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ABSTRACT. Red oak seedlings were underplanted in a closed-canopy mature northern hardwood stand and
an adjacent shelterwood in central Ontario. Overstory density effects o17seedling survival and growth were
assessed 2 yr after planting: After 2 yr, seedling sm'vival was 90% in the uncut stand and over 99% in the
shelterwood. Seedlings in the uncut stand experienced negligible or negative annual increments in stem
diameter and height. Seedlings in the shelterwood were about 2 mm larger in diameter and nearly twice as tall
as those in the uncut stand after 2 yr. Second-year stem diameter and height distributions of planted oak were
signifieantly different in the shelterwood and the uncut stand. Root volume, area, and dry mass were
substantialty targer for seedlings grown in the shelterwood than those in the uncut stand. Loss of vigor, growth
declines, and increased mortality of planted oak were largely a result of extremely low understory light levels
in the uncut stand. Results of this study suggest that red oak underplanted in an uncut stand 2 or more years
before a shelterwood harvest will be at a c_mpetitive disadvantage on_ they are released. Establishment and

performance of underplanted red oak is promoted by shelterwoods that provide adequate light at the forest floor
and should exhibit a strong positive growth response following final overstory removal. North. J. Appl. For.
14(3):120-125.

The artificial regeneration of red oak (Quercus rubra L.) by harvest on seedling field performance. In Virginia, Tworkoski
underplanting in shelterwoods has been widely tested through- et ah (1986) underplanted red oak in an oak-mixed hardwood
out eastem North America (Jobnsou et ah l 9g6,Lorimer et al. stand 2 to 3 yr before harvesting by clearcut or shelterwood.
1994, Gordon et al. 1995). Planting oak has been used to Threeyearsafterharvesttheyobservedthattheunderplanted
establish seedlings where advance reproduction is absent, red oak were competitive with other vegetation, survival was
when there is a lack of acorn-producing oaks, and to supple- high, and postharvest seedling height growth increased with
ment natural reproduction when it occurs at low densities, harvest intensity. More research is needed to further test the
The most common shelterwood prescription involves viability of preharvest planting of red oak, especially in
underplanting red oak the spring after harvest. However, relation to specific red oak ecosystems.
foresters may encounter a scheduling problem in coordinat- The objective of this study was to examine the effects of
ing harvest and planting operations. The timing of silvicul- overstory density on survival and growth of red oak
tural operations may be further complicated when vegetation underptanted in a mature, closed-canopy and a shelterwood
managementbyherbicideapplicationorunderstorybarnsare stand dominated by northem hardwoods in central Ontario.
prescribed for the regeneration of red oak. Underplanting red The feasibility of planting red oak several years before a
oak severalyearsbeforeharvestingmay relievesomeofthese harvest was evaluated through examination of 2 yr growth
scheduling conflicts, trends in underplanted oaks in response to overstory density.

There have been few studies that consider the effects of

underplanting red oak in uncut stands before the shelterwood Methods

This study was conducted in an undisturbed mature
NOTE:WearethankfulforlheassistanceoflbresterDaveDeugo, Bracebridge hardwood stand and in an adjacent shelterwood cut inArea,OntarioMinislryofNaturalResourcesintheestablishmentofthisstudy
andthe technicalsupportprovidedbyBlakeLaporte,GarryRadey,Brian McClintock Township, approxi/nately I0 km north of
Bjorkquist, andSteve Watson. Dorset, Ontario. The shelterwood stand was harvested
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during the winter of 1992-1993. Both study stands were Table 1. Initialmorphologicaicharacteristicsofredoakbareroot
stock (1+0, undercut) underplanted in a sheJterwood (Cut) (n =

0.5-1.0 ha in area. Percent crown cover and basal area of 438) and undisturbed mature (Uncut) (n = 464) hardwood forest.
the uncut and shelterwood overstories were determined in Values are presented as mean _+standard error.

the summer of 1993. Six variable radius plots were estab- Seedlin.g characteristic __. Uncut ...... Cut ..........
lished in the uncut area and ten in the shelterwood using a Stem diameter (mm) 6.22 _± 1.07 6.12 + 1.14
2mfactorprism. Asphericaldensiometer(Lemmon1956) Shootlength(cm) 18.38 ± 4.54 17.67 _+ 5.05
was used to measure percent crown cover, based on the NumberofFOLR 12.0 + 5.7 10.4 _+ 5.5

average of four readings at each plot center, each reading

taken in a cardinal direction. Basal area averaged 8.2 4 3.8 root length, stem diameter, number of FOLR, root volume,

m2/ha in the shelterwood and 21.0 -+6.0 m2/ha in the uncut root area, and dry mass of the tap root and lateral roots were
stand. Percent crown cover was 66.3 _+ 11.5% in the measured on the excavated seedlings. Tap root length was
shelterwood and 94.0 -+ 5.2% in the uncut stand, measured from the root collar to the base of callous tissue that

Sugar maple and yellow birch dominated the uncut resulted from undercutting seedlings in the nursery. Volume

stand, comprising 78.5% and 17.3% of the basal area, oftheenti_rootsystembelowtherootcollarwasdetermined

respectively. The shelterwood harvest created a moder- by water displacement. The projected area of the entire root

ately dense residual overstory canopy and removed the system was measured using a rhizometer (LTS Technology

taller understory woody vegetation. In the shelterwood, Devices, Thunder Bay, Ontario). Dry mass of both the tap

sugar maple accounted for 68.5% of the residual basal root and lateral roots were measured after drying the plant
area. The remaining shelterwood overstory included white tissue for 48 hr at 65°C.

ash, red oak, American basswood, eastern hemlock and Pre- and post-planting differences in the frequency distri-

yellow birch, butions of stem diameter, shoot length (i.e., height), and

Bareroot (1+0, undercut) red oak planting stock was FOLR between the two overstory treatments were analyzed
obtained from the Ministry of Natural Resources nursery using the chi-square test. Size distributions were considered

at Orono, Ontario, in the spring of 1993. Stein diameter, significantly different when the test statistic exceeded the 1-_:

shoot length, and the number of first-order lateral roots > quantile of a chi-square, where ,_ = 0.05 (Conover 1980).
1 mm in diameter (FOLR) were recorded for approxi-

mately 950 seedlings. Stem diameter was measured 2.5 cm Reslllt$
above the root collar, Shoot length was measured from the

root collar to the base of the most apical live bud. After Red oak seedlings planted in the uncut and shelterwood

morphological assessment, seedlings were planted in the stands did not differ in initial morphology (Table 1). Initial

shelterwood (n = 438) and uncut (n = 464) stands. In the mot collar diameter averaged 6.17 mm and average height

fall of 1993 and 1994, stem height and diameter of each wasabout 18cmforseedlingsplantedinboththeshelterwood
planted seedling were measured. Stem diameter was aver- and uncut stands. Frequency distributions of both initial

aged from two perpendicular measurements taken 2.5 cm seedling stem diameter and height were not significantly

above the ground. Seedling height was measured along a differentbetweenthe two overstory treatments (Figure la,b).
perpendicular line that was projected from the ground to Although initial mean number of FOLR of seedlings planted

the most apical live bud. in both stands did not differ substantially, the distribution of

During early May 1995, 2 growing seasons after planting, seedlings among FOLR classes (Figure I c) was significantly
19 seedlings from the shelterwood and 25 from the uncut different (P _>0.05) between the two overstory treatments.

stand were randomly located and carefully lifted from the Seedlings in the uncut stand generally had more FOLR at the

ground to recover as much of theroot system as possible. Tap time of planting th,'m those in the shelterwood (Figure I c).
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Figure 1. Frequency distributions of (a] stem diameter, (bl shoot height, and (c) number of FOLRof red oak nursery
stock used for underplanting an Ontario sheltarwood (black bar) and a closed-canopymature northern hardwood
forest (white bar). Stern diameter and height distributions were statistically similar between the shelterwood and
uncut treatments, whereas FOLR distributions were significant(y different based on chi-square analyses (_ = 0.051.
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The shelterwood harvest removed the tall wood); under- 200

story and retained a light to moderately dense overstory

canopy. As a result, oak seedlings were relatively free of 180 (a)

overtopping vegetation during the first growing season in tile 160
shelterwood. In contrast, the dense understory of shade-

tolerant advance reproduction and closed canopy of the uncut _ "J40

stand resulted in low light levels at the forest floor. Despite _ 120
the difference in light environment between the two over-

story treatments, survival of planted oaks in the shelterwood _ 100
and uncut stand was high after the first growing season, ._

averaging 99.6%. However, by the end of the second growing
80

season, mortality of oak seedlings in the uncut stand in- Z 60
creased to 10.7%, whereas it remained at less than 1% in the
shelterwood. 40

After one growing season, stem diameter averaged 4.9uncutsecond year, mean 200 "/ i !

mm for seedlings planted in the sheherwood and 3.8 mm for
those in the stand. At the end of the B-_ •

t

stem diameter further increased to 5.9 mm for s_edlings in the 1 3 4 5 6 7 8 9
shelterwood, but remained unchanged in the uncut stand.

Approximately 52% of the seedlings in the uncut stand Stem diameter class (ram)
exhibited negative changes (i.e., decreases) in diameter the

second year as compared to only 16% in the shelterwood 200

(Table 2). Reductions in stem diameter resulted when seed- 180

lings experienced shoot dieback since the last measurement, (b)
in which case the stem diameter of the dominant new sprout 160

was measured. Of the seedlings in the sheherwood, 42%

showedapositivediameterincrement(_>lmm)inthesecond too> 140

growing season. Only 4% of the seedlings in the uncut stand _ 120

had positive diameter increments during this same period. '_ 100
Both first- and second-year stem diameter distributions were
significantly different between the oaks in the shelterwood _ 80
and uncut areas (Figure 2).

Seedliugheightsaveraged25.8+_8.9cmintheshelterwood 7 60
and 22.0 + 6.2 cm in the uncut area at the end of the first

lgrowing season. During the second year after planting, seed- 40

ling height increased to 38.9 -+15.0 cm in the shelterwood, but 2 0
oaks in the uncut stand had negligible height growth incre- •

meut(21.5_+7.7cm).Only2.4%oftheseedlingsgrowingin 0 q • • --I I I I

the low light conditions of the uncut stand showed a positive 1 2 3 4 7 8 9 "10
change in height the second year. Most of the seedlings

(97.6%) in the uncut stand had negligible height growth or Stem diameter class (mm)

decreased total height due to shoot dieback and resprouting. Figure 2. Stem diameter distributions of red oak seedlings grown
Conversely, 54.9% of the seedlings in the sheherwood exhib- under a shelterwood [black barl and a closed-canopy hardwood

ited positive height growth, with several seedlings increasing stand (white bar)after (a) one and (b) two growing seasons. Both
in height by more than 40 cm (Table 2). First- and second- first- and second-yeardistributions were significantly differentbetween the oaks in the shelterwood and uncut treatments
year height distributions were significantly different between based on chi-square analyses (= = 0.05).

Table 2. Frequencydistribution of oak seedlingsamong classesof second-year (a) diameter and (b)height increment
by overstory treatment ICut = shelterwood, Uncut = ctosed_canopy forest). Negative increments resulted from the
measurement of new sprouts that developed the secondyear following shoot dieback.

Annual stem diameter increment

Negative <1 mm + 1 mm +2 mm +3 ram _>+4 mm Total
Cut 69 178 1/6 48 13 2 426
Uncut 240 204 17 2 0 0 463

Annual stem height increment
Negative <10 em +10 cm +20 cm +30 cm >+40 em Total

Cut 61 131 117 64 42 l I 426
Uncut 276 176 8 3 0 0 463

122 NJAF 14(3) 1997



the oaks in the shelterwood and uncut stand (Figure 3). stand had an average net loss of 1 FOLR (Table 3). The net
Although wedidnotmeasure seedlingcrowndevelopmeutin change in the Ulanber of FOLR/or individual oaks in the
the two overstory treatments, oaks in the shelterwood goner- uncut stand ranged from a loss of 14roots to a gain of 17 and
ally had more lateral branches and leaves, and supported intheshelterwoodfromalnssof7rootstoagainof 15. Inthe
higher total leaf area than seedlings in the heavily shaded shelterwood, 68.4% of the excavated oaks had more FOLR
uncut stand, than at the time of planting. Only 44% of the seedlings in the

After 2 yr, seedlings grown in the shelterwood area had a uncut stand exhibited an increase in number of FOLR after
larger average net increase in the number of FOLR than those planting.
in the uncut stand. Compared to initial lateral root counts, Two years after planting, the root systems of oak seedlings
seedlings that were excavated from the shelterwood showed grown in the shelterwood were substantially larger than those
an average net increase of 2 FOLR, whereas oaks in the uncut of seedlings in the uncut stand ('Fable 3). Oak seedlings from

the shelterwood bad more than twice the root area and three

times the root volume of seedlings grown under a closed-
300 canopy. Tap root and lateral root dry mass in seedlings from

the shelterwood were 4 and 13 times greater, respectively,

250 than those of oaks from the uncut stand. Most of the root
biomass of oaks in the uncut stand occurred in the tap root,
and accounted for 86.6% of the total root dry mass.

200
Discussion

'_ 150 Light is the environmental factor most commonly Iimiting
the growth of red oak reproduction (Abrams 1992). Light

"_ intensities as low as l% of full sunlight are common in

:_ 100 closed-canopy mature hardwood forests in central Ontario
(Dey and Parker 1996). These low light levels are not suffi-
cient for red oak seedlings to support competitive rates of net

50 photosynthesis and maintain a positive carbon balance
(Hanson et al. 1987). In the short term, heavy shading of

0 underplanted seedlings leads to morphological adjustment in
shoot and root biomass in response to the understory environ-

10 20 30 40 50 61) 70 ment. This adjustment occurs through shoot and root dieback

Height class (cm) and the formation of a new shoot, and acts to establish somefunctional root-shoot balance in the field microenvironment.

300 In the longer term, low light results in pool" growth, low
carbohydrate levels, and reduced sprouting potential, and

increased seedling mortality.
250 (b) Overstory density had a significant effect on field perfor-

mance of underplanted red oak seedlings in this study. Nearly

200 all of the planted red oak survived the first year after
outplanting, even in the deep shade of the uncut stand. High
early survival rates (e.g., > 85%) for planted red oak regard-

"6 150 less of the overstory density have been observed by others
(Teclaw and Isebrands 1991, McNeel et al. 1993, Lorimer et

I= al. 1994). Over time, however, the survival of red oak

100 -_[[L [ seedlings underplanted in mature hardwood forests decreases
substantially, with mortality ranging from 42% to > 70%
(Gottschalk and Marquis 1982, Myers et al. 1989, Lorimer at

50 al. 1994, Schuler and Miller 1995). In our study, the survival
of red oak in the uncut stand decreased to 90% within 2 yr and

0 will likely drop precipitously over the next few years. In
contrast, survival of seedlings in the shelterwood should

10 20 30 40 50 60 70 80 90 remain relatively high. Clearcutting or partial cutting that

Height class (cm) retained a residual overstory between 50% and 75 70stocking
Figure3. Heightdistributionsofredoakseedlingsgrownunder or crown cover improved the survival of planted red oak for
ashelterwood(blackbar)anda closed-canopyhardwoodstand up to 7 yr, especially when the understory woody vegetation
(whitebar)after(atoneand(b)two growingseasons.Bothfirst- was also reduced (Gottschalk and Marquis 1982, Johnson
andsecond-yeardistrihutionsweresignifieantlydifferentbetween 1984, Lorimer et al. 1994, Gordon et al. 1995, Schuler andthe oaksinthe shelterwoodanduncuttreatmentsbasedonehi-
squareanalyses(_ = 0.05). Miller 1995).
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Table 3, Root characteristicsof excavated red oak seedlingsat the time of planting and after two growing seasons
in a shelterwood cut (n = 19) and an uncut stand (n = 25). Values are presented asmean ± standard error.

Uncut Shelte_vood

Root characteri§!iq ...................... PreImp/mlt At ),ear 2 Pt_plant At Xf_!__..........
Tap root length (cm) _ 12.0 ± 1.9 12.1 _+ 1.4
NumberofFO[.R 13.4 ± 5.5 12.4 ± 8.7 11.1 ± 5.9 13,3 -+ 3,7
Root volume(cm _) 8.0 ± 3.2 25.5 ± 15.8
Root area (cm_') 29.8 + 10,6 67.6 ± 26.0
D17 mass (g):

Taproot 2.55 ± 1.06 8,81 + 4.88
Lateralroot 0.41 _+ 0.29 5.28 ± 3.80
Total 2,96 ± 1.26 14.09 ± 8,28

%. dry mass in tap root 86.6 _+ 5.9 64.3 + 7.7

a Tap root lengths are similar between stands because the seedlings were undercut in tile nursery.

Red oak underplanted in the shelterwood and closed- present study probably resulted front light levels exceed-

canopy nmture hardwood stand exhibited large differences in ing the 20% full sunlight required fnr optimal shoot growth.
dianreter and height increment. Oaks phmted in the It has been long recognized that a large root system is

sheherwood were 55% larger in diameter and nearly twice as importm'tt for the successful regeneration of oak (Sander

tall as those in the uncut stand after two growing seasons. 1977). Survival and growth of planted red oak depends on a
Seedlings growing in heavy shade lind no net diameter and well-developed root system withlargecarbohydratereserves,

height growth during the second year. Similar trends have a balanced root-shout ratio, and a well-branched root system

been reported by others for red oak seedlings grown in (Farmer 1975, Johnsou 1981, 1989, Crow and isebrands
closed-canopy stands (Teclaw and Isebrauds 1991, Lorimer 1986, Pope 1993). The initial number of FOLR has been

et al. 1994). Negative stem growth increments associated related to outplanting performance, and survival and growth

with frequent shoot dieback were common under the heavy are significantly greater for seedlings with _>10 FOLR than

shade of the uncut stand. As a result, a higher number of those with < 5 roots (Bardon and Countryman 1993, Teclaw

seedlings in larger diameter and height size classes were and lsebrands 1993, Thompson and Schultz 1995). Nursery

present in the shelterwood than the uncut stand 2 yr al]er stock used in our study had _> 10 FOLR but only those

planting, nnderplanted in the shelterwood exhibited acceptable field

Partial cutting, especially when in combination with con- performance. In the uncut stand, the oaks were unable to

trol of the understory woody vegetation, has resulted in maintain the root system produced under nursery culture.

significantly increased height growth in red oak compared to More than half of the seedlings excavated after 2 yr in the

growth in uncut hardwood stands (Gottschalk and Marquis uncut stand had fewer FOLR than at the time of planting,

1982, Tworkoski et ah 1986, Myers et al. 1989, Teclaw and evidence of extensive root dieback. Incontrast, af]er growing

lsebrands 1991,Lorimeretal. 1994).Ingeneral,thelargerthe for 2 yr in a shelterwood, red oak seedlings were able to

reduction in basal area and crown closure, the greater the increase thenumberofFOLR, and the total volume, area, and

increase in height growth in planted red oak (Johnson 1984, dry mass of their root systems. This increase in root system
Tworkoskiet ah 1986). Gottschalk (1985) found that redoak size in the shelterwood stand most likely resulted from the

shoot growth was very low when seedlings were grown under improved understory light environment (Gottschalk 1985,

8% of full sunlight for 2 yr, but that shoot growth was similar 1987, Kolb and Steiner 1990).

for light treatments that provided 20% or more of full sun-

light. Partial cutting hardwood stands so that more than 20% Applications
of full sunlight reaches the forest floor should provide light

adequate to support near optimal shoot growth in red oak Successful regeneration of red oak is dependent on the

reproduction (Gottschalk 1985, 1994). development of advance reproduction with large root sys-

In a closely related companion study located near terns, capable of rapid shoot growth or sprouting response to

Foymount, Ontario, shelterwood harvesting increased light canopy disturbance. Underplanting large diameter red oak

intensity from 1% of full sunlight in uncut stands to stock can be used effectively to augment advance reproduc-

approximately 25% and 50% under canopies thinned to tion and enhance the success of oak regeneration. However,
70% and 50% crown cover, respectively (Dey and Parker the timir_g of undelplanting relative to overstory thinning is

1996). The heavily shaded conditions in the uncut stands, critical for optimal development of the planted stock. Under-

with nearly 100% crown cover, reduced midday net pho- story light levels prior toshelterwoodcuttingtreatmentsnmst

tosynthesis of underplanted and naturally regenerated oak be sufficient to support the growth of physiologically vigor-

seedlings to less than 20% of the maximum rate. Light ousrootsystemswithlargeenergyreservesneededtosupport
intensities under the two shelterwood treatments, how- courpetitive shoot response. Most researchers have used and

ever, were near or above that needed to maintain net recommend planting immediately following a shelterwood

photosynthesis close to its maximum. Because the harvestthatpermits20?/;r, ormoreoffullsanlighttoreacht he
shelterwood cutting treatments in these two studies were forest floor. Delays in providing planted oak with adequate

similar, the positive growth response exhibited in the light by underplanting in closed-canopy mature hardwood
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stands results in Ioss of seedling vigor, decreased rout and Gort_ K, K W 1987. Effects of shading on growth and development of
no, diem led oak. black oak. bhtck cherry, and red maple seedlings. II.

shoot growth, increased mortality, aud a lower capacity for Biomass pmtilioning and prediction. P. 99-110 in Proc. of 6th Central

competitive response to overstory release, hardwood for. conf.

Although survival of planted oak exhibited after 1 yr was Gotlscbalk, K.W. 1994. Shade, leaf growth and crown development of

high in the uncut staud in this study, significant declines in Quercu_ rubra_ Quercus veh¢titul, Prunus serotina and Acer rubrumseedlings. Tree Physiob 14:735 749,

height and basal diameter growth occurred, which was unlike GO'WSCHA_K, K.W., ,\X{)D.A.M.,\_QUIS. 1982. Surviwd and growth of planted

that observed in the adjacent shelterwood. Growth decline s redoakandwhiteashasaft_cledby residualoverslorydensity, stocksize,
and deer browsin ft. P. 125 .140 in Proc. of 4ill Central hardwood for. conf.

continued and mortality increased during the second year in HANSON,P.J., J.G. ISEBRANI)S,ANDR.E. DICKSON.1987. Carbon budgets of
the nncut stand. Given the observed decline in field perfor- Quercu_ rubra 1.. seedlings at selected stages of growth: influence o1'

mance of underplanted red oak seedlings in the uncut stand, [igbt. P. 269.-276 in Proc. of 6th Central hardwood for. conf.
JolINsoN, P.M. 1981. Nursery stock requirements for oak planting in uphmd

we doubt that these seedlings will he able to respond to forests. P. 2-19in Proc. ofNortheasternareanurserymen'sconf.

overstory release without substantial investment in competi- Jo_xsoN, P.M. 1984. Responses of planted northern red oak to three overstory

tion control. On moderately to highly productive sites, simi- treatments. Can. J. For. Res. 14:536-542.
JOHNSON, P.S. 1989. Growing hardihood nursery stock for phmting on forest

lar to those in our study, we recommend that a shelterwood sites with special reference to northern red oak. P, 46 62 in Proc. of

prescription such as that proposed by Johnson et al. (1986) be Norlheastern area nurserymen's conf.

used to artificially regenerate oak. Their prescription for oak JOHNSON,P.M.,C.D.DM._,K.R.D.XVIDSO'_,tNr_J.R. I,_xw.1986.Phmting
norlhem red oak in the Missouri Ozarks: A prescription. Nol{h. J. Appl.

regeneration includes (1) controlling competition from woody For. 3:66-68.

vegetation with herbicides before planting, (2) creating a Kot.u,T.E., ANDK.C.SIEtNER.1990.Growthand biomass partitioning

medium density shelterwood (55% to 65% stocking), (3) responseofnorthemredoakgenotypestoshadingandgrassrootcompe-
ti6on. For. Sci, 36:293-303.

underplanting large diameter nursery stock and (4) removing LEMMON,l_.E. 1956. A spherical densiometer for estimating forest overstory

the overstory three growing seasons after planting. In any density. For. Sci. 2:314-320.

event, planted oak should not remain under a closed-canopy Lotion a, C.G., J.W.CHAPMAN.ANDW.D*LAMBERT.1994.Tallunderstory
vegetation as a filctor in the poor development of oak seedlings beneath

overstory for more than I yr. More specific recommendations mature stands. J. Ecol. 82:227-237.

tailored to different ecosystems or types and sizes of nursery MCNEEt.,C.A., D.M. HIx, ,'_yl_E.C. TOWNSENI).1993. Survival and growth of

stock must await further research, planted northern red oak in northern West Virginia. P. 222 228 in Proc.
of 9th Central hardwood for. conf. USDA For. Serv. Gen. Tech. Rep. NC-
161.
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