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Abstract-The effect of initial first-order lateral root (FOLR) groupings of northern red oak
(Quercus rubra) seedlings on a high quality mesic site was followed for eleven years on a
shelterwood and a clearcut  area. The initial FOLR number groups were empirically deter-
mined as low (0 to 6)  medium (7 to 12) and high ( 12). The shelterwood overstory was
removed before the beginning of the eighth growing season and a circle (0.9 meter radius)
was released around individual oaks in the clearcut. Individuals in the clearcut responded
favorably to release, with some obtaining 6 to 8 meter in height by age 11. After the same
period mean height from the shelterwood plantings was about 60 centimeter more than their
initial height in 1990. It appears that large thrifty northern red oak seedlings can be estab-
lished in properly controlled clearcut areas provided post harvest control of stumps is
completed in a timely fashion. The shelterwood system with artificial regeneration does not
appear to be a viable regeneration alternative as tested here.

INTRODUCTION
The basic tenets for northern red oak (NRO) (Quercus
rubra)  regenerat ion have been descr ibed by  Sanders
(1971, 1972). Working on lower quality sites in the central
s ta tes ,  he  c lea r l y  es tab l i shed  tha t  success fu l  regenera t ion
depended a lmos t  exc lus ive ly  on  the  p resence  o f  advanced
oak  reproduc t ion  when the  mature  s tand  was  harves ted .
On  s i tes  where  the  research  was  comp le ted ,  fas te r
g rowing  compet ing  spec ies  were  a  minor  p rob lem a t  bes t .
However ,  ob ta in ing  the  necessary  advanced oak  reproduc-
tion proved to be time consuming and difficult. Research
after Sanders’ was directed at various methods of obtain-
ing  adequate  advanced reproduc t ion  by  a t tempt ing  to
combine  bo th  na tu ra l  and  var ious  combina t ions  o f  a r t i f i c ia l
regeneration (Johnson 1993, Loftis  1983). This later
research was applied to high quality mesic sites as well as
s i tes  comparab le  to  those  on  wh ich  Sanders ’  research
was completed. The use of the shelterwood system to
encourage the deve lopment  o f  advanced natura l  regenera-
tion became the norm on these higher quality sites as
clearcutting in any form became vilified by many unin-
fo rmed ind iv idua ls .  In  add i t ion ,  var ious  combina t ions  o f
root/top pruning of nursery stock were extensively tested to
improve their growth performance and, to increase the
number  o f  NRO a f te r  she l te rwood was  removed.

Eventually, it became apparent that competition from faster
growing species made it very difficult to maintain a viable

presence of NRO on the desirable mesic sites and NRO’s
fu tu re  on  these  s i tes  became ques t ionab le  (McGee and
Loftis  1986). Kellison (1993) most recently suggested that
if new technology was not soon developed then NRO may
become the  “Ca l i fo rn ia  Condor ”  o f  the  eas tern  dec iduous
f o r e s t s .

The initial objective of this research was directed at
de te rmin ing  whether  the  nursery  fe r t i l i t y  p ro toco l  deve loped
at  our  research center  cou ld  produce “advanced oak
regeneration“ in the nursery in a single growing season. A
secondary objective was to determine if a first-order lateral
roo t  (FOLR)  g rad ing  sys tems p rev ious ly  used  fo r
sweetgum  could be modified to select the best oak
seedlings for outplanting in both a clearcut  and
shelterwood operation on a high quality mesic site.

METHOD
Two adjacent areas on the USDA Forest Service’s Grandfa-
ther Ranger District on the Pisgah National Forest, 12
miles northwest of Marion, NC, were used in this study. The
site index for yellow poplar (Lirodendron  tulipfera)  was
approx imate ly  100 (base age 50) .  The main  c rown canopy
was a mixture of northern red oak, white oak (Q. alba),  red
maple (Acer  rubrum),  and yellow poplar. The clearcut  area
to be used for NRO enrichment planting was a small
segment of a larger harvested area. The shelterwood area
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was immediately across the road from the clearcut  area
and had essentially the same species composition. For the
underplanting, basal area was reduced by 30 percent to
20.44 meter*/hectare,  primarily by removing the intermedi-
ates and suppressed trees from the canopy level and all
ind iv idua ls  occur r ing  in  the  subcanopy  leve l .

Acorns were collected from the Forest Service’s Wataqua
Seed Orchard  in  eas tern  Tennessee.  The seed l ings  were
grown at the Institute of Tree Root Biology’s (ITRB)
Whitehall Experimental Nursery, Athens, GA during the 1989
growing season,  us ing  a  hardwood nursery  p ro toco l
(Korman ik  and o thers  1994) .  The seed l ings  were  l i f ted
dur ing February  1990 and outp lanted in  March 1990.  When
lifted, the seedlings were placed in one of three groups,
low, medium, and high, based upon FOLR numbers. First-
order lateral roots were defined as roots with basal
d iameter  exceed ing  1  mi l l imeter  a long  the  f i r s t  30  cen t ime-
ter of taproot  below the root collar. The low, medium, and
high groups had FOLR numbers of 0 to 6, 7 to 11, and 12,
respec t i ve ly .  Roo t  co l la r  d iamete rs  (RCD)  and  he igh ts  were
recorded fo r  each  seed l ing .  Each la te ra l  roo t  was  t r immed
to approximately 15 centimeter and taproots  were pruned to
30 cent imeter  be fore  seed l ings  were  outp lan ted.

The clearcut  and shelterwood areas were each considered
as randomized  b lock  des ign .  E igh t  b locks  were  la id  ac ross
the contour in each of the two areas and 10  trees from each
FOLR group were shovel planted at 1.5 meter by 3.1 meter
spac ing  in  ad jacen t  rows .  The  spac ing  was  ma in ta ined
with only minor adjustments due to large stumps. All
standing trees, regardless of size in the clearcut  area were
fe l led  be fore  p lan t ing  bu t  no  subsequent  vegeta t ion  cont ro l
measures  were  taken  un t i l  the  seventh  g rowing  season.
Mechan ica l  con t ro l  in  the  she l te rwood area  removed a l l
subcanopy trees as well as specific canopy trees overlap-
p ing natura l ly  regenerated nor thern red oak seed l ings on
the periphery of the planted area. No subcanopy oak was
present, but none of the naturally regenerated oak in the
main  canopy  was  removed when she l te rwood was
es tab l i shed .  No  s ta t i s t i ca l  ana lyses  were  pe r fo rmed  to
compare clearcut  with shelterwood because each was an
independent  randomized b lock  exper iment .  In  add i t ion ,  no
s ta t i s t i ca l  compar isons  were  done  fo r  FOLR group ings  due
to the presence of stump sprouts and different degree of
insect infestation between the two areas.

Survival data were obtained after the first growing season
in 1990. Survival, RCD, and height were also obtained after
the Yh  year (1994) and potentially dominant individual oak
in the clearcut  were identified. Competing vegetation
density was recorded from three positions in each block
during the .Yh year measurement. Five artificially regener-
ated trees were excavated after the 51h  growing season
from both the shelterwood and clearcut  areas to examine
roo t  deve lopment  charac te r i s t i cs .

All artificially established individuals in both areas were
measured prior to the 71h  growing season. In the beginning
of the 71h  growing season (1997),  the clearcut  was released
with a silvicide by establishing circles of 0.9 meter radius

around each remain ing dominant  or  co-dominant  p lanted
NRO seed l ings .  The  she l te rwood re lease  was  de layed
until the 81h  year prior to the spring flush. Prior to crown
remova l ,  a l l  su rv iv ing  NRO seed l ings  were  consp icuous ly
identified by flagging on the stems and tags attached at
ground line to permit post harvest identification. The felling
was such that whenever possible the tops were felled
toward the outer boundary in an attempt to minimize
damage to the surviving seedlings. In winter following
she l te rwood remova l  and comple t ion  o f  one growing
season, individuals were placed into six groups as follows:
1. dead; 2. undamaged; 3. top one-third stem damaged; 4.
top  two- th i rds  s tem damaged ;  5 .  s tem miss ing ,  sp rou t ing
from root collar; and 6. stem flat on ground, sprouting along
entire length. The entire study was re-measured at this
time and again after 3 years post release in January 2001.

RESULTS AND DISCUSSION
Basically, even with supposedly high quality seedlings, the
shelterwood method proved to be unsatisfactory on this
h igh  qua l i t y  s i te .  Comparab le  resu l ts  have been repor ted
and have resulted in the misconception that artificial
regeneration is not a viable option for NRO on those quality
sites (Johnson 1993, McGee and Loftis  1986).

Performance of NRO seedlings in the clearcut, was very
good even after a very shaky beginning. Indeed, several
unanticipated factors significantly affected this experiment.
The first, was a massive infestation of the 17 year locust
(Magicicada  septendecim)  that severely damaged almost
all 240 seedlings in the clearcut  toward the end of the
second growing season. However, only the artificially
regenerated oak seedlings in the clearcut  were affected
while none of the oak seedlings in the shelterwood were
attacked. No other species were damaged by this locust
infestation. The second factor was the intense competition
f rom un t rea ted  s tumps and newly  germina ted  seed l ings  o f
Carolina silverbell (Halesia  carolha),  red maple, and
yellow poplar in the clearcut  which continued unabated
throughout  the  p re- re lease seven growing  seasons .  The
final item, occurred one year post harvest when a leaf
mining maggot (Agromyza  viridula)  attached the newly
emerging leaf of only the NRO individuals in the clearcut.
These  maggo ts  essen t ia l l y  e l im ina ted  a  g rowth  response
during the first year post release. In contrast, the individuals
in the shelterwood were free of disturbing factors.

Seedling Survival
Survival following the first season was 100 percent in both
the clearcut  and shelterwood understory plantings for all
three FOLR groups of seedlings (table 1). The second year,
locust damage was so extensive on seedlings in the
clearcut  that their long term survival appeared to be in
doubt. Many stems were severely damaged over half to
two-thirds of their height and lost much of the height
advan tage  over  newly  germina ted  compet i to r  spec ies .
Mortality rate accelerated during the third season but
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Figure l-Percentage tree damage by grade in shelterwood
planting after shelterwood removal.

stabilized by the initial re-measurement at age 5 (table 1).
Seedling FOLR grouping really had no effect upon survival
in the clearcut  as survival was determined primarily by
effects of the locust damage. Intense stump sprout
competition also increased mortality in the clearcut  site.

In the shelterwood most seedlings from all three FOLR
groupings were intact at the 51h  year measurement (table
1). A total of 20 trees had not survived in the shelterwood at
age 5. Of these 20, 16 were low FOLR group, two in the
medium group, and two in the high group. Survival re-
mained relatively constant from the 5rh  to the 71h  growing
season for the high FOLR group but the individuals from
the medium FOLR group were reduced in number to a
greater extent than those from the clearcut  (table 1).
Survival did not change appreciably between the !Yh and 7m
year in the clearcut  planting area. Release resulted in no
accelerated mortality only for high group in the clearcut  in
the llth year. Shelterwood removal resulted in considerable
mortality in all three FOLR groupings. It also resulted in
stem damage that is affecting the competitive potential of
the surviving seedlings. The survival as well as the dam-
age ca tegor ies  recogn ized  a f te r  canopy  remova l  a re  shown
in figure 1. Less than one-third of the individual stems were
undamaged and a l l  o thers  exper ienced cons iderab le  s tem

Table l-Northern red oak survival percentages by
first-order lateral root groupings from clearcut  and
sheltetwood plantings

__________ Clearcut  _______ ______ Sh&te~ood _____

Survival High” Medium Low High Medium Low
r a t e

1”’ year 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
51h year 6 8 6 6 6 3 9 8 9 8 8 0

71hyear 6 6 6 3 5 9 9 6 7 8 7 5
lllh year 6 3 5 5 4 8 8 6 6 0 6 8

“High  = 12; Medium = 7-11; Low =  O-6 first-order lateral root
n u m b e r .

damage that will in both the short and long-term affect
their survival (figure 1).

Compet i t i ve  S ta tus  o f  Na tu ra l  Regenera t ion
Most of the naturally regenerated oak seedlings in the
clearcut  and shelterwood were less than 30 centimeter
tall when the study was initiated and few were alive by age
7. Although we did not make an exhaustive survey,
natura l ly  regenera ted NRO seed l ings  were  rare ly  ob-
served at year 7 or 11. We do not know whether this
situation occurred due to limited mast production or
insufficient sunlight for seedling development or both. In
neither the shelterwood nor the clearcut, would natural
nor thern  red oak regenerat ion deve lopment  have been
sufficient for this species to be more than a minor or
occas iona l  component  on  th is  h igh-qua l i t y  mes ic  s i te .
Artificial regeneration in the clearcut  has altered this
possibility through at least age 11, and indicates artificial
regeneration may play a role in maintaining a viable
population of NRO on these high quality mesic sites.

Shelterwood
One of the objectives of a shelterwood is to limit sunlight
tha t  wou ld  encourage deve lopment  o f  compet ing  spec ies
yet provide sufficient sunlight for the NRO seedlings to
become es tab l ished.  The or ig ina l  basa l  a rea reduct ion
was effective through the 7% year, such that no low or mid-
c rown canop ies  had deve loped.  However ,  even the  h igh
FOLR grade  seed l ings  have  no t  deve loped sa t i s fac to r i l y
either before or post canopy removal. Height growth was
minimal and RCD through the .Yh year remained essen-
tially unchanged from their initial caliper. The 7th  year DBH
measurements  were  un impress ive .  The  poor  per fo r -
mance resu l ted  in  the  dec is ion  to  remove the  she l te rwood
before  the  acce lera t ing  dec l ine  o f  ind iv idua ls  worsened.
Prior to release, low FOLR group of seedlings was the
smallest and they were spindly, although some of these
above 1 .0  meter  might  be  cons idered “advanced”  repro-
duction. (Loftis  1983, Sanders and Graney 1993). Charac-
teristics of all shelterwood seedlings is that only a few
leaves developed annually throughout the 7 years. Even
on the  la rges t  seed l ing ,  se ldom have we observed more
than 20 to 30 leaves. Tip dieback  has occurred several
times on most of the seedlings but dieback  to ground
level was not observed prior to release. Partial dieback
was not associated with any particular FOLR group. Poor
vigor of the low and medium FOLR grades appeared to be
responsible for mortality that occurred between the 51h  and
7th  year. The seedlings within a specific FOLR grouping
were uniform in size and mortality did not appear to be
related to their initial sizes.

Account ing  fo r  seed l ing  response pos t  re lease  by  FOLR
group ing  was  d i f f i cu l t .  Th is  i s  because  seed l ing  damage
did not appear to be related to their heights. Thus, when
eva lua t ing  the  she l te rwood t rea tment ,  we  combined  a l l
ind iv idua ls ,  regard less  o f  in i t ia l  FOLR group ings  fo r
comparing initial seedling heights with 71h  year pre-
release and 3 years post harvest (table 2). All initial mean
he igh ts  met  o r  exceeded s tem morpho log ica l  cond i t ions
cons idered acceptab le  fo r  advanced regenera t ion  o f  NRO.
Oak regeneration is not satisfactory in this shelterwood
wi th  a  max imum growth  response  o f  on ly  60  cen t ime te r
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Table 24nitial,  seventh year pre-harvest and eleventh year post-harvest mean heights and stem condition
of northern red oak 3 years after shelterwood removal

Before  She l terwood Post-
Remova l ha rves t

2000 Stem cond i t ion
Initial Ht 71h  Year Ht 1 llh  Year Ht

1990 (cm) 1997 (cm) 2000 (cm)

D e a d
U n d a m a g e d
Top l/3 stem damaged
Top 213  s tem damaged
Stem missing - sprouting
from root collar
Stem flat on ground - 141 1 9 3 1 0 3

95 1 4 0 0
101 141 1 6 3
105 1 3 9 115
117 1 6 0 9 6
1 0 8 1 4 5 8 4

sprou t ing  a long leng th -
for 11 years (table 2). These results are typical for NRO
responses in a shelter-wood and have contributed to
ar t i f i c ia l  regenera t ion  be ing a  quest ionab le  recommenda-
t ion.

FOLR groups were 50, 40, and 30 centimeter, respectively
(figure 2). The tallest seedlings were 280, 200, and 170
centimeter for each FOLR group, respectively. Three years
pos t  harves t  showed the  mean he igh ts  rema ined  essen-
t ia l l y  the  same or  were  reduced somewhat  fo l low ing
shelterwood removal (figure 2). All seedlings under the
she l te rwood deve loped poor ly  and pre- re lease data
ind ica te  few seed l ings  were  la rge enough to  obta in  DBH
measurements .  Three  years  pos t  re lease  DBH deve lop-
ment was still unsatisfactory mirroring the lack of RCD
growth for the first 5 years under the shelter-wood (figure 3).

Trees excavated from the shelterwood after year 5 showed
that  FOLR numbers  had dec l ined fo r  each seed l ing
examined .  Th is  was  re la t i ve ly  unexpec ted .  Underp lan t ing  o r
she l te rwood regenera t ion  assumpt ions  a re  tha t  the
re leased seed l ings  or  newly  deve loped seed l ings  w i l l
develop a vigorous root system and be competitive when
the stand is harvested even if top is damaged during
canopy removal. It has been reported that unfavorable
edaph ic  o r  env i ronmenta l  cond i t ions  such as  low l igh t
intensity can result in a reduction in FOLR numbers and
vigor with a preferential carbon allocation to the taproots  at
the expense of the lateral roots in NRO and white oak
seed l ings  (Kormanik  and o thers  1995,  Sung and o thers
1998) as well as in loblolly pine trees (Sung and others
1996). Eventually, however, taproots  begin to deteriorate
and seed l ing  mor ta l i t y  occurs .  Th is  un favorab le  roo t
deterioration was not observed on the individuals exca-
vated from the clearcut  area where photosynthetic active
radiation was at least 1500 micromole/meter*/second.  The
she l te rwood had photosyn the t i c  ac t i ve  rad ia t ion  leve ls  o f
less than 5 percent of this.

The  p re - re lease  seven th  year  mean he igh t  inc reases  s ince
she l te rwood es tab l i shment  fo r  the  h igh ,  med ium,  and  low
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Figure 2-Height of northern red oak planted on ciearcut site
and under shelterwood.

Clearcut
At age 5 when potential future dominant individuals were
selected, the tallest individual from the high, medium, and
low FOLR groupings were respectively 5.1, 4.6 and 2.4
meter. However at age seven and before release, only the
se lec ted ind iv idua ls  f rom the h igh  and medium groups
were  s t i l l  f ree- to -g row.  Pos t  re lease  response was  appar -
ent with 6 to 8 meter trees being present by age 11 with
mean he igh ts  o f  the  h igh  and medium FOLR group ing
being 3.5 and 2.7 meter, respectively (figure 2). Post
r e l ease  DBH deve lopmen t ,  was  imp ress i ve  w i t h  a lmos t  a
doubling in DBH over a 3 year period (figure 3). This
response was in spite of the leaf maggot infestation during
year one post release that seriously reduced leaf photosyn-
thesis potential for that entire growing season.

6

Medium: 7-11 FOLR

15
8

Low: O-6 FOLR

Figure 3-Diameter of northern red oak planted on ciearcut site and
under shelterwood.
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Large d i f fe rences  were  observed in  a l l  g rowth  parameters
among FOLR groups in the clearcut  but survival as ex-
plained earlier was not related directly to FOLR groups or
seed l ing  s izes .  A l l  seed l ings  remained f ree- to -grow dur ing
their first year since stumps had not yet sprouted nor had
the  new ly  ge rm ina t ing  compet i to rs  a t ta ined  a  compet i t i ve
position, However, between years two and five, rapid growth
o f  s tump sprou ts  and  deve lopment  o f  new seed l ings
compet i to rs  resu l ted  in  s tead i l y  inc reas ing  compet i t i on .
When the first re-measurements were made at year five,
the  a r t i f i c ia l l y  regenera ted  NRO seed l ings  were  compet ing
aga ins t  126 ,800  s tems/hec ta re  f rom 14  d i f fe ren t  dec iduous
hardwood  spec ies .  However ,  t he  mos t  severe  compet i t i on
was from stump sprouts of yellow poplar, red maple, and
Caro l ina  s i l ve rbe l l  wh ich  each  year  became more  c r i t i ca l
as their rapidly developing crowns began to complete with
the  s lower  deve lop ing  NRO c rowns .

The competing vegetation was not re-inventoried prior to
re lease bu t  s tem numbers  d id  no t  appear  to  have dec l ined
much because of the absence of obvious mortality. At
pre- re lease,  age 7 ,  compet i t ion  o f  the  dominant  canopy
level was primarily due to the rapidly growing stump
sprou ts .  However ,  NRO ind iv idua ls  were  s t i l l  compet ing
success fu l l y  aga ins t  na tu ra l l y  regenera ted  seed l ing .  These
estab l ished smal l  na tura l ly  regenera ted seed l ings  d id  not
respond immediately to clearcut  and few of them produced
more than 3 to 5 leaves either the first or second year
following the clearcut  and thus, as reported by others, did
not benefit from it (Pope 1993).

Many of the large artificially regenerated seedlings re-
mained free-to-grow or codominant until about the end of
the 4th  growing season unless they were planted immedi-
ately adjacent to stump sprouts. These large NRO seed-
lings that were at least 1 meter tall had a clear early
advantage over competitors that began at ground level.
During this first year the artificially regenerated oak benefit-
ted from full sunlight and developed a root system required
to compete with a wide range of competitors as the new
stand deve loped.

Release at age 7 not only stimulated the NRO seedlings
dramatically (figures 2, 3),  but also had a comparable effect
on the stump sprouts outside the 0.9 meter radius around
the  re leased ind iv idua ls .  Three  years  pos t  re lease resu l ted
in yellow poplar stump sprouts adjacent to the released
individuals developing DBH’s  of 15 to 20 centimeter and
obtaining heights of 6 to 10 meter. They are now, at age 11,
clearly invading the NRO growing space. It is encouraging,
however, that the potential dominant individuals selected at
age 5, are still maintaining crown position with competitors
of seedling origin but would benefit from further release to
permi t  b roader  c rown expans ion.

CONCLUSION
After 11 years evidence is substantial that large NRO
seed l ings  w i th  adequa te  FOLR numbers  a re  compet i t i ve
and can be established on high quality mesic sites.
T rea tment  o f  s tumps  p r io r  to  enr i chment  p lan t ings  o r
es tab l ish ing  mast  p roduc ing  areas  w i l l  be  requ i red
because  even  the  la rges t  and  mos t  compet i t i ve  seed l ing
canno t  compete  aga ins t  s tump sprou ts  on  these  exce l len t

sites. In the absence of stump sprouts following an
effective clearcut  and site preparation, large NRO seed-
lings may not need release until ages 5 to 7 and, perhaps
again at 10 to 12 years. Potential dominant trees that were
selected at age 5, retained that status after release at age
7. Individual NRO oak seedlings with fewer than 4 FOLR
were  genera l l y  no t  compet i t i ve .  Locus t  borer  damage on
them could not be ascertained from this study.

As of age 11, response from the shelterwood has not been
sat i s fac to ry  regard less  o f  FOLR group ing .  Ne i ther  he igh t
g rowth  nor  s tem ca l ipe r  have  been  accep tab le  compared  to
the clearcut  response. The shelterwood site will be re-
measured at 5 years post release. This will afford a
comparison to the original clearcut  at age 5 to determine to
what  degree  the  po ten t ia l  compet i t i on  has  deve loped s ince
the shelterwood was removed. It appears unlikely, based
on the ecology at these mesic sites, that any shelterwood
type cou ld  be depended upon to  es tab l ish  NRO regenera-
tion: too little sunlight and NRO will not grow or sufficient
sunlight and the competitors will multiple rapidly. The
question of what is too much overhead cover remains an
open ques t ion  and how to  regu la te  compet i t ion  to  ma in ta in
NRO in a competitive position is difficult to ascertain.
Certainly full sunlight is the best choice for NRO regenera-
tion.

Neither shelterwood nor clearcutting in conjunction with the
best most competitive NRO seedlings available will likely
succeed in  es tab l i sh ing  th is  spec ies  on  the  des i rab le
mes ic  s i tes  w i thou t  bo th  mechan ica l  and  chemica l  con t ro l
of competitors applied in a timely and effective schedule.
Continued restriction in harvesting and chemical control of
competitors may indeed contribute to NRO attaining the
status of “California Condor” in the eastern deciduous
fo res ts  as  some have  p red ic ted  (Ke l l i son  1993) .
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