81) l(2) 6(12) 2(4) 
14.02 0.005 

Planted 22(46) 7(15) 12(25) 7(15) 

A l l  P l o t s  Seeded 76(79) 4(4) Il(12) 5 ( 5 )  
34.38 0.005 

Planted 36(38) 10(10) 35(36) 15(16) 

The hypothesis  t h a t  planted and seeded t r e e s  d id  no t  d i f f e r  i n  t h e i r  d i s t r i b u t i o n  ac ros s  r o o t  o r i e n t a t i o n  
c l a s s e s  was t e s t e d  using chi-square ( x2),  

Table  3---Mean h e i g h t  g rowth  by y e a r  p r i o r  t o  e x c a v a t i o n ,  s t a n d  o r i g i n ,  p h y s i o g r a p h i c  p r o v i n c e  and 
species.  

Species  Physiographic Stand 
1 / 

Mean height  growth by year- 
province o r ig in  n-3 n-2 n-I 3-yr t o t a l  

- - - - - - - - - c m - - - - - - - - - - -  - 
Shor t leaf  p ine  I n t e r i o r  Highlands Seeded 3 1 42 52 125 

Planted 28 42 62 132 

Coastal  P l a in  Seeded 76 76 100 252 

Planted 71 83 106 260 

Loblolly pine I n t e r i o r  Highlands Seeded 40** " 58 88** I86 

Planted 48 56 76 181 

Coastal  P l a in  Seeded 92w 92 115 299 

Planted 80 98 121 299 

I / - n-3 = 3 y e a r s  p r i o r  t o  e x c a v a t i o n ,  n-2 = 2 y e a r s  ... 
S i g n i f i c a n c e  o f  d i f f e r e n c e s  i n  g rowth  be tween p l a n t e d  and seeded t r e e s  i n  a s p e c i e s - p h y s i o g r a p h i c  

province group is indica ted  by the  symbol next  t o  value f o r  seeded t r ee s ,  *p<0.01. 



Table 4,--Eean he ight  growth the  year p r i o r  t o  excavation by r o o t  o r i en t a t i on  c l a s s ,  s tand o r ig in ,  
physiographic province, and species.  

Species  Physiographic Stand 
1 l 

Height growth by roo t  o r i en t a t i on  class- 
- - - - - - - - - - c m - - - - - - - - - -  - 

province o r i g i n  1 2 3 4 A l l  c l a s s e s  

Shor t leaf  pine I n t e r i o r  Highlands Seeded 53 52 53 43 52 

Planted 66 68 64 47 62 

Coastal P l a in  Seeded 95 90 119 122 100 

Planted 109 98 118 91 105 

Loblolly pine I n t e r i o r  Highlands Seeded 90 66 88 86 88 

Planted 70 58 83 76 76 

Coastal P l a in  Seeded 174 89 136 I00 115 

Planted 127 103 124 114 121 

Refer t o  Table 2 f o r  t he  number of r o o t s  i n  each c lass .  

Table 4 combines information from t r e e s  i n  
each species-province combination; d i f f e r ences  
between va lues  on each l i n e  of the  t ab l e  could be 
due t o  p l o t  e f f e c t s  a s  well  a s  the  e f f e c t s  of 
roo t  o r i en t a t i on  c lass .  The p l o t  e f f e c t s  were 
e l iminated  by examining the  e f f e c t s  of roo t  
system o r i en t a t i on  on he ight  growth on a plot-by- 
p l o t  basis .  For each p l o t  the  roo t  o r i en t a t i on  
c l a s s  having the  bes t  height  growth was 
determined ( t ab l e  5). For sho r t l ea f  pine,  
downward-oriented c l a s se s  (o r i en t a t i on  1 and 3) 
had the  g r e a t e s t  number of p l o t s  with the  b e s t  
he ight  growth. Or ienta t ion  c l a s s  4 d id  not  have 
the  bes t  he ight  growth i n  any of the  sho r t l ea f  
pine p l o t s  sampled. Loblolly pine exhib i ted  a 
s i m i l a r  pa t t e rn  wi th  the  downward-oriented 
c l a s se s  (1 and 3) most f requent ly  having the  bes t  
height  growth per plot .  Or ienta t ion  c l a s s  2 was 
apparent ly  the l e a s t  favorable c l a s s  f o r  l o b l o l l y  
pine, a s  no p l o t s  were t a l l i e d  i n  t h i s  class.  

GENERAL DISCUSSION AND CONCLUSIONS 

Root system s t r u c t u r e  or  general  o r i en t a t i on  
can a f f e c t  t r e e  performance i n  severa l  
ca tegor ies :  i n i t i a l  surv iva l ,  i n i t i a l  and l a t e r  
growth, s t a b i l i t y  (e.g., r e s i s t ance  t o  windthrow 
o r  snow and i c e  damage), and response t o  
s i l v i c u l t u r a l  t rea tments  (e.g., so i l -ac t ive  
herbicides) .  Our study was based on healthy 
t r e e s  i n  well-established stands. Thus nothing 
can be concluded about the e f f e c t s  of roo t  
o r i en t a t i on  on surv iva l  or  s t a b i l i t y .  

Loblolly pine,  on the  o ther  hand, had the  
poorest  he ight  growth i n  o r i en t a t i on  c l a s s  2; 
t h i s  pa t t e rn  was cons is ten t  f o r  planted and 
seeded t r e e s  i n  both provinces ( t ab l e  4). I n  
general ,  l o b l o l l y  pines i n  o r i en t a t i on  c l a s s  1 
had mean he ight  growth approximately equal  t o  o r  
b e t t e r  than the  average f o r  a l l  o r i en t a t i on  
classes.  Planted lob lo l ly  i n  the  I n t e r i o r  
Highlands were an exception. Examination of t he  
da ta  on the  number of major t u rns  made by the  
t ap  or  main roo t  revealed a poss ib le  reason f o r  
t h i s  discrepancy. I f  l ob lo l ly  pine seedl ings  
a r e  s e n s i t i v e  t o  roo t  deformation a s  may be 
indica ted  by the  poorer growth associa ted  wi th  
o r i en t a t i on  c l a s s  2, then poorer growth should 
a l s o  be associa ted  with t r e e s  i n  o r i en t a t i on  
c l a s s  1 t h a t  had major turns. Planted l o b l o l l y  
pines i n  o r i en t a t i on  c l a s s  1 i n  the  I n t e r i o r  
Highlands had an average of 2.7 major t u r n s  per 
t r ee ,  while seeded t r e e s  averaged l e s s  then 0.5 
tu rns  per t r ee ,  No major t u rns  were recorded 
f o r  e i t h e r  planted o r  seeded lob lo l ly  pine i n  
o r i en t a t i on  c l a s s  1 i n  the Coastal Plain. 
Coastal P la in  t r e e s  may have had fewer t u r n s  
recorded because the  sampled s o i l s  had fewer 
r e s t r i c t i o n s  t o  root ing  (and would have been 
e a s i e r  t o  p l an t  in). In addi t ion ,  the roo t  
systems of young t r e e s  a r e  very p l a s t i c  and can 
quickly grow over bends o r  t w i s t s  t h a t  do no t  
r e s u l t  i n  l a rge  displacements from the center  of 
the  main root. Thus the genera l ly  o lder  and 
l a rge r  t r e e s  on the  Coastal P la in  have put  on a 
t h i cke r  sheath of wood than those i n  the 
I n t e r i o r  Highlands and may have tfhiddentt o r  
grown over any major t u rns  t h a t  were associa ted  
with stand establishment.  



Table 5.--Distribution of the maximum mean he ight  growth per p l o t  sh ax W) the  year 
p r i o r  t o  excavation by roo t  o r i e n t a t i o n  c l a s s ,  

- 

Physiographic Stand 
1 / 

Max W by roo t  class-  
Species province or~gin 1 2 3 4 

- - - number of p l o t s  - - - - 
Shor t leaf  pine 

Total  a l l  p l o t s  

Loblolly pine 

Total  a l l  p l o t s  

I n t e r i o r  Highlands Seeded 

Planted 

Coastal P l a in  Seeded 

Planted 

I n t e r i o r  Highlands Seeded 

Planted 

Seeded 

Planted 

Coastal P l a in  

' I  Root o r i en t a t i on  c l a s s e s  with only one value per p l o t  were excluded from cons idera t ion  

A l l  r oo t  systems i n  t h i s  p l o t  c l a s s i f i e d  a s  roo t  o r i en t a t i on  c l a s s  1. 

Differences were observed between seeded and 
planted populat ions i n  t he  percentage of t r e e s  i n  
the four  r o o t  system o r i en t a t i on  c lasses ,  I n  
pa r t i cu l a r ,  planted t r e e s  were much l e s s  l i k e l y  
t o  have one main downward or iented  taproot  than 
seeded t rees .  When a l l  t r e e s  were combined, 
t he re  were no s i g n i f i c a n t  d i f ferences  i n  3-year 
he ight  growth between planted and seeded t rees .  
However, t he re  were some d i f f e r ences  i n  height  
growth between roo t  o r i en t a t i on  c l a s se s ,  and 
p lant ing  increased the  percentage of the  
population i n  t he  l e s s  des i r ab l e  roo t  o r i en t a t i on  
classes.  Height growth was bes t  i n  the  roo t  
c l a s s e s  wi th  downward-oriented r o o t  systems. The 
e f f e c t  of roo t  deformation o r  roo t  o r i en t a t i on  i n  
r e l a t i o n  t o  he ight  growth d i f f e r ed  somewhat by 
species. In  pa r t i cu l a r ,  l o b l o l l y  pines performed 
poorest  i n  roo t  o r i en t a t i on  c l a s s  2, and sho r t l ea f  
p ines  performed poorest i n  roo t  o r i en t a t i on  c l a s s  
4 

The r e s u l t s  of previously published s tud ie s  
on the  e f f e c t s  of roo t  o r i en t a t i on  o r  deformation 
on f u t u r e  growth have not  been consistent .  Hay 
and Woods (1974) reported t h a t  l a r g e r  l ob lo l ly  
p ines  had more root  deformation than smal ler  
seedl ings  and speculated t h a t  roo t  deformation 
may s t imu la t e  growth, They a l s o  commmented t h a t  
t he  l a r g e r  seedl ings  (wi th  more roo t  deformation) 

had more surface roots ,  which may i n i t i a l l y  be 
bene f i c i a l  i n  taking advantage of summer showers. 
Hay and Woods (1974) mentioned the p o s s i b i l i t y  
t h a t  t he  l a r g e s t  seedl ings  a t  the  t ime of 
p lant ing  may have been more l i k e l y  t o  have 
been J-rooted than smal ler  seedlings. This 
a l t e r n a t i v e  hypothesis was confirmed by f i e l d  
s t u d i e s  reported by Mexal (and o thers )  1978. 
Therefore it seems qu i t e  possible t h a t  the  l a r g e s t  
seedl ings  i n i t i a l l y  grew the  bes t ,  i n  s p i t e  of 
r o o t  deformation. 

I n  another study, l o b l o l l y  pine seedl ings  
were planted wi th  purposely deformed r o o t s  
( ~ a b r e r a  and Woods 1975). They reported no 
s t a t i s t i c a l  d i f ferences  i n  height  between 
t rea tments  a t  age 3. It is noteworthy, however, 
t h a t  photographs of roo t  system s t ruc tu re  showed 
l e s s  va r i a t i on  than encountered i n  the  present  
study, and t h a t  t he  ranking of growth by 
t rea tment  showed b e t t e r  growth i n  the  t rea tments  
with the l e a s t  deformation, Another reason f o r  
the  d i f f e r ences  i n  r e s u l t s  between the  Cabrera 
and Woods study i n  1975 and t h i s  study is the  
d e f i n i t i o n  of the root  o r i en t a t i on  (or 
deformation c lasses) ,  We compared height  growth 
based on roo t  system o r i en t a t i on  a t  the  end of 
the  height-growth period, while they used r o o t  
system c h a r a c t e r i s t i c s  a t  the time of planting.  



For example, our root  o r i en t a t i on  c l a s s  2 
included only roo t  systems with uncorrected J o r  
L conf igura t ions ,  while t h e i r  r o o t s  with J o r  L 
conf igura t ions  could include both root  systems 
t h a t  remained a s  J o r  L and root  systems t h a t  
cor rec ted  themselves. 

Root system deformation and general  roo t  
system o r i e n t a t i o n  a r e  f a c t o r s  i n  t he  long-term 
performance of both l o b l o l l y  and sho r t l ea f  pine 
p lanta t ions ,  Fo re s t e r s  should maintain t i g h t  
con t ro l s  over the  q u a l i t y  of the p lant ing  t o  
ensure t h a t  expected growth r a t e s  a r e  achieved. 
Careful  wr i t i ng  of p lant ing  con t r ac t s  with 
p e n a l t i e s  f o r  nonperformance and on-the-job 
inspect ions  should r e s u l t  i n  more uniform and 
b e t t e r  growing p lanta t ions .  In  addi t ion ,  
u t i l i z a t i o n  of s i t e  preparat ion t rea tments  such 
a s  r ipping ,  which make it e a s i e r  t o  co r r ec t ly  
p l an t  t r e e s ,  should a l s o  r e s u l t  i n  l e s s  roo t  
system deformation and b e t t e r  seedl ing  
performance. 
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NURSERY CULTURAL PRACTICFS, SEEDLISG MORPHOLOGY, XSD 

FIELD PERFORMAKCE OF LONGLEAF PIKE" 

Glyndon E.  EIatchellZ 

Abstract.--Preliminary results of a nursery and 
outplanting study of longleaf pine indicate that nur- 
sery cultural practices and certain morphological 
attributes of 1-0 bare-root seedlings strongly affected 
early field performance on a sandhills site. Seedbed 
density and lateral-root pruning altered morphological 
attributes of stock. Lateral-root pruaing, which was 
associated with increased abundance of fibrous routs 
and ectomycorrhizae, significantly improved survival 
during droughty conditions in the spring and summer of' 
the first growing season. Seedling vigor and survival 
were strongly correlated with abundance of fibrous 
roots and ectomycorrhizae, the number of large first- 
order Lateral roots, and the interaction of these 
attributes. 

INTRODUCTION 

Morphological and physiological character- 
istics of planting stock and genetic factors 
influence the quality of southern pine seedlings 
(Brissette 1984). The ultimate measure of seed- 
ling quality is generally considered to he field 
performance. 

Results of nursery and outplanting studies of 
longleaf pine (Pinus 2aZustric Mill.) indicate 
that inoculation of fumigated nursery soil with 
PisoZithus tinctorius (Ptj during spring sowing 
and certain nursery cultural practices greatly 
increase survival and early growth of seedlings 
planted on deep sandy soils (Hatchell 1985). In 
addition to inoculation, nursery cultural practices 
that increase development of fibrous roots, such 
as optimum seedbed density, Lateral-root pruning, 
maintenance of optimum nutrient availability, and 
adequate growing space between individual seedlings, 
also tend to increase seedling quality. This re- 
search showed that seedlings with abundant fibrous 
roots and abundant ectomycorrhizae survived and 
grew better than seedlings with smaller and fewer 
fibrous roots supporting few ectomycorrhizae. 

This paper summarizes preliminary results of 
a longleaf pine study testing seedling responses 
in the nursery and in the field. The objectives 
of this study were (1) to fest the effects of 
nursery cultural practices on morphological 
attributes of bare-root seedlings and on field 
performance after outplanting on a sandhills site, 
and (2) to associate key morphological attributes 
of the seedlings with field performance for a 

'paper presented at Southern Silvicultural 
Research Conference, Atlanta, Georgia, November 
4-6, 1986. 

2~esearch Forester , Southeas tern Forest 
Experiment Station, U.S. Department of Agriculture, 
Forest Service, Athens, GA 30602. 

better understanding of seedling quality and for 
possible use as a guide for culling poor quality 
seedlings. 

NURSERY EXPERIMENT 

Seedling produeti%.--Seedlings were produced 
in 1985 at the Whitehall Experimental Nursery, 
Athens, Georgia. Aboveground nursery beds con- 
taining a uniform mixture of Forest topsoil, sand, 
and milled pine bark (2:1:1, volume ratio) were 
fumigated with methyl bromide under clear plastic. 
Soil samples collected after fumigation were 
analyzed and, in ppm, the average nutrient con- 
tents of the soil were: total N = 460, available 
P = 38, and extractable K, Ca, and Mg = 74, 220, 
and 19, respectively; pH was 4.7 and organic matter 
content was 1.2% (Analyses by A&L Laboratories, 
Inc., Memphis, Tennessee). These relatively high 
nutrient contents were from residual fertilizer 
concentrations applied in production of longleaf 
pine in previous years. Fertilizer (10-10-10) was 
broadcast at 500 lb/acre. Vegetative Inoculurn of 
Pt, with a moisture content of 72 percent and pH 
5.11 was mixed with the upper 4 inches of soil 
before sowing at the rate of 75 ml jft2 of soil 
surface. Longleaf pine seed (Dodge County, 
Georgia, seed source) were sown on March 20, 1965, 
at two times the desired seedbed density, and 
nursery beds were thinned Play 20, 1965, to the 
seedling density that was assigned to each plot. 

The nursery phase of this study was a 2x2~2 
factorial experiment replicated in four randomized 
complete blocks. The factors and Levels consisted 
of two seedbed densities (5 or 12 seedlings/ft2), 
two spacings of seed drills ( 6  or 12 inches), and 
two lateral-root pruning treatments (pruned or un-, 
pruned). Offset "double" drills were sown at the 
12-inch spacing to provide additional growing space 
between seedlings. Lateral roots were pruned on 
June 25, August 16, and September 30, 1985, by 
vertically cutting roots midway between seed 
drills to a depth of 6 inches. 



seedlings were side dressed on June 24, July 
15,  g gust 13, and September 3, 1985, with ammonium 
nitrate a t  the rate of 50 lb/acre X and with muriate 
of at the rate of 10 lb/acre K. Captan was 
applied as a drench to the soil in all beds at 4.2 
lb/acre on Xarch 26, 1985. Benlate was applied as 
a drench at the recommended rate from .July to 
October to controi P ~ ~ z s ( : : G ~ : - + c I  needle blight. 

~ifcing and evaluating stock.--Seedlings were 
lifted and seven morphological attributes of each 
seedling were assessed on December 9 to 12, 1985. 
A11 seedlings from the border rows of all plots 
were excluded from this assessment. Fifty healthy 
and undamaged seedlings with >3/16 inch root-collar 
diameter (RCD) and having other specifications of 
plantable stock suggested by Wakeley (1954) were 
randomly selected from each of the 32 plots in the 
nursery experiment for outplanting. 

Seedlings that did not meet specifications of 
I.j'akeleyfs (1954) grade 1 or 2, had mechanical 
damage or had fusiform rust (Cronizr t i>*ri yueuacu;lm 
(Berk. ) Miyabe ex Shirai f . sp. I ~ ~ ~ i * ~ m )  galls, 
were rated as culls. Cull rate by treatment is 
shown in Table I .  The mean cull percentage was 
10.1 and 13.2 for seedbed densities of 6 and 12 
seedlings / f t \ respectively. The higher cull 
percentage in the highest bed density was caused 
by a greater proportion of seedlings with less 
than 3/16 inch RCD. However, fusiform rust cankers 
caused more culls at either seedbed density than 
did the failure of seedlings to meet morphological 
standards. 

The seven morpllological attributes included 
(1) RCD, (2) total fresh weight, (3) length of 
needles, (4) number of large first-order lateral 
roots (diameter >I mm), (5) arbitrary rating of 
the abundance of fibrous roots as low, medium, 
or high, (6) percent of short roots ectomycorrhizal 
with Pt, and (7) percent of short roots ectomycor- 
rhizal with all fungi. Taproots were cut to a 
uniform length of 10 inches on all seedlings. 
Numbers of first-order lateral roots larger than 1 
mm were included as parameters fo1lowing the 
recommendat ion of Kormanik (1 986). 

Data analysis.--The main effects and inter- 
actions of the three nursery cultural treatments 
on the morphological attributes of seedlings were 
examined by analysis of variance (ANOVA), Linear 
correlations among the morphological attributes 
were computed. 

RESULTS AND DLSCUSSIOK 

Effects of nursery cultural practices.--Seed- 
bed density had a highly significant effect on six 
of the seven morphological attributes that were 
assessed. Seedle length, which averaged 18 inches 
for all treatments, was the only measured attribute 
not affected by the nursery cultural treatments. 
Seedlings produced at the 6/ft2 seedbed density 
had 25 percent larger RCD, 56 percent greater fresh 
weight, and nearly twice as many large first-ordzr 
lateral roots as seedlings produced at the 12/ftL 
density. However, a greater abundance of fibrous 
roots and a higher percentage of short roots ecto- 

mycorrhizai with Pt or all fungi occurred on seed- 
lings produced at the higher seedbed density 
(table 2). Lateral-root pruning caused an 
increase in the abundance of fibrous roots, 

Relationships arcong rr,orphologicci=ii attributes. - 
--Linear correlation coefficients among six marpho- 
logical attributes (excluding needle length) o f -  
the 1,600 seedlings that were assessed are shown 
in Table 3. Total fresh weight was strongly cor- 
related with RCD (r = +0.82). The number of large 
first-order lateral roots was positively corre- 
lated with total fresh weight and RCD, with values 
of +0.79 and 10.77, respectively. The abundance 
of fibrous roots was positively correlated with 
the percent of short roots ecromycorrhizal with 
either Pt or all fungi (r = +0.59 and f0.61, 
respectively). The percent of short roots ecto- 
mycorrhizal with Pt was positively correlated with 
the percent of short roots ectomycorrhizal with 
all fungi (r = +0.99). The abundance of fibrous 
roots was negatively related to the number of 
large first-order lateral roots, but the r value 
was only -0.16. 

Table 4 shows the frequency distribution by 
number of lateral roots for the 1,600 seedlings 
in the test, with percentage of seedlings having 
various combinations of fibrous-root abundance. 
For example, seedlings with low abundance of 
fibrous roots coupled with 0-2, 3-5, and 6-8 
larger first-order laterals were 2.69, 6.12, and 
7.69 percent, respectively, or a total of 16.5 
percent of all the seedlings in the test. Only 
9 percent of the seedlings in all fibrous root 
classes had 15 or more large lateral roots. The 
distribution of seedlings by classes of fibrous 
roots was 29 percent with low, 56 percent with 
medium, and 15 percent with high abundance. 

FIELD EXPERIMENT 

Methods 

Study a r - .  --The outplanting site was on the 
Savannah River Forest Station, Aiken, South 
Carolina. The soil is Lakeland sand. The srudy 
area was within a larger unit designated for site 
preparation using the "brown and burn" method, 
because it was occupied principally by scrub oaks 
and other unmerchantable hardwoods and shrubs. 
The herbicide Pronone 10-G was applied at 13 lb/ 
acre during May 1985, and the site was burned in 
September 1985. The cost of site preparation, 
$48/acre for herbicides and $10 to $20/acre for 
burning, was much less than an alternate method, 
V-blading and raotraking, with expected costs of 
$170/acre. 

Plantable seedlings were assigned numbers 
indicating their nursery treatment, tagged, packed 
in wet peat moss, sealed in shipping bags, and 
placed in cold storage for 10 days or less until 
removal for planting. Seedlings were machine- 
planted on December 17, 1985, at approximately 
6x10 foot spacing. 

Experimental design.--Seedlings were planted -- 
completely at random in 18 rows without regard to 



nursery cultural treatment. Treated stakes with 
tags were placed beside the lst, 20th, 40th, etc., 
and last seedling on each row. A record was made 
of the seedling number (1-1,600) corresponding to 
each planting position and row number. 

Seedling inventory.--Survival and vigor were 
recorded during September of the first growing 
season. Vigor of surviving seedlings was judged 
on a scale of 1 to 5 as follows: 1 = very poor, 
perhaps dying; 2 = poor; 3 = average; 4 = good; 
5 = excellent, with total height 2 4 inches. 

Data analysis.--ANOVA1s were made of the main 
effects and interactions of nursery cultural 
treatments on survival and vigor in September of 
first year. Linear correlation coefficients 
between survival and vigor as dependent variables 
and morphological attributes as independent vari- 
ables were computed, and the strongest relationships 
were tested by multiple regression analysis. 

RESULTS AND DISCUSSION 

Spring and early summer of 1986 during the 
first growing season were extremely dry, with a 
rainfall deficit of approximately 10 inches by 
the end of July. Also, the average daily temper- 
ature during July was the highest recorded in 
this locality during the past 100 years. Thus, 
it is remarkable that an overall mean survival of 
61.4 percent was recorded in September 1986 near 
the end of the first growing season. 

Effects of nurserv cultural ~ractices on 
field responses.--Both lateral-root pruning and 
seedbed density significantly affected vigor of 
seedlings, but lateral-root pruning was the only 
nursery cultural treatment that significantly 
affected survival. Mean survival was 71.6 and 
51.2 percent for pruned and unpruned seedlings, 
respectively (table 5). Mean vigor ratings were 
also higher for pruned seedlings than unpruned 
seedlings, and seedlings produced at the 6/ft2 
seedbed density had higher vigor than seedlings 
produced at the 12/ft2 density. 

Relation of field responses to morphological 
attributes.--Linear correlations between field 
responses and certain morphological attributes of 
bare-root stock are shown in Table 6. Significant 
positive correlations were found between survival 
and the following attributes: rating of the abun- 
dance of fibrous roots; percent of short roots 
ectomycorrhizal with Pt; percent of short roots 
ectomycorrhizal with a11 fungi; and the interaction 
term (rating of the abundance of fibrous roots) x 
(number of large first-order Lateral roots). 
Significant positive correlations were found 
between seedling vigor and the following attri- 
butes: RCD; total fresh weight; number of large 
first-order lateral roots; the interaction term 
(RCD) x (number of large first-order lateral 
roots); and the interaction tern (rating of the 
abundance of fibrous roots) x (number of large 
first-order lateral roots). 

Multiple linear regressions with three inde- 
pendent variables, rating of the abundance of 

fibrous roots, number of large first-order lateral 
roots, and (rating of the abundance of fibrous 
roots) x (number of large first-order lateral 
roots) had an R~ value of 0.401 with survival as 
dependent variable and an  value of 0.583 with 
vigor as dependent variable. Both of these 
regressions were highly significant. 

Survival and vigor were computed by class of 
fibrous-root abundance and number of large first- 
order lateral roots (table 7). Survival was 82 
percent or more for planting stock having a high 
abundance of fibrous roots coupled with six or 
more large first-order lateral roots, and the vigor 
rating for this group of seedlings was above 
average. In contrast, survival was 38 percent or 
less for stock having a low abundance of fibrous 
roots coupled with eight or less large first-order 
lateral roots and the vigor rating for seedlings 
with these attributes was below average. 

Gulling seedlings with certain attributes to 
improve field performance.--Only seedlings that 
did not meet the specifications for Wakeley's 
grades 1 and 2 were culled. If higher standards 
for selecting planting stock had been used, field 
performance might have been improved. If seedlings 
with low abundance of fibrous roots and < 9  large 
first-order lateral roots had been culled, the 
resulting cull percentages would have been 10.5 
for seedlings receiving lateral-root pruning and 
22.5 for unpruned seedlings. After such culling, 
the expected survival would have been 75.0 percent 
for pruned seedlings and 57.6 percent for unpruned 
seedlings. After subtracting mean survival for 
the respective treatments (71.6 percent for pruned 
and 51.2 percent for unpruned, table 5) one obtains 
the following increase in survival due to such 
culling: 3.4 percentage points for the lateral-root 
pruning treatment and 6.4 percentage points for the 
unpruned treatment, based on the actual performance 
of seedlings. 

COXCLUSIONS 

Although these results and findings are pre- 
liminary, they indicate that nursery cultural 
practices for longleaf pine, especially lateral- 
root pruning and seedbed density, strongly 
influence field performance. Responses to treat- 
ments in the field reflected changes in key 
morphological attributes. These include the 
relative abundance of fibrous roots, the number 
of large first-order lateral roots, and their 
interaction. First-year survival and vigor were 
more closely correlated with these attributes than 
with other seedling characteristics. When high- 
quality seedlings are produced under sound nursery 
managment practices, including fumigating soil, 
inoculating with Pt, ccntrolLing seedbed density 
with a range of 6 to 12 seedlings/ft2, pruning 
lateral roots two or three times during the growing 
season, fertilizing at near optimum levels 
throughout the growing season, and controlling 
pests, then one can expect only a modest increase 
in survival by culling seedlings with undesirable 
morphological attributes. However, important gains 
in field performance are directly attributable to 
improvement in seedling quality by certain nursery 



cultural practices and the resulting alterations 
in key morphological attributes. 
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Table 1.--Cull percentage for 1-0 longleaf pine seedlings based on Wakeley's 
(1954) minimum specifications for longleaf pine grade 2 stock, by nursery 
cultural treatment 

Seedbed density, spacing 
between seed drills, and 
lateral root pruning 

Primary reason for culling 
Root-collar Damaged 

Fusiform diameter root Total 
treatment canker <3/16 inch system -- culls 

Cull percentage 
6 seedlings/ft2 

6-inch drills-pruned 
6-inch drills-unpruned 
12-inch drills-pruned 
12-inch drills-unpruned 

Mean 6.3 1.3 2.5 10.1 

6-inch drills-pruned 
6-inch drills-unpruned 
12-inch drills-pruned 
12-inch drills-unpruned 

Mean 6.8 5.9 0.5 13.2 

Table 2.--Means of morphological attributes of longleaf pine bare-root stock 
by nursery cultural treatment 

Root- Total No, 1st- Fibrous % of Short roots 
Treatment collar fresh order root ectomycorrhizal with: 
and level diameter weight 1 azrals rating Pt All fungi 

Inch Gram Number Scale: 1 to 3 - - Percent - - 
Lateral-root 
pruning: 
Pruned 0.45 87 7.1 2.0 6 0 6 7 
Unpruned 0.45 9 0 7.3 1.7 5 6 6 3 

Seedbed density: 
6/f t2 0.50 108 9.3 1.7 5 4 6 1 
12/fti 0.40 6 9 5.1 2.0 6 2 6 9 

Drill spacing: 
6 inches 0.44 8 6 7 .O 1.9 5 8 6 4 
12 inches 0.45 90 7.4 1.9 59 6 6 



Table 3.--Linear correlation coefficients among morphological attributes of 1-0 
longleaf pine seedlings 

Root- Total No. 1st- Rating X Short % Short 
collar fresh order fibrous roots w /  roots w/ 
diameter weight laterals roots ~t ector all ecto2 

r value and significance level' 
Root-collar 
diameter --- +0.819** +0.770** -0.150** +0.017 4-0.025 

Total fresh 
weight +0.819** --- +0.793** -0.191** -0.076** -0.066** 

No. first-order 
laterals +0,770** +0.793** --- -0.158** +0.006 +0.013 

Rating of fibrous 
root abundance -0.150** +0.191** -0.158** --- +0.593** +0.608** 

% Short roots 
with Pt ecto. +0.017 -0.076** +0.006 +0.593*& --- +O. 992** 

% Short roots 
with all ecto. +0.025 -0.066** f0.013 +O. 608** +O .992*>k --- 

'pt ecto. = PisoZithus tinctorius ectomycorrhizae. 
2 ~ 1 1  ecto. = total ectomycorrhizae formed by all fungal species. 
3** significant at the 1% level; N = 1,600. 

Table 4.--Frequency distribution of the 1,600 longleaf pine seedlings analyzed 
for morphological attributes, by number of large first-order lateral roots and 
the rating of the abundance of fibrous roots 

Abundance of Number of first-order lateral roots >1 mm 
fibrous roots 0-2 3-5 6- 8 9-11 12-14 15-17 >17 Total 

Low 2.69 6.12 7.69 5.06 4.31 2.19 0.75 28.81 
Medium 11.81 12.69 13.25 8.38 5.38 3.37 1.62 56.50 
High 3.81 3.75 3.12 2.44 0.50 0.69 0.38 14.69 

Totals 18.31 22.56 24.06 15.88 10.19 6.25 2.75 100.00 



Table 5.--Mean survival and vigor of longleaf pine seedlings in September of 
first growing season after outplanting on a sandhills site 

Nursery cultural treatment Survival percentage Vigor rating1 

Lateral-root pruning 
Pruned 
linpruned 

Seedbed density 
6/iti 
12/ftL 

Dril l spacing 
6 inches 
12 inches 

Overall means 61.4 3.02 

l ~ a t i n ~  of seedling vigor: 1 = very poor; 2 = poor; 3 = average; 4 = good; 
5 = excellent (height 2 4 inches). 

Table 6.--Linear correlations between survival and vigor of longleaf pine 
seedlings in September of first growing season and morphological attributes 
of bare-root stock 

Morphological attribute Field response of seedlings after 1 year --- 
of bare-root stock Survival Vigor 

r value and significance level1 
-* 

Root-collar diameter 
Total fresh weight 
Length of needles 
Number of strong lateral roots 
Rating of fibrous roots 
% Short roots with Pt ectomycorrhizae 
% Short roots with all ectomycorrhizae 
(Root-collar diameter) x (number of 
first-order lateral roots) 
(Rating of fibrous roots) x (number 
of first-order lateral roots) 

'*$; and 9: significant at 1% and 5% level, respectively; N = 64. 

Table 7.--Survival and vigor of seedlings in September of first growing season, by number 
of large first-order lateral roots and the rating of the abundance of fibrous roots 

Abundance of Number of first-order lateral roots >1 mm 
fibrous roots 0- 2 3- 5 9-1 1 

El-8 -- 12-14 15-17 >17 
Survival (Percent) 

Low 
Medium 
High 

Low 
Medium 
High 

Vigor ratingi 

'Rating of seedling vigor: 1 = very poor, 2 = poor; 3 = average; 4 = good; 5 = excellent 
(height _i 4 inches). 



EFFECT OF TIME AND DEPTH OF PLANTING ON SURVIVAL AND GROWTH OF LOBLOLLY PINE 

(PINUS TAEDA L.) SEEDLINGS IN TEXAS 11 

M. Victor Bilan 2 1 

Abstract.--Loblolly pine seedlings were lifted from a nursery bed in 
two-week intervals (November 4-April 21) and were immediately  lanced in 
an open field. Each planting included seedlings planted at the root collar 
(A), one-half of shoot buried (B) and most of the shoot buried except for the 
one-inch terminal (C). Average mortality during the first year was lo%,  
13% and 15% for the A, B and C planting depths, respectively; the 
corresponding values for the second year mortality were 22, 3% and 5%. 
Average first year mortality by the planting periods ranged 74 - 24% with 
the highest values for April plantings. Deep (C) planting produced most 
height growth during the first growing season and least during the second 
and third growing seasons. 

INTRODUCTION 

This study was initiated in 1958, during the 
period of intensified interest in survival of 
outplanted southern pine seedlings and in the 
successful establishment of pine plantations. 
Review of then available literature (Ferguson and 
Stephenson, 1955) concluded that some attempts 
have been made to rationalize the results in view 
of weather conditions and morphological 
development of planting stock. Slocum (1951) and 
Slocum and Maki (1956) reported that deep planting 
had some positive effect on growth of loblolly 
pine seedlings, but no literature was available 
dealing with the season of planting. 

Preliminary experiments conducted by the author 
revealed that in East Texas roots of the pine 
seedlings were actively growing in the winter, so 
he had concluded that early planting would enable 
seedlings to develop sufficient root systems 
before the occurrence of the late spring and 
summer droughts. It was, however, necessary to 
determine the time in the autumn when seedlings in 
a nursery were "hardened" enough to be 
transplanted in a field without sustaining high 
mortality. It was also postulated that, other 
factors being equal, pine seedlings with 
well-developed deep-reaching root systems have a 
much better chance of surviving prolonged drought 
than the seedlings with superficial. shallow root 
systems. This study was designed to plant 
seedlings in two-week intervals from November till 
April by using three different depths of 
plantings. 

EXPERIMENTAL PROCEDURES 

The study was established on a Woden sandy 
loam soil of old field in Nacogdoches County, 
Texas. The field was plowed and disked six 
weeks before the establishment of the experiment 
and then it was subdivided into three blocks, 
each 164 feet by 108 feet. Each block consisted 
of 41 rows, each 108 feet long and four feet 
apart. Two edge rows served as isolation strips, 
while the remaining 39 rows represented randomly 
assigned 13 different dates of planting at the 
three different depths. The plantings were made 
in two-week intervals beginning November 4, 1958 
and ending April 21, 1959. Each row in a block 
contained 27 seedlin~s spaced four feet apart 
and planted on the same date and at the same 
depth. Two edge seedlings were considered as 
isolation. 

The depths of planting were as follows: (A) 
root collar at the ground level, (B) one-half of 
the shoot buried, (C) most of the shoot buried 
except for the upper one-inch of terminal. 
Standard planting bar was used for regular (A) 
planting, while 18-inch bar was used for B and C 
planting depths. All roots were trimmed to the 
length of seven inches. 

Statistically, this study consisted of 13 
planting dates and three depths of planting, 
each represented by three replications of 25 
seedlings. All data were analyzed by two-way 
analysis of variance. 

RESULTS 

L/paper presented at Southern Silvicultural 
Research Conference, Atlanta, Georgia, November 
4-6, 1986. 

1'~rofessor of Forestry, School of Forestry, 
Stephen F. Austin State University, Nacogdoches, 
Texas 75962. 

Mortality 

Periodic survey of experimental planting 
revealed that by March 19, 1959, attrition due 
gophers and weather damage was 6 percent, 4 
percent and 2 percent in A, B and C planting 
depths, respectively (Table 1). Mortality was 



p a r t i c u l a r l y  very  h igh  i n  November 18 p l a n t i n g ,  
amounting t o  22 percen t  i n  A and 16 p e r c e n t  i n  B 
dep th  of p l a n t i n g .  It is  important  t o  n o t i c e  
t h a t  t h i s  p l a n t i n g  was made j u s t  two days  b e f o r e  
t h e  f i r s t  f r e e z e  of t h e  season ,  The l o s s  due t o  
inc lement  weather  was f o u r  t imes  a s  h i g h  a s  was 
t h e  l o s s  due t o  t h e  obvious damage by gophers. 

Average annual  m o r t a l i t y  f o r  1959 amounted t o  
10 p e r c e n t ,  13 percen t  and 16 p e r c e n t  i n  t h e  
p l a n t i n g  d e p t h s  A,  B ,  and C ,  respectively (Table 
2). Both A p r i l  p l a n t i n g s  s u f f e r e d  v e r y  h igh  
m o r t a l i t y  i n  a l l  d e p t h s  of p l a n t i n g ,  averag ing  
19 p e r c e n t ,  21  pe rcen t  and 33 p e r c e n t  i n  A ,  B 
and C ,  r e s p e c t i v e l y ,  The h i g h e s t  m o r t a l i t y  i n  
A (25%) and B (27%) d e p t h s  of p l a n t i n g  occur red  
i n  p l a n t i n g  made on November 18, whi le  t h e  
h i g h e s t  m o r t a l i t y  i n  C (36%) depth  of  p l a n t i n g  
occur red  i n  A p r i l  21  p l a n t i n g .  

Average m o r t a l i t y  dur ing  1960 growing season 
was 2 p e r c e n t  i n  A ,  3 p e r c e n t  i n  B and 5 p e r c e n t  
i n  C d e p t h  of p l a n t i n g ,  and no p a r t i c u l a r  
p a t t e r n  was n o t i c e d  i n  r e s p e c t  t o  t h e  season of 
p l a n t i n g .  

Seasonal  Height  Growth 

Average s e a s o n a l  h e i g h t  growth i n  1959 was 
s i g n i f i c a n t l y  d i f f e r e n t  f o r  each dep th  of 
p l a n t i n g ,  amounting t o  9 inches  i n  A ,  11 i n c h e s  i n  
E and 13 inches  i n  C p l a n t i n g  (Table  3 ) .  
Seedl ings  p l a n t e d  on November 4 grew most,  w h i l e  
those  p l a n t e d  i n  March and A p r i l  grew Leas t ,  
r e g a r d l e s s  of t h e  dep th  of p l a n t i n g .  

I n  1960 and 1961, average h e i g h t  growth of A and 
B p l a n t i n g s  was s i g n i f i c a n t l y  h i g h e r  than  t h a t  of 
C p l a n t i n g s  (Table 4 ) ,  bu t  i n  1962 growth was 
i d e n t i c a l  i n  a l l  d e p t h s  of p l a n t i n g .  Height 
growth of a l l  A p r i l  p l a n t i n g s  cont inued t o  l a g  
behind a l l  o t h e r s  through 1960 and 1961 growing 
seasons .  

T o t a l  Height 

Average h e i g h t  of a l l  A p l a n t i n g s  was g r e a t e r  
than  was t h e  h e i g h t  of e i t h e r  B o r  C p l a n t i n g s  
from 1959 through 1962 (Table  5 and Table  6 ) ,  
whi le  average  h e i g h t  of a l l  C p l a n t i n g s  was 
s i g n i f i c a n t l y  s m a l l e r  t h a n  t h a t  of average B 
p l a n t i n g s .  Average h e i g h t  s u p e r i o r i t y  of November 
4 p l a n t i n g  was maintained i n  A p l a n t i n g s  1959 
through 1961 and i n  B p l a n t i n g s  1959 through 1960. 
During f o u r  y e a r s  of s t u d y ,  average  h e i g h t  of 
t r e e s  p l a n t e d  i n  March and A p r i l  was s h o r t e r  than  
t h e  h e i g h t  of t r e e s  p l a n t e d  i n  November-February 
i n  a l l  d e p t h s  of p l a n t i n g .  

DISCUSSION 

increased  h e i g h t  growth dur ing  t h e  f i r s t  y e a r  
only.  Deep p l a n t e d  t r e e s  were s h o r t e r  than  t h e  
conven t iona l ly  p lan ted  t r e e s  dur ing  f o u r  fo l lowing  
years .  

Slocum (1941) and Slocum and Maki (1956) 
repor ted  t h a t  deep p l a n t i n g  on wel l -drained c l a y  
d i d  no t  e f f e c t  s u r v i v a l  and i t  increased  h e i g h t  
growth of l o b l o l l y  p ine  s e e d l i n g s  through t h e  
second growing season ,  bu t  t h e  au thors  warned t h a t  
s i m i l a r  r e s u l t s  might not  be expected e l sewhere .  
Deep p l a n t i n g  reduced s u r v i v a l  of l o b l o l l y  p i n e  on 
droughty sandy loam (Urs ic  1963) and poor ly  
d ra ined  s i l t  and c l a y  s o i l s  (Switzer  1960) i n  
M i s s i s s i p p i  a s  well. a s  on sandy loams i n  Eas t  
Texas (Koshi,  1460). 

The h i g h e s t  m o r t a l i t y  i n  t h i s  s tudy  occur red  i n  
t h e  s e e d l i n g s  l i f t e d  and p lan ted  before  t h e  f i r s t  
f r e e z e  i n  t h e  f a l l  o r  a f t e r  broken shoot  dormancy 
i n  A p r i l .  I t  seems t h a t  high m o r t a l i t y  i n  
November 18 p l a n t i n g  was caused by t h e  f i r s t  c o l d  
s p e l l  of t h e  season ,  whi le  roo t  d i s t u r b a n c e  of t h e  
s e e d l i n g s  dur ing  t h e  o n s e t  of shoot  e l o n g a t i o n  was 
r e s p o n s i b l e  f o r  h igh  m o r t a l i t y  i n  t h e  A p r i l  
p l a n t i n g s .  Low tempera tu re  a s  t h e  cause of h i g h  
m o r t a l i t y  i n  November 18 p l a n t i n g  i s  suppor ted  by 
t h e  f a c t  t h a t  m o r t a l i t y  was r e l a t i v e l y  low i n  t h e  
C depth of p l a n t i n g  where only t i p s  of t h e  s h o o t s  
were exposed t o  f r e e z i n g  atmosphere. 

Poor s u r v i v a l  of l o b l o l l y  p ine  s e e d l i n g s  
l i f t e d  p r i o r  t o  dormancy was r e p o r t e d  by Venator 
and Barne t t  (1984), and B r i s s e t t e  and Roberts  
(198h) found l e s s  roo t  r e g e n e r a t i o n  p o t e n t i a l  i n  
s e e d l i n g s  l i f t e d  i n  November. B i l a n  and 
Ferguson (1985) r e p o r t e d  t h a t  a l l  s e e d l i n g s  
survived when they  were l i f t e d  and o u t p l a n t e d  i n  
a  f i e l d  i n  two-week i n t e r v a l s  December 1 through 
March 2. 

Reduction of h e i g h t  growth i n  a l l  March and 
A p r i l  p l a n t i n g s  dur ing  t h e  f i r s t  growing season  
r e s u l t e d  probably from t h e  i n t e r r u p t i o n  of 
s p r i n g  shoo t  e longa t ion .  Poor s u r v i v a l  of 
l o b l o l l y  p ine  s e e d l i n g s  l i f t e d  and p lan ted  
dur ing  l a t e  s p r i n g  was r e p o r t e d  by Dierauf 
(1978) and Venator (1985). The a u t h o r  (Bi lan  
and Ferguson 1985) found t h a t  l o b l o l l y  p ine  
s e e d l i n g s  l i f t e d  and p l a n t e d  i n  March grew l e s s  
i n  h e i g h t  by e a r l y  Nay than  d i d  s e e d l i n g s  l i f t e d  
and p l a n t e d  December 1 - January 12. 

The a u t h o r  concludes t h a t  l o b l o l l y  p ine  
s e e d l i n g s  have t h e i r  h i g h e s t  s u r v i v a l  ae< aa-1y 
growth p o t e n t i a l  when they a r e  L i f t e d  and 
o u t p l a n t e d  dur ing  t h e i r  dormancy, bu t  t h e  a c t u a l  
s u r v i v a l  and growth i n  t h e  f i e l d  may be t o  a  
g r e a t  degree  a f f e c t e d  by t h e  c l i m a t i c  conditions 
fo l lowing  o u t p l a n t i n g ,  

Deep p l a n t i n g  by burying shoot  t o  one inch  
t e r m i n a l  reduced s u r v i v a l  dur ing  t h e  f i r s t  two 
y e a r s  and r e s u l t e d  i n  l e s s  h e i g h t  growth dur ing  
t h e  second and t h i r d  y e a r .  The i n c r e a s e d  h e i g h t  
growth dur ing  t h e  f i r s t  y e a r  d i d  n o t  compensate 
f o r  l e s s  growth dur ing  t h e  second and t h i r d  year .  
Burying one-half of t h e  shoo t  reduced s u r v i v a l  and 



Table 1. Average Attrition of Seedlings Due to Gophers and Weather by Time and Depth of Planting by 
March 19, 1959. 

Planting Depth A Planting Depth B Planting Depth C 
DATE 
PLANTED GOPHER DEAD TOTAL GOPHER DEAD TOTAL GOPHER DEAD TOTAL - - - - - P E R C E N T  - - - - - 
NOV. 4 1.3 11.7 13.0 1.3 3.9 5.2 1.3 1.3 2.6 

18 3.9 18.2 22.1 2.6 13.0 15.6 1.3 0 1.3 
DEC. 2 3.9 6.5 10.4 1.3 2.6 3.9 1.3 0 1.3 

16 1.3 1.3 2.6 1.3 0 1.3 2.6 2.6 5.2 
3 0 1.3 3.9 5.2 1.3 2.6 3.9 1.3 1.3 2.6 

JAN. 13 0 1.3 1.3 0 1.3 1.3 0 0 0 
2 7 0 1.3 1.3 0 0 0 1.3 0 1.3 

FEB. 10 0 1.3 1.3 0 0 0 1.3 0 1.3 
14 0 0 0 0 0 0 0 0 0 

AVERAGE 1.3 5.1 6.4 0.9 2.6 3.5 1.2 0.6 1.8 

Table 2. Average Annual Mortality of Loblolly Pine Seedlings by Time and Depth of Planting During 1959 
and 1960. - 
DATE Plantl-Q Depth Planting Depth 
PLANTED d - B C A B C 

1959 1960 
7, - - P E R C E N T -  - - - 

NOV. 4 7,4c1" P6,Cb 12.3b 2.5 2.5 5.0 
18 24.7a 2", 2a 9.9b 0 3.7 2.5 

DEC. 2 9,9bc 4 ,9c  9.9b 0 1.3 5.0 
16 6 * 2 c  4.96 14.8b 0 4.9 2.5 
30 7,4c l L 6 b c  17.3b 2.5 0 7.4 

JAN. 13 2,5c -3 . 9 c: 14.8b 3.7 3.7 2.5 
27 4,9c 4 , 9 c  9.9b 1.3 1.3 2.5 

FEB. 10 4,9c 7 . 4 ~  7.4b 6.2 7.4 8.6 
2 4 il.Shc 8, Bs, 9.9b 1.3 2.5 7.4 

MAR. 10 2 Sic 22,0ab 18.5b 3.7 7.4 3.7 
24 7.4~ 11, ic 13.6b 1.3 3.7 0 

APR. 7 21.0ab 7L.2ab 30.9a 0 0 11.1 
2 1 17.3ab 19.8ab 35.821 2.5 2.5 3.7 

AVERAGE FOR 
PLANTING 
DEPTH 10.3a 13.2b 15.8~ 1.9a 3.2ab 4.8b 2 1 

Values in individual columns for year 1959 followed by the same letters are not statistically 
different at the 95 percent confidence level by Duncan's multiple range test. 

Average values for planting depth for 1959 and 1960 followed by the same letter are not statistically 
different at the 95 percent confidence level by Duncan's multiple range test. 



Table 3 .  Average Annual Height Growth of Loblol ly Pine Seedlings by T i m e  and Depth of P lan t ing  f o r  1959 
and 1960. 

DATE Plan t ing  Depth P lan t ing  Depth 
PLANTED A B C A B C 

1959 1960 
- I X C H E S  - - 

NOV. 4 14.4 - a 16.8a 16.7a 31.6a 31.0a 28.8a 
18 9.8'0 12.3b 14.4a 28.4~3 30.3a 29.4a 

DEC, 2 10.7b 12. l b  14.5a 30.8a 29.6a 29. la 
16 10.6b 12.8b l4.5a 29.8a 30.4a 28.4a 
30 9 . l b  12.2b 13.8b 29.8a 31.4a 29.7a 

JAN. 13 12.3a 14. lb  15.3a 30.6a 32 . la  29,6a 
2 7 10.2b 12.5b 15 .2~1  29.9a 30.5a 30. l a  

FEB. 10 10.5b 13. l b  13.2b 32.8a 30.5a 29.9a 
2 4 7.9bc 11.7b 1 0 . 6 ~  29.2a 27.6b 28. l a  

MAR. 10 5 . 5 ~  7 . 9 ~  1 0 . 3 ~  28 .0~1 24.7s 27. l a  
2 4 6 . 7 ~  8 . 3 ~  1 0 . 2 ~  29.2a 29.7a 28.8a 

APE. 7 4 . 7 ~  7 . 6 ~  9 . 0 ~  26.3b 26.3s 23.8b 
2 1 6 . 4 ~  6 . 9 ~  8 . 7 ~  25.2b 25.3b 25.9b 

AVERAGE 
FOR PLANTING 
DEPTH 9 . l c  11.4b 12.8a 29.3a 29.2a 28. lb  

2 1 

Values i n  i nd iv idua l  columns followed by t h e  same l e t t e r  a r e  not  s t a t i s t i c a l l y  d i f f e r e n t  a t  t h e  95 
pe r cen t  confidence l e v e l  by Duncan's mul t ip le  range t e s t .  

'/ Average va lues  f o r  p l an t i ng  depth wi th in  years  f i l l e r  by t h e  same l e t t e r  a r e  no t  s t a t i s t i c a l l y  
d i f f e r e n t  a t  the  95 percent  confidence l e v e l  by Duncan's mu l t i p l e  range t e s t .  

Table 4. Average Annual Height Growth of Loblol ly Pine Seedlings By Time and Depth of P lan t ing  f o r  1961 
and 1963. 

P lan t ing  Depth P lan t ing  Depth 
DATE 
PLANTED A B C A B C 

196 1 1962 

NOV. 4 
18 

DEC. 2 
16 
3 0 

JAM. 13 
2 7 

FEB. 10 
2 4 

MAR. 10 
2 4 

APR. 7 
2 1 

AVERAGE FOR 
PLANTING 

C H E S  
48.5a 
50.5a 
49.6a 
48.4a 
50.7a 
49.6a 
50.9a 
50.6a 
50. l a  
49.8a 
50,7a 
47.6a 
50.3a 

- 
52.0a 
47.2ab 
50.4ab 
51.0a 
51 . la  
46.7b 
50.6ab 
52. l a  
48.7ab 
49.2ab 
50. lab 
47.8ab 
46.9b 

DEPTH 46. 6aL/  46.7a 45.2b 49.9a 50. l a  49.5a 

Values i n  i nd iv idua l  columns followed by t h e  same l e t t e r  a r e  not  s t a t i s t i c a l l y  d i f f e r e n t  a t  t he  95 
2/ percent  confidence l e v e l  by ~ u n c a n ' s  mu l t i p l e  range t e s t .  

Average va lues  f o r  p l an t i ng  depth wi th in  years  followed by t h e  same l e t t e r  a r e  not  
s t a t i s t i c a l l y  d i f f e r e n t  a t  t he  95 percent  confidence l e v e l  by Duncan's mu l t i p l e  range t e s t .  



Table 5, Mean t o t a l  he igh t  of l o b l o l l y  p ine  seed l ings  by time and depth of p l an t i ng  i n  1959 and 1960. 
P l an t i ng  Depth P lan t ing  Depth 

DATE 1959 f 960 
PLAHTED A B C A if C 

- - I N C H E S  - - 
NOV, 4 24.4a 21.8a 17.7a 56.0a 52.8a 46.5a 

18 19.8b 17.3b 15.4a 48.2b 47.6b 44.88 
DEC. 2 20.7b 17. l b  15.5a 51.5b 46.37 Lt4.6a 

16 20.6b 17.8b 15.5a 50.4b 48.2b 43.9a 
30 19.4b 17.2b 14.8a 49.2b 48.6tr 44.5a 

JAN. 13 22.3ab 19. l b  16.3a 52.9b 51.2b 46.4a 
2 7 20.2b 17.5b 16.2a 50. lb  48.0b 46.3a 

FEB. 10 20.5b 18. l b  14.2a 53.3b 48.6b 44. l a  
2 4 17.9bc 16.7b 1 1 . 6 ~  47. l bc  44.3bc 39.713 

MAR. 10 1 5 . 5 ~  1 2 . 9 ~  11.3b 4 3 . 5 ~  3 7 . 6 ~  38.4b 
24 1 6 . 7 ~  1 3 . 3 ~  11.2b 4 5 . 9 ~  43.0bc 40.0b 

APR. 7 1 4 . 7 ~  1 2 . 6 ~  10.0b 4 1 . 0 ~  3 8 . 9 ~  33.8b 
2 1 1 6 . 4 ~  1 1 . 9 ~  9.7b 41,6c 3 7 . 2 ~  35.6b 

AVERAGE BY 
PMTIMG 
DEPTH 2 1 19.2 a 16.4b 1 3 . 8 ~  48.5a 45.6b 4 2 . 2 ~  

Values i n  i nd iv idua l  columns followed by t he  same l e t t e r  a r e  no t  s t a t i s t i c a l l y  d i f f e r e n t  a t  the  95 
percent  confidence l e v e l  by Duncan's mu l t i p l e  range t e s t .  

2/  Average va lues  f o r  p l an t i ng  depth w i th in  years  followed by t he  same l e t t e r  a r e  not  s t a t i s t i c a l  
d i f f e r e n t  a t  t he  95 percent  confidence l e v e l  by Duncan's mu l t i p l e  range t e s t .  

Table 6. Mean To t a l  Height of Loblol ly Pine Seedlings by Time and Depth of P l an t i ng  i n  1961 and 1962. 
P lan t ing  Depth P lan t ing  Depth 

DATE 
PLANTED A B C A B C 

1961 1962 

NOV. 4 
18 

DEC, 2 
16 
30 

JAN. 13 
2 7 

FEB. 10 
2 4 

MAR. 10 
24 

APR. 7 
2 1 

AVERAGE FOR 

I N C H E S  
93.0a 154.5a 
91.6a 144.5b 
92.9a 148. l b  
91.0a 144.6b 
91.8a 146.3b 
91.2a 150.5a 
95.5a 150.8a 
89.6a 150. %a 
82.8b 143.4b 
82.3b 1 3 8 . 0 ~  
83.5b 144.3b 
7 5 . 8 ~  132. l c  
7 5 . 5 ~  1 3 5 . 8 ~  

PLANTING 
DEPTH 2 1 95.1 a 92.3b 8 7 . 4 ~  144.9a 142.313 137. Oc 

Values i n  i nd iv idua l  columns followed by t h e  same l e t t e r  a r e  not  s t a t i s t i c a l l y  d i f f e r e n t  a t  t he  95 
percent  confidence l e v e l  by Duncan's mu l t i p l e  range t e s t .  

2 /  Average va lues  f o r  p l an t i ng  depth w i th in  yea r s  followed by t he  same l e t t e r  a r e  not  s t a t i s t i c a l l y  
d i f f e r e n t  a t  the  95 percent  confidence l e v e l  by Duncan's mu l t i p l e  range t e s t .  
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1 / ANNUAL AND GEOGRAPHIC VARIATIONS I N  CONE PRODUCTION BY LORGLEAF PINE- 

21 William D ,  Boyer- 

Abstract--Cone produc t ion  by long lea f  p ine  (Pinus 
p a l u s t r i s  M i l l . )  has  been monitored on sample t r e e s  i n  
shel terwood s t a n d s  s i n c e  1966. Eleven l o c a t i o n s ,  t h r e e  each-  
i n  Alabama and F l o r i d a  and one i n  L o u i s i a n a ,  M i s s i s s i p p i ,  
Georg ia ,  South C a r o l i n a ,  and North C a r o l i n a  were inc luded  i n  
t h e  s tudy .  Each 1oca t ion .had  two t e s t  a r e a s ,  w i t h  50 sample 
t r e e s  each.  S i x  l o c a t i o n s  had 15 o r  more y e a r s  of r e c o r d ,  
t h e  o t h e r s  l e s s .  Annual counts  of cones ,  c o n e l e t s ,  and 
f lowers  ( p i s t i l l a t e  s t r o b i l i )  on each sample t r e e  were made 
u n t i l  t r e e s  were c u t .  Over 20 y e a r s ,  cone c rops  i n  which t h e  
average  number of cones per  t r e e  exceeded 50 occur red  only 
i n  1967, 1973, and 1984. The frequency of  cone crops 
p o t e n t i a l l y  useab le  f o r  n a t u r a l  r e g e n e r a t i o n  (average  of 20 
o r  more c o n e s / t r e e )  v a r i e d  cons iderab ly  among l o c a t i o n s .  
Cone c rop  frequency was v e r y  low (< 0.1 o r  1 year  i n  1 0 )  a t  
two l o c a t i o n s  i n  northwest  F l o r i d a  and one i n  southwest 
Georgia .  Cone c rop  frequency reached a  peak of 0.62 and 
0.75 a t  two l o c a t i o n s  i n  c e n t r a l  Alabama. The r a t i o  of 
f lowers  counted t o  cones produced s u g g e s t s  t h a t  low cone 
c r o p  f r e q u e n c i e s  near  t h e  Gulf Coast were due more t o  f lower 
l o s s e s  than f a i l u r e  t o  produce f lowers .  

INTRODUCTION 

Longleaf  p ine  is  a  poor seed producer compared 
t o  o t h e r  sou thern  p i n e s ,  and cone crops good 
enough f o r  n a t u r a l  r e g e n e r a t i o n  a r e  r e l a t i v e l y  
i n f r e q u e n t  (Boyer and Pe te r son  1983). Wahlenberg 
(1946) noted t h a t  good c rops  occur  every 5 t o  7  
y e a r s ,  and f a i l u r e s  about  1 year  i n  5. I n  sou th  
M i s s i s s i p p i  over  a  pe r iod  of 21 y e a r s ,  t h e r e  were 
9 y e a r s  i n  which medium o r  b e t t e r  cone c rops  
occur red  i n  long lea f  p i n e  (Maki 1952). 
Shelterwood s t a n d s  i n  sou th  Alabama produced 5 
cone c r o p s  adequate  f o r  n a t u r a l  r e g e n e r a t i o n  
0 50 thousand s e e d s l a c r e )  over a  pe r iod  of 19 
y e a r s  ( ~ r o k e r  and Boyer 1975). Heavy o r  bumper 
seed c rops  through much of  the  range of long lea f  
p i n e  may occur  once i n  8  t o  10 y e a r s  (Maki 1952). 

Very few s y s t e m a t i c  observa t ions  of cone produc- 
t i o n  by long lea f  p ine  have been r e p o r t e d ,  (e .g . ,  
Croker 1973, McLemore 1975). These a r e  normally 
from a l o c a l i z e d  a r e a  and cover only a  few y e a r s .  

A region-wide t e s t  of t h e  shel terwood system of 
n a t u r a l  r e g e n e r a t i o n  of long lea f  p ine  was 

1 / p e p e r  p resen ted  a t  t h e  Fourth Bienn ia l  Southern 
S i l v i c u l t u r a l  Research Conference, A t l a n t a ,  
Georgia ,  November 4-5, 1986. 

Z/l?roject Leader ,  George W. Andrews F o r e s t r y  
Sc iences  Labora to ry ,  Auburn, AL, maintained by 
t h e  Southern F o r e s t  Experiment S t a t i o n ,  F o r e s t  
S e r v i c e ,  USDA, i n  coopera t ion  w i t h  Auburn 
U n i v e r s i t y .  

i n i t i a t e d  i n  1966. Data ob ta ined  on cone and 
f lower p roduc t ion  a t  t e s t  s i t e s  have provided 
in format ion  on t h e  v a r i a b i l i t y  of long lea f  p i n e  
cone p roduc t ion  over  a  pe r iod  of time among 
s e v e r a l  l o c a t i o n s  a c r o s s  t h e  s o u t h e a s t e r n  United 
S t a t e s .  

METHODS 

Natura l  r e g e n e r a t i o n  t e s t s  f o r  long lea f  p i n e  
were e s t a b l i s h e d  a t  11 l o c a t i o n s  ranging from 
Louis iana  t o  North Caro l ina  ( t a b l e  1 ) .  One t e s t  
l o c a t i o n  was t h e  Escambia Experimental F o r e s t ,  
Escambia County Alabama; f o u r  were Nat iona l  
F o r e s t s  i n  Louis iana ,  M i s s i s s i p p i ,  Alabama, and 
F l o r i d a ;  t h r e e  were S t a t e  f o r e s t s  i n  F l o r i d a ,  
South C a r o l i n a ,  and North Caro l ina ;  two were 
p r i v a t e  l ands  (Alabama and Georgia) ;  and one was a  
m i l i t a r y  r e s e r v a t i o n  ( ~ l o r i d a ) .  

A t  each of 10 l o c a t i o n s  ( t h e  exper imenta l  f o r e s t  
exc luded) ,  2  t e s t  a r e a s  ranging from about  20 t o  
60 a c r e s  i n  s i z e  were e s t a b l i s h e d .  One t e s t e d  t h e  
two-cut and t h e  o t h e r  t h e  three-cut  shel terwood 
system. These t e s t s  were i n i t i a t e d  from 1966 t o  
1970. Severa l  two-cut t e s t s  were l o c a t e d  on 
exper imenta l  f o r e s t  s i t e s ,  A l l  t e s t s  were l o c a t e d  
i n  matur ing s t a n d s  of long lea f  p ine  n e a r i n g  end of  
a  sawlog r o t a t i o n .  Within each t e s t  a r e a ,  25 
sample p o i n t s  were e s t a b l i s h e d .  The two seed 
t r e e s  n e a r e s t  each sample p o i n t  were marked f o r  
annual  sp r ing t ime  counts  of f lowers  and c o n e l e t s  
us ing  t h e  method descr ibed  by Croker (1971) .  
Cones produced the  preceding f a l l  by each sample 
t r e e  were a l s o  counted a t  t h e  same t ime.  Th is  
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was t h e  t o t a l  o f  cones  on t h e  ground under  t h e  
t r e e ,  p l u s  a  b i n o c u l a r  coun t  o f  cones  remaining i n  
t h e  t r e e .  Sample t r e e s  were n o t  r e p l a c e d  when 
removed th rough  t h i n n i n g  o r  n a t u r a l  m o r t a l i t y .  
The number o f  r e s i d u a l  sample t r e e s  had dropped t o  
l e s s  than  20 on on ly  one a r e a .  

'; 0 ------- ------- -- ---.-- ---- ---- 

Lne sampilng p e r i o d  r e p o r t e d  h e r e  c o v e r s  t h e  20 
y e a r s  from 1966 th rough  1985. F ive  l o c a t i o n s  were 
r e p r e s e n t e d  i n  t h e  f i r s t  y e a r ,  and a l s o  t h e  l a s t .  
The number of y e a r s  o f  c b s e r v a t i o n  a t  e a c h  o f  t h e  
11 l o c a t i o n s  i s  g i v e n  i n  t a b l e  1. The 20 y e a r s  
and 11 l o c a t i o n s  covered i n  t h i s  r e p o r t  r e s u l t  i n  
a  t o t a l  o f  220 c e l l s .  Of t h e s e ,  144 i n c l u d e d  a t  
l e a s t  one o b s e r v a t i o n  (one t e s t  a r e a ) .  A t o t a l  o f  
110 had two o b s e r v a t i o n s  ( b o t h  t e s t  a r e a s  a t  a  
l o c a t i o n )  and 7 ,  a l l  on t h e  Escambia Exper imen ta l  
F o r e s t ,  i n c l u d e d  o b s e r v a t i o n s  from 3  t e s t  a r e a s .  

RESULTS 

Annual V a r i a t i o n  i n  Cone Produc t ion  

Cone p r o d u c t i o n  by l o n g l e a f  p i n e  a t  a l l  l o c a t i o n s  
combined, i n  terms o f  ave rage  number o f  cones  p e r  
t r e e ,  ranged from a  low of  1  i n  1966 t o  a  h i g h  o f  
66 i n  1973 ( f i g .  1 ) .  Cone p roduc t ion  exceeded a n  
a v e r a g e  o f  50 cones  p e r  t r e e  on ly  i n  1967,  1973,  and 
1984. Cone p r o d u c t i o n  averaged l e s s  t h a n  20 cones  
p e r  t r e e  i n  13 o f  t h e  20 y e a r s  and l e s s  t h a n  10 cones  
p e r  t r e e  i n  9  o f  t h e  20 y e a r s .  Normally,  a n  a v e r a g e  
o f  750 cones  p e r  a c r e  i s  needed t o  o b t a i n  a d e q u a t e  
n a t u r a l  r e g e n e r a t i o n  i n  a  l o n g l e a f  p ine  she l t e rwood  
s t a n d .  Shel terwood s t a n d s  i n  t h i s  s t u d y  ave raged  
abou t  30 t r e e s  p e r  a c r e ,  s o  an average o f  25 cones  
pe r  t r e e  would be  r e q u i r e d  f o r  s u c c e s s f u l  r e g e n e r a -  
t i o n .  Anything l e s s  than  20 cones  per  t r e e  i s  
l i k e l y  t o  be i n e f f e c t i v e .  

--.-.--_I_.-- --I _X____I_I-_-_ _-___I_I ___ _ 
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F i g u r e  1.--Annual v a r i a t i o n  i n  cone p r o d u c t i o n  by l o n g l e a f  p i n e  f o r  a l l  l o c a t i o n s  combined. 



V a r i a t i o n  among L o c a t i o n s  i n  Cone Produc t ion  Table  2.--Longleaf p i n e  cone p roduc t ion  by l o c a t i o n  

Average annua l  cone p r o d u c t i o n  p e r  t r e e  v a r i e d  
c o n s i d e r a b l y  among t h e  I 1  l o c a t i o n s  ( t a b l e  2) .  
The two l o c a t i o n s  i n  t h e  Mountain P rov ince  of 
Alabama had t h e  h i g h e s t  ave rage  cone p r o d u c t i o n ,  
w i t h  71 and 86 cones  p e r  t r e e .  L o c a t i o n s  i n  
nor thwes t  F l o r i d a  and sou thwes t  Georgia  had t h e  
lowes t  cone p r o d u c t i o n .  

Data on a v e r a g e  annua l  cone p r o d u c t i o n  were 
d e r i v e d  from a l l  sample t r e e s  f o r  each  y e a r  of 
o b s e r v a t i o n .  The y e a r s  of o b s e r v a t i o n  v a r i e d  
among l o c a t i o n s ,  and t h e r e  were a l s o  d i f f e r e n c e s  
among l o c a t i o n s  i n  s e e d - t r e e  s i z e ,  which a f f e c t e d  
cone p r o d u c t i o n .  A11 I 1  l o c a t i o n s  provided cone 
p r o d u c t i o n  d a t a  f o r  t h e  5 y e a r s  from 1969 t o  1973, 
i n c l u s i v e .  For t h e s e  y e a r s ,  cones  produced by 
sample s e e d  t r e e s  i n  t h e  11- and 12-inch d iamete r  
c l a s s e s  o n l y  (10.6-12.5 i n  d.b.h.1 were d e t e r -  
mined. T h i s  provided f o r  a d i r e c t  comparison of 
cone p r o d u c t i o n  among l o c a t i o n s  ( t a b l e  2) .  Again, 
two nor thwes t  F l o r i d a  s i t e s  and t h e  southwest  
Georgia  s i t e  had t h e  lowes t  cone p r o d u c t i o n .  

The p r a c t i c a l  a p p l i c a t i o n  o f  n a t u r a l  r egenera -  
t i o n  methods f o r  l o n g l e a f  p i n e  depends on t h e  
f r equency  o f  cone c r o p s  l a r g e  enough t o  p rov ide  
a c c e p t a b l e  r e g e n e r a t i o n .  Cons ide r ing  an ave rage  
o f  20 cones  p e r  t r e e  a s  a  minimum, t h e  f requency 
o f  cone c r o p s  t h i s  l a r g e  o r  l a r g e r  was determined 
f o r  each l o c a t i o n  ( f i g .  2 ) .  These ranged from 
0.75 and 0.62 f o r  t h e  two Mountain P rov ince  loca -  
t i o n s  t o  0 ,  0 .06,  and 0.07 f o r  t h e  t h r e e  

Cones pe r  t r e e  
A 1 1  t r e e s ,  11-12 i n  d.b.h. 

S t a t e  County a l l  y e a r s  t r e e s ,  1969-73 

- ------- Average number --------- 

LA Grant  3  3  14 

MS P e r r y  16 3 3 

BL Coosa 
P e r r y  
Escambia 

FL San ta  Rosa 7  9  
Okaloosa 4 7  
Leon 19 12 

G A Decatur  3  5 

SC C h e s t e r f i e l d  30 21 

NC Bladen 7  17 

F lo r ida -Georg ia  s i t e s .  The o v e r a l l  ave rage  
f r equency  o f  u s e a b l e  cone c r o p s  was 0.30 o r  one  
c r o p  e v e r y  3.3 y e a r s .  A 1 1  l o c a t i o n s  w i t h  cone 
c r o p  f r e q u e n c i e s  of 0.10 o r  more have been 
s u c c e s s f u l l y  r e g e n e r a t e d  (6 ,000 o r  more e s t a b l i s h e d  
s e e d l i n g s  p e r  a c r e ) ,  a l though  sometimes t h i s  h a s  

F i g u r e  2.--Frequency of a c c e p t a b l e  cone c r o p s  i n  l o n g l e a f  p i n e .  



beeu accomplished by two o r  more smal le r  cone c rops  
(15-20 c o n e s f t r e e )  r a t h e r  than  a  s i n g l e  l a r g e  cone 
c rop .  The t h r e e  l o c a t i o n s  wi th  cone crop f r e q u e n c i e s  
o f  l e s s  than  0.10 have n o t  y e t  been regenera ted .  

Low cone  crop f r e q u e n c i e s  could be due t o  f a i l u r e  
of  t r e e s  t o  f lower o r  t o  l o s s  of f lowers  and deve- 
l o p i n g  c o n e s ,  o r  bo th .  Flower counts  (annual  
a v e r a g e l t r e e )  a r e  given i n  t a b l e  3. Cone counts  on 
each a r e a  were compared t o  a s s o c i a t e d  flower counts  
ob ta ined  from t h e  same t r e e s  2 y e a r s  e a r l i e r  and t o  
c o n e l e t  coun ts  ob ta ined  1 y e a r  e a r l i e r .  The r a t i o s  
of  f l o w e r s  t o  cones and c o n e l e t  t o  cones were then  
determined ( t a b l e  3 ) .  Cone c rops  on each t e s t  a r e a  
d u r i n g  t h e  f i r s t  2 y e a r s  of observa t ion  were no t  
counted a t  t h e  f lower s t a g e ,  s o  r a t i o s  could no t  be 
determined f o r  t h e s e  y e a r s .  For example, cones 
counted i n  t h e  s p r i n g  of 1967 were from t h e  1966 
cone c r o p ,  b u t  t h e  f lowers  counted a t  the  same time 
r e p r e s e n t e d  t h e  1968 cone c rop .  

Table  3.--Average annual  f lower counts  and r a t i o s  
of  f lowers  t o  cones and c o n e l e t s  t o  cones 

Avg. No. 
f lower  Flowers Cone le t s  

S t a t e  County c o u n t s f t r e e  /Cones /cones 

LA Grant  

NS P e r r y  

AL Coosa 
P e r r y  
Escambia 

FL S a n t a  Rosa 
Okaloosa 
Leon 

G A Decatur  

SC C h e s t e r f i e l d  

NC Bladen 

Flower p roduc t ion  among t h e  11 l o c a t i o n s  was much 
more uniform than  t h e  r e s u l t i n g  cone p roduc t ion  
( c o e f f i c i e n t  of v a r i a t i o n  of 41 percen t  f o r  f lowers  
v s .  106 p e r c e n t  f o r  cones ) .  The r a t i o s  i n d i c a t e  con- 
s i d e r a b l e  v a r i a t i o n  among l o c a t i o n s  i n  both f lower 
l o s s e s  dur ing  t h e  f i r s t  year  and l o s s e s  of developing 
cones d u r i n g  the  second year  ( t a b l e  3 ) .  Higher 
v a l u e s  i n d i c a t e  g r e a t e r  l o s s e s .  The h i g h e s t  f lower 
l o s s e s  were recorded a t  two F l o r i d a  s i t e s  p l u s  the  
Georgia s i t e .  These same s i t e s  a l s o  had h igher  than 
average l o s s e s  of developing cones.  Conversely,  t h e  
high cone-producing s i t e s  i n  Coosa and Per ry  
Count ies ,  Alabama had the  lowest  l o s s e s  of both 
f lowers  and developing cones. 

An a n a l y s i s  of va r iance  of a l l  d a t a  on f lower and 
cone counts  i id ica ted  t h a t  f o r  f l o w e r s ,  t h e  v a r i a t i o n  
a s s o c i a t e d  wi th  year  (33 p e r c e n t )  was n e a r l y  double 
t h a t  a s s o c i a t e d  wi th  l o c a t i o n  (18 p e r c e n t ) .  For 
cones ,  t h e  vav. ia t ion a s s o c i a t e d  wi th  l o c a t i o n  
(26 p e r c e n t )  was g r e a t e r  than  t h a t  a s s o c i a t e d  wi th  
y e a r  (18 p e r c e n t ) .  Flower p roduc t ion  i s  h i g h l y  

v a r i a b l e  from year- to-year ,  and i n  l a r g e  p a r t  t h i s  
r e f l e c t s  c l i m a t i c  c o n d i t i o n s  before  i n i t i a t i o n ,  
Flower l o s s e s ,  however, appear t o  be a s s o c i a t e d  
wi th  l o c a t i o n ,  being more severe  some p l a c e s  than  
o t h e r s .  F i n a l  cone c rop  s i z e ,  t h e r e f o r e ,  r e f l e c t s  
f a c t o r s  a f f e c t i n g  i n i t i a l  f lowering and a l s o  
f lower  and cone l o s s e s .  

CONCLUSIONS 

Product ion of long lea f  p ine  cones v a r i e s  
cons iderab ly  from year-to-year and from p lace- to -  
p l a c e .  Consider ing t h e  reg ion  a s  a  whole, t h e  
f requency of cone c rops  l a r g e  enough t o  e s t a b l i s h  
n a t u r a l  r e g e n e r a t i o n  i n  shelterwood s t a n d s  i s  
a lmost  1  year  i n  3 .  Among t h e  l o c a t i o n s  sampled, 
however, f requency of useab le  cone crops ranged 
from 3 y e a r s  ou t  of 4 t o  ze ro .  Three l o c a t i o n s  
had cone c rop  f requenc ies  of l e s s  than 1 y e a r  i n  
10. A t  l o c a t i o n s  such a s  t h e s e ,  n a t u r a l  r egenera -  
t i o n  of long lea f  p ine  may not  be a  v i a b l e  o p t i o n .  

Over t ime ,  f lower p roduc t ion  i s  more c o n s i s t e n t  
among l o c a t i o n s  than  cone product ion.  The 
evidence i n  t h i s  s t u d y  sugges t s  t h a t  low cone 
product ion i s  a s s o c i a t e d  more wi th  f lower l o s s e s  
and ,  t o  a  l e s s e r  e x t e n t ,  cone l o s s e s  than  w i t h  
f a i l u r e  t o  f lower i n  t h e  f i r s t  p l a c e .  
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A b s t r a c t  . - -Kul t ipLc s c e d  l o t s  of l o n g l e a f  
( P i n u s  g a l u s t r  i s  >Lil:.), s h o r t l e a f  (x, c c h i n a t a  
M i l l . ) ,  'V i rg in i a  (0. v i r s i n i a n s  M i l l . ) ,  znd  
e z s t e r n  w h i t e  (2. s t r o b u s  L.) j i n e s  w e r e  u sed  
t o  e v a l u r ; t e  r . lcasure. ,ents of  s ced  v i g o r  l o r  pre- 
d i c t i o n  of s e e d l i n g  ilsterGence i n  n u r s e r y  S e l  en- 
v i ru r -meu t s .  Thc h i g h e s t  c o r r c L a t i o n s  ~ l t h  s eed -  
lia:, einergenck were  o b t a i n e d  v i t h  t h e  g e r m i n a t i o n  
i e s t  praneters--pert errt 2e r r : i na t i on  and peak  
v a l u e  and w i t h  e l e c t r i c z l  c o n d ~ c t i v i t y  .i c s s u r e -  
m e n t s  of s eed  l eac ' ? a t e  w i t h  t h r  ASLZC-?3i:O Scled 
A n a l y z e r .  C o r r e l a t i o n  c o e l l i c i e n t s  d i l f  e r e d  o n l y  
s l i g h t l y .  C o n d u c t i c l t y  .aeasurenent - ,  we re  b e s t  
f o r  s i t o r t l e a l ,  Y i r g i n i s ,  and  e a s t e r n  w h i t e  p i n e s  
( r =  0 .790,  0 . 7 7 4 ,  and  - 3 . 3 8 5 ) ,  a n d  g e r m i n a t i o n  
t e s t  p o r s c l e t e r s  we re  b e s t  ;or l o n g l e a f  ( r =  0.258 
and 0.?57). I n  ' i v e  oT s i x  t e s t s ,  p e r c e n t  Ger- 
3 i n a t i o n  and -eak  v a  ice K c r e  .xore hi;l11y c o r -  
r e l a t e d  w i t h  i n  e r g e n c e  t h a n  '32&b2 t o r  ' S  

g e r m J n a t l o n  vcllue.  T' t d a ~ a  s u g g e s t  t h a t  t h e s e  
f o u r  s b e ~ l e s  a r e  s i m l  L i r  t o  o t h e r  s o j t h e r n  p i n e s  
I n  t e s t  r c s p n s e s .  A good l z b o r a t o r y  t e s t  is  
d e s i r a b l e ,  h i t  t h c  \ o n d u c t l v i t y  t e s t  i s  ar, ~ b l e  
s u b s t i t u t e  when t i  r I : i n : i t i ng .  I n t e r ; , r e t z t i o n  
o: t h e  t e s t  r e s u i t s  lo; d ; , t i xu r  u t i l i z z t T o n  oi' 
s e e d s  i n  n u r s e r i e s  is I l s c u s s e d .  

The f r e q u e n t  inability of l a b o r a t o r y  ge r r l i c e -  
t i o n  t e s t s  t o  a c c u r a t e l y  p r e d i c t  n u r s e r y  . e r n i n a t  i o n  
has  been a  co,,irnon prob1ei.t f o r  n u r s e r y  rnan,;;crs. 
\:hen f i e l d  c o n 3 i t i o n s  a;e f a v o r a b l e ,  t h t r e  a r e  'ew 
- ,roble;ns.  E u t  x1,en Led env izon :~en t s  a r e  s t ress ' i i : ,  
s t a n d a r d ,  & e r n r i n a t i o n  t e s t  2 e r c e n t a t e s  mzy n o t  be 
c d e , u a t e  p r e d i c t o r s  oT s e e d  p e r f o r ~ i a n c e .  

S ~ r n e t t  and  KcLcnore (1984)  conc luded  t h a t  g e r -  
r n ina t i on  t e s t s  t o  a c c u r a t e l y  p r e d i c t  n u r s e r y  t e r n ~ i -  
n a t i o n  p e r c e n t a g e s  we re  t h e  b e s t  ~ r e d i c  t o r s  oZ s e e d -  
l i n g  p r o d u c t i o n  i n  s t r a t i f i e d  l o b l o l l y  ( P i n u s  -- t a e d ~  
L.)  a n J  s l i g h t l y  dormant  s l a s h  p i n e  (2. e l l i o t t i  
Cnge:m) , znd th;t CzaSn to r  ' s  g e r n i n a  t i o n  v a l u e  (3) 
( C z a b a t o r  1352) ;:as b e s t  Lor do rman t  o r  s l o w l y  g e r -  
m i n & t i n ~  l o r  .. E a r l i e r  work  i n  o u r  l a b o r a t o r y  
(Bonner  l4l35) a g r e e d  w i t h  t h e  u s e  o ,  s e r r n i n a t i o n  
p e r c e n t a g e s ,  b u t  we Iound peak  v a l u e  (?V) , a n o t h e r  
Czaba to r  p r a z e t e r ,  t o  he a  Z e t t e r  r ; r e ; i c to r  t l ian YV. 

I : - P a p e r  ? r e s e n t e d  a t  F o u r t h  B i e n n i a l  Sout ' le rn  
5 i L v i c u l t u r z l  Resea rch  Son,ercnce ,  i - t l a n t a ,  " e o r g i a  , 
Sovcrnber 4 - 5 ,  1925.  

9 / 
k i  i ' l s n t  P h y s i o l o g i s t  and  ? roJ  ec t L e a d e r ,  Zotl ther l :  

F o r e s t  Expe r imen t  S t a t i o n ,  C.S. L ' e ~ a r t n e n t  of A-r l -  
c u l t - r e ,  Y o r e s t  S e r v i c e ,  S t z r k v i l l e ,  -'Z 23759. 

L e a c h a t  e  c o n d u c t i v i t y  n c a s u r e n e n t s  were  a l s o  vcr; 
?-ror;iisin;: Tor lob1011;; and s l a s l ;  g i n e s  (33nr1er 13C L)  , 
as  w e l i  a s  Tor some ot!icr  e o n i ; e r s  (Bonn t r  and 'Jozzo 
i986). 

3 t t l ~ ~  SOU t h e r n  g i r ,cs  have  heen  i n c l u d e d  i n  r e - -  
s e a r c h  on s eed  v i g o r  t e s t  a e t h o 2 s  a t  t h e  a u t h o r ' s  
l a b o r a ~ o r y  Froi;, 137 i, t o  1%;. ' i 'hls p a p e r  summarizes 
r e s u l t s  o b t a i n e d  i n  19C3-85 w i t h  < o u r  of them: Ion;- 
l e a f  (2, p a l u s t r i s  H i l l . ) ,  s h o r t l e a f  (2. e c h i n a t n  
: l i l l . )  , ' J i r g i n i a  (?. v i r ~ i n i a n a  IPIi.11.) , and e a s t e r n  - 
w h i t e  (2. s t r o b u s  l.) p i n e s .  

Xu",ip!e s eed  l o t s  ol v a r y i n g  a s e s  and geo- 
grzp l l i c  s o u r c e s  we re  ~ s s e m b l e d  f o r  t e s t i n ; ; .  U n t i l  
used, t h e y  were  s t o r e d  a t  3 ' ~  w i t h  m o i s t u r e  c o n t e n t s  
of 10 p e r c e n t  c r  l o w e r .  Sample s  we re  t a k e n  f rom a s  
many a s  22  and ~s few ss 1 C  s c e d  l o t s  of  e a c h  2 
y e a r s .  Sorle s eed  l o t s  : - r e  u sed  i n  bot!i y e z r s .  
S,a!ii.ratory o , r rmina t lon ,  l e a c h a t e  c o n d u c t i v i t y ,  t e -  
t rzTo1ium s t a i n i n ;  i l o n g l e a 5  clnd e a s t e r n  w l ~ i t e  p i n e s  
o n l y ) ,  a n t  n u r s e r y  s e r n i n a t i o n  t e s t s  we re  c o n d u c t e d  
o n  a:: l o t s .  I'k c o r r e l a t i o n  o: t c s t  ;;rarncters 
w i t h  n u r s e r y  emergence   as u s e d  t o  e v s l u a t e  t h e  
ef  i e s - t l v e n e s s  of t h e  t e s t s .  

!,,Larator;. g e r n i n a t i c n . -  Cer:r,Ln,t i o n  t e s t s  w e r e  
C L  - r i d  o u t  unde r  o f f  i c i a l  t e s t  c o n d i t i o n s  ( h r s o c i -  
a t l ~ n  u5 3 f E i c i z l  Seed A n a l y s t s  137Cj. Four  



r e p l i c a t i o n s  of 50 t o  130  s e e d s  each  were  ge rmina ted  
i n  c a b i n e t  g e r m i n a t o r s  on m o i s t  b l o t t e r s  f o r  28 days .  
T e s t  t e m p e r a t u r e s  were  30OC f o r  8 h o u r s  of l i g h t ,  
r o l l o w e d  by 1 6  h o u r s  o: d a r k n e s s  a t  Z ~ ~ C .  Sermina- 
t i o n  was coun ted  a  minimum oE t h r e e  t i m e s  a  week t o  
" c i l i t a t e  c a l c u l a t i o n  oZ r a t e  p a r a m e t e r s .  I n  Cza- 
b a t o r ' s  f o r m u l a ,  PV is t h e  h i g h e s t  q u o t i e n t  o b t a i n e d  
by d i v i d i n g  c u m u l a t i v e  p e r c e n t  g e r m i n a t i o n  on each 
day by t h e  number of d a y s  e l a p s e d .  T h i s  v a l u e  on 
t h e  l a s t  t e s t  day  i s  t h e  mean d a i l y  g e r m i n a t i o n  
(IDG) ; t h u s ,  GV = (E"7) (PIDf) . 

E a s t e r n  w h i t e  p i n e  was s t r a t i f i e d  f o r  28 days  
a t  3OC, b u t  l o n g l e a f  r e c e i v e d  no  s t r a t i f i c a t i o n .  
V i r g i n i a  and s h o r t l e a 2 p p i e  s e e d s  w e r e  s t r a t i l i e d  
f o r  1 4  d a y s  a t  3 ' ~  i n  t h e  1984 t e s t s .  These  s p e c i e s  
r e c e i v e d  no s t r a t i : i c a t i o n  i n  t h e  1985  t e s t s  because  
t h e  t r e a t m e n t  was d e t r i m e n t a l  t o  t h e  lower  q u a l i t y  
seed  l o t s  i n  1984. 

t e a c h a t e  c o n d u c t i v i t y . -  Samples of 100  s e e d s  
( f o u r  p e r  l o t )  were  l e a c h e d  i n  d e i o n i z e d  wa te r  Tor 
2 4  h o u r s  a t  room t e m p e r a t u r e .  C u r r e n t  f l o w  (yamp) 
th rough  t h e  l e a c h a t e  of i n d i v i d u a l  s e e d s  was measured 
w i t h  a n  a u t o m a t i c  seed  a y j l y z e r  manufac tu red  by  
Neogen h o d  Tech.,  Lnc . , - I lodels  610 and ASAC-1000 
were  b o t h  used ,  b u t  p r i m a r i l y  t h e  l a t t e r .  Eeans  and 
s t a n d a r d  d e v i a t i o n s  of c o n d u c t i v i t y  and g e r m i n a t i o n  
e s t i m a t e s  based on t h e  h i s t o g r a m  segment (11s) method 
were  c a l c u l z t e d  a s  d e s c r i b e d  by Eonner and Vozzo 
(19g6) .  

T e t r a z o l i u m  s t a i n i n g  ( T Z )  .- Seeds  from 50-seed 
samples  were  c u t  down o n e  s i d e  w i t h  f i n g e r n a i l  c l i p -  
p e r s  and soaked i n  d e i o n i z e d  w a t e r  l o r  24 h o u r s  a t  
room t e m p e r a t u r e .  Then t h e y  were  p l a c e d  i n  a  0.5- 
p e r c e n t  s o l u t i o n  02 2 , 3 , 5 - t r i p h e n y l  t e t r a z o l i u m  
c h l o r i d e ,  pH 6 .5  t o  7 .0 ,  a t  20°C f o r  1 8  t o  2 4  Ilours 
i n  t h e  d a r k .  Seeds  were  s c o r e d  a s  "good" o r  "bad" 
a c c o r d i n g  t o  t h e  c r i t e r i a  o i  Ploore ( 1 9 7 1 ) ,  and v i g o r  
was expres sed  a s  t h e  p e r c e n t a g e  of "good" s e e d s  i n  
t h e  sample .  TZ s t a i n i n g  was used  on l o n g l e a f  and 
e a s t e r n  w h i t e  p i n e s  i n  1 y e a r  o n l y .  

Nurse ry  emergence. - Four 50- o r  100-seed samples  
were  p l a n t e d  i n  c o m p l e t e l y  randomized rows i n  nur-  
s e r y  b e d s  a t  t h e  7 o r e s t r y  S c i e n c e s  Labora to ry .  
LongleaE s e e d s  were  sown on t h e  s u r r a c e  and p res sed  
i n t o  t h e  s o i l  w i t h  a boa rd .  The o t h e r  s p e c i e s  were  
p l a n t e d  a b o u t  3 mm deep .  A11 p l o t s  were  mulched 
w i t h  c h o p ~ e d  p i n e  s t r a w  and p r o t e c t e d  by b i r d  n e t -  
t i n g .  E a s t e r n  w h i t e  p i n e  was s t r a t i z i e d  2C d a y s  a t  
3 ' ~ .  V i r g i n i a  and s h o r  t l e a f  p i n e s  were  s t r a t i f i e d  
1 4  days  i n  t h e  19C4 t e s t s  and 21 d a y s  i n  t h e  13C5 
t e s t s .  Long lea i  r e c e i v e d  no s t r a t i r i c a t i o n .  A l l  
tests were  p l a n t e d  i n  A ~ r i l ,  and emerging s e e d l i n g s  
were  coun ted  one  t o  t h r e e  t i m e s  p e r  week u n t i l  
emergence was comple te .  

Hen t ion  of t r a d e  means is  f o r  i n f o r m a t i o n  
o n l y  and d o e s  n o t  imply endorsement  o r  recommenda- 
t i o n  by t h e  U.S. Department oE A g r i c u l t u r e  of any  
p r o d u c t  o r  s e r v i c e  ove r  o t h e r s  t h a t  may a l s o  S e  
a v a i l a b l e .  

Data a n a l y s i s  .- C o r r e l a t i o n  c o e f l i c  i e n t s  b e t ~ j e e n  t e s t  
p a r a m e t e r s  and n u r s e r y  emergence were  c a l c u l a t e d ,  
and s i ~ n i f i c a n c e  was t e s t e d  w i t h  t h e  "t" test  
(p=0.05). ide assumed t h a t  t h e  t e s t  p a r a m e t e r s  t h a t  
x e r e  c o i i s i s t e n t l y  s i g n i f i c a n t l ; .  c o r r e l a t e d  w i t h  nur-  
s e r y  emergence shou ld  be  c o n s i d e r e d  a s  v a l i d  e s t i -  
m a t e s  o h s e e d  v i g o r .  

Longleaf  p i n e .  - Loth  l a b o r a t o r y  ~ e r m i n a t i o n  and 
l e a c h a t e  c o n d u c t 5 v l t y  e s t i m a t e s  showed s t r o n g  s i g -  
n i f i c a n t  c o r r e l a t i o n s  w i t h  n u r s e r y  emerbence and 
s u r v i v s l  i n  t h e  f i r s t  t e s t  yea r  ( t a % l e  I . )  I n  t h e  
second y e a r ,  a l l  "r" vvnlues were  lower,  and germ;- 
n a t i o n  t e s t  p a r a m e t e r s  were much S e t t e r  t h a n  t h o s e  
i n  o t h e r  t e s t s .  h l r l l o ~ g ! ~  'I Z s t a i n i n g  ;?as s igni : i -  
c a n t l y  c o r r e l a t e d  w i t h  n u r s e r y  i a c t o r s  i n  3.3E3, t!le 
t e s t  was dropped Zrom :irrtIler c o n s i d e r a t i o n  because  
oT t h e  d i f f i c u l r i e s  encoun te red  i n  s t a n i s r l i z i n b  
interpretation oz  s t a i n i n g  g a t t e r n s .  The i i i ,hes t  
"r" v a l u e s  oS ta ined  were  from p e r c e n t  k e r m i n a t i o n ,  
mean c o n d u c t i v i t y ,  and PV. 

S h o r t l e a f  p ine . -  S u r s e r y  g e r m i n a t i o n  was s o  
poor i n  1984 tha-o measurements u c r e  t a k e n .  I n  
t h e  1985  t e s t ,  s ign iLLcan t  c o r r e l a t i o u s  x i t h  n u r s e r y  
perforniance  were  o 5 t a i n e d  Lrom p e r c e n t  b e r m i n z t i o n ,  
PV, GV, and g e r m i n a t i o n  e s t i m a t e s  from l e a c h a t e  con- 
d u c t i v i t y  ( t a b l e  2 ) .  C o n d u c t i v i t y  e s t i m a t e s  Gave 
t h e  :lig,lzest "r" v a l u e s ,  t h e n  ?V. 

V i a i n l a  p ine . -  2 .esul ts  w i t h  S ' i r g i n i a  p i n e  were  - 
v e r y  s i m i l a r  t o  t h o s e  o b t a i n e d  w i t h  s h o r t l e a f  p i n e  
( t a b l e  2 ) .  ALtcr n u r s e r y  t e s t  I a i l u r e  i n  19C4, t h e  
2325 r e s u l t s  showed t h e  h i g h e s t  "r" v a l u e s  Zror  t o n -  
duc t i v i t y  e s t i m a t e s .  A l l  l a b o r a t o r y  ~ e r m i n a t i o n  
t e s t  p a r a m e t e r s  were  a l s o  s l g n i Z i c a n t l y  c o r r e l a t e d  
w i t h  emergence and s u r v i v a l .  

E a s t e r n  i ~ h i t e  p i n e . -  Leacha te  c o n d u c t i v i t y  and 
l a b o r a t o r y  g c r ~ i n a t  i o n  p a r a m e t e r s  showed s i g n i f i c a n t  
c o r r e i a  t i o n s  t \ r i ~ ! i  emergence and s u r v i v a l  i n  t h e  nu r -  
s e r y  p l o t s  ( t a b l e  3 ) .  The h i g h e s t  "rs" v a l u e s  were  
o b t a i n e d  w i t h  mean c o n d ~ i c t i v i t y  Tor e c e r g e n c e  i n  
bo th  y e a r s  and w i t h  p e r c e n t  g e r m i n a t i o n  f o r  s u r v i v a l  
i n  1931.  Tizrre was l i t t l e  d i I l e r e n c e  among t h e s e  
v a l u e s ,  hovev e r  , Among germina t  i o n  t e s t  pcramet  e r  s, 
p e r c e n t  ge rmina t  i o n  and F1? c o e L L i c i e n t s  w e r e  a lways  
h i g h e r  t h a n  t h e  coe:: i c  i e n t s  :or Z J .  

g e s u l t s  i rom t h e s e  t e s t s  were  v e r y  s i r n i l z r  t o  
r e s u l t s  r e p o r t e d  p r e v i o u s l y  f o r  l o b l a l l y  and s l a s h  
p i n e s  (Bonner 1926) . Labora to ry  germlna t i o n  pa ra -  
m e t e r s  and l e a c h a t e  conduc t i t 3 i t y  measurements  were  
a b o u t  e q u a l  i n  t h e i r  c o r r e l a t i o n  w i t h  n u r s e r y  emer- 
gence .  

S t a n d a r d ,  b u t  t i n e  consuming, l a b o r a t o r y  t e s t s  
a r e  a lways  d e s i r a b l e  Tor p r a p e r  seed  management de-  
c i s i o n s ,  b u t  r a p i d  e s t i ~ a t e s  oZ seed q u a l i t y  zLso  
have t h e i r  p l a c e .  i n  many s i t ~ a t f o n s ,  s e e d s  must b e  
p l a n t e d  o r  sh ipped  b e f o r e  a  i ;cr i , i ina t ion t e s t  c c n  Le 
schedu led  and cornpleced, Leacha te  c o n d u c t i v i t y  t e s t s  
c c n  s ; ~ a r e n t l y  :ill t h a t  need.  3 t h e r  r a p i d  t e s t s ,  
s u c h  a s  TZ o r  X-ray, may be  j u s t  a s  a c c u r a t e ,  b u t  
eacli  h a s  s e r i o u s  drawbacks  i r ?  sribJ ec  t i v e  i n t  e r y r e -  
t a t i o n  o r  time-consuming ne thodo logy  , 



i a b b e  l . - - C o r r e l a t i o n  c o e i f  i c i e n t s  ( r )  between v i g o r  e s t i m a t e s  
and n u r s e r y  emergence and s u r v i v a l  f o r  l o n ~ l e a ;  p i n e  

1083 13C4 
?ere e n t  F e r c e n t  P e r c e n t  ? e r c e n t  

Vigor  e s  t imate-5'  m e r g e n c e  emergence emergence s u r v i v a l  

P e r c e n t  ge rmina t  i o n  
c it 
P t' 
Gvnduc t i v i t y  mean 
C o n d u c t i v i t y  S? 
Condtic t i v i t y  :=; 

v r z  A ', 

a; GV, g e r m i n a t i o n  v a l u e ;  P 7 ,  peak v a l u e ;  Gonduc t iv i t j - ,  S!: - 
( s t a n d a r d  d e v i a t i o n ) ,  9 S  ( h i s t o g r a m  segment) ; TZ, t e t r a -  
zolium s t a i n i n g .  

9: S i g n i i i c a n t  a t  p = 0.05. 

Table 2 , - - C o r r e l a t i o n  c o e f f i c i e n t s  ( r )  between v i g o r  e s t  irnates 
and n u r s e r y  emergence and s u r v i v a l  i o r  s h o r t l e a ;  and 
V i r g i n i a  p i n e s  i n  1985 

Shor  leaf ' J i r g i n i a  
P e r c e n t  P e r c e n t  F e r c e n t  Fesc e n t  

Vizor  e s t i m a t e s  emergence s u r v i v a l  emergence s u r v i v a l  
---------------------r-------------------- 

P e r c e n t  g e r m i n a t i o n  0.744* 0.61C9~ 0.697% 0.5839: 
SV 6  2 2 9: .540"' 588 ;'; 57 (j;? 

? v 7 48" 647 fi 67 6;'; 7  659~ 
C o n d u c t i v i t y  MS 7 90" . 67 5;k 7742 6: i j 9 ~  

T a b l e  3 . - -Cor re la t ion  c o e f f i c i e n t s  ( r )  between v i g o r  e s t i m a t e s  
and n u r s e r y  emergence and s u r v i v a l  f o r  e a s t e r n  w h i t e  
p i n e  S/ 

1983 1984 -- 
P e r c e n t  F e r c e n t  P e r c e n t  P e r c  t3nt 

iv-igor e s t i m a t e s  emergence s u r v i v a l  emerLence s u r v i v a l  

----------------------r-------------------- 

P e r c e n t  g e r m i n a t i o n  0.857;k - - 0.645:k 0.748" 
3 78 49; - - 7279; 622" 
P {v' . s 60;: -- 7  94"i .669* 

Condrrc t i v i t y  mean -.869J: -- - .3882 - 726;'; 
Gvnduc t i v i t y  SD - 545"" - - - 591;" - .424  
Condrlc t iv i t y  I-IS - - -- 717" ,593" 
?r Z .20e -- - - -- 

a /  t<o s c r v i v a l  cor jnts  were  t a k e n  i n  i933. - 

5 S i g n i C i c a n t  a t  p = 0.05. 



I n  f i v e  o: t h e  s i x  pr imary t e s t s  i n  t h e s e  
s t u d i e s ,  p e r c e n t  g e r m i n a t i o n  and ?V were more h i g h l y  
c o r r e l a t e d  ( l a r g e r  "r" v a l u e s )  w i t h  s e e d l i n g  emer- 
g e n c e  t h a n  SV. The same was t r u e  w i t h  l o b l o l l y  and 
s l a s h  p i n e s  (Bonner 1986) ,  a l t h o u g h  d i i i e r e n c e s  Tor 
a l l  s i x  s p e c i e s  ;?ere v e r y  small, 3 t h e r  r e s e a r c h e r s  
have shown a  d i r e c t  r e l a t i o n s h i p  between g e r m i n a t i o n  
r a t e  and seed l in i ;  q u a l i t y  of s o u t h e r n  p i n e s  (Boyer 
and o t h e r s  1965; B a r n e t t  and ?icLemore 1984; Ljasser 
1978) .  Theregore ,  i t  seems t h e r e  a r e  good r e a s o n s  
f o r  making mare u s e  of g e r m i n a t i o n  r a t e  i n  evalua-  
t i o n  oi seed l o t s .  

Under t h e  c o n d i t i o n s  og t h e s e  s t u d i e s ,  minimum 
PV v a l u e s  f o r  "h igh-qua l i ty"  seed  l o t s  c a n  be sug-- 
g e s t e d :  e a s t e r n  w h i t e  p i n e  - 3.0; s h e r t l e a f  p i n e  - 
3.5; l o n g l e a f  p i n e  - 4.0 ;  and V i r g i n i a  p i n e  - 5.0. 
These  v a l u e s  assume r e n o v a l  of empty s e e d s  5y pro- 
p e r  s e e d  c l e a n i n g ,  and t h e y  may d i f I e r  s l i g h t l y  un- 
d e r  d i f f e r e n t  t e s t  c o n d i t i o n s ,  Uhen t e s t  r e s u l t s  
show PV 'S  above t h e s e  Leve l s ,  normal s t r a t i i i c a t i o n  
p e r i o d s  shou ld  b e  used :  T i r g i n i a  p i n e  - 1 4  days ;  
s h o r t l e a :  p i n e  - 1 4  t o  28 days ;  and e a s t e r n  w h i t e  
p i n e  - 30 t o  60 d a y s ,  Longleaf p i n e  shou ld  n o t  be  
s t r a t i f i e d .  I f  f V 7 s  a r e  below t h e  sugges ted  v a l u e s ,  
s t r a t i f i c a t i o n  p e r i o d s  shou ld  be s h o r t e n e d  by abou t  
o n e - t h i r d  t o  avo id  damage t o  t h e  s e e d s .  

S i n c e  more v i g o r o u s  s e e d s  w i l l  g e r m i n a t e  b e t -  
t e r  a t  low t e m p e r a t u r e s  t h a n  weak s e e d s ,  seed Lo t s  
w i t h  t h e  h i g h e r  P 7 ' s  shou ld  b e  sown i i r s t  when s o i l  
t e m p e r a t u r e s  a r e  u s u a l l y  lower .  Less  v i g o r o u s  l c t s  
(PV below t h e  minimum) shou ld  do b e t t e r  when s o i l  
t e m ~ e r a t u r e s  a r e  h i g h e r .  The b e s t  u t i l i z a t i o n  of 
s e e d s ,  however,  w i l l  r e s u l t  from t h e  n u r s e r y  man- 
a g e r  knowing how each of t h e  seed s o u r c e s  r e a c t  t o  
s t r a t i i i c a t i o n  and c o n d i t i o n s  oL' t h e  n u r s e r y .  X i t h  
t h e  c u r r e n t  p r a c t i c e  of r e p e a t e d l y  sowing w i t h  t h e  
same 2 a m i l i e s  o r  seed s o u r c e s  from t h e  same o r c h a r d s  
y e a r  a f t e r  y e a r ,  t h e r e  i s  no r e a s o n  why t h i s  inzor -  
m a t i o n  shou ld  n o t  b e  a v a i l a b l e .  

I n t e r p r e t a t i o n  oi l e a c h a t e  c o n d u c t i v i t y  d a t a  
is n o t  we l l -de f ined  a t  t h i s  t ime.  3 0 t h  mean con- 
d u c t i v i t y  and e s t i m a t e s  by t h e  :IS method have  been 
r e l i a b l e  i n  c e r t a i n  s i t u a t i o n s ,  ZIowever, seed con- 
d i t i o n s  c a n  i n l l u e n c e  t h e  conduc t i v i t y / v i g o r  r e l a -  
t i o n s h i p  i n  many c a s e s  (Vozzo l9C4; Vozzo and Bonner 
19C6), and a d d i t i o n a l  r e s e a r c h  must be  done t o  de- 
v e l o p  t h i s  promising t echn ique .  :lost seed managers 
would s a c r i f i c e  a  c e r t a i n  amount of accuracy  t o  g e t  
a n  e s t i m a t e  of q u a l i t y  i n  24 hours  a s  compared t o  
t h e  30 o r  50 d a y s  of a  g e r m i n a t i o n  t e s t .  
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THE EFFECT OF SEED TREAfMENT AND SOWING METHOD 

ON GERMINATION OF OCALA SAND PINE 1' 

2 1  Kenneth W. Outcalt  - 

Abstract.-- Ocala sand pine (Pinus clausa var. clausa b. 6. Ward) 
seeds, ha1 f of them presoaked and ha1 f untreated. were sown i n  a sreen- 
house-study i n  f i n e  sand s o i l  a t  moisture contents (by weight) of"2, 5, 
and 10 percent by pressing i n t o  the so i l ,  by broadcasting and covering 
w i t h  s o i l ,  o r  by broadcasting and covering w i th  s o i l  which was packed. 
I n  a second t e s t  presoaked and control  seeds were sown i n  s o i l  a t  3, 5, 
and 7 percent moisture by pressing i n t o  the s o i l  . Soi l  a t  2 percent 
moisture content was too  dry f o r  any geminat ion even i f  seeds were 
presoaked. The seeding method had no effect on speed o f  geminat ion o r  
t o t a l  geminat ion. Presoaking seeds resul ted i n  more rapid geminat ion 
i n  both t e s t s  and a t  the 5 percent s o i l  moisture content an increase i n  
t o t a l  geminat ion o f  about 20 percent i n  the f i r s t  test .  Most o f  the  
t ime s o i l  moisture w i l l  be between w i l t i n g  point,  about 2 percent, and 
f i e 1  d capacity, about 10 percent, Thus, presoaking may be a way t o  
i ncrease seed gemination. I n  addi t ion presoaki ng coul d reduce 1 osses 
t o  predation by speeding up gemination. A1 though presoaking appears 
benef ic ia l  and d i d  not have any negative e f f e c t s  on v i a b i l  i t y  o f  seeds 
l y i n g  i n  dry so i l ,  f i e l d  t e s t s  are needed before a f i n a l  evaluation can 
be made. 

INTRODUCTION 

Ocala sand p ine (Pinus clausa var. clausa D.B, 
Ward) i s  n a t i v e  t o  the  droughty, acid, i n f e r t i l e ,  
marine deposited sandhi l ls  of Florida. The largest  
concentration occurs i n  the center o f  the s ta te  on an 
area known as the  Central Highlands. The understory i s  
p r imar i l y  evergreen shrubs 6 t o  10 fee t  t a l l  w i th  very 
1 i ttl e herbaceous ground cover (Laessl e 1958)- Typical 

and o f  c lay co l lo ids ,  cat ion exchange capacit ies and 
moisture retent ion o f  these s o i l s  are low (Burns and 
Hebb 1972). Due t o  the s o i l  ' s low moisture-holding 
capacity, drought condit ions can e x i s t  w i t h i n  2 weeks 
o f  a heavy r a i  n f a l  1 . A1 so surface temperatures o f  ex- 
posed s o i l s  may reach 140" F on sumner days, which i s  
why these areas have been ca l led  deserts i n  the r a i n  
(Burns and Hebb 1972). 

understory species are sand 1 i Ocala sand pine begins cone production a t  an e a r l y  
anavar  eminata (Small) Sarg.), 
m i a  W~I* 

age, about 5 years, and has abundant annual crops (Bar- 
Chapnan oak (Q. n e t t  and McLemore 1965). The cones are predminate ly  

palmetto (Sabal spp.). This area has, hot, hunid sum- serotinous and pers is t  on the t r e e  f o r  many years. 
mers, somewhat d ry  winters, and a long growing season Most natural stand have or ig inated from seed released 
o f  269 t o  312 days. Prec ip i ta t ion  i s  abundant, 53 t o  
60 inches per year, and i s  f a i r l y  we1 1 d is t r ibu ted  
(Burns and Hebb 1972). 

Sandhi l ls s o i l s  are acid, i n f e r t i l e  and droughty 
jnarine deposits from the  in te rg lac ia l  stages o f  the 
Pleistocene epoch. Ekcause o f  so r t ing  act ion during 
deposition, they are la rge ly  quartz sands, ranging from 
a few fee t  t o  more than 20 fee t  deep. Organic matter 
content i s  low because the cl imate p r m t e s  rap id ox- 
idat ion. Because o f  the  low leve ls  o f  organic matter 

1' Paper presented a t  Southern Si 1 v i cu l  t u r a l  Re- 
search Conferrence, At1 anta, Georgia, November 4-6, 
1986. 

Soi 1 Sc ient i  s t ,  USDA Forest Service, South- 
eastern Forest Experiment Station, 01 ustee, FL 32072. 

by the serot i nous cones f o l  Towing wi 1 dfl' res. Attempts 
have been made t o  get natural regeneration by using the  
heat from the sun t o  open cones i n  1 oggi ng slash, but  
stocking has been be1 ow acceptable level  s (Price 1973). 
Burning 1 ogging slash t o  release seeds has a1 so been 
t r i e d ,  but it gave poor resu l t s  because avai lab le cones 
were unevenly d i s t r i b u t e d  and the f i r e  destroyed ~nany 
seeds (Cooper e t  al., 1959). 

Ocala sand pine can be planted, but  due t o  i t s  
lack o f  t r u e  winter-type domancy (Zelawski and S t r i ck -  
land 1973), surv iva l  i s  generally poor, about 60 per- 
cent, and var iab le (Burns and Hebb 1972, Hebb and Burns 
1973). The most successful and econmicaf system f o r  
regenerati on has been c l  earcut t  i ng, s i t e  preparation, 
and d i r e c t  seeding (Price 1973). Seed i s  broadcast a t  
a ra te  o f  0.5 t o  1.0 pound per acre f o l l  owing s i t e  
preparation by double chopping w i th  a heavy, duplex 
brush cutter.  Research and experience has shown t h a t  



some method o f  covering the  seed w i th  a 1 ayer o f  so i  1 
0.25 t o  0.75 inches t h i c k  w i l l  reduce seed predation 
and increase gemina t ion  (Burns and Hebb 1972). 

Although broadcast seeding has been the  most suc- 
cessful system for regeneration o f  Ocala Sand Pine it 
has not been e n t i  r e l y  sat isfactory. Many areas, es- 
pecial  l y  during years w i th  extended drought periods, 
which occur about 3 years out o f  10, f a i l  t o  regenerate 
adequately. I n  addi t ion many areas are overstocked and 
require p r e c m e r c i  a1 th inn ing t o  prevent stand stag- 
nation. I n  an attempt t o  improve spacing, e l iminate 
p r e c m e r c i a l  thinning, and reduce costs, a new system 
using a bracke scari  f i er-seeder was recent ly  empl oyed. 
This s y s t m  was very successful the  f i r s t  year, but 
since then a1 most a1 1 o f  the areas seeded w i th  i t  have 
fa i led,  as have the  ma jo r i t y  o f  the  areas t h a t  were 
broadcast seeded. If the success r a t i o  could be im- 
proved by even a smal 1 margin i t  would r e s u l t  i n  con- 
s iderable savings. Two areas where gains might 
possibly be made are improving the seeding method o r  
pret reat  i ng the  seed. 

The spec i f i c  purpose o f  t h i s  study was t o  determine 
i f  packing the s o i l  over the seed o r  presoaking the  
seeds i n  water would increase germination and i f  there 
were any in teract ions between packing , soi  1 moisture 
content, presoaking and gemina t i  on, 

METHODS 

A s m p l  e o f  the  Ocal a sand pine seed f ran  four d i  f- 
ferent seed l o t s  being used f o r  regeneration during the  
1985-86 season was obtained from personnel on the Ocala 
National Forest. A1 1 seeds were from cones co l t  ected 
on the Ocala National Forest and processed by the Na- 
t i onal Tree Seed Laboratory, Processi ng i ncl uded ex- 
t rac t ion ,  cieaning, and coating w i th  Arasan and 
Aluminum powder. P r io r  t o  study i n i t i a t i o n  seeds were 
tested f o r  v i a b i l i t y  on geminat ion paper i n  boxes a t  
the Olustee Laboratory, Florida, Because a1 1 l o t s  had 
s im i la r  and high v i a b i l  i t i e s  o f  about 80 percent, a17 
tes ts  were done using a mixture o f  seeds f r a n  a l l  lo ts .  

A spl i t - p l o t  f a c t o r i a l  design was used i n  both por- 
t i ons  o f  the  study. A l l  geminat ion t e s t s  were done i n  
6.75 x 4.75 x 2.25 inch geminat ion boxes under green- 
house condit ions a t  the 01 ustee Laboratory. Control 
seeds were planted i n  h a l f  o f  each geminat ion box and 
presoaked seeds i n  the other ha1 f. Presoaking was done 
i n  tap water a t  38" F f o r  24 hours. Upon removal from 
cold storage the  water was drained from soaked seeds 
and they were b lo t ted  dry enough w i th  towels so they 
would not s t i ck  together and then planted. I n  the  
f i r s t  t e s t ,  s o i l  f ran  the E horizon o f  a B1 anton f i n e  
sand (1 oamy , s i l  iceous , t h e m i c  grossarenic paleudul t ) 
w i th  mi sture content by w i g h t  o f  2, 5, o r  10 percent 
was used i n  f a c t o r i a l  canbinations w i th  seed planted 
three ways: by pressing i n t o  the s o i l  ; broadcasting and 
covering w i th  soi 1; o r  broadcasting and covering w i th  
s o i l  which was then packed, these moisture leve ls  were 
chosen t o  represent e f f e c t i v e  w i l t i n g  point ,  minimally 
adequate, and f i e l d  capacity and the methods were t o  
simulate d r i  11 ing i n  seeds, the present s y s t m  o f  sow- 
ing, and present system w i th  the addi t ion o f  a packing 
wheels, respect ively, I n  the second t e s t  the surface A 
and E horizons from a Paol a sand (hyperthemic, uncoat- 
ed spodic q u a r t z i p s m e n t )  s o i l  a t  moisture contents o f  
3, 5, and 7 percent w i t h  three rep1 i ca t ions  was used 
and a1 1 seeds were planted by pressing i n t o  the s o i l  . 

The number o f  seedlings merg ing from the s o i l  was 
counted i n  each box a t  weekly in te rva ls  f o r  three weeks 
f o l l w i n g  sowing. A t  the end of the i n i t i a l  th ree  
weeks i n  the second study, enough moisture was added tct 
the boxes tha t  o r i g i n a l l y  had 3 percent water t o  br ing 
them t o  10 percent and these were monitored f o r  an ad- 
d i  t ionaf  three weeks. Percent geminat ion data were 
analyzed by analysis o f  variance f o r  each t e s t  by i n d i -  
vidual week, 

RESULTS AND DISCUSS ION 

There was not  enough moisture avai lab le a t  the  2 
percent leve l  f o r  any geminat ion t o  occur. This was 
expected since t h i s  moisture 1 evel was included t o  rep- 
resent s o i l  a t  the e f f e c t i v e  w i l t i n g  point. Gemin- 
a t ion  was a lso very 1 imited (about 3 percent) a t  the  3 
percent s o i l  moisture level .  The sowing method used 
had no e f f e c t  on t o t a l  geminat ion which was 79, 77, 
and 74 percent f o r  broadcast, cover and pack; d r i l l ;  
and broadcast and cover, respectively. As could be 
expected, t o t a l  germinati on increased wi th  percent soi 1 
moisture (Table 1 and 2). Presoaking seeds s i g n i f i -  
cant 1 y i ncreased the speed o f  genni nation, especi a1 1 y 
i n  the f i r s t  test .  The increased speed of germination 
may be due t o  the  higher moisture level  o f  presoaked 
seeds, 22 versus 8 percent f o r  normal seeds, since i t  
i s  qu i te  1 i k e l y  seed must reach a c r i t i c a l  moisture 
1 evel before ce r ta in  physi 01 ogi cal processes necessary 
f o r  geminat ion can begin. However, presoaking may 
j u s t  increase the  a b i l  i t y  o f  the seeds t o  imbibe water, 
since Barnett and k lemore  (2965) found soaking sand 
pine seeds i n  95 percent ethanol a1 so increased the  
speed o f  geminat ion. I n  the f i r s t  t e s t  presoaking 
a1 so increased t o t a l  geminat ion a t  the  5 percent soi 1 
moisture level  (Table I ) ,  It may be tha t  w i t h  1 imi ted 
moisture the presoaking allows a few more o f  the  seeds 
t o  reach the c r i t i c a l  level.  The resul ts  o f  the  second 
tes t ,  however, were contradictory as t o t a l  gemina t ion  
was not e f fected a t  any s o i l  moisture level  by presoak- 
ing  (Table 2). This may be due t o  the lower overa l l  
germination r a t e  o f  t h i s  test ,  

Table I.-- Effec t  o f  presoaking on geminat ion o f  Ocal a 
sand pine seed a t  s o i l  moisture contents o f  5 and 10 
percent. 

Days Treatment Germination a t  soi 1 moisture level  1 
a f t e r  5-percent 18-percent mean I 

sowing j i 

Percent 
6 Presoaked 2 5 2 3 1 / 24a- I 

Control - 7 3 - 5b - 
Mean 16 1 3a 

12 Presoaked 7 1 7 6 73c 
Control - 37 5 3 - 45d 
Mean 54c 65c 

21 Presoaked 7 9 $5 82e 
Cont r o  1 56 - 85 - 71e 
Mean 68f 85e 

L' Means w i t h i n  a row o r  a c o l m n  f o r  each data not 
followed by the  same 1 e t t e r  are s i g n i f i c a n t l y  d i f f e r e n t  
a t  the .85 level.  



Table 2, --Effect o f  presoaking on geminat ion o f  Ocal a 
sand pine seed a t  s o i l  moisture contents o f  5 and 7 
percent. 

Days Treatment Gemination a t  s o i l  moisture leve l  
a f t e r  5-percent 7-percent mean 
sowi na 
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Seed losses t o  predators can and o f ten  are a sub- 
s tan t i  a1 probl em i n a r t i  f i  c i  a1 regeneration o f  Ocal a 
sand pine stands by d i rec t  seeding. Cooper e t  a1 . 
(1959) concluded t h a t  the loss o f  seed t o  rodents, 
birds, and ants was the s ing le 1 argest obstacle t o  the  
successful regeneration o f  Ocal a sand pine by a r t i -  
f i c i a l  seeding, Presoaking Ocala sand pine seed before 
sowing seems t o  be a simple way t o  speed up the r a t e  o f  
germination. This would be advantageous under f i e l d  
conditions since the  sooner the  seed geminates and 
begins growth the  less t ime it i s  exposed t o  the dan- 
gers o f  predation, I n  addi t ion t h i s  study indicates 
that  under s m e  conditions presoaking may a1 so increase 
t o t a l  germination, 

One o f  the  possible disadvantages o f  presoaking 
seeds could be the  1 oss o f  v i a b i l  i t y  i f  sown i n  very 
dry soi 1 s. Thi s cou1 d occur i f presoaking caused seeds 
t o  begin gemina t ion  a t  s o i l  moisture leve ls  tha t  were 
too  low f o r  successful cmp l  e t i o n  o f  seedl ing emergence 
o r  i f  presoaking changed the physiological s ta te o f  the 
seed such tha t  i t  was more susceptible t o  damage whi le  
l y i n g  i n  the  s o i l  wait ing f o r  p rec ip i ta t ion  t o  ra ise 
the  s o i l  moisture level enough f o r  geminat ion t o  oc- 
cur. I n  t h i s  study, i f  moisture leve ls  were too  low, 
seeds d i d  not begin geminat ion even i f  presoaked and 
there was no evidence tha t  presoaking seeds reduced 
t h e i r  v i a b i l i t y  whi le  l y i n g  i n  s o i l  a t  lw moisture 
levels. When water was added t o  s o i l  a f t e r  3 weeks o f  
simulated drought conditions both presoaked and control  
seeds had an equal geminat ion rate, about 53 percent. 
This was essen t ia l l y  equal t o  the 55 percent ra te  f o r  
seeds sown i n  s o i l  which i n i t i a l l y  had adequate mois- 
t u r e  f o r  geminat  ion. 
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A1 though presoaking Ocala sand pine seeds appears 
prani sing i t should be tested under f i e f  d conditions 
before i t  i s  adopted f o r  general use, This w i l l  be 
done very soon by using presoaked seed i n  one seed box 
and control  seed i n  the other o f  a two row bracke 
seeder on sane operational seeding jobs on the Ocala 
National Forest. 
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i n j u r y  and d i s e a s e ,  and were obsemcsd t o  have 
nunerous  cones p resen t .  Residual  t r e e s  were w e l l  
d i s t r i b u t d  a c r o s s  each p l o t  f o r  good seed 
cover&Te 1-&en d i s ~ r s a l  occurs .  R e s i d w l  s t and  
c o n d i t i o n s  a r e  desc r ibed  i n  t a b l e  1.  

The s t u d y  began i n  s p r i n g  1982 when f i v e  
r e p l i e a t i o n s  of' s i x  t r e a t a e n t s  l a i d  ou t  i n  a 
randonized bloc;: e x p e r l 3 e n t a l  des ign.  I n d i v i d u a l  
p e m a e n t  2.0-acre r e c t a n g u l a r  p l o t s  f o r  each 
t r e a t n e n t  were i n s t a l l e d  on each block.  The 
f o l l o w i n 3  t r e a t n e n t s  were a s s igned  t o  t h e  p l o t s :  

P r i o r  t o  h a r v e s t ,  a S L U I " ] E ~ ~  burn %as conducted on 
one-half t h e  t r e a t m e n t s .  T h i s  p o r t i o n  of t h e  
t r e a t s e n t  was a c c o a p i i s h d  by s t r i p  h e a d f i r e s  t h a t  
consuned t h e  u n d e m t o r y  v e g e t a t i o n  b u t  d i d  n o t  
damage t h e  o v e r s t o r y ,  The d u f f  l a y e r  was reduced 
t o  l e s s  t h a n  I - inch throughout  t h e  a r e a s  burned 
and se rved  t o  improve, t h e  seedbed s i q n i f  i c a n t l y .  
The burnin2 was t i n e d  s o  "chat it o c c u r r d  p r i o r  t o  
s e e d f a l l .  

1. C l e a r c u t  w i th  seed i n  p l a c e  and no 
p r e h a r v e s t  burn. T h i s  s e r v e s  as t h e  
c o n t r o l .  

2. C lea rcu t  wi th  seed i n  p l a c e ,  w i th  p r e h a r v e s t  
burn. 

3. Seed t r e e  c u t  with 8 t o  10 seed t r e e s  p e r  
a c r e  a f t e r  h a r v e s t  and no p reha rves t  burn. 

4. Seed t r e e  a s  i n  t r e a t n e n t  3,  t ~ i t h  p r e h a r v e s t  
burn. 

5. Sheltert-rood c u t  t h a t  redttces s t and  t o  25 
s q u a r e  f e e t  of b a s a l  a r e a  pe r  a c r e  and no  
p r e h a r v e s t  burn. The renova l  c u t  is 
scheduled 5 y e a r s  a f t e r  h a r v e s t .  

6. Sheltertrood c u t  a s  i n  t r e a t c e n t  5, wi th  
p r e h a r v e s t  burn. 

The h a r v e s t  ou t  was nade i n  t h e  s p r i n g  of 1963 
wi th  a t o t a l  of 823 !:1 fbx of p ine  l o g s  and 355 13 
fbm o f  p i n e  round+$ood removed f r o n  t h e  100-%re 
s t u d y  a r e a .  Care was t aken  t o  e n s u r e  t h a t  no  
danilge occurred t o  t h e  s e l e l c t e d  seed t r e e s  i n  t h e  
h a r v e s t i n g  process .  During t h e  s u n x i r  of 1983, 
a l l  ha rdwod  s tems I-inch d.b.h.  o r  l a r g e r  on a l l  
of' t h e  2-acre t r e a t a e n t  p l o t s  were i - n j e c t d  wi th  
Tordon 101, . 

A f t e r  t h e  2-acre s q u a r e  p l o t s  i?ere d e l i n e a t e d  on 
t h e  ground,  a complete i n v e n t o r y  was :lade of a l l  
ne rchan tab le  t r e e s  on each p l o t .  With t h e s e  d a t a  
i n  hand, r e s i d u a l  t r e e s  were s e l e c t e d  f o r  a l l  but  
t h e  e l e a r c u t  p l o t s .  T rees  s e l e c t e d  a s  seed t r e e s  
were s t r a i ~ h t ,  had s o d  f o r n ,  ;.?ere f r e e  f r o n  

A f t e r  h a r v e s t ,  f o u r  permanent n i l a e r e  s a n p l e  
p l o t s  :rere i n s t a l l e d  on each trea"cmn"c p l o t  f o r  
t h e  purpose o f  deter . .? in j .n~ t h e  nuaber  of p i n e  
s e e d l i n g s  e s t a b l i s h e d  a t  1 ,  2 ,  and 3 yea r s  a f t e r  
h a r v e s t .  

Table  1 ,--Residual p l o t  i n v e n t o r y  d a t a ,  by t r e a t ~ ~ e n t ,  1982 

P reha rves t  Seed t r e e s  T 5e an Basa l  a r e a  liean 
!3loc!c P l o t  Treat r lent  burn pe r  t r e a t ~ l l c n t  d .b.h. / a c ~ e  h t .  

No. - Inches  l?tL F e e t  

C lea rcu t  
C lea reu t  
S h e l t e r ~ ~ o o d  
SI?eltem.rocswjl 
Seed Tree  
Seed Tree  
Glaa rcu t  
C lea rcu t  
S h e l t  e mrood 
S h e l  kerr:ood 
Seed t r e e  
Seed t r e e  
Seed t r e e  
Sew$ t r c e  
S;lelter:~ood 
She1 tenioocl 
C lea rcu t  
Clearcul; 
Sheitexzrood 
She1 t e ~ ~ o o d  
Cltesrcut 
C lea rcu t  
Seed t r e e  
Seed t r e e  
Seed t r e e  
Seed t r e e  
Shelter-.,:ooti' 
She l  ternrood 
C lea rcu t  
C lea reu t  

Yes 
So 
Yes 
IJo 
Vo 
Yes 
30 

Yes 
Yes 
!To 
Yes 
lio 
170 
Yes 
I'o 
Yes 
Yes 
T";o 
110 
Yes 
/To 
Y 2s 
110 
Yes 
Yes 
I10 
Yes 
IT0 

?Jo 
U2s 



fit 1 y e a r  ~ f t e r  : ;arT~i;st ,  t k e  : l u : - x r  of 3eedlinc;s 
e s t e b l i s h e d  p e r  a c r e  rrznyed Pro3 2 C C  n e r  a c r e  on 
t h e  seed t r e e  and burn t r e a t x e n t  u?  t o  650 pe r  
a c r e  on t h e  s:?elter::ood t r e a t r ? c n t  ( t a b l e  2 ) .  
Anal;rsis o f  va r i ance  le tera~iured t h a t  stoc::in-; 
axon2 " c e a t z e n t s  was n o t  s i :n i i" icact ly  dii":crent. 
Iforaever, i n  t e r r l  o f  adequa te  stoc::in:, it appea r s  
t h a t  t h i s  f i r s 5  yea r  d i d  n o t  r e p r e s c a t  a ,!ooc! seed 
p roduc t ion  yee-. Based on in fo rna , lon  froa 
Geor-;ia %restr:r  Cor;lr?islion Seed Oi-.charrds, 1983 
bras a qoor  yea r  f o r  seed-?rocfu.ction, -$hereas  19811 
and 13% r e r e  ~ o d  seed  producin? y e a r s  ( T e r r e l l  
Brool:~, p e r s .  co.mTun., June 10, 1986). 

Table  2.--!lean nu:lber o r  p ine  s e e d l i n g s  3 e r  a c r e  
f o r  each o f  3 y z a r s  a f t e r  h a r v l s t ,  by  
treil"ci?ent 

C lea rcu t  4 0 0 a  1 , 9 5 0 ~  1 , 2 5 0 b  

Clea rcu t  and burn 400 a 3,100 e 2,550 b 

Snel temood and burn 550 a 9,35Q a 19,900 a 

Seed t r e e  550 a 4,300 bc 3,900 b 

Seed t r e e  and burn 200 a 6,950 a2 5,000 b 

:leans fol.lo.rred by "Lie sarze l e t t e r  a r e  n o t  s i ~ r ? i f i -  
canli.ly d i f f e r e n t  a t  t h e  0.05 l e v e l .  

It is,  o f  cour se ,  i l l o ~ i c a l  t o  assune ::hat 
s u r v i v a l  w i l l  be 100 g e r e e n t ,  due t o  e i t h e r  
prolon.;ed p e r i o d s  of d r o u ~ h t  o r  da-?aye caused by 
c u t t i n - ;  ale; rexovin.; t h e  seed t r e e s  frail t h e  
p l o t s .  I n  f a c t ,  t h e  b e a t  conc lus ion  is t h a t  
a d d i t i o n a l  seed a r e  needed on a l l  p l o t s  i n  o r d e r  
t o  a t t a i n  an  adequate  stoclciny. Th i s  is no 
p rob len  and d e n o n s t r a t e s  one o f  t h e  a d v a n t ~ y e s  o f  
r e s e n e r a t i o n  by n a t u r e l  m a n s  beczuse t h e  seed 
s o u r c e  is  still p r e s e n t  and has  t h e  p o t e n t i a l  t o  
supp ly  a n o t h e r  seed crop.  

A t  2 y e a r s  a f t e r  h a r v e s t ,  t h c  a d d i t i o n a l  seed 
c r o p  is e v i d e n t  by j . ,~creases  i n  t h e  nu rber o f  
s eed l in r j s  p r e s e n t  on a l l  treat: ;cnt p l o t s  ( t s j l e  
2 ) .  The s h e l t e r t ~ o d  and burn t r e a t n e n t  p l o t s  had 
t h e  most s e e d l i n y s  pe r  a c r e  and inc reased  by 5,800 
s e e d l i n q s  p e r  a c r e  ove r  t h e  p rev ious  pea r .  P l o t s  
t r i t h  c l e a r c u t  o n l y  treatilen-ad 1,850 s c e d l i n ~ s  
p e r  a c r e  and i n c r e a s e d  by  1,250 s e e d l i n g s  ?e r  a c r e  
ove r  t i le p r e c e d i ? ? , ~  year*. T11ese seed a r e  presuxed 
t o  have cone i n   fro^: t h e  a d j a c e n t  p l o t s ,  s i n c e  
advance re,;eneration is  e s s e n t i a l l y  r u l e d  ou t  a t  
t h i s  t i n e .  Yo:rever, t h e  c l e a r c u t  t r e a t n e n t  does  
possess  t k e  p o t e n t i a l  t o  produce an adequa te ly  
stoc!:ed s t a n d  i f  one-tktircl o f  t"l s e e e d l i n ~ s  a r e  
a b l e  t o  s u r v i v e .  A l l  o t h e r  treat7:ants sho:r 

e x c e l l e n t  p o t e n t i a l  f o r  produein? adequa te ly  
stoc:ced s t z n d s  a t  t h i s  ti=. It a l s o  appea r s  t h a t  
it is p o s s i b l e ,  aft;er t::o seed c rops ,  f o r  t h e  s e e d  
t r e e s  t o  be r e ~ o v e d .  rlma?e i ncu r re3  by t h i s  
r e ~ o v a l  would s e n e  t o  reduce t h e  nunber of 
seed1in:s z r e a t l y .  

It i:; of interc;sl;  t o  n o t e  t h a t  a t  2 years  a f t e r  
h a r v e s t ,  a l l  t r e a k ~ e n t  ? l o t s  ttha", irere preser ibecl  
burned had , l o re  seedl in- ;s  p e r  a c r e  tinan t ' lose  
wi thou t  t h e  Ssrn. fibis i i?d?cates  t h a t  t h e  seedbed 
is  2 o r e  r e c e p t i v e  a f t e r  eonpe t in2  v e s e t a t i o n  is 
r d u e e d  alon:: !lit% the l i t t e r  dep th  ( ? rende r  
1373). 

A t  3 y e a r s  a f t e r  h a r v e s t ,  t h e  shelterrrood and 
burn t rea t r3ent  is t h e  on l y  one t h a t  achieved a 
cont inued i a c r e a s e  i n  n u ? o e r  of s e e d l i n q s  ? e r  
a c r e .  T:le la rq;ezt  d e c r e a s e  rras f rob-  t h e  e l e a ? e u t  
t r e a t ~ e n t ,  v i t l?  a 13 p e r c e n t  decease  i n  ? ~ w l b e r  of  
s e e d l i n y  p e r  a c r e .  These  e l c a r c u t  p l o t s  c o n t i n u e  
t o  sup? ly  t ! ~ e  f e r i e s t  nu-13er of  s e & l i r ~ g s  p e r  a c r e ,  
bu t  t h e y  s t i l l  have 9 o t e n t i a l  Lo a e h i e - ~ e  r%ll  
st06::iny i f  7 i ~ r t a l i t y  does  n o t  e:c-ce& 50 p e r c e n t  
o f  t h e  ? r e s e n t  d e n s i t y .  A l l  t h e  o t h e r  t r e a t x n t  
rnethodr; appea r  t o  have t h e  po"ce?tiaf. t o  a c h j s v e  
f u l l  s tocl r iny.  T t  is a.-itxeipated t1:at t h e  l e n z t h y  
Crour;ht o f  t h e  p a s t  sv,-lrEr (1036) a s  : ?e l l  a s  %he 
dan::4ty r e d u c t i o n  t h ~ t  Pol1o:rs t h e  seed t r e e  
r e z ~ o v a l  w i l l  G e n e  t o  t h i n  t k e  s e e d l i n 7 s  on t h e  
plo",. It is a l s o  n o t e f r ~ r t h y  "chat 3 yea r s  af'ter 
h a r v e s t ,  t:ne p l o t s  t h a t  \:ere , r e sc r ibed  burned 
still  3avc -lore s c e d l i n y s  2 e r  a c r e  thalz t h o s e  t h a t  
rrere n o t  burned. 

A t  3 y e a r s  a f t e r  !~arver;k,  t h i s  s tx ,y  s;?ot:s t h a t  
al-1 t r e a t  ~ e n b  a r e  succe3sfful and hava p o t e n t i a l  
t o  e s t a b l i s h  en a d e q u a t e l y  s tocoed s t s n d .  The 
s t a n d  .:ill con t inue  t o  need 5anrr;exent i n  o r d e r  t o  
i n s u r e  F)ropCin spacinr;  an2 t h e  b e s t  stoc!cin~i; f o r  
t h e  s i t e .  Th@ r ep lo7~n l  of t h e  seed t r e e s  should  be  
planned f o r  b e s t  b e n e f i t  t o  each t r e a t x e n t  ? l o t  
and t o  ing rove  t h e  Lon7 t e r n  va lue  of  t h e  s t a n d .  

The s t u d y  is a l s o  considered t o  be s u c c e s s f u l  i n  
t h a t  i t  s e r v e s  t o  b c n c f i t  t h e  non i : ldus t r i e l  
p r i v a t e  f o r e s t  ( I i L T  ) landormer audience f o r  which 
i t  !;as desF.~ned and e s t a b l i s h &  by bein?  u t i l i z e d  
as a d e z a n s t r a t i o n  s i t e .  

Brencler, ? r n s t  Y, S i l v i c u l t u r e  o f  l o b l o l l y  p i n e  
i n  t k e  Ck?or$.n pied- lont .  Ga. Po?, Fes. Counc, 
gep. 33, :lacon, GA: Geor5ia  b r r e s t r g r  Coxr1i3sion; 
1973. 7Q PP. 

Taiisey, John 3. F o r e s t  s t a t i s t i c s  For Georzie ,  
1382. 8esour .  "uLI. SR-Sa. A s h e v i l i e ,  :TC: 
U.S. Depar tnent  o f  A y r i c u l t u r e ,  F o r e s t  S e r v i c e ,  
Sou theas t e rn  F o r e s t  Ex?erine:lt S t a t  i on ;  1983. 
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REGENERATION OF HARDWOOD COPPICE FOLLOWING I 
CLEARCUTTING WITH AND WITHOUT PRESCRIBED FIRE 

M. K. Augspurger, D. H. Van Lear ,  S. K. Cox, and D. R. P h i l l i p s  
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ABSTRACT.--Three hardwood s t a n d s  i n  t h e  Piedmont and Southern Appala- 
c h i a n s  of South C a r o l i n a  and Georgia were c l e a r f e l l e d  i n  t h e  w i n t e r  of 
1982-83. Following h a r v e s t ,  des igna ted  s t u d y  p l o t s  were b roadcas t  
burned dur ing  t h e  f a l l  of 1983. Hardwood coppice  regrowth was measured 
one and two y e a r s  a f t e r  burning.  Burning s i g n i f i c a n t l y  inc reased  t h e  
t o t a l  number of b a s a l  s p r o u t s  f o r  t h e  oak and misce l l aneous  s p e c i e s  
group. Poor d r y i n g  c o n d i t i o n s  on nor th-facing s l o p e s  r e s u l t e d  i n  low 
i n t e n s i t y  f i r e s  w i t h  l e s s  e f f e c t  on sp rou t  o r i g i n .  Two y e a r s  fo l lowing  
t r e a t m e n t ,  t h e  number of smal l  stumps (<5  cm) having a t  l e a s t  one 
l i v i n g  b a s a l  s p r o u t  were g r e a t e s t  on burned p l o t s .  Broadcast  burning 
favorab ly  in f luenced  hardwood coppice  regrowth by promoting b a s a l  
s p r o u t i n g  and by encouraging s p r o u t i n g  from smal l  stumps. 

INTRODUCTION METHODS 

There a r e  approximately  5.5 m i l l i o n  a c r e s  of 
upland hardwoods i n  t h e  mountain and Piedmont 
r e g i o n s  of South Caro l ina  and Georgia  (Bechtold and 
P h i l l i p s  1983; Tansey 1983). I n  many i n s t a n c e s ,  
t h e s e  s t a n d s  have undergone m u l t i p l e  h ighgrades ,  
l e a v i n g  them unders tocked w i t h  low q u a l i t y  o r  
u n d e s i r a b l e  s p e c i e s .  These p a s t  h a r v e s t i n g  
p r a c t i c e s  r e s u l t  i n  s t a n d s  t h a t  a r e ,  i n  many c a s e s ,  
n o t  i n d i c a t i v e  of t h e  s i t e ' s  c a p a b i l i t y .  

Broadcast  burning i s  i n c r e a s i n g l y  used a s  a s i t e  
p r e p a r a t i o n  t o o l  on U.S. F o r e s t  S e r v i c e  l a n d s  
fo l lowing  h a r v e s t  of t h e s e  low q u a l i t y  s t a n d s .  
The expense incur red  by burning i s  cons ide rab ly  
l e s s  t h a n  c o s t s  a s s o c i a t e d  w i t h  o t h e r  s i t e  prepara-  
t i o n  t echn iques  (Moak e t  a l .  1983). However, few 
s t u d i e s  have eva lua ted  t h e  s i l v i c u l t u r a l  advantages  
of burn ing  logg ing  d e b r i s  on hardwood coppice  i n  
t h e  Southern Appalachians and Upper Piedmont. With 
t h e  coopera t ion  of t h e  U.S. F o r e s t  S e r v i c e ,  a s t u d y  
was i n i t i a t e d  i n  1982 t o  determine e f f e c t s  of 
b roadcas t  burning of logg ing  s l a s h  on hardwood 
coppice  regrowth. S p e c i f i c  o b j e c t i v e s  of t h i s  
s tudy  were: 

1. To determine e f f e c t s  of burning on t h e  number 
and o r i g i n  of hardwood s p r o u t s .  

2. To determine t h e  i n f l u e n c e  of a s p e c t  on 
burning e f f e c t i v e n e s s .  

Study Areas 

Study s i t e s  were l o c a t e d  i n  t h r e e  a r e a s  where 
c l e a r c u t s  i n  mixed hardwood s t a n d s  were planned: 
(1) Clemson U n i v e r s i t y  Experimental F o r e s t ,  Oconee 
County, South Caro l ina ;  (2) Chattahoochee N a t i o n a l  
F o r e s t ,  Habersham County, Georgia; and (3) Sumter 
Na t iona l  F o r e s t ,  Oconee County, South Caro l ina .  
Xer ic  (south)  and mesic (nor th )  a s p e c t s  w i t h  
s i m i l a r  s l o p e ,  s o i l  and s p e c i e s  composition were  
s e l e c t e d  on each of t h e  t h r e e  a r e a s .  P r i o r  t o  
h a r v e s t ,  predominant s p e c i e s  a t  a l l  l o c a t i o n s  were 
s c a r l e t  oak (Quercus coccinea Muenchh.), s o u t h e r n  
r ed  oak (9. f a l c a t a  Michx.), wh i t e  oak (9. a l b a  
L.) ,  ches tnu t  oak (9. p r i n u s  L.) ,  p ignut  h i c k o r y  
(Carya g l a b r a  M i l l . ) ,  r ed  maple (Acer rubrum L.) , 
sourwood (Oxydendrum arboreum L.),  b l ack  c h e r r y  
(Prunus s e r o t i n a  Marsh.), blackgum (Nyssa 
s y l v a t i c a  Marsh.), and dogwood (Cornus f l o r i d a  

S lopes  ranged from 40 pe rcen t  on t h e  Clemson 
s i t e  t o  60 pe rcen t  on t h e  Georgia s i t e .  S o i l s  on 
t h e  Piedmont s i t e  were c layey i n  t e x t u r e  w h i l e  
mountain s o i l s  were loamy. A l l  s o i l s  developed 
l a r g e l y  from g n e i s s  and s c h i s t  p a r e n t  m a t e r i a l s  
and a r e  c l a s s i f i e d  a s  Typic Hapludul ts .  E l e v a t i o n  
a t  t h e  Clemson l o c a t i o n ,  a Piedmont s i t e ,  averaged 
800 f t  w h i l e  e l e v a t i o n s  a t  t h e  Sumter and Georgia 
l o c a t i o n s  i n  t h e  Southern Appalachian mountains 
were 1500 and 2500 f t ,  r e s p e c t i v e l y .  

3. To e v a l u a t e  e f f e c t s  of stump s i z e  on s p r o u t  
p roduc t ion  fo l lowing  burning.  

Sampling Procedures  

During t h e  f a l l  of 1982, s i x  0.12 a c  r e c t a n g u l a r  
'paper p resen ted  a t  t h e  4 t h  B i e n n i a l  Southern p l o t s  were e s t a b l i s h e d  on bo th  mesic  and x e r i c  

S i l v i c u l t u r a l  Research Conference, A t l a n t a ,  a s p e c t s  a t  each of t h e  t h r e e  s tudy  a r e a s .  P r i o r  
Georgia ,  November 4-6, 1986. t o  h a r v e s t ,  s e e d l i n g s  and root-suckers  <4.5 f t  

t a l l  were t a l l i e d  on f o u r  1 m wide t r a n s e c t s  
' ~ e s e a r c h  F o r e s t e r ,  P r o f e s s o r ,  and Research e q u a l l y  spaced a long  t h e  contour  of each p l o t .  

F o r e s t e r ,  Department of F o r e s t r y ,  Clemson Univer- Sap l ings  >4.5 f t ,  bu t  l e s s  than  4.5 i n  DBH, were  
s i t y ,  Clemson, South Caro l ina ;  and P r i n c i p a l  t a l l i e d  between a l t e r n a t e  t r a n s e c t s  by s p e c i e s ,  
Mensura t ion i s t ,  Sou theas te rn  F o r e s t  Experiment DBH, and t o t a l  h e i g h t .  T rees  (>4,5  i n  DBH) were 
S t a t i o n ,  U.S. F o r e s t  S e r v i c e ,  r e s p e c t i v e l y .  t a l l i e d  i n  a 100 pe rcen t  inventory.  



Harvest  o f  merchantable  p roduc t s  frorn t h e  Clernson 
and Sumter s i t e s  occurred between October 1982 and 
b r c h  1983. Res idua l  t r e e s  were chainsaw f e l l e d  i n  
J u l y  1983. Limited a c c e s s ,  s t e e p  topography, and 
l a c k  of marke t s  prevented removal of o the rwise  
m e r c h m t a b l e  m a t e r i a l  frorn t h e  Georgia s i t e .  A l l  
s tems were c l e a r f e l l e d  on t h i s  s i t e  and l e f t  i n  
p lace .  

Three p l o t s  on each a s p e c t  were burned i n  October 
1983 on a l l  a r e a s .  R e l a t i v e  h u m i d i t i e s  dur ing  
burning ranged from 30-50 p e r c e n t ,  winds averaged 
5 mph w i t h  o c c a s i o n a l  g u s t s ,  t empera tu res  were i n  
t h e  low 8 0 ' 5 ,  and t h e  l a s t  s i g n i f i c a n t  r a i n  on t h e  
a r e a s  occur red  7-12 days p r i o r  t o  t h e  burn. 
Burning was planned f o r  l a t e  summer b u t  was delayed 
because of weather  and l o g i s t i c a l  problems. 

The burn ing  t echn ique  used was s i m i l a r  f o r  a l l  
a reas .  Back f i r e s  were s e t  a t  t h e  t o p  of t h e  
s l o p e s  and a t  t h e  downwind f l a n k s  on bo th  n o r t h  
and sou th  a s p e c t s .  A f t e r  t h e  back f i r e s  had moved 
downslope a s h o r t  d i s t a n c e ,  s t r i p  head f i r e s  were 
i g n i t e d  i n  success ion  a t  20-30 f t  i n t e r v a l s  a c r o s s  
t h e  s l o p e  u n t i l  t h e  a r e a s  were complete ly  burned. 

Fuel  c o n s i s t e d  of hardwood t o p s ,  hardwood 
l i t t e r ,  and green herbaceous m a t e r i a l .  The f i r e  
was p r i m a r i l y  c a r r i e d  by cured l e a v e s  on f e l l e d  
hardwood t o p s ,  Hardwood l i t t e r  was f a i r l y  
cont inuous on a l l  t h r e e  a r e a s -  Although green 
herbaceous m a t e r i a l  was moderate ly  d i s t r i b u t e d  on 
a l l  a r e a s ,  poor d ry ing  c o n d i t i o n s  prevented i t  
from be ing  a major f u e l  component on t h e  n o r t h e r n  
a s p e c t s ,  

White p i n e  s e e d l i n g s  (2-0) were p lan ted  dur ing  
t h e  w i n t e r  fo l lowing  t h e  burn,  which was 
p r e s c r i b e d  t o  improve p l a n t a b i l i t y  of t h e  s i t e .  
Large q u a n t i t i e s  of logging d e b r i s  i n  t h e  absence 
of burning make hand p l a n t i n g  n e a r l y  impossible .  
Because of t h e  slow e a r l y  growth of w h i t e  p i n e  
s e e d l i n g s ,  r e s u l t s  of t h i s  phase  of t h e  experiment 
w i l l  b e  r e p o r t e d  l a t e r .  

Numbers of hardwood s e e d l i n g s  and s a p l i n g s  were 
i n v e n t o r i e d  1 and 2 y r  a f t e r  burning.  Sampling 
methods used were t h e  same a s  p re t r ea tmen t  
inven to ry  methods, Trees  and s a p l i n g s  which had 
been c u t  d u r i n g  t h e  h a r v e s t  o r  c l e a r f e l l i n g  
o p e r a t i o n s  were i n v e n t o r i e d  on f o u r  305 f t 2  sample 
p l p t s  l o c a t e d  i n  each co rne r  of a11 t r ea tmen t  
p l o t s .  Sprou t s  from c u t  stumps were grouped i n t o  
c l a s s e s  based on o r i g i n ,  S t o o l  s p r o u t s  o r i g i n a t e d  
from a d v e n t i t o u s  buds a t  t h e  c u t  s u r f a c e  pe r ime te r  
of the  stump. Sprou t s  from dormant buds l o c a t e d  
below t h e  c u t  s u r f a c e  and above t h e  ground l i n e  
were des igna ted  a s  epicormic s p r o u t s ,  wh i l e  b a s a l  
s p r o u t s  o r i g i n a t e d  a t  o r  below t h e  ground l i n e .  
Coppice s p r o u t  d a t a  were c o l l e c t e d  one and two 
growing seasons  a f t e r  t h e  burn.  

Data were s t a t i s t i c a l l y  analyzed a s  a s p l i t  p l o t  
des ign ,  w i t h  a s p e c t  des igna ted  a s  t h e  major 
t r ea tmen t .  Burning was considered t h e  minor 
t r ea tmen t  and was a s s igned  a t  random t o  s u b p l o t s  
w i t h i n  each major p l o t .  Loca t ions  were considered 
r e p l i c a t i o n s ,  A l l  t r ea tmen t  d i f f e r e n c e s  were 
t e s t e d  a t  t h e  5 pe rcen t  l e v e l  of s i g n i f i c a n c e .  

RESULTS Ah3 DISCUSS103 

One y e a r  a f t e r  t r ea tmen t  coppice  s p r o u t s  t o t a l e d  
104,958 and 78,755 s t e n s l a c  on t h e  burned and 
unburned p l o t s ,  r e s p e c t i v e l y  (Table 1). Oaks 
comprised 23 pe rcen t  of t h e  t o t a l  number of stump 
s p r o u t s  on both  burned and unburned p l o t s .  Seed- 
l i n g s  and s e e d l i n g  s p r o u t s  were no t  a s  numerous. 
Oaks accounted f o r  32 and 16 pe rcen t  of t h e  t o t a l  
number of s e e d l i n g s  and s e e d l i n g  s p r o u t s  on t h e  
burned and unburned p l a t s ,  r e s p e c t i v e l y .  'Cv'hile i t  
is  d o u b t f u l  t h a t  t h e s e  d e n s j t i e s  a r e  needed t o  
s u c c e s s f u l l y  r e g e n e r a t e  t h e  s t a n d ,  r e c e n t  symposia 
and b i b l i o g r a p h i e s  have documented t h e  b e n e f i c i a l  
e f f e c t s  of i n c r e a s e d  s p r o u t i n g  fo l lowing  burning 
on w i l d l i f e  h a b i t a t  (Harlow and Van Lear 1981, 
Wood 1980). 

Table  1.--Number of Stump Sprou t s ,  Seed l ings  o r  
Seed l ing  Sprou t s  (Pe r  Acre) by Spec ies  Group One 
and Two Years Following Burning. Data Shown Are 
Combined f o r  A l l  Locat ions .  

' STUMP SPROUTS 
Year 1 Year 2 

Burned Unburned Burned Unburned 

Oaks 27,851 14,176 23,626 9,092 
M i s c . s p p .  77,108 64,579 66,368 55,306 

T o t a l  104,959 78,755 89,994 64,398 

SEEDLINGS OR SEEDLING SPROUTS 
Year 1 Year 2 

Burned Unburned Burned Unburned 

Oaks 13,673 7,515 14,361 13,605 
Misc. spp. 29,183 40,638 40,537 51,173 

T o t a l  42,856 48,153 54,898 64,778 

S ince  burning k i l l e d  one-year-old s p r o u t s ,  age 
of regrowth d i f f e r e d  between burned and unburned 
p l o t s ,  One y e a r  a f t e r  t r ea tmen t ,  s p r o u t s  on 
burned p l o t s  would be  one y e a r  o l d  whi l e  s p r o u t s  
on unburned p l o t s  would b e  two y e a r s  o l d .  T h i s  
unavoidable  age d i f f e r e n c e  undoubtedly in f luenced  
s p r o u t  d e n s i t y  on burned and unburned p l o t s  a t  
t ime of sampling. However, t h e  i n f l u e n c e  of age 
i s  considered minor i n  r e l a t i o n  t o  t h e  e f f e c t  of 
burning.  

The r a t e  of m o r t a l i t y  was r e l a t e d  t o  s p r o u t  
o r i g i n .  Two y e a r s  a f t e r  t r e a t m e n t ,  b a s a l  s p r o u t s  
on burned p l o t s  had d e c l i n e d  12 p e r c e n t ,  wh i l e  
s p r o u t s  o r i g i n a t i n g  h i g h e r  on t h e  stump had 
dec l ined  41 pe rcen t  (Table 2) .  Ea r ly  s t u d i e s  
(Roth and S l e e t h  1939, Keetch 1944) i n d i c a t e d  t h a t  
burning improves s p r o u t  o r i g i n .  They suggested 
t h a t ,  by promoting s p r o u t i n g  lower on t h e  stump, 
t h e  inc idence  of decay i n  s p r o u t s  would be l e s s  on 
burned a r e a s .  Smith ( 1969) and Watt (1979) 
r epor ted  t h a t  t h e  inc idence  of decay i s  l e s s  on 
s p r o u t s  o r i g i n a t i n g  c l o s e  t o  t h e  ground, probably 



because such wounds a r e  more r e a d i l y  compartmen- 
t a l i z e d  by c a l l u s  t i s s u e  format ion (Jensen 1969, 
Shigo 1979) .  

Table  2.--Number of Sprou t s  (Per  Acre) by Or ig in  
One and Two Years Following Burning. Data Shown 
Are Combined f o r  A l l  Loca t ions .  

OAK SPECIES 
Year 1 Year 2 

Burned Unburned Burned Unburned 

Sprout  o r i g i n  
Basa l  26,920 10,023 23,304 8 ,663 
Epicormic 895 4,081 179 322 
s t o o l  3 6 7 2 14 3 107 -- - 

T o t a l  27,851 14,176 23,626 9,092 

OTHER SPECIES 
Year 1 Year 2 

Burned Unburned Burned Unburned 

Sprout  o r i g i n  
Basa l  67,836 41,740 60,354 41,310 
Epicormic 9,093 20,512 5,692 12,815 
s t o o l  

T o t a l  

F i r e  promoted s p r o u t  format ion lower on t h e  
stump. One yea r  a f t e r  bu rn ing ,  97 pe rcen t  of a l l  
oak s p r o u t s  from c u t  stumps were c l a s s i f i e d  a s  
b a s a l  s p r o u t s ,  whereas on ly  71 pe rcen t  were b a s a l  
s p r o u t s  on unburned p l o t s .  S i m i l a r  r e s u l t s  were 
noted on t h e  miscel laneous s p e c i e s  group. 

The number of epicormic s p r o u t s ,  an u n d e s i r a b l e  
type  of s p r o u t ,  i n  t h e  misce l l aneous  group was 
l e s s  on burned p l o t s  one and two y e a r s  a f t e r  
t r ea tmen t .  The number of epicormic s p r o u t s  on 
burned p l o t s  was only  56 pe rcen t  of t h a t  on 
unburned p l o t s .  Although numbers of epicormic 
s p r o u t s  on oak stumps tended t o  be  h i g h e r  on 
unburned p l o t s ,  d i f f e r e n c e s  were n o t  s i g n i f i c a n t  
because of v a r i a b i l i t y  among p l o t s .  

Auxin t r a n s l o c a t i o n  by epicormic s p r o u t s  
probably l i m i t s  numbers of b a s a l  s p r o u t s  by 
i n h i b i t i o n  of suppressed buds a t  o r  below t h e  r o o t  
c o l l a r .  Our d a t a  suggest  t h a t  numbers of b a s a l  
s p r o u t s  on unburned p l o t s  f o r  bo th  oak and 
misce l l aneous  s p e c i e s  were reduced by h igher  
numbers of epicormic s p r o u t s  (Table 2) .  Basal  
s p r o u t s  f o r  t h e  miscel laneous s p e c i e s  group were 
s i g n i f i c a n t l y  g r e a t e r  on burned p l o t s  one and two 
y e a r s  fo l lowing  t r ea tmen t ,  wh i l e  oak b a s a l  s p r o u t s  
were s i g n i f i c a n t l y  g r e a t e r  on burned p l o t s  two 
y e a r s  fo l lowing  t r ea tmen t .  Waldrop e t  a l .  (1985) 
a l s o  noted inc reased  s p r o u t i n g  of hardwood stumps 
fo l lowing  b roadcas t  burning i n  e a s t e r n  Tennessee, 
wh i l e  Danielovich e t  a l .  (1987) r epor ted  inc reased  
s p r o u t i n g  i n  t h e  mountains of South Caro l ina  a f t e r  
b roadcas t  burning.  

Although f i r e  inc reased  b a s a l  s p r o u t i n g  of oaks  
on both  n o r t h e r l y  and s o u t h e r l y  a s p e c t s ,  g r e a t e s t  
i n c r e a s e s  occurred on sou the rn  a s p e c t s  (Table  3 ) .  
Poor d ry ing  c o n d i t i o n s  under clumps of mountain 
l a u r e l  (Kalmka l a t i f o l i a  L.) and t h e  more shaded 
exposure r e s u l t e d  i n  s p o t t y ,  low i n t e n s i t y  f i r e s  on 
n o r t h e r n  a spec t s .  A s  a r e s u l t ,  many regrowth stems 
were no t  top -k i l l ed .  I n  c o n t r a s t ,  sou the rn  s l o p e s  
burned more i n t e n s e l y  w i t h  g r e a t e r  t o p - k i l l  and 
r e s p r o u t i n g .  Burned p l o t s  on sou the rn  a s p e c t s  had 
about 3.5 t imes  a s  many b a s a l  s p r o u t s  a s  unburned 
p l o t s  one and two y e a r s  fo l lowing  burning.  As 
opposed t o  t h e  f a l l  burning conducted i n  t h i s  
s t u d y ,  c u r r e n t  Fores t  S e r v i c e  p r a c t i c e  i s  t o  burn  
c l e a r c u t  s i t e s  i n  t h e  summer when b e t t e r  d r y i n g  
c o n d i t i o n s  p r e v a i l  on bo th  sou the rn  and n o r t h e r n  
a s p e c t s .  

Table  3.--Number of Oak Basal  Sprouts  (Pe r  Acre) 
by Aspect One and Two Years Following Burning. 
Data Shown Are Combined f o r  A l l  Locat ions .  

Aspect Treatment Year 1 Year 2 

North Unburned 3,365 3,472 
North Burned 4,260 5,298 
South Unburned 6,658 5,191 
South Burned 22,660 18,006 

The diameter  d i s t r i b u t i o n  of stumps w i t h  a t  
l e a s t  one l i v i n g  b a s a l  sp rou t  i s  perhaps more 
important  than  t o t a l  numbers of sp rou t s .  Sprou t s  
from smal l e r  d iameter  stumps a r e  a most d e s i r a b l e  
form of hardwood r e g e n e r a t i o n  (Sanders 1971).  The 
number of oak stumps (<5 cm) wi th  a t  l e a s t  one 
l i v i n g  b a s a l  sp rou t  was s i g n i f i c a n t l y  g r e a t e r  on 
burned p l o t s  a f t e r  two y e a r s  (Table 4).  T h i s  
d i f f e r e n c e  i s  l a r g e l y  a t t r i b u t e d  t o  t h e  f a c t  t h a t  
burning t o p - k i l l e d  smal l  hardwood s tems,  the reby  
promoting b a s a l  sp rou t ing .  On unburned p l o t s ,  
t h e s e  smal l  stems cont inued t o  grow and produced 
no b a s a l  s p r o u t s .  There fo re ,  they  were n o t  
considered t o  be  smal l  stumps. Regenerat ion 
s t a r t i n g  over  from new s p r o u t s  may be more 
d e s i r a b l e  than  f l a t - topped  i n d i v i d u a l s  which 
e x i s t e d  i n  t h e  unders to ry  because of p o t e n t i a l l y  
b e t t e r  growth form (Teuke and Van Lear 1983, 
OVHara 1986). 

Table  4.--Number of Stumps (Per  Acre) With a t  
Leas t  One L iv ing  Basal  Sprout by Diameter C l a s s  
Two Years Following Burning. Data Shown Are 
Combined f o r  A 1 1  Locat ions .  

Diameter C lass  (cm) 
<5 5-9 10-1 4 > 15 

Burned 1,468 608 466 751 
Unburned 50 1 2 15 287 787 



Regeneration by sprouting was prolific on both 
burned and unburned plots, Wowever, burning 
improved sprout quality by promoting basal 
sprouting. Burning increased the total number of 
basal sprouts for both the oak and miscellaneous 
species groups. Since basal sprouts are well 
anchored and tend to resist decay, the effect of 
burning is considered favorable. While increased 
sprouting by miscellaneous species following 
"burning will benefit browsing wildlife, these 
sprouts will probably not be a major component in 
the upper canopy of the mature stand because of the 
long-tern competitive nature of oaks. 

The greatest number of basal sprouts was on 
burned plots with southerly aspects, indicating the 
importance of high intensity fires in establishing 
well-anchored sprouts which can develop free from 
defect and decay. Fires of the desired intensity 
on northern aspects may be more readily achieved by 
burning in the summer rather than in the fall. 
Numbers of small stumps (<5 cm) having at least one 
living basal sprout were greater on burned plots 
two years after treatment, Because small stumps 
tend to produce a minimum of sprouts and yet give 
rapid height growth, they provide the most 
desirable coppice regeneration. 

results of this study indicate that burning 
improves the origin af hardwood sprouts and may 
increase numbers of small stumps having at least 
one basal sprout, the long-term effects of burning 
on the composition and quality of hardwood stands 
needs further research. 
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Presc r ibed  Burning i n  Mature Pine-Hardwood 
Stands--Effects  on Hardwoods and Small Mammals 1  

D. L, Sanders ,  D.  H .  Van Lear  and D. C. Guynn 
2 

ABSTRACT.--Winter p r e s c r i b e d  f i r e  i n  mature pine-hardwood s t a n d s  
(60-95 y e a r s  o ld )  i n  t h e  Southern Appalachians had l i t t l e  o r  no 
adverse  e f f e c t  on l a r g e  hardwood c rop  t r e e s .  Hardwoods 215.5 inches  
i n  diameter  e x h i b i t e d  no cambium damage i n  t h e  f i r s t  yea r  a f t e r  
burning.  Only f i v e  pe rcen t  of hardwood stems between 5.5 and 12 
inches  i n  diameter  showed shor t - term evidence of cambium damage from 
burn ing ,  sugges t ing  t h a t  low i n t e n s i t y  p r e s c r i b e d  burning i n  mature 
hardwood s t a n d s  w i l l  have minimal impacts  on stem q u a l i t y ,  The 
low-intensi ty  f i r e s  top -k i l l ed  hardwoods <2 i nches  i n  diameter  and 
encouraged them t o  sp rou t .  Forbs and g r a s s e s  d i d  no t  i n c r e a s e  a f t e r  
bu rn ing ,  probably because f u l l  s tock ing  of t h e  o v e r s t o r y  l i m i t e d  l i g h t  
r each ing  t h e  f o r e s t  f l o o r ,  Trapping s t u d i e s  i n d i c a t e d  t h a t  mature 
pine-hardwood s t a n d s  were poor h a b i t a t  f o r  sma l l  mamals .  The i r  
popu la t ions  were n o t  changed by a  s i n g l e  low i n t e n s i t y  f i r e .  

INTRODUCTION 

I n  r e c e n t  y e a r s ,  w i n t e r  backing f i r e s  of low 
i n t e n s i t y  have been used f o r  w i l d l i f e  management 
purposes  i n  mature hardwood and pine-hardwood 
s t a n d s  i n  mountainous t e r r a i n  of t h e  Sumter 
N a t i o n a l  F o r e s t ,  South Caro l ina ,  Whether t h e s e  
low- in tens i ty  p resc r ibed  burns  dur ing  t h e  dormant 
season cause  cambium damage t o  mature c rop  t r e e s  
i n  hardwood s t a n d s  i s  u n c e r t a i n  (Van Lear  and 
Johnson 1983). Ea r ly  s t u d i e s  (Hepting and Hedge- 
cock 1937, Nelson e t  a l .  1933) l inked  h e a r t r o t  i n  
hardwoods t o  b a s a l  s c a r r i n g  by f i r e ,  b u t  t h i s  
damage g e n e r a l l y  fol lowed h i g h e r  i n t e n s i t y  
w i l d f i r e s .  

P r e s c r i b e d  burn ing ,  p r i m a r i l y  i n  p ine  s t a n d s ,  
h a s  been a  major p a r t  of w i l d l i f e  management i n  
t h e  South s i n c e  t h e  e a r l y  1930 's  (Stoddard 1931). 
Even though f i r e  i s  o f t e n  used a s  a  w i l d l i f e  
management t o o l ,  l i e t l e  i s  known about t h e  e f f e c t s  
on s m a l l  mammals which u t i l i z e  t h e  f o r e s t  f l o o r  
f o r  food,  n e s t i n g ,  and h i d i n g  cover .  T h i s  i s  
e s p e c i a l l y  t r u e  i n  mature  mixed pine-hardwood 
s t a n d s .  

The o b j e c t i v e s  of t h i s  s tudy  were: 1)  t o  
determine e f f e c t s  of dormant season backing f i r e s  
i n  mature  pine-hardwood s t a n d s  on t h e  cambium of 
l a r g e r  hardwood stems 2) t o  measure response of 
unders to ry  v e g e t a t i o n  t o  t h i s  t y p e  of burning i n  
t h e  Southern Appalachian Mountains and 3) t o  
e v a l u a t e  e f f e c t s  of t h e s e  f i r e s  on smal l  mammal 
popu la t ions ,  

'paper p resen ted  a t  t h e  4 t h  B ienn ia l  Southern 
S i l v i c u l t u r a l  Research Conference, A t l a n t a ,  GA.,  
November 4-6, 1986. 

' ~ o r m e r  Graduate A s s i s t  a n t  and P r o f e s s o r s ,  
r e s p e c t i v e l y ,  Department of F o r e s t r y ,  Clemson 
U n i v e r s i t y ,  Clemson, SC. 

STUDY AREA 

The s tudy  was conducted on t h e  Sumter 
Na t iona l  F o r e s t  i n  South Caro l ina .  The s t u d y  a r e a  
i s  p a r t  of t h e  Appalachian Hardwood subregion of 
t h e  Southern Hardwood reg ion  ( B a r r e t t  1980). 
Normal annual  p r e c i p i t a t i o n ,  based on a 30-year 
average,  i s  66 inches .  Average d a i l y  minimum 
temperature  i s  4 6 O F  and t h e  average maximum i s  
70°F. 

S o i l s  were predominantly of t h e  Brevard, 
Chandler ,  and Evard s e r i e s  and a r e  c l a s s i f i e d  as 
Typic Hapludul ts .  Slopes  ranged from 3 t o  30 
pe rcen t .  

MATERIALS AND METHODS 

E f f e c t s  of low- in tens i ty  w i n t e r  backing f i r e s  
on cambium damage i n  hardwood >3 i nches  i n  
diameter  were examined i n  two mature plne-hardwood 
s t a n d s  us ing  a  technique modified from Kay11 
(1963). Two months a f t e r  burning,  two cambium 
samples were t aken  from t h e  cha r red  a r e a  of t h e  
lower b o l e  of s i x  s p e c i e s .  Ten t r e e s  i n  each of 
f o u r  diameter  c l a s s e s  (3-5.5, 5.6-10,5, 10,6-15.5, 
and >15.5 inches)  were sampled f o r  each s p e c i e s .  
Diameter was measured a t  4.5 f t  above ground. For 
c e r t a i n  s p e c i e s ,  i t  was n o t  p o s s i b l e  t o  l o c a t e  t e n  
t r e e s  i n  t h e  l a r g e r  diameter  c l a s s e s ,  so  8 o r  9 
t r e e s  were used. Cambium samples were e x t r a c t e d  
about  I f t  above t h e  ground us ing  a s i z e  14 
l e a t h e r  punch and placed i n  a  1  pe rcen t  s o l u t i o n  
of 2 ,  3 ,  5  t r i p h e n y l  t e t r a z o l i u m  c h l o r i d e  (TTC). 
Samples were r e f r i g e r a t e d  24 t o  36 h r ,  s l i c e d  i n  
h a l f ,  and examined v i s u a l l y ,  A p ink  cambium 
i n d i c a t e d  t h a t  c e l l s  were a l i v e ,  implying no 
shor t - term adverse  e f f e c t  of burning on t h e  
cambium. F a i l u r e  of t h e  sample t o  t u r n  p ink  
i n d i c a t e d  t h a t  t h e  cambium c e l l s  were dead and 
impl ied f i r e  damage t o  t h e  t r e e  bo le .  

S tands  sampled t o  determine e f f e c t s  of f i r e  
on stem q u a l i t y  of hardwood t r e e s  were burned i n  
March u s i n g  backing f i r e s  which moved down slope 
a t  a  r a t e  of about 1  f t l m i n ,  Maximum tempera tu re  
dur ing  burning ranged from 48 t o  64"F, Windspeed 
was 5  mph w i t h  a  s o u t h e r l y  o r  w e s t e r l y  d i r e c t i o n ,  



Responses  of unders to ry  v e g e t a t i o n  and smal l  
mama1 t o  low- in tens i ty  w i n t e r  burning 
were e v a l u a t e d  i n  two o t h e r  mature mLxed 
pine-hardwood s t a n d s .  These were d i f f e r e n t  s t a n d s  
from t h o s e  u s e d  t o  examine t h e  e f f e c t  of burning 
on hardwood stem q u a l i t y ,  but  were s i m i l a r  i n  age,  
compos i t ion ,  and s i t e  cond i t ions .  T h i s  p o r t i o n  of 
t h e  s tudy  w a s  i n s t a l l e d  i n  a  randomized complete 
block d e s i g n  on f o u r  1.24 a c  p l o t s ,  I n  each 
s t and ,  one p l o t  was randomly s e l e c t e d  f o r  burning 
and t h e  o t h e r  s e w e d  a s  a  c o n t r o l .  Burning was 
conducted in February and March us ing  back- f i r ing  
t echn iques  under  c o n d i t i o n s  s i m i l a r  t o  those  
desc r ibed  above.  Understory v e g e t a t i o n  was 
sampled on two pe rpend icu la r  3 .3  by 32.8 f t  
t r a n s e c t s  a n d  a  c i r c u l a r  subp lo t  ( r a d i u s  16.4 f t )  
l oca ted  a t  e a c h  of e i g h t  random p o i n t s  on each 
p l o t .  P r e b u r n  biomass of v e g e t a t i o n  c2  f t  was 
c l ipped  a f r e r  count ing woody and herbaceous stems 
from a 3 - 3  f t  r a d i u s  c i r c l e  a t  t h e  c e n t e r  of each 
subp lo t ,  Subsequent  t a l l i e s  and c l i p p i n g  of 
v e g e t a t i o n  were  conducted i n  t h e  3rd and 4 t h  
q u a r t e r s  o f  t h e  c i r c u l a r  subp lo t .  Biomass was 
e s t ima ted  just p r i o r  t o  burning and 16 months 
a f t e r  b u r n i n g .  

i n  t h e  5.6 t o  10.5 inch  and 10.6 t o  15.5 i n c h  
diameter  c l a s s e s  i n d i c a t e d  cambium damage f rom t h e  
f i r e .  T rees  i n  t h e  Largest  d iameter  c l a s s  showed 
no evidence of cambium damage i n  t h e  two months 
a f t e r  burning. I n d i c a t i o n s  of damage i n  Tab le  1  
a r e  high because many t r e e s  i n  t h e  s t and  were  n o t  
charred and t h e r e f o r e  were no t  sampled. 

Table  I ,  Percentage of sampled hardwood t r e e s  
e x h i b i t i n g  cambium damage fol lowing dormant season  
backing f i r e s  on t h e  Sumter Na t iona l  F o r e s t ,  South 
Carol ina .  

DIAMETER CLASS (Inches)  
3-5.5 5.6-10.5 10.6-15.5 15.6 and 

above 
-%- 

Red oak 10 0  I  I  0 
White oak 27 0  0 0 
Hickory 30 1 I. 10 0  
Blackgum 10 0 0  0  
Red maple 20 10 0  0  
Yellow-poplar 20 10 0  0  

Small Elamma1 Sampling 
Average 20 5  4  0 

Smal l  mammals were c o l l e c t e d  us ing  mouse 
t r a p s  and d r i f t  f ences  w i t h  p i t f a l l s ,  Each p l o t  
had 28 t r a p  s t a t i o n s .  The d r i f t  f ence  was l o c a t e d  
i n  t h e  c e n t e r  of each p l o t  and c o n s i s t e d  of t h r e e  
16.4 f t  by 20 inch  l e g s  of aluminum f l a s h i n g .  At 
t h e  end of e a c h  l e g ,  a 19-quart p l a s t i c  bucket  was 
i n s t a l l e d  f l u s h  w i t h  t h e  ground. 

Trapp ing  was conducted f o u r  d i f f e r e n t  t imes.  
For each t r a p p i n g  p e r i o d ,  84 V i c t o r  mouse t r a p s  
were s e t  on each s i t e  ( 3  t r a p s  a t  each of t h e  28 
s t a t i o n s )  a n d  d r i f t  f ences  were opened by removing 
t h e  l i d s  f rom t h e  buckets .  Traps  were b a i t e d  w i t h  
peanut b u t t e r  and bucke t s  were f i l l e d  wi th  wa te r  
t o  drown t h e  animals.  The f i r s t  t r a p p i n g  i n  
February of 1984 was conducted f o r  f o u r  c o n s e c t i v e  
n i g h t s  (one n i g h t  of p r e b a i t i n g  and t h r e e  n i g h t s  
w i t h  t r a p s  s e t  and bucke t s  open).  The second 
t r a p p i n g  was conducted a f t e r  p resc r ibed  burning i n  
June of 1984 f o r  s i x  n i g h t s .  One n i g h t  of 
p r e b a i t i n g  was s t i l l  used,  bu t  t h e  number of 
n i g h t s  t r a p s  and bucke t s  were open was inc reased  
t o  f i v e  n i g h t s .  The t h i r d  and f o u r t h  t r a p p i n g s  
were a l s o  done f o r  s i x  n i g h t s  and y e r e  i n  l a t e  
N o v d e r  - e a r l y  December and June,  r e s p e c t i v e l y .  
During t r a p p i n g  p e r i o d s ,  t r a p s  were checked once 
every morning. 

The p r o b a b i l i t y  of c a p t u r e ,  0, (#  animals  
caugh t /#  t r a p s  a c t u a l l y  a v a i l a b l e  f o r  cap tu re )  was 
c a l c u l a t e d  f o r  each t r ea tmen t  dur ing  each t r a p p i n g  
pe r iod .  Because t h e s e  p r o b a b i l i t i e s  were s o  low, 
no s t a t i s t i c a l  t e s t s  were conducted, 

RESULTS AND DISCUSSION 

Cambium damage t o  hardwood t r e e s  

About 20 pe rcen t  of t h e  sampled hardwood 
t r e e s  3  t o  5.5 inches  i n  d iamete r  showed evidence 
of cambium damage from t h e  low- in tens i ty  w i n t e r  
burn (Table I ) .  Only 4-5 p e r c e n t  of sampled t r e e s  

Four of t h e  s i x  s p e c i e s  sampled i n  t h e  
10.6-15.5 inch  diameter  c l a s s  showed no ev idence  
of cambium damage. However, I 1  pe rcen t  of t h e  r ed  
oaks i n  t h i s  s i z e  ca tegory  and 10 pe rcen t  o f  t h e  
h i c k o r i e s  i n d i c a t e d  some degree  of cambium damage. 
These s p e c i e s  would be  expected t o  be more 
h e a t  t o l e r a n t  than  such s p e c i e s  a s  r ed  maple (Hare 
1965). It i s  p o s s i b l e  t h a t  d i f f i c u l t i e s  i n  
e x t r a c t i n g  samples and judging c o l o r  of cambium 
samples fo l lowing  soaking i n  TTC o c c a s i o n a l l y  
r e s u l t e d  i n  a f a l s e  de te rmina t ion  of damage. 
The d a t a  showed t h a t  sma l l e r  t r e e s  a r e  more 
s u s c e p t i b l e  t o  cambium damage dur ing  burn ing ,  
probably because smal l  t r e e s  have t h i n n e r  ba rk .  
Hare (1965) found t h a t  ba rk  t h i c k n e s s  was c l o s e l y  
r e l a t e d  t o  t h e  t ime f o r  t h e  cambium t o  r each  
l e t h a l  temperatures .  

Flame h e i g h t s  f o r  t h e s e  low-intensi ty  back ing  
f i r e s  averaged about 4-6 inches .  F i r e s  of t h i s  
i n t e n s i t y  a p p a r e n t l y  have l i t t l e ,  i f  any, a d v e r s e  
shor t - term e f f e c t  on t h e  cambium of l a r g e  
hardwoods (>15.5 inches )  and only  minor impact 
(5%) on t r e e s  of medium s i z e  (5.6-15.5 inches ) .  
Most t r e e s  of t h i s  s i z e  would be  s o l d  a s  pulpwood, 
r a t h e r  than  sawtimber,  s o  t r e e  q u a l i t y  would n o t  
be  a  major c o n s i d e r a t i o n ,  

These d a t a  i n d i c a t e  t h a t  low- in tens i ty  f i r e s  
can be j u d i c i o u s l y  used l a t e  i n  t h e  r o t a t i o n  f o r  
w i l d l i f e  h a b i t a t  improvement i n  hardwood o r  mixed 
pine-hardwood s t a n d s  under even-age management 
w i t h  l i t t l e  concern f o r  e f f e c t s  on stem q u a l i t y  of 
crop t r e e s .  Damage t o  smal l  d iameter  t r e e s  l a t e  
i n  a  r o t a t i o n  i s  of l i t t l e  consequence, s i n c e  such 
t r e e s  a r e  n o t  crop t r e e s .  When mature even-age 
s t a n d s  a r e  ha rves ted ,  sma l l  unmerchantable t r e e s ,  
f i r e  damaged o r  n o t ,  should be  f e l l e d  a l lowing  an 
even-aged coppice  hardwood s t a n d  o r  a  mixed o r g i n  
pine-hardwood s t a n d  t o  r egenera te .  



E f f e c t s  on unders to ry  v e g e t a t i o n  

Burning t o p - k i l l e d  most of t h e  smal l  
(<2 i nch)  hardwood unders to ry  stems i n  t h e  mature 
pine-hardwood s t a n d s .  About 98 pe rcen t  of t h e  
fire-damaged small. hardwood t r e e s  sp rou ted .  
Average diameter  of t h e  top-k i l l ed  t r e e s  ranged 
from 0.4 t o  I.1 inches  (Table  Z), i n d i c a t i n g  t h a t  
t r e e s  g r e a t e r  than  about  2 inches  i n  diameter  a r e  
n o t  l i k e l y  t o  be  t o p - k i l l e d  by s i m i l a r  low- 
i n t e n s i t y  burns .  The average number of s p r o u t s  
p e r  stump ranged from 2 t o  8  one y e a r  a f t e r  
bu rn ing ,  whi l e  t h e  ave rage  h e i g h t  of t h e  t a l l e s t  
s p r o u t  was from 1 t o  5.5 i t .  T h i s  i n c r e a s e  i n  
s p r o u t i n g  i s  t h e  major w i l d l i f e  b e n e f i t  from t h i s  
type  of burning,  Many s t u d i e s  have documented t h e  
improved p a l a t a b i l i t y  and n u t r i t i o n ,  a s  w e l l  a s  
b e t t e r  a c c e s s i b i l i t y ,  of new s p r o u t s  fo l lowing  
burning.  

Dens i ty  and biomass of woody ground 
v e g e t a t i o n  (62  f t  t a l l )  tended t o  i n c r e a s e  a f t e r  
t h e  burn ,  b u t  due t o  t h e  l a r g e  v a r i a n c e  between 
p l o t s  t h e  i n c r e a s e  was n o t  s i g n i f i c a n t  (Table  3) .  

Table  2. Average preburn diameter  of top -k i l l ed  
unders to ry  hardwoods and t h e  number and h e i g h t  of 
s p r o u t s  fol lowing w i n t e r  burning i n  mature 
pine-hardwood s t a n d s .  

AVERAGE AVERAGE 
PREBURN AVERAGE HEIGHT OF 

DIAMETER SPROUTSfSTW TALLEST SPROUT 
( i n )  ( f t )  

Red maple 0.59 
Red oak 0.94 
Sourwood 0.67 
White oak 0.63 
Yellow-poplar 0.75 
Black che r ry  1.10 
Black gum 0.51 
Dogwood 0.75 
Hawthorn 0.39 
Horse sugar  0.87 

Table  3 ,  Woody v e g e t a t i o n  (<2 f t  t a l l )  d e n s i t y  
and biomass on burned and unburned p l o t s  i n  mature 
pine-hardwood s t a n d s  on t h e  Sumter R a t i o n a l  F o r e s t  
i n  South Carol ina .  

BURNED CONTROL 
TIME 

DEBSITY BTGWSS DEKSITY BIOMASS 

Before Burning 117,915 5 0 145,749 51 

1  Year A f t e r  225 ,202  0 1 l 5 3 , 8 4 6  38 
Burning 

Biomass of f o r b s  and g r a s s e s  d i d  no t  i n c r e a s e  
a f t e r  burning because f u l l  o v e r s t o r y  s tock ing  
l i m i t e d  l i g h t  r each ing  t h e  f o r e s t  f l o o r .  

Small mammals 

Few smal l  mammals were caught  on e i t h e r  
burned o r  unburned p l o t s  i n  t h e  y e a r  fo l lowing  
t r ea tmen t  (Table 4 ) .  Three f a m i l i e s  and s i x  
s p e c i e s  were caught on t h e  burned p l o t s ,  Only 
twelve i n d i v i d u a l s  were captured on burned p l o t s ,  
w i t h  t h e  whi te-footed mouse, d e e r  mouse, and t h e  
pygmy shrew making up 75 pe rcen t  of t h e  t o t a l .  
Only two f a m i l i e s  and two s p e c i e s  were caught on 
t h e  c o n t r o l  p l o t s  w i t h  nor the rn  s h o r t - t a i l e d  shrew 
and s o u t h e a s t e r n  shrew comprising ?5 pe rcen t  of 
t h e  e i g h t  i n d i v i d u a l s  captured.  The pygmy shrew, 
caught twice  on a burned s i t e ,  had never been 
recorded i n  South Caro l ina .  

Small mammals, such a s  moles ,  mice, shrews,  
and ground s q u i r r e l s  a r e  important  members of t h e  
f o r e s t  ecosystem (Dueser and Shugar t  1978), bu t  
l i t t l e  i s  known about t h e i r  popu la t ion  d e n s i t i e s  
i n  upland hardwood s t a n d s  of t h e  Southeast .  
Numbers of sma l l  mammals cap tu red  i n  t h i s  s tudy  
were t o o  smal l  f o r  s t a t i s t i c a l  a n a l y s i s .  Pearson 
(1959) and Atkeson (1974) found t h e  r e l a t i v e  
abundance of sma l l  mammals changed wi th  t h e  t y p e s  
and amounts of v e g e t a t i v e  cover.  When 
success iona l  s t a g e s  advance, sma l l  mammal 
d i v e r s i t y  and abundance dec rease ,  and only  a  few 
s p e c i e s  b e n e f i t  i n  developing o l d e r  f o r e s t s .  The 
s tudy  a r e a  contained few seed-bear ing g r a s s e s  and 
f o r b s  found i n  younger open s t a n d s  which a r e  
necessa ry  f o r  sma l l  mammals t o  t h r i v e .  Because of 
l a c k  of d e s i r a b l e  v e g e t a t i o n  f o r  food and cover ,  
sma l l  mammal popu la t ions  were s p a r s e  on t h e  s t u d y  
s i t e s  both  b e f o r e  and a f t e r  burning.  

CONCLUSIONS 

Minter burning u s i n g  low- in tens i ty  backing 
f i r e s  caused no cambium damage t o  l a r g e  (215 inch)  
stems i n  mature hardwood s t ands .  Medium-sized 
(5.6-15.5 inches )  hardwood t r e e s  a l s o  e x h i b i t e d  
l i t t l e  cambium damage. Based on t h e s e  r e s u l t s ,  we 
conclude t h a t  w i n t e r  backing f i r e s  under weather  
and f u e l  c o n d i t i o n s  s i m i l a r  t o  t h o s e  i n  t h i s  s tudy  
can be  e f f e c t i v e l y  used i n  mature pine-hardwood 
s t a n d s  t o  improve w i l d l i f e  h a b i t a t  f o r  c e r t a i n  
s p e c i e s  wi thout  f e a r  of excess ive ly  damaging 
l a r g e r  hardwood t r e e s .  F i r e  damage t o  s m a l l e r  
t r e e s  i s  of l i t t l e  consequence w i t h  regard t o  
t imber  p roduc t ion  i n  even-age management systems 
fol lowing h a r v e s t .  A l l  r e s i d u a l  t r e e s  should be 
c l e a r f e l l e d  because s p r o u t s  from stumps and 
advance r e g e n e r a t i o n  have b e t t e r  growth p o t e n t i a l  
than  smal l  r e s i d u a l  t r e e s  (O'Hara 1986). 

Top-ki l l  o r  damage t o  smal l  (c2 i nches )  
hardwoods encourages s p r o u t i n g  which b e n e f i t s  
l a r g e  browsing w i l d l i f e  s p e c i e s  such a s  d e e r .  
However, mature hardwood s t a n d s  i n  t h e  sou the rn  
Appalachian Mountains a r e  poor h a b i t a t  f o r  s m a l l  
mammals. The Pow-intensity p resc r ibed  burning was 
no t  h o t  enough t o  a l t e r  t h e  h a b i t a t  v a r i a b l e s ,  
e ' g . ,  seed p roduc t ion  by herbaceous p l a n t s ,  
important  t o  many smal l  mammals. Burning i n  
mature mixed pine-hardwood s t a n d s  could n o t  be  



considered b e n e f i c i a l  o r  harmful t o  small  mammals, 
bu t  c e r t a i n l y  would b e n e f i t  o t h e r  w i l d l i f e  spec ies  
which t h r i v e  on new sprou t  growth. 

Table 4. Number of small  mammals captured on 
pine-hardwood s i t e s  on t h e  Sumter Nat ional  F o r e s t ,  
South C a r o l i n a  (1984-85). 

- - 

FAMILY /SPECIES BURN CONTROL TOTAL 

C r i c e t  i d a e  
White-f o o t e d  Mouse 5 
Deer Mouse 2 
Golden Mouse -- 
Woodland Vole -- 

Zapodidae 
Meadow Jumping Mouse 1 

Sor ic idae  
Northern S h o r t - t a i l  Shrew 1 
Southeas t  e r n  Shrew -- 
Smokey Shrew -- 
Pygmy Shrew 2 
Least  Shrew 1 

T o t a l  No. of Ind iv idua l s  12 8 20 
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PRESCRIBED FIRE FOR PRECOWRCIAL THINNING I N  A 

 om-YEAR-OLD LOBLOLLU PINE STMD' 

Thomas A. Waldrop and F. Thomas LloydL 

Abstract.--A two-phase s tudy was conducted t o  determine 
t h e  f e a s i b i l i t y  of using prescr ibed f i r e  t o  t h i n  young, 
n a t u r a l l y  regenerated l o b l o l l y  pine s tands.  In  Phase I, 
s u r v i v a l  a f t e r  winter  backing, s t r i p  head, f l ank ing ,  and 
s p o t  f i r e s  was compared. Backing f i r e s  were chosen f o r  
Phase I1 on the  bas i s  of surv iva l  of the  l a r g e s t  t r e e s  and 
uniformity of thinning. I n  Phase 11, burning produced the  
e f f e c t  of a thinning from below and reduced dens i ty  from 
6,800 t o  2,850 stems per ac re  (58 percent) .  Crown scorch 
was heavy but needle consumption was in£  requent . Much of 
t h e  s tudy a rea  remained overstocked with few spots  being 
understocked. Diameter growth of surviving t r e e s  was unaf- 
f e c t e d  but height  growth was reduced by 33 percent.  
Precommercial thinning of dense n a t u r a l  s tands  with f i r e  
shows promise but needs a d d i t i o n a l  s tudy before general  
recommendations can be made. 

Keywords: crown scorch, needle consumption, South Carol ina,  
n e a r e s t  neighbor. 

INTRODUCTION 

Coas ta l  P la in  s tands  of l o b l o l l y  pine (Pinus 
taeda  L.) a re  o f t e n  regenerated by n a t u r a l  means, 
whether by design o r  by accident .  Since l a r g e  
seed crops a r e  produced almost every year  i n  t h i s  
reg ion  (Langdon 1981), young s tands  a r e  usual ly 
dense. On the  Francis  Marion National Forest ,  
approximately 1000 acres  of such s tands  are3hand- 
thinned annually a t  a cos t  of $55 per acre.  
Prescr ibed  burning could be a l e s s  expensive 
method of p r e c o m e r c i a l  thinning t h a t  would pro- 
v i d e  t h e  a d d i t i o n a l  b e n e f i t  of p ro tec t ing  s tands  
from w i l d f i r e  a t  a younger age than is cur ren t ly  
p rac t iced .  

Even though prescr ibed f i r e  is genera l ly  not 
recommended f o r  sapling-sized s tands ,  its feas ib i -  
l i t y  f o r  precommercial thinning has been s tud ied  
f o r  s e v e r a l  species .  The f i r s t  s t u d i e s  were with 
uneven-aged Ponderosa pine (x. ponderosa Laws. ) 

stands (Weaver 1947; Morris and Mowat 1958; and 
Wooldredge and Weaver 1965). Because some a r e a s  
were too heavi ly thinned while o thers  were not 
thinned enough and height  growth was reduced, a 
summary task  force  on f i r e  i n  the  Northern Rocky 
Mountains (Roe and o thers  1971) did not recommend 
prescribed burning f o r  precommercial th inn ing  i n  
western pines. Muraro (1977) concluded t h a t  
prescr ibed burning should not be conducted i n  
lodgepole pine (2,  c o n t o r t a  Dougl.) s tands  younger 
than 25- t o  30-years-old due t o  a lack of s u r f a c e  
f u e l s  and s u s c e p t i b i l i t y  t o  Ips  b e e t l e  a t t a c k .  

In  t h e  South, precommercial thinning wi th  f i r e  
was recommended by McNab (1977) f o r  l o b l o l l y  pine 
s tands  and Nickles and o thers  (1981) f o r  s h o r t l e a f  
pine (P. ech ina ta  Mill.)  s t ands  with a l a r g e  range 
of t r e e  s izes .  I n  both s t u d i e s ,  burfiing acted a s  a 
thinning from below with high mor ta l i ty  only i n  t h e  
smal les t  s i z e  c lasses .  A high negat ive c o r r e l a t i o n  
e x i s t e d  between mor ta l i ty  r a t e s  and bark th ickness  
a t  the  root  c o l l a r .  

Paper presented t o  the  Fourth Biennial  Southern 
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For prescr ibed burning t o  be a success fu l  t o o l  
f o r  thinning young pines,  d a t a  is needed t o  
descr ibe  how various burning techniques a f f e c t  sur- 
v i v a l ,  growth, and spacing of s tands over a wide 
range of condit ions.  This paper descr ibes  t h e  
r e s u l t s  of a two-phase s tudy of the  f e a s i b l i l t y  of 
using prescr ibed f i r e  t o  t h i n  young, n a t u r a l l y  
regenerated l o b l o l l y  pine stands. The f i r s t  phase 
compared four  burning techniques and s e l e c t e d  t h e  
bes t  on the  bas i s  of s u r v i v a l  of l a r g e s t  trees and 
uniformity of thinning. The burning technique 
s e l e c t e d  i n  the  f i r s t  phase was used i n  t h e  second 
phase t o  s tudy surv iva l ,  growth, and uniformity of 
s tocking.  



The s tudy  is located on t h e  Santee Experimental 
Forest  i n  Berkeley County, South Carolina a t  an 
e l e v a t i o n  of  approximately 25 f e e t  above m a n  s e a  
l e v e l ,  S o i l s  a re  Aerie Ochraquults of the  Wahee 
s e r i e s  and a r e  somewhat poorly drained and slowly 
pemeable. Slopes range from 0 t o  4 percent,  
S i t e  index f o r  l o b l o l l y  pine a t  age 50 is 86 f e e t .  

A t  the  t ime of s tudy  e s t a b l i s b e n t  (Winter 1986), 
the  s tand was 4-years-old cons i s t ing  almost 
e n t i r e l y  of l o b l o l l y  pine sap l ings  r e s u l t i n g  from 
seeding from ad j  acent  s tands.  Diameters a t  b reas t  
height  ranged from l e s s  than 0.5 inch t o  2.6 
inches with a mean of 0.6 inch. Tree heights  
ranged from l e s s  than 5 f e e t  t o  15.6 f e e t  with a 
mean of 7 - 3  f e e t .  Stocking was a t  aproximately 
6,800 stems per acre. 

The previous s tand was c l e a r c u t  i n  November 1981 
a f t e r  a win te r  prescr ibed burn and 3 annual summer 
burns. Logging s l a s h  was burned the  following 
March, The a rea  was then planted with l o b l o l l y  
pine s e e d l i n g s  on an 8 by 12 f o o t  spacing. 
However, s u r v i v a l  of planted seedl ings was l e s s  
than 20 percent  due t o  an i n f e s t a t i o n  of Pales  
weevil.  A f t e r  p lan t ing ,  t h e  a rea  was f e r t i l i z e d  
with 250 pounds per acre  of 0-46-0 t r i p l e  
superphosphate. 

PHASE X 

Four burning techniques were t e s t e d  t o  determine 
t h e  wst f e a s i b l e  f o r  thinning a sapling-sized 
s tand.  Each of four  s tudy p l o t s ,  130 by 60 f e e t  
i n  s i z e ,  was burned by e i t h e r  a backing f i r e ,  
s t r i p  headf i re ,  f l ank ing  f i r e ,  o r  a spot  f i r e  with 
a 6 by 6 f o o t  spacing between spots .  Burns were 
conducted on January 17, 1986, 6 days a f t e r  a 
r a i n f a l l  of 0,56 inch. Burning began a t  12:OO pm 
with  a temperature of 70 degrees F, and a r e l a t i v e  
kuunidity of 42 percent.  Winds were from the 
sou theas t  a t  a speed of 4 t o  7 miles per hour, 
Surface f u e l s  were l i g h t  on a l l  plots .  However, 
d r i e d  broomsedge (Andropogon v i r g i n i c u s  L.) 
covered most of the a r e a  and c a r r i e d  the f i r e s .  

A s t r i p  headf i re  was conducted by s e t t i n g  a 
backing f i r e  followed by s t r i p s  a t  5 to  8 f o o t  
i n t e r v a l s .  Flame he igh ts  remained a t  2 t o  3 f e e t  
except where s t r i p s  came toge ther  and flames over- 
topped some t r e e s ,  This v a r i a b i l i t y  i n  f i r e  
i n t e n s i t y  was i n t e n t i o n a l  t o  k i l l  some t r e e s  while 
l eav ing  o thers .  

The backing f i r e  t rave led  i n t o  the  wind a t  a 
r a t e  s f  1.5 f e e t  per minute. Flante heights  
remained miform a t  I t o  2 f e e t  with no evidence 
of flames reaching the  lowest t r e e  limbs. The 
Backing f i r e  was intended t o  g i r d l e  the stems of 
small  diameter t r e e s  while leaving l a r g e r  t r e e s  
a l i v e .  

The f lank ing  f i r e  began wi th  a backing f i r e  per- 
pendicular  t o  the  wind, followed by severa l  f l a n k s  
aproximately 15 f e e t  long s e t  p a r a l l e l  t o  the  

wind, Resul t ing flames were v a r i a b l e  i n  he igh t ,  
ranging from 1 foo t  o r  l e s s  where f l anks  backed 
i n t o  the  wind t o  l e v e l s  above t ree tops  where 
f l anks  came together ,  A s  with a s t r i p  headf i re  
the  var iab le  f i r e  i n t e n s i t y  was i n t e n t i o n a l  ts 
k i l l  only a port ion of the s tand,  

The spot  f i r e  was s t a r t e d  f i r s t  with a backing 
f i r e ,  then spo ts  were s e t  on a 6 by 6 foo t  spacing 
while m v i n g  i n t o  the  wind, The method was 
intended t o  cover the  p lo t  with f i r e  quickly while 
pu t t ing  spo ts  c lose  enough t o  prevent flames of 
high i n t e n s i t y .  However, t h i .  method produced a 
high i n t e n s i t y  f i r e  over the  e n t i r e  p lo t  with f l a -  
m e s  overtopping most t rees .  Therefore, t h i s  
method was not considered feasab le  f o r  precomer- 
c i a 1  thinning i n  such young s tands  and was not 
included i n  subsequent measurements, 

An est imate of surv iva l  was conducted 2 weeks 
a f t e r  burning i n  p l o t s  where backing, s t r i p  head- 
f i r e ,  and f lanking f i r e s  were used. A random 
sample of 100 t r e e s  was s e l e c t e d  i n  each p lo t  and 
the  cambium of each t r e e  observed. Trees were 
assumed t o  be dead o r  dying i f  more than 50 per- 
cent  of the  circumference of the  cambium a t  ground 
l e v e l  was brown. Each t r e e  was t a l l i e d  as  a l i v e  
o r  dead and t o t a l  height  was measured. 

Resul ts  

Mor ta l i ty  by height  c l a s s  is compared f o r  t h r e e  
burning techniques i n  Figure 1 ,  For a l l  burning 
techniques,  mor ta l i ty  was high i n  the  two smal les t  
s i z e  c l a s s e s  ( l e s s  than 9 f e e t  and 9 t o  12 f e e t )  
and r e l a t i v e l y  low among the  l a r g e s t  t r e e s  (over 
12 f e e t ) ,  thus producing the  e f f e c t  of a thinning 
from below. Among the  l a r g e s t  t r e e s ,  surv iva l  was 
highest  with the  backing f i r e  (68.7 percent)  a s  
compared t o  the  f lanking f i r e  (50 percent)  and 
s t r i p  headf i re  (57.1 percent) .  Since the  f l ank ing  
and s t r i p  headf i res  produced v a r i a b l e  f i r e  inten-  
s i t i e s ,  some spo ts  were too heavi ly thinned while  
o thers  were not thinned enough. Thinning was most 
uniform over the  e n t i r e  p lo t  with the  backing 
f i r e .  Therefore, backing f i r e s  were se lec ted  f o r  
use i n  Phase XI of t h i s  study. 

Backing Fire 

9 - 12 feat 7i.7 

> 12 feet 

Flanking Fise 

< 9 feet  88.2 

9 - i2 feet 

> 12 feet: 

Str f g HeadP i r e  

< 9 feet 

9 - 12 flsat 

Figure 1.--Percent mor ta l i ty  by height  c l a s s  two 
weeks a f t e r  winter  prescribed f i r e s  of var ious 
techniques. 



PHASE I1 

The s t u d y  was e s t a b l i s h e d  a s  a s p l i t - p l o t  ran- 
domized complete block des ign  wi th  f i v e  r e p l i c a -  
t i o n s ,  two whole p l o t s  per r e p l i c a t i o n ,  and two 
s u b p l o t s  per whole p l o t .  Whole p l o t s  were 131 
f e e t  square  (0.4 a c r e )  and ass igned t o  blocks  on 
t h e  b a s i s  of having s i m i l a r  p re t r ea tmen t  s t o c k i n g  
and s i z e  d i s t r i b u t i o n s .  Each p l o t  w i t h i n  a r e p l i -  
c a t i o n  was randomly s e l e c t e d  t o  be burned o r  l e f t  
a s  an unburned c o n t r o l .  Whole p l o t s  were s p l i t  
i n t o  f e r t i l i z e d  and u n f e r t i l i z e d  s u b p l o t s  t o  
obse rve  t h e  i n t e r a c t i o n  of burning wi th  f e r -  
t i l i z a t i o n ,  which should a c c e l e r a t e  t h e  growth of 
dominant t r e e s ,  F e r t i l i z e d  s u b p l o t s  r ece ived  
t r i p l e  superphosphate  and u rea  a t  l e v e l s  of 25 
pounds P and 200 pounds N per acre .  

were conver ted t o  po in t  e s t i m a t e s  of d e n s i t y  by 
t h e  method of Thompson (1956). Measurement of 
d i s t a n c e  t o  t h e  n e a r e s t  t r e e  and t h e  n e a r e s t  l i v e  
t r e e  allowed a comparison of d e n s i t i e s  be fo re  and 
a f t e r  burning. 

The e f f e c t  of burning on t r e e  growth was s t u d i e d  
by comparing dbh and he igh t  growth between burned 
and c o n t r o l  p l o t s .  I n  each 0,04 a c r e  sample p l o t ,  
both  i n  f e r t i l i z e d  and u n f e r t i l i z e d  s u b p l o t s ,  t h e  
dbh and he igh t  of each of 40 t r e e s  was measured a t  
t h e  beginning and end of t h e  1986 growing season. 
Sample t r e e s  were s e l e c t e d  a s  t h e  l a r g e s t  on each 
sample p l o t  s i n c e  those  would be most l i k e l y  t o  
s u r v i v e  t h e  burning t r ea tmen t  and reach r o t a t i o n  
age. Paean subp lo t  dbh and h e i g h t  growth were com- 
pared by a n a l y s i s  of va r i ance .  

RESULTS AND DISCUSSION 
Burninn Condi t ions  

Backing f i r e s  were conducted on February 3 ,  1986, 
4 days  a f t e r  a r a i n  of 0.42 i n c h  and 7 days a f t e r  
a r a i n  of 0.91 inch.  Burning began a t  approxima- 
t e l y  12:30 pm w i t h  a temperature  of 70 degrees  F. 
and a r e l a t i v e  humidity of 38 percent .  Winds were 
from t h e  southwest a t  3 t o  5 mi les  per hour. 
Fue l s  a long t h e  ground were l i g h t  and moist  but. 
t h e  e n t i r e  s tudy a r e a  was covered wi th  d r i e d  
broomsedge which c a r r i e d  t h e  f i r e s .  Flames were 
g e n e r a l l y  1 t o  3 f e e t  i n  h e i g h t  ( 6  t o  26 
Btu/second/foot  us ing Byrams flame l e n g t h  index,  
Brown and Davis 1973). Occas iona l ly ,  flames 
reached 4 t o  5 f e e t  i n  h e i g h t  (116 t o  188 
Btu/second/foot)  where v e r t i c a l  f u e l s  (broomsedge 
and needle  drape)  were heavy. The mean r a t e  of 
sp read  over  a l l  r e p l i c a t i o n s  was 3 f e e t  per 
minute.  Burning was concluded a t  approximately 
1:30 pm. 

Measurements 

Measurements were t aken  i n  each of t h e  f i v e  
r e p l i c a t i o n s  t o  examine t h e  degree  of crown scorch  
and need le  consumption r e s u l t i n g  from backing 
f i r e s ,  s u r v i v a l  by s i z e  c l a s s ,  uniformity  of 
s t o c k i n g  be fo re  and a f t e r  burning,  and growth of 
s u r v i v o r s  i n  burned and c o n t r o l  p l o t s ,  I n  May 
1986, 3 months a f t e r  burning,  degree  of crown 
s c o r c h  and needle  consumption were e s t ima ted  f o r  
eve ry  t r e e  over f i v e  f e e t  t a l l  on a 0.04 a c r e  
sample p l o t  i n  each of t h e  10 burned subp lo t s .  
For each t r e e ,  t h e  he igh t  t o  t h e  bottom of t h e  
crown, h ighes t  po in t  of needle  consumption, 
h i g h e s t  node wi th  scorched need les ,  t o t a l  h e i g h t ,  
and dbh was measured, Crown scorch  and needle  
consumption were expressed a s  a percentage of t h e  
l e n g t h  of t h e  crown be fo re  burning. Each t r e e  was 
t a l l i e d  a s  a l i v e  o r  dead t o  compare s i z e  d i s t r i b u -  
t i o n s  before  and a f t e r  burning and t o  r e l a t e  mor- 
t a l i t y  t o  degree  of crown damage. 

Stocking l e v e l s  be fo re  and a f t e r  burning were 
e s t ima ted  a t  54 randomly s e l e c t e d  po in t s  
throughout  each burned p l o t  t o  examine uniformity  
of th inn ing .  The n e a r e s t  neighbor technique 
(C la rk  and Evans 1954) was used by measuring t h e  
p o i n t  t o  t h e  n e a r e s t  t r e e  ( e i t h e r  a l i v e  o r  dead) 
and t o  t h e  n e a r e s t  l i v e  t r e e .  Measured d i s t a n c e s  

M o r t a l i t v  and S i z e  D i s t r i b u t i o n  

Presc r ibed  burning reduced t h e  t o t a l  number of 
stems per  a c r e  from 6,800 t o  2,850 (58 pe rcen t ) .  
The h i g h e s t  m o r t a l i t y  r a t e s  were i n  t h e  lower 
diameter  (F igure  2) and h e i g h t  (Figure  3 )  c l a s s e s .  
M o r t a l i t y  was 88 percent  and 53 percent  i n  t h e  0.2 
inch  and 0,6 inch  diameter  c l a s s e s ,  r e s p e c t i v e l y .  
The 6 f o o t  h e i g h t  c l a s s  had 80 percent  m o r t a l i t y  
whi le  t h e  8 f o o t  c l a s s  had 47 percent .  M o r t a l i t y  
i n  t h e  upper dbh and he igh t  c l a s s e s  was nea r  zero.  

The p a t t e r n  of th inn ing  was s i l v i c u l t u r a l l y  
d e s i r a b l e ,  resembling a th inn ing  from below. 
Burning changed t h e  diameter  and he igh t  d i s t r i b u -  
t i o n  from a reverse-J  p a t t e r n ,  wi th  l a r g e  numbers 
of smal l  t r e e s ,  t o  a bell-shaped p a t t e r n  w i t h  
medium-sized t r e e s  being most f r equen t  ( F i g u r e s  2 
and 3 ) ,  As a r e s u l t ,  mean t r e e  dbh inc reased  from 
0.6 inch t o  0.9 inch  and mean t r e e  he igh t  
inc reased  from 7.3 f e e t  t o  8.4 f e e t .  Even though 
burning s u b s t a n t i a l l y  reduced t h e  t o t a l  number of 
s tems,  t h e  s t and  was s t i l l  dense. A burn of 
somewhat h igher  i n t e n s i t y  may k i l l  more t r e e s  i n  
t h e  smal l  s i z e  c l a s s e s ,  t hus  b e t t e r  improving 
growing cond i t ions  f o r  t h e  l a r g e r  su rv ivors .  
These r e s u l t s  c l o s e l y  resemble those  of McNab 
(1977) i n  a much o l d e r  (17.5 yea r s )  l o b l o l l y  pine  
s t and .  

Crown Damage and Mor ta l i ty  

Crown damage due t o  backing f i r e s  was heavy i n  
a l l  s tudy p l o t s ,  Over 5,500 t r e e s  per a c r e  (81 
pe rcen t )  recieved a t  l e a s t  40 percent  crown s c o r c h  
whi l e  over 4,200 t r e e s  per a c r e  (62 pe rcen t )  were 
t o t a l l y  scorched. Even though crown s c o r c h  was 
heavy, t h e  inc idence  of needle  consumption was 
low. Only 26 percent  of a l l  t r e e s  showed evidence 
of needle  consumption, 

Severa l  s t u d i e s  have shown m o r t a l i t y  of pole- 
s i z e d  o r  l a r g e r  pines  wi th  seve re  crown scorch  
(Storey and Merkel 1960; Methven 1971; V i l l a r r u b i a  
and Chambers 1978; and Waldrop and Van Lear 1984). 
When working wi th  t r e e s  g e n e r a l l y  l e s s  than  20 
f e e t  t a l l ,  Wade (1985) found t h a t  degree  of need le  
consumption was a b e t t e r  p r e d i c t o r  of m o r t a l i t y  
than  crown scorch.  We showed t h a t  s u r v i v a l  was 
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Figure 2,--Change i n  diameter (dbh) d i s t r i b u t i o n  
of a 4-year-old l o b l o l l y  pine s tand a f t e r  a win te r  
backing f l r e ,  
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Figure 3.--Change i n  he igh t  d i s t r i b u t i o n  of a 
4-year-old l o b l o l l y  pine s tand  a f t e r  a winter  
backing f i r e .  

less than 50 percent  among t r e e s  with 20 percent  
needle  consumption o r  more. Figure 4 shows the 
r a t e  of m o r t a l i t y  of t r e e s  with var ious  degrees of 
crown scorch and needle consumption i n  t h i s  study. 
Mor ta l i ty  was low among t r e e s  with l e s s  than 80 
percent crown scorch. Above t h e  80 percent crown 
scorch  l e v e l ,  m o r t a l i t y  becomes very high. 
S imi la r  t o  Made" f ind ings ,  m o r t a l i t y  was over 50 
percent  when needle conswpt ion  was 20 percent o r  
more, 

Mor ta l i ty  occurred even a t  low l e v e l s  of crown 
scorch  (F igure  4 1 ,  i n d i c a t i n g  t h a t  crown damage 
may not be t h e  only cause of mor ta l i ty .  McNab 
(1977) and Nickles e t  al. (1981) found a s t rong  
c o r r e f a t i c i l  between s u r v i v a l  and bark thickness  a t  
t h e  root  c o l l a r ,  suggest ing t h a t  m o r t a l i t y  was 
caused by stem damage. Although not conclusive,  
t h e s e  d a t a  suggest  t h a t  m o r t a l i t y  a f t e r  a backing 
f i r e  i n  a sapl ing-sized s tand may be caused by 
both crown and stem damage. 

Pct Mortality 

Pct Crown Scorch end Needle Consumption 
Figure 4.--Percent m o r t a l i t y  by percent crown 
scorch and needle consumption a f t e r  a winter  
backing f i r e .  

Uniformity of Stocking 

The percentage of t h e  t o t a l  s tudy a r e a  stocked 
a t  va r ious  l e v e l s  before  and a f t e r  burning is 
shown i n  Table 1. Before burning, the  major i ty  
(80.1 percent)  of the  s tudy a rea  was overstocked. 
For the  purpose of t h i s  paper, overstocked is 
def ined a s  1600 stems per a c r e  o r  more, Af te r  
burning, the  major i ty  of t h e  a r e a  (54.3 percent)  
was stocked a t  l e v e l s  of 400 t o  1,200 stems per 
a c r e ,  which a r e  acceptable  f o r  many f o r e s t  pro- 
ducts .  The remaining 45.7 percent of the  a rea  was 
s t i l l  overstocked with d e n s i t i e s  as  high as  12,000 
stems per ac re ,  y i e l d i n g  a mean of 2,850 stems per 
acre .  However, a s i n g l e  prescr ibed backing f i r e  
e f f e c t i v e l y  lowered s tock ing  l e v e l s  over the 
e n t i r e  s tudy area.  I n  a d d i t i o n ,  a reas  t h a t  were 
understocked (fewer than 400 stems per ac re )  were 
e s s e n t i a l l y  absent.  The absence of understocked 
a r e a s  i n d i c a t e s  t h a t  backing f i r e s  a r e  p re fe rab le  
t o  f l ank ing  and s t r i p  headf i res  where hot  s p o t s  
and, the re fore ,  a reas  of high m o r t a l i t y  a r e  more 
frequent .  

Table 1.--Percentage of the  t o t a l  s tudy a rea  
stocked a t  va r ious  d e n s i t i e s  before  and af l e r  
burning. 

Stems per Before Af te r  
Acre Burning Burning 

(Pet) (Pet 1 
400 3.5 27,9 
800 10.0 17-1 

1200 6 , s  9,3 
1600-6 80.0 45.7 
Tota l  100 100 



Tree Growth A;?SD CONCLUSIONS 

When crown damage from burning is h igh ,  a s  wi th  
t h i s  s t u d y ,  pine growth is of t e n  reduced (Johansen 
1975 and 1984; McCulley 1950), Johansen and Wade 
(1985) r epor ted  t h e  l o s s  of an e n t i r e  y e a r f  s 
d i a m e t e r  growth i n  t r e e s  wi th  seve re  crown scorch,  
I n  t h i s  s tudy ,  an a n a l y s i s  of v a r i a n c e  showed 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  mean diameter  growth of 
sampled t r e e s  i n  burned and unburned s tudy  p l o t s ,  
r e g a r d l e s s  of whether they had been f e r t i l i z e d  
(Tab le  2 ) .  F e r t i l i z a t i o n  s i g n i f i c a n t l y  inc reased  
d i a m e t e r  growth on burned and unburned p l o t s .  

Table  2.--Diameter (dbh) and he igh t  growth one 
growing season a f t e r  a win te r  backing f i r e .  

Treatment DBH Growth Height Growth 
( i n )  ( f e e t )  

Burned - No F e r t i l i z e r  0.31 a' 1.8a 
Unburned - No F e r t i l i z e r  0.37 a 2.7 b 
Burned - F e r t i l i z e d  0.47 b 2,Oa 
Unburned - F e r t i l i z e d  0.48 b 2.6 b 

1 
Means followed by t h e  same l e t t e r  w i t h i n  a 

column a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  
5 pe rcen t  l e v e l .  

He igh t  growth of sample t r e e s  was adverse ly  
a f f e c t e d  by a s i n g l e  w i n t e r  backing f i r e  (Table 
2 ) .  I n  p l o t s  t h a t  were not  f e r t i l i z e d ,  he igh t  
growth averaged 2.7 f e e t  i n  unburned c o n t r o l s  t h e  
y e a r  a f t e r  burning a s  compared t o  only  1.8 f e e t  i n  
burned p l o t s .  F e r t i l i z a t i o n  had no a f f e c t  on 
h e i g h t  growth which is c o n s i s t a n t  wi th  t h e  f i n -  
d i n g s  of McKee and o t h e r s  (1986). 

S i n c e  burning reduced he igh t  growth but  not  
d iamete r  growth, i t  is assumed t h a t  i n  h igh ly  
scorched  t r e e s  carbohydrates  s t o r e d  over  win te r  
were used f o r  need le  product ion and some diameter 
growth,  r a t h e r  than stem e longa t ion .  Therefore ,  
h e i g h t  growth may have been minimal dur ing t h e  
f i r s t  f l u s h  of buds and t r e e s  i n  burned p l o t s  
lagged behind t h o s e  i n  c o n t r o l  p l o t s .  A c l o s e  
comparison of t h e  number of f l u s h e s  and t h e  stem 
l e n g t h  between f l u s h e s  of t r e e s  i n  burned and 
c o n t r o l  p l o t s  would g i v e  b e t t e r  i n s i g h t  i n t o  t h e  
e f f e c t  burning had on h e i g h t  growth, 

Even though some h e i g h t  growth was l o s t  t h e  yea r  
a f t e r  burning,  t h e  l o s s  was l e s s  than expected. 
I n  u n f e r t i l i z e d  p l o t s ,  he igh t  growth was reduced 
by 33 pe rcen t  i n  burned p l o t s  as compared t o  
c o n t r o l s .  I n  a d d i t i o n ,  compet i t ion among t r e e s  
w i l l  be g r e a l t y  reduced. There fo re ,  growth r a t e s  
of i n d i v i d u a l  t r e e s  can be expected t o  be g r e a t e r  
i n  burned p l o t s  than i n  c o n t r o l s  dur ing  f u t u r e  
yea r s .  Close moni tor ing of t r e e  growth and s t and  
dynamics i n  t h e s e  s t u d y  p l o t s  over  t h e  next  few 
y e a r s  w i l l  provide a longer-term e v a l u a t i o n  of 
p r e s c r i b e d  f i r e  f o r  precommercial th inn ing ,  

A comparison of backing, f l a n k i n g  , s p o t ,  and 
s t r i p  headf i r e s  showed t h a t  each acted a s  a 
th inn ing  from below with  high m o r t a l i t y  i n  sma l l  
t r e e  s i z e  c l a s s e s .  Backing f i r e s  provided the  
h ighes t  s u r v i v a l  r a t e s  among t h e  l a r g e s t  t r e e s  and 
t h e  most uniform th inn ing  throughout t h e  s tudy  
p l o t ,  Therefore ,  backing f i r e s  were chosen f o r  
cont inued s tudy i n  t h i s  n a t u r a l  4-year-old 
l o b l o l l y  pine s tand.  

A win te r  backing f i r e  reduced t h e  number of 
stems per a c r e  from 6,800 t o  2,850. The p a t t e r n  
of th inn ing  was s i l v i c u l t u r a l l y  d e s i r a b l e  s i n c e  
t h e  diameter  and h e i g h t  s i z e  d i s t r i b u t i o n  was 
changed from a reverse-J  t o  a bell-shaped p a t t e r n ,  
Also, mean t r e e  h e i g h t  and diameter  were 
increased.  Crown scorch  was h igh  throughout 
burned p l o t s  but  needle  consumption was i n f r e -  
quent.  M o r t a l i t y  was most common among t r e e s  w i t h  
a t  l e a s t  80 percent  crown scorch  and/or some 
degree  of needle  consumption. Burning improved 
t h e  uniformity  of s tock ing  s i n c e  understocked 
a r e a s  were e s e n t i a l l y  absen t  and overs tocked a r e a s  
were l e s s  f r equen t  than  be fo re  burning. However, 
almost ha l f  of t h e  a r e a  remained overs tocked.  
Diameter growth dur ing  t h e  year  a f t e r  burning was 
no t  a f f e c t e d  but  h e i g h t  growth was reduced by 33 
percent  (2.7 f e e t  i n  c o n t r o l  p l o t s  vs. 1-8 f e e t  i n  
burned p l o t s ) .  
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RELATING WILDLAND FIRE TO DEFOLIATION AND MORTALITY I N  P I N E "  
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ABSTRACT,--Numerous a c c o u n t s  i n  t h e  l i t e r a t u r e  demons t r a t e  
t h a t  t h e  e f f e c t s  o f  f i re  on North American p i n e s  are h i g h l y  
v a r i a b l e ,  I n  some c a s e s  trees wi th  s e v e r e  crown s c o r c h  s u r v i v e  
and grow more r a p i d l y ,  w h i l e  i n  o t h e r  c a s e s  e x t e n s i v e  m o r t a l i t y  
r e s u l t s ,  Three  o f  t h e  most i n p o r t a n t  f a c t o r s  a f f e c t i n g  a  
tree's re sponse  t o  f i r e  a r e  t h e  t iming  o f  d e f o l i a t i o n ,  l e v e l  o f  
d e f o l i a t i o n ,  and s p e c i e s  d i f f e r e n c e s  i n  bud development,  An 
ongoing f i e l d  s t u d y  des igned  t o  a s s e s s  t h e  importance  sf 
d e f o l i a t i o n  l e v e l  and t iming  upon s o u t h e r n  p i n e  s u r v i v a l  and 
growth is  desc r ibed .  

The l i t e r a t u r e  c o n t a i n s  numerous a c c o u n t s  o f  
f i re  and  its e f f e c t s  on t h e  p i n e  f o r e s t s  o f  North 
America. T h i s  e x t e n s i v e  d a t a  base  s p a n s  a pe r iod  
o f  more t h a n  100 y e a r s  and r a n g e s  from s imple  
r e c o l l e c t i o n s  t o  r e p l i c a t e d  l a b o r a t o r y  s t u d i e s .  
The f u l l  range o f  p l a n t  r e sponses  t o  a l l  b u t  t h e  
most i n t e n s e  f i r e s  can  be found. D i f f e r i n g  
r e s p o n s e s  t o  f i re  a r e  caused by a  h o s t  o f  
f a c t o r s ,  many o f  which a r e  mentioned i n  Wade and 
Johansen (1986) .  We s p e c u l a t e  t h a t  t h r e e  o f  t h e  
most i m p o r t a n t  f a c t o r s  a f f e c t i n g  s u r v i v a l  and 
subsequen t  growth a r e  t h e  t iming  o f  d e f o l i a t i o n ,  
l e v e l  o f  d e f o l i a t i o n ,  and s p e c i e s  d i f f e r e n c e s  i n  
bud development.  These f a c t o r s  a r e  d i s c u s s e d  i n  
t h i s  pape r .  I n  a d d i t i o n ,  a n  ongoing f i e l d  s t u d y  
des igned  t o  a s s e s s  t h e  importance  o f  d e f o l i a t i o n  
upon s o u t h e r n  p i n e  s u r v i v a l  and growth is 
o u t l i n e d .  Growth d i f f e r e n c e s  3 months a f t e r  
d e f o l i a t i o n  and v i s u a l  impress ions  6  months a f t e r  
d e f o l i a t i o n  a r e  d e s c r i b e d .  

BACKGROUND 

P l a n t  t i s s u e  is k i l l e d  when its l e t h a l  
t ime- temperature  combinat ion is reached ,  A 
commonly accep ted  t empera tu re  f o r  near-  
i n s t a n t a n e o u s  d e a t h  is 1 4 0 ' ~  (Byram 1948) .  
Temperatures  o f  1 1 5 ' ~  w i l l  a l s o  k i l l  p l a n t  
c e l l s  if t h e y  a r e  s u s t a i n e d  f o r  s e v e r a l  hour s  
accord ing  t o  work reviewed by Hare ( 1961 ) and 

'paper  p r e s e n t e d  a t  t h e  Four th  B i e n n i a l  
Sou the rn  S i l v i c u l t u r a l  Research Conference,  
A t l a n t a ,  Georgia,  November 4-6, 1986. 

*pro  t Leader and Research F o r e s t e r ,  
r e s p e c t i v e l y ,  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 ,  Southern  F o r e s t  F i r e  Labora to ry ,  Dry 
Branch, GA 31020. 

McRrthur (1980) ,  b u t  p r e s c r i b e d  burns  are n o t  
l i k e l y  t o  e l e v a t e  t empera tu res  f o r  t h a t  l o n g  a  
pe r iod .  Yellow t o  bronze f o l i a g e  i rnned ia t e ly  
a f t e r  a f i r e  is  a s u r e  i n d i c a t o r  t h a t  a  l e t h a l  
h e a t  dose  was a p p l i e d ;  t h e  d i s c o l o r e d  n e e d l e s  
a r e  i n  f a c t  dead,  Charred or  p a r t i a l l y  consumed 
n e e d l e s  i n d i c a t e  t h a t  t h e  i g n i t i o n  t empera tu re  o f  
c e l l u l o s e  ( abou t  450' F )  was reached. These  
m o r t a l i t y  and i g n i t i o n  t h r e s h o l d s  a r e  
i n c r e a s i n g l y  l i k e l y  t o  be  met a s  t h e  ambient  a i r  
t empera tu re  i n c r e a s e s .  Summer f i r e s  oEten o c c u r  
when ambient t empera tu res  are 30 t o  60 F h i g h e r  
t h a n  t h o s e  a s s o c i a t e d  w i t h  w i n t e r  f i r e s .  
Moreover, t empera tu res  o f  t h e  upper  tree crowns 
can  be h i g h e r  than  t h e  su r round ing  a i r  due  t o  
s o l a r  h e a t i n g .  Thus,  l i t t l e  a d d i t i o n a l  h e a t  is 
r e q u i r e d  t o  r a i s e  n e e d l e s  t o  t h e i r  l e t h a l  
t empera tu re  t h r e s h o l d  d u r i n g  summer burns .  

Even wi th  c o o l  w i n t e r  t empera tu res ,  s o u t h e r n  
p i n e s  can s u f f e r  complete crown sco rch ,  b u t  t h e y  
a l s o  r o u t i n e l y  s u r v i v e  provided they  a r e  l a r g e r  
t h a n  about  2 i n c h e s  d.b.h. and no  f o l i a g e  is 
a c t u a l l y  consumed, Crown damage from fires 
d u r i n g  t h e  growing s e a s o n  is g e n e r a l l y  more 
s e v e r e ,  and its consequences  a r e  more s e r i o u s .  
We b e l i e v e  t h i s  d i f f e r e n t i a l  s u r v i v a l  between 
s e a s o n s  is p r i m a r i l y  a  f u n c t i o n  o f  bud-k i l l .  
When b u d - k i l l  is combined w i t h  d e f o l i a t i o n ,  a  
much more l i f e - t h r e a t e n i n g  s i t u a t i o n  e x i s t s .  
Crown s c o r c h  does  n o t  a u t o m a t i c a l l y  s i g n i f y  
bud-k i l l  i n  t h e  f o u r  major s o u t h e r n  p i n e  s p e c i e s  
because  t h e  buds o f  t h e s e  s p e c i e s ,  e s p e c i a l l y  
l o n g l e a f  ( P i n u s  p a l u s t r i s  M i l l . ) ,  a r e  t h i c k e r  
than  t h e  n e e d l e s ,  Because t h e  r a t e  o f  
t empera tu re  r i s e  is  i n v e r s e l y  p r o p o r t i o n a l  t o  
t h i c k n e s s ,  e i t h e r  h i g h e r  t empera tu res  o r  lower  
s u s t a i n e d  t empera tu res  a r e  necessa ry  t o  k i l l  t h e  
buds o f  such s p e e i e s .  There a r e  no obv ious  s i g n s  
t o  e n a b l e  an  o b s e r v e r  on t h e  ground t o  
d i f f e r e n t i a t e  between comple te ly  scorched trees 
wi th  and wi thou t  bud damage i f  need les  have n o t  
been consumed, 



For  s p e c i e s  wi th  need les  a t  l e a s t  equa l  t o  
t h e i r  buds i n  th ickness ,  crown scorch is a 
r e l i a b l e  i n d i c a t o r  o f  crown k i l l ,  These s p e c i e s  
a l s o  tend do have f i n e  branches which a r e  e a s i l y  
h e a t - k i l l e d ,  even though t h e  branch t i p s  may 
temporar i ly  su rv ive  because t h e  needle  c l u s t e r s  
form a p r o t e c t i v e  shea th  around them. Regardless  
o f  t h e  p r o t e c t i v e  mechanism, a  given t r e e  is much 
more l i k e l y  t o  s u f f e r  crown damwe dur ing  a  

r fire because of  h igher  ambient 
temperatures .  

BUB DEVELOPFfENT Am T I M I N G  OF DEFOLIATION 

Most nor thern  temperate  zone p ines  have 
preformed buds, That is,  t h e i r  win te r  buds 
con ta in  a l l  t h e  unexpanded shoots  f o r  t h e  
fol lowing season" growth. These s p e c i e s  a r e  
thus  confined t o  a  s i n g l e  growth f l u s h  each 
year.  A f t e r  dormancy is broken i n  t h e  s p r i n g ,  
t h e  s h o o t s  e longa te  f a i r l y  r a p i d l y  (1  t o  2 
months) and then form nex t  year" buds. 

The f o u r  major sou thern  pine s p e c i e s ,  on t h e  
o t h e r  hand, undergo m u l t i p l e  f l u s h e s  because 
t h e i r  w i n t e r  buds do n o t  con ta in  a l l  t h e  shoot  
primordia f o r  t h e  fol lowing growing season. When 
dormancy is broken i n  t h e  s p r i n g ,  t h e  t e rmina l  
bud expands i n t o  a  shoot  and a  second bud forms 
a t  t h e  apex of  t h e  shoot .  That bud e longa tes  t o  
extend t h e  i n i t i a l  shoo t ,  and another  bud is  
formed. Southern p ines  g e n e r a l l y  undergo t h r e e  
t o  f o u r  f l u s h e s  during t h e  growing season 
al though a s  many a s  seven have been recorded i n  
t h e  l i t e r a t u r e  ( V d e l e y  and Marreso 1958). 
Depending upae s p e c i e s  and environmental 
cond i t ions ,  t h e  buds t h a t  form a f t e r  t h e  f i r s t  
f l u s h  may open i m e d i a t e l y  upon formation o r  
a f t e r  varying per iods  o f  time (Romberger 1963). 
Defo l ia t ion ,  e s p e c i a l l y  e a r l y  i n  t h e  growing 
season, h a s  been shown t o  s t i m u l a t e  t h e  rap id  
opening o f  buds r e g a r d l e s s  o f  whether t h e  s p e c i e s  
has  preformed buds o r  is mult inodal .  L a t e r  i n  
t h e  summer, however, d e f o l i a t i o n  w i l l  n o t  e l i c i t  
t h e  same response--apparently due t o  a shor ten ing  
of  t h e  photoperiod, s o  t h e  d e f o l i a t e d  t r e e  
remains naked u n t i l  t h e  fol lowing spr ing.  

Complete d e f o l i a t i o n  of  any evergreen h a s  
d i r e  consequences with damage a  func t ion  o f  t h e  
l eng th  o f  time t h e  t r e e  is without f o l i a g e .  It 
has  been demonstrated t h a t  r o o t  system recovery 
a f t e r  d e f o l i a t i o n  is d i r e c t l y  r e l a t e d  t o  t h e  
l eng th  of  t ime t h e  t r e e s  a r e  d e f o l i a t e d .  
Kozlowski (1971) p r e s e n t s  a  synopsis  o f  t h e  
evidence t h a t  shows r o o t  growth i s  governed by 
t h e  supply o f  photosynthet ic  products  and growth- 
r e g u l a t i n g  hormnes  from t h e  crown. The 
reduc t ion  i n  l i v e  r o o t  mass fol lowing severe  
i n s e c t  d e f o l i a t i o n  is well  documented (Swain and 
Craighead 1924, Redmond 1959, Gregory and Wargo 
1986). However published d a t a  r e b a t i n g  f i r e  
d e f o l i a t i o n  t o  ((rau&h responses a d  mortality 

a r e ,  a t  f i r s t  g lance ,  without p a t t e r n  and i n  some 
i n s t a n c e s  appear ts be con t rad ic to ry .  Separa t ion  
o f  t h i s  l i t e r a t u r e  by season o f  d e f o l i a t i o n  and 
bud development markedly c l a r i f i e s  t h e  p i c t u r e .  
I n  s p e c i e s  with p r e s e t  buds, complete d e f o l i a t i o n  
any time dur ing  t h e  growing season w i l l  r e s u l t  i n  
d e a t h  (e.g. Craighead 1940, O t N e i l  1962, Metbven 
1971), while  i n  t h e  mult inodai  southern p ines ,  
t h e  d a n w e  is most severe  fol lowing d e f o l i a t i o n  
l a t e  i n  t h e  growing season (Allen 1960, Beal 
1942, Bruce 3 956, Wade and Ward 4 9 7 5 )  , 

FIELD STUBY 

I n  an at tempt  t o  determine t h e  importance o f  
season and l e v e l  of  d e f o l i a t i o n  and t o  a s s e s s  Lhe 
magnitude and d u r a t i o n  o f  any growth responses  i n  
sou thern  p ine ,  we i n s t a l l e d  a  d e f o l i a t i o n  s t u d y  
i n  4-year-old l o b l o l l y  pine (P. t aeda  L.) and 
s l a s h  p ine  ( P ,  e l l i o t t i i  Engelm.) p l a n t a t i o n s .  A 
f a c t o r i a l  experiment (4x5) with a  random mixed 
block des ign  was e s t a b l i s h e d  a t  4 l o c a t i o n s  ( 2  
per  s p e c i e s ) ,  F i f t e e n  blocks were used a t  each 
loca t ion .  One of  f i v e  l e v e l s  o f  d e f o l i a t i o n  ( 0 ,  
33, 66, 95, o r  100 percen t )  and one o f  f o u r  
seasons o f  d e f o l i a t i o n  (January,  Apr i l ,  J u l y ,  o r  
October) were assigned t o  each o f  20 t r e e s  w i t h i n  
a  block, Needles were hand removed during t h e  
f i r s t  2  weeks o f  each t reatment  month. 

Pretreatment  d.b.h, and he igh t  were measured 
on a l l  1200 t r e e s  dur ing  t h e  1985-86 dormant 
season. The Apr i l ,  J u l y ,  and October d e f o l i a t i o n  
took p l a c e  a s  scheduled, While applying t h e  
October t r ea tments ,  we formed s e v e r a l  v i s u a l  
impressions regarding t h e  t r e e s  d e f o l i a t e d  
e a r l i e r  i n  t h e  growing season. Those t r e e s  
d e f o l i a t e d  6 months p rev ious ly  ( A p r i l )  had a l l  
r e f o l i a t e d ,  undergone s e v e r a l  f l u s h e s ,  and looked 
hea l thy ,  The t r e e s  d e f o l i a t e d  i n  J u l y ,  on t h e  
o t h e r  hand, had a l l  r e f o l i a t e d  but had no t  
undergone a s  many pos t -defo l ia t ion  f l u s h e s  and, 
t h u s ,  had s p a r s e r  crowns, Tn many i n s t a n c e s  the 
need les  on t h e  J u l y  t r e e s  a l s o  appeased t o  be  
somewhat c h l o r o t i c ,  

Heights and d .b ,h .*s  o f  t h e  t r e e s  d e f o l i a t e d  
i n  Apr i l  were remeasured i n  Ju ly .  Growth 
d i f f e r e n c e s  between d e f o l i a t i o n  l e v e l s  a r e  
s t r i k i n g  (Table 1 ) .  Three-nonth diameter  growth 
was commensurate with t h e  l e v e l  of  d e f o l i a t i d n ,  
Diameter growth of  t h e  coaapletehy d e f o l i a t e d  
t r e e s  was 34 and 36 percent  of  t h e  non-defol ia ted 
t r e e s  f o r  lob lob ly  and s l a s h  pine,  ~ e s g e e t i v e l y ,  
The same genera l  t r end  was found i n  he igh t  
growth, though s p e c i e s  d i f f e r e n c e s  were greater-- 
62 percen t  i n  slash pine and 45 percen t  i n  
l o b l o l l y  pine.  l a  t h r e e  o f  t h e  f o u r  locations,  
t r e e s  t h a t  had t h e  lower 33 percent  of t h e i r  
crowns removed outgrew t h e  c o n t r o l s  i n  he igh t  
dur ing  t h e  f i r s t  h a l f  sf' t h e  growing season, A i l  
t r e e s  a r e  scheduled for  remeasurement during t h e  
3986-87 and 7987-88 dormant seasons, 



Tab le  1.--Three-month growth r e s p o n s e s  o f  s o u t h e r n  p i n e  s u b j e c t e d  t o  f i v e  
l e v e l s  o f  d e f o l i a t i o n  d u r i n g  e a r l y  A p r i l  1986. 

I I 

I DBH t Height 
Loca t ion  f P e r c e n t  D e f o l i a t i o n  I P e r c e n t  D e f o l i a t i o n  

S l a s h  p i n e  f I 

GA For ,  Comm, f 100 100 7 3  43 46 1 100 99 85 79 63  
Waycross, GA I I 

I I 
1- -- -- 

I 
I 

S l a s h  p i n e  f I 

Union Camp Corp. 1 100 82 44 35 26 f 100 100 99 67 6  1  
P a l a t k a , F L  f I 

L o b l o l l y  p i n e  f I 

I n t .  Paper  Co, 1 100 79 70  47 34 1 100 100 94 67 5 3 
Bainbr idge ,  GA f I 

1 I 
8 -  

I t 

L o b l o l l y  p i n e  I t 

Westvaco Corp. f 100 82 65 40 32 1 700 102 77 59 3 8 
B r a n c h v i l l e ,  SC I t 

1 t 

' ~ x p r e s s e d  a s  a  pe rcen tage  o f  t h e  growth o f  t r e e s  wi th  no d e f o l i a t i o n .  

A l l  s t u d y  t r e e s ,  i n c l u d i n g  t h o s e  comple te ly  
d e f o l i a t e d  a t  t h e  beginning o f  t h e  growing season  
o r  hal fway through t h e  season ,  had r e f o l i a t e d  and 
were a l i v e  a s  o f  e a r l y  October ,  However, bo th  
d i a m e t e r  and h e i g h t  growth had been s e v e r e l y  
r e t a r d e d ,  e s p e c i a l l y  w i t h  t h e  more s e v e r e  l e v e l s  
o f  d e f o l i a t i o n .  A t  t h i s  t ime  we can o n l y  
s p e c u l a t e  on f u t u r e  growth l o s s e s  o r  m o r t a l i t y ,  
a l though  some o f  t h e  J u l y  d e f o l i a t e d  t r e e s  show 
s i g n s  o f  trauma i n  t h e  f o r n  o f  yel lowing i n  t h e  
new-growth need les .  When t h e  f u l l  impact o f  
t h e s e  crown damage t r e a t n e n t s  h a s  been a s s e s s e d ,  
t h e  r e s u l t s  w i l l  have obvious  i m p l i c a t i o n s  i n  t h e  
s c h e d u l i n g  o f  p r e s c r i b e d  f i r e  a s  w e l l  a s  i n  
i n t e r p r e t i n g  l i t e r a t u r e  r e p o r t s  on n f i r e  
t r e a t m e n t n  used t o  measure f i re  e f f e c t s .  
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Abstract. Stand m m s i t i o n  and s t ructure  a r e  evaluated in  nine SppdLachian 
oak stands along a topographic m i s tu r e  gradient seven years a f te r  c lear  
fell ing. S i te  index ranged from 37 t o  71 (base age 50 for  upland oaks) . Seven 
years a f t e r  harvest, the  number of well-established oak stm of advanced 
regeneration origin was larger i n  stands of s i t e  index 55-65 and smaller in 
sites of higher and lower quality. An accelerated ra te  of canow closure 
occurred with increasing s i t e  quality, and stump sprouts were substantially 
t a l l e r  than seedling sprouts or  advanced regeneration. The abundance of various 
types of oak regeneration varied with s i t e  quality. Canopy closure has occurred 
on the medium- and higher-quality sites. Low-quality s i t e s  a r e  poorly stocked, 
and oak sprouts remain m l t i p l e - s t d  in  apparance because of l i t t le 
competition from the sides. Pines have begun t o  seed in  the open areas, but due 
t o  the i r  low numbers it appears tha t  oaks w i l l  dominate the s i t es .  Quantitative 
results characterizing stand composition and structure a re  presented. 

The deeply dissected terrain of the  Ridge and 
Valley Physiographic Province of Virginia 
exhibits large variations in  s i t e  quality. 
Associated with these changes i n  s i t e  quality 
a re  noticeable changes in  overstory and 
understory composition in  60-to 80-year-old 
second growth forests  (McEvoy e t  a l .  1980). 
Variation in  conposition and growth across 
sites should also be evident following 
disturbance, reflecting the differences i n  s i t e  
characteristics (amount of l i t t e r ,  radiation, 
etc.) and/or s i t e  potential. 

The Ridge and Valley is characterized by a 
se r ies  of northeast t o  southwest tending ridges 
separated by wide valleys. The midslope 
positions on southeastern exposures a re  
dominated by various mixtures of chestnut oak 

L.), scar 
lack oak 

(Braun 1950; Whittaker 1956; Day and Monk 1977; 
McEvoy et al. 1980). The proportions of these 
species vary with changes i n  s i t e  quality 
(Braun 1950; Whittaker 1956; McEvoy e t  al. 
1980) . Ch the dr ier  south-to-southwest facing 

hape r  presented a t  Southern 
Silvicultural Research Conference, Atlanta, 
Georgia, IiJov?ntber 4-6, 1986. 

Grad. Res. Asst., Grad. R e .  Asst., 
Prof., Dept. of Forestry, Virginia Polytechnic 
Ins t i tu te  and State Univ., Rlacksburg, VA; 
Assoc. Prof,, D q k .  of Forestry, Michigan Tech 
University, Houghton, M I .  

ridges and slopes, pitch pine ( 
M i l l . )  and Table Mountain pine 
lAb. increase i n  n-er while black oak 
decreases. 

There is a significant acreage dominated by 
poor quality upland hardwoods, and there 
appears t o  be potential t o  inprove both the  
quality and quantity of stems following 
clearcutting. Several studies have quantified 
the effects  of harvesting on upland hardwood 
sites (Lamson 1976, Mann 1984, M a e  1980). The 
objective of t h i s  study was t o  quantify canow 
developanent and species composition across s i t e  
qual i t ies  i n  Appalachian upland hardwood stands 
7 years a f te r  clearcutting. The present study 
is part of a long term project ini t ia ted i n  
1977 by Virginia Polytechnic Ins t i tu te  and 
State  University i n  coopration with the U.S. 
Forest Service t o  study the  effects  of 
whole-tree harvesting on upland hardwood 
stands. 

The study is located a t  a midslope position 
on the southeast slope of mtts  Mountain in 
Craig County, Virginia. The approximate 
elevation is 2500 feet ,  and slopes average 30 
t o  40 percent. Parent materials a re  nutrient 
poor sandstones and shales and usually give 
r i s e  t o  coarse-textured, stnallow, and strongly 
leached so i l s  (Norin 1978). Annual 
precipitation is 38 inch- and is evenly 
distributed throughout the year. The 
frost-free growing season is approximately 160 
days. The range i n  s i t e  quality is from S 
37 t o  SI 71 for upland oaks. A l l  site i n  k 
referend8 refer t o  tha t  of upland oaks a t  base 

SEJDY AREA 



ed from the curves of Olson 
(1 959) , 

The study sites were characterized by the 
study s i t e s  *re charaderized by the overstory 
species mix as well as the  quantity and 
c o w s i t i o n  of the understoq. Four d i s t inc t  
vegetation r e  delineated --- mix e, 
mixed oak-p ed oak, and mixed ha 
(McEVoy e t  a l e  1980) , Ross (1982a) app 
separate productivity indicies t o  the 
vegetation types and found a gradient of 
increasing growth potential in the order mixed 

* ec-i oak-pine, m i x e d  oak, and mixed 
, Meiners (1981) found the 

productivity g r d i e n t  t o  be closely related t o  
s o i l  moisture during the growing season. 

The mixed pine s i t e ,  SI 37, is 
characterized by an overs28ry dominated by pine 
with a few oaks scattered throughout (McEvoy e t  
a l .  1980). A dense shrub layer dominated by 
ericads and bear oak ( Wang.) is 
also present, The mix i t e ,  SI 49 
upland oak, has an overstory predominated 8y 
oak with a few scattered pines. The 
well-developed 
muntain l m  

ericaceous understory, The mixed hardwood 
s i t e ,  SI 71, is dornhated by m r e  mesic 
species 28ch as red maple (Acer rubrurn L.) 
yellow-poplar ( 
black locust ( 
shrub stratum is poorly developed, but the herb 
layer is well-reprsented. 

Nine 0.40 acre plots were established in  the 
f a l l  of 1977 and the spring of 1978. The plots 
were located along a 3.3 mile midslope road in  
3 nonwntiguous cutting units total l ing 150.7 
acres. The nmber of plots  for each vegetation 
type varies: mixed pine, 3 plots; mixed 
oak-pine, 1 plot; mix& oak, 3 plots; mixed 
hardwood, 1 plot; and one wnt ro l  (uncut) plot. 
Prior t o  harvest a mrrp?lete vegetation 
inventory w a s  made. Three s t r a t a  were 
established b a d  on ver t ical  plant height: 
herb s t r a t m  -dl stems less than 3.3 feet  in  
height, shrub stratum - mcxfy stans between 3.3 
and 16,4 fee t  in height, and the t r e e  stratum 

y st- greater than 16.4 fee t  in  height. 

Between liugust 1978 and March 1979, all stems 
M.9 fee t  i n  height were cut  back t o  within 5.9 
inches of ground level and r m v e d  from the 
plot. AL1  suitable mater id  w a s  rerru3ved from 
the s i t e s  as par t  of a rc ia l  whole-tree 
harvesting operation, One mixed oak plot was 
harvested during Puagust, whereas a l l  others 
were harvested duri,~g the dormant season. Stump 
sprouts occurred .in Sept&er and October on 

the plot harvested d u r w  the  cgrowbg season, 
but all sprouts were killed by frost before 
winter. 

Since harvest, changes in the  vqe ta t ion  
vegetation c o w s i t i o n  and structure have k e n  
docummted by repeated hventories.  Tree 

ts were carried out in March 
and April of each year (through 1986) itnd all 
stems greater than 16.4 fee t  i n  height were 
recorded by species, t o t a l  height, and dbh. A 
metal identification tag was attached t o  each 
t r e e  in t h i s  stratum a t  approximately 5.9 
inches above the forest floor,  

Due t o  the lack o ement p t m t i a l  in  
the two lower quali 
the information for these plots w a s  1 
together and reported as s i t e s  with SI (50. 

In the spring of 1986, shrub stratum 
measurements for the seventh growing season 
were taken. The shrub stratsun inventolry w a s  a 
25 percent sample consisting of 16 randomly 
chosen subplots (each subplot contabs 269 f t  
within each of four plots,  These plots 
represented all four vegetation types 
delineated by McEvoy e t  a l  , (3980) . All stans 
between 3.3 feet  and 16.4 feet  in height were 
recorded by species, t o t a l  height, ant% diameter 
a t  5.9 inches, 

In the preharvest stands, as s i t e  index 
increased, therq was an increase in  t ree  L p a l  
area from 90 ft /acre on SI (50 t o  120 f t  /acre 
a t  SI 70 (Table 1) (McEvoy e t  &. , 19801 . The 
greatest density war; also found on the highest 
quality s i t e .  In the shrub s t r a t m ,  an 
increase in  s i t e  quality resulted i n  a decrease 
in  basal area and shrub dmsi tz .  Shrub basal 
area w a s  19.8, 5.2, and 4.8 f t  //acre for SI 
(50, SI 60, and SI 70, r s p t i v e l y .  Average 
shrub height w a s  substantially higher on SI 70. 
These trends in  basal area and shrub density 
agree with the reports of mi t taker  and 
FJoodwell (1969) for oak-pine forests a t  
Brookhaven, blew Uork. 

S m DISCUSSION 

Ross e t  a l .  (1986) descraed the oak; 
regeneration on the Potts Mountah study s i t e s  
2 years a f te r  hamest. They concluded tha t  
chestnut oak sprouted m r e  freguently and grew 
more rapidly than both scar le t  md black oak. 
In general, both stump sprouts and advanced 
regeneration increasd  in  height with 
increasing s i t e  quality, The d a s i t y  of oak 
advanced regeneration was g r e a t e t  on SI 55-65 
and decreased on s i t e s  of higher and l o w r  
quality. 



Table l. Prehanrest st& s 
tree stratum (all stems >16.4 f t ,  in height) 
and t h e  shrub s t r a t m  (all st- kt*= 3.3 
and 16 .4 f t .  i n  height) by s i t e  index (upland 
oaks, base age 50 (Olson 1959)), western 
Virginia (McEv;oy 1978) . 

density 3833 1479 935 
(Wac) 

average ht.  5.6 5.3 8.2 
( f t )  

: BBl.1 area measure3 at dbh 
Basal area' measureil 5.9 inches above the forest floor 

Recruitment into the t r e e  stratum did not 
begin un t i l  the  fourth growing season (Table 
2). During the fourth and f i f t h  year black 
locust w a s  cleanly the  most c o m n  species in  
the  tree stratum. In year 6, chestnut oak and 
black locust were equally represented, followed 
in decreasing order by red maple and Arnercian 
chestnut ( (Marsh. Borkh. . 
During the seventh growing season, chestnut oak 
became the dominant species followed by black 
locust, red maple, & r i m  chestnut, and 
scar le t  oak, i n  decreasing order of abundme. 
The basal area a t  gear 7, averaged across all 
sites, was 4.50 f t  /acre, 

The harMod forests  of the Ridge and Valley 
originally contained a large component of 
American chestnut ( B r w ,  1950). Loss of the 

f 
other s t em ,  and, t o  a lesser extent, on the 
c o e s i t i o n  of these stands (Nelson 1955) . 
Chestnut continues t o  resprout from the 
original stumps and stem. Our data and 
observations indicate tha t  the early growth and 
form of &rican chestnut is bet ter  than all 
other species, especially on the dr ie r  end of 
the spectrum. I f  an effective and economical 
method of inoculating chestnut sterns t o  prevent 
or  cure the blight is developed i n  the near 
future, chestnut in recently cutover stands 
might once again b m m  a major conapnent of 
these forests. 

The t r e e  stratum density is increasing on 
all s i t e s  (Figure I f ;  bwever, recrui 
occurring a t  the fastest  ra te  on Sf 70, with a 
lower ra te  on SI 60 and SI (50 sites, 
respectively. The poorest s i t e  qual i t ies  a r e  
developing slowly with only 48 stemslacre a t  
year 7 compared t o  980 sterns/acre on the 
highest quality s i t e .  

The species c o w s i t i o n  of the  t r e e  stratum 
also varies across s i t e  q u d i t i e s  (Figure 2). 
With an increase in  s i k e  quality there is an 
increase in  species diversity in  the t r e e  
stratum. Areas with SI (50 a re  dominated 
dlrrr>st entirely by oaks a t  year 7. Si te  index 
60 s i t e s  a re  dominated by oaks and black 
locust, and SI 70 s i t e s  a r e  dominated by red 

lack locust, sassafras ( 
(Nutt.) Nees) , ye110 

oaks, in  order of decreasing density. Tree 
stratum basal area also increases with an 
increase in  s i t e  quality (Table 312 A t  age 7 
the  basal area ranges fr2m 0.97 f t  /acre on the  
poorest s i t e  t o  15.70 f t  /acre on the best 
s i t e .  

On a l l  sites, chestnut oak w a s  the t a l l e s t  
and m s t  abundant oak i n  the t r e e  stratum, 
followed by scar le t  and black oak. Dn areas 
with SI (50 the average diameter of scar le t  oak 
was greater than chestnut oak or  black oak: 
2.1, 1.9, and 1.7 inches, respectively. 
However, on the intermediate s i t e s  the average 
diameter for  scar le t  oak and black oak were 
equal and they exceeded chestnut oak by 0.3 
inches (2.0 vs. 1.7 inches). Ch the  mesic site 
(SI 70) chestnut oak w a s  the  only oak present 
i n  the t r e e  stratum. All oaks presently 
occupying the t r e e  stratum originated from 
stump sprouts, 

A knowledge of the  shrub stratum composition 
is needed in  order t o  properly evaluate the  
t r e e  stratum composition and how it w i l l  
develop in the future. The density and basal 
area of the shrub stratum varies by s i t e  
quality (Table 4). The major differences a r e  
the much larger values for  the mixed oak s i t e  
(SI 601, as compared t o  the other two; ie.  
20,204, 6781, and 6464 stems/acre on sites SI 's  
60, <so, and 70 respectively, The s i t e s  of SI 
<50 and 70 have a p r o x h t e l y  equal densities 
(35.9 vs. 29.8 f t  /acre), with she SI 70 site 
having m r e  basal area (65.6 f t  lacre) .  In 
contrast with these trends, stratum height 
increased from the xeric t o  mesic sites. 



Table 2, Density and basal area  s for  t h e  t r e e  Stratum ( a l l  
st- >16.4 f t .  in height) for  the  en t i re  Btts sin study area* Average 
heights a r e  given for  seven-year~ ld  trees. The area w a s  wholet ree  harvested 
during t h e  f a l l  and winter of 1978-79. 

Y' WJ STEMS Bfe SIEMS 9 STEW Bg AVGHP 
(#/ad (ft fat) (Cfac) ( f t  lac) (#/acscf (ft lac) (#/ad (ft /ac) (I/acf (ft /w) f f t )  

SPmw 

C31ee-t oak - - 1 <0.10 8 0.15 35 0.63 85 1.66 18.7 

Scarlet oak - - - - - - 1 (0.10 11 0.24 17.7 

Total - - 6 0.10 46 0.75 118 1.93 250 4.50 19.1 

Mher includes black oak, swrwood, blackgum, yellmepoplar, sassafras, wit&-hazel, mockernut. 

A G E  

60 70 

SITE INDEX 

Figure 1. Tree stratum density ( a l l  s t w  
>16,4 f t ,  in height) by age and s i t e  index 
(base age 50, upland oaks (Olson (195911, 

s, western Virginia. 
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Figure 2. ,Seven year upland hardwood t r e e  
stratum densi t ies  ( a l l  sterns >16.4 f t .  in 
height) by species and s i t e  index (base age 50, 
upland oaks (Olson 195911, seven-year upland 
hardwood stands, western Virginia, 



mLe 3, i t y  a d  ha l  area s 
the  tree ~"catum kill s t e w  >16,4 f t , )  of s e v a  
year OM upland ha 
(base age 50, upland oaks (Ohon 3959) ) , 
western Virginia, 

(50 W s  46 0.93 
American chwtnut 1 0.02 
Sou I-k. -AM.& 

"i'ota.I.8 48 0.97 

60 Oaks 174 2.67 
Black locust  52 1.15 
m r i c m  chesbutt 19 0.30 
Red m p l e  1 0 .O1 
Other 

%t&s & 4.36 

70 Red m p l e  374 5.56 
Black locust 235 4.98 
Chestnut oak 76 1.36 
Sassafras 121 1.34 
m l i p  poplar 84 1.12 
Other 22fL X 

Tbtals 980 15.70 

' Baal area =dsun& a t  dbh. 

r i e s  of density, average height, 
and basal area for the shrub stratum (all stems 
between 3.3 and 16.4 fee t  in height) under 
seven year old upland hardmod stands by s i t e  
index (base age 50, upland oaks (OLson (1959) 1, 
western Virginia, 

SITE IlUDM STEMS 
(#/ad ( f t )  

' m a 1  area measured a t  5.9 inches above 
forest floor 

Many of the plants presently growing in the 
shrub stratum w i l l  eventually mve into the 
tree stratum. Figure 3 shows the nmber of 
sterns by s p i e s  for each s i t e  quality tha t  a r e  
present in  the tree stratwn a t  7 years,,plus 
those which have the potential  t o  move unto the 
tree stratum. Selection of possible recruits 
w a s  on the basis of growth form, A brief 
discussion of the composition and probable 

% of each site follows. 

S i te  Index <SO 

The shrub stratum on low qtzality sites is 
by saseras, blackgum ( 

rsh.), oaks, and red m p l  
is m r e  abundant than cha tnu t  oak. 

Our data show that the majority of the oak 
stems present in the shrub stratrum are  stwnp 

i t e  quality it is 
e, blackgum, or  

sassafras w i l l  becorn part. of the d o h a n t  
canopy, Beeause only 40 pine s t m l a c r e  a r e  
present, it appears tha t  these lower quality 
s i t e s  w i l l  be dominated by oaks i-2 the future. 

S i te  i n d s  60 

The shrub s t r a m  is presently dominated by 
sassafras, oaks, blackgum, mapleearad hickory, 
in  order of decreming abundance. The large 

t of sassafras following disturbance 
of many pioneer species, These 

species colonize it1 high n w e r s  b & i a t e l y  
a f te r  disturbance, but d i e  out quickly (Marks 
and B o r n  1972, bss e t  al. 1982b). 
Therefore, sassafras is not expected t o  be a 
significant c o v n e n t  of the canopy. However, 
it may play a v i t a l  role i n  the mintmance of 
s i t e  quality. Preharvet data indicated 
sassafras t issues were consistently 
above-average in  nitrogen, pbsp;homs, and 
potassium concentrations (Martin e t  a l .  1982). 
Pioneer species can be r tant  in areducing 
nutrient losses from t t e  by functioning as 
a nutrient sink following canopy r m v a l  o r  
similar disturbance (Marks and Bo 1972; 
Boring e t  a l ,  1981) . 

The t r e e  stratum on these s i t e s  is currently 
dominated by oaks and black locust, The large 
number of oaks present in the  shrub stratum - 
mainly advance regeneration - indicates tha t  
the s i t e  w i l l  continue t o  be dominated by oaks. 
However, black l w u s t  w i l l  also be a major 
conlponent. Although there a re  only 61 black 
locust sterns/acre i n  the shrub stratum, mst 
of these are  near the upper limit of the 
stratum height and thus have a high probability 
of making it into the canopy, 

S i t e  Index 70 

Both the prehawest and the 7-year 
postharvest t r e e  s t r a t a  oontained a greater 
diversity than that  which w a s  found on lower 
s i t e  qualit ies.  The t r e e  stratum is currently 
dominated by red maple, black locust, 
sassafras, ye l lowpplar ,  and oaks, in 
decreasing order of abmdance; whereas the 
shrub stratum is dominated by sassafras, red 
maple, blackgum, ye l lowpplar ,  black locust, 
and oaks. Although the sassafras and b l x k g m  
are  growing faster  on t h i s  s i t e  than on the 
others, it is doubtful that  they w i l l  maintain 
the i r  d s ~ a n c e .  Firs t ,  they a re  below the 
level of the domhant red maple, black loeust, 
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Figure 3.  e r  of stems by species tha t  a r e  
presmt i n  the t r e e  stratum (all stems >16,4 
f t ,  i n  height) plus those stems which have the 
p t e n t i a l  t o  mve from the shrub stratum (all  
sterns between 3.3 and 16.4 f t ,  i n  height) into 
the t r e e  stratum. Selection of possible 
recruits was on the basis of growth form, Data 
a re  scunmaries a f te r  seven growing seasons in 
upland oak stands with s i t e  index (50 (a ) ,  s i t e  
index 60 (bl,  s i t e  index 70 ( c ) ,  (base age 50, 
(Olson 1959) 1 in  western Virginia. 

and yellow-poplar. Md secsndly, sm&ras is 
a short-lived s p i e s  as evide~ceCI by its l a c k  
of presence in  the preharvest m o w .  
Therefore, the mature forest  eanopy w i l l  
probably be a mixture of red maple, black 
locust, yellow-poplar, arid oak with sas&ras 
and blackgum scattered througbut. 

The Ridge and Valley Physiogrqhic Province 
of sout-tern Virginia is a deeply dissected 
region tha t  contains a wide range of s i t e  
qualit ies.  Because subs tan t id  s i t e  quality 

variations can occur in a few hundred feet ,  it 
is w r t a n t  for  the forest manager t o  real ize  
the effects  t h i s  variation in s i t e  quality has 
on the composition and growth of hardwood 
stands following harvest. 

stands of s i t e  index 
e oaks into the  t r e e  
during the f i r s t  7 years, 
hrub stratum w i l l  

continue t o  occur but a t  a very slow rate. 
When the  rider of potential  crop t rees  is 
calculated (taking into account sprout clumps) 
and the lack of c o w t i t i o n  from the side ( t o  
produce reasonably s t ra ight  stem) are  



consider& (Ross e t  a l .  19861, it is apmrent 
tha t  prctduction of usable 
low, Thus it appa r s  tha t  

could be a cutoff for active 
t for  t i&r production. 

wand hardmd stands with s i t e  indices 
b 50 and 70 a re  heavily s t o c k e d  with oak 
r t ion and the future stand w i l l  probably 
b a t& by oaks. 

The most m s i c  stand on these slopes, SI 2 
70, is currently dominatd by red maple and 
black locust; the oaks a re  a relatively minor 
comnent .  Gompared t o  the other s i t es ,  the 
t r e e  stratum is m r e  diverse. Some species 
w i l l  decline very soon (e.9, sassaEras1 or  
within the next 30-40 years, (egg. black 
locust).  However, a nunber of other species 
(yellow-poplar, sourwood, hickory, sweet birch) 
have suff ic ient  longevity t o  be present for 
50-100 years or  longer. Therefore, the oak 
c o q n e n t  w i l l  probably remain a dis tant  third 
t o  red maple and yellow-poplar with the 
miscellaneous species approximtely equal t o  
the oaks in  i p r t a n c e .  
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Abstract.--An 11-year-old b o t t o m l a n d  hardwood s t a n d  g r o w i n g  o n  p o o r l y  
d r a i n e d  c l a y  s o i l  o n  t h e  M i s s i s s i p p i  R i v e r  f l o o d p l a i n  was h a r v e s t e d  t o  
d e t e r m i n e  y i e l d  a n d  c o m p o s i t i o n  o f  t h e  r e g r o w t h .  G r e e n  a s h  made up 82% o f  
t h e  stems i n  t h e  p a r e n t  s t a n d  b u t  c o m p r i s e d  o n l y  29% o f  t h e  stems i n  t h e  new 
s t a n d  4  y e a r s  a f t e r  c o p p i c i n g .  G r e e n  a s h  was p r e s e n t  i n  a l l  p l o t s ,  however ,  
a n d  p r o d u c e d  t h e  ta l lest  stem i n  81% o f  t h e  p l o t s ,  C c d a r  a n d  American elm 
a c c o u n t e d  f o r  mos t  o f  t h e  r e m a i n i n g  tree stems. A l t h o u g h  b o t t o m l a n d  o a k s  
c o m p r i s e d  a s m a l l  p r o p o r t i o n  o f  t h e  stems i n  t h e  11-year-old s t a n d ,  t h e y  
w e r e  w i d e l y  d i s t r i b u t e d  a n d  c o p p i c e d  v i g o r o u s l y .  Dry woody b i o m a s s  i i i  y e a r  
4 r e a c h e d  1 5  t / h a  f o r  a n  a v e r a g e  a n n u a l  y i e l d  o f  3.7 t / h a .  I n  y e a r  1 ,  y i e l d  
o f  h e r b a c e o u s  p l a n t s  ( 3 . 5  t / h a )  was n e a r l y  as  g r e a t  a s  y i e l d  o f  woody 
s p e c i e s  ( 5  t / h a ) ,  b u t  d e c l i n e d  t o  a l m o s t  n o t h i n g  i n  y e a r  4. Cue t o  t h e  
s i m u l t a n e o u s  d e c r e a s e  o f  h e r b s  a n d  t h e  i n c r e a s e  o f  woody s p e c i e s ,  t o t a l  
n u t r i e n t  c o n t e n t  i n  summer b i o m a s s  c h a n g e d  l i t t l e  f r o m  y e a r  t o  y e a r  o v e r  t h e  
4 y e a r s  o f  m o n i t o r i n g .  It a p p e a r s  t h a t  i f  t h e  c o p p i c e  s t a n d  is  a l l o w e d  t o  
m a t u r e ,  i t  w i l l  c o n t a i n  s i g n i f i c a n t  p r o p o r t i o n s  o f  a s h ,  elms, a n d  o a k s .  

INTRODUCTION 

F u t u r e  i n d u s t r i a l  p r o c e s s e s  may r o u t i n e l y  
a c c e p t  h e t e r o g e n e o u s  b i o m a s s  f o r  t h e  p r o d u c t i o n  
o f  f i b e r ,  c h e m i c a l ,  o r  b i o l o g i c a l  p r o d u c t s .  
Because  young s t a n d s  are more a d a p t a b l e  t o  m o b i l e  
c o n t i n u o u s  f l o w  h a r v e s t i n g  e q u i p m e n t ,  t h e y  may 
e v e n t u a l l y  b e  a p r e f e r r e d  s o u r c e  o f  b iomass .  The 
u s e  o f  young s t a n d s  was e n v i s i o n e d  a number o f  
y e a r s  a g o  (McAlpine a n d  o t h e r s  1 9 6 6 ) ,  e x t e n s i v e l y  
s t u d i e d ,  a n d  u s e d  t o  a l i m i t e d  e x t e n t  ( M a t t s o n  
a n d  Winsauer  1985) .  W h i l e  p l a n t a t i o n s  may b e  
grown s p e c i f i c a l l y  f o r  b i o m a s s ,  i n  t h e  r e a l  w o r l d  
o f  f o r e s t  i n d u s t r y  e x p e n s i v e  p l a n t a t i o n s  w i l l  n o t  
b e  e x t e n s i v e l y  e s t a b l i s h e d  w h i l e  a b u n d a n t  n a t u r a l  
s t a n d s  r e m a i n  u n e x p l o i t e d .  

S e f o r e  c o m p l e t e  h a r v e s t  o f  young b o t t o m l a n d  
hardwood s t a n d s  b e g i n s ,  f o r e s t e r s  s h o u l d  h a v e  a  
good i d e a  o f  what  w i l l  grow t o  r e p l a c e  t h e s e  
s t a n d s  a n d  how t h e  r e g r o w t h  w i l l  d e v e l o p .  A l s o  
o f  c o n c e r n  is w h e t h e r  f u t u r e  p r o d u c t i v i t y  w i l l  be 
i m p a i r e d  by h a r v e s t  o f  young s t a n d s .  

I n  a n  earlier p u b l i c a t i o n  ( F r a n c i s  1 9 8 4 ) ,  I 
d e s c r i b e d  t h e  y i e l d  and  n u t r i e n t  c o n t e n t  o f  t h e  
young s t a n d  t h a t  was h a r v e s t e d  t o  p r o d u c e  t h e  
r e g r o w t h  d i s c u s s e d  i n  t h i s  p a p e r .  O t h e r s  h a v e  
s t u d i e d  y i e l d s  f rom h a r v e s t s  o f  s a p l i n g  s t a n d s  
( H i t c h c o c k  1979 ,  K r i n a r d  a n d  J o h n s o n  1931) .  
However, t h e  e f f e c t s  o f  t h e  h a r v e s t  o f  s a p l i n g  
s t a n d s  o n  t h e  c o m p o s i t i o n  o f  r e g r o w t h  a r e  
g e n e r a l l y  unknown, Regrowth o f  young u p l a n d  

s o u t h e r n  hardwood s t a n d s  a f t e r  f i r e  was 
documented  by )IcGee ( 1 9 8 0 ) .  I n  t h a t  s t u d y ,  t h e  
number o f  d o n i n a n t  r e d  m a p l e  (Acer  rubrum) 
i n c r e a s e d  w h i l e  t h e  c o m p e t i t i v ~  p o s i t i o n  o f  t h e  
o a k s  ( Q u e r c u s  s p p .  ) , yel1o.i:-;:o?lar ( L i r i o d e n d r o n  
t u l i p i f e r a ) ,  b l a c k  c h e r r y  ( a 3 r u n ~ t ~  s e r o t i n a ) ,  a n d  
w h i t e  a s h  ( F r a x i n u s  a m e r i c a n a )  remained  a b o u t  t h e  
same. 

Methods 

The  s t a n d  s e l e c t e d  f o r  t h i s  s t u d y  was l o c a t e d  
n e a r  S t o n e v i l l e ,  MS. The  o r i g i n a l  s t a n d  h a d  been  
a t r a c t  o f  m a t u r e  b o t t o m l a n d  hardwoods p r i o r  t o  
c l e a r c u t t i n g  i n  1969.  The main t r e e  s p e c i e s  
p r e s e n t  a t  c l e a r c u t t i n g  were:  N u t t a l l  oak  
( Q u e r c u s  n u t t a l l i i ) ,  w i l l o w  o a k  (9. p h e l l o s ) ,  
o v e r c u p  o a k  a. l y r a t d ) ,  sweetgum ( L i q u i d a m b a r  
s t y r a c i f l u g ) ,  American e lm (iilmus a m e r i c a n a ) ,  
s u g a r b e r r y  ( C e l t i s  l a e v i g a t a ) ,  a n d  g r e e n  a s h  
( F r a x i n u s  p e n n s y l v a n i c a ) .  

Most o f  t h e  r e g e n e r a t i o n  was f rom s e e d s  o r  
f o r m e r  u n d e r s t o r y  s e e d l i n g s .  A t  t h e  t i m e  t h i s  
s t u d y  was begun ,  t h e  r e g e n e r a t e d  s t a n d  was 11 
y e a r s  o l d  a n d ,  p r e d o m i n a n t l y  g r e e n  a s h  ( 8 2  
p e r c e n t  o f  t h e  stems and  5 9  p e r c e n t  o f  t h e  d r y  
w e i g h t ) .  O t h e r  j m p o r t a n t  tree s p e c i e s  were :  
American elm, blac. :  w i l l o w  LSa1i.x n i g r a ) ,  e a s t e r n  
c o t t o n w o o d  (Populus  d e l t o i d e s ) ,  and  r e d  maple .  
Oaks ,  sweetgum, and  s u g a r b e r r y  were  r a r e l y  
e n c o u n t e r e d .  Dry-weight  y i e l d s  were  41.6 t / h a  
f o r  suniner a n d  35.8 t / h a  f o r  w i n t e r  ( F r a n c i s  
1984) .  The s o i l  i n  t h i s  f i a t  a n d  p o o r l y  d r a i n e d  
a r e a  was i n  t h e  A l l i g a t o r  s e r i e s  --- v e r y  f i n e ,  
m o n t n o r i l l o n i t i c ,  a c i d ,  t h e r m i c  V e r t i c  

I/ P a p e r  p r e s e n t e d  a t  t h e  T h i r d  B i e n n i a l  H a p l a y c ~ , t s ,  Four  0 .13  h a  b l o c k s  w e r e  c u t  i n  t h e  
S o u t h e r n  S i l v i c u l t u r a l  R e s e a r c h  C o n f e r e n c e ,  w i n t e r  o r  1981-82. The b l o c k s  were  l o c a t e d  o n  
A t l a n t a ,  G e o r g i a ,  ;:ov. 4-6, 1986 ,  t h e  s i t e  5y d i v i d i n g  t h e  a r e a  a v a i l a b l e  f o r  

21  R e s e a r c h  F o r e s t e r ,  I n s t i t u t e  o f  T r o p i c a l  samplin:: ( a b o u t  4  h a )  i n t o  f o u r  e q u a l  s e c t i o n s  
~ o r e s t r ~ ,  R i o  T i e d r a s ,  P.?. , S o u t h e r n  F o r e s t  a n d  r a n d o n l y  p o s i t i o n i n g  a b l o c k  w i t h i n  e a c h  
E x p e r i n e n t  S t a t i o n ,  USDA F o r e s t  S e r v i c e .  s e c t i o n .  P L 4 1  v e z e t a t i o n  i n  t h e  b l o c k s  was 



severed near the groundli-ne and removed from the 
area. Four 0.004-ha plots per block, with buffer 
zones around each, were laid out for future 
sampling. The assignment of treatments within 
each block was random. Each plot was split into 
two 0.002-ha subplots for summer and winter 
sampling. In each of the 4 years of the study, 
one plot from each block was sampled. Summer 
sampling took place during August and winter 
sampling in December or January. In years 1 and 
2, all vegetation within the subplot was cut, and 
herbaceous and woody vegetation were weighed 
separately. Herbaceous vegetation was not 
sampled during the winter. Then the entire 
harvest was ovendried and weighed again. A 
subsample for nutrient analysis was extracted 
from each sample. In years 3 and 4, individual 
stems of tree and brushy species were measured 
for height and weight. A sample of each species 
was dried to enable a projection of total dry 
weight from green weight. The separate weighing 
of trees, shrubs, and vines enabled reporting of 
mass for those stand components in years 3 and 4, 

The semimicro kjeldahl procedure was used to 
obtain values for nitrogen, and the molybdenum 
blue method was used for phosphorous. Potassium, 
calcium, and magnesium were measured by atomic 
absorption spectrophotometry after being taken up 
in dilute acid from ashed tissue. Mean and 
standard deviation were used to analyze the data. 

Results and Discussion 

New growth began to appear in March after 
removal of the sampling stand. By the August 
sampling, sprouts and herbaceous weeds were 
chest-high, thick, and often matted. The most 
abundant herbaceous weed the first year was 
Pennsylvania smartweed (Ploygonum pennsylva- 
nicum). Cottonwood, which produced weak and 
spindly sprouts, was dragged down and smothered 
in the dense mat of weeds. Many green ash and 
American elm grew ahead of the early flush of 
weeds; most others apparently survived 

the first-year matting. The weeds were much 
thinner in the slight rises of ground, which were 
probably drier. During the second year, 
smartweed decreased markedly while goldenrod 
(Solidago sp.) increased. In the third year, 
goldenrod was the dominant herbaceous species. 
By the fourth year, shade from the trees had 
increased enough to eliminate most herbaceous 
growth, The herbaceous growth that did occur was 
mostly confined to gaps between the tree sprout 
clumps. Weights per hectare of herbaceous 
species in the August sampling approximate the 
annual yield (table 1). The greatest yield 
occurred during the first year. Somewhat lower 
in years 2 and 3, herbaceous yields decreased to 
almost nothing in year 4. 

Standing woody biomass increased steadily 
through the 4 years. The difference between 
summer and winter weights (approximately the 
weight of leaves) increased over the years but 
showed no clear trend in terms of percentage of 
total biomass. The largest annual increase in 
standing woody biomass occurred in year 1 and 
decreased each year through year 4. The 4-year 
average annual increase of woody biomass 
(calculated from dry woody biomass, summer of 
year 4) was 3-68 t/ha. This yield is comparable 
to the 3.25 t/ha/yr obtained from the original 
stand (Francis 1984), 2.47 t/ha/yr measured by 
Hitchcock (1979) from upland oak-hickory 
regeneration 4 years after a clearcut harvest, 
and 1.84 to 3.48 t/ha/yr for speckled alder 
(Alnus rugosa) in the Lake States (Mattson and 
Flinsauer 1985). Krinard and Johnson (1981) 
harvested the equivalent of 3.63 t/ha/yr from an 
11-year-old seeded oak stand containing a mixture 
of volunteer species, and 4 years later recorded 
7.85 t/ha/yr of biomass from the coppice regrowth 
(Krinard and Johnson 1986). This higher yield 
was most likely a result of higher individual- 
tree vigor gained through lower density and less 
competition. 

Table I.-- Biomass harvestea from sample plots in each of 4 years 

Year 
Type of sample 1 2 3 4 

---------- Metric tons/hectare ---------- 

Summer green herbaceous 11.5 2 4,4* 5.2 2 2.3 5.5 + 2.9 1.0 + 0.8 

Summer dry herbaceous 3.5 2 1.0 1.8 + 0.8 2.2 + 1.3 0.3 + 0.2 
Summer green woody 12.5 + 3.9 20.1 2 6.1 22.0 + 9.3 28.2 + 5.2 
Summer dry woody 5.0 2 1.6 9.3 + 2.8 12.2 2 5.4 14.7 2 2.8 

Winter green woody 5.9 2 4.3 13.2 2 4.1 17.5 2 3.6 18.3 2 9.0 

Minter dry woody 3.5 + 2.5 8.1 + 2.8 8.0 2 1.9 10.8 2 5.4 

* mean 2 standard deviation; n = 4 in each case 



The number of stems per hectare in years 3 and 
4 averaged 30,663 and 29,077 respectively and 
included both trees and shrubs, The proportion 
of species in the regrowth changed considerably 
from the former stand. Green ash in years 3 and 
4 averaged only 29 percent of the stems; however, 
it was present on ail plots sampled, Generally, 
just the largest and most vigorous ash stems from 
the previous sampling stand coppiced. Those 
coppicing, however, produced an average of 3.9 
sprouts per stump. The second most abundant tree 
in terms of total number of stems in the regrowth 
was cedar elm (Ulmus ~ s s i f o l d .  Although 
unimportant in the previous stand, it sprouted 
vigorously and produced a large number of stems 
per sprout clump. American elm was also an 
important tree component of the regrowth. It 
produced sprouts that were slightly taller and 
more robust than those of cedar elm. Other 
species represented in the regrowth were water 
hickory (Carya aquatica), sugarberry, water oak, 
willow oak, and Kuttall oak, Black willow and 
cottonwood had disappeared completely. 
Sugarberry was very short and weak compared to 
the other species. The oaks, unimportant in 
terms of percentage of total stems in the 
original stand, increased their prominence by 
nearly universal survival and production of a 
large number of stems per stool. At least one 
oak was present on 38 percent of the 0.002 ha 
plots sampled in years 3 and 4. Green ash 
produced the tallest individual on 81 percent of 
the plots. The average tallest trees per plot in 
years 3 and 4 were 4.3 m and 4.8 m respectively. 
The reproduction of trees in sprout clumps could 
result in more multiple-stemed trees whose 

average size would be smaller with poorer form 
than if these trees reproduced from seed or 
seedling sprouts. 

Brushy species accounted for 21 percent of the 
stems measured in years 3 and 4 ,  There were 
mainly possumhaw (ilex decidua) and hawthorn 
(Crataegus opaca), with a few roughleaf dogwood 
(Cornug drumnondii) and elderberry (Sambucus 
canadensisf. These will undoubtedly be -- 
overtopped soon, Woody vines that contributed 
29.2 and 15.0 percent of the summer woody biomass 
in years 3 and 4 were: blackberry, Rubus sp.; 
trumpetcreeper, Camgsis radicans; moonseed, 
Menispermue canadense; supplejack, Berchemia 
scandens; poison-ivy, zoxicodendron radicans; 
Carolina jassamine, Gelsemiurn sempervirens; and 
wild grape, Vitis aestivalis. The reduction in 
vine biomass may have been due to two processes: 
the steady increase in tree and shrub biomass and 
the death of certain vines. Many trumpetcreepers 
surviving from the original stand grew for a 
couple of years and then died. Also, many 
blackberry canes, which normally live 2 years, 
did not renew themselves after the initial flush 
because of increased shade. By year 4, only 
supplejack had seriously invaded the crowns of 
some of the trees. A vine stage in which large 
areas of tree crowns are matted down and held in 
check for 10 years or more does not appear likely 
to develop in at least the next 2 or 3 years, if 
at all. 

Nutrient concentrations (N, P, K ,  Ca, and Mg) 
in harvested materials in years 1 through 4 are 
listed in table 2, The accumulation of nutrients 

Table 2.-- Average nutrient concentrations in biomass harvested from plots over a 4-year 
period 

Year 
Season Tissue Nufrient 1 2 3 4 

Summer 

Sumrner 

Winter 

Summer 

Sumer 

Winter 

Summer 

Surnmer 

Winter 

Sumer 

Sumer 

Herbaceous 

Woody 

Woody 

Herbaceous 

Woody 

Woody 

Herbaceous 

Woody 

Woody 

Herbaceous 

Moody 



Table 2.--(cont 'd) , 

Year 
Season Tissue Nutrient 1 2 3 4 

Winter Woody Ca 0.56 0,09 0.82 5 0.15 0.45 5 0.10 0.57 _t 0.05 

Summer Herbaceous Mg 0.25 + 0.06 0,26 2 0-07 0.17 fi 0,03 0.20 5 0.10 

Summer Woody Mg 0.12 + 0.02 0.13 ++ 0.04 0.07 + 0.02 8.10 ++ 0.05 

Winter Woody Mg 0.08 5 0.02 0.20 ++ 0.07 0.05 9 0.00 0.09 + 0.03 

* mean 2 standard deviation; n = 4 in each case 

(kilograms per hectare) in harvested summer 
biomass are listed in table 3. Due to the 
simultaneous decrease of herbs and the increase 
of woody species, there were relatively minor 
changes in total nutrient content of the summer 
biomass over the 4 years of regrowth. Although 
substantial quantities of nutrients are withdraw 
by harvesting regrowth on very short rotations, 
this particular soil (Alligator) has huge 
reserves of nutrients (Francis 1984) and could 
supply nutrients to succeeding stands through 
several rotations. 

The regrowth resulting from the harvest of an 
11-year-old bottomland hardwood stand dominated 
by green ash produced total biomass at a rate 
similar to the parent stand. A species shift 
away from ash and toward elm and oak has occurred 
as a result of cutting, If left undisturbed, the 

'n future stand developing from this setting would 
have sizable components of ash, elm, and oak. 

Table 3.-- Nutrient accumulated in biomass harvested over a 4-year period 

year 
Nutrient Tissue 1 2 3 4 

------------------- kiloprams per hectare ------------------ 

Herbaceous 37.5 25.8 24.0 2.6 

Woody 41.2 62.7 75.8 96.0 

Total (78.7) (88.5) (99.8) (98.6) 

Herbaceous 6-2 3.6 3.1 0-6 

Woody 6.9 10.7 9.5 13.9 

Total (13.1) (14.3) (12.6) (14.5) 

Herbaceous 57,3 21.5 22.0 6.9 

Moody 33.7 80.0 40.4 62.1 

Total (91.0) (101.5) (62.4) (69.0) 

Herbaceous 29.4 18,9 21.5 3.1 

Woody 33.4 53.4 67.2 l11,l 

Total (62.8) (72.3) (88.7) (114.2) 



Table 3.--(cont f d) . 

year 
Sutrient Tissue 1 2 3 4 

------------------- kilograms per hectare ------------------ 

iLfg Herbaceous 8.8 4.9 3.7 0.6 

Woody 6.2 11.9 8.6 14.1 

Total (15.0) (16.8) (12.3) (14.7) 
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REGENEMTION OF BOTTOMLAND 

1 f BY PRE-WVEST P M T I N G  - 
2 f  3. L. Chmbers, B. C. Stuhlinger, and R.  G. P. Clifton - 

Abstract.--Twenty one-hectare circular treatment plots were- 
established in an over-mature cottonwood-willow stand in 
south-central Louisiana. Seedlings of baldcypress, green ash, 
sweet pecan, water oak, and Nuttall oak were planted within a 
0.25 ha circular nested plot on each treatment plot. All 
seedlings were then allowed to establish themselves for a period 
of one year before harvesting treatments were applied. Five 
harvest level treatments replicated four times were applied in a 
randomized design. Harvest treatments consisted of removal of 
30, 45, 60, 75, or 100 percent of the plot basal area. A 
conventional harvest of sawtimber trees took place during the 
second spring and summer after planting. Additional 
non-commercial trees were then felled to reach specified harvest 
levels for each respective treatment. Survival and growth were 
evaluated for harvesting effects, at the end of the growing 
season. First-year survival ranged from 88 to 99 percent and 
height growth was greatest for green ash and Nuttall oak. At 
the end of the growing season following harvest (second growing 
season in the field), survival ranged from 50 to 70 percent, 
Mortality from harvesting was estimated to range from 17 to 23 
percent. Height growth was slow but adequate for the species 
studied. Green ash and Nuttall oak showed the most rapid height 
growth with 39 and 30 percent of the seedlings, respectively, 
exceeding a height of 1 m after 2 growing seasons in the field, 

INTRODUCTION 

Regeneration of bottomland hardwoods has been a 
subject of considerable research. Well 
established methods exist for regeneration of 
bottomland hardwood stands which have desirable 
species composition and adequate advanced 
regeneration (~ohnson 1985). However, many 
high-graded stands exist which have undesirable 
overstory composition , midstories of tolerant 
slow growing species and understories with 
inadequate or undesirable advanced regeneration 
(carve11 and Tryon 1961, Janzen and Wodges 
1985). In other cases the forest manager may 
simply want to increase the numbers of certain 
preferred species in the new stand. The most 
prevalent means of reproducing stands with these 
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undesirable attributes is to clearcut and plant. 
However this type of operation is capital 
intensive, often requiring intensive site 
preparation, and several years of continued 
cultural practices. In addition, clearcutting 
may be an unacceptable regeneration practice on 
some areas or for some ownership objectives. 
Underplanting or pre-harvest planting is one 
method that may have potential for rectifying 
the inadequate advanced regeneration problem 
(Tworkoski et al. 1983, Nix et al. 19851, 
Pre-harvest planting may also provide an 
alternative to the often used clearcut and plant 
regeneration method. 

The objectives of this paper are to: describe 
the initial success of underplanted seedlings; 
evaluate the impacts of animal damage on 
pre-harvest planted seedlings, and describe the 
effects of logging activities on survival of the 
pre-harvest planted seedlings. Future work will 
evaluate the effects of various levels of 
overstory removal and understory control on the 
ultimate success of this regeneration method. 



METHODS AND PROCEDURES 

Study Area 

The study area is located in the Atchafalya 
river basin in south-central Louisiana, This 
site, @rovided by Williams Inc,, is a 32.4 ha 
bottomland hardwood site with an overstory 
primarily of over-mature cottonwood (Populus 
deltoides), and black willow (Salix 
mid-story is composed primarily of boxelder 
(H neRundo), and red maple (Acer rubrum). 
Several sloughs cross the area and baldcypress 
(Taxodium distichum) is the predominant species 
in these areas. Understory vegetation on the 
area is mainly composed of herbaceous plants and 
poison ivy vines. The site is subject to 
irregular flooding in the late spring and early 
summer. Some low lying portions of the stand 
are flooded annually in the winter and early 
spring with standing water remaining on those 
areas until the beginning of the growing season. 

Plot Selection and Establishment 

An initial ground cruise of the area was used to 
determine the useable portion of the area for 
this study. Twenty 1.0 ha circular treatment 
plots were established on relatively homogeneous 
areas within the stand. At the time of 
establishment the interior 0.25 ha circular 
central portion of each plot was designated as 
the measurement plot. The larger trestment plot 
area served as a buffer from adjacent plots, 
Once plot locations and boundaries were 
established, basal area, density and species 
composition was determined for each plot for all 
trees equal to or greater than 10 cm in dbh. 
During the winter of 1983-84 thirty 1-0 
bare-root seedlings (from the Louisiana Office 
of Forestry Nursury) of baldcypress, green ash 
(Fraxinus pennsylvanica), Nuttall oak (Quercus 
nuttallii), water oak (Q. nigra) and sweet pecan 
(Carya illinoensis) were planted on each 
measurement plot following a modified Nelder 
plot design. The planting design consisted of 
15 equally spaced planting spokes radiating from 
the center of each plot. Ten seedlings of a 
single species were planted at a 3.0 m spacing 
along a spoke and each species was replicated on 
3 such spokes of each plot. 

Harvesting Design 

After one growing season in the field, the 
treatment plots were scheduled for partial 
overstory removal. Five overstory removal 
treatments consisting of a 30, 45, 60, 75 and 
100 percent basal area removal were randomly 
assigned to the plots. All treatments were 
replicated four times. Trees marked for 
commercial harvest were primarily sawtimber size 
trees of cottonwood, black willow, baldcypress 
and sycamore. Mature and overmature cottonwood 
and willow represented 87 percent of the 
commercial harvest. Cull trees and trees of 
non-commercial value were then felled until the 
desired level of overstory removal was attained. 

Trees to be felled were marked so that the 
remaining basal area was relatively evenly 
distributed across each plot. Boxelder and red 
maple made up the majority of the non-cnrmercial 
species cut. Logging took place from April 
through September of 1985 and consisted of 
chainsaw felling and tree length skidding of 
trees to landings. Landings and skid trails were 
not designated and no special precautions were 
taken to avoid measurement plots during the 
logging operation. Although skid trails were 
not designated, primary skid trails developed 
naturally and became the areas of most frequent 
travel. 

Measurements 

Height, root collar diameter and damage by cause 
were recorded for all underplanted seedlings 
initially and at the end of each growing season. 
Cause of damage was segregated into several 
categories including, mortality by natural 
causes (low seedling vigor, poor planting or 
micro-site conditions, and animal damage) and 
logging related damage (skidder damage, felled 
tree or slash, located on a deck or landing). 
If a seedling was present before logging and 
missing after logging, evidence of the cause was 
ascertained by visual appearance at the 
seedlings previous location. This method of 
damage assessment may have caused some errors in 
assignment of cause of damage and may have led 
to an overestimation of logging related damage. 
Since final growth measurements for this paper 
were taken only a few months after harvest 
activities were concluded, differences among 
overstory treatments were not analyzed. It is 
unlikely that sufficient time had elapsed for 
treatment effects on growth to have taken place. 
Results are thus a composi-te analysis of the 
data. 

RESULTS AND DISCUSSION 

Survival and Causes of Mortality 

Survival during the first growing season after 
outplanting was relatively high for all species 
(94.1 percent). First year survival ranged from 
a low of 87.8 percent for sweet pecan to a high 
of 98.7 percent for baldcypress (Table 1). 
After harvest (end of the second growing season) 
survival had declined considerably, but was 
still adequate for bottomland hardwoods. 
Survival after two growing seasons in the field 
averaged 64 percent and ranged from a low of 
50.3 percent for baldcypress to a high of 74.2 
percent for green ash (Table 1). 

Mortality during the first growing season in the 
field was largely caused by animal damage, 
however, some seedlings did succumb because of 
low seedling vigor, poor planting technique and 
micro-site conditions. During the second 
growing season, continued animal damage and 
harvest related activities led to additional 
mortality. Mortality from animal damage and 
other natural causes led to a two year total 



Table 1. First- and second-year survival of 
five pre-harvest planted bottomland hardwood 
species. 

First-Year Second-Year 
Species Survival Survival 

n - percent n percent 

Sweet Pecan 527 87.8 317 52.8 
Green .Ash 589 98.2 445 74.2 
Baldcypress 592 98.7 302 50.3 
Water Oak 548 91.3 414 69.0 
Nuttall Oak 567 94.5 431 71.8 

mortality averaging 16.8 percent. The highest 
mortality from these natural causes was 
associated with baldcypress and sweet pecan 
(26.5 and 23.8 percent respectively). Green ash 
was the least affected species with only 9.2 
percent of the seedlings being destroyed by 
natural causes (Table 2 ) .  Logging related 
mortality was somewhat more evenly distributed 
across the planted species. Logging caused 
mortality averaged 19.6 percent and ranged from 
a low 16.7 percent for green ash to a high of 
23.3 percent for sweet pecan (Table 2 ) .  

Table 2. Mortality by cause for five 
pre-harvest planted bottomland hardwood species. 

Natural Logging Related 
Species Mortality Mortality 

n - percent percent 

Sweet Pecan 143 23.8 140 23.3 
Green Ash 55 9.2  100 16.7 
Baldcypress 159 26.5 139 23.2 
Water Oak 8 0 13.3 106 17.7 
Nuttall Oak 6 6 11.0 103 17.2 

Height Growth 

Height growth of all species was relatively 
slow. Green ash and Nuttall oak grew the most 
rapidly, averaging 30.7 and 25.5 cm 
respectively. However, slow initial height 
growth is comon among most moderately tolerant 
tree species and is not generally expected to 
increase rapidly for the first three to five 
years after planting, Baldcypress the most 
intolerant species planted was so heavily 
damaged by animals (main stems were clipped off 
a few cm above ground-line) that accurate 
estimates of its potential height growth could 
not be determined. Average height for 
baldcypress after two years in the field was 0.8 
cm less than when it was planted. Mean height 
for all species was reduced by animal browsing 
or clipping of the main stem (Table 3) .  The 
mean height for undamaged seedlings exceeded the 
overall mean seedling height by 20.0 cm. 

One way of predicting future success of 
regeneration is to establish a "target" 
seedling, a seedling of sufficient size to 

Table 3. Seedling height and percent exceeding 
target size two years after outplanting, 

Mean Seedlings 
Overall Weight of Greater 
Mean Undamaged than 

Species Height Seedlings 1.0 rn tall 

cm - cm - percent 

Sweet Pecan 3 9 4 3 1.3 
Green Ash 8 5 101 38.7 
Baldcypress 5 5 8 2 6.6 
Water Oak 6 0 7 9 11.4 
Nuttall Oak 7 8 9 4 30.2 

successfully compete and to attain a dominant or 
codominant position in the stand at maturity. A 
target size should be set based on data taken in 
the early years of stand development and a 
tracking of their success at some specified time 
later in the rotation. However no long-term 
studies exist for pre-harvest planting 
conditions in bottomland hardwood stands. We 
therefore arbitrarily set 1.0 m as a potential 
target size for initial comparisons of success 
for the study species. As shown in table 3 only 
Nuttall oak and green ash had substantial 
numbers of seedlings reaching or exceeding the 
specified target size (30.2 and 38.7 percent 
respectively). Sweet pecan was the poorest 
performer with only 1.3 percent of the surviving 
seedlings reaching the target height after two 
years in the field. 

CONCLUSIONS 

Survival of pre-harvest planted bottomland 
hardwood seedlings after two growing seasons in 
the field averaged an acceptable 64 percent, 
Natural mortality, which was principally related 
to animal damage averaged less than 17 percent. 
Logging caused mortality was less than 20 
percent overall and occurred mainly along 
primary skid trails and at log decks or 
landings. 

Early height growth was slow as is comon for 
planted seedlings of moderately tolerant 
bottomland hardwood species. Height growth can 
probably be expected to increase significantly 
after three to five years in the field if the 
planted seedling can maintain a competitive 
position within the stand. Baldcypress height 
growth was severely limited by rabbit damage and 
deer browse. Successful establishment of 
baldcypress by pre-harvest planting would almost 
certainly require protection from such damage, 
Target heights need to be established to allow 
prediction of regeneration success of various 
bottomland hardwoods from early measurements, 
An arbitrarily chosen height of 1.0 m was used 
for comparison of species in this study. Only 
Nuttall oak and green ash had a large number of 
seedlings reaching the target size, Species 
like sweet pecan, however, may not normally be 
expected to reach this height in high numbers 
even under more intense management regimes. 



Therefore, long-term results tracked from early 
height measurements will be necessary for future 
prediction of regeneration success. Although 
early results seem promising, long- term results 
are necessary before pre-harvest planting can be 
retomended as an appropriate regeneration 
method on an operational basis. 
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Cherrybark Oak Enrichment Plantings Appear Succes ful 
After Seven Years in South Carolina Bottomlands f 

L. E. Nix and S. K. Cox 2 

ABSTRACT.--After seven growing seasons, enrichment plantings of 
cherrybark oak on bottomland tracts in South Carolina appear to be 
doing surprisingly well. Two-year-old bare root seedlings were 
planted in clearcut and shelterwood cut blocks with preharvest disking 
and postharvest herbicide competition control. Seedling survival is 
highly variable, ranging from 20 to 79 percent, with privet hedge 
providing the most severe competition. Seedling size is highly 
variable, ranging from 0.2 to 6.6 inches in ground line diameter and 3 
to 26 feet in total height. Preharvest disking with clearcutting gave 
the best diameter and height growth, 2.3 inches and 16 feet, 
respectively, and by far the best survival, 79 percent. Seedlings 
released during the second growing season with directed herbicide 
application (2% glyphosate) showed no better growth or survival than 
unreleased seedlings. The poorest treatment was the shelterwood 
without disking as competing vegetation continued to flourish after 
overstory removal. Privet, honeysuckle, spice bush and vigorous stump 
sprouts are providing tough competition where present, but many 
seedlings are now free-to-grow saplings and are growing 3-4 feet per 
year as is characteristic of cherrybark oak in a fertile bottomland 
after 6-7 years. 

INTRODUCTION 

The oaks (Quercus s ~ . )  are one of the most 
valuable components of the North American hardwood 
forest, both upland and lowland. In the South 
over half of the hardwoods harvested are from 
bottomland stands (Linde 1980) and oaks are an 
appreciable portion of the quality material that 
is harvested. Past forest use practices such as 
indiscriminate livestock grazing and highgrading 
have reduced the potential for quality natural 
regeneration in many bottomland hardwood stands. 
Current regeneration practices in bottomland 
stands are not consistently providing a quality 
oak component (Johnson 1979). In the absence of 
advanced oak reproduction or adequate oak 
sprouting, bottomland hardwood stands, formerly 
containing an valuable oak component, are 
regenerating to fast-growing, light-seeded species 
after clearcutting. Many bottomland sites capable 
of supporting vigorous oak growth no longer have a 
major component of oak in the overstory. 

Artificial regeneration of oaks, such as 
intensively cultivated plantations, is feasible in 
only a few situations where intensive early 
management is economical. Only 12 to 15 percent 
of the Coastal Plain hardwood forest area is 
suitable for such intensive culture (Linde 1980). 
An alternative approach to improving the oak 
component of bottomland stands may be to conduct 
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enrichment plantings whereby oak seedlings are 
established under an overstory or partial 
overstory prior to harvesting the stand. The 
survival to maturity of 15-20 well-spaced oak 
trees per acre may provide an adequate quality 
sawtimber component (Johnson 1980). 

The objective of this study is to evaluate 
the potential of oak enrichment plantings for 
improving species composition in bottomland stands 
where natural oak reproduction is inadequate. 
Additional objectives are to evaluate inexpensive 
competition control methods, such as preharvest 
disking, directed herbicide application and 
partial overstory removal. Early results of this 
study were reported by Nix, et a1 (1985). This 
report presents results of oak enrichment 
plantings after seven years in a South Carolina 
red river bottomland. 

MATERIALS AND METHODS 

Two-year-old, nursery-grown bare-root cherry- 
bark oak seedlings (Quercus falcata var. 
pagodifolia) were dibble-planted in a red river 
bottomland in Kershaw County, South Carolina. The 
seedlings were planted at 15 x 15 foot spacings in 
one-half of circular fifth acre plots established 
in a first bottom stand of 70-80 year-old elm, 
ash, hackberry, box elder, and sycamore with an 
understory of dense grass and scattered dense 
patches of switch cane and privet hedge as 
described by Nix, et a1 (1985). 

Four treatment conditions, clearcut, shelter- 
wood, and preharvest disking of each, were 
established as 5 acre blocks. Height, basal 
diameter and survival of planted seedlings were 
determined after 2 and 7 growing seasons. 
Measurements were also made of competing vegeta- 



t i o n .  At t h e  t ime of t h e  i n i t i a l  measurements 
h e r b i c i d e  (glyphosate-2 p e r c e n t )  was d i r e c t -  
sprayed on competing v e g e t a t i o n  i n  a  1  meter  
r a d i u s  around 15 s e e d l i n g s  randomly chosen i n  each 
t r ea tmen t  block.  The h e r b i c i d e  sp ray ing  was 
e q u i v a l e n t  t o  about one q u a r t  p e r  a c r e  a p p l i c a t i o n  
r a t e .  Growth of he rb ic ide - re l eased  s e e d l i n g s  was 
compared t o  t h a t  of u n t r e a t e d  s e e d l i n g s  p a i r e d  by 
v i g o r  c l a s s  i n  t h e  same block.  Experimental 
des ign of t h e  s tudy  i s  analogous t o  a  complete ly  
randomized, s p l i t - p l o t  des ign  w i t h  p l o t s  s e r v i n g  
a s  r e p l i c a t i o n s  r a t h e r  than  blocks .  The SAS 
General L inea r  Models Procedure  was used f o r  
a n a l y s i s  (SAS 1985). 

RESULTS Ah3 DISCUSSION 

S u r v i v a l  of p lan ted  oak s e e d l i n g s  a f t e r  
seven y e a r s  i s  h i g h l y  v a r i a b l e ,  ranging from 20 
pe rcen t  i n  t h e  undisked c l e a r c u t  t r ea tmen t  t o  79 
pe rcen t  i n  t h e  disked c l e a r c u t  t r ea tmen t  
(Table 1 ) .  Seed l ing  s u r v i v a l  i n  t h e  shel tem-ood 

Table  1.--Survival of p lan ted  che r rybark  oak 
s e e d l i n g s  a f t e r  two and seven growing seasons  i n  a  
South Caro l ina  r ed  r i v e r  bottomland. 

C l e a r c u t  Shelterwood 

-- Percen t  -- 
49 (63) 38 (59) 

Disk Not Disk Disk Not Disk 

removal of t h e  shel terwood over s to ry .  Eighty-two 
pe rcen t  of t h e  s e e d l i n g s  l o s t  were found t o  be  
loca ted  i n  s k i d  t r a i l s  o r  d e b r i s  p i l e s  nea r  a  
load ing  deck. T h i s  h igh  l o s s  may no t  be  t y p i c a l  
of a  skelterwood t r ea tmen t  as p l o t  l o c a t i o n  
i n a d v e r t e n t l y  occurred n e a r  and a long o l d  sk id  
t r a i l s  t h a t  were reused dur ing  t h e  shelterwood 
o v e r s t o r y  removal. An inc reased  number of 
s e e d l i n g  p l o t s  i n  t h e  s tudy  a r e a  might have 
r e s u l t e d  i n  a  reduced p r o p o r t i o n a t e  l o s s  of 
s e e d l i n g s  dur ing  t h e  r e s i d u a l  shelterwood removal. 

Oak s e e d l i n g  mean ground l i n e  diameter  d i d  
no t  d i f f e r  between c l e a r  c u t  and s h e l t e r  wood 
t r e a t m e n t s ,  bu t  t h e  d i sked  c l e a r c u t  t r ea tmen t  
groundl ine  diameter  was s i g n i f i c a n t l y  g r e a t e r  than  
t h a t  of o t h e r  t r ea tmen t s  (Table 2 ) .  

Table  2.--Mean ground l i n e  diameter  and h e i g h t  of 
p lan ted  che r rybark  oak s e e d l i n g s  a f t e r  seven 
growing seasons  i n  a  South Caro l ina  bottomland. 

C l e a r c u t  Shelterwood 

-- i n c h e s  -- 
l . g ( l 5 . 0 )  1.6(11.2) 

Disk Mot Disk Disk Not Disk 

v a l u e s  i n  p a r e n t h e s i s  a r e  s e e d l i n g  t o t a l  h e i g h t  
i n  f e e t .  

'value i n  p a r e n t h e s i s  i s  pe rcen t  s u r v i v a l  a f t e r  
2  yea r s .  

t r e a t m e n t s  averages  38 pe rcen t  wi th  on ly  s l i g h t  
improvement due t o  p reha rves t  d i s k i n g  (+ 15 
pe rcen t ) .  A comparison of s e e d l i n g  s u r v i v a l  a f t e r  
2 and 7  growing seasons  i n d i c a t e s  t h a t  t h e  
g r e a t e s t  l o s s  (50 pe rcen t )  occurred i n  t h e  
undisked c l e a r c u t  b lock  between t h e  second and 
seven th  y e a r s  (Table 1 ) .  T h i s  l o s s  i s  
unders t andab le  cons ide r ing  t h e  f i e r c e  compet i t ion 
t h a t  ensues  a f t e r  complete o v e r s t o r y  removal i n  
t h e s e  f e r t i l e  bottomland s i t e s .  P r i v e t  hedge 
(Ligustrum s i n e n s e  ), s p i c e  bush (Lindera  benzoin)  
and Japanese  honeysuckle ( t o n i c e r a  japonica)  a s  
w e l l  a s  numerous stump s p r o u t s  of o v e r s t o r y  
s p e c i e s ,  p a r t i c u l a r l y  box e l d e r ,  green a s h ,  and 
sycamore, provided s t r o n g ,  over topping compet i t ion 
f o r  t h e  smal l  cherrybark oak s e e d l i n g s ,  which d i d  
n o t  grow v e r y  r a p i d l y  f o r  t h e  f i r s t  s e v e r a l  yea r s .  

The a p p r e c i a b l e  l o s s  i n  s u r v i v a l  of s e e d l i n g s  
i n  t h e  d i sked  shelterwood t r ea tmen t  between t h e  
second and seventh y e a r ,  a  r educ t ion  from 79 t o  45 
pe rcen t  s u r v i v a l  (Table I ) ,  may have been 
p r i m a r i l y  due t o  t h e  logging a c t i v i t y  dur ing  t h e  

Th i s  d i f f e r e n c e  i n  ground-l ine  diameter  i n d i c a t e s  
a  s i g n i f i c a n t  r educ t ion  i n  compet i t ion due t o  t h e  
p reha rves t  d i s k i n g ,  bu t  on ly  i n  t h e  c l e a r c u t  
t r ea tmen t ,  a s  d i s k i n g  seems i n e f f e c t i v e  i n  
improving diameter  growth i n  t h e  shelterwood 
t r ea tmen t .  

Mean t o t a l  h e i g h t  of p lan ted  oak s e e d l i n g s  i s  
g r e a t e s t  i n  t h e  d i sked  c l e a r c u t  t r ea tmen t  where 
s e e d l i n g s  average n e a r l y  16 f e e t  i n  h e i g h t  
(Table 2 ) .  A s  w i th  groundl ine  diameter  p reha rves t  
d i s k i n g  appear s  t o  improve h e l g h t  growth of 
p l a n t e d  oak s e e d l i n g s  i n  t h e  c l e a r c u t  t r ea tmen t  
whi l e  t h e  r e s i d u a l  shelterwood o v e r s t o r y  
s i g n i f i c a n t l y  reduces  h e i g h t  growth, even when 
p reha rves t  d i s k i n g  i s  done. S ince  s u r v i v a l  
i n t e r a c t s  w i t h  s e e d l i n g  s i z e  t o  determine t h e  r e a l  
success  of p l a n t i n g ,  s e e d l i n g  volume pe r  a c r e  was 
c a l c u l a t e d  a s  a  s tock ing  f a c t o r  (Table 3 ) .  Mean 
volume of s e e d l i n g s  p e r  a c r e  i s  more than 3 t imes 
g r e a t e r  i n  t h e  c l e a r c u t  t r ea tmen t  than  i n  t h e  
shelterwood t r e a t m e n t ,  bu t  t h i s  d i f f e r e n c e  i s  
almost e n t i r e l y  due t o  t h e  e f f e c t  of p reha rves t  
d i s k i n g  on s u r v i v a l  of p lan ted  oak s e e d l i n g s  i n  t h e  
c l e a r c u t  a r e a .  



D i s k i n g  might have had a s i m i l a r  b e n e f i c i a l  
e f f e c t  i n  t h e  shel terwood t r ea tmen t  had no t  s o  
many s e e d l i n g s  been l o s t  t o  logg ing  damage dur ing  
t h e  r e s i d u a l  o v e r s t o r y  removal. Th i s  s u p p o s i t i o n  
is  s u p p o r t e d  s t r o n g l y  by t h e  d a r a  of Table  4 which 
show a s i g n i f i c a n t  r educ t ion  i n  t h e  h e i g h t  of 
compet ing woody v e g e t a t i o n  i n  t h e  disked 
she l t e rwood  t r ea tmen t  bu t  no t  i n  t h e  d i sked  
c l e a r c u t  t r ea tmen t ,  

.Table 3.--Volume p e r  a c r e  of p lan ted  cherrybark 
oak s e e d l i n g s  a f t e r  seven growing seasons  i n  a 
South Caro l ina  bottomland. 

C lea rcu t  Shelterwood 

-- c u b i c  f e e t j a c r e  -- 
2 1 7 

D i s k  Mot Disk Disk Not Disk 

a ~ e e d l i n g  volume = 113 b a s a l  a r e a  x h e i g h t .  

Table  4,--Mean h e i g h t  and d i s t a n c e  t o  n e a r e s t  
woody compet i tor  of p lan ted  che r rybark  oak 
s e e d l i n g s  a f t e r  seven y e a r s  i n  a South Carol ina  
bot tomland.  

C lea rcu t  Shelterwood 

-- f e e t  -- 
17.8(2.4) 14.7(3.1) 

D i s k  Not Disk Disk Not Disk 

% d u e s  i n  p a r e n t h e s i s  a r e  d i s t a n c e  t o  n e a r e s t  
woody compet i tor .  

The mean d i s t a n c e  t o  n e a r e s t  woody compet i tor  
(Table 4) a l s o  i n d i c a t e s  t h a t  p r e h a r v e s t  d i s k i n g  
may b e  e f f e c t i v e  i n  reducing compe t i t ion  i n  both 
t h e  shel terwood and t h e  c l e a r c u t  o v e r s t o r y  
t r ea tmen t s .  Combined wi th  t h e  woody compet i tor  
mean h e i g h t  d a t a  i n  Table  4,  mean d i s t a n c e  t o  
n e a r e s t  woody compe t i to r  i n d i c a t e s  t h a t  t h e  disked 
shel terwood t r ea tmen t  i s  most e f f e c t i v e  i n  
r educ ing  t h e  compet i t ion of t h e  p lan ted  oak 
s e e d l i n g s .  Unfor tuna te ly  t h e  l o s s  of s e e d l i n g s  t o  
logg ing  damage h a s  l i k e l y  rendered t h e s e  r e s u l t s  
inconc lus ive  a s  t h e  few remaining oak s e e d l i n g s  i n  
t h e  shelterwood t r ea tmen t  show a r educ t ion  i n  

h e i g h t  growth of n e a r l y  4 f e e t  (Table 21,  a l though 
they  were under t h e  shelterwood o v e r s t o r y  f o r  only  
two yea r s .  

I n  a d d i t i o n  t o  woody compet i t ion n e a r  t h e  oak 
s e e d l i n g s  t h e  s t o c k i n g  of n a t u r a l l y  r e g e n e r a t e d  
woody s p e c i e s  w a s  a l s o  determine3 on 1/1OO a c r e  
p l o t s  a t  t h e  c e n t e r  of each f i f t h  a c r e  p l o t .  
Treatments appear  t o  have bad a s i g n i f i c a n t  e f f e c t  
on t h e  n a t u r a l  r egenera t ion  i n  t h e  s t u d y  a r e a  
(Table 5 ) .  

Table  5.--Stocking of n a t u r a l l y  r e g e n e r a t e d  woody 
s p e c i e s  a f t e r  seven growing seasons  i n  a South 
Caro l ina  r ed  r i v e r  bottomland. 

TREATMENT 

Spec ies  C lea rcu t  C lea rcu t  S h e l t e r -  S h e l t e r -  
+ Disk wood wood + Disk 

(Overs tory Stems Per  Acre) 

Ash 7 5 425 50 425 
Bxe 450 775 600 725 
SY c 2 5 125 50 5 0 
Misc 2 5 100 -- 375 

-- - - 

T o t a l  5 7 5 1425 7 00 1575 

- 

(Understory Stems Per  Acre) 

Misca 2400 1175 3950 850 

"Miscel laneous unders to ry  s p e c i e s  a r e  p r i v e t  and 
s p i c e  bush, 

D e s i r a b l e  g reen  ash  s a p l i n g s  were i n c r e a s e d  n e a r l y  
&fo ld  by t h e  d i s k i n g  t r ea tmen t  i n  b o t h  t h e  
shelterwood and t h e  c l e a r c u t  a r e a s .  Sycamore 
s a p l i n g s  were inc reased  5-fold by t h e  d i s k i n g  b u t  
on ly  i n  t h e  c l e a r c u t  a rea .  Miscel laneous 
o v e r s t o r y  s p e c i e s ,  which were elm, hackber ry ,  and 
China b e r r y ,  were a l s o  g r e a t l y  inc reased  by t h e  
d i s k i n g  t r ea tmen t .  A c o n t r i b u t o r y  f a c t o r  t o  t h e s e  
d e s i r a b l e  s p e c i e s  stem i n c r e a s e s  due t o  d i s k i n g  is 
probably t h e  pronounced reduc t ion  i n  t h e  dense  
g r a s s  r o o t  mat and i n  competing unders to ry  s tems 
( p r i m a r i l y  p r i v e t  and s p i c e  bush).  The d i s k i n g  
r e s u l t e d  i n  a 51 pe rcen t  r educ t ion  i n  u n d e r s t o r y  
stems i n  t h e  c l e a r c u t  a r e a  and a 78 p e r c e n t  
r educ t ion  i n  ehe shelterwood a r e a  (Table 5 ) .  
Although boxe lde r ,  an u n d e s i r a b l e  o v e r s t o r y  
s p e c i e s ,  was s l i g h t l y  inc reased  by t h e  d i s k i n g ,  
t h e  d i s k i n g  h a s  a t  l e a s t  s u b s t a n t i a l l y  i n c r e a s e d  
t h e  d e s i r a b l e  s p e c i e s  s t o c k i n g ,  i n c l u d i n g  t h a t  of 
t h e  p lan ted  che r rybark  oak seed l ings .  

Assuming no f u r t h e r  m o r t a l i t y  t h e r e  w i l l  be  
an  average of about  40 cherrybark oak s a p l i n g s  p e r  
a c r e  i n  t h e  undisked c l e a r c u t  a r e a  and n e a r l y  160 
p e r  a c r e  I n  t h e  d i sked  c l e a r c u t  a r e a  (based on t h e  



s imulated p l a n t i n g  d e n s i t y  of 200 s e e d l i n g s  p e r  
a c r e ) .  There  w i l l  be 60-90 oak s a p l i n g s  p e r  a c r e  
i n  t h e  s h e l t e m o o d  a r e a s .  The che r rybark  oak 
s a p l i n g s  ave rage  only  2 t o  3 f e e t  l e s s  i n  h e i g h t  
than t h e  n e a r e s t  woody compe t i to r s  and have begun 
t o  grow r a p i d l y  wi th  many s a p l i n g s  now i n  a  
free-to-grow cond i t ion .  Based on r e c e n t  r e s e a r c h  
r e s u l t s  che r rybark  oak becomes a  v igorous  
c o n p e t i t o r  i f  i t  can j u s t  p e r s i s t  f o r  f o u r  t o  f i v e  
y e a r s  (Krinard and F r a n c i s  1983; Johnson 1984). 
The most s e v e r e  compet i t ion i n  t h e  s tudy  p l o t s  i s  
from p r i v e t  and s p i c e  bush which i s  approaching 
i t s  maximum h e i g h t .  The che r rybark  oak s a p l i n g s  
a r e  now i n  t h e i r  pe r iod  of maximum h e i g h t  growth 
and should r a p i d l y  grow o u t  of t h e  unders to ry  
comperi t ion,  e s p e c i a l l y  t h o s e  i n  t h e  d i sked  
t r ea tmen t  a r e a s ,  

Many s p r o u t s  on l a r g e r  boxe lde r  and green a s h  
stumps (> 20 inches  diameter)  a r e  dying o r  appear  
t o  be  l o s i n g  v i g o r ,  t h u s  reducing over topping 
compet i t ion,  Many of t h e  p lan ted  oak s a p l i n g s  i n  
t h e  undisked a r e a s  appear  s p i n d l y  and weak, 
e s p e c i a l l y  where p r i v e t  has  complete ly  overtopped 
them. P r i v e t  i s  a  seve re  compe t i to r  f o r  t h e  smal l  
p l an ted  oak s e e d l i n g s  and, even a f t e r  d i s k i n g ,  
v igorous ly  r e s p r o u t s  t o  q u i c k l y  over top  p lan ted  
seed l ings .  The f a t e  of t h e s e  overtopped s e e d l i n g s  
i s  ve ry  much i n  doubt based on t h e i r  c u r r e n t  
appearance,  Pos t  h a r v e s t  h e r b i c i d e  sp ray ing ,  a s  
done i n  t h i s  s tudy ,  d i d  n o t  p rov ide  e f f e c t i v e  nor  
long- la s t ing  r e l e a s e  f o r  t h e  p l a n t e d  s e e d l i n g s .  
Although i t  appeared t o  improve s u r v i v a l  a f t e r  two 
y e a r s ,  h e r b i c i d e  a p p l i c a t i o n  a c t u a l l y  reduced 
h e i g h t  growth and had no s i g n i f i c a n t  e f f e c t  on 
growth o r  s u r v i v a l  of p lan ted  oak s e e d l i n g s  a f t e r  
seven y e a r s .  However, h e r b i c i d e  may have an 
important r o l e  i n  enrichment p l a n t i n g s  i n  o t h e r  
a r e a s  a s  a p a r a l l e l  s tudy  under d i f f e r e n t  
c o n d i t i o n s  showed t h e  e f f e c t s  of h e r b i c i d e  r e l e a s e  
were s t i l l  d e t e c t a b l e  a f t e r  s i x  y e a r s  (Nix, 
unpublished d a t a ) .  

CONCLUSIONS 

The r e s u l t s  of t h i s  s tudy  i n d i c a t e  t h a t  
s p e c i e s  composition of bottomland s t a n d s  can be 
enr iched by p l a n t i n g  q u a l i t y  s p e c i e s ,  such a s  
cherrybark oak,  and t h a t  p reha rves t  compet i t ion 
c o n t r o l ,  such a s  d i s k i n g ,  can improve s u r v i v a l  and 
growth of p l a n t e d  s t o c k  s i g n i f i c a n t l y .  Although 
t h e  s h e l t e m o o d  over s to ry  t r ea tmen t  d i d  no t  
improve s e e d l i n g  growth o r  s u r v i v a l ,  t h e  
d i s p r o p o r t i o n a t e  l o s s  of s e e d l i n g s  from logging 
a c t i v i t i e s  may have b iased  t h e  r e s u l t s  of t h i s  
p a r t  of t h e  s tudy.  The shelterwood t r ea tmen t  
reduced t h e  growth of both  p l a n t e d  s e e d l i n g s  and 
t h e i r  compet i t ion r e s u l t i n g  i n  about t h e  same 
d i f f e r e n t i a l  i n  h e i g h t  a s  i n  o t h e r  t r ea tmen t s .  

The s h e l t e m o o d  disked t r ea tmen t  s i g n i f i c a n t l y  
reduced t h e  number of competing unders to ry  stems 
p e r  a c r e  and inc reased  t h e  number of d e s i r a b l e  
o v e r s t o r y  stems e q u a l l y  a s  w e l l  a s  d i d  t h e  
c l e a r c u t  d i sked  t r ea tmen t .  Thus, t h e  s h e l t e m o o d  
should no t  be  r e j e c t e d  a s  a  p o t e n t i a l  ove r s to ry  
t r ea tmen t  f o r  enrichment p l a n t i n g s .  

Other  p r a c t i c a l  p reha rves t  compet i t ion 
c o n t r o l  methods should be  explored a s  t h e  d i s k i n g  
t r ea tmen t  used i n  t h i s  s tudy  may no t  be  f e a s i b l e  
i n  bottomland s t a n d s  wi th  d i f f e r e n t  s t and  
s t r u c t u r e .  I n  a d d i t i o n  no a t tempt  was made t o  do 
an economic a n a l y s i s  of any of t h e  t r ea tmen t s  i n  
t h i s  s tudy.  Cos t s  of hand p l a n t i n g ,  p reha rves t  
d i s k i n g ,  pos t  h a r v e s t  h e r b i c i d e  a p p l i c a t i o n  and 
o t h e r  t r e a t m e n t s  mentioned w i l l  have t o  be o f f s e t  
by t h e  inc reased  v a l u e  of t h e  oak component i n  t h e  
s t and  a t  r o t a t i o n  end. 
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STUDIES ON THE BIOLOGY OF CHERRYBAT OAK: 
RECOWNDATIONS FOR REGENEMTION-- I 

2 / John D. Hedges and Gr5g J a n z e w  

A b s t r a c t  .--A review of p a s t  e f f o r t s  t o  r e g e n e r a t e  t h i s  s p e c i e s  
i n d i c a t e s  t h a t  t h e  e c o l o g i c a l  r equ i remen t s  of t h e  s p e c i e s  have no t  been 
adequa te ly  cons ide red .  Advance r e g e n e r a t i o n  (number and s i z e )  is 
e s s e n t i a l  f o r  n a t u r a l  s t a n d  r e g e n e r a t i o n .  R e s u l t s  of s e v e r a l  r e c e n t  
s t u d i e s  of t h e  l i g h t  r equ i remen t s  f o r  r e g e n e r a t i o n ,  growth and 
development i n  mixed s t a n d s ,  and i n f l u e n c e  of midstory and under s to ry  on 
s e e d l i n g  e s t ab l i shmen t  and development i n d i c a t e  t h a t  c o n t r o l  of l i g h t  t o  
t h e  f o r e s t  f l o o r  is  t h e  key t o  o b t a i n i n g  adequate  advance r e g e n e r a t i o n .  
Too much l i g h t  may be  a s  d e t r i m e n t a l  a s  t o o  l i t t l e  i n  t h a t  i t  w i l l  f a v o r  
growth of f a s t e r  growing, more i n t o l e r a n t  s p e c i e s .  It i s  suggested t h a t  
s e v e r a l  t echn iques  (shel terwood method, mids t o r y  and under s to ry  c o n t r o l ,  
shel terwood p l u s  c o n t r o l  of lower s t o r i e s ,  enrichment p l a n t i n g s )  may be 
used t o  r e g e n e r a t e  oak s t a n d s  and t h a t  t h e  cho ice  should  be based on a  
thorough a n a l y s i s  of t h e  s t a n d  c o n d i t i o n s .  

INTRODUCTION 

Cherrybark oak (Quercus f a l c a t a  v a r  . 
p a g o d a f o l i a )  i s  one of t h e  most d e s i r a b l e  t r e e  
s p e c i e s  i n  t h e  South. Its good growth r a t e ,  
s t r a i g h t  c l e a r  stems, and l a r g e  s i z e  make i t  
v a l u a b l e  f o r  t imber  p roduc t ion  (Putnam e t  a l .  
1960). I n  a d d i t i o n ,  t h e  q u a n t i t y  and q u a l i t y  of 
mast p roduc t ion  makes i t  h i g h l y  d e s i r a b l e  f o r  
w i l d l i f e  ( L o t t i  1965). 

The major s i l v i c u l t u r a l  problem w i t h  
che r ryba rk  oak is  d u r i n g  r e g e n e r a t i o n .  There 
a r e  i n d i c a t i o n s  t h a t  oaks ,  and p a r t i c u l a r l y  
che r ryba rk ,  a r e  n o t  be ing  s a t i s f a c t o r i l y  
r e g e n e r a t e d  a f t e r  t h e  f i n a l  h a r v e s t  (Johnson and 
Kr ina rd  1976). The primary r eason  f o r  oak 
r e g e n e r a t i o n  f a i l u r e s  seems t o  be a n  
i n s u f f i c i e n t  number and /o r  s i z e  of advance oak 
s e e d l i n g s  a t  t h e  t ime of h a r v e s t  (Beck 1970, 
Johnson 1975, Sander 1977). S i z e  is of c r i t i c a l  
importance  i n  t h a t  s m a l l  s e e d l i n g s  simply a r e  
no t  a b l e  t o  compete s u c c e s s f u l l y  wi th  stump and 
r o o t  s p r o u t s  of some s p e c i e s  and very  f a s t  
growing s e e d l i n g s  of o t h e r  s p e c i e s  (Johnson 
1979). A  h e i g h t  of 4.5 f e e t  i s  considered 
minimal f o r  advance growth of no r the rn  r ed  oaks  
(Sander  1972) and a  s i m i l a r  h e i g h t  seems 
d e s i r a b l e  f o r  che r ryba rk  oak. 

l i P a p e r  p resen ted  a t  Southern  S i l v i c u l t u r a l  
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4-6, 1986. 
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Some of t h e  problems a s s o c i a t e d  w i t h  
n a t u r a l  r egene ra t ion  of che r ryba rk  oak may be 
a 1  l e v i a t e d  by use  of a r t i f i c i a l  r e g e n e r a t i o n ,  
but  t h e r e  a r e  major problems wi th  t h i s  
a l t e r n a t i v e .  S u r v i v a l  i s  u s u a l l y  very  good, 
bu t  a s  wi th  n a t u r a l  r e g e n e r a t i o n ,  slow e a r l y  
growth i s  a  s e v e r e  problem. I n t e n s i v e  c o n t r o l  
of competing v e g e t a t i o n ,  u s u a l l y  by 
c u l t i v a t i o n ,  i s  necessa ry  and expensive .  Thus 
t h e  c o s t  of a r t  i f  i c i a l  r e g e n e r a t  i o n  i s  
p r o h i b i t i v e  f o r  most landowners. 

Th i s  paper reviews some of t h e  pas t  and 
c u r r e n t  r e sea rch  e f f o r t s  and c u l t u r a l  
p r a c t i c e s  d e a l i n g  wi th  che r ryba rk  oak 
r e g e n e r a t i o n ,  d i s c u s s e s  s e e d l i n g  ecology i n  
r e l a t i o n  t o  t h e s e  p r a c t i c e s  and c u r r e n t  
r e s e a r c h  e f f o r t s ,  and s u g g e s t s  recommendations 
f o r  che r ryba rk  oak r e g e n e r a t i o n .  Most of t h e  " 

d i s c u s s i o n  is  s p e c i f i c  f o r  cherrybark oak, but  
t h e  r e s u l t s  should  be a p p l i c a b l e  t o  the  o t h e r  
bottomland red oaks  a s  w e l l  a s  n o r t h e r n  red  
oak. 

PAST RaENERATION EFFORTS 

A r t i f i c i a l  r e g e n e r a t i o n  e f f o r t s  have 
l a r g e l y  been d i r e c t e d  a t  improving the  e a r l y  
growth r a t e  of ou tp lan ted  s e e d l i n g s  t o  
circumvent o r  a l l e v i a t e  t h e  need f o r  i n t e n s i v e  
compe t i t i on  c o n t r o l .  The i n f l u e n c e  of n u r s e r y  
p r a c t i c e s  and c o n t a i n e r  product  i on  on t h e  
e a r l y  f i e l d  performance of s e e d l i n g s  have been 
s t u d i e d  a t  t h i s  s t a t i o n .  The r e s u l t s  from 
s e v e r a l  nu r se ry  s t u d i e s  (unpubl ished)  i n d i c a t e  
t h a t  s e e d l i n g s  of very  a c c e p t a b l e  s i z e  (2+3 
f e e t ;  318+ inch r o o t  c o l l a r  d i ame te r )  and 
v i g o r  can be produced i n  one growing season  
provided t h a t  : (1) nu r se ry  d e n s i t y  is about  
10 p e r  squa re  f o o t  o r  l e s s ,  and (2) t h e  s e e d s  
a r e  sown e a r l y  enough i n  t h e  s p r i n g .  In  
c e n t r a l  M i s s i s s i p p i ,  i t  i s  d e s i r a b l e  t o  seed 



i n  e a r l y  March, bu t  no l a t e r  t h a n  t h e  f i r s t  of 
A p r i l  . 

Root m o d i f i c a t i o n  t r e a t m e n t s  i n  t h e  nu r se ry  
beds ( u n d e r c u t t i n g  and l a t e r a l  r o o t  pruning)  
i n c r e a s e  r o o t  p r o l i f e r a t i o n ,  bu t  t h e  r e s u l t s ,  i n  
terms of e f f e c t  on s e e d l i n g  h e i g h t  growth, a r e  
inconc lus  Tve a t  t h i s  t b e .  

S t u d f  e s  of c o n t a i n e r i z e d  s e e d l i n g s  of 
c h e r r y b a r k  oak and o t h e r  bottomland r ed  oaks  
(Moorhead 1978, 1981) have shown b e t t e r  i n i t i a l  
h e i g h t  g rowth  t h a n  f o r  bare-root  m a t e r i a l  of t h e  
same age. However, t h e  d i f f e r e n c e  i n  growth is  
n o t  g r e a t  enough t o  e l i m i n a t e  t h e  need f o r  
c o m p e t i t i o n  c o n t r o l ,  and t h e  c o s t  pe r  s e e d l i n g  
i s  much g r e a t e r  f o r  t h o s e  grown i n  c o n t a i n e r s .  
There may be some advantages  of c o n t a i n e r z i e d  
s e e d l i n g s  bu t  t h e  economics of u s e  have no t  been 
de te rmined .  

P a s t  e f f o r t s  w i t h  n a t u r a l  r e g e n e r a t i o n  have 
d e a l t  m a i n l y  wi th  t echn iques  f o r  o b t a i n i n g  
s a t i s f a c t o r y  advance oak r egene ra t ion .  The 
t e c h n i q u e s  involved m o d i f i c a t i o n s  of h a r v e s t i n g  
methods a n d  concen t ra t ed  p r i m a r i l y  o n  u s e  of t h e  
she l t e rwood  method (Johnson 1979, Sander 1979, 
Lof t is  1983) .  The shel terwood system h a s  n o t  
been tho rough ly  t e s t e d  wi th  che r ryba rk  oak, b u t  
t h e  i n d i c a t i o n s  a r e  t h a t ,  a s  w i t h  o t h e r  red  
oaks ,  c l a s s i c a l  shel terwood c u t t i n g s  w i l l  n o t  
g i v e  s a t i s f a c t o r y  advance oak r e g e n e r a t i o n .  
P o s s i b l e  r e a s o n s  why i t  has  n o t  been s u c c e s s f u l  
w i l l  be d i s c u s s e d  l a t e r .  

SEEDLING ECOLOGY I N  RELATION TO 
PAST AND CURRENT REGENERATION EFFORTS 

The above b r i e f  review i n d i c a t e s  t h e  
problems we have w i t h  che r ryba rk  oak 
r e g e n e r a t i o n  and demonstra tes  t h e  need f o r  more 
e f f e c t i v e  mthods of r e g e n e r a t i o n .  More 
i m p o r t a n t l y ,  i t  emphasizes t h e  need f o r  a  b e t t e r  
unde r s t and ing  of t h e  b i o l o g i c a l  requirements  of 
t h e  s p e c i e s .  I n  e s sence  we have put  t h e  " c a r t  
b e f o r e  t h e  horse"  by r e s e a r c h i n g  methods of 
r e g e n e r a t i o n  wi thout  a  s u f f i c i e n t  knowledge of 
t h e  b io logy  of t h e  s p e c i e s .  Much of ou r  c u r r e n t  
r e s e a r c h  e f f o r t  a t  M i s s i s s i p p i  S t a t e  is des igned 
t o  l e a r n  more about  t h e  e c o l o g i c a l  r equ i remen t s  
of che r ryba rk  oak. 

Two a s p e c t s  of s e e d l i n g  biology which a r e  
ve ry  impor t an t  i n  r e g e n e r a t i o n  a r e  l i g h t  
r equ i remen t s  f o r  mximum grown and j u v e n i l e  
growth r a t e s .  Two c u r r e n t  s t u d i e s  invo lve  
i n v e s t i g a t i o n  of l i g h t  r equ i remen t s  and methods 
f o r  man ipu la t ing  l i g h t  f o r  che r ryba rk  oak 
r e p r o d u c t i o n .  I n  one s t u d y ,  oak s e e d l i n g s  have 
been grown f o r  two y e a r s  from seed  under shade 
houses  w i t h  l i g h t  i n t e n s i t i e s  of 100, 53, 27, 
and 8 pe rcen t  of f u l l  s u n l i g h t .  R e s u l t s  
demons t r a t e  t h a t  che r ryba rk  oak s e e d l i n g s  do no t  
r e q u i r e  a  h i g h  l i g h t  i n t e n s i t y  f o r  good growth 
(Table 1). Best  development occurred a t  about 
50% of f u l l  s u n l i g h t  and even a t  27% of f u l l  
s u n l i g h t  h e i g h t  growth was b e t t e r  t han  under 
open c o n d i t i o n s .  However, c a u t i o n  must be 

Table  ? .--Ef f e e t  of shade on growth of che r ry -  
bark  oak s e e d l i n g s  a t  t h e  end of t h e  
f i r s t  and second growing seasons .  

% Shade Year ? Year 2 Year 2 Growth ---  

---------- Z h t  (cm)--------------- 

- f i ~ a l u e s  i n  a  column t h a t  a r e  fo l lowed by 
t h e  same l e t t e r  i n d i c a t e  no s t a t i s t i c a l  d i f -  
f e r e n c e  a t  t h e  .05 l e v e l .  

e x e r c i s e d  i n  e x t r o p o l a t i n g  t h e s e  r e s u l t s  t o  
f i e l d  cond i t ions .  The shade c l o t h  changed 
on ly  t h e  i n t e n s i t y  of l i g h t  r each ing  t h e  
s e e d l i n g s ,  but  l i g h t  beneath  a  s t a n d  is  
changed i n  both  i n t e n s i t y  and q u a l i t y  (wave 
l e n g t h ) .  Also, t h e r e  i s  l i k e l y  a  d i f f e r e n c e  
between t h e  f i e l d  and shade houses  i n  terms of 
t h e  i n t e r a c t i o n  between l i g h t  and moi s tu re  
a v a i l a b i l i t y .  It was obvious t h a t  s o i l  
mo i s tu re  d e p l e t i o n  occurred more r a p i d l y  i n  
t h e  open than  beneath  t h e  shade houses .  

Observat ions  i n  numerous o l d e r  s t a n d s  
where oak r e g e n e r a t i o n  was not  p r e s e n t  
suggested t h a t  t h e  problem was i n s u f f i c i e n t  
l i g h t  on t h e  f o r e s t  f l o o r .  Very o f t e n  
i n s u f f i c i e n t  l i g h t  was due t o  t h e  presence of 
a  very  dense  midstory  and under s to ry ,  u s u a l l y  
of l e s s  d e s i r a b l e  s p e c i e s  such a s  American 
hornbeam (Carpinus c a r o l i n i a n a )  and e a s t e r n  
hophornbeam (Ostrya  v i r g i n i a n a ) .  The re fo re ,  a  
s tudy  was under taken t o  determine how removal 
of t h i s  m a t e r i a l  would i n f l u e n c e  oak s e e d l i n g  
e s t ab l i shmen t  and growth (Janzen and Hodges 
1985).  The fo l lowing  t r e a t m e n t s  were 
i n s t a l l e d :  (1) I n j e c t  on ly .  A l l  t r e e s  of 
u n d e s i r a b l e  s p e c i e s  g r e a t e r  t han  1.0 inch  
d.b.h.  and t h a t  d id  no t  c o n t a i n  a t  l e a s t  one 
number t h r e e  f a c t o r y  grade sawlog were 
i n j e c t e d  wi th  g lyphssa te .  (2) I n j e c t l s p r a y .  
I n j e c t  a s  above combined wi th  f o l i a r  sp ray ing  - - 
w i t h  g lyphosa te  of remaining stems ( i n c l u d i n g  
d e s i r a b l e  s p e c i e s )  and v e g e t a t i o n  which could  
be reached wi th  a backpack s p r a y e r  ( h e i g h t  of 
approximately  10 f e e t ) .  (3)  Con t ro l .  
Mids to ry  and under s to ry  l e f t  i n t a c t .  A f t e r  
t r ea tmen t  i t  was obvio;s t h a t  much more d i r e c t  
s u n l i g h t  could  reach t h e  f o r e s t  f l o o r  and 
a f t e r  f i v e  yea r s  t h e r e  is  a  s i g n i f i c a n t  
improvement i n  oak r e g e n e r a t i o n  i n  terms of 
both numbers and s e e d l i n g  s i z e  (Tables  2 and 
3 ) .  

Even though oak advance r e g e n e r a t i o n  i s  
p r e s e n t  i t  may be very  slow t o  develop i n  



Table 2. --Effect of mids to ry  and unders tory con- 
t r o l  t r e a t m e n t s  on number of oak seed- 
l i n g s  p r e s e n t  f i v e  y e a r s  a f t e r  t r e a t -  
ment. 

Trea t m n t  Red White T o t a l  - 

I n j e c t  1  / 204 7a- 1263a 3310 

Con t ro l  653 b 348a 100 1  

I f v a l u e s  i n  a  column followed by t h e  same 
l e t t e r  i n d i c a t e  no s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  
.05 l e v e l .  

mixed hardwood s t a n d s  even a f t e r  a  complete 
removal c u t  (Beck 1970, Johnson 1975, Sander 
1977), and t h i s  may be a s  much of a n  o v e r a l l  
problem a s  l a c k  of advance r e g e n e r a t i o n  (Johnson 
1979). A r e c e n t  s tudy  examined cherrybark oak 
development i n  even-aged mixed s t a n d s  comprised 
p r i m a r i l y  of oak and sweetgum (Cla t t e rbuck  e t  
a l .  1985). I n d i v i d u a l  stem development of t h e  
two s p e c i e s  was observed i n  160 p l o t s  which 
v a r i e d  i n  age from reproduc t ion  t o  about 80 
y e a r s .  The p l o t s  were l o c a t e d  p r i m a r i l y  on  o l d  
f i e l d  s i t e s .  I n  35 of t h e  160 p l o t s  oak and 
sweetgum t r e e s  were f e l l e d  and sub jec ted  t o  a 
d e t a i l e d  stem a n a l y s i s  of r a d i a l  and v e r t i c a l  
growth p a t t e r n s .  Cherrybark oak exh ib i t ed  two 
p a t t e r n s  of h e i g h t  development depending on t h e  
spac ing  between t h e  oak and c m p e t i n g  sweetgum. 
The " r e s t r i c t e d "  p a t t e r n  (Figure  1 )  of 
development occurs  when t h e  average spacing 
between t r e e s  is about  18 f e e t  o r  l e s s  a t  t h e  
po le  s t a g e .  The cherrybark oak i n i t i a l l y  grows 
slower than  t h e  sweetgum, but  i f  i t  can g e t  some 
d i r e c t  s u n l i g h t  i t  w i l l  e v e n t u a l l y  outgrow and 
s t r a t i f y  above t h e  sweetgum a t  age 20 t o  25 .  A 
s i m i l a r  p a t t e r n  of development has  been noted 
f o r  che r rybark  oak a f t e r  a  complete c l e a r c u t  

Table  3  .--Effect of mids to ry  and unders tory con- 
t r o l  t r e a t m e n t s  on s i z e  of oak regen- 
e r a t i o n  5 y e a r s  a f t e r  t r ea tmen t .  

Oak S t m s / A c r e  > 20 cm h t  

Trea tment Red m i t e  T o t a l  - 
-- -- 

Tnj e c t  1 i 4 7 9a- 479a 958 

I n j e c t f S p r a y  653a 305a 958 

Con t ro l  44 b  8  7a 131 

i / ~ a l u e s  i n  a column followed by t h e  same 
l e t t e r  i n d i c a t e  no s t a t i s t i c a l  d i f f e r e n c e  a t  t h e  
.05 l e v e l .  

(Johnson and Krinard 19831, The 
""unres t r ic ted"  p a t t e r n  (F igure  2 )  occurs  when 
cherrybark oak is e i t h e r  a  few yea r s  o l d e r  
than the  sweetgum o r  is e s s e n t i a l l y  open 
grown, Diameter growth r a t e s  a r e  much b e t t e r  
f o r  oak t r e e s  with t h e  u n r e s t r i c t e d  p a t t e r n  of 
development, but  t h e  r e s t r i c t e d  p a t t e r n  
produces t r e e s  wi th  more c l e a r  wood and a much 
g r e a t e r  m r c h a n t a b l e  h e i g h t ,  

Figure  3  is an a t tempt  t o  por t r ay  t h e  
r e l a t i o n s h i p  between cherrybark oak and 
va r ious  compet i tor  s p g c i e s  i n  terms of l i g h t  
requirements  and j u v e n i l e  growth r a t e s .  The 
concepts  p resen ted  were der ived from t h e  
r e s u l t s  of t h e  above s t u d i e s  as w e l l  a s  y e a r s  
of f i e l d  obse rva t ion .  Placement of t h e  
s p e c i e s  i n d i c a t e s  r e l a t i v e  r e l a t i o n s h i p s .  
Exact va lues  a r e  no t  known a t  t h i s  t ime. The 
d i f f e r e n c e s  be tween s p e c i e s  apparen t ly  r e f l e c t  
d i f f e r e n c e s  i n  e f f i c i e n c y  of l i g h t  u t i l i z a t i o n  
a t  d i f f e r e n t  i n t  e n s i r  i e s  f o r  n e t  primary 
product ion,  e s p e c i a l l y  a s  r e f l e c t e d  i n  h e i g h t  
growth. 

The f i g u r e  and a v a i l a b l e  d a t a  i n d i c a t e  
t h a t  under open c o n d i t i o n s  (high l i g h t  
i n t e n s i t y )  cherrybark oak i s  no t  a  good 
compet i tor  when compared t o  fast-growing 
s p e c i e s  such a s  ye1 low pop la r  (Lirodendron 
t u l i p i f e r a ) .  On the  o t h e r  hand, cherrybark 
oak is  a p e r s i s t o r .  It i s  a b l e  t o  s u r v i v e  and 
grow a t  l i g h t  i n t e n s i t i e s  which a r e  Ear too  
low f o r  most s p e c i e s  which have a f a s t  
j u v e n i l e  growth r a t e  a t  h igh  l i g h t  
i n t  ens i t  i e s  . A t  very low l i g h t  i n t e n s i t i e s  
cherrybark oak can no t  compete wi th  t h e  very 
t o l e r a n t  s p e c i e s  such a s  American hornbeam and 
e a s t e r n  hophornbeam. 

The above e c o l o g i c a l  c o n s i d e r a t i o n s  have 
i m p l i c a t i c n s  i n  designing o r  choosing 
s i l v i c u l t u r a l  methods f o r  t h e  r egenera t ion  of 
cherrybark oak. The key t o  success ,  
e s p e c i a l l y  f o r  n a t u r a l  r egenera t ion ,  i s  i n  
r e g u l a t i o n  of t h e  l i g h t  t o  t h e  f o r e s t  f l o o r .  
For cherrybark and o t h e r  red oaks, p a s t  
r egenera t ion  e f f o r t s  where adequate  advance 
rep roduc t ion  was no t  p r e s e n t  have emphasized 
use  of c u t t i n g  modi f i ca t ions  such a s  t h e  seed  
t r e e  o r  shelterwood methods r a t h e r  than  
c l e a r c u t t i n g .  Use of t h e  seed t r e e  method is 
complete ly  i n e f f e c t i v e  f o r  i n c r e a s i n g  oak 
r e g e n e r a t i o n  (DeBell e t  a l .  1968, Johnson and 
Krinard 1983) and use  of c l a s s i c a l  shel terwood 
methods have been e r r a t i c  and mostly 
unsuccess fu l  (Sander 1979, L o f t i s  1983, Mart in  
and Bix 1986). Lack of success  with t h e  
shelterwood m t h o d  appears  t o  be due t o  t h e  
way i t  i s  used,  h t h e  way it  i s  most o f t e n  
used,  t r e e s  a r e  removed from t h e  upper canopy 
l eav ing  about 30 square  f e e t  of b a s a l  a r e a  i f  
a  two-cut shelterwood i s  used and about 60-70 
square  f e e t  a f t e r  t h e  f i r s t  c u t  of a  th ree -cu t  
shelterwood. Cu t t ings  t h a t  heavy w i l l  f a v o r  
t h e  growth of fast-growing i n t o l e r a n t  s p e c i e s  
such a s  yellow pop la r  r a t h e r  than  red oaks  
( L o f t i a  1983) e s p e c i a l l y  i f  L i t t l e  o r  no lower 
s t o r y  s p e c i e s  a r e  p r e s e n t .  A s e r i e s  of 
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F i g u r e  1. --Curnula t i v e  heigh t-age cu rves  f o r  dominant 
and codominant che r ryba rk  oak (CBO) and 
sweetgum (SG) i n  s t a n d s  wi th  t h e  
r e s t r i c t e d  p a t t e r n  of development. 

c u t t i n g s  much l i g h t e r  t h a n  normal ly  used f o r  a  
she l t e rwood  might be used i n  such c a s e s  t o  
r e g e n e r a t e  r ed  oaks  (Lof tis 1983).  On t h e  o t h e r  
hand, i f  t h e r e  i s  a  dense  midstory  and 
u n d e r s t o r y  of t o l e r a n t  s p e c i e s ,  a s  t h e r e  o f t e n  
is i n  bot tomland hardwood s t a n d s ,  t hen  no amount 
of c u t t i n g  i n  t h e  o v e r s t o r y  w i l l  g i v e  good oak 
r e g e n e r a t i o n  (Janzen and Hodges 1985).  There 
w i l l  s imply  n o t  be enough l i g h t  o n  t h e  f o r e s t  
f l o o r  and t h e  c u t t i n g  w i l l  s t i m u l a t e  growth of 
t h e  t o l e r a n t  mids to ry .  

P a s t  e f f o r t s  a t  a r t i f i c i a l  r e g e n e r a t i o n  
have l a r g e l y  ignored n a t u r a l  s e e d l i n g  ecology.  
On r e c e n t l y  ha rves t ed  s i t e s ,  even  w i t h  s i t e  
p r e p a r a t i o n ,  t h e  nursery-grown s e e d l i n g s  a r e  
fo rced  i n t o  a  compe t i t i ve  p o s i t i o n  f o r  which 
they a r e  n o t  adapted.  Under t h e s e  open 
c o n d i t i o n s  , brush,  s p r o u t  m a t e r i a l  , and 
s e e d l i n g s  of fas t -growing i n t o l e r a n t  s p e c i e s  
w i l l  s imply  outgrow t h e  oaks.  Thus, i t  has  been 
necessa ry  t o  use  i n t e n s i v e  and r a t h e r  expensive  
c u l t u r a l  p r a c t i c e s  such a s  c u l t i v a t i o n  t o  
c o n t r o l  t h e  fas ter -growing compe t i t i on .  

REGENERATION STRATEGIES 

Cherrybark oak can be r egene ra t ed  
a r t i f i c i a l l y  by p l a n t i n g  o r  d i r e c t  s eed ing  and 
under some c i r cums tances  t h i s  may be t h e  b e s t  

o p t i o n .  T h i s  is  e s p e c i a l l y  t r u e  on s i t e s  
which can be d i r e c t  seeded (Johnson and 
Krinard  1985).  However, on most s i t e s  and f o r  
most landowners t h e  c o s t  of a r t i f i c i a l  
r e g e n e r a t i o n  i s  p r o h i b i t i v e .  As w i t h  o t h e r  
bottomland hardwoods, n a t u r a l  r e g e n e r a t i o n  
t echn iques  w i l l  be of primary importance f o r  
t h e  f o r e s e e a b l e  f u t u r e  (Ke l l i son  1985). 

When n a t u r a l  r e g e n e r a t i o n  methods a r e  t o  
be used, t h e  f i r s t  s t e p  should  be a  d e t a i l e d  
e v a l u a t i o n  of s i t e  and s t a n d  c o n d i t i o n s  t o  
determine t h e  p o t e n t i a l  f o r  s u c c e s s f u l  
r e g e n e r a t i o n .  Eva lua t ion  methods such a s  
those  proposed by Sander e t  a l .  (1976) ,  
Johnson (1980),  and Marquis and Bjorkhom 
(1982) can be used. They a r e  based on t h e  
number and s i z e  of advance r e g e n e r a t i o n  s tems 
a s  we l l  a s  stump s p r o u t  p o t e n t i a l  and can be 
used t o  e v a l u a t e  r e g e n e r a t i o n  p o t e n t i a l  f o r  a 
s i n g l e  s p e c i e s  o r  f o r  a l l  s p e c i e s .  I f  t h e  
r e g e n e r a t i o n  p o t e n t i a l  i s  adequate  t h e  s t a n d  
can  be r egene ra t ed  by a  complete removal of 
a l l  stems above one inch i n  d i ame te r .  When 
t h e  r e g e n e r a t i o n  p o t e n t i a l  is no t  adequate  t h e  
t a s k  becomes one of s e c u r i n g  enough advance 
r e g e n e r a t i o n  be fo re  the  f i n a l  h a r v e s t .  There 
a r e  a  number of o p t i o n s  which w i l l  work, b u t  
t hey  a r e  s i t e  and s t and  s p e c i f i c  s o  i t  is 
extremely important  t o  match t h e  
recommendation t o  t h e  s t a n d .  The fo l lowing  is  
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Figure  2.--Cumulative height-age cu rves  f o r  repre-  
s e n t a t i v e  t r e e s  of both  cherrybark oak 
(CBO) and sweetgum (SG) i n  s t a n d s  w i t h  
t h e  u n r e s t r i c t e d  p a t t e r n  of development. 

a l i s t  and b r i e f  d e s c r i p t i o n  of some o p t i o n s  
which can be used: 

Enrichment p l a n t i n g  -- T h i s  o p t i o n  has  been 
d i scussed  by two o t h e r  speaker s  a t  t h i s  
confe rence  (Chambers e t  a l .  1986, Nix and Cox 
1986) and invo lves  supplementing n a t u r a l  
r e g e n e r a t i o n  by unde r p l a n t  ing of s e e d l i n g s  
s e v e r a l  y e a r s  be fo re  t h e  f i n a l  h a r v e s t .  Some 
c o n t r o l  of compe t i t ion  i n  t h e  lower s t o r i e s  may 
be necessa ry .  D i r e c t  seed ing  may be a n  even 
more a t t r a c t  i v e  way t o  supplement n a t u r a l  
r egenera t ion .  D i r e c t  seed ing  h a s  been very 
s u c c e s s f u l  i n  l a r g e r  open a r e a s  (Johnson and 
Krinard 1985). Sowing beneath  a canopy has  
eorked on  a few occas ions ,  but  i n  most c a s e s  t h e  
seeds  a r e  l o s t  t o  roden t s .  Timing of t h e  
seed ing  may be important  i n  p reven t ing  rodent  
depreda t ion ,  but  success  w i l l  u l t i m a t e l y  depend 
o n  t h e  development of a n  e f f e c t i v e  rodent  
r e p e l l e n t .  

Use of shelterwood method -- C l a s s i c a l  
shel terwood c u t t i n g s  u s u a l l y  have not  been 
s u c c e s s f u l  i n  r e g e n e r a t i n g  oaks, but  a s  
suggested by L o f t i s  (1983) very l i g h t  c u t s  over  
a pe r iod  of yea r s  may work. Use of t h e  method 
should be conf ined t o  s t a n d s  wi thout  a dense 
midstory o r  unders tory.  T h i s  technique has  no t  
been r i g o r o u s l y  t e s t e d  f o r  cherrybark oak, bu t  

obse rva t ions  i n  s t a n d s  which have rece ived  
l i g h t  p a r t i a l  c u t s  i n d i c a t e  t h a t  i t  may work. 

Midstory and unders to ry  c o n t r o l  -- The 
upper canopy of bottomland hardwood s t a n d s  i n  
t h e  South i s  o f t e n  q u i t e  open because of p a s t  
c u t t i n g .  However, l i g h t  t o  t h e  f o r e s t  f l o o r  
may be very low because of a dense  midstory 
and unders to ry  of t o l e r a n t  s p e c i e s  and 
r e g e n e r a t i o n  of oaks  does no t  occur.  Removal 
of t h e s e  lower s t o r i e s  w i l l  g r e a t l y  i n c r e a s e  
l i g h t  t o  t h e  f o r e s  t f l o o r  and may be a l l  t h a t  
is necessa ry  t o  o b t a i n  advance r e g e n e r a t i o n  of 
oaks  and o t h e r  d e s i r a b l e  s p e c i e s .  

Shelterwood p lus  c o n t r o l  of lower 
s t o r i e s  -- I n  some s t ands .  c u t  t i n e  w i l l  need " 
t o  be done i n  both t h e  main canopy and lower 
canopies  i n  o r d e r  t o  g e t  s u f f i c i e n t  l i g h t  f o r  
r egenera t ion .  This  can be accomplished by a 
shelterwood cu t  combined wi th  lower canopy 
c o n t r o l  by i n j e c t i o n  o r  c u t t i n g .  Care must be 
exe rc i sed  no t  t o  open t h e  s t and  too  much 
( L o f t i s  1983). 

The above d i s c u s s i o n  emphasizes t h e  need 
f o r  s t and-spec i f i c  methods f o r  oak 
r e g e n e r a t i o n  and d e s c r i b e s  some of t h e  
t echn iques  which may be used. However, i t  
must be emphasized t h a t ,  a t  l e a s t  f o r  
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Figure  3.--Light r equ i remen t s  and j u v e n i l e  
growth  of che r ryba rk  oak i n  f ~ p a r i -  
son wi th  compe t i to r  spec ie s . -  

= ironwood; SB = suga rbe r ry ;  ELM = 
elm; CBO = che r ryba rk  oak;  SG = sweetgum; SYC = 
sycamore; YP = yel low pop la r .  

che r ryba rk  oak,  t h e  recmmendat ions  a r e  
p r e s e n t l y  t e n t a t i v e .  More d e f i n i t i v e  
r ecommnda t ions  must a w a i t  t h e  r e s u l t  of 
long-te nn s t u d i e s  now underway. 
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SYCAMORE COPPICE RESPONSE TO HARVEST SEASON: 7-YEAR TRENDS' 

Kenneth R. ~ o e d e r ~  

Abstract.--Five season-of-harvest  t r e a t m e n t s  (March, 
A p r i l ,  June,  August and October)  were imposed i n  1979 on a 
12-year-old sycamore (P la t anus  o c c i d e n t a l i s  L.) p l a n t a t i o n  on 
t h e  Northern  Coas ta l  P l a i n  of North Carol ina .  R e s u l t i n g  
coppice  response  was e v a l u a t e d  annua l ly  f o r  7  y e a r s  f o l l o w i n g  
ha rves t .  The l a t e  dormant season h a r v e s t  t r e a t m e n t  (March) 
r e s u l t e d  i n  s i g n i f i c a n t l y  t a l l e r  and l a r g e r  d i a m e t e r  s p r o u t s  
t h a n  those  c u t  a t  o t h e r  t i m e s  of t h e  year ,  The r a t e  of 
biomass accumulat ion was a l s o  s i g n i f i c a n t l y  g r e a t e r  f o r  t h e  
l a t e  dormant season h a r v e s t  t r e a t m e n t  coppice.  

Season-of-harvest  d i d  n o t  s i g n i f i c a n t l y  i n f l u e n c e  t h e  
number of coppice  s p r o u t s  p e r  s tump a f t e r  t h e  second growing 
season f o l l o w i n g  harves t .  Org ina l  t r e e  DBH, used a s  a  stump 
d i a m e t e r  index,  had a  s i g n i f i c a n t  i n f l u e n c e  on t h e  amount of 
s p r o u t  biomass produced. Weed c o m p e t i t i o n  c o n t r o l  appea r s  t o  
be j u s t  a s  i m p o r t a n t  i n  s u c c e s s f u l  coppice  s t and  e s t a b l i s h -  
ment a s  i t  i s  w i t h  hardwood s e e d l i n g  p l a n t a t i o n s .  

Keywords: Sprout  m o r t a l i t y ,  Biomass, Competit ion. 

INTRODUCTION 

Asexual r e g e n e r a t i o n  of hardwoods through t h e  
s p r o u t i n g  of stumps and r o o t s  (coppice)  i s  a  s i g n i -  
f i c a n t  sou rce  of new growth i n  some n a t u r a l l y  r e -  
gene ra t ed  hardwood s t a n d s  ( P e t r u n c i o  1985). Cop- 
p i c e  r e g e n e r a t i o n  has  been an i n t e g r a l  component o f  
f o r e s t  management i n  some p a r t s  of t h e  world f o r  
c e n t u r i e s  (Rackham 19801, b u t  has  been se ldomly 
u t i l i z e d  consc ious ly  f o r  r e g e n e r a t i n g  n a t u r a l  hard- 
wood s t a n d s  i n  t h e  United S t a t e s .  The l i m i t e d  
r e s e a r c h  e f f o r t s  w i th  copp ice  have shown t h a t  qual -  
i t y  and y i e l d s  of r egene ra t ed  s t a n d s  can be a l t e r e d  
by knowledgeable use  of copp ic ing  (Bue l l  1940; Roth 
and Hepting 1943; Downs 1947; Sander 1971; Johnson 
1975; Kennedy 1975; St roempl  19831, through t h e  
s i l v i c u l t u r a l  man ipu la t ion  of those  f a c t o r s  i n f l u -  
encing coppice  response  (Lust  and Mohammady 1973; 
Blake and Rai tanen 1981). The f a c t o r s  include:  
s p e c i e s ,  f e r t i l i t y ,  spacing,  season-of-harvest ,  
weed compe t i t i on ,  c u l t i v a t i o n ,  physiology and 
i n t e r n a l  chemica l  c o n t r o l s ,  r o t a t i o n  l eng th ,  stump 
d iame te r ,  stump he igh t ,  and stump m o r t a l i t y  (Blake 
and Ra i t anen  1981). 
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S i g n i f i c a n t  i n f l u e n c e s  have been r epor t ed  f o r  
some season-of-harvest  coppice  s t u d i e s  (i,e.: 
Bue l l  1940; Wenger 1953; Grano 1955; Longhyrst  
1956). Research has  shown t h a t  dormant season 
h a r v e s t s  r e s u l t  i n  more p roduc t ive  coppice  g rowth  
than  growing season h a r v e s t s  (S toeck le r  1947; 
Wenger 1953; Roeder and Bansen 1985). However, 
most season-of-harvest  coppice  s t u d i e s  r e p o r t  cop- 
p i c e  response  success  a t  a  s i n g l e  p o i n t  i n  t i m e  and 
by t h e  number of s p r o u t s  s u r v i v i n g  a t  1 t o  4  y e a r s  
f o l l o w i n g  t h e  h a r v e s t  c u t  ( B l a k e  and R a i t a n e n  
1981) .  R e s u l t s  r e p o r t e d  by Roeder  and Bansen  
(1985) on sycamore (P la t anus  o c c i d e n t a l i s  L.) i n d i -  
c a t e  t h a t  a  s i m p l e  a s ses smen t  of on ly  t h e  number o f  
s p r o u t s  a t  a  p o i n t  i n  t i m e  may be i n a d e q u a t e  f o r  
e v a l u a t i n g  s u c c e s s  o f  s e a s o n - o f - h a r v e s t  c o p p i c e  
s t u d i e s .  

Recent market changes f o r  hardwood biomass may 
make s h o r t  r o t a t i o n  biomass p l a n t a t i o n s  a  v i a b l e  
economic a l t e r n a t i v e  t o  meet f i b e r  and f u e l  s t o c k  
demands. However, compared t o  p i n e  p l a n t a t i o n s ,  
hardwoods have r e l a t i v e l y  high i n i t i a l  e s t a b l i s h -  
ment c o s t s  and r e q u i r e  i n t e n s i v e  and expensive  six- 
v i c u l t u r a l  t r e a t m e n t s  i n  o r d e r  t o  become success-  
f u l l y  e s t a b l i s h e d  (Malac and Heeren 1979). Mul t i -  
p l e  cropping through t h e  use  of hardwood coppice  
from a  s i n g l e  p l a n t i n g  may provide  t h e  f a v o r a b l e  
economics necessa ry  f o r  j u s t  such a  biomass produc- 
t i o n  system. 

Continued r e s e a r c h  i n t o  f a c t o r s  a f f e c t i n g  
coppice  response  and long-term p r o d u c t i v i t y  i s  
t h e r e f o r e  j u s t i f i e d .  The work r e p o r t e d  i n  t h i s  



paper  e v a l u a t e s  sycamore copp ice  response  f o r  a  
con t inuous  pe r iod  of  7-years f o l l o w i n g  f i v e  
s e a s o n a l  h a r v e s t i n g  t r e a t m e n t s ,  

MATERIALS AND METHODS 

A 12-year-old sycamore p l a n t a t i o n  i n  Her t fo rd  
County, North Caro l ina  on a  t e r r a c e  of t h e  Meherrin 
R ive r  W P S  chosen a s  t h e  s tudy  s i t e ,  a s  an i n s t a l l a -  
t i o n  of t h e  Coppice P r o j e c t  of t h e  NCSU-Industry 
Coopera t ive  Hard wood Research Program. The p lan ta -  
t i o n ,  f o r m e r l y  a  f e r t i l i z e r - s p a c i n g - t h i n n i n g  s t u d y  
of Union Camp Corporat ion,  was blocked t o  incorpo-  
r a t e  t h e  f e r t i l i z e r - s p a c i n g - t h i n n i n g  t r e a t m e n t s ,  
Seven s o i l  s e r i e s  (Myat t ,  Goldsboro, Eunola, Johns ,  
Suf fo lk ,  Kenansv i l l e  and Wagram v a r i a n t )  were iden-  
t i f i e d  on t h e  o r i g i n a l  s tudy  s i t e  (SCS 19801, bu t  
could  n o t  be f u l l y  i n c o r p o r a t e d  i n  t h e  b locks  and 
were t h e r e f o r e  cons ide red  p e r t  of random s i t e  
v a r i a t i o n .  

S ince  t h e  e s t a b l i s h m e n t  of  t h i s  p l a n t a t i o n ,  
more knowledge has  been ob ta ined  on s i t e  r equ i re -  
ments f o r  hardwood s p e c i e s  i n c l u d i n g  sycamore end 
sweetgurn (t iquidambir s t y r a c i f l u a  L.1 That know- 
l edge  would today f a v o r  t h e  p l a n t i n g  of sweetgum a s  
a  more p roduc t ive  and b e t t e r  matched s p e c i e s  t o  
t h i s  s i t e .  However, t h e  sycamore on t h i s  s i t e  i s  
v i a b l e  f o r  de t e rmin ing  t h e  e f f e c t  of season-of- 
h a r v e s t  coppice  t r e a t m e n t s ,  

S tock ing  of t h e  sycamore p l a n t a t i o n  chosen f o r  
t h i s  coppice  s tudy  ranged from 452 t o  988 t r e e s  
(s tumps]  per  h e c t a r e ,  w i t h  a  mean s t o c k i n g  of 795 
t r e e s  p e r  hec ta re ,  The f i v e  season-of-harvest  
t r e a t m e n t s  c o n s i s t e d  of chainsaw h a r v e s t i n g  t h e  
e x i s t i n g  12-year-old t r e e s  w i t h i n  t h e  t r e a t m e n t  
p l o t s  a t  t h e i r  des igna ted  h a r v e s t  season--March 15, 
A p r i l  30, June 30, August 31 and October 31 i n  
1979. A l l  t r e e s  were c u t  w i t h i n  15 cm of ground 
l i n e .  The March h a r v e s t  t r e a t m e n t  was i n s t a l l e d  a; 
a  l a t e  dormant se2son t r e a t m e n t ;  t h e  October har- 
v e s t  t r e a t m e n t  a s  an  e a r l y  dormant season t r e a t -  
ment; and t h e  Apr i l ,  June and August h a r v e s t  treat- 
ments a s  p rogres s ion  of growing season h a r v e s t  
t r ea tmen t s .  The seasona l  h a r v e s t i n g  t r e a t m e n t s ,  i n  
f o u r  r e p l i c a t i o n s ,  were a s s e s s e d  d u r i n g  mid-dormant 
season (January)  f o l l o w i n g  h a r v e s t  and i n  January 
of each of t h e  f o l l o w i n g  7  years .  P l o t s  were 0.072 
h e c t a r e s  i n  s i z e  i n  one r e p l i c a t i o n  and 0.036 hec- 
t a r e s  i n  a l l  o t h e r  r e p l i c a t i o n s .  

Diameter a t  b r e a s t  h e i g h t  (DBH) was measured 
on a l l  s tudy  t r e e s  du r ing  t h e  dormant season j u s t  
p r i o r  t o  i n s t a l l a t i o n  of t h e  h a r v e s t i n g  t r e a t m e n t s .  
These d i a m e t e r s  were used a s  a  measure of t h e  
o r i g i n a l  t r e e ' s  dominance i n  t h e  s t and ;  they a l s o  
se rved  a s  an  i n d i r e c t  measure of  t h e  s i z e  and v i g o r  
of each r o o t  system, and w i l l  h ence fo r th  be 
r e f e r r e d  t o  a s  stump d i a m e t e r  index (SDI). The SDI 
ranged from 4  t o  19 cm, These SDI d a t a  were then  
used a s  a c o v a r i a t e  ad jus tmen t  of  t h e  coppice  
r e sponse  v a r i a b l e s  under study. A l l  ana lyses  and 
v a l u e s  p resen ted  a r e  a d j u s t e d  f o r  SDI. 

The coppice  r e g e n e r a t i o n  was measured f o r  
t o t a l  h e i g h t  and DBH of t h e  dominant s p r o u t  pe r  
stump, and number and mean h e i g h t  of s p r o u t s  by 2,5 
cm DBH c l a s s  f o r  each stump. S tock ing  l e v e l s  were 

a s ses sed  a s  t h e  number of coppice  s p r o u t s  i n  each 
d iame te r  c lass  per  stump and e x t r a p o l a t e d  t o  p e r  
h e c t a r e  va lues ,  Only l i v i n g  s p r o u t s  were a s ses sed ,  

Biomass f o r  t h e  copp ice  and t h e  o r i g i n a l  syca- 
more s t and  was c a l c u l a t e d ,  u s i n g  equa t ions  f o r  
p r e d i c t i n g  t o t a l  green biomass of unde r s to ry  s o f t  
hardwoods ( P h i l l i p s  1981). These equa t ions  were 
chosen because  no s a t i s f a c t o r y  biomass equa t ions  
s p e c i f i c a l l y  developed f o r  sycamore coppice  were 
a v a i l a b l e  and the ranges of d i a m e t e r s  f o r  t h e  cop- 
p i c e  and t h e  o r i g i n a l  s t a n d  c l o s e l y  matched t h e  
d a t a  used t o  develop t h e  equa t ions ,  The calcul_s ted 
biomass i s  t h e r e f o r e  used a s  an index f o r  t r e a t m e n t  
comparisons,  Biomass was e v a l u a t e d  a s  mean biomass  
per s p r o u t  and per  stump, Biomass pe r  h e c t a r e  was 
used a s  a measure of t o t a l  coppice  p r o d u c t i v i t y ,  

The d a t a  were analysed as  a randomized 
complete-block design. Treatment  r e sponses  were 
eva lua ted  f o r  each a s ses sed  v a r i a b l e  annua l ly  us inp  
s t anda rd  a n a l y s i s  of va r iance  t echn iques  ( S t e e l  an: 
T o r r i e  19801. The p r o d u c t i v i t y  t r e n d s  f o r  each 
seasona l  h a r v e s t  t r e a t m e n t  were eva lua ted  by t e s t -  
i n g  f o r  h e t e r o g e n e i t y  of s l o p e s  f o r  h e i g h t ,  DBH, 
s t o c k i n g  and biomass p r o d u c t i v i t y  over  t h e  seven 
a s ses smen t  y e a r s ,  and inco rpora t ed  SDI a s  a  cova r i -  
a t e  ad jus tmen t  f a c t o r  (Freund and L i t t e l l  1981). 
S i g n i f i c a n c e  i s  i n d i c a t e d  a t  t h e  .05 p r o b a b i l i t y  
l e v e l ,  

RESULTS AND 3LSCUSSIONS 

Diameter 3ndex 

As  a c o v a r i a t e ,  SDI was found t o  be s i g n i f i -  
c a n t  f o r  t o t a l  s p r o u t  b a s a l  a r e a  pe r  h e c t a r e ,  bio- 
mass per  s p r o u t  and biomass per  hee ta re ,  T h i s  
r e s u l t  i s  suppor ted by t h e  f i n d i n g s  of Belanger  
(19799, a l s o  w i t h  sycamore,  and could  be expec ted  
a s  b a s a l  a r e a  and biomass a r e  h i g h l y  c o r r e l a t e d .  
No evidence was found t o  i n d i c a t e  a  s i g n i f i c a n t  
c o n t r i b u t i o n  of SDI t o  t h e  number of coppice  
s p r o u t s  produced as  has  been r e p o r t e d  e l sewhere  
(i,e. : Mattoon 1909; Schr i e rbeek  and Clarke  1984; 
Singh and o t h e r s  1973),  but  t h i s  may be due t o  t h e  
more l i m i t e d  range of SDI found i n  t h e  sycamore 
p l a n t a t i o n .  The i n f l u e n c e  of number of s p r o u t s  p e r  
stump i s  an i m p o r t a n t  c o n t r i b u t o r  t o  t h e  t o t a l  
biomass produced p e r  stump and i s  most l i k e l y  t h e  
reason t h a t  SDI was no t  found t o  s i g n i f i c a n t l y  
c o n t r i b u t e  t o  biomass per stump, 

By t h e  end  of t h e  f i r s t  growing season,  some 
s p r o u t s  were l o s t  t o  mortality d u e  t o  within-stump 
sp rou t  compe t i t i on  f o r  he March, A p r i l  and June 
h a r v e s t  t r e a t m e n t s  (F igure  11, The August and 
October treatments appeared t o  be free of t h e  
seve re  w i t h i n - s t ~ r n p  s p r o u t  compe t i t i on ,  By t h e  end 
of t h e  2nd growing season,  a l l  t r e a t m e n t s  were p a s t  
t h e  po in t  o f  suppor t ing  a maximum number of s p r o u t s  
per  stump as  wi thin-s tump sp rou t  c o m p e t i t i o n  was 
e l i m i n a t i n g  t h e  s m a l l e r  sp rou t s ,  Within any g i v e n  
yea r ,  s i g n i f i c e n r  d i f f e r e n c e s  i n  mean number of 
s p r o u t s  pe r  s t u m p  d u e  t o  s e a s o n a l  h a r v e s t i n g  t r e a t -  
ments were unde tec t ab le  a f t e r  the 2nd growing 
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Figure  1.--Mean number of sycamore copp ice  s p r o u t s  
per  s tump f o r  7 yea r s  f o l l o w i n g  f i v e  s e a s o n a l  
h a r v e s t  t r e a t m e n t s ,  

season. A s i m i l a r  f i n d i n g  was r e p o r t e d  by Wendel 
(1975) f o r  Appalachian hardwoods, 

I n  t h e  pe r iod  between t h e  2nd and 4 t h  growing 
seasons ,  a  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  wi th in -  
stump m o r t a l i t y  r a t e  ( s l o p e )  was d e t e c t e d  (F igure  
1). By t h e  4 th  growing season an e q u i l i b r i u m  l e v e l  
i n  s p r o u t  s u r v i v a l  was reached f o r  a l l  s e a s o n a l  
h a r v e s t  t r ea tmen t s .  The s p r o u t  m o r t a l i t y  r a t e s  f o r  
t h e  s e a s o n a l  h a r v e s t  t r e a t m e n t s  from t h e  4 th  
through 7 t h  growing seasons  were n o t  s i g n i f i c a n t l y  
d i f f e r e n t ,  Note t h a t  t h e  s p r o u t  m o r t a l i t y  which 
occur red  i n  t h i s  s tudy  was due t o  within-stump 
s p r o u t  c o m p e t i t i o n  a s  stump spac ings  and o v e r a l l  
growth was such t h a t  between-stump s p r o u t  crown 
c o m p e t i t i o n  was l i m i t e d ,  

The m o r t a l i t y  r a t e  of s p r o u t s  pe r  h e c t a r e  
c l o s e l y  m i r r o r s  t h a t  of m o r t a l i t y  pe r  stump due t o  
t h e  g e n e r a l  u n i f o r m i t y  i n  stump s u r v i v a l  r a t e  among 
t h e  h a r v e s t  t r ea tmen t s .  

The dominant s p r o u t s  from t h e  March h a r v e s t  
t r ea tmen t  a r e  s i g n i f i c a n t l y  t a l l e r  t han  coppice  
r e s u l t i n g  from t h e  o t h e r  h a r v e s t  t r e a t m e n t s  through 
t h e  7 t h  growing season (F igure  2). However, t h e  
r a t e  of h e i g h t  growth i s  c o n s i s t a n t  f o r  a l l  t r e a t -  
ments i n d i c a t i n g  t h a t  t h e  advantage i n  dominant 
sp rou t  growth ob ta ined  by t h e  March h a r v e s t  t r e a t -  
ment i s  achieved i n  t h e  f i r s t  growing season and 
mainta ined a t  l e a s t  through t h e  7 th  growing season. 

The s i g n i f i c a n t  s u p e r i o r i t y  of t h e  March ha r -  
v e s t  t r e a t m e n t  i s  a l s o  expres sed  i n  mean h e i g h t  of 
a l l  coppice  s p r o u t s  pe r  stump f o r  any given year  
(F igure  31, In a d d i t i o n ,  t h e  r a t e  of t h e  mean 
s p r o u t  h e i g h t  growth i s  s i g n i f i c a n t l y  g r e a t e r  f o r  
t h e  March t r e a t  rnent. Th i s  s i g n i f i c a n t  d i f f  e sence  
i n  t h e  r epor t ed  r a t e  of mean s p r o u t  he igh t  growth 
i s  t h e  r e s u l t  of a c t u a l  s p r o u t  h e i g h t  growth a s  
w e l l  a s  within-stump copp ice  s t a n d  development, 
Th i s  coppice  s t and  development occur red  e a r l i e r  i n  
t h e  March ha rves t ed  p l o t s  a s  t h e  r e s u l t  of t h e  
wi th in - s tunp  sp rou t  c o m p e t i t i o n  e l i m i n a t i n g  t h e  
smaller i n t e r m e d i a t e  and suppressed sp rou t s ,  t h e r e -  
by i n c r e a s i n g  t h e  mean h e i g h t  of t h e  su rv iv ing  
s p r o u t s ,  

The pe r iod  between t h e  March 15 and t h e  A p r i l  
30 h a r v e s t  t r e a t m e n t s  appea r s  t o  have been c r i t i c a l  
t o  t h e  growth p o t e n t i a l  of t h e  r e s u l t a n t  coppice.  
C u t t i n g  t r e e s  p r i o r  t o  m o b i l i z a t i o n  of hormones 
and n u t r i e n t s  s t o r e d  a s  ca rbohydra te s  i n  t h e  r o o t s  
(March h a r v e s t  t r e a t m e n t )  p e r m i t s  t h e  p o t e n t i a l  f o r  
f u l l  a v a i l a b i l i t y  o t  t h e s e  n u t r i e n t s  f o r  subsequent  
coppice  response,  C u t t i n g  a f t e r  p a r t i a l  mobi l iza-  
t i o n  ( A p r i l  h a r v e s t  t r e a t m e n t )  r e s u l t s  i n  a  propor- 
t i o n a l  r e d u c t i o n  i n  t h e  coppice  response  (Wenger 
1953), The Lowest l e v e l  of n u t r i e n t  r e s e r v e s  i n  
t h e  r o o t s  i s  p r i o r  t o  f u l l  l e a f  expansion (Alban 
1985) which occurred be fo re  t h e  June 30 c u t t i n g  
t r e a t m e n t  i n  t h i s  study. 
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Figure  2.--Mean h e i g h t  of t h e  dominant sycamore 
coppice  s p r o u t  p e r  stump f o r  7 y e a r s  fo l lowing  
f i v e  s e a s o n a l  h a r v e s t  t r e a t m e n t s ,  



Dormant Seasons Foltowlng Harves t  
(years)  

Figure  3,--Mean h e i g h t  of  a l l  sycamore coppice  
s p r o u t s  p e r  stump f o r  7 yea r s  fo l lowing  f i v e  
s e a s o n a l  h a r v e s t  t r ea tmen t s .  

Dormant Seasons Following Harvest  
( yea rs )  

Figure  4.--Dominant coppice  s p r o u t  he igh t  growth of 
dormant season  h a r v e s t s  of Yellow-poplar, r ed  oak, 
wh i t e  oak (from Wendel 19751, and sycamore. (Note: 
s p e c i e s  i n d e n t i f i c a t i o n  of  oaks  on ly  t o  subgenus 
l e v e l .  1 

The r a t e  of dominant s p r o u t  growth of l a t e  
dormant  season ha rves t ed  sycamore coppice  was i n i -  
t i a l l y  f a s t e r  t han  t h a t  r e p o r t e d  f o r  dormant season  
h a r v e s t e d  oak (Quercus sp.1 and yel low-poplar  
(Lir iodendron t u l i p i f e r a  L.1 on e x c e l l e n t  and f a i r  
n a t u r a l  s t a n d  s i t e s  (about  55-years-old) i n  West 
V i r g i n i a  (Wendel 1975) (F igure  41, bu t  appears  t o  
be d e c r e a s i n g  by t h e  7 t h  growing season. Yellow- 
pop la r  su rpassed  sycamore cumula t ive  h e i g h t  growth 
d u r i n g  t h e  6 t h  growing seagon, w h i l e  r ed  oak has  
caught  up t o  sycamore by t h e  end of t h e  7 th  growing 
season. 

Diameter a t  B r e a s t  Height 

Mean d i a m e t e r  growth of t h e  dominant s tump 
s p r o u t  from t h e  March h a r v e s t  t r e a t m e n t  was s i g n i -  
f i c a n t l y  l a r g e r  than t h e  dominant s p r o u t s  from t h e  
o t h e r  h a r v e s t  t r e a t m e n t s  through t h e  7 t h  growing 
season (F igure  5). The r a t e  of d i ame te r  growth was 
a l s o  s i g n i f i c a n t l y  s u p e r i o r  f o r  t h e  March t r e a t -  
ment. Th i s  s u p e r i o r  d i ame te r  growth of t h e  March 
t r e a t m e n t  s p r o u t s  i s  a f u n c t i o n  of t h e i r  e a r l i e r  
s t a r t  a t  t h e  beginning of t h e  i n i t i a l  growing sea-  
son f o l l o w i n g  h a r v e s t  t r e a t m e n t ,  e a r l i e r  s t a n d  
development and dominance expres s ion  of t h e  compet- 
i n g  s p r o u t s  w i t h i n  each stump. Once a sp rou t  
a c q u i r e s  a s u p e r i o r  crown p o s i t i o n  i n  t h e  wi th in -  
stump s p r o u t  canopy, t h e  s p r o u t  i s  a b l e  t o  m a i n t a i n  
o r  expand i t s  dominance a s  i t  suppresses  s m a l l e r ,  
s lower  growing sp rou t s ,  
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Figure  5,-Mean d iame te r  a t  b r e a s t  h e i g h t  o f  t h e  
dominant sycamore coppice  s p r o u t  p e r  stump f o r  
7 y e a r s  f o l l o w i n g  f i v e  s e a s o n a l  h a r v e s t  
t r ea tmen t s .  



Mean s p r o u t  d i a m e t e r  growth r e f l e c t e d  t h e  same 
t r e n d s  and r e l a t i o n s h i p s  a s  f o r  dominant s p r o u t s  
(F igure  51, Overa l l ,  t h e  r a t e s  of mean s p r o u t  
d i ame te r  g r o w t h  were l e s s  than  t h a t  f o r  dominant 
s p r o u t s  , 

Biomass 

The March h a r v e s t  t r e a t m e n t  c o n s i s t a n t l y  pro- 
duced s i g n i f i c a n t l y  l a r g e r  s p r o u t s  t h a n  t h e  o t h e r  
season-of-harvest  t r e a t m e n t s ,  These s p r o u t s ,  
because o f  t h e i r  l a r g e r  s i z e  and i n f e r r e d  l a r g e r  
p h o t o s y n t h e t i c  a r e a ,  grew a t  a  s i g n i f i c a n t l y  f a s t e r  
r a t e  t h a n  s p r o u t s  from o t h e r  h a r v e s t  t r ea tmen t s ,  
Between t h e  6 t h  and 7 t h  growing seasons ,  t h e  r a t e  
of b iomass  growth inc remen t  f o r  t h e  March h a r v e s t  
t r e a t m e n t  d e c l i n e d  (F igure  6). Th i s  d e c l i n e  was 
due t o  widespread v ine  c o m p e t i t i o n ,  p a r t i c u l a r l y  
i n  r e p l i c a t i o n  one of t h e  study. 

Honeysuckle (Lonicera  japonica  Thunb,) compe- 
t i t i o n  was s o  seve re  i n  some i n s t a n c e s  t h a t  t h e  
s p r o u t s  were  p h y s i c a l l y  damaged, t h e  e f f e c t s  of  

I Harvest Dates 

Dormant Seasons Following Harvest 
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Figure  6.--Green biomass p r o d u c t i v i t y  pe r  s tump of  
s u r v i v i n g  sycamore copp ice  s p r o u t s  f o r  7 y e a r s  
fo l lowing  f i v e  seasona l  h a r v e s t  t r ea tmen t s .  
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Figure  7,--Mean g reen  biomass  p r o d u c t i v i t y  p e r  
stump of  s u r v i v i n g  sycamore coppice  s p r o u t s  
f o r  7  y e a r s  fo l lowing  f i v e  s e a s o n a l  h a r v e s t  
t r ea tmen t s .  

which were s i g n i f i c a n t  when dominant s p r o u t s  were 
involved. The biomass growth p r i o r  t o  t h e  v i n e  
induced m o r t a l i t y  i s  l o s t  p roduc t iv i ty .  The g rowth  
r a t e  d e c l i n e  d e t e c t e d  f o r  t h e  March h a r v e s t  t r e a t -  
ment i s  a l s o  e v i d e n t  i n  dominant s p r o u t  h e i g h t  
(Figure  21, dominant DBH (Figure  5),  sp rou t  b iomass  
pe r  stump (F igure  7 )  and t o t a l  s p r o u t  biomass p e r  
h e c t a r e  (F igure  8 )  due t o  dominant sp rou t  
m o r t a l i t y .  

The m o r t a l i t y  of dominant coppice  s p r o u t s  
through breakage o r  dea th ,  has  a  s e v e r e  impac t  on 
t h e  biomass p r o d u c t i v i t y  of a  s tump system a s  i l l u -  
s t r a t e d  by t h e  biomass  d e c l i n e  of t h e  March h a r v e s t  
t r e a t m e n t  du r ing  t h e  7 t h  growing season and t h e  
June and August h a r v e s t  t r e a t m e n t s  a t  t h e  4 t h  grow- 
i n g  season (Figure  7). The e f f e c t s  of sp rou t  mor- 
t a l i t y  on a  p a r t i c u l a r  stump may be bu f fe red  on an  
a r e a  b a s i s  by t h e  i n c r e a s e d  growing space  a v a i l a b l e  
t o  t h e  surrounding copp ice  s t a n d  (Figure  8). Loss 
of s p r o u t s  may be symptomat ic  of a  stump i n  poor 
h e a l t h  whose l o s s  w i l l  c ause  a cumula t ive  d e c l i n e  
i n  t o t a l  a r e a  biomass p roduc t iv i ty .  

The t o t a l  coppice  biomass  produced from t h e  
March h a r v e s t  t r e a t m e n t ,  a l though  s i g n i f i c a n t l y  
s u p e r i o r  t o  t h e  o t h e r  season-of-har e s t  t r e a t m e n t s ,  
amounts t o  l e s s  than  1.2 Mg ha-'yr-' of ovendry 
biomass over  7-years due t o  t h e  poor q u a l i t y  o f  
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Figure 8.--Mean green biomass p roduc t iv i ty  per 
hec ta re  of surviving sycamore coppice sprou ts  
f o r  7 years  following f i v e  seasonal  harvest  
t reatments .  

t h i s  s i t e  f o r  sycamore. T e o i g i n a l  seed l ing  
s tand produced 2.52 Mg haefyr-I of ovendry biomass 
over 12-years p r i o r  t o  coppicing. On a good s i t e  
f o r  sycamore located i n  t h e  county south of t h i s  
study, Torreano (1986) rplporp biomass y i e l d s  
ranging from 4.74 M ha- yr- f o r  6-year-old seed- % l i n g s  t o  2.14 Mg ha yr-l f o r  a combined 6 year 
growth c y c l e  c o n s i s t i n g  of 4-year-old seedl ing 
y i e l d s  and 2-year-old coppice y ie lds ,  

CONCLUSIONS 

The super io r  p roduc t iv i ty  of sycamore stump 
coppice from l a t e  dormant-season-harvested t r e e s  
(March t rea tment )  i s  evident  i n  sprout  height ,  DBH 
and biomass growth. The uniformity of the  r a t e  of 
he igh t  growth of dominant coppice sprou ts  f o r  a l l  
seasonal  harvest ing t rea tments  i s  a p a r t i a l  
r e f l e c t i o n  of the  s i t e  index while sprout  height  a t  
a po in t  i n  t ime  i s  more .a funct ion of t h e  a c t u a l  
growing months experienced. 

The super io r  r a t e  of dominant sprout  diameter  
growth from the  l a t e  dormant-season-harvested t r e e s  
has the  g r e a t e s t  impact on the  r a t e  of t o t a l  bio- 
mass product ivi ty .  Coppice from t h e  March harvest  
t rea tment  may u t i l i z e  t h e  f u l l  cont igent  of s to red  
n u t r i e n t s  i n  t h e  root  system, and the  f u l l  i n i t i a l  
growing season f o r  sprout  growth, t o  gain a growth 
advantage over l a t e r  harves t  t reatment  coppice. 
The e a r l i e r  within-stump sprout  competi t ion from 
t h e  March harvest  t reatment  ensures  e a r l y  elimina- 
t i o n  of some of the  subdominant sprouts  and a l lows  
dominant sprou ts  t o  take advantage of the  increased 
growing space. 

The number of sprou ts  per stump i s  a f f e c t e d  by 
the  season-of-harvest u n t i l  the  ca r ry ing  capac i ty  
of the  stumps and s i t e  i s  reached. On t h i s  s i t e ,  
t h e  ca r ry ing  capaci ty f o r  sycamore was reached 
a f t e r  t h e  2nd growing season, Di f fe ren t  spec ies  and 
s i t e  q u a l i t i e s  a r e  expected t o  s h i f t  t h i s  equ i l ib -  
rium point. 

Weed competi t ion c o n t r o l  may be a s  important  
i n  hardwood coppice p l a n t a t i o n  management a s  it i s  
recognized t o  be i n  hardwood seedl ing p lan ta t ions ,  
This may have a s i g n i f i c a n t  e f f e c t  on the  assump- 
t i o n s  made t o  economically j u s t i f y  coppice planta-  
t i o n  management systems, thereby d i c t a t i n g  d i rec-  
t i o n s  f o r  technology development, 

The lowest  l e v e l  of r e s u l t a n t  hardwood coppice 
produc t iv i ty  occurred t o  those p l a n t s  cut  during 
t h e  a c t i v e  season when t h e  roo t  systems a r e  a t  
t h e i r  lowest  energy level .  Therefore, pine planta-  
t i o n  s i t e  preparat ion e f f o r t s  w i l l  be most e f fec-  
t i v e  i n  c o n t r o l l i n g  hardwood competi t ion i f  
performed during the  growing season. 
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SHORT-ROTATION SEEDLING AND COPPICE 
BIOP.";ASS YIELDS AND NtJTRIEW CONTENT 

OF SEWN TWE SPECIES IN PJORTH ~~~RoLIN&' 

S, J. Torreano and D. J, Frederick 

Abstract,--Plbovqround biomass production and nutrient 
content for seven-year-old seedlings and two-year-old coppice 
grown on a Coastal Plain red river bottomland and Piedmont 
upland are present&, Spacings of 0.8x1.5, 1.5x1.5, and 
2.5xl.5 rn were used, On the bottomland, swetsum 

L.) produced the greatest seven-year 
sdling biomass yields (52.7 Mq ha; 0-8x1.5 m spacincl, 
follow& by wearnore (Platanus bccihentalis L.) , -and Gropean 
black alder (Alnus glutinosa L. Gaertn.). Loblolly pine 
(Pinus taeda L,) produced greater seedling yields than hard- 
woods on the upland site and all except swetgum on the 
bttomland. Seedling and coppice yields were generally 
greater at narrower spacings on both sites. Higher nutrient 
concentrations in young seedlings and coppice suggest that 
longer rotations will be needed to increase nutrient utiliza- 
t ion efficiency, 

Greater use of hardwoods for pulp, composite 
wood products, and energy has created a need to 
grow wood fiber more productively. One 
silvicultural regime king consider& is short- 
rotation intensive culture (SRIC). SRIC can 
increase hardwod biomass yields over those of 
unmawged, natural stands (Belanger and Saucier 
1975). However, hardwoods have specific site 
requirements and proper matching of species to 
site is necessary for maximum yields (Kellison and 
others 1979). An additional factor in the 
successful application of SRIC is the coppicing 
ability of hardwoods, Little information exists 
as to whether indigenous species will coppice 
adequately to maintain high productivity levels 
under SRIC regimes. Information on management 
practices which maximize the survival and 
productivity of coppice is needed for planning 
multiple rotations from seedlings, 

SRIG with intensive harvesting places higher 
demands per unit time on site nutrient pools 
compared to conventional management (Hansen and 
Baker 1979). Documentation of nutrient removal 
from harvesting of SRIC stads is neded so that 
comparisons of nutrient utilization efficiency can 
be made among species and sites, 

-11 Paper presented at the Southern 
Silvicultural Research Conference, Atlanta, C14, 

Graduate Research Assistant, and 
Professor, respectively, School of Forest 
Resources, North Carolina State hiniversity, 
Raleigh, K 27695-8002, 

Objectives of thi's study were to compare 
biomass yields and nutrient content of seedlings 
and coppice grown under SRIC on a Coastal Plain 
red river bottomland and Piedmont upland in North 
Carolina. 

MATERIALS AND METHODS 

Sample Stands 

Two plantations were established in May, 
1979. The first is located on a floodplain of the 
Roanoke River in Bertie County, North Carolina. 
The soil on this Atlantic Coastal Plain red river 
bottomland is a Congaree fine, sandy loam 
(Cawthorn 1970). Site preparation m a n  after the 
original bottomland hardwood stand was harvested, 
and consisted of shearing residuals, windrowing 
and burning, followed by double-discing. After 
discing, the site was treated with glyphosate. 
Seedlings (1-0) of seven species: European black 
alder (Alnus glutinosa L. Gaertn) ; sweettgum 
(Liquidambar styraci flua L,) : loblolly pine 
(Pinus taeda ' l,) ; eastern cottonwood (Populus 
deltoides Bartr. ex Marsh) ; sycamore (Platanus 
occidental i s L.) ; water-w i 1 low oak, (Quercus spp.) ; 
and green ash (Fraxinus Marsh) - 
were hand planted at 11.8 x l,f m, 1.5 x 1.5 m, and 

Experimental design of the plantation was a 
split-block with five blocks, seven species ,per 
block, and three spacing plots per species plot. 
Species-spacing plots were further divided into 
four, 25-tree measurement replications (five rows 
with five tree per row). Measurement replications 
were bordered 3.l m on all sides with trees 
planted at similar spacings. After the first 
growing season, the soil was regularly cultivated 
until crown closure to control competition, 



The second plantation was establish& on an 
eroded Pidmont upland in Granville County, Xorth 
Carolina, Sails oc this site are a Nhite Store 
clay loam with  sloges of 0-5% \;Sawthorn 1970). 
Site preparation began after the original mixed 
hardwd pine forest was harvested and was similar 
to that fsr the boottornlad site, SELings of 
four sI=eir s : EuroLwan black alder, swetgurn, 
loblolly pine and black locust (Robinia 
pseudoacacia L) , were hami9 plant& at 8 3  x 1.5 m, 
1.5 x 1.5 m and 2,5 x 2-5 m, Experimental design 
of the trial was the same as &he bottomla& except 
that four blocks, a d  four species were us&. 

Field Measurments 

All sampling was done during the dormant 
season (member - January) . Noridestr uct ive s m p  
ling of 25-tree replicates 'began following the 
secod growing season fL9bl ) .  Estructive smpling 
was scheduld at age four armd six years, with 
nondestructive sapling in intervening years, 
During nondestructive sampling years, two out of 
the possible LB rows of measurement trees (from 
each replication) were randomly chosen from each 
species plot in each block. Survival, height 
(nearest 0-83 rn) a& diameter (dbh) to the nearest 
0.3 cm were measurd, Abveground wocxrly biomass 
was estimated by sampling eight trees per spcies 
from all spacings over the range of tree sizes. 
Trees were chosen by a stratified random sample 
based on diameter, Sample trees were selected 
from border rows at least 3-1 rn from any edge; 
thus, measurement repl icat icns remain4 intact and 
border effects were minlimizd, Sample trees were 
cut at approximately 5,QI em aboveground with a 
chainsaw and weighed to the nearest Q,@5 kg to 
obtain green weight. Trees were sectione-;d into 
stem and branch (foliage was also separated and 
weighed for lobloliy pine) compnents and weighed. 
Cross-sectional disks approximately 5,@ cm thick 
were cut from eight sample trees pa: species at 
1/4 and 1/2 total height, Four disks were taken 
from a composite of mdiun diameter branches for 
each tree. A composite random sample of foliage 
from the loblolly pine crowns was also taken. 
Disks and foliage from the? loblolly pine crowns 
was also taken. Disks and foliage were sealed in 
polyethylene bags and stored at 4' C until proces- 
sing for moisture and nutrient content, Green 
weights of harvest& sample trees were used to 
develop regression quations. Individual species 
equations were deveio@ each year by plantztion, 
The form of the quation was: 

where: 

Y = whole tree ( a b v q r o u n d  green 
biomass in kg 

a S = regression coefficients 

ht = to ta l  t r e e  height In m 

dbh - diameter oatside bark at nreast 
height  (1-4 rn) in an. 

During destructive sampling years, one of 
four mc3asurement replications was harvestd from 
each spacing plot across all species and blocks, 
and weighed, Biomass yields from each block were 
averagd by species and spacing. 

Coppice growth and biomass yields were mea- 
surd after completion of the seco& growing 
season, Survival, total height of the dominant 
sprout per stool (nearest 0.03 m) and total numJcter 
of coppice sprouts per stool were measured, Cop- 
pice biomass yields were obtained by harvesting 
sprouts in previously cut measurement replica- 
tions. To estimate dry weight yields, one 1/2 
height stem disk a& 4 mid length brand disks were 
cut from eight coppice sprouts over a range of 
sizes. 

Nutrient content of seedling and coppice 
biomass were determined using a sbsiunpling proce- 
dure outlined by Messina and others (1983) for 
estimating nutrient content of southern hardwoods. 
Eight trees per species were chosen using the 
sampling method described previously. Sample 
trees were selected from measurement replications 
of medium spacing (1.5 x 1.5 m) for each species 
from one randomly selected block. Combined stem- 
wood and stembark nutrient concentrations for each 
seedling were determined from a single disk taken 
at 1/4 total height. A disk at 1/2 dominant 
sprout height was used for coppice. Branch nutri- 
ent concentrations were determined from a compos- 
ite sample of four disks from medium diameter 
branches. Loblolly pine foliage nutrient concen- 
trations were determined from a composite needle 
sample (four needle fascicles) taken from the 
upLper, middle and lower third of each sample tree, 

Laboratory Determinations 

After tissue sample green weights were 
determined, samples were oven dried at 70' C to a 
constant weight. Dry weight biomass was then 
estimated by multiplying the biomass of a compo- 
nent by the appropriate green-to-dry-weight ratio, 

Disk and foliar samples were ground to pass 
a 0.84 mrn screen. Samples for nutrient analyses 
were wet-ash4 following procedures described by 
Parkinson and Allen (1979). Total nitrogen (Nf 
and phosphorus (P) were rneasured color imetr icall y 
as mmonium sal icylate and phosphomolybdenum corn- 
plexes, respectively on an autoanalyzer. Potas- 
sium (K), calcium (Ca), and magnesium (Mg] were 
deterimined by atomic absorption 
s~tro~rd-totornetry, Tissue samples were analyzed 
in the soils laboratory of the Deprtment of 
Forestry, North Carolina State University. 

Data were analyzed using a split-bloek 
analysis of variance (Steel and Torrie 1980). 
Schef fe's multiple comparison test was used to 
identify significant differences among treatment 
means, ALL tests used a significance level of p = 
(a.95. Statistical analyses were performed using 
the General Linear Models and Means Procedures of 
the Statistical Analysis System (SAS 1985). 



mSIJLTS AM3 DISCUSSION 

Seven-year: biomass yields var id k t w e n  
sites and mong species and spacing, Due t o  high 
mortality, the measurement of black locust was 
diwontinued in 1983, Despite promising ear ly  
grow* on the u p l a d  site, seven-year biomass 
yie lds  of European black alder and sweetgum were 
s ignif icant ly  lower a t  a l l  spacings compared with 
yie lds  of loblolly pine {Table 1). 

Table 2. Total abovqround ovendry biomass, woad 
and bark for seven-year-old seedlings grown on a 
Coastal Plain red river bottomland in Bertie Co., 
K. 

Spacing (nf 

Species 0.8 x 1.5 1.5 x 1.5 2.5 x 1.5 

Table I. Total abvwround ovcmdry biomass, woud 
and bark for sevewyear-old seedlings grown on a 

n t  upland in Granville Co., MG. 

-I--------- (rrrrh-l) ----------_ 
Loblolly pin&/ 50.9 a*2/ 25.8 a+ 21.5 a+ 

Swetgm 5.8 b* 3.7 b* 1.9 b* 

European 
black alder 5 .6b* 2.8b* 2.5b* 

L / ~ i e l d s  for loblolly pine include foliage. 

L/~ithin-column yields followed by the same l e t t e r  
a r e  not significantly different,  and within- 
row yields followed by the same symbol are  not 
significantly di f ferent  ( ~ 0 . 0 5 )  

The  bttomland site show& higher yields 
eompred t o  the upland with sycamore, sweetgum, 
European black alder and loblolly pine being 
superior t o  green ash, cottonwood and water-willow 
oak, except f o r  t h e  green ash a t  t h e  2.5 x 1.5 m 
spacing (Table 2) , 

The poor performance of cottonwood on t h i s  
site was surprising considering its growth in 
adjacent natural stands. The U, S. Department of 
Energy has identified cottonwood, sweetgum and 
sycamore a s  the most promising SRIC species for 
the Southern United States .(Ranney and others 
1986). 

Eoblolly pine biomass yields were a lso  
greater than those of European black alder a t  the 
1.5 x 1,5 m and 2.5 x 1.5 m spacings. Although 
lobloliy pine yields were comparable t o  hardwoods 
on the bttomland, its survival was only 44, 48 
and 56% for the narrow, medium and wide spacings, 
respectively. Si l ta t ion caused pockets of 
mortality in several pine blocks on the 
bttornland. Loblolly pine can survive flooded 
conditions i f  the water is clear and moving. 
However, clay par t ic les  suspended in floodwater 
c.an block the stomata in pine needles. Kellison 
and others (1979) have shown that  biomass yields 
of loblolly pine w i l l .  surpass yields from southern 

European 
black alder 42.3 b* 24.9 b+ 12.7 b+ 

Loblolly pine L/ 37.4 b* 31.7 a+ 22.7 a+ 

Cot tonwood 25.6 c* 23.6 b* 4.9 b+ 

Water-willow 
oak 15.5 d* 13.0 c* 5.8 b+ 

&/yields for loblolly pine include foliage. 

Z/wi thin-column yields followed by the same l e t t e r  
a re  not significantly different,  and within- 
row yields followed by the same symbols a re  
not significantly dif ferent (p = 0.05). 

hardwood species by age 10, on a l l  s i t e s  except 
bottomlands subject t o  prolonged flooding or 
stagnant water. 

Differences in biomass productivity between 
the bottomland and upland sites were highly 
significant. Seven-year sweetgum yields on the 
bottomland were nine t i m e s  greater than sweetgum 
yields on the upland a t  similar spacings (Table 
3). Sweetgum is the most site adaptable southern 
hardwood, but expresses best growth on a l luvia l  
s o i l s  on bottomlands (Kellison and others 1979). 

Averaged over spacings, foliage comprised 
approximately 10 and 12 % of to ta l  dry biomass of 
loblolly pine stands on the bottomland and upland 
s i t e s ,  respct ively .  Hence, differences in 
biomass production between loblolly pine and 
hardwood species producing greater biomass than 
pine would be even greater i f  only wood and bark 
are considered . 

Europan black alder yields were seven times 
greater on the bottomland compared with yields on 
the upland (Table 3). Comparatively poor biomass 
yields for European black alder and sweetgum 
l ikely  resulted from their  sensi t iv i ty  to  low 
moisture conditions on the uplavd s i te .  Saucier 
(1977) reported that  growth and survival of 
European black alder were significantly greater on 
bottomland s i t e s  compared with yields on Piedmont 
uplands in Georgia. A further detriment to  growth 
of European black alder is its precocious 
flowering habit. After the third growing season, 
flowering had developed a t  the expense of 



Table 3, Comparison of seven-year seedling 
biomass, wood and bark on a Piedmont upland and 
Coastal Plain red river Sottomland in &rtie Co., 
K (0.8 x 1.5 m spacing). 

biomass prduetivity of natural. southern hardwood 
forests. Messina and others (1986) report an 
average total abovqround kicmass aceu~tiiation 
rate (including f 0 2  iage) for Southern Coastal 
Plain 'mtto~nland hardwood stands of 4.3 
~rj/ha-l/~r-' at 10 years. 

Coppice Biomass Yields 

-------- (w/ha-l) -------- 
~oblolly pine L/ 5Q.9 &/ 37.4 c 

S~etgum 5.8 b 52.7 a 

European black alder 5.6 b 42.3 b 

&/yields for loblolly pine also include foliage. 

z1wi thin-column yields followed by the same letter 
are not significantly different (p = 0.05). 

vegetative growth on the upland while flowering 
was less abundant on the bottomland. 

Effects of Spacing on Seedling Biomass 

The effect of spacing on biomass yields for 
both sites varied. On the upland site, only 
loblolly pine yields differed significantly among 
spacings (Table 1). After seven growing seasons, 
biomass accumulations tended to be highest at 
narrow (0.8 x 1-5 m) spacings. Biornass yields 
were significantly greater at the narrower 
spacings for all species on the bottomland except 
cottonwood and oak (Table 2). The inverse 
relationship between seedling biomass yields and 
spacing under SRIC has been well documented 
(Steinbeck and May 1971; Wittwer and others 1978). 

Determination of an optional spacing for SRIC 
plantations depends on rotation ages, species and 
site quality. An optimal spacing allows for rapid 
site occupancy and limits mortality from between- 
tree competition. Analysis of spacing effects on 
seedling mortality indicated that .there were no 
differences in mortality among species and 
spacings on either site. Although the spacings in 
this study are limited in range, Belanger and 
Pepper (1978) found no relationship between 
stocking (ranging from 200 to 27000 trees ha-'], 
and mortality for six-year-old sycamore seedlings. 

After seven growing seasons, greatest me n 
ann a1 biomass increment (MAI) was 7.5 Mg/ha-'/ 
yr-ji for sweetgum at 0.8 x 1.5 m spacings on the 
bottomland. Maximum MAI's from this study were 
low to intermediate compared with the 4.0 to 9.0 
mg/ha/yr given by Hansen and Baker (1979) as the 
mean annual biomass product ion from SRIC 
plantations in the United States. Some of the 
greater yields found in the literature were found 
in stands which had been heavily fertilized and 
irrigated. Productivity of the best growing 
hardwoods on the bottomland was high compared with 

Two-year bia~tass {wocid and bark) yields were 
greatest for cottonwood on the bottomland (2.91 
Flg/ha-' at a 1.5 x 1.5 m spacing), and for 
European black alder on the upland (2.91 ~~/ha-l; 
0.8 x 1.5 m spacing) (Table 4 ) -  

The similarity in coppice biomass production 
between sites was unexpcted considering the sig- 
nificant differences found for hardwood seedling, 
An important attribute of coppice is the potential 
for biomass yields to exceed same aye seedling 
yields by 20 - I@@% (Ranney and others 1985). 
Results from our study support those findings. 
Biomass of two-year-old seedlings for most species 
and spacings on 'both sites. However, on the bot- 
tomland, two-year coppice yields for green ash 
were less than yields for green ash seedlings at 
0.8 x 1.5 and 1.5 x 1-5 m spacings because of deer 
browsing. Coppice yields were at least 80% 
greater than seedling yields for all other species 
and spacings on both sites after two growing 
seasons, Biomass yields were higher at the narrow 
spacings on both sites, except for cottonwood, 
European black alder and sycamore on the bottom- 
land (Table 4). 

Following seedling harvests, survival was 
at least 85% for most species on both sites. 
Death of coppice stools was a problen for European 
black alder and cottonwood on the bottomland. 
Survival of cottonwood stools was only 34% aver- 
aged over spacings. European black alder had the 
poorest survival with only 27% averayed over spac- 
ings of coppice stools living after the second 
growing season. Survival of European black alder 
coppice stools was poorer on the bottomland (27%), 
compared with the upland (84%), averaged over 
spacings, Survival of sweetgum stools was also 
lower on the httomland (62%), compared with the 
upland (88%). Prolonged annual spring floods on 
the bottomland during the first and second year of 
coppice growth may have resulted in greater stool 
mortality. 

No significant differences in stool mortal- 
ity among spacings were found for any species on 
either site, However, survival tended to be lower 
at narrower spacings for most species on both 
sites. Heilman and others (1972) found siqnifi- 
cantly greater mortality of Populus trichocarpa 
(Torr. and Gray) with narrower spacings after two 
growing seasons. 

MUTRIENT AEWLATIONS 

Spacing had a large influence on nutrient 
accumulation due to its direct influence on bio- 
mass production. Highest nutrient accumulations 
tended to be at the narrow spacing for both cop- 



Table 4, Above ground biomass, wood and bark yields of seedlings and coppice grown on a bottomland and 
upland site, 

species spacing 2 - ~ r  2-LT 2-F 2-y~ 
(m) seedllng coppice secrdl ing coppice 

European black alder 

Sweetguan 

Green ash 

Cot tonwood 

oak 

pice and sdlings on both sites (Tables 5 and 6). 
Generally, species producing the most biomass had 
the highest total nutrient accumulat i ons regard- 
less of nutrient concentrations. 

Nutrient concentrations varied with age 
(Tables 7 and 8). For example, sweetgum coppice 
on the bottomland site had the following nutrient 
concentrations (percent of dry weight wood and 
bark) at two years: N- 0.52; P- 0.07; k- 0.28; 
Ca- 0.43 and Mg- 0.15. Seedling nutrient concen- 
trations at age seven had decreased to: N- 0.37; 
P- 0.05; K- 0.19; Ca 0.30 and Mg 0.09. Similar 
trends of decreasing nutrient concentrations in 
seedling and coppice biomass with age were 
observtld for most species on both sites. The 
shift towards lower nutrient rich branches and 
bark dereases with increasing age of the tree, 
emrally, nutrient concentrations within a compo- 
nent decrease with age. The exception is for Ca 
in bark (Nessina and others 1986). 

Lower nutrient conentrations and increasing 
mean annual biomass accumulation lead to greater 
efficiency of nutrient use (utilization efficiency 
= kg of dry biomasshg of nutrient) with age 
(Tables 9 and 1B) , 

On both the upland and bottomland, nutrient 
utilization efficiency of seven-year-old seedlings 

was greater than that of two-year-old coppice. 
The exception was European black alder coppice on 
the Bottomland which had a higher utilization 
efficiency for P and Mg, Sycamore seedlings 
generally had the highest utilization efficiency 
of all species on the bottomland, except in the 
case of loblolly pine and Ca. This higher 
efficiency resulted from high biomass accumulation 
and relatively low Ga concentrations for loblolly 
pine on both sites. Relatively lower utilization 
efficiencies for loblolly pine on the upland were 
due to higher nutrient concentrations com,mred 
with hardwood seedlings. 

Biomass yields of coppice and seedlings 
varied significantly among species, spacing and 
between sites in this study, After seven years, 
narrow spacings continued to produce greater bio- 
mass yields for most species. Mortality annow 
spacings was not significantly different for any 
species on either site, Spacing-induced competi- 
tion was not a detectable problem at these ;.ges. 
Therefore, other factors such as increase3 plant- 
ing costs, harvesting equipment limitations and 
anticipated end use may be more imprtant when 
evaluating SRIC regimes on similar sites, 



Table 5. Nutrient content of 7-year-old seedling and 2-year-old coppice biomass grown on a red river 
bttomland -- Bertie Co., K. 

Nutrient Contents 

Seed 1 i ng Coppice 
Spacing 

species (mf N P K Ca W N P K ca Mg 

Green ash 

Sycamore 

Water- 
willow oak 

Cottonwood 

European 
black 
alder 

Table 6. Nutrient  content of 7-year-old seedling and 2-year-old coppice biomass grown on a Piedmont 
upland--Granville Co., NC 

Nutrient Contents 

Seed 1 i ng Coppice 
Spacing 

Species (m) N P K Ca MS pJ P K ca Mg 

European 0.8x1.5 
black 1.5x1.5 
alder 2.5x1.5 



Table 7. Nutrient concentration in percentage dry weight of total tree wood and bark for 7-year-old 
seedlings and 2-year-old coppice on a Coastal Plain red river bottmland--3ertie Co., NC. 

species 

SEEDLIS COPP ICE 

N P K Ca Ms N P K Ca p"ry 

Swetgcrm 

Oak 

sycamore 

Green ash 

European 
black alder 

I;oblolly Pine Y 

................................ percentage ----------------------------------- 

.37 -05 -19 .30 .09 .52 .07 .28 .43 .15 

.39 .06 .23 .32 .07 .41 .06 .31 .45 .12 

.26 -05 -19 .21 .05 .58 .07 .20 .32 .08 

L,Data for loblolly pine includes foliage. - 

Table 8. Nutrient concentration in percentage dry weight of total tree wood and bark for 7-year-old 
seedlings and 2-year-old cappice on a Piedmont upland site -- Granville Co., PX. 

SEEDLING COPPICE 

Species N P K Ca M 9  N P K Ca % 

.............................. percentage ..................................... 

European 
black alder 

l,Data for loblolly pine includes foliage. - 
Biomass yields of loblolly pine were 

significantly greater than hardwood seedling 
yields at all spacings on the upland site. 
Expensive inputs (i.e. fertilization, site 
preparation and competition control, etc.) 
required for SRIC management of hardwoods on sites 
such as this upland can not be recommended. 
Hawever, SRIC was a relatively productive 
management regime on the bottomland es$ecially 
when compared to natural southern hardwood stands 
growing on similar sites. Sweetgum and sycamore 
are the best species for this and similar sites. 
.Biomass yields of two-year-old coppice were 
greater than that of same age seedlings and 
suggests that coppicing will likely be a 
successful mode of regeneration. 

Nutrient utilization efficiency increased 
with age and suggests that longer rotations for 
both coppice and seedlings are best. Increasing 
nutrient utilization efficiency occurs as nutrient 
concentrations of biomass decrease and mean annual 
biomass production increases with age. 

This research is supported by the U. S. 
De&prtment of Energy, Short Rotation Woody Crops 
Program through Oak Ridge National Laboratory 
under subcontract No. DE-K01-78C5-84006. 



Table 9. Nutrient utilization efficiencies for 7- 
year-old seedlings and 2-year-old coppice grown 
under short-rotation intensive culture on a 
Coastal Plain red river bottomland -- Brtie Go,, 
NG. 

Green ash Seedling 294 1665 477 323 1665 
Coppice 176 1145 286 229 763 

Sycamore Seedling 385 2000 526 526 2000 
Coppice 173 1483 494 318 1214 

Water-willow Seedling 256 1667 435 313 1442 
Coppice 241 1551 319 217 1551 

Swetgum Seedling 270 1996 526 333 1112 
Coppice 1963 1488 350 232 661 

Cottonwood Seedling 286 1662 455 278 1113 
Coppice 203 1221 198 185 835 

European Seedling 233 1659 477 303 1665 
black alder Coppice 160 1788 373 298 1788 

~oblolly Seedling 279 1731 426 912 1781 
Pine 

Table 10. Nutrient utilization efficiencies for 
7-year-old seedlings and 2-par-old coppice grown 
under short-rotation intensive culture on a 
Piedmont upland -- Granville Go., NC. 

Sweetgm Seedling 322 2522 716 175 935 
Coppice 258 1750 258 144 829 

European Seedling 257 2545 589 400 1436 
black alder Coppice 146 1712 323 285 1119 

~oblolly Seedling 286 1430 370 588 1430 
Pine 
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SILVICULTURkL IMPLICATIOi<S OF MIXED PIliE-HARDWOOD 

STANDS IN THL P I E D N O N T ~ /  

Herbe r t  A.  Knight and Douglas R .  I ?h i l l i p&/  

Abstract.--In t h e  S o u t h e s s t  Piedmont, a lmos t  5.6 
m i l l i o n  a c r e s ,  o r  21 p e r c e n t ,  o f  t h e  f o r e s t s  a r e  
mixed s t a n d s  c o n t a i n i n g  25 t o  75 p e r c e n t  hard- 
wood and 25 t o  75 p e r c e n t  p i n e ,  Ana lys i s  o f  
f o r e s t  su rvey  p l o t  d h t a  i n d i c a t e s  t h a t  y i e l d  i n  
t h e s e  s t a n d s  v a r i e s  wi th  t h e  p r o p o r t i o n  o f  p i n e  
p r e s e n t .  

Keywords: Timberland, S o u t h e a s t  Piedmont, mixed 
pine-hardwood s t a n d s .  

INTRODUCTION 

Nany o f  t h e  t imber  s t a n d s  on t h e  Piedmont 
P l a t e a u  o f  t h e  S o u t h e a s t e r n  United S t c t e s  a r e  
mi:;tures o f  p i n e s  and hardwoods. T h i s  pape r  
q u ~ n t i f i e s  and d e s c r i b e s  t h e  f u l l  rznge o f  mixea 
pine-hardwood s t a n d s  and examines t h e i r  y i e l d s .  

Sandwiched between t h e  Southern  Appalachian 
Mountains ana  t h e  S o ~ t h  A t l a n t i c  Coas ta l  P l a i n ,  
t h e  S o u t h e a s t  Piedmont, ex tends  from n o r t h e r n  
V i r t i n i a  t o  w e s t - c e n t r a l  Georgizi ( f i g .  1) .  
D e l i n e a t i o n s  of t h i s  r e g i o n  va ry  among d i f f e r e n t  
geograph ic61  c l a s s i f i c a t i o n s .  A s  de f ined  h e r e ,  
t h e  r e g i o n  comprises  6 o f  t h e  21 f o r e s t  su rvey  
u n i t s  t h e  USDA F'ores t  S e r v i c e  i n v e n t o r i e s  i n  t h e  
S o u t h e a s t  (Larson and o t h e r s  1961).  T h i s  d e l i n -  
e z t i o n  i n c l u d e s  most o f  t h e  a r e a  t h a t  Aus t in  
(1965) des igna ted  a s  t h e  Southern  Piedmont,, 

The S o u t h e a s t  Piedmont c o n t a i n s  a lmost  44 
m i l l i o n  acreE of  l a n d ,  most o f  which is b e s t  
c h a r a c t e r i z e d  zz g ~ n t l y  r o l l i n g  upland. Gen- 
e r a l l y ,  t h e  e l e v k t i o n  r anges  from about  500 t o  
1,000 f e e t ,  and i n c r e a s e s  g r a c u a l l y  from e z s t  t o  
west.  Except ions  a r e  t h e  mountsins i n  u p s t s t e  
South  C ~ r c l i n z  and some h i g h e r  f o o t h i l l s  a l o n b  
t h z  ees t e rz ,  s i d e  o f  t h e  Southern  Appalachians.  
Numerous "rea  waterf f  r i v e r s  and s t r eams  c a r r y i n g  
heavy s i l t  l o a d s  f low through t h e  r e g i o n  (S tubbs  
1966).  The f l o o d p l a i n s  o f  t h e s e  s t r eams  a r e  b e s t  
characterizes a s  bottom l and .  The r a t i o  of  
u ~ l a n d  t o  bottom l e n d  i s  abou t  7 t o  1. 
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F i g u r e  1.--The Sou theas t  Piedmont. 

THli; TIMBEIi RESOURCE 

S i n c e  s e t t l e m e n t ,  most o f  t h e  ~ p l a n c i  an& rtiuch 
o f  t h e  bottom l and  has  been i n  a n c  ou t  o f  t imoer  
p roduc t ion  one o r  more t imes  (Boyce and Knignt 
1979 and 1480).  C u r r e n t l y ,  f o r e s t s  occupy 42 
p e r c e n t  o f  t h e  l and  i n  t h e  r eb ion .  Almost 27 
m i l l i o n  z e r e s ,  o r  99 p e r c e n t  o f  t h e s e  f o r e s t s ,  
a r e  c l a s s e d  a s  t imber land.  The sr,,all remainder  
is withdrawn f r o a  t imoer  u t i l i z a t i o n  tbrougn s t a t -  
u t e  o r  a a m i n i s t r a t i v e  Cesi ,nat ion ana r e s e r v e c  
f o r  o t h e r  us?:. Hzrawoccs c l e z r l l  dominate Dot- 
toill lanci f o r e s t :  zi:L i r ,  t h e  a o s e r ~ c c  of f i r e  a r ~ a  
mar,'s i n t e r v e c t i o n ,  ;ardkrooas t c n c  t o  cominate  
pints on uplanc i c r e s t s .  Auout n c l f  o f  tne 
t in,b~rl;ncl r-elc 03. s x a l l  n o , , i n a u s t r i z l  y r i v & t e  



landowners s u p p o r t s  hardwood s t a n d s  (Bechtold  Table  1.--Area o f  tirilberland i n  t h e  Sou theas t  
and P h i l l i p s  1983).  Even on t imber l and  owned o r  Piedmont, by s tana-age c l a s s ,  by p i n e  s t o c k i n g  
l e a s e d  by f o r e s t  i n d u s t r y ,  p i n e s  dominate t h e  p e r c e n t  
s t o c k i n g  on l e s s  than  60 p e r c e n t  of t h e  land, 
When a l l  owners  a r e  grouped, p i n e  s t o c k i n g  exceeds  
t h e  s t o c k i n g  o f  hardwood on Less  t h a n  40 p e r c e n t  Stand-age 811 Pine  s t o c k i n g  p e r c e n t a  

o f  t h e  e x i s t i n g  t imber l and  i n  t h e  S o u t h e a s t  
P i e h o n t  . c l a s s  s t a n d s  Less  t h a n  

( y e a r s  1 25 25-49 50-74 75+ 

The pine-hardwood mix v a r i e s  g r e a t l y  by s t a n d  
age ( t a b l e  I ) ,  P ine  exceeds  hardwood s t o c k i n g  i n  
more t h a n  h a l f  o f  t h e  s t a n d s  11 t o  40 y e a r s  o l d .  
The l a r g e r  m o u n t  o f  p i n e  i n  s t a n d s  o f  t h e s e  a g e s  
r e f l e c t s  e x t e n s i v e  r e v e r s i o n  o f  c rop land  and 
p a s t u r e l a n d  t o  p i n e  f o r e s t  between 1940 and 1970. 
I n  1940, more t h a n  20 m i l l i o n  a c r e s  i n  t h e  South- 
e a s t  Piedmont were c l a s s e d  a s  e i t h e r  c rop lana  o r  
p a s t u r e l a n d .  By 1970, fewer  t h a n  12 m i l l i o n  
a c r e s  were used f o r  t h e s e  purposes .  The n a t u r a l  
and a r t i f i c i a l  e s t a b l i s k e n t  o f  p i n e  t r e e s  on 
most o f  t h e  a c r e s  t aken  o u t  o f  a g r i c u l t u r a l  u s e  
r e s u l t e d  i n  a  n e t  i n c r e a s e  i n  a r e a  o f  t imber l and  
from 22 t o  28 m i l l i o n  a c r e s  o v e r  t h i s  same 
30-year p e r i o d ,  Urban expansion,  new r o a d s ,  
highways, and r e s e r v o i r s  accoun tea  f o r  most o f  
t h e  r ema in ing  d i v e r i o n  from a g r i c u l t u r a l  use .  

From 1940-1970, t h e  widespread e s t a b l i s h m e n t  o f  
p i n e  on fo rmer  a g r i c u l t u r a l  l a n d  tended t o  @om- 
p e n s a t e  f o r  hardwood encroachment fo l lowing  t h e  
h a r v e s t i n g  o f  p i n e ,  P ine  volume a s  a  p e r c e n t  of 
t o t a l  volume s t a b i l i z e d  a t  abou t  42 p e r c e n t  ( f i g .  
2 ) .  I n  t h e  absence o f  e x t e n s i v e  r e v e r s i o n  o f  
a g r i c u l t u r a l  l a n d  t o  p i n e  t imber  s i n c e  1970, t h e  
p ine  component o f  t h e  r e s o u r c e  has  dropped t o  
below 40 p e r c e n t .  

- - - - - Thousand a c r e s  - - - - - 
00- 10 4,1124 1 ,673 703 370 1 ,678 
1  1-20 3,751 1,322 474 386 1 ,569 
21-30 3,921 1,188 38G 447 1 ,902 
3  1-40 4,637 1,927 577 452 1 ,675 
11 1 -50 3,879 2,196 462 466 755 
51+ 6,369 4,812 632 401 524 

T o t a l  26,975 13,118 3,232 2,522 8 ,103  

aPine  s t o c k i n g  a s  a  p e r c e n t  o f  a l l  l i v e  t r e e  
s t o c k i n g  i n  t h e  s t a n d .  

Other  t h a n  f i r e  p r o t e c t i o n ,  most i nves tmen t s  i n  
f o r e s t r y  and improved s i l v i c u l t u r a l  p r a c t i c e s  i n  
t h e  S o u t h e a s t  Piedmont ove r  t h e  p a s t  50 y e a r s  
have been made t o  f a v o r  p ines .  Most s i l v i c u l t u r a l  
i nves tmen t s  have been i n  such  p r a c t i c e s  a s  s i t e  
p r e p a r a t i o n ,  a r t i f i c i a l  r e g e n e r a t i o n ,  and v a r i o u s  
k i n d s  o f  hardwood c o n t r o l ,  S t i l l ,  t h e s e  prac- 
t i c e s  have n o t  r eve r sed  t h e  s t r o n g  s u c c e s s i o n a l  
t r e n d  toward hardwood i n  t h e  r eg ion .  Except on 
o l d - f i e l d  s i t e s ,  i t  is  d i f f i c u l t  t o  e s t a b l i s h  and 
ma in ta in  pu re  s t a n d s  o f  p i n e  i n  t h e  Sou theas t  
Piedmont. Even In e x i s t i n g  s t a c a s  k i t h  ev idence  
o f  a r t i f i c i a l  r e g m e r a t i o n ,  t h e r e  & r e  s i g n i f i c a n t  
amounts o f  hardvoot .  P i n e s  accoun t  f o r  75 per-  
c e n t  o r  more o f  t h e  s t o c k i n g  i n  fewer  than  80 
p e r c e n t  o f  t h e  p l a n t a t i o n s .  P ines  account  f o r  75 
p e r c e n t  o r  more o f  t h e  s t o c k i n &  i n  fewer  t h a n  70 

YEARS 

PERCENT 

Figure  2.--Pine volume a s  a  p e r c e n t  of  t o t a l  
volume i n  t h e  S o u t h e a s t  Piedmont. 



percen t  of t h e  p l a n t a t i o n s  l e s s  than  10 y e a r s  o l d  
( t a b l e  2 ) .  Perhaps mixed pine-hardwood s t a n d s  
a r e  t h e  most a f f o r d a b l e  compromise f o r  managed 
upland s t a n d s  i n  which hardwoods have become w e l l  
e s t a b l i s h e d ,  

Table 2.--Area of  timberland i n  t h e  Southeast  
Piedmont with evidence of  a r t i f i c i a l  r egenera t ion ,  
by stand-age c l a s s ,  by pine s tock ing  percent  

Pine s tock ing  percenta  Stand-age 811 
c l a s s  s t ands  Less than  

( y e a r s  2 5 25-49 50-74 75-1- 
- - - - - - - Thousand a c r e s  - - - - - - 
00-10 1,534 8 0 219 167 1,068 
I1 -20 766 8 25 84 649 
2 1-30 643 7 -- 27 609 
3 I+ 1 32 4 -- 11 117 

T o t a l  3,075 99 244 289 2,443 

need some measure o f  t h e  y i e l d s  i n  these  mixed 
s tands  r e l a t i v e  t o  y i e l d s  achieved i n  pure 
s tands.  Although t h e  Fores t  Survey is n e i t h e r  
designed nor intended t o  provide conventional 
growth and y i e l d  d a t a ,  it does provide measures 
of s t and  per fomance  a c r o s s  t h e  broad range of 
s i t e s ,  s tock ing  l e v e l s ,  and f o r e s t  cond i t ions  
within t h e  region.  Average volumes per  a c r e  a r e  
presented by stand-age c l a s s  and by pine s tock ing  
c l a s s  i n  t a b l e s  3 and 4. These averages a r e  
based on measurements taken on 1,450 sample p l o t s  
d i s t r i b u t e d  i n  timberland throughout t h e  South- 
e a s t  Piedmont, S ince  t h e s e  averages do not  
r e f l e c t  d i f f e r e n c e s  among s i t e s  and s tock ing  
l e v e l s ,  they d i f f e r  from publ ished empi r ica l  
y i e l d s  developed from Fores t  Survey da ta  (McClure 
and Knight 1984). 

Table 3,--Average volume of growing s tock  per  
a c r e  of timberland i n  t h e  Southeast  Piedmont, 
by stand-age c l a s s ,  by pine s tock ing  percent  

aPine s tock ing  a s  a percent  of  a l l  l i v e  
s tock ing  i n  t h e  s tand .  

- 
Pine s tock ing  percenta  Stand-age A l l  

c l a s s  s t a n d s  Less than 
( y e a r s )  2 5 25-49 50-74 754- 

Mixed Pine-Hardwood Stands 

The most r e c e n t  f o r e s t  surveys show 3.2 m i l l i o n  
a c r e s ,  o r  12 percent  of  t h e  reg ion ' s  t imberland,  
a s  oak-pine f o r e s t  type. These a r e  f o r e s t s  i n  
which hardwoods c o n s t i t u t e  a p l u r a l i t y ,  but  i n  
which p ines  account f o r  25 t o  50 percent  o f  t h e  
s tock ing .  Hardwoods account f o r  25 t o  50 percent  
of t h e  s tock ing  on 2.5 m i l l i o n  a d d i t i o n a l  a c r e s  
c l a s s e d  a s  p ine  types ,  Altogether ,  more than  5.7 
m i l l i o n  a c r e s ,  o r  21 percen t  of t h e  t imberland,  
support  t imber s t a n d s  b e s t  charac te r ized  a s  mixed 
pine-hardwood ( t a b l e  1). This  percentage does 
n o t  vary g r e a t l y  by stand-age c l a s s  up through 
age 50. 

The s p e c i e s  composition of  t h e s e  mixed s t a n d s  
v a r i e s .  Loblol ly  p ine  (Pinus taeda L.), shor t -  
l e a f  p i n e  (Pinus ech ina ta  M i l l . ) ,  and Vi rg in ia  
p ine  (Pinus v i r g i n i a n a  M i l l , )  account f o r  almost 
95 percen t  of  t h e  t o t a l  softwood volume. 
Loblol ly  a lone  accounts  f o r  58 percen t ,  followed 
by s h o r t l e a f  with 20 percen t  and Vi rg in ia  with 16 
percen t ,  

Together,  a wide v a r i e t y  of oaks (Quercus spp.) 
account f o r  40 percent  of  t h e  hardwood volume i n  
t h e s e  mixed s tands ,  Among t h e s e ,  white  oak 
(Quercus a l b a  L , )  predominates and accounts  f o r  
about  11 percent  of t h e  t o t a l  hardwood volume. 
Other than  oaks, t h e  two lead ing  hardwood s p e c i e s  
i n  t h e s e  mixed s t a n d s ,  a r e  sweetgum (Liquidambar 

L,) and yellow-poplar (&ir iodendron 
L,), account ing f o r  21 and 17 percen t ,  

r espec t ive ly .  

- 
- - - - - - - C u b i c f e e t - - - - - - -  

00-10 180 244 256 149 92 
1 1-20 607 545 580 565 678 
21-30 1,282 87 9 976 1,250 1,603 
3 1-40 1,637 1,412 1,337 1,688 1,986 
4 1-50 1,982 1,806 1,827 2,280 2,404 
51+ 2,161 2,112 2,055 2,449 2,519 

"Pine s tock ing  a s  a percent  of  a l l  l i v e  t r e e  
s tock ing  i n  t h e  s tand .  

Table 3 c l e a r l y  shows t h a t  average volume of 
growing s tock  per  a c r e  i n c r e a s e s  a s  pine s tock ing  
percent  i n c r e a s e s ,  assuming no s i g n i f i c a n t  d i f -  
f e rence  i n  average s i t e  and s tock ing ,  This  
c o r r e l a t i o n  is p a r t i c u l a r l y  ev iden t  i n  s t a n d s  
where p ines  account f o r  25 percent  o r  more of  t h e  
e x i s t i n g  s tock ing  o f  a l l  l i v e  t r e e s .  For ex- 
ample, i n  t h e  21- t o  30-year age c l a s s ,  average 
volume per  a c r e  i n  s t a n d s  where p ines  account f o r  
75 percent  o r  more of t h e  s tock ing  is 64 percen t  
g r e a t e r  than t h e  average i n  s t a n d s  where p ines  
account f o r  25 t o  49 percen t  of t h e  e x i s t i n g  
s tocking.  It is 28 percent  g r e a t e r  than t h e  
average i n  s t a n d s  where p ines  account f o r  50 t o  
74 percen t  of  t h e  e x i s t i n g  s tock ing ,  

The l a r g e s t  d i f f e r e n c e s  i n  average volume per  
a c r e  by pine s tock ing  percent  a r e  i n  t h e  21- t o  
30-year age c l a s s .  A s  s t and  age i n c r e a s e s ,  t h e  
d i i f e r e n c e s  diminish. Although n o t  presented,  
t h e  same c o r r e l a t i o n s  hold when average volume 
per  a c r e  is c a l c u l a t e d  f o r  a l l  l i v e  t r e e s  5.0 
inches and l a r g e r  i n  diameter  a t  b r e a s t  he igh t  
(d.b.h.) r a t h e r  than f o r  growing s tock  alone.  
D i s t r i b u t i o n  o f  t h e  a d d i t i o n a l  volume i n  rough 
and r o t t e n  hardwood t r e e s  does no t  a l t e r  t h e  
conclusion t h a t  average volume per  a c r e  i n c r e a s e s  
a s  pine s tock ing  percent  i n c r e a s e s ,  

Faced with t h e  r e a l i t y  and p e r s i s t e n c e  of these  
mixed pine-hardwood s t a n d s ,  t imberland managers 



Simi la r  averages  a r e  presented f o r  t h e  
sawtimber p o r t i o n  of  growing s t o c k  expressed i n  
board f e e t  ( t a b l e  4 ) .  Again, t h e  sane c o r r e l a -  
t i o n s  a s  found i n  cub ic  volume per  a e r e  a r e  
evident .  One a d d i t i o n a l  f a c t o r  t o  Keep i n  mind 
while i n t e r p r e t i n g  t h e  d i f f e r e n c e s  i n  average 
board-foot volume per  a e r e  i s  a  key a i f f e r e n c e  
i n  m e r c h a n t a b i l i t y  s t andards  between p ine  and 
hardwood, For  p ines ,  board-foot volume is 
assigned t o  growing-stock t r e e s  9.0 inches  d.b.h. 
and l a r g e r ;  f o r  hardwoods, board-foot volume is 
assigned t o  growing-stock t r e e s  11,O inches  
d.b.h, and l a r g e r .  

Table 4.--Average volume of sawtimber per  a c r e  of 
timberland i n  t h e  Southeast  Piedmont, by s tand-  
age c l a s s ,  by p ine  s tock ing  percen t  

Stand-age A l l  Pine s tock ing  percenta  

c l a s s  s t a n d s  Less than  
(years  25 25-49 50-74 75+ 

- - - -- - - - 
aPine s t o c k i n g  a s  a  pe rcen t  of  a l l  l i v e  t r e e  

s tock ing  i n  t h e  s tand.  

b ~ n t e r n a t i o n a l  1 /4-inch r u l e .  

Other s i g n i f i c a n t  measures a r e  d i f f e r e n c e s  be- 
tween t h e  proven y i e l d s  i n  p lan ted  s t a n d s  and 
n a t u r a l  s t ands .  Average volumes p e r  a c r e  were 
developed f o r  s t ands  with evidence of  a r t i f i c i a l  
r egenera t ion ,  by stand-age c l a s s ,  by p ine  
s tock ing  percen t  ( t a b l e s  5  and 6) .  Most of  t h e  
samples were i n  s t a n d s  30 y e a r s  o l d  and younger, 
I n  comparing t h e s e  averages with those  i n  t a b l e s  
3  and 4,  r e a d e r s  should be aware of  s e v e r a l  fac-  
t o r s  a f f e c t i n g  t h e  d i f fe rences :  ( 1 )  The averages 
f o r  n a t u r a l  s t a n d s  r e f l e c t  a  s i g n i f i c a n t  amount 
o f  volume i n  o l d e r  r e s i d u a l  t r e e s  l e f t  during t h e  
previous harves t .  (2 )  A r t i f i c i a l  r egenera t ion  
would tend t o  r e s u l t  i n  h igher  p ine  s tock ing  than  
n a t u r a l  r egenera t ion ,  except  poss ib ly  on o l d  
f i e l d s .  (3 )  Most of  the  o l d e r  p ine  p l a n t a t i o n s  
were e s t a b l i s h e d  with r e g u l a r  p l a n t i n g  s tock .  
Gene t ica l ly  improved p l a n t i n g  s tock  a v a i l a b l e  
today w i l l  boost  y i e l d s  by 10 t o  15 percent .  

A l l  of t h e s e  f a c t o r s  would tend t o  under- 
es t imate  t h e  r e a l  d i f f e r e n c e s  i n  y i e l d s  between 
p lan ted  and n a t u r a l  s tands.  For example, t h e  
20-percent h igher  es t imate  f o r  p lan ted  s t a n d s  20 
t o  30 y e a r s  o l d  which a r e  75 percen t  o r  b e t t e r  
s tocked with p ine  i n  t a b l e  5 compared with t h e  
same average i n  t a b l e  3  is probably a  conserv- 
a t i v e  d i f f e r e n c e .  A s  with n a t u r a l  s t a n d s ,  t h e  
average v o l ~ e s  per  a c r e  i n c r e a s e  a s  p ine  
s tock ing  percen t  inc reases  f o r  ages  11 through 30. 

Table 5.--Average volume of  growing s tock  per  
a c r e  of timberland i n  t h e  Southeast  Piedmont wi th  
evidence of  a r t i f i c i a l  r egenera t ion ,  by stand-age 
c l a s s ,  by pine s tock ing  percent  

Stand-age A l l  Pine s;ocking percenta 

c l a s s  s t ands  Less than 
( y e a r s  2  5 25-49 50-74 75+ 

31+ 2,535 3,041 -- 2,716 2,502 

aPine s tock ing  a s  a  pe rcen t  of a l l  l i v e  t r e e  
s tock ing  i n  t h e  s tand .  

Table 6,--Average volume of  sawtimber per  a c r e  o f  
timberland i n  t h e  Southeast  Piedmont with evi-  
dence of a r t i f i c i a l  r egenera t ion ,  by stand-age 
c l a s s ,  by p ine  s tock ing  percent  

- - - - - - -- 

Stand-age A l l  
Pine s tock ing  percenta 

c l a s s  s t ands  Less than  
(years  ) 2 5 25-49 50-74 75+ 

00-10 35 26 7 9 67 21 
1 1-20 57 6 349 543 806 551 
21-30 4,943 738 -- 3,285 5,067 
3 1 + 9,534 11,242 - - 11,094 9,331 

aPine s tock ing  a s  a  pe rcen t  of a l l  l i v e  t r e e  
s tock ing  i n  t h e  s tand .  

b ~ n t e r n a t i o n a l  1  /4-inch r u l e ,  

SILVICULTURAL IMPLICATIONS 

The a n a l y s i s  of e x i s t i n g  mixed s t a n d s  has shown 
t h a t  s t and  y i e l d s  i n c r e a s e  a s  t h e  pine component 
i n c r e a s e s  and a s  management moves from n a t u r a l  t o  
a r t i f i c i a l  regenerat ion.  These t r e n d s  a r e  broad 
g e n e r a l i z a t i o n s  a c r o s s  a l l  s i t e s  and a r e  n o t  
e a s i l y  d i s s e c t e d  f o r  exac t  i n t e r p r e t a t i o n .  
Differences could be due l a r g e l y  t o  d i f f e r e n c e s  
i n  s t and  s tock ing  and merchan tab i l i ty  l i m i t s  be- 
tween p ines  and hardwoods. However, even with 
s i m i l a r  l e v e l s  of  s tock ing  and m e r ~ h a n t ~ b i l i t y  
l i m i t s ,  t h e  p ine  component would be expected t o  
produce h igher  s o l i d  wood volumes because p ines  
grow f a s t e r  than most hardwoods and because p ines  
concen t ra te  more of t h e i r  growth on t h e  s a i n  stem, 
The h igher  y i e l d s  of p l a n t a t i o n s ,  a s  compared wi th  
n a t u r a l  s t a n d s ,  can be t r a c e d  t o  b e t t e r  s tock ing  
and t o  g e n e t i c a l l y  improved seed l ings .  

I n  looking t o  t h e  f u t u r e ,  t h e r e  a r e  two s i g r ~ i f -  
i c a n t  t r e n d s  occur r ing  i n  t h e  Piedmont t h a t  w i l l  
a f f e c t  f u t u r e  management s t r a t e g i e s ,  One, t h e  
number of pine p l a n t a t i o n s  i s  increas ing  and two, 
t h e  hardwood component i n  t h e s e  p l a n t a t i o n s  is 
increas ing ,  I n  1986, s u c c e s s f u l  p l a n t a t i o n s  



account  f o r  more than  10 percent  of  t h e  timber- 
l and  i n  t h e  Southeast  Piedmont, compared with 7 
p e r c e n t  duping t h e  previous survey ( P h i l l i p s  
1983). I n  s tands  younger than 10 y e a r s  o l d ,  
p l a n t a t i o n s  account f o r  28 percent  of  t o t a l  t i m -  
be r land .  This  is  a s i g n i f i c a n t  i n c r e a s e  over  
p a s t  decades. 

Matching t h e  i n c r e a s e  i n  p l a n t a t i o n  acreage is 
a corresponding i n c r e a s e  i n  t h e  hardwood com- 
ponent  i n  these  s tands .  Pines  account f o r  75 
p e r c e n t  o r  more of  t h e  s tock ing  i n  about  80 per- 
c e n t  of a l l  p l a n t a t i o n s ,  but  r e p r e s e n t  a  75 per- 
c e n t  p l u r a l i t y  i n  fewer than 70 percen t  of  
p l a n t a t i o n s  younger than  10 y e a r s  o ld .  These 
young mixed s t a n d s  a r e  d i f f e r e n t  than  t h e i r  coun- 
t e r p a r t s  because of t h e  way they s t a r t e d .  I n  
p r i o r  years ,  many p l a n t a t i o n s  were e s t a b l i s h e d  on 
o l d  f i e l d s  where hardwood competi t ion was minimal 
o r  nonex is ten t .  The p l a n t a t i o n s  of  t h e  l a s t  10 
y e a r s  have been e s t a b l i s h e d  pr imar i ly  on s i t e s  
where hardwoods make up a  s i g n i f i c a n t  component 
o f  t h e  s tand ,  These new s t a n d s  provide a 
c h a l l e n g e  i n  t h a t  more dec i s ions  must be made 
regard ing  hardwood c o n t r o l .  Because of  t h e  
w i l d l i f e  and e s t h e t i c  b e n e f i t s  of  mixed s t a n d s ,  
many managers would n o t  e l i m i n a t e  hardwoods even 
i f  t h e y  were convinced t h a t  o v e r a l l  p r o d u c t i v i t y  
would improve. 

I f  we assume o v e r a l l  p r o d u c t i v i t y  does improve 
with t h e  reduc t ion  of  hardwoods through r e l e a s e ,  
does t h e  increased p ine  product ion j u s t i f y  t h e  
c o s t  of  r e l e a s e ?  What a r e  t h e  y i e l d s  and com- 
p a r a t i v e  values  of young even-aged mixed pine- 
hardwood s tands?  These ques t ions  a r e  beyond t h e  
scope of t h i s  paper ,  b u t ,  a s  t h e  t r e n d s  i n d i c a t e ,  
we must begin t o  e v a l u a t e  our mixed s t a n d s  i f  we 
a r e  t o  make i n t e l l i g e n t  management d e c i s i o n s  
about  a  s i g n i f i c a n t  p o r t i o n  of t h e  resource.  
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GROWTH AND DEVELOPlilENT OF SHORTLUF PINE- W?9" MIXED STmDS FOUR YEARS AFTER REGENERATION- 

2 / Douglas R. P h i l l i p s  and James A. Abercrombie, Jr.- 

Abstract.--Three four-year-old s h o r t l e a f  pine-hardwood 
mixed s t a n d s  were i n v e n t o r i e d  i n  t h e  w i n t e r  of 1985. The 
s t a n d s  had been e s t a b l i s h e d  on t h e  Sumter Na t iona l  F o r e s t  
through low i n t e n s i v e  s i t e  p r e p a r a t i o n  t h a t  involved s p r i n g  
chainsaw f e l l i n g  of r e s i d u a l s  and summer burning.  R e s u l t s  
show t h a t  304 t o  414 of t h e  454 p lan ted  p i n e s  p e r  a c r e  were 
free-to-grow a f t e r  4  y e a r s .  Average t o t a l  h e i g h t  of t h e  
p i n e s  was 7.9, 8 . 4  and 9 . 3  f e e t  i n  t h e  t h r e e  s t a n d s .  Corre- 
sponding average t o t a l  h e i g h t s  f o r  hardwoods was 5 .8 ,  4.9, 
and 4.7 f e e t .  These mixed s t a n d s  a r e  w e l l  s tocked wi th  
p i n e s  and commercially important  hardwoods and t h u s  have 
h igh  t imber  v a l u e  p o t e n t i a l .  They a l s o  can  p rov ide  many 
nontimber b e n e f i t s .  

INTRODUCTION 

The Piedmont and mountain r e g i o n s  of t h e  South- 
e a s t e r n  United S t a t e s  c o n t a i n s  40 m i l l i o n  a c r e s  
of commercial f o r e s t  l and ,  4.6 m i l l i o n  a c r e s  of 
which i s  c l a s s e d  a s  t h e  oak-pine type .  I n  t h e  
Piedmont, a n  a d d i t i o n a l  2.5 m i l l i o n  a c r e s  c l a s s e d  
a s  p i n e  c o n t a i n  25 t o  50 pe rcen t  hardwoods and 
thus  cou ld  be  considered a s  mixed s t a n d s  @ n i g h t  
and P h i l l i p s ,  1986). These mix tu res  developed 
p r i m a r i l y  a s  t h e  r e s u l t  of s e l e c t i v e  h a r v e s t i n g  
of p i n e s  and encroachment of hardwoods i n t o  p i n e  
s t a n d s .  Between 1944 and 1964, l a r g e  ac reages  of 
cropland were abandoned i n  t h e  Piedmont t o  t h e  
seeds  of p i n e  t r e e s  (Krause 1970). These s t a n d s  
developed i n t o  almost pure  p i n e  s t a n d s  because 
t h e  r o o t  s t o c k s  of s p r o u t i n g  hardwoods were n o t  
p r e s e n t .  As t h e s e  s t a n d s  developed throughout  
t h e  s i x t i e s  and s e v e n t i e s ,  many of t h e  merchant- 
a b l e  p i n e s  were h a r v e s t e d .  Hardwoods wa i t ing  i n  
t h e  unders to ry  took over  and grew along wi th  t h e  
smal l  p i n e s  t h a t  were l e f t  behind.  The r e c e n t  
t r e n d  h a s  d e f i n i t e l y  been toward more hardwood 
and l e s s  p i n e s  i n  our  sou the rn  f o r e s t s  (Boyce and 
Knight 1979, 1980).  

As mixed s t a n d s  a r e  h a r v e s t e d ,  landowners f i n d  
t h a t  they  must spend l a r g e  sums of money t o  con- 
v e r t  them back t o  pure  p ine .  Many owners choose 
no t  t o  make t h i s  investment ,  and a s  a  r e s u l t ,  t h e  

t r e e s .  S ince  pure  p ine  r e g e n e r a t i o n  i s  s o  c o s t l y  
and p ine  management f a i l s  t o  provide many non- 
t imber  b e n e f i t s  ( f i rewood,  h a b i t a t  f o r  hun t ing ,  
r e c r e a t i o n ,  and a e s t h e t i c s ) ,  landowners o f t e n  o p t  
t o  do no th ing  i n  f a v o r  of spending $200 o r  more 
pe r  a c r e  t o  g e t  a  pure  p i n e  s t and .  Fores t  survey 
s t a t i s t i c s  show t h a t  i n  s p i t e  of concer ted e f f o r t s  
t o  i n c r e a s e  t h e  ac reage  of p ine  p l a n t a t i o n s ,  on ly  
10 pe rcen t  of commercial t imber land i n  t h e  
Piedmont and 2  pe rcen ta  i n  t h e  mountains is  i n  
p l a n t a t i o n  management (Knight and P h i l l i p s ,  1986).  

An a l t e r n a t i v e  t o  p ine  p l a n t a t i o n  management is 
t h e  c u l t u r i n g  of pine-hardwood mix tu res .  Mixed 
s t a n d s  can p rov ide  t h e  nontimber b e n e f i t s  land-  
owners d e s i r e ,  and r e g e n e r a t i o n  can be  achieved 
a t  approximately  h a l f  t h e  c o s t  of conven t iona l  
pure  p i n e  management. The approach r e q u i r e s  ca re -  
f u l  schedu l ing  of s t and  t r e a t m e n t s ,  bu t  much of 
t h e  work can be  done by t h e  i n d i v i d u a l  owner. 
Th i s  paper  d e s c r i b e s  t h e  growth and development 
of mixed s t a n d s  of s h o r t l e a f  p ine  (Pinus  e c h i n a t a  
M i l l . )  and hardwoods e s t a b l i s h e d  through low 
i n t e n s i t y  s i t e  p r e p a r a t i o n  t echn iques  t h a t  in-  
vo lves  chainsaw f e l l i n g  of r e s i d u a l s  and summer 
burning.  

METHODS 

new s t a n d s  a r e  l e s s  than  adequa te ly  s tocked and Study S i t e s  
f r e q u e n t l y  dominated by noncommercial o r  damaged 

1  / - 
Paper p resen ted  a t  Four th  B ienn ia l  Southern 

S i l v i c u l t u r a l  Research Conference, A t l a n t a ,  
Georgia,  November 4-6, 1986. 

Sample p l o t s  were e s t a b l i s h e d  i n  t h r e e  s t a n d s  
on t h e  Andrew-Pickens D i s t r i c t  of t h e  Sumter 
Na t iona l  Fores t  i n  u p s t a t e  South Caro l ina .  The 
t h r e e  s t a n d s ,  h e r e a f t e r  r e f e r r e d  t o  a s  Sandy Ford,  
Whetstone, and P ine  Mountain, had s i m i l a r  char-  
a c t e r i s t i c s :  each had a  sou the rn  exposure ,  an 
e l e v a t i o n  of approximately  1500 f e e t ,  and a  

2  / - 
P r i n c i p a l  Mensura t ion i s t ,  USDA Fores t  Se rv ice ,  

Sou theas te rn  F o r e s t  Experiment S t a t i o n ,  Clemson 
U n i v e r s i t y ,  Clemson, SC 29634, and Timber Manage- a Persona l  c o m u n i c a t i o n s  wi th  Herb Knight,  
ment A s s i s t a n t ,  USDA F o r e s t  Se rv ice ,  Sumter Renewable Resource Eva lua t ion  Uni t ,  Sou theas te rn  
Na t iona l  F o r e s t ,  Walhal la ,  SC 29691. Fores t  Experiment S t a t i o n ,  A s h e v i l l e ,  NC.  



pine-hardwood overstory. Based on available but 
less than desirable site trees, site index was 
estimated to be 60 to 70 for shortleaf pine at 50 
years. Soil samples were taken at each site to 
refine site productivity estimates. The soii at 
Sandy Ford is Saluda series, a loamy, mixed, 
mesic, shallow Typic Hapludult. Solum depth (A 
and B horizons) is 16 to 20 inches. The soil at 
Whetstone is Evard, a loamy, oxidic, mesic Typic 
Hapludult. Solum depth is 28 to 32 inches. The 
soil at Pine Mountain is Walhalla, a fine-loamy, 
oxidic, mesic Typic Hapludult. The Malhalla 
solum is 40 to 49 inches deep. 

In the winter of 1980, each stand was coxmer- 
cially harvested. Sandy Ford yielded 320 cubic 
feet per acre (CFfac) of small pine roundnood 
(5.0 to 12.0 inches d.b.h.1 and 340 CF/ac of 
small hardwood roundwood (6.0 to 14.0 inches 
d.b.h.), Whetstone yielded 7.8 thousand board 
feet per acre (MBF/ac) of pine sawtimber, 0,5 
MBF/ac of mixed hardwood sawtimber, 310 CFlac of 
small pine and 390 C~/ac of mixed hardwood round- 
wood. Pine Mountain produced 3.0 MBF/ac of pine, 
0.2 MBF/ac of mixed hardwoods, 200 CF/ac of small 
pine roundwood, and 300 CF/ac of small mixed 
hardwood roundwood. Almost all of the pines on 
all sites were shortleaf pine. The most numerous 
overstory hardwoods were red oaks (Quercus spp.), 
white oaks (Quercus spp.) and hickories (Carya 
spp.). Following commercial clearcutting, the 
stands were opened to the public for firewood 
salvage. The removal of trees for firewood not 
only assured full utilization, but reduced site 
preparation costs. In late spring after residual 
stems were fully leafed out, they were felled 
with chainsaws. The felled residuals, along with 
tops and other logging debris from the harvesting 
operation, provided the needed fuel for a late 
summer burn (Abercrombie 1984). Dry leaves and 
branches of felled residuals were needed to carry 
a hot surface fire over a fuel bed too moist to 
support combustion. By burning when the soil was 
moist, some of the organic layer and most of the 
incorporated root mat was maintained (Danielovich 
1986). This limited erosion which over time should 
help maintain site productivity. 

The following winter (1981), approximately 454 
genetically improved shortleaf pine seedlings 
were planted at a spacing of 8 x 12 ft. No other 
treatments were applied. 

Four growing seasons after treatment (the winter 
of 198Sj, the three stands were inventoried to 
determine species composition, density, and growth 
of pines and hardwoods. Stem basal diameters in 
inches and total-tree heights in feet were tallied 
fur planted shorrleaf pines that remained free to 
grow (those receiving full sunlight from above) 
after I years, These trees were on six 52.5 x 52 
ft plots spaced 16.4 feet apart and arranged in a 
2 x 3 matrix with the long sxis running east and 
west along the slope. Hardwood regeneration and 
naturally seeded shortleaf pines were measured on 
three 10- x 120-ft strips spaced approximately 90 
feet apart and perpendicular to the slope of each 
stand. Total heights of ail live trees > 2.0 feet 
tall were tallied in feet by species. With sprout 
clumps of more than one stem, minor suppressed 
stems in the clump were not counted. 

RESULTS 

A total of 643 planted shortleaf pines were 
measured at three locations. On a per-acre basis, 
304 to 414 trees were free to grow after 4 years. 
Those values translate into planting success rates 
of 71 to 91 percent. At Sandy Ford, the 304 
planted pineslacre that were not overtopped 
averaged 1.6 inches in diameter outside bark 
(d.0.b.) at groundline and 7.9 feet tall. Whet- 
stone had 356 free-growing pineslacre with an 
average goundline d.0.b. of 1,8 inches and an 
average total height of 8.4 feet. Pine Mountain 
had 414 free-growing pineslacre with an average 
groundline d,o.b. of 2.2 inches and an average 
height of 9.3 feet (Table 1). 

The hardwood components at the three study sites 
differed considerably in numbers and species com- 
position. Sandy Ford was dominated by oaks 
(1,945 trees/ac), with substantial amounts of 
blackgum, hickory and sourwood. Mhetstone had a 
large oak component (1,409 trees/ac), a large 
amount of blackgum, and a variety of other hard- 
woods. Pine Mountain had very little oak (298 
treeslac) but significant amounts of blackgum, 
yellow-poplar and noncommercial hardwoods (Table 
2). The noncommercial group at Pine Mountain was 
dominated by sumac (Rhus glabra L.) with 922 
trees/ac. Sandy Ford had the most total hardwoods 
with 4,898 treesfac while Whetstone had 4,400 
treeslac and Pine Mountain 3,627 treeslac. 

Table 1. Characteristics of 643 four-year-old shortleaf pine crop trees sampled at three locations 

Basal diameter Total height 

Trees 
Locat ion sampled Treeslac Mean St. dev. range Xean St. dev. range 

------ Number------- ------me- inches----------- -----------feet----------- 

Sandy Ford 182 304 1.6 0.5 0.7-2.8 7.9 1.8 3.5-12.4 

Whetstone 213 356 1.8 0.6 0,7-3.4 8.4 2.0 3.3-13.2 

Pine Mountain 248 414 2.2 0.5 1.0-3.6 9 , 3  2.0 4.6-14.1 



Table 2.  N u d e r  of sp rou t  clumps per  a c r e ,  t r e e s  per  a c r e ,  t r e e s  per  cluartp and average t o t a l  
t r e e  h e i g h t  of hardwoods by s p e c i e s  and l o c a t i o n  four  years  a f t e r  regenera t ion .  

Average t o t a l  
Speciesa Clumps / ae  Trees lac  Trees/clump t r e e  he igh tb  

S c a r l e t  oak 
Southern red  oak 
White oak 
Post  oak 
Other oaks 
Blackgum 
Red maple 
Yellow-poplar 
Hickory 
Sourwood 
Other hardwoods 
A l l  hardwoods 

S c a r l e t  oak 
Southern red oak 
White oak 
Post  oak 
Other oaks 
Blackgum 
Red maple 
Yellow-poplar 
Hickory 
Sourwood 
Other hardwoods 
A l l  hardwoods 

S c a r l e t  oak 
Southern r e d  oak 
White oak 
Post  oak 
Other oaks 
Bl ackgum 
Red maple 
Yellow-poplar 
Hickory 
Sourwood 
Other hardwoods 
A l l  hardwoods 

SANDY FORD 

WHETSTONE 

125 
424 
498 
212 
150 

1,259 
125 
87 

150 
2 12 

1,158 
4,400 

PINE MOUNTAIN 

a S c a r l e t  oak (Quercus coccinea Muenchh.), southern red  oak (9. f a l c a t a  Michx.), whi te  oak ( Q .  
a l b a  L.), post  oak (Q. s t e l l a t a  Wangenh.), o t h e r  oaks (Q. spp.) ,  blackgum (Kyssa s y l v a t i c c  
Marsh.), red maple (Acer rubrum L , ) ,  yellow-poplar (Liriodendron t u l i p i f e r a  L . ) ,  h ickory 
(Carya Nut t . spp . ) , sourwood (- arboreum L. ) . 
Height of t a l l e s t  t r e e  i n  t h e  clump i f  more than one stem. 

Average number of trees/clump ranged from 1.0 
f o r  pos t  oak a t  Whetstone t o  3 .5  f o r  sourwood a t  
Sandy Ford (Table 2 ) .  Average number of t r e e s /  
clump f o r  a l l  hardwoods a t  t h e  t h r e e  l o c a t i o n s  
ranged from 1.3 t o  1.7. Averages, i n  t h i s  case ,  
can be misleading.  Many spec ies ,  e s p e c i a l l y  the  
oaks, had numerous sprou t  clumps of 3 t o  5 t r e e s /  
clump bu t  a h i g h  number of i n d i v i d u a l  stems t h a t  
lowered t h e  average. 

Weight of a l l  hardwoods a t  Sandy Ford averaged 
5.8 f e e t  compared t o  4.9 f e e t  a t  Whetstone and 4 .7  
f e e t  a t  Pine Mountain (Table 2 ) .  A s  a group, t h e  
hardwoods were s u b s t a n t i a l l y  outperformed by 
planted s h o r t l e a f  p ines  (average t o t a l  he igh t  a t  
Sandy Ford was 7.9 f e e t ,  a t  k l e t s t o n e  8 .4  f e e t ,  
and a t  Pine Mountain 9.3 f e e t ) .  However, c e r t a i n  
hardwood spec ies  performed b e t t e r  than o thers .  
Sourwood averaged approximately 7.0 f e e t  i n  t o t a l  



h e i g h t  a t  Sandy Ford and Whetstone and 8 .2  f e e t  
a t  P i n e  Mountain, and r e d  maple averaged 10.2 
f e e t  i n  t o t a l  h e i g h t  a t  P ine  Hountain.  These 
a r e  not d e s i r a b l e  t imber  s p e c i e s  and provide t h e  
most s e r i o u s  compe t i t ion  t o  p i n e s  and d e s i r a b l e  
hardwoods. F o r t u n a t e l y ,  t h e i r  numbers were 
s m a l l  . 

I n  a d d i t i o n  t o  p l a n t e d  s h o r t l e a f  p i n e s  and 
n a t u r a l l y  r egenera ted  hardwoods, a c e r t a i n  com- 
ponen t  of n a t u r a l l y  seeded s h o r t l e a f  p ine  was 
found on t h e  t h r e e  s i t e s .  The number of t r e e s l a c  
r a n g e d  from 37 t o  75 and average t o t a l  h e i g h t  
r anged  from 3.5 t o  5.6 f e e t  (Table 3 ) .  Although 
t h e s e  p ines  were s h o r t e r  than  t h e i r  p l a n t e d  
c o u n t e r p a r t s  and many hardwoods, they may con- 
t r i b u t e  t o  t h e  f u t u r e  s t a n d  because they  occur red  
m o s t l y  i n  openings  i n  t h e  s t and .  

T a b l e  3. Number o f  n a t u r a l l y  seeded s h o r t l e a f  
p i n e s l a c  a t  t h r e e  l o c a t i o n s  f o u r  y e a r s  a f t e r  
r e g e n e r a t i o n .  

Loca t  i o n  T r e e s l a c  T o t a l  h e i g h t  

Sandy Ford 5 0 
Whetstone 3 7 
P ine  Mountain 75 

SUMMARY AND CONCLUSIONS 

A f t e r  4 growing seasons ,  s h o r t l e a f  pine- 
hardwood mixed s t a n d s  developed through low in -  
t e n s i v e  s i t e  p r e p a r a t i o n  and burning a r e  
beg inn ing  t o  show r e a l  promise. P lan ted  p i n e s  
a r e  ave rag ing  7.9 t o  9 .3  f e e t  i n  h e i g h t  and 1 .6  
t o  2.2 inches  i n  b a s a l  d iameter .  Competing 
hardwoods a r e  no t  a s  t a l l ,  b u t  many oaks  and 
o t h e r  commercial hardwoods a r e  w e l l  developed 
and shou ld  c o n t r i b u t e  t o  t h e  f i n a l  s t and .  With 
new technology l e a d i n g  u s  toward i n c r e a s e s  u s e  
of hardwoods ( Ince  1986),  low c o s t  r e g e n e r a t i o n  
t echn iques  t h a t  a l l o w  hardwoods t o  develop w i t h  
p i n e s  make good sense .  Landowners need low c o s t  
r e g e n e r a t i o n  a l t e r n a t i v e s  such a s  t h i s  and many 
p l a c e  h igh  v a l u e  on t h e  nontimber b e n e f i t s  t h e s e  
s t a n d s  can provide.  
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COPPICE REGENERATION IF; THE OAK-PINE TYPE RELATIVE TO INITIAL 

1 / 
SPECIES COMPOSITION, STAND STRUCTUm, AND SEASON OF FELLING- 

2 / 
James W, McMinn- 

Abstract.--Oak-pine s t a n d s  i n  the  Upper Piedmont of 
Georgia were ha rves t ed  wi th  f e l l e r -bunche r s  i n  both the  
dormant season and e a r l y  growing season t o  1-inch and 4-inch 
lower d iameter  l i m i t s .  The i n i t i a l  hardwood component was 
comprised p r i m a r i l y  of s c a r l e t  oak (Quercus cocc inea  
Muenchh. ) , post  oak (9. s t e l l a t a  Wangenh. ) , black oak (Q. 
v e l u t i n a  Lam.), ches tnu t  oak (Q. p r i n u s  L. ) ,  sou the rn  red 
oak (Q, f a l c a t a  Michx.), h ickory (Carya spp. ) ,  b l ack jack  oak 
(2. mar i l and ica  Eluenchh.), sourwood (Oxydendrum arboreum 
(L.) DC.), white oak (9. a l b a  L.),  dogwood (Cornus f l o r i d a  
L.), and blackgum (Nyssa s y l v a t i c a  ~ a r s h . ) ,  r e s p e c t i v e l y ,  a s  
i n d i c a t e d  by b a s a l  a rea .  Analys is  of va r i ance  was employed - - 

t o  t e s t  t he  i n f l u e n c e  of s p e c i e s ,  a s  w e l l  a s  season of 
f e l l i n g ,  degree  of s t and  removal,  and t h e i r  i n t e r a c t i o n s  on 
5-year coppice growth. Five  yea r s  a f t e r  t he  4-inch-limit  
h a r v e s t ,  coppice coverage per squa re  foo t  of i n i t i a l  s t and  
b a s a l  a r e a  was only  41 pe rcen t  a s  g r e a t  a s  a f t e r  t he  1-inch 
l i m i t  ha rves t .  Species  predominance i n  the  5-year coppice  
s t a n d  d i f f e r e d  s u b s t a n t i a l l y  from the  i n i t i a l  s t and  due t o  
s p e c i e s  d i f f e r e n c e s  i n  coppice  regrowth per square  f o o t  of 
i n i t i a l  b a s a l  a rea .  

INTRODUCTION 

Th i s  s t u d y  was mot ivated by the  p o t e n t i a l  f o r  
u s ing  i n t e n s i v e  whole-tree h a r v e s t i n g  a s  a  
s i l v i c u l t u r a l  t o o l  ( B u t t s  and P res ton  1979).  
The g e n e r a l  o b j e c t i v e  was t o  compare the  e f f e c t s  
of season and i n t e n s i t y  of whole-tree h a r v e s t i n g  
on subsequent  s t and  development i n  mixed 
hardwood-pine a s s o c i a t i o n s  of t he  Upper 
Piedmont. An e a r l i e r  paper p resen ted  the  
e f f e c t s  of  the  t r ea tmen t  v a r i a b l e s  on t o t a l  
s p r o u t  coverage and i ts  r e l a t i o n  t o  p ine  regen- 
e r a t i o n  through the  f o u r t h  growing season 
(McMinn 1985a).  The o r i g i n a l  s tudy  was not 
des igned t o  t e s t  d i f f e r e n c e s  i n  coppic ing among 
s p e c i e s  o r  t he  i n t e r a c t i o n s  of s p e c i e s  wi th  the  
h a r v e s t i n g  v a r i a b l e s .  Never the le s s ,  such a  t e s t  
was d e v i s e d ,  and t h i s  paper p r e s e n t s  r e s u l t s  
based on t h e  5-year-old coppice  component. 

1  I 
-' Paper p resen ted  a t  Southern S i l v i c u l t u r a l  

Research Conference, A t l a n t a ,  Georgia,  November 
4-6, 1986, 

2 1 - Research F o r e s t e r ,  USDA Fores t  Se rv ice ,  
Sou theas t e rn  Fores t  Experiment S t a t i o n ,  F o r e s t r y  
Sc iences  Laboratory ,  Athens,  Georgia.  

METHODS 

The s tudy  a r e a  is  i n  the  Upper Piedmont of 
Georgia  on the  Dawson F o r e s t ,  which is  managed 
by the  Georgia F o r e s t r y  Commission. De ta i l ed  
s i t e  and s t and  c h a r a c t e r i s t i c s  were p resen ted  
e a r l i e r .  Table 1 p r e s e n t s  average i n i t i a l  s t a n d  
composi t ion by g e n e r a l  s p e c i e s  group and s i z e  
c l a s s .  One-acre t r ea tmen t  p l o t s  were h a r v e s t e d  
u s i n g  a t y p i c a l  whole-tree system t h a t  i nc luded  
a  smal l  f e l l e r -bunche r  and grapple-skidders .  
Harves t ing  removed a l l  m a t e r i a l  down t o  4-inch 
o r  1-inch diameter  l i m i t s  i n  both January and 
June of 1980. Each combination of season and 
i n t e n s i t y  was r e p l i c a t e d  t h r e e  t i m e s  i n  a  
complete ly  randomized des ign.  De ta i l ed  obser-  
v a t i o n s  and measurements were conf ined t o  t h e  
i n t e r i o r  0.5 a c r e  of each 1-acre p l o t .  

Coppice regrowth was c h a r a c t e r i z e d  from a 
100-percent i nven to ry  of sp rou t  clumps t h a t  were 
a t  l e a s t  4.5 f e e t  t a l l  a f t e r  t he  f i f t h  growing 
season  ( v i r t u a l l y  a l l  clumps). Sprout clump 
coverage per a c r e  was c a l c u l a t e d  from e s t i m a t e s  
of t he  average crown diameter  a t  t he  he igh t  of 
maximum crown spread.  This  va lue  is  e s s e n t i a l l y  
an aggrega t ion  of clump crown p r o j e c t i o n s  by 
s p e c i e s .  



Table 1 , - - I n i t i a l  s t a n d  b a s a l  a r e a  by s p e c i e s  
g r o u p  and s i z e  c l a s s  

- 
1 / 

S i z e  c l a s s -  -- 
S p e c i e s  group -- S a p l i n g  Pulpwood s awt imbe r  

- - - - -  f t 2 / a c r e  - - - - - 
P i n e  7 15 3 
Red oaks  5 8 ! 2 
Whi te-pos t -ches  t n u t  oak 5 6 8 
O t h e r  hard  hardwoods 4 '- 3 2 
S o f t  hardwood 1 1  1  
S h r u b  1  - - 
: i i s c e l l a n e o u s  6 3 I  

A l l  Spec i e s  2 9 35 2 7 

1 / - S a p l i n g s  0.5-4.5 i n c h e s  d.  b  . h. , pulpwood 
4.6-9.5 i n c h e s ,  sawt imber  9.6 i n c h e s  minimum d.b.h, 

S i n c e  t h e  o r i g i n a l  d e s i g n  focused  on s t a n d  deve l -  
opment of s p e c i e s  m i x t u r e s ,  r a t h e r  t han  i n d i v i -  
d u a l  t r e e s  o r  s p e c i e s ,  a l l  s p e c i e s  d i d  no t  occu r  
on a l l  p l o t s .  However, 11 s p e c i e s  were r e p r e -  
s e n t e d  on a l l  p l o t s  i n  t h e  copp i ce  s t a n d s  a s  w e l l  
a s  t h e  i n i t i a l  s t a n d s .  They were ( i n  o r d e r  of 
i n i t i a l  s t a n d  b a s a l  a r e a )  s c a r l e t  oak ,  pos t  oak ,  
b l a c k  oak ,  c h e s t n u t  oak ,  s o u t h e r n  red  oak ,  
h i c k o r y ,  b l a c k j a c k  oak ,  sourwood, wh i t e  oak ,  
dogwood, and blackgum. These s p e c i e s  o c c u r r e d  i n  
v a r y i n g  p r o p o r t i o n s  from p lo t - t o -p lo t .  To r educe  
s p e c i e s  r e sponse  t o  an e q u i v a l e n t  b a s i s ,  c o p p i c i n g  
was e x p r e s s e d  a s  t h e  f o l l o w i n g  r a t i o  : 

CRi= CVi/BAi, where 
CR = c o p p i c i n g  r a t i o ,  
CV = s q u a r e  f e e t  per  a c r e  of f i f t h - y e a r  

c o p p i c e  crown cove rage ,  
BA = s q u a r e  f e e t  per  a c r e  of b a s a l  a r e a  i n  

t h e  i n i t i a l  s t a n d ,  
i = ith s p e c i e s  

The c a l c u l a t e d  c o p p i c i n g  r a t i o s  were s u b j e c t e d  t o  
a n a l y s i s  of v a r i a n c e .  To compare r e l a t i v e  
s p r o u t i n g  p o t e n t i a l  among s p e c i e s ,  an index--the 
q u o t i e n t  of two c o p p i c i n g  ra t ios - -was  c a l c u l a t e d  
f o r  s p e c i e s  p a i r s .  

RESULTS A%D DISCUSSION 

Coppice  coverage  p e r  s q u a r e  f o o t  of i n i t i a l  b a s a l  
a r e a  was s i g n i f i c a n t l y  a f f e c t e d  by i n t e n s i t y  of har -  
v e s t i n g  and by s p e c i e s  (Tab l e  2 ) .  S i g n i f i c a n t l y  
more copp i ce  cove rage  might have r e s u l t e d  from t h e  
dormant  s ea son  h a r v e s t i n g ,  but  s e a s o n a l  e f f e c t s  were 
conforrnded by heavy p ine  n a t u r a l  r e g e n e r a t i o n  fo l l ow-  
i n g  dormant-season h a r v e s t i n g  o n l y  (McPfinn 1985a) .  
D i f f e r e n c e s  by s ea son  were n o n s i g n i f i c a n t  a s  were 
a l l .  p o s s i b l e  i n t e r a c t i o n s .  The c o p p i c i n g  r a t i o  was 
3 8 h s q u a r e  fee t  of crown cove rage  pe r  s q u a r e  f o o t  
o f  i n i t i a l  b a s a l  a r e a  f o r  I - inch  l i m i t  h a r v e s t i n g  
v e r s u s  on ly  158 f o r  4-inch l i m i t  p l o t s .  The d i f f e r -  
e n c e  i s  a t t r i b u t e d  t o  c o m p e t i t i o n  from t h e  r e s i d u a l  
s t e m s  i n  t h e  4- inch- l imi t  t r e a t m e n t ,  r a t h e r  t han  t o  
a  l a r g e r  number of p o t e n t i a l  s p r o u t i n g  stumps i n  
t h e  1 - i nch - l im i t  h a r v e s t i n g .  E a r l y  i n  t h e  s t u d y ,  
t h e r e  was ev idence  t h a t  t h e  r e s i d u a l  s t a n d s  o f f e r e d  
s u b s t a n t i a l  c o m p e t i t i o n  t o  bo th  hardwood copp i ce  and 
p i n e  r e g e n e r a t i o n  (EfcMinn 1985b).  A v e r y  h igh  pro- 
p o r t i o n  of t h e  s m a l l e r  stumps were comple t e ly  de- 
s t r o y e d  i n  t h e  1- inch- l imi t  h a r v e s t i n g  o p e r a t i o n ,  

Tab l e  2 . - - ; lnalysis  of v a r i a n c e  r e s u l t s  f o r  copp i ce  
cove rage  pe r  u n i t  of i n i t i a l  s t a n d  b a s a l  a r e a  

---- 
d f  Source  F P rob  > F 

Season 1  1.90 0.1716 
I n t e n s i t y  1 21.77 0.0001 
S p e c i e s  10 3.78 0.0003 
Season x i n t e n s i t y  1  1.04 0.3100 
Season x  s p e c i e s  10 C.57 C. 8332 
I n t e n s i t y  x s p e c i e s  10 1.03 0.4217 
Sea .  x i n t .  x 2 e c .  10 0.95 0.4891 

Coppic ing  r a t i o  by s p e c i e s  ranged f rom 558 down 
t o  74  (Tab l e  3). Pe r cen t age  d i s t r i b u t i o n s  i n  
s a p l i n g ,  pulpwood, and sawt imber  c l a s s e s  g i v e  no 
i n d i c a t i o n  t h a t  t h e  s p e c i e s  d i f f e r e n c e s  a r e  due  to 
s i z e .  I n  some s p e c i e s ,  however,  s p r o u t i n g  poten-  
t i a l  a p p e a r s  t o  v a r y  w i th  s i z e  o r  age a s  r e f l e c t e d  
by s i z e  ( Johnson 1975,  Johnson 1977). The two 
most  p r o l i f i c  s p r o u t e r s ,  dogwood and sourwood,  a r e  
i n h e r e n t l y  sma l l  s p e c i e s ,  a s  i s  t h e  l e a s t  p r o l i -  
f i c ,  b l a c k j a c k  oak,  There  is no a p p a r e n t  t r e n d  i n  
any  of t he  s i z e  c l a s s e s  a s  t h e  c o p p i c i n g  r a t i o  
changes  among t h e  o t h e r  s p e c i e s .  

Tab l e  3.--Coppicing r a t i o  and p e r c e n t a g e  d i s t r i b u t i o n  
of  i n i t i a l  s t a n d  b a s a l  a r e a  by g e n e r a l  s i z e  c l a s s  
f o r  e l e v e n  s p e c i e s  i n  t h e  Upper Piedmont 

Coppic ing  - S i z e  C l a s s  

-- r a t i o  S a p l i n g  Pulpwood Sawtimber 

Dogwood 
Sourwood 
White oak 
Ches tnu t  oak 
Blackgum 
Sou the rn  r ed  oak 
S c a r l e t  oak 
B lack  oak 
Hickory  
P o s t  ozk 
B l a c k j a c k  oak 
P 

- - - -  p e r c e n t  - - - - - 

Tab le  4  i n d i c a t e s  a  s u b s t a n t i a l  p o t e n t i a l  f o r  
s p e c i e s  predominance t o  change i n  copp i ce  s t a n d s  
compared t o  i n i t i a l  s t a n d s ,  even  among c l o s e l y  
ranked  s p r o u t e r s  o c c u r r i n g  i n  t h i s  s t u d y .  For 
example ,  among t h e  f i v e  most p r o l i f i c  s p r o u t e r s ,  
dogwood produced a lmos t  60 p e r c e n t  more c o p p i c e  
cove rage  t h a n  w h i t e  oak pe r  s q u a r e  f o o t  of i n i t i a l  
b a s a l  a r e a  and wh i t e  oak produced 22. p e r c e n t  more 
t h a n  blackgum. Among t h e  f i v e  s p e c i e s  occupy ing  
t h e  middle  r a n g e ,  c h e s t n u t  oak produced 32 p e r c e n t  
more copp i ce  t h a n  s o u t h e r n  red  oak and s o u t h e r n  
r e d  oak produced 43 p e r c e n t  more t han  b l a c k  oak. 
Among t h e  f i v e  Leas t  p r o l i f i c  s p r o u t e r s ,  s c a r l e t  
oak produced 38 p e r c e n t  more t h a n  h i c k o r y  and h i ck -  
o r y  produced ove r  tw ice  a s  much a s  b l a c k j a c k  oak.  

Very obv ious  p o t e n t i a l s  f o r  s p e c i e s  s h i f t s  a r e  
a p p a r e n t  when t h e  copp i c ing  of our  f i v e  most  pro- 
l i f i c  and l e a s t  p r o l i f i c  s p e c i e s  a r e  compared 
( T a b l e  5 ) ,  I n  t h e  most ex t reme c a s e ,  dogwood pro- 
duced ove r  seven  and a  h a l f  t imes  a s  much s p r o u t  
cove rage  a s  b l a c k j a c k  oak pe r  squa re  f o o t  of i n i -  
t i a l  b a s a l  a r e a ,  and sourwood produced a l m o s t  
s even  t imes  as much a s  b l a c k j a c k  oak. However, 



even t h o u g h  these  two s p e c i e s  r e s p r o u t  v igo rous ly ,  
t hey  w i l l  u l t i m a t e l y  become under s to ry  o r  midstory 
components .  Among t h e  s p e c i e s  t h a t  w i l l  ult ima- 
t e l y  fo rm the  dominant o v e r s t o r y ,  whi te  oak pro- 
d u c t i o n  w a s  over t h r e e  and a h a l f  t imes  as much as 
p o s t  oak and almost f i v e  times a s  much a s  black- 
j a c k  oak. S i m i l a r l y ,  c h e s t n u t  oak was over t h r e e  
tixnes a s  p r o l i f i c  a s  pos t  oak and over  fou r  t imes 
a s  p r o l i f i c  a s  b l a c k j a c k  oak. 

Table  4.--Quotients of coppic ing r a t i o s  between 
s p e c i e s  p a i r s  f o r  s p e c i e s  e x h i b i t i n g  high t o  low 
s p r o u t i n g  t endenc ie s  (based on coppic ing r a t i o s  
f o r  a l l  s t u d y  t r e a t m e n t s )  

( a )  High r a n g e  

DOWO : 1 .89 .63 .57 .52 
SOW0 : 1.12 1 .7 1 .64 .59 
WHOA : 1.58 2.40 1 .90 -82 
CHO A : 1.75 1.56 1.11 1 .92 
BLGU : 1.92 1.71 1.22 1.09 1 
(b )  Middle  range 
Species  : CHOA BLGU SROA SCOA BLOA 

CHOA : 1 .9 2 .76 .67 .53 
BLGU : 1.09 1 .83 .74 .58 
SROA : 1.32 1.21 1 .89 .70 
SCOA : 1.49 1.36 1.13 1 .79 
BLOA : 1.88 1.72 1.43 1.27 1 
(c)  Low r a n g e  
Species  : SCOA BLOA HICK POOA BJOA 

S COA : 1 .79 .72 .46 .35 
BLOA : 1.27 1 .92 .58 .44 
HICK : 1.38 1.09 1 .63 .48 
POOA : 2.18 1.72 1.58 1 .76 
BJOA : 2.89 2.28 2.09 1.32 1 

l jBJOA = b lack jack  oak, BLGU = blackgum, BLOA = 
b lack  oak, CHOA = c h e s t n u t  oak, DOWO = dogwood, 
HICK = h i c k o r y ,  POOA = pos t  oak, SCOA = s c a r l e t  
oak,  SOW0 = sourwood, SROA = sou the rn  red oak, 
WHOA = w h i t e  oak, 

Table  5 .--Quotients of copp ic ing  r a t i o s  between 
s p e c i e s  p a i r s  f o r  s p e c i e s  e x h i b i t i n g  high and low 
s p r o u t i n g  t e n d e n c i e s  

Species  : DOWO SOW0 WHOA CHOA BLGU 

S COA : 2.61 2.32 1.65 1.49 1.36 
BLOA : 3.30 2.94 2.09 1.88 1.72 
HICK : 3.60 3.21 2.28 2.05 1.88 
POOA : 5.69 5.07 3.61 3.24 2.97 
BJOA : 7.54 6.72 4.78 4.30 3.93 

The fo rego ing  f i g u r e s  on r e l a t i v e  coppic ing 
should  be i n t e r p r e t e d  a s  t endenc ie s  towards spe- 
c i e s  s h i f t s  , r a t h e r  than i n d i c e s  of u l t i m a t e  domi- 
nance. The predominance of a s p e c i e s  i n  the  
coppice  regrowth is a product  of t he  i n t e r a c t i o n  
between copp ic ing  p o t e n t i a l  and predominance i n  
t h e  i n i t i a l  s tand.  I n  a d d i t i o n ,  s p r o u t  m o r t a l i t y  
may be a f a c t o r  i n  t h e  u l t i m a t e  s p e c i e s  dominance 
w i t h i n  a s t and  (Johnson 1977). Table 6 p r e s e n t s  
t h e  o v e r a l l  s h i f t s  i n  ranking f o r  t h e  s p e c i e s  
o c c u r r i n g  i n  t h i s  s tudy.  As a r e s u l t  of t he  d i f -  

f e r e n t i a l  copp ic ing ,  on ly  4 of the  11 s p e c i e s  
remained w i t h i n  one p o s i t i o n  of t h e i r  o r i g i n a l  
ranking.  As might be expected,  dogwood and sour-  
wood underwent t h e  most d r a s t i c  s h i f t s  upward (6  
and 5 p o s i t i o n s ,  r e s p e c t i v e l y ) .  Even though t h e s e  
s p e c i e s  w i l l  u l t i m a t e l y  occupy the  mids to ry ,  t h e i r  
predominance a t  t he  coppice s t a g e  probably i n f l u -  
ences  the  u l t i m a t e  predominance of d i f f e r e n t  over- 
s t o r y  s p e c i e s  v i a  s p e c i e s  v a r i a t i o n  i n  c o m p e t i t i v e  
c a p a c i t y  a t  t h e  coppice  ' s t age ,  Hickory, p o s t  oak, 
and b lack jack  oak s h i f t e d  downwards t h r e e ,  f i v e  , 
and t h r e e  p o s i t i o n s ,  r e s p e c t i v e l y .  Since  t h e s e  a r e  
t h e  l e a s t  d e s i r a b l e  of t he  ove r s to ry  s p e c i e s ,  
complete removal of a l l  woody biomass shou ld  
r e s u l t  i n  some upgrading of the  subsequent s t a n d s .  

Table  6,--Coppicing r a t i o ,  percent  of i n i t i a l  s t a n d  
b a s a l  a r e a ,  percent  of coppice  coverage,  i n i t i a l  
s t a n d  rank,  and coppice  s tand rank by s p e c i e s  

- -- 

Coppicing Percent  of Rank 
Species  r a t i o  Stand Coppice Stand Coppice 

Dogwood 
Sourwood 
White oak 
Chestnut  oak 
Blac kgum 
Southern  red  

oak 
S c a r l e t  oak 
Black oak 
Hickory 
Post  oak 
Blackjack oak 
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Even-Aged Regeneration Alternatives f o r  Law Quality Mixed 
Hardwood Forests  in the  Virginia Piedmont1 

Keith P. Newcomer, Shepard M. Zedaker, 
David Wm. Smith, and Richard E. ~ r e h '  

.-- The e f f e c t s  of s i t e  qual i ty ,  harvest  season, and 
ene ra t i  s on na tura l  hardwood and planted 

loblo l ly  p ine  ( L.)  growth and dens i ty  a r e  
evaluated th ree  years a f t e r  c l ea r  fe l l ing .  Low-quality stems 
and poor species composition characterized s i x  s imi lar  pa i r s  
of p lo t s  xandomly se lec ted  fo r  dormant o r  growing season 
harvests. The four regeneration treatments were (1 )  c l ea r  
f e l l i n g  and whole-tree harvest  only; (2 )  c l ea r  f e l l i n g  and 
whole-tree harvest  with planted loblo l ly  pine seedlings; (3) 
c l ea r  f e l l i ng ,  herbicide treatment of a l l  hardwood s t m p s  a t  
time of f e l l i n g ,  and pine planting; (4 )  c l ea r  f e l l i n g ,  s t m p  
treatment a t  time of f e l l i n g ,  pine planting,  and an herbicide 
pine r e l ea se  a f t e r  one growing season. Natural regeneration 
growth was s ign i f i can t ly  grea ter  with a dormant season har- 
ves t ,  while planted pine growth was s ign i f i can t ly  grea ter  
with a growing season harvest. The reduced amount of hardwood 
regeneration r e su l t i ng  from the  herbicide treatments was ac- 
companied by an increase i n  pine growth. 

A s i gn i f i can t  amount of t h e  Virginia fo re s t  re-  
source i s  i n  t he  Piedmont Physiographic Province 
which contains 2.5 mi l l ion  hectares of pr iva te  and 
indus t r i a l  commercial fo re s t  land (Brown 1986). 
Over one mil l ion hectares,  72% of Virginia 
Piedmont fo re s t s ,  a r e  composed of upland hardwoods 
and oak-pine fo re s t  types (Brown 1985,1986). The 
po ten t i a l  f o r  wood production of these  fo re s t s  is 
severely l imited by an abundance of low qua l i t y  
stems and undesirable species. The 1977 U. S. D. A. 
f o r e s t  inventory i n  t he  Virginia Piedmont found 75% 
of these  fo re s t s  a r e  understocked with 20% of t he  
stocking i n  ro t t en  and poorly formed t r e e s  (Knight 
and McClure 19783. Poor stand conditions a r e  
la rge ly  a r e su l t  of na tura l  succession from 
farmland following abusive ag r i cu l tu ra l  prac t ices ,  
continuous detr imental  high-grading, and wi ld f i r e  
(Smith and L i m a r t z  1980). A recent f inding t h a t  
planted pines represent  only 4% of t he  t o t a l  
biomass i n  Piedmont fo re s t s  suggests t h a t  a lack 
of pine regeneration i s  a l so  a problem l imi t ing  
fo re s t  productivi ty (Bechtofd and Ph i l l i p s  1985). 

'paper presented a t  Southern S i lv i cu l tu ra l  
Conference Research Conference, Atlanta,  
Georgia, November 4-5, 1986. 

2 ~ r a d u a t e  Research Ass is tan t ,  Assistant  
Professor, Professor, and Research Associate, 
respectively,  Department of Forestry,  VPI &SU, 
Blacksburg, VA 24061. 

The large area  represented by upland hardwood mid 
oak-pine fo re s t  types, t he  i n fe r io r  qual i ty  of 
these stands,  and the  very small port ion of 
Piedmont fo re s t s  i n  pine plantat ions points  t o  t h e  
need fo r  developing even-aged s i l v i c u l t u r a l  guide- 
l i ne s  t h a t  can convert low qua l i t y  hardwood stands 
i n t o  productive hardwood, mixed hardwood-pine, o r  
pine fores ts .  Land ownership pa t te rns  i n  t h e  
Piedmont a r e  a l so  i n f luen t i a l  i n  t he  design of ap- 
propr ia te  s i l v i c u l t u r a l  systems. Because 81% of 
Virginia Piedmont fo re s t s  a r e  composed of small, 
p r iva te ly  owned woodlands, regeneration a l t e rna -  
t i v e s  must be developed t h a t  a r e  applicable over a 
wide range of landowner object ives,  t r a c t  s i z e s ,  
and management i n t e n s i t i e s  (Bechtold and P h i l l i p s  
1985 1. 

The objec t ive  of t h i s  ongoing study is t o  formu- 
l a t e  even-aged regeneration a l te rna t ives  appropri- 
a t e  fo r  a va r i e ty  of woodland owners i n  t he  
Virginia Piedmont. In t h i s  paper, t he  e f f e c t s  of  
s i t e  qual i ty ,  season of harvest ,  and 4 even-aged 
regeneration treatments on na tura l  hardwood and 
planted lob lo l ly  pine growth, and density a r e  
evaluated 3 years following c l ea r  f e l l i n g  and 
whole-tree removal i n  Virginia Piedmont mixed oak 
stands. 

Studv Area 

The study s i t e  i s  located i n  t he  Virginia 
Piedmont a t  Virginia Polytechnic I n s t i t u t e  and 



Sta t e  University" Reynolds Homestead Research 
Center, nser  Cr i tz ,  VA. The s o i l s  a r e  leached, 
eroded Ul t i so l s  developed mainly from g r a n i t i c  and 
metamorphic bedrock. Slopes range from 2-20% with 
6-8% being mast common. Annual p rec ip i t a t i on  aver- 
ages 125 centimeters and i s  well d i s t r i bu t ed  
through the  year. The f r o s t  f r ee  season averages 
196 days ( Crockett 1973). 

The p lo t s  were located i n  50-80 year-old second 
growth oak-hickory fo re s t s  on s i t e  q u a l i t i e s  rang- 
ing from s i t e  index 15-23 meters (base age 50) fo r  

L. ) (Carmean 197 1 ,  
Pre-harvest stands contained an 

average of 24.3 square meters of basal  area per 
hectare 011 t he  poorer s i t e s ,  and 27.0 square meters 
of basa l  a rea  per hec tare  on the  b e t t e r  s i t e s .  Oak 
species comprised about 59% of the  basal  area on 
the  poorer s i t e s ,  and 34% on the  b e t t e r  s i t e s .  The 
d d on poorer s i t e s  included 
c p a s  L. ), s c a r l e t  oak 
( nchh. ) , red maple (b 
rubrum L.) ,  and sourwood (Oxvdendrum arboreum (L.)  
DC) , with sca t te red  Virginia pine (Pinus yirniniana 
M i l l .  ) , and white pine (Pinus strobus L. ). White 
oak, yellow-poplar (Liriodendron t u l i ~ i f e r a  L.) ,  
red maple, sourwood, and northern red oak (Ouercus 
xubra L. ). dominated the  be t t e r  s i t e s  with smaller 
amounts of s c a r l e t  oak, and American beech (Fanus 
grandi fo l ia  Ehrh. ). 

Studv Design 

The study contains 3 blocks, and is a s p l i t - s p l i t  
p lo t  desigl. Each block contains 2 s i t e  c lasses ,  
good and poor, representing the  main p lo t .  S i t e  
indices range from 15-19 meters fo r  white oak (base 
age 50) on poor s i t e s ,  and 20-23 meters fo r  white 
oak (base age 50) on good s i t e s  (Carmean 1971, 
Doo l i t t l e  1975). 

Each half  of the  main p lo t s  was randomly assigned 
a dormant o r  growing season harvest ,  representing 
the  f i r s t  s p l i t ,  The dormant season harvest kas 
completed between 17 February and 29 Apri l ,  1983. 
The growing season harvest  was accomplished between 
6 June and 11 August, 1983. 

The determination of treatment e f f ec t s  was ac- 
complished by subdividing each s i t e  class-harvest  
season un i t  i n t o  four 30 meter by 30 meter p lo t s  
representing the  second s p l i t .  Each s p l i t - s p l i t  
p lo t  was rcindomly assigned one of the  following 
four treatments: 

Ti) Clear f e l l i n g  and whole-tree 
harvest only. 

TZ) Clear f e l l i n g  and whole-tree 
harvest ,  and planted loblo l ly  
pine seedlings. 

T3) S lear  f e l l i n g  and whole-tree 
harvest ,  herbicide treatment 
of a l l  hardwood stumps, and 
planted loblo l ly  pine 
seedlings. 

T 4 )  Clear f e l l i n g  and whole-tree 
har-rest, herbicide treatment 

of a l l  hardwood stumps, 
planted loblo l ly  pine 
seedlings,  md a re lease  
treatment of pine seedlings. 

Each regeneration treatment employed a clear 
f e l l i n g  whole-tree harvest. A l l  stems grea ter  than 
2.5 centimeters dbh were f e l l e d  within 15 centime- 
t e r s  of ground level .  

Treatments 2, 3 ,  and 4 included planting genet- 
i c a l l y  improved 1-0 loblo l ly  pine seedlings from a 
Virginia Piedmont source i n  March 1984. Seedlings 
were hand planted on a 2 meter by 2 meter g r i d  re-  
su l t i ng  i n  a densi ty of 2500 seedlings per hectare,  

The cut-stump herbicide treatment used i n  Treat-  
ments 3 and 4 consisted of a t h in  stream of undi- 
luted herbicide applied t o  the  cambial region of 
t he  stump immediately following cutt ing.  A l l  
hardwood stumps were t rea ted  a t  an average r a t e  of 
0.27 l i t e r s  per square meter of basal  area. 
Triclopyr (3,5,6-trichloropyridinyloxyacetic acid  
as Garlon-4@61.6% EC), glyphosate (N- 
phosphonomethyl glycine as Roundup@ 41.0% SL), 
dicamba (3,6-dichloro-o-anisic acid as Banvel CSm 
10.6% SL), and picloram (4-amino-3,5,6- 
t r i ch lo rop ico l in i c  acid as Tordon-101@ 5.4% SL) 
were used for  t he  cut-stump treatment (Zedaker e t  
a l .  i n  press) .  

Treatment 4 p lo t s  received a pine re lease  i n  
March 1985. P lo ts  were randomly s p l i t  so  t h a t  each 
half  received a basal  bark spray, o r  a s o i l  applied 
herbicide re lease  treatment. 

The basal  bark spray re lease  method consisted of 
4% t r i c lopyr  ( e s t e r )  ( a s  Garlon-4@ 661.6% EC) d i -  
luted with d i e se l  fue l  and applied with a backpack 
sprayer. The mixture was applied t o  t he  bottom 
15-20 centimeters of t r ea t ed  stems u n t i l  runoff. 
A l l  stems within 1 meter of loblo l ly  pine seedlings 
were treated.  An average of 3.4 l i t e r s  of t r i c lopyr  
and 82 l i t e r s  of d i e se l  fue l  were used t o  r e l ea se  
1300 loblo l ly  pines per hectare. An average of 11.6 
man-hours was required t o  t r e a t  1 hectare. 

The s o i l  ac t ive  herbicide was applfed as 50% 
hexazinone (3-cyclohexyl-6-(dimethylamino) 
-1-methyl 1-1,3,5-triazine-2,4(1H,M)dione as  
Velpar L@ 25% SL) i n  water with a spotgun. The 
mixture was applied i n  6 evenly spaced 2.5 m i l l i -  
l i t e r  spots  arranged i n  a 1 meter radius c i r c l e  
around each loblo l ly  pine seedling. An average of 
9.7 l i t e r s  of hexazinone was used t o  re lease  1300 
loblo l ly  pines per hectare. The time required t o  
t r e a t  1 hectare averaged 6.6 man-hours. 

Natural regeneration was sampled a t  t h e  end o f  
the  1985 growing season i n  a l l  4 treatments. Nine 
randomly located 2 meters x 2 meters p lo t s  were 
sampled i n  each 30 meters x 30 meters treatment 
p lo t .  A l l  na tura l  regeneration t a l l e r  than 25 
centimeters was t a l l i e d  fo r  a )  species,  b) t o t a l  
height ,  and c)  two crown diameters taken a t  r i gh t  
angles t o  each other from terminal bud t o  terminal 
bud. 



Loblolly pine growth was also measured at the 
end of the 1985 growing season. All surviving 

RESULTS AND DISCUSSION 

loblolly pines were measured for a) total height, 
and b) groundline diameter. 

Analvsis 
The good site class averaged 10,978 cubic meters 

of natural hardwood crow volume per hectare, while 
the poor site class averaged 10,944 cubic meters 

The effects of site quality, season of harvest, per hectare. The density of free-to-grow crop 
and the 4 regeneration treatments on natural re- species was also similar between site classes, 
generation total crown volume (crown 1,957 stems per hectare and 1,806 stems per hectare 
volume=heightx3. 14x( crown radius) * ) were examined on good and poor sites, respectivs.ly. However, 
using split-split plot analysis of variance free-to-grow, non-crop species were nearly twice 
(ANOVA). An alpha level of 0.05 was used for all as numerous on the good site class, 3,068 stems per 
significance tests. hectare, than on the poor site class, 1,759 stems 
ANOVA was performed on the density of free-to- 

grow natural regeneration crop and non-crop spe- 
cies. If height was greater than 1.25 times the 
mean height of all regeneration in a treatment 
plot, an individual was considered free-to-grow. 
Density was defined as the number of free-to-grow 
trees per hectare. Crop species included pignut 
hickory (Carva plabra Mill.), mockernut hickory 
(Car~a tomentosa Poir. Nutt.), yellow-poplar, white 
oak, scarlet oak, chestnut oak, and northern red 
oak. Free-to-grow non-crop species included 
tree-of-heaven (Ailanthus altissima Mill.), red 
maple, flowering dogwood (Cornus florida L.), 
blackgum (Nvssa svlvatica Marsh.), sourwood, 
sassafras (Sassafras albidum Nutt.), black locust 
(Robinia pseudoacacia L.), black cherry (Prunus 
serotina Ehrh. ) , and American beech. 

The effects of site quality, season of harvest, 
and 3 regeneration treatments on planted loblolly 
pine total crown volume was analyzed using ANOVA 
and ~uncan's MRT. Crown volume was estimated from 
groundline diameter using a linear equation devel- 
oped by Zedaker and others ( in prep. ). ANOVA is 
also performed on the density of free-to-grow 
loblolly pines. If height was greater than the 
mean height of all natural regeneration in the 
treatment plot, a planted loblolly pine was con- 
sidered free-to-grow. 

per hectare. 

Total hardwood crown volume was significantly 
greater with a dormant season harvest, 14,442 cubic 
meters per hectare, than with 8 growing season 
harvest, 7,780 cubic meters per hectare. The 
larger size of hardwood regeneraton after a dormant 
season harvest was probably a result of the greater 
carbohydrate reserves stored in dormant tr_ee roots 
(Roth and Hysting 1943) and the better growing 
conditions available to all regeneration when the 
overstory was removed before the spring growing 
season. The density of free-to-grow crop species 
was greater with a dormant season harvest, 2,084 
stems per hectare, than with a growing season har- 
vest, 1,678 stems per hectare. The density of 
free-to-grow non-crop species was also greater with 
a dormant season harvest, 2,709 stems per hectare, 
than with a growing season harvest, 2,118 stems per 
hectare. 

Treatments 1 and 2 contained similar amounts of 
hardwood crown volume, but total hardwood crown 
volume was significantly reduced by the herbicide 
cut-stump treatment in Treatment 3, and further 
reduced by the herbicide cut-stump treatment and 
pine release in Treatment 4 (Table 1). The density 
of free-to-grow crop and non-crop species was sig- 
nificantly affected by the regeneration treatments 

Tab le  1: N a t u r a l  r e g e n e r a t i o n  t o t a l  crown volume by  r e g e n e r a t i o n  t rea tmen t ,  h a r v e s t  season, and s i t e  
c l a s s  a f t e r  3 g row ing  seasons. 

Regenerat i on - 
Treatment 

SITE CLASS 
POOR GOOD 

Season o f  Harves t  

Dormant Growi ng Dormant Growi ng 

Crown volume 
(m3/ha 

T o t a l  
Crown 
Vo l ume 

Clearcut,Stump 
Treatment, 4,579fg 1,1879 
Pine, Release 

a/ - Across a l l  seasons o f  h a r v e s t  and s i t e - c l a s s e s ,  t r e a t m e n t  means f o l l o w e d  by  t h e  same l e t t e r  
a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  alpha=0.05 ( ~ u n c a n ' s  M u l t i p l e  Range T e s t ) .  - O v e r a l l  r e g e n e r a t i o n  t r e a t m e n t  means f o l l o w e d  by t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  
! f f f e r e n t  a t  a lpha  = 0.05 ( ~ u n c a n ' s  M u l t i p l e  Range T e s t ) .  



T a b l e  2: D e n s i t y  o f  f ree - to -g row hardwood c r o p  spec ies  b y  r e g e n e r a t i o n  t rea tmen t ,  h a r v e s t  season, and 
s i t e  c l a s s  a f t e r  3  g row ing  seasons. 

SITE CLASS 
POOR GOOD 

Regener a t  i on Season o f  Harves t  
T rea tmen t  

Dormant Growi ng Dormant Grow i ng 

T o t a l  
Dens i t y  

Dens i t y  
(no/ha 1 

a  / 
C l e a r c u t  1,481s 1,296a 2,973a 1,297a 

Clearcut ,P i n e  1,481a 741a 1,018a 1,760a 1,2508 

C l e a r c u t  ,Stump 
Treatment,Pine 2,731a 2,037a 

C l e a r c u t  ,Stump 
Treatment ,  2,407a 2,871a 
P ine ,  Release 

- Across a l l  seasons o f  h a r v e s t  and s i t e  c lasses ,  t rea tmen t  means f o l l o w e d  b y  t h e  same l e t t e r  
:!e n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  alpha=0.05 (Duncan's M u l t i p l e  Range T e s t ) .  
b/ - O v e r a l l  r e g e n e r a t i o n  t r e a t m e n t  means f o l l o w e d  b y  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  a t  a lpha  = 0.05 ( ~ u n c a n ' s  M u l t i p l e  Range T e s t ) .  

T a b l e  3: D e n s i t y  o f  f r e e - t o - g r o w  non-crop spec ies  b y  r e g e n e r a t i o n  t rea tmen t ,  h a r v e s t  season, and s i t e  
c l a s s  a f t e r  3 g row ing  seasons. 

SITE CLASS 
POOR GOOD 

Regenera t i on  Season o f  Harves t  
Treatment  

Dormant Growing Dormant Growi ng 

T o t a l  
Dens i ty 

Dens i t y  
(no/ha 1 

C l e a r c u t  

C l e a r c u t  ,Stump 
Treatment, 1389de 741e 
Pine,  Release 

- Across a l l  seasons o f  h a r v e s t  and s i t e  c lasses ,  t r e a t m e n t  means f o l l o w e d  by  t h e  same l e t t e r  
:!e n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  alpha=0.05 (Duncan's M u l t i p l e  Range T e s t ) .  - O v e r a l l  r e g e n e r a t i o n  t r e a t m e n t  means f o l l o w e d  b y  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  
: i f r e r e n t  a t  a lpha  = 0.05 ( ~ u n c a n ' s  M u l t i p l e  Range T e s t ) .  

(Tables 2  arid 3 ) .  The r e l a t i ve ly  high density of The density of free-to-grow crop and non-crop 
free-to-grow natura l  regeneration i n  Treatment 3 species was much l e s s  influenced by harvest season 
and 4 p lo t s ,  despi te  t he  herbicide treatments, a t -  and regeneration treatment than na tura l  regener- 
t e s t ed  t o  t he  abundance of na tura l  regeneration a t ion  s ize .  Hardwood d i s t r i bu t ion  was probably 
typica l  i n  these  c learcuts ,  pa r t i cu l a r ly  on t h e  more influenced by pre-harvest s tand composition 
good s i t e  c lass .  and seed dispersion from adjacent stands. Because 

Examination of t o t a l  hardwood crown volume 
(Table 1) revealed t h a t  f o r  a l l  s i t e  c lass-  
regeneration treatment combinations, hardwood 
growth was grea ter  with a dormant season harvest. 
On both s i t e  c l ~ s s e s ,  g r ea t e s t  growth occurred when 
the  harvest was performed during the  dormant season 
and no herbicide treatments were applied. The 
herbicide cut-stump treatment, and the  herbicide 
cut-stump treatmert  plus pine re lease  resul ted  i n  
l e s s  growth of na-ural  hardwood regeneration when 
applied i n  treatment p lo t s  which received a growing 
season harvest. 

non-crop species were generally more densely d i s -  
t r ibuted  than crop species,  intermediate stand 
treatments may be needed t o  favor crop trees. 

Nearly twice as much t o t a l  loblo l ly  pine c r o w  
volume was found on the  poor s i t e  c l a s s ,  484.4 cap- 
b i c  meters per hectare,  than on the  good s i t e  
c l a s s ,  263 .3  cubic meters per hectare. The inverse 
re la t ionship  between t o t a l  loblo l ly  pine vo lme  
index and s i t e  index a t  age 2 appears t o  be par-  



Table 4: P lan ted  p i n e  regenera t ion  t o t a l  crown volume by regenera t ion  treatment, harves t  season, and 
s i t e  c l a s s  a f t e r  2 growing seasons. 

SITE CLASS 
POOR GOOD 

Tota 1 
Regeneration Season o f  Harvest  B8Sa 

Treatment Area 
Dormant Grow i ng Dormant Crowi ng 

Crown volume 
(m3/ha) 

a/  
Clearcut,Pine 136. l e f  578.4b 46.8f 244.2de 

Clearcut,Stump 
Treatment, 382.8cd 964.3a 
Pine, Release 

a/ - Across a l l  seasons of harves t  and s i t e  ctasses, t reatment  means f o t  lowed by the  same l e t t e r  
are n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  alpha=0.05 ( ~ u n e a n ' s  M u l t i p l e  Range T e s t ) .  - Overa l l  regenera t ion  t reatment  means f o l l o w e d  by the  same l e t t e r  a re  n o t  s i g n i f i c a n t l y  
: i f f w e n t  a t  a lpha = 0.05 ( ~ u n c a n ' s  M u l t i p l e  Range Tes t ) .  

t i a l l y  a r e s u l t  of t h e  g r e a t e r  d e n s i t y  of com- 
p e t i n g  n a t u r a l  regenera t ion  on t h e  good s i t e  c l a s s .  
The more uniform shading from t h e  more densely 
d i s t r i b u t e d  n a t u r a l  regenera t ion  on t h e  good s i t e  
c l a s s  r e s u l t e d  i n  smal le r  ind iv idua l  l o b l o l l y  pine 
crown volume, 0.26 cubic  meters, than on t h e  poor 
s i t e  c l a s s ,  0.48 cubic  meters. However, s i m i l a r  
numbers of free-to-grow pines occupied t h e  good and 
poor s i t e  c l a s s e s ,  862 per  hec ta re  and 928 per  
h e c t a r e ,  respec t ive ly .  

Treatment p l o t s  harvested during t h e  growing 
season contained s i g n i f i c a n t l y  more l o b l o l l y  pine 
crown volume, 564.9 cubic  meters per  hec ta re ,  than 
those  harvested during t h e  dormant season, 182.9 
cubic meters per  hectare .  The g r e a t e r  pine growth 
was probably a r e s u l t  of t h e  s i g n i f i c a n t l y  smaller  
amount of n a t u r a l  regenerat ion crown volume found 
i n  growing season harves t  p l o t s .  The s i g n i f i c a n t l y  

l a r g e r  number of free-to-grow p lan ted  p ines  f o l -  
lowing a growing season harves t ,  1486 stems per  
hec ta re ,  compared t o  only 306 t r e e s  per h e c t a r e  
with a dormant season harves t ,  suggested t h a t  
harves t  seassn  e f f e c t s  on l o b l o l l y  pine growth a t  
age 2 w i l l  p e r s i s t  as t h e  s tand  develops. 

Greater  growth and more free-to-grow l o b l o l l y  
pines a l s o  r e s u l t e d  because t h e  herb ic ide  t r e a t -  
ments reduced competition from n a t u r a l  hardwood 
regenerat ion.  S i g n i f i c a n t l y  more t o t a l  crown vol -  
ume (Table  4 )  and free-to-grow plnes(Tab1e 5)  de- 
veloped with the  use of t h e  herb ic ide  cut-stump 
treatment  and pine release, than with t h e  h e r b i c i d e  
cut-stump treatment  only o r  no cont ro l  

A comparison of Loblal ly  p ine  regenerat ion i n  a l l  
3 regenerat ion t reatments  revealed t h a t ,  on bo th  
s i t e  classes,  t o t a l  crown volume (Tabbe 4 ) ,  and 

Table 5 :  Dens i ty  o f  f ree- to-grow l o b l o l l y  p i n e  by regenera t ion  t reatment ,  harves t  season, aod s i t e  c l a s s  
a f t e r  2 growing seasons. 

SITE CLASS 
POOR 

Regeneration Season o f  Harvest 
Treatment 

Dormant Grow i ng Dormant Growing 

Dens i t y  
(no/ha 

Tota I 
Dens i t y  

Clearcut,Stump 
Treatment, 748cd 7755ab 
Pine, Release 

a/ - Across a l l  seasons of harves t  and s i t e  c lasses,  t reatment  means  fo l lowed by the  same l e t t e r  
are n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  alpha=0.05 ( ~ u n c a n ' s  M u l t i p l e  Range Tes t ) .  
b/  - Overa l l  regenera t ion  t reatment  means fo t lowed by the  same l e t t e r  a re  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  a t  alpha = 0.05 ( ~ u n c a n ' s  M u l t i p l e  Range T e s t ) ,  



density of free-to-grow t r e e s  (Table 5) was s ig -  
n i f i c a n t l y  grea ter  with a growing season harvest. 
On both s i t e  c lasses  a growing season harvest  with 
no herbicide treatments, resu l ted  i n  more crown 
volume and free-to-grow loblo l ly  pines than a dor- 
mant season harvest with t he  herbicide cut-stump 
treatment plus pine re lease  used i n  Treatment 4. 
Conversion of mixed hardwood stands t o  planted 
loblo l ly  pine was much more d i f f i c u l t  i f  t he  
preceeding stand was harvested during the  dormant 
season. 

Natural hardwood regeneration crown volume was 
s imi lar  on both s i t e  c lasses  but densi ty was 
grea ter  on the  good s i t e  c l a s s  than on the  poor s i t e  
class.  Planted loblo l ly  pine growth, expressed as 
pine crown volume, was almost 2 times grea ter  on 
the  poor s i t e  c l a s s ,  due p a r t i a l l y  t o  t he  l e s s  
densely d i s t r i bu t ed  hardwood competition. On the  
good s i t e  c l a s s  t he  densi ty of non-crop species f a r  
exceeded crop species,  indica t ing  t h a t  a cleaning 
o r  c rop- t ree  re lease  may be warranted. These re-  
s u l t s  suggest t h a t  s i t e  qua l i t y  i s  an important 
considerat ion when choosing a regeneration system. 

Harvest season a l so  af fec ted  planted loblo l ly  
pine and na tura l  hardwood regeneration d i f ferent ly .  
Natural hardwood regeneration was favored with a 
dormant season harvest  while planted pines exhib- 
i t e d  g rea t e r  growth following a growing season 
harvest. These findings indica te  t h a t  t he  timing 
of a c l ea r  f e l l i n g  regeneration treatment can be 
used as  an important bas ic  s i l v i c u l t u r a l  tool .  

The addit ion of planted pines i n  Treatment 2 d id  
not s ign i f i can t ly  reduce na tura l  regeneration 
growth from t h a t  found on Treatment 1 plo ts .  The 
cut-stump herbicide treatment e f f ec t ive ly  reduced 
na tura l  hardwood regeneration growth as exhibited 
by reduced t o t a l  crown volume. Addition of a pine 
re lease  resul ted  i n  even grea ter  na tura l  regener- 
a t ion  control. The reduction i n  hardwood growth 
with the  herbicide treatments was accompanied by 
an increase i n  planted pine growth. The ef fec t ive-  
ness of t he  herbicide treatments was grea t ly  en- 
hanced by a growing season harvest. 

CONCLUSIONS 

When a c l ea r  f e l l i n g  and whole-tree harvest only 
was used i n  upland mixed hardwood stands it ap- 
peared t h a t  stocking and species composition d id  
not change d r a s t i c a l l y  from the  pre-harvest stand. 
A dormant season harvest can be used t o  acce lera te  
t he  growth and establishment of na tura l  regener- 
at ion.  Species composition can be influenced a t  the  
time of c l ea r  f e l l i n g  i f  undesired hardwood stumps 
are  t r ea t ed  with an herbicide. 

Planted loblo l ly  pines were favored over na tura l  
regeneration i f  a growing season harvest was used. 
Herbicide treatments can a l so  be used t o  favor 
planted pine regeneration. The la rger  pine crown 
volume on the  poor s i t e  c lass  a t  age 2 suggested 
t h a t  planted pine regeneration was more ea s i l y  es-  
tablished on lower qua l i t y  s i t e s .  

The findings of t h i s  study encouraged the  possi-  
b i l i t y  of regenerating mixed na tura l  hardwood- 
planted pine. A growing season harvest can be used 
t o  favor t he  establishment of planted pine regen- 
e ra t ion  over na tura l  regeneration. n r e e  years a f -  
t e r  c l ea r  f e l l i n g ,  it appeared t h a t  free-to-grow 
pines w i l l  become a component of t he  fu ture  s tand ,  
supplementing the  stocking of na tura l  regeneration. 
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EVALUATION OF SMLING METHODS TO ESTIMATE THE LEVEL OF 

COXPETING HARDWPOD VEGETATION I N  YOUNG 

2  
D. R. WEISE AND G. R. GLOVER 

ABSTRACT.--Performance of 42 sampling r u l e s  was t e s t e d  
by computer s i m u l a t i o n  us ing  24 a r t i f i c i a l  hardwoqd 
r o o t s t o c k  p o p u l a t i o n s  of va ry ing  d e n s i t y  and s p a t i a l  
p a t t e r n .  Sampling r u l e s  were eva lua ted  u s i n g  r e l a t i v e  
b i a s ,  r e l a t i v e  p r e c i s i o n ,  v a r i a n c e ,  and c o n s i s t e n c y  a s  
c r i t e r i a .  A l l  f i x e d  a r e a  and p o l y a r e a l  e s t i m a t e s  were 
unbiased,  b u t  ~ a t c h e l e r ' s  t r i p l e  d i s t a n c e  e s t i m a t e s  were 
a f f e c t e d  by sampling i n t e n s i t y  and b ia sed  by s p a t i a l  
p a t t e r n .  P o l y a r e a l  methods had g r e a t e r  r e l a t i i e  
precisi 'on,  lower v a r i a n c e ,  and g r e a t e r  c o n s i s t e n c y  than  
f i x e d  a r e a  methods .  I Io r i zon ta l  l i n e  sampling (crown 
di'ameter f a c t o r  = 100 f t ]  is  recommended a s  t h e  "bes t"  
method f o r  q u a n t i f y i n g  competing hardwood v e g e t a t i o n .  
F fe ld  t e s t i n g  t o  de te rmine  p r a c t i c a l i t y  is  necessa ry .  

INTRODUCTION 

P l a n t e d  1ob.lolly p i n e  (P inus  t a e d a  L) s e e d l i n g s  
grow b e t t e r  i n  t h e  absence of competing 
v e g e t a t i o n ,  a s  does  any agronomic crop.  I t  is 
o f t e n  d e s i r a b l e  t o  de te rmine  t h e  amount o r  l e v e l  
of hardwood v e g e t a t i o n  i n  a  young p l a n t a t i o n  i n  
o r d e r  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  of a  s i t e  
p r e p a r a t i o n  t r ea tmen t  o r  t h e  need f o r  a  p i n e  
r e l e a s e  o p e r a t i o n .  Few o b j e c t i v e  f i e l d  su rvey  
methods exist t h a t  a r e  s p e c i f i c a l l y  des igned  t o  
measure hardwood v e g e t a t i o n  growing i n  young 
l o h l o l l y  p i n e  p l a n t a t i o n s  i n  t h e  Sou theas t e rn  
United S t a t e s .  Z u t t e r  e t  a l .  (.I9851 i d e n t i f i e d  
some of t h e  d e s i r a b l e  a t t r i b u t e s  t h a t  such a  
method shou ld  e x h i b i t .  These i n c l u d e  
o b j e c t i v i t y ,  s i m p l i c i t y ,  c a m p a t i b i l i t y  w i t h  o t h e r  
su rveys ,  and a  wide r a n g e  of a p p l i c a b i l i t y .  Such 
a su rvey  method could  supp ly  in fo rma t ion  f o r  
e v a l u a t i o n  of s i t e  p r e p a r a t i o n  e f f e c t i b e n e s s ,  
d e t e r m i n a t f o n  of need f o r  p i n e  r e l e a s e ,  and i h p a t  
i n t o  growth and y i e l d  models t h a t  s i m u l a t e  t h e  
e f f e c t s  o f  hardwood compe t i t i on  on p i n e  y i e l d .  

The need f o r  an  o b j e c t i v e ,  a c c u r a t e  method is 
becoming c r i t i c a l  a s  c o s t s  of ~ a r f o a s  c u l t u r a l  
t r e a t m e n t s  a s s o c i a t e d  w i t h  e s t a b l i d i n g  and 
m a i n t a i n i n g  young p i n e  p l a n t a t i o n s  i n c r e a s e .  
Th i s  s t u d y  was des igned t o  i d e n t i f y  one o r  more 
o p e r a t i o n a l  sampling r u l e s  t h a t  may be used t o  
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e s t i m a t e  t h e  l e v e l  of competing hardwood 
v e g e t a t i o n  i n  young l o b l o l l y  p i n e  p l a n t a t i o n s  
through computer s imula t ion .  

METHODS 

S e v e r a l  sampling s t u d i e s  have been conducted 
u s i n g  computer s i m u l a t i o n  ( i . e .  P a l l e y  and 
O'Regan 1961, Kal tenberg 1978).  I n  most c a s e s ,  
t h e  s t u d i e s  have s imula t ed  mature  f o r e s t s .  
Kal tenherg examined t h e  e f f e c t s  of s p a t i a l  
p a t t e r n  on e s t i m a t e s  of s t o c k i n g  and d e n s i t y  i n  
s e e d l i n g  s t a n d s .  No sampling s t u d i e s  of 
compet ing  hardwood v e g e t a t i o n  i n  p i n e  p l a n t a t  i o n s  
were found ih t h e  l i t e r a t u r e .  

A  s t and  s i m u l a t o r  was developed from d a t a  
c o l l e c t e d  i n  19  l o b l o l l y  p i n e  p l a n t a t i o n s  and was 
,used t o  produce a r t i f i c i a l  hardwood r o o t s t o c k  
p o p u l a t i o n s  skmi la r  t o  t h o s e  observed i n  young 
l o b l o l l y  p i n e  p l a n t a t i o n s  i n  t h e  Piedmont and 
upper  Coas ta l  P l a i n  of Alabama (Weise and Glove r ,  
i n  p r e p a y a t i o n ) .  Twenty-four 16-acre s t a n d s  w i t h  
nominal popu la t ion  d e n s i t i e s  of 500,  1500, o r  
25Ci0 ~ o o t s t o c k s  p e r  a c r e  (low, medium, and h i g h  
d e n s f t y )  and v a l u e s  of P i e l o u ' s  Nonrandomness 
Index (P ie lou  1937) of Q.6, 1 .0 ,  1.6,  and 2.2 
Cunif o m ,  random, l i g h t l y  clumped, and h e a v i l y  
clumpedt aged 3 o r  6  y e a r s  s i n c e  p l a n t i n g  were  
used 2n t h i s  s t a d y .  T o t a l  r o o t s t o c k  h e i g h t  was 
determined by a two parameter  l e f t  and r i g h t  
t r u n c a t e d  Weibul l  f u n c t i o n  and crown a r e a  was 
determfned a s  a f u n c t i o n  of t o t a l  h e i g h t .  

S'ix b a s i c  r a n d m  sampling schemes were 
examined: f i x e d  a r e a  p l o t s ,  h o r i z o n t a l  p o i n t s ,  
h o r i z o n t a l  l i n e ,  v e r t i c a l  p o i n t ,  v e r t i c a l  l i n e ,  
and B a t c h e l e r  's t r i p l e  d i s t a n c e  method (Marren 
and B a t c h e l e r  19792. A l l  combinat ions  of p l o t  
s i z e s  of 0.002, 0.004, and 0.01 a c r e  and of 
c i r c u l a r ,  squa re ,  and ~ e c t a n g u l a r  (4  x  1 )  p l o t  
shapes  were t e s t e d  u s i n g  a 1 percen t  sampling 



p e r c e n t a g e  ( 9  sampl ing  r u l e s ) .  H o r i z o n t a l  p o i n t ,  
h o r i z o n t a l  l i n e ,  v e r t i c a l  p o i n t ,  and v e r t i c a l  
l i n e  schemes ,  a l l  v a r i a b l e  p r o b a b i l i t y  methods,  
were  t e s t e d  a t  sampl ing  i n t e n s i t i e s  of 1, 2.5, 
and 5  p o i n t s  pe r  a c r e  (Grosenbaugh 1958, Wusch e t  
a l .  1 9 8 2 ) .  A l l  l i n e  samples  were 50 f e e t  l ong .  
R o o t s t o c k s  were s e l e c t e d  i n  p r o p o r t i o n  t o  crown 
a r e a ,  crown d i a m e t e r ,  t o t a l  h e i g h t  and t o t a l  
h e i g h t  squa red  by h o r i z o n t a l  p o i n t ,  h o r i z o n t a l  
l i n e ,  v e r t i c a l  p o i n t ,  and v e r t i c a l  l i n e  sampl ing  
r u l e s ,  r e s p e c t i v e l y .  Crown f a c t o r s  (CF) of 100  
and 200  s q u a r e  f e e t  ( o r  f e e t )  were s e l e c t e d  f o r  
t h e  h o r i z o n t a l  methods (12 sampl ing  r u l e s ) .  
V e r t i c a l  a n g l e s  of 30O, 45O, and 60' were 
s e l e c t e d  f o r  t h e  v e r t i c a l  methods (18  r u l e s ) .  
B a t c h e l e r ' s  method e s t i m a t e s  d e n s i t y  u s i n g  
3 d i s t a n c e  measures :  d i s t a n c e  between a  sample  
p o i n t  and  t h e  n e a r e s t  r o o t s t o c k ,  between t h e  1st 
r o o t s t o c k  and t h e  r o o t s t o c k  n e a r e s t  i t ,  and from 
t h e  2nd r o o t s t o c k  t o  t h e  r o o t s t o c k  n e a r e s t  i t  
Cexcluding t h e  1st r o o t s t o c k ) .  T h i s  method was 
a l s o  t e s t e d  a t  sampl ing  i n t e n s i t i e s  of 1, 2.5, 
and 5  p o i n t s  pe r  a c r e  ( 3  r u l e s ) .  T h e r e f o r e ,  a  
t o t a l  of 42 sampl ing  r u l e s  was e v a l u a t e d .  

Hardwood crown d i a m e t e r  and c r o s s - s e c t i o n a l  
a r e a  w e r e  u sed  i n  t h i s  s t u d y  r a t h e r  t h a n  s tem 
d i a m e t e r  and b a s a l  a r e a  because  of t h e  r e l a t i v e l y  
s m a l l  stem s i z e s  and t h e  problem w i t h  m u l t i p l e  
s t ems  p e r  hardwood r o o t s t o c k  common i n  young p i n e  
p l a n t a t i o n s .  Crown measurements may a l s o  b e  good 
i n d i c a t o r s  of c o m p e t i t i v e  s t r e s s  e x e r t e d  on t h e  
p i n e s  b y  t h e  hardwoods. The r e l a t i v e l y  low 
sampl ing  p e r c e n t a g e s  (-1 p e r c e n t  o r  1, 2.5, o r  5  
sample  p o i n t s  pe r  a c r e )  were  chosen o u t  of 
p r a c t i c a l i t y .  Although g r e a t e r  sample  i n t e n s i t y  
shou ld  y i e l d  b e t t e r  r e s u l t s ,  t h e  p r a c t i c a l  
l i m i t a t i o n s  of t ime  and manpower t h a t  would b e  
expended i n  a  f i e l d  a p p l i c a t i o n  of t h e s e  
t e c h n i q u e s  d i c t a t e  r e l a t i v e l y  s m a l l  samples .  

E s t i m a t e s  of number of hardwood r o o t s t o c k s  pe r  
a c r e  (NRPA), sum of t o t a l  hardwood r o o t s t o c k  
h e i g h t s  p e r  a c r e  (STRH), and sum of hardwood 
crown a r e a s  pe r  a c r e  (SCA) were  computed f o r  each  
s t a n d  sample  Cstand e n t r y ) .  These v a r  i a l i l e s  were 
chosen because  t h e y  may be  used  a s  measures  of 
c o m p e t i t i o n  i f  t hey  a r e  shown t o  be  w e l l  
c o r r e l a t e d  w i t h  p i n e  growth  l o s s e s .  A  s t a n d  
e n t r y  e s t i m a t e  was based  on 16 ,  40, o r  8 0  
randomly l o c a t e d  sample  p o i n t s  C p l o t s ) .  S t anda rd  
e r r o r s  of t h e  s t a n d  e n t r y  e s t i m a t e s  were 
c a l c u l a t e d  f o r  a l l  sampl ing  methods excep t  f o r  
B a t c h e l e r ' s .  Sampling ceased  a f t e r  200 s t a n d  
e n t r i e s  o r  i f  t h e  mean of a l l  s t a n d  e n t r y  
e s t i m a t e s  of NRPA d i d  n o t  d i f f e r  by more t h a n  
0.5 p e r c e n t  f o r  1 0  c o n s e c u t i v e  s t a n d  e n t r i e s .  

3 

R e l a t i v e  b i a s  (R) ,  v a r i a n c e ,  p e r c e n t a g e  of 
e s t i m a t e s  f a l l i n g  w i t h i n  5  p e r c e n t  of t h e  t r u e  
v a l u e  (3?5), and c o n s i s t e n c y  of t h e  e s t i m a t o r s  were 
used  t o  e v a l u a t e  t h e  42 sample r u l e s  (Schreuder  
and Thomas 1985) .  These  c r i t e r i a  were chosen f o r  
s e v e r a l  r e a s o n s .  An unb ia sed  sampl ing  r u l e  is 
d e s i r a b l e .  S i n c e  v a r i a n c e  i s  used  t o  e s t i m a t e  
t h e  sample  s i z e  n e c e s s a r y  t o  a c h i e v e  a  d e s i r e d  

3 ~ o p i e s  of bo th  sampl ing  and s t a n d  s i m u l a t o r s  
a r e  a v a i l a b l e  from e i t h e r  a u t h o r .  

a l l o w a b l e  e r r o r ,  low v a r i a n c e  i s  d e s i r a b l e .  High 
p r e c i s i o n  i n  a sampl ing  e s t i m a t o r  i s  a l s o  
d e s i r a b l e .  I f  it is n o t  p o s s i b l e  t o  g a t h e r  a n  
a d e q u a t e  sample ,  a n  e s t i m a t e  from an  unb ia sed  
h i g h  p r e c i s i o n  method shou ld  be  s u f f i c i e n t  . 

R  was d e f i n e d  a s  t h e  r a t i o  of t h e  sample 
e s t i m a t e  t o  t h e  t r u e  v a l u e .  Due t o  t h e  d i f f e r i n g  
p o p u l a t i o n s ,  v a r i a n c e  was exp re s sed  a s  t h e  mean o f  
s t a n d  e n t r y  s t a n d a r d  e r r o r s  d i v i d e d  by t h e  t r u e  
v a l u e  (CV), and c o n s i s t e n c y  (C) was d e f i n e d  a s  t h e  
s t a n d a r d  e r r o r  between s t a n d  e n t r y  e s t i m a t e s  
d i v i d e d  by t h e  t r u e  v a l u e .  An a n a l y s i s  of 
v a r i a n c e  (ANOVA) was used  t o  d e t e c t  s p a t i a l  
p a t t e r n ,  p o p u l a t i o n  d e n s i t y ,  sampl ing  method, and 
sampl ing  i n t e n s i t y  e f f e c t s  on R  and P5. The 
.&NOVA was u sed  t o  i d e n t i f y  " robus t "  sampl ing  
r u l e s ,  i . e ,  a  sampl ing  r u l e  u n a f f e c t e d  by s p a t i a l  
p a t t e r n  o r  p o p u l a t i o n  d e n s i t y .  

RESULTS 

I n  g e n e r a l ,  t h e  r e s p o n s e s  of each  of t h e  
e s t i m a t o r s  f o r  NRPA, STRH, and SCA w i t h  r e s p e c t  
t o  R, PS, CV, and C were s i m i l a r .  For 
i l l u s t r a t i v e  pu rposes ,  NRPA e s t i m a t o r s  w i l l  b e  
d i s c u s s e d .  

R e l a t i v e  b i a s  (R) f o r  a l l  f i x e d  a r e a  and 
p o l y a r e a l  methods approached 1. T h i s  i n d i c a t e d  
t h a t  t h e  methods were  r e l a t i v e l y  unb ia sed  a t  low 
sampl ing  i n t e n s i t y .  Based on t h e  ANOVA, 
e s t i m a t e s  u s i n g  B a t c h e l e r ' s  method were  
s i g n i f i c a n t l y  (.P = 0.01) a f f e c t e d  by p a t t e r n .  R  
was g e n e r a l l y  l e s s  t h a n  1 f o r  uni form p o p u l a t i o n s  
and g r e a t e r  t han  1 f o r  clumped p o p u l a t i o n s .  
O the r  work h a s  shown t h a t  more i n t e n s i v e  sampl ing  
r e d u c e s  t h e  b i a s  of t h i s  method ( B a t c h e l e r  and 
Hodder 197 5) . 

The ANOVA showed t h a t  P 5  f o r  t h e  f i x e d  a r e a  
methods was s t r o n g l y  a f f e c t e d  by s p a t i a l  p a t t e r n  
and p o p u l a t i o n  d e n s i t y .  P5 was h i g h e s t  f o r  
uni form p o p u l a t i o n s  and l owes t  f o r  clumped 
p o p u l a t i o n s .  For example,  P5 f o r  0.01-acre 
c l r c a l a r  p l o t s  f o r  3-year-old,  low d e n s i t y  
p o p u l a t i o n s  was 70  p e r c e n t ,  35 p e r c e n t ,  23 
p e r c e n t ,  and 20 p e r c e n t  (vni form,  random, l i g h t l y  
clumped, h e a v i l y  c lumped) ,  r e s p e c t i v e l y .  
R e l a t i v e  p r e c i s i o n  (P5) was h i g h e s t  f o r  t h e  
p o l y a r e a l  methods.  Of t h e  p o l y a r e a l  methods,  
h o r i z o n t a l  l i n e  sampl ing  u s u a l l y  had t h e  h i g h e r  
P5 v a l u e s .  I n  g e n e r a l ,  i n c r e a s i n g  p o p u l a t i o n  
d e n s i t y  i n c r e a s e d  r e l a t i v e  p r e c i s i o n  f o r  a l l  
f i x e d  a r e a  and p o l y a r e a l  methods.  T h i s  was due  
t o  a n  i n c r e a s e d  number of r o o t s t o c k s  be ing  
measured a t  e ach  sample p o i n t ,  

CV f o r  t h e  p o l y a r e a l  methods was lower t h a n  f o r  
t h e  f i x e d  a r e a  methods.  Ae Oderwald (1981) 
proved,  v a r i a n c e  was l owes t  i n  u n i f  o m  
p o p u l a t i o n s  and h i g h e s t  i n  clumped p o p u l a t i o n s .  
I n c r e a s i n g  p o p u l a t i o n  d e n s i t y  reduced CV a s  more 
r o o t s t o c k s  were sampled a t  e ach  p o i n t .  I n  t h i s  
s t u d y ,  h o r i z o n t a l  and v e r t i c a l  l i n e  sampl ing  
v a r i a n c e s  were  lower  t han  f o r  t h e  p o l y a r e a l  p o i n t  
sampl ing  r u l e s .  . 

The e f f e c t s  of p a t t e r n  and sampl ing  i n t e n s i t y  on  
C were s i m i l a r  t o  t h o s e  on CV. As sampl ing  



i n t e n s i t y  i n c r e a s e d ,  C h p r o v e d  and CV 
dec reased ,  C was h i g h e s t  f o r  t h e  p o l y a r e a l  
methods. 

DISCUSSION AKD RECOMENDATIONS 

I n c r e a s i n g  t h e  number of r o o t s t o c k s  sampled 
would have improved t h e  performance of a l l  
sampling r u l e s  examined, An inc reased  number of 
r o o t s t o c k s  sampled a t  each p o i n t  would have 
reduced t h e  amount of v a r i a t i o n  between sample 
p o i n t s  (CV) and reduced t h e  amount of v a r i a t i o n  
between s t a n d  e n t r y  e s t i m a t e s  CC). T h i s  a l s o  may 
have been accomplished by i n c r e a s i n g  p l o t  s i z e s ,  
r educ ing  CF's and v e r t i c a l  a n g l e s  o r  by 
i n c r e a s i n g  t h e  number of sample p o i n t s  p e r  a c r e .  

Fixed a r e a  p l o t  e s t i m a t e s  a r e  t h e o r e t i c a l l y  
unbiased and a r e  "workable" i n  dense  s t a n d s .  
Fixed p l o t  boundar i e s  f a c i l i t a t e  t h e  s e l e c t i o n  of 
sample r o o t s t o c k s .  The r e l a t i v e l y  poor 
performance of f i x e d  a r e a  methods i n  comparison 
t o  p o l y a r e a l  methods i n  t h i s  s t u d y  can be  
a t t r i b u t e d  t o  two f a c t o r s .  Fewer r o o t s t o c k s  were 
sampled i n  f i x e d  a r e a  sampling than  i n  p o l y a r e a l  
sampling (Sukwong e t  a l .  1971) .  Secondly,  t h e  
p l o t  s i z e s  used may have been t o o  sma l l .  
I n c r e a s i n g  p l o t  s i z e s  t o  0.01 a c r e  might have 
reduced t h e  e f f e c t s  of d e n s i t y  and p a t t e r n  on P5 ,  
CV, and C f o r  f i x e d  a r e a  p l o t s .  However, t h i s  

may n o t  be p r a c t i c a l  a s  t h e  amount of t ime s p e n t  
a t  each sample p o i n t  would i n c r e a s e  s u b s t a n t i a l l y .  
An ave rage  of 50 r o o t s t o c k s  would be sampled a t  
each p o i n t  i n  t h e  popu la t ions  wi th  d e n s i t i e s  of 
2500 r o o t s t o c k s  per  a c r e .  

Given t h e  c o n d i t i o n s  of t h i s  s tudy ,  h o r i z o n t a l  
l i n e  sampling (LOO GF) appea r s  t o  Ee t h e  b e s t  
method t o  u s e  t o  e s t i m a t e  t h e  t h r e e  v a r i a b l e s  of 
i n t e r e s t  (Table  l j .  T h i s  s tudy  showed t h a t  t h e  
method i s  r e l a t i v e l y  unbiased a t  l o w  sampling 
i n t e n s i t i e s ,  A d d i t i o n a l l y ,  n e a r l y  100 pe rcen t  of 
a l l  h o r i z o n t a l  l i n e  e s t i m a t e s  f e l l  w i t h i n  5 p e r c e n t  
of t h e  t r u e  va lue .  The c o e f f i c i e n t  of v a r i a t i o n ,  
and consequent ly  t h e  v a r i a n c e ,  a s s o c i a t e d  w i t h  t h e  
e s t i m a t e  was t h e  lowes t  of a l l  methods examined. 
Thus, h o r i z o n t a l  l i n e  sampling should r e q u i r e  t h e  
l e a s t  number of sample p o i n t s  t o  ach ieve  a  
s p e c i f i e d  a l lowab le  e r r o r  of a l l  methods s t u d i e d .  

The u s e  of h o r i z o n t a l  l i n e  sampling t o  p rov ide  
in fo rma t ion  about  t h e  l e v e l  of competing hardwood 
v e g e t a t i o n  i n  l o b l o l l y  p i n e  p l a n t a t i o n s  is  
promising. The method is  a c c u r a t e  and o b j e c t i v e .  
However, f i e l d  t e s t i n g  of t h i s  method needs t o  be 
conducted. F i e l d  t e s t s  w i l l  i l l u s t r a t e  t h e  
p r a c t i c a l i t y  of t h e  method a s  w e l l  a s  a i d i n g  i n  
development of equipment (Cooper 1957) .  Once 
t h i s  s t e p  i s  completed, t h e  s u b j e c t i v i t y  t h a t  i s  
now of t e n  r e q u i r e d  i n  p l a n t a t  i on  eva lua t ion  may 
c o  longe r  be necessa ry .  

Tab le  1 .--Performance of sampl ing r u l e s  used t o  e s t i i , ~ a t e  nunber* o f  r o o t s t o c k s  
p e r  acre f o r  a s i n u l a t e d  thl-ee-year-old,  h e a v i l y  c iuuped,  lor? d e n s i t y ,  
hardwood r o o t s t o c k  popu la t ion .  

1  C o e f f i c i e n t 4  Consi~:;ency 5 Samy 1 i n g  Rule Rela t3ve R e l a t i v e  
B ias  p r e c i s i o n 3  o f  V a r i a t i o n  

-. - 
Percent; ?ei*cetl'i i'e r-cen t 

C 
N 
IIP 
I& 
VP 
VL 
B 

'C - 0.01-acre c i r c u i a r  p l o t  ( 1  p e r c e n t  szr lp l ing i n t e n s i t y )  
R - 0.01-acre r e c t a n g u l a r  p l o t  ( 1  peracent sa;.lpiini; i n t e n s i t y )  
HP - h o r i z o n t a l  p o l n t  (CF = 100, 5  p t / a c r e )  
HL - h o r i z o n t a l  l i n e  (CF = 100, 5  p t / a c r e )  
VP - v e r t i c a l  p o i n t  ( v e r t .  ang. = 3g0, 5  p t / a c r e )  
VL - v e r t i c a l  l i n e  ( v e r t .  ang. = 30 , 5 p t l a c r e )  
B - B a t c h e i e r l s  t r i p l e  d i s t a n c e  (5 p t / a c r e )  

2 ~ a t i o  o f  e s t i w a t e  o f  luean t o  t r u e  ncan 

'pei*centWe o f  e s t i : ~ a t e s  w i t h i n  25  p e r c e n t  o f  t r u e  :,lean 

' ~ a t i o  o f  ave rage  otandai-d e r r o r  t o  t r u e  Mean 

' ~ a t i o  o f  s t a n d a r d  e r r o r  betweon starid e n t r y  e s t i m a t e s  to t r u e  i,:ean 
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SIMULATING THE EFFECT OF HARDWOOD ENCROACHMENT 

ON LOBLOLLY PINE PLANTATIONS L/ 

W, D. Smith and W. L. Hafley 

"Prom h a b i t  r a t h e r  t h a n  a s  a  r e s u l t  
o f  n a t u r a l  p r o c e s s e s  we a r e  i n c l i n e d  
to c o n c e i v e  of t h e  m o s t  d e s i r a b l e  
f o r e s t  Lo '$e one w i t h  f u l l y  s tocked  
s t a n d s  of a  p r e f e r r e d  spec ie s , "  

Ralph PI. Marquis (1947) 

Abstract.--A procedure  suggested by Schumacher and C o i l e  f o r  d e a l i n g  w i t h  
t h e  e f f e c t  of hardwood c o m p e t i t i o n  i s  incorpora t ed  i n t o  a  growth and y i e l d  model 
f o r  Lob lo l ly  Pine  p l a n t a t i o n s .  T h e i r  procedure  was based on t h e  assumpt ion t h a t  
t h e  hardwood b a s a l  a r e a  would  e f f e c t  t h e  p i n e  g r o w t h  t o  t h e  same e x t e n t  a s  
a d d i t i o n a l  p i n e  b a s a l  a r e a .  T h a t  a s s u m p t i o n  was m o d i f i e d  t o  r e f l e c t  t h e  
d i f f e r e n c e  i n  b a s a l  a r e a  c a r r y i n g  c a p a c i t y  between p ine  and hardwood on t h e  same 
s i t e .  The model  s i m u l a t e s  t h e  i m p a c t  of  hardwood e n c r o a c h m e n t  by e i t h e r  a  
d e c u r r e n t  o r  e x c u r r e n t  s p e c i e s  based on, 1) a c t u a l  p ine  and hardwood b a s a l  a r e a  
o r  2) percen t  hardwood compos i t ion ,  a t  any g iven  age. The assumpt ions  and t h e i r  
imp l i ed  b i o l o g i c a l  r e sponses  a r e  d i scussed ,  The v e r a c i t y  of t h e  procedure  i s  
t e s t e d  a g a i n s t  a  24 y e a r  o l d  s i t e  p r e p a r a t i o n  s t u d y  i n  F a y e t t e ,  Alabama. An 
example of an economic e v a l u a t i o n  of hardwood c o n t r o l  i s  presented.  

INTRODUCTION 

T h e r e  has  long  been an i n t e r e s t  i n  e s t i m a t i n g  
t h e  i m p a c t  of  hardwood on t h e  g r o w t h  o f  p i n e  i n  
r ega rd  t o  p r e d i c t i n g  p i n e  y i e l d s ,  Schumacher and 
C o i l e  ( 1 9 6 0 )  s u g g e s t  t h a t  one  s i m p l y  add t h e  
ha rdwood  b a s a l  a r e a  t o  t h e  p i n e  b a s a l  a r e a ,  
p r o j e c t  t h e  t o t a l  a s  p i n e ,  and r e a p p o r t i o n  i t  t o  
t h e  r e s p e c t i v e  spec ie s .  The i n h e r e n t  problems i n  
t h a t  approach a r e  t h e  impl i ed  assumpt ion t h a t  p ine  
and h a r d w o o d  grow a t  t h e  same r a t e ,  h e n c e  t h e  
r e l a t i v e  p r o p o r t i o n s  w i l l  r e m a i n  c o n s t a n t ;  a n d  
t h a t  one  s q u a r e  f o o t  o f  hardwood b a s a l  a r e a  i s  
e q u i v a l e n t  t o  one squa re  f o o t  of p ine  b a s a l  area .  
However,  t h e i r  s u g g e s t i o n  i s  n o t  a l l  t o g e t h e r  
i n a p p r o p r i a t e .  Given a h a r d  wood g r o w t h  f u n c t i o n  
and  a n  e s t i m a t e  of  t h e  c o m p e t i t i v e  r e l a t i o n s h i p  
between p i n e  and hardwood t h e i r  sugges t ion  seems 
q u i t e  r a t i o n a l .  S t a r t i n g  f r o m  Schumacher  a n d  
C o i l e ' s  s u g g e s t i o n  we h a v e  e v o l v e d  a s i m u l a t i o n  
procedure  f o r  u se  w i t h  p i n e  p l a n t a t i o n s  and which 
we have i n c o r p o r a t e d  i n t o  t h e  North Carol ina S t a t e  
U n i v e r s i t y  Managed Lob lo l ly  P ine  P l a n t a t i o n  Growth 
and Yield  S imula to r ,  

While t h e r e  appear  t o  be a number of s t u d i e s  
where  ha rdwood  i n  p i n e  s t a n d s  was of i n t e r e s t  a  
g r e a t  many o f  t h e s e  h a v e  i n c o n s i s t e n c i e s  of  
measurement such t h a t  t r a c k i n g  of t h e  performance 

of hardwood ove r  t i m e  i s  no t  poss ib l e .  Without  a  
c o n s i s t e n t  measure of t h e  hardwood component, t h e  
i n t e r p r e t a t i o n  of  t h e  p i n e  p e r f o r m a n c e  becomes  
m e a n i n g l e s s .  I n  many i n s t a n c e s  where  h a r d w o o d s  
h a v e  been  t r e a t e d ,  t h e r e  was e i t h e r  no r e c o r d  o f  
how many hardwood w e r e  t h e r e  o r  w h e t h e r  o r  n o t  
t hey  were k i l l e d .  I n  t h e  f a c e  of what appea r s  t o  
be c o n f l i c t i n g  r e s u l t s  due  t o  i n a d e q u a t e  d a t a  
r e c o r d i n g  we had  no c h o i c e  b u t  t o  d e v e l o p  a  
r a t i o n a l  s i m u l a t i o n  of  t h e  hardwood i m p a c t .  We 
w i l l  p r e s e n t  h e r e  our  unde r ly ing  assumpt ions ,  t h e  
b i o l o g i c  o u t c o m e s  o f  t h o s e  a s s u m p t i o n s ,  a n  
e v a l u a t i o n  o f  t h e  v e r a c i t y  o f  t h e  model  a n d ,  
f i n a l l y ,  a n  e x a m p l e  o f  an  a p p l i c a t i o n  o f  t h e  
model. 

T h e  t w o  m o s t  v a l u a b l e  c o n t r i b u t i o n s  o f  
s i m u l a t i o n  a r e  t h e  expansion of t h e  a p p l i c a b i l i t y  
o f  e x i s t i n g  knowledge  and t h e  i d e n t i f i c a t i o n  of  
g a p s  i n  t h a t  knowledge .  Much o f  t h e  e x i s t i n g  
k n o w l e d g e  r e g a r d i n g  t h e  i m p a c t  of  ha rdwood  
e n c r o a c h m e n t  i s  o f  a  q u a l i t a t i v e  n a t u r e  
encorpora t ed  i n t o  t h e  i n t u i t i o n  and expe r i ence  of 
a number o f  f o r e s t e r s .  What we p r e s e n t  h e r e  i s  
t h e  r e s u l t  o f  d i s c u s s i o n s  we have  had  w i t h  a  f ew 
of t h e s e  i n d i v i d u a l s  i n  which we i n t e r a c t e d  on o u r  
i d e a s  f o r  s imula t ion .  

BASIS FOR SIMULATION 

l/ Paper  p r e s e n t e d  a t  t h e  Fourth Biennial South- - The s i m u l a t i o n  i s  based on t h r e e  models. One, 
e r n  S i  l v i c u l t u r a l  Research Conference,  Atlanta, t h e  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  Managed 
Georgia ,  November 4-6 ,  1986, Lohlo l ly  Pine  Growth and Yield S imula to r ,  which we 

2 1  W .  D. Smith,  L e c t u r e r  of F o r e s t r y ,  and W, L, - w i l l  r e f e r  t o  from he re  on a s  " the  model" i s  based 
Haf ley,  P r o f e s s o r  of F o r e s t r y  and S t a t i s t i c s ,  on p r e d i c t i n g ,  1) t h e  minimum, mode, maximum, and 
Department of  F o r e s t r y ,  Nor th  C a r o l i n a  S t a t e  s t a n d a r d  d e v i a t i o n  of  h e i g h t  and d i a m e t e r  o f  
U n i v e r s i t y  . 



stands over  l ime ,  where t h o s e  c h a r a c t e r i s t i c s  a r e  
f u n c t i o n s  of  d o m i n a n t  h e i g h t  and  g r o w i n g  s p a c e  
folloa#ing i n i t i a l  s u r v i v a l ,  and 2 )  s u r v i v a l ,  which 
i s  a f u n c t i o n  of dominant h e i g h t ,  s i t e  index,  and 
growing space.  The o t h e r  two models a r e  hardwood 
b a s a l  a r e a  p r o j e c t i o n  models, i n  which b a s a l  a r e a  
i s  a  f u n c t i o n  s i t e  i n d e x ,  a g e ,  and  i n i t i a l  b a s a l  
a r e a ,  

The t w o  hardwood mode l s  a r e  i n t e n d e d  t o  
r e p r e s e n t  d i f f e r e n t  c rown  s h a p e s .  I n  m o d e l i n g  
mixed s t a n d s  t h e  t r u e  r a t i o ' s  o f  t h e  s p e c i e s  i n  
t h e  mix tu re  must be c o r r e c t l y  r ep resen ted .  This  
r a t i o  is no t  i d e n t i c a l  t o  t h e  r a t i o  of b a s a l  a r e a s  
b u t  more  c o r r e c t l y  r e p r e s e n t e d  by t h e  r e l a t i v e  
a r e a  occupied by t h e i r  crowns (Assman 1970). Two 
d i f f e r e n t  hardwood models a r e  r e q u i r e d  t o  r e f l e c t  
t h e  d i f f e r e n t  c rown  a r e a  a n d  g r o w t h  r a t e  of t h e  
h a r d w o o d  s p e c i e s  p r e s e n t .  T h e  m o d e l  f o r  a  
d e c u r r e n t  s p e c i e s  i s  based on t h e  upland oak d a t a  
p u b l i s h e d  by Zahner  and Myers  (3.934) t o  wh ich  we 
f i t  a  R i c h a r d s  f u n c t i o n  ( R i c h a r d s ,  1959). The 
pa ramete r s  of t h e  Richards  f u n c t i o n  a r e  themselves  
f u n c t i o n s  o f  s i t e  i n d e x  and i n i t i a l  b a s a l  a r e a .  
The model f o r  an e x c u r r e n t  s p e c i e s  was developed 
by Kenney (1984) f o r  bot tomland swee t  gum based on 
d a t a  of  t h e  NCSU Cooperat ive  Hardwood Program and 
i s  a l s o  a  Richards  f u n c t i o n  whose pa ramete r s  a r e  
e x p r e s s e d  a s  f u n c t i o n s  o f  s i t e  i n d e x  and i n i t i a l  
b a s a l  a rea .  

ASSUMPTIONS 

Given  t h e  above  mode l s  we t h e n  made s e v e r a l  
a s s u m p t i o n s  r e g a r d i n g  how h a r d  wood c o m p e t i t i o n  
would e f f e c t  t h e  h e i g h t  and  d i a m e t e r  g r o w t h  and 
t h e  m o r t a l i t y  of t h e  p ines .  The b a s i c  approach i s  
an a d a p t a t i o n  of t h e  method we used f o r  s i m u l a t i n g  
t h i n n i n g  (Smith and Hafley, 19841, It i s  based on 
a  v e r y  s i m p l e  a s s u m p t i o n  d e v e l o p e d  i n  S o u t h  
A f r i c a  by A. J. O'Conner,  1935  ( B u r g e r s ,  1 9 7 1 )  
c a l l e d  t h e  c o r r e l a t e d  c u r v e  t r e n d  ( C C T )  method. 
O ' C o n n e r  s u g g e s t e d  t h a t  t h e  i n c r e m e n t  i n  a  
p l a n t a t i o n  t h i n n e d  t o  n  t r e e s  p e r  a c r e  w i l l  be 
equa l  t o  some c o e f f i c i e n t  t i m e s  t h e  increment  of 
an  u n t h i n n e d  p l a n t a t i o n  of  t h e  same number o f  
t r e e s  p e r  acre .  Ma themat i ca l ly  t h i s  i s  expressed 
a s  

where t = th inned p l a n t a t i o n  , 
u  = unthinned p l a n t a t i o n s  t 

n  = t r e e s  pe r  a c r e  v 

When a p p l i e d  t o  b a s a l  a r e a  p e r  t r e e  
i n c r e m e n t ,  C r  c a n  be a s sumed  t o  be e q u a l  t o  1. 
F i g u r e  1 p r e s e n t s  a g r a p h i c a l  r e p r e s e n t a t i o n  of  
t h e  c o n c e p t  and i t s  i m p a c t  on a v e r a g e  s t a n d  
d iame te r .  

Fo r  t h e  hardwood i m p a c t  w e  u s e d  t h e  same  
b a s i c  method,  We as sume  t h a t  i n c r e m e n t  i n  a  
p l a n t a t i o n  of  n  p i n e  t r e e s  p e r  a c r e ,  w i t h  a  
hardwood component e q u i v a l e n t  t o  rn p ine  t r e e s  pe r  
a c r e ,  w i l l  be equa l  t o  some c o e f f i c i e n t  t i m e s  t h e  
i n c r e m e n t  of a  p l a n t a t i o n  w i t h  n  + m p i n e  t r e e s  
p e r  a c r e  a n d  n o  h a r d w o o d  c o m p o n e n t .  
Mathemat ica l ly  t h i s  i s  r ep resen ted  a s  

F i g u r e  I .  

DIAMETER RESPONSE TO THINNING 

where h = p l a n t a t i o n  with hardwood v 

u  = p l a n t a t i o n  wi thou t  hardwood , 
n  = t r e e s  p e r  a c r e  * 
m = e q u i v a l e n t  p ine  t r e e s  per  a c r e  , 

Again we as sume  C r  t o  be e q u a l  t o  1. F i g u r e  2 
p r e s e n t s  t h e  i m p a c t  of  t h i s  m o d i f i e d  CCT on 
average s t and  diameter .  

Now s i n c e  t h e  CCT method,  and t h e  mode l ,  i s  
b a s e d  on number of t r e e s  p e r  a c r e  we need  a  
mechanism f o r  de te rmin ing  m ,  g iven hardwood b a s a l  
a r e a .  B a s i c a l l y ,  we a r e  a s k i n g  how many p i n e  
t r e e s  r e p r e s e n t  t h e  same compe t i t i ve  e f f e c t  of a  
c e r t a i n  q u a n t i t y  of hardwood. Remember, we have a  
hardwood model  t h a t  p r o j e c t s  b a s a l  a r e a  and  we 
have  a  p i n e  model  b a s e d  on t r e e s  p e r  a c r e ,  and we 
have t o  come up w i t h  some procedure  t o  r e l a t e  t h e  
two. I f  we were t o  assume crown a r e a  per  u n i t  of 
b a s a l  a r e a  f o r  t h e  two s p e c i e s  was equa l  we could  
d i v i d e  t h e  hardwood b a s a l  a r e a  by t h e  average p i n e  
b a s a l  a r e a  and f i n d  t h e  e q u i v a l e n t  number of p i n e  
t r e e s .  However, g iven t h a t  compe t i t i on  f o r  crown 
s p a c e  i s  i m p o r t a n t  we do n o t  a c c e p t  a one t o  o n e  
r e l a t i o n s h i p  between p ine  and hardwood b a s a l  area .  

T h e  a p p r o a c h  we u s e d  t o  e s t i m a t e  t h e  
equ iva lence  b e t  ween p i n e  and hard wood b a s a l  a r e a  
was t o  compare t h e  maximum b a s a l  a r e a s  p r e d i c t e d  
by t h e  g r o w t h  mode l s .  The a s s u .  p t i o n  i s  t h a t  a t  
maximum b a s a l  a r e a  t h e  s i t e  i s  f u l l y  occupied by 
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t h e  s p e c i e s ,  and s i n c e  c rown  s i z e  i s  d i r e c t l y  
r e l a t e d  t o  b a s a l  a r e a  t h e  r a t i o  of  b a s a l  a r e a s  
would g i v e  us  t h e  r a t i o  of crown space  occupied by 
a s q u a r e  f o o t  of e a c h  s p e c i e s .  F i g u r e  3 i s  a  
p l o t  of maximum b a s a l  a r e a  a g a i n s t  p i n e  s i t e  index 
f o r  t h e  t h r e e  mode l s .  U s i n g  t h i s  r e l a t i o n s h i p  we 
t h e n  c a l c u l a t e  t h e  e q u i v a l e n t  number of p i n e  t r e e s  
from t h e  r e l a t i o n s h i p  

where HBA = hardwood b a s a l  a r e a  I 

PBA = average b a s a l  a r e a  p e r  p ine  t r e e ,  
HADJ = t h e  adjus tment  f a c t o r  from t h e  

r a t i o  of maximum hardwood b a s a l  
a r e a  t o  maximum p ine  b a s a l  a r e a .  

Cons ide r  t h e  f o l l o w i n g  example. Suppose we 
had a  p l a n t a t i o n  t h a t  had 595 t r e e s  p e r  a c r e  wi th  
a n  a v e r a g e  d i a m e t e r  o f  2.5 i n c h e s  and a  hardwood 
componen t  r e p r e s e n t i n g  8 s q u a r e  f e e t  of  b a s a l  
a r e a .  F u r t h e r ,  a s sume  t h a t  t h e  ha rdwood  t o  p i n e  
r a t i o  f o r  t h e  s i t e  i n d e x  of  t h e  s t a n d  i s  0.77, 
t h e n  ; 

and  we wou ld  s a y  t h a t  a  p i n e  s t a n d  o f  595 t r e e s  
p e r  a c r e  w i t h  8 sq  f t  o f  hardwood w i l l  h ave  a n  
inc remen t  e q u i v a l e n t  t o  a  pure  p ine  s t and  wi th  911 
t r e e s  p e r  acre.  

T h i s  method i s  a p p l i e d  t o  t h e  g r o w t h  of t h e  
modal  and  minimum v a l u e s  of  h e i g h t  and  d i a m e t e r  
used i n  t h e  model. Growth of t h e  maximum h e i g h t  
and d i a m e t e r  a r e  a s sumed  t o  be  u n e f f e c t e d  by t h e  
h a r d w o o d .  F i g u r e s  4 ,  5 a n d  6 g r a p h i c a l l y  

45 55 65 75 
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demons t r a t e  t h e  hardwood impact  on t h e  h e i g h t  and 
d i a m e t e r  c h a r a c t e r i s t i c s .  S ince  d i ame te r  g rowth  
i s  a  f u n c t i o n  of  h e i g h t  g r o w t h  i n  t h e  m o d e l ,  
F i g u r e  5 shows  d o m i n a n t  h e i g h t  on t h e  a b s c i s s a .  
I n  t h e  mode l ,  d o m i n a n t  h e i g h t  i s  d e f i n e d  a s  t h e  
mean of  t h e  1 0 0  t a l l e s t  t r e e s  p e r  a c r e .  The 
impact  of t h e  h e i g h t  growth p a t t e r n  on d i a m e t e r  i s  
then  p resen ted  i n  Figure  6. The r educ t ion  i n  t h e  
maximum d iamete r  shown i n  Figure  6 i s  a  r e s u l t  of 
t h e  i m p a c t  o f  t h e  h a r d w o o d  o n  t h e  h e i g h t  
d i s t r i b u t i o n  and t h e  r e s u l t i n g  r e d u c t i o n  o f  
d o m i n a n t  h e i g h t  o v e r  t i m e .  F i n a l l y ,  u s i n g  t h i s  
s a m e  m e t h o d  t h e  m o r t a l i t y  o f  t h e  p i n e  w a s  
d e v e l o p e d .  The m o r t a l i t y ,  CY, of t h e  p i n e  i n  a 
p l a n t a t i o n  c o n t a i n i n g  hardwood i s  d e t e r m i n e d  by  
appor t ion ing  t h e  m o r t a l i t y ,  A X ,  i n  an  e q u i v a l e n t  
p i n e  p l a n t a t i o n  t o  t h e  p i n e ,  F i g u r e  7  
demons t r a t e s  t h e  procedure,  The r e l a t i o n s h i p  is :  

F i g u r e  4 .  
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F i g u r e  5.  

IMPACT OF HARDWOOD COMPETITION 
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where, n  = number of p i n e  t r e e s  pe r  a c r e ,  
m = e q u i v a l e n t  p ine  t r e e s  pe r  a c r e  a s  

determined i n  equa t ion  3.  

BIOLOGICAL OUTCOME 

What t h e n  i s  t h e  b i o l o g i c a l  i m p a c t  of t h e s e  
a s s u m p t i o n s ?  F i g u r e  8 d e m o n s t r a t e s  t h e  
p e r f o r m a n c e  o f  hardwood a s  a  p e r c e n t  of t o t a l  
b a s a l  a r e a  over  t i m e  based on i t s  pe rcen t  of t o t a l  
b a s a l  a r e a  a t  a g e  5, The i n i t i a l  v i g o r  o f  t h e  
s p r o u t  g r o w t h  c o n t r i b u t e s  t o  t h e  h a r d w o o d  
r e p r e s e n t i n g  a  l a r g e  p o r t i o n  of  t h e  t o t a l  b a s a l  
a r e a  e a r l y  i n  t h e  l i f e  of  t h e  p l a n t a t i o n ,  As t h e  
p ine  growth begins  t o  a c c e l e r a t e  t h e  hardwood, a s  
a  p e r c e n t a g e  of t h e  t o t a l  b a s a l ,  a r e a  d e c l i n e s .  
A t  a b o u t  age  1 2  i t  becomes r e l a t i v e l y  f l a t  and  
r e m a i n s  t h a t  way u n t i l  a b o u t  a g e  22. A t  t h a t  
s t a g e  of  d e v e l o p m e n t ,  m o r t a l i t y  i n  t h e  p i n e  
component r e s u l t s  i n  a  r a p i d  d e c l i n e  i n  p ine  b a s a l  
a r e a  growth, and hardwood b a s a l  a r e a  t eaches  t h e  
s t a g e  of  r a p i d  g r o w t h .  As a r e s u l t  t h e  p e r c e n t  
hardwood i n  t h e  s t a n d  begins  t o  inc rease .  

Figure  9 shows t h e  r e l a t i v e  t o t a l  basa l  a r e a  
f o r  a  p u r e  s t a n d  o f  t h e  d e c u r r e n t  h a r d w o o d  
s p e c i e s ,  a  p u r e  p i n e  p l a n t a t i o n ,  and a  p i n e  
p l a n t a t i o n  w i t h  40Z o f  t h e  t o t a l  b a s a l  a r e a  i n  
hardwood a t  age 5. The p l a n t a t i o n  was assumed t o  
i n i t i a l l y  have  595 s u r v i v i n g  s t e m s  p e r  a c r e  a t  
e s t a b l i s h m e n t  on a  s i t e  i n d e x  65 f e e t  ( b a s e  a g e  
25). The d iS fe rence  between t h e  l i n e s  w i l l  d i f f e r  
w i t h  s i t e  i n d e x ,  b u t  b a s i c a l l y  t h e  p i n e  p l u s  
hardwood w i l l  be l e s s  than  t h e  pure  p i n e  u n t i l  we 
pass  t h e  age a t  which t h e  p ine  b a s a l  a r e a  a t t a i n s  
i t s  maximum and begins  t o  dec l ine .  
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F i g u r e  9 .  
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The i m p a c t  on volume i s  d e m o n s t r a t e d  i n  
F igure  10. Again t h e  o r i g i n a l  p i n e  s t a n d  had 595 
s t e m s  p e r  a c r e  a t  e s t a b l i s h m e n t  on a  s i t e  index 65 
f e e t  (base  age 25). The f i g u r e  shows t h e  r e l a t i v e  
i m p a c t  o f  i n c r e a s i n g  hardwood b a s a l  a r e a  a s  a  
pe rcen t  of t o t a l  b a s a l  a r e a  a t  age 5. 

F i g u r e  10. 

PINE VOLUME VS. AGE 
%i-c'"w. 
AGE 5 

We m e n t i o n e d  e a r l i e r  t h a t  t h e  i m p a c t  of  
hardwood on t h e  h e i g h t  d i s t r i b u t i o n  c r e a t e s  a  
r e d u c t i o n  i n  d o m i n a n t  h e i g h t ,  d e f i n e d  a s  t h e  
h e i g h t  of  t h e  t a l l e s t  100 t r e e s ,  a t  index age 25. 
F i g u r e  11 p r e s e n t s  t h a t  i m p a c t  f o r  t h e  p i n e  
p l a n t a t i o n  used  i n  F i g u r e s  9 and 10. A hardwood 
b a s a l  a r e a  t o  60% o f  t o t a l  b a s a l  a r e a  a t  a g e  5  
r e s u l t s  i n  a  5  f o o t  r e d u c t i o n  i n  d o m i n a n t  h e i g h t  
a t  i n d e x  a g e  25, 
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F i g u r e  12 p r e s e n t s  t h e  i m p a c t  of  ha rdwood  
over  t i m e  based on s i t e  index f o r  t h e  same example 
p l a n t a t i o n  w i t h  t h e  hardwood a t  age 5 r e p r e s e n t i n g  
40% of  t h e  t o t a l  b a s a l  a r e a .  T h i s  d e m o n s t r a t e s  
t h a t  on a  poor s i t e  t h e  compe t i t i on  from hardwood 
i s  l e s s  t h a n  on h i g h e r  s i t e s .  On a  p i n e  s i t e  
i n d e x  45 f e e t  ( b a s e  a g e  25 )  40% h a r d  wood a t  a g e  5 
r e s u l t s  i n  a  20% r e d u c t i o n  i n  p i n e  volume a t  a g e  
35,  w h i l e  on a  p i n e  s i t e  i n d e x  85  t h e r e  i s  a  40% 
reduc t ion .  

F igure  12. 
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F i n a l l y ,  F igu re  13 p r e s e n t s  t h e  impact  on t h e  
d i ame te r  d i s t r i b u t i o n .  Again t h e  d a t a  a r e  f o r  t h e  
example p l a n t a t i o n .  The e f f e c t  of hardwood i s  t o  
c r e a t e  a  m o r e  r i g h t  s k e w e d  d i s t r i b u t i o n  o f  
d i a m e t e r s .  A s  shown i n  F i g u r e  6 t h e  maximum i s  
r e d u c e d  a s  a r e s u l t  of  r e d u c t i o n  i n  d o m i n a n t  
h e i g h t  a n d ,  t h e  mode and minimum v a l u e s  a r e  
reduced by t h e  presence of hardwood b a s a l  a r e a  and 
i t s  e f f e c t  on dominant he igh t .  The d a t a  graphed i n  
F igure  1 3  a r e  c l a s s  mid points .  The a c t u a l  v a l u e s  
of t h e  t h r e e  c h a r a c t e r i s t i c s  a t  age 30 are :  

Maximum 
Mode 
Minimum 

No Hardwood With Hardwood 
( i n c h e s )  ( i n c h e s )  

12.6 12.2  
9.0 8.3 
4.7 4.5 
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A s  i n d i c a t e d  e a r l i e r  t h e r e  i s  v e r y  l i t t l e  
l ong  t e rm d a t a  on which t o  t e s t  t h e  outcome of ou r  
assumpt ions .  One d a t a  s e t  t h a t  was made a v a i l a b l e  
t o  u s  b e l o n g s  t o  t h e  A u b u r n  U n i v e r s i t y  
S i l v i c u l t u r e  Herb ic ide  Cooperat ive  and i s  l o c a t e d  
a t  F a y e t t e ,  Alabama. The o b j e c t i v e  o f  t h e  s t u d y  
was t o  e v a l u a t e  d i f f e r e n t  me thods  o f  m e c h a n i c a l  
and c h e m i c a l  s i t e  p r e p a r a t i o n .  Pe rcen t  hardwood 
was n o t  r e c o r d e d  f o r  e a r l i e r  y e a r s  b u t  a t  a g e  1 2  
r a n g e d  f r o m  4  p e r c e n t  ( 3  sq  f t )  f o r  a  b u l l d o z e r  
and p i l e  t r e a t m e n t  t o  76 p e r c e n t  (34 s q  f t )  f o r  a  
hand i n j e c t i o n  t r e a t m e n t .  We i n p u t  t h e  s t a n d  
c o n d i t i o n s  o f  e a c h  p l o t  a t  a g e  1 2  and p r e d i c t e d  
t h e  s t a n d  c o n d i t i o n s  a t  t h e  a g e  24 measuremen t .  
T a b l e  1 p r e s e n t s  a  summary o f  t h e  s t a t i s t i c s  
c o m p a r i n g  t h e  o b s e r v e d  and  p r e d i c t e d  v a l u e s  f o r  
t h e  2 1  p l o t s .  

Table 1. Summary s t a t i s t i c s  f o r  comparison w i t h  21 p l o t s  
from t h e  Fayet te ,  AL study. 

Avg. * Mean Abs. 2 Explained 
Var iable  D i f f .  Range D i f f .  Var iat ion  

Trees/ac . 1 4 . 6  -119 t o  74 2 7 . 6  8 9 . 0  
Ddh ( i n . )  0 . 3  - . 4  t o  1 . 6  0 .49  8 1 . 1  
P i n e B A ( i n e 2  7 . 8  - 4 t o 2 2  9 . 0  9 7 . 3  
Hdnd BA ( i n . 2 :  - 7 . 1  - 34 t o  11 8 . 2  8 4 . 9  

D i f f e r e n c e  = Observed - Predic ted  va lues  a t  l a s t  measurenrent. 

ECONOMIC ANALYSIS 

The q u o t e  a t  t h e  b e g i n n i n g  o f  t h e  p a p e r  i s  
f rom a  p a p e r  t i t l e d  " F o l k l o r e  and B r o m i d e s  i n  
F o r e s t  Economics" ,  Marqu in ,  1947. To t e s t  t h e  
o f t e n  he ld  assumpt ion t h a t  a l l  hardwood should  be 
k i l l e d  t h e  product  ou tpu t  from t h e  model was i n p u t  
i n t o  QUICK-SILVER ( V a s i e v i c h  e t  a 1  1984) .  The 
y i e l d  f o r  a  s t a n d  w i t h  40 p e r c e n t  hardwood w i t h  
a n d  w i t h o u t  h a r d w o o d  c o n L r o l  a t  a g e  5 i s  
p r e s e n t e d  i n  T a b l e s  2  and 3 ,  r e s p e c t i v e l y ,  w i t h  
t h e  a s s o c i a t e d  c o s t s  and r e v e n u e s .  F i g u r e  1 4  
p r e s e n t s  t h e  n e t  p r e s e n t  v a l u e s  a f t e r  t a x  f o r  
t r e a t e d  and  u n t r e a t e d  s t a n d s  h a v i n g  1 0  t o  6 0  
p e r c e n t  hardwood a t  a g e  5.  The r e s u l t s  a s sume  a  
28 pe rcen t  marg ina l  r a t e  f o r  o rd ina ry  and c a p i t a l  
g a i n s  i n c o m e ,  a 1 0  p e r c e n t  t a x  c r e d i t ,  
a m o r t i z a t i o n  of e s t a b l i s h m e n t  c o s t s ,  and expensing 
o f  t r e a t m e n t  c o s t s .  T h e  a n a l y s i s  a s s u m e s  
u t i l i z a t i o n  of  t h e  hardwoods.  Annual  c o s t s  a r e  
n o t  i n c l u d e d .  The s t u m p a g e  v a l u e s  u s e d  w e r e  
r e g i o n a l  ac reages  and do not  r e f l e c t  o t h e r  impac t s  
o f  hardwood t h a t  may o c c u r ,  s u c h  a s  i n c r e a s e d  
logg ing  c o s t .  

X HARDWOOD AT AGE 5 

Table 2 .  
NORTH CAPOLIUA STATE UNIVERSITY PLANTATION MANAGEMENT SIMULATOR 

Y I E L 0 T A 8 L E f L o b l o l t y  P l n e  ) ----------------------------------------------------------------------------- 
S I T E  INDEX PLANTING OENSITY PERCENT PLANTING I N I T I A L  SURVIVAL 

(EASE AQE 2 5 )  (STEMS/ACRE) 
0 6  7 0 0  

SURVIVAL 
0 5  

ISTEMSlACREI  
5 9 5  ............................................................................. 

CCM AVfl AVE BASAL AREA TOTAL MA1 PA1 
AGE W T  TPA D l *  M T  P I N E  HDWO VOLUIE 
y r a  f t  l n  f t  r p  r t  CU f t ( l b t  ----------------------------------------------------------------------------- 
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1 0  2 9  6 9 2  4 . 1  2 0  6 4  1 4 9 9  6 0  9 6  
1 6  4 3  5 7 2  0 . 0  3 9  1 1 3  1 1 5 7 4  1 0 5  2 1 5  
20 5 s  5 2 0  7 . 2  5 0  1 s t  I 2002 133  2 1 8  
2 5  0 4  4 7 3  0 . 1  6 7  1 0 6  2 3 4 2 6  1 3 7  153  
3 0  7 0  4 2 8  0 . 6  0 3  173  2 3 8 7 5  129  SO ............................................................................. 

NOTE: WEIOHTIA5E CURVE FRCU W L O E N E T  AL. 
SOUTH. JOUR. APPL. FOR.. 1 9 6 1  

HARP*OOD TYPE -- OECURRENT 
FORESTRY INVESTMENT AfJALYSIS ............................ '*a QUICK-SILVER < a <  

TRANSACTIONS SOUTHEASTERN CENTER FOR FOREST ECONOMICS RESEARCH 

FILE-HW(O40T E c o n a l c a  o f  H a r Q r w d  Menapement  I n  P l n e  P l a n t a t i o n s  
PREPARE0 8Y:  W. 0 .  31111th OATE: 2 9  OCT 1 9 0 6  
-----------------*------*------*-m------*---m--*-------------*-*-------- 

L O ~ I O I I Y  P l n e  P l a n t a t t o n  s 1 ( 2 0 1  - 0 6  
s ~ t e  P r e ~  by c h o p  a n d  8 u r n  - P l a n t  7 0 0  t / a  
NO THINNING - 3 0  YEAR ROTATION 
4 0  1 H a r d w o o d  a t  a p e  5 - 60 % C O n t r O l l * d  a t  a p e  5 
.11------*---------------------------*-----------m----------------------m 

F I R S T  LAST STEP CURRENT RATE OF 
m. ACTIVITY YEAR YEAR YEARS VALUE CHANOE QUANTITY UNITS 

TAX CLASS ( 9 I U N l T )  (X IYR. )  f PRODUCT) ------------------------------------..----------------------------------- 
1 S I T E  PREP 0 0 0 -05 .00  0 . 0 0  1 . 0 0 A C R E S  

REFORESTATIO* M*+ 
2 PLANTINQ 

- --. 
0 0 0 - 7 0 . 0 0  0 . 0 0  1 . 0 0 A C R E S  

REFORESTATION COST 
3 HER8IC lDE 

ORDINARY EXPENSE 5 0 -50 .00  0 . 0 0  1 . 0 0  ACRES 
4 F I N A L  H 'VEST 3 0  3 0  0 130.00 0 . 0 0  2 . 2 0  MBF 

TIMBER SALE SAWT IMBER 
6 F I N A L  H'VEST 3 0  3 0  0 3 8 . 5 0  0 . 0 0  1 4 . 0 0  CUNITS 

T I W E R  SALE CHIP-N-SAW 
0 F I N A L  H'VEST 3 0  3 0  0 1 1 . 0 0  0 . 0 0  1 5 . 6 0  C W l T S  

TIMBER SALE 
-----------------a- -----. - ----------------*-----*------------- ::::z:*- 

SCMEOULlC W CASH FLOWS ------------------------------------------------------------------------ 
COST REVENUE CUAULATIV 

Y E A R A C T I V I T Y  (XIANTITY UNITS 
f PROOUCT 

AMOUNT AMOUNT 
( 1 )  f t ) 

TOTAL 
( S )  ........................................................................ 

0 S I T E  PREP 1 . 0 0  ACRES 
0 PLANTINO 

- 0 6 . 0 0  
- 7 0 . 0 0  

-65  .OO 

b HERelC lOE 1:: 2::; 4 0 .  0 0  
- 1 4 0 . 0 0  

3 O F l W A L H ' V E S  2 . 2 0  W F  2 0 6 . 0 0  
-1 9 0  0 0  

( S A W T I W E R I  
9 6  0 0  

3 0  (CH F I N A L  IP-N-SAW) H'VES 
14  .OO CUN1 TS 

3 0  F I N A L  H'VES 1 5 . 0 0  CUNITS 
(PWPW000)  

------------.-----*---*---.----------.------*--*----.---------.------.-- 

AFTER -Axes  ......................................................................... 
OISEXWNT RATE t l )  4 O W  8 0 0 0  8 0 0 0  1 0  0 0 0  12 0 0  

......................................................................... 
PRESENT VALUE (COSTS) -205  3 9  - 2 2 4  9 0  - 2 0 1  2 0  - 1 6 0  71 -177  6 

PRESENT VALUE (SENEFITS) 3 6 0  0 3  2 2 0  0 6  1 5 0  1 8  1 0 7  2 8  6 1  6 

PRESENT NET WORTH 9 6  4 5  1 7 0  - 5 0  3 2  -79 4 4  -95  8 

BENEFlTlCOST RATIO I 3 0  1 0 1  0 7 5  0 5 7  0 4  

ANNUAL EOUIVALENT VALUE 5 5 2  0 12  - 4  4 7  - 6  4 3  -11  % 

CWPOSITE RATE OF RETURN 5 0 7  0 0 3  0 9 7  7 89 9 1 

INTERNAL RATE OF RETURN 6 0 6  6 0 5  6 0 5  6 0 5  6 0 








































































































































































































































































































































































































































































































































































































































































































































































































































































