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Management of Jack Pine Stands In the 

Lake States L 


By F. H. EYltJ!J, senior silvic'llliurist, and RUf.tSEf,L K. LEBAHRON.2 associat,· 
silvicultul'isl, Lake Slales b'orcst E:r;/Jcri1tlent Station,~ Forest Service 
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INTRODUCTION 

J-uck pine (Pillu.~ banksi.{fllll), although th£' Sl1lall£'st and l'hortest 
lived of the pines'nntiYc to thp Lake ~lat(,B: has long since (:eased to 
be considered a weed tL'ee. P:I I'Lly beca!1~e the lllOl'e yaluable pine~ 
of the region hay£, b('en almost exhnu~i'ed, but also because of its OWll 
mer.its, £01' the past 15 or ~o years jack pill£' bas been a:-;sllllling greater 
ecollomic il1lportance. Attel)tjoll has H.C'('()l'(lingly b£'en dil'(>C'ted toward 
'working out a sati:·;factol'Y fOl'cst-mullngenlcllt prad1ct' 'for tht' l-ipccies. 

Jack pine find:-; its chief use in the Illalluiaetul'e of paper pulp, 
espeeially fol' high-gl'acll' kraft wrapping papers and Hberboal'tl (37):' 
This mw has expalld('d rath~'r strikingly. III 1$)20, pulp milll-i in the 
United States lIsed about 40,000 corcb:O of jack pine; iN 19371 about 
300,000 ('ord;; (fig. 1). 

, l{ecch'ed for jJuhlicati(ln Octohcr 13, 1043 
, For some of the dats IL~l'II the IlUthors IIrI' inuehted to other SUItT members of I,he r,llke States Forest Ex· 

periment Station. Most of the dnta dcnlinj( with reprodu('t;iQn on the Huron Xlliiouul Forest were taken II>' 
P. O. Rudolf lInri R. A. Farrington; some of t.hose on methorls O[SIASh disposal W('n- supplier! by J. A. Mit.­
chell. '['he tcsts on the Chippewa Nntionnl Forest WeW condLlctc(l clti('f1~' by Puul Zeltu~rntr and H. L. 
Shirley, in cooperation with Forest Supcrvisor ('. Eo Knutson. Th~ stAtisficn! mAlPrill1 on rpl!iollsl ,'olume 
an:! growth WAS rollected IIncl compiled hy the Forest SUr\'cystnlf, unrl"r t hc direction of H. X. Cunningham.
The statisti~ 011 stand growth and yirld wero supplied by S.lL G~,'orkiant7.. Assi<taner in complItntions 
W:1lS furnished h~' personnel of th~" Work Projects Admini<ira;,ioll, Ollicinll'rojcct O'I.1-71-~..j;n, sponsor Uni· 
vcrsit.y of :Minnesotn, lInci Ollicinl Project 01-2-71-120, sponsor Luke StAtt'S Porest Expl'rilll~nt Slutioll. 

311iaintaincd by th" l~. S. Dt'purt.ment of Agriculture at Uni\'crsit~· Fnrm, St. 1'1l1l1, M inll., in cooperation
'wJtb tlla University of l\[innt'sotn. 

" 'Italic numllcrs;n Jlar('ntl)l~ses reft'r 10 r.it~rnture Cit~d. p. :in. 
S Wherever thc cQrd is referred to in this bulletin it .tIlClLnS 12~ cuuic feet of starkel! \\'00(1. 

555590·-44--1 1 
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In strength jack pine occupies an intermediate position among the 
'softwoods common to the Lake States (1'7). Lumber manufactured 
from it is somewhat 'lat'iable in working quality and frequently 
knotty; hence it cannot compare with lllmber from the highly prized 
old-growth easteL'll white pine (Pinus strobw:5). Yet for rough COll­

struction on farms, the building of resort cabins, and other uses not 
requiring fineness of textmc OJ' great strength, jal'k pine lumber is 
entirely satisfactory and is "'iddy uscd. It serves equally 'well for 
mine timbers and pilillg (fig, 2, .ti), railroad ties, posts, cabin logs, 
und fuel. In recellt ,Y(;>an; the (,ll! of jack pill(' for IlIl11ber lind mis­
cellHl1eous produet~ Ims appl'oximatPly equaled that for ptlIpwood, 

Jack pine fOl'estH in thr Lnkr States (:\iil111c80Ia. 'Wisconsin. and 
Michigan) are estimated to ('olltain :Ui7R.OOO M feet. board measure 
(International ljl-illeh 1'111(,) of "aw timber alld 8,038,O()() cords of 

300 r 
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l<'IGUI(E l,-Alillunl COIIStllllpf'ioll of j<l('1; Vill(' pnlpwfllld ill til€' Ullit\'d States, 
I!Jl!)-;n. ('(llIlpil('(l fn,11ll BIIl'('a \1 01' tlIP U(,IISl1S tla I'll, SOIiIC of rho' <la t'u ill(']\1dc 
small qll:llllitiPf' (It' illlporf{'d jack pine; so far a;: p"sf<ihle, ilH' f;o-ealIl'd jack 
pillc revorted fL'!lIll .l\lal'~'Jallr.l alld Nortil Carolitla has IWl'1I ex('luuc(1. 

pulpwood.G In cubic \'olume~ jack pille no\\' ranks above all other 
cQJl1fen.; in the Lain' BtalC';; exeep! eastern hemlock (l',mga('anaden.sis). 
The existing stands of merchantable jack pi.lw timbe!' ill the Lake 
States have partlClIlal' economic significance bl'eau::'(' the region's old­
growth fOl'l'shi 11a\'e nearly all been cut. They will go far 
toward supplying the existing timber industries of tl1(> region under 
the stress of enlergelwy demands and maintaining them until the 
young forests have grown to usable size. 

Silvically. jack pine has exceptional merits. It can maintain it­
self on the POOL'('st of snncly soils, wherl' other conifers can seareely 
snrvive, thus making it possible to utilize land otherwise worthless. 
It grows 1'a pidIy, producing merchantable material at an early age, 
It lends itself readily to artificial propagation; for this reason and be­
cause much of the 2.661,000 acreS of deforested pine land in the 1'eoiolljmeet.s its requirements, it. is highly favored in reforestation. aek 
pine has also :t remal'lmble capacity tor reproducing itself after fire, 
and beeuuse of this ('hal'acteL'isti(~ it l1us helped immeasurably t.o covel' 
the scars left by destl'llctive logging and fire. But this quality cannot 
be taken for granted. .Jaek pine does not always reproduce abun­

n CU:\X[~GUA~I. H. N •• Hnd :\IO~H~n. :IL c. F(lHl-lST AHl-:.\S ,H:n 'n~lnmt '·Ol.e~n~s IN TlIE 
1 • .\101 H'I',,'mH, t', S. I~Ol'cst St'rl'icc L'lt,c Stalcs Forest Expt. Sta, Econ, Notes 10, 8,j pp" 
illus. 19;)8, [I'rocc$scd,] 
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F3Of707-392299 

FmUlIE 2.-Jnck pillc rcaclll's its hest dcycloLllllent in Minnesota. Lt, Ja('k pine 
loggillg OP('I'Utioll ill til(' llortht'a;:IPrll pal't (If' tllp Slat<'; "limber;:" alld "poles" 
for use in local iroll Illilll'S. lJ, This good-quality stand on tilp ClIiIlP!!wa 
Xnliounl IPores!', agl'd 70 ~'t'al';';, 11:1;'; a \'olulIW of :IIJOIII ]D,OUO hoard I't'l-t' per al'r!' 
ill ~ .:td oyel' 7,ft ill('iI('S in diaIlH~t('r, 

dantly nfter fire; on some burned areas it has nO,t COl1le back at all. 
0'11 mallY log;g<:>d but unbm'ncil arpas, also, jaek pine has failed to 
l'eprolluce. In ordcr to gain ini'm'l\wtiul1 Ill'eded as a ba~is IOl' man­
.agement of jack pine, the Lake Stall'S FOl'est Exp(lrinl(~l1t Station has 
fo!.' tIl(' past .14 'year's bN'1l st tidying fa('\ol's governing natul'tlll'epl'o­
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duction.ofthe species. Care£ul attention has been b>1.Ven to seed pro­
. duction, the con diti OllS essential to the opening of the cones, alid char­
acteristics as to seed dispersal and germination. Repeated trials 
have been made of various degrees of cutting, slash-disposal methods 
clilculated to encourage reproduction, and seedbed-improvement 
methods such as scarification of the forest floor. This publication 
presents the results of these studies, together with l'esnltfl of related 

<.: 	 research and forest administrative experience having to do with the 
management of jack pine. 

DISTRIBUTION AND SUCCESSION 

RANGE AND EXISTING STANDS 

Jack pine is auapted to a, cool climnte aud OCClll'S fat"th('1.' north than 
:my other pine of the North American continent. Its llaturall'nnge 

l"JGum~ O.-Gelll'nilizell IJIJI:llliea I I'alll;(> 1)1' jack pill(' t Hj). 'l'lJi::; species oecurs 
fllrtller llOrth than allY other American pine. It is capable of enduring low 
pl'eeipitatiOl1 und wide ranges in temperntul'e, typical of un inland climate. 

extends across Canada almost fr0111 coast to coast and in the United 
States includes northern New England and the greater part of Mich­
igan, Wisconsin, and .Minnesota ('537) (fig. 3). Although found along 
sections of the eastel'll coast of North America, it is chal'acteL'istically 
nn inland species tolerating a wide range of growing conditions. 
Even within the Lake States portion of its range, climate varies strik­
ingly. The frost-frec pcriod averages 163 days in places in south­
western Michi/{Illl (:';'1), as low as 96 dRYS in northern Minnesota 
('!89) , and less tllHn 80 dtlys in parts of the Upper Peninsula of Mich­
igan (30). Annual precipitation averages as much as 33.67 inches :tt 
South Haven in southern Mi<:higan (3,]) and as little as 21.95 inches 
(313) at CassLake illllorthel'll Minnesota. 
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Commercial stands of jack pine within the United States are lim­
ited to the Lake States. In. the Lake St!ttes the jack pine type covers 
6 percent (jf the total area now forested, being outranked in this re­
spect by the aspen-birch, northern hardwood, oak, and spruce-fir 
types. A field survey (citation in footnote 6) has shown that the 
Lake States now contain some 2,700,000 acres of jack pine forest, 
nearly half of which is merchantable. The merchantable stands in­
clude 326,500 acres of saw timber (of which 4,400 acres is old growth) 
and 929,1)00 !lcn's of cOl'(lwood -size ti 111 bel'; areas c hlssed as restocking 
compt'ise 1,4:49,700 acres. :Moreover, milch of the region's deforested 
Inl1~ has potential vnlue for gl'O\l'ill¥ jack pine. 

Nenrly half the aren. and th]'ee-i:ollrtb:-; of tilE' present volume of 
jack pine forests in the region are locatE'd in Minnesota. the greatest 
concentration of mature tilllbel' b(~illg withill the Sl1perior National 
Forest, in the northE'lIsj'el'll part of the Statr. ~Iichigan has the 
second largest HrE'a: ,Yis('onsin .is sE'cond in \'olume. Ficrure 4- and 
tablE' 1 inc1ieate in sume detail the location of the principl'il stands. 

FIGUR8 .J.-Loeation of principn] pillP 1'01'PSt:; in ilip Lakp ~tates. Most of the 
stnuu" aI"(' IIi' the jack pint' tytll'. Nlllnern]s indicate til\' Forest SUr\'ey units, 
us listed ill tnble 1. 

According to ;;ol11Pwlwi l"Ollgh t'omplltatiolw of Clll'!'enr Q"rowth and 
drain. the c1.lbi('-i~oo( growth of j<tck pinE' tilllber ill the take States 
is appro:\'-1mately offset by thE' loss thl'()llgh use and waste, It is 
estimated that during the uext fe,,, years the at1llUitl timin upon mer­
chantable stands of jack pine in the Lake States by cutting, fires, in­
sects, and diseases wi 11 avernge 50,400,000 cubic feet. All11Unl growth 
in the decadE' 1035-44 is expected to !I.Yernge 50.100,000 cubic' feet, Ot' 
about 17 percellt mOl'e than the E'.stimatecl drain; hence for the time 
being there is 110 absolute shortage of jack pine in the region. 
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L-:Ui!RftibllltiAm JJf. lack, pine timber in the 'LakeState8,~1J,ForeBtSufVell 
. .lInit.~ 

State and unit 1 	 .Area Volume 

·J>finne.sota: Acres Percent .\f cu.!I. Percent 
. 1. Cloquet......_..___ ..._.... _.----------...--..----------. 121,500 4.5 114, a40 6.9
'2.· Central Pine __.._______ . __ •__..___ . __________ •___ ._ •• __ •. 480,800 17.8 243,670 17.9 
3.. Ralny Riv"-r•• __ ._._ ••• __ •• _. _____________••• __•_____ •••• 100,400 3.7 69,960 5.1 

t~u:i~?~:==::::::::::::::::::::::::::::::::::::::::::· .'j.~: Wi 20: ~ 6~:~:l 45: I 
6. Prairie._._._ ....__ ._ .••_••••_•..••••.• __ ••__ . ____ ........ 2,100 .1 1,990 .1 

1-------1-----1·------·1---­
~otaL______ •___ •_____ • __ •_____ •__ .....________ ... __ •. __ 1, 2f>6. 000 46.8 1,034,430 75.8 

~ Wisconsin: 
1; Northeastern ......_. __ ••_••_. ____ .•_____ •• _.. .•• . 83.000 3.1 33,000 2.4 
2. Northwest.ern................. __ ••_._ .... ,...... ... 264.000 0.8 77,000 5.7 

3.- Central ..._... , __ ..•••_. ___ ._. ____ •• ____ •• _. ..... . . I, 2Il'J.000 11.0 67,000 4.9 
4. 	Southwestern.. _, ....'., __ , .. _, __ ..... __ ......... 19.000 .7 4,000 .3 

-------- -----1--------1----
TotaL_.............._.•• __ ........ __..._..._. __ ... . 1 IiIi.i,tKlO 24.6 181,000 13.3 


=-~=====I======I'====
'Mlchil!sn: 

1.:Ea.~t. HiM Upper Peninsula ...... __ • __ •___ ........... . 7.0 34,000

2. West Half Upper Peninsula .........._... __ ....... . 1.6 12,000

3. North RalfI,ower Peninsula ...........__ •. ,. ...... . 10.6 102,000

4. SOllth Half I,ower Peninsula .•• __ ._.._..._......... . .4 1,000 


Total._ ........___..____....... __ ........._..._........ . 28.6 149,000 


Regional 'l'olaL __ •••• _______ ••.••• ___ ....___ ._........... __ •••. 2,700.000 100.0 1,364,430 


1 F.or location of IInits, sec Ill(. 4. 

:Howevel.', stocking, dist6bution of age classes, and ~eographic lo­
cation of merchantable timber are all somewhat faulty from the point 
of view of sustained-yield production. Some of the remaining mer­
chantable timber is sltuated in the less accessible districts (table 1), 
where itmny be out of reach economically. The volume of mature 
tim.berthat will be ready for cutting during the next few decades un­
itlera conservative form of management in the region as a whole is 
:roughly calculated, with allowance for losses from natural causes, at 
42500,000 cubic feet pel' year. 

Locnl distribution of jack pine is strongly influenced by the char­
'acter of the soil. Apparently capable or getting along on a minimum 
of nutrients and moisture, jack pine tends to occupy the sandiest soils 
of the region. Often it. is found on the driest, poorest sands. Al­
tho\Jgh logging and fire have enabled it to spread to some of the better 
soils it characteristically occurs on sand plains whose soils are de­tcide.uly acid in reaction, usually of glacial-outwash origin, and level 
or slightly rolling. These lands are popularly known as jack pine 

':plains or pine barrens. 
Typical of the poorer sandy soils is the Grayling sand of Michigan, 

the distinguishing characterIstics of which are its loose consistency, 
single-grained texture, and perviousness to moisture (34». To a 
depth of 3 to 4 feet 01' more moisture content a,verages very low, and 
fertility is correspondingly low. The original tree growth on this 
sojl probably consisted mainly of jack pine, with some red pine (Pinu8 
re8inosa), a scattering OrNlstel'll white pine, and mixtures or scarlet 

.",Qak (Quercus cocainea), black oak (Q. 'lJeliutina), northern pin oak 
'(Q. ellipsoidalis), and northern red oak (Q. borealis). The present 

,stands consist mainly or jack pine, in thickets or scattered in associa­
tionwith smun oaks or quaking aspen (Populu..~ tr·em~tloide8). Some­
what better from a timbel'"ln'oducing standpoint aTe two other very 

http:PFll"l\.OF
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?and~ so.ils on which jack pine common~y occ.urs, t~e Roselawn sand 
m MIchIgan and the Plamfield sand m Wlsconsm. The original 
fores~ 'gro'yth on the Plainfiel.d san.d consisted largely.of red pine 
and Jack pme, often of large sIze, WIth some eastern whIte pine (7). 

Tl~e best j~ck pine in ~he La~m States occurs in Minneso~a (fi~. 2, B), 
despIte the fact that rIlmfall IS less abllndant there than III "Wlsconslll 
~md ~ichi~an .. An explanation of this is that; the soils supporting 
Jack pille 1\1 Ml11nesota are generally more fertIle than those farther 
east. Examples of ~inllesota soils on which jack pin~ grows are the 
Menah~ sand, the l ass Lake fine sand, and the K1l1ghnrst loamy 
sand. .tied pine is at present associated with jack pine more com­
monly in Minnesota than in 'Wisconsin or Michigan, another fact incli­
cative of a better soil. Oaks are less :h'equent associates of jack pine 
in Minnesota. ' . 

Although commonly a tree of the sand plain3, jack pine occurs also 
on the heavier rock-olltcrop soils that spreall OWl' a fairly wide area 
on the Supel'ior National Forest. These soils. thin but moderately 
fertile. mantle the geological fOl'mation known as the Laurentian or 
Canadian Shield. Chief among the associated species on these soils 
are aspen, black SPL'lIl'l' (Ficea 'Inm'iana). paper birch (Betula pap1'i­
lem) , balsam fir (AbieN ba78(tm.ea), and white spruce (Pioea glauca). 
Jack pineiH notably absent irolll tlll' decp fertile loams typically 
occupied by the northern hardwood forest. 

ROLE OF FIRE AND OF LOGGING 

Fire has had Illor'c influence than allY other taetoJ' on distribution of 
jack pine both in the original and in the present forests of the Lake 
States. It wns mainly due to fire that jack pine, although a shorter­
lived, smaller speeies than red pille and e'astern white pine, nevertheless 
maintained a position of illlportallee in the (lense virgin forests of the 
region. Fire running through matllL'e uncut :;tands of jack pine, or 
of jack pine mixed with red pine and other tl'ees, encourages reproduc­
tion of the jack pine at the expense of associated species because of the 
former's peculiar seeding habits. Like lodgepole pille (Pinu8 contOl'ta 
lati/olia) (~), but unlike most other forest tl'ees, jack pine does not 
shed much of its seed at the time of seed ripening (fig. 5). By far the 
greater part of the seed remains sealed in the closed cones, which 
persist on the branches for many years, usually until opened by fire. 
Although a fire sweeping through a jack pine stand kills nearly all the 
vegeta6on, the insulation afforded by the thick cone scales preserves 
much of the seed unhal'llied. The ht'at of the flames, usnally of too 
brief duration to destroy t1w c()ne!:)~ opens the scaleH itlld releases the 
seed onto soil tha:t is practically bare (11). The fire thus simulta­
neously prepares a favornble seedbed, reduces plant eompetition, and 
releases an immense number of seed. 

'Vhen a hot fire passes through n stand, seed begins to fall almost 
immediately. A pole stand 40 to 45 feet tall on the Huron National 
Forest in Michigan (fig. 6) mn,y be cited as an example. In May 1937, 
seed dissemination began after a hot fire had bllrned through most of 
the crowns, and was practically completed within 4 dn.ys. 

Even a light fire may suffic(' to stad the opening of the cones, al­
though after such a fire the opening probably does not proceed so fast 

• 'O.k .", 

http:ba78(tm.ea
http:largely.of
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F312,615 

1"1<H'll/o; G,-,Tnc'];: piliP hr:IlIt'!i i1f':(ring" ('lUll'S of ;:p\'pl'al anllual el'Opl:', nIl ;:till 
lig"htl~' ellisI'd, F;:IWlly IlJI ;( Ih'illg' hi'll/wit thp ('01[('''' 1'1'IlWili d",.;pil Ilnlp",s ;:1111­
W(,(pd to high IPill [lPl'iIlun'", :I~ IIr;t 1'1l1't'''1 lirC', '1'1111" ;!,rpal Clll:tlltiti('ii of ;:('Pil 
;((,(,11 111111 nI p, 

FIGt:HI'; U,-,,'hpll a ~'()III1g' "t:ll)(1 of jack pim' i~ llpst l'O~'l'(1 hy fin', till' (,(1"1';:,, lilt('l' 
alld Ill':ll'ly nil ('OllljlPlillg' \'Pl!"l'lnti(l1l i;: IlUl'liprl alll! n l'arol':Illlp ;:(,l'dll('11 1'('slllr;:, 
ns j;: PI'jill'lIt ill this pilIp "1:11((1111' j(wj, [Jim' (lJ( till' Unroll :'\ntioll:ll FUl'(.'st, just 
aft!'!' n lil'P ill ",ray W:17, 
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ns after It hot fire, It has becn found that the l'esillolls seal oJ the 
eOllc seales call be broken, without c1amnge to the seed l by immersing 
the cones in boiling watet' for 30 seconds, and that if the cone sCttles 
tw~ then exposed to moderately ([I'Y ail' they opell within II few clays 

F372G73 

FHn'l!E) 7,-AfIPI' n fin' tllP lll'l'l'i;;lpnl {'Olll'~ (:;tiIl111nilll~' yj,'ilJh' Oli lli!' 111':111\'11(''; 
ill t1li~ l,s-YP:I)'-olrl ;;11111(1), (1]11'1]('11 hy (II(' h('nt, 1'(';;PI'dl'ti till' :11'1':1. witli till' 1'('­

;;\Ilt tll:Jt 2-r(':JI'-old 1'Pptllil1;'p; (too 15111<1)1 to show in tlH' photog-mph) lIulIll)t:l.' 
U,,!·QO ]11:')' :JC),('. 

suflieienf'ly to L'elen Sl' ~eec1, If ~tti(able temp<'I':ltnl'e :lt1cl moisture 
cOllditions prl'\'uil nft('I' ~('(·d di~pl'rH1L g<'l'lllinat ion fakes pl:u.:e 
promptly; aml ifl'n\'ornhll' wentlJ(>l' c()l1tilllll'!-' dnl'illg' till' Hn;t growlllg 
season til(' stand of jack llillt' lIlay )w ~11(,(·t';;sfllll,'T l'egl'IlP I.'a ted, 

;:).1;;500" ·44---2 
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.A second fire following within a few years may kill all seedlings 
that came in after the first fire and reduce the area to a, waste of brush 
or grass. However, if a longer period intervenes the second fire may 
result in a second and perhaps more abundant restocking of the area 
through seeel ing from cones prod \Iced on the young growth (fig. 7). 
Jack pines produce viable seed when as young as 4 years and in appre­
ciable quantities when ollly 6 or 8 years old. A fh'e occurring ill 
growth of the latter age may do nothing more disastrous than set the 
etand back a few years. This chameteristic has greatly assisted jack 
pine in 111:lintaining its place in the forest (fig. S). 

F3l239 

FIGUllE 8.-A llellSP stll.lld of jack pilw seedlings that originated after a forest 
fire in northern IIJinnesotu. 

As a l'eslllt of the logging operations of 30 to 60 years ago, and of 
the fires that followed them, the stand of jack pine today outnumbers 
that in the original forest, doubtless largely because the species was 
sO little utilized in tho!::e big lumbering operations. Although jack 
pine was in mall)' cases Cllt :m<l sold as red pine, it was utilized less 
closely than red pine, and much that was too small to be merchant­
able remained standing. 'fhe fires that subsequently bUl'Iled through 
the slushings killed both the advance reproc1\1ctiQn and the few re­
maining seed tl'pes of eastern "'hite pine and red pine. at tIl(> same 
time removing d\lff and vegetation from the surface of the ground. 
Fire also killed the resi(lual jack pines, but caused their cones to open 
and thus brought about reseeding to jack pine. 

Stands that existed as reproduction at the time of heavy exploita­
tion and those that ol'iginatedimmedintely thereafter have grown to 
merchantnbll' size. This second-growth timber has formed the bulk 
of the jack pint' cut during recent years. 
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Olear cutting with windrowing of slash, which is the usual method 
of logging second-growth stands of jack pine, has not generally been 
followed by successful reproduction (fin·. 9). Many observations 
throughont the region testify to this. Of nine repres!:.!ltative areas 
where definite surveys were made, only one had adequate reproduc­
tion. On one, reproduction was fail'. On the seven others 'it was 
poor. Logged areas on sandy land commonly come in to gmss and 
brush interspersed with patches of jack pine Hnd oak. On 10amy 
solIs in the rock-outcrop region of northeastern :Minncsota where 
aspen is mixed with jack pine, aspen sprouts up thickly after it harvest 
ClIt. Reproduction of jack pille was observed to be generally poorer 
in Michigan than in Minnesota. On experimental areas and lHt-

F_ 

I~IGURliJ 9.-'l'his privatel~' owned tract in northwestern 'Wisconi'in is shown as it 
appearell 8 ),(;'al';-; afi(!l' dell!' cutting, Many "imihll' ('ommen'ially loggl'u areas 
han' failed to l'p)lI'o(1111.'C'. 

tional-fol'eBt timber-sale areas C\lt ov(;r dnring the pel'iod W26-34, 
wlH.!\'c both. cleur cutting and partial cuttillg W('I'(' tI'ied. reproduc­
tion has likewise been allllost uniformly (lisappointing (5). A 
survey by Russell ",Yatsoll i of many cOllllllercial cuttings of all 
kinds' :111(1 circumstances i 1\ Michigan led to the conclusion that except 
where firp, happened to intervene in just the right way: jack pille has 
failed almost completely to reproduce after cntting. 

Evell where fire followed closely after logging, few stands have 
reproduced adequately. It llIay wen be asked why the OCCllnence of 
fire :titer cutting has lIot brought nbout as go()d reprodnction in 
Inter years as it <lid in the days of large-scale lUl1liJPl'ing. Thl' answer 
WOllld appe:u' to lil' in the fad thHl' fit' til(' time of til(' first logging 

1 WA'l'SOX. H. JACK PIXfJ IX MIC'IIIOAX. P. S. ,;'on's!; Sen'" North ('('nL n"gioll. 1037. 
[PJ'oces8Nl,j 
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absolllte clear cutting was not practiced and many jack pines were 
left standing. Today deal' cl1tting is the rule, llnd fire running 

.... ~< 

F365601 
PIt:1Tm: lll.~Tll(h'I";(OI')' of' IHlI"nlll Ill' ill a 7\)·~·Plll'·()lll .<[':tlld of j:II'k piliP Oil till' 

~llPPJ'i()l' Xaliollnl Fun',,!. Fl'pqnPlltl,\', if IlO firl' OCelll'~, jaek [Jim' :;l:tllds 011 
IO:I1Jl,r ~<lil" tll'(' illradpd h~' /Ja/"Hill iiI', lrlack "lll'UCP, :111(1 while Slll'nce, 

tlll'OIIp'h H ('ui-O\'PI' area c10(,H not CHUS(' l'esl'e(1il1g hectln"p pmctically 
110 s('C'cl (!'PPH l'Pl1win nlld tlw 11llOPl1llPd (,(HlP;; eontnilled ill tile slash 
H)'(> Ja 1'p'f'1y COIl:'llllle(], 
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SUCCESSION IN THE ABSENCE OF FIRE AND CUTTING 

Without the actjOll of fire. jack p111e cloes not readily succeed itself 

in nature~ lmt tends to give way to it different type of forest-one 

more tolerant of shade. On sandy soils, as ·was shown by Kittredge 

(10) on Cass Lake sand, the usual succession after jack pine is first 

red pine, then eastern white pine, then a hardwood. type composed of 

sligar maple (Acm' 8acol!al'um) , bass,yooel (TWa gZabJ'(J,) , and northern 

I'ed oak. l\JOI'I.' recellt obsel'vations on the Chippewa ~ntiona] Forest, 

Minn.. inc1ieflte that the l'eel pint' and white pine Htages an' HOlllctimes 

absent. In such cases jack pine is l'eplncecl first by alder (Al-/l/US 

inCClIl (( ) \ ImzehlUt (0 ()I'ylu,~ (/!m.81'i('(lIl(() , bea keel hazelnut (0. 1'o8t't'ata) , 

paper birch. and quakillg uspen, which are then followed by eithel' the 

SUgUl' mllple-basswood association 01' spI'llee-fir, even though the soil 

may be too pOOl' for good gt.'owth of the latter. On the better sundy 

soils the jack pilH' stage nULy last thl'ough only on(' natut'Ul rotation 

(100 to 120 yeurs) ; on the poorer, such ns tl10se of :Michigan, it may 

persist considerably longer becuuse of the inability of more exacting 

speeies to OC('IIP,\' thr site. 


In nOl,theustel'1l Minnesota on the loamy soils covering the Lauren­

tian Shield. jack pine that is free of fire und cutting is in one rotation 

almost cmYl]")letely replaced by more shade-tolerant species (fig. 10), 

Certuin tll'eas on the Superior Natiollal FOl'est Suppol'ted I.lirly heavy 

stancls of jack pille S:1\Y timber. mostly 80 to 120 years old, when 

cruised in 1922. .A recrnis_e of these areas in 1936-a8 indicated that 

clul'iug the 14:- to 16-year interval the jack pine saw timber had prac­

tically' ceased to exist. Li X'ing trees l'enwilled only hore and there, 

Slll'('oundecl by snngs and fallen tilllb(~r. The arens are being taken 

over by black' spruce. white spruee, balsam fir, and paper birch. The 

compositioll of two typical jack pine stands on the Superior National 

Forest is ·shown in table 2. The preponderance of spruce and balsam 

fir and the sC~lrcity oi' jack pine among the trees 0.5 inch d. b. h.8 or 

less clearly indicate the trend of s\1('('e8sion. These small h'ees are 

seedlings that haVE: come in llutlll'ally und,,!' the ovel'stol'Y of jack pine. 

H the stands remain uncut, the type will gradually clHlnge from jack 

pine to spl'lIce-fir. 


TABIJE 2,-C'olnpo.5ition of 2 mature jack 71ine stanc7s with understory on loamy soil 
on the Superior National Forest, in trees [ler acre 1 

. 70·yMr stand I SO'year stand 

Species 
0.5+ in~hl'O-O'r, iuch 0 ..5+ inch10-o.5 inch 

(I. h. h, d. h, h, : d. b. h. d, b. h, 
1 

~----------'-::~::-;t lVlt:~~J~~- ~~~mber ' Num!,er 
Jackpin~ ..•...... _•.... ___ .. __ •..• _•. _ 614 45 295 0 
Aspen ...... , .._._" __ ,, __ ,,, o I) 65 2357 
Paper ))irch ___ ._ ....... ___ ... _... . ..... __ .... _ 100 135 40 90 

Balsam 1lL._._._ •••__ ............... ___ . __ • ___ •.. _. 52 SIO 0 10 

Spruca 3•• _" .............. --_.- .. ---_ .•• _. ------ ....... . ao 390 117 380 

Others_._..... _.•, ••••• _........_..............__ ..______ •• (J 225 U li 


Acres Acre,' Acres Acrts
Bnsis, plot.llrmis_ •• __ .......___ ....____ •__._ •• __..________..... _ 
 .5 ,007 4.0 ,3 

1]), I), h,=dianwter nt brellst h~ighl, or ·1.5 r~ct ullcl\"c avcragp ground level. 
'Suppressed Slickers, which have little chant'O Of sun'iving, 
, Mostly black spruco, 

.,j 
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.... c>< ~O.ll;sQIJJ,ejackpi.lleareas; particularly on the better s?ils, broadleaved 
" . "-shr.ubs,snch.as hazelnut, beaked hazelnut, .mountam maple (Acer 

spicatwm) , and green alder (Alnus arispa) , form such a dense under­
. .' story that even balsam fir, one Df the most tolerant conifers in the 

:LakeStatess cannot easily become established. When the jack -pine 
..h~seventually died of old age, the hardwood shrubs are likely to oc­

c.upy these sites for some time, later to be replaced very slowly by 
balsam fir, white spruce, and black spruce. 

REPRODUCTIVE CAPACITY 

SEED SUPPLY 

An important fact in the consideration of the reproductive capacity 
of jack pine is that the cones are generally .r;el'otinous, the scales re­
maming closed for long periods, sometimes for many years. Some 
variation in this characteristic exists, however. In the southern part 
of the range, and near the border of the prairie in Minnesota, cones 
are observed to be largely nonserotinous; also occasional trees else­
. where, even in the northern part of the Lake States, bear cones that 
'open without dela.y. In most instances scale closure persists, with a 
.consequent accumulation of seed in unopened cones from season to 
.season. 

In order to obtain a definite measure of the accumuh~t~d supply of 
seed in a represent9tive stand of jack pine, all cones were picked dur­
i.llgthe fall of 1935 from an acre of well-stocked mature timber grow­
i}!g ona good site on the Chippewa. National Forest, Minn., and the 
seed extracted. The yield was 12.9 pounds. A similar test the same 
y.ear in well-stocked timber occupying a medium site on the Superior 
.National Forest, Minn., indicated a seed yield of 13.5 pounds per 
acre. An interesting feature of the data, which are presented in table 

.3, is the large proportion of seed that came from cones more than 4 
years old. In a very poorly stocked stand growing on a low-quality 
site on the Huron National Forest, Mich., .a fairly analogous study 
.made in 1937 indicated a yield somewhat lower. 

;TAJILE 3.-Quantity Of seed stored in cones on Uvin.Q jack pine tree8 1 on 2 
national. forests in M1nncsota 

Cones per acre Seed per acre 

Year oC cone ripening 
Chip· Supe· Chip· Supe· 
pewa rior pewa rlor 

--~~~-----------------------------I'----------------
Bushe18 

1935....._.............................................~.... .. ...... .... 2.92 
BlUJhe13 Pound3 .f'I}Und8 

2.78 1. 04 1.75 
.1934............................................. ........ .... .... 5.11 1. 74 2.99 1.01 
·1932-:a3.....--.................................................... """ 4.17 2.69 1. 56 1.39 
.1001 or earlier .........__ ...................................... 26.33 24.14 7.31 9.35 

TotaL...............__............................... __.......... 38.53 31.35 12.90 13.50 

I As determined Crom cones collected in the Call and winter oC 1935-36. 

The large quantity of seed contained in the cones on living trees 
is. all the more significant because of ~he small size of.the se~d. Jack 
pIlle has the smallest see~ of any native North AmerIcan pIlle. The 

http:shr.ubs,snch.as
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number of seed per pound, according to tests of 99 collections made 
over a period of ~evernl years at til(' LakE' Stutes Forest Experiment 
Station, ranges from 11,000 to 177,000 and average~ 130.600. A mature, 
stand thus may have an acclllnulttted supply, in unopened cones, of 
as many as 2million seed pel' acre. 

Seed stored in cones on the tree remain viable in high proportion 
for many years. CUI"t'fully extrn(·ted Hlld clt'aned seed from cones 
1 to ~tbout 15 years old conected Oil the Superiorund Huron Forests 
germinated 6~ to 89 pel.'C<:'llt (table 4). The H\"<:,ragt' run of seed 
col1E'cted and extracb>d under thE' HI:Iss-l1rocluction methods of na­
tionnl-:f'ol'E'st practice' Jor use ill a,l'tificial refol'estation germinates in 
somewhat lower proportion. 

Froll1 thE' data presented in table 4- it is eviclpnt that iew seed stored 
in cones OIl the tree's lose tlwir viability in tIll' first 5 to 10 years. The 
seed may rernain in fnidy go()(l condition for n much longer period. 
One investigator repoI'ts ha\'ing found that a Jot of seed extracted 
from cones 16 years old was 82 percent yiable.o 

'l'ABU} 4,-TT'ia/Ji1it!l at S '{018' of sl'ell 11101"1'11 ill l'Olll'S for diffl'rent pel'ioils 

Lot 2 Lot 3~rime siJl('(~ cOn~5 mnturcd (ycnrs) I Lot I 

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

percent Percent Percent 
. 84 89 801-2.. " ...•.••_.. _...•.... _._••• _._ .•.....•.•. " ---,,""" II 83 I .. ~ ___ .-. ~~~r_' ,3-L.. . .•.•.... _ 


3-6 ... "'" _ ........... . 
 .8 f 82 
5 or .more 2" _~_~ .. ,,_ ~~ .. _~ ~ __ _ . I 62 ­1 

t Viability was dctNlDined by [(crrniImtion te~ts of 1,000 seeds to nn a~e elnss in 101 I, ('ol\caleci at Ely, 
,Minn., nnd Q[200 to all age class in lots 2 nnd 3, colh'('('clnt Hos('Ornrnon, M ieh • 

• 'rbo age o( tbe oldest cones was (·,timntcd at 15 yenr" and UlIlY hnvo been much grenter. 

, SEED DISSEMINATION 

SEED FALL FRO:1l1 LIVE TREES 

In the absence of lin'. only n, small portion of the current crop of jack 
pine seed. and an e\'ell '"lllalJel' fr:l<:tioll of the acculllulateel supply, 
escapes from the Com'H and falls to the grollnd in any 'year. The fall 
during a 5-yea1' period as determined by use of seed traps (fig. 11) at 
three locations in ~linl\esot:t and Michigan averaged from 2,700 to 
10.600 pel' acl'C (table 5), or less than 0.5 percent of the total suppLy 
commonly stored in the (,OIH'S of well-stocked stands. Germination 
tests of seed frol11 the seed-trap collections indicated a viability of 56 
pel'cen~, which cheeks rather c1o~ely 'with the results of tests of general 
collections made for rpfoL·pstntlOn. The greatest recorded monthly 
yield of seed fro1)1 live trecf; was the 28,000 seeds per acre collected at 
Roscommon, Mich., in October 1938. This mHlsual fall of seed took 
J?lace during a very d~y pe,rioc1, uncleI' an open stand of scrubb~.T but 
full-crowned trees. SlIlee It has been found that under natural con­
ditions ordinarily not more than one or two seeds in a thousand pro­
duce seedlings that survive to the age of 2 years, the ll,verage quantity 
of seed annually c1isseminated is totally inadeqnate for satisfactory l'e­
generation except under unllsLUllly favOl'llble conditions as to soil anel 

It SHl-~Xt IT. I.J. VIABILITY OF' ~J'nl1 sEED 01" .TArK I'IXI:: F'lanl' l'OXl<:S Rl':'J\'\IXI<:O .IX Il'HE 'PUl-:Jo~S 
~'Olt YARIO\:S p~;nlODS O~' 'l'Dlll, 10:10, (l'u[lublishe<l theSiS, University (If Minnesota,) 
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wcathel", It ilia.\' be condurlec1, therefore, tlwt jack pine i!; not depend­
able as a l;ecd h'c!;', 

F~3J65 

/<'IGem; 11,-Sl'e<1 fTlIP, 3,:3 b.r 3,:3 feethal'jng an al'ea of 0,00025 acre, '.rhe 
('O:l!';;(, ;o;t'l'l'l'lI h'l;; >lP('(/;; in but kPl'PH nut binls and l'udeut>!; a tiue screen be­
IlPlIth l'Plllin;; th!' >,(\('d::;. 

T\BJ.~: ;),-Arcl'lI!Jf' (llIllIwl {(ll/licl' (J.(,l'(' Of jack pillC' Heed /1'0111 8('ell Il'ees dllrill~!'''e' ,;-1//'/1/'1)('1';01/ A'I/[llIsi 1, I[J,JJ-JIII!I.U, l!MB, at .J (liftacII! lo('a/ioIlH 

I"uron' HOSC()lIl-I"UIJ('rlOr. mOil f .., 

.\'ulIlhrT f.\~tllIIher Xlill/t,cr\lJcu"-t 320 2'J4 3,U21~('IJtl'J1JhN o -tlij .557(Jr'!ol,,'r 0\ "nt 1;.111 -1,145 :!~al'\-\I"~ :;hO (joIO 2,/'ISJWIt' !,~O 1 HO al·1Jill} :120 ; .'<20 73f1 

Total 

.. '~-'----'-------
: \I'('II,stQ('krtlullCut SUlIlCI (In traps), Huron :\ntionnl Fun'>l, :':k \_ 
o 	Opt'n ~cntbhy Sllllll! (2·1 tfllj)!>!, Hoscornrnon. "I ielt, 

11.'11\")' llmtureslnnd GU (i('r(,('111 ('ut (IS traps. of II'hich 10 wrn'lit'l out fur:! Yl'Hr~ 'JIlln. ;:,uperiur :\utional
Fon·!'.l. ~fillll. 

Oil warlll sites, hO\\"('I'('r, parti('ularl,\' in till' !:lollthetn alltl :::outh. 
\\"(';;ll'1'11 extl'l'lllitit's oj' its ,'ange, jad, pint' H'ees Llispl'l.''':P l;ieed freely, 
III gel1(~l'al. :-epd dis;;PlllillatiOIl from eOl1e!; OIl IIlP tree is lIlost likl'ly to 
!)('('lU' dul.'ing "'tlL'IIl, dl'y weather, III rare illstal1('l'S coues have been 
known to open alld sll(>c\ st'ecl in midwinter, Open ('OI1(,S lire 1'01111(/ 
1l10;;t frpql1enUy on short, open-grown trees on south slopes. whel'e 
l'xposurl' to lH'at is !!"('ajp!:lt. 

D1SPERSAL OF 5Ef<:D FROM SLASH AND DEAD TREES 

COlH'S (11' jack pill(> dill!! peL'"i;;ienUy to the bI'allchesnftl'r the trees 
art' felled anti tht' "tt'llls ('ut illjo log,,; ollly a fl'I\- arc knocked off ill 
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the process of logging. Thus cuttin~ merely transfers the .accumu­
lated seed supply-which, \I" has beell shown, nmy be as lIlueh as 2 
million seed per acre-frolll the treetops to the slash. Because the air 
is warmer Ileal' the ground suriuee, the result is to raise the tempera­
ture of the cones and COlIs{·quentl.y to :lecelemte their opening. This 
aceeleration, however, yuri{,s greatly with conditions affecting degree 
of ex pOl:illl'C ofthe cones nnd with their precise height above t he ground. 

Seed dispersed from opened ('ollesin iOPIWd and ~cattered slush may 
amount to half or even two-thirds of the total supply. Following a 
50-percent cutting of a, w(~ll-sto('k{·d matllr(, stand on the Superior 
Kational Forest. tInta \H'I'C' obtained through a test in which braIlC'hes 
bearing known numbers of ('ones were placed 0\7er seed traps. Counts 
of the seed shed from th{'se cones were made at monthly intervals, 
exeept in winter, over a period of 2 y('ars. The dabl were thell ad­
justed to a, per-aert' basis by the number of ('olles ill the slash on an 
acr!' of the ('ut-oyer lit nd as deferm ined by ('ollnting the cones on 100 
milacre quadrats. Thl' results were as follows; 

l:icc(/,~ /I~r (H're Seed8 per acre 

Ft'bl'llary-J'uly lfJH"_ ... _ alAugust 10:36__________________ 60.400 
Augui't 103:' . !W, SOO/S('pteml,rl' 10~fl__ __ __ 7,000 
Sept ('ml)et· 1035 __ __ 1!l. :!()OIO('iob<,r 1!Jgn-Apri I W:17 .. _ 4.900 
O('toiler 10:3:,-A\1I'j I lUgH _ 11.400')Iay ll):fi_____ ° 
l\lay 10:3(L_______ ,. .• . .-- 11,. 20() I' .TulI(\ ]!):W .• --. . 0, 600 
JunE' :W:3!i .. 33. SOO 
July Jf1:36. . sso, 000 Tlllul... ___ ._..____ 558,300 

400,----------------------------------------------------. 

~ 
~300~------------------~------
IS 
Q. 

~ 
~200~------------------------~ 
til 

~ 
~ 
~ l00~------------------------~ 
j12 

0>.-..........---------.....-.-

FEB.- AUG. SEPT. OCT.· MAY JUNE JUL.Y AUG. SEPT. OCT.- MAY JUNE 
JULY t9~5 APR. 1936 APR. 1937 

FIGUR~; 12.-DislJet·sal of ju('k pinE' seed from ;:Jash llftrr :l :iO-percent cutting of a 
well-slo('ked mature stand in February 1005. 

Tlw comparatively high rut~ of dissemination during 1936 may be ex­
plained by the fact that it waS an exeeptionally warm, dry year. Dis­
persal of seed was greatest during the hottest months of the summer, 
but it continued at :t moderate rate in the fall and spring (fig. 12). 

In another study. on the Huron National Forest. 12 seed traps were 
placed on a series of ('utting plots. The slash was lopped and scatt~red 
uniformly. without re,ferenee to the traps, so that the seed subsequently 
caught represented cli~'ectly a defiuite proportion of the total quantity 

555000 0--H-3 
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or seed disseminated. Several degrees of cutting were tried. In the 
first 25 months after logging, the seed fall recorded per acre waS as 
follows: Clear cut, 1,152,000; two-thirds basal area removed, 884,000; 
one-third basal area removed, 161,000; no cutting, 17,000 (fig. 13). 
Cutting tests indicated that 48 percent of the seed was sonnel. 

Seecl is dispersed ft'eely from 100pped and scattered slash, but if 
slash is in piles or windrows only tlw coneR around the edges and 
at the top release theirseecl, the others usually rernaining tightly 
closed. Only seed relensecl from cones around the edges has any 
chance of reaching a fa\orable seedbed. 

Cones on the b1'aneheR of felled 01.' standing fIead trees do not shed 
much seed. This was indicated in an investigation of comparative 
seed dispersal fWIlI cones attached to lopped and scattered slash, 
felled trees, and girdlefl trees (1;?). '1'11(' sl'ecls released from a total 

THOUSAND SE£DS PER ACRE 
FIGUR~; l3,-DiSlwrs;il of jack pin(' ~('ed, as rdatt'fl to degree of cutting during the 

25 months following Jogging, as indicated by collections in seed traps on the 
Huron Ntltional Forest. 

of 230 cones were counted. Seed ,,,as dispersed freely from lopped 
and scattered slash during the midsummers of the first two years and 
to ~l slight extent during that of the third year (fig, 14), The seeond 
summer, when the greatest clispen.;al took place, was by far the hottest 
of the three. Little seed was distributed from cones on the felled and 
girdled trees during any of the three ye~ll's. The reaSon for the differ­
ence is that cone opellill~ ordinarily results from exposure to high 
temperature, whether suclclenly in the brief period of a forest fire or 
in the longer process of heating by the Sllll. The cones on the lopped 
and scattered branches were situatedl illch to 1 foot above the ground 
surface, where ail' temperature waS highest; those on the felled treef; 
were 1 to 5 feet above the ground, and those on the girdled trees 20 to 
4:0 feet. 

Prompt and complete opening of cones is assured only if they are 
close to the ground. UncleI' nOl:thel'l1 Minnesota conditions, cones 
lying on the ground fully exposed to the sun open in about a week of 
hot weather, and thOSl' sLlspended 6 inches llboye the I!l'ound open only 
after 1 or 2 months of such weather. As distance above the ground 
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increases, opening becomes progressively slower, so that at a height 
of 4 or 5 feet. cones may open only after 2 or 3 years 01' may 
ShLY closed L'}(lefinitely (fig. 15). 

Temperatures of 1300 to 1500 F. on the bare forest floor have been 
recorded regularly during warm, dry Surnmer weather Ileal' Ely, 
Minn. Observations that such heat is ample to open ('ones in the forest 
substantially agree with Rietz's statement (18) that to obtain good 
eone opening for artificial extraction, temperntu1'es must be 1400 F. 
01' higher. ""Vithin a spaee of only 4: to is inehes above the surface of 
the ground, ail' temperature often diminishes by more than 30 0 
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!<'IGl;BE l4.-Cnllllllative limnhers of ~epds l'e1ens('(l fl'ol11 cones on lopped slash, 
011 felled tret!s, and on girdled trees. !lasis: dispersal from 230 cones. 

nt. a height of 1 foot, on warm, clear days, the difference may l'each 
;1;')0. 

In one observed jnstallce~ cones in slash protruding above snow 
opened during a period of subzero 'weather that immediately followed 
a relatively warm, wet period. Possibly frost action was responsibl~. 

DESTRUCTION OF SEED By BIRDS AND RODENTS 

Seed of jack pine is palatable to a l1umber of common birds ilnd 
rodents, alld this may at times have an important influence on rept·o­
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duction. Observations made immediately after the Welcome Lake 
fire of May 1937 in It jack pine stand on the Huron National Forest 
show how seriously birds can deplete a heavy fall of seed. The very 
hot fire left a bare, blackened ground surface, upon which freshly 
fallen seeds were plainly visible "because of their light brown wings. 
Most of the jack pine seed fell within '1 days after the fire. Counts 
at the end of that time showed from 11 to 36 seeds per square foot 

Fmaoa 

FIGURE 15.-Cones from :l freshly felled tree exposed fOI' 2 months, showing 
that degree of opening varies Inversely with distance from the ground. 

(479,000 to 1,568,000 per acre). Immediately great numbers of 
grackles, blackbirds, robins, and other birds flocked onto the burn 
and began to work it over. Aftel' a week, all the bii'ds had left. The 
small quantity of seed later observed on the ground and the sparse 
reproduction that followed gave evidence that the birds consumed 
practically all the seed. 

Pine squirrels (Saiw'Us lLudson-iclls) gather and store jack pine 

• 
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cones, but not in any great amount, it is believed,except when other 
food is scare; otherwise, such brge quantities of cones could hardly 
accumulate on the trees. Jack pine cones are hard and tong-h. and the 
seeds are so small that the work of getting them out probably almost 
offsets their food value to a squirre1. 

The extent to which rodents may consume seed dispersed from 
slash is illustrated by seed counts made in 1938 on a portion of the 
Superior National Forest where a stand of mature jack pine had 
been clean cut the previous winter and the slash lopped and scattered. 
Opening of the cones proceeded rapidly during July, and most of the 
seed was released early in August. On September 5 a search waR 
made under the cones for seed. In the course of several hours, a total 
of 1,500 seeds wt're found or were acconnted for by the presence of 
seed coats and wings or seefllings. Of this number 75 pereeni: had 
been destroyed, within a month after they escaped from the eones. 
In seed-sowing experiments 011 til(' Chippewa National Forest rodents 
have been observed to consume seed within 2 hours after it was placed 
on the gl·OllIld. 

GERMINATION REQUIREMENTS 

In the regenemtion of most conifers, seed thilt falls soon after mn­
turillg usually gerlllillates at some del·illite period, such as the spring 
following ripening. Jack pine seetl, which Illay fall ut almost (lilY 

time during spring, summer, or autumn, will germinate quickly if 
temperutul"«:> and moisture are flwol·able-nnder bestcol1ditions, within 
a week or 10 days after it is dispersed. 

Under favorable moisture conditions. jack pine seed will germinate 
rapidly whenever the lO-day mean maxilllum air temperature is 65 0 

F. or higher. This was determined by sowing seed in the field at Ely, 
in northeastern MiIll1esota, on 11 different dates over: 1L 12-month 
pedod. Every lot of seed sown while the 10-dllY mean maximum 
temperature was 65 0 F. or higher began to gel·millate within 20 days 
and stopped germinating when the temperature dropped lower. Every 
lot sown during peI:iods of lower temperature germinated the follow­
ing spring soon after the 10-(lay mean maximum reached 650 F. 

Throughout the Lake States, rains normally are commoll c1nring 
the growing seasonr so that adequate moisture for germination may 
become available at any tirne dllL·ing this pel·iod. In the study just 
described, in which no artificial watering was done, germination oc­
CUlTed .in May, June, July, August, and September. The seed had 
been sown on rather well decomposed litter, over which sticks were 
then laid crisscross (simulating logging slash) to shade it and re­
tard drying. At the same time a parallel series of sowings was made 
on coarse, poorly decomposed litter, which was left exposed to full 
slmlight. In the latter case the seed did not germinate in great num­
bers except in early spring, when the moisture content of the litter 
was maintained at a high level by the very wet condition of the under­
lying soil and the high l·ellltive humidity. . 

Germination of jack pine varies greatly according to churncter 
of soil surface (6, 11). Clearly, for this species the best natural 

101}.!o11'l'ED S'lwrES FOREST i'lIoJRVICE. PROllABII,I'CY OF ItAIN~',H,r, DUlliNG 'rUt: ~'lIItJ SE.\RO~ 
IN 'rRtJ LAKFl S'rATtJS .RF.(}JON. U. S • .IJ'orest Servo Lnk(' Stntes JiJxpt. Stfl., 21 chflrts. l!l:lll 
[Processed.] 
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germinating medium that can be provided in the forest is mineral 
soil (table 6). BurJled duff, sllch as thatlel'/: by slash bUl'1ling or a 
forest fire, is somewhat less favol'able. Duff that has been torn HI) 
mechanically and somewhat mixed with the underlying soil is better 
than undisturbed duff. \Vood ill an advanced stage of decomposition
favors germination, but is scarce on jack pine land. 

~I'ABLE 6.-Germination and .~I/''''';iva~ of .3PI·hl(J-80IlJn ja-ek lline 01~ ~ kinds of soU 
811I'fu('(' 1 

Flrst-yenr surl·l\·n1. 
in termSo{-

Kind of soil ourfnce' Gcrminn- I 
tlOIJ g~edlings 

g(lrIJlin. SC,:<1 
nlf:d I so\\n 

-----------------~ .....---.------ - 1--· .- ~._•• ___:--- ­

l>ucen.t j Ptrcenl 1 l.Jercen(Undisturbed dulT.-_ .•.• _............. _..... ______ ........... ..... 17, 41 7 

Searifiedllndsl.llldedsoiL._ ..• .- .......... _..... ..................... 47! 41 J9 

BurncddulT.. _.... -.- .• -..................-........................ J 491 70 34 


00
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I Smyivals arc al'crugcs for 2Scpllrntc yenrs ot sowing. Hl37 and 1938, on t he Superior Xlltionnl Forest; ger.
mination tostsindicated thcsccd to 1)c80 percent \'/"blc hCfoTQsowiug. 

"I'ho wilting coellicicllts of tho 4 soli surfllces. 115 determined by the (,cntrifugillg method. \\'('re as follows: 
Undist.urbed duJI, 70.6 percent; scarified duU. 55.5 percent; burned duU, .54,2 perCCllt; and barl: minerai soil.14./ percent. 

The fact that mineral soil gives better results as a germinating 
medium than partially d('COlll posed. organic materials is explained 
by (1) its lower wilting cocfllcient, which makes it easier for seeds to 
absorb moisture, and (2) the far smaller size o£ the particles compos­
ing it and their greater llniforllljty, ,,,hieh permit closer contact of the 
soil and of the moisture it bears with the !:iceds. Mineral soil has a 
much greatel' advantage ovm' duff when precipitation is slight than 
when it is abundant. 

MORTALITY AMONG YOUNG SEEDUNGS 

Young seedlings of jack pine, although largel' than those of some 
110rthcl'l1 coniferI-), aL'l~ nevertheless small, tender plants. susceptible 
to many destL'Uctive factors and having tt rather high rate of mortal­
ity during the til'st yeal'. Fire, heat, drought, frost heaving, winter 
injury, insects, and c1i!';('ase can and often do cause severe losses, and 
sometimes completely destroy tt year's crop oJ seedlings. 

It has been found that soil surface temperatures above 1220 F., if 
they continue for a period of 2 hours, endanger young conifer seed­
lings (fJ8) , Laboratory experiments lmve shown injul'y to tissue at 
tempemtures several degrees lower (23). Within the mnge of jack 
pine, such temperatures commonly OC'eur during a paL't of each sum­
mer. Figure 16, summarizing surface temepratures recorded for 
plots on the SllIwrior Nntiollal Forest, a locality much cooler than 
some parts of tIl(> Lake States, illustl'ates the frequency of such tem­
peratures in a year of nOt'mal rajnfall (1937) and a moderately dry 
year (1938). Soil smTnce temperatures up to 175 0 F. have been 
recorded within the jack pine region (gO). Undoubtedly high surface 
temperatul"es calIse heavy losses among the young seedlings, especially 
if the plants do not have shade dlll'ing part of the day or the surface 
soil becomes dry and is not cooled by evaporation. Such conditions 
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occur much more frequently 011 sandy ::oils than on loamy soils, which 
usually SUppOL't more dense' vegetation, 

Temperatul'e varies cOllsid~~rably with soil-surface material. The 
maximum surface telllpcratun's of both hUL'llecl and ulldisturbed cluff, 
for example, :fur exceed those of loamy mineral soil. accoL'Cling to the 
data taken on the SupeL'iol' National FOI.'('st (fig, 16), The high tem­
perature of the natural Lluff Btld'ace probably resulted -!'I'om its char­
acteristically vel'y (lrj' condit.ion. That o:f the burned duff sud'ace 
can be attributecl to its almost ('fIltHily dry conditioll plw; its blackness, 
which causes great('l' abr;ol'ption of he'at. 

In n study o:f :fol'est plantations, int'lnc1ing jack pine on the Michi­
gan sand plains. Rudolf P()) :found (ll'ollght [I primary enllse of mor­
tality, 'I'll(' ~udacp la,\'('I' of th" light sandy :-'llil:-; "0 III 111011 in Michigan 
(h'.i('s out rapidl,'" suiJj{,(·ting young "~'edlil1!!s to dl'ought conditions 

YEAR AND 
NOT DANGEROUS DANGEROUS 

SURFACE 

1937 

DUFF 


BURN 

193B 

DUFF 


BURN 

o 25 50 75 100 
TOTAL NUMBER OF DAYS (PERCENT) 

NOT DANGEROUS DANGEROUS TO SMALL CONIFER SEEDLINGS 

~:::::::::JtOO'F OR LESS ~IOI'-120'F ~ 121·.140'F _141'F OR MORE 

FIGl'Rg 16.---Fre(I1lPllcy of high [('Ill\ll'!':lhlr(>!l OIl (liffl'l'f:'nt soil i'l1rfa('f:'s (luring 
It period of 110 l'IlHI I raillfllll (.Julle Iii-August :H, J!l37) alld a ririe!' season 
(l!JaS). on an area 011 t)l(' ~ll)lp!'i()l' XatiollaJ Forest frOlll which jack pine 
tillllwl' \\':,,, ('}('nr ellt in ~I:lr('h 1!J37. 

e.ven though larg('l' plants Hearby. with tJlcil' <l('epcl' roots. may not 
be aifeci('c1 at all. It may b0 inl'erred that drought iHlt major hazard 
to young natura] J'Pl)J'oduction of jack pille on cut-over areas of sandy 
soils in th(' Lake States, 

'Vinter-ki.l1ing sOllll,tiJllcS wipes out virtually fin entire stnnd o:f 
seedlings. if becau~e of latt' !!PI')llillation the !:w('cllings have failed 
to harden off, For example, on some are,lS of til(' Huron Natiollal 
Forest that lwcl been cut over experimcntnlly in August 1935, the 
coneS did not open until J1lidsummel' of 1936. an exc0edmgly hot, dry 
period when dispersal of ~t;'('d ",as quite complete. Rains in August 
c:nu;('d a highly nblll1c1ant germination-on s('al'lfi~d ;o;oiL 1)0.000 seed­
lings pel' acre. During thp following W1nt!'1' thp s{'('<llings had prac­
tieally 110 pl'otpctiYi~ coverillg o:f snow Hnd more than 90 percent of 
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them died, Si III ila L' results were obtained in experimental cuttings 111 
1936 011 tIl(' Chippewa National FOL'eBt, A less important factor in 
llluL'~a]jt.Y is frost ,hen,ving. AlthoL!gh pL'Obllbl:y of little cOH,,~quellce 
OIl lIght, sIIndy solls, It canses conSldemble losses on loamy soIls. 

Highest: SUl'vival foliowH eady spring gerlllination, accordi.ng to re­
sults of {'xpel'illlf'ntal sowjng:.; ()ll differcnt· dates dUl'ing 1937 und 1938 
on the Huperiol' National. Forest. Seedlings from seed sown October 
l~ Novelllbel: 15, and April 1. which gl'l'rninated in eady spL'ing. had 
hIgher SIII'\'I\"al I'Hies than those wJllch begun to grow later III the 
seasoll frolll other Hli\\'illgS (fig, 17). 

Il1Heets eallH(, major loss{'s among young jack pine seedlings. at 
lenst clllrillg !;Ollle ,Yl'arH and in SOlIll' localjtjes. ·White grubs (Pl~!/ll()­
plwga spp.), HeCOI'(!in'g 10 L, 'V, 01'1' of till' ~lIreau of J!?ntolllology 
ami Plallt QlIlIrallt 111('. al.'e probably the mOlSt unportunt msect pests 
of the yOllng seedl i IIgs and have beeI! particularly destrllctive in the 
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1!'/(n1R~:, 17,-fim'\·i.1':I1 of ja('k pinp !<~'Io'(lIings ill relation f·o dafp of sowiJlg alld 
to pPl'illd of gl'['miJlalion, (Of tl1l' seedlings resultillg' fronl the September 1 
I>uwillg, ahout 40 percent gt'l'Iuiliated ill thefnll alld 60llercent in the spring,) 

lighter soils of parts of tIl(' Upper Peninsula of Michigan and on the 
(,hipPl'Wlt NatiollaIFoL'l'st in Millllesota. Gra!;shoppers Imv£' been 
\'I~I'y injul'iOIlH ill eeL'tain areas, p:n'tieularly 011 the .Manistee National 
!f'ol'est in Michigan, whl'L't~ tile), have cam-ied complete destruction of 
mall\, acres of 1- aud :2-yeal'-old plantations. Older seedlings al'e 
subject to attack by nunWl'OIlS other insects, particularly several 
spl'('il's of s;I,wf/ies (J'eOllipri()1f spp,). The white pille weevil (P;8­
M)d(~8 stl'obi) will inft'st jack Jlil1~> and is causing a considerable amollnt 
of ddol'l1wd ~I'owtlr in 8{)l1Ie areas. A "HI'iet}' of tIll' spruce bndworll1 
(O([(/o(lci£l., !'ull1.£j'erana) w.ill defoliate seedlings growing unciel'l1eath 
~cattt'rNI. matlll'e trel'S. buL st'ldom becomes abnndant if mature trees 
an' absent. TIl(' pil1(, chafer beetle (Pachystethu8 oblivia) has Ke­
verely defoliated seedlings as well as older trees 011 pnrts of the 
Manistee National Forest. Several species of scale illsects, particu­
In l'ly the pine \:oJ.'tois(' sen le ('l'oa1n('yella nwnisma.tic'I.lm) , arc destrnc­
I. iV(; '·0 ymlllg sta nels. Ac'('ol'ding to reproduction surv] val studies 
tualle chi·ring W37-3S (Ill the Superi()l' Nlltil,lllal ]~()rest, insects were 

http:nwnisma.tic'I.lm
http:accordi.ng
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responsibl~ in both years fot, slightly more than 60 percent of the 
losses, whlch were confined to newly germinated seedlmgs. Most of. 
the destruction was caused by a species of grasshopper (Oamnula 
peZZ1wida), a very small caterpillar (Halisidota sp,), a sawfly larva 
(ErnlWi(t sp,) 11 and the spruce budworm. These insects killed the 
tiny seedlings by eating the tops. 

Nipping of terminal shoots or of whole small plants by the snow­
shoe hare (Lepus mnericanus plweonot'l(,8) and white-tailed deel' 
(Odocoileus 'lJil'ginia1l'lt8 borealis) is oftCll tin importHnt hazard to jack 
pine seedlings. The hare is particularly clestrllctivo in northern 
Minnesota, where jack pine lands ure interspersed with swamps, the: 
margins of which oft'cr the hare a suitable environment, During 
pCl'iods 'when the hnl'(' population is high, vcry few Heedlings escape 
injury if thcy. are situated among or close to weeds or brush tall 
enough to furlllsh cover for the hares. 

Deer cause less dangcrollt; inju!'y because they do not remove such 
n large proportion of the tree, eating only the terminal shoots of thc 
1eader and upper ]atel'Hl brnnches. However, a single browsing by 
deer sets the nipped trees back a year. Repeated annual browsing 
stunts the growth and may ultimately l'esnlt in death. In one plan­
tation on the Superior National Forest illspected 2 years after plant­
ing, Aldous (1) fOllnd that. of 1,196 jack pine trees examined, 73 per­
cent had been browsed by deer. 

Fungi frequently calise losses among young jack pine seedlings. 
The stlldies made in 1937-38 on the Superior forest indicated that on 
loamy soils damping-off fungi cuused mortalities of 26 and 9 percent, 
respectively, in the two years. It seems probitble, however, that on 
lighter sandy soils mortality from this cause is less. The needle rust 
fungus (Gole087)O'l'ltm soZirla[!in1IS ) has attacked young jack pine 
seedlings in both natural and planted stulHls in northeastern Minne­
sota in three recent years. This fungus dm,troys needles that are 
101' more yean, old. Becallse of the conspicuous orange-yellow spores 
that covel' tne infected needles after the £l'lliting bodies break, it 
has created considerable alarm, bllt according to observations during 
several yeurs W]WII it was epidenlic this fungus does not cause any 
seriolls reduction in the growth rate of vigorous seedlings. 

Mortality of seedlings due to physical and biological causeR is 
stL'Ongly influenced by character of ~eedbed. In the expcriments con­
ducted'on the Superior forest, survival, like germination, was best on 
llIineral soil and poorest on undisturbed duff (table 6). The mineral 
soil, in this case a sandy 10a111 highly retentive of moisture, did not dry 
out rapidly like the duff; consequently losses from drought and heat 
were lighter. Burning the surface of the duff reduces its thickness and 
also increases the proportion of fine material by adding ash and small 
pal,ticles of charcoal; hence the bllL'ned surfaces were intermediate 
between the mineral soil and the duff in ability to hold moisture and 
sUI>ply it to the seedlings. 

Losses ca.used by insects were consistently higher on the undisturbed 
duff surfaces than on the burned or the mineral surfaces. Perhaps 
insects preferred the IIndistnr:bed duff because the course orgllnicmate­

11 TIH' three Insectl! jll~t .nllllled were id~'Jltlli~'d by A. G. Huggles, State entomologist.
l.linnesota Department 01' Agl·!clIlture, Dairy, lind l~ood. 

ou55UO°·.......H----1 
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rial provided some element of protection, such as cover, color, or suit­
able temperature, or perhaps overwintering eggs or larvae were 
destroyed by removal and burning of the duff. 

INITIAL GR:lWTH OF SEEDLINGS 

Under favorable conditions, jack pine grows more rapidly in the 
seedling stage tl1:m any other conifer native to the Lake States, with 
the possibJe exception of eastern larch (Larim laricina). Best condi­
tions for its early growth are (1) full sunlight; (2) fertile, well­
drained soil; (3) water sufficient to keep the soil moist and ik surface 
cool; (4) moderate summer temperatures; und (5) freedom from 
injurious insects, diseuses, and plant competition. 

Seedlings grown naturally on the Superior National Forest on 
freshly cut-over land kept free of competll1g vegetation averaged 2.7 

F3S451S· 

FlGlJRg lS.-'.rhe effect of competing vegetation on 3-months-old jack pine seedings 
coming in on blll:ns, A, Sturdy, YigOl'OUS seedlings on a burned surface thnt 
hUH been kept fl'ee of competing vegetation. B, Spindly seedlings in competition 
with sedge (Ca.'rex spp,) of the same age. 

inches in height at the ~md of one growing season and 10.6 inches at the 
end of two. In one recorded instance. a seedling on a freshburll 
attained a height of 27 inches in 2 years. 

Although jack pine seedlings can grow on sterile, droughty soils, 
they are very tesponsive to their environment. Unlike the seedlings 
of most other conifers in the region, they do not during the ·first 
growing season form definite terminal buds and cease height growth in 
midsummer; instead, they start and stop growth according to tempera­
ture and moisture conditions, sometimes continuing height growth 
late into the fall. The seedlings are very sensitive to shade and to 
root competition from nearby plants. Each of these factors can retard 
their growth seriously, and often causes reproduction to fail. The 
actual influence of plant competition anel shade upon the growth of 
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seedlings on good soil in seasons of adequate rainfall is shown in 
table 'l and figure 18. Especially noteworthy in table '( is the mlwh 
better growth after clear cutting than after partial cutting. The 
artificial shade values given do not by any means repI:c'scnt the maxi­
mum effect. of slash in retarding seedling growth that mlLy result 
from an actnal cutting operation in jack pine. 

On very dry sites, especially during drought, moderate shade from 
trees or tall shrubs or even from slash 111lty exeet a beneficial influeJ\ce 
by lowering temperatUl'es and reducing transpiration. On' rather 
exposed plantation sites in Michigan shade has been fOllnd to facilitate 
establishment of red and jack pine plantat·iol\s. the injllrious effects 
of root competitjon being more than offsPl by the benc'ficial effect. of 
shade on tempemtm'e and transpiration (l,r)). Probably natura] 
seedlings are similarly benefited so far as early survival is concerned. 

TABLE 7,-hl{luC'l1ce of pla.nt COn1[J('/ili()II IIUti 87t1l(7r' IIpon 2-11('1/1'-0111. seerllil1gs 
on B a.l'ea,~, in tc/'I/I.S at (I'L'('I'(/I/(' !/I'CCII ledflhi of 8('('(llillfl (0118 ' 

Gru11ls GTlL1Il.~ Grclll13
I 19.3 o.a 0.1 
[ 2.8 1.7 .4 

I Sample seedlings were t.akl'n frolll l2Sploi,~ IIrtiflcillllr seed('ll on Superior Natioonl Forest. Shnd(' was 
cast by 21nyers of sUcks Ilbout ~ inch in dinllll't.l',·lnid ('rissero"s on the seedbeds. 'I.'hesl' Slicks shadPll ap­
proximately 80 percent of the ground surfnl'l'. Aft.er the seedlings attained a height of 2 to 3 inches, they 
wera free from shading by t.he 51.icks lJ11t st ill had some shade from o\'crhead CO\'er on the 5O-p(·rcllllt cutting.
Here, the tabla shows, where \'egetation hml been 1'('l1Io\'ed, the shaded Sl'l'dlillgS ntade llIom growth than 
the nnshaded. This is not in cooformity with Uw olher results anll is attributed to accidental variation 
in sampling. 

2 'l'hu light intensity, as determined by use of paired black and white Livingston atmometer spheres, 
was 43 percent of full sunlight. 

YIELD AND ROTATION 

Compared wit'h most conif~l's Jlalive to thc Lake States, jaek pine 
is quick growillg alld fa irly shol.'t-li "ed. It occurs chiefly ill ~vell-aged 
stands (fig. 19). On the better sites it has been knowll to gl.'OW to a 
height of 105 feet/2 and there are reports of trees as large as 28 inches 
in diameter breast high. Howpver, heights greater than 80 feet and 
dinmeters greater than 18 inches arc uncommon, and mature trees 
n;verage much smaller than this. Open-grown trees, in pal'tienlar, 
tend to be very short and bushy, and on the poorest sites resemble 
apple trees in form. Jade pille has been kllowlI to reach an age of 175 
years but ordinarily matures in less than haH that time. 

Jack pine makes especially rapid growth in the jllvenile stage. Un­
der good growing conditions, seedlings l'ench breast hei~ht in 4 to 6 
years and It height of 20 feet in about 18 years. In wen-stocked stallds 
merchanta.ble trees (trees at least 5 inches d.b.h.) are produced in 30 
years; some of the trc'es of that age are smaller than 5 inches but a 
considerable number ha,ve diameters of 6 01' 7 inches. After the trees 
pass the age of 50 years their growth in both dimlll'ter ana height be­
comes pro~r(:!ssive]y" slower. On poor sites, height growth may fall 
off at an eadiel' age. 

12 Measured by E. G. Cheyney In Itasca Pnrk. lrinD. 
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YIELD OF WELL·STOCKED STANDS 

In well-stocked stands on good sites, pulpwood is produced in flbout 
35 years and saw timber in 50 years. On poor sites these products 
cannot be obtained without greater ~!lpses of time. Table 8 gives the 
yields that may be expected from ,,'ell-stocked stands growing on sites 
of good, medium, and poor quality. Where trees smaller than 9 inches 
d:b.h. ttre utilized for saw timber, as they frequently are, much higher
YIelds may be expected. 

Accordll1(l" to the yield table (table 8), the number of trees in a 
well-stockecljuck pille stand 011 an average-quality site should be about 

F389002 

FIGURE 19.-Well-stoc:kt'd 40-yt>nr-oltl juc:k pine gl·<)willg" on melliullHItlalit-y sih" 
in nm·them l\Ii Illlesota. 

1,700 per aCre at 20 years, 875 at 30 years, and should progressively 
diminish to 230 at 80 year,." Densities are somewhat less on good sites 
and considerably greater on poor sites. It should be noted, however, 
that a stand may be understocked in uumber of trees (by the yield 
table) and yet occupy the site completely, or actually be overstockecl 
ill basal area and volume if the trees are lal'~er than average. There­
fore in any determination of stocking as a basis for thinning or im­
provement cutting both number of trees and basal area should be 
considered. 
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TABLE 8.-Y~lds per acre of 1vell-stocked stands ot thc ja('" pine type j,n the 
La.~:c Statcs 1 

GOOD SI'L'E 

'1'
Basal 1-----,------------

Average Average Main a[i:e~r '9.0 inch~s <I. h. h. 
Main'stand' height or diameter 5.0 incht!s II. h. h.stand 1.0.inch or mon' 
ag~ (~'ellrs) dominunt main trees pr UlOrt' to nd. b. h. ,----1trees stand 4.0·inch d. i. h. 

or more Scrihn~r; Inter. t0l> 
rule i nutional 

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

I Feel. Inches NIL1IIIJer &i. fl. j Bd·fl. BII. (I. Cll.ft. Cortl.'f 

20 .. 4.3 1,320 13:1 .. -.... .,-900~ ·....-i;i[)(} miO 
1,410<10 

5(; 8,0 435 lliO 2,250 2,800 2,O:!O
H 6,3 670 1411 

40 .. 
152 3,000 4,SOO 2,440IiO •• I~I 9.a 320 

10, ., 255 151 5, 1150 6, 8,,0 2,700liO. 75 
11.4 210 1411 i,300 8,7()() 2,8iO70 81 

8,400 9, !J(MI 2, OWSO .• ~.~ ....... 86 12.2 ISO 144 


AVERAClE SI'l'E 

20•• 
30••••• 
40...... . 
50............ . 
60., ......... . 
70.......... . 
SO••• ~........ ,.. ,, __.• 

3.7 
5.4 
6.8 
7.11 
8.8 
9.0 

10.2 

1,7oo 
8i5 
570 
425 
340 
280 
230 

128 I,__________ • ________• 

140 IiOO 650 
143 1, Ir,o 1,IiOO 
144 2, 100 2, 650 
142 3, 050 3, 7,'iO 
139 3, 950 4,850 
133 4, 650 5, 650 

480· 
I, OliO 
1,550 
1,910 
2, HiO 
2,:j(J() 
2,3:J(j 

7 
1ft 
2'.! 
2. 
30 
32 
;12 

POOR SI'l'E 

20.......... . 
ao. __........ . .... ·---·-·27· 
40 ............. . 
,'i(L ....___....... . 
00••••---••_..... .. 
70••••• _____ ••• · ... .. 
SO ......_______.•••__ 

34 
40 
45 
49 
52 

3.0 
4.4 
5.4 
6 0 

ttD 
7.5 
8.0 

2.365 
1,245 

840 
635 
510 
410 
330 

119 ~- ...."'---- ... -------­ .­
131 ....... ~ ... "' ..- --,..----­ -
1;)4 ···"-8ixi- ---·i;ii5013" 
132 1,150 1,450 
12\1 1,550 1,950 
115 1,750 2,200 

290 
690 

1,010 
1,290 
1,4SO 
1,580 
1,570 

4 
10 
14 
18 
21 
22 
22 

I 

I Gevorkiantz. S. R .. and Dnerr, W. A. METHODS OF PREIlICTING GIlOWTH OF j,'OIlE~T STANDS.U. S. 
Forest Service. Lake States }o'orest EXJlt. Sta. Econ. Notesll, 59 pp. 1\l38. [ProCt~sscd.l Site indk"s (averag~
heights, in feet, of dominant stand at 50 years) represented by the 3 site classes IIW as follows: Good site. 116; 
average site, 53; poor site, 40. All dl6D1eters are at breast height (4.5 feet). International rule allows ~·inch 
kerf. D. i. b.=diameter inside bark. 

, 'I'he main stand embraces all trees that have originated during the first few years of the life of the stand, 
excluding scattered residual trees and any understory of younger trees . 

• Board.foot volume is llct yolt1U1c to a variable top diameter inside bark, the minimum of whieh is 6 inches. 
It represents scale of merchantable sawlogs only, deductions having been made for woods cull and mill cull 
and for cull trees (trees that do 110t meet the standards of merchalltability for board·foot volume "nd that 
seem to have no prospects of doing so). Cublc·foot volume is gross volume, excluding bark. Cord volume 
is also gros., volume, but includes bark and represents the material as piled in standard cords -1 by-l by 8 fL'flt. 
'ro compute peeled volume in cords, use values ror pt.'flling loss given in appendix table 19. 'rhe qUBlltities 
shown in cubIc feet and cords are totals and are not additional to board·foot volume. 

In a well-stocked stand .dominants· and codominants'13 ordinarily 
make up 50 to 80 percent of the trees, the percentage of course varying 
with age and site or with average diameter. The following tabulation 
by S. R. Gevorkinntz, based on data from several hundred plQts 
throughout the Lake States rE)gion, shows the proportion of dominant 

13 Trees al'(l OI'Clillurily classified us "domdnant/' "'~nc1Qlnlnunt/' "interm~diah~." at;ld 
"suppressed," depending llpOI1 theil' siz~ ill xelntlon tOlleigllbor trees. 
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and codominant tl'ees 1n a well-stoe-ked stalld ill relation to the aver­
age diameter of the stand: 

Do //I i lIall/S 1I.1U1. DomillUlJiH (lUll 
co,IOll1i/lfl/lt,~ cOr/omillullts

Di:uneh~l' (il1~h(>s) : (]Jel'cellt) Dilllllctel' (inches) -Con. (In'J'('Cllt I2______ ~. _ __ _____________... nl . .2 U___________ ._ _______ • (;9.0 
:L_~._._________ 56.1 7__ • ______ ,______________ 74.8 
4_____ (io.!J 8__ .._________ . __________.__ 78, S 
5___ •. ______________________ 6-1. S 9________________________ 81. 4 

This tabulation may be useful in identifying fully slocked stands. 
Percentage values highl'1' than those gi\rl'll "'oldcl indicate that the 
stand Was U1HIPl'stocked; lower percentage value::; would tend to iudi­
cate overstockillg. 

DEVELOPMENT OF STANDS OF VARIOUS DENSITIES 

)\Iany stands llfl t11(')" (l('('III' ill llat 111'(' are either llJldprstocked or over­
stocked. Trc'ps in stands undcl,:::tockrd but evenly spat'~'d grow faster 
in diiulIet.Cl' than thosr in wdl-stockell stands. Undel'stocked stands 
also have less mortality than fullv stocke(l ones. These facts make 
it possible for some ulidl','stoekrcl "stand::; evt'ntually to become fully 
stocked. Gevorkianb: and Dl1el'l' 1<1 have ('ailed attention to l~ way of 
estimating the rate· of approach of UlHlcl'sto('ked stands towanl nor­
mality. By this method. growth rates for lO-year: pel'iods ~were esti­
mated in perc'ent of \Y('U-st()('kecl stalld::; as shown in tabletS, for density 
classes ranging from 10 !o 100 pen'ent, as follows: 

GrrJlr/h }'ule, 
10-l/fal' /l"}'i(ul

Density c1m;;. (p(>I'('('nt) : (JJ~J'(,Cllt)
l(L__ ~ ___.__ 15.4 
20 ____________ .. ______ 2!). Ii 
30:.._________________ ___ ·12. (i 
40_________________ _______ IH . .,t. 
0o_________________________ (iii,O 

GrO'('/llruie, 
IO-!leur flcl'iorl 

D('/I>;it~T ('I:1!>,; (PPI·(';.!/Itl-('Ol1. (percellt)
00_____ . _____ ____ 74.4 
70_ .. _. _________ ....._ 82,6 
80_ ... ____ .___ ...___ ____ 8a.6 
00__.___ _____ ___ .. 9;:;,4 
10(). _____ ~.._ __ ]00. ° 

These growth rates may be applil:'<l direetJy to all basal area and 
volume vailles fol' a 11 sites l'el)l'(':-('lItl'C1 in tabl(' 8. 

The bmn('hcs of jatk pine mllke llggl'essiv(' growth and are very 
persistent (fig. 20). Cons(lquel1tly, stands made lip ]argriy of open­
grown trees, kllown ]oc'ally as the "or('ha1'd typP.·' have little commer­
cial value. In stands that. are less s('vel'ely ulldel'stocked, the limb­
iness is not so pl'ononllred bllt is still suflkient to make the trees de­
cidely objectionable for COIl1Jl.ercial use. A fe'w pulp-mannfacturing 
concerns do not object to knotty pulpwood, but the demand for higher­
quality pulp is causing some ('ompanies to expend mnc'h labor in chop­
ping out black knots anel otherwise' cleaning the jack pine ",rood before 
chipping it for the digester. Hence it Srems pl'obable that in the 
future high-quality pulpwood will (,0l11ma11(( something of n. J)l'emium; 
in fact, some companies now consider jack pine worth at least 50 
cents more pel' cord, on the stump, if clean-boled than if limby. 

H G~:\'OI"OAXTZ, S. It.• nnd Dl'lmu, ''''. A. ~IWI'II()\lS 01,' Plmlll("I'IX(; GUOWTH 01' ~"()III~ST 
S'I\\N!lS. 11. S. b'orcst Sen'., L:t"(~ Stales li'orcst Expt. Sta. Ecun. Sotes 9, 59 pp. [Proc~
essed.] 1935. 

http:diiulIet.Cl
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The quality of jack pinc timber that can be expected from 's.bp'-~s 
of Yarion:- dell~itit's is ()b\'ioll~ly an important l'om;ideraliol1. The 
followinf[ tabulation, base(l 011 obl:'cn'ation of nllnH~I'()II:-:; stalHh. may 

FIGUIIE :!O,-~l:ltlll'(' ja('k piliP of dJ:II':I('IPI'il:'ril' f01'l11 :llId :I\'l'nl!," (It:'ll:::it~· 1)11 sile 
411' :n'('raJ.;I' 1IlI:lliiy, ill 11111'111.':1":(('1'11 ~lillllt'''C)ta. TII(' siall!! waf' t'ut away fl")Dl 
tiIP (WO \I'N'S i II I lit' f o n'gl'ol11lll. 

br helpful as a rOllgh gllid<' ill estimating the i'lltltn' \'!o;,,.ibilities of 
YOIIIl/.!' ;,(and:.;. Itappli('" ollly (0 :In'l'agl' 01' b('tt(,1' "ilP"; where trees 
a\'C II IIi fOl'llIly wpil dislriIJl1tl'(1. 

;)J;j:;nO~·H 5 
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'Tr4!es ~1C,acl'ellt20 y~us: ,mfil1lale, cr9P h 

1,Less;than100~~~__~ Orchard ty~.Tl,"ees mostly too limby to make mel'­
chantable timber, b,ut somee.'I(ti·emely knotty, low­
value logs produCed 011 better sites. Much waste, 
due to rough character of material and multiple 
stems. Long live brallches~rsi8ting almost to 
gl'ound line until mlltmity.

100-400 ~__________ TI'eel; Iimhy. but majority yielding ruugh merchantable 
logs and mine timbel·S. Some matpl'ial objectionable 
for pulp on account of large knots and difficulty of 
peeling. The densel'shullis likely to I'ench full 
stocking in basallll'pn at 00 relll's, Limh~ decidedly 
shot'ter than in ol'cbard type. Lim"!; up to 25-30 
feet dead but pel'sisting until matUl'ity,

400--800 ___________ Sto('king intel'lll('diate berwepn pOOL' a1u.lgood, FUil'ly 
goul1-(luality IIIgs, mine tim"el's, and pulpwood pro­
duced. u"ont half of all h'f.'(JS I'eaching mutUl'ity. 
Good growth until lllllrlll'ity without thinning. but 
impl'ovement thinning;; fo!' (Julpwood at 35-40 years 
desirable. LUI'g(' lIialllet'el's I'eached mOl'e quickly 
than in denser stan~ls, but some tendency toward 
kIHlttin(,8S. Pl'o"ably fully stocked in basal area at 
ahout 40 yeal's, 

800-1.500 __________ Sto(,king close to ideal, about one·thil·d being crOll 
trpes, Gl'owth fnirl~' good; stocking pl'obably full 
at 30-35 yelll's, Yield incl'eused and quality im­
proved "y pulpwood thinning;; at ubQut 35 yenrs, 
Natuml pl'lming fuirl~' rapid; lim"s dead up to 
one-half height of tree, 

O"el' l.{iOO__________ i\lel'chantuble matel'iul produced, but diameter growth 
rate very slow, Mortality rnte high. Commercial 
thinning:; for pulpwood not po!;slble 11util stands 
o\'el' 40 years old, Thinnings at 10-20 ·years de­
sirllble, Very dense stanlls (2.500 and ull) some­
times mllture at undel'-sawlVg size. Limbs smnll, 
sbort. and timbel' clean, 

After fire jack pine may come in very densely, sometimes 20,000 
;;; or more per 11(:re. In such instances the trees 111'e too crowded to 

make good development and the whip-like stems are very sllsceptible 
to breakage by snow. Natural thinniQg takes place very slowly 
,e~cept on the better sites; consequently stands containing as many 
Ils5~000 stems per acre at 20 years are not uncommon. Although over­
stocking results in the development of the straightest, cleanest-holed 
trees, it is highly undesirable. Overstocked st.:mds on poorer sites. 

~if not thinned~ may grow so slowly in d~ameter that they never get 
~y~md the pulpwood stage, even at matm,"lty. and because many of thef¥ees are undersized, may not yield much pulpwood. 
,;-." 

FACTORS ·AFFECTING LONGEVITY 

- The great :unount. of logging dOlle in the Lake States since ahout 
1870 and the extensive fires that have swept the region's pine lands 
have left very few groups of jack pine trees more than 90 or 100 years 
old. 

Jack pine begins to decline in vigor at 50 to 70 years, and this de­
cline is usually well advanced before the tt'ees reach 80 years. Basal 
area in well-stocked stands be~ins to dhninisb at about 60 yeal'S on all 

isit.es (table 8). In younger well-stocked stands the Cl'owns of the 
trees crowd closely together. but as IIge incl'enses and the oppressed 
trees die the openings thu[~ left usually are not closed by the adja('ent 
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fJrownsand the l'oots.dftheolder trees occupy the'soiUessJuUy. 'Low 
v~getation, bothshl'ubby and herbaceous, illCl'easesgreatlyin density 
on the 'better soils ; stands 85 yeai's old commonly have ·Ii luxuriant 

• undergrowth 	of hazelnut 6 feet or more in height (fig, 21),Ol'din­
ftl'ily.except on the most favorable sites, jack pine maybe considered 
matm'e when 70 years of age, 

As jack pille becomes mature it can be injured severely by various 
destructive agents.including drought. glaze, wind, defoliatin~ insects, 

F365597 

it I"IGUICE 21.-Tbe dense undel'story of hazelnut beneath this SO-year-old stand 
" ()f jack pine, growing on sandy loam, shows that the tl'ees no longertuUy 

utilize the sOil. 

wood-boring and bark beetles, and decay organisms, Younger trees 
arc subject to attacks by the same agents, but excessive mortality is 
not so likely to OCClll' in stands less than 50 yeal's old, Of course fire, 
also, is .a d.estructive agent; aside from its outrigh! }lhysical effects, 
which are not discussed hel'e, it nlay exert a delayed- but serious in­
fluence in conjunction with some of the other canses of loss, 

Glaze together with wind is particularly destructive: In early 
April of 1940, n heavy glaze and the accompanying wind felled ap­
prQximately 30 million feet of timber on the Chippewa National For­

http:ACKPINESTANDS.IN
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est, most of ,vhich was jack pine. Especially severe damage was done 
in stands of slender poles on exposed slopes and ridges and on areas 
adjacent to lakes and swamps. 

A severe .July windstorm in 1932 destroyed some 300.000 cords of 
timber: principally jaek pine. on the SlIperiOl' National Fore~t. A 
similar July storm on the Chippewn Natiollal F(}l'e~t in 1940 call~ed 
the windthrow of some 30 million board feet of timber much of which 
'\'as jack pine. 

The 10-year dronght in nol'theaslel'l1 :\finlle:iota that (,lIlmillated in 
the almost unprecedented I,\' dry year of W3n \\'a;.; followed by tIl(> death 
of mnny 60- to 80-yeal'-old jack pilll';o during the 3-yeal' period 199'i­
39. Drought: althollgh probably tht> most imporhmt. wa,.; only om' 
of the fadm's bejiewd to be l'esp0Jl;.ibl(· for these losses, A ::,udden 
intense outbreak of the jack pine variet·y of spl'uce b\1(]worl11. the 
habits of which 11a \'e been descl'ibed by Graham (8). took plan' in l!.JaI) 
on the Superior NatioJlal Forest. alld more l'xiensive a Hhollgh mod­
erate epidenlics followed in 1937 and 1038. TIl(> bu(]woJ'1ll attacked 
jack pine on the Chippewa forest also ill W3{). alld by 1039 had ~pl'('ad 
to about 20,000 acre~ of 70-year-old timber that had been weakelwr] by 
the drought. SOllie 15 or 20 percellt of rlw stalld has died. and ad­
ditional loss('s al'e expected. Several speeieH of sawflies were found 
to be present along with the budwoJ'm and may have cOlltribu(<.'cl ~ol11e­
what to the loss(~s. Pine ::::Iwyer bl'etles (lllonoclwmus spp.) and a 
bark beetle (Ip8 phd) followed. It is impossible to say what pro­
portioll of tIl(' losseH in this installcl' should be as~ig:ned to each of the 
various contributing agents. He attributed the ]oRse~ primarily to 
overmaturity of the stand and to tIll' efl'ect of the drought. Annil­
Zaria 'tnellea was found to be a minol' tactor, 

Rot does not" frequently pl'ogress to such an extent as to retluce the 
scale of mel'challbtble timber until the trees are at: least 60 ye:Il's old, 
accOL'ding to the finding:s of 'Veil' (J6) , who stated that the'two mo:,,1: 
important rOI-cRllsing fllngi in jack pine are 1'1'rl1l/('/r'8 phd (now 
Fo-mes pin i) alJd Pol,l/po),!l.~ 8('hu'pinitzii. 'Veil' obS('rved that decay 
occurs at an earlier age in the moist situations of northern Minnesota, 
and Calladn thnn 011 "dry pine barrens," Owing to gl'eatel' prevalt>lIt'e 
of ~ed rot, lo~gel'" ('o!nlll~!llly di;';<:J'in~inat"e agll.inst tlw o.I.(!«:l' timber. 
wInch they CHll "red Jack'~ becau~e of the rechhsh coloI' of: )t:~ L'ather: 
Jarge-flaked bark in favor of the younger or "black jack~: timber, 
which has dark-gray or blackish bark. 

In a study Illade in 1933 Frank Knufert found that of 143 trees 
examined ill an 80-year-old jack pine stand. 35 percent cont:lined (11'­
cay (practically all caused by Fomc.s 7)ini), and that of 33 trees show­
,jng fire scars, 79 percent ctJlltained decay. After II slIl'vey of cuttings 
Russell Watson 15 concluded that light sudace fires have been re:-;pml­
sible for the hig:h percentage of rot fOllnd in jack pine in the Lower 
.Penillsula of .Michigan, 'Vhel'e such fil'es have been Illllllel'OUS. the 

, rotations have to be-l0 to 20 years shorter than where fire has IWvel' 
Ii;,. run through the stand, Results of increment boring:s macll' by 'Watson 

in more than 2,000 ja('j, piM tl'el'S an' pl'l':;ent('d in tabl(' n.. TreeR of 
advanced age gellerally ~howed more l'vi(lt'lIc<' of decay than youllg 
trees, but decay was very mllch greater alllong fire-scarred trees. 

J5 Sf~(~ fOQt nn(f1 7, JI. 11, 



MANAGE1\'lENT OF .TACK PINE STANDS IN THE LAKE STATES 35 

T"-\BLE O.-ReZa/.ion of pns/, {ires to (lcca.l! in jacl,~ piclle.in [lcteelll of trees ,~ho1Ving 
tlC('(tll 

b'lrc, Trees 
I!

I II Is&i:r';;d 1;~[CN~cAgc (years) 
trees scarred 

___A_g_e_6_,ears_}___t. S~~~~~~~:~r~~~ !\ -------- -.~,..~---
Percell I \' Percellt 

PfTcelll0 \~ Percelll \'1', 70. 35 15" 040 45 20• 211 3 i 8050 
60 --.. 2. X I' 911 60 I ao 

Fl'om the pathological stlldit'H and from tilt' other ('\,idcIl<:c presented 
it may be conclUlled that except where fire has weakened the trees. 
making tlll'11l ,1110re subject to breakage by wind (fig, 22), rot has 1ess 
influence 011 thl' length of tlw natural rotation thnn til(' genet'al (IN:line 
in vigor thnt makes the trees sW:iceptibl(· 1'0 drollght and illsect attack. 

ECONOMIC ROTATION 

The desirable time for Clltting jack pinel (i111b('1' depends on the 
;-;iz(' and quality of the tL'(,l'S, Illarln~t for the products. th(' prkes 
obtainable, gl'owtl1 mte. allll total yield. 

The IIwan annllnl growth of jack pill(, in corel" reaches its highest 
point at about 40 .real·s on p;ood silt's. at about 4;3 y('al's. on nwdiu111 
sites. and al' about 50 years on poor sites (tablp 10). However. the 
tlvPl'age, anllual growth is not much 10\\,('1' fOl' som(' ,r('HI'S b('1'o1'e and 
after the culmination, so that the forest managel' hal' l'oJl::5iticrable 
latitude in choosing a time to cut. 

In gelleral, it is 1'ecommel1lled that pulpwood rotatiolls b<:' about 
50 years on goocl and medium sites and 55 years on pOOl' :-;i(Ps. bec:lu::5e 
tIl(' somewhat lll'llVier stand volumes resultillg from the longer rota~ 
tions. tend to rednce logging costs proporl'ionately. Moreover, the 
risk a nd expense of regellcmting tllt' stn ncl recur Jess t1'eq uently. On 
tl1<' Ot11PI' hand nmdmt conditions, .opeL'llting co~ts, dedining- vigor 
of the stand, or thL'eatened losses f1'OIl1 destructIve agellts. stith a::; 
im;('cts, may J1Ial{(~ it :,!;oocl bu"i ness practice to cut eadier. These 
recoll1mencla( ions apply to unthillllecl stands only. 

'l'ABLE 10.-.l/('u/I (llIlIl/al ;1I('I'elllelll Of JilllJlIt'ood 1 [leI' (1('1'(' ill l/)ell-,~fo('h'et1, ,yta-/lll.~
at juN, pille 

------"---"" 
Age Age---~---I~::d-lr'(~~~1~oor I 

t 
Good Me" Poor 

(yollrs) site ! d~i~~l site(years) slt~ sit'" site 

< t--­
! Carris Cord~ Cord.1 Cord$ Corti. Cord., 

~::::::::::::::::::" 2:~ o:~ o:~ I! ~":::~::::::::::::::::::: o:~ o:~ I O:~g 
~g ,:::::::::::::::.:: :~~ :f~ j~ !l~ ~8:::::'.::::::::::::::::: :~ :~~ :it 
_45_,-_"_--_."_--_"_"-_--_--_'_""_-__"..:..-_.70 .. ___~~~r.1 - ,__l.., ___~.__!.__ 

I Ullpe(,lcd \'oluIIIO 01 trCes 0.0 illclws <I. b. h. or mOn; ~o 4.0-1llches lop <I. i. b. (iIlSidl' hark). 

Usually it is advisable to hold stands to ages 60 or 70 yenrs, in order 
to obtain trees of sl\,wlog lind IHine-timbel' sizes, which commall(L higheL' 
prices than pulp timbee. Sometimes, if the timber remains thrifty, 
the rotation should be extended to 80 years. This 1s risky, howeveL', 

http:piclle.in
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and is not recommended as a general practice. On the other hand, 
the timber must not be cut too early; when merchantable products first 
become avaiInble value growth is usually at its peak. 

For a number ofyeal's after the trees reach mercha.ntable size, their 
llnnual growth is likely to be more valuable than that of smaller trees, 

F365506 

I~JOURg 22.-Such basal scars permit decay organisms to cnter' and so pred~stine 
the tree to wind bl'enkage-an indirect loss due pl'imarlly to th'e. 

partly because the stems are free of branches. Softwood saw timber 
that will cut out reasonnbly clear lumber should sell at a better price 
fOl' .manufacture by locnl mills than smaller saw-timber matel'ial, 
which yields knottier lumbcl.' lind more of which is wasted in sawing. 
Mine tim bel's, the pl:incipalrequirements for which IIl'e relatively hll'ge 
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diameter (8%- to I6-inch top) and absence of rot, rather than straight­
ness or freedom from knots, command Il. particularly high price in 
the iron-mining districts of northem Minnesota. In localities where 
mine timbers can be marketed they lire an excellent pL'oduct to grow, 
even though they L'equiL'(' longer 'L'otatiolls than pulpwood. Piling, 
also, brings relatlvely high prices, but it too requires a comparatively 
long grO"'iving pel'iod. 

The prices of stumpage and unmannfac·tnred )H'o(ll1rts va I'Y con­
sid{'L'ably from plaee to plat'(> and lilllP to lim\.'. hilt, a few I·ppl'l'sentu­
Iiv(> figures showing currenl pI:iceH dlll"ing the pl'I'iod 19~7 to 1940 will 
Bervl' to give some idea of the market vaill(' of jack pine. Jack pine 
pulpwood stllmpage generally bringH 7:') ('PIlls to $2 pel' eord, the pI'iee 
\7Ul"yillg, of ('OIll"Se, with distance to Inills, qllality of !'imber. ease of 
logging, and gen(Jral rnarket conditions. Pulpwood delivered at the 
mill bring::; $4.50 to $8 per ('()I'd if un peeled. $5.50 to $10.50 pel' l'oI'd 
if peeled. Saw-timber and mille-timber stumpage ol'dinal:ily brings 
from $2 to $5 ]>f'l' thousand feet b. m., although pI'ices paid have gone 
as high as $7.85 pet· thollsand board feet for mine timbers ilnd $10 per.' 
thollsand for pi ling. Tll(' Un ited States Foresl' Sel'viee standard mte 
for saw logs is $:1.50 pel.' thousand. .Jack pine lagging brings from 
$7.50 to $8.50 per cord (192 ("lillie feet) delivered at the mines in nOL,th­
!.'l"ll Minnesota. Sawlogs sell at *8 to $15 per thous:lIHl board feet de­
livered at' the mill. Mine tilllhers. tilt' highest-priced product usnally 
lIlade ft'om jack pine, bring from $25 to $35 per thousand feet b. m. de­
livered at the mines. 

INCREASING QUALITY AND YIELD THROUGH THINNING 

Among the present young fOI'ests of jack pine in the Lake States 
overstocking occurs less frequently than understocking. 1I1 but 
crowded st.ands need to be thinned if they are to make t1l(~ best possible 
growth. Even where the a.verage density is not high there are likely
10 be many overstocked putcheso .Jack: pine, though it needs fun light 
and does not develop properly under tll(' shade of other trees, is slow to 
thin itself Ilutmally. If overstocked stands nre thinned intelligently, 
they will be improved silvicnltnrally and will increase appreciably in 
potential value. Peri()(lic thinning. if confined to merchantable frees 
that would die natlll"ully, will substantially incrensl' the yield dUl"Illg 
a rotation. 

Until recent yeurs, despite the need, thimlings in jack pine have 
scarcely been att,mnpted except on an experimental seale. Since 19:3:3, 
however, through the use of Civilil\1l ConseL'vation Corps and otheL' un­
employment relief lubo1' available for impl'ovement of public forests, 
some 20,000 acres of jack pine stltnds in the Lake States have been 
thinned (fig. 23, A und B). 

NONCOMME~CIAL OPERATIONS 

If thinning is to be done before saluble products are available, work 
in small sapling stands-those up to 10 feet in height-offers the best 
prospect of It return 011 the investment. Some inexpensive measure, 
such as hacking the tops out of some of the saplings, is sufficient to 

..0Cunningham Hnd MOHer, cited in foohlOte U, p. 2. 
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release the more promising trees and to reduce the number of stems. 
Any longer-lived species that: may be l)resent, such as red pine, can 
easilybe favored in this operation. 

Tile record of a 90-Hcre tract of 10-year-old jack pine in northern 
Minnesota. thinned by the C. C. C. in 1933 ser'ves to show the cheap­
ne:-;s and cfl'ectiveness of thinning small saplings. According to Bjorn 
O. Vegheim, jUlIior for'ester, C. C. C. Camp 8-54, Big Fork, Minn., 
the stand contained a,OOlJ to 5,000 trees per acre when the project was 
undertaken, the tallm' trees averaging about 10 feet in height. It was 
thinned to a density of 2,700 trees per acre Ht a cost of '1.2 enrollee 
man-days P('l' acre. Six yenrs later the stand was thrifty, the crowns 
had filled out, and the dominant trees had grown to an average height
of almost 18 feet. 

Htallds of larg(\ saplingfi alld small poles, trees 1 to 8 inches d. b. h., 
containin~ 1,1')00 to 5.000 stemH pel' Here, are of common occurrence. 
LSllally tiley range from 20 to 40 years in age. The thinning work 

F3J0399-330398 

l~lGUIIE 23.-.<1, Unthinlled plot in It 20·ye:u·-old jack pine stand on n medium­
quality site on the Superior National Forest, Minn.; B, adjnc~nt thinned plot. 

of the C. C. C. on public lands hus been done chiefly in stands of this 
dl'sctiption. 

Thinning in such stands where no market exists for small material 
should be done from below; that is, the smaller, wenker trees should 
be removecll'llther than the larger dominant ones, since the latter are 
likely soon to become merchantable, The yield table for fully stocked 
stancls of jack pine constrncted by "Vackel:man, Zon, and Wilson (35) 
has been successfully lIsecl as It guide by the C. C. C. in determining 
how muny stems pel' ucre to leave in stands of various sizes and ages. 
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The usual practice has been to thin t{) the number of trees per acre 
shown by the yield table for an age 10 years in advance, or 5 years 
ahead in localities where it seems likely that commercial thinning or 
improvement cutting will soon become possible. A stand 30 years 
of age on a medium-quality site would thus be thinned to the 850 
stems per acre indicated by the yield table for a 40-year-old shll1d. 
Examples showing results' in two representative stands thinned in 
this manner are glven in table 11. This method of determining how 
many trees to lea,ve is easy to apply and htl!; the :rreat advantage of 
assuring uniform work by relativel," inexperienced men. 

At times, however, the use of unadjusted yielcl-tnble values fol' num­
ber of trees may 1'e(\II('(, tIl(' :r1'Owin:r ~t()('k too severely, espeeinlly where 
a stand is greatly overstocked in ntl1nbers. In deciding how IIl1lCh 
to thin. basal are;l shollld always be considered tdong "with number of 
trees, For instance, the 1lllmbct, of trees may be hi/!h but the basal 
areH about ILvera:re, in which case overthinning might result hom 
:following the table mechanically_ Yield-table scales of densities 
should consequently be used ollly as a guide to good jud:rment. Na­
tional-forest thinning I.'ules now l'estt-ict spacing to a maximum of 6 
by 6 feet fol' young poll.' fltands. "With sneh n fltockin:r there should 
be sufficient trees for a commercial pulpwood thinning later. 

T£ABLE 11.-Ew(I,mpl,as 01 thillllillJIS bll8t?d. all. lIie/(l-fab7e va1/lcs, on lIIedil/lII-lll/lllitll 
,~i1es, 81/[I('I'iol' Nntio/w/ pOI'('.~1 

Stund per ll('re 1 r 
fItem 
; 

---~ 

I
Per- I &/!tare Per· 

37·ycar·old st3n<l: ';VI/m/ler cent feel cent 
100 15;! 100 

Aftor Ihinning ___ ........... " I liO! 37 7:1 4S ) 
2O-y,,"r.old stllnd: 1 

Defore thinning" ........... "••..•• ". "I 3,216 100 107 

ncforethilllling ............... . I 1,IpS 


WO60 '\
After thinning ."""._," '". '" " -I 1,208 38 64 

I 1\1Inhn 11111 d. h, h. of trres Inhlllntt·d, n.Slnch, 

, Views of thi~ stllnd appellr lIS tlgur~ 23. 

3 Not calculated because of thl) small size of the ,.rees. 


Thinning is not s11ch a time.-c()lls)ll11ing undertaking if work done 
to enlumce aesthetic values and to dispose of slnsh is held to a reason­
able limit. Time spent in trimming the poles, felling dead :md dying 
trees, and burning tops and limbs usually equals and often greatly 
exceeds that required in the thinning itself. Some work of this sod 
ma;y be necessary along roadsides; but the type of slash created is 
not a very serious fire ha~ard and complete slash disposal by burning 
cannot be justified economica.lly. 

In applying any method of thinning, it is important to remove h'ees 
of poor forl11 :md thin crown, diseased trees, and injured trees that 
have been weakened mechanically or may develop rot. The principal 
things to watch for in jack pine are (1) the globosl.' swellings of gnll 
rust caused by 01'onartium Ce7'eb1'll1m, (2) stem cankers of sweetfern 
rust caused by O. C01nptoniae, (3) partial Or complete girdling of the 
upper bole by porcnpines, and ('1) basnl scars resulting from surface 
fires or from barking by snowshoe hares. 

i 



40 TECHNICAL BULL)!~rrI1Il" 863, U. S. DEPT. OF AGRICULTURE 

COMMERCIAL OPERATIONS 

Althollgh little has been clone as yet ("oward Hdapting thinning

ll1ethod~ to commel'cia] practicc, there would seem to be many l'xcellent 

opportunities throllghout the region ior getting sttlllds of pole~ thinned 

on a comlllcrcial 01' selfcsnppoitillg basis. If the pulpwood madwt 

continues to improve, sllch opportunitie~ will increase. The minimum 

top diametcr for pulpwood bolts is 4 inches, which metlllS that tl'el'S 

as small as :i inchl,'s d. b. h. contain merchantable wood. The1'e is 

also a limitl,'(/ ma!'lH!t for CClnvcrsioll wood, or low-grade pulpwood 

used fo)' fibcrboard and insulating material. Conversion wood, which 

sells ai It )OW(,I' pl'icl,' than or'dinary pulpwood. is madl,' from trees as 

l:)mall ar.; 4 illeiws d, b, h, IItilized to a 3-inch d, i. b, top, Since it is 

collt;idl,'J'ed (,('Oil om it'll 11)' feasible to Cllt liS little as ;3 to :J cords pel.' acre, 

it should bf' po::;~ible fo thin overstocked jack pine stands two Dr more 

tinl(>s bcfQl'e the final cut. 


Thinning poJe stands fl'Om belo\\' (thllt is, taking the cut entirely 

from the smaller trees in the stands) could not bE.-' gen'llrally introduced 

into com Ille l'{!.ia I pradice, because the tL'ee:-; thu~ rcmoved would ill 

lIlanyi!lstanct's be too sma)] to be mel'chlilltlible. The type of thinning 

ul:'ed "'10 II necessarily v:try with the number (If tL'ees pel' acre, In stands 
 • 
30 to :"6 years old, well stocked as 10 basal area but having a large num­

ber of stems pel' acrc. the t'hjllJlillg will have to be carried out mostly 

from above (that is, among the largot', taller' trees) if merchantable 

trees are to be cnt, Sta nchi hllving a Illoderate number of St(!I11S llliLy 

be thinned pattly from above llntipftl'tly frow below. Stands having 

still fewer but larger trees ma.y be thilmed entirely from below, 


A series of expel'imentaJ thinnings established in 1940 in 31-year-old 

jaek pine serves to illnstl.'nte how CO.llln1el'cinl thinning may be applied 

fo stallds of vat'ious densities (table 12), Oll plot 1, the trees bl,'ing 

of small avemg-e dialllef'er" thillning was chiefly from above: but on 

plot 2. with a slightly laL'ger iLVel'nge diamef'cl', thinning ,vas both 

from above allel from twlnw, On plot 3, the trel,'s being of relatively 

Jar'gp l-iiz(', thillning was IlIOl't' geneml1y £rom below, In each stancl 

tIll' thillnings pl'ocllleed about 4 cords of pulpwood pel' acre together 

with a smallcL' qllantify of 1'111'1 wood, whi('h ('ame mostly from tops, 

Basul IIreas were I'edllced to !}f) square feet, 92 square feet, and 74 

squHre feet: l'espectivt'ly on plots L 2. alld 3, Given an a.vnihible pulp­

wood mill'kef, snch thinning:> coul<1readily be clutied out as commercial 

opera tiOllS. 

~eAIIL~; 12.· -411((/(,I';a( I'Olllo'v('(ll/er 11('1'6 in thi1l11i11-(f ,'II-1/eaT-old jllo/.: l/i1le 
~'" -~.. ,.'- -" 

Dl\nsitS of st.llnd l'ulpwovd rClno\'ed Fuel 
prot No, ., ._-,. -~---- ... ---~---_,~__ woo~ 

cut" In
·1.'rl'I." BIL~III St.and- ('onver- 'l'ot [ llrldJ­

urea ard ( sion 2 a tion 
---------------"------------- ------~-

&/lwre
Nu:mJ)er kefL ....... Cords Cortls Cords 


2 ••• ___ . 1,20:1 122 :U)() 2.00 4.0() 
Cord" 

2,503... ___ .~.. .. .... ~" ..... ., ..._-"' .. "' ..........-- 1,104 114 2,00 I. 75 ~. 75
~ 

1. 92Iifl8 93 2.62 1.38 4,00 1..25 

J 'ro -I-[nch top Inside bark. 
~ 


1 To a-inch top insida bark. 


•\ 
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On plot 1 another thinning for cOllversion pulpwood shotdd be pos­
sible after 5 to 10 years. Plot 2 can probably be thinned again after 
about 10 years for standard p1.tlpwood. Plot 3 may not be ready for 
another thinnincr until Hi years have elapsed, but at that time it 
should be possibFe to take not only puplwood but also some mine tim­
bers-a much more valuable product. The trees on plot 3 were prac­
tically all of merchantable size; therefore, if present commercial 
practice had been followed, this thrifty young stand would have been 
clear cut, with consequent destrllction similar to that shown in figure 
24. Clear cutting should not be practiced except for stands that have 
reached full maturity. 

By carrying out commercial thinnings it should be possible to in­
crease appreCIably the total yield during the rotation and to develop 

F392275 

I"IGUBtJ 24.-Renlllant of a thrifty young .sta Iltl of \lIix~d jack !lull r~d nille in 
nOl'therll l\Iillnesota clear cut just when lIlaking its best growth; the under­
sized trees left standing .hllve been broken oft' by snow and .wind, whereas U 
light thinning 011 it coullnerciai basis woui\J have left enough fOl' mutual 
protection, 

stands containinghu'gcr !lndmore valuable trees. Any financial re­
turns from the sale of material thus Temoved would helll to defray 
the cost of keeping the stand until mlttul'ity. Such t1llunings are 
therefore recommended as good forest mnnagement. 

EFFECTS OF THINNING 

Insufficient time has elapsed for accumulating extensive records of 
results from thee. C.C. thillnings described above, but repeated 
checks by many foresters have in most cases ShOW~l ~lcGelertltion in 
diameter growtho£ the remaining tree$, 
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One such case may suffice to show what can be expect~d. The 37­
year-old stand represented in table 11 was examined 4 years after 

thinning. Increment cores were taken from crop trees on both the 

thinned and the unthinned plots. Compared with the rate for the 

4 years prior to thinning, the diameter growth rate of the unthinned 

trees ,vas 17 percent greater, but that of the thinned trees was 67 per­

cent greater. 


Growth in total cubic volume may 01' may not be increased by 

thinning, but the growth l'ate of merchantable wood is almost certain 

to be increased if the thinning is done intelligently. In 27-year-old 

jack pine in northern Minnesota, greatly overstocked in number of 

trees but not in bnsal area, It heavy thinning resulted in an increase in 

rate of volume growth of the remaining trees during the first 5 years, 

whereas light. thinning was followed by 5-year growth at a rate lower 

than that of the check plot (131). At the end of 10 years both thinned 

plots showed better growth in diameter and ill volume than the uri­

thinned plot (22). 
It is likely that the rates of growth of thinned jack pille will tend .. 

to decrease ~raduaI1y to those of fully stocked stands as the stands ... 
approach fUll stoch.--ing in basal area. A knowledge of how soon the 
thinned stands close in and fully occupy the soil would be an aid to 
judgment in deciding how heavily to thin. The reaction of a slightly 
overstocked 20-year-old stand on the Chippewa forest to thinnings of 
varying severity in 1929 is of special interest in this connection. 

Remeasmements of the experimental sample plots after 5-year and 
10-year intervals indicateo that the 20-percent thinning was back to 
normal stocking in basal area in 5 years; the 34-percent thinning was 
back to normal in 10 years (table 13) ; the 44-percent thinning was not 
quite back to normal in 10 years; and the 65-percent thinning will ap­
parently require 20 years to ret Lll'l1 to norma,l, The decision as to 
which of these methods is best depends upon intensity of management. 
For small farm woodlands or ot-her areas where frequent light cut­
tings for fuel and poles are feasible, 20- to 30-percent thinnings are 
best. 1Vhere a second thimling must be delayed until a large cut of 
pulpwood or other products can be made on a strictly commercial 
basis, removal of roughly half the trees seems about right. The I 
heavier thinl1ings, however, create some likelihood of an undesirable 
increase in the density of shrubby and herbaceous vegetation. 

What causes growth to speed up after thinning? The ecological 
changes following a thinning of 27-year-old jack pine that resulted in 
acceleration of growth were studied by Schantz-Hansen (22). Al­
though the .increase in mte of growth was roughly proportional to the 
increase in light, Schantz-Hansen concluded that in all probability it 
was caused not by the increase in light but by changes in associated 
factors. He noted that where the stand had been beavily thinned a 
soil temperature permitting rapid root growth was reached somewhat 
earlier in the senson than where no thinning had been done. This is 
in agreement with the general observation of many foresters that 
snow disappears sooner in the spring under thinned' than under un­
thinned stands of jack pine. In this study it was found that 10 yea.rs 
after thinning the total leaf area was 33.8 percent greater on the heav­
ily thinned plot and 18.2 percent greater on the m-Qderately thinned 
plot than on the unthillnecl plot. 
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T~ 1S.-Gr01vth in ba,~aZ area per acre of a 20-1/ear-old stand ot iacl,~ pine on 
the Ohippewrt fo/'estin the first 10 years rt(ter thinnings ot v.urying severity 
m(lde in 1929 

Basal area in termsBasal area arter thinning or normal cI~nsity 
Plot No. b~~i::ia Thinningl---~·--:----I--·------

Imme· 10 years Annual IUlIne- 10 vcars 
diatc later incr~asc dia!.e hiter 

---------1--------------------­
29______________________________ &}.!I. Percent Sq.!I. Sq.!I. Perce"t Percent Percent 
30 •• _. __________________________ lUI 0 lUI 139 3.8 109 il2 

100 20 SO 129 6.1 S9 10028. _ . ____ •______________________ lOa 34 68 122 7. U 77 103 
97 44 54 114 11.1 62 9S

26. _____________________________ 
27•••___________________________ 104 65 36 93 15. S 40 7S 

A scattering of trees usually die during the first year or two after 
thinning, a few are bent to the ground 01' broken by snow or glaze, 
and otliers are snapped off or uprooted 1>y windstorms. Some are 
attacked and' killed by Ips bark beetles-a few apparently sound trees 
but mostly trees that have been severely scorched by the heat from 
burning slash. In recent yeal's, the weakening effect of droughts may 
also have played a part in Ips infestations. The losses from all causes, 
so far as present experience shows, are not severe enough to justify 
changing the thinning methods. 

The ultimate results of thinning young jack pine cannot be satis­
factorily appraised until the timber crop is ready for harvest, but 
the fol1owing benefits are at present indicated: (1) Larger and 
straighter timber than in old-growth stands; (2) less rot; (3) greater 
assurance that trees on poor sites will reach merchantable size before 
becoming decadent; (4) better species composition in the case of mixed 
stands; (5) greater total yield, if the products of thinning are util­
ized; (6) shortening of the rotation. Timber that has been thinned 
while young should therefore be easier to market than dense un­
thinned stands. The beneficial effect of thinning should in the end 
be reflected in better stumpage prices, greater latitude in choice of 
time of cutting, and wider selection in kinds of product to cut. 

HARVESTING THE CROP AND RENEWING THE STAND 

Harvesting the timber crop in a manner that assures successful 
regeneration is the crucialrequirment in managing a jack pine forest. 
Recommendations on methods of cutting, ground preparation, and 
slash disposal for promoting prompt natural preproduction are 

. based on the experimental findings and observations outlined in fore­
going sections. In brief, these indicate that (1) jack pine seedlings 
usually grow best in full sunlight, (2) reproduction should lULve an 
even start with low vegetation, (3) mineral soil is the 1Jest seedbed, 
(4) cones attached to slash contain the seed needed for reproduction, 
and (5) cones must be placed on or close to the ground for prompt 
opening and release of seed. Application of these findings must vary 
with character of forest, density of undergrowth, and kind of topog­
raphy and soil. 

CLEAR CUTTING IN PURE STANDS 

When a pure stand of jack pine has reached maturity at about 70 
years, the aim in management should be to harvest the timber and 
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to obtain reproduction imlllediately~ wbile seed from the slash is 
available and before gmss, hl;'rb!:i~ and shrubs hl;'come firmly estub­
1ishe(1: . Little depelldellce can be placed on seed trees, ff)r, except on 
south slopes and in the southern and southwestern portions of til(' 
range of this species, only an insiglliHeallt proportion of the large 
supply of seed stored in the cones of living jack pines (table 3) is 
111lJlually dispersed (tab](' 5), If sufficient seed is to be di!-'peJ'sed 
lIaturally, it l111lf;t ("Ollie fl:oJll {'ones in the f;lash, an<1 tll(' hea.vier the 
cut the greater will be the quantity of seed in the slash (fig, 13), 

Also. as was previow:;fy shlted. jack pilH' sepdlillgs usually InIlBt be 
free of overhead shad!' if they an' to grow satisfa(;torily (table 7) ; and 
the." IIlllSt make II" quick stad if they Hl'e to outstril~ J'api~lIy en(To:t,ch­
illg herbs and slu'nbs, For' these n~asons ell.'ar cuttll1g of mlltlln' tlJll­

bel' (together with s('ui'tering of slash and seaJ'ificatioll of soil) is l'l't­
oll1lllended as a gl.'ll('l'nl pl'adi('e, The fad that pl'()miscllou'S cleat' 
cutting as pl'udi('ed ill Ole pasi (Hcl not; induce sllccesRfu[ regeneration 
is not significant; it was largely clue to windrowing of the slash and 
failm'e to prepare a suitable seed bed, 

Before the facts letldin~ to n 1'£'collll11endation of clear cutting were 
wellllndel'stood, partial cuttillg wus advol'ated for pure 'Stands of jack 
pine, It was thought thut 01(' I'esidllal !:itands wOllld respond to 1'(>­

lease, thus iIl(,t'eaf;ing thl.' yield, alld that the pal'tiai ('over might I:teiIi­
tate ,','~eneration, pal-ti(,lliady of mOl'e shade-tolerant species, such as 
eastl.'l.'n whife pine, red pine, and whitl.' slH 'u('e. 

In 1926, I.'xperimellial piotR to tl'St (hn'(' kinds of partial cl1ttinl!R 
Wel'p. esbdJlislwd on bolll th(' Chippewa alld Sll[)(,I'iol' National Forest-f; 
in 5;")- and 60-yt'al'-oid ja('k pilH' limbel', 011 all these plots cutting 
failpd to a('('olllplish a Ilwlt'l'iaJ illcl'eas\' in repl'oduction of the more 
tolel'ant tOllii'el's, and jack pil1(, l'epl'o\lll('tion waR distinctly unsu('cess­
fill. FrollJ the standpoillt of growth of the residllal timber, also, the 
I'eslllts W('I'£' dlidiy Ill'gati\'e; on all theee of the Chippewa plots and 
011 t\\'o of thf:' thJ'f:'p HII »(,I'io1' plllts tlIP :mhsequl.'lIt LO-year merchantable 
growl'lt pl'oved to be Ipss than ill a<lj()inill~ uncut stands (table 14), 

~fpaSlll'em(,JltH shOWt'd tlmt dillllH'tel' ,!!I'owth of individual trees di<1 
a('(,l'lel'a te after pa I'tia I tllttillg, but Y01l1llH' growth pel' aCre in n11 bllt 
one of the pal,tial ('tlttiJ),!!s W.:IR less than in the IIn('ut stands, primar:itr 
bt'l'anse of the re<ludioll ill ~I'o\\'illg sio("k The one instance (tht' dl­
ametl.'r-limit cutting in th£' Stl pl'J'jor series) in whieh partial ('utting in­
C'I'I.':lsl.'d the \'01 till Il' gl'Owth 1)('1' al:r(> can be explaillN1 by the fact that a 
iar'ge number' of trees -1- and 5.in('hes d. b. h, WE're left. These trees 
grew to mer('hllntabll' size' (5,5 ineh\'s d, b, h) dllring the 10 years after' 
t'utting, SixtY-YI.'HI'-old jntk pine having the rlenslty of tlris particu­
lar stand (9a6 trees pel' HCI'e) iR not (,Olllmon, so the method has little 
possibility of t'xtensi\'(' application in stnlHi:.; of this agl.' class, How­
eVer. it ('ouldbe slIccessfully applied in thinning practice to stands 40 
to 45 ye:H'S in nge, 

AltllOugh jaek pine in some situations may root to a depth of 6 OJ' 

8 :feet. 011 the thin, l'ocln xoils of llol-t-ht'aRtel'u ~fill))esotll its root :'0\'1'­
tem if' exceptionally s'hallow. A 60-pen'(>nt expel'iment:ti tutti'ng 
of 12 lIerl.'!,; of HO-yellJ'-oid timbel' on shallow~ojls on the Superior 
Xational ¥OI'est was followed within 2 .veat's bydl.'Hth of 30 percent 
of the residual stand, chil'fiy through windfall. Undel' sHch condi­
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tions clear cuttillg is neady always desirable. In somewhat younger 
stands experimental cuttings indic'ated that to resist the onslaught 
of the winds the residual stand mllst contain at least 50 percent of 
the basal area; but sHch heavy stalHls would mean deeidely too much 
shade and l'OOt competition for good development of jaek pine 
reproduction. 

TMU.t: 14.--Jfercltlllllll/I/f1 flroll'l1l flfler [la.rlifl/ .~(J1/'70fJ (I'IId Ill/Ill/cood ('Ilt/illf/8 in 
·1I('url'!! 'IIwlure 1 jack pill(" liMli 

Cut Ling method, 
Chippewn Serll!$ 

J"~rcelll Bourd lett Percf. nl Cord~ 
Check.................. . o 4,345 Check.• _••••••••••• _ 
 () , ~:gLight selection •••••••• 22 3t 28~ 5.fi-inch ditllncter limit 
HellYY selection..... 51 2,414 'l'hinning [rQIIl h(!low ~~ Ii 2.1 
6·ineh dialllcter IImiL••. 82 885 Heavy sel~ction ... _ ~_ 67 • 4.1 

--------'--~---.-
t Ages in 1926: Chlpp~wa stand, 55 YCfir:::; SllPl1rior stnnci, tiO y(~n.rs. 
1 The growth on thc.Chlppewa plot< iSNhown in board fc..t (o\'I'r 7.5 inehl's II. h. h.) find thllt on the Superior

plots in cords (over S.S inclw:s d. h. h.) h(~CmL~ the 2 ~tallds were best. suited for clltting into ~llwl(Jgs and 
pulpwood resJl,·cliV(·ly. 

Any scattering of better species, s11('l1 a:; red pine and eastern white 
pine if apparently windfirm, or some of the oaks if sound, can well 
be left to form n small nucleus of the new stand. in which a mixture 
of species is always silviculturally desil'llble. Sllcl~ residual trees, 
blocks of younger age classes, :Uld putches of other fOL'est types that 
may be mixed in with the jack pine tend to keep the clear cuttillgs 
to small size. On hot, dry southerly 01' westerly exposures und open 
exposed flats in the \\'urm('r part of the L'llllge qf jade pine a speeia I 
effort should be made to leave a paL'tial stand of jad, pine ancl other 
species as a pl'otective measure. Tlw shade. of th('se trees will limit 
surface temperatUl'es and evaporation rates to points at which seed­
lings can gel'minah' alld sllrvive, and tht> (I'ees will probably contri· 
bute a small iaut continuing supply of seed for regeneration of the 
forest. 

GROUND SCARIFICATION 

Providing a suitable seedbed is an essential fpatnre of sl1('cesfifui 
natllrulregeneratioll of jack pine ullder the clear-el.lttill¥ method. It 
has been shown clearly by the experimental evidence \ table 6) that 
mineral soil may be foul' times as eflkacious as duff in pl'Omoting 
prompt germination and {WiN' as effective in assuring satisfaetol'y 
early survival. Exposure of the mineral .soil by scarification of the 
forest floor, carried out either before or after clear cutting, appears 
to have cO,nsidemble advantage over burning. Bllmed duff is a fairly 
good mednun, bllt no dependable method of huming has been evolved 
for use in preparing a seedbed. To run fire throtlgh a stand before 
cutting would greatly reduce the yalue of the timber for pulpwood, 
since eyen small particles of charcoal in the wood are decidedly ob· 
jectionable to themunnfacturer of paper. Moreover, it has not" been 
demonstrated that fil'P can be used in this manner without exeessivp 
expenditure for contl'oJ. On tlw other hand. se.ari fieation is free of 
the risks of fire, is highly beneficial in promoting reproduction, and 
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in most case~ is rwcessHl"y if adequate llatlJJ"ul l"(igl'nerui i()n j;; to b{>
obtained after cllttingo 

Scarij-jcation halo' till' greatest potentialities OJ) ureas of sundy soils 
,,,here the stand oJ jack pille is fairly denseo Good jmlgment mllst, 
however, be llsed in deciding whether a site is suitable for thi;; tr(>at­
mcnt; otherwis(> 1Il0lWY is Hkely to be wastedo In occasional instances 
jack pine sites that l1ilve been cut over or otherwis(> ddorpsted are 
already partially restockt'd with adnlnce re]Hoo(iu("tion of jack pilll' 
Hnd other species, which searifkation would dl'stl"OYo An old stand 
where only a i'p,,· senttC'reci .ia(,'k pines Loenrain and an lIndergrowth of 
shrubs hus alr-('ady cluimed the site, is (lIIother instanee; the jack pine 
seed suppLy is limi(('(l alld poololy distroibllted, and tn'l' seedlings would 
face a hard strllo!.!:gle with tIl(> establislwcl shmb growtho Such a sjt(l 
can be broug-ht o:I(;k to forest productivity most rea((11y by planting 
with good-sized ~t:o("ko Bitc's str.°l'wn with bl)lIldelos aLO(. diffiC'lIlt to treat 
and ar(l hard on equipmento and the sUloface that can be treated suc­
cessfully is (00 small to ill!;lIre profitable L"l'Slrltso 

A number of different scoa"ifying irnpll'ments have been used on 
juek pinC' lands with varying dC'grC'($ of sLlc("el:iSo In the tilost attempts 
at scarification tlw doff was stl:ipIW(/ ot!' with mattocks al~c1 rakes and 
piledo This led to til(' establishnwnt within 2 years of more than 
10.000 set'rllings pel' acre (Ll) i but the cost of this hand work was 
ulH'easonably lligho In later h'sts of gloOlllHi ~('arifi("ation: trials 
wel'e rnncle of sl1ch crlldl.' implenwnts as. a limby log dragged by a 
horseo MakC'shii'ts oJ this kind proved ineflieient, The ordinary 
spring-tooth halTowwas I1('Xt lIsed, LInder vpry fa\'OIoabll' eOI\<iitionso 
Although tlw tloeatment: tOl'slrltpdin establishing a laloge number of 
seedlings pel' aCl'e, this ilnp/ement was not- satisfactory where there 
was JJllld. g-loOIIIl(1 COyero TIll' typl.' of disk harrow cOl1llllorliy used 
10, mailltain fil"('br'e:tks does failol), g-O()(/ work in SCtHoificl.,tion, 1mt 
is not ruggNI enough to be elltirply satisfactoryo . 

Plon-illg fIItTO\\'S al illt('l"\'al~ of K to L2 feet with a doublE'-rnoldboard 
planting plow has b('en tl.oiecl with :I dual objeetivC'-if sC'Pdlings did 
1101 imlllediately cateh in Hlr plo\\'(;'rl iOlll.TOWS the ground lYould at any 
rat(' bl.' pr.'(!paIOed for plantingo Bnt tilE' peLocpntngl.' of grollnd area 
('x])()s('(l by flHTowing was not gl"E'at enottg-h to encourage much natural 
repl"oclllC"tiol), and nlOst of til(' seedlings that gel'l1linated weI"(' smoth­
cred by leaves of hardwood tL°ees arid shrub" that lodged in the 
fUlTowso 

The ll1o!"lo promising tool fhns far ns('dis the Athens-type disk 
plow, retlucl'd to the width of a tr:tctOl" (figo :2:"))0 In 1!)40. ::;acrifit-ll­
tion tl°jals with this eqllipllI<.'nt resulted in establisillnellt of 1J)()O 
well-distloibnted s(,E'dlings per aen' Ol1 n IWI\" ('1E':lr' C'lltting. Tl'sted 
for 5 years. til(' AtllP1JS plow lws proved highl)· elllciellt in exposing 
mineral soil and appears to be strong enough to stand up under hard. 
lise. 

How thoLoonghly thf' disking should 1)(> carriE'Cl out depends to some 
extent on thr eiJlIJ"nd('r oi' I/HI /'o'°E'st flooro III SOIll(l p!:t("loS a dottbl{> 
disking. the seeollli at right angles to rl](l first. nlthough lleC'(,SE'uL"Hy 
costin.!! I1Hll°E'. may br npCrB~!lry for IHleqtwt(l px/wsun' of millet°aI soil. 
On the national 'forests in Uinnesota, where Atbens-type disk plows 
powerpd with 3;i-hol"s('powrl" crnwl£>r-i.Ypt' h::I('tolos h:we been in 01)(~I'­
ation on rather 1>1" II shy Illoens, satisfactory cross disking has reqnirecl
about ~ tractolohOlm; per acreo 
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Preliminary tests with two disks drawn tandem fashion have given 
promising results. As more experience is gained doubtless other 
modificatIons and improvements both in methods and in design of 
equipment will be possible. 

Scarification may be carried out before clear cutting or afterwards. 
If done beforehand there is 110 slash to interfere with the operation 
of equipment, but in well-stocked stands it is somewhat diflicult to 
dodge between trees ,,,ith a cra,wler tractor. If not done shortly 
before cutting, vegetation promptly sprouts back and the etfectivelless 
of scatiHcation is decl'ensed. 

Experience thus fat' indicntes that scarification can be more efli­
(;iently conducted after logging 'when the equipment can ride {J\'el' 

F*61 

FIGURE 2G,-Athells-type disk plow, drawn b~' crawler tmctol', used to prep:\I'(' 
soil for natural repl'oduction; ufter c1eaL' cutting, if the slash is lopped and 
scattered, seed from the quickly opening cones will find a favorable seedbed. 

stumps and better coven~ge of the area is possible. Reproduction 
then has an even start with aU weeds and brush. The main disad­
vantage is the burying of some cones by the disk. 

The effectiveness of scariHcation may be judged by the degree of 
exposure of mineral soil. Second-year results of scarification tests 
on the Chippewa Forest indicate (table 15) that, in general, the more 
complete the scarification, the more seedlings per acre. 
If there are insutHcient cones to provide adequate seed for natural 

reproduction, work done in scarification is not lost since it puts soil 
into excellent condition for supplemental seed ing or planting. Prom­
ising early results have been obtained both by planting 200 to 400 red 
pine nursery trnnsplnnts pCI' ncre, lind by chopping small pinches of 
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jack pine seed on exposed mineral soil amI covering lightly with the 
foot. The lise of red pine trees for such planting IS particularly 
desirable on the nJ(Jl'e fertile soils where there is an opportunity to 
improve the composition of the future forest. 

s(',\'erlmINf: O~· CONI~-Bg.\mNG llHANCHES 

Ullcler the Clear-cutting method as recoll1l1lCncled for jack pine, the 
key to repl'Ofluction if; the pL'oper distJ'ibution of the cone-bearing 
brallcht'S, often ('onta in i ng :300,000 to 2,000,000 seed per acre. III ordeL' 
to obtain prompt opening of cOlles and release of seed, the small cone­
ben ring ImllH'hes should I)e lopped a Iltl se-attered (fig. 26,) over the 
('xpost'c1 minPl'al soil. The h(':Lviel.' limbs uSllally have IlO ('ones at­
tached to thcllI. 

The clos('r Ihl' ('Olle;.; al'(' to th(l l:'III'fa('e the better. TelllpemtUl'es 

F363731 
FruUlu, ~U,-'l'h<' ju('k pin(' hm; "('('0 cleal' cnt amI t:lw slash IOPlled and scattCl'l;'d: 

to ]Jl'IIlIlote rClll'OliuttiQIl seattel'cd r('(] pincs han! been left to seed ill with the
ja('k ]Jine. 

at the ground slirfacc are sufficiently high dming warm weather to 
('ause con(~ op(·ninfr. but tIl(> ail' only a foot .above the surface is so 
llUlrh ('oO/er than eVt'lI at su('h heifrhts ('one opening may be delayed, 
resulting ill unde:-:irably late geL'llIination. 

Si nee experimenta I tests show (fig. 17) that the earlier in the spring 
the cones open all(ll'hec1 their I'eed. the mOre likely are the seedling!; 
to slu'vi\'e, cone-bearing slash should be lopped and scattered before 
tlr(, warm season (cOIw-opening time) ('omes on. lVith disposal thus 
pl'ovided for, fall, winter. and early spr.ing all appear to be satis­
factory seasons for cllttil1~. If timbel' is cut in midsummer and the 
slash is lopped and scatterNl immecLltely, seed dispersal Illay take 
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TABU; li.i,-N'IIlIIbcr of seefll; . ."ys on 111()t,~ 'Willi, dill"r".,,'. Tlercel/ts of 'milleral soil 
c:Cl)O.~eft, cOllntcll ::l 1/eal's allcl' scwr;fil:at.;on 1 

Basis Sc",t1illgs~ 

,\1 IIncre' , SLockl"\ st~~'i{cd Pcr !lcra1· 

'tlllll.lrats ,quadrats quadrat 

----.~-- .. ~--.--------- ~ ------- - ~- ....- --- ~ ~ -..--~---
NILmlJtr \' Percelli ~\~'LI"'}tr Number 

H '\.,1 1.0 45IJ 42 28, ~ 1. 4 40,1O-!!O . 42 59,5 2. 2 1,28.13IHO•... 
50-60. XII 60.9 3,; 2,2(;0

6 IOU, 0 S. 8 5, Sa570 or mon' 
L_.~_,--__-,--_____ 

j Dala tak,-n on an an-" on Lim Chippcwn Nutiollul .Furc~t. scurillcd in 193;. 

: .M ilucre. Uteaus l{LOOO acre. 


place soon thereai'tPI'. bllt lihou\fl !-.l'ed\ill~li af; a 1'(>slllt /!I:'I'minat(' in 
late summer or eady autumn, they rUII the rh;k of winter-killing. 
If cutting IHmit be done in midsumlller it wOllld be advisable (0 bunch I 
the slash and 1101: scatter it until the hot weather has passed. Then 
the cones willllo\: open until the following spring 01' early SUlIlmer, i 

'Vith close utilizlltion of wood and thorough lopping und scattm:ing ! 
of slash, it is rather surprising how little debris is left. The fire \ 
hazard is not high, but in some cases the slash is sufficiently hea Y.Y to 1 
offer mechanical obstruction to youn/! seedlill/ls; care must then be t 
taken to place only the cone-bearing- slash over prepared soil. 

Disposal of slash by bul'll i ng is not only unneceSHlH'Y ill connection" 
with scattering but: is also undesirable, since it destroys the seeds in 
the cones attached to the bmnches. Befort· the seeding ehal'acterilities 
of jack pine wel'e fully ulJ(lenltood. llO\\,l~V('L', bu rning- was recOIl1­
mended as a method of bringing abont reproduction. Sterrett ()tin, 
COllllnenting on national-fol't'lit J)l'Helices in 1!)20, said that in Minne­
sota it witS sometimes eonsiclet'ed necessal',v to lop and scatter the !;Iash 
and burJl it in order that the cone!; Iflight open and leI: out thp lieed. ; 
Some forestCl's still believe thaUhe way to get jack pine reproduction 
is lo run a "light" fire through the slash to open the COlies. A Humber' i 
of experimental attempts !lave been made to follow such recol\1- : 
mendations, but without success (6). The fire, if it runs at all~ is hot ' 
enough to destroy most of the cones, and also any advance reprodllc- : 
Oem. The good l'epl'Oduction that has sometimes followed broadcast 1 
burning of slash is pl.'obably due ruthel' to seeflin~ ft:olll residual trees, i 
the cones of which were opened by the fire: than to seeding from the 
slush. 

PARTIAL CUTTING IN MIXED STANDS 

.Tack pille !;ometimes occlIrs in lIlixtUl.'e with one 01' more species 

such as red pine, white pine, blaek spruce, aspen, paper birch. jack 

oilk. and red oak In such cases partial cutting provides a w'ay of 

favell'ing more valuable species at the expense of others. 


In forests of mixed red and jack pine padiculndy. partial cuttings 

have a real place in manag-ement. Red pine not only is 11I0re wind­

firm than jack pine, but also lives much longer. In' such stamls the 

jack pine should be harvested in a series of partial cuttings, in which 

some of the larger and rougher red pines may also be removed if 
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the stand runs heltvily to this species. The smoother red pines that 
have been well pruned by natural processes should be left to develop 
into high-quality iillW tiinber. NeIther slash disposal nor reproduc­
lion is an urgent consideration in such cuttings. 

The money retUl.'ns from partial cuts aL'e good been.use only the 
Jarger trees of compamtivcly high current \·:t1ue are handled. A 
cutting of this type calTie(l out by Palll Zehllgraff in a mixed red allli 
jack pine stand 011 the Chippewa forest removed 2.245 boanl feet per 
acre (alll1ost all jack pine) or 13 pen'cIlt of the basal arca. 1:-)il1c(' ttl(' 
trees were rather large, they wen' sold aii mille timbers at: $7.50 P('I' 
:;UIJo:m/ feet in contl'aebl with the pt'evailing rate of $3.;')0 per .". i'OL' 
ltverag(' jack pine SH.W/ogH, 1.n the secol1(1 ()[' any later opel'ntiol1, ill 
order to maintain a high yield, sOI1W\\'hnt less volllllle should b(' Clit 

F3559SB 

FIGnCE 27.-1\ desirablt~ light" partial cutting in a. 70-.re:U:-Ol<l stand of mixed j:l('k 
pjJl(' and red piJle in which 3,000 boai'll feet per acre of large jack pines han' 
been l'emoYP(1. 

titan has been added by g-rowth since the last prcvious cutting, T~lis 
rm1ctice has b(>Cll follo\\'('d succt'ssfully in rec~l1t years on the CluJ)­
pcwa forest, where mal'ket conditions make it feasible to cut as lightly 
as 1.000 to 2,000 feel' b. Ill. pel' aCL'e (fig,27). 

In northeastern ~Iil1l1esot:l blu('k spruee cOl11l11only ocenI'S in associa­
tion with .luck pine. Although this species is 11101.'1,' valnable as timber, 
:J'a\'ol,jng-it ill cutting has so :fnr j)r'ovec1 unsuccessful because of ex­
CPiisi\'c windfall losses. In order to hring- through black spruce ill 
such mixed :,;(ands it woul(l be Ill'ccss:try to rellIO\'C the jaek pine in a. 
:::erjp:-; of very light partial cuttings. This is probably not 110W cco­
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nomically feasible. Moreover, black spruce on upland soils is suscep­
tible to butt rot, which lessens its ,yind-firmness. 

The choice between jack pine and oroadleaved species should be 
based in part upon the character of the soil. If the soil is fertile. it is 
almost impossible to maintain jack pine for mol'P than one rotation in 
competition with aspen or paper birch. On poor soils, most bl'oad­
leaved trees not only have little COlllmercial value but offer less com­
petition to jack pille. They shollld be thinned out somewhat if the 
material can be disposed ot but not to tIl(' extent or transforming the 
stand into pure pine. Hardwoods. in general, are snper·ior to pine as 
soil builders. To some extent, they lllay ad as insect. retardants. 
Oaks, of course, provide mast 1'01" tleer. 

Partial cutting mllst be COllscJTativrly applirc1, since excessivr open­
illg up of the overstol'Y encourages the de,'eloplllell! of all ullderstory 
of Rhntbby 0\.' herba('rous plants, which ma.," make it difficult to obtain 
pine reproduction. When the time cOllies for thr final cut and the 
stand is to be l'egenerated, either naturally or artificially, low vegeta­
tion is a hindl·alH.:e. in thnt it provides shelter for snowshoe hares and 
seed-eating rodents, intedel'e:-; with germination of tree seedlings. and 
competes \yith the seedlings fot· wnter Hncllight needed for growth. 

JACK PINE SLASH AS A FIRE PROBLEM 

.Tack pinp sl:l~h if'; grently overrated as a fin' menace. Slash burning 
on jack pine bnl! is actually a, wnsteflll and ineffectiv(' measure (4). 
At most, the breaking IIp of slash into small blocks has merit as an 
advllnce meaSllre for sllppI'essinp: fire. In attacking a fil'p with hand 
tools. it is helpful to have some previollsly clearrd lines from which 
to work. For this purpose a ft'w lines mn,y be needed as supplements 
to natural barriet's and logging roads. 

The ClUTent notion that jaek pinr slash is a. grent fire hnzard is 
something that has been passed 110WI\ {J'om n previolls era. Dlll'ing 
the early days of logging in tIl(' Lnkl' Stall'S. whell pxtl'nsi ve continu­
ou!:; stands of eastern white pinr alHl red pine timber were clear cut, a 
slash fil'(' often started a ("onfiagration that did ulltold, (\alllage. Today 
cutting areas an' generally small, no wide expanse of slash exists, 
and the pine slash pI'esent is mm;tly that of jack pille, which is much 
less dense than the slash from heavy stands of eastenl white or red 
pine, especially after lopping. MOl'eovel', it has conw to be recognized 
that slash fires, although hot. do not sprend particHlady fast. This 
was brought out by an investigation lJ1ade during 1!J38, by Russell 
'Yatson under the direction of J. A, Mitchell of the Lake ShLtes Forest 
Experiment Stution. In the jack pine t.ype it is the lighter tuels. stich 
as ~l"IlSS, that catTY fil'(' rapidly. Quick action with heavy machillel'Y 
makes it possible to ('ontrol fires in jude pine slnsh and to construct 
fire lines rapidly through the slash on H going fire. 

In uny event, jack pine slash disint(>gmtes rathel' rapidly and doe,S 
not, l'emain n fir(> hazard to l' IOllg (fig.2H). On the basis of observa­
tions on commercial cuttings in 'Visconsin, Zon and Cunningham (38) 
estimated about 7 years as tIl(> lwerage tillle. It may last that long 
where it is bunched in large windrows, but: if lopped and scattered it 
is not likely to remain an important fire hazard for even 7 yeat·s. Slush 
lopped and scattered 011 experimental cutting areas on' the Superior 
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"'!f,rm; 2K,-.\fll'f 11 ~hlll'l IlI'rind of dp"IlIIl11""ilill ll • jIW], ]Jill!' ,.la~h j" Iv"" of n 
lirl' hazard 111:111 tIl!' .~l'a",;, A. FI'l'''hl~' ('Ill j:wk I.illp ,,\n,;lI. UOI IIIJlJl('(] or 
>'(':1 Itp!'!'(]. 1111 !l !',\' "1I 1111 jllll i II,; IIpa I' Ho,;,·tllIlmc III. ~Ii('h, J], SlIlIJP "it'\\, -! yl':l 1''; 

IUIPI·; 110 ~(~:J't'iH('nlioll 01' ~eHtIPl'iog- of ('OIHj~))p;lriut! In,'il1H'ht';-: \\":1~ lloup 1.0 
jJl'oUJIlI!' I'Pjll'olill('tiull. 
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Natiollal Forest in 1927 practically disa1?peared within 5 yeal·s. Slash 
treated similarly' in 1931 at the Miclllgan Forest Fire Experiment 
Stntion, Roscommon. Mich., brokt' down as quickly into It la,yer only 
a fe,,' inches deep rnixed with the grass. 

The slaslHlisposal poliey lor the national forests 17 of the. Lake 
States has as ils primary lHll'\lOse l'edu<'lioll of tIlt' fire hazard. but: 
recognizes thaI slash disposal can be so IlHlIUlg:cd as to assist in 
reproduction. . 

It is obviolls fl'om 01(\ wonlinl! of tlH' S(a((I sla~h-disp()sal l:tws in 
Miehigall (f/). Wis(·ollsin. ls and )Iinlll'soU~ (i,i) that tht'y ha\,(' uet'll 
designed to aid in fin' protectioJl onty, with little l'ealizatioll of their 
dYed on llatut'a1 n'pl'o(\llclion. Fol' cleall-lip along highways piling 
and bUI'nilll! is tIl(' mmul slash-di:-:posal pra('tit·(\ sp(\(,.itied. although 
swarnpl.'" blll'llilJg l \JIII'llilll! as till' t:llttilll! Pl'()gl'~\sses) is le'ss expen­
si\'e alJd 11101'(' sat isf:J('tol'Y froJll a. firl'-protl'('t ion Sblll<lt)oillt. IU 

Swanl)lCl' but'llillg is a pal'tiClilarl~r swfl' IlH,thod whell appliN lIllder 
l'illch C{JIH\itioIlS that firl' will not I'lIn, amI it kills less advance repro­
dllction than other methods of di~posal by burning. 

Ewn nlong highway and othel' I'ights-of-way, where it may tempo­
rarily inl\)l'o\'e appeal'allces. tlll' effiefwy of disposal by \Hu:nillg is 
OP('1l to qlll'stion. filash bllrning never eliminates the highly illflam­
mabIe /!I':lSS anel bltll'bel'l'ies (Yaccillium.· spp.): and in IlIany burn­
ing Ol>l'l'ations tIl(' I'lInning togl\t\WI' of th(' fin's between piles favors 
the fllrtlll'l' spn'ad 01' tIl('S(I and otlll'l' highly illflallllllabl(' plants (fig. 
:29). Disposal by slIeh Illetho()s destroys the s('ed lIeeclefl for repro­
duction and merely postPOIH'S the datl' wIlen a desirable forest" cover 
will 1)(' J'('l:;tored. Fllllcls a \'a i In ble 1'01' :;Iash blll'n i ng: wOlllel bette l' be 
spent ill intC'nsi I'yinl! fir(' protection until tlip slush disintegrates. 

RESTORING DEFOH.ESTED LANDS WITH JACK PINE 20 

1:\(\Y('I':-'(' weatlH'1' will SOJllC'linll's eallse natlll'al 1'01)1'0(\ I"l('t ion to fail 
e\,l'1l tliollgh till' best knowlI methods of clllt illg. grollnd s(;arification~ 
and slash s('altel'ing Imvl' bl\pn applied. If reproduction doeH lIot 
1>ecol11(' l'stablish('cl ill 2 {JI' 3 y(>ars aft('r cutt inl!. it will be lleCeS!:itll',Y 
t(l \'l'sorr to planting in ()1't\C'I' to I:l'slock tlw al'pu. Opl'1I or \'('I'Y poody 
:;tol'kr'c\ it reas not only ('Oil! l'iblltl' Ilotlli Ilg in gl'Owth bllt al:-:o requ ire 
J1Iore than average Olltlay "fOt' IH'otel't ion. In till' Lake Statl's. pro­
tectioJl cu:,b.; 1)('1' ael'l' al,(' nead,Y twiet' as I!l'eat fur IlOlllimbered up]anu 
as JOI'Iand forested w.ith se('olld-p-"J'Owth piJl(,.21 

Jack pine is a. Sllitahlp B»l'f'ies rOl' resto('kill~ jaek pine areas where 
regeneration has 1I0t ("akr'n plaet' promptly aftel' (;utting. ll11cl "for the 
arUfieial return oi' other deforested pine lands to prodnctivity. It is 
the b('st of the Lake States conifers for reforesting light Sltllds and 
soils badly depleted b," fire. becllnse oi' its harc1i11Pss~ rapid early 
gl·owth. all(l pl.'oductioJl of mel'('\1antnbl(' l1Iaterial ill Hitllations where 

,7 Outlined In th~ Administratil'p Set'lioll oC th!' 'l'lmb~r Manag':'IIlellt ITnlltlbook, U. S. 
FOl"tast' S~)r.\"., ~ol"t1t ('t\llt.Upgil)U, 1.7~ pp. IH:Ht [PI·d(·t'S~p(l.,l 

19 ""Jst'QS'SJX (10S"SgIlVNl'JO,X ("-O~Dl1SSI0S. \\'ISCO~:{IS l'l)X})":Il\",\TIO:-." J~~\WS. lO!JS-"·:~!). 
[In prO('('HS Or JJubli('a ti<1I1,]

'" I.'XI'I'EU S'I\I'n:S 1,'om,S'l' Sf:ItI'ICJ'. liLMW IJISI'QSAIr-.--,LI()K PIX!:, 11, S, .Ii'nrest Sen·, 
r,lIk.., Stutes I;;xpt". Stn. ~I'('dl, Nott~S 50, [11 p, [II. <I. l)I·(l(~,'s$('d.]

'''~I'hl' r('eQIII1Il('1t(lntion~ IlUid.. in Ihls se~llolI r('pl'('8enl· (,Bs(mtIIlJl~' tll(' stnndard reforesta­
ti<)n 1Il('tho(\~ ill JlI·adi('(' 011 th(' natioll"; rOn'Hts in Ilw Lak(' St.lIlcs. 

~l USl'J'EI) S'l'.ATgS .Ii'oJtl-:s'l' SJ-~HYICI-1. (n:I~"~[,I\'I-: IL\Z~\HI) ..\;'<in J.:S'l'IM ..\'rgn ('0:';'1' OJ-" PI:OT,,~p'rJON 
II\' l··Out:S'1' '1'\'l'f:S--LAI('; WI'A'mK, G. S. 1)'01'1:':;1 St'l'l'. Luke Stutes FOl'est Expt. Stu, Tech. 
~otes 78, [1] p, l!l:H. [l'ro(','~sl'(1.1 
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PIOUJCI~ 20,·--011 both thl'SP 11I'('IIS, slaSh ha::; beell pill'd anll hUl'I1('(l 'l'his Ill\!thod 
or slash disposal (h'st roys ,wp(/ ::;1I]lpl ips I1l'etlPcl ft)l' 1'l'llI'O(!II('!ion, A. BUI'nillg 
ill VH('s so as 10 al'oitl a c:lt'all bU1'1I is the: 1It'l'eptl:'d method uf (1is]l(\~al to 
('I)lllpl~' with ~ta IP la \\'s, II, TIll' lil'(, has rllll het weell t he pill'S lind destroyed 
a Itno::; I- 1111 illllallimllhll' 1ll1l11'I'ial. Althol1),!h tlw fi\'p hazard hns been reduced 
for a ~'('al' Ul' 111'0, illll:lllllllalJlp \'p;,(l'la(ioll l!Pl'l'lopin;,( within t.hat llerioll will 
]ll'l)l>nhly ('I'('lIle a hllzlIl'l1 g-I'PlltPI' Ihlll1 tlll~ llllhl1l'l1l't! slash, 



growth of redpine isnnccrtain and eastern whitepinegro:ws poorly 
(fig. 30). Use of jack pille on sites that are sufficiently fertile for 
growing red pille, eastern white pine, or white sprllce is rather ques­
tionr(ble, since all three of the latter species produce timber crops of 
greater value. However, certain chnracieristies of jack pine ten\:1to 
encourage its usc for reforestation even on such sites. Because cones 
containing seecl are always present, it is not necessary to forecast re­
quirelllents of seed ancl store it in excer:;s of Clll'L'elll needs. The seed 
germinates promptly and yigOl:onsly in lllll'sery beds. The seedlings 
can be plt\llted successfully in the field when only 1 or 2 years old, 
whereas otherllorthel'll conifers require 2 to 4 years in the :nnrsery. 
Consequently, it is posHible to institult, n reforl'stali011 program with 
jack pille, either by direct seeding ot' by plallt·ing. much more quickly 
thnn with other noJ'thern conifers. Other ach'antnges are cheaplless 
of planting sto('k. snpl'I'iol' I.'psistancp to drollght. and greater capacity 
to outstrip brush and otllPl' competing vegetation ill height growth. 

PLANTING 

Practically all jackpinp plallt illg stock nAecl in tIlt' Lake States ('on­
sist!-( of 1- or 2-yeal'-olcl seedlings. TranHplnnts (1_1)2Z are better than 
either 1-0 01' 2-0 ~eedlings; but they cost considerably more, and in 
most cases the seedling stock is ~atisfactol'y. Seedlings 1 year old are 
planted extensively on the easier Rites. that is, tl10se where vegetation 
is light and moisture comlitions are relatively fa.vol'able. Seedlings 
2 years old are nsed for the more diflicl1lt situntiolls, those with heavy 
vegetation and those that are vcry open and subject to drought and 
high temperahlres.

Good-quality 1-0 seecllings for fielel planting have tops about 3 
inches high andl'oots at Jenst 6 inches long. In sOllie llursel'ieR it is 
cljifiC'ult to prochlC'e sto('k as large us this in one season. Seedlings 2 
years old should have 4- to 7-inch tops and roots more than '7 inches 
long. The 2-0 stock has II strong tendenC'y to become top-heavy and 
spindly, and is likely to be too tall rather t1Hlll too short. These 'unde­
sirable tendencies can be partly overC'ome by varions methods, includ­
ing growing the seedlings at low densities. restricting the water supply, 
and pruning the tops. Recently f%-O seedlings, produced by sowing 
seed .in early summer and holding the plants in the ~eedbed until the 
second fall. have been tl·iec1 Ruccessfully as a substitnte for 2-0 seed­
lings. Such stock has n, better balance between top and roots than 2-0 
stock. 

The best method of preparing sites for planting is to furrow with 
a heayy plow drawll by a cl.'awler-type tractor. On excessively rocky 
B'l'ound or where machine!'}: is una.vaila?le. >ij)otA or "scalps" for plant­
mg can be prepared by cuttll1g away 18-1I1ch squares of the sod or litter 
and vegetation with mattocks, grub hoes) or similar tools. ·Where 
feasible, plowing is decidedly cheaper than hand methods and more 
thorough, increases the speed of planting, and has the further advant­
age of greatly reducing- plnnt competition. ..A.1most invariably, seed­
lings survive better in furrows than on "scalps." 

" In symbols clnsslt~'jng nursery stock, sueh tiS 1-1. the fiJ'~t nUlllel'tll in<1icates number 
of Yl'ars in the sl'l'dbl'(l, the second I1UIII('\'IIJ Ilulllber of year~ in the transplant: bed, Thus 
a 1-0 tr<,!c is 1 year 01<1 and a 1-1 01' 2-0 tree i~.2 years old, • 



~ ··r·' ". 

56 TECHNICAL BULLETIN 863, U. S. DEPT. OP AGlUCULTURE 

~.!l 
=C) 
C .s 
r;;:~ 

C 
f! 
~ .-. 

o 

]­



MANAGEMENT OF JACK..PnfE STANDS IN THE LA-KESTA'fES57 

Spacing must be rather close in order to prevent" the trees from 
becoming too limby. The pmetice l'egllJarly followed by the Forest 
Service is to space the trees 6 by 6 feet (1,210 trees pel' acre) on the 
better sites und 4: by 6 (1,815 trees pel' acre) on the poorer sites, where 
trees natumlly ~row morc dellsely, In eit-hel' case, the plalll"ing fur­
rows are plowecL 6 feet apart; th(' spacing is 'I'll ri('(l by (,hanging the 
distanc'e between trees along the furrow. Ont' pulp alld paper com­
pany now cal'l'ying 0.11 a fait'-sized reforestation pl'ogrnm plants from 
1,700 to 2.700 trees pel' acre. 

Jack pine should not be planted in plll'e sl"ands OWl' extensive tracts, 
because of the higher risk of insect and di:,:ea:,:(' epiclt'miC's and the 
probability that wany !;ites, ",hell they hav(' l't'eo\'et'erl from till' in­
j1lI'Y caused by ('Ieat' cutting and fire. will b('come capable of support­
ing morc valuablt' SIW('ips. In site I'eqllirenwnts red pine l'esembles 
jack pille more dosely than any of thr other associates. :\JIcl is the most 
suitable species for cxtensi\'{' plantillg in mixture with it. especially 
with natural reprodllction of jack pine, Red pille is useful also for 
l'estorin~ open ureas to produdivity. Vel'Y few plantin~ sites are 
actually denucled of tree growth. and most jack pine plantations COll­

tain a sprinkling of associah·(l species, including" oaks, nspen, paper 
birch, balsam fir. spruce, red pille, and easteL'll ,,'hite pine. 

In a'refbrestntion Pl'ojl'ct the b'N'S may be plant"ed in mixture by 
bloeks or strips. if the soi! :Ind vev.et":ltion are llJlifol'lll. 01.'. if thel'e are 
})l'OllOullced val'i:itions i11 site quality or covel' conditions, by putting 
each species on the ])lore appropriate sites. TIlt' lattel'methocl is being 
used extensivel)' on the Nico!et Xat ional Forest. 'Vis.. in plantin~ 
yarious combillations of enstet'n white pine, !'l,d pine, jack pine. and 
white spruce (14). Rnw-hy-l'ow or tree-by-tT('(', III ixtlll'CS are not 
l'ecoll1mend('d, bt'('allse of the dall~el' that thl' jack pilll's will b('come 
limby befol'r the onwl' It'prs gl'OW lnrgr l'lI0llgh to ('\'()wd th(,llI. Thl' 
1i mby ja('k pint'S wOllld t ht'll (wertop the trees of tllt' slow-growing 
spt'('ies. 'This olltconlP is particlliarly probable on the pOO\'('r sites, 
whel'e red pint' survives along \\'il"h jar];: pine but is crowded and 
suppressl'd by the more rapi(l-~I'()wing s\)p('irs. 

Ja('];: pin(' stoek withstands handl]n~ \.('t')' \\'ell ill the process of 
transf(,I' from nUl'sery to "field if it is givell J'('asonable care dl1rin~ the 
lifting, moving, amI setting operations. It- is. of cour:,:('. subject to 
attack b)T the ::-;ame destrlletiYC agl'nh: as are natural seedlings. Losses 
ill tIlt' first growing season aft('r tl'Hllsplanting. howe\'('r. shoul(1 not 
bl;' morl' than about lO'percent if w('ather allcl soil ('oll(!itions nre favor­
able. Spring planting is preferable, Fall planl"ing can lead to 
('onsidt'rllble losses (13), attribuhlble partly (0 soil desiccatioll before 
the (lol'mant roots have time to establish a !rOocl contaet with the soil. 
partly too fro::;f" Iw:tving. and partly to the f:l(,t that jack pilH' HUl'sery 
stock fails to harden of!' adrquately in til11t' for fall p]lInting. 

DIRECT SEEDING 

Jack pine is slIperior to any other Lakt' States conifel' for direct 
seeding ,(B4) , The se('ch;. being unusually small: are less sl\bject to 
destruct1011 by rodents than those of the other pilleR, Ot:lWI' fll(,tol'S 
in this superiority arc prompt /!:erminatioJ) lIn(l rapi(l gL'owth dUL'ing 
the fil'bt yelu'. 
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The most efficient method of direct seeding is to sow with a garden 
drill in }?lowcd fUl"l"G~WS, using about.4 ounces ?f seed tler acre. This 
method IS less laborIOus t.han plantlllg and, If It slltlsfactory catch 
t'esults on the first attempt, costs only one-third to one-half as much. 
For direct seeding, newly cut-O'"el' an'a!' or fref'h butn!; have cerfain 
advantages over deforested lll'eas of long standing. On fresh burns 
there is less plant competition and less d:lnger of til(' seeds being 
eaten by ruden/s. A sen?reiy blll'I1('(/ tract of approximately 300 
acre::; on thp SIIJ)('I'iol' Sat iona I FOI"(,!'t was su("('ssfully H'eued by hroad­
cast sowing ill J937. In preparatiun fOI" seeding, Ih(, g"OIlJH] surface 
wnstorn up with a loothed harrow. Thai Ihe operation as a wholt, was 
at least: as expensive a" pJanting with seedlings would have been was 
due to the excl'ssiw' qualltity of Sp('d l1sed-2.5 pounds per act·e. Oil a. 
collsidernbJe poztioll of tllii') al'ea the r<'sldtil1~ stund was mneh too 
dense-over l;"),OOO trees per acr~-and needed a heavy thinning when 
only;') yen l'!; old. 

}fany' areas on the sandy outwash plnins of 'Visconsill and Michigan 
have a. permanent water tabl(' ollly::? to ij feel below the!'lIri'ace, which 
tends to keep the sl/l'fac~' soil mois' ,md relatively cool. Such sites 
are distinctly prl)m.ising for reiol'estatioll by <lit'ed seeding (;26). 

In ge1wl"al. din'ct seeding, although cheappl' and less laborious than 
planting, is IeS!; J'('Jillble, beciHlse of the possibility 0: severe losses from 
seed eaters. h('at. and drought and also the inability of the young 
seedlings too withstuJJrJ pJ:lJJt compditioll as well as the larger planted 
stock dot'S. Sit(·s satisfacto,·y fol' direct seeding at'e better-than­
Ilyerage "chanees" for tree plll)l/Jng. The opportu1lities £01' sllccess­
ful direct se('ding are therefc - sOIlH'what limited, but as expetience 
and skill in applieation lIJ'P ~·:lilled. din'ct seeding will. undoubtedly 
be uSNl mOre :tlHlll1Ol'e in ,'don'still/! suitab/(' sites, with It con!3icil:!rabie 
reduction in cost. 

SUMMARY 

.Tad;: pine. OIlC(' l'e~a "de(l as a weed tree but now (,xtensively used 
for pulpwood n nd ot Iwr fo('pst pL"Oducts. has excellent possibilities 
for silvic:ulturai management. The great extent of itf' distribution in 
fhe Lake Stat('s. Iwadv ;{ million acres, is dlle chiefly to .fire und to 
peculiar ;;eeding habit' of the tree. Closed COnes acclullulate on the 
ttees until :l fOl'est {ire, t"llllning through. the stand, opens them and 
permits seed to fall on the bl1J:lled soiL a favc)l"llble sepdbeci. Because 
in many caSes jack pille has not t'egencratl'(\ sJI('('essfully nftel' logging 
of st!cond-growth stands, studies have been made of the faetors gov­
erning lts rept'oell/etion. 

Thes(' investigations, ('overin~ 14 years. indicate that in most places 
when' juek pille is fO(fnd few seed are f'('attered from ~tallding trees 
but largt' quantities are stored Oil the trees in unopened cones. Log­
ging tran~>1'ers this seed supply to the slash. If cones Ije on or close 
to tile ground. they are opened by the heat of the sun and disperse 
much of the stol'<:'d seed. In piles or windt·ows the cones tend to remain 
closed. .Mi lIeraI soi I .is the most favomble medi um for germination 
of the seed. althou~h a bUI"I1('d duff surfa('e is neurly as good. Young 
seedlings slIrv.in' best. also, on minel'llJ soil. They make most rapid 
growth in full sllnlig-hL l'PqlliriflJ,! little OJ' no shade exeept in espe­
dal1y hot l:iituntiolll:i. In ol'(ler to ('olllpete with hetbaceous and other 
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ground vegetation young seedlings should hn.ve at least an equal start 
with it. Seedlings germinating in the spring 01" early summer have a 
better chance of surviving than those germinating in late summer or 
autumn, as the latter are more subject to winter killing. 

Jack pine grows quickly and is relatively short-lived. It begins 
to decline in growth rate after 50 'yean; and ordinarily matures at 
about 70 years. Pulpwood is produced as eady a;.: !30-3o') years. Mall), 
stands of this age could well be thinned for such proclucts and then 
permitted to gr()\\' into sawlogs and IIlil\(' timber::;. which COIIIllHlIlll 
higher prices. Dense youngeL' stands benefit by thinning because they 
are slow to thin themseh'es naturally and tend to stagnate. 

Clear cutting with mechanical gL'OlIl1c1 !'<carification and scattering 
of cone-beul'ilw bruncheH is <renera Ily r('t'ommeIHled for ha ITeHtin·r 

f t:> • k r- 'I . b ' . 	 . b pure stanc s 0 matUl'(l Jac - pUle an( 0 ta1l11111,! natural "(lgenel'ahon. 
On warm exposures. however. a partial covel' of fOI'('st shollid be left 
as a protective measure. Scarifieation with an Ath~ns-typ(' disk plow 
dl'llwn by 1I tradol' has proved successful. .Jack pim' slash is not con­
sidered to be 11 serious fire hazlII'C1. so that the loppillg and scattering 
is entirely pl'llcticable. 'VII('l'(> growing ill mixtlll'(l with red pine, 
jack pine may be removed in a sel'ie::; of partial cuttings. In this man­
ner the longer-lived and more valuable red pine may b(' perpetuated. 

Much of the large aren of c1ef()l'ested pine l:l11d in the Lake States 
is suitable for artificial rl'forestation with jnd~ pine. Essential re­
quirements of succes::;ful planting are ground pl'cpar:ltion b\· plowing 
furrows, sturdy stock. and aft('l'ctlre to relea:-:(l :;(,l'dling~ from com­
pe6ng vegetation. nil'ert se('ding with jack pine haH been found 
suc('essful on especially faYOl'llbl(' sih's. 

1 
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APPENDIX 

'rubl('$ ](1 10 2fi will lw fOlllld 1I,;.. flll ill ""Iillluting Ihp elmtplIl's I)f stunding 
tree" of juek piliP, WIH.'lhpl' ill 110111'(1 III('USUI't', I'uili(' j'('('L ('(lI'd", or pipet' 11I'Il(luet:s, 

B)' llIeuns or (:Ihle Hi. Ih!' 1:IJl('1' tallie, \'olulIll' IlIhlp,; (':111 II!.' COllstl'ucled on t.he 
busis of any I.lp~il·('d ~talld:lI'IJ;;-lI(Jal'(1 fl'('\ 01' ('ubie l'e{'I., any spN'ilied top­
dialll(,lpl' Iilllit, tofal Iwight 01' 1I1('I'I'halllahh' h('ight. It i" 1)(ls;:iblp, for exalllille, 
to (\PI(,I'lI1ill(' ho,," IIt:1l1Y holt's or dill'pl'('lIt' !Ii:lll1ptel's or lIlille timbers and poles 
of ClitTPI'l'ut 11;'1I.~lh" (~all 1)(' ('lIt, IImll'l' :Illy utilizalion pl·a .. lke, fl'olll tl'(-pS of 1'111'­
iow; "iz(~s. rl'ahh' 17, ul'l'iypd frolll 1:Ihll' 1B, shows 1111111/)<'1' or pi('('C" of l11ilW tilll ­
lIel's, poles, and laggillg Oil till' IIlIsis of ('olllplt'tt' ul'ilizatioll 1'1'11111 :1 1-roo( stlllllP 
to a (OIl dialllpl('1' 01':3 ill('hps imdllp io:II'k ·ill olh!'1' wonl:", Oil t.h(' assulIlption thut 
til(' II'('PS al'p sll'aight nlld "'11111(/ anti Ihal lilllior pnlps nml lagging al'p lI$able. 
Ir "ho\lld h(' ,I'elll('IlIIo('I'('d Ih:11 inhlp$ 1{l lJlld 17 nl:lkl' 110 allow:III('(' 1'1)1' till' fll'esellce 
of "111111'('(';;,1'01, l;w(>('p, ('I'o"k, (JI' PX(,,',;:-:in' limhill(':-:H . .III u"illg till' tallies ii' will 
COllllllonly h(' IIP('(':;"a I'Y to al)ply {,1I11 raelul's calculated fOl' the particular staud 
of Umbel' being PHtillW I 1'(1. 

'l'ablp 18 8holl'S ('lIbi('-root YOII1I1H' of Ill(> ('ntiI'P st('m, inclnding 1I:'II'k, of trees of 
diffpl'pnt diaIllPII'I';; alld tolal heights. 'l'11bl(' 1!J show" \'OIIiIlH' ill si':tlldanl 1'01'<1;; 
of rlw st('m rl'om:l 1-fllol slulllp 10 a [op tHanH'lI-1' ,,1':3 iudl(''; olllSitll' hark. ~ehe 
(:()J'<1l1'lIlJd \'0111111(''; l'epl'('st'lI!: Ihp IIla/Pl'i:ll as 1't:l('I;:('<1 IInppplNl. Peelillg losse;; 
:tn' PI'('sclltPd ill !'IH' laSI ('011111111 ill ol'dpr Ihal thl' \'11111111(' or pN'If'<1 wood lIIay bp 
Nil II I 1111'('(1. Adtwl ntiliz:ltioll in thp n'giun is ,l'lllll!'whal les;; l'c)lIIpletp thun to II 
:3-illeh lOp diallwlpl' o\ll:-:ilie hlll'k; UlOI't! ('OUllllOllly, jack phH' is cut only to It 4­
iu('h top dianH'lel' inside bark. 

'l'ahl(' 2() show;; the etTpC'/: of ditTerent utilization stuntial'(ls all thl? volume of 
pulpwood ()bl':lilleu from jll('k pilt(' trel?'; of dil1'p!'C'1I1 dillllletel's; thai i>;, il ;;bows 
til(' n'latiye VOIIlIlH'S of wo"d JlI'ocltl(,p(J it' tlw tTt''''; an' (,llt 10 top diamctpl' limits 
c,f 4, ;" ai,' (J hH'hes inside hal');: ill"IPad 01'::1 in('\1(':; outsidl' b:ll'k (whiCh if; the 
III i I iza ti(II' sl anda I'd used in ta hl(, 19). AHhou;.:"1I Ihl' :I\'I-r:l;.;P II1~s pel' aC1'1' de­
llends Ul10n <IiallH'IPI'-c]ass (liSIl'i/)utiOIl, it is :IJJIlal'('1Il' Ihat a slight ('hallgl' in 
'Itilization Iimil IIIH)' make fl ('ollsidel':1ble cltallge in \'olmue 01' lmlpwood pro­
duced, pal'tkularl)' ill stallds of 811.:1/1 I'imber. 

'l'able:; 21,22, ami 2R are hOHI'lI-fl)01 \'olullle tables of: two kinds. Tahlp 21 
shows volullle b('[w('(;'11 the stump anll (j-ill('h lOp tlialll!'h'l' insi(lp hal'k, and is 
iJaS:f'rI on to!':11 height of ItH'. T:lblp;; 22 anrl 2:3, Oil I hI? ol'hel' hanci. :11'(' hasf'd on 
log height: aud shOW \'OlllIlW to n yal'iahle lop. 'I'hpir mw l'eqllil'l'R lIIeasurement 
Ill' t1:ee hpi;.:hi' 1'(1 tllP limit of mPI'challtahility, dl'tel'lllilwtl hy brallches, defect, 01' 
til(' spe('ifi('d minilllum dialllPt:er. 

'['able 24 gi\'t~s Ihp pel'cPIli':lge distl'ihut'ioll of' ITt;'p!,; hy breast-high-diameter 
class in 1l0l'1l1ll1 :;;tall(l:;. rl.'nhl(' 2ii givl's I hp p(,I'cpntagl' rplation hetwt;'pll diampters 
and total heights 01' trf'l?f; in wil'uull slalllls. FOI' example, ill a ;;rnlltl (;0 vears 
old having all Hverage diam('ter of S inch!.'s and an n"erage height of 60 f('('(, The 
height' ot' fl 4,-i1l('h i:l'el' is fOllnd hy \H;\' of' this lahl!' to aVPI'agp npprtlxilllaiply 4ri 
feet. AecUI.'utl? U"'t' oi' the t;lbl(' I'pqnirps plIJtt'ing of thl? dal'n and reading from 
I'll(' ctln'es. By IIINlllS of' these tables th!' paek pilJ(' yipld table (table S) can be 
udaptpd to an~' re(Illire(/ slflmlartl of utilizatioll alld allY usnlJll' PI'OUUCt. 

" 
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T.\IIr.E 16.-~JII /ler table tor jac1.~ II ill 6 ~ 

Diameter 8~ breast Drameler insidll burk at heighL aho"l) gronnd III Ceet- I 

·d. k '('otnI Basis, 


height putSt e bur height 1 i '. I trees
I ! 
(lIlches) __._'_~'_9_1~1-==-'-=:"_4_1_~~~~ •• 

}-etl30 ~~J ~~6' ;~O 	 ~~il ..ltl. ..::,./.:11, ...~'~'. 1\'0'10..III, ! ,Ill' 

3........_........... { 	 4500 ;.8': ;.~. ;.~ ;.0 11'~ '"i":''' ... ' .j.... ·i--··.. 2:1 

8 3


30 3'(;! 3'4 :;'5 j'2 •• L. .': --::: :::'., ..... ; ... ,. ~ 
..................... 	 40 I ;1·Z 3.5 :1.I 2.4 "1.5 "'1.'5 •• ,','.-. _•••• '..... :1;::: 3:1
{ liD .1. I :1. (i! 3.3 I 2.9 2.·1. 	 IS 

5............... !	:108I 411:~t' ~I:LI~ I 51:'o~ I ?I:~ k~ ::1' s:I::'~:: ::::::j:::" ;"'0=

GO I :1:6 :1:5 i :1: I ;1:73:2 2:7 ·i.s' ::::',:' '., 

L................. 	 ~g nUl 1:3 I U H ..~:l ::2:1: ......::••:.,.'.:111.::, t~ 
.1() IO'J 5. ; 4. S :I. S 2.4.. U 
flO 11.3 5.11 5.3 4.6 :l.6 2.3 .5... .... __ __ 55 


{
7................... 	 1\0 Ii." 6.1 5.; 5.1 4.4 :1.6 2.4 52 

70 1i.·1 6" 5.U 5.5 4.D 4" 3.4 --2.:1 :::::: ::' :1 

,,0;. 1 6. 7 6.0 I 5.2 4.0 2.5 .6. ••••• .. 29 


8 	 no 7.2 6.0 Ii. 4 5.8 5.0 4.1 2.8 1.0 40 

.................... 	 70 7.3 7. ()' U. Ii I6.1 5.5 .t7 :1.7 2.5 "i: I .,:~ 6 


flO 8. L 7.5 U.7 5.7 4.3 2.7 .7. 25
j,9.........__......... ~.·oo 	 ~·."3- i.S t Z·2 6.4 5. Ii U a.o ~.~ I:::::r: 31~ 
v 8.0, ,.·1 0.7 6.0 5.2 4.1 -•••• 1',1,.1.". " 

50 S. \I S. a! i.·1 I 0. 2 -1.11 2.0 . 7 .. l:l 
10................... (lO !I. 1 S.1i j i.S i.O Ii. I -1.11 3.:1 I') .... 'j __ ' 2;1{ io !I. 2 S.8 '18') i.·j U.5 5.6 4.4 2.9 1.2 I.. 17 
nn !I. 9 9.4 8. fi i 7. Ii i O. U 5.2 3. 5 I. a i.. 10 

11•••_............._. 70 t 10.0 0.1\ So S I 1i.0 I 7. I G.O 4.7 3. I --J. a ._ 21
{ 

~u { 10. I I~' ~ g. ~ I ~.!: 1 8.0 7.:1 0.0 5.6 4.:1 2.:l 2 

1m! 10.8 "'- i.U ~'.~I 3.7 1.3 "1.3 ... II 


{
12............. "I 	 iO ,10.11 10.-j I 9.5l s." 7.5 u 5.0 3.2 19 

~O' 11.0 10. Ii u.u S.7 S.O i.2 G.2 4.8 2.7 5
0.:11 

13............ " ..... j{ 	 ~g I n:¥ :U llg:f I' ~:6 ~:~ ~:~ g U ··I.4· ::· 1~ 

:;0: II.:; Il.a 10.6 9.9: 9.3 8.11 7.7 G.7 ii.a l 3.0 5
I{ 110,' 12.4 II.fl 10.·1 !I. I 7.S ItO 3.9 I.·j.. 1 


14...__.............. , 70,12.5 11.0 10.71 !I.1i 
j 

t l;9··.8~ 7.1 81i·.:_~ :l.4 .!.. ~ li ....'1.3 5

SO 12.1112.011.2 '10.5; 9.1 7.1 "u 2 

110 13.2 12.1. 10.9 9.6 l 8.1 0.2 4.0 1.4 "1.4'1'.',' 1 


15................... { 70 1:1.:1 12.4 ',' 11,2 9.9 8.S 7.a 5.5 3.5 2 

SO 1:1.4 12.7 1l.S 11.1 10.4 9.0 8.6 7.4 5.n::l.5 I 


I 1
i 	 I ltiM 


t Datu COllt'Clet! ill :\finncsotll, Wisconsin, 1I111.1 Michi~ull in 1!125-a8, '['able I"r(lured br S. n. Oevor· 
kiall(~. LaknStutt's ~'nrtlst E'(lI.Btll, '['eelt. );otcs 15.1. [IJ p. ,19:1O. [Processed.J 
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TABLE 17.-Piece-prodttet table for jack pincl. (niitlc ti1l/,bet·s, polcs, a.tl.d lagging) 

I)' t t IJ "\ 1 'J:imlJers' Additional poles 3 Adal'tl'on­lamcer,! rClL~. 'I'otlll 

height !'utsldc lJark .height . I I - I ~I.lag. 


(lIIches) ,. __._:_~(O~I~~~ ~2':0~:_ ~~-::::~'(~~-r~~ ~_g_
I Feet :10 j • Ple~~~ I ~:i<C~'.. J'i:~e~ I Piece. JPieces. t..Piece., Pieu2.5 

5..•••_.,,_,_•• _..... ;{ .10 1.0 , .•. ' .•.•••. .... 2.05 
50 2.0 ........ '. ••. ..• ... 2.3 

:10 1.0 , .... , ...........__• 2.U 


6 40 2.0 ." .... ' ,-.-.....- 1. 6 

..••••••••--...... { 50 3.0 I'" .......-..,..... 1.6 


i (iO 3.6,,,.. , .. , .......... 2.0 

... { ~O 2.~ : . . ......... ,.. 1..1


50 3.0,. .. .... . ..• 1..1

7..••"........... (if) 4.3 1.6 


';'.{ ~.. .1 ....-... 5.3 '3.2 ::: .. :::.: 1:~ 
8 . 110 O. !l I ...... 3·1 ... 1.0 


~ UI:::::::: ~I':::::: ~:~ I:::'::: I:~ 
.. ............Ij 70 ....... _. ....... ,.. .. 2.6 ..... 1.0
9 ,•• , •. ,.,., ,' liO 2.11·"2.4 .., ... ........__ 2.0..," ..--, .8


I 1.9 I........
fiO ....... ..... .... ...... 1.:1 .8 

10 
 ~~.. UI::::::::: ':::::::::,':"-- U Jj U121 .",•.•, •• -, ............... ~~ ! 3.2 i ................... ! J
~2 U:::::::.:.: :::::::::: U:~ 

70, 3.5 ;.. . ..._......._.... 1.4 .8 

811 i. ·j.9 \.... . ..._.... .......... I." .6
lJ tiO r 2.8, __•• __ •• '"'.''''' 1.1 .6 


13 ... ........ l 70 ! 3.2 ! • ....... .......... 1.2 .7 


1
 

1 80. 4.·1 '''---'-'' ........ 1.3 .fi 


14
 
5 ...••...•••••••••--....... :I:•.. j ~g : .,.. H .. ::~:=:: ~=:::::::: U J


60 ............ ,...... , .. , 3.0 I. a .5 

1 ~g ! ·::::::l:::::::: ~J :·..··· ..1....·••·•· tg :~ 

1 'I'hls table, prepan'" hy S. R. G,'\'orkial11.7: (rom tahl~ 16. shl)wS ('lImpl!'!.!' utilization Crom l·(ooL st.ump 
to 3·lnch tOll. withQnt allowancl' (or ('ull, erook. Iimhin~s~. or an~' other dcCoct. 


''1'0 a minimulII top (liam~IH o( 7 Im·h('. inside burk. 

, 'fo 8 minimulll top dialllct·('r oC·1 incill's inside bark. 

• Lagging Ii (cpt lQng to !l top d lametcr or 3 inches .iusid~ hark. 

'.I'ABU: 18.···'f'()1(/111I/fJf·('iI!(~ 'Vol 1111/.(' of jock pill" (3.;)' 

Unll\'cled "olUln", h~' lollli h(';ght in Cccl-· 

Diameter at breast height Busis 


(inches) 1 I I 'I I trees' ; 

_________~__:_25_ ~'~I~~,~I~:.~ ..'::.:~L::.;~~~-___ 

lOll. cu.!clL.ICu.. Clt.ICu.tOIl,. CIL.jCIl. CII. Ou. 01L. Ou ICu. 
fl . • fl. fl. fl. fl. (t. ft. ft. ft. ft. ft. ft. ft. I ft. No. 

:1 .............__ ....__.......... a'!!II. ~ 1.2 1. 3 1.51 1.7 i. 8 ....1..__________ ........ I.. 75 

" .......__...................... 1.3 1.6 1.0 2.2.2.41 2.7 U 3.2 .. __ • __ . __....__ ..... j.... 151 

:; ......_____ •• ____ .............. 2.0.2•• 2.8 3.2 3.5!.1.0 4.3U J!:..! 05.5 .. __ ..__ ..... \..__ 221 


~/·· ..........-...-.-.=_.=-...-_·.._..=..........=..=..-.'......... 143 .. ; .,.8 ... a ".015.4 5.9 6.5 7.a/.1:..!! ............ __ .. 242 

• • • • _ • _ .1. 9 ;i. 616. 3 (i.O 7.6 8.3 9.0 9.7 ........ -- '1"" 227 


8 ....__..__• __ • __•________ ••_... 6. I 7.0 7.9 8.7 9.6 10.5 11.3 12.2 13.1. .... .... 218 

U••••__ ..______• __ .....____ ... ....... 8. i 0.7 If). 8 11.9 1:1. 0 14. 115.2 'i6.'2..... i.... 126 

10 ••_____.._..________..__... _ _. __ ._ .... -:-::-I1.8 !:!:! 14.4 15.7 17. {) 18.3 19. Ii 2ii.!il~1 __ 74 

11..____________________________ ... _____._ ....... 15.5 17.1 18.620.221. 723.3 24.S 20. '. ~7. 9 .58 

12.....__...______•• ____••__• __ • __ ...... __ ...... iD.ii 21. 723.52.5.327.128.9 3().7 32:5 46 

13.._________.._______.. _..__ ... . .............. _ 22.8 24.9127.020. *1.21:l:J.21;'5.2~7.4 27 


14_______________________________ .............. __ ... __.. 2$.9\31. 3133. 7136. 5 ~ITo:1i m il 

15..... __..___•• __..__...__.. __ + __ 'j" ... ... 32.435. 1137. 8'~143. 2 ..6.048.6
.. 1 :1 
16.......__ ._......________•__..... ,. " __1"'+'__ ~- ..!........ ~:!QJ!'~116·119. 2 .52.255.3 3 


I Data collncted in Minnes?ta, WU:consin. a!,,1 M ichlgnn in 102·1-25. 'I'n!)l~ prepared b;.: Cor~'(~ctor 
method by A. E. Wnckcrllllllllll1025. Volume IIICIU<!osstuilll', stem, top, and bark. lIoavy lines mdlcatc 
limits orbasicllatu. 

"1'otal: 1,479. 
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64 TEC:a:NICAL. BULLF;TIN 863, U. S. DEPT. OF AGHICULTURE 

TABLE lQ.-][crchalll(lbl.(' cord '/l011l1ll(' of j(lcT.: pine (:1;;)' 

Un peeled \'OIUIIIC, by totnl hclght III fcaL-
Diameter at hrellSt BllsiH. 'Peeling

helghL (Inches) trees 1 loss l ":10 no 70 so 00 

~~, ..._.-:---,--- --- ­
C(lrd., ('0,,1.. ('0,,1., Cord. (·on/., Cords Co"lx J.Vo. iPerctlll 

4•••••••• " .... _••. 151 . 

[i...... ~ .0:1 12.8 


0.01! 0.02 0.0:1 I 0.03 I 
0:' . .0·1 -:0:11 0.05 '. 2'!1 I

Ii.•_" ... -..,.". .00 .~ oM .00 .~. 2·12 12.0 
7............._.. _ .01 .OS: .00 .OS ~I 227 11.:18 __ . _____ ••••••. _ ---I .OS .12 ! 211>.07 .JOj 0.1-1 10.1
U. .r~" .J() J" I .1·1 . Jij 12r. g,O 
10. ---L.:E.., . 15 . • 17 r--;:RJI 7·1 8.·1 
II.. i [,.S ! 8.1'1-1/ .17 .21! .2:l2E...:.12. .21· .2·1' ,271 ,:11 I ·ltl 8.0j

13 .2·1 .2ii ,:!2~ 27 

H ......... ,
15 •• _______ . :---ZS1 ,32 . :17 I .·11 I 

__,3_1_ 0 311 -1--,-'11-/ ..\7! 
16......._•• _ 


I .:I.~ I "11. ''''! ,53 
~ ,.--L_ . ~ .. 

I Data coll"cl"d III ,\1111111'$0111. \\'ISCUIiSill. IUIII "lil'ili~IIlI ill W2~· :!ij, '/'lIbh'lln-pllr(-d II)' A, I':, \\'lIlokl-Wlan 
[rom a lncrchuntn hk~ (..Iuhlc-fuoj, vulurtlo tuhl(\, hy liSt' ofeOIl ,·('rt in!! fuet (Jrs ,onryirlJ! wif h hrCtL'it .lth-d. dhuu('t.t'r. 
Volume illrludes sh!1Il IIlId hllrk nhow II Ho<)L stUIIIJlln n tOP dlllllll-Irr or a IlIrl ... ;; nlllsiclp hurk. l:lIit of 
measure is stslldurn cord," h~.'.j hy8 reet. Ucavy Iillcs ill(liclllc limits of hnsic dulll. 

, 'roLal: 1,4(H. 
3 Data 'Ill loss ill stacked \'Olllllle dill, 1.0 peeling collccWI 011 SIIIll'rior ~nl.iolllli Fort!s! in WaH..:!7 hy Lake 

States Fllrcsl F,xllcrhlleuL Station. IJllsis. 77 cords of wood cut into 100·illclL holts. 

'j~AIlU; :lO.-VO!IiIl/(' nf .~/(J('k(~(i '/food i/l rclulhll/ 10 lIIillilllllll( lOll rlillllle/crJ. 

\rOl lllllr ; IItilf7.rd I)('r Irer when 
lltili7.llUOII exlellds 10 a top 01-

Diameter at hn'lIsl h(-ighl, "tlt~ide hllrk (Illches) 
!1 iI1CIlf'~ .. illcl1(1~ .1 il1('}1(1$ (j iuehes 
oUl.shh' jnsidl'l iosid(' inside 

hark hllrk . hark , bark 
'~--'i----J---···-r Prrr.'111 Perc<I/( Percrll! Percelli. 

·~ f.',(j.n 0.0 0.06 U~ I 77, .~ 42.2 .07. wo 87.1\ f"~.O 2~.08. 100 02.2 It. :1 [,(J.O
9 100 9.5, ;; 80.0 77.510 100 98.0 02. ;) 81.6II.. 100 99.5 97.1 92.012 .. 100 100.0 100.0 99.0 

.- ~---- ._---'. 
I Jo;x8mple: In lllblr.lll II. will hi' fOllur\ thalli ii-irl!'h r,o·fool I reo hM a "nllUlle Hi 0.01 cord ir utlii7.cd to II 

:l-inch top. outsidn bark {Ion l)('r"'111 ill tabl<- 201. 'I'hi~ whl<' shows thut till' SllIIl,- tree, if utili7.cd to a .j.inchtop. insldll hark, will yiold 60 pcrL'Cnt of 0.01 cord. or 0.02·1 cord. Ilasis. 155 cords. 
Of lOll-inch bolts, 

http:utili7.cd
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~rA:NAGEMEN.T·QF .tACK PINE S'r.ANj)S IN THE LA'KE s'rA~'ES 65 
,\ 

TAJIIA,21.-!J0Il1·d.foot vollll1le, Sort/mer Deei1llal G rille, of jae,", P;116 (35)1
f------ ~.- ...---.-----. 
i Volumu (to n r,.!nch llilllllricr Inside bark) /ly totnl height in fect-

Diameter at brenst 
height (inches) ml_!ro M 00 M ro 85 !InB!_ 

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

/0 Iid.i/O /)(/.10 /)(/..10 /1</. Iii brl.'IO btI.'/O lid. 10 bd'I/O lul.i/O brI.'lO /)(1.1 
No.~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

zp

I 11.2' 0.5 II.S I 1.3 1.ll 1.11 2.11 . ' 218 
8 I:iil 2.2 2. x. :l.5 i ·1.2 ·1." 5.2 5., I ,. ... 
7 .~ i i.:\ I.S 2.·1 2.S 3.3 a.s 4.3 

126 
9 1-1~ :1.• ' ·1.0: :;.~ 5.1l 6.6 .,1 ~ 8.210 
II ---:[Sj ".. n'"l' 7.3 8.0. S.s 9.6 110.:11 ..• 

46 


la 05.2 9.2[10311.3'12.513.6 14.5 15.7 27 
...l9 12.:; I:l.~ 15. I ~ 17.6 i 18.6! 


12 7:01 s.n S.!l 9.9 ltl.~ lUi 112.6113.61 
IJ8 

8 

,...... la.1 1-1.6 IS.U 1'.:.IIS.6,20.2l21..\15 . 
14 

J..=:;u.:o; Ili.S I IS•• : ~~'.3 : 21.S i 21.5' 2>.-1 :16 • 

I Dntn colkrtc<l in ]\1/"'1\.'<1)1". \\'1,,(·')l1sin. tllIII .l\lichi~tIIl in 1!I2·' 2:;. 'rahle prepured by A. 1-:. lI'ackerlUan 
in 19?;'. StUlllP height, j fllot. 1I"Il\'Y lines indicnlrJimits of 1I11Sic daili. 

t Tolal: ,UO. 

TAIII.~; 2'2.-/lmlrri.,(oo/l)()flllllr.•~f·rilJlII·r Deci'l/IlIl (' mfr, ot j(U'/.: pilii' (3)1 

~-----.>--- . 
VOhllll{' (to a "orinhh' lop fliUII"'rerl hr 

1Iumber of IG·f\lOll<l\:s,· Basis. 
lrers 

2 
""----,---_..--'---~~. 

11/ bOl",l ' 10IlOa"/ JO bllllrd IfJbm",1 
fat {r(1 reet [ert 

12
1.4 15! 

21
7.2 \ 1~.I•• Sj \ 2iiS.~ 

Hl.S ~ H.r, I :I\l 

n::li-'-.....,:"'~:..,~,..: 
\9 

l~ ,_~ '.!'2. 5I n 2".;\ 

I Datil colh'rlrd in 'Minm'~Qla. \\·i~eon~ill. Illld .l\lirhi~an in.1D24-;JO. Prrlilllillary tllhlr. l)r"pnrl~1 by S. n. 
Ocvorkinntb from J""lI'S \\'. Girard's form·c1ass tapt'r lohlo$ in ln3:1. Stump hright, I (lOt. 'l'oP dilllllctcr 
vsrinblr./IQL Ic;;,~ thnn 0 inclws. A \·t'rIlg~ de,·ialion. :1:11,,\ Jlt'rt,·nt. Hen\'; lhll's indicutulhnilso( bnsic<iall\. 

----_.._.._----- -------------_.. 
\'"IIlIll~ (to II ,,"rinbi<' top diulIl. 
etcr) by ))U/TIbcr or !G·(oollogs­

Dilllllet"r nt hrcllst heighl I [IICIIl'S) 

2 3 
i'_T-...--:_,---i---

Uarm/ BUIITII /3ou,,/ Bourd 
(rrl feel feci i feel 

22 ~8..... . .................................- ....-........ .. 

9...... . .... ..-........ . ..••.••.--....... .. 
 31l 54 • 

as no:10.. . .......... ....... . ........ - •••- ••• 

4G ii 114 15looT" 12611 ......-. . ...................--. 
 55 ; 00 133 17712 ..._..... .. .....-.--.--.......-.~••••••••- •• - .. 
 \\5 : 10:1 15.1 2().1

13...__._. __ ..... --" ..... - .... --••••-.-... -- ••- •• -.... .. iff 11, 174 j ZI314.. -- •••_..................................-"" • i 
 86 132 100 261 
10.......... · .. ......................------..... I 
 97 148 220 .. 3Q~
16•••••_._.... •.........................-....... 
 I 

I Prepared by Russell K. LcDarrqq [11 19a9 from /,IlbI.Q 22, Stump height. 1 (oot. 'I'op diulllclcr vnriBblc. 
not less tban 6 iuches. 
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863,U. S. ~EPl'. OF AGB,ICP'LTURE 

' .• '.·:~,ABLE24.----'8tand t.able for fully stocked, pure, eVe1I·afled for~t8of jack pine (3)' 
" ;' 

;1 . I 

Distribution of trce~ in terms of total, number of swms, by average

diameter of stand in inchcs-Diamcwr at breast height 
(inches) 

2. 4,5 718,910
" .---------1---------!------,-- ­
~, \perc~1l1 iPerce" it,perct. nii' PerCt.1I tj Perce" t~J~erce Ill(Per ce ~ tJl leree n t! Pucent 

L ........................... 26••0, S.OO 2.58 0.90, 0.44 0.16' 0.0/ 0.0.1·. 0.01 

2...... ... . ......-' 52. gO' 29.IiO, 12.42 1 4.80, J. 86 • .76' .32 .1:1 t .05 

3......... •.. . __ •• 18.•iO; 37.901 2i.5O'1 13.401 5.80: 2.18 .86 .2il .10 

L...... .. " . . .r.. 2.:15' IS. r.o' 29.90 24.30 13. 40 ~ 6.85 2. flS 1.27 .30 

.1____ .,..................... .!l5 5.40 I' IS. iii 1 26.90 22.70: 13.5.1 7.57; 3.60, 1 • .50 

6..................... .54 6 . .'15, 18.30 24.40 j 2O.1iO 13.25' 7.70 I 4.00 

7.__• __ .••.•.•••.. .06 j 1.70' 7.70 17.40, 23.20 19.2.5: 13.00 8.00 

S...... ........... .21i 2.85 9.25' 16.00 22.00j 18.•50 13.00 

9..... .... .... ...... .. .04: .70 3.35 9.30 16.30 20• .50 17. H 

10....... ....... .•.•.•. . "" I .14 1.05 4.78 10.30 16.00 19.80 

11_............... ... . "j' .01 .28, 1. 47 4.40 9.80 I 15.10 

12.............. ... .00 .49 2.10, .1.40 I 10.40 

13 •• __........... .... .01 .12 .66, 2.40 5.80 

1.4................... "I . I .04 .18; 1.0.1 2.40
I.>............ .. ..... .05 l .26 1.4.'i 

16................ -- .... I I .01 .07 .45 

17................ , ........ .02 .18 


~L:::::::::::::~::::::::::: ___:_,__:___!___,__~;_________.~ 
TotaL ............... , 100.00 : 100.00 i 100.00 : 100.00 I 100.00,100.00 . 100.00 ; 100.00' 100.00 


Basis (P~t~! '.-•.••••••••.••~--I-;--2O-j--3-41---;tl--OOI--49f26,--8-1---2 

I Data collected in ,Minnesota, Wisconsin, and Michigan in 1924·30. '1'able prepared by S. R. Oevorkiantz 
'Total: 254. 

TAIlLB 25.-Gt:'ncraU::erl rli(//l/ctcl'·lIei!I/It 1.'1I1'·l>,~ (.1). jack Ilinc, aspen, and 1c1litc 

lIill(, 1 


, 'I'otal height in terms ufI a\'erage h~lght of 
stand, h~' age class of 
sland­Diamcu-r at hrCl~'l h~igh( ill trrms of awr8g~ diameter of stand (percent) 1----- ­

I 2(H0 ! 41-80 i 81-120 

, years I years I~ 


Percent Perunt Percent 
50...__....... • ........ ~.... •••__................................ 70 75 80 

75.__......... .. ••.•••••••__•••__........__........ . 88 00 Q2

100••._..... . . .. ••••__............... __.......... _ 100 100 100 

150•••__......... ,....... •••••. . .................. ••.••__......... . •• 114 II!! 110 

aJO............................................_........ _•. _...................,. 123 118 113 


1 Prepared by S, R. OC\'orkiantz in 1934. 

• 0 
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