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INTRODUCTION 

Studies of growth and yield of trees begun when forestry was first 
introduced in th.is cOUlltry i1round the turn of the century; in Europe 
they begnn eve.n eitrlier. It is not difficult to understand this early 
nnd sustained interest in the subject, (or implicit in the process of 
forest llIiultlgement is the forecllsting of n.llticipn.teci growth n.nd yield . 

.More importnnt th/HI rorecnsting is the decision-making funetion 
sen'ed by growth Imel yield predictions. Intensive forestry demands 
that Idternn,tives be weighed in terms of the goals of llllLllltgement. 
Only when the forest lllltllager knows the consequences of 11 number 
of Illternati"V{!s Cltn he renJiz~ the lllllximum in Yolume, quality, or 
mOl\ettwy returns, or other aims he mlly hllve for owning forest 
property. This is especially iruportn.nt ror red pine (Pinusresinosa 
AiL) in Minuesottl where tht'l'l' O.re 11,lany options thn.t can be exercised 
in its 111lHlagement. 

The traditional llonnid yield tl1bles eonln.illed the Yllriables of age 
Imel site. Reet'll t trends in growth and yield predietions I1re towltrd 
the use of mort' \'Iuillblt's--in pltrlieulllr, those subject, to 1l111nipulntion 
by forest managers. For example, somt' yit'lcl tn,bles hnve 11ppearecl 
in Europe whidt illcorporn.lt' not only Ilge ilnd site ns vadables, but 
thinning intensity IWci thinning methods (crown or low thinnings) ilS 
well (Wi cci l'nU1LUl , 1949).1 Stalld density is being used ns n YI1.ritl.ble 
in stl1.Listirl1.l approllei1es to growth predictions in the South (l\1cOhty, 
1955;vYenger et ILL, 1958; Gruscho\\" nnd EVI1.11S, 1959; Nelson et aL, 
1961). Tbost' prediction systems tlUtt incorporate variables subject 
to mnnipult1.tioll by mnnagemell t proyide the strongest. bl1se for 
decision tnltkillg, and such systems nre likely Lo appenr in eyer grel1ter 
numbers. 

The history of growth l1.nd yield predietions for red pine ill .Min­
nesota is similar tOtl1l1t for C\Tell-nged species elsewhere. First, 
there were normal yield tltbles prepared by Brown and Gevorkiantz 
(1934). .Lnter, Eyre Iwd Zehngrn.fr (1948) presented normal yield 
tllbles thl1t weTt' thought Lo be derived from more realistic dnta. 
Eyre Ilnd Zehngrufl' I1lso prepared il, yield tltble from mll.naged stands, 
bused on 17 pern1l1nent so.mple plots. 

Concurl'ent with the preparntion of these growth and yield tables 
wns the inst!1.11lltioll of severn1 silyicultural study plots nnd other sets 
of penunnel1t inventory plots. Sufficient time hilS elt1.psed that d~tt1 
[rom these plots CI1.lI be drltWIl together in 11. more comprehensive 
treatment of growth Imd yield of red pine in wlinnesotn thl1.H hits been 
possible in tile past. • 

The purpose of this paper is to present growth and yield do.ta bllsed 
on 235 permnnent so.UlpIe plots with 324 periods of measured growth 
tl.nd mortality. For the benefit of resenrch workers and students of 
mensuration, t.lH> met,hocls used ill obt,aining those resldts nre gi ven 
more fully in the t1ppendix. 

Names and dates in parcntl1l'ses rcfer to .Litcrature Cited, p. 42. I 
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Unless ot,hel'\vise specified, gl'Owth, [or pUt'poses of this pitper, is 
periodic net ImnUI1,l increment. Growth can be in basil,l n.rClL, cubic 
feet, cOl'elwood, 01' I.witrd feot. No deductions Me mil.de for defect. 
Yield is defined itS the sumu1l1tion of a number of netn.nnun,l growth 
increments. Yield mit}' be represented by a chn.nge in the volume of 

....u. sLttud over It period of ycn,rs, by harvested timbm', or by a combina­
tion of both. 'I'his definition is more inclusive than the common use 
of the tel'ln, whieh refers simply to the amount of wood produced or 
hitrvcsted from the forest in It given number or YelU'S, 

CHARACTERISTICS OF RED PINE 

Red pine is relittivcly free fl'Om defect, windfil'll1, lLnd modemtely 
i'llst gr'owing. J.n these respeets it is superior' to oj,her coniferous 
sawtimbol' species in the Ln.ke States. It CltIl and docs grow in pure 
stands, Imel the stlUlds 11.1'0 essentially even aged (fig. 1). In .Minne­
sota, itt leltst, red pine hits few insect Imel disease problems. Detailed 
silyical elescl'iptiollS of red pine hn,ve been prepl1I'ed by "Woolsey and 
Chn.plllitI1 (1914), Eyre itnd Zehl1gmff (1948), and Rudolf (1957). ....Red pineCltn b(' used [Ot' It gt'eltt vltriety of products. Early 
thinnings IU'C used [or posts, pulpwood, nnd small poles. Intermediate 
thinnings art' usod for smitll SitW logs, utility poles, hll'ger posts, MId 
mine timbers. Lltte thinnings produce liu'ger utility poles, saw logs 
up to an 18-iuch top diiuneter, and piling. At the final harvest, 
SIlW logs up to 24-inch top diameters, lnrge piling, or utility poles 
can be cut. Of course, the size of products depends on site qUIl,lity 

.' 

F-500547 

FIGURE l.-Red pine typically grows in cven-agcd stands. This stand, on mcdium 
sitc, hus been thinned several times to about ,120 squarc feet of basal area per 
acre. 
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and on stlwd dN1sity. The llwgm' products I1re generally the more 
. Vl~luable, bu t ill lVfinnesota the premium product is piling. In SOlUe 
instances piling commlmds one-third to one-Imlf more stumpage than 
1111'ge SItW logs 01' poles. 

AVAILABLE PLOT RECORDS 

TIll' growth alld yield estimn,tes IU'e based on 14 seLs of permanent 
sn.tnpl(, plots, which contn.ined 235 individun.l plots ILnd 324 mensme­
IIwnt periods. 'fllrc!' mol'(' sels of red pine plots 111'e 1U11intn.ined in 
~linnesoUt by the rorestl'y [nculty o[ the rniyersity or .Minnesotn, 
but beclLUse of ditl'erent utilizn,tion stnndiU'ds they Itre not included 
in tht) ann.lytic PILl't of the present study. A record of the 14 sets 
of pennnn.ent sample plots is gi\ren in tl1ble 1, ilUd plotloci},tion is shown 
in figure 2. 
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.FIGURE 2,-Location of red pine permanent sample plots, Minnesota, 1926-57. 
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TAIlLIo: J. ·Record oj fx]Yet·iment.<; l1.sed in the study oj the yrowth and yield oj red pine in JiinnMota 
.~-------- ~ 

. i 
t 
!Number of G 

I'prllllllH'nt BIUllpl(' plot,; lim bel'; Date of I! Site DatI' ('xlwri- t Dates experinWllt . mea.~tlre- 1%
Hof pIotR: Rtand origin. ind('x rIl£'nt start('d I remeasurcd llU'nt o 

. 1 	 ! p('riods :.­
t:" 

--: 	 ;------- ­
td 
rjI. Cutting cyell' study: 	 i 

:3-year cycle __ _ 	 H) IH70. 4{H.8 19·H) .1 1953,1955__ . __ 2 t:" 
t" 

li-yMr cycle__ .•. 	 5 '•.. __ - . . . -.1- 1949 - _. - . -Ii 1\)55._ ._._.' . 1 l'l 
1956•. _. ____ ' .2. Cutting mt'thods study ____ . - - . (10 1870" . __ 50-54 1\l5L. ___ . 	 1 ~ :3. Growing-st.ock le\'('ls study _.... .. ..... . I 45 1870 .. 49-54 }950, 19.51.-1· 1955,1956____ .. _ 1 Z1956•. __________ _ 

.1. Growing-stock levels study __ ' _. _... __ " _. _ . :34 1905._ 46-50 lI)50 . __ 	 1 
155. 	Plots 18-2.1 "Common Sense Plots" __ . _' 4 uno.. 4.8-52 IH27. _.•. 1\J:~2, 19:37, 1943, t>:> 

194\J, Hl54. -I 

6. 	Plots 22-25 "Gnw('yard plots" ._ .• oj 1005. 47 1927_. --I H)a2, 1987, 1\)4,j, 15 Lv 

I \J-I9, 195:t r::(
7. Mific('lIanpOIIS invl'ntory plots_____ . __ 	 10 IS70 __ .. 47-57 I!)O)O, 1\)45--1 19·15, I \J5CL. ____ . 1 q.
H. 	 13('1111 pIotR 1-·\.. __ . _ ... _. _ " IH20 .. 52 10'26. ., iOai, lno, 1!)41, t{j 


J!H5, 1\)O)!l, 
 oj 1954. M 
\J_ Portage Lake thillning plots __ ' 15 1902 ___ . _ _ 54 1\)4.7 _ 1950 •. _ 1 0-:

lO_ Lake-I a plolS.. __ .. ___ . ___ .. _. __ .... __ .. 11 1S20_______ 521\}-I5. _ H)57 •. __ 1 '" 
ll. Longville plots______ ...-. _ _ _ . _ . -- --. -- _ I 2 18U6.______ 57 H)4!.. I!l-H), 1!l55 __ 2 o 
12. Marcell plots 1-14. ___ ....... ____ . ____ ." 14 1800 ... _ _ _50-57 1\}-H __ _ 1!l58, 1957. ___ .. 2 ." 

I~t Birch LItke plantations ____ -- _-- ,- _-. -- _ _ -' --I :3 1918, H1l4 __ 57-6:3 1982 _____ .. 1987, 1944, 1949, 4. >
1956. 	 o 

H. Permanent inv('ntory plots 2________ • _________ • 5 1\105. __ . _ . _ 47-55 J9-H) 1052, 1\156 __ ... _.. 2 ::>:l
B 
q 

, DatiL from one of I.hese measurement periods were !lot, for various rcasfinl;, used in the analysis_ 
t< 

2 Oil priv:tte property of Sidney Rommel. q "" :::0 
l'l 

..oiI. .... ...... .! ..~ .~ 
A ..'~ .~ _J. .. ~ 
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trl.u' 1IlI'ILSl1.l't'Il:tl'nt intl'[TI1.1 for the diff(,l'C'nt plots \'ILl'ied rrom a to. 
13 years, In the suhsllqu('nl lumlysis, net IUlllUlt1 g['ow{,h is the 
difl"(,l"N1Ce h('lw(,(\ll h\'o sucer-ssi\'(' plot volum('s divided by the Humber 
of yt'iU'S in lhl' pl'['iod. IJik('wisi.', the \'i1.lues or sLt1lld density ILnd 
strmd t1.ge corresponding t·o these growth estimn.tes Me tn.ken ILt the 
y('tll' n('lLrest the midpoint (:\f till' meltSlll'pmellt lntC['\'Il.1. 

~Jost or tllp plots W(,I'(' pllrt or thinning studies to test difl"e['('ut 
cuLt ing in t(lllsi tit's 0[' (~ut Ling lllPlhods, 011 S('\'PI'i11 of theIn, such 
ILS tI.\(' "Cornmon S('nsp Plots," LlH' ~1tLreell plots, and Lht' Benll. 
plots, ['Pg<'Ilt'l'I1t,iOll stlldit's WP['(' also LUIl,el('; these plots ill'(' now or 
principal intol'Pst b(\en.usl'or tue gl'OwLh or tho ove['story, Two 
Sl't:s or lll(' plots \\'(>1'(, pn.d or pm'nmnent inventory systems, ILlld olle 
\\'ILS PILl'!; or ILn as[H.'ll rl'lcns(' expel'inH'nt. 

R('e1 pine WitS the ('hi('f compon('nt on flU plots, but some plots 
had Ii. mlh('r liU'gl' iWtOunl of ILspl'n, jlLck piTH', white pine, white 
SP['Ul'l" ,wd bl1lsll.111 fir, Plots W(,I'(' lls('cl only if mol'(' thou 75 percent 
of llll' baslLl IU'('iL WILS in ['pd piut', 'rllis resulted in Lbe ctimi[lIl.tion 
of It l1lUnb('I' of Li.l(,lll [rom sl'v('l'lLl ('xperimcnts, Similarly, plots that 
luttl two or 11\01'(' distinel 11gl' elIlSS('S wen' elimiuated. 

Oil tbt' !'uLliug eyeit', growing-sloe1\: It'\'els, and cutting Hwlihods 
plots ILl, tll(' (\Ilfool Ji;xpprinH'lILld Forest, mensurcmOllts wcre tltkclI 
Oil sP\'pml sllutll(,1' plots within elwh or the ltLl'ger t['ctLted compnrLments, 
Gl'owlh 1'1'01l) Plteh plot ill tlles(' complLl'tments wns LrelLtod as !L 

s('pILmL(' ObSel'Vlttioll bOGILust', ('VOll though nge did not Yl\ry ILnd site 
might \'ILI')' ollly iL liLtl(" th('['l' were ll1ilrkod differences in stil.lld 
dl'I1sity, smnd spl1cing, lIumber of trees, Ilnd cutting intensity, 

Tn'ILt ing sUC<:l'ssi ve lIlenSll['emen ts on the Sllln(' plot and COllCUlTont 
lH('ILSllrortwn ts on l1.dj ltc-en t plots as Sl',ptl.mt(' cstimiLtl's of growth 
I'l'sllits ill sl'l'iu,l (or Il.uto) eOl'l'dation or error residuals. AutocolTelit­
tioll pl'Odul'(,s sbLndiLl'd ('ITOrs or esti[llll.tt' t,lul.t arc binsed 011 the 
10\\' sielt', It can ouly bl\ hoped that, such bins is incollsegu{'utinl 
so fnl' ILS tlt(, prt'Cliclioll of growth is concerned. This problem is 
dis('usspd in th(, ILpp('odix sl'etion tfRelilLbilily of Growth Predictions," 

.FACTORS STUDlED-THE INDEPENDENT 
VARIABLES 

Whell til is tnudysis WitS b0gu n, p('riod ie ll111lllitl. basal n,r('ll growth 
WILS plotLNI ILglLinsL ('ILch or S(,\Tcn P['oposee! independeut vlLl'il1.bles, 
'rhl'(,(' or lill' Vlll'iILbLes--s!:tlnd Il.ge, site, !uld stimd densitY-iLppeared 
10 lw good p["edieto['s of basn,l 11t'(,IL grow!,h (and p['csumably cubic 
\'olutlie growth 118 \\'('11), Four or th(, nU'iables--cutting methods, 
indi\'idlllll tn'i.' distribution I1S llleilSU['ed by \'Iu'il1biliLy ill ll'ee 
diILlHl,tl'l'S, intensity or ('uLLing, ILlld numbers or treeS-I1PPClLl'ed to 

" 	
be poor predietoJ's, I t is hdprlll hcn' to c1il:lCUSS eMil or the incle­
pl'ndent nll'ilLbll's. :LlLter. t.hos(' Y!LrilLbl{'s thlLl 111'(' reliLted t,o growth 
will be' pn's('nLed in eqlmtion Iwd Lil.bllllll' rorm; t,hose tlliLbLl'c reject,ed 
or s('l l\sidl' still hIL\'(' imporL!wce ill forest [lUulilgell1('nt but not for 
pUl'pO;WS or ('sLimlltillg growth, 

Stand Age 
SllUld Ilgt' lms b(,NI. tilt, pl'im0 inclt'p<'[l(ien t vlll'in,ble in (,ven-aged 

gro\\·t It ILlld yidd studies Sill('(' tht' b('ginning of sueh work. And 
indef'd. implicit in till' definition of growth itnd of yield is time, whieb 
is l'xpn'ssed ns l'hu.ngl's in stand nge, 

041730 Q-(l!!-~2 
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Red pine sti1nds n.rc rarely pel'[ecUy even aged. There may be, as 
in t.he 90-year-old l'ed pine stn.nd at the Cutfoot Experimental Forest, 
a 10-yen.:r sprend in toULl !Lges. N Cv ertheIess, the stn.nds are considered 
even 11ged, with the totn.! age being determined from the average of a 
number or stump COUlIts or increment borings, with ll.pproprill.te 
corrections [or stump or increment-boring height. 

G'l'owth increnses rapidly n.rter stnnd estn.blishment, culminiLLes, 
[1nd then declines stell.dily through the relllll.inder or the life or the 
stnud. 2 For exn.luple, experimen tnl evidence in .Minnesotn (Allison 
:md Cole, 1956; Schn.ntz-Hll.nsen, 1956; plus diLtll. [rom the "graveYll.rd 
plots" ll.uel the Bil'ch Lilke pli1ll tn,tion) iudicll.tes thn.t baSil.! area 
growth or trees 3.6 inches d.b.h. !mel lt1l'gel' culminll.tes between ages 
20 to 30, MId iLt 11bout6 t.o 8 squn.re feet per 11Cl'e pel' year. Basn.larea 
growth then declines: At !tge 130 it Iweraged 2.0 squll.re feet in Bena 
plots 1 to 4; at nge 14.5 it n.Ye1'l1geel 1.1 square Jeet in the LiLke-13 
stand; n.t o.ge 160 it jwerll.ged 0.9 squo.re foot in the MarceU plots. 
The Itnmtge trend between basal area growth 11l1d t\ge for the plots 
used in this study is shown in figure 3. 

Site 

Site hns been the second traditioun.l independent varinble in growth 
n.nel yield studies. For purposes o[ this stuely, conventional site 
index curves nrc used which relo.te height of domim1l1ts I1nd codomi­
nants to an index age of 50 yel1rs. 

Although other research workers have pl'epo.red site index curves 
for red pine, those of )i~yre ILlld Zehngmff (.1948) and Gevol'kiantz 
(.1957) are used in this study. The two sets of curves are plotted on 
somewhat different scales but were cil'afted from the same bnsic data. 
They are reproduced in .figure 4 !l.ud tabulated in tn.ble 2. 

8 

o 	 20 40 60 80 100 120 140 160 
STAND AGE 

FIGURE 3..--Nt't periodic annual busal nrcn growth ill .relation to age for average­
site reel pint' in Minnesotn, as postUlated .from published reports and scatter 
diagrams of permanent sample plot data. 

2 Thl' agl' of eulminl1.tion and rate of decline depend on utilization standards 
and whethl'r growth is measured in baslll luell, cubic volume, or board feet. 

http:squll.re
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FIGURE 4.-Site indt'x curves for red pine .in Minnesota (after Eyre and 

ZehngrutT, 1948). 


A number of statistical studies hlwe been doue in which growth is 
Teln,ted to one or mOTe independent variablps including site index. 
The COl'Telll,lion coefficien ts between growth and site index (height 
oJ dorni1ll1ut.s and codo!l1innuts at given nge) when considered alone 
m'e apt to be vflry low becHuse the effects of other factors, primarily 
11ge itnd sLand density, nre not remo\red. When these effects are 
j'Nno\'ed by multiple regression analysis, the correlation coefficient 
nUly still be low, espeeially if growth is predicted in bnsal 11rea. For 
eXluuple, Sinunons nml Schuur (1937) found the multiple conelation 
('oeflkient of the per'('ent basal l1,rell growth of loblolly pine was 
increased from 0.55 to only 0.57 wben site index wns nddedto the 
independent varil1bles of stand density index o,nd age. 

Br'ock 3 found thl1t site index did not make a significant contributioll 
to the bnslll area growth of either plnnted or natul'l11 red pine after 
the ell'ects of stand density nud age had been removed. Likewise, 
Spun (1952) J'ound that site index did not nmterially improve the 
prediction of baso.! area growth of Douglas-fir when age and stand 
density were considered. Not surprisingly, SpurT found that site 
index was 11 belpful predictor of height and volume growth. Brender 
(1960) prepared 11 series of graphs wbich would indicate that basal 
Ilren growth is not stron&!y influenced by site index (although the 
correlation was statisticl111y significant), while total cubic volume 
growth is 'greatly changed by changes in site index. 

W1ll1t does this mean? Apparent.ly site index is not higWycorre­
Jilted with bl1snlllrell 01' bnsaillrea growtb. But site iudex by definition 

3 Brock, Smuucl M. l£stimo.tiotl of stand volume and basal area growth for 
rNI pinE'. Unpub. MnstN of FOrf~stry thesis, School of Natural Resources, Univ. 
of ~lich., 91 pp. 1956. 



- - ----

------

8 TECHNICAL BULL1!.'TL1'Il' 1272. U.S. DEPT. OF AGRICULTURE 

TABU] 2.-.flverage height and annual height growth of dominant and 
codomfnant red pine (after Gevorkiantz, 1957) 

~- l_~--~-,~.~~___~~__Si_t~_'i_ll(_l~_X_-;--._____--:-_____ 

t 
·10 45 50 55 60 

--~"-'''•.--~. 
t 
-- -O-;---'J~---;--'-'-I'-------1------IAnnuill Annual !AlillUIII AlIlllml Allnual 

lI~ight height neight holght Hl'lgltt hNght lIl'ight Iwight lIolght holght 

__"_' ~.~ ._cr_ow_·t_h --~. ~~---l~~ growth ---,~ 
~ ~ ~ ~I~ ~ ~ ~ ~ ~ 

20_____ .11~.")·.' ~ ••• 17.0 -'_' __ j' 19.. 0 / __ .. __ 21. 0. _____ 24.0 _____ _
25___ • ., _ _ _ 22. 0 _ _ _ _ _ 24. 5 ... _ _ _ 27. 0 30. 5 • ____ _u _ 
30_____ !N.O 0.90 27.0 1.00 30.0 1. JO 33.0 1. 20 37.0 1.25
35_____ 29.5 '" 32.0 .• ____ 35.5 ______ 39.0 ______ 43.0 _____ _ 
40.____ 33.0 80 37.0 .90 41.0 1. 00 45.0 ,1. 10 49.0 1.15 

45 __ • __ 45. 5 ___ • _ 
~ ~ ~3G.5 ... 41. 0 ...... 50.0 54.5-- .. - ... - ... ----­50____ _ 40.0 65 45.0 . i5 50.0 .80 55.0 .90 60. 0 1. 0055.___ _ 53. 5 ____ _Il3.0 ... 48.5 ., - .-- 59.0 ------ 64. 5 

46. 0 55 52.0 .60 57.0 .65 63. 0 .70 69. 0 .80~2·-· ..60. __ ._ 60. 0 ____ .•48.5 -.. 54. 5 66. 0 _..... --- 72.5 -----­
70. __ • 51. 0 45 57.0 .50 63.0 .60 69.0 .60 76.0 .65 ~ 

53.0 - 59.5 66.0 \__ ... _ 72. 0 ------ 79. 0 -----­
55.0 40 I 62.0 .45 69.0 .50 75.0 .55 82. 0 .60 
57.0 - . 64.0 Zl.O j----- 77.5 .. .. ---- 85. 0 .. -----­
5\).0 :35 66.0 .35 13.0 .~10 80.0 .50 88.0 .5575.0 _____ _ 60. 5 ., 67. ::; 82.5 .. _..... _- 90.5 -- ... --­-
62.0 25 69.0 .30 77.0 .35 85.0 .40 93. 0 .45 

86. 5 __ _ _ _ _ 95. 0 
88. 0 . 30 97. 0 .35 
89. 5 ___ .. _ 98. 5 
91. 0 . 25 100. 0 .25 
92.0 _. ___ .101. 0 
93. O! . 15 102. 0 .20 

IGU.5 93.5 103. 0 -----­--~---.j 75.5 : 84.51-'--'­
G7.0 ! 05 \ 76. 0; . 10 85_ 0 . 10 94.0 .10 104. 0 .15 

. ____ .'104. 5 67.3 .. _ 76. 5 85. 5 94.5 
67.15 05 I 77.0 . 10 80.0 I . 10 95. 0 .10 105.0 .10 

__ ! 77.5 ______ 8G.5 . __ • __67. S 95.5 105.5 -.... -.. ­
68. 0 05 : 78. 0 . 05 . 87. 0 . 05 96. 0 .05 106. 0 .05 

I I_.__._-_ ....._-_._._-_._-----.-_.---_._------'-----­
is strongly relflLed to height growth, and this dimension of stand 
growth giyes the lUlU'kedly greater yolumes on good sites than on 
,pOOl'. For example, a normal yield tflble for red pine (Eyre and 
Zeilngraff, 1948) shows a difference in basal arell at 160 years be­
tween good llnd poor sites of only 24 sqlliue feet per aere, but II differ­
ence in bOllrd-foot volume of 22,000 feet. 

Two more Jactors can account for some of the relatively poor cor­
rellltiollS bet'\,-een periodic anllunl basal tu'ea growth Iwd site index:. 
The first of tbese is caused by fluctuations in climate, insect n.ttacks, 
mortiJity, inexact measurem.ent techniques, and so forth, all of 
whieb tend to be nmplified by short measurement periods. The 
second .is ('llused by the fn.et tlHl.t site index n.t best is only iUl imperfect 
mensure of site qunlity. Indeed, in the stUnI' stand one is often con­
front.ed with nn npprecitLble cbange ill predkted site index when the 
two c\eterminittiOlls lU'e .mnde from heights tttken mn.ny years apart. 
:For purposes of this papp.r, site index: on a particular plot is deter­
luiued from thelllost recent height and age measurements. 

http:front.ed
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FWl"RE 5.-This stand of red pint' is about 30 years old and has been thinned 
twict'. Trees of this size are used for pulpwood, fence posts, and small poles. 
Site index here exceeds GO feet at 50 years. 

Stand Density 

ThE:' growtb or sttlnds in relation to different densities has receiveu 
ttn enormous amount of attention in \Yodd forestry literature. Out 
of this mass of reports 1lre emerging principles of growth that fit 
H'Hsollnuly well with the results of the red pine experiments in Minne­
sob.. It seems nUlt stiwd density, once regnrded ns critical in maxi­
mizing forest growth, is not so important after nll. This does not 
say that stand density is unimportant in the control of size and 
quality or timber trees (fig. 5); mther, that over a comparatively wide 
l'n,nge of stocking conditions volume growth varies but little. 

It would Selye no purpose to cite the individual studies that have 
demonstnlted these findings. Excellent summaries of growth in 
relation to stand density have been written in tIns country by Baker 
(1950), 8pul'l' (1952), tlUd Hal1.4 European work has been discussed 
by Assllllln (1953), Molier and Holmsgnard (1947), Heiberg (1954), 
Bl't1tlthe (1957), !lnd Holmsgatu'd (1958). 

Individual experiments are cited in these pnperil to show thnt 
yolume increment is higher at higher stand densities, that increment 
is the StUHe over a wide range or stand densities, or even that 
increment is higher at lower stand densities. When a number of 
these experiments are compared, it is obvious that there is a sub­
stantilll experimenttll error involved within individual experiments. 

, Hall, Otis F. 'I'll(' growth ptltterns of thinned and unthinned forest stands 
and thdr nUlle ill the management of the forest. l~npub. Ph. D. thesis, Uniy. of 
Minn., 288 pp., illus. 1954. 
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Tbis error could well mask differences oJ say 5 to 10 percent in growth 
if stIch differences in fact exist. ,Most oJ these summary papers adopt 
the attitude that withiu wide limits density has little effect on total 
growth-more specificully, that there is no important difference in 
growth from about 50 percent to 100 percent of full stocking. 

In general, red pine growth studies support the noncritical nature AI 

of stand" density. Examples of such studies are those l'eported by 
Engle and Smith (1952), and Spurr and Allison (1956), and the stand 
density experiments in 40~ and gO-year timber at the Cutt'oot Experi­
mental Forest (fig. 6). As will be shown later, however, there is some 
evidence in this study and in other published sources that young 
red pine stands, those with rapid height growth, produce somewhat 
more cubic volume growth at high than at low densities. (See "Oubic­
Foot and COl'dwood Growth 'l'ttbles," p. 15.) 

Except for poor sites, or extremely open or dense stands, total ~ 
height growth of the pines is apparently unaffected by density A 
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PIGURE 6.-- BnSllllll'C!l growth in .relation to stand density for two experiments at 
the Gutfoot Experimental Forest. 
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(Baker, 1950; Spurr, 1952). Recent research in red pine lends 
additional support to this conclusion.5 The {act that total height 
growth is little nffected by density is relied upon heavily in the 
development of red pine growth 11nd yield tables presented later. 

Busnl ll.l·el1 hus been selected as a mensure of stand density for this 
paper. There are disadvantages with bnsal nrea, the chief one being 
thnt it is only an nbstmct or index measure of stand density. Neverthe­
less, basal nren is easy to use; it is mcnsured in absolute rather than 
relnti\re units; it is closely related to stll,nd volume when height is 
considered, 11 relittionship employed in the subsequent development of 
this pllper; and it is the trnditional measure of stand density used in 
Minnesotn. 

Cutting Methods 

One of the 14 experiments used in this .nnalysis is a cutting methods 
study. The experiment is designed specifically to test three cutting 
methods (cutting ft'om 11bove, from below, and from above and below) 
with the stnnd densities held in the range of 100 to 120 square feet of 
bl1S11.1 11.1'en per acre. The experimen t is remeasured nnd recut each 5 
years. The first 5-yel1.r results of the three replications 6 are available. 
The growth per acre per yenr has been: 

Ba.al area Volume 
Cu t ling method: (.quare fut) (cubic feu)

Cut from above. ______________________ _ 3.0, 3.2, 2.2 ___ _ 98, 101,76.Cut from below _________________________ _ 2.7,2.3,2.1. __ _ 84,77,70.
Cut from IIbove and below ________________ _ 2.8, 2.8, 2.5 ___ _ 92,88,83. 

'rhe F rn,tio for bnsalnreu growth is 1.16; for cubic-foot ~owth it is 
2.02. Keither 01 these is significant. The degrees of freedom for the 
i\l1iL\ysis IH'C few, mnking this n rather insensitive experiment. 

European work (Moller nnd Holmsgaard, 1947; Heiberg, 1954; 
BmiLthe, 1957; and HoI msguard , 1958) would indicate little or no 
difference in cubie volume growth between crown nnd low thinnings. 
Si.nce there is ItS yet no significant difference between treatments in 
the cutting methods study, and there is little published evidence to 
suggest thnt there will be n, mll,rked difference, it is grouped together 
with the other thinning experiments. 

The fiLet thnt there is some latitude in cutting methods introduces 
flexibility heretofore little used in red pine management in Minnesota. 
It will meiLU t1ULt larger or smaller trees or some of both can be cut 
with no concern nbout losing cubic volume growth. It will also mean 
that the. size !Jf trees in the residual stand will change depending on 
whether larger or smaller components are removed (fig. 7). 

Individual Tree Distribution 
1'he distribution of trees in a stnnd is difficult to describe and quan­

tify, and yet it seems that the armngement or spacing of trees on a 

5 Buckman, Robert E. A progress report of three growing stock density 
experiments in Minnesotu. A manuscript to be published as a paper of the 
Lake States Forest Experiment Station, probably in 1962. 

6 EHch treatment within a replication contains ten Yo-acre plots. Some 60 of 
these Yo-Here plots have been treated ns separate observations for the regression 
analysis described in. the appendix. While cutting methods do not vary within 
treatments, each plot represents a somewhat different stand density, cutting 
intensity, and number of trees per acre. 
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f·'WI'ln: 7. ,Cullin!!,' in oldt,l' I'NI pilll' slllnch; pl'ochlcP" round lilllul>r pilt's, larger 
utility polt,,,, Rill" i;:;~", lind II :mlllli C(Ullntity of pUlpwood. 

pM'licull\!' aren. should influence gl,'owth, ::;lttt'blpr,' ror example, 
ILLtempccd to lll('itSUl'e th(, competition or trees wilh their neighbor::; 
by rdating th(' growth of those trees to two different methods or 
describing 01' mt'asuring spl1.cing. (One method WtlS ciLlled thp o\rel'lttp 
hypotiwsis, the other the compe{;it,ion curve hypothpsis.) NeitlH'r 
IIH~t\SUr(' had 11. significtlllt rt'b1.tionship to gl'owth, n.tld both WCl'P 
('xtrem('''~ difficult lo usc, 

In th('~ pl'es('nl study, tit(' st/Llldllrd deviation or tn!(' diameters was 
uSNI itS 1\Il indirect mCI1SUl'(, of sp:Lt'ing. It is conceiVitbll' thaL plots 
with mol'l' nU'itlbl(, tlW' dilLllIct('rS could hitn' It I'cln.tin~ly l('ss uuirorm 
SptLeillg with InOre or till' tr('es in clumps. Oil th(' otl\('[' hlllld, in 
planltttions or wl'iI-llllLntlged sttLllds thp tl'('es might bt' uniformly dis­
tribul('d. and this would Ill' rdlccL('d ill [Pss vtLl'iabk tre(' ditLIllctcrs. 
The in'('gullu' stl1nds would lIS(, til(' gl'owing space less cflieiently, itt'net' 
l1lwe It lower growth mle. Conversely, well-spneed ImLuml stands 
tLlld pltLnttLtions would b(' lIsing 11101'(, or lhe sUlllight, WiLi!,'!', and soil 
nutrh'nts becn.u5{' they oceupy till' site mOl'e unirormly. 

't'lli' null hypothesis, "tlll'l'e is no I'l'llttionship betwcen bnstLl MCIL 
growth residu~tls tLnd the sttLncilll'd deviation or LI'N' dialI1eters," WitS 
tested by the rollowing ItI1alysis, The residuals, or the. itmOunt of 
growth h'!'t, oYeI' artel' the efreds or age, sitt" alld stlLlId dl'nsit)' had 
lH'('n L't'lIlon'd by lIIuLtipl(, I'l'gl'l'ssioll, were eILlcuillted ttnd listNI by nn 

7 8tueuler, (:\'orgl', Growth IIlld ilpllcing ill Illl ('WIl-ilgPc! stulld of DOllgluR-fir. 
l'llpub, ~lnslpr Qf FOI'l'~lry thl'si~, l'niv. of ~lich,. 'In pp, 1!151. 
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elN~tronic COltlIHlll'r.8 Thl' stn.udnrd de\"ilttions of lr(\(' diluueLers for 
2HG growth periods Wl'l'~' Listed ueside their rt'spe('live growth r('.sidunls 
and It eOIT(,lntion ('opllieient cltlcuillted. 

Thl' ('olTclttlion coefficient bef.,weeu the standard de\rin,Lion of tree 
<lilll.Helers and gl'Owth resid llllis WitS 0.1.1 0, which is not significlLntly 
diff('l'('11 t rrom zerO. Thus it is conduded lhat the \rll.rinbility of 
lnw dituUl\lnrs. Its II1cnsurcd by their stnndl1rd deyiitliions, is not a 
useful predil'lor or bllsltl lu'ell growth. 

P(';l hfl,ps Ule ~,tandllrd de,rintion or tree dillmelers is not IL good 
1I1('1'(,:.;••:r~ or tree splt('ing, It is eel'tiLtnly' not diflieulL to illlilgin('. iL 
slo.nd with such poor disl['ibu~ion or growing sloek t/lULt growth is 
illlpttired. I3l'('IHISl' ('h(' nrenl distribution of trees is <limeul! to de­
s('ribe Itnd quantiry, thillning re('ouunenditLiolls lu'e ofLell Ileeompilllied 
by lhl' simple' adllloui lion lhill the trees ue l'enSOnllUly W(·n spliced, 

1ntl'.Ilsi ty of Cu tting 

1"01' SOIlI(' fol'cs! typc's in this ('Olll1tl,}" tbel'(' is cvidcuce of lUI 
nd n'l's(' I'enl'lioll 1.0 tlilnnii\g, SOIlIl' of the llllrdwooc\s, yellow birch 
in p Itl'licui!u', flppnl'ell tty su'frl'1' suns(!ald whl'n stllllds 11I'~ opened too 
IIlUl'1t. Otlll'r fOl'cst types IU'(' su bh'('( 10 bending, bl'eakin~, 01' UFl'Oot­
il\~ by 100 heilv)' thinning, ]t mil." be asked, "]s !lily I'C( pim' 
growth (or ltH'k of it) it('('ounled fOl' uy intensity or eutlin'g artel' the 
{'{reets or ngl', sill', Ilnd stlllld density htw(' been l'(,lllo,'ed?" 

This hypothesis Illil.\' ngnin b(' tested by <:n.leuln.t,ing the COITChL­
lion ('(wlIi('il'nts betwl't'n intl'nsily or eu! (us mcasurcd by the ILlllounL 
of bnsul tlrl'n ('ut) nnd growth l'('sidullis (tlu.' lunount of baStll tU'CIl 

growth Unil('Counted fol' ilrter tht' ('{reels of H~(~, site, Imel stn.nd dell­
Hity ltn.\'(' b('('11 n'lllo"Nll. SOllle 15(i of till' meaSUl'cment periods 
thnt had flt lellst SOIlH' ('uLting W('I'(, sl'leelNL Thinning intensity 
1'I1Ilgl,d from "('I'y light up to LllItt whieh 1'('lIloved about IudI' the 
bnsnl tll'PII. Sland deusity nl'ter {'utting wns liS low as 60 squlll'e 
fl'('l of bilSll1 Iln'n pel' Hel'l', 

Th(' l'OITellILion l'ol'fIieil'n! lWLwl'('1l thl' gl'owth I'csiduals lI,nd inten­
sity or nit wns -0,054, ngilill not significtlntly different rrom zero, 
This 111('11118 thnl \nll'llsit\, of ('ut is not 11 f!leto!' to be llsed in csLimtlt­
!1Ig' ~~o\\'th of 1'('(1 pint' slands ,,:ith \1. ('uttill~ histol'.'~ or the ,kind used 
In litis study; lhnl !lily I'l'dudton III gl'Owth nsso(:lILted wl.th. hellvy 
(,lIlling luny Ul' t\('('Olllllcd for by llll' I'eduction ill stllnd density llnd 
l)(It br tht' int('IlSily of eut. 

Th(; fnet thllt I101\(' or the nU'iltt.ion in gl'owtlt rcsidunls could be 
Il('l'ountod for by .l1lt.I.'nsily or (,lIltillg is importnnt ill forest, 1l1lLl~llge­
IIH'nt. H JIll'tUIS thlll sLnnds ('illl be ('ut. rl'oJII 11 hi~h to a rehltlvely 
low bilsnllu'I,'!l in n singk ('ut, Llmt sllulds with n. hi~b proportion of 
('I'ook('d, ddet'ti\'l', ItIl(\ otherwise poor-qutl.lity growilw stoek cnn be 
put ill It good ('onditioll in Olll' t'ul- --ilU wit,hout fenl' oflosillg growth 
bN'lluse of Lilt' \ten ,oy eutLillg', 

It is Itl wnys J1N'CSSIU-Y to Ildd the q uulifying I'('stl'iet.ioll Lhnt some 
Slllllds, bl'CILUSl' of high (\('nsity. mil\' bl' too btll fol' litl' dillnll'(ers of 
indi"idunl stems; thnl [hl' indi"idulIl st(,IllS mil)' Ilot be slron~ enough 

, (hI<' inll'rlll'lilln tPrIll ill ill(> n'gn';;::;illll ('qllation \I,;l'(llo ('OIl'l)II[('(h\'8(' rp:lidUllb 
!1l\I'r lnrlll'd mit to UP lloll:signifh-Illlt.. Th(' contribution mali" by thi" [('fill \\'l\li:;O 
~liv:.ht t IIHt r!'!'OI!1IHltinp: all of III(' r(',;idulLl:; \\'ith (hi:; (('1'111 renlo\'('(\ did not ::\(,('111 
jHstilh~d. 

\141730 (I ~tl2 ,,:I 
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to supporl tll(' U'N' aft':l IH'tl\',Y ('utting, Su('h stnnds I1rc found, 
but Illuch less ('ollunonly tl.lIln olle would think, For exnmple, three 
red pine growillg-stock le\'cls studies lulYC been instnlled in ~1illne­
Sotll in l'ceenl YCill'S, the results or whieh Ill'e not iududed hel'c, 
IniLilll bllSill Ill'ell sto('\(ing in Itll thl'ee of these dense stllnds WIlS 
Itboul 200 SqUfU'C feet pel' IH'l'e, Some of thc study complll'tmenls 
\\'PI'P eu t down io GO ilnd even 30 squlll'P (cpt of bilSltl !lI'Ctl pel' il('l'(', 
~ 0 apprpciable brcttkage 01' bending hilS o('('uITed in any of these, 
with the ('xeeptioll of the 30-squtlre-fool compartment ('ut from itbove 
ill thC' Bil'ch Lnke phmLittioll, This trettLmcn t hilS suffered henyi'" 
frolll uprooting n,nd b('neling ns a r('suit of willdstorllls, ' 

~urllhcr of Tre(~s Per Acr(~ 

Tltl' ill1 po 1'1!LII("l' or Iltllll bpI' or ll'('(,8 ])(,1' acrp ill ll('coun Lillg 1'01' ],ltlsal 
tU'('tl growth ilrtl'r the ('(I'('cts or agt', siLl" and stiwd dl'nsi.l V !Lrc 1'(1­

1110\'('(1, call also b(' l('stN!. It i;> r'pcogni:wd Lhnt nUlllbl'I' or'trccs ])('1' 
Ill'l'l' for n,lI,\' gin'n age lpnd;> to b(' ('orr('IILtl'd wiLli stand dCllsity !lS 
IIwllsur("d in basrd area, so SOliI(' or the \'!Lrillhilil y associlLLcd wit.h 
lItllnlll'1' of (I'ees should nlso he nc('ounl('(l 1'01' by Sbllld dc'nsity, 

TIll' llUIllUl'1' or trN'S ~Wl' !leI'(' WtlS culculatcd i'or 27'2 out. of tht' toLltl 
:tN nH~llsur(,lllpn l p('riods, ~ lUll bC'I' of (I'ces l'IlngC'd 1'1'0111 slighth' 
on>1' L,OOO ]WI' tH'I'(' [01' lite 1lI0rcdl'nsc plots in young stands to leS's 
lhtLn ;"iO ]WI' !tcn' in opl'n plots of lltl' oldcr stands, Thc correitLtion 
('oeflirien t Iwtwcpn gL'owth residuals iute! ntUIl bPI.' of trel'S pcr acrc is 
- o.oag, !lot signifielln IIy difl:t'l'ent from Z('I'O, 

The llPPIU'('llt imLbili(\T of l1lunber of trees pel' ILCl'l' to account for 
busill ill'Cl1 gl'owth rcsiduals is lIs('[ul in rorcst IlltUlilgemcll t. H n1l'llnS 
t,llILt for It gh'cn silwd dt'llsity, ItgC', Illld sitc, tlll'l'e is sonH' tl('xibility 
ill how 1111wy trecs nccd lH' Oll l'lleh llert' , Ir thcre tU'C fcw trecs, thcy 
t l'lld lo b(' ('('I~tti \'ely ItLrgc; if therC' ILre 1I11m)' trees, they lend to be 
.,nlltlll'r !Lntl III both ('!lSI'S the basal /trell growth l'I1tes per Here itl'e 
ullcluLngNI. This is ('s]welttlly useful because thc utility of red pine is 
(,losely relaiNI tn sizl', wlll'thl'r it he for mine timbcrs, polcs, piling, or 
sltwLimbel', 

If, ho,,"('\'('r, tht' itiiosYllcI'ttsies of log mIl'S plnce It premium on hLl'ge 
tl'(,(,;>, llH'1l l1umb('I' of ll'l'l'S docs indeed tnttkc a ditt'el'enC(' in ('stimMed 
\"OIUlIll' growth, Fol' ('xtlmpll" thc Doyle ILnd Scribner log rules un­
(\l'I'(';>( illllLil' thc' volull1l's in stnll.ll tl'l'es, As tht' trees increase in size 
lhpl'(, i;> ttll ltpptLL'pnt incrcttse ill gl,o\\rth simply becILusc the log rules 
1ll0l'P c10scly I'Stilllll.L(' til(' lumbcr \"Olllllle tlltl.t can be sn.wcd from the 
trl'C'S, 

CROWTH OF RED PINE 
Bns('d Oll lhl' prdimillnry nntdysis of thc impOI"tancl' of Vll.l'iOllS 

ind('pl'll(ll'lIt v:ll'itl.bll's. growth ('<[untions \\'(,I'P dcrived which COII­
;>idpl'l,d ttgt' , sill' indl'x, lmd sbl.nd density, Frolll these equations, 
t!Lbles wt'l'l' IlltLdt' for bnsnl ttl'Pit, eubic-foot, cOL'elwood. ttlld uOl\rd­
root growth. 

Basal Area Growth 

Baslll ttl'PH growth WttS lil'rin'd by sbttistictLl methods, (Set' np­
ppndix spel ion .. Filling till' HC'gression ::-iurface,") A degree of un­
~·('rtainl.r 01' l'ITOr is nssocitLtt'd with ('Itch basal n.re:l growth prediction; 
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(.Ids is diStllSSl'd in th(' appendix socLion "RplilLhility ur Gl'o\\'Lb PI'('­
dldions," 

Bnsld H,rN1 ~l'owl b it:; gi \'('11 by llll' following ('([ulLl,ioll: 
r LliHHD I ,O~II OlitL\I- .000 l(i:)()aXI~- .07li{):i.s.Y2 I ,00022741 X/ 

! ,tHl441Xa 
\\'l\('n' )' . IWl'io(\ k IIl't ttlllllUl.l buslLl tU'PtL in('I'('l1It'1l1 

Xl hnsttl Itn'lI in ::;<{UtLl'l' 1'('1'\ PI'1' tt('!'l' 
X~ tlgP ill ,'l'n,I'S 
X;I ::;ill' 11111('x 

Till' l'quldiot1 i::; plOllNI in t,hrpl' dinll'I.lfliolls in f1glll'(' ,II 1'01' ::;ill' ill(\('x 
:iO fwd ror dll' ttpproxil1llLto l'IlIlge 01' Itg(' ltnd stand dpll::;it ips ror ",bieb 
i 11 1'0 I'll lid iOIl is 11 \'ILlll1blp, 

Bnsld H.I'I'll gro",th ('ould b(l (,ILkuln.lt·d 1'1'011l tht' (·qulltioll just gi\'I'I1, 
For most PUl'POS1'fl it is 11101'(1 (It)Il\'pniPlll to tldmll1!I' lhl' \'Idl.\('s, ILnd lililol 
hllS bl'('11 dOlll' ill tltbl(,:l. 1\I gl'lll'rnl, lIlt'l.ttintinLC'(/ \'ltiUPS l'OITI'spond 
ttl til(' I'lL II gl' of 1I~l'8, siLl'S, n.lld sLlLlId dl'lIsitil'S fOllnd ill llll' ulld('rlyillg 
l'Xpl'l'inll·ltls. S()IlH' ('II t,l'il'S ILl'(' l'xtmpoltL! pel 1'01' shol'( (\istILll(,P8 hl.'­

"011(\ till' ol'igillfd. dllJI~, (lspN'ilLily It! high ILI1(\ low sil.(' il1(\(,X('8 11.11(\ Itt 
low sllLlld d('lIsiJi(·s. ~ 0111' or thN:\l' ('xLrttpoI11Ll'd \'ILLlH'S ILl'I' ineoll­
sisll'nt wilil th('ol'('Li('ld l'ol18idl'I'il.!ions 01' with publish('(1 (\1I.tll. 1'01' mel 
pilll' ill util(,!' I'l'giolls, BI'('ltlISl' inf()f'I\lILtion is n('('c\NI lit tiwse ex­
tn'III('';, lhl' 1l1Osl 1'('('Plll Ihil\llill~ ('xp('l'iIl11.'1I['; or till' l"ltk(' StlLLes 
I'\)l'psl 1.~~P(\I'ill\(,lIl Sltd iOIl ('on'l' II ,;( ill ~I'I'ILU'1' I'ILlIgP or dl'llsi.(il'S lUll! 

sill'S lhltll shown ill Lltbll' :~. 

Cubic.'- Foot and Cord wood Growth Tablt~s 
'1'11(' d('n,loplIlt'nl Qr ,"OIUIlIl' g!'O\\·tll lahlps I'('qllin's (I) !Jnsal 11I'l'U. 

growlh t'tIUllliolll'l gin'" ill till' pI'P\'ious SP('CiOll, (:1) lltt' height. growLli 
Ill.bLp (tItbit, 2, p. Hl. ItIld t:{) sltLlld \'OlllllH' C'qlllL(ioIlS, whicb IU'l' gin'" 
ill tilt' 1\[\I)(\n(\ix, '!'ltt' ('ollstl'uC'lion or \'olullll' growth tltbll's is dis­
('uS8t,d ill (hl' ItPPPIHlix, 

Cllbie-root ~I'o\\'lh is ~in'l1 in tlLblt- 4, and eordwood growth in 
lablp fl. Thpsl' lithiC's han' tW('1l pl.'l'pIU'pd in thl' SILIlH' (\£'llLil ILS basid 
ItI'PI!. gl'owt h tttbLl'S, 

At young n~(:s, Ul!lXimUIll (,llbi~' "olu.II1(' illH.1 eOI'd wood ~l'owLh 0(;(lUl' 
fI.t sttlnd d('I1S1tlpS o[ tHO squlU'l' leel 01 hnsnJ Itl'l'it. As Lhe SLi1lld gels 
01(\('1', t.lH' Il1ll.XlmUIll ~l'IldlmU.r shifts to t5() fwd tholl to 120 squlu'c feet 
of bllsttl itl'l'll Pl'l' 1l(,1'(', This shifting ill IIlH.x.iIllUIll volulI\(\ gmwLh is 
IISs()('irltrd wit.h (he Ill'i~ht c\("'ploplIll'nl of lhe Stlllld, At cnr:iy It~CS, 
mpid hright. ~,'owth eonLributl's II. grl'itt (\Pitl to volulIle, '!,his eOll1-
POllNtt. or ~rowt.h is 11I0re impol'limt in high-deusi ty sLands, OO(,I1USC. 

thel'l' llI'l' mol'(\ sL{,llls 011 ",hieh to ndd ll('i~hL gl'owlih, 
As hei~ht growth slows dowlI, the bllsnl ILl'Clt eOlllponent. of ~I'owth 

b('('ol\ll'S mOrt' implH'UHI t, Sine!.' bllSlti Itl'Cll. ~I'owth nppen.l's to be 
sli~htl.r high(II' Itt d{,l1siti('s or 120 t.o 1.:30 SqUlLl'C f(~et, this hns the elrod 
of 1l10\'.ing IllltXilllUtn VOIUIlIP growth tOWILl'd Ihost., dellsities liS height 
!!I'owth cll'clilH's. 
, 'l'llP clnlil gi ,'pn in In.bll's 4 Illld 5, illld (ht, eSSl'll tinily dedu(,(.i \'1.' 

Ill'gullH'nt thid ('ubie \'OIUllH'. gl'owlh is sOIllPwhll.L gn~ld.nl' ill high­
((('nsit.', slnnds III .r0ung IIgCS, l'{'quil'e fUI't.hl'I' sl lIdy 1'01' ('olllil'llltti,ioll. 
Till')' Idso I'NIUil'l' study 01' sl.twd fOl'l1l ill I'dtLl.ion to sltUld dellsi ty. 1('
would fiN'1l1 U.lIlt (TN'S' ill highl'l' dpnsi Ly sLIUlds would IlU.Vl' l'eitLt.iveiy 
IN!s lnp('I'; this, if tnt(" wouid 1)(' IUlotht'I'I'('i1S011 for higb-dellsiLy I'ed 
pinp tnIUHtgNIH'nt. pl'oddt'd 011(' is illtl\l't'flted only ill Illnximil'.in~ cubit' 
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17 CH\O\\Nl'.H AND YI8LD OF RE'D .PlNE IN MI~TNESOTA 

\'olume ~t'owth. Ho\\,e\'PI', the ('videnee presented in t.lWSi' lttbles 
IL('('ourtfs for 11 ('()llllll0l1 obsE'I'vatiou in thE' published results of tltillnill~ 
in yOlUl~ 1:('(1 pill(' Sblllds: thlLl I,lIe (.'ontl'ollwd hi~h-de,nsiLy plots often 
ltll\'(\ It hi~lIer ~I'OSS ('ubie YOIUltll' ~l'owth, and SOtlwtillles 11 hi~ltel' tiel 
('ullie \'olume growth liS wetl, t.hltll do (he 10\\'£'1' (\clIsit)' plots (Eyre 1111d 
Zel\ngmfl', HH~; Sm,ithel's, 1954; Wilson, 1955; Bn.ldwin, J959; 11lld 
~l'lson ('t ttl., 19GI;, Oln'iously, if dt',osity Il'\'pls bl\(!Ol11(' lti~h cnou~h, 
suppI'£'ssion I06sl's Ill'£, likt'ly Lo OeCUI', 11' It fOl'£'sl m:wngcr desires Lbl' 
mn,xiLllulIl l'ubi(' \·oluI.lH\ grOwUI ill YOUlIg; Slllll(\S, his Itim is Lhen to 
llllLill laill high c\Pllsi tit'S btLt ILL tht\ siI:me linw Iwoid SUPPI'l'ssion lossl's, 
(~()e s(I(,tion on H~tilximizin~ Growth",) 

.Hoard-,Foot GJ'owtb Tablt~8 

Ex('cpt 1'01' olllissioll of gl'owLh estimlttes clUl'ing etLl'ly Itges, Lite 
bOI1,1'(I-foo t growl h lltblt' (ttLble G) tovors ttll' Sltl1ll' mnge of Ilg't', SLllll cl 
cll'IlSity, and silp ns the bllsitl ltl'en, cubie-I'oot, i\,nd cord wood tiLbles, 

BOIU'<1-fool. growth WtlS obtilined from till' snnw underlying bnslll 
IlrM growlh equtllion IlS ('ubie-fool lWei eOI'd wood growth, But the 
bllSlll Il.1'Cll growth fUlI('tion predicts ~l'Owtb of LI't\ps B,G inches d,b,h, 
lWei llu'~er, ",lIt\I'eIlS bOil I'd-foot growth is [or trees 7,G inches and .larger, 
An Itpproxilllitle IlIC'Lbod for ovcrt'oming these difl'el'enecs ill ut;ili7.l\tion 
slitlldlll'ds is usod: :Pl'ediet ion of bOiLl'd-foot growLh is deferred uuLil 
1111 or 1ll'lldy uJI of !.ll(' lIN'S ('Illl rensoLln,bl.y be expel'Lcd Lo llil.ve gl'own 
to sftwlilUbl'r size', Roughly this oeeurs t\t iLbout agl' 40 in more open 
slumls (up to ~O sqUitl'l' [()('t of basal ILl'Cll pel' ntl'e); ItL tLbout ILge 50 in 
1I1(1diulll-(\ousity sLiLnds (gO to 120 sq UiLre feet); IlLlcl ilt abont n,ge GO 
for bigh-dcnsit.y stn,nels, Thus, bOl1l'd-foot growth is only appl'oxi­
ttlltLe during t,hc t.mt1sition from ('ol'<1wood to sa wLimber, But once 
lhe sLllnd hIlS nHltined sfLWLimbel' si7.e, the b0I11'd-t'00t predictions 
should be IlS relilLbll' ItS those 1'01' eOl'ciwood or ('ubic feet, 

A ('onsliu.ll eOll\'(\rsion mLio is Lllttin tltined between cubic Ceet, 
('ordwood, lWei bon I'd fed. This oeeurs beelluse the stnuel volume 
t'<llHtlioLls nssuOlt' II ('oLlsLil.nt /'01'111 1'01' the stu,nd thl'oughou\, the 
pC'riod for w!tieh growt.h p!'celiet,ions nJ'e lUade, (See "Stnnd Volume 
gqull.t.ions," p, 44,) If regression eoefHeients diU'el'ent than those 
gi\'£,l1 ill til(' ltpp(\ndix woro dt'\'('lopcd for the stn,nd volume equations, 
01' if height. ('·lU'\'es difl'l'l'elll Ult111 thos(\ gi\,t'll in table 2 wm'e used, 
Y(JlulIl(' ~I'o\dh titbit'S could still be developed 1'1'0111 the basl11 I1l'ell 
growth i'uncLioll, 'l'lle only requiremen t is LI.1l1t lihe new volulIle 
NIUlllioLlS be 1'01' trees 3Ji illehes d,b,h, and liu'gel' 1'01' cord wood llnd 
cubic feet, !lnd 1'01' tl'oes 7,G inches d, b,h, Ilnd !tu'gel' 1'01' Sll\\' logs, 

MAXIMIZING GROWTH 
'rite bl1Sili Itl'on growth functioll (p, (4) itsolf CILn be used to find 

tlil' sltLnd dt'lIsih~ ilt whiel\ basal area. growth is lIlllximized, This is 
dOllt' by setting 'the first derin~tjve or' growth with l'csped to stlwd 
density Xl equnJ to 7.ero, 011('(' specified, nge lI,nel site become con­
st/tIlLS, 11nd Lho elel'iviLtive of iL tOnstiUlt is 7.ero, lIence, 1'0.1' Lhis 
pUJ'Liculn1' gl'Owth equlLlion 1Illlximum bllsnl iLl'OIL growth occurs ILL 
the Stuno donsity for nJI eombinntions of llgt' lWei site, 

The first derinttivt' of the b!lSlll l11'el1 growth function is: 

(,'{:= ,041066 - ,00032606X1 
C..';\..1 
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TA nLI~ 5. ('ord1J)()od {jl'()Wlh (~r 1'((1 pi1/{' ill Jrim/{'8ola ilt {'('lalion to age, stand do/sity, and sile inr/('J' l :.­
r 

f;11'1, Il'nmX 45 t:d 
r: 
t"' 
t";\'Pl Jl;l'Owt h 1)('1" ne'n' Pl'/' YI':\I' \\'111'11 hlanci ag(' in yenl"~ isXI nnd dl'm'it \' 


Imsnl flr-Nl »(:1" '_._~__ .. _~..__._ .._.'____ .__._, --------,------~----~ ~ 

Hel"!' (~q. ft.) f • 'I ~ 

:\0 ! ·10 I, 50 (i0. 70 120 ; laO 1·.lO 1:30 I(lO
i! : i I : I----~-.-; ,------·--;------1-'-.-';-- ;. --..--,-. ----:---1'--- ---- I'" 

~I 

I~'~!~I~ ~ (~I~I~I~ ~ ~i~l~i~ I':> 

{i0 .' 0.721 0.78 j 0.7fi 0.70 0,62 1 0.54 0.45 i O.:l(i 0.27 0.18.. '. _._.i ••:---. 
~j . 8, n t . n(i I . !J:3 . 87 . 7n I' . 72 • (\2 I , 5:3 . 45 . :35 0, 27 O. 2:3 I O. 2() O. I {\ r·I:!O. 

!l0 
.,' I. 0·1 I I. I.O! I. 06 _(Hl , 80 . 82 • 71 I .(i2 . 5:\ . 4:1 , a5 .:\0 i • 27 . 2:3 

150 I. l-l I I. 1\l I' I. 1:1 I. 04 . !J4 I '85 . 7:3 • (j:\ .54 .42 , :la . 2\1! . 20 .2.1 t::;; 
.. I. 22 I. 24 I. 15 I. 0:1 . HI. • 82 • H7 1 . 56 . -ifl j • :32 . 2:\ . I\). 15! . J0 t::180. 

1 ' ~ 
- --.._--,...".--<--,,----- ~--,----- ;-> 

f;11',J INIlBX 50 o 
,~--,-<",,-
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1 i 
0.40 O. :\1 1 O. 24 >­

!l0._ I. on I. 0:3 ! .1l7 .80 .78 • (}O I .50 ::<l 

(10 0.84 I O. HI f O. 8!J 0.8·' I O. 78 O. (i!J I 0.5n I 0.50 I 
.50 .4a o. :3fl 0.:3:3 0.2n C) 

I. oa ! 121 1, on .68 • ij() .51 .44 .41 • au H120_ I. .18 I.I. 27 1. 2a 1. 15 i 1. 01 . .80 ! .80 I t") 

150._ 1.:31 I 1. :37 1. :\0 I. 21 , I. 14 I. 04 I .01 .82 , H8 .5U : .50 .42 . an . :14 c:
.27 .21180 I. an ! 1. 4:1 I I. :12 1. 20 1 1. 12 . nn ! .85 .74 ..'in .4!) ! . ao . al I t' 

,--_._-_._.-' I 1 c:8 
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SlT~; J=,OBX 5.'i 
."-~--- - ~----"- ~.-~----~-,-_. ~- .. ,,­ -~~,,-~--,--

iI 1l-i7 , O. a2O. Oil ! J. Oil 1. 06 : I. 00 O. 02 O. ()6 , 0.56 O.a8 · '-j"---' Q110 .77 .68 ! .50 .51. I O. 48, 0.4,4 
no 1. 27 1. 21 1. 13 .88 -., :::: 

i .0_: :-- -:1 l.J7 ! 1.. 28 
.99 .87 i .79 : .68 .60 .57 : o1. a4 1.45 L 43 1. :34 1. 26 .. ,120 - ..... -- . 88 \ .78 . .66 .58 • 00 , .50 :::1. 41 1. :31 1. 01150 . . .. "' .. - 1.47\ I. 57 L 52 .45 4') 1 . a6 ~ 

1. 56 I 1. 6:~ 1. 54 1. :i0 1. 27 .07 .78 ; .68 I .54 1180 . '--1 ! ~ ]:I; " 
- .. --.----~-.--.­ ~..~-. > 

SITE J l>DEX r,Q ~ 
'-'-'" -~-..~-- o 

""- ,------.."'.-~----,,.-"- 'f-~-i 
~0.85 • O. 74 O. 64 O. 56 0.50 O. 44

60 ...•...• _•.. ..1 1. 10 1. 21 1. 24 1. 19 1 1. Il I L 0:3 I O. 95 .... 
1. 27 1. 20 1. 09 .98 .87 .79 ' .n'

I 

• (i(i '0:62 m
00..•......•• _ •. 1. :~a 1. 44 I. 48 1. :34\ 8') ; .76 .71 t" 
]2(L..... _ L 51 J. 62 1. 65 1. 48 I. 41 1. aa I. 22 1. 10 . !l9 .80 I . - I o- ; ~i 1 .73 .681. 65 1. 5:3 I 1. 45 1. 37 1. 24 1. 10 . !l8 .88 i .80 I150.. 1. 64 1. 74 1. 75 

1. 00 . 85 .75 . .66 , .59 .53 o 
180. ~-,,--~ ... ~ 1.7:3 1. 80 1.77 1. 64 1. 49 I 1. 40 1. 29 1. 15 

i I "!j 

::e 
J Based on table 5, U.S. Dept. Agr. Tech. Bul. 1104, by Gcvorkiantz ttnd Oh,en (1955). Includel3 rough cord!' for trees a.6 inches [;:l 

o 
el.b.h. 1Uld huger to a a-inch top eLi.b. 
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TABJ,g G. BOrlJ'ri-jool {/}'owlh oj rr:rl 71in(' in Jlinnesota in relation to a(If', 8{and density, and 81'te inde)' 1 o:; 

t' 
HfTr; ISDEX 45 b:I 

<"":l--.-. -'--'~,-I t' 
Sltmd density j X(·t growth per uere JlI'I' Y<'tlr whell >iland age in year,; i:;,- t" 
baHnl area prr I, ___________,~ ~ 

~ 
Z 

. - 00 I 70 ! SO ;.i 90. I 100 ! ] 10 !.' 120 I 1:30 I 140 I .150 1 160 
,'---, I I i I ! :J' ~ 

~I "" 
(\0._ •• ,.13~l: !~',ll3d4{~ 13d. fl. ! 13d:/I.1 Bel. fl. !Bd. -;r----;:z. ft. !T3d. fl~r~;d. fl.l~d. ff. 13cZ. ft. I 13cZ. ft~l13d.fl. '" 

:370 ;-laO I 2no I 240! 190 I 140! 100 I· - ._- ,_ ,:_-"flO.... 460 420 aRO: :320, 2:)0 j 240 IRO! 140 I 120 i ] 10 I !)O ;i
120.. __ • ' m 
150__ , '1- '" 520 <170, .Jao I :31)0 'I' ;3:30! 2HO 2:30 I' IHO i 160,' 1.40 '. 120 
180___ ., 550 4110 450 I ;l\l0. a:30! 280 1' 

I 

220, 180 I 150 1,]0 ~ 110 o
540 480 4:30 :350 j :300: 240 170 1 120 i 100 :)0 1 50 t'J 

. ,I, . "q 

'"" 
o 

, - I 1 hj 

tiO. __ ,. - • - - - .1 480 i 470 
flO.,..... J ._ J\_ ..... , 570, o>­
]20.... _•. _.. , ... _"' __ G50 :<l .....
150. ___ "" ___ ,,, ......... _ ..... . (') 
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HITI, I:-:IlI~X 55 

.-.---~------.----~~

CiO~---~'- i 5CiO ! o 
5(j0 5:30 -1\)0 : ·150 ·100 :350 ~!)O 250 200 170 : :;::l 

'10 : fi,O (HO (i00 5CiO 520 . ·WO 400 a(jo I :310 I 2:30 oI . "-j 270 I 250 
~750 710 (j(i0 ' !lao 5fo!O 520 460 ·110 I 360 :320 ' :300 ! 280 

150... . ,.;. ,·10 650 600 530 4GO 350 ~120 .' I' 410 ' :310 j 2!l0 l 260600 1 H
180., . j ! no (l70 620 560 4!)0 .JIO a60 I 290 240 I 220 I I!)O 

>z 
HI'I'E HWI~X 100 

~ 
j j I, I I I 

o 

,! C':l)0.. __ ,., ,_ . .1._ .. , Ci40 i (i50 6:30 500: 5·10; 500! 450! aHO a40 'II 3001 260 2:30 ••... , 
r-I 

i. t< 
Hl. .•• ----.·.. -.----- ........17S0 750: 7]01 ()7016:~Oj 5701 520 460 .1101 :380 :350 :330 o 
120. ___ "''-' _ .. _. _ ...... __ 870 830' 780 740 ,DO 640! 580 520 470 4ao, 400 380 o
150_________ .... _ -- .. -..... •.1 870 I 810 I 760 720 j <i50 I 580 iHO! 460 I 420 I aoo :360 "'J 
180.___ •• -._._. ____ .• __ ,,,.' 'If 8(iO, 700 I 740, (iSO 600 I 530 450 I 400 I :350 aiD 280 

:;::l" ""'" ,__",_______,_,,_,___, __ ! I I j 

~ 
1 Blliled 011 table 108, Univ. of Minn. Agr. Expt. Sta. T(~ch. Bul. :39, by Brown !tnd G('vorkillntz (1034). rncludes board-foot volume 

by Scribner D('c. C iog 1'lI1I' for t.r(,PK 7.<i inchc;:; d.h.h. nnd l:u'w'r [0 :\ (I-inch top d.i.b. H 
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This is set equal to zero nud X I= 125.9 square feet of bnsalnrell per 
nere. The pract.ical npplicntion of t:his level must be tempered by 
{'onsidemt,ion o[ the e~llerimental l'lTOr nssocinted with it. Also, 
since stnnd density hos been represen led by n relatively flll,t-toppcd 
pnrnboln, devill.tions of 15 square feel of bnsnl area on either side of 
the mllximulll represent tt growth loss of less than one-tenth of a 
squnre foot of bnsnltuC!1 growth per yenr. 

Finding the mnxima (or cubic-foot, eorelwood, Ilnd bonrd-foot 
growtb is somewhat more complicated bec:nuse volume growth is not 
expressed mnthernnticttlly. Then too, volume growth lllnxillltt differ 
b~r ages Il.IId sites ns WIlS e\'idcnt ill the tables introduced earlier. 
'Ihe best wny to determine the maximum volume growth for It 

pert,ieuinr age nnd site combination is to plot n curve of growth over 
stnnd density from the c1ittn given in Lable 4 for cubie feet, table 5 
for cordwood, nod table () for bonrd feet. These points cun be 
smoothed, nnd the density giving mnxilllull1 growth (,llIl be rend wit.h 
lleceptl1ble Ilc('urney from the graph. 

('IUC must be used with high-dmlsity I11llnngement even if it does 
mnximize cubi(, \Tolume growth, for some of these levels approlleh 
the threshold where suppression losses an' likely to occur. Although 
some plots used in this study rcnch 200 squilre feet of bnsnl urell per 
n('re without. suppression losses, this paper trel1ts 180 square feet of 
bllstlll1rett ns Iln upper limit of stand density for mannged stnnds, !Uld 

this is reflected in the yield ttlbles ginn Inter. As Ildditionnl growth 
information becomes twnilable, modificnLions cnn be mude in the 
upper density limits. 

YIELDS OJ.<'" RED PINE 

For purposes of this pnper, yield hns been defined ns the summntion 
of it number of net annual growth incl·ements. This yield 11llty be 
stored on the stump until finlll harvest, or part or nil of it may be 
removed in thinnin~rs. If thinning is done, the yield may be hnrvested 
in short or irregular or long cutting cycles. 

It is evident tlmt .\'it'lcls can b<' oblttined in IHany ways. To rep­
r<'scnt tht·so in btbular or gmphie form would requil'e mnny tables 
fwd gmphs. Instl'lld, on(' series of .yield tables will be presented. 
HOI\H' of thesc litblPs approximate the red pine mnnagcmellt practices 
used by HIl' nn,tional forests in .Minnesolit and by othel' forestry 
agencies IlS well. No dllim is IlIIHle thl1t these )'icld 'Lt1bles outline 1111 

optimum tlItUlagcllll'nt; mther, they rt'pl'csent a eonvcni.ent. (orm of 
tllbuliltion thl.! follows rensolllLbly closely present-dny thmnmg pme­
tices in red pint'. If Olll' chooses to depart frolll the schedule of thin­
nings shown in thl' lilbles, ht' 1111\.)' sWI obtain sOllle infonnntion about 
yit'lds by intl'l'pohLtioll. Tht' methods of t'ollstnletioll will lH' suf­
fleiently illustmtt'c\ in the 11ppt'ndix so t.hat he ('!tn s)'1Ithesize his OW1I 
tables, 

Cutting Cycles' 

. For these yidd titbit's It IO-yellr ('utting eyeie hns been used {'xcept. 
Ul youllg sltmds that ILl'(' IIIILintltilled Itt 150 sqUllre feet of basltl nt'cn 
per I\('rc. For thOIll, It 5-yenr cutting ('yell> is used. The 5-year eycle 
prl'\'ent.s stnnds from growing to n, density where suppression losses 
in'p possible. Thinning ill I'('d pine is assumed to begin itt 11ge 25. 



GROW'l'!;'!: AND YlELD OF RE'D PINE IN MINNESOTA 2i 

Stand Density Control 

Tbl'('(' 1('\'(,ls of StlWel dl'l1sil,' htL "l' been ('hos('n fol' the yield tables, 
'l'lH'Y Ill'(' 90, .120, and 150 sqllilJ'P feet of bilSIlI IU'('U Pl'1' H(:I'I', At lhl' 
('!ld of Ptleh ('lI tlillg (',n'h' till' stand is thinned bllek to tlw appropriate 
dl'nsit,'" This PI'O('P$S is illustmled in figul'(' 9,• 'I'h{'s(' IU'!, but tlll'ee of the lIllIn," dl't1sit,v options thaI ('fUI be ('Xl'l'­
eisl'd b.,- II fOl'I'SI IllIUlttgPl', ll(' ('ould, fOl' l'Xa.ll1p\(', hll"(' his slands 
IW('l'I1gl' It gi"('11 df'llsity midwll," through a <'utting ('.n~h' l'Il,tlll\!, thnn 
begin tl.Il' ('yek with tlll' ginll dellsity. 01' hp ('ould ('hoos(' to nmxi­
IIli:r.1' ('tillie-foOL :tnd <'ol'(l\nH)(1 growl h, ill which ('lISP densi lips would 
elllmgt' with ('aell ('utling (',n-le. 

Yi.c1d Tables 
'I'h(' yif'ld tu.bh's (Iahl('s i, ~, 9, lWei 10) IU'l' gin'lI for siLl' indl'xl's 45, 

[10, 55, 1I11d (iO, Tht' thl'I'l' Innjol' subdiyisions ill the ltLblps gin' 
lmsal II.I'('I\' IUld "0111111(' 1'l'lIlltining Itftl'1' ('IWIt ('ut ('olunl!ls a to (n, L1H' 
baSli1 11!'!'IL Itlld ,'olulI\(' ('ut (e01.UIIlIlS i to 10), 1I.lld the ('ullluhtti,'o 
basal IU'l'1l Illld ,'olulIH'.s, which illdud(' inCl'('11Sl'S in tht' J't'sidua.l slalld 
plus thl' SUIII of 1\.11 ('\lIs (colulllns lIto 141­

'I'll(' lH't 1)(,l'io<11(, ILIIIllIltI growth in cubic f(,pt is ginll in ('oluilln 15, .. 	 For thp sallH' 1Ig-(' and sifl' index, lIt't pel'iodic 11IIIlllld growLh di(r~,l's 
sOIll(',rhllt rl'OIll lIlHI shown ill til(' i'ubic "olul11(' g-rowth t:Lblt' gin'lI 
pl'("'iously (tabl(' '0. This O('('UI'S b('('lllIS(' till' .yield tnbll'S ItH'l'itg(' II, 

sOIlH'wlmt hig-hPl' sllLlld dpnsit} dUl'ing tht' ('lilting ('.n'lt' thnn is ns­
slIllH'd in Hit, growth tabl('s. .I t is possihlt' to ('onstru('t growth tables 
tlml ('\os('I," ILPPI'OxillllLI(' the kind of thinning selwdul(' shown in lhe 
"ii'lti llLbh's, 
• ~ [(,Il11 IU11lUlll ill('I'PIIWll t is gi '"('n in column 16. Th(' ('ulmina.tiOIl 
of 1I1('llllllllnUltl illl'I'l'IIl('nt oC('UI'S b('(wl'l'1I the ngl's 75 Itnd fl5, th{' 111t('1' 
('ullllinlltioll lwing 011 IH~tll'l' SI[('S. ('olull111 17 gins thl' Pl'opol'tion 
of stltud basal 11I'('ll ('\It n,[ the l'nd of Pili'll ('tlt:l.ing (',n'Il'. 

rt is (,,'i<!p!l( 1'1'0111 til(' titbit'S IhlLl LIlt., high('I' densilil's produc'l' ltighl'l' 
l'U hi('-foot '"OIUllll' yil'lds, 111 though th(, ltd "1l1I Lltgl' is not as gn'ILl. as 
might on('(' hl"'p !I('('II thought. For ('XIUlIplt', if tilt' fOI'('sL IImnal;t'I' 
ehos(' II- I'otation of l(i5 Y('IlI'S 011 sitl' illdex 50 land, thl' 150-sql1lu'('-foot 
dpnsity \\'ould pl'Odu('(' Itboul 1,~OO l'ubi(' fl'(,t III 0 I.'l' v"hunt' thtUl 
would til(' nO-sqlllu'l'-foot I('nl, It difl'l'I'(,!H'l' of nbOllt 15 pl'rel'llt. If 
11(' should ('hoos(' I\. (\('nsil," lim! would Illltximi(:(' ('ubie '"OIUllH' gl'owth, 
th(,I'P would b(' ILiI addillollld ineJ'('lIs(' ill yil'lds, (l:-l('e "~[llxirnizil1g
Growth," 	 p. I7,l 

A Ilmjol' lid nln tligl' of thl' t Ill'l'e dt'nsity ll'veis, 01' '-lll'iations of 
tll(,l1l, is thllt tlH'," IH'!'lllit (,ollsid('n~ble contl'ol of si:r.c ILnd 1'I1diilJ 
growth of [n'ps. To ('xplol'l' tlWSl' q~!('stions ndl'qulI,tel.'-, i1ssllmpliolls 
01' nddili0!11l1 studi('s IllllSt. bl' IIlllde liS to mOl'tality, till' <'ffcets of 
(,tltlillg 011 teN' si:r.(~ itnd tl'(~l' diitll1l'l('I' distl'iblll,ion, and so fOl'th, 
Thl's(' ('ol1si(!PI'n.tions art' lwyond til(' scope of this piLpl'I', 1I.ow(' \'('1' , 

till' 90-squIU'('-[oot basal 1LI'l'It (\Pusity l'('I.H'l'scnls n, mlih('1' Opt'll I'ed 
pinl' sbtnd lind is thl' kind of control t1l1tt mig-ht be used to obt.ain 
Iltl'g<' I't'el pint' SIlW logs, TIll' 120-squlll'u-foot 1(, ,reI is Il lIliddl('-of­
t lIP-rand III ILIIIIgl'llll'tl t ('los('I", pn.l'Illll'ling PI'('SPII t th in ning pl'Ileti('l's 
fol' 1'('(1 pillt', B,\' ngl' 100 this d('l1sit", will pl'oduc(' SIt\\' logs ~q? to 
iLll I S-ineh t.op dillll1l'lPI' ILnd nUlllerous ItLl'g'(' poles and plhng. 

(Continued on page 41) 
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TA ilL"; 7. ndrl table for ..,ite 'irule:c 4.5 red pine in Jlinnt'sota (all titlfa are J)('I' acre): Thinning sdleilu/e ·.maintain 
. yiIJen stand den8·ity at be{/inn'i1lrJ l{f ('ach. cutting cycle 

!lO SQL\H1~ "''';'';1' OJ-' BABAf. AHfU A1' B,,:m:-:,\,l:-:Cl OF (TT1'1~{] CYCLR _._-------------. o 
::tl 

:1' rr~fgln ; He.flWfninj: 5wnfl ('ut. stand ('umlllat!\'e total "Illume- -('ut sl.nnd f"'rlodle 1 Mean Propor.' ooldomf· .! plus rrmtllnlng stand 111'1. IlH tlon 01 j ::::.~g~'l'nBnts ntllli_~_ --­ .------_ ..,--- '.~_ .• ________ ",",",_I annual annual stand t Ag(i,
years eodoml· I i .. f growth, f;rowth, basal: )"t'arsnnnts, I Bnsll! Culltr Board Bas:!1 (,uhle' Board , ~uhrr 1 

1 

cubic firca CUt, t ~ 
I('et I nn'[i (t)N Cortls . '. - . I('~t Orra r~N, CortIs I (C('t lel't, I(·~t perCt!lIl ! 

j :' '1"'1'(I); (2) i (3) f.!) (5) (6) Ii). (8) 1 Ill) : (10) : fIlJ • (121 ; (13) 1 (14) I' (15) ; (16) . CI7J!!l) ~ 
o--.-- -'-- --;---1---:----- .. -·--'---:---t-----·---j---!---:-;I:--;-;;T-~': 810 l 

7.11 i ' '.. ,.... .... • ... ' 91).0 I' 8.10 ! 7.81' . .' "'-"'j' :1211••• '" 25! \ . I I • 1 ;. 103 
35 32.0 I 90.0 j 1.180 I 11..1 'I ...·-1 1>0." I MO fi.4/, '. 1-10.4 i 1,840! 17.,<)" ,.. ,.1, ..... 52 I 35.0. 3 ~ill 

~ 

j 107 . I o 
45 ·11.0 I' 90.0; 1.510 I 14.U. 7,790 I H.l 740 7.2. 184.~ I '2.910 I 28.2 7,700 .. ---ior' 05/ 32.9. 45 


55 4S.ii 90.0 j 1,780! 
 17.:1 I 9.100 i 38.5 j 700 7.4 3,900 223.0 I a,{).Jo! 38.3; 13.000' ....! 72 i 30.0; f> ~ 
j I j . I I !Ill' t 


05 fi""~ ! 90.0 2,000 I
, I 
10." 10,2oo! 3a.:! I 740 7,21 3,800 2~6.3 '. 4,900! 47.61 17,000' ........ j.' 75 I 27.0 (I. ::tlI I ! • I S5 tz;l

75 ~!), Ii i 90.0 I 2. 190 ! 2/.2'1 11 •2001 2H.2 090 0.6 3,500 $1.0\' 5.780J roO. 0 I 22.490 , .••• __ • 77 23,9 75 o 
85 1 1· "0' 

04.0 j l~l.O I 2,350 I 22.8 I 12,000 I 23. \l r.:!O 6. I Ii 3.200 a05. .J 1 6,570 1\3. 7 26,490 .. ' .•j 77 21.0 SI ~ 1 Z9,1 I 67.5 i 90.0 I 2.480 24.012,700 lo.7i friO ,U 2.800 320.1 7.2401 70.2 29.\loo ..... ~:1 76 18.0 t'l 
70.5 I, uo.o, 2.590 

105! 26.1 13.200 W:! j 470 -1.5\ 2,-100 :11·\.1 j 7,820 73.8 :12,800 ...... ~s-I 741 I,U 10 Z115 la.O 90, 0 I' 2, /lSO 20.0 13,700 13.1 ! 300 3.81 2,000 357.5 8. 300 80..~ 35,300. ••• 72 12.7 I 11 
as125 74.5 j nO.n 2.740 26./; 14,(l00! 10.41 :120 :1.1 1,600 36i.P i .H.!l80 84.1 3i.200 ......... 69 10.-1 I' 12r. e= 


, t • 31 
135 

1 75. Ii 90.0 2,780 20.0 i 14,200 I 8.r.! 2iO 2.6 1,400 :170.0 I 8.0<.10 I .~i.l. 35,890 ......... 67 8.7 J 13. 
.,"'l'i) • I I ' 25 ~145 i6.5 . 90.0 I _I. _ H,"OIl 6.9 2'~0 2,1 1,100 383.4 I 9,240 89.5 40,100 ........__ tH 7.1 H; rJ2 


155 77.5\ 00.0 I 27.6 14,500 S
i ~:~~ I 5.7l 180 1.7 000 1/ 389.1,' 9.400 91.6j 41,100 [ .......:.1 61 6.0. 15.) 
 :a:165 78.0 (') (') ('l (') 95.0 I 3.030 29.3 15,-190 :191.1 9. tHO 93.3 42.000 • __ • __ .~~.5S 190.0 I 165 

See footnotes at end of table. 

~ 
c.o 



o
'J\mU'l 'i.-Yield table 1M' site iwiex 4-5 'led pine in Mi'Mte.wta (all data m'e 1m' (L("i'e) : Thinning kchedule-'lIlaintai11 

~ 

given Mand den,~ity at beginning 01 each ontting cycZe-Continuetl 
>-3120 SQrXRE FlU:'!' OF llASA1, AUK... Nt' HEGIl'XINO Or' CI."I'TING CYCLE [?'l 

o 
I I·' . . l:4ITl·ight I l!~Il11\h\lng stnrHi Cut stand Cumulative total vOlUfU(,-C.ut stnnil l'''rlodlc I ?1~nn ! Propor·Io( dornl· . . I plus remulnlng stanil net I net I tlon o( ~ 

Age.!I1antsnUdj________ ___, .' nnnuai annual otlltlrJ Ag,", 
\'~nrs codomi. Iii I ) I 1 I growth, growth, j hnsoi Y('urS ~ 
. nnnt~, TInsnl I ruhic' , , Board I TIII5al Cubic TIollrd Basal CubIc 1 TIoard '('lillie cubir nren ('ut, t" 

(C(·! erea (~(·t; Cords: (eet I nren I' (eet Cords I fe~t ! aren I (cH I Cords ((oct 1 (eH (eet! pt'TC('llt 

<:1~.~~1 (_ll_I~_i~I_~I-~--(-O)-I~I--(I-l)-j~!~~-(J-I)-:~-..~~l--~~~.. 
til 

__(3) __ (II f: 
25 22.0 1120.0 1,080 I 10.4 L ..... -""-"_ ... --.--., 120.0,' I,080! 10.4 -... 1 ..... _1 ·13 I .... 25 j 
35 3.2.0 120.0 1,I;iO, 16.2 ...._. ..1 50.3 660 6.4 .... _.) 170.3 2,230 I 21.0 ....1 ._._~~~! 641 29.5 35 z1! -,. 118 j 

45 41.0 120.0 2,010 10.5 44.1 740 7.2 214.4 3,410 i 33•.1 ........J ....... 76! 26.9 45 ..... __ jl 

1 . .~I , 'I I 113 . ...M 48.5 120,0 2,380 2:1.0 12,100 3S.G i60 7.4 .........1 253.0' 4,54011 H.O 12,IOOj·'·"io4'/ 83 I 24.3 55 

~ 

fi.~ M •. ; 120.0 2,070 25.9 13,C,oo 33.8 750 7.3 3,800 286.8 5,51iO 54.2. li,400 I .... j 86 22.0 65 
I Of> ' 1 

~ 
75 50.5 12(),O 2,020 28.3 14,000 28,0 

j 
700 6.8 3,000 I :1I5.7 6,530! 6:l.4! 22,3()0! •.••• \ 87 i 10.4 75 

i j fn87 I 

&i M.O 120.0 :1,140 30.4 16,000 24.8 6,'iO Ii. 3 3,300 i 340.5 7,400 I 71.81 26,700 1 •••,/ 8i 17.1 85 


f j ) is o 
[?'l95 67.5 120.0 a,310 32.1 16,000 20.9 580 5.6 2,000: 3fi1.4 8,1r.D t 79.1 30,500 1"'--'."" 86 I4.R 9.;' , 'tl65 

105 iO.5 I 120.0 :1,·160 33.517,000 17.5 500 4.92,0001 :178.9 8,800185.4 33,BOO1.., •••••• , 84 12.7105 Y 

115 73.0 120.0 3,.18;) 3·1,7 19,300 14.i' 440 4.2 2,2ooj a93.0 0.3C.o! 00.8 36,iOOI ••.• 5~.1 .ql 10.9 115 o
H, 

125 74. .1 120.0 3,Ii50 35.4 18,000 12.1 370 3.0 1,900 405.71 0,800 95.1 38,000 ...... '36.1 78 9.2 125 
"l 

> 
135 75.5 1200 3,700 35.0 18,9nO 0.9 310 3.0 I,C,oo 415.6 10,160 1 98.61 40,800 ....... ..1 75 7.6 135 o 

32 I ::>:I 
145 76..'. 120.0 3,750 36,3 10,100 8.6 2iO 2.6 1,400 424,2 10.480 I 101.6 42,400 ......... .1 72 6.i 145 

q8 I 2155 77.5 120.0 3,800 36.8 19.400 7.3 230 2.2 1,200 431.5 10,760 i 104.31 43.000:. :.. 69 5.7 !5.1 t" 
t 24 I165 78.0 (') (') (') (') 126.8 4,040 39.1 20,000 438.3 l1,OOO! 100.6 I 45,100 I......--1 07 100.0 HI5 ~ 1 ::0 

[?'l 

.. 




.,. 	 , l' ,. ..,.-1' 	 "'f 'If ~ " 

1/,0 SQt'Aln: n;wr Of' BASAL An~;A A1' IIE<H"',\I:\(1 OF Cl 'I'TI~(J eYC'L}; 
,...... ___._~ '''~'''-__ ~'''''''' ___r'''~' 

-".'--""~--'-'~ 	 . ~-..,.,....--~-.------,.,-,.-- ..--­
! 


1)6 1 ·noi 1 lro.O ; 1.350 1:1,) I - INJ.O 1,350 131 M, 2.5

301 1500 I 1,f>50 16.0. 25,3 28Qi .2.7" 170.3 1.930 Iii .. ~ 120'\ • 14.4 . 3027.0132.0 150,0 J 1,000 19.0 f. 310 1 30 1!i'J I 2,.sro , 24~ i 73 13,7 ' 3S o~8 I 37.0 IroO I 2.270 22.0· ~nl 340 3.2 221 3 : 3.(1)1) 30 9 , 121·~. _ 129 , 40 
45 i 41.0 lro.O j 2,510 2t.3 I 'lO.n j 

' 3.4 2·12.1 3,700 36.6 ;. b-j' 12.2 ! 45 ~ 
50 45.0 1 1500 I 2f-.fJ() '2G.7 , 19.5 i ~~ ! :1, Ii 2r,1. 6 4,400 . 42...5 ! ~ .... , ... ; _. ~ l1{j 11.5 ; ro 
55 ,18.5 I IN). 0 l 2,.070 28.8 J5:~'OO . 18.0 360 , 3.5 2i9.6 4,970 4S. I : 15,200 i • 00, 10. i 55 :a 
r.o 62.0 I 1.5(1.0 I :t 190 :10.9 ' 10,aoo, ]fl 9 ; 3ilO I 3.5 • J;&iQ' ZOO. 5 5,550 rht 7 18,100 : 10~ : 10. I roo '":3 
65 M.5l Im.O :1,310 32..) t 1.,000 ' 15.6 i 3.50 I 3.4 j 1.800 312.1 t1,05O 5116 20, t100 . '93' n.4 65 il1 

J 	 00;
bO."'! lro.O' 3,1l.'O 3,5.3 11;,('JOO . 2ft j : roOO : 0.3 3,300 . 33KS 7.010 67,8 , 25.5O!l 1 93 15. I .5 ~:, 93 !6·1.0 IfAI.ll 3,020 I :18. 0 20,000 ?2,~ : GOO Ii.S 3,000 301. 6 7.l\8O /G.3 ! ~>9. 000 i 	 la.2 8.'i

74 'j 

~i 

, 	 " ...;95 67..~ Iro.O ·1,).10 I ·10. I 21.100 .-5:20 5. I 2.700 :180 r, l;.fi~'O : "'3.;i I 33,700 91 11.2 : 95 ,..,19 0 1 
J 61, i ('l 

105 70.6 Im,Q 4,a20 j 41. 0 22.(}(XI 15." 4r,o 1. 4 2,300 300.·1 : 9,260 ' 89. i f 30,900 88 I ul 105 t"
M'! C 

115 n.o 150.0 4,.JiO , 43.3 i 22.800 13.0 31lO 3.n 2,000 ·)09.4 9,800 94.9 1 an. 700 R,~ .<;,0 I 115 

t ! -12 
 o..,12,~ 74.5 lro 0 4,fAl(] ! H.21 23,300 10.7 :130 3.2 1.700 42(1.1 10.220 ' !l'J.O 41,000 : 52 ! 125 , 31 . I; ~ 1 

13.~ 75.5 150,{J 1 4,630 I H.l\ ; 23, fJOO 270 ' 1.400 ·12KU 10,500 102 2 43, GOO I 78 i S,a : 135 ::0I;.!; . 
J I I 29 ; , t") 

I) f) i145 76.5 ,. 150,0. 
·1,1\00 I ·15,·1 1 2:1,000! 7. 2 ~ 2:~) I _ .... 0: 1,100 : ,13G. I 111,850 i 105,0 i ·15,000' .. 75 4.6 i 145 c ,I : 	 20"4 r 

1 	
-.)lli5 77~6 I 150.0 I ·1. ifAJ 46.0 j 24,200 i 200 1.1l j 1.000 i H2.:1, 11,110 107.5l 111,:100 L . .. I .. , .tOi 1M 'tI6.2 t 	 ...1 	 1 ! 20 : 

105 ·S.. 0 If (') 	 I ('1 1 ('l (') I IM.·I, 4,9,,0 I 4B. () i 25, :lIIQ . H7.7 i 11,310 ' 109.5 1 47,400 ;., ~ ,~i (10 IllO !l • It)5 ('l 
Z 

I t j I I t I 

; 
.... 

I All wOI><I hnrvrSI<'.1 prior to thIs ngl' not IncludNlln yi"ltl tnlll,'. Z
• Enu of roUlllon, 
• Periodic ,\11<1 IIW,ln Al1nlltll growth giwn hy IO'Y("1r iIltrrvllls. Ul1rar illl('rpol:llioll of lu'i~lll hy [j-Y",lr l)('ril)JI5 pro<1I1("S .slight 1I1l(Jrnali('s whi"lllIn' (l\'OI,IPfI Iw thr 10')'('ar \<" 

lnt~r\'fil. 

~ 

C>,j.... 
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'I'ABU; 8. Yield table for site index 50 reel pine in iMinnesota (all data 1MI' acre): Thinniny schedule ··m.aintain [liven 
t;tand density at berJinnin[l (~f each cutting cycle 

~ 
p00 SQI:AHE FEJo:1' 01' BASAL .\REA A1' nEQI~:-:INO OF CU'i'TINO CYCLE 

' 
....I Height ',: J(!'mnlnlng stand Cutswnu ICumulative towl volume-cut stand I' Pt'riodie Mean propor-j' 
§ 
(")! or cloml· plus remaining stant! net net tlon or ;;..

Ag~, Infims !lnd _________. __ ,______ annual tmnual stand 1Age, t:" 
yenrs, codoml'j T l' , I I' I growth, growth, basal, yCllrSI nants, Basa1 I Cubic Bonnl Basal' Cubic . Bonrd I Basal Cubic Boaru i cubic ruble area cut, b:l 

I rC\·t 1 ort'n l rCI'[ Cords (.'rt IIrcn It re~l Cords rcet. ar('" I r,·(·[ ,Cords reet f reet feet llli'rcent jI ,. I , C1 
(I) (2) j (3) I (4) (5) (6) (7) (8) (0) (10) (J I) ; (12) 1 (13) (H) 1 (15) (l6): (17) l tIlI E
,---.-------------.---,--------- ----t---J---'--·-·------I-·--i'---~ ~ 

l251 2~'51 I HO.O 000 8.7 •••••.••••••.-, .. ·1··· ..·...,..... ... ......... !l(to I 000 K7/., ••• , •• .1,.......... 36 1•.. • ....•• !lil 
 ~ 
, . I! i I" liB I l35 1 35,51 00.0 1,:100 12.0 ••••••••• 53.7 j 780 I 7.5l····· --. 143.71 2.080 20.1 ••... · ..+.····125· 59 37.4 I 35 .... 

1-:1
45 15." 'lO,O l,6ill 16.2 8,li00 47,41 880 3.5 ......... lOLlI' :1,330 32.2 ' 8,1;00........... 74 1, 34.5) 45 


1 I 122 ' -. 
55 .;3. Ii Ii lJO.O 1,070 10.110,000 41,0 1 \l2O A.O 4,700 2:13,0 4.550 H'OII-l'7oo j.......... 831' ;11.81.55 "" 
113 I . 

I\.1 fln.O 00, () 2,210 2l.4 11, ~1O 31l,4 ROO 8. 0 4,600 2ti!l,4 5,680 64,0 20,500 L... ..... 87 1 28.5 : M r::1 i 107 , :I fr.75 00.0 1 IH}.!) 2,4:!O 2:1.5 12,4()(J 3U 850 8,2 4,300 :100.8 6,7[,0 1)5.2 26,IlOO 1.. ···.··.· !l() " 2,~,O I.' 7.1 
. 96 I t::30,000 I..........
8.; i1. 41 1, 90.0 2, fJlO 2,;.3 13,300 27.0 780 7.6 4,000 :127.8 7,710 H. 6 t 01 I' 2a. I i 85 i"l , 86 ' 


1)5' 75.0 l !lIl.O 2,7f,o. 26.7 14,100 2.1.2 710 (i,0 3,600 351.0 8,570 82.9\ 35,300. ......... 00 j 2.1,5 i 95 "0 

H'I -6 ' ,

105 78.5' 00.0 2,800 28.0 14,7IlO 10.6 (laO 0.1 3,200 370.6 O,3;lQ 00.3' ;19,100 ••••••••:.. Bot 17.0' 105 
64 I :;;

115 81. 0 !H). 0 2,080 28.0 15,200 16.6 550 5.3 2,800 aS7.2 0,070 00.5 42,400 ••• ....... 87 1.;,6 I 115 

. .14
I ;;..

125 83.0 11.0.0 a,05O 29.6 15,600 I:U ·\70 ~,5 2,400 401.0 10,510 11)] •.7 45,200 ,.......... 84 13.3 125 
 o47 ::Il135 84.5 IHI.O 3,110 aO.l 15,800 11.9 410 4.0 2,100 412.0 10,980 1416.2 47,500 .......... 81 11.7 135 ... 

38 (") 

145 8.;,5 00,0 a, 1441 30.5 16. ()(lO 10.0 350 3.4 1,800 422.9 11,300 110.0 49,500. ....... 78 10.0 145 C1 
36 t:" 

1.~5 81\,5 00.0 3,180 I 30.8 16,200 9.0 320 3.1 1,600 ~31.9 11,720 113.'\ 51,300 I.......... 76 0.1 155 
i ao 

16.; 87.0 ('J (') ('l (2) 98.41 I 3,480 aa.7 17,800 ,\30.9 12,020 lln,3 52,1100 I.....·.... 7:1 100,0' 165 
a 
~ 

··d· d ..j ..J. ,....... c.I. ... .... 1 .j. . . iI. ......
.1 

http:11.81.55


""If ,.,~ ~ .. ',! ~ ~ :f '" " Y' J. 

1~'O SQLuu; f~:K'l' or- flAB,U • .'.I(1o:A AT IlF,OJ:\:\I:\(j ()~' Cl'TTI:\O CYCL~; 

. 


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

0 
- 131 • 

2~ : 21.5- I I2IT () . l,2tJ<) : lLij "'j"W 120 I) 1. 21K1 11.6 4, '__ 2.,., 
~ 

:1'; : 3.~. 5 ' 1211.0 , 1,7-111 16 !l .,3 4 770 ; '75 ,. 1i:l4 2,510 24.4 . 72 : 30.8 . :15- 0 
137'; ::: 

41l i ,15. •~ 120 0, 2,,2;m 2Ul -17 '2 8l)I) ~. 5 2'20 r, 3.-,><;(l • - n ' I 81\ 2').2 4:,) -.." 
1 

3, I - - ";''''-13i-, .~ 
M .~ld~ , 120.0 2,621) ~,)_" f 13.41KI . -II. U 1;.91._ ~ 21)2.5 .'i,IOIl 503 13,400 ... , _ 04 25.9 [,ii9'20 • i 

12"2 ;;.
MI 60.0 120.0 2,010 211.5 ; 15-,000 3f;, -; 9\~1 4,mO 290.2 6.410 . 62.1 no 2:t 4 r.5~. 7 : w,rm , .... j Z 
75 IlI.i.O 12(l.n :1,240 1 31:! I 10..500 nl 870 S.·I ·1,400 331a 7.580 . 73.3 1 25,5-00 ..... I~~. 101 211 7ri " • J()~. .~ 

~8.; 71.0 120.0 3,·180 ! ;$:~. 7 17,700 27. Ji hlO I 7-8 4,100 3,19. I 8,0:10 , 1;3.; I 30,800 .... : 102 18.8' ' S5 
[Tli 1 94 i 

0.1 7[).O 120.0 3,!lIlO I 35.0 18,800 24.1 740 ~ 7.2 :1,800 383 2 H,!liO 92. r, 1 35,700 ._,- 83. 1 tOI ! 16.7 • H!'; 
9 
t"' , 

lOS 7S.S • 12(l.O a,soo! 3i.3 1\), rJ)O 20.7 !i(,o 6.4 3,4OU 100.: ! 39,!X)Il .... ,._1 \X) I lOS1-1.71 0 
. it I "'J115 $1.0 j I~~).O a,97O i. :IK. :; 20,2(10 \i.8 500 :; i 3,000 107. I) I 

43,[.00 (--"-02"j 0'1 12.9 115 
~ 125 S:l. I) 120.0 ·1,0;0 I :l9.·1 211, iOO 15.2 52(l .'HI 2.r~) 113_5 46,mo " __ .,,•. 94 i 11.2 l 125 t'lj i. I ,j:!

13.1 8·1.5 120.0 4, HO 1 ·10.1 .21,100 13.2 -I\lIl ·1.·1 2,3(10 liS. 6 
91 I D. UI 135 " ·10, 3()Q I' ---. --'16' 

~ 
i:t6 8.j. ,j l~~).O -I, HlO I ·10.6 21,-100 11.6 410 :1.0 I 2,1(1) 12:1.0 8S s.81 145 .... 

51, ,OU 1----"'42' Z 
165 &.1.5 121).0 -1,2-1() -\1.1 21, IlCIO 10.4 :liIJ :l. 6 I I, \)(10 127.1 53, /lllO ••• , __ " &51 15,; C'J 

8.0 I 
(') 

I 
130.0 -1,620 

:18 
165Ir.sl 8 •• 0 ! !') ('I ('J 44.8; 23, r,()O \ao.8 I .5.;, soo i ......... 82 1 100.0 
 Z 

See footnotes at end of tahlf'. ~ 
52 z 
t.:J 
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~ 
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TAULF, H.-Yield table fm' 8ile inde;;: 50 J'ed 1>inein Jlinl1(-sotll. (Itll elida pel' af'~'e) : 7'ldnning scltedu7e-Jfainlain giN'II. ~ 

J!tanrl dt'r!8ity at beginning of eaelt ('ulting ('yclf-Continu{,d W. 

l.r,o SCteARf; }·f:P.T Of' RA:UI, AREA .1'1' lll':m:-;:·a:-;o OF ('\''1''1'1:-;0 (,YC'Lf:--...------~ -._,-_'. -:l 
t"l 

! 1l!'lgllL HI'IIl,,\nfng ~1U1l<l ('ut'llInd (,umulutlw total \'oluml'-em stand P(·rlodle 
I
i :'!rnn Propor· t"') 

! oc ,1!J1Il1· . plus n'malning stan,l net lIet tion or a:! 
,.\gt\ :nllrllSfUlfI: tlllIllIlll n;:)nunl stan!t Agi'. ~--,,..-,.,.",,~-. -,"'~">- -----"~,~~"""--<~ 

}"lIfS; ('O<lolllj· . growth, : growt]I, hasIlI )t!~\r$ 
rlllnl~J HiIS,,1 ('nhft' Hoard R:ls(.1 Culll(' Board Ila~:\l ('ulll(' HouflI , ('uhlt ' ('uhle nrrll "Ut. n 

r""1 urpa ("e\ ('ords (,.,.\ Urt"a rt.~t.·t Cords (eN fin"a (t)l't ('ofll~ ({'l't (,·(·t (·"t IX're('nL :... 
c:-

OJ 12) l:lJ HI (51 jflj 171 IS) fV} nOI Ill> 1121 n:lj (It, (lh, (1m 1171 (I, t::::,...
~ w .... ~ _ ..... _ .................. ? 
-*-- .,.-~ .. ..- .... -- -------...... ~. 

c;!
25 2·1.5 t '1W.II 1,5(X) 11.5 IW,I) 1,IiOO 11.5,._, .. f I~) 2b 
ao :m. II liiO.1l ! I, ~,1O li.J> 21;'9 3:lil 3:2",~:::.~.~_ l'fi.U 2.IiO 21.0 "" t 1;i7 j................ ~_ \ is::i 30 

C-­
t',l

:15 :S5. 'j , 1f,0.0 ' 2,liU 21.1 2.').2 :171) :S.5 '_. ~ ...•. c'02.1 2t kin 27,,) . __ •.. l ];2 : H.·I. a5 

·10 41.0 i IfiIl.1) : 2, Mil 21,3 2:1l! ·100 i :I. U 225.0 a,ow 3t.9 : 144 :....... ' 13.7 ; 40 
 :a 
45 45.5 , lW.O: 2,700 27.1l 22:'1 i ·120 4.0 2t8.3 'l,:110 tLfl " "" 911 i 13.0 . 45 Z 
W 50.0 11)1).0 I :l,om 29. 7 ~~_~.~ ...... 210 ·1:10 ,1.2 ' ••. 269.3 . 5,Oll! 40..~ 135._.. _.... ; 12.3 1 50 
55 fI:i 5 WJ.II a.2HO aU; 10, ,IX) , 19. il ·1:1(} .1.1 2M.S 5, r,ll!) .~4.7 W.7W ...... ' Hl3 ' 11.5 55 
ll!) fi7. II 1;'0.11 :1:1. 8 17.ROO , 1~.-1 , ,1:1II I') 2,"2tK)" fl,:lIX) , 20, (~X) J21) : ~ ..... _ 1 

,.:>a.·HIII :S07.2 m.9 10.9 ; 00 -J05 f~J.'J W).O! :1, tiRO: :S5.n 1~,l;(X) 17.0 ·12(1 ·1.1) : 2,HX) :124. '2 H,mO un. 7 23, J(}() JOu' 10,2 115 I':> 
: 117 ' 


75 Gn'fl 150.1) ,1,(140 :1\1.2 2O,(l(Xl i 'In.!) HIO 7. H 4,l(]O ; :154. I ·".U8I) 70. I 20,000 lOS : 1n.7 75 

: wil r: 

8.; 71.() W).1l '1,:150 ·12.2 22.2(X) , 25.0 i j[JO 7,;1 :1, 81~) 1 :180.1) , II, HO f;,~,1 :1l.400 IIlB 11.7 M 
!I~' ?; 

9.) 75.0 Iml.O ·I,I~IO 'l-t. [) ZI,·lIX} 2'2.2 1i80 , 0.0 a.500 : 402.:1 • 111,070 97.3 :l!l, IOU Ion: 12,11 , 05 
i . ~:f; C 

rz;101) 7R.5 ·1. Sill ·111. Ii 21,~m I~. 0 mil i 6.11 : :1, II~) ·121.1 10, S!1O IOha -1a,:IO(l 104 1}.2 105 
~~ t~ir 1 "C 

-:lI IIi 81.0 4. !lliQ 48.1 25.:lIK) HV2 : 510 5. ~ 1,700 : ,m.a 11.6811 112.0 111,8'10 101 n. i i lIu 

125 8:1.0 5,tl1)(} '11).;1 2n, O!X) 1:1. 0 .W): .1.(, 2,·100 ·1.)1),0 12,1,0 Jli, j t -19, r~1O ' U7 K3 125 0
,il' i "l 

lail 8,1. Ii 6,180 .50.2 26,·\00 12.0 ·110 : ·tll : 2,100 ·U;2.0 12, fiiO 122.!l 52,.JIX) Ill, 7 ·1 Ia.)
'.'ii"' >-

C145 &i. 5 5,2·10 50.S 26,700 10. I :\00 :1,·1 : I,8m 473.0 1:1.080 120.6 M••WO !lO 6.:1 145 
i :lil', ::c 

105 Rltil 5,;lOO lil.4 2i.()(k) 0.2 i :Jail I "J f) 1 1,7m 482.2 13.470 1:10.1 51l, .olIO ~i 5. ~ i!la t"')jI ali t::l 
165 87.0 I~) to) ('J 158.0 : ii,il-10 ! h:I:~ I 2.~, Ji!lX) 400.8 13,lilll la:l.r. 5S,;l!lO 8t loon Ir>~ c:­

.-.--~.,-- - .-------.------~. .-:-' 
, All "'oot! hnT\'~~ted prior to this ;\~e not In('Iut!NI in yi('''1 tnIJlv. ::c 
, End Of rotation. tTl 
1 Pertodh.· nlHl IIll'll1l annual ~rowth gh·l~n hr H)-YNU intrrvnls-. LiIH'llr lntl'rpo\:ltion or h':'!ght hy h·y(·nr Il('riOd~ prO<!UI"'S slight "1I()lTIttllv~ II hi<·h \lrt·1I10hl,·d h, the IO·YI·.,r

Inten·1I1. 

_,:.c. ... ... .:. A .. ) ­ ~ 
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'PAnl..}; 9, Yi(,ld toble fo/' silc' it/de:r ij/j red pin(' ill Jlimu'Nula (all dala are pa (leJ'l'): ThimlillY 8c/tf'tiule maintain 
yil'£'n stand dewdty at bf[lin1t'ilLf] IIj each cutting cycle 

\~I BtWAIU: Fln:l' .)]> BAS,\!, A1U::A ;\1' IlEOl~:-:I:-:<l OF (,\'1'1'1"0 CY('Lf: o 
~ 

'II,'lghl 
or.lllrn!•. 

Agf~, :nants tinct ___~ 
yt"ttrs i ('odorni .. i 

i nonts, I ll:llmi 
. ((!tIL JlrNl 

nl'lll;lilllJlJ( st:!lul 

('Ubk
r"N Cor.ls 

' noaf'! 
f<'l't 

BtU!:ll 
,In'n 

('ut 51<1I1'! 

CuNo 
(·l·t Cords 

Board 
fp"l 

('ur)lulnth'" tol~.! \'oIUlnl"~lt Stall·j 
pIllS ,,'lJIallling stand 

Jlt;,~fll 
an'n 

('uhl!' 
(N'L ('ortis 

Board 
rt·(·t 

hrlodlr 
IU·t 

annual 
gr{)\\tlJ, 

('ul)1(' 
(t'!'t 

.\1 ('fill 
nfot 

nnnual 
I(ro"t1l, 
(·t1hl~ 
rert 

ProPOr· 
tlon IIr 
Stnntl 
hasal 

nr(>a "Ut) 
pI'n't'IIL 

Agt·. 
yt'~"" 

o 
~ 

~ 
~ 
~ 

(1)' (21 (4) IRI IU) (10) jll) 112) d3} 'HI tl5, tl6) 117; ,11 d 
---~.-.--~--"' ".'-"---;~""'-"" 

25 

JIi 

45 

...,)5 

27.0 

;lU. I) 

50.0 

5!Ul 

G:JO 

1,·I:m 

l,iBO 

2,170 

la.lJ 

17.8 

:lUI 

~ - ~.I 

9.-100 

11,100 , 

56 8 . 

m.il 

.JI.U 

000: 
1,0:10 

I,OBI) 

Kg 

10.0 

lU. .1 5,500, 

(!II II 

\·16 j, 

197.4 

:!-U.:i 

wo 
~,:I:I!I 

3.770 

5,180 

U G ~~~~4 

:!:! 7 :.~ 

~i6, 6 

tAl ;l 

9,·1\XJ 

16,1)00 

la~ 

144 

HI; 

4[) 

0;0 

lH 

IIj 

;18,7 

30 U 

3:l.3 i 

:!,j 

3; 

4;; 

[,5 

j 

'" r 

" o 
~ 

61i 

75 

85 

(ifJ,O 

72.0 

;7,5 

00,0 ; 

.0 

'1,430 ; 

2,650 

2.8.'iO 

:.!3.5 

2!'~. n 
:!7.iJ 

12.400 : 

13.lRlO 

H,fJ(~) : 

3U.5 . 

:H.7. 

aO.2 . 

I,om! 

I,02t1 

000 

lUa 

n.o 
9.3 

,~,·IIJO 

1i.2m! 
·I,IXlO . 

:lSI I! 

:IIU. Ii 

:1411. 7 

6. [JO() 

7.740 

A,\J!Kl 

Ii:!. 1 

75 I 

M.4 

2:I,3!XI 

:W,OOO 

:1.0;,500 

lac! 

U4 . 

lit. 
.... illS', 

lOU 

103 

105 . 

:10.5 

:17.8 

:!5. r 

0'.. 
75' 

h!.i 

;::; 

'" " "d.... 
~ 

05 8:!.5 ! .0 a, (~lU :!!l.4 11i,5!XI :!6. 6 ~ 
I 

1~l(J S i .J. f~Xl 3i:13 u, usn 901.9. 41,llXI - ••. Uti"' 105 2~. S H,j ['l 

10:; 

115 

I~f> I 
1:15 

1451 
i 

J5Sj 
165 1 

Hll.1i i 

80./; : 

\12.0 

0:1. Ii 

tH.S, 

95 fl : 

Il!\.O: 

.0 

.0 

.0 

.0.0 
~O 

~ 

:I.IRO 

:i,ZOO 

a,38O 

:I,HO 

3,,170 ! 
:1.510 II 

('I 

:.10.8 

:ll. n 

:12.8 

aa.a 
:I:!. i 

:14.0 

(') 

J(i.21l(} 

lfi,8IJO 

17.aoo 

17",;(lO 

17,71Xl 

17.00i1 

(') 

~2. ~ 

10.8 

1­ 9,.­
15.0 

13.:1 

i~.() 

101.5 

810 

7:.!O 

650 

570 

IilO 

·170 I 

:!,98O I 
1 

i 81 
7.1l i 
n.3 . 
5. Ii 

.1.0 

4. Ii 

as.6 

, 

,1, HlO 

:1.7(XI 

3.:100 : 

2. 00i) 

2,f~ ; 

2.·1\XI 

20,300 ! 

3\)1l1 

-115 9 

4:1:1. I 

Hoi 

·161. 4 

473.·1 

481. U ; 

1U,IIlO 

11,7711 

]2,5111 

13, Uil 

13.680 

14.100 

H,t)(j{J 

J(XI J 

IH.:! t 

121.4 

127.1 

132.8 

l:ii.6 i 

1..t2_:! 

45.I)/.XI ""'il': 

,'jO,2tX1 
7,1 

54,IXXI 
57,100 : ...... r,;j"! 
lill. \XX) i" ,. "5/ 
62.500 ; .... 

64, \XX) : ... 

51 

47 

lUI 

101 

ll)(] 

Ui 

91 

frl 

SU 

~~l. 2 

IS II ' 

160 

1·1,3 

J:!9 

lUi 

100 0 

!O5 

lit. 

1:!.!} 

I:lii 

[4:, 
I.,;; 

165 

.... 
~ 

';i 
R 

~ 
~ o 
~ 

See footnotes at end of tnbJe. 
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~ 'J"mL):l n.-Yield table /0'1' ;rite t?ldex 55 1'ed pine in JNnnf'.w/1l (all datil I( /'( JlU' at·J'(·) " Thimlillq ,w·ltNI1l1l'-lIlahdain 


qil!f'//1, filtmd density at beginning of each cutting ('ycle-Continued 

-..., 

I2IJ SQI:Mn: n:~:T OF BAHAI••"HE.... AT BIWI~;:-.(I!':() OF Cl"T1'1;:-.(n ('YC'LJ,; 	 t': 
!") 

:c 
Ill'lKht H('IIl;I!nllll; ,'tIll1'1 	 Cut 51;\1111 CUfllulatiw 101:11 rolul1ll'"- ('ut ~l(IIl" I'Njolli,' ;\1 ran I'ropor- z or IJoml. 	 ~plus "'mnining stullt! Ilf't net don or

A~t", jnnnt~an('1 ",nulla) nnnuul :;.tnnd " Age'. yenrs; rodom!. 	 &:g:rowth t growth, haSlll r~ftr~'nanIs, lltlsal ('ubl(' 	 t'"no:ml ni\~al ('uhl,· Ihl:lrIi (·"h\(o {'ubi" urea ('nt, ~ (NIL 	 tlr(\t\ (t'oC't ConIs ('oflls I"H on'" ("." Cont"i I...,t (t·(·t I(·e( "1\('«'('111 e;, 
Ilj {oIl (61 	 ~ (10) '.11- (12. Hal (I~' (It)) nit (1· t ­

t" 
2.; 27.0 1 12tI.O 1,320 12.8 	 ~ 120.0 I,a:!() 	 Sl 25"'"j49 	 ?:1(, :10.0 1211.0 1,010 18.1 	 S 7 I 176.3 , ~,Sll] 27.2 ' 8(1 . :11. U 3.; ~ , .157 ~4.; 50.0 1:4),0 I 2t~·1)() 2:1.7 .'iIl.3: I,OaQ ' 10,0 2'20 11 . 4,380 4J. I 	 97 :!U Ii 45 

t~
I 	 i5i' 

~.55 50.0 120.0 I 2,8\l() 28.0 14, 700 I 45.0 I.08() 10 Ii I" .... '2i1.6 1 5,900 57.21 H, 71~1 ;" ••J 107 27.:$ , M ,.:>
! 	 , HIfl.; I~\. 0 1'20.0 ;i~ 2ao ;11.;1 16,600 30.8 1,070 11)..1 i 6,.'>00 i 311 '.4 I1 7,:1111 • 70.0 ; :!~IOOO I .. ",,, 112 21 \l o.~ 

J 13i! 	 .-:__ I7.; 72.0 1~~l.O :1,1>111 :H.2 18, (XX) i a~, 2 1,010 Ill. 0 .';,300 ! :HO.,l, 8,Ot.o : 11:1 S :$,8110 . 1\5 : .)., - ;.~ !­
85 77.5 3,8m :16.8 	 :15,200 'j~~) 1 :16.8\ 	 Ill, ·100 I :1I. I) 980 0.5 i .i, ,,)0 37;,6 I O,\l(~) 9 •. 9' tl6 ~'O b M o

41,1110"'" 'jlinU5 82.5 120. II! '1.040 :SO. 21 ~~1. 600 I 27.2 \1'20 , 8.0,1 4,71)0 ·IOU, 11.0tlO lOT. :! 110 IS;" 9.1 
'10.400 "''''"164'; 

"0 
10.; 86.• , 	 . 120'0/ 4,2,101 41.1, 21,6l1() I 23.8; 8.101 g, I 4.:S1~) j 42K6 12,100 1172 li:. .166 ' 105 

~ 
I 51.IOO· .. ••• lii · 115 80.5 120.0 4, :11)(] I ,12.5 I 22,4IX) 20. 0 ; 7t~) 7, -I :1.900 1 	 o·HO.5 13,010 126.0 ; 	 ll:l lUi II;'l r······· ''''l 

125 Ir2.0 121).01 ,1,51°1 43.1 23,(XlO 18.ill 700 0.7 a,5(~); 408.0 • 13, S:~) , 1:1:1.0 55~ 200 1 82 III 13.4 125 .::;.1 	 58.800 ;" •••• 70' C;135 !~1. 5 121).0 I ·1,580 i 44.4 23,100 , 16.0 I 0:10 6. I 3,2(10 1 484.6 ' lI,l,lO I 110.7 	 108 12.2 135I···..··..· 	 ~ ,...
l4i\ 1M,,; 	 61.900 ' t\'1120.0 ( 4,0.10 I 44.0 :l3.m)O I 14.0 i 580 .1.6 2,900 15, UiO .4W.5 HOS 105 11,0 145 nI 

IH.\IOO :.... "[,s" r:: 
U5.51' 120.0;4,680j 4'.4 23,\l()(11 13.7j 1,10 .;.2 2.7001 51:1.2 J.\ 710 152.5 	 102 : 102 IS;' t'"155 .. ' .... i\~. ...: 

165 \lj1.O 1
[,20.2 IIi. 280 1.;7.6 67, 6l~) !l<) : 100.0 10.1 ~ (2) I (2) <') (t)! IXI. 0 I 5.2'20 ! liO.5 26,600 	 "_."___ 

!ll 
tTl 

... 	 ) ­'"' "~" 	 • 



... 	 '"'f ....... ---,.- ~ ---,. , ,.. --y •
~ ~ " 

150 SQl"AHE n:wl' Of' llMI.\I. AHgA A1' H£OlSS'I:>iG OF ('('T'l'IS(} (,)"('1,1', 
.-.--~~-...----~--~ 

25 no 1150.0 .1,6[>1) 160 ...... . ...._.~,_ ......... " 
 150.11 1.650 160 .. " ........... , 66 ...........: :!5

30 3.1.0 150.0 .) 0'10 10.6 \......... 28.3 :180 Tii' .:::'" 178.3 2.400 23 4 • ...... flo; 15.9 30
35 :10.0 wto 2:300 2:1 2 ......... 26.8 4:10 	 '20.~.1 3,200 31.\ :......... .'........... 91 15.2 35 a

40 	 .) -no45.0 150.0 ' 26.7 .... ' 25. 4 ~70 :.~ ::::. 2:10 Ii ·1.040 3U.l i .......... · H13' ......... ' 14.5 40 ::::

45 fIO,O 150.0 ! 3:&;0 :l0.7 21.9 400 -L 7 ;.. _,,~ ..... _~_ 204.4 4 li:1O 	 o46.8 .................... ' 107) 13.7. 4.5

50 55.0 W),O :1.370 ~{2.7 ._",.~ .~~_ ?t5 510 276. {) ;,:650 ' M.7 ...........: 158 ' ..........': 13.0 . 50 ~ 
;;90 150.0 j 3.020 ali. () 18,400 21.:1 510 ~:~ ;::::::::: ·,OS .) 6.410 62.0' 18,400 ..........j 117 12 4 . 55
~j (et 0 !fAt °I 3.81;0 37. 4· 10.700 20.0 510 5.0 '2.fiOO 3ls::i 7,160 69.4 'l'l,3OO 144........... 11.8 00 @

6.5,' 6(1.0 1[>1).0 i ·1.040 :IO.2! 2O.fI()O ]8.8 510 4.0 1 ~,1J(10 3.17.0 , i.8fJO 7ttl 25,800 _~_ .. ~~ ...... : 121 11. 1 65

70 69.0 !lin. () i 4,2:10 41.0: 21.000 17.5 400 4.1l 2,500 3M.,~ 8 •. ;aO 8'2.7 29.300 134 " ...... __ • 104: 70 

76 j 72.0 1,5(),0. ;,4\0 42.7 22. f,()() 16.3 480 4.6 2,~00 :l70.8 l!.lftO S90 :l2,fiOO .......... 123 0.8' 75 > 


125 i 
 ~ 
jl.5 ' 77..5 . 150.0 i 4,750 ·1iI.0 24.200 287 910 8.8 4,fiOO :199. Ii j 10,440 101 I 3S,!JOO ............ ' 123 16.1 o 


s.~ 
II!)! ,

95 8~.,'j I 150,0 I 5,050 40.0 2,i.,~)(J 25.2 &r~) R, 2 ; 4,300 42·1. 7 11,501) 112. a 44,800 .......... 1 122 I' 14 4 ! U5 t::

I 	 ! J02. I


~6.5·105 IfIO.!) I 5,300 
1 
i 51.4 27,000 21.9 770 7.5 :l,900 446.6 12,610 12"1.2 49,900 ""'--88': I!!OI 12.71 H)5 ~ 


omj 89.•" 150,0 5,480 53,1 28,000 19.1 ' 700 6.8. 3,/iOO 465.7 13,490 1~i(1, 7 5~.50() ........ ..! 117l 11.3 ' iii;

80 . , o 

112.0 	 150.0 5,6-10 M,1l 28,800 '=l 

I 


125 I 	 16.9 : 640 11.2 3,200 482.6 1·1,200 l:lB -I ~.50(l ....... i\ii.: IH, 10.1 I 125 


135' 	 ::u00.5 	 150.0 5,730 . fh1.6: 20,200 14.0 570 5.5 i 2,OO() ~07. 5 U,9;,o 144.8 61,800 ..........; III 135 

57i
145! 94.5 150.0 5,700 j 5(;.1 29,500 1:1,3 510 2. fiOO 510.8 15,520 150,·1 6~, 700 .........., 145 f:5 
.">41 ";l0.5,5 I flO. 0 rXi.7 :l9,800 12~2 480 :: ji 2, 41~1 52:10 j 16.000 155.6 67,40(} •••• ...... IO~ 155 

~9 ; 


15.5 I 5,8[>1) I 

~ 165 00.0 ('l (') (') ('l 161,6 Ii, :140 flU :12. am : v.l-I.6 ) 16,550 100.:1 69.000 ..........1 JOO 165 t"l 


-------....:....- ..., 
I .-\11 wood han'ested prior to this age not Included in yield table. ~ 
, End 01 rotation, 

3 Periodic and mean annunl growth gh'cn by 10·yrar intrn'als, Linenr interpolation of Iwight hy 5-y<'nr [.'<'fiods prOtlu~,'s slight anomalies which flr~ ,\\,oided hy the IO.yenr 
 ~ Interval. 

~ .. 
t"l 
I:J] 

o 
~ 

c,.., 
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00 

TAJlI.. E lO.-Yield table jor site i·n,dex 60 red pine in Minnesota (all data are per acre); Thinning schedule-maintain 
given stand density at beginning oj each cutting cycle ~ 

00 SQUARE FEET OF BASAL AREA AT BEGINNING OF CUTTING CYCLE ~ 
U(llght Remaining stand Cut stand ICumulative total volume-cut stand Periodic 1>lean Propor­

of doml- plus remaining stand net nrt tlon of ~ 

I 
Age,Age'lnants and annual annual stand t"'year. 

nants, Bllsal Cubic Board Basal Cubic Board Basal Cubic Board cubic cubic area cut, ~ 
feet Brl'" (eet Cords feet ar(.,a feet Cords (eet area 1 feet Cords (eet feet feet percent c: 

years eadoml- I I growth, growth, basal 

(I) I (2) (3) (4) (5) (6) (7) (8l (9) (10) (11) I (12) (13) (14) (IS) (16) (Ii) I (I) ~ 
--------.-------------------1--- ~ 

25 30.5 '00.0 1,12() 10.9 _____________________ .____________•_______.____ 90.0 1,12() 10.9 ---------T-------J 45 ----------' 25 

-Z151 
75 40.0 35

35 43.0 mo 1.~ 15.a 59.9 1,050 m2 149.9 2,630 2.~. 5 ,.---------i------i6Z­
~1O,2QO 94 37.5 

16445 54.5 mo 19.4 10,2QO 53.9 1,200 11.6 203.8 4,250 41.2 -.f ~­ ~ 24.8 5
55 64.5 mo ~m 23.0 12,100 48.1 1,270 ~3 6,500 251.9 5,800 57.1 18,600 107 

156 
123 6,500 21)4.8 7,450 72.2 26, !lOO 115 32.:l tiS

65 72.5 mo ~~ 25.8 13,600 42.9 1,270 S147 
8,020 86.4 34,100 119 29.S 75

75 m.o mo ~~ 28.1 14,800 38.2 1,230 11.9 fl,:lOO 3:la.0 
139 

Ifl 

33.5 1,160 11.3 5,000 306.5 10,310 09.9 41,100 '-..---i2ii- 121 27.1 85 '=' 85 s.~.0 mo ~~ 30.31 15,000 tel 

95 00.5 mo ~~ 32.2 17,000 29.6 1,000 m6 5,600 396.1 11,600 112.4 47,800 122 24.7 95 ." 
117 :-' 

j22 22.5 105
lOS 95.0 00.0' 33.8 17,800 26.1 1,010 ~8 5,200 422.2 12,770 12:J.8 53,800 

~­ 106 
13,830 1:14.1 59,2QO 120 20.4 115 ~ 

115 98.5 mo ~~ 35.1 18,500 2:J.0 930 ~O 4,700 445.2 
93 

125 101.0 ~m omo 36.0 18,000 20.3 ~ 8.1 4,300 465.5 14,760 143.1 83,000 1-------85-
US IS.4 125 > 

68,2QO U6 16.S 130
135 103.0 mo ~~ 36.7 19,300 18.2 770 7.4 3,000 483.7 15,610 151.2 

78 g 
145 104.5 mo ~~ 37.2 19,600 17.0 730 7.0 3,700 500.7 16,300 ISS. 7 72,2QO 113 15.9 145 a 

72 t"' 
155 105.5 mo ~~ 37.6 19,800 15.7 680 6.'6 3,500 516.4 17,110 165.7 75, !!CO 110 14.9 155 

66 

.165 106.0 ~ ~ (.) (I) 104.8 4,540 44.0 2:J, 2QO 531.2 17,770 172.1 79,300 lOS 100.0 165 ~ 

.,. .. .."" ~ 4," 



~-( , "'t ~ ~ " 

120 SQUARE FEE'I' OF BASAl. AR~;A ..1.'1' BEGINNING O~' CC'I"I'lNO (,YCI.g 

1,480 59 2.~ 
~-25 '120.0 l,4f!O 14.5 .. ,. .....-.... -- ---- ... -,.. .. -- ---- ...... -~ ,. . ~ .. --.-~- -_ .... ~ .... 120.0 ! 11.5\· .. • .. ···.1.""'165' ··· .... · .. 1 ~'51 17ft2 t a,l~ ~.5 "" __ ,_,, .......... 89 33.0 . 35 '0 

175 ~ 
35 43.0 120.0 2,000 20.4 ~---- .. " ..... 59.2 1,040 10.1 --- ..... -.. ~ 

53.4 1,100 11.5 ~'!~ 6 \ 4, !'-<;() 47.5\.......... !OS :l(l.S 45 o
45 fA. 5 120.0 2,1).-)() 2.').!l ~ -......... _- -- .. -.. -.. -- - .. I ·..· ..i75· 
 :a 
M !fl. 5 120.0 3,140 ~.6 16,100 4S.0 1,200 12.3 _.. "- .. - .. _- 280.6 \ 6,6!lO ftt.5 16,100 121 28.6 55 

166 ~ 
6fj 72.5 120.0 3,530 31. 4 18,100 42.9 1,270 12.3 6,500 :$23.5 i S, ~'90 8/).6 24,600 ......---...--- 128 26.3 liS 

1M 


75 79.0 120.0 3,850 37.5 19,800 3S.3 1,240 12. 0 6,300 361.s1 9,850 95.7 32,600 ---- ..-.... -- 131 24. I 75 ~ 
117 t:I
1104 6,000 395.8 11,320 110.0 40,100 133 22.1 &i 

13985 8,';.0 120.0 4,140 40.4 21,300 34.0 1,180 ------ ...--­
~ 

95 00.6 120.0 4,410 43.0 22, f.oo 30.3 1.121) 10.9 5,700 42fi.1 12,710 123.5 47,100 ---_ .. _---- 134 20.2 9.; ..... 
126 t'l 

105 95.0 120.0 4,~ 45.1 23,800 26.9 1,040 10.1 5, 3(~) 453.0 13,970 I 135.7 53,600 .. -------- ... 133 18.3 105 t' 
114 t:I 

115 98.5 120.0 4,800 46.8 ---------­24,mO 24.1 9711 9.4 4,900 477.1 15,110 146.8 59,300 131 16.7 115 
100 o 

125 101.0 120.0 4,920 48.0 2.i,300 21.4 880 8.6 4,500 498.5 W,HO 156.6 64,500 ..--,. .. ----- 129 15.1 125 '1j 

!¥.! 
135 103.0 120.0 5,020 48.9 25,800 19.6 820 8.0 4,200 17,~ ---------­518.1 IllS. 5 69,200 126 14.0 135 ~ 

84 ~ w __ .. ______ 

145 104.5 120.0 5,000 49.6 26,100 18.1 770 7.5 3,900 530.2 17,870 li:i, 7 73,400 12:1 13.1 145 
78 '"d181.3 77,400 120 12.:1 155155 105.5 120.0 5,140 SO. 1 26,400 , 16.9 7~ 7.1 :!,700 553.1 IS,llliO ---- .. - .. -.... 

i 
75 Z 

165 106.0 (') (') (') (') 136.1 5,81l0 57.1 ~,100 509.2 19,400 188.3 81,100 -- .. -.. -.. --- 118 100.0 1Il5 t'l 
_.-

See footnotes at end of table. z 
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TAIILf: lO.-Yielcl taole fOJ' site imler.c 60 'red pine in Jl in:nesola (all data are pel' 0/.1'(,) " Thinning f;f'/teduh'-lIlaint(dn ~ 
gil'en stana den8ity at begin:ning of ea.ch cutting cycle-'Contillued 

IW SQUARE FEE1' 01" BASA L A REA .-\'f' BEGINNING OF CloTTING CYCLE 
1-3 


I 
t>;;' ;

lI~rghl Hcmnlning sland Cut stnnd Cumlllath'c total ,·olume-cut. stand i Perloulr I )\[('unPropor- t o 
of doml· plus remaIning stand i net I' n~t tlon of I ~ 

.\gl', nHnts-nnd_~ __~¥_~________ _.___.____ ..... __,_,~____---.r annual annual stand tAgtl , Z 
Yl'l\rS l·odoll1I·! I I I I' I I. ! I' I f growth, growth, basal I yearS 
 o
nllnlS Hasnl Cubic Board Basal Cuhic i Board Basal! Cubic Tloard ,cubIc cubic urea cut, I 
 :.­

fl'Ct' nn'a fcet ICordS feet I urca fect 1 Cords feet I area 1 fl'ct I Cords 1 feel ! feeL I f,'vt perCl'llt I t" 

c:l_~_~ __(3_)__(_'1)_ ~_(~~_~l_~_(~ (10). _:~I_ (12~_j_~~J._I__(l_4)_I~I~1_(I~~. +_~~_. r1 
25 30.5 111)0.0 1,870 18. I __ • __ •__ .........._ .. __ ...... __ .....____ ......_ 151),0: 1,870 j 18.1 , ........__ I.. __._____ j. 75 i.. . .....1 25 g: 
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1-3
c:: 
I All wool! harvest.ed prIor to this IIge not Incltldctl in yield tllble. ::0 

t>;
2 End of rotlltion. 
, Perlodlr an(llllcnn annulIl growth gh'en by IO-ycllr inten·als. Linenr Interpolation of height by 5-year periods produces slight anoll1allcs whIch arc Il\'olded by till' IO-yellr 

interval. 

... :.4 :l d." ..J.. .... ... .j,..... ~ .j., •"'" 
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t( 'ont,inl1ed from ptlgt' 2'i) 

'I'hr 150-sqUtLl'p-fool h'n'l pl'l'lnilS thr hILlT('St of lllOl'e tn1('S !ttU' in th(' 
I'olntions, but tlH' !I'N'S It!'!' sl(,l1d('1' by ('onqml'ison with lhos{' produe('d 

• 	 Itt 10w(11' d('nsitit,s. This kitld of nHLna~('ml'nt pl'odtl('('s utility (lOl('s, 
slllttll sILwlo~s, IHld s\llltll pilin~, Of ('oursr, (lot only 1I11~ sliHld density 
but also til(' I'otn.tiotl a~(' spl£'('tNI by til£' fOI'('st IIlIUlll~(\I' will hnn' II 

powrrful ('ffp('t Otl thp si;r.p of tl'Pt'S hill'Hstcd ill tI\I' finlLI eul. 

SUMMARY 

This slud,\' pr('s('nts IL method of pl'Nlieling llIP growth and yiold of 
rod pitH' ill ). finn('sotll, (1t-owth is hel'\.' ('onsid('red synonymous with 
tid I)('riodie IUlntml itl(,l'(,tll('tll. Yipld is thr SIUlIl\llllioll of Ittly \lumber 
of th('5(' IlnnulLi inel'('IlI('nts, Till' yil'ld \lllty be IHtlT(1stt'd, it lIIay be 
ILdd('{1 to tlt(~ ~I'owing slack, 01' it mH," I.w SOIll(\ of both, 

SOIlH' a24 growth Iwriods !LI't' IlYILiliL1M fl'olll 2:~5 indh·idlllli plots 
('ontlLill(,d in 14 s('ls of IHwmll,ncnt S!Llllple plots, )'JeILSUI'l'I1lCnt in­
ll'rnLis Yltl'il'd [rom :~ to 12 y(,ILI'S; I.Wt ILIIlIlllLI in('I'('ll\pnt iwd vn,lues for 
stfln,d (it-nsily IUld sbwd It~p ItS USN\ i.n lhe' ItllIllysis 111'e i1n\m~(' for 
the' IIlt('I'\'ul. A IIllllllwl' of plots hnn' bN'll tne'llSlll'NI. mon' than Oll(,l', 
but (,Ilch 111 pIISlI I'NI1 ('(I t IWl'iod hns l)('t'll tl'PIl.tpd ItS It st'plu'lI.ll' obsl'l'­
\'ILlion.Likewisp II 1I1111lbt'I' of plots adjll{'('lll to 01H' allotll('l' in the 
Sttn\(' pxpel'inHIII I hl\,\'(' bN'1\ l('('alNI ns Sl'(MI'ltLp o\.>s('lTaLiolls, This 
proclll(,('s signifi<'n,1\ t Itl! loC'Ol'rl'IILtion of I'esid lillIs, the elld l'{'sulL of 

r which is lhlll thl' ('ILi<-ulatpd slandl11'd ('ITOI'S ILl'p Ilol ItS high ns thos(' 
(ound in the popuitltion of (,pel pillt', 'l'ltp prpdktion l'qll!1lioll itself is 
('xposl'd to bins, but it is hoped IhM thl' bins is o[ liLLie ('onSl'qIWIl('l'. 

XpI Pl'l'ioc\ ie ILltIl lilt! bilSlll ill'CIL itH'I'l'IIH.'1l tWitS predieted from ('hl' 
ind('pellcil'lIt \'1I,l'il\bles of tl.gt', siU' in(\t'x, n.lld stlUld dellsity, Intensity 
of ('tltting, II UIIl bpI' of teN'S per 1H'1't', C'lltling IllNhod, IHld \'Iu'illbilily 
of CrN' dillUlpter W(,I'l' also ('onsi(\l'I,(,(\. N011(' o[ t\H'SP ILppeill'ed Lo add 
to til(' prNlidion of oilslll 11I'C'll growth Il.ftN the etreets of agt', sito 
indps. Ilnd ~tltnd (\pnsity \\'('I'P ('('(\IO"('(\. Whilp not impol'bLllt for the 
prpdidion of hnsn.llu'P1L ~I'o\\'lh, sc\'('nd of tlH'se 1'l'jceLcd vn,l'il.bh's are 
of gr('tll ill1pOl'tltn('(' ill til(' ('ontl'ol of sizl' and qllality of red pine trees, 

HuslII IU'Pll g('owth It.\.blps W('I'P constl'uclN\ by 16-'yl'ltr inleryals for 
n~es ;W to I{iO; for slllud dl'nsit il's o( no, 90, 120, 150, lllld 180 sq lIlLl'e 
fN't of basld IU'pH P(\I' iterI'; ILlld [01' sile illdl'Xt's of 45, 50, 55, 11lld GO, 
'Colt\.\ {'ubie-foot, ('01'(\ wood , Itnd bOl1l'd-foot growth litbles w(,l'e nlso 
Pl"('pitL'ed for lhp Slllll(, mng~' of itges, stand dpIlSiti('s, Itlld site indexes, 
ps('('pl thnt bOltrd-(oot growth fi~ul'Ps w('('(' omiUed ILL early nges, 

).[ltXiIllUlll baslll 1t1'l'1I ~rowth ot:C'urs lIt ltbout 12(j SqUiu'C (eet of 
bnslll IU'Nt pel' Ilere for lhe sites Itnd ages studied, 'rherc is consid­
l'l'Ilbl(' l'Xpel'illlPlllnJ errol' irlYolved. howcyel', IUld deyintions of 15 
sqUilre feet on t'ithcr side of this Illaximulll ill't' of litlle PI:IlctiClll 
l'onseq lIellC(', ).[tlxilllll for cubi('-(oot, t'Ol'd wood, and board-root 
growth wel'(, found to yal'y by nge 11Ild site Iwd can be best determined 
by plotting growth O,'l'1' stand density for {he Vlll'ious ('ombinlltions 
of ages Iwd sites, 

Yi()ld tltbles were ('onstl'ueled fo!' thinuing sehedules in which the 
stand is ('ut bll('k to densities of 90, 120, or 150 squlll'e feet of baSIL! 
nl'ell ellC'h 10 yenl's (exc'ppl ;) yelu's 1'01' young slands with the 150­
sqlllll'e-foot density). The 120-sqUlu'c-foot schedule Ilpproximlltes 
pl'esent-dny thinning pl'lleti('t' in Minnesotn, Ditferences in yields 
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between the three thinning schedules Ilre not gTellt; the mltjol' UdVllll­
tngt'. of one onw the othel' is ill the control of size illld rlldilll gl'owth 
mtes of tl'ees. Methods used to pl'epnr'e the gl'Owth I1lld yield tables 
nre presented in the nppendix. 
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APPENDIX 
\\Yhen this study was begun, 1\ pl'ediction scheme wns sought that 

wohld be flexible enough to descl'ibe the gl'owth and yield of red 
pine undel' the wide I'Ilnge of siivieultuml options tha.t IlmOl' could 
be exer'cised ill i\finncsotn. These migh t include cutting cycles of 
different 01' ilTcrullu' lengths; sbUld densities of (Liffel'ent 01' vn.rying 
bllslll Ilrcas al tl1e beginning of those cutting cycles; u'ld stand nges 
tlmt mny terminate ill shol,t or long l'otlLtions. 

Sevol'IIl key ('onsidemt ions in the development of the scheme were 
(1) that bnSllllu'cn, bC('ltlIse of its long Ilnd satisfnctOl'Y use in .Minne­
sota, contillue to be used ns Il mensUl'e of stnnd density; (2) that growth 
Illso be prediet.ed in baslll nrcH. so thllt IlIHlUitl inCl'ernents could be 
ndded to shllld dellsity··-this would pel'mit stnlld density .to be 
traced thl'Ough shol,t or long ('utting cycles; (3) thnt gl'owth and 

• yicld be gin'll not ollly for buslli iU'Clt but for cubic-foot, conlwood, 
n.nd bOil I'd-foot volumes us well. These considemtions gave rise to 
the bilsal llI'ell gl'owth equn.tions, stand volume equations, volume 
growth tables, Ilnd yield summations. 

Thl' chief weakness of the. approllch developed here is thnt it does 
IIOt pro\-ide fOl' !1I1 estinmte of the el'l'OI's nssocinted with volume 
growth (tables 4,5, llnd 6) 01' with yield (tn.bles 7,8,9, n.nd 10). Only 
the bnslll n.l'ea growth egun.tion has n sampling el'!'or nssocil~te(l with 
it, illld this is biused because of l1utocol'!'cllltioll. Of comse, Iimitl~tions 
in the undel'lying expel'imental dlttll. also place I'estrictions on the 
range 11n<l !lecUl'UC~' of infer'ellce tlmt could be made. 

An nd\'lllltnge of the, I~pprollch is tlmt it permits the fot'est Ulanngel' 
Lo synthesize ;U1d study u numbel' of different silvicultuml options 
lImt could be eXeI'cised in stands of I'ed pine. For eXlunpie, in this 
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paper gl'owtb tllb\es were H!ndc for IO-yetu' illte~·ntls.' bu~ they ('o.uld 
hllV(l been rnnde lor other lIllel'ntIs liS welL 1.Jlk(,W1S(" 1.01' the .neld 
tables, ('utting l'yei('s wel'c nssulllcd to b(' 5 01' 10 years, but Lhey 
eoulel j list liS well luwe bc{!1l for diffcr('nl or ilTeglilar lengths or time. 
A second IIdnllltnge o[ the Il.ppr·ollch is Hutl it permits the menSllm­
tionist to stud)' independen Uy some of the elelllen Is that go into 
stand gr·owth·the basHI Ill'eft. !tnd height ('ompOI1(1nts, hIll' site iudex 
('ontl'ibutioll, Ilnd the stand volume estirnntors. 

Fitting 'the Regression Surface 

The lliitin stllListienl problem of the study was to I'elale thcinde­
pendent varin,bles of nge, site, IU1d stnnd density to pcr'iodie net Hnnunl 
bnsitl 11I'en growth, using mulliple regression techniques. Origil1ltUy 
it \VIIS thought lhat the work would be dOlle by desk eOlllplitel', hence 
great ('Il/'e wns l'xcreised in lhe scleelion of independent. vnl·In,bles. 
'1'he nna.lysis WIIS IIctllnll)' done with lin IB~"[ 650 drulll eomplltcl·. 

Basal 11I'ell grl'wth in 1'("!lllJion to age nppenrs C'ul'\'itinellr', Ilnd for the 
range of data IWltilable a st'cond-degree polynomial wus postullLted . 
.Had growth dlttn been nnlilnble at ages of less thnn 25, n thil'd­
degrel\ or higher term would htl ve been needed (see fig. 3). GI'owlh 
in relrttion to staud densit:" l1.1s0 n.ppenred l'lH'\Tilinen,r IUld II seeoud­
degree equntion wus postulnted (see fig. 6). A linear' r'elationship 
wus proposed for the r('llllion between bnsal 11I'en growth and site 
index. Only one internet ion term, stand density times nge, wns tr·ied. 

'rhus the proposed growth equation was as follows: 

where r =pt'riodiC' net nununl bnsn1 !trea increment 
';'\'1 = bnsal aren in squaw feet per acre 
.X2 = nvel'l1ge stflnd nge in years 
X3 =site index 

All vnriables lllllde n significant contribution (at the I-percent 
le\'£~l) to the predietion equn,tion except the internetion term. The 
finnl regression cqunJion, ndjusted for the deleted variables, is given 
on pnge 45. The stnudlLrd enol' of estimnte nssoelated with the 
regression equntion is ginn Inter in the seetion "Reliability of 
Growth Predictions." 

Stand Yo!uDle Equations 

Stnnd volumt' equations pro\'ide 11 direct estimate of volume (V) 
from some mensurable stand dutrncteristies, usually the product 
of basal area Ilnc! height (Bll). Cord wood Ilnd eubie-foot stnnd 
volume eqUl1tions uSl'cl in this growth Ilnd yield study were bnsed on 
the composite tree \'olume table or Gevorkilwtz Iwd Olsen (I955). 
The bonrd-root equlltion was bllsed on it stlwtimber table by Brown 
llnd Gt','orkian tz (1\):3<1). Thl' de\'l'lopmellt of the stand yolume 
t'qulltiollS is ginll ('lsewh('r('.~ 

Q BlIl'kmnn, Rob('rt (::, .l)('\·ctopmcnt and 11:;(' of thre(' stand vO(UI11(' equations 
in :Vlinllcsotn. JOllr. Forcslry 59: 573-5i5. Hl6 L 
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Thesl' cquttt.ions, d(>l'in'd both by l'ILtio Ilnd sLluJ(l,u'd least squtl,res 
n'grt.'ssioll le('huiqu('8, IU'(' SUllllllltl'i7.ed below, 

.';tlllie/a rt! 
error 

llil(io methQ(/ 8'1ulltion (percellt) 

C:ubie fN'l ",AOR5B·/I. 5.42 
Corct\\'ood " .00an5H /:MJ n,05 
HOMe! fp!'t ,',2.m;.! IMI IJ. 02 

StallC/urti le(l.~t squares lIIl'lhod 

Cubic fN't "" J5,03+ AOO:! lHI 5.45 
Cordwood " ~. ~..!lOi + ,OO·lla3 1:J.[I K ii 
BOllrd f('('t. V 1i07 + :!.:!H3 H, {{ 8. 38 

The- e-C(ultliollf:1 prepnl't'd by till' mtio method IU'e used ill this sLudy 
ILllhou~h lilt' eqlmLiotlf:1 by Il'ast S<I\IIt1·('S ('ould l)(' used 1'01' nmny 
Imrpost's.IO ('lili7.ltliOIl f:1lnndlu'ds for thl'se equRtions Itrl' sUlI1lllltri7.cd 
as footnoll's in till' Itppropl'i,t\e \'OIUII1l' growLh lllblp.s (tlthle 4, ('ubi(' 
ft't'l; t,Rbl(' 5, eordwood: titbll' 6, bOlll'd fN't). 

Th(' I't'grpssioll NtUltliOlls gi\'p.n Itbon' ('on\'el't 13·11 Lo sLILtld volume 
in ("ullie rPl'I, t'ordwooc1, or bon,nl feel. Jl'or pl\l'poses of Lhis ptLpcr 
tbe Bn.llH' NtlllLlion is used 1'0[, nil (~ol\1binntions of sLalld dcnsit.\, IW(\ 
silt'S rroltl ngt' 25 through \(j5, Th.is prcst'uts 110 serious problem 
for total cubi{'-rool ('stillltLles of \'olul1H' blWltUSl' (,\t(' underlying volume 
titbit' (O('\'orkillnlz nnd Olsl'll, 1H55) dl'1I10llstmLcs Lhttl [1 eonstn,nt 
fornl ('[lll lll' nssl1l.lIpd for ltlt lml lill' shorLl'Sl of Irecs. LTsin~ tlte 
Stunt' Nt uttliOll Ihrllugl1(\ltt most or 1he lifr of the stn,lld for ei.ti.tcl' 
('0 I'd wood or bOltl'd f('rl is nil lW('l'silll pLifit'llLion, 110 \\'(' \'rl', lWei rcquil'cs 
fu I'!l1(' I' study. 

C()n~tl"lU'tion of VOlUlllt.' G.rowth Tables 

'I'll(' stn,nd \'OlUllH' equations gin'Il prr\'iously IU'C of the ronn: 

where \' :c:voluwe 
1.:::::11 ('onSlitllt ('rpl'('scnling n.vemge 1'01'111 for I,rees in t.he stand 
B .'-, bnsnl an'll Pl'l' IWI't' 
T!~lw('rtlge lH'ight of dominttnt n,lld t'odominnnL trees 

\'olul\I(, growth is 1111ld(' up or ehiUlges in bnslti lLl'ett I1nd height . 
.rr d l'l'prt'sNIls It l'bIUlg(' or inerement, thl'!1 the initilll volume plus 
growlh ('lUI bl' \\Titt('n: 

1"+dlT =1.:(J3+dB) (ff+dH) (1) 

.ExptLnding ilnd subtmelillg the initin'\ \'olumc gives: 

dV=I.:(dJ311+dH·B+dB·dll) (2) 

This f('ltttionship, (\is('ussed by Wiedomll.nn 11 IS helprul in ullder­

10 Ex('('pt for thp prl'pnration of th\' growth LabI('s wIl('re 11 rrintivcIy Inrg(' 
lIl'gnlh'(' Or po:lith'(' Y-axis iut('rc('pt may gn'atly distort growth for sut~h short 
pprio(l:< of tim!.' I.l..~ 01\\' y.'ar. This dop:; not occur with til(' ratio equations, 
\\'hkh lI\ust PIIS~ through til(' origin. 

II W[('(I('tnlllln, 1<:i1hnrcI. 1.':rtrngskundliclH' und WaIdblluliclll' Grundlngcn c1er 
forstwirtsl'hnft. Tpil r. Das Wnchstulll cIt's Bimwlstan\lnl~S uncI de:; Gleichnl­
trig!'!l ltpillb\·:;tlludl's \llIt('r (\PIIl ginflu;;s \'on Stundort und 13estnndespflcge. 
18i\vieultuf\1l Ilnd growth stucIi('s II;; bllse:; of fore:,;trv. PC L Th(' growth of 
individUltl tr!'('il and (.\!(·n-Ilged stnnd:; liS affected by site IlncI tending.] J.]). 
H{\\\('rlnlldcr's Vl'rlng, Fmllkfurt A.~L 128 pp., iIlus. 11)50. 

http:Wiedomll.nn
http:sUlI1lllltri7.cd
http:Imrpost's.IO
http:SUllllllltl'i7.ed
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standing how slltnds of timber gl"OW. For eXIl,mple, if height growth 
elf] ismpid ILnd if stilnd density B is high, height gl'owtb makes ItI} 
importaut coutribution to volume growth. This component of 
growth CILI} contribute up to hnlf the yolume increase in dense young 
stunds, u.ud is the prinripall'CilSOl1 why bllSill iLrea growth is not di­
reetly proportionill to volume growth. The simple pTl1cticIl.l explanlt­
Lion for t.his is Llmt height growth is being nliLde on mom stems in 
stnnds of ltig-het' density, The Illst term in Lhe eqUlLtion is diflieult 
to yistlll.1izc, but. it is the yolume inel'cment cOI\.tributed by new 
growth in botb height ILnd bUSH.! 11l'el\, This component of gl"Owth is 
usuldly sumll, 11lld when bllSid Il.ren tlnd height gl"Owth slow down it 
('nn be ignored I\1l0gether, 

Eqlmtioll (2) is used to de\·e!op the yoluUle growth Lltbles. The 
vI1lues needed to slLtisfy tbe equation arc readily ILVlLilitble: busnl 
Itreil. growth dB is gi\'(~n in tn,bIe 3; lw.ight fI iLnd height gl'owth dEl 
('an be fOllnd in to,ble 2; J3 will be Ilrbitrll,rily chosell ILt inLervltls of 
(l0. 90, 120, 150, nnd 180 square feet of bnsll.l Ill'en per acre. .And k 
(~OLHeS ft'otn the stllnd \'olume. equn,tions given pt·eviously. With 
these "It/ues nt hand, volume growth tables (tables 4, 5, I1nd 6) CIl.ll 
be construe-ted. 

Construction of YieJd Tables 

Yield hilS been defined IlS the sunUlUttioll of it number of net growth 
iUl'I'elllel1 ts, The main problem of obtaining yields j'educes itseH to 
one of summiug bnslll IU'elt growth increments. Bnsnl nreu yields can 
then be converted to volume yields with the aid of height. tnbles 
(Li1ble 2) Il.nd stand volume equations, 

SUDl.mation of Growth Increme.nts 

Bnsftl tl.rell growth increments call be summed by (1) differential 
equations, (2) repell.ted solution of the basl1l Il.ren growth function 
giyen on pt1ge 15, 01' (3) approximations from the blLSlll arelL growth 
tnblt'itself (tltblc 3), . 

'I'he sumIl1lLtion of bllSlLl I1rell growth incremen ts by differentil11 
equlltion Cllll be bI"iefly illustmted. If n pnrticulal' site is chosen 
lWei stnud density is set at some level of bllSlLl I1rel1 stocking, then 
the stllnel density (Xl) Il,nel site index (X3 ) terms in the growth equB­
tion (p. 15) reduce to constants. Further, growth can be defined as 
It change in volume with respect to time. This entirereilltionship 
can be written: 

y=:~=01-·076958X2 +.00022741X/ 

where d is rend IlS "11 dUlllge ill," V is yield, Y is net bnsI11 arelL growth 
per Ilcre per yeltr, X 2 is age, ILnei 01 is 11 constant contlLining the a, 
.Kit Ilnd X3 terms of the growth equation, Since this equation con­
tllins t1 dcriytl.t.i\'e d V, it is by definition 11 differentilLl equation,12 

dX2 

12 [n II derivath'l', the increment of the independent variable dX2 is IIssumed 
to be very small. The .increment for age (X2) is .1 year, which is sufficiently 
small to produce errors of no consequence, 

.. 


,4 

4 
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Integration of the ('dll.tiollShip gi\Tos a yield Junction 

.. 

with n the COtlstl1,uL or integmtion to be dete.rmined by subsLitu­
tion or some known \'itlue in the equation, 

As It spN'i£ie eXi1mple, suppose lImt n stllnd is t.o be Il1lumged al n 
dl.'l)sit,\' or 120 squn,I'(' feet of on,sld IL('en p('(' nel'e, with InI1LH\gement. 
b('lfi!lllillg ttl itgt' 25. TIll' liU.ld is t'itplLole of suppolting site-imh'x-50 
1'0(( pint'. Fo!' tho mOlllent lot us IlSSUllle II cutting e.reie of J yen!'. 
Wll1l.1 yields ('i1l1 b<' expeet.ecl? 

'rhl' eon([iLions ImVl' beN\ gi\'('11 to lWitlullle Lhe l'onstlHlL (\ unci 
thl' (,OllSlttnt of illtegmtion (2. SubsLitution in the g!'owtb equt1tion 
of SllUlci dl'lIsit,\' 120 (XI) ILlld site indox 50 (X3 ) ghres iI (\ of 7.490. 
lI'u!'thp!" III ILgl' 25 lhe stand hilS l\ dpnsil~\- of 120 sqtutl'O feet o[ bllsld 
Ill~l'II, Substitution or this vn,tup in the yield I'unl'!,ion gives It con­• slnnl of iut(lgl'IlLioll 01'-44.81'5. Thus, Lh(' yidd oqulLtion [01' this 
sdwd l11(1 of II.IlLlliLgcmen t is 

v=-44,:385 +7.490.\'2- ,038479.:\'/+ ,OOOOi580X23 

BILSl1l 11I'('IL yil'lds be! wOIm tW," two i\ges CILU be found by 
\ •. ;;, I 'b- \ '0. wllP!'l' band (t, Itl'e the tl'l'minlti nnd beginning nges,• I'espeelivpl)', Between iLgCS 25 il.nd 165, for t'xlunple, 364.4 sqUILre 
feel of bllsld Men would 1m\'(' bCl'n p!'oduced under the conditions 
gi\'('11 I~bo\-l'. 

'l'his is it \'t'IT o!'id den,lopment of Lite most clementiLr,v of differ­
enlilt! equillions, The di£fel'ent,iiti equilLiou illustrn.ted nssumes 
ell llil1g e,n'lps of i1 Il'ngth tim! docs not e1w,ngl' sin.nd density npp.reci­
Ilbly, .It would 1)(' fl~r mOl'!.' llsp[ul to han It differcntial equll.tion 
('on ltdllin~ tilt' ! \\'0 indepl'lIden! \'11l'il1bles of age nnd stil.Od density, 
out to in\"eSlign.tp Lhesp possibilitil's is lwyond the seope of this PH,pet·, 
Pl'l'hllPS il ('ltnnoL bl' dont' ILt iLl\. 

'I'IIP SI'('()(Id IlHlthod of sum!llin~ growth increments is by IL repented 
solution or tllp bl\Sill IU'Ctl gl'OWUI <'quIl.tion ginm on pn,gl' .15, This 
('11n b~\ It t.ed ious pl'ocess, .Howl'\'!'r,.if one uses It s,rstemn,tic {onu or 
InbullLliOll, ILnd tllkns o.dnL!1tagl' of the l<'I'(\\S tl.1iLt. beeomc constants, 
It lO-YPlu' sU!llllln.l ion of grOWL h inrl'ellH'll Is CIUI be done wit,h II. desk 
('omput!'r in Itbou! 10 minutl's. dcp('ncling on the skill of the opemtor, 
J<}l('('t!'oni(' eompu I.I'I'S eould ensily bp used [or this job; iu fiLet elec­
lroni(' t~o!llpul(,I's would b!~ l'Ss('lltinl if tiH' growth oqlmtion were yery 
much lUore: complex, 

Essl'lItialh- t.his Illt,thod of summing growth increments involves 
solving of tht' bllsltl l\I'ea gl'owth eq lllLtion fO!' a pnl,tieulil.I' sito, nge, 
Imd stllnd dpnsity, Bitsnl tU'el1 gl'Owth is tllPn I\dded bnek into stnnd 
density, one YPIU' is I\dded to iLgP, IUld the equiltion is solved ngnin. 
The results of this proeess IU'e illusLmted in lhe tnbuitltion on pl1ge 48 
for siLp index 50 Iwl pine beginning ,\t ngl' 25 with 120 SqWLI'O feet of 
bl~sl1l U.n'IL, 

Till' yield lt~bll's given elu'licr (t.llbles i, 8, 9, tLnd 10) we.l·e developed 
by the !'l'pen.led solu Liou of the bl1snl MelL gl'owth equlLtion, The 5­
or to-yelLr basld IU'PU g!'owl.h is shown in eolumn 7 or the yield ttl.bles, 
{Note tlml this ('olumn shows bnslLl I1l'en ('ut, but bnslll area cut and 
bassI tl.rCtl gl'owth are identical.) 

http:in\"eSlign.tp
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! Htlllld Basal area r Stnud Bnsaillrca! Ii:\gl' ,, dt'n"ity gt'O\\'t h Agp dpl1sity growlh 
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153, 1 5,2
26 125, I 5. Ii 32 15R,3 5. ,\
27 131. 3 5, Ii 33, 16~t 'I 5,0
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'l'lt(' tbinl IIH'tltod or $ulllllling I.msnJ ILrPll growth in('I'PlUt'lI! is 
to dpn'lop 1I,PPl'OXillllLt iOIlS (rom ! Itp busH.I IU'(iB gl'ow! II ltLbl(\ itspif 
(tn.bl(' a). In (.(1'(,(,(, tll('s(' Itppr{)xinlltliOllS lU'(' ('llpitll,li:t.ing on tl\(' 1'('111­

tin' fhLlll(,S~l or short s<'gIH('nts or til(} growth SUrrll('l', :\ eomplU'lSOI1 

or lO-,\'PIU' bllsal 11l'C'tl ill('I'nnll'l\ ts by l'l'PE'IIIl'd soLu t ion 0 r til(' gro\\,th 
fun('tion. by ditJ'P1'(lntilti l'qllltlillllS. IUld b,\' nppl'Oxi1l111tiollS 1'1'0111 !itl' 
gl'owth lttblt's is showll in til blr' ll. 

.It 11111\' 1.)(' l1otl'd tlml ttll' dHIl'l'pntial l'C1U!lliollS II.U<l growth tltbLt' 
ItppI'oxilillltiollS UlIdl'r('Slilllnl(' bltslt! M(111 hH'/"l'IlIPllls I1l low dpllsitil's 
ILnd o\'('r('slirnu It' Itt. high cll'llsilh's wllm! ('OlllpUJ'('c! with int'I'('llH'lIls 

sUl1IliIl'd b\' l'l'IH'lIll'd SOl11tioll or t Ill' growth l'uIH'tioll, Tltl' lIlOI'(' dis­
blll t tIll' Stlllllllltl iOlls fl'olll till' Lop or tl\{' plt1'!lboln. n'pl'('s(,1l t lllg stlllld 
dC'llsi ty ((ig. ~), th,' l('s8 ('Xltel thl' ('DIll plll'iSOIlS. Fol' 90-. 120-, Hlld 
1 50-sq UI\.I'('-l'oo I thillning ::l('h(,d Uit's. with ('ltd," 5-Yl'tu' ('uttill~ c-,"dE's. 
llll' gl'o""t h lllbh·s gl'\H'l'Il.lly pnl\"id(' H{'('{'plnbll' ltpproximll liolls of 
bttsld IU'l'1l growth. Till' llMural Yltl'ill.bilil,\' in t hl' gl'()wllt or l'l'd pine 
sllwds probllbly ('x('(\ods (,ITOI'S in trod u{'('d from growl h-ltl,blE' appl'oxi­
mltl ions 11," s('\'l'ndJold. 

T\UL1'; It., A comp(Ll'isoIJ (!f J()-year ba,~al Me(L wowtll incJ'(lneniN, by 
lhref melhod,~ (~f swnmalion (8iteindu 50 red pine) 

Increments as sUlllnwd by­

t2 \ Differl'nlial ('qUt\- ' (3) Uro\\'lh tabl(' 
::-;~ Illl\! \ II R\'Pi'!ltNI lion apPl'oxi lIllllioll 

dl'n~ity soilll ion of 


---.---~-"- ,...-.....,......._-_.-.-'- ...- .._---­bll;;;tll an'n , 
growth I I'redil't!'c1 I)iffl'r- Pn'di(~t pel : i)iff('r ­

{'quntioll , basal ttrt'R ..ac(' from basal arCIl I (,llel' 
gnl\\'[h t II I growl h ; from 

, (I) 
-, .... __,,'_ .,,,_1__ ...._"._. ,---- i~ 

,-------.~------... ---.--,.-- . 
I 

}'ears oq.Jl, SII. JI. Percent I 
Sq. Jl. IPercent

GO 25-35 f50. t' ·Hi. t' -7. n j 'Hi. S -7. n 
U5 ·105 .15.0 la. 7 ..-X- I I 13,6 i -0,3

\.lO 25.. 35 53. 7 51. S • a.5 51: ~ I -~. 5\15-105 1\1, ti IKti -" 5. I IX, b, -0. 1
1:l0 25 .3-;) 53. ·1 sa. H , U . 53. t-i ! . I 

US-lOS ~O. i' :l0. , ,0 20.6 - d.5 
150 125,.. 30 "('}..[J} 2i'. :{}_' ... r") 

ao :{5 25. ~ il_. I ')5 - (),{. 0 I. i' 5~. IJ 1.5 
- , I 

\15 10.3 IX. !I H). I-> ./. t-i l!I. ~ 4.8 

I Two 5-yt'tlr ;;UIllUlntiolls tlr\' u;;l'd for this dem;ily unci age to pre\'cnt the 
stand frO)li growing to exc('ssiwly high dcnl;ily {sec p, 20l. 
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GROWTfI AND YIELD O~' HIW PINE IN MINNEiSOTA 

li'orJllat of Yield Tables 

The bllSlC formal fo[' yield tables 7, 8, 9, tlnd 10 is the SlllUe. The 
following Labulation shows columu llumbt'rs used in the tllbles Ilnd 
the souree of infOl'lUation for el\('11 , 

Colum/t /lumol't 	 Bouret' oJ -iJljOfllLu/iOJl 

I. 	 Agp .... Hpceifi('(1 by fort'st manug('r, for the8(' tables ages 
25,35,45, .. , , 

2. 	 Hl'ight of domittallts and Rl1ud [1'0111 tabIt' 2 or from IIl'lght curves (fig. 4), 
codomimLnts. for appropriatl' ngl' Hnd site, 

!~. BHSttl area lit b('ginnillg Specified by .forest, llllLlHlgC'l', in this case 9U, 120, 
of each cULting cycle. or 150 square f(,et of bas!tl arCH per acre at be­

ginning of euch cutting (',Yell'. 
'1,5, G. Cubic fct't, cordwood, Obtained from product of basal area (col. 3) 

and bOilI'd f('et in residual X height (col. 2) ':< nppropritltl' stand volume 
stand. eq lIation coeflicient. 

I, UII~al arCH ('u t. 	 Het' npl.1l'lIdix section "l:{unll11lltion of Growth 
lnereml'nts." For this problem, basal area cut 
(and growth) wer(' obtained by a rl~peated 
solut,ioll of busal area growth function (p. J5). 

8, 0, 10. Cubic [ed" cord­ Obtllirwd from product of busal arca cut (col. i) 
wood, and board [cpt cut, ':< height (col. 2) X appropriat<:! stu'ld volume 

equation cOl'flieicnt. 
II, 	I~, 13. 14, Otllnulath'l' Obtuined bv cumulative addition of increases in 

tolal yit'ld of buslLl afl'U, residuul sttind plus \'olull\c of cut. 
('ubic [('PI., cord wood, and 
bonrel fN't . 

15. 	 Periodic tlnl\u!Li ill C I' ('. IO-year incrcast' in cubic-foot yield (col. 12) 
nwnt. dh'idcd by number of years in cutting cycle. 

It), M.Nm llnnual im'r('IlH'lIt. Cumulative cubic-foot yield up to that dute 
(coL 12) divided by total years elapsed (col. 1). 

1i. Proportion of stand basul CQluUln i dh'idcd by sum of columns 3 and i. 

111'('11 cut. 


Reliability of G.rowth Predictions 

COflfidenee .;,fI the Basal Area Growth Surface 

TIH' stancllll'd t'[TOI'of CSl,illlIltC', Sv, 12 ' . k, II measure of scatter of 
llw individunJ obsen'!ttions at'Ound tbe regression surface (see fig. 7), 
is 0.786 squn.re f(\(lt of ousld l1l'elL growth per acre per year. This is 
27.7 pel'c('nt of y. The regression surface accounts for 69,5 percent 
of the loLill Ylll'jaLion of '!/' 

'1'be standard E'lTOr of estimatE' of all individual predicted growth 
ratE', STiI is 0.0437 squlU'(' feet of bllsal area growth per acre per year 
at the 1111'0.0 of thE' independE'nl variables. This is 1.5 percent of y. 

Autocorrelation of Growth Residuals 

As wus pointed out ill thE' seetion "Available Plot Records," p. 3, 
successive meusurements On the same plol and concurrent meusm'e­
mE'nts on UdjllCl'ul plots in t.he Sl1me expet'iment were treated us 
sepurlltl' ObSt'I'vtLtions in lhe deYf.'loplUent of the basll1 lu'ea gt'OwLh 
pr€'l'\il'tioll equB,tion (p. 15), This CILuses serit1.l (or tl.uto) correlation 
of ('1'1'0.1' residuals. Tesls llI'E' Iwu,ill1ble to determine the presence or 
absence of uutocoITE'latioll, but if sUl'h 11 correlation is found ap­
propritlte adjuslments tlre nol well defined. 
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The rcsidultls, OJ' the a mOUll t of growth remain ing nJter the effects 
of agE:" siLl,! nnd stlmd density bad been removed, were cI11culated, 
SOll1l' 308 of tbe 324 observations came from expeJ',illlen tsthl1t con­
tained dosely grouped plots, The t),utocorralation of J'esidull,ls is 
+0,534 11nd .is signiJicll,utly difl'erent, from zero, 

Likewise, sonie 145 out of the 324 obsernlt.ions wnre obtn.ined from 
two 01' mOre su('cessi\'t' measurements 011 eath of 55 plots, The 
codlieieut or ltutot'ol'l'clllLion between J'esiciullis is +0,282 1111(\ is ttlso 
si(rni1il'tLu tly dilfE:'1'eu t fro r.n zero. 

""Vhlit docs tmt,oeol'.I'elnlioll Int'IW'? First of nil the predietion equn­
lion i LsdI' is exposed to bins tl.ml L\llly Or Ulily not be serious, The 
('hief impOrLtwce of l1utoco.l'reiu.Lion is HULl, t.he elTOI' (e.l'1lI .is higher' 
t·ban tlcl,unJly l'll.leuhLted; 01' co II vN'Selv, tbm'(' nrc fewer degl'ees of 
freedom IlVltilnhle tbn,n the uumbel'oi' observations would indicittl'. 
This eould men,n tb'l.t SOllU' 01' the regression eoefIkiellt.s migbt turn 
out to be nonsigu.ifielUl t. So fitl' ns the prediction eq utLtion developed 
endier is conce.rned, how eyer; the overall reh1t,ionsbip 11nd uti of t,he 
.regression t'oeflkiel1ts would still ~e significltut Itt the I-percent .level 
with but one-tenth the llUmbel' o[ degrees of freedom, 

of; 
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