
GROWTH OF OAK, ASH, AND CHERRY REPRODUCTION FOLLOWING 0VERSTORY THINNING OF UPLAND HARDWOOD STANDS IN

THE BOSTON MOUNTAINS OF ARKANSAS I

2
David L. Graney and Thomas L. Rogerson

ABSTRACT.--A study of reproduction growth fol-

lowing thinning in mixed upland hardwood stands was

initiated in the Boston Mountains of Arkansas in

the spring of 1976. Sixty-four plots, representing

a wide range in initial stand age and site quality,
were thinned to residual overs_ory densities rang-

ing from less than 40 percent to over i00 percent
relative stocking density. Subcanopy stems in all

thinned stands were partially controlled by cutting.
Growth of established oak (Quercus alba L., Q.
velutina Lam., and Q. rubra L. ), white ash (Fraxinus

americana L. ), and black cherry (Prunus serotina
Ehrh. ) advance reproduction was monitored for 5

years following thinning. In nonthinned stands,

total oak, ash,and cherryreproductionaveraged

3,000 stems per acre; but fewer than 300 per acre
were taller than I foot, and only 15 stems exceeded

a height of 5 feet. In thinned stands, total oak,

ash, and cherry reproduction had not changed sig-
nificantly in the 5 years ; however, the number of
stems taller than I foot had increased to about

1,000 per acre. Stems taller than 5 feet ranged

from 90 per acre with the light thinning treatment

to nearly 300 per acre in the heavily thinned
stands. Five-year height growth of established

oak, ash, and cherry reproduction increased sig-

nificantly with intensity of overstory thinning.
Ash and cherry produced maximum height growth on

good to excellent sites, while oaks grew well on
all sites.

yellow-poplar (Liriodendron tu!ipifera L. ) do not
INTRODUCTION occur in the upland mixed oak areas, and other

desirable species such as black walnut (Juglans
Mixed oak types comprise most of the colmmercial for- ni_ L. ), black cherry (Prunus serotina Ehrh), and

est land in northern Arkansas, and oaks are the white ash (Fraxinus americana L. ) occur only spor-
dominant timber species throughout this region, adical!y and only on the better sites. Most asso-

Valuable, fast-growing, intolerant species such as ciated species in these upland stands are either
........ slowergrowingor of lowervaluethan the oaks,so

i it is importantthat presentstandsare regenerated
Paper presented at the Fifth Central Hardwood to oak following harvest.

ForestConference,Urbana-Champaign,IL,

April15-17,1985. Researchhas showntha_ the oak componentof

young hardwood stands following complete overstory
2principal Silviculturist and Hydrologist at removal will be proportional to the number and size

the Silvicu!_ure and Hydrology Laboratory, main- of oak advance reproduction present at the time of
rained at Fayettevil!e, AR, by the Southern Forest overstory removal (Sander 1971, 1972). Newly es-
_periment Station, USDA, Forest Service, in co- tablished oak seedlings and small advance reproduc-

operation with the University of Arkansas. tion grow much too slowly to compete successfully

4



following harvest (Sander and Clark 1971; McQuilkin distributed as possible, although it was necessary

1975)_ while large stems of oak advance reproduc- to leave some midstory stems on plots receiving
tion grow rapidly after harvest and have a higher the 80 percent stocking treatment. Overstories on

probability of becoming dominant in the new stands all plots were predominately oak. Northern red,
(Carvell 1979; Sander 1971, 1972). black, and white oaks accounted for more than 90

percent of the overstory basal area before thinning

Upland hardwood stands in the Boston Mountains and more than 95 percent after thinning. Although
of northern Arkansas may have several thousand re- often a major component of the advance regeneration

production stems per acre of oak and other desira- in most stands, ash and cherry represented less
b!e species that are less than 1 foot tall, but than i percent of the overstory stocking on all
large reproduction is sparse or completely absent, plots.
Many of these stands are within 30 years of rota-

tion age and are fully stocked--but have well- Plot understories were dominated by tolerant,
developed understories that consist primarily of brushy, or less desirable species such as red maple
tolerant noncommercial species. Given the present (Acer rubrum L. ), serviceberry (Amelanchier arborea

size and status of existing reproduction, the new (Michx. f.) Fern.), redbud (Cercis canadensis L.),

reproduction stand following final overstory re- and blackgum (Nyssa sylvatica Marsh. ) on poor to

moval will contain a mixture of species but will medium sites, while dogwood (Cornus florida L. ),
almost certainly contain a low proportion of oak. hophornbeam (Ostrya vi____iniana (Mill.) K. Koch),
To enhance development of established oak advance pawpaw (Asimina triloba (L.) Dunal), and sugar
reproduction in such stands, a shelterwood system maple (Acer saccharum Marsh. ) were most common on

(Sander 1979, 1983; Loftis 1983a, 1983b; Gottschalk good sites. The number of small trees was highly
1983) involving light to medium overstory removals variable and ranged from fewer than 300 per acre in

coupled with partial to complete understory control some stands (site index 50), to more than 1,000 per
is being evaluated for upland oak stands in several acre in other stands (site indexes 70 and 80). To
areas, make the initialcontributionof smalltreesas

uniform as possible across all treated plots, the
This paper presents the 5-year height-growth number of trees in the 0.6- to 2.5-inch d.b.h.

response to overstory thinning in oak stands where classes was reduced to about 200 per acre (approxi-

understories were partially controlled by cutting, mately 4 percent stocking). Throughout the period
The advance reproduction favored in these stands of plot establishment and treatment, the Ozark
consisted of oaks (northern red, black, and white), National Forest was restricted from use of all

white ash and black cherry, herbicides, therefore it _as necessary to manually

cutindividualstems.

METHODS Reproductionwas measuredon a seriesof four-

teen to sixteen 2-milacre circular subplots system-

A series of 64 plots, installed on Ozark Na- atically distributed across each plot. On each sub-
tional Forest lands as part of an oak growth and plot, all regeneration up to 2.5 inches d.b.h, was

yield study (Graney 1980), provided an opportunity tallied by species, origin (true seedling, seedling

to study effects of stand density on establishment sprout, or sprout from a cut stem), and total
and growth of oak, ash, and cherry reproduction, height to the nearest 1-foot class. For all oak,

ash,andcherryreproduction,totalheightand
Each plot was approximately i acre in size height growth since treatment were measured to the

(0.4- or 0.5-acre measurement plot plus a 33-foot nearest 0.i foot.

buffer strip treated the same as the plot). The 64

plots represented ranges in stand age from 35 to 75 The study was designed as a balanced factorial

years with site index (base age 50 years for north- arrangement with four age classes (40, 50, 60, and

ern red or black oak) from 45 to 84 feet. There 70 years), four site index classes (50, 60, 70, and
were four overstory thinning treatments: 40 per- 80 feet), and four stocking treatments (40 percent,

cent, 60 percent, and 80 percent (relative stock- 60 percent, 80 percent, and nonthinned). There were

ing°density, Gingrich 1967), and a nonthinned con- no replications. Separate analyses were completed
trol. Pretreatment stocking densities for all for oak, ash plus cherry, and other species data

plots averaged about 107 percent for trees larger sets. Data were analyzed using analysis of vari-
than 2.5 inches d.b.h., and initial basal areas ance to test for differences in main effects and

averaged about iii square feet per acre. The under- 2-factor interactions, with the 3-factor interaction

story subcanopy was well develooed on all study serving as the error term_in all analyses. Duncan's
plots. Small trees (0.6 to 2.5 inches d.b.h. ) av- multiple range tests were used to compare individual
eraged more than 600 stems per acre and contributed treatment means.

an additional 6 square feet of basal area and 13

percent stocking on study plots.
RESULTS

The majority of the overstory density treat-

ments in these intermediate-aged stands was accom- Advance Reproduction in Nonthinned Stands
plished by thinning mostly from below. .Culls and

poor quality trees were removed first, then inter- The height distribution of oak, ash, and
mediate and suppressed trees of low quality and cherry reproduction in the 16 nonthinned stands is

vigor. Residual stands generally contained the fairly typical of reproduction under nonthinned

better dominants and codominants as uniformly intermediate-aged upland oak stands in the Boston
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Mountains (table i). Although the amount of oak heavily thinned stands. However, there were sig-

reproduction would appear to be more than adequate nificantly more stems in the i.i- to 5.0-foo_ and
to reolace existing stands, large advance reproduc- taller than 5.0-foot height classes than in the
tion (taller than 4 or 5 feet) is often sparse or nonthinned stands. Stands thinned _o 40 or 60 per-

(as in this case) absent. Most of the oak reproduc- cent stocking contained the greatest number of oaks

tion is less than i foot tall, with relatively few taller than i foot. Ash and cherry stems I.! to
stems taller than 2 feet. Ash and cherry reproduc- 5.0 feet were about the same under stands thinned

tion is highly variable throughout the Boston Moun- to 40 or 60 percent stocking, but the number of

tains but is usually most abundant on medium to stems taller than 5 feet was significantly greater

good sites. Although ash arid cherry will collec- under stands with 60 percent stocking (t'able 2).
tively contribute less than I percen_ of the over-
story in most stands, they often represent the Although the amount of oak, ash, and cherry

majority of the advance reproduction of desirable reproduction taller than I foot increased signifi-

species taller than 2 feet, and nearly all of the cantly after thinning, the actual number of stems
desirable species reproduction taller than 5 feet is small when compared to the increase in competing
(tablei). stemsof otherspecies. Stems of other speciesin-

creased from about 5,000 per acre irlnonthinned

TABLE l.--Mean height distribution of oak, stands to 8,000 to I0,000 in thinned stands. Of the

ash, and cherry reproduction stems per acre in 3,000 to 5,000 stems per acre taller than 5 feet,
nonthinned oak s_ands, more than 1,000 per acre (primarily red maple

sprouts) averaged i0 to 20 feet after 5 years
(t_able 2).

: Height Class (Feet)

_____ecies <I.i : 1.1-2.0 : 2.1-3.0 : 3.1-4.0 : 4.1-5.0 :>5.0
EFFECTS OF SITE INDEX.--The relationships be-

..................Nmnber of Stems ....................
tween site index and quantity of reproduction varied

OaksA/ 1660 63 23 3 0 0 considerably by species and reproduction size. The

number of small stems for all species was lowes_ on
Ash+ cherry 958 126 30 i0 4 15

the best Boston Mountain sites. Stands on poor

sites generally contained significantly fewer stems

_I/white,bl_ek_and northernred oaks of ash, cherry, and other species in all height
classes (t'able 2).

Reproduction After Treatment Total oak reproduction was greatest under site
index 60 stands, while the number of oak stems

EFFECTS OF RESIDUAL STOCKING.--After 5 years, taller than i foot was greater in stands with a
total oak, ash, and cherry reproduction and number site index of 50. Ash and cherry reproduction
of small stems less than i foot in height in thin- taller than i foot was most numerous in site index

ned stands did not change significantly, although 70 stands, and was about equal in the szands with

there were generally fewer small stems in the site indexes of 60 and 80.

T_3LE 2.--Reproduction 5 years al_er thinning as affected by residual stocking, site index, arid
s_and age.

: Residual Stockin_ (Percent) : Site Index (Feet) : • Stand A6e (Years)

Speciesand : !/
Hei_ht : N.T._-": 80 : 60 : 40 : : 50 : 60 : 70 : 80 : : 40 : 50 : 60 : 70

Number of Stems _er Acre ................

Oaks_ /

<i.I ft 1660a 1346a 1470a !280a 1500b_3/2091c !291b 874a 1293a 1260a !692a 1511a
I.1-5.0ft 89a 210b 340c 340e 335c 262b 227b !54a 299a 240a 267a 173a
>5.0ft Oa 4!b 94c 91c 95b 57a 47a 27a 71a 63a 60a 30a

Ash+cherry

<l.l ft 958a 749a 785a 516a 288a 1263b lOlgb 438a 624a 815a 784a 785a
i.I-5.Oft 170a 360b 471c 558c 109a 391b 73!c 327b 29!a 442a 443a 382a

>5.O ft 15a 48b 75b 189e 16a 87b 120b 105b 42a 92a 89a 106a

Otherspecies

<I.i ft 2854b 2986b 2202b 1736a 2!60a 2949b 2724b 1945a 2086a !836a 2918b 2938b
I.i-5.0 ft 3695a 5676b 5472h 50h6b 3439a 5575b 515!b 2752b 3875a _435a h567b 61!ib

> 5.O ft 1495a 2629b 3718e 4852d !863a 3160b 3824b 4347c 2396a 3145b 3333b 3821b

.... n
_/N,T. = onthinned
_lwhite_ black_ and northern red oaks

_/raeans in rows within stocking, site index, or age treatments followed by the same letter are not significantly
differentat the 0.05 level
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Reproduction of other species taller than i stocking, and averaged about the sarae growth on all

_t foot was about the same on medium to high sites ; site indexes (t'able4). Heights of ash and cherry

although the nmmber of stems exceeding 5 feet in sprouts increased significantly with intensity of
height was significantly greater in the site index overstory thinnings, and sprouts in stands thinned

80 stands, to 40 percentstockingaveraged3 feetmore height
I growththansproutsin thenonthinnedstands.

EFFECTS OF STAND AGE.--Stand age, through the Height growth of ash and cherry sprouts also in-

range of 35 to 75 years, had little influence on creased significantly with increasing site index,
Zhe a_ount of oak_ ash_ and cherry reproduction, with the greatest increase occurring in the site
The number of reproduction stems of other species index 80 stands.

was greatest in the older stands (table 2), which

indicated the buildup of a shade-tolerant sub- Neither stand age nor the two-factor interac-
canopy under the Boston Mountain stands with in- tions for stocking, site, and age were significant

creasing stand age. in the oak, ash, and cherry height growth analyses.

Two-factor interactions between stocking, site TABLE 4.--Average 5-year height growth of oak,
index, and age were significant in three analyses, ash, and cherry reproduction established prior to

but generally indicated high or low values :for a treatment as influenced by residual stocking and
given stocking/site index or site index/age combina- site index.
tion, and did not alter the main effect relation-

ships mentioned above and shown in Table 2.
: Residual. Stockin_Percent) : Site Index

Height Growth 5 Years After Treatment speo_,_ :N.TY: _0 : 6o : _0 : : _0 : 60 : 7o : 80
................................ Feet ..............................

Oak, ash, and cherry seedlings established o_kseediL_g_-_/ 0.3_!/ 0._,_0.6b 0.6_ 0._a 0._,_0.6_ o.e_

;following the overstory treatments produced little _h +e_e_y 0._,_ _._'o1.6o l.-_, 0._a I._U__._o _.'_n
or no additional gro_mth after the first year. Av ..... dn_

"_/
erage total height for all first-to fifth-year Oaksprouts= 0.h_ 1.3b l.To 2.3c 1.6a 1.4a 1.3a l.Sa
seedlings was about 0.5 foot (table 3).

Ash + cherry 0.7a 2.1b 3.0e 3.8d ]..4a 2.3b 2.4b 3.5c

sprouts

TABLE 3.--Total height of oak, ash, and cherry

seedling reproduction established during the 5-year i/ _j._,......_,_i.....a

period following treatment. _-/white, black, and northern red oaks

3/m_ an_-- _ _ in rows _ithin stocking and site index treatments followed by the same

letter szre not significantly different at the 0.05 level

>n

: ResidualStocking (Percent) DISCUSSION

_ Species : N.T.I/ : 80 : 60 : 40

Feet A primary objectivein using the shelterwood
system in upland oak stands is to enhance the growth

Oaks 2/ 0.4 0.4 0.5 0.5 of small established oak reproduction so the repro-

duction will be competitive in the new stand after

Ash + cherry 0.4 0.5 0.6 0.6 final harvest. Under the overstoryand partial
understory control treatments implemented in this

I/ study, all stocking treatments resulted in an in-
N.T. = nonthinned

2/white, black, and northern red oaks crease in the average size of oak, ash, and cherry
reproduction when compared with reproduction in
nonthinned stands. The number of oaks taller than

i foot increased from fewer than i00 per acre in
Growth of older oak seedlings was also rela- nonthinned stands to more than 400 per acre in the

tively slow over the 5-year period but was slightly stands thinned to 40 and 60 percent stocking. At

greater under the medium to heavily thinned stands the same time, ash and cherry averaged between 200
and on the better sites (table 4). and 500 more stems per acre than observed for non-

thinned stands. Most of the increase resulted

Older ash and cherry seedlings responded sig- from smaller stems growing into the i.i- to 4.0-foot
nificantly to overstory thinning and changes in site classes (table 5). However, as illustrated by the

quality. Five-year growth of seedlings in stands height distributions for stands thinned to 40 and
thinned to 80 percent stocking was more than twice 60 percent stocking, number of stems growing into

as great as that of seedlings in nonthinned stands, the taller height classes was strongly influenced
while height growth of ash and cherry seedlings in by site quality (table 6). The number of oak stems

the more heavily thinned stands was three times taller than 2 feet was greatest in the site index
greater than those in the nonthinned s_ands (t:able 50 stands and declined with increasing site index.
4). Across all stocking treatments, height growth This resulted in the Boston Mountain sites with the

was significantly greater where site indexes were greatest potential for growth producing the fewest
70 and 80. s_ems in allheight classes. On the otherhand,

the number of ash and cherry stems under the 40 and
Sprout reproduction showed the greatest in- 60 percent stocked stands w_as very low on poor sites

crease in height over the 5-year period. Oak and highest on medium to good sites (t'able6).
sprouts grew best under stands thinned to 40 percent



TABLE 5.--Mean height distribution of oak, oaks, was relatively small. Older oak seedling

ash, and cherry reproduction stems 5 years after reproduction under thinned stands averaged about
treatment. 0.i foot of height growthper year,while sprouts

averaged 0.2 to 0.5 foot per year, depending on

overstory density. Nearly all of the cak seedling
Residual: HeightClass(Feet) - and seedling sprout reproduction present at the

__S]?ecies : Stocking :<i.i : 1.1-2.0 : 2.1-3.0 : 3.1-_.0 : 4.1-3.0 :>5.0 time of thinning was less than I foot tall, aver-
-Percen_ ............... Number of Stems per &ere .................

aging 0.3 to 0.5 foot. Although based on rela-

0aksl--/ _'T'_/80 13461660 12063 23_ 353 ii0 41° t ively few stems, response of established repro-
6o I_70 _sL_ 97 60 29 9_ duction taller than i foot at the time of treat-
_0 _280 _8_ 70 5o _2 91 ment indicated somewhat grea_er increases in height

Ash_ ch._r_ _.T. 958 126 30 I0 _ 15 (table 7) Five-year height increases under stands
80 749 247 77 22 14 48

6o 785 265 _6 56 3_ 75 thinned _o 40 or 60 percen_ stocking averaged more
_0 5__6 298 1_8 72 _0 189 than 2.5 feet for the taller oak seedlings, while

increases for ash and cherry averaged about 3.5

7_ _n__orth_rnredoak_ feet. Oak seedling sprouts originating from ex-_iTte,.._ black.nonthinned isting stems taller than I foot grew about 3 •5

feet, while ash and cherry seedling sprouLs av-

eraged about 4-foot and 5-foot increases in stands
TABLE 6.--Mean height distribution of oak, thinned to 60 and 40 percent overstory stocking,

ash, and cherry reproduction stems 5 years after respectively. Stump sprouts were the talles_ re-

treatment for s_ands thinned to 40 and 60 percent production for each species group. Five-year
stocking, heightsof oak stump sproutsaveragedk.5 feet in

stands thinned to 80 percent stocking and more than

:site : _elghtC1_s_V_ee_ -- 5.5 feet in stands thinned to 40 or 60 percent.
s2ecles :Index: <l.x :x.x-e,o:_.i-3.0:3.xaAo:_.x-5,0:>_.0_ Average heights of ash and cherry sprouts increased

--se_.................s_er osstemsperae_................ with intensity of overstory thinning and ranged

o_8-_/ _0 _6_ / _8 136 7_ 71 _ from about 8 feet in stands thinned to 80 percent
6o _0_ _ 9_ 66 _ _6 stocking to more than 13.5 feet under stands thin-
70 1309 210 58 49 18 81

80 547 126 48 33 l0 _8 ned to 40 percent overstory stocking.

_sh + cherry 50 152 65 [4 5 5 22

6o i_6 3s0 _3s s_ _ _6 TABLE 7.--Average 5-year height growth of oak,
70 843 51_ 238 141 93 15_

80 382 168 139 60 26 _ ash, and cherry reproduction taller than I foot at
the time of treatment or sprouting from a cut or

J_/white,bl_ck,_ndnorthernredoa_s established stem taller than I foot.
_/me_n n_ber of stems for stands thinned to h0 percen_ and 60 percent

stocking

: Residual Stoekin5 Percent

Species and Type i / 60 : 40
of Reproduction : N.T. -- • 80 :

For all stocking treatments, most of the oak ................Feet
reproduction taller than h feet developed from stump
sprouts, primarily in the 40- to 60-year-old stands Seedlings

on mediu_n to poor sites. No oak stump sprouts were Oaks2/ 0.7 1.4 2.6 2.8
recorded in the 70-year-old stands with site indexes Ash + cherry 1.2 1.9 3.4 3.8
70 and 80. Based on prethinning diameter distri-

butions for plots representing 70- _o 80-year-o!d Seedling sprouts

stands with site indexes of 70 and 80, predicted Oaks - 1.8 3.4 3.4
stump sprouts (Johnson1977; Sander et al. 1976) Ash + cherry - 2._ 4.1 4.9
for black, northern red, and white oaks should av-

erage about 40 stems per acre. Therefore, contin- Stu_p sprouts

ued developmentof small oak reproductioninto the Oaks - 4.5 5.7 5.6
larger size classes is imperative for regenerating Ash + cherry - 7.9 9.8 13.6
existing stands to predominately oak.

I/N m = nonthinned

Ash and cherry reproduction taller than 4 feet _--/wh'Ite,black, and northern red oaks
developed primarily from extended growth of estab-
lished seedlings and from seedling sprouts. Al-

though representing fewer than i0 stems per acre,

asn and cherry st_.p sprouts attained average 5 The partial understory control treatment (re-
year heights of i0 feet. Some sprouts in site index ducing the number of stems in the 0.6- to 2.5-inch-

80 stands exceeded 20 feet, and were the only de- d.b.h, classes to 200 per acre by cutting) was
sirable reproduction stems that were competitive probably the least desirable me_hod of control, but

with red maple sprouts in these stands, represented the only alternative due to the ban on
herbicide application. Pretreatment heights of
stems in the 0.6- to 2.5-inch diameter classes av-

Wq%ile overstory and understory treatments im-
posed in this study resulted in significant increas- eraged more than 25 feet, and on most plots repre-sented a secondary closed canopy of shade above
es in the number of oak, ash, and cherry stems the small oak, ash, and chert7 reproduction. In

taller than i foot, the average 5-year increase in such stands, overstory thinning alone will often
heigh_ for established reproduction, particularly
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have no appreciable effect on the amount of light the nontreated understory and growth of sprouts

m'eaching the forest floor. The understory treat- from cut stems have, after 5 years, more than

rnent significantly increased light penetration to doubled the number of competing stems per acre,
the forest floor for a period of at least 3 years and these sprouts have mostly overtopped the small
and resulted in some improvement through the 5-year oak, ash, and cherry reproduction. To maintain

]period. However, 5 years following thinning, the development of desirable reproduction, an addition-

ntmfoer of competing stems taller than I foot had al understory control treatment would be necessary.
rlearly doubled, and stems taller than 5 feet were Effective control of the subcanopy with herbicides

nearly three times greater than in nonthinned would have reduced the sprout competition and would

stands. The n<unber of competing stems increased possibly eliminate the need for a second subcanopy

_ith intensity of overstory thinning and was gen- treatment. Effective control of the subcanopy is
erally greatest under the older stands on medium especially critical in the older stands on better
_o good sites. Competition under stands thinned sites where small trees in I- and 2-inch diameter

to 40 percent with site indexes of 70 and 80 was classes often exceed 1,000 per acre and are pri-

further increased by a surge of herbaceous vegeta- marily tolerant species that sprout vigorously.
_ion dominated by blackberry (Rubus spp. ). This

vegetation also competes with the small reproduc- 2. A residual overs%ory stocking density of

%ion and may seriously affect survival of newly 60 percent seems adequate to achieve development

established seedlings. The number of small oak, of established oak, ash, and cherry reproduction.
_sh, and cherry stems was generally much lower Leaving a residual overstory density of 80 percent

mnder the medium to heavily thinned stands on the generally reduced height growth of oak, ash, and

better sites (table 6). cherry seedlings and sprouts and did not obviously
reduce numbers of competing stems. Thinning to 40

While removal of most of the large subcanopy percent stocking would increase development of ash,
stems by cutting was of some benefit to small re- cherry, and competing reproduction but would not

production, the increase in light reaching the for- significantly increase growth of the oak reproduc-

est floor will be short-lived. As sprouts from the tion. In stands thinned to 60 percent stocking,
cut understory continue to increase in height and ash and cherry are present in adequate numbers,

smaller competing reproduction continues to develop, are still outgrowing the oaks, and will most likely
the small oak reproduction will be overtopped by become a significant component in the stands follow-

less desirable species during the next 5 years, and ing harvest. There seems to be little advantage to

will require at least one additional control treat- leaving an understocked situation over the 10-year
ment before an adequate number of desirable stems or longer period that will apparently be required

reach the minimtun size to be competitive at final for development of adequate numbers of large oak
harvest, advancereproductionin these stands.
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