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FOREWORD 

Concern has been expressed in many ways about the loss of forest land 

in the Southeast to other uses, the failure to regenerate many thousands 

of acres annually to satisfactory species and stocking levels following 

timber removal, and the negative influences of fuel shortages, site 

preparation costs, and restrictions on herbicide uses to the regeneration 

effort. With these concerns in mind, the Tenth Forestry and Wildlife Forum 

of the School of Forestry and Wildlife Resources, Virginia Polytechnic 

Institute and State University addressed itself to the topic 

"Regenerating the Southern Forest." 

These proceedings contain the viewpoints of leaders from throughout 

the South and recorrnnended approaches to the political, economic and 

biological problems to he confronted in obtaining satisfactory 

regeneration in the pine and hardwood forests which will be necessary if 

these forests are to produce the goods and services called for by long-

range projections. 

Dr. R. L. McElwee 
Forum Director 
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REGENERATING 1HE SOUTHERN FORESTS 
It's Importance, Problems and Future 

1 G. L. Heinemann 

KEYNOTE ADDRESS 

The demand for forest products will increase dramatically over the 

next two to three decades. According to the U.S. forest Service, a virtual 

doubling of the current consumption will be necessary. These projections 

may be grossly understated since they fail to recognize any increase in 

demand related to the use of wood as a source of energy. Serious future 

supply problems are projected to occur even at the Forest Services' more 

conservative demand projection and could be far more serious than currently 

conceived should wood fiber as an energy source become a significant factor. 

It is the consensus of most knowledgeable professionals that this country 

will be facing a wood fiber supply shortfall ar0tmd the tum of the 

century. Not all regions of the country will be affected equally. The 

magnitude of the shortfall, its root causes, and remedjal programs vary 

by regions. 

The high percentage of public ownership in the west, coupled with 

trends to "lock up" productive forest lands and reduce harvest levels on 

this ownership, have already caused serious supply problems. Not only 

have these actions reduced current supplies hut they have cast doubt on 

the actual supply levels that will be available in future years. As a 

result, the forest industry of the region is facing a severe economic crisis 

and has, in fact, regressed substantially in r ecent years with little hope 
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that policies will change and pennit a reversal of these trends. Based upon 

the Forest Services' lack of a response to these regional supply problems 

to date, it is highly unlikely that they will ever be effectively resolved. 

Like the West, the South is also projected to be facing a supply problem. 

Although not imminent, it will occur in the next fifteen -twenty years unless 

programs are initiated inmediately to increase future growth and inventories. 

Unlike the West, the South has little federal ownership, a high percentage 

of private and industrial ownerships, and a viable growing forest industry. 

that has placed an ever increasing demand upon the southern forests . . In 

the South, as opposed to the West, solutions to the dilenuna have a .real 

potential for success. Increasing productivity of this region's forest 

resource has a high potential for success by virtue of the ownership pattern. 

The only major question concerns how responsive the non-industrial private 

landowner will be to the various programs forthcoming to increase produc-

tivity on their lands. 

The Northeast is not projected to have a supply problem relative to 

its hardwood resources. In the Lake States, the existing forest resources 

appear to be adequate with the possible exception of softwood and more 

specifically, red pine. There are likely to be supply shortages occurring 

in this species as early as the mid-to-late 1980's. 

In essence, the major problem confronting this nation's .renewable forest 

resource is one of future supply and demand. Corrective action will require 

that a great deal of money and effort be expended. Because of the length 

of time it takes to grow a corranercial tree, time is ·of the essence. The 

inevitable result of doing nothing will be an excessively high constnner 

cost for every product derived from the forest. 
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In this presentation I will place considerable emphasis on the supply/ 

demand aspects of this nation's forest resources, especially those of the 

South. I believe this approach is vitally necessary since the consequences 

of inaction or failure to address, in a positive, aggressive way, the fore-

casted supply issue will be disastrous. 

To effectively solve the supply problems confronting us requires huge 

sums of money invested in intensified forest management, especially on forest 

lands controlled by the private non-industrial owner. Such expenditures, 

cannot be justified simply on the basis of ''Motherhood and Apple Pie." In 

today's business environment they must he financially justified on the basis 

of a real need to avert a potential disaster. In my opinion, the forest 

products industry is facing a crisis of consi<lerahle proportions regarding 

this nation's forest resource, which in reality, is its life blood. 

When one reviews and analyzes the future supply capabilities of this 

resource projected w1der current management practices, an<l relates that 

supply to the projected demand, the results should dispel any tendency 

toward a false sense of complacency. With no basic changes in current 

management efforts, there will be a shortfall in supply within the next 

10-20 years. 

The Forest Service projects total demand for forest products to roughly 

double by the year 2030, from a current level of 13-14 billion cubic feet 

to 29 billion. By specific timber pro<luct the demand increases are 

projected as follows: 

Projected Demand for Forest Products 
1977 1990 2030 

Ltnnber (Billion B.F.) 40 61 ----r4 
Plywood (Billion S.F.) 22 31 39 
Board (Billion S.F.) 13 37 
Pulpwood (Million Cds.) 75 105 172 



4 

The Forest Service has used two approaches in forecasting the supply/ 

demand relationships. One is the "base level or Gap Analysis" which attempts 

to forecast supply and demand in absolute terms. It makes the assumption 

that future prices will rise at the same rate experienced from the late 

1950's to the mid-1970's. 

The second approach is the "Base Assessment or Equilibrium Analysis." 

This analysis forces demand to equal supply by permitting prices to escalate 

to the point where the consumer will turn to other products, thus, holding 

down the demand side of the equation. Any shortfall would come out of 

standing inventory. In this approach, the Forest Service permitted prices 

to raise some four-fold (400%) in real terms, that is excluding inflation. 

This run further assumed that increases in productivity or levels of manage-

ment would only have a minimal impact on available supply throughout the 

forecast period. 

The overall anticipated shortfall in supply/demand of forest products 

as projected by the Forest Service in its "base level price" or "Gap Analysis" 

projection is as follows: 

''Base Level" Shortfall in Supply 
Billion Cubic Feet (E8· ll 7, ll8 RPA) (- Denotes shortfall) 

1990 2000 2010 2020 2030 -- -- -- --
Hardwood . 8 .9 .4 - . 3 - . 9 

Softwood -2.0 -2.3 -3.1 -3.2 -3.5 

The annual anticipated shortfall is expected to approach 1. 4 billion 

cubic feet by the year 2000 and increase to 4.4 billion by 2030. Hardwood 

supplies are expected to be adequate through 2010 with a shortfall occurring 

thereafter. Overall softwood supplies develop shortfalls almost irrunediately, 

increasing progressively through the year 2030. Using Forest Service con-

verting factors, the 2030 shortfall, in terms of lumber, is equivalent to 

, 
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3.6 billion bd. ft. of hardwood and 19.5 billion bd. ft. of softwood. 

A brief look at the Forest Service Base Level Supply/Demand projection 

for western softwood dramatically points out the reason Industry continues 

to insist upon the Forest Service increasing its harvest levels. Failure 

to do so will continue, and likely increase, the pressure that has been 

exerted upon the Southern resource by the diminishing western supply. 

In the Western Region, the Forest Service projects the softwood shortfall 

as follows: 

Billion Board Feet (Softwood) P. 120 RPA 

Rocky Mt. (N) 

Pacific NW 

Pacific SW 
Total 

1990 

-1. 26 

-3.87 

-2.13 
-7.28 

2000 

- . 66 

-4.39 

-2.02 
-7.07 

2010 

- . 54 

-5. 72 

-2.24 

-8.50 

2020 

- . 28 

-5.37 

-1. 93 
-7.58 

2030 

- . 23 

-5.30 

-1.69 
-7.22 

In the Rocky Mt. Region, the deficit starts out at 1. 3 billion and 

gradually decreases to 230 million bd. ft. by 2030. The Pacific N.W. will 

initially experience deficits of 3.9 billion with steady jncreases to over 

5 billion bd. ft. bv 2030, while the Pacific S.W. has an initial deficit 

of 2.1 billion which decreases gradually to 1. 7 billion bd. ft. by 2030. 

The major problem lies in the Pacific N.W. 

Industries' insistence that the Forest Service increase harvests is 

motivated not only by its desire to decrease pressures on the Southern 

resources, and maintain a viable western forest products industry, but it 

is equally concerned with proper utilization of the tremendous volwnes of 

old growth timber. The Forest Service own data indicate the following: 
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Billion Board Feet (Softwoods) (Pg. 100 For. Stat.) 

Growth Removals Mortalit}:'.: 

Rocky Mt. 6.3 4.8 1. 8 

Pacific N.W. 10.8 19.8 4.3 

Pacific S.W. 14.6 25.6 5.1 

Total 31. 7 50.2 ll.2 

These figures speak for themselves. On the one hand, we are looking 

at annual Western supply deficits of from 7 to 8.5 billion board feet of 

softwood between 1990 and .2030 and on the other hand, some 11. 2 billion 

bd. ft. is annually being lost to mortality. 

Before we turn our attention to the Southern Supply/Demand situation 

let's briefly look at the ownership characteristics of the Southern resource 

base. The co1T111ercial forest land in the South a.irrently totals some 171.3 

.million acres. 

South Central Southeast Total 
Acres % Acres % Acres % 

Private (N. I. ) 57.8 69% 53.9 73% 121.7 71% 
Industrial 18.2 22% 15.5 17% 33.6 20% 
Public 7.5 9% 8.4 10% 15.9 9% 

Total 8!:5 100% 81.8 100% 171.3 l()()f 

The South Central Region has 83.5 million acres and the Southeast some 

87.8 million acres. Both regions exhibit a similar ownership pattern ·with 

approximately 70% of the coD111ercial forest land owned by private non-

industrial interests, 20% industry and 9% in some fonn of public ownership. 

It's quite obvious that the private non-industrial owner predominates 

in the South by a substantial margin. This is an important factor that 

will bear heavily upon the eventual results or retormnendation emanating 

from this conference, or any programs for that matter, that attempt to 

,..,. 
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address the issue of improving the productivity of the Southern resource. 

Another important aspect that will affect the Southern resources supply 

capability is the anticipated ownership trend: 

Projections of 
Corrnnercial Forest Land - South 

bl Region - Million Acres 

1977 1980 1990 2000 2010 2020 2030 
Southeast 

Private 63.9 63.5 62.2 60.8 59.5 58.2 57.0 
Ind. 15.4 15.5 15.6 15.8 15.9 15.9 15.9 
Public 9.0 9.0 8.0 8.0 8.0 8.0 8.0 

Total 88.3 88.0 86.8 84.6 83.4 82.1 80:9 

South Central 
Private 70.1 68.9 64.9 62.4 60. 7 59.5 58.3 
Ind. 20.8 21.1 22.2 23.1 23.4 23.7 23.8 
Public 9.0 9.0 9.0 10.0 10.0 10.0 10.0 

Total 99.9 99.0 96.1 95.5 94.1 93.2 92.1 

You will note that over the projection period -

In the Southeast, private non-industrial forest land ownership 
will decrease by 6.9 million acres while industry ownership 
will increase by 500,000 acres, and public lands decrease by 
one million acres. 

In the South Central Region, private non-industrial lands will 
decrease by 11.8 million acres, with the industry and public's 
ownerships increasing by 3 million and one million acres 
respectively. 

Overall private ownership will decrease by some 18.7 million 
acres or 14% while Industry ownershLp will increase 3.5 million 
acres or 9.7%, and public lands will hold their own. 

% 
inc 
dee. 

-ll% 
+ 3% 
-ll% 

-8.4% 

-17% 
+14% 
+10% 

-7.8% 

By the year 2030, the net result is the South's overall commercial 

forest land base wjll decrease gradually by some 15.2 million acres from 

its current level of 188.2 million acres to 173 million acres, compounding 

the problems related to increasing productivity. 
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You may recall that the initial forecast of Supply/Demand for the 

nation, as a whole, dealt with both softwood and hardwood. However, 

rightly or wrongly, industries major emphasis has focused upon the soft- · 

wood component because its shortfall is irrminent, and has far. greater 

economic, and social impacts. The real problem and concurrently the maxinn..un 

opportlDlities lie in the softwood resource. This is particularly true in 

the South. Even though standing inventories reflect a 45%-55% ratio in favor 

of hardwood, the fact is that through past mismanagement or lack of management, 

nruch if not most of the hardwood volllllle is off site and generally of less 

than desirable quality. It is estimated that pine sites constitute some 70 

percent of connnercial forest land area in the South. Not to give hardwoods 

"short schrift" but these factors prompt me to focus this discussion upon the 

softwood component. On the other hand, I was pleased to note that har~o~s 

do have a major place on the program. Even though the availability of hard-

woods does not pose a problem for the foreseeable future, i( is prudent to 

address its related issues lest we become overly complacent with this resource 

and find ourselves at some future date facing a similar crisis in hardwood 

as we are now facing with the softwoods. 

Now, let's focus our attention upon the South and the Forest Services' 

Supply/Demand projections for softwood. On a ''base level projection," and 

recall that this forecast projects prices to increase at historic rates, 

the Forest Service forecasts the following: 

• 

• 
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Southeast 

Demand 

Supply 

Shortfall 

South Central 

Demand 

Supply 

Shortfall 

Total Southern 

Shortfall 

9 

Billion Board Feet (Softwood) 

1990 

ll.05 

8.26 

-2.79 

15.32 

ll.80 

-3.52 

-6.31 

2000 

13.07 

10.27 

-2.80 

17.99 

13.51 

-4.48 

- 7.28 

2010 

15.42 

12.35 

-3.07 

21. 39 

14.99 

-6.40 

-9.47 

2020 

16. 79 

13.82 

-2.97 

23.56 

16.19 

- 7.37 

2030 

17.54 

14.32 

-3.22 

24.11 

17.09 

-7.02 

-10.34 -10.24 

It's a pretty grim pricture. On the basis of this projection, the South 

will be facing a Supply/Demand shortfall in just ten short years. In the 

Southeast Region, the shortfall is expected to range between 2.8 and 3.2 

billion bd. ft. from 1990 to 2030. In the South Central, the deficit is 

even greater ranging from 3.5 to 7.0 billion bd. ft. The overall shortfall 

for the South then equates to 6.3 billion bd. ft. in 1990 to 10. 2 billion 

in the year 2030. 

The "equilibritnn" approach has a dramatic impact upon the supply/ demand 

forecasts. As you recall, it forces demand to equal supply on the basis of 

price and provides that any shortfall is overcome by ut i lizing standing 

inventory . 
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Projected Price Escalation 
$1/MBF 

Real Pr i ce Real Price 
Increase plus 8% 
of 2.6% Inflat i on 

1980 $200/MBF $200/MBF 

1990 259 " 548 " 

2000 334 " 1,500 " 

2010 432 " 4,109 " 

2020 558 " 11,252 " 

2030 722 " 30,317 " 

Under the equilibrililll concept prices escalate nearly four times in 

real terms and I emphasize real terms by the year 2030, from $200 to $722, 

not too bad. We could possibly accept such levels, but just take a look 

at what happens if we add a modest 8 percent inflation. We are then talking 

about unbelievable market price levels. 

With these price escalations in mind and remembering that they are 

the primary factor that delay a shortfall from 1990 to the year 2000, let's 

take a look at the impact the apparently more conservative "equilibirurn" 

approach will have upon the South. 
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All of the charts you will see related to the "equilibrium" or "base 

assessment" approach roughly tell the same story. 

The first covers the private non-industrial ownership. The slope of 

the removal curve, which reflects demand has been modified by a higher than 

historic price trend, thus delaying the critical Growth/Removal intersection 

from 1990 under the "Gap" analysis to at least 1995 for the South Central 

Region and to the year 2005 for the Southeast Region. As indicated earlier, 

when removals exceed growth the shortfall is satisfied by cutting standing 

inventory . 

The inevitable result is that following the intersection of the growth/ 

removal curves the inventory begins to diminish and at an accelerated rate 

during the latter years. 
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In turning our attention to the industrial ownership, we find a similar 

pattern with the exception of the South Central Region where decline in 

industrial inventories is far more drastic. 'Ibis region has absorbed the 

"bnmt" of the western problems. 'That is, western companies in addition to 

those of the South, have invested in forest products facilities more heavily 

in this region than in the Southeast. With little hope that the western 

problems will be resolved, I see no lessening of this pressure upon the 

resource of the South Central Region or for that matter, the South as a whole. 

As you might expect the overall picture in the South for all private 

ownerships emulates that of its separate regions. 

.. 
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The critical period falls arowid the year 2000 just 20 short years from 

now. The implications of such a shortfall if we penni t it to occur are 

ominous. The scenario could rwi something like this: 

1. Stumpage costs and end use product prices would escalate 

to totally wireasonable levels. 

2. Imports would increase significantly in an attempt to overcome 

the shortfall resulting in serious consequences upon this 

cowitry' s balance of payments. 

3. Plant closures .would result because of a lack of raw material 

and/or lack of margins due to excessively high stumpage costs. 

4. Competitive materials will increase their share of the market. 

5. And, equally _as serious, is the potential for complete 

government control over all aspects of forest management. 

The approach and models used in developing supply/demand data has 

been· greatly refined over the past few years and has increased its credi-

bility in the eyes of professionals. Even so, the basic data needed to 

forecast such an impending crisis has been with us for years and indeed such 

forecasts have been with us for some time. In fact, in 1975 the Forest · 

Industries Cowicil concerned over just such an impending wifavorable supply/ 

demand relationship established the FIC Forest Productivity Conunittee and 

ftnlded it for $370,000. 

The conunittee's charge was to determine answers to the following questions: 

1. What are the timber-growing investment opportunities? 

2. Are these opportunities economically fea5ible? 

3. What is already being done in tenns of timber growi~g investments? 

4. Why is not more being done? 

5. What is needed to ·accomplish more? 

• 
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The study covered 25 states which in aggregate contain some 80 percent 

of the corrnnercial forest land of the colfiltry. Individual state reports have 

been prepared and largely published at this time. These individual state 

data have been compiled into a national report which is currently at the 

printers and should be released some time this week. Even though the report 

lacks formal distribution, much of the data developed and conclusions and 

recorrnnendations have been widely used over the past year. N.F.P.A. com-

mitties have availed themselves of the data in developing industry long-

term timber supply goals and in the soon to be released private woodlands 

program. In addition, the Forest Service has also utilized the data to pro-

vide analytical support for a major portion of its State and Private Forestry 

programs in the 1980 R.P.A. and will further use it to demonstrate the 

tremendous impact increases in productivity will have upon the future timber 

supply/demand outlook. 

Some of the findings that eminated from the study include: 

1. The industries 68 million acres are the most productive, growing 

wood at 70 percent of full potential. 

2. Private non-industrial lands, 283.2 million acres, have shown 

considerable increases in productivity in the past few years and 

are producing at 63 percent of their biological potential. This 

figure should be accepted with caution because the "blip" in 

growth and inventory that has taken place in this ownership is 

largely due to the conversion of substantial acreage from farm 

land to timber in the early SO's and the soil bank program of 

that era. Neither of these factors exis ted for long and as 

this "blip" is harvested both inventory and growth will decline 

sharply in this ownership. 
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3. Nationwide, but in reality related primarily to the south, only 

one out of every 9 acres harvested on the non-industrial private 

land owner is being adequately regenerated. Herein lies a major 

problem confronting us. 

4. The 80 million acres of National forest is producing at only 

47 percent of its full potential. 

5. The study identified investment opporttmities to increase 

productivity, that would result in at least a 10 percent post-

tax return, on some 139 million acres. If all opporttmities 

were captured it would cost $10.3 billion and increase annual 

growth by 10.9 billion cubic foot. 

6. Approximately 72 percent of the investment opportunities 

(100 million acres) require regeneration treatnent of some 

kind. They a~count · for 93 percent of the opporttmity cost 

and provide 90 per~ent of the increased potential productivity. 

And here you see the importance and the relativity of this 

conference to the problem facing us. 

7. Total opporttmities in the South covered 113.4 million acres. 

8. Southern opporttmities that will return 10 percent post-tax 

involved some 73.2 million acres. Fifty point two million 

acres were in private non-industrial ownership. Most 

importantly, some 616 million acres or 84 percent of the 73.2 

million acres of viable opporttmities involved some form of 

regeneration effort. 

Within the past few months, the FIC has organized a Forest Resource 

Planning ColYIIlittee tmder the NFPA. The Conmittee is looked upon as the 

coordinating or implementing coJ1111ittee of the recOillilendations that emanated 

from the Forest Productivity Study. Its irmnediate thrust is directed toward 

" . 
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putting pressure on the Forest Service in its RPA program to increase western 

harvests. Other efforts involve coordinating the Private Woodlands and 

Federal Lands Connnittee programs in increasing timber supplies. Forest 

Industries' goal has been defined as: 

In consideration of the nation's economic, social, and 

environmental objectives, the nation's connnercial forest 

land should be managed to achieve efficient, continuing 

levels of timber productivity that will: 

1. minimize real consumer cost impacts through 

an adequate domestic supply; and 

2. build the potential for an international 

net trade surplus of forest products. 

The Forest Service RPA program, as now anticipated, will not minimize 

consumer cost impacts and will move this country into a position of greater 

reliance upon imports. In view of this, industries' Resource Planning 

committee utilizing productivity and Forest Service data has developed its 

own supply/demand projection that includes increased harvests from Forest 

Service lands coupled with a successful implementation of all reconnnended 

forest productivity opportunities resulting in a four percent real return. 

The net result is a complete reversal of the Wlfavorable trends that were 

previously discussed. I'll not review each southern region by ownership 

as I did with the equilibrium approach, for as you noted, the general trends 

were similar in each case differing only in magnitude. So, it is with the 

industry projections that reflect increased productivity by availing our-

selves of the opportWlities currently available. 
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Inventory, Growth, and Removals 

for the South 
Capturing All Opportunities that Have a 4% Real Return 

Inv. (xlO) 

Removals 

1980 1990 2000 2010 2020 2030 

The two key elements in accomplishing the trends pictured on the graph 

· · 1. Increase the harvests from Forest Service lands from their 

current levels some 16 percent from 1.9 to 2.2 billion cu. 

ft. with a further increase to 3.0 billion by 1990. 

2. Increase productivity of the private non-industrial owner- . 

ships • 

. The first is intended to fill the short-term supply problem until private 

non-industrial productivity can be increased, and possibly lessen the pres-

sure upon the Southern resource. 

Accomplishing the second is absolutely crucial to developing an acceptable 

supply/demand or growth/removal relationship throughout the forecast period •. 

The industry projection could be considered optimistic. It probably 

is, but it does show what can be done provided we capture the opporttmities 

that are available to us. A JOC>re logical asslUTlption would be that realis-

tically we could capture SO - 75 percent of the opportunities. This would 

not develop the tremendous inventories shown but would result in minimized 

constuner cost impact and maximize our opporttmity to bee~ a net exporter 

of forest products. 
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Although regeneration on the private non-industrial lands offers the 

opportlll1ity with the highest potential response and, of course, the highest 

cost, the overall program for these ownerships must be broadly based 

including such programs as: 

1. Provide for tax credit for reforestation including rapid 

amortization. A revision of the estate tax laws, including 

repeal of the carryover basis (which has been done). A reduced 

capital gains tax rate and reform property tax laws, where 

necessary. 

2. Adequate funding for cost effective public assistance programs. 

3. Intensify forest management on public lands and forest protection 

programs. Expand industrial assistance programs for private 

non-industrial owners. Increase support for State Forestry 

organizations to supervise development and implementation of 

specific forest management programs. 

4. Accelerated industry support for conservation programs; such as, 

the American Tree Fann System. Improve public and industry 

programs to educate and motivate private woodland owners and 

the public on the benefits of and need for improved forest 

productivity. Expand internal company communications programs 

to encourage participation by stockholders and employees in 

government decision-nuking and regulatory processes. 

5. As far as federal lands and programs are concerned, implement 

the President's recommended departure from the current non-

declining yield harvest policy. Adequately define the costs 

and benefits of multiple-use management with respect to timber 

production. Stop the decline in commercial forest land avail-

able for intensive management. 
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6. Fight for the justification of regulatory decisions on the basis 

of net social and economic benefits. Implement land use 

restrictions only if necessary and justified. Provide more 

industry involvement in government policy-making arid regulatory 

processes. 

If we do nothing, the inevitable outcome is totally unacceptable. 1be 

consequences are far too costly to this country's monetary relationships 

with the rest of the world, its own national economy, conslDiler costs and 

the ugly head of total federal regulation of the nation's forest resource. 

If we, as an industry, are at all concerned about its long-range welfare, 

we can ill-afford to do nothing. 

At the moment, it's not a very encouraging outlook -- to say the least. 

Essentially, we in this country have two alternatives: 

1. We do nothing. Permit the shortage to occur, let the scarcity 

develop, watch prices rise to unacceptable consumer levels 

followed by an increasing use of substitutes and, as an industry, 

suffer the economic consequences. 

2. To do what is necessary to increase the supply aspect of the 

· equation, thereby, permitting a healthy industry to survive 

beyond the end of the century. 

In my concerted opinion, we can ill-afford to permit the first to occur. 

I hope that the Forest Products Industry in general, is of the same opinion. 

My final comment in closing is "Let's get on with it." 

•• 

• 
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COJRDINATING HARVESTING AND SITE PREPARATION 
IN Tl-IE SOU1HEASTERN UNITED STATES 

Rae R. Ehlen1 

The methods, techniques and equipment necessary to regenerate the 

cutover lands of the South were developed during the 1950's and early 1960's, 

and have not basically changed since that time. The economic basis used 

for justification of these now-established methods of site preparation, 

such as shearing, piling, bedding, discing, and chopping, has changed 

drastically during the past year. Energy problems, inflation, and unpre-

dictability of the economic and environmental climate generate uncertainty 

about the future of site preparation and the management of our forests. 

For this paper, I posed some of the most obvious questions to the large 

industrial land managers in the South, and solicited their thoughts for 

presentation today. /\ questionnaire, consisting of 21 questions was sent 

to managers of 45 major industrial landowners, each actively managing lands 

for timber production. A total of 38, or 84 percent, responded. This was 

an excellent response, and I sincerely appreciate the prompt replies and 

the studied thought that went into their many remarks. 

Question No. l (Part 1) 

Are growth and yield projections being realized for existing pine 

plantations established on land other than old fi c] ds? 

Answers: ------

Yes 42 percent 

No 42 percent 

Unknown 16 percent 

1site Maintenance Supervisor, The Chesapeake Corporation of Virginia 
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AsslUiling the ~6 percent who answered unknown were in the same ratio 

as the others, the total tally would split equally at SO percent. 

Question No. 1 (Part 2) 

If answer is no, what percentage would you estimate are below 

projections? 

Answers: 

.Average 18 percent below projection 

Range 10 to 25 percent 

Remarks: 
I 

1. Plantations revert to natural stand conditions because of .hardwood 

competition, poor survival, and over-stocking from natural seeding. 

2. Site preparation was not sufficiently intensive to establish a 

fully stocked stand of free-to-grow trees. 

3. Stocking is poor, both in the nlUllber of stems and distribution. 

4. Yield tables are not valid because the mortality curve over time 

is not tmderstood. 

5. We recently changed from old-field plantation yield tables to 

natural-stand yield tables. 

Author's Conments 

1bis question was placed first for the purpose of establishing a point 

of reference for many of the following questions. 1be negative answer is 

probably the most serious problem facing us now and in the future. 1be 

justification for corporate expenditures to finance the site preparation 

we have advocated has been seriously jeopardized by the above data. Future 

allowable cuts, planned mill expansions, and raw material costs have been 

based on the projected yields submitted to corporate management. 
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Question No. 2 

Do you foresee any changes in the intensity of mechanical site pre-

paration for the establishment of pine plantations? 

Answers: 

Increase -

Decrease -

Same 

Remarks: 

16 percent 

45 percent 

39 percent 

A. From those who foresee an increase 

1. More intensive site preparation wjll be necessary to counter-

act the loss of 2,4,5-T. 

2. More intensive site preparation will be required to improve 

early survival and growth. 

3. We plan on planting fewer trees per acre, which requires 

high initial survival and intensive site preparation. 

4. Intensive site preparation is needed for fertilizer, herbi-

cide, and insect control applications. 

5. The high costs of land ownership will force development of 

higher yields. 

B. From those who foresee a decrease 

l. Increasing fue 1 an<l equipment costs will force a decrease 

in the intensity of site preparation. 

2. Intensive site preparation will decrease because of 

4uestionable benefits, for example: 

a. Decreased intensHy will minimize site degradation. 

b. Decreased intensity will allow better erosion control. 
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c. Growth rate is not a function of aesthetics. 

3. Too energy intensive. 

4. We plan to replace shearing and piling with chopping and burning. 

5. The availability of labor and the increased nl.IlTiber of acres 

being hand-planted allows less intensive site preparation. 

C. From those who foresee no change 

1. We will decrease intensity if a pine release chemical becomes 

available. 

2. Mechanical site preparation will become more site-specific, 

increased intensity on some sites, decreased on other sites. 

3. A decrease will occur if inflation continues. 

Author's Corrnnents 

High costs and inflation are seriously affecting the thinking of forest 

managers. With 45 percent planning on decreasing site preparation costs, 

and 39 percent foreseeing no change but qualifying their thoughts with 

remarks that indicate decreased intensity, the future yields from pine 

plantations may ue affected. With 50 percent of the respondees obtaining 

yields less than projected, the decrease in site preparation intensity could 

portend further decreases in future yields. 

Question No. 3 

What would you contemplate doing if your fuel allotment for mechanical 

site preparation were reduced? (Rank in order). 

A. Mechanically site-prepare fewer acres. 

B. Mechanically site-prepare less intensely. 

C. Attempt to obtain better clearcut harvesting jobs, so less fuel 

is needed for site preparation. 

• 
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D. Change harvesting on selected acres to something other than 

clearcut. 

E. Attempt to use more non-mechanical methoJs. 

F. Fairly balanced combination of several of the above. 

Answer: 

Ranked first in order: 

F. 35 percent 

C. 27 percent 

B. 16 percent 

A. 11 percent 

E. 11 percent 

D. 0 percent 

Ranked in order by combining the first three choices: 

c. 23 percent 

E. 21 percent 

F. 19 percent 

B. 18 percent 

A. 13 percent 

D 5 percent 

Remarks: 

1. Improved utilization and shorter rotations will allow better 

productivity of applications (multi-lines plus improved speeds) 

to off-set costs. 

2. A combination of more buming during the rotation, plus better 

utilization at harvest, will reduce the fuel required for s ite 

preparation. 
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3. Future use of non-mechanical methods will depend on regulations 

which restrict availability of herbicides. 

4. The amotmt of fuel required to regenerate is closely correlated 

with the quality of the harvesting operation. 

Author's Comments 

Fuel allotments in all probability will be reduced in the future, and 

allotments will be reduced in proportion to the previous year's constDDption. 

The answers to this question clearly show that plans to consider some type 

of harvesting other than clearcutting is not being considered on industrial 

lands. I believe the answers also reflect a reluctance to site-prepare 

fewer acres, but rather to site-prepare less intensely if fuel allotments 

are reduced. However, the strongest remarks were directed toward obtaining 

better utilization during harvesting as the answer to using less fuel for 

site preparation. 

Question No. 4 

Do you plan on any future changes in the nwnber of acres mechanically 

site-prepared annually for reasons other than fuel allotment? 

Answer: 

Increase - 39 percent 

Decrease - 21 percent 

Same 40 percent 

Remarks: 

A. From those who plan on an increase: 

1. Thirty percent stated that site preparation was behind 

harvesting and an increase would be necessary to ·catch-up. 

2. Twenty percent stated that increased land acquisition will 

necessitate increasing the nunber of acres site-prepared 

armually. 

• 

• 
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3. With the loss of 2,4,5-T, more harvested areas will have to 

be mechanically site-prepared. 

4. Increased mechanical site preparation assistance is necessary 

for the non-industrial private landowner. 

B. From those who plan on a decrease: 

1. We will decrease the number of acres mechanically site-

prepared because of costs. 

2. Environmental considerations have caused us to stop mechanical 

site preparation on selected areas. 

Question No. 5 (Part 1) 

Would closer coordination of harvesting and forest management be 

desirable in reducing site preparation costs? 

Answer: 

Yes 82 percent 

No 18 percent 

Question No. 5 (Part 2) 

If yes, could you project a savings percentage? 

Answer: 

Estimated average savings - 22 percent 

Range of estimated savings - 1 to 75 percent 

Remarks: 

A. From those who answered yes: 

1. Much of the site preparation cost is in rearranging the 

unused wood left after harvesting so the area can be planted. 

2. Total site preparation and harvesting costs should be con-

sidered together in a total cost/benefit package . Increased 

harvesting costs to obtain JTX)re complete utilization could 
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be offset by decreased site preparation costs. 

B. From those who answered no: 

Harvesting is considered the best silvicultural tool we have. 

Question No. 6 

What harvesting practices adversely affect site preparation costs? 

(Rank in order) • 

Answer: 

A. Ranked first in order 

1. Poor utilization 45 percent 

2. High stumps 34 percent 

3. Size of harvesting - 11 percent 
blocks 

4. Puddled soils 8 percent 

5. Delimbing at deck - 2 percent 

6. Other 0 percent 

B. Ranked second in order 

1. High sttmrps 45 percent 

2. Poor utilization 32 percent 

3. Size of harvesting 16 percent 
blocks 

4. Puddled soils 5 percent 

5. Delimbing at deck - 2 percent 

6. Other 0 percent 

Author's Conunents 

The 45 percent who stated that poor utilization nnst adversely affected 
I 

site preparation costs was the same 45 percent who ranked high stumps 

second, and the 34 percent who ranked high stunys first, ranked poor uti-

lization second. Consequently, about 75 percent of the r espondents ranked 

• 
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poor utilization and high stumps as the two harvesting practices most 

adversely affecting site preparation costs. 

Question No. 7 

Do you foresee any type of harvesting pine stands other than clearcutting? 

Answer: 

Yes 

No 

Remarks: 

42 percent 

58 percent 

1. Legal restrictions may require something other than clearcutting. 

2. Selection cuts may be necessary on private non-industrial land. 

3. Some methods other than cle:ircutting may reduce total cubic foot 

yield, but shelterwood, selection, and seed tree cuts are suit-

able on certain sites. 

4. Different methods of harvesting will be practiced, where feasible, 

to establish natural reproduction. Clearcutting will be confined 

to problem areas. 

Question No. 8 

Do you use herbicides for site preparation? 

Answer: 

Yes 

No 

Remarks: 

55 percent 

45 percent 

A. From those who answered yes: 

1. We will increase the use of herbicides if a suitable herbicide 

is developed. 

2. Plan to increase usage of herbicides for site preparation on 

steep slopes. 
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3. We will see a decrease in the use of herbicides, because of 

the loss of 2,4,5-T. 

B. From those who answered no: 

1. Herbicides may become a viable alternative as mechanical site 

preparation costs escalate. 

2. We will use herbicides if suitable ones are developed at 

reasonable cost. 

Question No. 9 

Do you plan on any future changes in your usage of herbicides for 

site preparation? 

Answer: 

A. From those who presently use herbicides. 

Increase 48 percent 

Decrease 

Same 

9 percent 

43 percent 

B. From those who do not use herbicides. 

Increase 

Same 

Question No. 10 

65 percent 

35 percent 

Do you believe that herbicides will be a viable solution to the 

increasing costs of mechanical site preparation? 

Answer: 

Yes 

No 

Unknown -

47 percent 

47 percent 

5 percent 

' 

.. 
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Remarks: 

A. From those who answered yes: 

1. Providing cost is reasonable and will escalate no faster than 

mechanical site preparation costs. 

2. Herbicides could be a partial solution to the problem i f 

suitable herbicides become available. 

3. In certain locations, such as on steep slopes and sandhill 

oak land, herbicide usa~e for site preparation is and will be 

an excellent alternative to mechanical methods. 

B. From those who answered no: 

1. Increasing environmental pressures will prohibit the use of 

herbicides. 

2. The poorly drained coastal soils require more than herbi ciJes 

for successful regeneration. 

3. Burning i s a requirement with chemi cal s ite preparation, and 

we have not succeeded in hurning all the area that requires 

burning now. 

Author' s Cormnents 

Twenty-one of the 38 respondents presently use herbicides for site 

preparation. Several not now using herbici des would consider their use 

if a suitable herbicide were available at a reasonable cost. In fact, 

of the 55 percent presently using herbicides, one-half plan on increasing 

usage and 65 percent of those not using herbicides plan on using chemical 

site preparation. From this datn it wou1J appear that the future fo r 

herbicides in site preparation work is indeed hright, but a certain skep -

ticism is detected. llerhicides as a viable solution to the increasing 

cos ts of mechanical site preparation was split, with 47 percent believing 
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chemicals did offer a solution and 47 percent not believing it. I would 

suggest that the reason for this is the high cost being quoted for herbi-

cides riow registered for site preparation. 

Question No. 11 

Do you use prescribed fire for site preparation? 

Answer: 

100 percent answered - yes 

Remarks: 

1. Burning is becoming more difficult to use to its full advantage . 

because of time and legal restrictions. 

2. Good utilization during harvesting does not leave enough fuel on 

the site to obtain an adequate burn. 

3. Burning is used extensively for site preparation by helicopte·r 

torch. 

4. The ash created by burning increases growth, and in some instances 

alleviates the use of fertilizer. 

Question No. 12 

Do you plan on any future changes in your usage of prescribed fire 

for site preparation? 

Answer: 

Increase 

Decrease 

Same 

Remarks: 

55 percent 

3 percent 

42 percent 

A. From those who plan on an increase. 

1. Increasing the number of acres to be chemically site-prepared 

automatically increases the ntnnber of acres to be burned. 

• 
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2. We pl<m on reducing the nlUllber of acres site-prepared by 

shearing and piling and increasing the number of acres site-

prepared by chopping and burning . 

3. We plan on increasing our bun1ing program as much as the law 

and weather allow. 

4. We plan on increasing the frequency of prescribed burning 

during the rotation to control hardwoods. 

5. The energy shortage and high fuel costs will require the use 

of more burning for site preparation, and also during the 

rotation. 

6. If aerial mass ignition proves satisfactory we plan on a 

large acreage increase in our burning program. 

B. From those who plan on a <lecrease. 

1. Legal restrictions, state and local, plus wetter lands being 

harvested, will reduce the number of acres scheduled for burning. 

2. Better utilization during harvesting, removing the fuel hy 

delirnhing at the deck, and air quality regulations may cause 

some decrease. 

C. From those who plan on no change. 

The job of burning is difficult to accomplish, people in 

general do not like to bum, the inherent high risk and legal 

restrictions all are working against increased burning. 

Author's Corrnnents 

The cancellation of 2,4,5-T was a serious loss to southern pine forest 

managers, but if burning becomes increasingly <lifficult to accomplish 

because of environmental pressures and legal restraints, it wi11 be far 

more serious than the loss of 2,4,5-T. Fire is used extensively by both 
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large and small landowners for site preparation, and throughout the rotation 

for hardwood control. Every effort should be made now to assure that the 

freedom to burn is not restricted. 

they must be reasonable. 

If restrictions cannot be prevented, 

Question No. 13 

Do you foresee an increase in the use of fertilizer for pine plantation 

management? 

Answer: 

Yes 

No 

Remarks: 

61 percent 

39 percent 

A. From those who foresee an increase. 

1. An increase is likely, but limited to certain soil conditions. 

2. The cost of fertilizer and its availability for forest use 

will determine usage. 

3. 'Ihe percentage of increase will be determined by the return 

on the investment. 

4. We plan on increasing the use of fertilizer at time of planta-

tion establishment, following thinnings and 5 years before 

harvest. 'Ihe return on our investment is excellent. 

5. We have used fertilizer on non-productive sites in the past, 

but now plan on increasing yields on productive sites with 

fertilizer applications. 

6. We will increase the usage of fertilizer when it is determined 

what kind should be used, how much to apply, and at what time 

during the rotation to apply it. 

• 
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B. From those who do not foresee an increase. 

1. Positive results from the application of fertilizer have as 

yet not been demonstrated. 

2. The return on the investment for fertilizing rrrust improve 

before increases can be anticipated. 

Question No. 14 

Do you presently manage bottomlands for hardwood production? 

Answer: 

Yes 

No 

71 percent 

29 percent 

Question No. 14 (Part A) 

If answer is yes, what system do you use? 

Answer: 

Almost one-half of the respon<lcnts were clearcutting hottomlan<l 

hardwoods, followed by the removal of culls. Cutting to a diameter 

limit or cutting by selection was practiced by the others. 

Question No. 14 (Part B) 

If answer is no, how are you presently handling these? 

Answer: 

Poorly, avoided, no plans, and small ownership were the most 

frequently noted comments. 

Question No. 14 (Part C) 

If answer is no, what are your plans for future management? 

Answer: 

From those who have plans, about SO percent plan on clearcutting, 

and about SO percent plan on cutting to a diameter limit. 
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Question No. 15 

Do you have plans for managing upland sites for hardwood production, 

or are you currently managing for hardwood production?. 

Answer: 

Yes 

No 

Remarks: 

29 percent 

71 percent 

A. From those who answered yes. 

1. In the mountains and piedmont areas, we clearcut upland 

hardwoods to a one-inch diameter limit. Regeneration is coppice. 

2. Many sites are being converted to pine, but plan on increasing 

the area in managed hardwoods. 

3. We are experimenting with max:irm.Dn site preparation and 

utilization for the management of upland hardwoods. 

4. Consideration is being given to managing more land for hard-

wood to avoid the cost of converting to pine. 

5. We are planting Eucalyptus on dry pine sites. 

B. From those who answered no. 

1. We manage all upland sites for pine production. 

2. We may manage upland hardwoods for fuel in the future. 

3. The rate of return is too low compared to pine. 

Question No. 16 

Do you foresee any type of harvesting hardwood stands other than 

clearcut ting? 

Answer: 

Yes , 51 percent 

No 49 percent 
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Remarks: 

A. If answer is yes, how are you managing these lands? 

1. We manage hardwood stands by tree and/or group selection. 

2. Most of the hardwood stands are clearcut, but in environmentally 

sensitive areas, we use selection, shelterwood, and diameter 

limit cuts. 

3. The future is certainly not limited to clearcutting. 

B. Remarks from those who answered no. 

1. I don't foresee any type of cutting other than clearcutting 

on industrial lands, but it is very possible that other types 

of partial cuts may be well sujted for the small, non-

industrial landowner. 

2. Bottomland hardwoods have been high-graded too long to continue 

the practice. 

3. Clearcutting is the most effective way to manage hardwoods. 

Question No. 17 

Do you foresee an increase in the use of fertilizer for hardwood 

management? 

Answer: 

A. Bottomland hardwood sites 

Yes - 14 percent 

No 86 percent 

B. Upland hardwood sites 

Yes -

No 

Remarks: 

11 percent 

89 percent 

1. Until the economics of hardwood improves, fertilizer will be used 
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Stmmary of remarks: 

Most of the respondents that answered yes had an aerial spraying 

program 1..Dltil the loss of 2,4,5-T, and would continue aerial spraying 

for pine release if a suitable chemical were available. Some of the 

remarks from those that answered no indicated that they had planned 

on starting an aerial spraying program for pine release 1..Dltil 2,4,5-T 

was cancelled for this use. 

Several respondents remarked that they were using Tordon or. 2,4-D 

and DP for single-tree poisoning. One respondent was .using Velpar 

for herbaceous weed control. 

Question No. 20 

Do you plan on any future changes in your use of hcrhicides for pine 

release? 

Answer: 

Increase 

Decrease 

Same 

Remarks: 

45 percent 

- ·13 percent 

42 percent 

1. We will increase if a substitute for 2,4,5-T is developed. 

2. Because of costs, chemical pine release will be necessary as 

site-preparation becomes less intensive. 

3. Plan to decrease because of the loss of 2,4,5-T. 

Question No. 21 

Do you think the high expenditures for site preparation will . 

increasingly be resisted by corporate financial management? 
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Answer: 

Yes -

No 

Remarks: 

55 percent 

45 percent 
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A. From those who answered yes . 

1. Management anticipated greater yields than has been realized 

and will be prone to examining expenditures much closer. 

2. Return on investment will have to meet corporate standards. 

3. High capitalization costs will meet increased resistance from 

corporate management, and woodlands management will find it 

more difficult to justify costs. 

B. From those who answered no. 

1. Stumpage values have increased faster than the inflation rate. 

2. There is no choice, we must have high-production plantations. 

3. Pressure will increase to grow more fiber. 

Conclusion: 

It is well recognized that many limitations are inherent in a survey 

such as this, but it does proviJe a feeling for the thoughts of land managers 

in the south. The economic instability and changing environmental concerns 

has definitely affected the way many anticipate doing site preparation work 

in the future. The loss of 2,4,5-T was serious, especially at this time 

when considerations are being given to reducing costs by reducing the 

intensity of site preparation. A satisfactory replacement for this selective 

herbicide has not been found; 2,4,5-T would have allowed less intensive 

site preparation by controlling hardwoods after regeneration . Considerable 

demand exists for a selective herbicide, an<l, as capital for site prepara-

tion becomes more difficult to obtain, the demand will surely increase. 
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on only intensely managed pine sites. 

2. Hardwoods grow on soil types that are not rec~tive to fertilizer. 

3. We believe fertilizer is a requirement for hardwood plantation 

management. 

Question No. 18 

Do you plan on providing site preparation and regeneration assistance 

to small non-industrial landowners? 

.Answer: 

A. Presently providing assistance. 

Yes - 82 percent 

No 18 percent 

B. Plan on increasing assistance. 

Yes - 48 percent 

No - 52 percent 

· Remarks: 

1. 21 percent remarked that they provide advice and will help locate 

site preparation contractors. 

2. 21 percent remarked that· they restrict assistance to those lands 

from which the timber was harvested. 

3. 45 percent did not qualify their answers with remarks. 

4. One company offered a free direct seeding program. 

5. Two companies offered a free matching seedling program. 

Question No. 19 

Do you use herbicides for pine release? 

Answer: 

Yes - 63 percent 

No - 37 percent 

' 
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Improved harvesting practices will allow significant savings in site 

preparation, and, though many harvesting problems exist--physical as well 

as economic--there is a growing demand and logic for closer coordination 

of harvesting and management. The increasing amoWlt of money involved and 

the increasing demand for fiber must dictate a closer coordination if 

plantation yield and corporate financial goals are to be achieved in the 

future. 
• 

The use of fire for fuel reduction, hardwood control, and site pre-

paration is lllliversal throughout the South. Its importance to forest 

management cannot be Wlderestimated and its loss through legal or other 

causes would seriously impair the growing of pine jn the South. The loss 

of 2,4,5-T was serious, but the loss of fire would have a devastating 

ef feet for al1 classes of ownership and would seriously a f feet the pine 

timber resources in the future. I mention this, which is so obvious, because 

of the need for aggressive action and the pooling of talents and money to 

assure that fire is not removed as a management tool. 

The projected demands, worldwide, for timher and fiber are far in 

excess of availability. Those who have fiber and timber will certainly 

be in an enviable financial position. The value of wood for fuel will war-

rant continued investigatjon and its value and demand will probably continue 

to increase. Trees grow slowly over long periods of time and ignore 

inflation and recession and other prohlcm.s that disturb man's thinking. 

It would be well to seriously consider ~my long r;mge changes in site 

preparation and regeneration that will reduce future yields. 
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Coordinating Harvesting and Site Preparation 
for Regeneration on Pine Sites 

T. A. Dierauf1 

The Cost-Price Squeeze 

Site preparation costs have increased at an alanning rate in recent 

years. To illustrate this, I have some figures from a paper by Dr. James 

M::>ak presented a year ago at the Southelll Forest Economics Workshop at 

Chapel Hill, North Carolina. He used cost data obtained from five South-

wide surveys: 1953 (Worrell), 1962 (Yoho and Fish), 1971 (Yoho, Dutrow 

and M::>ak), 1975 (M::>ak and Kucera), and 1977 (M::>ak, Kucera and Watson). 

There has been a five-fold increase in 15 years between 1961 and 1976. 

Average Cost of Mechanical 
Survey Site Preparation (Per Acre) 

1952 - Worrell 5.25 

1961 - Yoho and Fish 14.09 

1967 - Yoho, Dutrow and M::>ak 23.52 

1974 ·- M::>ak and Kucera . 48.01 

1976 - M::>ak, Kucera and Watson 73.36 

Disclaimer: Trade and brand names are used in this publication only for 

the purpose of providing infonnation. The Virginia Division of Forestry, 

The Virginia Cooperative Extension Service and the Virginia Polytechnic 

Institute and State University do not guarantee or warrant the standard 

of any product named, nor do they imply approval of any product named to 

the exclusion of others which may also be suitable. 

1virginia Division of Forestry . 

.. 

• 

• 
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Stumpage prices, on the other hand, have increased at a much slower 

rate. Here in Virginia, stumpage prices have, at most, only doubled in 

the past 20 years. The small private landowner is in a serious cost-price 

squeeze. He must recover his investment in site preparation and planting 

by selling stumpage, but his costs are going up much more rapidly than 

stumpage prices. 

The Problem of Clearing Land 

Site preparation cost is the major part of the regeneration cost. Site 

preparation has two objectives: (1) land clearing - to clear away or remove 

logging debris and unrnerchantable trees and brush so that the area can be 

planted, and (2) competition control - to reduce competition to the planted 

seedlings from trees and brush left following logging, and from regrowth 

of hardwood sprouts. The site preparation methods we use today to accomp-

lish the first land clearing objective usually also accomplishes competition 

control simultaneously. However, if land clearing was not necessary we 

would have less expensive methods to control competition. I will address 

some of these later. 

By far the cheapest method for removing unharvested material is straight 

bun1ing, i.e., burning without prior mechanical treatment. We often do 

this on non-industrial private land, but on many tracts it cannot be 

accomplished because of insufficient fuel. On most tracts, prior treat-

ment with a drum chopper is needed to provide additional fuel. We are 

also increasing use of mechanical site preparation, primarily bulldozing. 

Unharvested trees and tops are pushed into piles and windrows and left 

to rot. 

The costs of heavy tractors and the fuel needed to run them have 

increased at an extraordinary rate. It is hard to be optimistic about 
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any breakthroughs in new equipment, or in ways the present equipment is being 

used, that will reduce the cost of mechanical clearing. 1'.he machinery 

and methods we use today represent the testing of many promising ideas over 

the past 20 years. I don't think we can realistically hope for any miracles 

that will significantly reduce the cost of clearing land. 

Eliminating the Need for Land Clearing 

I think our only realistic hope is to work on the other side of the 

problem: to eliminate the need for clearing. We need to develop equipment 

and systems for harvesting sufficient amotm.ts of low-value material so 

that land clearance is not needed for regeneration. This would relieve the 

cost-price squeeze considerably. We would still need to control competing 

vegetation, but, even with traditional methods of site preparation, we 

frequently must release ·pine seedlings within three or four years of 

planting. 

How much wood is being left after harvesting on non-industrial private 

land? The Division of Forestry is involved in a study to obtain information 

on how J1U1ch usable wood is left following a harvest cut. So far, Elvin 

Frame and Phil Grinnn have sampled 33 tracts in the Coastal Plain and 

Piedm:Jnt. They ultimately plan to collect data on about 75 tracts. They 

tally all material down to a three-inch top inside bark. Thus far, the 

amotm.t of wood remaining after harvest averages 8 or 9 cords, ranging 

from 2 to 4 cords on an tmusually clean tract to 12 to 15 cords on .a 

poorly harvested tr~ct. 

We need equipment and systems for very large tracts and also for 

the 10-acre tracts we often encotmter when working with small private land-

owners. This presents, perhaps, the major research challenge we face in 

the South at this time. It is no longer merely a utilization problem, 
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but has become a very serious forest management problem. Tom Walbridge 

and Bill Stuart here at Tech are developing a baler as an alternative to 

the total tree chipper. Whereas equipment used in a total tree chipping 

operation costs about $600,000, and is efficient only on very large tracts, 

the baler might sell for $50,000 or $60,000 and could be used on small 

tracts as well as large. 

There are other ideas that could help in obtaining more complete har-

vesting. Cutover tracts close to cities and large towns are becoming 

increasingly attractive to firewood cutters. A problem is that much of 

the wood is often inaccessible. If we could install a network of roaJs 

that could be traveled by pickup tn1ck, we might ge t many of these tracts 

cleaned-up well enough to plant without clearing. The tractors needed to 

install a system of rough woods roads could be cons iJerabl y smal ler than 

the tractors used for site preparation. The Division of Forestry wi ll 

initiate a pilot project this year to see how well this idea will work, 

using our fire control tractors. 

An alternative to developing a network of roads would be to use small 

skidders to drag tree tops and unused trees out to a road wher e t he 

material would be available to firewood cutters. Someone owning a fast, 

lightweight skidder might contract with landowners to deliver tops and 

trees to roadside. 

We need to stop thinking of harvesting and regenerating as being 

separate operations. They are both part of the same process. The cl eaner 

the harvest, the lower the cost of r egener ation. A small investment in 

the harvesting operation to remove mos t of the tops and cull trees may 

result in a large reduction in the regcner~tion cost. 

It is my belief that complete harvesting must become available or 
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our pine reforestation program on non-industrial private land will be in 

serious trouble. In an era of decreasing and tmcertain fuel supplies the 

wood we presently waste on the averagecutovertract makes no sense at all. 

And, just as serious as the wood waste, is the fact that we spend considerable 

money and constune considerable fuel getting rid of this waste. 

For the remainder of my talk I will look toward the day that complete 

harvesting on most tracts is a reality. With harvesting complete enough 

that a tract could be machine or hand planted without prior clearing, there 

would be several options for controlling competing vegetation. These 

options involve both herbicides and mechanical treatments; 

Herbicides could be applied before or at the same time as planting 

and site preparation; or they could be applied after seedlings were well 

established, one to three years after planting, and considered to be a 

release operation. 

An important advantage of applying herbicides before or at the time 

of planting is the opporttmity to use herbicides and rates that would kill 

established pine seedlings. Newly planted pine seedlings are not as sus-

ceptible to herbicides, especially those applied to the soil. · For 

example, in the early 1960's we installed plots at 20 different locations 

over the State to test Dybar, a granular herbicide. The Dybar was applied 

at the time the planting was done. Dybar was quite effective on oaks, but 

not effective on most other hardwood species. But, the interesting point 

for this discussion is that even though large pine trees were very 

susceptible to Dybar, very few planted pine seedlings were killed. 

There has been great interest in Velpar in the past two years. We 

have just received a State label that permits use of Velpar for site 

preparation·at rates up to two potmds active per acre, and for release at 
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rates of one-half to one potmd per acre, depending on soil texture. Even 

at low rates, Velpar will sometimes kill significant ntunbers of established 

pine seedlings. However, in 1976 and 1977 we tested Velpar and a ntunber 

of other herbicides for controlling sod, applying the herbicides at the 

same time we planted, right alongside the seedlings. At a rate of three 

potmds of Velpar per acre we fotmd no seedling mortality. ·Even at a rate 

of six potmds per acre we killed on the average only 10 to 15 percent.of 

the seedlings. 

One possibility that I am excited about is to machine-plant and apply 

herbicides in one operation. Granular herbicides would be the easiest to 

handle. A hopper and gravity feed system could be motmted on the tractor 

to apply a single band mid-way between seedling rows, or two · ban~, one 

on each side of the row far enough from the seedlings that the herbicide 

would not hann them. Velpar and Spike are granular herbicides that are 

promising for such use. This spring, we installed tests on three different 

tracts, applying Velpar and Spike between rows of newly planted seedlings. 

Both of these herbicides control grasses and weeds in addition to woody 

vegetation. Our hope is that without ~illing the planted pine seedlings, 

we can use a rate that will control competing woody vegetation to the 

extent that follow-up release is tmnecessary, and, at the same time, control . 

the grass and weed competition that reduces pine seedling growth in the 

early years. 

Mechanical tree planters are used with a V-blade mounted on the front 

of the tractor. 1be blade provides considerable site preparation and 

vegetation control. .Mechanical tree planting reduces the need for follow-

up release, and facilitates the use of hand release methods when limited 

follow-up release is needed. 
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Herbicides might also be broadcast at the time of planting. TI1e chances 

of killing pine seedlings would be greater, of course, than when the herbi-

cide is placed between seedling rows, but seedling mortality might not be a 

problem, as we found with Dybar. With reasonably clean harvesting, it 

would be possible to broadcast herbicides with ground equipment as well as 

from the air. 

As an alternative to herbicides, a heavy disk might be used to control 

competing vegetation following clean harvesting. Rae Ehlen and Sharon Miller 

of Chesapeake feel that, for them, heavy disking would be less expensive 

than using herbicides. TI1ey use a very large rubber-tired tractor, a 

Clark 880. With clean harvesting - low stumps and all large laps broken 

down so that nothing larger than three to four inches remains - they can 

disk three to four acres per hour. Some follow-up release with herbicides 

may he necessary on some tracts. TI1ey also fores ee using herbicides on 

steep land and more erodable soils where disking might cause excessive 

erosion. 
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HARVESTING TO FAVOR REPRODUCTION 
OF SOUTHERN HARDWOODS 

R. C. Kellison1 
D. J. Frederick 

W. E. Gardner 

The typical southe!11 hardwood stand is dominated by low-quality trees 

accompanied by iuferior species which developed from repeated harvests. 

Justification for the harvesting practices of single tree selection and 

diameter limit cuts not only jnvol ved economics but also the misconceptions 

• that quality hardwoods would always be in abundant supply and the stands 

being harvested were considered to be of all-age composition--for each 

tree removed, an equivalent species and quality tree would fill the void. 

We now know that both assumptions are generally incorrect. Quality hard-

woods are in short supply due to lack of stand management, stand inaccessi-

bility, and landowner preference to withhold the resource from the market. 

This situation will continue unless a concerted effort is launched to 

regenerate and manage the hardwood lands. Much of the land available for 

hardwood production is the most fertile and productive in the region. It 

should be supporting vigorous stands, but most foresters doubt their 

ability to establish such stands. Harvesting guidelines are presented in 

this paper to achieve that goal for natural reproduction. Harvesting for 

plantation establishment requires little discussion because the only 

logical choice is clean-cultivation conditions. Shearing, piling, buTiling, 

and disking arc the sequential steps to achieve that condition. 

1The authors arc Director, Hardwood Research Cooperative, J\.ssociatc Professor, 
and Liaison Silviculturist, Hardwood Research Cooperative, respectively, 
School of Forest Resources, N.C. State University, Raleigh, NC. 
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Planning for Regeneration 

The key to successful natural regeneration of hardwoods is a compre-

hensive survey of the parent stand. Information needed includes the char-

acter and size-class distribution of the overstory composition, quantity, 

and character of the understory trees, and seed bed conditions. The data 

should be collected periodically for management of the parent stand but 

must be updated just before hnnrest. 

Quality coppice reproduction cannot be expected from fully stocked 

stands with tree diameters larger than about 12" at breast height. Advanced 

reproduction is limited in such stands, and the larger stlUT!ps coppice poorly 

or not at all. The succeeding stand will largely arise from seedlings in 

combination with coppice growth from smaller stwnps. Cypress-tupelo stands 

in muck swamps conunonly exhibit the described type of stand characteristics. 

Merchantable stands with average tree diameters smaller than about 12" 

at breast height will regenerate themselves almost entirely from coppice. 

This result can be exµccted regardless of species or forest site type, in 

the absence of site degradatj OIL 

Stands on mesic harJwood sHes dominated by advanced reproduction from 

tree succession and from han:est of overstory trees will largely regenerate 

themselves from copp~ce. Little effort sh0uld be made to protect the 

advanced reproduction during harvesting operations because of the logistics 

involved and because understory trees of the more intolerant species such 

as sweetgwn, sycamore, and yellow-poplar do not generally respond to release. 

Exceptions to this rule occur on the best sites where intolerants do respond 

to release and even succeed themselves. The more tolerant species such as 

oak and hickory generally respond to re lease, even on marginal sites. 'Ihe 

accepted practice is to nTiltilate the advanced reproduction so that the 

• 
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ensuing stand develops from coppice into a single crown class. Seedling 

reproduction is at a disadvantage in such situations; it will occupy openings 

in the stand with an average delay of about three years. Growth of the 

trees of seedling origin approximates that of their coppice counterparts 

within 10 years, leaving the impression that the stand is even-aged . 

A bare mineral soil is best for natural seeding after harvest. Scari-

fication of the soil in conjunction with destruction of undesired vegetation 

is best accomplished during harvesting operations. Site preparation for 

natural seeding is usually cost-prohibitive and unsuccessful. If the under-

story vegetation is dense and composed of herbaceous plants, grasses, shrubs, 

and vines, there is little chance of establishing the new s tand by natural 

seeding. In such cases, coppice reproduction will comprise nearly the 

entire new stand. 

Regeneration Systems 

Regeneration systen~ corrmonly used with hardwoods are single tree 

selection, group selection, shelterwood, seed tree, and clearcut. The merits 

of 2ach system are discussed , together with recorrmendations for applicability 

to the southern hardwood f orest. 

Single Tree Selection 

This system and variations of it have been advocated and employed in 

regenerating southern hardwoods, with generally poor success. The highest 

value and largest trees are harvested at the expense of small and 

undesirable trees, leaving a progressivel y poorer s tand, the more frequent 

the stand entry. 

This selection system originated in Europe where it was used to 

r egenerate tolerant species and promote all -age stands. For the concept 
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to work, the mean nl.Ullber of trees in each older age class must decrease 

geometrically (Figure 1). Stands are entered at about 10-year intervals, 

with removal of the largest and poorest trees and then removal of lower 

quality and less desirable species down through the stand structure to the 

smallest trees. Each operation is not only a harvest of merchantable 

individuals but also an improvement and release cutting to promote the growth 

of the residual trees and to maintain or enhance stand structure and com-

position. Under ideal selection management, very few trees are in the older 

age and larger diameter classes at any one time. 

In implementing the single-tree selection system, one must consider: 

1. The basal area to which a stand is reduced during each entry, 

usually about 70 to 80 square feet per acre in trees 6 inches dbh 

and larger. 

2. The maximum size to which trees are to be maintained, usually 18 

to 20 inches dbh, but dependent upon species and site 4uality. 

3. The reverse J-diameter distribution (Figure 1) which must be 

approached after several cuttings by carefully removing the pro-

portionate numbers of trees from the stand's diameter class 

spectrum. If cutting is not proportionate and heaviest cutting 

occurs in the larger classes, a disproportionately high number 

of small sawtimber-size and pole-size trees will result. Trees 

of the latter two classes will respond to removal of the large 

sawtimber trees and will increasingly dominate the small pole 

and sapling stems. If this type of cutting continues, the stand's 

diameter distribution shifts until it assumes the characteristic 

of an even-aged stand, whether the stand is even-aged or not. At 

this point, the forester must decide whether to manage the 

stand on an even-aged basis or try to reestablish the balanced 

• 
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distribution. 

The theoretical basis for single-tree selection is sound, but it can 

become onerous in practice. To further complicate the situation, the 

southern hardwood forest is composed of myriad species, each with different 

silvical characteristics, not all of which are compatible with the system. 

Single-tree selection is a viable system to use in situations that 

preclude complete overstory removal such as strearnside borders, recreation 

areas, locations where aesthetics are a prime consideration, or on areas 

with fragile soils. The system finds some use for intensive .culture in 

small ownerships but is impractical and ineffective for regenerating hard-

woods on large ownerships under extensive management. 

Group Selection 

This system has the same theoretical basis for implementation as single 

tree selection. The major difference is that trees are removed in groups 

from appropr~ate diameter classes which create larger openings than from 

. removal of single trees and thus encourages species of mid-tolerance. 

Openings created typically range from 1/10 to 1/5 acre, but larger openings 

are desirable because edge effects of the residual timber extend inward 

about equal to the ~eight of the surrounding dominant trees. When the 

configuration of the harvesting unit is not circular, an area in the range 

of 3 to 5 acres is appropriate. Such cuttings take on characteristics 

of patch clearcuts and do provide considerable forest stand diversity. 

The management of groups is unwieldy for large forest ownerships 

because of their small size, scattered distribution, and .the required 

schedule of intermediate and regeneration cuts. Furthermore, group 

selection encourages many mid-tolerant to tolerant species which are slow-

growing and undesirable for timber production. The system does provide 

• 
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an aesthetically pleasing appearance and has definite advantages where 

continuous tree cover in conjunction with timber production is the objective. 

Shelterwood System 

The shelterwood system is most applicable for regenerating hardwoods 

of medilUJl shade tolerance. In general, it requires a preliminary cut about 

10 years before final removal to establish advance reproduction from seed, 

seedlings or sprouts. The preliminary cut should be from below, removing 

the smallest trees first, then advancing to the larger trees. The objective 

is to leave an overstory canopy which covers about 50 percent of the area. 

Regulation of the residual overstory is best measured by crown percent, 

because basal area does not adequately describe crown size. 

The timing of removal cuts is based on the density and vigor of the 

reproduction. Quite often, irregularity of stocking can he a problem, 

usually in the direction of overstocking. 

The shelterwood system has been used with success in regenerating 
• 

water oak and pin oak flats in the South. Seedling reproduction under the 

partial shade is profuse, but the seedlings never develop to succeed the 

parent stand until the overstory is r emoved. Heavy mortality of the seed-

ling reproduction usually occurs when the parent stand is removed unless 

advanced reproduction of trees taller than about four feet is present. 

Damage to advanced reproduction at time of f inal harvest will encourage 

sprouting and the new sprouts will initially outgrow the undamaged stems 

or new seedlings that become established. In areas where advanced oak 

reproduction is not present at time of the final harvest, other species 

will initi ally dominate the site, hut oak, usually of scc<l origin, wi 11 

eventually make up a component of the stand. 

Use of the shelterwood system in southern hardwoods affords latitude 
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in creating almost any kind of regenerative micro-environment that is 

desirable, from partial shade to nearly open conditions. The latitude 

is regulated by the severity of cutting and by various disturbance treat-

ments of the forest floor. The system is relatively easy to implement, 

and tall tree cover can be maintained for many years to minimize visual 

objections. In aesthetically sensitive areas, the final removal can be 

spread over two cuts, which can nearly eliminate the visual presence of 

tops, slash, and stt.mips. Most indigenous hardwoods will respond to this 

type ' of cutting and it can be implemented on large ownerships. 

Seed Tree 

The seed tree method for natural regen~ration of southern hardwoods is 

usually a wasted effort for the light-seeded species such as sweetgt..Ull, 

yellow-poplar, green ash, sycamore, and cottonwood. Viable seed for some 

species such as cottonwood and sycamore are so freely distributed by wind 

and water that there is little concern about seed supply in the vicinity 

of the seed-bearing parents. The invariable demise of isolated trees assoc-

iated with the high price of sawtimber precludes leaving quality trees of 

the light-seed species on the site for seed production. 

Some value could ostensibly be gained by leaving seed trees of the 

heavy-seeded species, such as oak, hickory, black walnut, tupelo, and 

swamp black gt.nn because seeds of these species do not store well in the 

duff and they are readily consumed by animals. Discounting· transport by 

water, and in some instances by birds, seed distribution is usually limited 

to the crown radius of the parent tree. The result is that so many quality 

crop trees would have to be . left to get adequate seed distribution that 

the system would be illogical. Leaving seed trees for regenerating an area 

may be theoretically solDld with certain species, but it is not a viable 
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operational alternative. Even when seed trees are left, stems emanating 

from seed can seldom compete with established seedlings and sprouts. 

Clearcut 

The clearcut method of fostering natural reproduction mimics Nature 

better than any other system with which it can be compared. It has proven 

of value on every forest site type in the South; it is emphasized that the 

practice refers to a biological c:1..earcut and not to an economical clearcut. 

Chances for achieving desired natural hardwood regeneration from clear-

cutting can be improved by adhering to the following guidelines: 

1. Decide whether the hardwood stand is to succeed to hardwoods or 

is to be converted to pine. 

2. Decide whether the parent stand is of sufficient quality to 

succeed itself or is to be artificially regenerated. (Hardwood 

forest types will usually re-establish themselves, regardless of 

the paucity of seed trees following control of residuals and 

soil scarification.) 

3. Schedule harvests, when possihle, from September through March, 

to take advantage of current-year seed crops and to favor coppice 

regeneration. 

4. Harvest the parent stand as completely as possible. 

5. Favor logging systems that damage or destroy the aerial portion 

of all residuals, inclusive of advanced r eproduction. Overhead 

cable-logging accomplishes this objective well and will encourage 

subsequent coppice development. 

6. Favor logging systems that maximi ze soil scarification without 

causing soil degradation. 
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7. Harvest trees of all species at a stLDnp height less than 12 inches. 

8. Avoid water impotmdment on bottomland sites by proper road con-

struction and keeping water chapnels free of slash and debris. 

9. Control residuals larger than 1.5 inches dbh by shearing, chopping, . , 
felling, girdling or chemical herbicides. 

10. Control residuals corronensurate with harvesting, or within six 

months of harvest, to obtain benefit from the prevailing seed crop 

and from soil scarification resulting from logging. 

11. Control of residuals by girdling and chemical herbicides are. 

favored where lianas, such as Japanese honeysuckle, abot.md. 

12. Prescription fires following control of residual·s favor low-stlDllp 

coppice reproduction. The succeeding seedling crop is little 

affected unless a hot fire ensues; seeds of many spec~es remain 

viable in the duff for many years and germinate only when the 

overburden is removed. (Despite the favorable effects of fire on 

the succeeding stand, the practice has limited value because of 

the wet or steep conditions associated with most permanent 

hardwood forest types.) 

13. Shearing is the preferred method to foster natural regeneration. 

Piling, follow]ng shearing, will reduce the quantity and quality 

of desired reproduction compared to shearing only. 

14. Chopping fosters coppice reproduction from root-sprouting species" 

such as sweetgum and black locust. It also causes rampant 

spread of Japanese honeysuckle and other tmdesired lianas. 

Success in obtaining desired hardwood reproduction from clearcutting 

exceeds 90 percent when attention is given to the preceding guidelines. 

Failures are invariably restricted to overflow bottoms and swamp forest 

types where soil water table·s have been altered. Raised water tables 
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resulting from impotmdments such as catchment basins, hydroelectric dan1s, and 

blocked or altered stream channels associated with road construction and 

beaver dams offer greatest concern, although lowered water tables caused 

by stream channelization can also adversely affect associated tree composi-

tion and growth. 

Altered water tables usually cause reversion of a site to a less desir-

able timber type. A muck swamp forest type with impeded drainage will 

recede from swamp, black, and tupelo gum, green ash, and bald cypress to 

cattails, bulrushes, black willow, and Carolina ash. Red river bottoms 

with impeded drainage will change from a mixture of sycamore, sweetgum, 

yellow-poplar, and various species of cut-leaf red oaks to red maple, green 

ash, and entire-leaf red oaks, and even to black willow, swamp cottonwood, 

and red maple under the most severe conditions. The more xeric conditions 

caused by stream channelization have resulted in an increase of yellow-

poplar and sweetgum on the channel berm and switchcane, red maple, and 

entire-leaf oaks beyond the berm, all at the expense of tupelo gum, swamp 

black gum, green ash, and bald cypress. 

Stand conditions downstream from major water impotmdments are character-

i zed by top dieback and associated hutt rot of mature timber. The Jecline 

is likely caused by the stability of stream flow and the longer-than-

norrnal intmdation periods which maintain the soil water table at a relatively 

constant level. The condition differs greatly from the ebb and flow of 

water from major streams without water impotmdments. 

Conclusion 

Harvesting to favor reproduction of southern hardwoods can be accomp-

lished by clearcutting and planting, or by any one of the five major natural 

regeneration systerns--single tree selection, group selection, shelterwood 
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cut, seed tree cut, and clearcut. Because of the expense involved, only 

those organizations requiring hardwood for the product being.manufactured 

will invest in plantations. 

Single tree and group selection regeneration systems have a sotmd theoret-

ical basis, but they require repeated and precise stand entry. They have 

greatest application where aesthetics and timber production are common goals. 

The shelterwood regeneration system is appropriately used where the need 

exists to regenerate a stand to a tolerant species such as oak or hickory. 

The seed tree method of regeneration is not a viable option because viable 

seeds of many cOJIB11ercially important species remain in the duff for many 

years. High timber value of the seed trees further discourages the practice 

because of susceptibility of the trees to mortality under the _exposed 

conditions. 

The degraded condition of the majority of southern hardwood stands 

requires that the stand be reduced to gr0tmd level, as would be _accomplished 

by clearcutting. When attention is paid to detail such as .the season of 

harvest and restricted impediment of surface water flow, few failures will 

occur from clearcutting. 

Swnrnary 

The majority of southern hardwood stands are of poor quality because 

of past high-grading practices. Methods to refurbish the stands include . 

clearcutting and intense site preparation for establishment of plantations, 

and single tree, group, shelterwood, seed tree, and clearcut harvests for 

natural regeneration. The single-tree and group selection systems are 

generally applicable only for areas where aesthetics and timber production 

are common goals. The shelterwood system has application for regenerating 
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tolerant species such as oak and hickory. The seed tree system has limited 

biological value for insuring a succeeding stand because viable seed of 

many species remain in the duff for many years. Biological clearcuts as 

opposed to economical clearcuts have greatest application for fostering 

desired species intolerant to shade. Key elements of successful clearcuts 

include (1) harvest from September to March to favor coppice and seedling 

reproduction, (2) control residuals larger than 1.5 inches dbh, and (3) 

avoid impeded water flow in the swamp hardwood types. 
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AN OVERVIEW ON 1HE MAINTENANCE OF SITE PRODUCTIVI1Y 

D. M. Cnitchfield1 

Our astronauts marveled at the blue planet, Earth, seen from their 

place in space. It gave the appearance of supporting life, of being 

productive. 

The early explorers' descriptions of the Atlantic coast reflected their 

amazement at the diversity of forest trees, abotmding game, and .productive 

soils. As settlers arrived, they cleared the forest for fanns and towns. 

They disturbed the naturally balanced ecosystems. They cut the· timber 

for ships and masts, for homes, and for wharfs. Stable plant conmn.mities 

were changed, soil was bared. The ecological succession was pushed back to 

square-one in places. And so it has continued for 300 years. 

Let's look at one of man's greatest bltmders in the new world, Copper 

Hill, Tennessee. Copper smelting released sulphur dioxide gas and eventually 

killed all the green plants over a large valley. No plants, no soil cover, 

lots of erosion, loss of topsoil; result: a biological desert. Seeing 

this area and knowing how it was caused should make everyone more concerned 

for environment, more concerned for maintaining site productivity. 

Here's another story about site productivity: the Yazoo Little 

Tallahatchee Project in northern Mississippi. Fa~d-out land was eroding 

away rapidly. The U.S. Forest Service stepped in, planted loblolly pines. 

The pines survived and grew and dropped their needles which covered the soil, 

controlling erosion and making a barren land productive again. 

One more situation - the floodplain of the Mississippi River. In con-

trast to the other sites, here's a situation where Mother Nature replenishes 

!Westvaco Corporation 
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the site every year. A fresh load of fertile, fine-textured sediment is 

laid atop the soil every year; a process strangely coincidental with the 

litter-fall onto the forest soil. 

Interest in the maintenance of site productivity is high as evidenced 

• by a series of recent symposia on various facets of the problem (The 

numbers in parentheses refer to the references which follow the text): 
' November 1977 - at Myrtle Beach, SC - "Soil Moisture - Site 

Productivity Sympositnn." (4) 

March 1978 - at Mississippi State University - 14 papers, "Principles 

of Maintaining Productivity on Prepared Sites." (26) 

August 1979 - at Syracuse, NY - 22 main papers, "Impact of Intensive 

Harvesting on Forest Nutrient Cycling." (17) 

March 1980 - from NC State University - an invitation to join an 

informal working group on maintaining site productivity. 

April 1980 - VPI - 10th Forestry and Wildlife Forum - 11 papers. 

I reconnnend to each of you George Bengtson's paper, on the subject of 

maintaining productivity, in the Proceedings of the March 1978 symposium at 

Mississippi State College. George raises many matters of interest for all 

of you (26). 

It would seem that w]th this many sessions there would be little left 

to discuss or to present. So, I plan to look back at some of the principles 

of site productivity and point out ways to enhance these factors. 

What makes a site productive? 

Let's look at a natural stand of loblolly pine in coastal South 

Carolina. A few years ago, this stand was cruised. When the field data 

was worked-up, it said - 100 cords/acre. Foresters know that couldn't be 

true so they went back and conducted a 100 percent tally of this small 

stand; it came out 91 cords per acre. (At Age 32, Avg. DBH 14. 2 in., SI251os, 
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TPA 148, Thinned No. BA/AC 161 ft. 2, % Stocking 104, Avg. Tot. Ht. 97 ft.). 

We recently looked at the soil. The SCS mapped the soil as Orangeburg. 

The profile description is as follows: The surface 0- to 12-inches is a 

dark gray, sandy loam that had been cultivated (Ap). The B-horizon (B21) 

continued for 12- to 23-inches of brownish yellow sandy clay loam, with 

brown mottles. 

The next horizon (B22) was a light gray, sandy clay loam with abundant 

red mottles and water table at 47 inches. 

The soil analysis of the surface (Ap) horizon shows: Texture - 75 percent 

sand, 12 percent silt, 13 percent clay= Sandy loam. Percent Carbon - 0.57, 

Percent N - 0.03 - C/N Ratio - 19, pH 5.6. 

Available nutrients in lbs/acre: P-216, Ca-1404, Mg-51, K-29, Fe-562, 

Al-700, with bulk density of 1.2 grams/cubic centimeter. 

This site is on a naturally phosphatic soil as described by Ellerbe and 

Smith (11) thus, phosphorus was never a limited factor. 

In surrunary, this stand had a well drained root zone of 24 plus inches; 

the soil had a loamy texture, with low bulk density, so root penetration 

was easy; a barely acceptable C/N ration shows N is probably limiting, and 

soil P is ample to explain this high level, 91 cords, or wood production. 

Let's look at a really great soil; this one in Santa Catarina Province, 

Brazil. This profile shows an A-horizon of 34 inches of brown, loose, sandy 

loam with cnunb structure. The B-horizon beginning at 34 inches was a 

yellowish red, sandy clay loam, friable with cnunb structure. 

The laboratory analysis of the A-horizon material shows: 

Texture - 79 percent sand, 3 percent silt, 18 percent clay= Sandy Loam; 
C/N ratio of 7 (0.6percent C & 0.09percent N); pH of 4.5, bulk density 
of 1.1 gms/cubic centimeter. 

• 

• 

.. 
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Soil Nutrients - in lbs./acre (double acid extractant) P-4, Ca-101, 
Mg-41, Kl67, Fe 160, Al 1400. 

Tissue content showed 2.1 percent N and 0.11 percent P. 

This Brazilian soil has a deep rooting zone, the soil is well structured, 

bulk density is low so root penetration is unrestricted; the C/N ratio 

reflects N available to plants, and the foliar content of 2.1 percent N con-

fiTITlS this fact. Soil P is low, but this is primarily a reflection of the 

soil extractant used, because of cn.nnb structure, as mycorrhizal root tips 

were found at depths down to 6-feet in these soils. 

And what about productivity? Tilis Brazilian soil is rated at 42 meters, 

or 137 feet at age 25. 

Tile Factors of Site Productivity 

Rooting Zone or Soil Depth 

T.S. Coile of Duke University developed a system of predicting forest 

site productivity from soil physical properties. Part of his early work 

was related to soil depth or rooting zone. The following table from 

Coile's work shows the effect of depth to subsoil (ranging from 6 to 36 

inches) along with subsoil texture and surface drainage condition on loblolly 

site index on the Atlantic Coastal Plain (9). 
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Site Index of Loblolly Pine as Influenced by Depth to Least Penneable 
Horizon (Subsoil), Texture of Subsoil, and Drainage, Coastal Plain 
of South Carolina, Georgia, Florida, and Alabama, Based on 231 Plots 
(Coile 1952) 

Surf ace 
Texture of Subsoil Drainage Depth to Subsoil 

5 12 rs 24 . 3o 36 42 
GOOd So 85 85 85 85 90 90 

Sand and loamy Imperfect 90 90 90 90 90 90 95 · 
sand Poor 90 90 90 90 95 95 95 

Sandy loam and Good 85 85 90 90 · 90 95 95 
sandy clay loam IIlllerf ect 90 90 90 95 95 100 100 

Poor 90 90 95 95 100 100 100 

Loam, clay loam, Good 85 90 90 95 100 105 . 105 
sandy clay, and Imperfect 90 95 95 100 105 105 110 
light clay Poor 90 95 100 100 105 110 115 

Silty clay and Good 85 90 95 105 110 110 115 
heavy clay Imperf~ct 90 95 100 105 110 115 120 

Poor 95 100 105 110 115 120 125 

Silty clay loam Good 90 90 95 110 105 110 115 
and silt loam Imperfect 90 95 100 105 110 115 120 

Poor 95 100 105 110 115 120 125 

John Auten, of the United States Forest Service, studied the site factors 

related to growth of yellow poplar and found a similar strong relationship 

of soil depth to increasing productivity, as seen in the following graph 

taken from Auten's work (1) • 

. 
1--1 . 
CJj 

0 2 4 6 8 10 12 
Thickness of '\Horizon - Inches 

Relation of site index of yellow poplar to 
thickness of the A1 soil horizon (Auten, 194Sb). 

• 

• 
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The work of these notable scientists, plus that of many others, confirms 

the finding that trees grow best on soils with deep root zones - the deeper 

the better, at least up to 36 inches over a broad range of subsoil textures 

and drainage classes. However, lest we go too far, there are very deep 

sandy soils that have low productivity, so too deep a soil can sometimes be 

the most limiting factor to growth. What factors should foresters consider 

to maintain site productivity related to deep rooting zone? 

On the coastal plain, nruch forest land suffers a high water table, which 

restricts pine root growth. Foresters can correct high water tables by 

drainage. Many soils of the lower coastal plain show marked growth responses 

to drainage alone. Klawitter (et al) suggests a drainage intensity to hold 

the growing season water table to an average 24-inches to improve site 

productivity (16). Drainage can dramatically increase site productivity 

from not-able-to-support loblolly pine to site indexes of 70+ (base age 

25) (3,4,12,13). 

Bedding has been shown to be beneficial, particularly on wet soils. 

Switzer, Moehring and Terry (25) cited specific soil conditions where bedding 

increased survival up to 40 percent. They cited increased growth of pines 

on beds ranging from 2 to 12 feet of site index (25-year base), depending 

on the duration of high water table in the rooting zone, and as the percent 

of clay and organic matter increased. In wet situations where bedding 

increased rooting depth, the improvement in early height growth was more 

pronounced and of longer duration than on sandier soils and less wet conditions 

where beds gave only a temporary improvement. 

Pans and Spo<lic horizons are horizontally oriented layers in certain 

soils that restrict rooting depth. Subsoiling to a depth of 18-20 inches 

will fracture plow pans in old fields and some shallow spodic horizons. In 

many soils this practice can produce a very marked growth r esponse (6). 
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Eroded piedmont soils of the old cotton belt have shallow rooting depths 

because the soil now at the surface is the original B-horizon, a zone where 

fine soil particles from the A-horizon collected. These soils can be improved 

in productivity with subsoiling and shattering the profile with specially 

engineered implements. 

Erosion of A-horizons should be of concern to foresters. When .soils 

are bared of vegetative cover and disturbed or loosened, they erode. Erosion, 

particularly sheet erosion, reduces the thickness of the topsoil or rooting 

depth. Loss of topsoil will affect long-tenn productivity (10). Dissrneyer* 

has drafted a "soil productivity risk (SPRC)" guide to assist land managers 

in assessing the potential lose from none to 22-plus tons per acre of top-

soil. This is a usable tool based on the Universal Soil Loss Equation studies 

of many years. 

Disturbing and moving topsoil affects productivity. The "windrow effect" 

most of us have seen results from accumulating topsoil into a small area. 

Where does that topsoil come from? It is scraped off all the rest of the 

area, reducing soil depth·. Dr. T. E. Maki siITll.llated root raking by ski.rrail.ing 

2 inches of topsoil into a windrow on a piedmont soil. The effects of this 

work was reported by George Glass and is surmnarized in the following table 

(14). 

*Personal Comnunication 

• 

• 
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Analysis of topsoil depth (depth to least previous horizon) 
on the rootraked and broadcast-burned areas. 

Standard Error 
Average Depth of the Mean Range 

(inches) (inches) (inches) 

Root raked 4.65 +.13 2.75 - 7.25 

Broadcast-burned 6.50 +. 21 4.00 - 9.75 

Coile's soil-site tables gives SI 50 - 66 for the rootraked area and 

site 74 for the non-windrow, non-skirrnned treatment (Broadcast - Burned). 

In 20 years, an increase of 11 cords per acre was predicted for the 

deep topsoil. Trees along the windrow (which in this case was not planted) 

averaged 61 feet tall and 9.8 inches DBH, compared with 48 feet and 6.5 

inches on the "skirrnned" plots. 

Ballard (2) showed the effect of removing 1-inch of topsoil (2.54 cm) 

versus 10 inches (25.66 cm) on subsequent tree growth. Reporting on an 

experiment conducted in New Zealand with radiata pine, he states: 

The disastrous effect on site productivity of removing the topsoil 
during skid site preparation is well illustrated by the data in Table 
l; the removal of c. 26 cm of topsoil has halved the standing volume 
at age 7 years and may increase the rotation length by 14 years. Tree 
growth on the skid sites, which were ripped but not fertilized at 
planting, is so far out of step with the remainder of the compartment 
that it is lll1likely any significant merchantable yield will be obtained 
from them as it is unviable to manage such a small portion of the stand 
on a different schedule. Current management practice is to not only 
rip skid sites but to also fertilize them with NP fertilizers soon 
after planting; and evidence suggests that further fertilization 
during the rotation will be required to maintain growth rates equivalent 
to those on the cutover. 

Rooting Resistance or Soil Density 

The root tips of plants arc tender, succulent, mcristcmatic tissues, 

and yet the whole plant depends on the root tips to grow through the soil 

to absorb water and nutrients. Victor Bilan at Stephen F. Austin State 

University in studying pine roots, has grown them for three to four years 
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in plastic tubes in the greenhouse and in the nursery as well as mulched, 

etc., Bilan recently concluded: 

Loblolly pine seedlings are inherently able to produce a dominant 
main root which continues its superiority until it reaches soil 
depth of unfavorable growing conditions (6). 

Soil is not solid like a rock; it has a mixture of sizes or soil particles. 

We can screen dry soil through a set of screens and determine the weight 

caught on each screen. We can wet a soil and place in it a Bouyoucos 

hydrometer to determine soil ·texture. We look up sand-silt.;clay proportions 

pi the "Textural Triangle" and find the texture of the sample. We can deter-

mine the content of organic and inorganic materials, of. ~utrients and other 

·chemical properties~ Soil has moisture and an atmosphere, a fauna and· a 

flora. A soil with a nice blend of soil particles, some organic matter, 

moisture, and an atmosphere can be termed a "loam." 

We all know how to make sand castles on the beach with saturated sand 

by · shaping it with our hands. We also know that the castles will wash away 

when the tide returns. Bea~h sand has some strength when moist, but none 

when very wet or when very dry. We have also been in the .red clay piedmont 

and mo~ded the soil into a hard ball in our hands - we coinpacted the soil -

an irreversible process when compared to the sandcastle. Soil must have · 

not only the array of soil size particles, but organic matter, moisture, 

·and atmosphere to support root growth. Most natural forest soils have this 

blend of attributes. 

One of the measures of a soil that integrates these features is called 

"bulk density'' where the weight of a given precise volune of soil is deter-

mined. Bulk density of .forest soils ranges from 0.2 grams per cubic 

centimeter in organic layers to almost 1.9 in coarse sands. Soils high in 

organic matter, or with loose porous structure, have desirable low .bulk 

density values. Compaction effects vary with soil texture as sands at 1. 75 

• 
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grams per cubic centimeter, and clays at 1.55 are considered to be compacted 

(22). 

The following graph shows the effect of bulk density in grams/cubic 

centimeter on percent of root penetration by cotton plants on a fine sandy 

loam soil at different moisture contents. Note that root penetration 

decreased as bulk density increased, also that as the soil became drier root 

penetration decreased (8). 
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An experiment recently conducted at N. C. State tested the ability of 

loblolly pine seed.lings to grow in clayey soil compacted mechanically to a 

range of bulk densities. Martha Mitchell (20) fot.md that for the first six 

weeks the pine seedling growth was about equal, but from then on things 

changed. When the experiment ended after 19 weeks, the seedlings on the most 

compact soil (2.0 g/cc) averaged 16 cm tall; while on the le~st dense soil 

(1.2 g/cc) they were 32 on tall. Soil density created a 100 percent dif-

ference in seedling height in five months of the first growing season. She 

fot.md several other interesting things, but this one - soil compaction can 

reduce ·height growth the first year by half - is important to maintaining 

productivity. This study gives us a usable measure of soil -compaction. Bulk 

density values of 1.4 grns/cc or less are related to good growth of roots 

and tops of plants, while values of 1.6 and up reflect hannful conditions. 

Just like the sand on the beach, most soils are usable or travellable 

when the moisture condition is not too wet or too dry. Danger of compaction 

damage is highest on very wet soils. Thus, if one was concerned about the 

effects of soil compaction on seedling growth and later development, one 

would weigh the urgency to rt.m harvesting or site prep tractors on wet soils 

today against the loss of growth of the next rotation. 

Root-Available Nutrients or Soil Fertility 

Dr. Coile and Dr. Auten developed their soil-site index systems 

dependent alIJX)st totally on soil physical properties. However, their con-

fidence intervals were wide. · After nearly 15 years of intense interest in 

nutrients and forest fertilization, new technology pennits integration of 

soil physical and chemical properties. 

• 

f 
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Organic matter, the plant debris that accl.llTiulates on the forest floor, 

is part of a process that is recycling nutrients. One of the obvious facts 

is that the leaves and needles, bark, twigs, cones, husks, etc. all contain 

organic matter. These plant parts are constantly being broken-down or 

recycled by the soil flora and fauna. In the temperate zone, most of the 

nutrients on the site (70-80 percent) are tied-up (organically-bound) in the 

organic matter~ Soil organisms slowly digest the organic components and 

release nutrients in available fonns for plants. TI1is mantle of litter, humus, 

and duff is the "living" part of the soil. In it micro-organisms, ftmgi, 

actinomycetes, etc., find food and release nutrients. Decomposed organic 

matter aids in moisture absorption and retention and in holding nutrient 

ions in the rooting zone of plants. 

A measure of the biological activity of the soil organic matter is the 

C/N ratio. The percent carbon and nitrogen content of the soil is determined 

and the percent N level divided into the percent C level. C/N ratios of 

about 10 represent active humus, a ratio close to 20 represents limited 

N-supply, and ratios of 30 and greater reflect no available N for plant 

growth (18, 22). 

While most forest soils have abundant levels of organic matter, main-

tenance of fragile humus layers on dry sandy soils requires care. Reconnnended 

site preparation is an April-May chop with 11-ton duplex rolling chopper, 

followed by a second chop no sooner than six months later. Burning, disking, 

and bedding are not reconunended on these sites because they destroy or 

disperse the thin organic mantle so crucial to these deep, dry, sandy soils 

(7). 

Available Phosphorus: Ellerbe and Smith folilld that on certain phosphate-

rich marl soils in coastal South Carolina the site index (base age SO) was 

16 feet higher than for a similar soil profile not on the marl (ll). 

*In the Boreal forest most of the nutrient pool is in undecomposed litter, 
while in tropical forests the nutrient pool is the living plants. 
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SOIL BULK ·DENSITY 
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Subsequent studies by Pritchett (22) at the University of Florida, and a 

host of others, have proven the low status of available soil Pon the lower 

coastal plain. Various systems are used to operationally fertilize thousands 

of new plantations with phosphatic fertilizers. There is some evidence 

that re-treatment with phosphate once a rotation will maintain adequate 

levels for good growth. Diagnostic soil and tissue values aid in selecting 

P-responsive sites and stands. 

Available Nitrogen: A host of studies have shown that, generally, nit-

rogen is the element limiting growth in many forest regions. Soil organic 

matter, percent carbon, and percent total nitrogen are measurable soil para-

meters that relate to available soil nitrogen. New technology has produced 

specific ion probes and meters for laboratory determination of armnonililTl 

(NH3) and nitrate (N03) ions. Considerable field testing and correlation 

still lie ahead before these instTlilTlents enjoy full acceptance. 

The general rule of thwnb that five percent or greater organic matter 

in a forest topsoil reflects an aclequate level of available N reiterates the 

need of managers to be conscious of the need to maintain a protective plant-

cover on the soil. 

Ballard (2) reported use of percent total N in New Zealand with radiata 

pine where a topsoil value of 0.2 percent was found to be necessary for 

reasonable growth. 

Soil Total N Foliar N Tree Vol. I 3 SI 
Condition _j_Q?on) Percent Ht. (m) Tree (m ) (m/20 yr) 
Skid 0.04 1. 08 3.9 0.009 16 
Inter 0.28 1.32 6.7 0.034 25 
Normal 0.34 1. 39 7.9 0.057 27 

Data from Ballard's paper shows the effects of low percent Total N level 

(0.04 percent) from the s.:alped skidways and the effect on tree volume and 

site index. 
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Other Nutrient Elements: There are several other plant nutrient elements 
-that produce growth responses when applied. However, the extent of such areas 

that respond are quite small and specific in the Southeast: 

The enlarging energy crisis has prompted consideration of energy planta-

tions evaluated on total biomass production and capture by wh~le tree chipping. 

This method of silviculture is viewed by some as a sure way to decrease site 

productivity. 

The 1979 Sympositun - Impact of Intensive Harvesting on Forest Nutrient 

Cycling address this question (17). Some of the thoughts expressed are 

quoted: 

Russ Ballard - However, it appears that fertilizers have little effect 

in improving the reduced seedling survival on physically damaged sites. The 

. best strategies for compensating for physical and biological damage appear 

to be: first, where· possible modify harvesting practices to prevent the 

damage; second, ameliorate the damage directly; and third, use ·fertilizers 

only where benefits can be anticipated over and above those gained from 

direct amelioration. 

Earl Stone - At first glance, it would appear inevitable that total 

soi~ organic matter must decrease as greater amollllts of plant ·matter are 

re100ved. The increased removal incurred by whole tree harvesting,. as opposed 

to logs or pulpwood only, is quite moderate, however, in c~arison with 

the cumulative annual inputs of litter and roots, except in short rotations 

(e.g. Ovington, 1957). Simple estimates will often reveal whether soil 

organic matter depletion through whole tree removal, per se, is indeed a 

major concern. 

Greater loss is likely to occur through the accelerated decomposition 

that follows exposure of the fonnerly studied soil to the tennperatures 

regime of full slllllight, with moisture maintained by lack of transpiration. 

.. 
• 

• 
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Added to these will be some degree of surface soil disturbance and mixing 

by harvesting activities, even in the absence of any site preparation or 

tillage. The magnitude and duration of the resulting declines in OM and 

total N, and the accompanying increases in available N, must be detennined 

in several different systems before any worthwhile generalizations can be 

made. 

While the long te1in consequences of whole-tree harvesting are not clear 

today, it seems prudent to leave on the site as much of the leaves, needles, 

and twigs that represent a major portion of the living biomass nutrient 

pool, because these same corrvonents add little to total biomass production. 

The key factor a forest manager should be concerned about in maintaining 

site productivity is soil organic matter. The temperate zone forests are 

blessed with high levels of annual litter fall and a climate that is conducive 

to a moderate rate of litter decomposition. These conditions result rn a 

forest floor of litter, humus, and duff that contains a considerable pro-

portion of the soil nutrient capital. 

Wells and Jorgensen (27) studied loblolly pine needle litter and found 

after seven years that much of the nutrient content was still tied-up in 

organic form. The nutrients hadn't really mineralized into available forms · 

for plant root absorption and uptake in seven years. What seem to happen 

is the carbon-containing portions are attacked by micro-organisms first, 

leaving the lignin, minerals, and other components nearly untouched. In 

fact, Wells predicts it takes fifteen years for loblolly litter to completely 

decompose. 

The most obvious di ffcrcnce between grass 1 and, farmLmd, and forest 

soils is the layer of leaves, needles, twigs, and cc.nes, that litter the 

forest floor. The litter returns nutrients to the soil to be recycled by 

micro-organisms. The litter protects the mineral soil from raindrop impact 
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and erosion. lbe litter intercepts and absorbs JJXJisture, reduces runoffs, 

and conserves the moisture supply. lbe litter is the home of the micro-

organisms that decompose and alter the raw litter to hlUllUs and mineralized 

available soil nutrients. 

Lutz and Chandler (18) put it this way: 

Ht.unus is highly important from the standpoint of forest production. 

It functions in soil fertility, serving as a storehouse of nutrients 

necessary for plant growth. lbe physical, chemical and biological 

properties of soil are improved by hlUllUS with the result that ' 

conditions for the growth of higher plants and micro~organisms 

are made more favorable. 

My suggestion for managers of forests on mineral soils is to keep your 

eye on the organic matter atop the soil. If it can't be seen, you are close 

to a situation where loss in site productivity can occur. 

In sl.UIUtlary, three site factors: rooting zone, rooting resistance, 

and roqt available nutrients, were shown to effect site productivity. Some 

suggestions were made on ways to enhance or to maintain these factors in 

as good condition as possible. 

Soil organic matter - litter, duff, and hlUllUs was suggested to forest 

managers to be a key factor to watch as a symptom of good husbandry. When 

the protective forest floor is gone, conditions for loss of productivity 

are highly possible. So, along with apple pie, hot dogs, baseball, put 

ITT1 high on the list, MEMBER ORGANIC MATTER. • 
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MAINTAINING FOREST SITE PRODUCTIVI1Y 
Some Effects of Site Preparation 

r:. S. Broerrnan1 

The subject of maintaining or increasing forest site productivity 

has been a popular one over the past several years. This is evidenced by 

several recent symposia devoted entirely to some or most aspects of 

forest productivity and hy major resc:irch proposals which address the more 

basic aspects of productivity on a site-specific basis. 

The recent and current awareness of the importance of forest producti-

vity seems to be related to several factors that can be at least partially 

summarized as follows. 

First, the cost of owning and managing land has become critical, and, 

if we are entirely honest, prohably proh-ibitive for growing wood fiber 

on our least productive sites . Land values ancl ad valorem taxes have 

experienced 5-fold increases over the last 15 years. Fuel and machinery 

costs have risen so rapidly in recent years that many forest managers have 

not yet fully realized that business as usual may no longer be possible. 

Second, the South is e~Jccted to play ml increasingly prominent role 

in meeting the nations demand for timber over the next twenty years . The 

shift in production from the West to the South and other regions will 

bring added pressure on what many cons ider an already scarce resource 

(Haynes, 1978) . 

Third, there is the much discusseJ problem of the small private land -

owner . The role that this individual will p1ay in meeting future demands 

1 Group Leader, Woodlands Research Department, Union Camp Corporation 
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has been debated for many years. Certainly, the large acreages tmder private 

control (72 percent in the South) have a great potential for producing wood 

products (Figure 1). However, trends from recent years indicate that this 

potential will not be achieyed. 

Note the fate of Georgia's pennanent private land forest survey plots· 

maintained by the U.S. Forest Service (Fig. 2). 

Of those plots which were stocked with slash or loblolly pine in 1961 

and subsequently harvested: 

25% were planted to pine 

17% were seeded to pine , and 

' 58% were left to revert to non-pine .trees by 1972. 

Many new timberland owners do not include timber production as one of 

their land ownership objectives. Combined with the prospect .that total 

conunercial forest acreage will decrease in the future, the message for 

the industry seems clear - more wood must be produced from company land. 

These factors all exert pressure on the industrial fo~est landowner 

to seek practical means of not only maintaining but of increasing production 

per acre. While the future appears almost certain to be a period of 

increased demand and tight supply, it would also appear to hold profitable 

opporttmity for good forest management. In the final analysis, the quality 

of forest ·management practices affects site productivity. The impact of 

some of our current practices on productivity will be considered during 

the next few minutes. 

Productivity Defined 

Forest productivity, at least as I see it, can be viewed in two sepa-

rate but related ways. For the purpose of our discussion, these can be 

.. 
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tenned (1) broad-sense productivity and (2) narrow-sense productivity. 

Broad-sense is intended to include factors such as stocking, species selec-

tion, and genetic improvement; narrow-sense includes those factors which 

contribute to inherent site productivity: primarily nutrients, moisture 

relationships, and aeration. My cormnents will be generally directed towards 

forest management practices which affect narrow-sense productivity, but 

this is not to say that one is more important than the other. 

Two examples of broad-sense productivity will serve to illustrate 

its importance. 

Across a large portion of the South, the choice of which species to 

plant on which site is easily one of the most important <lecisions a forest 

land manager must take. A simple yield table comparison shows that, for 

a given site quality and stocking, loblolly pine will out-yield slash 

pine by up to 12 cords per acre (Figure 3). 

Advantages in site quality for loblolly over slash on many soil types 

can range from three to eight feet. Therefore, if planted side by side, 

loblolly can out-yield slash pine by 15 to 25 cords per acre. It should 

be pointed out that this data is applicable to the Coastal Plain of 

Georgia and South Carolina and there are parts of the South \·;here slash 

pine apparently performs equally as well as lob lolly pine, and in some 

instances better (Shoulders, 1976). 

The effect of stocking on yield does not seem to be fully appreciated, 

even among the forest industry. This is <lifficult to understand when one 

considers that the effect of all other cultural practices, many of which 

are capital-intensive, can be entirely negated by the effects of poor 

stocking. Variations in stocking may he <lesirahlc for the product]on of 

certain products, but there can be little argwnent with the statement that 

no less than full stocking is necessary for maximum production of wood 
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fiber. 

The effect of stocking on wood production in the Coastal Plain of 

Georgia and South Carolian is illustrated in Fig. 4. This example is taken 

from a loblolly pine yield table for site-prepared plantations. 

Note that as density increases from 300 to 700 sterns per acre, the 

yield increases from 31 to 54 cords per acre. Even if you disagree with 

the absolute magnitude of the differences, the trend is unmistakable. 

Most would agree that differences of half this magnitude would still war-

rant our full effort to obtain adequate stocking. 

I would like to tum now to a discussion of what we defined earlier 

as narrow-sense productivity, or those factors which, after the proper 

species choice has been made and adequate stocking has been obtained, also 

have a profotmd effect on wood production. I would like to initiate this 

discussion by commenting hricfly on the resource that we as foresters arc 

charged with managing. 

I think if you would ask a farmer about the resource that he manages 

he might well answer the soil, with acute awareness that what happens to 

the soil has a profound effect on the crop he produces . 

Foresters, on the other hand, are more apt to consider the resource 

that they manage to be a stand of trees with little regard for the soil 

other than the fact that trees are anchored there. Most of the soil-

related conversations I've heard from foresters are concerned with whether 

a particular soil has or does not have a "bottom." Comments of this type 

usually come f rom people in the harvesting bus iness . 

I guess you could say that forest soils do differ m the soil "hottom" 

characteristic, but such a criteria would not rank very high on a sophis-

ticated management scale. 
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The point to be made is that the resource we manage does include the 

trees and the soil and one additjonal feature -- the forest floor. 

The forest floor consists of all organic matter, including the litter 

and decomposing organic layers resting on the mineral soil surface. These 

organic layers are the dynamic phase of the forest environment and are the 

most important features which distinquish forest soils from agricultural 

soils. We have essentially ignored the forest floor in the past. Foresters 

walk around on it as they look up; soil scientists simply kick it aside 

in their eagerness to get to the mineral soil. Both have been unaware of 

its critical role in the forest ecosystem. 

Figure 5 depicts the biomass an<l nutrient status of a mature slash 

pine plantation growing on a typical flatwoods site. 

Note especially the amounts of nitrogen and phosphorus contained in 

the various stand components. The relatively large reserves (large only 

in relation to other components) in the mineral soil are in relatively 

stable forms and available only very slowly (lpercent/year). 

How we manage this total resource (trees, forest floor, soil) 

determines to a large extent what kind of crop will be grown during the 

next rotation. 

The effect of harvesting and site preparation on nutrient supply can 

be readily calculated (Table 1). 
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Table 1. Effect of Harvesting and Site Preparation on Nutrient Supply. 

N(lbs~ % Tot. % Avail P(lbs) % Tot. % Ava.il 

Total Reserves 1400 234 
Available Reserves 440 36 
Annual Uptake 75 5 
Harvest 

Stem only 110 8 25 10.8 5 30 
Whole tree 180 13 41 17.6 8 49 

Harvest Plus Intensive 400 28 91 32 13 89 
Site Preparation 

Additional Considerations 
Accelerated Decomposition 
Erosion 

Con5idering available nutrient supply, harvest removals can range up 

to SO percent depending on the type of harvest. If intensive site prepara-

tion removes a large portion of the forest floor, nutrient removals can 

amotmt to 90 percent of available supply. In addition, increased exposure 

can result 1:n accelerated decomposition rates and erosion losses. 

This discussion is simply to point out the importance of considering 

the total basic resource when considering how various management practices 

impact on specific sites. Site preparation is a particularly .crucial 

practice that ·can affect stand productivity and is the next topic for 

consideration. 

Site Preparation 

The forest industry in the South has been using various methods of 

mechanically preparing planting sites for over 20 years. Techniques vary 

widely from company to company, but shearing, piling, chopping, bedding, 

and disking, alone or in combination, are used extensively throughout 

the region (Anderson, 1977). 

'I 

... 
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SLASH PINE BIOMASS & NUTRIENT STATUS 

Age 25, 400 SPA, Aerie Haplaquod 

Biomass Nitrogen Phosphorus 
-M lbs- -lbs/A- -lbs/A-

Foliage 45 4. 8 
( 6 . 0) 

Branches 25 2. 0 
( 9. 3) 

Stern 110 (180) 10.8 (17.6) 
(108) 

Under stor y 50 6. 0 
( 10) 

Forest Floor 200 (430) 10.0 (33.6) 
( 2 0) 

Mineral Soil 1000(1430) 20.0 (233.6) 

Figure 5. Biomass and Nutrient Model. 

Sour c e: Pritchett 19 7 9 
Hollis 1979 
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The popularity of land clearing and piling ls readily apparent (Table 2). 

Table 2. Site Preparation 

Relative Province 
Use 

1 

2 
3 

Lower Coastal Plain 
Shear, Pile, Bed 

Chop, Bed 
Chop only 

Upper Coastal Plain 
Shear, Pile, Bed, 

or Disk 
Chop only 
Shear, Pile 

Piedmont 
Chop only 

Shear, Pile 
Shear, Pile, 

Disk 

Approximately SS percent of all prepared sites receive this treatment. 

About 40 percent of all sites are chopped, 3S percent are bedded, and 18 

percent are disked. The disking figure does not include those sites which 

were also bedded. Bedding is popular on Upper as well as Lower Coastal 

Plain sites, and, while not extensive, some Piedmont sites are also bedded. 

With over 20 years of experience data, the benefits that can be 

ascribed to the various site preparation methods should be well docwnented. 

That this is not the case ls illustrated by the fact that three of the 

major industry-university cooperatives in the region are currently installing 

designed site prepdration studies. This reflects concern on the part of 

forest managers and researchers alike that sound site-specific response 

data for the various site preparation techniques are not available or in 

short supply. 

A necessary first step in the process of reaching a reasonable con-

census on what comprises an appropriate site preparation treatment for a 

specific site is to agree on what accounts for differences in productivity 

between forest sites i n the first place. In the narrow sense, differences 

in productivity can b{' related to three factors. (Table 3). 

• 



93 

Table 3. Difference in Productivity Between Forest Sites 

Quantity of rooting mediwn 
limited by water table, 
fragipan, heavy clay, 
cemented spodic, etc. 

Quality of rooting mediwn, 
nutrient availability, 
moisture relationships, 
aeration. 

Competition 
for space, 
for nutrients, 
for moisture, 
for light, 
alldopaths. 

How site preparation (also harvesting) affects these three factors 

determines the success or failure of any given treatment. 

The role of competition control in site preparation has probably been 

underestimated from a relative-benefit standpoint. We know that complete 

competition control results in dramatic increases in early tree growth 

(Fig. 6). Note here the two treatments on the right. This difference 

of 5' in height and l. 4" in diameter at age 4 is due entirely to total 

competition control. 

Varjous combinations of the different site preparation techniques, 

of course) produce a wide range in the degree of competition control actually 

achieved. Other factors being equal, early tree growth appears to benefit 

in din:ct proportion to this degree of control accomplished. I think we 

have had a tendency to slight this particular effect of site preparation 

and ascribe benefits, real or imagined, to some other factors such as 

elevation above water table or tillage, or to "cultivation effect", what-

ever that is. 

It seems appropriate now to turn to ~ discussion of the most commonly 

used site preparation practices and consider some of the basic relation-

ships inherent in each. 
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Age 4, Ultic Haplaquod, Treatment: Improved seedlings, 

Control 
Treatment 
Treatment Plus 
Total Weed Control 

Thimet @ 18 grams/seedling, 
OAP @ 250#/Acre cultivation. 

Diameter Height 

1. 2 in. 6. 2 ft. 
2 . 2 " 11. 3 " 

3. 6 " 16.0 " 

Figure 6 . Intensive Culture of loblolly pine. 

• 
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Burning. Although burning is prone to come under attack because 

of environmental concerns, i t is also a most useful and 

necessary site preparation technique. Negative impacts 

can be minimized by taking some simple precautions. 

Positive aspects of burni_ng: Debris l·emoval 

Competition control 

Forest floor - protection if done 

properly 

Topsoil - protection if done properly 

Negative aspects of burning: Leaching losses 

N volatization 

Erosion - slopes 

Chopping 

Positive aspects of chopping: Competition control 

Forest floor - protection 

Topsoil - protection 

Grol.Uld cover - erosion control 

Negative aspects of chopping: Heavy debris 

Erosion channels 

Disking 

Positive aspects of disking: Competition control 

J\mclioration - some improvement of 
compacted or puddled sites 

Forest floor - protection 

Negative aspects of disk1ng: Erosion - slopes 

Bedding 

Positive aspects of bedding: Rooting vollIDle 

Competition control 

Amelioration 
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Negative aspects of bedding: Poor beds - heavy debris, bedding 
when wet 

Leaching losses 

Response to bedding may largely disappear as a plantation increases 

in age (Figure 7). 

Note that the response to bedding vs flat harrowing on an Aerie 

Haplaquod amounts to approximately 4.2 feet in height and 0.8 inches in 

diameter at age 6. By age 14 this advantage had diminished to 1.9 feet in 

height and no difference in diameter. 

This type of response can occur when the initial advantage is due 

primarily to the concentration of organic matter and nutrients being in 

close proximity to seedling roots (Fig. 8). 

As trees on unbedded plots expand their root systems, they will fully 

utilize the nutrient containing A1horizon. In contrast, on bedded area~, 

nutrients are more rapidly oxidized by soil organisms and may be leache·l 

from the rooting zone before being fully utilized by the developing sceJling. 

Of course, as the roots expand outward into areas where the 1\horizon has 

been removed, no nutrients are to be found. 

In addition, as trees develop, evapo-transpiration renders seasonally 

high water tables less of a problem. Since growing season droughts are 

not uncorrunon, even on normally wet areas, bedded areas can eventually 

suffer more than unbedded areas. Hence, some sound reasons for dissipation 

of bedding response with time on certain sites. 

The discussion of shearing and piling was intentionally left until 

last because: 

It is a widespread practice 

It is potentially site-degrading 

It is often employed unnecessarily 

• 
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Figure 7. Bedding vs Flat Planting 

Source: Haines, et al. 1975 
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k<:'JJ A1 Horizon ISS:::s .\2 Horizon ~ Mixed 
Figure 8. Profile of Typical Bed 

Source: White, L.D. 1975. 
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These corrunents are directed at the raking and piling portion of the 

operation rather than at the shearing J.spect. 

Positive aspects of shear and pile: Debris removal 

Competition control 

Negative aspects of shear and pile: Loss of usable area 

Forest floor and topsoil removed 

Exposed surf ace 

It is difficult to underst[·nd just why this particular treatment is 

so widespread in popularity, lmless we do not fully appreciate some of 

the consequences that may result. 

The relationship between topsoil or A1 horizon and tree growth has 

been well documented. Note the effect of depth of topsoil on the site 

quality of loblolly pine (Fig. 9). A 1-inch topsoil loss= 2.4-foot loss 

in site quality; 2 inches = 5 feet. Five feet in site quality in a loblolly 

plantation can amount to 8-13 cords per acre, depending on stocking and 

rotation age. 

Another effect that we as foresters have had a tendency to ignore lS 

erosion. Erosion occurs in two fonns; Sheet and Gully. Gully erosion lS 

the most obvious example of course, but extensive losses occur as the 

result of sheet erosion. 

Utilizing Wischmeier's universal soil loss equation, soil loss can 

be predicted for various slopes and amounts of ground cover (Fig. 10). 

Note that even for these rel.JtiveJy modest slopes of 2 and 6 percent, 

losses for 50 percent grrn.md cover can range from 14 to 40 tons per acre 

per year. Conpare this to a tolerable loss of 1 to 2 tons/a/year. 

I think we could agree that we often deal with slopes in excess of 

6 percent and reduce ground cover to less than 50 percent during land 

clearing operations. Not only are the resulting soil losses degrading 
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to the site but may cause serious problems from a water quality standpoint. 

The amount of area lost to windrows which invariable result from a 

land clearing operation varies widely, but can easily range from 5 to 

15 percent. 

Where does all of this leave us in terms of our current site preparation .. 
practices? David M. Smith, in his book, The Practice of Silviculture, 

states: "A good silvicultural system is not chosen, but formulated as a 

solution to a specific set of circwnstances." 

R. G. Florence1, writing recently in Forest Management and Ecology, 

refers to this statement in the following manner: "Titese words express 

most succinctly the way any silvicultural decision should be made. However, 

the silvicultural decision has not always been seen in this way. Sometimes 

ad hoc decisions have been simply based on past experience, irrespective 

of changing circwnstances or arrived at through a single minded emphasis 

on some factor which has particular appeal to the decision maker. Silvi-

cultural practice has also tended to become too stereotyped, and to be 

undully influenced by the desire to simplify the control and supervision 

of forest operations. 11 

This may be a well deserved criticism of our past and perhaps current 

approaches to site preparation. While difficult to quantify in practice, 

there should be no question that the net effect on many of those factors 

which comprise narrow-sense productivity is negative in direction. 

If we are going to be successful in maintaining or increasing forest 

productivity, we are going to have to become much more sophisticated in 

practicing site-specific management. This requires immediate attention 

1Florence, R. G., The Silvicultural Decision, Forest Ecology and Management. 
Vol. 1, No. 4, December, 1978. 
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to the task of classifying forest sites as to their chemical and physical 

properties and the development of forest management guidelines based on 

those properties. 

Unless we are willing to undertake this urgent task of classifying 

forest soils for forest management purposes, future technology directed 

towards increasing forest productivity w~ll be impossible to apply. 

Once done, however, we can honestly begin to say that we are practicing 

site-specific and prescription forestry as we manage the total land and 

timber resource. 
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.MAINTAINING PRODUCfIVI1Y ON 
HARDWOOD SITES 

David Wm. Smith1 
Harald M. Rauscher 

The concept of productivity being discussed at this meeting has two 

distinct facets. The first refers to the degree or intensity of utiliza-

tion of total phytomass being proJuced on a specific site, the objective 

being the compatibility of product alternatives and silvicultural systems 

to insure that products retrieved from a site are maximized. In other 

words, it is imperative to keep at a minimum the material that does not 

provide useable products and keep the qual i ty of potentia1ly useablc 

material at a maximum, therehy eliminating waste. This concept of pro-

ductivity is valid only if it is used in conjunction with the second con-

sideration ... that of biological productivity. 

Regardless of the intended use of a particular site, the fundamental 

goal of forest management is to insure that the innate productivity of the 

site is not degraded from one rotation to the next. It is possible that 

some management techniques may change the site quality in a negative 

direction. This could be acceptable provided that ~ithin the present 

management cycle there are biologically sound corrective actions scheduled 

and periodic site quality monitoring systems in practice to insure that 

the changes arc "in f act" temporary. 

1Associate Professor, Virginia Tech; Research Forester, US Forest Service 
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The loss of land base for producing hardwoods should be mentioned; 

however, it is not a major point of this discussion. The loss of land base, 

primarily for agricultural uses is most acute in bottomland hardwoods 

where an estimated 300,000 acres are being lost each year (National Wet-

lands Newsletter, 1980). 

This paper is focused on those factors relating to the biological 

aspects of maintaining productivity on hardwood sites. At the present time 

the overriding problem is the fact that, in general, we are not able to 

make consistent and reliable estimates of site quality and the closely 

related productivity. Site quality is considered to be the environmental 

or site factors of which soil, physiography, and climate are the primary 

components. Site productivity is considered to be the sum of site quality 

plus the management input and is subject to varying degrees of alteration 

by manipulation of growing stock or site modification (Pritchett, 1979). 

The most successful attempts at predicting site productivity have 

occurred on the relatively homogeneous coastal plain sites of the south 

and southeast where a single pine species usually dominates. The predictive 

ability generally decreases as sites become more heterogeneous and the 

species composition becomes more complex . . . changing from one to as 

many as 10 or more hardwood species or a mixture of pine and hardwood 

species in a single stand. 

Analyzin__g__§ite Productivity 

To aid in understanding the complex nature of site productivity, 

the basic components ,will be briefly reviewed. The f 1ctors affecting site 

productivity can be separated into three categories: 1) ahiotic, 

2) biotic, and 3) silvicultural and other man-induced influences (adapted 

from Remezov and Pogrebnyak, 1969). 

• 
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The abiotic factors include cljmate, soil chemical and physical pro-

perties, and topography. The most important climatic variables are 

temperature, precipitation, humidity, cloud cover, annual frost free period, 

and wind. A knowledge and understanding of seasonal variations in these 

variables, especially rainfall and snow, temperature, and humidity are of 

particular importance when evaluating plant growth responses. From a site-

specific standpoint, the micro-climate will often change in a very short 

distance, especially in regions of diverse topography. The ability to 

identify the extent of micro-climatic differences is important when making 

site-specific management decisions and is often keyed to more subtle soil 

constraints and topographic conditions affecting access and traffi cking. 

Important soil chemical parameters include nutrients (especially 

nitrogen, phosphorus, and calcjtun), cation exchange capacity, and pH. 

Physical variables include texture, porosity, moisture, and depth to bed-

rock or other limiting layer. Chemical characteristics directly affect 

tree growth responses; however, physical properties indirectly affect tree 

growth by limiting movement of nutrients and by restricting air exchange, 

water movement, and rooting depth. In addition, soil physical properties 

are important in planning roads, in timing access, and in choosing 

equipment for management functions. 

The topographic parameters of s lope percent, slope length, aspect, 

landf orrn, and associated geologic outcrops directly affect mi cro-climate 

and, therefore, the development of soil and the associated phys ical and 

chemical properties. 

The biotic f actors include all aspects of vegetation and anima1 life . 

Such things as spatial distribution, species distribution, density, s i ze , 

age, seed production, and relative toler~1ces (shade, moisture , etc.) of 
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both macro- and micro-flora n~ed to be considered. Larger animals such 

as deer, squirrel, and birds Jre important in seed dissemination and often 

affect the production of numerous plants related to a specific animal's 

diet and habitat requirements. Micro-fauna are extremely important in the 

decay and decomposition of organic material deposited on the forest floor 

and located within the soil profile. This, ]n turn, influences soil develop-

ment and changes in its physical and chemical properties. 

Silvicultural and other man-induced factors are a combination of a.biotic 

and biotic factors that are directly or indirectly caused by man, either 

as a result of management or accidently from nearby activities. Corronon 

silvicultural manipulations include: 

1. Intermediate operat]ons that affect density and species composi -

tion of the residual stand. 

2. Harves~ing operations that result in a highly variable amount, 

type, and distribution of living and dead material left on the 

site. 

3. Type of regeneration anticipated whether it is natural, planted 

to the same species 3.S harvested , or converted to a different 

species. 

4. Site preparation manipulations which may include controlled 

burning, disking, chopping, bedding, windrowing , and combinations 

:hereof. 

5. 01emical or mechanical release to control competition. 

6. Construction of drainage structures. 

7. Fertilization. 

8. Insect and disease control measures that may have been directly 

or indirectly influenced or caused by the above actions or 

activities in adjacent areas. 

• 
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When the above are considered, and the complicated interdependence 

of all factors are realized, it is llllderstandable why efforts to predict 

site productivity are not well developed for most hardwood situations . 

Silviculture and Site Productivity 

There is a great deal of variation in the type and extent of silvi-

cultural practices being implemented on hardwood stands of the eastern 

United States. However, there are a number of generalizations that can be 

made to aid in determining what practice or practices are most critical 

for a given set of conditions or area. The first major delineation would 

be between bottomland and upland hardwood sites. The bottomland hardwoods 

are defined as those dominant forest tree species folllld on soils that are 

saturated or inlllldated during a portion of the growing season. All other 

hardwood species are considered to be upland hardwoods. When contrasting 

the fertility inputs into bottomland and upland hardwood ecosystems, it 

is important to note that they are quite different. In uplands, virtually 

all inputs are from the atmosphere in the form of particulate depositions 

or depositions include<l in precipatation. However, in the floodplain 

systems association with bottomland hardwoods, major inputs are from 

materials carried in flood water in addition to atmospheric depositions. 

The amollllt of deposited material will not only vary with the volume and 

velocity of water, but also with the origin of the river. Rivers origi-

nating in the piedmont and n~untain regions are generally more nutrient-

rich than those coming from coastal plain lands . 

Within the bottoml<md hardwoods, the intensity of silviculture will 

differ, depending on whether regeneration is to occur naturally or arti-

ficially. In naturally regenerated stands, the major silvicultural practices 

to be implemented probably will be related to harvesting activities. 
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1be major damaging agent will be equipment movement during skidding 

and yarding operations. Inunediate impacts would be reflected in soil 

structural deteriorations and erosional losses during ensuing floods which 

will also have fertility impacts. In addition, species composition and 

density of the natural regeneration may also be adversely affected. 

When considering artificially regenerated sites, the effects of har-

vesting will have similar effects OP soil properties. In addition, site 

preparation methods may also adversely affect the soil properties. When 

considering intensive culture of bottomland hardwoods, it is also necessary 

to include the methods used for controlling vegetative competition. In 

many cases , this is in the fonn of cultivation which results in the mineral 

soil being continuously exposed to flood waters, thus increasing their 

susceptibility to erosion losses. 

Physiographic provinces provide natural subdivisions when considering 

the impacts of silviculture on upland hardwood forests , with the Piedmont 

Plateau physiographic province and the Appalachian Mountain provinces being 

two major subdivisions. For this discussion, the mountains would include 

the Blue Ridge, Ridge and Valley, and the Allegheny and Cumberland 

mountain and plateau physiographic provinces (Fenneman, 1938). 

In the Piedmont Plateau, t he major silvicultural impact on site produc-

tivity will result from harvesting and subsequent regeneration manipulation. 

It is anticipated that virtually all upland hardwoods will be naturally 

regenerated and that artificial regeneration will only be utilized if 

natural regeneration fails or if conversion to pine i s to take place. 1be 

primary impact will be the result of nutrient removal in the form of 

harvested material. 1be extent of the imp.1ct will depend on the degree 

of utilization of the original stand phytomass. 1bis could range from 

a minimum where only sawtimber logs to an 8-inch top are removed, to a 
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whole-tree harvest removal of all sterns to a 3-inch minimum dbh. The 

latter case, coupled with shortened rotations, could have a significant 

impact on soil nutrient reserves in a relatively few rotations. Minor 

impacts may occur as a result of poor road construction and from conducting 

operations during very wet weather. This would he especially true on soils 

of high clay content where severe soil structure damage is likely to occur. 

Species composition may also be affected by the younger age of harvest, 

especially if it occurs prior to the optimum seed-bearing age of some of 

the more desirable crop species. This would result in the proliferation 

of undesirable species and/or less than optimum stocking levels, the end 

result being a loss in productivity. In general, competition control is 

minimum in hardwoods, and if intermediate cuts are conducted they would 

have a relatively slight impact on the site. Accordingly, stand quality 

and productivity will increase, with the end result being a higher yield 

of useful products at the time of final harvest. 

In the Appa1achian Mountains, the impact on productivity resulting 

from silvicultural practices would he much the same as in the Piedmont 

for crop removal, associated regeneration, and intermediate practices. 

Because of the generally steeper terrain and shallower soils, the problems 

involved with road layout, construction, and maintenance are much more 

critical and will require a more intense evaluation prior to construction. 

In addition, watershed characteristics and dynamics must be identified 

and understood. Generally, the soils of steep forest lands in the moun-

tains are coarse-textured, permeab1e, and often underlain by bedrock. In 

addition, because of the higher elevations ;-md the effects of the moun -

tains in relation to frontal weather systems, total precipitation is 

greater and the growing seasons are shorter. Therefore, leaching losses 
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can result in a substantial nutrient drain from the site especially if 

revegetation does not take place within one or two growing seasons following 

harvest. 

l\n Alternative Approach 

After evaluating the highly complex nature of site productivity and 

the associated implication of silvicultural practices, it is apparent why 

the methodology for quantifying and predicting site productivity is not 

well developed. If we accept the concept of managing our forest land in 

such a way that site manipulations implemented to produce a specified 

product do not reduce the innate ability of the site to produce, then it 

is possible to look at input/output relationships of critical site factors. 

If these critical factors remain in balance, then it follows that site 

productivity will not be reduced. An alternative approach is to ut"il ize 

a computer simulation model to evaluate input/output relationships of 

critical factors which are hypothesized to he directly related to site 

quality. Logical critical factors would include nutrient elements such 

as nitrogen, phosphorus, or calcium. The choice of the specific variable 

to model will depend on the data available and its applicability to the 

conditions or site of interest. 

Rauscher (1980), utili zing a donor-controlled compartment modeling 

system, has analyzed nitrogen removal as a result of harvesting from an 

Appalachian oak ecosystem. For this analysis, it was assumed that nitrogen 

removal from the oak ecosystem in question would directly affect site pro-

ductivity. Nitrogen was chosen as the critical element in the modeling 

effort because 1) it is most often the limiting nutrient element for 

upland forest sites, 2) it is required in relatively large amounts for 

plant growth, 3) it is not found in any significant amounts in soil parent 

material, and 4) the nitrogen data base for the sites in question i s more 

.. 
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complete than for other nutrients. Table 1 provides general information 

as to the size of the nitrogen pools being considered. 

In 1975, Mitchell et. al. introduced the preliminary compartment model 

• ' of the nitrogen cycle for hardwood forest stands. A modification of this 

basic model was used in Rauscher's study. In a simplified form, the 

nitrogen cycle compartments used were: 

1. System inputs 

2. System losses 

3. Living Phytomass 
a. Nitrogen concentration-tree parts 
b. Leaching from foliage 
c. Internal tree nitrogen-cycle 
d. Understory vegetation 

4. Litter 

5. Mineral soil organic matter 

6. Accretion 

7. Roots 

A donor-controlled compartment modeling system using the 4th order 

Runge-Kutta nwnerical integration procedure was used (Rauscher, 1980). The 

model utilized estimated growth by sjte index and age from yield tables 

coupled with biomass equations to predict biomass. The nitrogen values 

for each compartment were then obtained from phytomass and nitrogen con-

centration values. Annual accretion rates were then derjved and subse-

quently used as the primary driver of the compartment model . 

• 
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Table 1. Overview of the size of nitrogen pools in temperate forest 
ecosystems after Weetman and Webber, 1972. 

Compartment Meari Range 

-----------kg N/ha-----------
Litter and mineral soil 
Available ammoniwn/nitrate-N 
Armual inputs 

2,000 1,000-35,000 

Armual leaching losses 
Removed in full tree harvest 

20 
8 

1. 5 

400 

1-100 
tl.8-24 

0.6-5 
200-3,000 

MinimlUTl Armual Requirements for plantation growth in 7-in. layer of soil: 
Low: Pioneer pines 9-13 

Me<liwn: Spruce, Douglas fj r, oaks 
High: Walnut, maple, basswood, beech 

22-34 
45-67 

The simulation model developeJ. is capable of providing output for 

virtually any set of conditions for which there is valid input data avail-

able. The results provided in this paper are only intended to be illus-

trative in nature. The primary purpose ]snot to give specific data but 

rather to demonstrate the feasibility of the approad1 as being a viable 

alterr1ative for monitoring site productivity. 

For demonstration purposes, the results are provided for site index 

60 (base age 50) with relative stand densities of 50 and 100 percent, and 

two intensities of crop removal (Table 2). The results indicate that for 

a bole harvest on site 60 a no-change nitrogen status would occur at a 

relative .stand density of about 70 percent, and for full tree harvest at 

about 65 percent. 
.. 
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Table 2. Levels of soil organic matter after three 90-year rotations 
for two harvesting intensities and two relative stand densities 
as a percentage change from the initial level for site index 
60, base age 50 (Rauscher, 1980) . 

Harvest Intensity 

Bole Harvest 
Full Tree Harvest 

Relative Stand 
Densityl 

50 100 

----Percent----
+13 
+ 8 

-20 
-30 

1100% Relative stand density at age 90 represents a stand basal area of 
130 square feet per acre. 

The model was also designed to provide results for the addition of 

fertilizer at different rates and times. The objective of these results 

would be to evaluate the amount of fertilizer necessary to equalize the 

expected losses due to harvesting. Table 3 contains the results of broad-

casting fertilizer at a single rate for three 90-year rotations under two 

application regimes. The results indicate that a single application applied 

irrnnediately after harvest is less effective than multiple applications 

later in the rotation. 

Table 3. Percent change due to fertilization of soil organic matter 
nitrogen for three 90-year rotations at a relative stand density 
of 100 percent for a site index 60, base age SO, utilizing a 
bole harvest (Rauscher, 1980). 

Rotation 

1 
2 

3 

Fertilization Regime 
65kg N/ha 130 kg N/ha 

None Age 30 and 60 Age 0-1 

--- - ------------------Percent---------------------
-11 - 7 - 9 

-16 - 9 -12 
-20 -10 -15 
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In surrnnary, the authors fiTillly believe that indiscrlininate and con-

tinuous harvesting will lead to a loss of site productivity and a degra-

dation of site quality. This is a well established fact in agricultural 

systems and there is no reason to believe that it is not the same for 

forest systems. 

The modeling approach briefly described shows promise as an aid to 

assist forest managers in making realistic decisions. The input for the 

model is the best that is available and we believe the results to be realis--

tic estimates and biologically defensible. 

A management system does not stop at harvestjng. It includes all steps 

necessary to maintain the biological productivity of the site. It is 

imperative to acknowledge the estimated potential losses of site elements 

that will reduce site productivity, make plans to implement remedial 

silvicultural manipulations, and then maintain a viable monitoring program 

as part of the management system. 
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REGENERATION N® INTERMEDIATE SILVICULTURE OF SOlITHERl\J PINES 

A Look at the Seventies and Issues for the Eighties 
1 Lanny L. Autry 

INTRO DU CTI ON 

A subject as broad as the regeneration of southern pines over an area 

with such diverse site conditions and envirorunental considcr;1tions as arc 

found in the South cannot be adequately covered in one presentation. 

Regeneration programs begin long before the planting site is prepared and 

even before harvesting is begtm. In fact, most major pine regeneration 

programs today begin with acti vc tree improvement progrmns , followed by 

intensive nursery culture of the improved progeny. These programs in them-

selves are worthy of a great deal of consideration J.ut fall outside the 

scope of this paper. Let it suffice to say that the costs of producing 

genetically improved material, along with rapitl.ly escalating costs for other 

silvicultural progran1s, require that some regeneration practices be con-

sidered in a different economic light. We are no longer talking about 

seedlings that cost less than one cent each. We are into the age of 

e.xpensive, high-quality seedlings which must be given every advantage pos-

sible to develop into merchantable materiaJ rapidly. For this to occur, 

the regeneration anJ establishment of these seedli.ngs must be given more 

thought and planning during the 1980' s th;in in pust years. 

1Silviculturist, Champion International Corporation, Greenville, SC. 
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REGENERATION 

Regeneration can be most simply defined as "the act of replacing old 

trees" (Smith, 1962). From a practical standpoint, this definition must 

be carried further to indicate whether regeneration is to be accomplished 

through natural or artificial means. In an attempt to narrow the scope 

of this paper and cover several major points, regeneration as used here 

will be defined as "renewal of the forest stand through planting." 

Regeneration can best be considered as an integrated sequence of 

activities which result in a well-stocked stand of well-distributed, free-

to-grow seedlings of the desired species. On the site to be regenerated, 

four separate yet integrated activities are usually necessary to obtain 

this goal: 

- Final harvest 

- Site preparation 

- Planting 

- Establishment (aftercare) 

These activities provide the key for assuring a successful intensive 

forest management practice. The intensity of these components varies 

depending on productivity potential, planned cultural activities, physical 

site factors, and the investment resource available. 

Final Harvest 

The coordination of final harvesting and site preparation has been 

discussed in earlier papers. To slDTlffiarize from my viewpoint, harvesting 

must be considered as a component of regeneration because (1) it may 

determine the types of site preparation and/or ameliorative treatments 

required, and (2) it may have long-term impacts on site productivity 

through such site disturbance factors as soil compaction, puddling, aml 

erosi on, any of which may cause a s ignificant r eduction in site potential 
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(Duffy and McClurkin, 1974; Perry, 1964). Ameliorative treatments such 

as bedding, disking, or ripping may be required to correct site damage 

which occurred during the harvesting operation (Hatchell, et al, 1970; 

Moehring, 1970). 

Theoretically, the removal of residuals or logging debris should not 

be a factor in site preparation because this is a problem of utilization 

rather than site preparation per se (Shoulders and Terry, 1978). Realis-

tically, however, the quality of the harvesting operation may, in fact, 

dictate the method of site preparation or debris removal which is required. 

The quality of harvesting, as judged by the quantity of material left 

on-site, may influence site preparation costs by as much as 20-50 percent. 

Most simply then, the goal of the final harvest operation should he 

to extract the maximum economic return from the timber stand with minimal 

damage to the site. Once harvesting is complete, appropriate site prepara-

tion techniques must be prescribed which both ameliorate any site damage 

which occurred during harvesbng and prepare the site for planting. 

Site Preparation 

Man's greatest influence on the composition and growth of a forest 

stand is exerted during the establishment of that stand. Intermediate 

treatments, such as competition control and thinning, are important but 

are of little value if the stand was impniperly established. 

Typically, the most expensive, most difficult, and most poorly 

prescribed component of the entire establishment process is site prepara-

tion. Certainly this isn't true in all cases, but as a group we are more 

likely to "overdo" this aspect of regeneration than any other. The record 

of easy planting and generally good survival attained with old-field 

planting has given rise to the concept of preparing woods sites to resemble 

• 
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agricultural land. With rapidly escalating site preparation costs, along 

with potential losses in long-tenn productivity from over-preparing certain 

sites, a closer examination of the "old-field syndrome" is needed. When 

doing so, it soon becomes clear that the best site preparation prescription 

is one that is cost-efficient yet intensive enough to assure establishment 

success without sacrificing long-tenn site productivity. Don't be fooled 

by the thought that minor savings in planting costs, along with perhaps 

small survival gains, will offset long-term productivity losses. In most 

cases, this just isn't so. Damage caused from soil losses may take years 

to heal. This fact was vividly pointed out by Glass (1976) who found that 

displacement of about two inches of topsoil and forest floor reduced yield 

on a Piedmont site by more than eleven cords per acre after 20 years. 

These and other data support the statement by Bengston (1978) that in every 

activity as much of the forest floor and topsoil as possible should be 

kept intact and in place. 

A good general rule is that the lower the site potential, the less 

intensive the site preparation should be. This is true for two reasons: 

(1) sites with a lower potential generally can afford to lose less--it 

would be much more acceptable, in my opinion, to lose one inch of topsoil 

from a site which has ten inches than from a site which has only three 

or four inches; (2) economically, it is rrruch easier to justify a $100-plus 

site preparation expenditure on a site which will yield SO cunits of wood 

per acre than on a site which will yield only 25 cunits. 

There are several notable exceptions to the "have less, do less" rule, 

especially on some wetlands sites where very intensive site preparation 

may be necessary to assure adequate survival and early growth (Terry and 

Hughes, 1975). Many of these same sites require pre-plant additions of 
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nutrients to enhance early growth. Historically, attempts to establish 

pine plantations on high-site lands (SI 90+) without some type of intensive 

site preparation have been only partially successful. On the other hand, 

such intensive treatments prescribeJ for low to medium site lands are 

generally costly, urmecessary, ~-md detrimental to long-term productivity. 

Removal of one inch of topsoil from these sites mav reduce rotation yields 

by 10-25 percent. 

Many foresters have searched for and debateJ about the one best site 

preparation treatment. There is no such treatment! When considering 

such factors as impact on long-term productivity, terrain, amount and size 

of residuals, tract size, equipment availability, economics, the public 

concern about aesthetics, and EPA's concern about excessive soil movements, 

it becomes clear that the role of the prescribing forester is key to the 

success of the site preparation program. The goal of all such prescriptions 

should be to do as much as is necessary to assure plantation success but 

to accomplish this with a minimum of d isturbancc to the soil and at a 

minimum cost. 

Planting_ 

A major thresholJ has been reached in the South with the planting 

of nearly one billion seedlings annually. During the 1970 's over ten 

million acres were planted, a task requiring in excess of seven billion 

seedlings. h'i th such a magnitude of experience, it would seem that 

planting techniques woul<l be well-defined and practiced providing a con-

sistently high success rate. Realis tically , this isn't always the case. 

Not all planting failures can be attributed to i1npropcr planting, 

but poor planting quality continues to he a major factor not only in 

failures but in reducing survival by five, ten, or fifteen percent. When 

• 



• 

123 

planting is considered in a broader scope to include seedling handling 

and care, a large proportion of the poor results sometimes obtained can 

be blamed on the planting phase of the regeneration program. The best 

seedling from the best genetic material planted on the best site with the 

best site preparation method must still be properly planted if it is to 

perform well. 

The experiences of the last few years have shown that even poorly 

planted seedlings may survive when moisture and other environmental con-

ditions are ideal for establishment. When poorly planted stands are 

subjected to dry, hot, harsh environments during the spring and early 

sunnner months, the quality of the planting job is shown in its true light. 

Balmer and Williston (1974), along with others, have detailed many 

of the steps necessary to assure plantation success. Most of us are 

familiar with those procedures. We know what to plant, when to plant, 

and how to plant. What are the reasons then for the large acreages of 

planting failures across the South during the last few years? I don't 

think there are any short, simple answers. The cause for failure at one 

location is often different from the cause on another site. These factors 

can be grouped into several major categories as follows: 

A. Improper planting due to 

- Poor supervision 

- Improper adjustment of planting machines 

B. Improper handling and/or care of seedlings at 

- Nursery 

- Field storage location 

- Planting site 
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C. Site factors at time of planting 

- Excessive moisture 

- Insufficient moisture 

- Soil not completely settled following intensive site preparation 

D. Insect and animal damage 

- Pales weevil 

- Cattle 

- Other 

E. Environmental factors 

- Temperature extremes after planting 

- Excessive or insufficient rainfa1l after planting 

F. Miscellaneous factors 

- Wrong species planted 

- Wrong geographjc source 

If a healthy, well cared for seedling is properly planted, it is more 

likeJy to survive any of the other conditions listed as causes for mortality. 

By categorizing the causes of plantation failure, the task of determining 

the reason for mortlllity should be simplifiecl , except for the fact that 

many of the conditions listed above arc interactive. For example, if 

seedlings are planted on beds which have not settled properly, heavy rains 

following planting may allow sufficient quantities of soil to settle around 

the roots to prevent major losses. Othen.,rise , mortality may be excessive . 

Other interactions of this type seem to be the ru]e rather than the 

exception. 

Planting and the many factors which affect planting success are top ics 

1.,rhich have been discussed often ancl merit more concern Crom all of us. 

Even when cons idered as only one component of the regeneration progr~un, 

planting quality, including all the factors mentionccl above, must he carefully 
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controlled and monitored because survival rate is the yard stick by which 

the entire regeneration process is measured. Environmental conditions 

cannot be controlled but many times may be anticipated. Other factors 

affecting survival can and must be controlled if we are to overcome the 

problems which have plagued us during recent years . 

Aftercare 

During the early 1970's, the general thought was that once a site had 

been planted and survival found to be reasonably good, there were no other 

activities to be conducted within the planted stand until the time of 

thinning. By the mid-1970's, research results from Martin (1973), Holt, 

et al (1973; 1975), Fitzgerald (1976), Walstad (1976), and others made it 

apparent that aftercare, particularly control of competing vegetation, could 

result in improved survival and early growth. Although these techniques 

are not yet applied on a large scale across the South, the costs of pro-

ducing genetically improved seedlings, site preparation, and planting may 

well demand that aftercare become an important part of regeneration programs 

during the 1980's. 

Other types of aftercare may also be dictated during the 1980's to 

assure that a well-stocked stand of well-distributed, free-to-grow 

seedlings of the desired species is established. Some possibilities for 

the 1980's include tip moth control, additional control measures for Pales 

weevil, increased use of nutrient additions particularly in combination 

with competition control, and control of fusiform rust after outplanting. 

I personally feel that the costs of regenerating forest lands will continue 

to escalate at such a rapid rate that aftercare of various types will 

be mandatory before the end of the decade to assure establishment success. 
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INfEffi.1EDIATE SILVICUL11JRE 

The silvicultural options which may be available once a plantation is 

successfully established are mentioned only briefly here. The options in 

a plantation which was poorly established are limited indeed, but varied 

options are available in good stands. 

Thinning options, both pre-commercial and commercial, are silvicultural 

tools which have received considerable attention during recent years. 

Thinning continues to be a topic of major discussion but will probably 

become more widely recognized during the 1980's as a management tool, not 

simply a technique to supply the mill during wood shortages. 

Fertilization, in combination with thinning, holds considerable promise 

on certain sites. Operationa1 fcrti1ization programs during the l970's 

were primarily geared toward pre-plant applications of nitrogen and 

phosphorous, but fertilization of established stands wiJJ probably prove 

profitable on some sites. 

Moisture control has proven to be of great value in regenerating 

wetlands areas. Perhaps during the 1980's, as many of these stands reach 

merchantable size, the same drainage systems installed for regeneration 

purposes will be re-engineered to provide additional moisture during periods 

of drought. 

There are other intermediate management techniques on the horizon 

during the 1980' s. The use ;md success of such techniques will depend to 

some extent on how effective the regeneration programs of the last few 

years prove to be. There are no intermediate tools to effectively rectify 

problems resulting from stands being improperly established. 

• 
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SILVIGJLTIJRAL ISSUES FOR TI-IE 1980's 

The seventies produced major gains in the knowledge base necessary 

to regenerate and intensively manage southern pine plantations. The challenge 

of the eighties is to apply that knowledge as well as develop new techniques 

to increase returns from forest lands. 

Many of the key silvicultural issues for the 1980's are closely related 

to the regeneration pract i_ces p1·eviously discussed. Some of these 

opportunities for improvement include the following: 

A. Harvesting 

- Increase the efficiency of harvesting systems yet minimize 

soil disturbance 

- Better utilization 

B. Site preparation 

C . 

Improved equipment for preparing various types of soil conditions 

without causing unnecessary soil disturbance 

- Development of site-specific prescriptions for all southern pine 

lands. Before site prescriptions can be made, lands needs to be 

classified according to soils and potential land use. 

- Increased recognition of the biological and economic impacts 

of excessive site preparation 

- A concerted effort to defend the proper use of forest chemicals, 

particularly for use on fragile soils 

Planting 

Match seedlings to the site. For example, is the type of 

seedling planted in the North Carolina wetlands really best 

for planting in the Tennessee highlands? 

- Develop sound methodology for determining physiological quality 
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of seedlings 

- Continue efforts toward producing seedlings with appropriate 

mychorrizal coloni:::ation, particularly for harsh sites 

- Improve care of seedlings from cold storage through planting 

- Improve mechanical planting sy:;tems 

- Re-emphasize proper hand planting teclmiques 

- Extend planting seasons 

D. Aftercare 

- Refine competition control techniques 

- Develop new methodology for controlling insect and disease 

problems in young stands 

Define hest nutrient regimes during the establishment period 

across a wide rw1ge of site conditions 

Expand the use of legumes as a nitrogen source and for erosion 

control 

- Explore the potential for controlling fusiform rust in young 

plantations with systemic chemicals 

E. Intennediate treatments 

- Develop most appropriate mechanical techniques for thirming 

plantations 

- Develop prediction systems for thinning-fertilization response 

SUMMARY 

Intensive forest management in the South reached new plateaus during 

the 1970's. We harvested billions of dollars worth of timber, site-prepared 

millions of acres of timberland for reforestation, and planted billions of 

seedlings. All in all, it was a very successful decade for Southern 

forestry. As we begin a new decade, it is time that we evaluate the 

• 
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successes and failures of past years in order that we might be better pre-

pared for the challenges of future years. We can't accomplish the tasks 

before us by simply assuming that past practices are sufficient for future 

needs. Innovative thought, creative ideas, and a renewed connnitment to the 

Third Forest goals are needed if we are to solve the issues of the eighties . 
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NA1URAL REGENERATION OF SOlITl£ERN 1-L'\RDWOODS 

Donald E. Beck1 

My assignment, to talk about natural regeneration of southern hard-

woods, is a tough one. The southern region encompasses 12 states with 

three major physiographic provinces. Site conditions range from coastal 

swamps where species distribution and growth potential are limited by too 

much water, to steep, dry mow1tain slopes where the limiting factor is too 

little water. In between are found all manners of site situations. There 

are at least 150 species of which about 75 are considered commercially 

important. These species have striking differences in appearance, repro-

ductive potential, growth habit, and site requirements . The situation is 

complex. 

But, despite the great complexity, there are several recurring themes 

in the literature of southern hardwood r eproduction. In fact, these themes 

have almost become articles of faith for hardwood silviculture. I would 

like to exmnine bric fly some of these ideas, and then take a look at how 

successfully they have been applied. 

Species Characteristics 

First and foremost, the overwhelming majority of commercially desirable 

species in both bottomland ~d upland types are intolerant or only inter-

mediate in tolerance to shaded conditions for most of their life. And 

most of the less des irable species with which they must compete for space, 

light, nutrients, and moisture are more tolerant of shaded conditions 

(Johnson 1973 ; McKnight and Johnson 1971; Trimble 1973a, 1975; Stubbs 1973 ; 

USDA Forest Service 1965). 

1southeas tcrn Forest Experiment St:1tion, i\shevi I le, North Carolina. 
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Consequently, it is widely held that most corrnnercially desirable hard-

woods can be managed JOC>St efficiently in even-aged stands or even-aged 

groups of trees. Despite all the talk we hear about the selection system 

from the general public, not even the most avid professional proponents 

are talking about single-tree selection (Minckler 1976, McKnight 1966, 

McKnight and Johnson 1971). They speak in terms of group selection where 

openings of some mininn.un size are made to obtain regeneration. The minimum 

size recorrnnended seems to vary with species, site, and the individual 

involved. Some claim 1/10-acre opening is adequate; others say at least 

1/2 acre is needed and prefer to see openings of 1 acre or more. Reproduction 

will become established in almost any size of opening, but growth and 

development are strongly influenced by opening size. From that standpoint, 

1/2 to 1 acre seems to be the minimum feasible size. From a practical 

standpoint, the openings should be large enough to be recognizable units 

for site preparation and later cultural treatment. 

From a biological standpoint, the opening should be large enough to 

ensure that the trees within jt compete for most of their lives with trees 

of similar age and size. Whatever you call this approach--group selection, 

patch cutting, or clearcutting--the trees are growing tmder even-aged 

conditions, in fact if not in name. 

Once we corrnnit ourselves to managing hardwoods in even-aged stands, 

we are talking about two harvest cutting techniques: (1) Removal of the 

overstory in one cut--clearcutting-- or (2) removal of the overstory over 

a short period by a series of partial cuts--shelterwood cutting. The 

method we choose and the measures that we take in addition to removjng 

the mature stand depend on the site, the wanted and tmwanted species 

present and the conditions of the overstory and understory. 
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Reproductive Mechanisms 

The second article of faith holds that the reproductive potential 

of hardwoods is very strong because adequate regeneration of a variety of 

desirable species is constant1y present on the forest floor. Reproduction 

may come from: (1) new sce<ll ings tl1at develop from seeds in place or 

hlown or carrie<l in from adjacent stands; (2) seedlings that developed 

over a perio<l of years prior to the harvest cut; and, (3) sprouts from 

stumps and roots of cut trees. The relative importance of each mechanism 

varjes with the species and to some extent with site conditions. 

Some species--mainly the light-seeded ones--produce abundant seed 

crops at frequent intervals. Also, viable see<ls of some species are stored 

in the forest floor for 5 years or longer so that at any given tjme numerous 

seeds are available to sprout and grow when favorable conditions are 

created (Clark 1962, Marquis 1975, Trimble 1975, Wendel 1977 ). Species 

such as yellow-poplar, sweetgllffi, tupelo, sycamore, maples, ashes, birches, 

wi llow, cottonwoo<l, an(l black cherry have one or more of these seeding 

characteristics and are likely to produce m.unerous new seedlings following 

harvest cuts (USDA Forest Service 1965). 

Other species--mainly heavy-seeded ones--tend to produce fewer seeds 

and good crops only infrequently (Beck and Olson 1968, Goebel and 

McGregor 1973, Tryon an<l Carvell 1962). Seed <listributi on is limitc<l an<l 

loss to predators is substant ial (Downs an<l McQuilken 1944; Marguis , et. 

al. 1976). Al though many seedl i_ngs may be establishe<l by an occasional 

brnnper seed crop, seedling reproduction of heavy-seeded species such as 

oaks and hickories is dependent on buildup of advance reproduction over a 

period of years. 

• 
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All hardwoods sprout from cut stumps to some degree. And some, such 

as black locust and sweetgurn, sprout profusely from roots of cut trees. 

The desirability of sprouts has been questioned, but sprouts are capable 

of producing desirable, high-quality trees and are an important reproductive 

mechanism for most hardwoods (Beck 1977, Bruner and Reamer 19-:'l, P. Jolmson 

1975, Jolmson and Krinard 1976, Wendel 1975). 

Thus, in most cases, reproduction of hardwood species is constantly 

on the ground in the form of seedlings, dormant seeds, and dormant buds 

in stl.IlllpS and roots waiting for suitable conditions to initiate development. 

Unrnerchantable Understory 

The third article of faith says that culls and unrnerchantable under-

story trees must be eliminated. In the absence of fire and grazing, most 

stands in both bottornlands and uplands have dense understories. In a 

recent study of about 75 stands in the mountains of Georgia, North Carolina, 

Tennessee, and Virginia, understories averaged nearly 700 sterns per acre, 

1 to 5 inches d.b.h., with 12 square feet of basal area (Loftis 1979). Some 

stands had as much as 35 square feet of basal area in understory sterns. 

These were undisturbed stands with fully stocked overstories averaging 

over 100 square feet of basal area. Recently disturbed stands and those 

with less stocking will contain even denser und<'rstories. The pre-

ponderance of understory sterns are of tolerant species with little or no 

connnercial potential. In upland stands, corrnnon understory species are 

dogwood, sourwood, blackgurn, witch hazel, hornbeam, and hophornbeam . 

On bottornlands, the bays, beech, holly, and particularly hornbeam and 

hophornbeam seem to predominate. The few desirable species in the 

understory are usually not young developing trees but are old, suppressed 

trees with little potential. Thus, it usually is fn1itless to encourage 
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the few large desirables to grow; we must get rid of the undesirable under-

story. Research and experiences show that failure to treat the unmerchant-

able culls and understory results in greatly reduced stocking and growth 

of desirable species. 

There are mnnerous ways of dealing with the residual material. Large 

culls can be deadened or felled. The smaller residuals can be injected 

or sprayed with chemic::ils, lopped with saws or axes, or reduced by shearing 

or drum chopping. All these methods have been used with rtpparent success. 

The important thing is to give the ne\v and smaller reproduction of desirable 

species an even chance to L·ompete. 

Regeneration By Clearcutting 

Under the articles of faith, complete clcarcutting with treatment of 

culls u.nd the Lmmerchantuhk un<lcrstory is a logical upproach. Research 

:md experience have shown that it succee<ls, with qua1 i Ci cat ions. 

We arc finding in most G1ses that sufficient desir:.ihlc species emerge 

from the jLmgle of vegetation that follows clearcutting to ensure a future 

crop of hardwoods. However, species composition may not always be exactly 

what we expect or want. On good upland si t es , regenera tion is frequently 

dominated by species like vcllow-poplar, red maple, sweet hirch, and hlack 

locust; species that produce abundant seed and/or sprout profusely 

(McGee and I-looper 1970, 1975 ; Sander and Clark 1971; Trimble 1973h) . 

But more import:mt ly, these species exhibit very rapid he·ight growth. Such 

species aggressively extend their area of coverage . Other uplan<l har<lwooc.ls 

such as black cherry, white ash, and basswood arc not as wi<lesprca<l or 

agressive, but seem to hold their own because of their fast growth. 

The real problem that has emerged with clearcutting is the failure of 

oak to become established on good sites, even those they presently dominate. 

" 
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The only oaks that develop are from sprouts or large advance reproduction 

(Sander 1972). And on many good sites these sources are largely absent. 

The many thousands of very small oak seedlings that frequently occur in 

mature stands simply cannot compete. Only on the poorer, drier sites where 

large advance seedlings are more likely to be present can we consistently 

expect many upland oaks to develop after clearcutting (Carvell and Tryon 

1961). 

A very similar situation exists in the bottomland hardwood types. 

Prolific seeders and sprouters such as sweetgum, ash, tupelo, red maple, 

sycamore, and hornbeam seem to be most aggressive (Hunt, et. al. 1976, 

Johnson 1977, Vande Linde 1966, Johnson and Krinard 1976). Outside the 

willow-oak/water-oak complex, bottomland oaks seem to have difficulty 

competing in clearcuts (Johnson 1975, 1979). This is particularly true of 

the very valuable chcrrybark, Shuman.I, and Nuttall oaks. 

Regeneration By Shelterwood 

If large advance reproduction is needed and i_t is not present under 

closed stands, how do we develop it? The sheltenmod method seems the 

logical choice for even-aged stands. Indeed, forestry texts and literature 

have long touted shelterwood as the ideal method, in theory, for regenera-

ting oaks. But actual experience and documentation in southern hardwoods 

is limited mostly to experimental plots. Most shcltcrwood treatments 

have been limited to two cuts--the first partial cut to encourage develop-

ment of existing small seedlings and the second to release it completely . 

In the Southern Appalachians, stands of mixed cove hardwoods, as well as 

some dominated by oaks, were studied where oak site ranged from 70 to 90 

(McGee 1975, Loftis 1979). Residual densities after the first cut ranged 

from 20 to 70 square feet of hasal area per acre. Overstories were left 
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for periods ranging from 6 to 16 years. All studies included treatment of 

the unmerchantable understory by cutting and/or selective use of herbicides. 

All the stands studied produced adequate regeneration of desirable 

species. However, the dominant species are yellow-poplar, red maple, 

sweet birch, and. black locust--ahout what we now expect from clearcutting 

on comparable s:i tes. Height grm-.'th under the partial canopies has heen 

severely restricted. But, even the more intolerant species such as yellow-

poplar have survived for periods up to 13 years and. responded when released.. 

The sheltcrwood cuts attempted to date have not resulted in establishment 

of new oak seedlings, nor have they consistently promoted survival and 

growth to the point where ouk seed.lings could compete successfully after 

the final removal cut on the better uplllild sites. 

Similar experience has hcen reported in upland oak stands in the Central 

States and for productive hottomland sites (Sander 1979, Jo}mson 1979, 

Clark 1970). The level o[ disturbance that will promote the development 

of oak and not its major competitors is presently lIDk:nown. The shelterwood 

method. is extremely flexible and we have barely scratched the surface of 

its possibilities. Successful regeneration of oak may well require more 

than 2 cuts spread over 10 to 20 years. More :intensive control of under-

story competition will also be needed (Loftis 1978, 1979), and both herbicides 

and prescribed fire arc being tried. But, at present, the number and 

intensity of cuts, intervals between cuts, and degree of competition control 

that wilJ ensure oak regeneration arc largely unknown. 

Summary 

To sum up, experience over the last 15 to 20 years shows that we can 

obtain natural regeneration of desirable hardwoods if we apply a few 

simple principles. However, control of species composition is very 

• 
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limited. The better sites are being dominated by species that produce 

abundant seed, sprout profusely, and grow rapidly. Species such as the oaks, 

which depend heavily on large, advance reproduction, are faring very poorly 

in many cases. 

I think we can do a better job if we pay more attention to the things 

we already know about reproductive and growth characteristics of species, 

and, if we prescribe techniques for specific situations. To exert more 

control over regeneration of hardwood stands, the forest manager must gather 

and use much more information on existing conditions. He must know: 

(1) the amount and distribution of prolific seeders by species , (2) seedbed 

condition, (3) presence of stored seed, (4) amount and distribution of root 

and stlUTip sprouters by species and size, (S) nlnnbers and size of advance 

reproduction, (6) ntunber and <listribution of less desirable understory 

stems by species, (7) nature of competing vegetation such as herbaceous 

plants and vines, and (8) relative growth rates of the species and types 

of regeneration present. 

Broad application of a few, simple principles to all hardwood types 

and sites across the South has served reasonably well in the past. However, 

site-specific prescripticns that recognize the complexities of composition 

and site, and that take advantage of the considerable knowledge that already 

exists can certainly improve on the record . 
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HARDWOOD ARTIFICIAL REGENERATION 

Dwight L. Brenneman1 

INTRODUCTION 

We do not know how to plant hardwoods and have them grow. Thirty 

years ago, when we were up to our necks in pine, the hardwoods were 

secondary and in some respects still are. We did raise several hardwood 

species in our nursenes throughout the United States but few planting 

successes were reported. About fifteen years ago, some industries were 

concerned about our reduced hardwood inventories in certain localities and 

some of us were asking, "what happened to all of the hardwood seedlings 

that were planted over the years?" It did not take long to learn that 

most of the hardwood plantings had been fai1ures, and that many of the 

failures were due to improper sites and pJanting techniques. We also 

learned that very few of the teclmiques used in the planting of pine could 

be used in the successful artificial regeneration of hardwoods. In fact, 

some hardwood species within the same family require different treatment. 

I do not want to imply that we have developed all of the techniques to 

produce the optimwn growth of each hardwood species. What we do. know is 

that the following requirements must be met in order to produce a satis-

factory hardwood plantation or to establish "a" hardwood tree: 

1. Species - site relationship, must be compatible. 

2. Site preparation, usually very intensive. 

1senior Project Forester, Hardwood Silviculture, North Carolina Department 
of Natural Resources and Cormnunity Development, Morganton, North Carolina. 
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3. Physiologically balanced seedling, large and vigorous. 

4. Proper handling and planting, utilize as much of the root system 

as possible. 

5. Post cultural practices, include weed and grass control, culti-

vation, and fertilization. 

6. Rodent and animal control, including mice, deer, livestock, 

and humans. 

7. Protection from fire, wild or controlled. 

Species - Site Relationship 

Regardless of the reason for planting, a species must be selected, 

whether pine or hardwood, that will grow on a designated site. How many 

times in recent years have you heard of thousands of acres being planted 

to a certain species of hardwood and ill less than five years total failure 

is accepted. With the knowledge we have today, there is no need for such 

a catastrophe. I mention five years because this is the normal period of 

time it takes most administrators to be convinced that the trees are not 

growing satisfactorily. 

Proper hardwood sites are difficult to recognize or describe. It is 

difficult because there are no accepted terms or methods of identification. 

No single factor can be isolated to indicate the suitability of a site for 

growing a particular hardwood species. Hardwoods in general are much more 

site-sensitive than pine, and satisfactory results will be obtained only 

if the right species is planted on the site for which it is suited. Further 

complications arise when microsites arc taken into consideration. Most 

hardwood planting sites, regardless of size, have areas with different 

characteristics that prevent the successful growth of any one species. 

.. 
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These small areas, or micro-sites, require different species for the best 

results and therefore prevent blanket planting recommendations. Surface 

soil texture and structure, topsoil depth in mineral soils, and depth to 

mottling in alluvial soils are required to make final decisions on what 

species to plant. Soil color, the presence of plow pans, and past use are 

often helpful. Since we do not know the optimum nutrient needs for the 

various hardwood species, it is seldom necessary to take soil samples for 

chemical analysis mless the use of fertilizer is contemplated. 

TI1e time-worn cliche that a hardwood site should be a fertile, moist, 

but well-drained soil is still a safe bet. It is when we plant on sites 

other than this, such as lowlands and river bottoms, that we must know 

the site requirements of a particular species in order to realize success. 

Success includes satisfactory tree growth and financial return, not just 

survival. 

Site Preparation 

Seldom can a site be planted "as is" to a hardwood species. Unfor-

tmately, there are no standard recommendations; a separate prescription 

is needed for each environment. One fundamental agricultural practice does 

apply to hardwood planting sites; the top soil should not be relocated or 

moved. Further, if site physical features pennit, it usually pays to suh-

soil and disc prior to planting in order to encourage better air circulation 

and water percolation; conversely, intensive site preparation encourages 

the growth of vines and grasses which will require control. Plowing, 

tilling, and the use of herbicides, if necessary, should be done the year 

before planting. This method pennjts the soil to settle and to apply the 

second application of a herbicide if necessary. If cultivation cannot be 
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accomplished, then chemical site preparation should be W1dertaken. Hardwood 

seedlings cannot survive the mechanical competition from vines, nor the 

physiological competition from the deep-rooted grasses, particularly fescue. 

The vines pull the seedlings over and also cut off the light. The deep-

rooted grasses take up the moisture before the seedling root system becomes 

extensive enough to compete. 

On certain wet sites, particularly in our coastal areas, bedding may be 

advantageous. This practice improves soil aeration and water percolation. 

It also increases top soil depth, combines organic matter, and decreases 

weed competition during the first growing season. Bedding can also be used 

on upland sites for the reasons just mentioned, plus the added advantage 

of water accumulation. Regardless of the site, the beds should be con-

structed in a direction that will permit surface drainage. 

Planting without any site preparation following logging has not been 

successful because of r esidual and sprout cornpetjtion. Preparing cut -over 

hardwood sites for planting by burning, chopping or KG blading has not 

been successful. Burning destroys the much-needed organic matter. Chopping 

and KG blading encourages sprouting; very good techniques if natural r epro-

duction is desired. On sites not suited to mechanical soil disturbance, 

other methods, perhaps herbici des, must be foW1d. To date, most such 

sites have been naturally regenerated. 

Except on certain spoil areas, hardwood sites usually produce an 

abW1dance of vegetative growth which must be controlled i f hardwood plantings 

are to be successful. I f this undesired vegetation cannot be controlled, 

hardwoods should not be planted. 
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Planting Stock 

Regardless of how suitable the planting site, success cannot be achieved 

unless quality seedlings are planted. Physiologically, balanced planting 

stock is a must. The seedlings should be sturdy and have well-developed 

root systems with plenty of feeder roots. A blanket seedling size and age 

carmot be given; they vary with species. For example, we prefer most species 

to be 1-0 stock, 12 to 18 inches in height, with a ground-line diameter of no 

less than 3/8 inch. One exception is black walnut which we prefer to be 

1-0 stock, 12 to 18 inches in height, with a ground-line diameter of no 

less than 1/2 inch. Another exception is the upland oaks. We have had 

excellent results with 2-2 stock kept in the whip stage (single stem) by 

coppicing. This technique produces an adequate root system that produces 

sufficient height growth when field planted. All indications are that 

the hickories will respond to the same technique. 

Any hardwood seedling that does not have a halancccl root - to-shoot 

ratio will either die, or die back and resprout. This interruption in 

height growth permits the competing vegetation to get a head start, thereby 

increasing the length of time postcultural treatments are necessary and 

increasing the cost of establishment. 

Satisfactory planting stock can be produced, and is actually one of 

the least costly items in producing a satisfactory plantation, but poor 

stock is one of the most corrunon causes for failure. Most of our forest 

tree nurseries are pine-oriented, and because the growing of hardwoods 

requires different and very often more costly techniques, the hardwood 

plants produced are inferior. For example, we have found that the U rt i ng 

techniques used for pine actually destroy much of the feeder root system 

of most hardwoods. To retain the feeder root system, it is usually 
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necessary to lll1dercut the seed beds deeper than for pine and to loosen the 

soil as much as possible. To accomplish this, machinery modifications are 

usually required along with lesser seed bed densities for the hardwoods. 

As work with hardwood mycorrhizae progresses, I feel quite sure we will 

rediscover how important the root system really is. 

Some foresters are of the opinion that containerized hardwoods are 

more practical than bare-rooted stock. We are now establishing containerized 

nursery-grown seedling studies. To date, we have established studies 

involving black walnut, Northern red oak, white ash, and yellow-poplar. We 

have had good luck planting sturdy containerized seedlings in the heat of 

the summer, provided the soil is moist when planting. This planting season 

is the first in which we have had satisfactory nursery stock for comparison. 

Handling and Planting 

The do's and don'ts pertaining to the planting of pine seedlings also 

pertain to hardwoods: retain as much root system as possible, keep the 

roots moist, pack the soil around the roots so there are no air pockets, etc. 

The best time of year for planting hardwoods is in the spring just prior 

to bud opening (flushing). 

Heavy root pruning of seedlings at this time of planting has been 

highly detrimental because the remaining root system is not able to take up 

sufficient water and nutrients. Only light pruning to shorten the long 

heavier roots is recommended. 

Top pruning is also not recommended. This practice results in multiple 

stems, reduces both height and diameter growth. Any practice that curtails 

growth, thereby necessitiating additional post-cultural activities, is not 

advisable. 

.. 
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The conventional planting machine, usually modified, has proven sat-

isfactory for some hardwoods, primarily for the light-seeded species such 

as green ash, sycamore, sweetgLDTI, and yellow-poplar. When we plant seedlings 

meeting our specifications, the round-pointed shovel has proven to be the 

best tool. The power auger, post-hole digger, and mattock have also 

been used. The shovel is the most adaptable for making a hole designed 

for an individual tree. 

To avoid mortality of the upper roots, the seedlings should be planted 

one to two inches deeper than they grew in the nursery to prevent root 

exposure when the soil around the root system inevitably settles. 

The spacing will vary by species and the product desired. For example, 

growing sycamore for fiber as compared to the growing of black walnut for 

quality wood. Not only will the closer spacing of sycamore produce more 

wood, it will permit it to grow more naturally which always proves to be 

more satisfactory. No species should be planted so close that the first 

thinning cannot be a commercial cut. When selecting the spacing, it is 

advisable to take into consideration the width of the machinery on hand that 

will be used to cultivate, disc, etc. 

Post Cultural Practices 

When establishing a hardwood plantation, the hard work begins after 

the seedlings have been planted. Most hardwoods cannot tolerate as much 

vegetative competition as can pine, and on a typical hardwood site competi-

tion is inevitable. The various methods of control may be by machine, 

chemical, or hand; in some cases, all three methods must be used for sat-

isfactory control. On the better sites, it is often necessary to cultivate 

three times during the first growing season. Depending upon the height 

growth of the seedlings and species, weed control may be required for as 

long as four to five years. The tops of the young trees should be exposed 
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to full sunlight when the weeds are fully grown before weed control is 

discontinued. 

Broadleaf and herbaceous weeds, grasses, woody vegetation, and vines 

are the broad groups of competition to hardwood plantations. Broadleaf 

weeds are the least detrimental to height growth; they restrict diameter 

growth, but improve natural pruning and pennit air circulation. Their root 

systems are usually shallow and cause little competition for water. 

Grasses, especially fescue, give intense competition for water and nutrients 

and sometimes overtop coppiced trees. 

Woody vegetation, residual trees, and hardwood sprouts suppress by 

shading and compete strongly for water and nutrients. 

Vines include morning glory, honeysuckle, kudzu, and other climbing 

plants. Honeysuckle is probably our most severe pest, it climbs and has 

an extensive root system. 

If wee<ls and grasses cannot be controlled by cultivation alone, there 

are several chemicals that have proven satisfactory. Although new chemicals 

are being introduced annually and others are heing removed from the market, 

there are still several that have proven satisfactory for us. 

Granular Simazine (4G), applied about 60 days prior to expected genni-

nation of annuals, at 100 pollllds per acre, has worked well. Broadcasting 

of Simazine has been successful, but single tree application is preferred. 

A combination of wettable Simazine and Paraquat controls weeds when applied 

in late spring. Paraquat alone, which kills only tissue containing 

chlorophyll, has successfully controlled non-woody vegetation with two 

sprays per growing season. To avoid damage to planted trees, precautions 

must be taken to avoid drift, direct bark contact or species with chlorophyll 

in the bark, and volatilizatjon. 

• 
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Dalapon and RoW1dup have worked well in the control of grasses. For best 

results the vegetation should be in a succulent stage. 

Tordon 101 mixed with water has effectively controlled hardwood sprouts 

before planting. 

Residuals, or wolf trees, have been killed by injecting 2,4-D Amine . 

RoW1dup also holds some promise. 

If kudzu or honeysuckle is present, it should be destroyed prior to 

planting. Caution should be taken to make sure that the soil has not been 

made W1productive because of excess chemicals. 

Discing, mowing, and hush hogging are the prevalent mechanical methods 

of weed control. Hand tools, because of adaptability and availability, 

are useful either alone or in conjunction with machinery or chemicals. 

Cultivation, although not always possible, is by far the best and most 

convenient method of weed control . There is some doubt in my mind whether 

or not cult-ivation is more costly than the use of hc rhicicles. With the 

use of herbicides, there i s always that chance of killing trees and possible 

discomfort to the person applying the chemical, not to mention the effect, 

if any, on wildlife . The interval between cultivations depends on the 

rate of weed growth, which varies considerably. On rich soils with plenty 

of moisture, a plantation may need to be cultivated three times per year 

W1til the trees overtop the weeds. In most instances, we hire local f armers 

to cultivate. We do request that the soil be thrown toward the seedlings . 

This gives the appearance of the area being bedded. This practice dis-

courages weed growth near the seedling and also increases aeration an<l 

water percolation. Regardless of s ite or species, we have not cxpc ricnce<l 

the exposure of lateral roots by this method ol cultivation. In fact, we 

have, on several occasions, cross -cultivated areas that ha<l been bedded. 
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This practice leaves each tree on a mound-like area a foot or more in height; 

we have had no indication of lateral root exposure or a slowdown in tree 

growth. 

One last post-planting practice to be considered is fertilization, 

another costly operation. One of the most published results of fertilization 

is that it encourages weed growth more than tree growth and increases the 

frequency of weed control. Thj s is very true tmless cultivation is an 

accepted procedure. Very often the fertilization of recently planted trees 

will cause mortality rather than increase growth. As mentioned previously, 

we do not know the nutrient requirements for the respective species; 

therefore, fertilization should be done in moderation. What we refer to as 

a good hardwood site--deep, mo:ist, and well -drained--seldom needs fertilizer 

to sustain a yotmg plantation of hardwoods. If hardwoods must be planted 

on old eroded fields or spoils, then fertilization is a must. On these 

sites, we prefer to incorporate the fertili zer into the soil before planting; 

however, on many of these sites we have not been able to stimulate growth, 

which means the site itself was the limiting factor. In most cases, the 

limiting factor is a tight heavy soil which prevents aeration or percolation 

of water, or a sanJy soil which does not retain water or nutrients. 

RodeDt and Animal Control 

Damage by domestic animals i s generally easier to control than damage 

by wild animals. However, regardless of the species of animal or rodent 

causing the damage, we find that the plantations receiving proper post-

planting care, such as cultivation and weeding, are less apt to be damaged 

by these animals. Tree girdling by mice and/or rabbits js one of our higgcst 

problem in poorly maintained plantations. In plantations where there is 

• 
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no grass or weeds near the trees, there is no girdling problem. WeJl-

maintained plantations also seem to have less damage from deer or livestock. 

Where there are large deer populations, and the plantation cannot be 

isolated, the alternatives are: (a) encourage rapid tree growth and outgrow 

the danger, (b) plant less palatable species, and (c) plant large areas. 

Then there is man. When certain species become shrubbery size (4 to 6 

feet high) there is the possibility of theft. Willow oak, black walnut, 

and sugar maple are very enticing. We had one entire planting of sugar 

maple vanish. Could you say the remedy for this situation is to plant more 

hardwoods? 

Fire 

Fire has not proven to be a useful tool prior to establishment or during 

the entire life of a hardwood plantation. Any reduction in organic matter 

tends to have a direct relationship on growth; the deeper the organic matter 

(A-1 horizon), the better the growth. Proper cultivation practically 

eliminates fire damage in young plantations. 

Direct Seeding 

No paper pertaining to the artificial production of hardwoods would 

be complete without some mention of direct seeding. In most instances, 

direct seeding of hardwoods has not proven very practical. The primary 

reasons are: 

1. Lack of adequate seed protection from animals and rodents. 

2. Improper seed treaunent prior to sowing. 

3. Lack of intensive site preparation. 

4. Moisture cannot be controlled, particularly during germination. 

5. Lack of intensive post-estahlishrnent treatments to control weeds 

and stand density . 
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Even if the handling and planting techniques for any one species are 

known, the cost of establishment is usually greater than if seedlings are 

planted. The site preparation and post-seeding activities must be more 

intensive, and weed control very often must be extended one or more years 

because of slow initial growth of the direct seeded regeneration. 

Most of us who have been actively involved in the planting of trees 

for a lifetime are of the opinion that the most practical and economical 

method of artificial regeneration is to plant a large, healthy, physiologi-

cally balanced seedling. 

Sunnnary 

I know quite a few of you are located lil the Appalachian Mountain 

and upper Piedmont areas where some of the recorrnnendations presented, 

primarily cultivation, are not applicable. I also work and live in this 

area and realize that in the foreseeable future there will be few hardwoods 

planted. There are a few species of high value, such as black walnut, 

that are now and will probably continue to be planted, but, in general, 

the majority of our hardwoods will be from natural reproduction. How 

fortunate we are to live in an area where we can increase our present hard-

wood timber supply and improve the quality simply by applying the proper 

methods of cutting. 

Like any corrnnodity, the supply of hardwoods can be lowered below a 

critical level. Even though trees are a renewable resource, there is a long 

interval between seedling and merchantable tree. With the anticipated 

increase in the use of hardwoods, and our shrinking land base, it is urgent 

that much more time and money be utilized in determining how to success-

fully regenerate all of the corrnnercially important hardwood species in a 

more efficient and, therefore, economical manner. 
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Until more satisfactory techniques are developed, the following 

requirements should be met in order to successfully establish a hardwood 

plantation: 

1. Correct site for a respective species. 

2. Complete site preparation. 

3. Plant only the most healthy, vigorous seedlings with adequate 

feeder-root systems. 

4. Plant properly. 

5. Discourage weeds and grasses until the trees are large enough 

to control the site. 

6. Protect from rodents, animals, and fire . 
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GITTING THE JOB OONE 

H. Don Smith1 

INTRODUCTION 

This discussion is about the individual who must put into action all 

of the research information concerning tree growth, soil fertility and 

structure, seedling survival, thinning, and other related silvicultural 

topics plus meet a logging or tree planting budget. His title may be 

Resource Manager, Operations Manager, or some other, but he is the person 

who has the responsibility for integrating esoteric research information 

into his field work in such a way as to optimize company profits. The job 

is a tough one because there are many short-term and long-term activities 

that conflict, and the best trade-offs are not always evident. It is 

impossible to tell any of you precisely how to do your job, since each job 

is different, but I hope to give some guidelines that will help. Briefly, 

these guidelines fall in the areas of Planning, Organization, Communication, 

and Supervision, and reflect the way my company, Potlatch Corporation, 

attempts to accomplish the total land management job. 

J?lanning 

Potlatch people are dedicated to planning in every phase of their 

operation. The most serious error of any manager is to always let short-

term pressures guide the activities of his unit. Wildfires and mills 

about to nm out of logs are obvious short-term emergencies that must be 

dealt with when they occur, but proper planning can reduce the instances 

when these disturbances must take top priority. Plarn1 i ng is the key to 

1Logging Manager, Potlatch Corporation, Lewiston, Idaho 
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a good operation, which means the optimLDTI integration of short-term and 

long-term goals. Good planning is easier to say than to do, and it must 

involve all of the key supervisors in a unit. It is sometimes hard to 

get crusty old seat-of-the-pants supervisors to embrace the concept of 

short or long-range planning, but with enough exposure everyone learns to 

accept it because good planning makes life easier. It is impossible to 

eliminate all of the surprises, hut with good planning the surprises may 

be reduced and the confusion reduced when a surprise does occur. There 

are several essential steps the manager of a unit must take in developing 

a good plan that will be highly useful and not just a paper exercise. 

1. Precisely define the objectives of the unit, and get the 

approval of these objectives from higher supervision. 

This is essential in resolving the sometimes conflicting 

goals of logging, site preparation, and tree planting. A 

manager with fuzzy objectives will tend to follow the path 

of least resistance, which often means favoring logging over 

other activities. Logging involves more emergencies than 

site preparation, and site preparation involves more 

emergencies than pre-commercial thinning. In the absence 

of solid objectives, anyone will tend to deal with the most 

pressing emergencies and neglect less urgent areas. 

2. Get the facts. How much does soil corrvaction retard seedling 

growth? What growth response is there to various levels of 

fertilizer? What machines are most suitable for doing combined 

logging and site preparation? What are the growth results 

of various methods of site preparation? 

The questions that can be asked are endless, but the questions 

and the answers are often avai lahle from forestry research 
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that is carried out by W1iversities and companies. There is 

almost always more information available than is used, because 

of the inevitable lag in getting research infonnation put into 

full-scale operation. Good staff help can be very useful in 

keeping abreast of new products, techniques, and biological 

findings. 

3. Evaluate the facts. This is quite separate from just getting 

the facts. Since I am trained as a forest economist, let me put 

in a good word for this persecuted minority. The goal of any 

business is to rr~ke a profit, and usually to make as much profit 

as possible. No piece of research infonnation is apt to be 

enthusiastically put into action with corporation dollars W1less 

the expected payoff can be specified in some detail. A good 

forest economist is trained to sift through biological informa-

tion and translate it to dollar figures that can be presented 

to financially trained people with little biological orientation. 

It is true that many tree culture programs have been sold to 

management on faith, but programs that rest only on faith have 

a weak foundation with which to resist economic winds compared 

to programs based on sound economics. Many companies have lost 

money by rejecting sound advice from land managers who could not 

present a good enough financial case for a biological undertaking. 

Even worse, many companies have rejected sound investment 

opportunities because of poor economic analyses done by people 

not fully trained to evaluate biological and field production 

problems from a business viewpoint. forest economists from 

institutions such as this one will usually help you avoid such 

castastrophies. My own company quadrupled expenditures on 

' 
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intensive forestry practices after forest economists such as 

myself evaluated many alternatives and showed conclusively that 

certain intensive forestry practices were excellent financial 

investments on some lands. Our cornp~~y foresters are very pleased 

to see activities now underway that they intuitively felt were 

good but which they could not justify financially without help. 

At the same time, other practices our foresters and others have 

felt were desirable have been shown to be financially question-

able and have been eliminated. Our overall intensive forestry 

program is very strong because it is based on soLmd economics 

and has the support of upper management. 

Let me emphasize that economic analysis is not the same as 

accounting. Accounting is a highly useful record-keeping function, 

but it is not economic analysis, and if treated as such can lead 

to poor busjness decisions. In a similar way, accounting for 

managerial purposes is not the same as accounting for tax 

purposes. These complex subjects could be the basis for a 

separate forum, and I will not dwell on them. But successful 

forestry must draw on the skills of economists and accountants 

who understand biological, financial, and production realities. 

At the same time, foresters and loggers must know enough 

economic language to get their message across, or have a forest 

economist who can help them bridge the gap. 

Develop a course of action based on the tradeoff s Lmcovered hy 

the fact evaluation. This is the easy part at this point, 

and you can offer your recommended course of action to corporate 
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management with a minimwn of heart flutter and cold sweat because 

you know your homework has been done and your recorrnnendations 

are logical from a forestry, logging, and business viewpoint. 

5. Once a project is underway, feed the results back into the 

planning process. (;ood planning is never-ending, and always 

involves some trial and error. Later rounds of planning will 

inevitably be improved as successes and failures from earlier 

experiences are incorporated. 

Organize the Job 

I will not dwell on using the correct machinery and techniques for 

getting the best job of logging, site preparation, <md planting in your 

area. All of these things should have been considered at the planning 

stage, and plans should have been made to at least eventually correct any 

deficiencies in this area. No one ever reaches a total state of grace in 

having all the correct machinery and knowledge of techniques, because the 

world is always changing and something better is appearing. Trial and 

error, experience, and watching your neighbors are the only ways to keep 

up or ahead in this area. Good cost accounting balanced against results 

will help you make constant improvements in your operation. 

The most important clement of good organization for the field manager 

is a long -range timetabl e for doing all of the land management activities. 

Logging, site preparation, fertilization, planting, and perhaps thinning 

may occur annually on lands managed by one individual. Obviously, if all 

of these activities are not coordinated, troubles will occur. Everyone . 

must have a timetable to see that logging is completed on time, and that 

seedlings will have a home, but some do a better job than others at developing 
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and following through on these timetables. Markets change and weather 

is always unpredictable, and it is easy to get away from a timetable that 

does not contain contingency plans to replace those that go awry. 

Develop quality control standards for every major area of activity. 

Loggers should have well-defined rules describing trees they must cut, 

and for how they should treat slash. If it is appropriate, there should 

be written standards for skid trail layout, operation on wet soils, and 

water bar construction. How much topsoil should a clearing tractor be 

allowed to move? Will the site preparation supervisor remember to tell 

every new tractor operator what he expects? Written standards need not 

be extensive, but just a few concise ones can help avoid costly errors. 

Good quality control standards are measurable, well-defined, and 

reasonable. None of us want needless rules and regulations, and that is not 

the point of quality control standards. Well-defined standards work both 

ways; the person responsible for a job knows exactly what is expected of 

him, and others know whether he did it. 

The absence of quality control standards leads to finger-pointing, 

buck-passing, and ill-will when things go wrong. But even worse, it leads 

to a failure to give appropriate credit when things go well, and this 

can be even more demoralizing to people doing a good job. 

Corrnnunicate 

I will bet that some of you are sick of hearing the familiar admonition 

on the importance of corrnnunication. But how many of you feel that the 

coilllil.ll1ications in your company are adequate? The only way to get con-

flicting and competing activities coordinated is to make sure everyone 

knows what is expected of him and when, and that he agrees to try to do it. 

Sometimes it takes a finn hand to get 1oggcrs to cooperate with tree 
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planters, but agreed-upon schedules and an understanding by all parties 

that every function is equally important will go a long way toward resolving 

conflicts. One certain point is that nobody can be expected to perform well 

if he doesn't know what is expected of him and how his activities fit into 

those of others. The principles of good communication are not hard to under-

stand, but they take real effort if they are to be accomplished and main-

tained. Nothing is more important to getting an overall job done. 

Supervise 

With good planning, organization, and communication, supervision is 

mostly a matter of small corrections along the way. One good way to make 

these corrections is to give the people involved constant feedback on their 

job performance, both good and bad. Nearly everyone wants to do a good 

job, and will make automatic corrections in job performance as long as they 

know how they are doing. Simple and frequent feedback on job performance 

for good people is often all it takes to keep everyone pulling together. 

If there is too much delay in feedback sessions, necessary corrections 

may become so large as to become tratnnatic and costly. Frequent feedback 

means frequent recognition of the best performers, which is good for their 

morale, and frequent opportunities to improve for those who need it, which 

is good for their morale, also. 

One final important element of modern supervision is helping your 

people deal with government regulations. Our industry has solicited many 

types of subsidies for timber growing, and we have applauded this type 

of government involvement. But, for the person charged with getting the 

field job done, nearly all government involvement is counter-productive 

interference. Independent contractors are now under siege by the government 

and are threatened with having 10 percent of their gross income withheld 
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whether or not they owe taxes. OSHA haunts our manufacturing facilities 

without beneficial results and now threatens to invade the woods activities. 

All profit-making business is under constant attack by government, and 

the hannful effect on productivity in general is evident. The person who 

must get the job done is more aware than some company presidents of why 

this is so. He sees machinery and men idled while some petty bureaucratic 

rule is satisfied, and knows the hours involved in filling out government 

forms and reports. As harmful as government regulations can be to a large 

company operator, the effect on small contractors is worse. Good super-

vision must involve helping hoth company and contractor operations deal 

with bureaucrats and government regulations. 

their productivity and thereby help yourself. 

By doing so, you will increase 

It may be possible for you 

to encourage your people to participate in the political process to reduce 

harmful government effects on your business. Too few working people take 

the time and effort to make their objections to counter-productive 

government heard. People who work steadily for 8 - 12 hours every day at 

productive tasks are probably not as inclined to participate in politics 

as are some who have a lighter work<lay. I think supervisors have a 

responsibility to point out to their people how government unnecessarily 

forces them to be less productive, and thereby limits their financial 

rewards, and then further adds to the insult by treating the earnings they 

do manage to obtain as loot to be heavily shared with the IRS. 

I mn obviously showing my own biases, but I deeply feel that many 

working people do not sufficiently understand our economic system. 

Employees of profit-making enterprises often criticize and bite the hand 

that feeds them because they are frustrated and angry at economic events, 

and do not realize where the real problem lies. Those of you charged 
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with getting the overall job done can improve the productivity of your 

people by talking with them, explaining how counter-productive regulations 

affect them, and soliciting their help in pressing for changes. Even if 

you fail in the political area, your people will feel less fTIIStration by 

understanding better where the real problem lies. 

Stnrnnary 

Getting the job done in forest1y means integrating biology and economics 

to obtain optimum profits. Logging may conflict with site preparation, 

and optimum site preparation may cost more than another method. Careful 

evaluation is necessary to see that one function does not suffer at the 

expense of another, reducing overall profits. Getting the best job done 

involves careful planning, organization, connnunications, and supervision. 

It is a challenge to balance all of the competing forces, hut the people 

who do it have the satisfaction of knowing it was they who finally got the 

total job done. 

' 
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FOREST REGENERATION IN TI-IE SOUTI-IEAST- --A SYNTHESIS 
1 Eldon W. Ross 

My assignment is to provide a sununary of all influences in natural 

and artificial regeneration in pines and hardwood. As desirable as this 

may be, the scope of that task is far beyond what I can adequately cover 

in the time allotted. However, there are some specific imminent problems 

facing us in forest regeneration which I would like to discuss, then I will 

describe some research needs related to these problems. 

First, I would like to set the stage. There are 88.9 million acres 

of corrnnercial forest land rn the Southeastern United States. Thirty-six 

and one-half million acres (11 percent) are in softwoods and fifty-two 

million acres (59 percent) are in hardwoods. Further, 23.2 mjllion acres, 

or 26 percent of the conrrnerical forest, arc Jess than 60-perccnt stocked 

with trees meeting the minimum standards for growing stock. On at least 

half of the poorly stocked acres, existing conditions will not improve 

significantly without some kind of treatment. Many times, the poorly stocked 

conditions on these acres are attributed to timber harvest where nothing 

was done to ensure adequate regeneration. In the Southeast, the most recent 

forest inventories indicate about 1.3 million acres of timberland arc har-

vested annually and retained in corrrrnercial forests. These are the acres 

of final harvest and exclude the thinnings and other intennediatc cuttings 

and acres harvested and diverted to some other laml use. The minimum annuaJ 

regeneration requirement, therefore, totals 1.3 million acres. Forest 

inventories also provide a basis for comparing the rate of final harvest 

1station Director, Southeastern For. Exp. Station, USDA Forest Service 
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to the rate of adequate regeneration. 

Over the past decade, the rate of artificial regeneration has averaged 

about 0.5 million acres annually. This figure includes planting following 

harvest, the planting of open land, and the conversion of poorly stocked 

acres to plantations. The rate of successful natural regeneration averages 

about 0.4 million acres annually. We conclude from these figures that the 

rate of successful regeneration in the Southeast has recently been about 

30 percent below the rate of final harvest. On non-industrial private forest 

land, the regeneration deficiency is even more serious. There, the rate of 

artificial regeneration is less than 20 percent of the rate of final harvest. 

Even when successful natural regeneration is included, it is only about SO 

percent (H. A. Knight, personal communication, 1980). While some regenera-

tion problems are cormnon to both softwood and hardwood management, most are 

not, thus I will separate them in my discussions today. There are a few 

softwoods other than pine within the Southeast, and they represent only 

one-half of 1 percent of the softwood acreage. The various species of pine 

make up the remainder. Most of my discussions will focus on the two major 

species--J.oblolly pine (37 percent) and slash pine (29 percent). 

Pine Regeneration 

In the late 1960's, regeneration of the South's Third Forest became 

an important theme. With declining supplies of softwoods from the West, 

it became apparent that greater demands would be made for southern pine 

timber. It was estimated that 70 percent more softwood timber would be 

needed by year 2000 than was available in 1968. The rate of pine regenera-

tion was the key factor in whether the demand could be met. Boyce and 

Knight (1979) pointed out that regeneration of the South's Second Forest 

came about mostly from economic dislocations in agriculture hetwccn 1945 

and 1965. Over this 20-year period, the acreage of cropland harvested in 
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the South declined by over 30 million acres. Extensive acreages of retired 

cropland naturally seeded to southern pines. A small proportion of this 

land was planted to pine. 1be current forest statistics in timber growth 

and inventory voltnnes reflect the development of these stands. Since 1965, 

the rates of pine regeneration in the South have been declining mid perhaps 

not fully appreciated since continued increases in pine voltnne and net annual 

growth of pine are recurring as a result of pine regeneration on the retired 

cropland from 1945-1965. The seriousness of this problem begins to material-

ize when we find that these increases in pine voltnne are temporary unless 

new or harvested acreages are regenerated. Regeneration in the post-Soil 

Bank era is lower especially on non-industrial private forests (NIPF), and 

when these stands are harvested, evidence suggests that many of them are 

not replanted or naturally regenerated to pine but are allowed to succeed 

to hardwoods. 

Boyce and Knight (1979) in another study stated that between 1980 and 

1990 the ingrowth from 2- and 4-inch softwoods to larger diameter trees 

will be nruch smaller than prior to 1974. This reduced rate of ingrowth will 

reduce the number of pines in the 6-inch and larger diameter classes and 

growing stock voltnne in these diameter classes will clecline. Expected 

increases in harvest rates an<l reduced rates of ingrowth can liquidate the 

accunUJlated growing stock voltm1e and recluce the growth- to-supply ratio 

for southern pines. As evidence to support the seriousness of the pine 

regeneration problem, Boyce and Knight (1979) cite the following: (1) 

Declining nl.Illlbers of softwood saplings are found in each succeeding date 

of inventory by State, (2) the low rates of cropland retirement which began 

in 1965 continue and, therefore, have eliminated one of the major sources 

of new pine stands in the South prior to 1%5, (3) harvesting pine stands 
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without regeneration to pine is the most important factor that transforms 

pine types to hardwood types, (4) some kinds of partial cutting and natural 

succession are also converting pine forest types to oak-pine and hardwood 

types, (5) the rate of conversion of pine types to hardwood types is fastest 

on NIPP land which represents 63 percent of the area in southern pine types, 

(6) rates of planting on NIPF land have remained constant since 1965. 

Annual pine planting on NIPP land is less than half the rate of natural 

regeneration that occurred prior to 1965, (7) increased rates of planting 

on forest industry land will make some contribution to future timber supplies, 

but such lands represent only 27 percent of the corrnnercial forest land in 

the important pine types, and (8) increases in growing stock volt.nnes reported 

for 1977 resulted from rapid rates of natural regeneration before 1965, and 

can be eliminated in 10 to 20 years. Boyce and Knight (1979) concluded 

their study by stating that the effects of reduced ingrm1rth and growing stock 

volt.nnes which resulted from the 14-year peri od of reduced regeneration can-

not be changed irrnnediately by increasing rates of regeneration. It would 

require another 30 years before such increases would make important con-

tributions t o pine roundwood suppli es. 

While these data do not relate to the technical problems of pine regen-

eration, they do describe a serious situation which wi l l influence some 

of the future regeneration practices we employ. Most r egeneration oppor-

tuni ties in the future wi ll occur on cutover land. Easy , energy-efficient 

regeneration of idle agricultural land will no longer be corrnnon. Regenera-

tion of harvested land will require energy-intensive site preparation 

techniques to keep it in pine unless we can find l ess expensive, effecti ve 

alternatives. Even before the energy crisis, the high costs associated with 

site preparation made investment in pine management unattractive to the 

NIPF owner. Now the problem i s further compounded by ris ing energy costs. 
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It seems probable that cost-effective alternative means of pine regeneration 

will be in rrruch demand. Thus, we must re-evaluate our whole philosophy of 

regeneration. We are quite familiar with the success achieved by using 

intensive site preparation techniques, and we know most of the basic bio-

logical requirements for successful natural regeneration. 

Now, what can we do to achieve successful regeneration without having 

to fight the forces of natural succession at each harvest cut? Some approaches 

are fairly obvious. We need to examine closely the areas we are trying to 

keep regenerated in pine. Some may be better suited to growth of hardwoods 

and should be managed as such. As softwood supplies become more scarce, 

industry and the markets will shift to utilization of more hardwoods as a 

substitute for products that have traditionally been softwood. We should 

explore more use of natural regeneration techniques. It is apparent that 

the practices so long attractive to industry are not suitable for small 

private landowners and are becoming less attractive to industry. We know 

considerably about natural regeneration requirements for both slash and lob-

lolly pine. Both species can be successfully regenerated using seed tree 

or shelterwood techniques (Langdon 1979, Langdon and Bennett 1976). We 

lmow little, however, about the ecological effects of continued rotation 

of these species. 'Jbe use of natural regeneration and low-intensity sil-

viculture will inunediately raise questions about how to control the density 

of pine stocking and how to control competition from unwanted vegetation. 

The recent loss of some phenoxy herbicides has caused a serious setback in 

our vegetation control efforts. It will be necessary to continue chemical 

vegetation control in some situations, however, we expect that the use of 

prescribed f fre rrrust assume a greater role in both vegctat ion management ;md 

site preparation. A well planned prescribed fire program, used persistently 
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throughout the stand rotation, will keep hardwoods in check and eliminate 

much of the competition problem at the time of regeneration. Perhaps it 

will be better to incorporate prescribed fire as a regular part of the manage-

ment routine rather than resort to more intensive and expensive site 

preparation. 

Although I am suggesting more use of natural regeneration, we must not 

ignore the need to improve artificial regeneration. The genetic potential 

for improved growth, wood quality, and resistance to insect and disease 

problems is substantial. The high economic value of genetically improved 

seed justifies considerable expense of production, yet many seed orchards 

have yields that are considerably below their potential. Sometimes, the 

predictability of seed crops is uncertain. 

Unaccounted for, poor survival of planted seedlings has been reported 

as an increasing problem. Production of high-quality seedlings is basic 

to successful artificial regeneration. Although much is known about the 

causes of seedling defects and mortality, quality control in the nursery is 

an extraordinarily complex problem. We are just beginning to understand 

some of the interactions among factors such as seeJ source, disease resist-

ance, insect hazard, rnycorrhizal relationships, and nursery production 

practices. 

One might conc1u<le from my remarks thus far that all the South is 

suited to growing loblolly and slash pines. Of course we know better, and 

in some cases we should have known better and did not. Other pine species 

occupy specific ecological niches which deserve further attention. Col-

lectively, these other pine species occupy 3) percent of the softwood 

types. There are some significant opportunities to improve regeneration 

of species such as white pine, longleaf, shortleaf, Virginia, and pond pine. 
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I have not said anything about the impacts of regeneration practices 

currently employed. In most areas, the greatest cost of regeneration is 

site preparation. Preparation in some situations is almost as intensive 

as for agricultural crops. Regeneration techniques have often been heavy-

handed. Some site preparation practices--shearing, windrowing, disking, 

etc.--have severe effects on site quality. Many were developed in the Coastal 

Plain and extended to the more steeply sloping Piedmont and mountain lands 

where erosion, nutrient loss, and physical damage are proportionately greater. 

While the reasons for use of mechanical equipment are accepted, we should 

also see how little impact we can make on a site and still achieve our 

objectives. In view of increasing environmental constraints, we need to 

re-evaluate the trade-offs in utilizjng various site preparatjon techniques 

and the accwnulation of various inteJJsive pjne management practices. 

Great advances have been made in genetic tree improvement in the past 

two decades; however, regeneration research for future challenges that focuses 

on future needs must also address the problem that the future is highly 

uncertain. For example, what distribution of sites will be available for 

regeneration, what silvicultural systems and what rotation ages will be used? 

Management techniques to accommodate increased site variability depends 

on research which can find materials and treabnents capable of maximizing 

yield on multiple, variable sites. Silvicultural research must play an 

important role here, but genetic research will require breeding varieties 

for future arrays of sites, silvicultural regimes, and economic demands. 

To accomplish this task, multiple varieties must be created rather than a 

single super variety. There may also be other approaches to the use of 

genetically improved stock. Stands artificially regenerated with improved 

stock could be naturally regenerated in future rotations. 
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Finally, we must not overlook the need to protect all our pine regenera-

tion efforts from insects and disease. The value of genetically improved 

tree seed is several hundred dollars per pound. We can ill afford continued 

seed losses caused by seed and cone insects and diseases. The effectiveness 

and availability of our most reliable pesticides will continue to chal lenge 

us. Various reproduction insects, especially pales weevil and Nantucket 

pine tip moth warrant our further attention. While we have made consider-

able progress in developing rust resistance in slash and loblolly pines, 

we cannot relax our efforts to reduce this disease. 

Pine Regeneration Research and Related Needs 

The previous discussion suggests several areas which require further 

research. Following are a number of forest regeneration-related research 

needs which deserve our attention if we are to redeem our responsibility to 

our users and meet the future public timber demands in the Southeast. It 

is by no means a complet e list. 

1. Forestry Incentives for NIPF Landowners. 

a. Develop an array of economic investment opportunities for 

NIPF owners. 

b. Determine equity of taxation of forests and forest-generated 

revenue related to NIPF Lands for use by l awmakers. 

2. Regeneration Alternatives for Loblolly and Slash Pines 

a. Evaluate regeneration and cost effectiveness of minimum 

silvicultural systems such as seed tree and shelterwood 

t eclmiques. 

b. Evaluate sel ection management systems , especially for NIPF lands . 

c. Evaluate effectiveness of varying degrees of site preparation. 

d. Develop stocking control guides and t eclmiques for naturally 

r egenerated s tands. 

.. , 
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e. Detennine ecological consequences of continued rotation of 

pines. 

f. Develop better site and soil evaluation techniques to detennine 

the consequences of cultural treatments. 

3. Development of Better Regeneration Guidelines for Minor Pine Species 

4. Vegetation Control Techniques 

a. Develop prescribed burning strategies for maximum effective-

ness throughout pine stand rotation to achieve desired 

silvicultural objective. 

b. Develop alternative chemical control strategies to replace 

phenoxy herbicides. 

5. Site Preparation Techniques 

a. Improve tec1miques for use of fire, which includes physiological 

studies of species to be controlled as well as burning 

techniques. 

b. Develop modified mechanical equipment techniques which will 

result in minimum site disturbance. 

6. Seed Orchards and Seed Supply 

a. Develop a seed production inventory monitoring system to 

predict seed crops up to 1 1/2 years before harvest. 

b. Evaluate the effect of geographic, cultural, edaphic, and 

climatic variables on seed orchard production. 

c. Improve controlled pollination tedmiqucs to improve seed 

yields. 

d. Quantify the impact of inbreeding on the seed yield of pine. 

7. Seedling Production and Nursery Practices 

a. Develop improved techniques to achieve unifonn seedling 

gennination and quality. 
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b. Develop improved methods to control seedling dormancy. 

c. Develop techniques to prepare seedlings for the planting 

environment. 

8. Tree Improvement 

a. Develop improved techniques for incorporation of insect and 

disease resistance in tree breeding programs (especially 

fusifonn rust, tip moth, pa1es weevil, etc.). 

h. Develop techniques to utilize genetically improved trees in 

natural regeneration systems. 

c. Develop tree breeding programs to produce trees adapted to 

future arrays of sites, silvicultural regimes, and economic 

demands. 

d. Develop productive pine hybrids. 

9. Protection of Pine Regeneration 

a. Develop techniques to predict, detect, and estimate attacks 

by pales weevil, Nantucket pine tip moth, and pine webwonn 

and sawflies. 

b. Develop more cost-effective seed and cone insect control 

techniques. 

c. Determine the impact of pathogenic fungi on pine flowers, 

conelets, cones, and seeds. 

d. Develop more cost-effective strategies for controlling nursery 

insect and disease problems. 

e. Develop a continuing array of pesticides to replace less cost-

effective or less efficacious ones currently in use. 

f. Develop techniques to assess the environmental impacts of new 

pesticides. 

•, 
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g. Develop techniques to detect insect and disease resistance 

early in seedling or sapling growth. 

Hardwood Regeneration 

There are 52 million acres of hardwood forest types in the Southeast. 

This represents 59 percent of all forest types. The oak-hickory type repre-

sents 4 7 percent of the hardwoods, followed by oak-pine accounting for 22 per-

cent, and oak-gum-cypress, 21 percent. Chestnut oak, scrub oak, elm-ash-

cottonwood, and maple-beech-birch make up the remaining 10 percent. Currently, 

hardwood plantations, sweetgum, sycamore, and cottonwood represent minor 

acreages in the Southeast, however their mnnbers are increasing. Seventy-

seven percent of the hardwood types are in NIPF ownership. Forest industry 

and public lands represent 14 and 9 percent, respectively. The greatest 

proportion of hardwoo<l stands ]s regenerated naturally using even-age manage-

ment systems, or a no-management system where harvesting is restricted to 

a diameter limit cut or high grading which ultimately results in an all-

aged stand of deteriorating quality. 

What are the problems in hardwood regeneration? Perhaps our greatest 

problem is in not placing more emphasis on hardwood regeneration. This 

situation is understandable because marketing opportunities have not been 

conducive to stimulating more of an interest in hardwoods. With the pros-

pect of new hardwood markets developing as a result of the energy crisis, 

numerot~ opportunities may now be available to us. The availability of 

high quality hardwoods continues to decline, yet hardwood stand management 

to achieve the desired species composition and quality has not heen accept-

able to forest-lan<l owners. 
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Perhaps one of the greatest challenges we face in natural regeneration 

of hardwoods is controlling desirable species composition. Specifically, 

there is a problem of obtaining an oak component on good sites. Dense under-

stories of tolerant trees and shrubs that have developed on most sites with 

the elimination of fire and grazing place a premiwn on prolific seedling 

production and very rapid early height growth characteristic of species such 

as yellow-poplar, thus the slower growing oaks have little chance in such 

an environment. Too, a complicating factor is that we know little about 

hardwood site quality and the effects on species composition, or successional 

trends over time. 

Next, I would like to point out two situations not directly related to 

hardwood regeneration problems but which, nonetheless, deserve some 

attention in our regeneration discussions. I mentioned one earlier--con-

tinued growth of hardwoods on sites where conversion of pine has been 

attempted. This situation is particularly common in the Piedmont region of 

the Southeast. Much of this area will support excellent growth of hard-

woods, yet generally we have neglected hardwood management throughout this 

region. The opportunities to produce quality hardwoods or biomass are great 

and would not require the expensive site preparation techniques as in pine 

regeneration. Another area we have virtually neglected in recent years 

is wetland hardwoods, 21 percent of the hardwood types. The productive 

potential of the wetland hardwoods is extremely high because of high moisture 

and nutrient supplies. We need to know more about the ecological consequences 

of managing wetland hardwoods. Here, as in other hardwood management, 

techniques to regenerate desired species require early attention as well 

as methods to regenerate high-graded stands to a suitable composition. 

•, 
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As I mentioned earlier, artificial regeneration of hardwoods is a 

relatively lll1COrronon practice in the Southeast. In some areas, private 

industry, in order to rapidly meet their hardwood pulp needs with the 

quantity and quality of materials desired, has begun to plant some sweetgum 

and sycamore. 

If we examine artificial regeneration of hardwoods, we find that success 

here has not been as great as in pines. Some species such as yellow-poplar, 

sycamore, cottonwood, and sweetgum are fairly successful on intensively 

prepared sites. On other sites not so well prepared, or where intcrplanted 

in hardwood stands, competing natural hardwood vegetation usually will crowd 

out planted stock. Nursery practices are also more difficult for hardwoods. 

Uniform seed germination and weed control in nurseries are problems. 

Mycorrhizal relationships in hardwoods are not well lll1derstood. 

While hardwood plantation problems are similar to pine in some respects, 

there is one major difference. Large seedlings in excellent physiological 

conditions are required for successful planting. This creates spec1al prob-

lems as far as requirements for nursery space, storage, transportation, and 

planting costs. 

Finally, an important factor we must deal with in hardwood regenera-

tion is the fact that 77 percent of the hardwood types are in NIPF owner-

ship. Economic facts related to marketing of the current supply have pro-

vided little incentive to regenerate and manage hardwoods. The growing wood 

energy and chemicals market and the future need to substitute hardwood for 

products traditionally made of softwoods will substantially change this out-

look. Dutrow (1980) in a recent stuJy made four perti ner1t points: ( l) 

overall hardwood supplies are abundant, quality haTdwoods that are reaJ1ly 

available are in short supply, low-grade hardwoods are everywhere and command 
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minimal prices, (2) markets for quality hardwoods are strong and will remain 

that way; markets for low-quality hardwoods are weak but should improve 

as more uses are being discovered for wood fiber, (3) artificial regenera-

tion of cottonwood appears most profitable, but the returns have suffered 

from cost escalations that have exceeded the rate of increase in stumpage 

prices, and (4) natural regeneration of hardwoods emerges as a financially 

promising means of increasing the supply of quality hardwoods with a minimal 

initial outlay of capital. 

Hardwood Regeneration Research and Related Needs 

The list of needs in hardwood regeneration research reflects some of 

the same as for pine regeneration. However , relatively speaking, we ar e 

not as technically advanced with hardwoods as we are with pines. The fol-

lowing list reflects our needs related to our current state of knowledge 

and levels of management: 

1. Nursery Practices 

a. Develop techniques to provide uniform seed germination, 

seedling size, and physiological condition. 

b. Develop techniques to use smaller planting stock which will 

he competitive in the field. 

c. Determine mycorrhizal relationships. 

d. Develop weed control techni ques. 

2. Plantation Practi ces 

a. Develop better weed control techniques. 

b. Develop techniques to identify and assess site quality. 

3. DeveJop regeneration and management guidc1incs for Piedmont 

hardwoods. 

) 
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4. Develop regeneration and management guidelines for wetland 

hardwoods. 

5. Natural Regeneration Techniques 

a. Determine natural successional trends . 

b. Develop techniques for better stocking of desirable species. 

c. Develop techniques to identify and assess site quality in 

heterogeneous and disturbed stands. 

d. Develop selection management guidelines. 

6. Regeneration-Management Incentives 

a. Develop new markets for hardwoods. 

b. Develop better economic assessments of silvicultural 

techniques. 

c. Develop an array of hardwood investment opportunities . 
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