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Forest management in rnlilly pam of lit. urbonizinJ Sombeasltm U.S. is becoming more difficull due lo fiagmenWion, 

oIlemotive managclll<III objectives, and "",i.1 .""lIiet> with rnonogomeot >!ctiviti .... Hnw<Yer, lito pulJiic .. ""firs from maD.­

.gem.nt of these or .. , .", ",ill hi8k. Tbis srudy C<lIlIpMI'd lb. productivity ond CO"" of mecIIanicaIlhinnine tr=ents usinl 
COf>"em;"""j !hinninG'oo [wo al'"","l;ve th;III1ingawroache.< in oven-aged loblolly pine pl.nt,lion •. The ai le",.';,," on!m<nt& 
rcmov<d ,nor< <land b.ual lru . 1\d ,",'er. mlendod 10 promoIC lran';On" (0 un.Y.n~cd '!ond m.nagemen<. PrO<lu<,ion 5,udi" 
and .'"" '""Iy_«, We" camp l«eJ roo- <on,"n,i"""I, .... y . .. ,d " ,ip tr .. tm. m,. Tho coo".,,,i<>rl>l treat"'''' w., • fin. row ""d 
.. I"", remo"i' 10 16 m' h. - , ""idu,r basal",,", Th. h .. "Y "<.>tmen' w.,. fillh row and select IT"", .. I, 10 9 rn' 0.-1 residual 

• _~~ .hI Sllhrtl. T.ht: .&trip trca1ID<nli ",I oded "-<OIIventi "",Ilh inoi"e tr." tm"tIl w;' b aI ",moJ ing =c ond,cle"ouI. W-;p ... ,.bl; ·h.d_ _ _ 
on ,be C(ItII"u', The resulli"g 'e.idu.1 ba .. I.",. ''''IS I LS m' Iu - '. lbe .1I""wi~c hulrne"" provided .ubSiMlli.lly lowe reo,,, 
"nd hi""" ,.,>dual niue, (S I '0 1 m-') in ,.,4 Iu , .. od, bu' ,,,,,lie, .d"o'O$e, in 8 and 12 Ira ","m4. Tbe diff. reoco frorw lower 
h"",." COSts f~ rhe .llCm.,ive "''''menlS may .... bIe l, ndoWIl<'" to a,m.ol inre=, in ,mali acreage .. Ie. lho. ,esull from 
r"glneola,ion, 

Con .... "'ton ~ rural land. 10 urhon ""'. ex~d. lbe in. 
re,face be\woon human ""pul, 'ion ...:I runll land . .. """d lhe 
Wildl . nd U,bon 1"lOrne. (WUI) (Nowidi 2001), Theonndi­
, iono OI ,h. WUI limit opportunities fur m,n'eorne"t (Cordell 
and Maci. 2002) which rnoy be '"'luired 10 mitip'" ""ltmri.1 
(ores, h .. 1 th probl."", (BokH ns'" . ,. 2(03). Ae",,, the """'h­
.... tem' U.S. groWlh """" P"'I'ul'lion ceo"'" i, ""pt<led to 
convert foresll .li<l lo urban uses and i .. ,...., fnr.grn<nllli iOIl of 
ne.rby fu""Uand (W ... , . <><I Gr.;" 2002). 

Moiol.illing OCIi-. m.ugemeno in fraSmcIlled foresrs ",. 
quit-e •• yolem, Ih ... re socially l<:ccprabl. and .,ollOmicaHy 
r .... ibl •. Small pared ,,= inc",...., ~.rv .. , =t, bee .... 
fixed c.,"" ore di.,ribvt.d acro:l. !eo. volurne (Cubbage eI .1. 
1989. Kill'odgc ",.1. ! 996. Green. el.l. 1997). LogJinw 0011' 

,r.oc\015 .1.., Iu .... ,;reo'" oppnMunKY C,",I ''''''e lhey spend 
more ,ime movinE between h,rvc", and Ie" lim. [,,";nt. 
M.,kCling hiJ:h ""r •• pn:oduc" i. also more diff",ul, .ince 
lire", m.y 001 be "officiall quonrily. From ,ninning' and poor 

FOIIEST PRODUCTS JQUR ...... L VOL~7.No.1t 

qua[ilY Slatld., low produc, vatue.tId poten1i.Uy hi~~ I",os· 
»OCIadon eoo( further limil gro" inoolJl< fr"", . harvcs,. Qrher 
horvestinl! problems Iypical oflh< WUI include slaoo ace=, 
loa '","'porwion i ....... and conflicts wilh neighbors, all of 

The.ud>on an:, =!I<'CIi>cly. R<>ear<h ..... ;,u", .... """ill< I'fo. 
re..o.. A"i ......... f."..".. S<IIooI ofF«<Sl'1 aOO Wildhf. So:i<nce. 
""bum Un iY<I$ity. ... "b",.. ""',b''''' (fol. ~b<@aub" rn, .du; 
.,. ;dtml@!,""u," . .w: koe""n,,<i<>@>ubum,edu); R<>e.",~ SoH 
ScieTOcc.lJSDA fon:S! S<no«, A..bon Uoi..,,>uy. Auburn, A!.a· 
loom> ( ... >rt<I@fs.f«!,,",~ and A.-!.at< Prof=><. Oep:rrtrn<,. of 
\I;o.yst=. ~"si""."ittg. Auburn \JOt .... ily. Auburn. A I.bo",. 
(mcdontp@<rrs .......... .«Iu). F"""ing"""th;,P"'i"" ..... ptO>';&,! 
by the lISDA ron:S! Servi<e. So<otllem R ...... h Stot;"" '" _ ,Kon. 
"'" ""1;"",,,j «l8o: ,10< ""'I'J'O<I.f AI.ha ... P ....... Comport)' and .... ... "'";"5 "", .. , ""'" .1_ us 10 >ltJdy thei, _ """, Th" 
I"P'" w .. =< i_ for ",",1_ ,n 1>1 "do 2007. A~", Ie No, I 01.10. 
\Of""" I'rodutts s.x~y Id<"""'" 
(IF....,.. Prod",." Socidy 2007. 
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which all: likely 10 increue ~lIVCsI TMJIIJ I. -SWtdcfwr:!~/or~~oIudrol~(caw,J_ 

COlli Ind fu,-tf,er ~ ,h. """i.1 ~~~.~ ... ~_~:~. :=~~=~~~;;~=~~~~~~;~~~; and eoonomic f ••• ibWty of Ibo Of>" ~ 
rnlioo. $!W 

Ca ... ~nliocal muh.nic.llhin- '* ." f_ 

ni", p"''''''u jg ."'.,, ........ pi ... 

,- . .,.... ~, .~--- - - - _ .. COt 

~ " 100', •.•. _ .-N •....... •••••••• (00' .. ', .•••••.• 

pbMal-. i. ,he OCN>ihcaSltm u.s. " "" ." " " ' .' ' U 

IYJ'Qliy eombine retII()""1 of.....,'Y } " ,~ = " 
, '>1,. ,,. 

Ibird, fcLltth, 0< flah lOW with I~i". , " ,~ ." 0; , 'J" ",' 
,,;nll (!'OM below l~..,..,. !.pO<if..J. 110"." ., Ilil 0.1' 0; , ll..(, ., 
~I basal area in LH I'fItlaio,inc ! I' ......... ,w ,,' " 

, .. 10.1 
........ Cominucd ~wn.~~ ....... _.~_''''-_~_='-_~'-.!:!!. __ .:! __ -'~ __ .!! .. _ _ ...!!!_ 
~_, ""'1 dt!u, b. t ",III nol 
~ \he ,~ficanl visual ""pac! 

." .~ " " "' ' U 

("",,'be evenlual ... 0<1 "g<ncaling <l<orc~\. an. pot ..... , 
"hel1l"i ... 10 rcdu<. ,iI. vllllli im~ .,r cvl'll_aged "'Ben­
.... ~QfI nle\bod, would be Ie pn>m<>I<. Inn.<ilioo 10 ""e"en. 
as,M ",i .. d WJod3 bJI irnplc"""'''''I'typicaI !l'>i''''''g r." 
~1n<L " by-prodooct oIdoeK all<nu6.., ._ ........ is 11\ in-
a<_ In..,. ...... s;". ..... _.1 ru-ity , ........ y""""-
(100 <><OtIOII\ic litzsiblIily or ,~ oper>Ii ...... 

Tile 0'0', .. 11 _ I oIlhU lIody "' .. 10 •• ~". Ih. """' .... 
CN,"1\Il rc,i<jual v,kie (<leii""",d va"'" minus hiNeS! ,om) 
/'mm''''' .ypial 'reabn<nI Ud _,llOmlLl •• Il'ttlmenu in 
y""",,, Iotoiolly pine (J>i_IMdd)..- ..... wi~ • ........,.I fy 
Ie:od 10 ~ __ """""- TK 11_ .i"", con-
• idored ~ ind:odo • '-"Y oIIiom-.g mol lIIip ",lROYaIoo 
__ rulllirrnm • .,r_ .... .,.< ....... [1bIn ,be >IOn<l AI· 
Ih<IQI.b ~ "......".. lu:ve.'irIa ')'SIOltI$, lind 00&1. _~J' 
rwnlQ. """""fng UtI ""ftIlI'It'IriIl101In<:Iin"",,, Or ~!tar­
vcrq: if til illl(><lflOlJll. firoI Jtcp 10 implemefttina _en"'. 

The "*,"r,,, objccIi"tS 0( ollis otudy ...,... 10: I) ~ 
pmdo>cIlon models lOr oJoe ,kidder ODd .... (011 .. ~ 
2) co-I~ ......... in! ~ilJ and COOlS or ....... ~ 
' ;ve ""'IClc"", .1> «Idve.uiontl ,.ina.i.g: """ lJ n':I ln .. 
d","P' in "",iduol .alue .. I.~ "spec! '0 ,te",,"",, "and 
-'Y!"!. atld Sland .ize, 

T __ 

The coooomoicwi 'M.";~I (.-iotuI) i," fifo. ,,.,., ... 
...... 01_. Ihin fiun below ot ... , ..... "' .. """" '" I Iz'geI 
r~ bolS.I...,.o{ 16.,' h.-'. Tile bavylltinoinll (h ... ~) 
...... ui .. , ,ho .. me.- "'!nO"11 ,ocI I more ",L •• ! I~. "'!lIO •• 1 
rrom Ille "''''';0"" ro .... Lo • IUZC' r .. idy.1 boio] .... of 
9 ",' ko ". n.... oIrip ~_rot~, (""")CI'eOICsromcloro.,.-.n;p. 
,..;, .... 0. ......J ,1>01 ore ............. hot _ oM .... """'_'y 14 .. wHIt. Le_ .......... _ ,1Ie'-
Slripo m)6 '" widtr. and 1ft ,~""'d ........ ,be t_io<tal 
Ihi"""'a ... ,hod. Th<. snip pIa<crnorII and dinlcuions could 
bo """sed '0 oboc ... viow oro.. c ... Ire .. and .... 1Cl dlm.n-
sion. WOlIld bo dc1.rrliud by ,.". and .... 'I*in!" Aero" 
tho oriel ". .. noenI. ,lie torp\ _I """ ...... I LS m tIa-' . ----~ cba _ <OI1eckrt "" ... MNcsIs ........ be 
~ &nd o:ppct"" ..... 1 pWo ~ orAlat.-. Goor· 
..... and )dlai" ippi (T.bI. I), The .. , .. ,ion or,~ turve. •. "'i . ILOI w", bo.ad on 'hinnina ~ .. tm.",. bo, II",i'OII '0 .he 
rollo""n •• ""di,iolS: ov""'sed l<>bloll~ ~IM r',n". 
'''''': ",heeled ft ll ... -N~I)hl"".-Iko. ... kl. booo! weier 
$)"<'_: n, ... ,"""".,: ...., , .... Ie I ...... I~ wilh ""'""II" 
sIopt: S I 0 ,..,..,-. 

HI""'" <i,., (T.blt I) .... '" umpkd 'e deocribc: pre.od 
~I"'rve>l ".tId eOl'dilioo •. Oro •• en .~. we l"""loe! 10 polol 
,."'p1co (l 0 SAr ,,"'" 1Enc;lish)) 50 II' . pan .Ioo~ tandom 
WInom. ber"", .ocI.IIn .1te h""""'- CIIt ... rlClrion .... ~i~ 
..., ..... lOlS) ~ OliH "~1Cf ,,,-,, z.5.<m, .. .", 
qt>Ifioy (dd"oe ... rOlI:o, .....,p 01 <fOO1~ ..... """"""'nt'" 
be l.,,, (7~ m 10 I Ij ..,."I' dib ~ T ..... ....;,r, DOH >2S Cf'I 
1110, d1d 001 m<., ..... ,r""''''''' ro, eNoS .rod .lIl1ftO ... ~h 
DBH 10 [Q 24 <no "' ... el . .. ,r",d", JllI~, 

All si1,ile' \II ... htr> .... d.".. ''' .... , ~ilt .. ini ";mil ... har· 
-"'II ""lems """,poood of one ......,Iod r.1 kf ·bwocher, one 
wheeled ar:apple llIiddtr. on< knuckleboorn loader willi • 
puI~lbnxt~ ..... i ...... ond ,~ 01 rour .... w ","",ben. '"'" 
fe!I<I-t..u.:bef CUI tile ........... pbcOll mobiple filii "«> In I 
bulle!!. The bunches wen: Ikiddod 10 Ib.e deck area, Vt'IIere tile 
1nM:. _'" dclimbed ond topped by the loader and ooned u 
puIp.....,.,.;locCNS, 

G.oss LinH: omdy d&1I ..... ccoIJut.od l>yWIU'oOOI! 0('" 
openoiooo ror _10) dltummcll.iot!. (i,au , .... .-ady(loll 
earquri.s full ........ 1"'* f""" M,yIlI CIII, (1'181). 

C,dco f...., ,1>0 oItidder and ,It< le l\cl-b;mchr:r _ .. col· 
lected "sin;\; • ~i<l<o .;arne", .~"'.rn imido 10.: mIIcn~ <""n, 
Tho e.o.m<,.. "'os lOcu.od OIl 'ho &"'Ppl. in 'M .kKldcr 0"" 11>0 
Jel l;"a be.d OIl u.. fclkr-bondtcr. \lid<o ..... recorded .... jllt I dtW,.. &-monm:o<del _bed 'ow ___ ' . ....... The .ld-
_ ... -en< oqtIoytd. ........ ~Ies aid eletncn .. ~ . -.1 
. j ... <&kola..., 1fMI ..... , ......... GoO oItoe • .,... The lOUl 
t)'l:" lim< >OS ",,~med foo'" the tIomo:nllll Ii ..... 

Th •• kiddor .. ,ivide. ,..OK recorded for oample pe""ds of 
I .~ -.lI"IIil 'l'I>""'"imll.ly 50 Ikiddcnycl., ,..ere recorded 
on ..... " .. Fi .. ok",""" wer. elefoJltd Jor ,he >kidder t ~ 
cmCftt.ol .",Iyol. (,",,,,,I cmply, ,",,,,,Ie ond Iood. , ... ",,1 
IoIdtd. ""loys. ."" del;,.,bin& I'mo-wltea appIiod). 'The 
.......tHrip <)'<k di$t.oncc .... oI>t.oinod "'11J • Glrmin GPS 
11XL cqIIiPJOOd ... ilh ... more ""'.n .... A •• no", bwtch si .. 
(numb<r of SIems pcr bunch) I., .. O$l im~lIed from gross pro. 
ducri(Hld .... 

A fi:lkf·buncIoer cycle "",ltIded. the .....:lIino In,,,,'i''lllO • 
rrec('). p-.,and cunina lilt I,.qS,. ....... Iing bad. 1<) .... 

skid 1nIil. and swUttlna ..... plKinl .he ItM(s). A cycle <ftdcd 
....:I ~"';III ..... win&:and~clcmorlt. About 30 r.ller· 
bu ..... r<y<In ... rc _de<! on nch ..... Ij in the ro ..... 
mcvat loci I S from ,he .. 1«liM col in lit< ",.id\I.1 """",, 

The ,na~ otlho .y<1< l;me do .. ;" . gl.,."J Sropl\ioll .od 
.... ineol ,0010 '" idt .. Jfy k.l>dsor.". t)d< limes ... ..., i •• cSt,...... .. ~ Ou.ot"'Y ~ ....................... ..sc<I 
10 .. __ ~ In 'I ........ ;"" ....... ;.,m. Sl.,.....;u. 



Tabll 2. - SIrJdd~ ptlXluClion SII.01y v.d.1Jies and ~ model /rom step"';"" 
seIecIIM W '"' 0.15). 

mn,id<rtd 10 be • ~ "'p",senta_ 
lion of fir>! chinning condilion. in 
lb. ~" U.S. Th. "hich" .~e 
"' ... dere""d firs, lhinnin~ wilh 
lower den,ily, ~igheT volume per 
lreo,.md cooscquenllY. "'<get vol­
ume ofCNS •• i,e I ill T.ble l. 

Stand liz," of 4, S, and 12 b. were 

"'"_y "" .. bl. "" ..... .., .. , o.r..., • ....bk "" Ie ..... ... (i" 1 '" 61 
.,"'",,, 
o; .. ~"'" 

I)o~T" 

Di"SN~"'" 

o.!LS, 

A"'",g<_,f_I"'~Y"_'1 

TOI~ .--d-Lrip .. id __ • <",Ie (m) 

""""'""" .. _""'" ' T~ 
.... ""..", 0;....,. , SN,,,,,, 

""""" "" 0;" "". " ' ; ~ 
C,,"" ,"c.) _ '" ,oJ.' • G In ' """,," + 0.01'" 0;",,,,,- + 0_""'" , o;ns, • 

0,0"" " o;~s.. + 0_'." , o;"S, 

,cl«wi for Ihe • • alrsis becouoe Lile 
Yosl IMjori!}' of Iile priv",e for"'l 
ownerships in 'he SoOlhem U.s. ore 
1&" !loon 20 ha. (~ 9 , ero.) (Bird 
1997). Assumption. for gene .... ling 
the dislribulion of round-trip .kid 
di. l>.nc .. included >qUllre ,h.ped 
stands wi'n 0 ,ingle I.nding Jocalcd 
i. Ihe .. iddlc of one side. 

F ...... - JI,',I'"" ""' < 0-"",,, .' " 0_019: • "2'1 : "'SE" IfOLJO 

Table 3_ - F~.r·bunciler producriofl 51u<iy "''''bie •• nd r.~iorI ~llrom step, 
wis9 S<JIecIion 11> " Q,15). 

'" 
" flI" ... 

00' 

".~ 
f"'"""", 

,-

"""",,, , rlre<, ""' ;". ,,,,Ie 
~ ..... ,~"' 00111,",1 

The ' .... LOm!lm ... "" mooe1.d co.­
,i" ed of 'n",e moehi "'" ond ope .... • 
10";, one wheeled re lle r·bunoher, 
one wloccleo V"pple skiddor, . nd 
one knuckl&boom Ioaderwilh a pul!­

Cydel"") _ 'H11 + ' ,'50 , .... "". 7.O9ll ' nI_, T I." " 'fill,,,,,,,, - ' ,m , • ",,,,,.S, T l.Z461 • ' l"O.",,,,S, + 0..,.., , F_S, + 1 .0 " , """ .. s. 

Ihrouch delimber wiLhooI gal. d.· 
Honbing. Moohine plOduct;vi!}' w>, 
e"imaLed ""ing In. loW cycle time 
equOlionj f".. ,he skidd.,,- . nd the 
ICIIer·buncher, Sy.tem produclivily 

f· ..... . ,,) , 1"·",,,,,, < 0,000 1, 1<" O.<i<I: . _ '''; >ls.E ' ,,. 

T~~ 4 __ ~ cosI . ssumpJions and MIer 1M oost <>11-
cuI<lllons lor rh~ /lisl year 01 mtlChine D~ip. .- ,.- -ro..d_ "'"'" IS) 19J.l" ~,~ IllJ I6 
Ea>oornO: 1;(0 I""",) • • • 
Sc"",,"«I _1Mno ""-"' 
- IS"'WY«l'1 'M = -h ••• ~f% or.,,, .... ,'_ ) • • • 
s..t.....,..tu.I·'oI"""_1 " " " f""r< """"'1%0("1 _ _ 1 • • • 
o;-...,..,!%) , , , 
f.....,.~I'RI") , , , 
........ 01"" .. " (%) " " " UoOt",",-, ""1%) " • • 
1i<o-_1v.i ... HII·ft..-IoXI "-,, or,", ,,_os 
fl,,," _ (<ISM", I'''''' "'1 " .15 It ,,) 11 .1. 

VoNIIl. _ (tlSMH) (' '''''''') !l ,,," ",,. 10.11 -
selectio. t<ehniqu< (p.n luc '" O_IS) idenlined , i",mcan, 
v..-labl"" from the lisl in T.bl .. 2 . nd 3 for the skiddtr . nd 
reller-bunohet, re'peG,iyely. Stali,tic.1 Analy,i . S),"cm 
(SAS System fOr Windo_ V8.2 J999 10 200 I) """ U-"'d 10 
perl<mn lbe . ..... Iy .... 

System produttMty and cost analysis 
To conducl!he produclivity.nd cOS1 onoly,i. we .. Iectcd 

II>ree ha"""Sling Siles ., exompl .. oflhe .. ng. of appli""blc 
condit;"n" no "low" prod"C!i~iljl .i", wo, • higo don.ily 
pl . nl.li"" wi", 10'" volume per lreo, sit. 2 in Tobie 1, Tile 
"n>e<lium" site hod den, iljl . imilorlo the low ,ilc but ... ito . 
hiRher vOOlme perll"«,";1t 5 in T.ble I . The .. two .il ... WOR 

FORlffiT PRODUCT!'! JOURNAL ~"'- , '''. NO. 11 

was dotwoin«l by the ~mil.in~ ma­
cbi"" on • d.ily !w;i< where lhe 

scheduled machine IKi<IS (SMH) of each. machine ODd opeC!._ 
tor w= tho smJO.. The lMXimum utiliZ2lioo <1l<S (UR) u,ed 
J{.- OIl2!ysi. ,.;.,.., 79 pcreenl ond 76 pc"",nl fo< the feller­
bund.,,-..,d the skidder, «<p<CIiw:ly. The e<[u"ion, derjved 
froon lbe production 'smoly <ielcmlined cycle Ii",,,, ""h,,,,, lhe 
",lue, of Ihe .i .. in .. .-.e!i"", "','" 0, Loader/del imber pro· 
duo;ti~ilY w" "'lilll1led from lloc """ prod"cI"", rial>. " JO 
m' SMH"' . nd was nor, lim~inG faclor i. j>WduOlion. 

To delermin . r.ller·bunchcr ptOO""iYiljl the .... I)'.i ' 
speoifi<d the r>"'P"'nion <>f!he diunclc:r di"libm"m removed 
lJId Ihe pmpo<1ion oflrces h."""ed from ",moved row, vs, 
"'" "",idual " .. d. In !he conve",ional and heavy I",.'menls. 
removed .ow, .. =mted foc tbe harvesl <>f20 ~nl <>flu ... 
a<:"",.11 DBH ela"e,. Additiorull trees were ",moved from 
.moller DBH dU<a unlil the <espe<live lorgel b ... a1 . r .... of 
16 .nd 9 ,,? !\a"' were ocbi..-ed. In lhe .,rip "eatmenl, "'­
mo_ed rows . "",vn,ed for <he b..-vat of 40 pcreen! '" <r_ 
ae"", III DBH ci.""" for 'he strips .nd !hJoughoul lhe re­
. idual ,WId (60".') _ • ....- removed ftom """lie, DBH 
01 .. ,,,,"_ The lari<' residual b_1 ora Iix the <lrip <rea<me," 
(including both .trip, IlI\d tile =idwol mnd) w"" 11.5 m' 
h,,'-'. Trees per cycle (FNrn:e.l we", de!eImined fTom "". 
..",eeI dalll ond volume per cy<:1. "' .. c.lcuilled from tree 
"%C infumtalion fTom !he oil', 

To dotcnni.e 'kidder prodLx:riviljl we <ampled from lbe 
di.mbution or,kid diolMCC' ([);5IInee), in"llUIing .hM ond 
lon, di. tanus In eaoh of the .rudy . i .... so hourly produchv.-
ily W<luld be e"",,"lhe hu>'eS1 pn>gUl!ocd. T .... ' per 'kidder 
cycle (SNuees) were based on obser«<! <b .... Avc"Me .01--
ume pcr ".., ",as estimoted from !he , itedala. n.. di.,nbuticn 
or fOOnd·trip , kid di .... """, ",,,. .. ted av<",go ' kidding pro-
6uctiyily (cyde. pcr productive machine hours (PM H)), Tho. 



• 

T_$. _SkItIdIJ<~ 1-'''"''''(m'PIIH"., .... _ .......... .-.. 
.,..; bIgI». _.,..., ... (" a _ JZ I!ol}. 

.. 'Ioenoill_.-mod ro bo n5.00 
m-' ro. puI!I'*OQd aood $31 .00 m-' 

COD • , 
~_\IIO. • • " • •• ,- ". 'u ,~ ~ -- ~ •. , ,,-, ~. 

liZ U, 21. 1 ". n. 

.... , 
• " • 
~ '" >1 •• '" ,~ •• 11.1 

• 
•• 

" ,,_. 
"., 
•• 

'""" 
p.......m.o., £.udy 

sa.p.. ... "'lcedon 0, ... 01 oII;ickkr 
cycl. Ii ...... i'~oOl ,be dclill1billl: 
and del.y ckmMI5 roc"""," tile 
"'l""lioo in T.blt 2. The rood<l i. 

T.D/f a _ FeII_ prod"CIMIy _I ... (m' "Mfr', lot I~atm"m.nd 6,1.. 'Ypio, 1 of prev(OYI f'I~II •• ,..t..", 
A~ pIOd<Jr::IlWIy Is m. ~ ~mge ""'" row __ CIion ~ d&- " .. vel ,jIll, Incr •• ud wi.h hi,hc, 

:-~:~.~'~~~~-~~~.~~~~~~j~S~~=~~~~~~~~ skiddi_(Tul'lu,al , 1988, Lon-
fom ond Si<>l<fs 1996. Kr.,.r.6er .. 

S<.;p .1. 1997). Toto! skid ";W .... u""- lhe 
......... _ ~ ..... Wtl'Ol:lionof5kldd;"atoe:eo11drh< 

._ """*",, of Vft$ />'S """"" 

.. r---------, 
• 

.... +---- --. --............. 
• ~ . l. __ ,,::::.:-______ , .... :::-________ : .. :-__ -' 

-F'IJil"I f. - L_ slI! __ IS trr? lot If» 4. A 
_ '2"',- "" "'" """ ...... ~ """"1. _ ~ -
prneIuCliotl ,*"C Wl5 c.r..,) .... Cr"", cYOIes pc. !'MH. lve'"", 
volume ItO' ..... nd obs~ ''''''' per <yel .. 

HO()rl~ cOSU ,..~ nch,,,,,.d ~g ... n.r· ,,, c .. 11 !\ow 
mC1hod (Tulll and Mill, 1982). TIl. mclhod wu i""OJpOr.tll:d 
inle • IplWl!het1. ~.IQP.d byT~~. (lIllr>Ubli.<hed) . C,..L", 
..,mptiorur Inc! Iho ,nnuol cquiv,knl 0<101 ofy." I &I. In 
Tablc4. 

Mevin, lind Inn'po .. ",i"" """" .... '" added 10 l"iaJns 
""...,. Mo_i"a <:OlII uftne:! "' ..... oost of""""", Ill< hantoII. 
Inc u.... and eqo;p,.,.." 10 ,liclutYeso. "re. oro! incloodeo~1 
~ for _ I", ~"ip_ -' Iahotli_ .... iDdlteC'l «til . 
of""" UI"'pmao1 ..... aUon and oponoio .... o-'oQd <OIl. 
"'ri~l 'M _ Moori"l ...... _ • n .. ,11<0- 'n .,... of 
S I.72S ..... move _covcmt ,Ioe c.<pnISto"al'lim:! "'_*" 
» .... d..woc. arlO Itm to.- d 01. 19118). For '"""" 
'_ lion an 111 .. ru , ... erSl.D,.·' _"'I8d. 

T",onry. .. _",cll.1_ ", .. Md rlOM J 111:JtmentJ. 311«<. 
IrIC J ~ .Iul. A"'''II<.,..,'' ",_ ... 1oUi", <OSl o and· 
_i<lu.ol •• 1 ... (S m·'. s , .. ntl - ' • ."d S 1>0 'J .......... I.:u"""~ 
fet ~aoh -.b;lIIlion. Gross ",,,."m" '" lhe va"", cftll .... 00<1 

> .• 
' 1.' 

J I.' 
~ 

•• ". 
w= P"lmi...,., in ..... 1Ot.1 ",<:1. 
b ent ....... No 'fHlmllI!..nee. _ 
iodic>o<d ..,. II>< idtc0e4 MOdo' rOf 
tmaI eyel. ,~. N .o.. .......... H 
;meli.tlt<! by 'M inlerv""" wi .... 

otic! diswa ... 50 pm"", ~r ... P.>dy l io.ft.. Slpr ...... of 
iU ..... "'n l<""o may ."~ dl!ft,. n .. , <I..c 10 Iy,,,cm 
boIllt<o«ks. .....,hine opera'''', sile. '" """'" combi" .. ;."" 

So ............ lec'lon vo,*",," , rid , .... o-way .... """ions rOf 
r'olkr.boncOer <),ck whlloul o."'Y r<"~ ,he '<jllOIion in 
-r,b'. J . The model indie"., thaI ockcllon Ihlooina took 
nlO<. lime Ih,n 'h'nnin~ Ih. ","",,,, I row wllioh il con,i'tem 
... illt JR''''''" rowlts (G ... "" eT .1. 1981. Lanf()l"d ltId S1(>kes 
(996). Cyck time al.., i..:reao..:! &0' the number or" ... tuti" 
1ey<:1e ~ NctruUnOl>l./red (beIovy orCOtlvenrio<W) 
..... indicaIed by II>< 0I>l.Iysil. Sieniflcw ;~ "'eT • 

...-0' bctweaI the pria<:ipaI C<IIIIin_ v.orilllle (FNtrea) 
one! ,... siIa.. Apia. inten<:tiona may indiwe dilTemocu 
duo: 10 !he.,...,., bonkmcb, rnKh;"e opetOlOt. lIM: oile. or 
00 .... <OJ>tb;",' ian. 

sys< .... ,...-cto.ir) ""'" cost :an:aIJ"1I 

, ... ,kidd<. p:roo..<.li.il)' ... i .... ' ...... ' .... " ' .. ri~ i. 
Tablo 5. S/( icldtr proo,""'iv,,," <kttn.fot'l .. [,II ir>ercm ini "ond 
m .... ~ ~r!he kMtiff _mod dOd <:II"....,.,. ll,in, I 
oi",l. landins: and b:ldin8 pbo.rnc .... rOf I II ,,"nd oizc. :ocI. 
.;Iru, .. likely "",.ic,i"". in h ...... ~1 pllOnin& ••• ~i.sbed 
I",,"ina .", ... and no . 11oc.hon or rQAd buildi,... ,ot<! i. 
tOO_in 0011<. Increa .. d .,... oin ..... 'apOllIlble f.".pn>duc­
,i,ily "",rea,i.! frelJl 10", 10 medium '0 h;1II> .~eo. L ' 'l!.r 
"" .. m<.I.IJl fe .... r """ .. I .. [!C. vol ....... po, boInth • • nd 000_ 
"""nlly r ..... r ","oc!>es per cyek....t.kh ~ Cyoll lime 
:If>cI inuuocd prodoicli.ily. 

n.. follct-bun<flct prod<.octivil.y ..... an-"HO to. ,1>0 Ilrip 
IlUInIM' du.c I<> the: ~i",", p.och.ctiVily or ,be lOW _.1 
and ,be ifUICI" .... c'" '''&'' 0(1Ik';I<: 001 ...... remo.ed;" tOWs 
(T'w. 6). Atoo. the IIIP" ~ voIu .... por, .... incrcased 
prodIoc1i .. ty with;" the rnedi"", .. "'hlp oitn. In all ~ 
oI:'dd". I;"",ed howly or cIoily poOcIuc"Oft •• tId 11 •• r ...... • 
Itunc'-'r'"'''''' _ ........ _ fully u,iIi«d. There i .. r.my 
",idoe "'''''' in fcl b-b<lnclle:r ".,od"",;vny uod , ...... ,,.<1 
"rip: "" til< ,~idcIer. 

Raid .. 1 _olLl< "' .. <oleuloLod _ l<)tal dell~red voluc mi· 
"ul'o<.1 ~ ..... eslinc:c"". Re,iduol vo"'" ... oold Inchode Limber 

NQV1fMflUllOO7 
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" 
" ... ---- --- --. --,. ---• ! .. 

J. 
• 
• - - ~ ,-

F'igwt Il. - /.!«Sum sile ,_ • .u.s ($ wrI) IfX lie ..... 
_ 12 Iw ~ Iot-lhe~. /INIoy. _1Il1O .-
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• ,. 

" I .. 
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• 
• _. -. -,-

f~ S. - High. ,_ ...... (t m ~) (IX"' . , 5, _ 

12 h. srand~ fr>( 1l'1li co/w""rlorl.1, hu.., .• nrJ s irip 
n_ 

--- ,_. ....., ... ~. ....., ' .. ,., ····--r .. ·_ '" ..... ......... ,,""' ... _- .•.••• --(\00 'J--.- .. . ..... .. (,--') ....... 
~ • - - ~ '" .. , 

• ~ 1016 '" '" ,,~ 

" ,- m. '* 
,. •• .. - ("" 0.-') " '" ", - , ,. o. ~ U. 11.1. 

• ." ,,' ,- )0,1' ". 
" ,- ~ 11 11 ,." ,,~ 

~ ...... (>o' ... -~ ,,, 
'" '" 

"~ 
, ,. - Q ." " M 
• .. .. .. (0 .0 "" " ~ ,w, , .. 

I .. " lUI . - ",,' .. ') " '" •• 
b\Jycr.nd loQ.'Crpoofi .. lot& ... c~.""""IInIf'I'~. ~~h 
oN jo., sill: ,~ , ......... _ i<oc:...-d SI 10 2 m-' " ..... -.ri_. III< ..,.,.. ... ianaI __ 1O 110: ___ "'I"'" paid! 
UUnoorn, (r .. n The ~w.n<I:I ft .. llOCll~ ~ 1tMr mk\o:I1 
" ..... R.sklu.l .olue ;~ lbe 12 .. ..and ~ 'O-' .... Iy .r· 
r_ by 10 ... , 'klddint; prodlJ<.li.ity i~"..,. 0( 10 .... ' pcr 
00;, 1fIOV.·in Co .... With ,h. mcdi.m,M Ih< I"<IOIioooship. ,I"< 
,1m illr t>., ,be .... id ", I va lues o~ .. M "'" .... r~ S.2 ",-> hia".r 
'hllll~' klw oi .. (Fig. 1). The hiper .... iduaj OII~e il doe '0 
highor ,""'uc:liyi,), md Iowa mm.·in eM! ""'" 8 ...... le' ""I· 
I.I1I'I< pcr ..... "'. TIIo hi!:b.~ ""''''''' ,Il10 1"'I"".nee. <Iuo Ie 
• l'ftImc., (rlJ. 3). The de~_ered v,lYe ...... _~ $1 ",- ' 
pUI40r lloan I!. k>",0l1d mcdi"", wi'" 110< ...... AKd _, of 
CNS. WiI.", """ bigIl. HO lb& , .. idwil. •• ~in<_ S2 10 
1 ......... __ ~ Ibo COlI ........................ 1 to .11< 
hllt..,....:1 .... , .... ~ M_1Il1loo 1,**,",0, dil'lVenccl 
_ ..... cIoc III """- ........ "",...n _irl_. &-
~".. "'sf> oi .. ", .. !roD ok __ .. ' ...... oul i.... ;" 
""I""", ~I Iooor! ~ ............. _ow. Hip sklddiq 
Pfoclueli ... ,y .... II> bi",,' bunch _01_ yocklc4 IlUfly 
..... rnidIIa! v. 1uo 100 8 ond Illto 0l.VII!>. 

T. bIo 1 .-.. >'oIumt teO'"oIJOt<aI and .. venti< 0tI, -.l aad 
~ ____ Onoobj«li"",of'loco.colla7W~~ionI 

V Ol.. 8 1 . N ... " 

.M - ". ". "" ." -,~ m ll l1 ... ~, ,=, ~ 

j.., ~ "" 
~, ~ .. m ,,~ 

II.) ' ,~ '"' r"1 ~, .. •• 
11.9) IJIO 1131 , ... ,~ '0' , ... " 
,,~ Il l> '"' , '" 14IifI 1 m" ~" 

"" ~ Ill) " II .• , "" u" 
,~ •• "" ,m ~. HI" ,~. 

IU! ." ,no I1 Il .m ,- ...... 

-.10 iIoclGlle llIo "'~ . .... r .... ""i.l ........ 'i_ of 
....1 ... ,,"IV1:!.l< 'n>it&l '"' ,Ioe WUI. not su.nd <UH!u&I..-I ... 
of $2400 10 S2600 fi:r Ih:: 11) ... II\d ~i" ~ III sloes """"*' "'" 
likrly.....". m. ~ rill< 1M' ~y I ",;oimol SIIm(I"E" ........ 

The increnoenLo.l ,"" .. ISO irI ""1""",, per becl..-.: ",i!hin .... 
rnodiurw. W is CII<IU!!I> '" ~ rc~1 .01 .. 10 """' $4800. 

TIt. dilT=n", in val"". b."" .. n Lilt be.oy and .. lip ,~. 
mon' ... gecl lhe """. I",""" nmo .. lin ,be heavy I ... o""on,. 
TlIi< dilT.renee cauld be.,..;ty Il-!lfOwN ~ chang;,,!, ,h. po. 
"""elen; on Ill. strip ,""' ..... 1.1 (0.", wldcr .!rip. or heavier 
!/Ii ..... ill "",vo 51ripo~ nc in<:rc.~ IIolli", p<Od"",ivioy i • 
lbe Sflipo provided minim. 1 NtitrK lOtKc "'idoIi"" limiled ......... 

""""""-' w ..... Iy»od IItenllIM __ to.: .he ~ 0( 

...... 11oI>IoIJy pille p"-'oes .. UIe Wi...- lhb.llma-. 
fICC CWUI) ...... M ly """,1Ioaniud .............. 1 Ihi""",,, 
c.-;*'-ioo i.~""/JIttO\iri .. _ ..... p.-rn1o 
....-.. prO<bclM')'> _;';1, .... 1Irin. """ pnaic:al 
CO"".''''' for I"", ocr .. Il ... d ...... Ia"'enf "' , be WUI. 
Skid«r prodo.tclioily li.,ile<il)'$lem ptodllCtioi,y on oil 
eomlHnalioa •. ~'i"'" I)(' ,~. ,kl.:ldcr ..... fi"cclo.d by 



sl<.M.t di>lano;e (sund liu) and Irto: size. Feller.t>ullC'iItr pro­
d""li.ily illC' .. .,.d IS lOW rmIOVIl wu '"","u."d in ,he ' Irip 
ttc.I_OI. o. ... U. ,he helVY and \he t!rip 1fU!....,.., ..... h«l 
in . imilar retidual VlllIt.. TIUlIIIOftI diff~..,.. WCfO V"I'lnt 
in m. ImIIIUI 0l11ld si .. (4 hal where lhe cliff........, ill vol. 
..... n:tI1OYed n:."lr~ in In 'IICIUI$O or up 10 $1 .20 ",-I in 
<aidua1 ... 1 .... 

In su"''''''!)'. Ibt rauh, of III" ~udy ~ ,barlh< ... "" 
poIentiaJ rOf Yndowneq and land llllnlgerlio benef" r""" 
I~"""rv. dlirwoini lralmCno," no. addihonal iDcom< ""'Y 
make harwslinc II'IOfC .... ibl:>lo 10 Iolldow ..... lnd _ ive 
10 buyers. F""" m. .... herico.nd Ioooi lam ~ p..-. 
>p<eIi~ !bose II ....... ' .... y \Ie MrM:IIc 10 land .... ~ 
.,111e WUI ....... "OIIli_Ifte ......... Upecl ofrbe hoi..., lODd 
""p lleaI....., ...... y ,""I, 'n lea oiwaI ,..,... Howe_. ,he 
~ 10 impicmenr I UUO_ depends priftwily 011 \he 
I ....... WIICf ~;..,.. If the Il\a"native __ , fII"OI-.:I 
here sotioty rheobjeot>_rheycoool4 p-ioy In impono", mI< ill 
"",<teri"1 """" IUndo. 

Utenor; ...... dr,d 
BRIo.. T.W I'RI. 1\1 .... _lood --... ~"'" -... Uooi,"" 
s-. I_.~ B_.NE·r:". vstlA P ...... $<N. _ . 
........ F ..... E.pt. Soo r.:_:sq...,... P.....,.t ........ ItS!'!'. 

1OoId .... M.C, B.L.I..M~ond L.D. Kolloa. 2001. r ..... IuoI_. 
""" : ' '''''''' """_ Me! flow<r -.'loWl<;"./" """'.16<10 c..o<~ of 
F,.... f.,.i..m.., A ..... 1 ,.., ...... !lor H_. M .... 

C<onI,u. 1I.1{ . ...:l ~.A. M.<i •• l(M1~ . )1-._ "_ .. Of """'.,..,. 
'J"'I<'n"; ,1\0 -." .tl~>nd·_ T ... ,~ ..... n" .. 0.... Too. 

• 

~.,.. SRS-ll. USDA f ...... s.... 50.""", l,~ So •. iI"'.~. Non~ 
c-.pp.I";\;,;. 
("~ f .W, w.n.GR_ "'" v. Ly"" I'U. Tow .... >n<I >pC. 

'ic.. __ .ondlR<l"""'U ... ,,""-..._ .. . .... . 
Sol. A..,L f ... 'JOtIO·l l1. 

Gm: ... W.V.1."'.00t0I>0t<, .... J.F. ~ 1* C............,..,. 0( 
iockpo:_ ~ ioGeo.po. f_" "'od. J. 1 .7~~" .36 
_~~~ T.&' I!.n..JJ. C.Ii.. Drf ....... _ 1 ........ 'WI. , ..... 
......._~or~'. ' ... ' ;..of,...".,_Ioac..... 
p .s J . A~ """ ~ '('t ll'J.l" 

• BJ... l-'onI. onoI E.f. 114 ...... 1\1$1. So.o400d_ 
~ ........... ltl"'-"" .. 1 , • ., .. _ Ihlnoiopot_ 
""' ..... f<orcsI ....... J. ~J:27.J4. 
~ D.iI • • • M.J. w..;, ... f.J ~ , _ 00<._, ... _....,..r .. _ot ......... In .. MIoI .. _ ......... .. 

- ......... __ N. J. m ........ r .... 1J(J):9I. IGI 
~. Il_o. Looor. w. ~ B. -. .... .. "",,*. 1991." ... ...... ...,or ___ .. S-_ ..... _f_hOd.. 

I. "(' !;.!~ 
LaoIOnl 8.l., ... IJ.I. -... ,m c.. ....... 01.-- -"')"0-

...... ,....2.1'0' · •• J .... _f(ftd ....... J . 06III1lJ~ .. l.)). 
M;._ES.M.H. _ ill>,anoISA W_. 1911. U .... _-.. 
,.... .. anal~"' ........... · . .......... toC:. 21l. USIM_ 
S<n. -.. C_ F_ Eqor. Sto.. so . ...... 1141_ .' w. 

Naw;m.II.200I .I'I_. _ .. ;.-,r- ...... r_ ... 1)-
-. .... ,.; ___ . SoooI ..... r_ill ...... fl .. . 
"'fr. Arimno. II ... 

f.~~ .. ~. Me! W.l... I.till .. /<. 1,.2. f ...... iol ..... yoI.I .... oqoi""'"'" 
......... .. r""", -""c. F ..... ,.,..". I. 11\ 'D):O'.l1. 
--~c' B.J. Sial.">. oll<I B.L. L .. r ... ~. ,nl .. '''-I'i.~ or 

P"I'P< ""old ... .;" SouoIoern _ •• F ...... P'l-<od. J. lI( IDy./_-lO. 
010' .... D.N .... 1.G. Orei,. 2001.'-""" _~, ... ,..,. ... 
o.~ TO<!L R,p<. SR$-'J. USDA F ...... 5< ..... Soo.ohono k". Sot. 
.. u"v;'l<. North C.roHn •. 6,. PI' 

-~-.- -- .. - ~ •... ---- .. - - - - - ----' 


