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Forage production after thinning a 
natural loblolly pine-hardwoocl stand 

to clifferent basal areas 

Abstract blrvetl plnc 1t ) i i l us  spp i-h~~rclwootl torpsti are cornmon in the bouthprn ilnrted States 
1 U i I hut littlc rjii,lntrtntrvc rntorm'ltron mists on the response ot unclerstorv forage to 
i t~luc tlons ~n lxlsal arei] trom thrnn~rig Lt'e determinecl iincierstor~ tor~ige characterist~cs 
hctore t h i n n i n q  and 3 and 4 y ~ a r s  'liter t h~nn~ng  a 33-vear-old nat~iral loblolly pine i/? 

t ~ ~ d , l i  harclwoocl itanci linitrallv 27 m'lha ot pine and 8 rn'/ha or hardwood basal area). 
4 (ombination ot i loblollv plne ( 1  5, 1 8 ,  and 21 m'lhai 'ind 3 hardwood 10, 3.5, and 7 
r n ' l h ~ ~  has'il ,Irc,ls L V ~ S  r~plrcated 3 trmt's, rescilting in 27 0 08-ha plots Understory cov- 
erase ,iiid toraqe b ~ o r n ~ i ~ s  ivere detern71ned on 5 understorv plots s~stemat~cally located 
ivitliin c'lcli plot, ~vrth clatn atialv7(d ciGlnj: r ln; i l~s~5 ot vnii~lnce ,ind regression Herba- 
( c ~ ~ i r i  tor,lqe i~romass ' ~nd  co\er,lge .~ncl Iiqht inten51tv were ( orrelated negat~vely (P< 
0 i ) 5 1  L L I ~ I ~  rctarnecl plne ,~ncl harclwood i ~ ~ s a l  ~ireni, \v~tti l i~r t i i~oot l  basal arm being the 
rnorc irnl)ort,int factor Stand thinnrnq rniprovetf herbaceous torage avarlabrlity for 

i l c l l r t t  11iit tlie rciponie \vn5  tinic-dcpentient Forage rrom \tooti\ hrowse and vlnes 
,il\o rncre~st~tl ~ollowrnq \land thrnnrng,  ,ilthoiiqh responsei /\ere not as t~me-dependent 
i I 1  o o r  Kesiiltq ot oLir stud\ incl~c ate> that ni~ln~igers c a n  m ~ n ~ p u l a t e  for- 
,iqe pro(Icit ti017 I N  thrni i i i iq  i t~r ids  to p r w  ri1)et-l baial ;~re ,~s  ,~ntl  ( omposrtrons 
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Cl~\ed plnc (/'r/r/c.\ 4pp )-Ii.lrd\ioocl torest4 .inel 
n,~tur,~llr regener.~tccl plnc torcsts cont , i~~~tng  'in cle- 
r-nent ot hc~rcl\\oocls ,ire Import'irit re40~1recs 111 [lie 
soi~thcrn I nlted 4~1tc4 conipr~sii~g L O  9 ,111c1 t 1 0 
11~ll1oi-i 11.1 re5lxsct1\el\ (I nlted 4t.1te4 l'ore4t \cr- 
v1cc 1088) \l.ln\ \\~lill~fc \pccle\ usc p~~ie-h.trcl- 
woocl st'lncfs to secure foc)ct (131,1ir alicl l3rrlnett 
1980 I honrp5on ct .11 199 I ) r ert~c.ll structure lor 
4creenlng coLel- (Ll,~sters ct .II 1993 IJolloch ct '11 
109t). 'inct tree4 lor dennlng nesting .~tlcl m,~st 17~0-  

ductlon (Fen\% ood ct '11 1985 I hol-11 .tnd I /llho\\ 5- 

h~ 199 1 I<cn\\,lrd et .11 1902 Johnsot1 ct '11 19")) 
F i t ) \ \  el cr tlie w~ldlrfe \ ,~luc ot rnlclc,lnop) h'lrd- 
\\ooci\ tll.tt t\p1c,lll\ occilr In ptne-dornin'lted 
st.incis 111,ir he Iim~tccl bec.~usc tree\ .[re gener~ll) 
too srn,lll 111 \ t / t '  c i~ l e l  Io\i In \ ~ g o r  for prollf c mdst 
procIi1ctlo11 (Ilr.~hc 190 1 ) \l~cistorl h'irdi$ood\ 
~ l s o  III,I\ ~ ~ 1 s t  sl~cli dc114c sh,tde ~ 1 1 . 1 ~  ther suppress 
tor,~gc proctuction of thc underston recluc~ng nidst 
.lnd lor'lge fooci 4ources flo\\ el er releas~ng cieslr- 
.ible l~~~rciwoods thro~igli rhlnn111g m.1) Improve 
111,14t procl~~ctton j~ote~l t~dl  br el1lid11~1ng crown 

:\(~(IIP\, ror l > c ~ v ~ l l  (i I't,!l/ , I I !~ l ' I !~l! i j  1. rc!p[>c, SCIIIIOI of ~ O I - C L ~ ~  RC>\OLI~I r j  ,\rk<7115~1\ Forc75t R txo i~ r te \  Cc>~itc,r, t !~)~versity of 
,.\rk<ir!\~s, ,\lotitic l>llo, \I< - 1  OiO- 3-$(>)3, CSA 4(l(Ir(~s\ tor \11( 1 1 ~ ~ 1  (; 5 l i~ l to : i :  L'I~II(Y! St<~tc,\ DcyC~rt , i>c~! i~ 111 -\gri( ~ ~ l t u r t ~  Forest Ser- 
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F<!rni l?o<i(l 182,  R<~ILIIIII~ , ' L 1 0  (I:- 3t3, L.lS,\. 
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fies~tliial ~ ) , I s , I I  ~ r ~ 3 5  ,liter :liinning strong11 ,iticct the rc.spt;rlic 01 untierstorv vegetation: ,it left, ,I sparse untirrstorv hrrieath lob loll^ 
1)1nc> ' 2  1 :;-i2 hat anti  li,irtJ\\~oi)tli 7 iii2 '11,il; ,I: right, a rleriw u i i t i i ~ r ~ i i ~ r v  1)enratti loi)lollv pin? 1 1  ?n i l  h n  ii'ith iio ovrrstorv hartiwot~rii. 

cJe\clopnicnt .ind strnltt1,itc tor'ige procluctron h\  
IIIC re'lslng ~~nders tor !  11gS1t It"\ els 

Other strlcilcs h.l\e .~ctclressecl torage production 
,~ncJ Il,iblt,it (]LI,IIITT 111 p111e-h,1rcJ\voocJ \t'inds of 
cilfferlng plne .tnd h.ircJ.il.ood b,is,~l .ire,ts (tfurst ct 
.11 19'9 13l.11~ .lncl f3runett Ic)S0 ( o n r o ~  et '11 1982 
Fen\voocl et ,11 10s  t) Ho\\e\ cr  these stuclres were 
~oncluctecl 117 e l~strr lg stdt~cls .I[ slngle porrlts 111 

tlmc \ \ ~ t l l  st,tllcI 1>.tsL11 .I]-c.1 ,incl ,ige determined . ~ t  

the t l~ile 01 the stucl\ f3\ contr.ist. \Y/~gle\ et '11 
( IOSO) .111ct Ll'lsters et .iJ ( 1093) c\,im~ncd 1i.tb1t.its 
 cross ci)r:trollccf pine m d  h.lrd\\ood b,~sal ,irc,is 
I,ut tliclr 1-cs~11t\ \ \ere rcstrlctecl I,\ .I n.lrro\v r,ingc 
In tre.tinicnt Ie\cls \ \ ~ g l ~ \  et '11 f 1989) e ~ 7 c ~ l ~ ~ . ~ t e e I  
\t.itids \\ rth I i n12/li.~ o t  tor.il h.~s,il .IreGI ,tncI Cl.irters 
ct '11 ( 1903) e \  ,~ lu .~tc( l  st.lslcls 1% lth the nler- 
cl i ,~nt .~blc pine co~iiponcrlt rcmo\ccl ,tncf h,tr.cl- 
\~ooc l s  tlirnnecl to ,I I>,ts,~l .Irc.l of 9 m2/li,i o r  .u-eCls 
h,ir\estcci b\ cicbclrcuttrng 111 t l ~ s  jxlpcr report 
~ - ~ s u l t s  fr-osn .I stud\ conip.lrlng brotn.~ss ,lncl co\er-  

occur on bro'tci uplanci t l ~ t s  .md h t n e  .i srte ~nclex of 
28 m ,lt 50  \ e'irs lor lob loll^ plne 

1-lie st'inci \%.is regerte~1ted from ,11l ex~st lng  
plnc-h,ird\\ oocl st'ind In the e,irl) 1950s the harci- 
\\ooci cornpollent \v,is I\llleci 'ind J new loblolh 
~ x n e  st.ind est,lbllshed trom seeds produced b\ 
retCunecJ trees -\ lexv remn.ints ot tlie orrg~nal stand 
strll cxlstecl prror to s t ~ ~ c l ~  111st~ll~1t101l Thrs stdtld 
\ \ , I \  t \  plc.11 of m,in\ unm.un.~ged ptne \t,inds In the 
50~1th  th,it 11.1\ c cIc\ eloped ,I dense h.lrcin oocl 1711~1- 
c.lllol,\ I3eforc thrnnlng, loiAoll\ plne b:is,tl .lre,i 
.~\cr.lgcd 2- m2/Ii.l .rncl il'~rcJ\%oocJ 17.1s61 .ire.i . ~ \ e r -  
,~gccl S rn2/ll,~ \lost 11,ircI~~oods tormecl .I ~inlforln 
nlliic.inop~ \\rth occ,islon.~l ~ncIr\~cJuals eutencllng 
11110 tlic lol,loll~ plnc c.~riop\ I'he h,lrd\\ooci com- 
~ x ) ~ i c n t  \\.I\ ~ x ~ ~ i c ~ p . t l l \  \\111o\b ((_)ller.czrs phellos) 
,tnci \\ ,irere o.lh ( Q  ~iigiui) tt rth lesser .inlounts o f  
sor~tlicrn I-ecf o,tI, (Q /rrltritcc) .tnd sweetgum (/I({- 

I ~ I ~ C ~ I ? ~ / J ( ~ I .  ~t]~i.[ic 1/7iic[) 

Methods 
t l i r l inrn~ .I Iol>lolI\ Ixnc (1~rlili.s tric~tfri)-I~.~rd\\ood S / ~ ~ C ! J ~  ~/e.siglz LZIIC/ L I . C ~ L I I ~ ) ~ C ~ I ~ I  
s t m d  to .I r'tnge of prrlc ,lnd h.lrcl\~ ood I>,is,il . I I - ~ . I ~  ~ ~ ) I ~ ) / C I I I C I ~ ~ ~ I ~ ' ~ O I I  

\\c est,~hlrshecf 2- crrcul,lr 0 OH-h,i s.ill~plIrng plots 

Study area 
\\e c s t c ~ l ~ l ~ ~ l ~ c c l  our \ t ~ ~ c l \  III  .I I I ~ I ~ L I ~ , I I I \  reger~er-~~t 

cct c \  ell-.lgccl 35-\ c,ir-old n'iti~r.tl lobloll\ 
~ ~ ~ t i c ~ - I ~ , ~ ~ - t J \ \ o o c l  \t,tnd Ioc,rted 111 the school forest 
of tlic I nr\ersrt\ of \rI,,lnscis .it \ I o ~ ~ t ~ c e l l o ,  llrc\\ 
( o r 1 . 1  k 5 \oils of the ,lre,t ~ncl~~ciec l  
I lcltr-\ (I \ prc f r ,~gr .~q~. i l l \ )  dlld ( ,tllo\\ J\ ((,lo\- 
~ . I C ~ L I I C  f r,iglL~clu.~lts) scrrcs ( I  ,tr,lncch ct '$1 19-0) 
I3otli s0114 11.1\ C' \11t loL1ni stlr-f,ices ,11icl \vcrc tormccf 
o n  \\ lnciblo\\ 11 slit l liese poorl\ dr,ullecl \orls 

, ~ n d  s~tr~-oullctcd then1 131 10-nl ~sol . i t~on strlps. 
s - 1 t 1  I t o t  l o t  ~ r .  I 0 2 I I lre.1triier11s 
c ons1stc.ci ot  0 cornl>~n,ttlotis of 3 o\ erstor\ bL1s.i1 
'11-c.15 of lobloll\ Ixne ( 15 1 S .111d 2 1 m2/ha tor trees 
>O 1 crrl 111 dl,~ilictcr .it 1 i' m [cIbh]) ,tnd 3 b,ls.il 
,trc.,is ot Il,tr-ci\\oods (0  i 5 .inel - ni2/liLi) Tre.it- 
rilcnts \\ere .tsslgnccl r,~ndornl\ to plots .is m ~ t c h  .is 
~xt\\sl,lr In '1 I>loch cJesrg11 \\ ~ t l l  i rcplsc,tt~otls o f  
c,tcli IAoch I<loch~ng \\.I\ b'ised o n  pro\lmlt\ to 'in 
cpliemcr,tl clr,tln \ l t l~o r~g l i  trc.1tnlents \\ c re  
.iss~g~iecI r.i~icio~~il\ to plots \ \c  re,iss~griecl GI t o \  
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tre'itments if eulstlng b.is.11 drc~l W L I ~  below the level 
r.incioml\ 'issigned 

I he p ~ i e  conllxxie11t 01 eilc!l plot \vcis 11,trvested 
.is .I tree th~nn~iig \lost of the h'irvested trees were 
helo\\ the st,iiicl s me'in cll,h, I3i1t .I ke\v lo\%-<lu.il~t~ 
cIomtn.int .inti codom~n~ints c~lso were h,irvestecl 
11,11i1isng 11~rd.i.r oocis t,i\ orccl rctention ot 1,lrger 
.ind Ii~ghcr-clu,il~t\ o,ihs IIo\ve\er liard\vood trc'it- 
ntcnts \\ere cl~tlicult to ~~xiplement o n  some plots 
.111cl coml,romises \%ere n1,icie to ntcet spec~fic b,is,il 
.ire,l rcqt~renlel1ts Ille s.tmplung plots c i~~ci  tlle~r 
,icljo~n~ng ~sol.itton strips mere t111n1-1ed to the sitme 
I I I  I he .ireGI ber\\een the s,in-Ipl~ng plots 
.~nci ~sol.it~on 5trlp.l \\ere tl~tnned to bils.il .ire,l\ ot 
,ibouc 1S ni2/Ii,l ot psncs .inc! 3 niL/hd hctrd.vroocls 

\!I trccs \\ crc I-I,ir\ cstccl '14 ptiI13wooci 111 l 5-111 
I,olts to I~III-III?-II/C C ~ . I I I I A ~ C '  to the res1cl~1.11 st'ind 
1-'1nc t l i~nn~ng beg.111 In t ~ l l  IOSS ancl \%.is complet- 
ed clt~r~ng I.ite sprlng 1989. but untt\~tdll\ met 
\\e,ither eltiring sunimer pre\ented complet~on of 
the 11.irdn ooci thl1111111g L I I - I ~ I ~  st!11in1er 1989 I>ttrlng 
l'trc \\ 11-1ter '11-1d e'~rI\ sprmg 1 9903 ,111 s ~ ~ l > n ~ e r -  
cIi,int.il,ie I-I,ircI\voocis 1 5 to 9 0 em clbi1 \\ere k~llecl 
I\ 1111 stem-~njectecl gl\ phos.itc 

J ~ L I ~ L I  ~.o//ec.fioiz 
13cto1-e tli~nning. \LC recorcl~ci ~~>ccIc ' s  ,inel clbh lor 

.ill trees 21 5 cr11 dl>li on  c,~ch plot \tter comi3lc- 
tton ot tlitnn~ng me .iss~gncci perm'tnent numbers 
to .ill rer.irncci trees on .I plot 1 % ~  me.isurecI clhh 
(cni) tot,tl hc~ght ( m )  . I I - I ~  C ~ O \ \ I - I  d ~ ~ i ~ e ~ ~ s ~ o t i s  (111) 

\ge \\,is d e t e r r i i~~~c~ l  011 ,I sul,s,i~nple of .ibout one 
tll~sd of ihc rct,iinc~cI trtes 

\\ e dctcrm~necl b~om,iss .ind c~st1111.itctl pcrcent.igc 
co\ erCigch ot c'tch tor.ige s1xc1cs OII 5 4~ sten~c~tlc.~ll\ 
loc.ltccl subplots hetore th~nnrng (sumrncr 1088) .incl 
2 (suriinlcr 199 1 ) .tntl t (slrnimer 1903) \ c~irs .ilter 
tl11nn1ng \\ c cleterrninccl for'ige l,roln,tss I>\ cl~pl>~ng 
tllc eLtrrcnt . I I ~ I - I L I . I ~  11i~re111e1its of gro\\tl-~ (51 0 1-11 111 

Iic~ght) for c,tcIi spec~c\ F,tcli stll)pIot conr~stecl of 
i .iclj,icc~-~t I x 1-111 c~t~~~clr,tnts, Ix~t onlt one c~i~.iclr.i~it 
\\.is 11secI e i ~ ~ r ~ ~ i g  e.icIi c\  .tlu,~t~on so tl1,it c l~iqx~ig d ~ d  
not ~nfluencc \ubseclucnt nle.istlrenients \Ye cleter- 
m~nctl green \\e~gIlts .inel .I subs,i~nple ot e.lcIi 
sl>rcIc\ \\ .is o\ en clrled ,it tOo ( to ,I const'tnt \\ctght 
to dcterm~nc green-\\ e~glit to cirt-\ve~gl-~t r'itlos \\ e 
esttni.itccl pcrcent,lge co\er.igc of e.icli for.igc 
sl,cc~cs (< 1 0 m In Iie~gl~t) ocul.trl\ (Clucller-Ilom- 
ho~r  ,lnci I llenl,erg 19' t )  ,uici o\ crsto11 Cd11017\ L O \ -  

el-.ige u m g  $1 \171ie1-1~'11 c1e11s10111eter 
\kc clctern-I~ncct ~~1iotos\1i t I1e~tc~II~ , ~ c t ~ \ e  r'ici~~i- 

tton (Irglit ~ i ~ t e ~ i s ~ t ' i )  .it ,I Iic~glit of 1 t 111 011 39 tc1-11- 

por;tr\ polnts sr stcn-~,ittc~~ll\ 10c.itcd \\ ~ t l i ~ n  e'ich 
s:impl~ng plot dur~iig cleLlr s h ~  cond~tions o n  31 
J u l ~  1991 ,ind 15 ful\ 1903 using .I sunflech cep- 
tometcr (I)ec,igon I)e\ lees Irlc I'~illrn,tn &,is11 ) 
\We m,icle ,111 rne.isLiremcilts \ \~thin 'TI 5 hottrs of 
sol'ir noon ,111cl ,1140 !ll,lcie nlc~lrurerncntr rn f~tll sun- 
Ilght t o  c.ilcul,ite rcl.ttt\e 11g111 isitcr~s~t\ 

Data rrncr!]t.ses L Z ) ~ C /  ~?zorle/iizg 
We testccl the null 111 pothesis t h ~ t  1-10 ch,tnges 111 

lohlol1.i prrlC ,tncl h,trd\\ood b,i\,il 'ire,is C:IIIO~>? COV- 

cr.ige, .inti l~ght intcns~t\ o~currecl o\er tune (smnle- 
ci~,itel\ .ilter thi~-~rlliig .i11d .ttter 1 .iiicI t \ear\) for 
e x  1-1 1>'1s'1i 'Ire'l tre~tment L ~ ~ I S - I ~  one-I\ .I\ .inal? 51s of 
,rri'incr r>~ttt.rencrs ,~niong \e,trs \ s ~ r t .  ~solateci by 

the Ii\.i1i-E1not-~~.tbr1cl-Welsc1-1 m~ll t~ple  Kwge test 
.it cn = 0 05 (I'roccdure (XI  \ l ,  4hS Inst~tute 198')) 
131oniass ot 1ncl11 ~ c i i t ~ i l  species on e,icli of the 25 sub- 
plots \\ ~thrn .I 0 OH-Ii,i plot \\ cis summcci bv forage 
groitp (\ Ines. wood\ bran se gr'iss torbs sedge, 'ind 
cornposltes) \le:ins \%ere then cletcrmtneci tor bio- 
rn.is\ b! tor;lge groitps tor e'icft 0 08-h:i plot We 
testecl liomoge~ie~t\ o t  \ .irl.incc tor eLich forage 
  SO LIP iis111g R,irtlett s test (steel ,tncl Iorr~e 1980) 
\\lien \\e rejecteel the null In pothes~s 01 homoge- 
neous .\ .tri,lnccs ,it c/ = 0 05 1% e rr.lnstormed data 
.tncl conducteel the test .ig.i~it ~ i i i t ~ l  \be ~ccepted  the 
utlll 1i.r 1>otIies1s \ ' i~-~,~bIcs reclulrlng tr,instormat~ons 
.r\.erc. \tncs iorl>s , I I - I ~ ~  seclgcs (sclu,ire root) and 
gr.~\ses ci~ief C 0 1 1 1 ~ > 0 4 1 t t ' 4  (cube root) \Xc then tebteci 
tile null Inpothe\~s rli.lt I-).i\,il .~I-',I tre,itment (3 
pne-li.ircl\\ootl cornb1n.it1on4) ,incI \e.~rs .titer thin- 
ning chcforc th~nri~iig .inel .tltcr L ,inel t \ c,irs) ctid 
not ,ittee t for'igc l>~orn,tss ~islng 2-\\.IT c i ~ ~ e ~ l ~ \ ~ s  of 
\.irt,incc 13ec,ii1sc, m.in\ of ilic tntes.iction terms 
\\ere s~gntfic~int .it 11 = O  05 \be lollo\\ecl the rec- 
ommcncI.it~on ut I ~ttcll ct '11 ( I00 I )  t l-~.it  citttercnces 
.tmong me.tns shotrl~l he i\ol,itccl scp.~r.itel\~ tor 
c.icli Ic\cl ot tlic 2 f,~ctor\ \\e rsol,ltcd cl~iferences 
,iniong rnc.,ins ~is111g l<\ ,111-1 11iot-~~~ll~rtel-WeIscl1 
nlult~l,le rmgc test .tt ( / = O  05 .iitcr- corlcluctlng one- 
\\ .I\ ,in.il\ \es ot \ .irl.u-Ice tor b,is.il .ire.i rre'itments 'it 

e ~ c  11 i c,ir .u-Ici tlicn lor \ e,isr ,It c.ic l i  b,is,il 'lre~i 
trc,itment 

Il,is,il ,irc,ls of I I - I ~ ~ I \  tcilt.ii 17101r \ . I S I ~ C J  \\ 1t111n tre.lt- 
ment cl,isses I,ec,iusc of tree mort,~ltt\ from logging 
el,ini,ige ,inel n,ttui-'11 c,tuses gro\\ t l i  ciurlng sttici) 
~nsr,rll,irion ,inel the tn,il>il~r\ to prccrsel~ control 
1,,is,11 ,tre.is on s11-1.1ll plotr HLis.il 'lr-e,ts .~ltcr stud) 
1nst.ill.itio11 rangccl b\ .I mc.ln of 1 5 ni"/h,~ \v~tIltn 
trc,itnient cl,lsscs for prnc 'trici i~,irci\~oocls li) de~e l -  
oj, ,u~cl enl-I,lncc pred~c tn c c . l l , , l l , t l ~ t ~ o  tor s11iill3rl> 
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thlnnecl torest statids me dndlvzeci data turtller us111g 
regression ,in,ilvs~s I'hlr ,illowed use of i~ctual b,w,il 
.ire,is tor e,ich plot r'ither th,ttl ~ t s  elas5 cles~gnat~on 
We evLilu,itecl sever'tl c~rrcltdatc equdtlons to ,111~l\/e 
orlr d'ita Ho\\etcr. l1,15cd on res~clit~l plots ,inel fit 
trld~ces we selected the follow~ng eclu'itlon 

1' = h,, + f ''1 e:up(h, + h j  P + 0,fI) .  

where Y w'ts the response v'inable .it the yxc~tiei i  
rear, 7 w'ts the ti~ltnber ot vears dfter th~nii~ng,  f' 
,11ic1 If were ret,i~nect loblolly pine m d  harciwood 
I>,is,il .ire,is .ifter t h~nn~ng ,  re5pect1vely, .inel the h, 5 

nerc coeff1c1ent5 to be dcterm~necl 12e5ponse \,irt- 
'ibles were mean tor,ige Ixoma5s (kg/ha) dnci pa-- 
c cnt'ige co\ er'tge 1-el at^\ e Ilglit tntenslty ('%,) .tnd 
c,inop\ cox er.ige ("$1) 131 detjn~tlon. tlie response 
.r.ir~.ihle \ v ~ s  eclu'il r o  tlie value of ho when P tv'is 
/cro Thiis. we set the v,ilue of ho to the betore- 
th~nntng mean calculated trom the 2' plots tor tlie 
spec~fied re5ponse \artable We calculated other 
coetfic~ents In tlie equation b.c nonilnear least 
sqii;ires regre5sloti uslng SAS proceclure MOIIEI. 
(sr\S 111stltute 1988) DCitLi were rne'in torage bro- 
ni,is\ tor.ige co\er,tge rel,it~\e I~ght Intensttv .incI 
c.inop\ cover.~ge o n  the 2- plot5 e.r:tlu,ited ,tt 2 'tnd 
r \e,irs th~n~ling,  prov~cl~ng 5.1 obser1.1tlons tor 
e'ich rcspectne response v,lr~'ihle We el~mln,ited 
.r.ir~'ibles fro111 the tull rnociel 11 tl ie~r coefticrent cf~d 
not cliffer s~gn~lic.intl\ trom /era ,it C L = O  0 5  

Results 
l'o.st-ti)i~z~?i~tg e~rrlirokzlnctlt 

T111iin111g red~tced the lobloll\ plne I,,is,il ,ire,l bt 
,In .iverage of 26 $2, and 41% ,inel the h,irci\\ooci 
co~iiponent b\ '111 ,l\er'ig~ of 2- t t d11c1 1OOo0 o n  
hlgli ~'tieclrum .tncl lou tre,itnient bLtsLil .~re.is 
respectlte1.r Pine 17ds.11 .ireL1s ~ncre,iseci ,in ,irer.tgc 
01 1 5 m2/h,~ 'icross ,ill tre,itments I,\ 2 \edit-\ . t ~ i c l  
i .! mL/Ii,i h\ I \e.trs .itter t h ~ n n ~ n g  \lc,in .innu,ii 
Incrc'lse 111 lobloll\ plnc b,is:11 .ire,i xv~s gre'itest on 
,II-e,is ret,llntng the 1,irgest bds'il .ire,is (0  0,  0 8 , t ~ l c I  

0 - l1l2/h.l, tor l11g11 1ll~'dllllll i l ~ l ~ ~  10\ \  bd4d1 dfC,14 

resl~ect~\el\)  fio\\e\e~- ,111 tre'itments cIemonstr,it- 
eel s ~ g ~ i ~ t ~ c , i ~ i t  (I- '<() 0 5 )  tncre'ises 111 pliie bds'il .ire,l 
131 t \e,irs .itter thinning ('Llble 1 )  Me'in ,~nn t~~ i l  
incre,ice In li.ird\voocl h.is.11 'ire.i of 0 2 ni2/l-1,i for 
,Irecis ret,ilntng higll ,ind m e d ~ r ~ ~ i l  b.ts,il .ireas \\J\ 

srgnltlc.int (f- '<O 0-5) .it 2 .ulcl 't ve'irs .liter th~nning 
( ,tilop\ cox cr'ige ' 1 ~  er'igcd 96 5"(1 betore th~n- 

nlng 1\10 ~e . i r \  .lttcr t l i ~ ~ i l l ~ ~ i g ,  C ' I I ~ O I ~  covectge 

ranged from 6 5  5 to 95 0' '~ (T'lble 1) Recovery t o  
before-tlitnn~~ig valrte5 h)r cdnop) co.ct.mge Wd4 

~nfluenced nio5t by crown growth ot the plne com- 
ponent <;,inopv co\erage 1ncrea5ed an Average of 
(3 I ,  2 0 dncl 2 Ii%,/\ear for tre'ltments retdlnlng 0 
3 j &ind ' r~iL/ha o f  hardwood b,ls'~l ared. respec- 
tlvelv, between 2 J I I ~  4 xc~irs after t h ~ n n ~ n g  Rel't- 
tlve Itght ~ntensltr w'is related negatively to the 
ret,ilned loblollv plne-hcirciwood bas:ii ,%reas and 
tlielr corre'sponci~ng c'inopy coverages w ~ t h  the 
Ii,ircIwood component hang  the most ugn~ficant 
fdctor L~ght 1nten51t1e5 d ~ d  not vdr) ,~gn~ficantl\ 
between 2 'ind + Lre,irs 'itter thlnn~ng for dl1 basal 
are't trc'itnients except tor J slgnlficant (P=O 02) 
decllnc tor ,I plne h'tsal ,ireti of 21 mL/Ii,i ‘inti no 
hardwood5 ('fable 1) 

For~ige prod~tction 
13asLil ,ire:i treat~nents (P<O 0 1 )  and years .ifter 

thlnn~ng (P=O 0 0 1 )  s~gniticantl> ,~tfected the blo- 
n i ~ s s  ot ,111 torage groups dnd the total The Inter- 
'ictlon ot treatments 'ind year5 w:is s~g~i~ficant  for 
.c lnes gr:isses torbs, arid tot;il btoma5s (P<O 031, but 
W L L , ~  11ot s ~ g n f t ~ c ~ i ~ i t  ( P > 0  0 5 )  for compontt.5 
seclges 'ind wooel\ b~oniass V~nes h,id the greatest 
sust,uned Incre'lses tn torage b~om.lss ;tcros\ all 
[re'itlilents tile ,i\er,ige Increase w:ls 155 kgfha dt 2 
\e,irs .inel it32 kg/Il:i ,it t e'irs (7jble 2 )  The sec- 
onel gre,itest Increase \v;1s tor \-ood\ browse, w111cIi 
.i\eragcd 96 kg/h,i ,it 2 !e'irs 'lnd 132 kg/h.i at + 
\e,irs -\cross '111 tre.itn1cnts comh~ned 11erb:tceour 
b~om,iss ~ncrc.ised \~g~i~fic,intly bv ,111 average 01 
20- I,g/Il,c ,it 1 \e,irs 'ittcr t h ~ n n ~ n g  The 2 - j e ~ r  
lncre.isc tor the con~i,~ned herb,iceous groups \ v ~ s  
.i gre,iter rncre.ise tl1,in the Inc or  woocly browse 
groups The r,lnh~ng ot the 2-\ear increase In herba- 
C ~ O L I \  111onl.iss 171 torage group w.15 grasws ( I  5 3  
hg/h,i) > 5cclges (25  hg/h,i) > torbs ( 1 - kg/h,i) > c o ~ i ~ -  
posites ( 1.2 hg/Ii,i) 131 1 \ e'irs ,itter tlxnn~ng, ho\v- 
e l  er hcr-l~,iccor~s blorn,~ss ctecllneci trom L-\e,ir \,tI- 
ues b\ - l o i l  tor seclges t+",~ tor gr'isses 2+'% tor 
composites .ind 5"i; tor torbs tot'il herbaceous blo- 
rn'iss .I\ er,igccl 12 1 hg/h.l .it -t xears Totdl forage 
blorn'iss ~ncre,isecI ,111 .i\er.ige ot 126 kg/h,i ,it 2 
re,ir5 ,liter th~nnlng ,ind 632 kg/h,i ,it t ye'irs 

I:or,igc l ~ o m a \ s  .uicl co\ccige ot '111 groups .ind 
the coml,~necl tot,ils were ~iegdt~vel) ~nfluencecl (P  
<0 0 5 )  bx 'imount ot rct,tlneci li,irdwood basal dre'i 
except lor sedge co\er,ige \vhich was not ~nflu- 
encecl ( I - '>()  0 5 )  by ret,ilned h,irdwoocis ('T'ible 3) 
I'orb4 ,ind coin11os1tes were the tor;tgc g r o ~ ~ p ~  Influ- 
cncecl most neg,itl\el~ bv incre,~secI hardtvood 
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T,ihle 2.  Mean (-I-SE) iorGigc biomass ikHhu1 in response to vario~ts levels of pine-liardwootl 
hasal areas in CI thinneti 35-year-olii natiiral lobloilv pine-hclrciwood stand in 
,Arkansas hefore thinn~ng anti 2 ant1 -1- venrs after thinning. 

basal aicn thinn~ng 2 ve,irs 1 veurs 

Viiie 

response to thinning a '15 

s~mll.~r to  those obserled rn 
other pine-h,irdwootl st,tncis 
sn the southecistern I nitcd 
Stzites Wrglev et 21 (1989) 
reported J range of tot,il 
understor) bioruC~ss l~e tneen  
562 kg/hd .lnd '56 kg/hLt L 
\?ears ,liter thinning ~ n d  298 
kg/h,i to 'I' , ~ t  4 years LI.ls- 
ters et '11 (1993) reporteci 
for'lge b ~ o m ~ s s  v'iliie\ .is 
gre'it '15 3 595 kg/h,~ .it r 
\,ears d t e r  s t ~ n d  tre,itments 
consist1r:g o f  complete 
removal of L1ll merch,int,~blc 
pries thlnning the rem~ln-  
ing h,~rdwoods, dnd clnnu'11 
burning By contr;tst \.I,isters 
et  '11 (1993) found dn a e r -  
.tge inc.ln of 208 kg/h,i tor 
forage htomass oil control 
'tre'ls ,ind 'ireas not thinnecl 
but h~~rnecl  on ,I $-vex c.i cle 
these \.ilues mere srm11,tr t o  

those reported ln oLir stud\ 
for the gre,ite>t ret'linecl 
b,ts,il .ireLis 

Our findings suggest thLir 
2 - 1 3  i l (  I - i 2 I JIB[) I >  2 449i r i  - - 

h'irclnood b.ts.11 .ire:i .ind ~ t s  
I 0 I 1 - iB I -4 105 (>iA'll~ 11 , ;  I I 18  f1 \ ,tssoci,lted c'inopv cover:tgc 
I i, 2 1113 d- 0 GO -~,\~i!> I02 i  150 4 r\ 

exert more rnfluence 0 1 1  
4 4  - 5 1  344 3891\1 308 45'11 

~113derstor.i \eget,iti\e res- 

0 I O2rB 03 4 (4: 5 Ad $ 3  2 127 1 ) i 4 < ~  pon'e thcisl the lob loll^ pine 
0 0  10  81 I (1 3 10 7 ) ~ l )  I 0  7 1 4  2lC1h t7,1\c11 .ired d11d it5 d ~ 4 0 ~ l d t C ? ~ i  

0 13 I o I I 5 111 4 2 1 1  8 ,\I) c.inop\ co\ecige Both dt 1 
0 5 10 018 3t3 5 421 8 iA~ l1  ! 3 0 3 I i ir\d .inel t .i c.irs ,~tter thinnlnrr 
0 3 10  5 1  i 0 5 1 1 1 1  I3 i I 5  t31,?h Isght Intensities ,tnci unclersttr 
0 2  1021 I 0  (1 14 -121) 0 0 (1 71nt) 

17 .i cgcAt.ltl\ e responses 1% ere 
0 (1 1 l 0113 10 T 5 0 \ ~ / 1  1 i  i 5 t31,\~11) 
0 8  141 I 0 0 I1 I IJ!I (1 7 ltl 2 1~112 

gre'tter in Ixire lob loll^. pine 

I 7 0 il ( 1  l i  1 3 r4 O,I> 2 I) I 3 0113 st'ulds. reg'trdless ot the 

I ( or~t i i~ i ic~t i i  r c t ~ ~ n e d  1)dscil ,ire.ts, thLin 
In lol,lollr pine-h.irci\~oocl 

Fir\t niirnl)cr 15 I o i ~ l c ~ i l ~  pine 1 1 ~ 5 ~ 1  1ic.a l i i i 2  ha ,c~oi i t i  i i  li,irti\\ooc! l,,~sal ~ 1 i . 1  st'lncls Of eqlldf totill b~s'il 
1012 lh& i r e  I11cse results suerrest 

<.<> 

Row trc;itiiierii n?c,,~ni iollo\ved hi. t l i c ,  i ~ i ~ i c ,  iippcr C L I W  lctti,r o r  \ \ ~ i t l i c , i i t  li.ttcr5 1% i t l i i r i  t i la[  ~l;lrc~\vcjoc~s procluce .I !'or,ige g r ~ i i p  clirl not tii!ic3r ~rx =O.Oii. 
more slladc and th~is slippress 

(-oiunin trcatnicnt iiie~?iis ioiloivc~ti t)v the, sdrnc '  io\vc,r ( , i i c l  ic'tlcr or i i i t i iovl  ic'ttcri 
ivittiin a i o ra~e  ~ r o i i r i  (lid iiot (liiiitr (1% =ij Oii. rlnclerstory .rrget:~tion to ;I 

gredtcr extent thdn lob loll^ 
pine Other in\ estlg,itors 

'irc'ls wl t l~  le'ist o\erstor\ b,is,tl .ireci. ,iilcl le.ist hio- h.i\ e reported slinll,ir tinclings ( ( ~ u o  .inti shelton 
1~1'14s was on .irecis 1% it11 the grc'ltest b'1s.11 'irr'k l'hss 1998, LlilIer et '11 1c)OO') 
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T,tI)le 2 !c-ontinciech. Mcan 1f5E) forage biomass (kgha) in response to various levels of 
pir?c-liard~vood basal ,!recis in ,I th inned  3 j-year-old iiatural loblolly pine-hard\vootl stanti  
in southt~astern rlrk,~nsas before th i i in ing  ,!nci 2 and 4 years after thinning. 

i;i.tigi. 

1 5-0 
15--3 '5 
15-7 
18-0 
18--3.5 
I ti- 7 
2 i i )  
2 1-3.5 
L 1-7 

('ompositc' 
15- 0 

I i -3.5 

15-7 

I t i- 0 
I t i -3.5 

18-7 

L I --0 

21-3.5 

21 -7  

T i ~ t ~ l  I ) I ~ I I ? J \ \  
I 5--0 

1 5 - 3  i 
I 5-7 

I ti-0 

I t i-  i ? 

I t3- 7 

2 I 0 

2 1-1.5 
2 1 - 7  

I he \ rne ,~ncl \\ ooch I,ro\\ se grotips ~iicre,ised In 
for,ige b10111,tss tro111 2 to t \e,trs .ilter tl~lnning. 
wl~ere,ts '111 the Iierl>,iccous pl'int groups deCllnetl 
Some of the decline In herb,~ceous \eget,itlon w ~ t h  
tlmc .itter th~nning c.in I-te .tttnb~ttccl to tncre.ts~ng 
c,tnol>) co~er'ige 111 the o\erstor\ .ind ~ t s  .i\soci.iteci 
sh,id~ng, btit the ~rtfl~tencc of otller for,~ge groups 111 

the unclerstor~ c,innot be ~gnorecl \/me5 ,inel 
woctd\ pl.tnts i~ncio~thtecil! coml,ete \\ ~t l i  IierbCl- 
ceouc gro~tps tor water. Ilght .tnd nutrtcnts In Lidell- 

tron the gre'iter st'iture and 
hclght-gro\\ t11 potentla1 of 
v lnes dnd OOCIY vegetation 
c r c ~ t c  .I growth xivantage 
tor tllese group\ over herba- 
ceous \cget,itlon In fact, 
m,tn\ of the woociy plants 
\\ 111 e\  en t~ i , i l l r  grow Into 
micistor\ l ~ ~ i r c l ~ o o d s  

Our fincling\ suggest that 
rcduclng st'inci basal Area 
thrortgh th~nning can 
irnl-tro\e tl-tc \,ilue of A stand 
for m,in\ \\ ~ l d l ~ i e  specles by 
Incre'islng .i \ ,~~l,iI~le forage 
b~onl,i\\ reducing 11,irdwood 
has,ll ,ire,i res~~l t s  ~n greater 
incrc.ises In tor,ige b~oniass 
t11,tn recluc~ng ioblolly plne 
I-t,is,tl AreLi Iiowever, use of 
thlnn~ng alone to ~rnprove 
w~ldllfe hLibltdt qual~ty re- 
sults tn onlv ,t \host-lived 
Incre.ise 111 qu.intlty of herba- 
ceous l eger'itlon ,iv;ulable. 
\\ ~lcll~te specie\ that con- 
\Ltnle mostlk herbaceous 
\ egct.it~on 4 ~ 1 ~ 1 1  .I\ wood- 
chitcl, cllrrl-i~lotn ~ z o n ~ z x ) ,  
hislxci cotton I-:it ( J z g ~ ~ ~ o d o n  
/,rs/)lr/rr., ) soutl~ern bog leni- 
111111g < 5 1 tl~i/)lOt?/ Jf.S c O O ~ I ~ ? " ~ ~ ,  

.inel pr,ilrlc \ole ( l l icrott~.~ 

(it /,t ogil\/c>t.) \\ 111 cierl~e the 
most bcnctit .ibout I! year5 
.11ter t l l r  nnlngs I lowever, 
~ \ ~ l c l l t f t .  sitcll '14 the wh~te- 
t,iiled clccl- (Orlocol/erls rl ir-  

gr~r~ilt/rts) .inel e.tstern cot- 
tO11t~i l l  ~ - ~ i l > l ~ l t  ($1~l/31/ll'yl~.s 

/7o , -1c /~1 t?r t s )  \\ 111 benefit from 
t l i~nn~np o x  er ,I longer per]- 

oci of tliilc bcc'iuse the~l- diet\ inclucie the browse 
pro\ ~cled b\ \+oocI\ pl'ints ines ,uncl hcrb,iceous 
\eget'itlon 1iepc.treci st'tncl ct~st~rr-b,ince from sub- 
\ecl~ie~it th~nnings \\ 111 help n ~ ~ i ~ n t ~ u n  I I ~ ~ I - o v e d  tor- 
.tge p ~ ) d t t c t ~ ) n  .ind \\ lldltte Ii.ibrr,it c l ~ t . i l ~ t \  hec:iuse 
~t 1) sc,irlGes thC torest tioor 2 )  clestro~s some o f  
the evrstlng tinderstor\ \ egct,itton (1 lnes clnti 
\\oocl\ pl.ints), ,inel 3) ~ - e d ~ ~ c e s  o\erstor\ sh:idlng 
.lncl cotnpetlt~on ?'111s st,incI I\ .I\ gram 111g .tt d mean 
,innu.~l r'ite of 0 8 m--'/h,i In pine 1-t,1s'11 'ire,i, :tnd thus 



704 'Il"il~/life Society Bulletitl 200 1,29(2):697-705 

i;ibie 3 .  Kcgrc3i.;ioii (oeitii-iciits ,inti ,~sso i - i~ ted  st'itistic s to estinl,~te the ior,lge bioniass aricl coverJge, canopy coverage. anti liqiit 
i r i :e i i i~ t \~ at L ,1111i 4 vi3ai-s 'liter thiiliiii-ig iii '1 3 i-i,e,~r-olcl ii,iiur,~I iohiciiJv pi, ie- l i~~rt i ivood star?cI t i ?  southe,istern -irk,inscii, Foiaqi, 
l ~ i o n i ~ s s  ~ i i i i  iovc iage :<erci c~v,iiiiLiti~ti l)v ioi,ige groups. 
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