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regenerate a variety of high-quality hard- 
wood species and promote a two-age stand 
structure for aesthetic, wildlife habitat, and 
other non-timber binefits. Basal area is re- 
duced enough so that it resembles a seed- 
tree or shelterwood practice in that some 
overstory trees are retained while all other 
trees are cut (Figure 1). However, in defer- 
ment cutting the residual trees are not cut 
once the reproduction becomes established 
as in even-age practices. Instead, the har- 
vest of the residual trees is deferred until 
new reproduction is between 40 and 80 years 
old, generally one-half to a full sawtimber 
rotation. The result is a two-age stand struc- 
ture. Once the two-age stand structure is 
established, deferment cuts can be repeated 
at intervals of 40 to 80 years to maintain this 
condition for many years. Silviculturists also 
use terms such as clearcutting with reserves 
or irregular shelterwood to describe prac- 
tices that promote a two-age stand struc- 
ture. 

Silvicultural systems that promote a two- 
age stand structure have been initiated on 
national forests, state forests, industrial for- 
ests and to a lesser degree on nonindustrial 

private forests in many eastern states. A 
similar practice called "insurance silvicul- 
ture" was applied in Pennsylvania to retain 
a seed source in the event of a regeneration 
failure (Bennett and Armstrong 1981). In 
most cases, two-age silvicultural methods 
were employed to regenerate a variety of 
species, particularly those that are shade- 
intolerant, and to mitigate the perceived 
negative visual impacts of clearcutting. Simi- 
lar to clearcut stands, natural regeneration 
that follows two-age regeneration methods 
includes a variety of both shade-tolerant and 
shade-intolerant commercial hardwoods 
(Miller and Schuler 1995). Unlike 
clearcutting, however, the presence of re- 
sidual overstory trees improves aesthetics 
and maintains a more diverse vertical stand 
structure that may benefit certain wildlife 
species (Pings and Hollenhorst 1993). As 
the new reproduction develops beneath the 
large overstory residuals, the stand has two 
distinct height strata. These strata provide 
a diverse habitat for songbirds that forage 
in high canopy trees (Wood and Nichols 
1995), as well as those that require a brushy 
cover characteristic of a young even-age 
stand (DeGraaf et al. 199 1). Deferment cut- 
ting also provides an opportunity to retain 
species that produce hard mast for wildlife 
food. 

Though wildlife habitat and aesthetic is- 
sues also are important, this report focuses 
on two aspects of stand development after 
deferment cutting: (1) growth and develop- 
ment of the residual trees, and (2) abundance 
and species composition of reproduction 
that develops after cutting. This paper sum- 
marizes research results on deferment cut- 
ting as it has been applied in central Appa- 
lachian hardwoods on the Monongahela 
National Forest (MNF) since 1979. Results 
are presented from a recent study of 20 op- 
erational deferment cuts applied in stands 
throughout the MNF since 199 1. 

Figure 1 . Three years after 
deferment cutting in central 
Appalachian hardwoods. The 
residual stand contained 15 
desirable codominant trees per 
acre, the remaining merchantable 
sawtimber trees were removed, a n d  
all other stems 1 .O inch d b h  a n d  
larger were cut  to  prepare the site 
for new reproduction. 
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Figure 2. 
Mean percent of residual trees 

with logging wounds. For bars of 
the same shade, means followed 

by the same letters are not signifi- 
cantly different [P>O. 10) using 

Tukey-Kramer HSD. 

OPERATIONAL DEFERMENT CUTS 
In 1996, data were collected on 20 two- 

age stands on the MNF that had received 
deferment cuts two to five growing seasons 
prior to the study. This survey was con- 
ducted to assess current conditions and the 
implications of deferment cutting on future 
species composition and wood product 
quality. Thus, changes in residual tree qual- 
ity and reproduction presented here are pre- 
liminary results for the first two to five years 
after treatment and do not necessarily rep- 
resent the long-term implications of this prac- 
tice. Data collected for residual trees included 
species, diameter breast height (d.b.h.), 
crown class, number of epicormic branches 
on the bottom two 16-foot logs, size of 
wounds and tree grade (Hanks 1976). An 
initial tree grade was estimated based on 
visible tree characteristics minus new 
wounds and new epicormic branches deemed 
to have resulted from recent logging. Data 
collected for reproduction included species 
and height for each woody stem on 0.001- 
acre plots located along systematic grids in 
each stand. Thirty plots, on average, were 
located on each stand. 

Survival and Quality of residualTrees 
Tree grade, epicormic branches and log- 

ging damage were evaluated for a total of 
768 individual trees representing nine com- 

Table 1.  
Percent of trees reduced 
in grade due to logging 

wounds or epicormic 
branching after defer- 

ment cutting." 

% ofireesdhRthw&z l00sq. in. 
o r ~ r n - ~ a  

70- 

C 
Season of cut 

mercial species. An average of 8 percent of 
residual trees had died since the stands were 
cut. In general, deferment cutting did not 

I result in significant grade changes in the 
first 2-5 years after treatment. Among large 
sawtimber (1 7.0 inches d.b.h. and larger) 1 1, 
8 and 3 percent of white oak, black cheny, 
and northern red oak, respectively, exhib- 
ited grade reductions due to logging wounds 
or epicormic branches. Large sawtimber of 
other species did not exhibit grade reduc- 
tions. Among small sawtimber (1 1 .O- 16.9 
inches d.b.h.) grade reductions were more 
common compared with large sawtimber 
(Table 1). The development of epicormic 
branches was most prevalent on white oak. 
Suppressed and intermediate trees devel- 

oped more epicormic branches and had more 
reductions in tree grade compared with 
codominant and dominant trees. Consider- 
ing all of the 20 stands, 45 percent of re- 
sidual trees were wounded during logging, 
2 1 percent of trees had severe wounds larger 
than 100 in.2, and 24 percent had smaller 
wounds. The remaining 55 percent of re- 
sidual trees were not wounded. However, 

"he number of trees wounded and the se- 
verity of wounds was related to the months 
in which logging occurred (Figure 2). Log- 

[ ging damage was greatest during the spring 
(March-June) and least during the dormant 
season (November-February). 

continued on page 30 

Small sawtimber Large sawtimber 
(1  2-16 inches d.b.h.1 (1 8 inches d.b.h. and larger) 
Number 95% Number 95% 

Species n 6f trees % Clb n of trees % CI 
Yellow-poplar 2 3 1 4 <1-34 1 1  0 0 0-46 
Black cherry 59 3 5 <1-11 3 8 3 8 1-22 
Northern red oak 4 3 2 5 <I-19 3 2 1 3 <I-16 
White oak 19 0 0 0-20 9 1 1 1  <1-48 ' Chestnut oak 22 0 0 0-1 1 15 0 0 0-33 
Sugar maple 6 1 4 7 <1-12 2 0 0 0 0-17 

1 Red maple 49 1 2 <I-12 10 0 0 0-49 
White ash 4 1 4 10 <1-18 2 0 0 0 0-17 
American basswood 17 0 0 0-26 3 0 0 0-71 

a, Data from 20 stands on the MNF where operational two-age cuthng was applied. 
b, Confidence interval. 
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Table 2. 
Summary of small a n d  

large reproduction 
present 2-5 years after 

deferment cutting by 
forest cover type." 
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continuedfrom Deferment Cuttingpage 29 east of the Allegheny Front. Most of the 
reproduction present on the survey plots 

Reproduction was less than 1.0 ft tall (Table 2). In the 
Stands were grouped by three forest beech-cheny-maple stands, reproduction 

cover types before regeneration results were was dominated by American beech, black 

abundant. Reproduction in the mixed-oak 
stands was dominated by red and sugar 
maple, birches and northern red oak. These 
results are consistent with other studies of 
two-age and even-age regeneration prac- 

summarized: beech-cherry-maple at the cherry and the birches, though many other , tices (Trimble 1973; Miller and Schuler 1995; 
higher elevations in the Allegheny Moun- species also were present. The mixed Appa- Beck 1986). 
tains, mixed Appalachian hardwoods in the lachian hardwood stands contained the I The total number of noncommercial 
coves of the' Allegheny Mountains, and greatest diversity of species, though birches, sterns was small, representing only 5,12, and 
mixed oaks in the Ridge andvalley province maples, black cheny and white ash were most 28 percent of stems present in the beech- 
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stands for many years (~hmble  1973). 1 1 

cheny-maple, mixed Appalachianhardwood, ' able logger and conduct operations during redisual trees, is also important. Cutting 
and mixed oak cover types, respectively. the dormant season from November through these stems during logging eliminates low 

SUMMARY AND RECOMMENDATIONS 
Experience with deferment cutting since 

1979 indicates that desirable reproduction 
can be established and will develop into an 
acceptable new crop for sustained produc- 
tion of many forest benefits. The species 
composition includes a variety of shade- 
intolerant and shade-tolerant species that 
is similar to that observed after clearcutting 
(Trirnble 1973; Beck 1986; Miller and Schuler 
1995). Cultural practices such as crop-tree 
release can be applied to stems in the new 
age class once the canopy closes to favor 
the growth and development of the most 
desirable stems, such as northern red oak. 

Residual basal area in experimental de- 
ferment cuts applied between 1979 and 1983 
averaged 20 ft2/acre. In more recent opera- 
tional deferment cuts applied on the MNF 
since 199 1, residual basal area averaged 39 
ft2/acre. While residual trees in the experi- 
mental deferment cuts were potential high- 
quality sawtimber, residual trees in the op- 
erational deferment cuts also included mast 
and den trees to help meet wildlife habitat 
objectives. In practice, deferment trees may 
be selected by many criteria to help the for- 
est manager achieve a range of objectives. 

Where residual tree quality is a concern, 
avoid leaving trees in weaker crown posi- 
tions or trees that show evidence of stress 
before treatment. For most species, the 
strong codominants will not suffer grade 
reductions after deferment cutting. To re- 
duce logging damage, try to employ a reli- 

Noncommercial stems included striped January. To reduce windthrow, avoid leav- 
maple dogwood, pin cherry, sassafras, ser- ing trees above skid roads near the cut bank 
vic&ky and American hornbeam. These where roots are disturbed. 
stems are not expected to interfere with the Residual basal area should range from 20 
growth and development of commercial spe- I to 40 W/acre to meet regeneration goals. 
cies (Miller and Schuler 1995). However, if small hwtknber or poles are re- 

Currently the data indicate that these tained, maximum residual basal area will be 
stands have adequate density and distribu- reduced to allow for crown expansion as the 
tion of desirable reproduction. However, it overstory trees mature. Cutting all stems 1.0 
is too soon to predict the eventual species inch and larger, other than the desired 

Are family owned forest owners being lead 
on a slow steady walk into an economic 
abyss from which they cannot survive? 

shade that interferes with regeneration and 
provides suitable growing conditions for the 
valuable shade-intolerant species. 

Two-age regeneration harvests should 
be applied no more frequently than one-half 
the recommended sawtimber rotation for lo- 
cal conditions. In the central Appalachians, 
economic sawtimber rotations are 90,80 and 
70 years for northern red oak SI 60,70 and 

continued on page 68 

Why does the forest industry draw a line 
in the sand - and then retreat from that 
line at the slightest whimper from the 
environmentalist movement? 

composition. As these stands continue to 
develop, the trees in the new age class will 
form a height stratum distinct from the larger 
overstory trees left after logging. Stems 
present when data were collected will corn- 
Pete for crown position until the canopy of 

I Is the end of the 
the new age class closes from 10 to 15 years 
after logging. Trees that attain a codomi- 

family owned 
nant position at crown closure will deter- 
mine the species composition of these 1 forest at hand? 

You may think that the answers to these questions 
are straightforward; however, I can assure you that 
may not be as simple as they seem. 

My name is John Sullivan and I am a forestland 
owner just like you and I would like to share some 
insights I have on these and other questions that 
you will not read anywhere else. 

am asking you for a 64 cent ($.64) investment. 

Please send to me a letter which includes your name, I 

mailing address, and two $.32 first class stamps and 
I will send to you two letters which will address 
these and other issues which effect forest owners. 

am ready to defend my forest -- will you? I 
John Vance Sullivan 
P.O. Box 52 105 
Durham, NC 277 17-2 105 
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continued from Deferment Cutting page 31 

80, respectively. As a result, two-age har- 
vests could be applied every 40-50 years. 
A concern with relatively frequent harvests 
is that many large poles and small sawtim- 
ber need to be cut at short intervals to pro- 
vide adequate light for regeneration of a new 
age class. At age 40, even-aged stands in 
theregion contain 75-100 codominant stems 
per acre, with an average d.b.h. of only 10 
inches. To maintain a two-age stand struc- 
ture, 20-30 of the best codominant trees 
need to be retained to reach maturity, while 
the remaining trees will be cut. A disadvan- 

This practice may also affect product op- 
tions. Residual trees grow rapidly after de- 
ferment cutting an$ such growth rates may 
influence product quality and utilization 
options. 

Due to differences in the timing and fie- 
quency of harvest cuts, economic .returns 
from silvicult~qal alternatives are seldom di- 
rectly comparable on the basis of returns 
from a single entry. However, estimates of 
harvesting costs and roundwood values sug- 
gest that implementing deferment cuts ver- 
sus conventional clearcuts can reduce net 
cash flows from the initial regeneration cuts 
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