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TtlI NNING OF' YOUNG NATURAL HARDWOOD REC, ENt;]RATION IN SOUT}IEASTf(RN W[IST VIRGtN[A l

C. [{. P{I,%_[2

A'BSTRAC']_.--Athin_:ing study im yocmZ naturalhardwood regeneration establ,ish, ed fol]owi%i_ clear-
cutting has been done i_ southeastern West Vtirgio__ia,

Three five-to-seven-year-old mixed hardwood stands
were studied, with species present representative of

the Appalachian type andnorthern hardwood type.

The average density ranged from 7000 to I2,000 stems
per acre (SPA) ta[].,er than 4.5 feet. >[,."_,t_t_at thin-

ning on a staud at'ea basis brought _:he dens:icy down

to 3000 and 1.000 SPA, After four growing seasons,

significant (0,05 level) ,oositive growth_ respor_ses

were observed, which varied with sites, tyeat[_le.rlts,

and species. Significant growth responses were

achieved om Appalachian sites but ] ittle re.,_pcns¢o

occurredon northernhardwoodsLtes. To gainmaxi-

mum responses,thinningdown to [0()0SPA was neces-sary. For individual trees, there were growth [e-

sponses in diameterand erowr_].enzthbut not in

height, rangiug from [8 to 56 percent over the con-trol trees for diameter arl.d3 to 133 percentfor

crom_ ].ength. On a stand area basis, the thinned
plots could produce fromas much as {14percent to

as low as 44 percentof the productior]of the un-

thinned plots in biomass. Mortality of crop-trees
in the control treatment and the combined thinning

treatmer_ts was 9.] arm 3.2 percent, respectively,

over a four-yearperiod. Differentfad.responses be-

tween sites and treatments were related to e_viron-

mental, conditions species composition and r.o se]f-

thirmingoccurringat a site.

INTRODUCTION eleareuttinz, removing all <cd.ls and residual trees,

and allowing the stand to natu['ally re,generate by

West Virginia contains four major forest types, seed]oing and sprouting.
namely oak-hickory at lower elevations, northern Ap-

plachian hardwoods at higher elevations, northern Following clearcuttinz, the total number of re-

boreal forest at very high elevations, and the yel- generation stems per acre .increases _o a maximum in
'I,"n °

low pine forests of the south. More than 136 hard- about two to four years and then dee_1 es by self-

wood tree species and 12 conifers occur within the thinning with minor fluctuations following a curvi-

state ((]ore1966, Bones 1978). linear function (Bridzen 19803).

Most of Westvaco's natural hardwoods :in West A maximum of 60,000 stems per acre (counting all

Virginia are located in the southeastern part of visible woody stems), and of 40 species has been oh-

the state. Westvaco's hardwood practice is to use served by the author in the area. Thinning may of-
fer an opportunity for control, ling species composi-

tion and increasing g_owth rates of crop trees of

these stands at early ages.

IA paper presented at the Fifth Central Hardwood

Forest Conference held at Urbana-Champaign, Illinois

on April 15-17, 1985. 3Bridgen, M. R. 1980. Natural regeneration of
hardwood species in West Virginia Woodlands. West-

2C. H. Pham, Westvaco Corporation, P. O. Box vaco, West Virginia Research (]enter, Rupert, West

608, Rupert, West Virginia 2.5984. Virginia Research Report No. 26.
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With the shortening of rotation age, perhaps attainment of near basal area equality be-

below age 50, for fiber production, thinning at tween cleaned and uncleaned treatments was

younger ages needs to be examined in terms of vol- perhaps the major reason that the original

ume and weight not only of crop trees but the stand impact of the intensive cleaning on increas--i!

in toto. ing croptreed.b.h,growthhad dissipated
duringthelastpartof the10-yearexperi-

mental period. Striped maple as an under-

LITERATUREREVIEW story competitorcan crowd out desirable
species (Shipman 1984).

Generally, crop-tree release in precommercial
stands is applied more often as an individual tree 7. Lack of an objective measure of the degree

treatment, and less often on a stand area basis, of release around the crop tree: In review--

Results from crop-tree release techniques in young ing the variation of the research results on
natural hardwoods have been variable (appendix 2). crop tree release, Smith and Lamson (1983)

The positive response is almost exclusively with rightly pointed out that many studies lack

diameter growth. The possible reasons for this an objective measure of the degree of re-
variation in research results can be attributed to: lease which must be applied uniformly over

all crop trees. Treatments described such

i. Standage. as "5-footbole","free-to-grow",or "stand
area" based on residual basal area may be

2. Species with different life histories: For too subjective and may leave crop trees ac-
example, the pioneering characheristics of tually unreleased in terms of crown compe-

pin cherry I in colonizing clearcuts of tition. On the other hand, treatments de-
northern timber type (Marks and Bormann scribed such as "5-foot crown" or "crown

1972). Its death at a stand age of 10 to touching" are more objective and easy to

20 years often resembles a natural crop- apply uniformly in practice.
treerelease(Smith1977). _

The objectives of the present study were to thin

3. Species composition of the stand, i.e., young mixed natural hardwood regeneration based

other crop trees and non-crop trees: There mainly on number of stems per acre on different
is some evidence of allelopathic effects of timber types and to observe responses in terms of

some tree species on others (Fisher 1980). both crop tree dimensions and production per acre.
Tubbs(1973)hasshownthatphenoliccom-

pounds from the roots of sugar maple inhibit

the growth of yellow birch. Moderately PROCEDURE
dense stands of pin cherry stimulate height

growth and self-pruning of other species The thinning study involved three different !i

(Safford and Filip [974). stands established naturally following clearcutting
in southeastern West Virginia in western Greenbrier

4. Site quality: It may be too early to se- County. The characteristics of the sites/stands be--
lect for black cherry or yellow-poplar at fore application of thinning treatments are present--

age seven on good sites (Oak Site Index 80) ed in table i. The three sample stands have devel--
to permanently improve their crown position oped from different original timber types and con-

(Smith 1977). Oaks are more competitive on sequently have different species composition for the
fair sites with other more intolerant spe- regeneration. The Henry, Bingham, and Browns Creek

cies like black cherry and yellow-poplar sites support a red oak-black cherry stand, a red
(Smith 1983). maple-blackcherry stand, and a black cherry-sugar

maple stand, respectively (table 2). Due mainly to

5. Stage of development: Trees of the same the altitude and the exposure, the growing condi-

age may represent different stages of de- tions at Henry are the most favorable, followed by
velopment and respond to release different- Bingham and Browns Creek, as evidenced by the re-

ly. Smith and Lamson (].983) found that spective number of species and number of stems per
sweet birch and black cherry on fair sites acre on a site (table I).
(Oak Site Index 63) in the 25 to 33-foot

height range responded while they did not In the fall of 1980, the sample stands were se-

in the 33 to 40-foot range, lected to test three thinning levels: control,
3000, and I000 stems per acre (SPA). Treatment

6. Direct competition from weed species and plots are 0.i acre with the center 0.02 acre used
non-crop trees: Grapevines can cause se- for measurement, giving 60 and 20 trees per measure--

rious problems in the development of young ment plot for the thinned condition. For control
even-aged stands on better sites (Trimble plots, 60 crop trees were selected in an unthinned
and Tryon 1976). Della-Bianca (1975) found condition. The total number of crop trees monitorec

that the growth on non-crop trees had to be is 420 per site or 1260 for the study. The experi-
taken into account in explaining the re- mental design for each site is a randomized block

sponse of crop trees. In this case, the design with three treatments and three replications.

A pre-thinning inventory was carried out using
mil-acre plots systematically located throughout the

iCon_non names and scientific names of all spe- study sites. Then the crop trees from the overstory
cies mentioned are found in Appendix I. (> 4.5 ft.) were selected and tagged. The basis of
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Table l,--Characteristics of the three experimental sites/stands of young natural hardwood regeneration
used for thinning in southeastern West Virginia.

Age at TimberType Number Elevation Expected
Establishmentof Original of Above Annual

Site in 1980 Stand Species Number Stems per Acre Sea Level Aspect Precipitation 1
Years < 4.5ft. > 4.5ft. Feet Inches

Henry 5 Appalachian 24 19000 12000 2680 South 52.2

Bingham 6 Mixed 21 4000 Ii000 2680 FlatRidge 52.2

Appalachian-
Nor thern

BrownsCreek 7 Northern ]3 4000 7000 3300 Northwest 57.0

iEstimated with equations by Grafton and Dickerson (1969).

Table 2.--Species composition and distribution desirable species. However, species such as black-

of crop trees of young natural regeneration at three gum, chestnut, ironwood, serviceberry, pin cherry,

experimental sites in southeastern West Virginia. and sourwood were occasionally retained only to get
the desired number of stems per acre.Browns

Henry Bingham Creek
The crop trees were measured for height, d,b.h.,

Species Site Site Site Total
-Number and crownlength. Crownlengthwasmeasuredfrom

thetopof treeto thelowestlivebranch,as an in-
Whiteash 5 5 i0 dicationof treevigor.

Americanbeech 17 17
The crop trees were remeasured annually from

Yellow birch 4 34 38 1981 to 1984. To monitor the developmentof the

unthinned stands or self-thinning, two circular
Blackcherry 65 93 IIi 269

plots of 0.002 acre size randomly located within a
Pin cherry 9 67 76 controlplot were marked and remeasuredin 1981,

1982, and 1984 for number of stems > 1 foot in
Cucumbertree 18 56 30 104

height, and d.b.h, or above-buttswell diameter.
Frasermagnolia ii 19 30

For the 1980-1984 period, mean trees are com-
Redmaple 54 125 39 218

pared in terms of growth in diameter (D), height

Sugarmaple 2 16 85 103 (H), and crown length. Production per acre is com-

Hickories 15 5 20 pared in terms of basal area, volume (usingD2H as
an index), and dry weight. Biomass equations for

Black oak 22 1 23 small hardwood trees developedfor the study area

Chestnutoak 4 4 were used to calculatedry weight (Bridgen19821).
Treatmentdifferencesat eachsitewere testedby

Red oak 150 27 ii 188 analysis of variance and Duncan'sNew Multiple Range
Scarletoak i0 3 13 Test. Analysis of covariancewas also carriedout

for appropriate parameters. Data on mortality for

White oak 1 43 44 differentspeciesand treatmentsare presented. Re-
lationshipsbetweenmean treeweightand biomassper

Yellow-poplar 22 7 29 acre with density (stems per acre) were examined in
Blackgum 22 1 23 relation to the -3/2 power rule of self-thinning.

Americanchestnut 1 i

Ironwood 1 i RESULTSANDDISCUSSION

Serviceberry 5 23 6 34
Individual Trees

Sourwood 14 1 15

To examine the effects of thinning on individual

Total 420 420 420 1260 trees' dimensions, the best I000 crop trees per acre
in each treatment were used to calculate average

growthin diameter,height,and crownlength(table
3) Thisprocedurewas chosenbecauseit isunrea-

selection was a combination of size, spacing, and
species to get the desired number of stems per plot. sonable to compare the average growth of 3000 stems

After thinning, crop trees in the i000 SPA treatment of the control and the 3000 SPA treatments with that
were fully released while those in the 3000 SPA

treatment were partially to fully released. Thin-
ning was done by hand. All trees k 4.5 feet other IBridgen, M. R. 1982. Biomass equations for

than leave-trees were cut and left on site. All small hardwood trees. Westvaco, West Virginia Re-

vegetation < 4.5 feet was untouched. The leave- search Center, Rupert, West Virginia Research Re-
trees usually were the dominants or codominants of port No. 34.
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Table 3.--Foist-year responses of young natural hardwood regeneration to three thinning levels at three

_:_xperlmen_a"_I sites in southeastern West Virginia. Data are for the best I000 trees per acre for each

_ BinghamSite BrownsCreekSite
i Hen.j5"Site
¢

Percent Percent Percent

Four- of Four- of Four- of
Control Year Control Year Control

Year

Tve_,_meB< Parameter Initial Growth Growth Initial Growth Growth Initial Growth Growth

_.............._ (%) (%) (%)

Co_trol _, D_b/h. 0.93 0.63 a2 I00 1.27 0.76 a i00 1.69 0.62 a I00
_000 (i_,) 0.82 0.87b 138 1.21 0.91b 120 1.41 0.73a 118

[000 0.75 0.98c 156 0.92 0.92b 121 1.04 0.73a 118

Co_rol Heigh_ 13.0 7.4a i00 14.] 9.3 a I00 16.4 8.8 a i00

3000 (ft.) 11.I 7.2a 97 13.2 7.8a 84 15.9 6.9a 78

I©O0 10.1 7.2a 97 11.5 6.4a 69 15.9 6.9a 78

_2_n_©I Crowr_Length 7.7 2.4 a 100 i0.I 3.6 a i00 11.4 3.3 a i00
2{O_(_ (F_.) 7.2 4.1 b 171 9.5 4.4 a 122 10.4 4.3 a 130
_'KK_ 5.7 5.6c 233 8.1 3.7 a 103 8.1 3.4a 103

_Fsl_g 3OOO sr_ms {}_r acre in u_thinned condition.

2V_]_ _J°_coi{_m_s wlth same ]_tter(s) are r_otsignificantly different at 0.05 level (Duncan's New Multiple

_iabl_::__.--F<mr-vea_ ° responses of young natural hardwood regeneration to three thinning levels at three

_<_:_:_t_<_talslt_s In southeastern West Virginia. Data are per acre basis, using all crop trees per plot.

.............Site Bingham Site Browns Creek Site

Percent Percent Percent

Fouc- of Four- of Four of

Year Control Year Control Year Control
'Fr_.,_-_m_a_:, Param_er Initial Growth Growth Initial Growth Growth Initial Growth Growth

_s_!_fA__ (_) (%) (Z)

_;i_:_,_::r_:l_I_ B_s,;_]Area 8.[8 [3.38 a3 I00 15.78 27.75 a i00 27.78 24.47 a i00

$¢]OO {_q- f¢-/ac._ 6.76 21,90 a 163 13.68 29.43 a 106 22.25 27.94 'a 114
:I{K}<_ 3,47 14.04a 105 5.51 15.94a 57 7.19 12.49a 51

C2_>_'_I [)2}I 1.8,130 62,227 a I00 40,569 124,506 a 100 87,366 175,779 a I00
_OO_] (i_.2 ft./ac.) [3,748 80,343 a 129 32,530 138,133 a iii 72,741 165,832 a 94

iITK}() Vol_m_{_[_d¢_x 7,225 52,563 a 84 13,425 66,133 a 54 20,100 60,797 a 35

(;a_rol D_F Weight2 2.40 3.95 ab I00 3.79 6.01 a i00 5.92 5.62 a i00

3<!00 (t_ns/ae,) 1.85 4.1.2b 104 3.33 6.77 a 113 5.15 6.41 a 114

IOOO 0.92 3.1.3a 79 1.28 3.35a 56 1.54 2.49a 44

IU_tB2f_ (}{000SPA of crop trees l.n. unthinned condition.

d'b:_::_f_ br_<mch, arid stem.

3V_!_{_:_s2[_<:olu_ms _a:lffhsame letter(s) are not significantly different at 0.05 level (Duncan's New Multiple

of i000 st_ms of {ha_ I000 SPA treatment.
at Henrywereabletoexpandtheircrownto takead-

vantageof thespacemadeavailable.
D[spite _;h_!ryouager ages, the Henry and Bing-

ha_ trees respor_dedto thinning by increasing diam-
_ _ .... In termsof diametergrowthresponse,the three

;_,:_,_ growth sig_ifieantly (0.05 ;level)over the con- sites rank in the decreasing order of Henry > Bing-
t_ol treatments:while the Browns Creek trees did not. ham > Browns Creek with the best treatment (iO00
No h_i_igh_r_sponses were observed at any site, while SPA) giving 56, 21, and 18 percent over the control
only th_ }{_n_rytrees showed a significant increase treatment, respectively (table 3).
in ¢_°own l_ng[h. For example, the thinned trees at•

}_Bry i_creased diam_ter growth by 38 to 56 percent, It seems that for regeneration stands with age
a_£ crown leagth by 71 to 133 percent over the con- < I0 years, thinning down to at least i000 SPA is
[_oi tre{{s. This indicated that the thinned trees

necessaryto getthe treesfullyreleasedto gain
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I
maximum responses. Table 5.--Four-yeardiameter responses of dif-

ferent species of young natural hardwoods to three

Production Per Acre levels of thinning (control, 3000, and I000 stems
per acre) at three experimental sites (HR-Henry
Site, BH-Bingham Site, and BC-Browns Creek Site).Production per acre was examined for basal area,

volume, and dry weight using.all crop trees per plot
(table4). Thinningremovessome growing stock, Diameter at

Breast Heighttherebyreducingabsolute growth,but the test in --
thinningis whethera thinnedstandwith a reduced Percent

but improvedgrowingstock canproduceas muchor Four- of
Species /Site Sample Year Controlmorethanthe unthinnedstand. --
Treatment Size Initial Growth Growth

Stems/Acre No. - - Inches _ - - %
At Henry, thinning to i000 SPA reduced 58 per-

cent of basal area but the thinned stand produces as Black cherry/ HR
much as the unthinned stand (105 percent). However, Control 21 0.65 0.25 aI i00
at Bingham and Browns Creek the thinned stands only 3000 21 0.41 0.63 b 252

produced 57 and 51 percent of the control stands,
respectively (table 4). Black cherry/ BH

Control 14 1.50 1.O2 a

The responses in volume and dry weight follow 3000 14 1.16 1.17 a
closely that in basal area. For example, at Henry i000 14 0.85 0.96 a

the thinned stand with 1000 SPA produced 3.13 tons/ Black cherry/ BC
acre in four years i.e. almost as much as did the Control 28 1.77 0.47 a 100
3000 stems in the unthinned stand with 3.95 tons. 3000 28 1.35 0.74 b 157

Again, the Bingham and Browns Creek Sites produced I000 28 0.96 0.77 b 164
only 56 and 44 percent of the control treatment, re-

Pin cherry / BC
spectively. These dry weight responses will be dis-

cussed more in the section on self-thinning. Control ii 1.64 0.91 a
3000 ii 1.61 0.64 a

i000 Ii 1.33 0.73 a
Tables 3 and 4 indicate that positive responses

to thinning of mixed young hardwood regeneration can Cucumbertree/ BH

be obtained but only at certain sites with, among Control i0 1.04 0.42 a i00

other factors, favorable growing conditions. The 3000 i0 0.84 0.78 b 186
density at ages < i0 years should be brought down to i000 i0 0.79 1.18 c 280
1000 SPA or less.

Red maple / HR
Control 9 1.15 0.53a I00

Species'Differences 3000 9 1.19 0.99b 186
i000 9 0.91 1.26c 238

Besides environmental conditions, the differen- Red maple / BH

tial responses can be related in part to differences Control 17 1.39 0.60 a i00
in species composition. Table 5 shows the diameter 3000 17 1.20 0.90 ab 150

responsesof a number of species present in suffi- i000 17 1.07 0.97 b 161
cient quanity for meaningful comparison. The pre-

Red maple / BCsented values have been adjusted for differences in

initialdiameters by covarianceanalysis. Control 15 0.70 0.29 a 100
3000 15 1.09 0.39 a 134

Black cherry, cucumbertree, red maple, red oak, Red oak / HR
sugar maple, white oak, and yellow birch all re- Control 28 0.77 0.42 a I00

sponded positively to thinning in some degree while 3000 28 0.73 0.73 b 174
the intolerantpin cherrydid not. I000 28 0.63 0.88 c 210

However, the responses were not uniform over the Sugar maple / BC

three sites. Black cherry responded significantly Control 16 0.69 0.27 a i00
(0.05level) at Henry and Browns Creek but did not 3000 16 0.74 0.37 b 137

at Bingham. Red maple did respond at Henry and White oak / BH

Binghambut probablydid not at Browns Creek. Control 7 0.68 0.71 a i00
3000 7 1.19 0.71a iO0

The reasons for these differential responses of I000 7 0.90 1.06 b 149
the same species are not clear but the stand species
may play a part. Yellow birch/ BC

Control 6 1.00 0.46a iO0

3000 6 1.28 0.80b 174
In terms of species composition of the crop

i000 6 1.21 1.21c 263
trees (table 2), Bingham contained 22 percent in

black cherry and Browns Creek contained 25 percent

in pin cherry and red maple, which did not respond IValues in columns with same letter(s) are not sig-
to thinning, nificantlydifferentat 0.05 level. Values present-

ed have been adjustedfor initialdiametersby co-
variance analysis.
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Mortality of Crop Trees Table 6.--Mortality of crop treesI during the
four-year period of young natural regeneration un-

The three experimental stands were in a vigorous der three thinning levels in southeastern West Vir-

stageof self-thinning.Therefore,there is a con- ginia.
cernthatcroptreesselectedat theseyoungerages No. of

may not survive. ThinTreatment CropTrees % Dead
3000 I000

As expected, thinning reduced the mortality rate Species C2 SPA SPA C T3 C......
of crop trees in all three sites (table 6). Out of
the totalof 73dead in the four-yearperiod,there Yellow

were 50, 20, and threedead in the control,3000 birch 1 16 22 6.2 --
SPA, and i000SPAtreatments,respectively.While Black

the mortality in the controlor 3000 SPA treatment cherry 6 8 14 123 146 4.9 6.2
was duemainlytoself-thinning,thatin the i000
SPA treatmentwas due toothercausessuchas dis- Pin

eases and species'intolerance. In fact, the three cherry 6 i 2 40 36 15 8.3
dead in thistreatmentconsistedof onediseased American

black _:herry _nd two intolerant pin cherry. Percent chestnut i - i - iOO
dead inthecontrol,the3000SPA,andthe I000SPA

thinni:_g treatments was 9.3, 3.7, and 1.6, respec- Cucumber-
tively,overthe four-yearperiod, tree i0 2 56 48 18 4.2

Red

Out of the 21 speciespresentat the three maple 7 2 106 112 6.6 1 .8
sites,14 speciesshowedsomemortality.The seven

specieswithno mortalityincludedwhiteash, beech, Sugar
Fraser magnolia blackgum,ironwood, serviceberry, maple 3 2 25 78 12 2.6
andsourwood. Hickories3 12 8 25 --

In an unthinned condition,pin cherry, cucumber- Black oak 1 2 5 18 20 II

tree, sugar maple, hickories, black oak, chestnut Chestnut
oak, scarletoak,whiteoak, and yellow-poplarall oak i 3 i 33 --

had morethan10percentmortalityrate,whileyel-
low birch, black cherry, red maple, and red oak had Red oak 4 1 76 112 5.3 0.9

less, Thus by observing the mortality rate of dif- Scarlet

fer_nt species,crop treescan be selectedwith some oak 2 I 7 6 29 17
confidence that they will not die prematurely. Red
oak was on_ of the best candidatesto continue to White oak 3 12 32 25 --

sL_rvivewith only t:ivepercentmortalityin an un- Yellow-

thinned conditionand one percent in the thinned poplar 2 1 13 16 15 6.3
condition.Frasermagnoliashowedno mortality

while ct_cumbertreesuffered considerable mortality. Total 50 20 3 494 536

On the o[her hand, both black cherry and pin cherry --__

showed similar mortality rates in both unthinned and IExcluding seven species with no mortality (white

thinned conditions, indicating their intolerance, ash, beech, Fraser magnolia, black gum, ironwood,
serviceberry,and sourwood).

Perhap_table6 suggeststhattheexperimental jstands are too young to select for crop trees. How- 2C°ntr°l"

ever, usi_u_ only I000 SPA or less and avoiding in- 3Thinned.
tolerant species like pin cherry, the mortality rate
sho_Id be minimal. 4Diseased"

Thinniug Responses and the 1970) but only within narrow limits (Gorham 1979,

-3/2 [?ower Rule of Self-Thinning White 1980, 1981).

The relationship between average plant size (s)

and stand density ({))in monospecific single-aged
plant populatio:_s undergoing self-thinning is bound-

ed asymDtotically by the -3/2 power rule line (Yoda

et al 1963) i.e. Zm = b0_ - bl or log Sm = log b0
- b] log p where gm :isthe maximum attainable aver-

age plant size (volume or weight), p is the actual

stand density or number of plants, b0 is the inter-
cept parameter, and bl is the slope parameter.

The slope parameter, bl, is apparently fixed at For natural hardwood regeneration, to the best
about 1.5, for weight and volume, irrespective of of my knowledge, no published information on the

species, age, and site conditions. The intercept self-thinning rule is available. Therefore, I will
parama_ter varies with species (White and Harper attempt to use the -1.5 power rule line to interpret
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HENRYSITE BINGH_ SITE B_WNS CREEKSITE

2.0

ThinningLine ThinningLine inningLine

1.5
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3000\ 10P S_a3_ SPA

_, 1984 \ I SiA _

984o5
198_

,0.0 \
-0"52.0 30 4. 5.0 3.0 40 5.0 3.0 4.0 5.0

LOglO (Stems per Acre)

Figure l.--The relationships between mean tree dry weight (branch plus stem) and stand density of the
thinned plots (3000 and lO00 SPA) and the unthinned plots (all stems > l foot) at the three experimental

sites. The self-thinning lines were drawn using the slope of -1.5 and data collected in 1981, 1982, 1984.

HENRYSITE BINGHAMSITE BROWNSCREEKSITE

5.0 _mum Line \_Ma<imumLine
1984

"_ 4.5 _1984 ,_1982 _ximum Line\1981• 0 SPA

_00._ • 1981 3000SPA
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,00o oo0
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.o 3.5 -

E
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3.0 -

2.5 I I ! _ I | n II I I

2.q 3.0 4.0 5.0 3.0 4.0 5.0 3.0 4.0 5.0

LOglo (Stems per Acre)

Figure 2.--The relationships between biomass (branch plus stem) and density of the thinned plots (3000

and i000 SPA) and the unthinned plots (all stems > 1 foot) at the three experimental sites. The maximum

lines were drawn in arbitrarily using the data collected in 1981, 1982, and 1984.
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7

the thinning responses at the three experimental CONCLUSIONS
sites.

The present study showed that positive growth

Figure ! shows the log-log relationships between responses to thinning of young mixed natural hard-
mean tree dry weight (woody tissue only) and density wood regeneration (< 10-years old) can be achieved
of the thinned stands (3000 and I000 leave-trees per with the appropriate species composition and at a

acre) _md unthinned stands (all stems > i foot) at density about i000 stems per acre or less. At these
the three sites, young ages, stands of the Appalachian type responded

much more than those of the northern timber type.

The self-thlnning lines at the three sites were However, evidence (table 5) suggested that certain
dra_n_ arbitrarily, using the slope of -1.5 and data species of the latter type if occurring in relative-
eoll_cted ir_1981, 1982, and 1984. These lines will ly pure stands may also respond to thinning. Also

be be_ter defined with future measurements, information on self-thinning in these stands can be
used to interpret and guide thinning treatments.

The efl!ects of thinning is to reduce density and

to shift growth onto bigger trees (fig. 1). The
rela<:ive responses of the three sites can be judged LITERATURE CITED

from the iocatior_ of a particular size-density point
in rel_{ti_m to the self-thinning line. The lower ALLEN, R. H., JR. and D. A. MARQUIS. 1970. Effect

the:point from the line, the better the growth po- of thinning on height and diameter growth of oak

tentia] of the crop trees, assuming that the species and yellow-poplar saplings. USDA For. Serv.
i_ q_estion are able to respond. For example, in Res. Pap. NE-173, II p.

1980 when the stands were thinned, the i000 SPA BECK, D. E. 1977. Growth and development of thin-
_atmen_ at Henry was relatively lower than the ned versus unthinned yellow-poplar sprout
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_);_the other hand, the 3000 SPA treatment was CONOVER, D. F., and R. A. RALSTON. 1959. Results
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from the number of stems available at each site in W.V. Univ. Bull. 69(12-14), 45 p.
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i Appendix 2.--Responses of young even-aged natural hardwood stands to crop-tree release techniques-

Stand Treatment Responses and Associated Conditions Reference

__ec ies -A_9- Downs1946- -..... Diameter

_ _ugarmaple,white 7-14 3-ft.crown '
oak, yellow-

i p@pla_ Stoecklerand

Sugar _eaple, elm, 1.1 5-ft. bole Diameter. Arbogast 1947
white ash,
b¢_ss_ood Conover and

Northern hardwoods II 2 112- and Diameter. Ralston 19595-ft. bole

Red oak, ye_iow- 7-9 gtand area Diameter positive, height negative. Allen and
Marquis 1970

pop!_r Smith1977
5-ft. bole Red maple with diameter positive,

....... red oak no responseon Oak Site_:d m_1_e- red _H_k 7

Index 60.

_i Smith1977

Su_o_w m_ple, red oak, q 5-ft, bole No responses on Oak Site Index 70.

_a_:ok <,:hetry, 7 5-Lt. bole No responses on Oak Site Index 80. Smith 1977

yelk_w°opop'_r Boyette and

U_1_d h;_rdwo<_d_ 6 Standarea Diameter, Brenneman
1978

Diameter positive, height positive. Erdmann et a]-
b_°_ _ 1981

l)ella-Bianca

_ _<_ h_._,c_<b_ ii Free-to-grow Diameter. 1975

_,_#_e_t,_:_r_'__ i,]o_w-, _0 Free-to-grow Diameter. Smith 1981

_o_{,r r v Lamson 1983

%1'%___<_,#_o_H_}_ar _ b_,_ _ 7-_2 Free-to-grow Diame tar.

!}ii_,_,_<b:[<ch_ 10-12 _:rown- Diameter responses on fair to good Smith and

_,_,_>,p_ i,_, _ouching sites with trees 25 to 40 ft. tall, Lamson 1983
....... Positiveheightresponsewithyel-

" _¢_<_e<b_rch, 1,0-_2 Crown- No responses with trees 33 to 40 ft. Smith and

bL<_"kcber_y touching tall. Lamson1983

0-tt. bole No responses, presence of grapevines. Lamson and
!h ga_" m_i:_,_e, 9 _ "_ Smith 1978

%<_p],:_r, b '_,¢:xck

v_'_., ,_,-_,>hr b_H:k 7 5-ft. bole No responses, presence of grapevines. Trimble 1978......_ ....... _ '_ ....... Smith 1979

::{,_gar_a{'_{e,yellow- 2-12 Free-to-grow Sugar maple, black cherry no responses. Smith 1983
-_ , Yellow-poplar some diameter response.

c h<: _"r y

_'e_1o_>p__pl_r 6 Free-to-grow No responses. Beck 1977

*'_,......','-_I 8 Stand area Species composition growth and Hilt and Dale

qualityof croptreesnotimproved. 1982
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