
u.s. De_' I el. A&<bI_
r .... .....-~ "- ao-a

Ten-Vear Growth
01 Planted Slash Pine
Alter Early ThlanlDll"

a.... G, Eqbardl

-,
W, F. Maaa. Jr.

Soutlotn p_ bra' I ..._
....... Sot,.

U.s.~el.~

,no



Bel Esl-.QlAtre P-rsh Ctw•..-". Uke o-tes.
La....... ided IN p..tMion ..d ilISlisled ;" WIfing

IN plof$. Tht USDA Soil e-r,.Mion SenoIu

....rt<ed IN 0+ plots ..d ..... idId a toils IMp of

'"" study atea.



TEN-YEAR GROWTH OF PLANTED
SLASH PINE AFTER EARLY THINNINGS

Hana C. Enghardt and W.F. Mann, Jr:

VOhl_ groootll ~ .lu/l. "..... kt_ "9U 17 aM Z7 I/NI"
__ dtr«lly ",laled to rutd~ bu.J _ peT ..,... .ft~ tIti.
"""',~ gnnMJo -. ito_III ..elated to IUIld ckuil:"
.M Wt)' -tIY ctLttiRg __~~ to .n.ioI • ..u 01 :1 ioodla
... 10..-....

!'h;' plOP'!'" .......".rbes to-year ¥Olume and diameter crowl.h of
planted .lash pine (Pi" .... dliolfii Eneelm. val". ~lIiolfii) that wu
thinned .t .ge 17 ye.... 10 • broad .rT'y of reaidu.l densities. The
li~, wlllch II.. ne~r been In cu]tivlllon, U highly productive and
!yplaot of large acn'gelI In the f1.twoocb region of the West Gult
Coash.l Pl.ln.

Infonn.lion OIl. (l'OWth and ~ld of .Iash pine In this rqion ill
limited. lIla kDo_. however, thIIt et.u tram o.I.qh pine plantationll
ill the Southeast, _beIliu on old·fidd or ""toYer sites, .... DOt .ppU.
a1ble hen.. Diff~llen In IOib and cllmoote pr<>t.bly -...1 for
lhe variaUonL

The Plantation

'_0._01'" 010"-,' ..- _to
tbo -..... "- " : , ...-. w,r. '"- 1._ .. "" 'po' __
., .... '-O'" ...-. \/10.. __• TIM.............
_ -.... __ 1101, ..-......, Cool .



of S by 7 feet. No rKOnI of euI." ...mnJ. b u"ilIbl.e, but "1'el"I,p
Wrkioa: of SIlO _ per ,..,... at "&" 17 yean: 1Ddieau. tbtot It w,..
reuonabl" rood.

In 1957, 1 year before the Ilud" "'AlItarted, a~ ... made
to remove 'n .ver.,. of 7Z IltUlIl treea per .cre whoae IrunkI wete
cankered by fusiform nil\. (Cronan:...... /wif......... Hed&c- .. HWlot
ex Cwnm..J. Volumes of It-~ han been mded to cut 'f'OIumn
., "&" 17 IDd to _ .....U&1 a:rowIh. Of the. alDlna: u-. 20
percent had canbn OCI the InmIt.

Description of Study
Eight thlnnlng ream- pi... an Wlolhlnned check Ilre llIlder test,

with four block repUeaUcml of each trea~1. ThInnInp, allnaned
.t"&,, 17 yean,"" ,.. folio.. :

BA 70: 1'bi.n to 70 lQuare fNt of bual _ per Kft .......,. 5 yean.

BA 85: 1'bi.n to 115 IQ fNt t'very 5 years.
BA 85-10; 'nUll to ll51Q feet.........,. 10 "un.
BA 100; Thill to 100 Iq feel eVfl)' 5 run.
BA 95/5': ThIn to 95 IqWlre feet.t ale 17, and to SS sq....... feet

.t age 21 .nd ev<ory 5 ye.... !hereafter. Red...ctlon of atocldnl
In two stepa "'u to avoid. beavy releue wt would leave
treetI vu1DerIIb1e to wind IDd I<:e d......,..

BA 95/1 15: TbIn to 95 Iquare feet .t • 17, IDd to 115 Iqlllft
feet .... 22 IDd nU"J' 'yeara Ihueolfter. n.e tim thiJlnInf:
.AI beaviest, alnce the .im .N to remove badly dlloeued

"-
lDc:reaaInl BA: Thin to progressively hllher bual areal on •

5-yur cycle, llartlnll: with 85 Ill...... feet and reaching 120
Iq....... feet .t 52 run.

D+; D+ (X) thitmIna: (I), M1¥OC111ed by the USDA Soil Co..--v..
Uoa ServX-. D b the ........ diameter (b.h.l of the~
and In t.bia study X ill -.qual to 4 pi.. the uptoCIed cliametft
froWlb In 5 y (In ~). n.e ...... of D + X b e%Jl..-d
m teet foI" a~~ betw.... treea after cutting.
SCS personnel marked the plata to InaunI wt the lyStem
"'AI .pplied correctly.

Cbeclt: No thinning.

Plota .... 200 feet 1qU&re 01" 0.t2 lICft In ala, but meuuremellll
were ClOIIfined to the emtni 0.25 ao:re.

A-. stockln, .t .. 17 yean: wu eomparahle for iDdl'ridual
treatmeflll (table 1). Variatkllla frotlI the .-.... of nlliDber of
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to the but of the 11ft c:rowa., aDd kqlh of bole clear of brNlc:iMI
..... branch .wI&.

MDrtaIity, whidl.-,ed from 5 to 240 eubk feet (Lb.) peI''''''
0'l"eZ" the I~~Q' Itwy penod, ... lDcluded iJl If'OWl.h da~ btl:a...
It was urtrtl.ted to lrNtment and bee.uae IoaeI from IUppreulon
w~ nellllilble even on the controlt. Moreover, IoaeI due to fleton
like Il,lhtnl", are diltorted on an.1I plott. Sped&! meutlrel wen:
taken to eontrol btrk beetles, tnd hence the d.l.I oUer no Infol'ml­
lion. on JM*lble rebtlo,. between thlnnlna: and m.eet .ttIek.

Site Ind'Ct. are for. bue. of ~ JellS. 'Ihey _ determiDed
from ne,.. beigbtt of domin..o!\t tnd~t trios IIIHIUred
.1 'Z7 r-n aDd from CIU'ftS for tlMb pine iJl ftpre 4 of USDA
~ Publicttlon ~ (to).

Results
Puiod.ie AIula.1 Volume Growtb

Periodic Innual vol\lfne VOWlh from '1' 11 to 22 )'eln tlnied
from 111$ to 283 eublc feet (lb.) per .ere (~bll 2). Powelt ,....u.
... on plotl thioned b1 the D+ rule, which left the loeast. blal area
(In "Q14n! feet per acre) after the tint tbinni.., The bett powtb
... on the uothioned ehedi: plotl, .hid! hid 114 1q14n! feet of
baa! area per ac:re .t the start of tbe period. In , .......... mume
vowtb durin, the fint $ yean w.. nl!ltted directly to relidual bIIIl
......t .,. 11 ,.......

In .11 but t~ I....tm.ou. fetidUlI butl .reu .t the t~rt

Tabk I~P""""'~ ....... ew.1>ie ...hI.. ..-"" (I"""" _/oj~ _
If to n .-no,,,In..l... --,",C.u"--- n-n nonIrm_ __ yeIt'O yeIt'O

_______ c.l>ie/ftt - -- ----

SA 70 ZOI:r= Illbe'
SA 15 In lin Iltbc
SA 15_10 2Zll 28\1 25$0
BA 100 25(/ 2M 2511
SA lIS/55 2n lIN lI.be
SA "1115 1M UI 1:1Il.be
1ut& ..... SA W 157 lol5Ib

D+ 11lI" ZOic
CJoed< :fa XI :rna
, TreM I.' __ ........ _ IareeF to. 4._ top __I<.
• VII.... fa!' =0<1 by U. _ 1oott.oF .... not "p'.....,,1J:t _ eI u.

0.05 Ind.
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of the IlK'Ond 5-~ period differed from tbc.e at the rtut of the
tim period. FnIm 22 10 %7 years, volume vowt.h 011 pM>b: with
ooaataot r'Midu-l bual U'NIa~ ~t the ..... .. illt the
precedm, period. 1WLld"CI c:ban&ed _ ..bt, howe-r. and the
",t.tionshlp of vol...... (J'Owth 10 density... not AI IItronr; AI
IllltWly.

Plab thinned to 8S Iq"'", f~1 of baNI ..... per.cre on • 100yNJ'
eyele h~ the best growth, .ver.,inc 289 euble feet annu.Uy.
Growth on the ehecka r.nked third with 261 C\lblc feet••lthoUJlh
these plob bd the hlghetl baAl UN. Leut (J'Owth wAl on plob
thinned to S5 lquUt! feet of buaI. ...... per .cre (BA 95/55) at ...
22 yean. Sharp decU_ on SA 8S and checl< plab ....y bve been
d .... to ......p1inc errors tbl;1 inflated voI_ .t ... 22. Such ert'Ol'1l
would. '- calcut.tecI volume ,..owth from 11 to 22 yurs, bu.1
dec. e_ il from 2:2 to %7 JUrs.

Site Indn..... nwnbu of trees pel' Kl"e. buaI. ...... per -.:re. and
vario\d IntenctioDs between these lKton we", eumlned by re­
gression a".lysla (:JJ for their effect on annuaJ volume lrowth in
both 5-yeu period.. The belIt regression conteined five of the Illne
vuiablel tested and accounted for 45 pereent of the verlatlon. Be­
cause data for oniy two growth period. were .vall.ble .nd lOme
of the treatments had cauaed luge dltfe ...nca in delllity between
perioxb, the de<:iIion wu m..w. not to compute prediction eq...ti......

Growth 0..... the 10 y...... prob:lbly offen the beat comperilOlI.
u it tencb to .verage out wolber infh>enc:e& and other u.navoidable
tecto.... Ho..eO'tr, t ....tments like SA lIS/55 Ut! dilfiadt to char­
IlC'teriI:e euept with en eYWIII" 1ftid...1 bual area.

T,.....,..... ennu-l vowt.h uc:eUed on the "",thinned rbecb,
.........int %72 cubic feet per ..,.... A....r... basal ...... dlU'in« thla
period i~...1led from 114 to 110 l'Iuan feet per acre. III c:ontrut.
~ment "'AI leut-201 C\lble feet .nnllaUy-on plolll thinned by
the D+ I'Ille. On theM plou, aveu'le buIol area per acre left alter
C\lltilIj' wAl 611quUt! feet at 17 yean and 7SIq",,", leet at 22 yean.
Belween IheR two utren>el, volu.me (J'Owth inc...1led directly
with bual area.

In IrftlmenU with • _tant ~ual bual ..... aftet each cut,
(J'Owth lllml!.ud by about 25 cubic feet lor each additlon.al lS
Iqlllre leet of basal """ pel' ....... nu. trend ill c:onabte!lt with
r>n:iincl In other st...ue. (7J.

eo-rtance anaIysIa wu applied to adJ\lsI periodioe annual volume
(J'OWIh for differences In alte lnd.... AdJuated trelItlneftt meaIII dif.
fered from actual ODeS by only a few C\lblc f~l, and nnldngo: were
unchanfed. Since diff"rellCCl "'ere small, adjusted v.lllei are IIOt
reported here.
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T..-l Ylel4 ..... MUll A1La_1 C...u.
Mean llDnual rrowth to ... 2'J r-n n.npiI from 138 to In eubie

feet per ItI:te (t.l.ble ). on- ct.t.I. Ihould not be UHd. to eompare
thinning tnltmfln~, for dlff~"n<:eI In volWDel It the start of the
stud)' ....ere lu,er than dlfferenc:aln If'Owth after tnoltmenw. The)'
Ire liven primarily to pennlt c:omplriJon with periodic mnual
vo-th and becawe they IN,. be helpfuJ In corUln ~nt
d. Islana.

1"abl<t S.-Vo__, _Utw, _I ..1<1, ."" _II _ne.l ..-do prr

..,.. 10 "" n ~••

'd
'",y
'"'"'",y
'",..

..........,.,
4"'11
4,05~

un
4,21S
1,1S1
..~

)"""' .... ,
•

d
Y

"""..
•...

..~
Initial MorIoUl~- 0_

'M~~~~ volume- "'........ a,~ 11 ~i~ld-
~~_lm~nt al* 11 111o:tl ." -" 10 ... 1'1

-------- ". --------
SA 7e 1,144 I....
SA &:l 1,1S1 1,M3
SA 15_10 1,811 1,144
SA 100 I ....~ 1,151
SA 1:1155 1,881 2.4"
SA 151115 l,ns 1,2n
~ SA U:t.l UID
D+ 1,111 1'-
CbeeI< I,'MI • II

'Cut et lie II,...,.. .... _,.......

Cut voh•..- IlIDO\Itlted to 30 to ao pllftPt of total. yield, Gener­
ally, they ....~re hilheet with hUvl~r tblMinI'. but initial volW'lle
It age 17 abo Influenced the proportion of total If'Owth that ....as
M

Mortality ... neg~hl':-'" thaP ao cubl.e feet---Ul all ~t­
""",,U b:c:ept the a:beck, ... It totaled :uo euhk feK trom a,p 1
to 2'J yean. Tbe "- 011 checIl: plota ... a:a...ed by __ root rot
(F-.. ...._ (Fr.) Cb.) 011 two 01. the nplIea1el and not by
auppr '...... It III not Imown why root rot •• hNriest 011 control
plota, which wen. on1}' thinned U,lhtl,.1n 111:I1.

Saw Lo, Volume.

lnfo"""tion on ...-log..w. treelI iI liven ill t.l.bIe • to abo........hat
micht he expected at • 2'J yeus, tether th&II to 00Illl1lUW' the per.
fonIImca of tl'MtmeDw. s.c.\lM of the nrlatklD Ia ¥Ol...... priOl"
to the ftnt thllllll.... no .1,......... <:all be a1U'lbuted to lIIlJ' of the
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~ JiIoreovu, _,. trftS~ Just below .... lot Ibe ,t
.27, ell Incrowth will be l\lbaanu.l du.rinc the Dnt 5 to 10,.....
Table4.-N~_. Moho_ .t.. I., _ rNa ~..,..~ cw#l.,

.a_n_..--Ueatm...1
Hen:ll.lnUible S...·I.,._

U_' t..-'
__ Hu"'"" __

SA 10 ~07 83
SA 15 245 163
SA 15·1' 175 as
SA I" no 1"1
SA t5floS III 71
SA tlS/1I5 IS5 1"1
lbu -",SA 214 'I
D+ =a n
Cbedt 411 IS

'Tr-. u....,..... """~.'orr- ,., bdleo 4.b.A _ ~.

'lnl. ~·lDdIl'\IH. 10 I-IIICII UIp (o.b.l.

Diamotfl. Growth.

- _rdt·n'-
',u2 71
1.111 1M
5~1 58
I.J$I 15.... .
..,. a
..... n"'" ...... .

A.U me.d."lltable tru..-From 11 to 22 yean, diameter ...,..u.
of _ 3.0 I!lCbeI cLb.b. and larJer varied from • hl&b of 0.26 iDclI
.....ualI,. 011 plob thlnnecl to 10 "'lUU1Il (eet of bual _ to _ low
of 0.20 iDdl 011 the u.nthlnnecl eM .. (table 5l. On the 0+ plots,

TlobIo~_~ _ ..-.. 1II.u _._ ..h",- _

..1ftCe4 aop -.

Merdwttable Ire. """-'Thllml~
\7·22 22·n 17·27 1'·11 lI·n 118-n-_.
~. ~. ~. ~. ,n. ,n.___________ 1""" ___________

SA 70 OOU O.Jll
SA 15 .24.H
SA 85-10 .:u.21
SA 1M .:u.:u
SA lOllS .21.M
SA 15/11$ .:u.21
I ' • SA .2:lI .240
0+ .24.27
Cbedt .20 .1'

•••,.,.,.
M
M
M,.,.

'l'InImu '_I_at tlr-.
'Val".. 1011_ b, the _ 1_ ..... _ oI...I...."~ dllfuenl al the

0.05 level.
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whic:h Iwd aD ildtial~ _ of n~ fett, diameter If'l""h
.~ 0.24 Ulc:h ,..rtr. It _ 0.04 Ulc:h P"Nter ..... pl.D~ tbln .......
to 70 1Illu.af'e feet of bual ..... thu> ... 0- tblnned to 100 1Illu.an,....

In the IKOnd 5-yeu period, rrowth either remuned unc:banlled
or lnenued In tn.tmentl wh a tonst.lnt blIJaI ..... was mlln-
t.lned on • 5-yur cuttlnll cycl It decreued on checu, BA 85-10
plotl, and BA 9~/1l5 plotl. On ploto cut by the 0+ rule, ItlncteQed
from 0.24 to 0.27 Inch. The tn.teat~ oceurred on BA "/55
plots, whe... the lYe,.,., I'OR from 0.21 to 0..34 1Dt:lI..

A~ IlYU" tha ....u... 10 :r-n -... aIIo invenely reb.ted
to bull ..... per ..,..., rangina: from 0.20 to 0.28 inch .lUlually.
Thinnl"l hick to 70 Iqu&n! feet of bull aru Itimll1&ted dlllfteW"
growth 0.06 Inch rr.....e than li&hl thinni"l to 100 IIllUire feet-
• dl!f.....nce of .bout 27 percent, or .n lVerlge of 0.03 Inch for elCh
I~ squ.re f....t of resldu.1 b....1 ......

Covariance an.lyal.l: was .ppUed to alij""t t .... tment me."" for
diff........... In aite index, but only ....«ligible changes In val..... _re
obtained.

Seleded _pie lreea.-Diamotter crowth of the best. _Ikpaced
crop treeI foUowe:l the same ,......,...I trenda .. for aU moen:hantabloe
treea (table S). From ate III to 27 yean, • .-..,...~ from
0.23 to 0.30 Inch yearly, or 7 to 24 percent more than. u..:- for .11
treea over 3.5 Inchea d.b.h. Only two of the t....tmentl, BA 70 .nd
BA 95/55, resulted In • lrowth rate of 3 inchea In 10 yean.

Aueroge diameter.-lnc......... of .verage dlamel.... for .11 mer­
dtantable treea OV1!r the Io-year period varied from 2.1 to 3.t 1ncMs,
with the lat1:eat llina In pl.DtI thinned ""-vleat- Parts of theM In­
ere.......... due to eutt!nc: and mortality. On aU thinned plota. In­
erement alone aceountecl tor 711 to t2 puoent of the I"'e:u.... On
the checkI, " peroent ... due to crowth and the "",.i"", was
from moruUty of small trees.

Di.meter Diatributlolll

To the lind~r, diameter dbltrlbutiona .... mo.... inform.tlv..
than .yer. diameten.. From th.. numbel- of lreea In each diameter
dus he can estimate yolumes .vailable for varioo..m producu and
.ppra;. the v.1ue of the IItaad.

Tabloe II lives the cumulative Ilumbel- of trMs per ..,... I" and
abo"", each I_incb d.b.h. cl.ua for Hclt tru_l. There _ ... more
trees II inehea and ta....r on thinned than on unthinned plola, and

8



heavy thinnings aeeme<! to have a slight superiority over light thin_
ninga. Most diUerenees in atock1ng of trees 10 inches d.b.h. snd
larger were small. In treeI 9 Inches snd IS'ller, BA 9li/llli and the
unthinned check ranked first and Ie<:Ond, and light thlnnings eX­
""lled heavy thinning.. With each auocecalvely lower thl'eshold
diameter, unthinned checks stained II .....ter superiority over other
treatments.

Table a......c..........tl"" n"... be. 01 tr«. poT ......e IH!/Me ""111", "I IIge 21, !>lI
J·lnc" d.b.". ol4u:u

Tblnnt..,.

~treltment~
____________ ,.......1H!t- ___ - -- --- - --

BA 10 '" '" '" '" '" ". '" " '" U ,
BA 8~ '"

,.. ". '" '" '" '" '" 'O "
, ,

BA 8~·IO '" '" '" ". '" '" '" .. "
,

BA 100 no '" ~ '" ". no ". .. " "
, ,

BA V~I~~ '" '" '" '" '" ,.. '" " " "BA V"l1~ 'M '" '" '" '00 '" '" " .. " •
Ino.....in.BA '" '" '" '" '" .., '" .. " " • ,
0+ '" '" '" '" '" ". u, n " • ,
C>~. '" 'O, m ... '" '" '" " " • , ,

Some trees In the upper Crown cI_ were ""moved by all thin_
nings .t .ge 17 and 22 yean, although cutting 11''' prlmarily from
below. To IIchieve the desired stocking levelJl, 119 to 332 trees
per 1ICrt! we"" cut In lhe ~, 5-, lind 6-lnch d.b.h. classes, with the
.....test number In the heavy thinninll. In eontrut, there were only
139 trees per ICrt! In these three lize classes on the unthinned checkll
lit 21 yean. Obviously, hlrvest COIia will not be IIdvertlely lIffected
by an ucesslve number of sm.ll trees when unthinned 1t11nd5 lin!

cleucut.t .ge 27.

Discussion
The IIctUll1 growth Ind yield vlllues lummarized In thia paper

lin! probably of ......ter value to the land ID&I1II/leI" than lin! the
reilitionshipll of growth to stoelting. Simi1IIr research hili al.relldy
shown that hellvy thinning stlmulatell diameter growth and lowers
volume growth (1, of,S, 1). In thill study, within a range of 70 to
100 sqU11I"8 feet of basa.l IIn!S per 1ICI"8, an inore..... of 15 sqU11I"8 feet
resulted in • decline of 11 percent In diameter growth and • gllln of
equ.l magnitude In cubic volume growth.

•



Earlier ,tudies have abo ,hown the difficulty of obtaining an
averare diameter growth rate of 0.30 inch on all me",hantable ,teml.
Thi5 high rate Is achieved only by reducing ltoeking to about 60
Iqulre f""t of basal area per 'cre.

Much In(Ire difficult to decipher are the total economio, includ·
inglogging coslll, of thinning versu, no thinning on a short rotation
primarily for pulpwood. A frequent critici.<m of unthinned stands
iI that many small trees have to be handled, with .....ulting high cosls
per cord for cutting, 11mblng, and bucking. Thil nully showed that
more Imall trees may be cut when early thinnlng. are made than
when 'lands are left unthinned until cle,",ut at .ge 27.

At age 27, thinned plots had more trees 10 inches d.b.h. and
larger than the checlul. A "ving in cost of final harvest eollld there­
fore be ""pected, bllt this advantage might be offset by the higher
cost of cutting the am.1I trees in the intennedlate thinninl'". While
logging cosls decrease .lowly in diameters beyond 8 or 9 inch...,
they rise npidly in sUa typic.lly removed in thinningo (table 7).
A rough apprllisal with Tufls' (9) data Indicates there would be
Uttle difference in total logging COSIs between plols thinned heavily
at age 17 and 22 years and clearcllt at age 27, in eompariwn to no
thinning and c1earcutting at .ge 27.

TobIe 7~TT... ""'" = • ........,..od i .. tM....i ..~. l"I"O"lI''' ag. 12

Thlnnlnl D.b.b~lnc"""

t .....tment <' • , • , • • " " "__________ N""'~ - - - -- - - - ---
SA 70 " " ". .. .. .. " •
SA 88 " .. " " .. " .. , ,
SA 81·10 " " .. " "

,
SA 100 " .. " .. .. " " • ,
SA 98/11 " .. .. .. ,.. .. .. , • ,
SA 98/118 "

,. n "
,.

" • ,
Inor....lnl SA " " '" .. .. " "

,
D+ " " '" '" ~ " • ,
,~, • n .. ,

aeslllis DOW available should not in!luence decisions abollt
. plantations from which larger trees are desired. The study wu
designed to run at leut until the trees are 00 years old. The interim.
flnmnl'" given here thus apply lI'IOItly to pulpwood productiDn.
UndDubtedly, thinninl'" will prove beneficial In rotations where
ve"""r and saw 101'" are the main product goal.
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