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Forest Plantations in the Lake States_’j

By Pavci G, Rusoir,?® forester

Lk Stales Foregt Heperiment Station, Forest 8crcive’

WHY REFORESTATION 1S NEEDED

For almost: 100 years the forests of the Lake States vegion, which
ethbraces Lhe States of Minnesota, Wisconsin, and Michigan, have con-
tributed vitally to the building up and prosperily of that and neigh-
borivg regions.  These forests, one of the vichest natural resources
of the region, were used in prodigal fashion. Today, out of the 56
niillios eres of hind botter suited to growing forests than Lo any other
purpose, there arve some 20 million acres ® that becnuse of repeated
logring, hurning, or both, now bear very sparse ot no valuable fovest
growth, In addition there are some 17 million neres 4 of youys stands
whose productivily is greatly impuived by understocking,

CRultulileil For pulblication Febewey T4 105,

Ifrhe wuthor wisbes o expeesg his apprecintion te these whe alded in the
prepuretion of fbis Butletin, vxpocially the following: T AL Farvlagron, W, A,
WKnender, B, 0. Lok, and N, ¢ Tattie, former assistants, who aided in the
Lasie fiold staclies; IR W, LebBaceon, F L Stoeckeler, and P, 3. Zehngraff, col-
leagues at Lake Stntes Porest Bxperiingnt Braliog, whe suide some of tlie basie
stuiltes: €, 8 Melittive, Michigan Conservation Department, It tewsent, Minne-
wptn Conseevation Deparcinent, B, G, Wilsen, Wisconsin Conseevation Depart-
mont, Uref, . W, lebhing, Michigan State Coilege, Peof, 1, Schantz-Hansen,
Daiversity of Mignesoin, and Prof, L. 5. Young, Unjversity of Michigan, for
review ol s esiiee mmanscripls D, Qlvde M, Christensen, Ualversity of Minne-
gotn, Dr, Bew V. Baxier, Univeesity of Miekigm, D AL 3. Riker, University of
Wiseonsin, nned Far, W, B Hapsbrough, Burean ol Plant ludwestry, Soils sl
Agricutlues! Boginecving, Fer seviow of the sectlon en disenses; Tne #Ho L Mae-
Alvmey nad Dy, Chieles B, Balon, Boress of Entemology and Plunt QGuarangine,
1. AL O Hlodson, University of Misnesoln, nud Be. 13 D, Sheaetelt, Unlversity
of Wiseonsin, for review of the seetion an lmseol pestss 8. F Aldaus of the
U, 5, T=h and Widiife Seeviee for revlew of fhe sectlons on animals; awd
i N, W, Hosloy sl T WO KeeBting, U 8. Pish nnd Wildlife Service, and Prof.
W, EL Maeshadl, University of Minnesota, for Ielpfol sogprestfons.

IMuintniied Iy the o8, Depiietmene of Agrieulnre at Universily Farcm, St
ol 4, Minn,, in couperstion with the Uaiversity of Minpessta,

st on estimates of fhe U8 Porest Seeviee as of Jansary 1, 18945, which
indisate 4 ibiion nerves of dennded and pooriy restockivg forest L, and 6
wilion eres of off-site asptn, Lo, asper geowing i Forowr pine sites where it
will not develop aevchaniable stands,  En addition, éheee nre 123 milllion neres
of oy meditinstovked seediing stands, wodd 4 million aeres of poorly stocked
plie stanels,

NTTO4E Bt 1
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If protected from forest fires long enough, much of this land would
restock with irees naturally, although chiefly with less valuable kinds.
Such a process of natural restocking, however, would be so slow that
it wouI(Fba against public interest in many cuses to allow these innds
to lie unproductive for so many years. Hence a large part of this
37 million acres must be restored to valuable forest growth by planting
(fig.1). Probably 1234 million acres are in need of planting now, and
warrant fist attention because they are sufficiently needed for timber
production and are near to markets,

This enormous area, comprising about one-fourth of the total forest
land of the region, in itself is a strong argument for reforestution.
There are, however, other more cogent arguments, At present much
of the large quantity of wood used iu the homes, the factovies, und the
mines, u115 on the farus is shipped in from the far West or the South.
If all the forest land of the region were restored to u high state of pro-
ductivity, much of this wood could be produced locully, with a saving
in freight and a longer life for loeal wood industries. _

Although increased production of wood is the chief reason for re-
foresting the land, there are other important rensons, In some areas
the planted trees would protect the watershed and prevent loss of
the best soil through erosion. Along streams, lakes, roads, or other
areas reforestation would enhance recreational values; and trees and
shrubs should be planted in some places to provide shelter and food
for wildlife. In general, the various uses of forest land can be car-
ried on simultaneously in & given area through judicious management.

‘That the need for reforestation in the Luke States had long been
recognized is evidenced by regular annual planting programs of vari-
ous State and Federal agencies as early as the 1920’s.  However, cven
under the greatly expanded program beiween 1933 and 1942, when
Civilian Conservafion Corps and other emergency labor contributes
to the work, the rate of reforestation was not great enough to replant
the required area in less than several centuries,

Although past estimates have shown the wrea in need of reforesta-
tion in the Luke States to be anywhere from 1 to 20 million aeres
S{I?, 90) 5 the most recent estimate, bused on statistics brought up to
Junuary 1, 1945, is 1244 wmillion acres. Federal agencies own 1.4
million acres; State agencies, 1.8 million acres; county and munici-
pal agencies, 2 million acres; and private agencies, 7.8 million acres
{4.1 million acres on farms). Lhis planting job will requite about
114 million man-months of work. Later, release and other care wilt
require at least 34 million man-months of work. Thus, reforestation
of the Lake States provides a bucklog of useful, construetive work
that ought to be considered in any plans for postwar emergency works
programs. Few projects offer the sume opportunity for sound in-
vestment of public funds.  Bué beyond its value us an emergency em-
ployment measure, reforestation ought to be carried out by regular
ennual programs uniil the lund is again restoved to full productivity.

Before any large-scule program ol reforestution cun be undertaken
there must be o buckyround of knowledge and experience.  Accord-
ing to the Lund Committee of the National Resources Planning Board
(47, p. 116) —

*Italie numbers in purentheses refer to Lileralure Giled, p. 159,
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Forest plunting s o technical job, not merely growing small trees or stedlings
ned setting themn in holey in the ground. Tt fnvelves technieal knowledge of slie
quitity of areas to be planted—the Cuctors of molstare, temperature, soll, ete.;
the existing or prospective cover, such ay grass, weeds, or brush, nnd s probable
effect in competition with planted troes | the cholee of species suited to the aven
and ylelding the most desirnble products; source of weed ; how to produce fhe
best plantlng stock; plantlng technics; amd Anally planting itgell, which way
juvolve site preparatlon and mvasures to protect the plantallons,

Obviously in uny rveforestation program the best methods nre neces-
sary to instire the greatest veturn on the forest planting investment.
In 1924 and 1925 the Lake States Forest Experiment Siation made a
survey of plantations throughout the region in order to formulufe and
make availabie the best practices. On the basis of that swevey and
other information, the first comprehensive work on reforestation in
the region was preparved (37). Since that time the area planted in
the Lake States has inereased almost ninefold, many planling experi-
ments have been curried on (especinlly on the national forests of lower
Michigan), the plantations measured in 1924-25 have been reexamined,
and new experience has been guined.  As a result, much of the earlier
information is outmoded.  Tor that reason the present hidleting based
primavily on the researeh and experience of the Torest Service and
supplemented by that of other public and private agencies, has been
prepared to provide the best general guide for the large-gsenle Torest
planting program required in the Luke States.

BACKGROUND FOR REFORESTATION PRACTICE

The Region and lts Physical Characteristics

The land in need of reforestalion to which this bulletin applics lies
targety in the northern two-thirds of Michigan, Wisconsing, and Minne-
gota.  Broadly, it includes the nrea north of a line from Saginaw Day
in Michigan westward through Shehboygan, Wis,, thence northwest-
ward Lhrough Bt Croix Falls, Wis., to Wadena, Minn., and northward
to Thief River Talls and the Canadian boundary,  'This is the region
From which ihe famous white pine fmuber of (he Take Stafes cane.
and which is now producing a Targe quantity of sugwr maple, eastern
hemtork, basswood, yellow birch, elu, spruce, balsam fir, aspen, and
fack pine. It corresponds approximately fo the area in which the
natural Forest vegetution is spruce-fiv, beech-maple-basswood-yellow
bireh-hemlock, juck pine-red pine-white pine, and aspen ¢ (fig. 2).

Generally the arven to which this publication applies does not incluede
the southern, predominately agricultural part of the three States,
where oaks, hickories, and maples are the charactevistic trees usunlly
found as smull woodland areas.  Although the planting problems of
the sounth 7 are not ihe snne ag those of (he nerth, there are localized
areas with comparable eharacteristics and problems, particularly in

A Hst of coanmon and geientilie nanuss of frees ml shrubs neniiowsd in dhis
publieatlon appenes inoLhe appendix, p 184,

T Planting problems of the southern aven of the three States to whieh this
publlention appiies huve boen ¢overed fo some extent in several published re-
ports (4,5, 8, 15, 05,30, 81,32, 35, 62,71, 72,11, 80, 81, 82, 101).
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contral Wisconsin, which can be handied in the same way. The coli-
mate, topography, and soil vary loeally, but are comparatively uniform
for the region as a whole.

PRECIPITATION AND TEMPERATURE®

Total annual precipitation ranges from about 20 inches in parts of
northwestern Minnesota to 35 inches in parts of lower Michigan. For
most of the region it averages about 30 inches, of which about 56 per-
cent falls during the warm months, May through Sepiember.

Snowiall increases northward, is noticeably heavier, and remains on
the ground longer around Lake Superior and in northern Minnesota
than elsewhere in the region.  IFor example, the average nnnual snow-
fall is more than 100 inches along the Lake Superior shore of upper
Michigan and less than 50 inches in central lower Michigan,

Irvegular drought pertods of 10 to 30 days, with little or no rain,
are characteristic during the growing season. The distribution of
raininll, particularly during the growing season, is a more important
factor in fovest planting in this region than the total annual or seasonal
preeipitation,

The mean annual temperature for the Lake States region is about
44° F, In general, temperatures tend to decrease from the south-
eastern toward the novthwestern pavt of the region,  The annual aver-
age at Warronrd, Minn.. 1s 32°, compared with 47° at Saginaw, Mich.

Maxima of 90° Lo 100° F. are recorded throughout the region alinost
every summer, and they have gone as high as 111°.  Minima below 0°
are recorded every winter and have gone as low as —5%° in northern
Minnesotu.

The growing season, generally hetween the middle of May and the
Jatter part of September, averages about 130 drys.  Within the forest
region it vavies from 151 days, at Sheboygan on the Lake Michigan
shore of Wisconsin, to 30 days, at 1Tumbeldt in nerthwestern upper
Michigan. As 2 role it is longest near Lake Michigan and shortest
in the northern inland areas.

The mean summer tempevature (June to September, inclusive)
varies from 577 ¥, on the north shove of Lake Superior at the extreme
nertheastern tip of Minnesota, to 67°, in cenfral Tower Michigan and
central Wisconsin,

The mesn temperature for January, ovdinarily the coldest month
of the year, inerenses rather regularly from the norihwestern to the
southeastern part of the region.  The range is from 0.9° T, in Rosean
County, Minn,, to 242" in Mason County, Mich.

TOPOGRAPHY

The topography of the region varies locally, but. is Lypically gently
rolling. The triangular arven in northenstern Minnesota, where in
many places the bedrock is exposed or is covered with only a thin
layer of soil, and the Porcupine Mountuin section of the Upper Penin-
sulu of Michigan ave more rugged than other parts of the Lake States.
The rest of the region is overlaid by comparatively thick glagial de-
posits that form the confusing nrray of hills and valleys, plains, ridges,

* Climatie maps of the Lake States region appet: in the appemdiz, pp. 169 to 171,
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swamps, and lakes charncteristic of the region. These glacial deposits
have much to do with the character of the soil.

Flevations above sen level range from 580 feet, the level of Lake
ITuron and Lake Michigan, to 2,230 feet in the Misquah Hills of Cook

County, Minn.
SOIL3

The soils of the Taiie States vary widely, from the dronghty dune,
beach, and outwash sands to the clays of the old luke beds and t1e mucks
and peats of the swamps. Most of the soils of the aren in need of
reforestation are sandy or lonmy and otten also vocky or gravelly.

Althongh seme 400 soil types have been recognized in soil surveys
throughout the region, they have been diffeventiated in more detail
than 1s necessary 1 discussing forest planting. For forest manage-
ment purposes tHiese soils need be classed only into broad groups based
on texture and moisture relationships. These range from the dvy,
sandy soils oecupied naturally by jack pine or ouks, ub one extreme,
to the loamy soils, with their better conditions of moisture and
fertility, at the ether. ‘Uhe heavier soils ave or have been characterized
by aatural growth of eastern white piae, sugar maple, basswood,
yeilow birch, beeely, eastern hemiock, while sprice, or aspen. The
swamps, with their natural growth of black spruce, tamarack, northern
white-cedar, and other species, form u separate soil division of the
regrion.  As little planting has been or is likely to be done in the
swamps, however, they oficr no toundation for a discussion of plant-
ing. More detailed =oil classifications will be useful in special eases
and where more infensive forest management is to be practiced.

Soil distinetions are tmportant in any reforestation policy, not only
beeause they influence the success or failure of the trees planted and
the choice of {rees to be planted, but rlse beeause they determine pri-
marily the uses to which the land will be put. The betier soils,
cspeelally when they ave reasonably free from rocks and large stumps
and ave suitably located in respect to markets, ave generally best suited
for agricultural use. Towever, only a relatively small part of the
geveral million acres of denuded land in the novthern Lake States
fullsinlo thisclass,

The role of soiis in reforestation practice is diseussed further on
pigres 90 {o 24,

History of Heforestation in the Region

AREAS PLANTER

The {irst white men coming Lo the Lake States found o great forest
covering nearly 10t mithon acves. Today, exploitation and fives
have reduced ihis to 36 milion acres, of whieh about onc-fourth is
barren ov nol restocking izelf with valualle forest growth.

The fisst step toward the restorailon of the denuded forest land
tonk place in 1576, when, as a memorial on the centenninl of Ameri-
can independence. an castern white pine plantation was set ount on the
Walter Ware farm. near Hancoek, Wig, (52}, Ta Michigan the first
forest plantations weve established in 1588 o Gravling and Oscoda
by the Michigun Agricultural College,  In 1894 86, Jolns University
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initinted forest planting in Minnesoln at Collegevitle, A fow private
compantes and individuals did w little planting in the region in 1903,
1904, und 1905.  Some planting was done on the Iigging Lake State
Forest in Michigan as early as 1904,

The Federnl Government. began planling operations on the national
forests in Michigan in 1910 and in Minnesota in 1911, at which time
the State of Wisconsin made n similar beginning, Lo the same year,
Michigun expanded s planting progenm, The enfe of planting did
not necelernle very greatly antil nfier 915, however.  During World
War T forest. planting decrensed.  Tn 1926 the Nekoosa-Falwards
Prper Co, initiated industrial planting in Wisconsin, - Wisconsin now
leads the ofher Lake Siates in this vespec!.

After World War 1, the area planted anunally iu (he Tuke States
inerensed,  In 1923, 4000 aeres were planted; i 1024 the tolnd ex-
ceeded 10,000 acres:y in 126, 15000 aeres were pluuted; in 1034 the
{otn] reached Y2000 neresy and i VR o peak of LRRODO neres wus
veached.  During ihe decade 19342, a little over LOOOLO00 neres were
planted in the Lake States, almost all of 3 by Civilian Congervadion

Jorps nnel Work Projects Administention labor.  Fhe inereased rate
of planting brought about corregsponding expision in the fotal wrea
plnted.

I The Total wrea planied at Tthe end of Y26 Tn (he three Loke Stales,
including 80,000 aeres in the praivie segion of sontheen and western
Minnesota, wag nbouol 153,000 seres. By the ctose of 1933 {first yeav of
the CCCY, this toial haed risen 1o 112000 acves. At The end of 104
about 1400000 acres bacd boen planted.  OF this total, 55 pereent has
bean plunied by the Federal Government, 21 pereent. by the Stales,
¢ pereent by econntivs aud monicipalifies, and 18 peveent by privide
owners.  Aboul one-quarter of the ares hudd beer replanied one or
wore Limes,  Plantings on aboub {wo-thieds of the aren are con-
gidered suevessful, Details as (o area planted by the close of speei-
ficd years, 192601, xre given in table 1, By the end of BHS the tolal
aren phvnted was about 1LOMLDOD aeres.

KINDS OF TREES PLANTED

The theee native pines, ved, white, and jack, are the species that
have been planted smost conmanly in the northern Lake Sintes. Al
the close of 1934 The percentages Tor the vivdous kinds of trees plaited
wore o8 Tollows: Red pine, 4300 jack pine, 475 castern white phie,
0.2 other pines, 03 while sproee. b other spraces, Ty other
conifers, 0-b; and hardwouods, 08, Details as fo kKinds of frees planted
by agoncies, and periods, are given in table 2,

Juek pine, ved pine, white pine, and whife spruee will continne lo
predomimite in future plantings, but perliaps wof so strongly.  Other
conifors, malking up abort 2 percent of the pron planted, iselude sueh
species as Seoleh pine, Anstrian pine, ponderesa pine, Vih'h pine,
Jodgepole pine, Norwny spruce, western whife spruee, biue sproce,
blacle sprwee, Earopenn Luel, tawarack, northern white-cedar, east-
een recdeedar, balsamn By ansd enstern hemioek,  Among those only
blnck sprnce and tamaraek are likely 1o be used more extensively for
vegular forest planting.  Scoteh pine and possibly Novway spruee of
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suitable seed orvigins (northern Buropean or Siberinn) will probably
continue in more or less regular use for specinl purposes,  Northern
white-cedar may be planted more widely for wildlife browse. The
other species ure not likely to continte in use to any appreciable extent,

Hardwoods have been planted on but 1 percent of the aren re-
forested in the Lake Staies. This is primarily due o three facts:
{11 The {ypieal northern hardwood forest has o deuse understory of
reproduction that regenerates the stand without planting.  (2) TFor-
est fires ure less common in hardwood than in coniferouns fovests nud
consequently have denuded less hardwood land.  Furthermore, when
hartdwoors ave burned they are able to spront and thus produce w new
stund aturally. (3} Havdwood stands on the lighier soils, which
have been buddly burned ouver, cannot be rvestored to vaiuable hurd-
wootl 2pecies Beciuse of the slestruetion of the orgunie matier in the
soll. They must be replanted with vonifers. 1t secms likely that
reforestation with hardwood species will incvease as knowledge of their
handling develops,  Sucl species as novthern red oak, white ush, sugar
wmaple, yetlow biveh, busswood, vock elm, and eastern cottouwood svem
promising forsuch use,

Tanue 1. ~Total arca planted in the Lake States by publie and private
ayencres, [926-44

+ i

Ageney nnd yoar D Minnesola | Wiscousin I Michipns | Toia
: i [
Federnd: 1 Aeves Jeres Aeres Aeres
1 t 17,500 - 1] ' ag, 00H 27, 500
1433 ; 23, T4 21, 305 95, 4 140, 560
(TR 70648 177, 542 404, 2449 663, 737
[JIE N 100, 907 - 191, 808 G467, 719 768, 611
Stalee |
g 2,067 ¢ RN 31, 612 36, 082
1433 3,252, 15, 7749 110, (52 154, 083
1039 8 T S 206, 16 202, 202 252, 472
1414 KYSEE i 30, 257 217,473 284, BT
Connty, mnniviped, aud other ;
pebilie: ; i
1112 i 303 LE] B 5 948
143333 i * HiHy . 2,471 H 5 3, 968
i3 ; T, A00 343, 234 3 818 4, 852
191 _ LObs . THaASG | 10, 503 87, 044
Facmers  and sl :
OW e : t
26 LRI, 000 . P2 41 4, 000 85, 414
1933 PR2 004 1§, 852 * 8, 008 08, 8452
1031 S, B0 33,6897 1 25, G6O8 L), 100
[$ER] o LANRE = 35, ik -HL U8 182, 551
Tepdnstria!l organizations: . : !
1320 L 111 S, A O 2, B
11133 s, 4000 6, 204 2,168 | o, 367
1y i, 000 ¢ 15, Guy 4, a2t 23, 58
[RIEE I 3, B0 38, T2 28, 065 34, 8§63

Teal, sl agepeies;

1412

41, 930

RN

vl 807

153, 344

1933 L, 546 0 BH G110 26,670 5 411,828
P 1453, 0741 R4TEINE T S T B . L SRR D 0741 R oY |
1% EROATHI : 09, W oL, TIH - L, SU, 1Ky

Elgstiznted) un basis of partinf dota,

T Estitated; no dnine,




TaBLE 2.—Cumulative number of trees planted to the end of specified years,

FEDERAL AGENCIES

by species, in the Lake States, 1 926’;44 !

Minnesota

Wisconsin

Michigan

Species

1933

1939

1933

1939

1944

1926

1933

1939

’ Jack pine
Red pine
Eastern white pine_-.
White spruce-..:....
Other conifers. .. ...

Hardwoods........ .

Total...._. ...

1,000
trees

15,189

1,000

trees

34, 089
0

36, 226
(25. 8)
11,923
(27.8)
3, 782
(53.3)
237
(43.8)
0

{56.0)
0

1,000
{rees

211, 000
(0)

2 4, 004
(0)

21, 300
{0)

24, 111
(0)
2
{0)

1,000
trees
62, 236

1,000

trees
75, 954
(0.7)
79, 032
(26. 8)
13, 586
(17. 6)
18, 131
(40. 1)
10, 274
{3.0)
530
()

1,000
trees

216, 003
2500
(0)

0

2500

(0)}
0

1,000
trees

1,000
trees
160, 159
. (0)
177, 726

86, 257
(17.1)

107, 328!
(25..0)

20, 413
(0)

168, 448
(10. 1)

197, 507,
(16.1)

17, 003
G

368, 149
(8.0)

452, 770

(11.0)
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Srars AGENCIES

i ) i |
Jack pine. .. 0; 10, 03¢ 110 - 13,058 16,199 11,440; 41, 840
o o (a7l 328 (o (L5) (L ) 0
Red pine A 764 j 16,918 1, 502 15,363 1 19, 800 50, 200
; Io(32.5)} (28 29. 24. 7); (27.3) ( (3.1) - 0}y - (0)
Bastern white pine. i 599 2.69: 146 688 { 4, 140 11, 000;  27,GJ0
; (32.6) (28 29. . (4. 8) . (3.3) 3 (0) 0)
White spruce.... 862 ] 0 283 : 0 0
(11.6) A 33. . 1) {10.6) .
Other conifers.. . .. _ 95 2] 628 3,016] 2,26 1, 760; - 1,760 1,760
(100.0)} (100. . (55.4) (9. 9) X (5.7) 9.2} {0) (0) (0)
90 2] 2 98 0 2 38 0 0l 6,040

(® Y (0) ‘ (0) (0.7)
51

Total 2,410 25,0000 39,470, 2, 928 57| 35, 862 44, 000 120, 800] 189, 940] 206, 6
(26. 5) : (25.4)] (26.9)] (18.5)] (8. (2.8) . (0) O D) (0.3)

]‘Iard\\'oogls; ———

CouNTy, MUNICIPAL, AND OrHER PUsLic

Jack pine. - .o 0 2400

Red pine_. ... . . 150
(94. 5)
14

(35.7)

1, 534 799
(0) (0) (0)

(0)
4,710
(0)
2,438

Eastern white pine.__
' (0)
0

(100. 0)
0

10
(0)
0

.‘Other conifers

SULVIS @MVT @HL NI SNOILVILNVIA LSAN0A

0
0
0
‘White spruce..: .. i.. 140 0 KE : 0
0
0

Hardwoods......... 46
i . {0)

Total . ... : 353 9 ' 50, 822 97,171
(81.2) i . . (2.8)}  (6.1)

See footnotes at end of table,
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TaBLE 2.—Cumulative number of trees planted to the end of specified years, by species, in the Lake States; 1926—44 1—Con.

ALL PUBLIC AGENCIES

Minnesota

Wisconsin

Michigan

Species .

1933

1939

1944

1933

1939

1944

1926

1932

1939

Jack pine

Red pine

Eastern white pine....
White spruce

Other conifers_. ... ..

Hardwoods .. o v on.

174
)

1,000
trees
39, 489
{0)
46, 531

1,000

trees
54,794
(5..5)
61, 027
(34. 3)
19, 219
(32.8)
12, 189
(60. 8)
813
(54.7)
164

(0)

1,000
{rees
5, 823

(1. 0)
(0)

1,000

trees
95; 542
(0. 2)
103, 630

16, 990
(4.2

518

(0)

1,000
trees
138, 904
(0.5
131, 340
(19..0)
26, 558
(16. 3)
20, 173
(38.2)
18, 890
(10.4)
912
(1.4)

1,000
{rees
11, 499
(0)
36;{ 154

11, 685
(0)
0

2, 265
(0)
0

1,000

{rees

41, 940,
%

105, 436
3

1,000

trees
220,058
(0)

4, 769
(13 9)
6, 640
. 6)

(2.2)

19, 623
(8. 6)

112, 254
(19. 3)

148, 206
(25.6)

2

, 928
(18. 5)

41, 026
(1.3)

255,132

(7. 6)

336, 777
(11. 8)

61, 603
©

180, 072
0

566, 046
(5. 2)

672, 067
(7:5)

E Figures in parentheses

3 Less than 0.05 percent.

=rpercent of total number of trees that were transplants.
2 Estimated on basis of partial data.

Gl
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FOREST PLANTATIONS IN THE LAKE STATES 13

About 85 percent of all trees planted in the Lake States planta-
tions before 1020 were still living at an average age of 23 years. The
average percentage of trees still living varied according to species as
follows: Red pine (130 plantations), 32 percent; eastern white pine
(123 plintations), 81 percent; jack pine (64 plantations), 41 percent;
S{:Otﬂ]‘l pine (40 plantations), 52 pevcent. Assuming an oviginal
planting of 1,200 trees per acre, the percent of trees stilf living should
have been rearly twice as great. Survival was low becnuse of in-
proper seleciion of species and cinsses of stock for the sites, lack of
relaase, and failure to control snowshoe harves.  With the widespread
use of improved reforestation practices, better plantation survivals

can be aténined.
THE JOB AHEAD

To veforest from 8 to 12 million acres is a big job. Tf completed
wver a 20-year peviod, it would involve planting about 400,000 to
GUO.000 acres per year; a rate from three to four times that achieved
ub the peak of CCC planting in the Lake States, and it would cost about
$120 million to $150 million at prewar prices. Present costs would
be considerably higher unless increased labor costs conld be offset by
technological improvements.  An undertaking of this scope should be
catelully planned and exccuted, and cooperation of both public and
private landowners would be necessary. _

As a starting point from which more detailed plans ean be built,
estimates have been made ag to the aveas in need of complete and
partiad planting, by units of each of the three Lake States (tables 3
and -+, and fig. 3). :

CENTRAL -
SOUTHEASTE AN

PERCENT OF TOTAL AREA : e
IN NEED OF PLANTING ' THERN

M_gg’_mﬂsuu
0-2.5 12.6-17.5 o
[26-75 XY 17.5-225
T6~-12 5

Fiavus S-—Arven in need of reforestation in (he Lake Siates by units.




i

Tanue 3.—Estimated deforested plus off-site aspen * land in immediate need of planting in the Lake States by ownership
classes and species suitable for planting . :

[Thousand acres, i. €., 000 omitted]

“Total Ownership Species suitable for pianting
defor- :
ested Eastern | North- | North-

State and unit. 2 County

plus off-| federal | State |and mu- Other ! “\(hjte | Red Jack | White ern ern
pine pine spruce { hard- } o4 gek

site nicipal private

‘ pine
aspen 1 i !

Minnesota:
Northeastern... . 885 156 | 208 185 146 269 311 159
Central pine._._} 1,165 | - 162 384 270 116 192 395 447 131

] Rainy River.. ..~ 241 : 31 18 41 46 85 66 47
Hardwood... .. 336 4 332 0 44 100 97 54

© Prairie ] 206 7 145 47 26 66 61 28
Total ..o ...} 2,836 : 724 1 . 883 3849 454 915 0982 419

Wisconsin: o ' ) ‘ ' ,
Northeastern. .. 780 208 1585 255 138 245 211 1 114
Northwestern.. .. 0544 : 364 197 237 153 274 288 148
Central. .. ... - oF 1,034 1 101 707 218 138 310 369 115
Southwestern .. .- 323 5 I 47 244 15 33 119 125 13

Total. ... | 3,091 | 38 NG 72001 1,308 ; 723 0948 993 390
Michigan: ) . X
Kastern - Upper

Peninsula. . .. 421 1
Western Upper
Peninsula 411 37 2

Northern Lower -

Peninsula... .. 1,611 84 g 5 1 257 472 626 140 49

Soutliern Lower ‘ ‘

Peninsula 355 2 11 1 292 146 22 57 22

2, 798. 233 569 ) 914 463 8§84 905 334 95 117

Total, Lake States..| 8, 725 830 | 1,156 | 1,453 | 3,100 1,370 | 2 747 | 2,880 | 1,143 231 | 332

mo! 124 155 67 11
234 142 102 70 13

a‘aﬂmaonva 40 "ILdEa ‘S 'A ‘0101 NILETING TVOINHOAL = FT

1 Aspen growing on former pine sites where it will not. develop merchantable stands. About one-half ‘the ared of this land is inciuded
in this table as in immediate need of planting.
2 The Economic Units used by the Forest Survey.
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Tsuni 4,-~Listimated understocked seedling and sapling and pole areas in the Lake States in need of partial planting, by
gwnership classes, species suitable for planting, and cover type
- [Thousand acres, i. c., 000 omitted]

Total ‘seédling and i

Ownership Species suitable for planting Cover type

and

State and unit !

oak
Eastern swhite
pina

woods

sapling and pole |
Northern red

areas
municipal

Northernhard-
Red pine
Jack pine

County
Farmers
Other privaie
Gastern white
pine
Jack pine
White spruce

Minnesola:
Northeastern e 4791 1 3 149
(‘entral pine. . o 400] 95/ -104
Rainy River . . . 194] 1 18
Hardwood. . . 128 7
Prairie.. .. . . o 80 14

Total .. .. L 1,281 292} 2!

Wiscongin:
Northeastern.. . R 305 6 62
Northwestern'.. - : . 355! 67} 106
Central_._... ... .. PR 338 25
Southwestern .= ... . .. 328 32

Totaloo. ..o ooln i 1,3260 136 225

Michigan: ,
Eastern Upper Peninsula_ ... .. 293 67| 98 1
Western Upper Peninsula. ., ... 210| 58| 55 1
Northern Lower Peninsula.... . 467[ - 72] 144 2

Southern Lower Peninsula......y 127 2 -7 ()

Total o cm e wo-1 1,097 199 304) 4} 137

‘I'otal, Lake States 73, 704| 580| 630 52117971

¥

N

F V) b ) e s

=

1

= b
SO

SEIVIS @MV ¥HL NI SNOILVINVId ISTY04

1 These are the Economic Units used by the Forest Survey.
2 Less than 0.5, .
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Based on the best statistics available as of January 1, 1948 (60),
these anits have been broken down to show the estimated plantable
avea by broad ownership clagses—TFederal, State, county wind munici-
pal, farmers, and other private owners,

Also shown in tables 3 and 4 is the estimated nrea suitable for plant-
ing to juck pine. red pine. eastern white pine, white spruce, northers
havdwouds, and northern red onle,  These are the main species likely
to be planfed, althongh changes or substitutions may be made as the
vesult of more detatled planning.  Fov instance, sowe of the arvea
suituble for eastern white pine mny be planted to red pine, white
spraee. or other spevies beenuse of toeal difhendfies in white pine blister
rust control ; some of the arens suilable for northern hardwomds might
be planted with white spruce; some of the whife spruce areas might
be planted with black sprace, tunumirack. or even Norway sprice; or
sothe of the northern red ouk aieas might be planied to red pine. In
the main, however, the areas sel up ave indicative of the extent te which
the principal species should be planted.  The number of frees vequired
to plant the estironded arens is shown in tuble 3,

Tane b.—7'rees required for compleie and pavtial planting in the Lake
Ntetes. by apeeivs

IE : I Annnuni
v b ' 1.
i P oComplete | Purtial 1 eQIire:
Spevies voplanting 3 planting ! Fotal m i::-?t'rm-
i )
t PIEUE T
|
_ CLOM frees . 1,000 trees | 4,000 trees 3 1,000 trees
Enstorn white pine 1, 374, 000 223 200 f ¥, 662, 2000 80, 110
Red pinc. . 2747000 576,000 1 3,323,000 1 166, 150
Jack pine 2, 880, 400 186, 800 3, 06, 800 133, 3490
White spruce t 143,000 360,000 | 1. 503, 000 | 75, 150
Northern hardwoeo w3 - 204, GO0 55, 6{8) - 2 (W) ! i4, 980
Northern reid onk 332, 000 80, 00680 412, 600 1 26, H00
Total . 8, 725,000 1,481, 600 © 10,206, 600 | 510, 330

b lneludes sugar mapie, yellow hireh, hasswood, white ash, und rock o,

The 1947 capacity of all public murseries in the three Lake States
was L3 million trees per vear. 1 would take more than 70 years o
plant all aress in need of complete and pavtial planting with (rees
from existing nueseries: (o plant {he fotal aren in 20 vears, present
aursery capacity would have to be inereased to move than 3L, times,

Fistimates indicste that in the ihree Lake States there are more than
5ty million avves S deforested Tand, wore than 3 million acres of
off-site aspen. and ihour 335 million acres of understocked seedling,
sapling, and pole stails now in need of reforestution. Responsi-

* An estimale of ihe reflvrestation Job i Wisconsia, mnde ja 18H4 hy the Wis-
eongit Conservalion Depuetinese 1283, shows LOH K neves of deforested and
naderstocked aron in pemd of complete oe partiat planting i 19 nertheras Wis-
consln connlios, as compared e FETOMY qeres on e hisis s fop estinmeing
i this butiei!n,

-
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bility for veloresting the 1214 miliion acres is estimated on the basis of
Jandownership as follows: Federal agencies, 11 percent; Slale
agencies, 1t pereent; county and municipal sgencies, 14 percent;

. My

farmers, 38 percent s and other private owners, 26 pereent.

DIRECT SEEDING

Roforestalion by means of sowing seed directly on a planting site
has been attempted rather universally ever since planting has been
done.  There has always been the hope that areas could be veforested
more chenply by direct seeding than by planting, nud that trees grown
fromt seed divectly on fhe planting site could develop normal voot
syslets and therefore avoid a possible detrimental effect. ol planting.

Reforestation by menns of divee: <owing was begun in the Luke
Stafes abont the thue the earlier plantings were made, and bas been
thoronghly tested. The carliest direct sowing tests involved red,
castern white, aned Seoteh pines, and northern red oak. ‘The first ex-
fensive (ests, however, were made on the Huren National Fovest in
Michizn between 1910 and 1912, and invelved {he sowing of red
pine, jack pine, and Austrian pine on about: 1 acves. Beeause of
erely failures, this method fell into disfavor.

Botween 1926 mnd 1936 {he Lake Stales Forest Kxperimeat. Station
begin u series of divect seeding experiments. using 20 distinet methods
and 18 species on some $10 aeres widely seatfeved over the national for-
osts of Minnesofr, Wisconsin, and Michigan (63). Up to July UM8
he nationud Torests had seeded about 4,200 acres, of which about 3,500
acres were vonsidered suceessful,  In recont years foresters for vari-
ous State and private agencies have also toed direce seeding, with
vaeving suceess (47). The following species have been used in recent
(est<: Balsan fir, jack pine, ved ping, esstern white pine, ponderesa
pine, Seeleh pine, white spruee, Norway sprace, Faropean lxveh,
northern while-cedar, tamaraek, povihern rod oak, b oak, hasswoud,
white ash. black lovust, butfernad, sugee naple, and yellow bireh,

Methods Used

Two general methods of diveel seeding ave wsec—hrosdeast sowing
aned seed-spolting. There are virtous refinements and wiedificaiions
of euch general method,

Brondenst sowine is done by seatfering soed rather winiformly over
an aren, el may be carvied on without mechanival ground prepari-
fion after burning over the aven, or after siirring aip the sotl by disk-
i, Turrowing. or deagging logs or lage slash over the promud.  As
nrale, the sronnd is prepared prior to sowing, bt sone tests that
invotved disking after sowing have heen nuule, Brosdeast sowing
with conifer seed usually vequives from 1o 2 pomnds of seed per aere
[0 insute adequate stovkinn,

Seed-spotting generally involves more labor than hroadeast Rowing,
but it mare economival of sead (fig 1), Mhongh seed-spotting niay
e done on naprepared soil or on disked aress, it is nsunliy done in
seatped =pots or in fuerows, Small quaniities of seed (10 to 20} are
phiced in spots spaced about € feel apart and worked into the surface
0L by stepping on them, or by raking ov hoeing: or they may be

LT R L -

o
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sown in small grooves about 3/ inch deep made in the soil with a finger
or a stick and then covered over. However, in the Lake States, sow-
ing by means of a garden drill in furrows has been found to be the
cheapest and most promising method of direct seeding (65). By this
method, approximately ¢ ounces of conifer seed will sow an acre.
There are possibilities that pelleted seed and seed guns or walking-

F.273312, 58787 .
F1ovue e, lreer seoing javk pine in drills in plowed furrow, near Nekoosa,
Wig,; I, dirver seeding red pine Leblud disk, Chippewn Nationnt Forest,
Minn.
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stick planters may prove useful, but they have not been tested ade-
guately in the Lake States.

Results in the Lake States

Direct seeding is not a satisfaetory substitute for planting in the
Lake Stuates except under especially favorable conditions. zﬁthough
jiek pine. northeru ved oak, and bur oak have been successfully seeded
on sites free from aggressive, eompeting vegetation and sced-eating
rodents, when the first two seasons were favorable, other species Jargely
have fuiled.

An example of successful dirveet seeding after forest fires is found
ica teact of nearly 300 ncres on the Superior National Fovest, Minn.,
that was severely burned in 3936, In 1937 the ground surfaco was
torn up with a toothed harrow and broadeast sown with 2.5 pounds
of jack-pine seed per acve. On a considerable part of the area the
reswlting stand was so dense-—over 15,000 trees per acre—that it needed
2 heavy thinning wlen only  years old.  Because an excessive quan-
tity of seed was used, the cost of the operation was at least as great
as planting would have been (9},

Tn 142 over 900 acves of Turrowed avea were seeded to jack pine
by means of & mechanical drill en the Chippewsn National Forest,
Mina.  Results of this large-scule seeding nre only fatr,

Such direet seeding us is done should be conlined to the finer-lex-
tured sails or to sandy soils only where ihe permanent water table
is high caough {2 to 5 feet below ground level) to keep the surface
soil mowst and relatively cool (74, 72).

Although redents {31, birds, fungi, and insects have contributed
to the fallure of direct seeding, high temperalures have been the major
cause of mortality in the Lake States. On open sandy sites in this
region, temperatures of 120° F, ak the soil surface are to be expected
almost every smnmer,  IF they endure for 1 hour or more they ave
lethal (o young seedlings, In 1933 and 1936 this soil-surface tem-
perature was exceeded several timea in both severity and duration.

The Brst cost of direct seeding may be only one-third to one-half
that Tor planting.  Tlowever, this advantage is oflsok by costs for eare
during the first 2 years and for veplacing losses, both of which are
likely to be somewhat greater than in planiing. The conclusion
therefore, 18 that in the Lake States direct seeding is nof a substituie
for planting, but may suppliement it under very favorable conditions,

PLANTING
Where 10 Plant

The first important step in forest planting is to determine whas
areas need reforestation.  'This decision must be based onoan aceurade
evalualion of ~oil qualify. kind and extent of cover, and economic
conditions,  Nince the atter factor. which Incdludes sich items as
slumpage values, distrnee to market, types of products, and trans-
portation facilities, cannot be necurately measured ov predieted and
must be appraised currently. it will be briefly discussed.  Only those
factars that inlluence the survival, growih, or development of trees
will be considered in any detuil. The other two factors {cover and
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soil), which in the long run are the product of climate, are so inti-
mately entwined not only with themselves but with {he entire question
of species selection, that the discussion of one must include sonie con-
sideration of the other. Therefore, there is some overlapping in the
following two sections.

CHARACTER OF SOIL AND COVER

Differences in soil are chietly responsible for the newd to consider
where to plunt and what Lo plant in the novthern Yake States.  Vari-
ations within areas as sned! as 20 o 40 weres ey by so marked as o
vequire the use of (wo or more species, planiing methwds, or types of
ground preparation.  owever, the kind and vigor of nadural res
and plant growth on the different soils are so clogely reluled to the
soil conditions that, when considerad in comection with the original
forest growth on the same area, they usually offer i more conveniont
means of deciding on nplanting plan than would @ detailed exiniig-
tion of the soil {ﬁg. 8], Bometines, of conrse, deterioralion of o site
beeause of fives may nol be evident from the present and pasi Torest
tover,

Seven broad soil gronps, based on texture amd molsture relations,
occur in this vegion. These, with their charetoris e vover, e listed
as an o in determining planting sites,

L Luor sandy lamds consist of deep saomds or gravelly sands, usually
coirse to medinm in fexture il with exeessive drainage, typieally in
the form of outwiush plains or morainie vidges,  "Uhey wre character-
ized by sparse grownd cover of swoeet forn, sand cherry, huekleberry,
bluekwrry, sedge, and heamlgrass, and will pradiwe only poor jack
pine and sernbhy oak (fig. 6y,

8 Better seid pluins. which are wenerally of finer texture, offen

have a more aceessible water table and are more productive,  The
ortginal growth was red wd whire pines with some hardwomlds, Tl
better sand plains have a miore luxariani around cover and are suitable
for jack pine, red pine. and possibly northern red, black, ;ord northern
pinouks (the latier not likely Lo be planied),
3. Nandy lowny are heavier in texture, more retentive of mnisture,
and congsequently wore productive,  The original Forest was red pine-
while pine, white pine and hardwoods. or pre hardwoods,  In the
northern part of the region white spree and bulsaon fir supplanied the
hardwoods.  The present dominant cover is aspen and paper hiceh,
with consideruble areas, particularly in lower Michigan, in small
second-growih oaks. ‘The gronnd cover containg many species, Theve
15 usually goed reproduction of tree species hul not always those of
high value,  Such soils when covered with aspen or bireh may be
converted 1o conifers il adequate release work is dune o fler plinting.
Eastern white pine is probuably the most suitable specivs Tor such con-
version (where Ribes hushes ave nob iov abundan(y, but juck pine
must al<o be considerad beenuse of iis rapid growth aud Consenent
lower release cost,

b Lonnes are fiver than soils of the preceding group, and maisture
vonditions are optimun, They geenr on rolling plains, on hroad
ridge (ops, and on slopes of pidges. The original vover was domi-
vantly hardwoods or in the narth speoee amd badsao e White [itue,
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FOREST PLANTPTATIONS IN THE LAKE STATES 23

wheta present, grew as seabtered individuals. The present growth is
largely aspen and paper birch, with an understory of better hard-
woods (cuger muple, basswood, northern red ouk, American elm, and
white ash} wnd conifers (hemlock, balsam fir, white spruce, and
castern white pine), The ground cover, which is very Juxurinnt, is
composed of such species us wild leek, wild spikenard, blue cohosh,
hepatica, bloodroot, and tritlium. ‘These solls often show a pro-
nounced development of the gray horizon. Generally they are satis-
factorily stocked with reproduction of the valunble hardwoods or with
good-quality aspen and do not require planting.  Where planting is
needed, white spruce or northern hardwoods tre probably the best
species Lo use.

5. Heary loruns are fine-textured soils ususlly ceeurring in the form
of till plainsor in glwelnlluke beds.  They ave very wet ab certaln times
of the year. The nalural cover s much the same us on the loams.
White spruce or novthern hardwoods are also recomnmended where
planting is necessary on these soils, although broad expericnce in
plantivg on them is Tacking,

6. Poorly drained mineral soils generally oceur nlong the margins
of swamps, lales, and rivers, or as wet peains. The oviginal cover
varied from hurdwood swamp Lo the spruce-balsam fir transition
type. Much of the present cover is aspen.  Very little planting is
liliely to be done on these soils beeause of the dilliculties invelved and
their relatively sinnll extent,

1. Poorly drained organic soils ure composed chiefly of peat and
muek.  Productivity varies greatly, ranginge upward from the brown
prats Lo the black peats and mucks.  The original cover was made up
legely of blaek spruce, tamarack, elm, 0:1‘]-1', yellow birch, balsam
puplar, red maple, Bluele ash, novthesn white-cedar, and balsam fir,
Often only one or two of these speeies oveur in individual stands,
Litde it any planting is likely to be done on these soils, because of
the difficulties invelved, the low productivity of some of them, and
the higher priority given to upland areas.

Several mitempis have been mude fo determine the suitability of
varions solls for given species on the basis of one or two ensily meas-
ured Fuctors, such as soil acidity (#4) and pevcentage of fine ma-
terind $97).  Although there nie eertain limits of soll ueidiby within
whivch vavious species grow bes(, in gencral {his one facior is not
enongh for assigning species to planting sites.  For instance, o stady
of 3000 planted jack and red pines on the sand piains of the Huron
Nattonal Forest in Michigan in 1936 showed no velation between the
degree of suil acidity and survival or growih,

Ef there should be any question, however, a5 to the suitability of a
site for n given speeles from the soil-acidity standpeint, pH tests
should be made.  muitable pIl ranges for the spectes most likely to
Le planted in the northern Lake States are as follows (96, pp, 137-
LHiyr Kastern white pine, 8 Lo 7.3; ved pine and jack pine, 5.0 to
(i3 Beoteh pine, 4.4 {0 6.5 white spruce and Novway sprace, 4.7 to
6.5; tamnrack, 3.7 to 450 northern white-cedar, L6 to 8.0: sugar
maple amd basswood, 3.5 to T.3: yellow birch, LT to 6.0; white ash,
Ameriean elm, black locust, and eastern cottonwood, 5.3 {o 8.0,
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A method that combines soil acidity and percentage of fine -
teriul, in determining the suitability of a site for a given species,
has been uged widely on the national forests of the Lake States since
1085. ‘Ihis method has pioved useful, but it cannot be applied di-
rectly in ull cases, Modifieations for loeal use have been mde,

A Inter method combines percentage of fine matevind and percentage
of organic mattee (97) for determining what species to plant on given
sites.  County foresters iu Wisconsin regularly use a combingtion of
sotl texture, acidity, and organic-matter conient for selecting species
Lo he plasted®  They veport satistaetion with the nwihod.

Aviother very usetul guide developed for use on the nutionnl forests
of Wisconsin is based o1 a combination of density of cover (bolh over-
slory andd ground cover), presence or absence of beneficial wntor inble,
o soil textiurve (76).

GROUND COYEHR AS AN INDICATOR OF PLANTING SITES

There is un hudiveet way to determine the forest cover for o given
stley undd hence the right species to plant.  As geround cover or under-
vegetution is composed largely of anuuals and other plantg with a
rapid reproductive eyele, it ean readjust itself more rapidly atier it
has been dislorbed by logging and fire than can the longer-lived forest
trees. Therelove, if o correlation can be worked oub betwear the
plants and forest cover, it will be of vaidue in indieating the types to be
restored o Lhe large areas now covered by brush and grass.  Also, it
may itcdicale the speeies (o favor in the conversion of aspen which,
judging from the wotk of olher investigators, appears to have no
cliracteristic vogeintion of its owi,

On the bagis of an analysis of the vegelation on some 600 plots
throughout the Lake States (57), lists of hulicator plants were de-
tormined Jor 1he pine {red and jack pine eombined), white spruce,
nlsam fir, oak, novthern hardwood, bottom-hand hurdwood, and co-
niferous swamp fypes. None clunncteristio of aspen, eastern while
pine, or red pine was found. Table 6 Jists the plant indientors,

In addition 1u sevving as o site indicator, the cover, composed ot
natural tree or uther growth already on the wren, divectly atlects the
surcess of pluating and must be considered in this light in the selection
of a planting site. At oune extreme are the cleaved ane cultivated
lands upon which the planted trees face but little competition.  With
inereasing amounts of cover, the plan for planting must, be modilied
s thal teees best adapted 1o meel the competition will be planted.
Qrdinarily, an aren with more than 50 pereent natural tree growth
requires e litferent plan than that which has less than 50 pervcent.
Where planting is dene under cover thak takies op more than 50 percent
of an aven, frequently catled wnderplaoting, the trees should be
planted in epenings wherever possible, nmd not elose under the crowns
of the Jarger (rees. “They st need release, however, 1T they aee (o be
established suecessintly.

Yertie method wag developed by D 8, A&, Wilde of (he Universily of Wisconsin,
Thie determinalions can be wade in the deld with o KiC containing a hydrometer,
i Ceneo soll-dexture oulhc for determining ihe peeceent of line materizl, mud o
Troeg =01 rewerion testor Sor deterimining plE

U emginie ey is determiinsd by oo Coneo-Wilde rapid eolozimelrie tesl, Klis
Llit vomain this nstrument, along with those Tor deletmining soil fexlure il
ariilily, ey availnhle,
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 Tasun 6 —-I’Zanc indicatory of forest types in the Lake Smtea

Con-
siant
and
[
clu-
sivel

stim'b
but Bivo
not but
Ox- nat
clu- | con-

i stant?

Common name Scieudific name

Pine, juck and red (basis, 200
plots):
Clommion yariow..., Achitlea millefolivm. .. ._].
Big Dluestot .. e Andropogon furcnlug
Cunada pussytoes Antennuriu canulensiy. . -
Smaller pussytoes. .. . Aoneodlofea______ ...} ..
Bearborry .. ... ..L. Arcivstaphifos wva-trsi. .
Smnolh aster. . ..o . F Aster luews .
Bluehell-o. oo o oo Crmpanudn ro.‘.undu‘uha“ .
Sweelferd. .. wvawvn-on. ..} Complonie veregring
Danthanin__ . .. A Danthonit Sppae.. weeoa- -
Checkechuerry \\Inlur;.,ruul':-_ Gaultheria procunthens . .
Ttough atumroot. . ... Heuehera hispida_ ... ...
Houary gromwudl Lithespermum caneseens .. .
Narrowleal towwheal Melampyrum lineare
Shorthory vicegrnss_ ... . Oryzopsia prungens
Sand cherry . vl Prusus premila_ .. -
Brucken- ... ... ..o....) Plerldivm aguilinum. ., .
Prairic willow___ .. ... oo} Seliz bumilis .. ..
Canadn blueherey. .. ..., .. Vaceinfum canadense .
Onk (basis, 48 plots):
Jerseylen ceanothus.. . L) Cennothus emerfeunus_ . .
Iargeilower vickelover.. .| Desmodivm acuminaium .
Barestem tickelover. - .__ .. .} D, nudiflorum
IHack huckieberry.a ... .. ... Guglussacin boceada
Spotted geranitm Geranivm maenlabim
Fhinleal sunflower_ Helinnthis decapetaius .-
Dvariente sunflower. o, . H, diviericatus
Fourieal loosestrife ..... .. .| Lysimochie quadeifolia_ .
Oldfield cinguefoil ..o ... Potentilin canadensis_ - _
Curoliun rose Rosie earoling_ _ .o .__. .
Liltle merryhells Uvnlarie sessilifolic
Northern hardwoosd (basis, 3
plots):
Mouuntain maple o cleer spieatim, . o oaaal
:\murluul maidenhair Adiantum pedatum
At defcoeenim . .
Wild-sarsapariila. | elrealia nudicaulis
American spikenard.. (..o 24 rucemosa_ oL
Whilebear sedge. . ... Curee albuesinn .. . _
Blae cohosho..... .. .. Candaphpttom thatictroides.
Toothed woodfern, o .. . Deyopteris spinulosa .. ...
Sharplobe hepatiea... . . | Hepntica aculilobn. . .
Awmerican {1y houeysuekle. . Lomrm o ernadensis. |
Shining clubmyss.._ ..~ . copodinm tneldulin.
Aneriean lopseerl f:yma teplostachyea. .. .
Blackberry__ S O (1 /ITET P
American vod ru_-»pbcrr\-_.“ Rubus idaeus qtrmosr:s -
Searlet elder D Sambueus pubens
Bloodroot...... oo ... .. | Sanguinnria canadensis .
Leather Solomonplume. . . .° Swilecing racemnsd . - . .o
Canada vew U Tazus canadensis. ... ...
Snow triliium © Pritlium grandifloram_ .
. White spruce-halsain fir (basis, | :
10 plots):

Canadu wildginger_o._ ..o, alserum canadense
Ladyfern Y odthgrium Jitirfeming
Sedge | Carer aretita

Sow fuolnotes at end of table,
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TasLe 6.—Plant indicators of forest types in the Lake States—Con.

Con- | Ex-
Eﬁgg; stant | clu-
o and but sive
Common name Scientific name ox- not | but

ex= not

s?t}:}-‘ clu- | con-

White spruce-balsam fir (basis,
10 plots}—Continued
Sedge C. infumescens
Drooping woodreed Cinne latifolic
Alpioe circaea Cireaco alpina.____ . ___
Redosier dogwood Coraus stolonifera. . ___ ..
Field horsetail Fquiselum arvensge
Hairy honceysuckle Lonicera hirsula
Woodrash_____________.___| Luzula spp
Bristly clubmoss .. _. —v o| Lycopodium annolinum.__ .
Naked miterwort Mitella nuda
Petasites palmala
Prenanthes albe__________
Alder buckthorn Rhamnus ainifolia
Skunk currant... .- .- ___.| Rifes glandulosum
American red currant
Nodding trillium Trillivm cernuum
American cranberrybush | Viburnum trilobum__.__ ..
viburnum,
Sweet white violet Viola blanda
Bottom-{and hardwoods {basis,
7 plots):
Agrimony.__.__. .._._._.___| Agrimonia spp
Common marshmarigeld .. | Caltha palustris
Honewort Cryplotaenia conadensis___
Bluesiem joepyeweed Eupatorium purpureim.._.
Sensitivefern Onaclea sensibilis
Rudbeckia laciniala
Sculellaria sp
Urtica sp

Coniferous swamp (basis, 45
plots):

Downy andromeda... ....__| dndromeda glavcophylla__
Resindot birch Betula glandulifera
Leatherleaf Chamaedaphne calyculata_
Creeping pearlberry Chingenes hispidula
Reindeermoss Cladonid spp
Showy lady's slipper Cypri'ﬁedium reginae
Cottonsedge__...______..._.] Eriophorum spp
Hypnum moss..__ ... ..._._| Hyprumsp
Blueflag iris.. . _____.___.| Ires gersicofor
Bog kalmia Kalmia pelifolia
Labradortea ledum__ ... ... | Ledum groenlandicum___.
Haireapmoss e« | Polytrichum sp
Commeon pitcherplant Sarrocenia purpuree
Sphagnum Sphagnum spp
Small cranberey_____ .. _. .| Vaoceinium orycoccos

! Constant and exclusive species= those growing on more than 40 perecut of the
plots in any oune forest type and on less than 5 percent of the plots in not more
than two othar types (aspen excluded}.

7 Constant but not exclusive species=1hose growing on more than 40 percent
of the plots in any one forest type and on less than 5 percent of the plots in more
than two other types.

1 Exclusive but not constant species=thoss growing on less than 40 percent of
the plots in any one forest type and on less than § pereent of the plots in not more
than two other types.
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What Species to Plant

Lacking specific experimental evidence, the safest rule in choosing
the kind of trees to plant is to select those that are thriving naturally
or have been planted snccessfully on the same site. For individual
localities, however, examples are often lacking and in some cases the
present cover may offer o misleading clue. Therefore, a generalized
summary of the soil and cover conclitions under which to plant various
species is given in {able 7, and the principal species recommended for
planting nre given in teble 8.

Important as it is to select the right species in planting, it is of equal
or even greater importance to use only stock grown from the right
source of seed. It seemns neither logical nor efficient to spend great
sums in planting huge acveages of trees of wrong seed source. Bucl
trees can never utilize the site to its full capacity and, in taet, may have
to bo eradicuted at even greater cost to keep them from hybridizing
with loeal trees und producing inferior strains.  Until there is signifi-
eant experimental evidence to the contravy, only time-tested local
vavieties should be used in plantings except for certain speecial uses.
1t will be satest Lo consider local collections those made within 100
miles of the planting site,” until sced collection zones can be worked
out,

Unfortunately theve are not enough plantations in the Luke States
of sufticient age and development. to aﬁ"ord any striking examples of
the use of seed from improper sources. The importance of this actor,
liowever, is clearly shown by European investigations. Experiments,
concducted chiefly in Germany, Switzerland, and the Scandinavian
countries, have shown snch striking differences in survival, form, rate
of growth, and susceptibility to injury in trees of the same species but
grown from sced collected n different localities that many European
eountries now have stringent laws governing the use of forest tree
seed in other than home loeslities, Tests in the western United States
have also brought out striking differences in survival, growth, and
form of ponderosa pine (22} and Douglas-fir (46) of diverse origins,
Differences in yield and disease vesistance of loblelly pine, associated
with seed ovigin, have also been illustrated by experimeutal plantings
in the South {82},

The Lake States Forest Experiment Station has under way a test
(field planting begun in 1931) in which red pine from more than 150
seed sonrees throughout its range and Scotch pine of some 30 sources
are being tested on the Superior and Chippewn National Forests.
Obviously the experiment is oo young to yield any final resuits, but
even in the nursery distines differences can be noted in length of
needles, color of foliage, size, and rate of growth of Scotch pine from
different sources (fig. 7). Alihough the differences are not so pro-
nounced in red pine, there is a distinct tendency for seed from the
sonthern and eastern parts of the range to produce larger stock than
that from the novthern regions. Some differences in survival, growth,
and resistance to winter damage have appeared in the first 20 years.
For instance, on the Superior National orest in northern Minnesota
red pines grown from-seed of northeastern Minnesota origin were

" Qee U, 8. Depurtment of Agriculture Tree Seed Volicy, appendix, p. 167,




TasLe 7 ——~Speczes and class of stock ! suitable jor plantzn ] wuler rarious site condztwns in the Lake States *

Density of
overstory

" Presence or

. absence of
» beneficial

k3

twater tabled

])enalt_\{of
ground
cover?

Saud~ (0-154% pcr— g

cent silt -
clay)

TLoamy sands
(15-20 percent
gilt+clay)

4

: Light sandy loams |

(20-30 percent
siltfclay)

b
3

! Giood sandy loams
and loams
{3050 pereent
silt+clay)

Heavy soils
50+
pereent
silt+-clay)

Open; 80-100 per- ;<

reaching groumL ;

cent of light

Partial cover,
50-80 percent
of light reach-
ing ground.

| Absent

| Present

Absent

‘| Present

Heavy ¢
Medium
Light

\
fHeuavy

Medivm

i Lighh

(Heavy

Medium

| Light

.
(Heavy

Medium

| Light

1-1 4P,

(2-1
8Py,

' -1 0r 2-0 JP¥

(21 8Pj.
2.0 JP, (2-1
SPy.

1-0, 2-0°J T, or
JP seed (l -1
8P).

i do.
:1-0, 2-0-JP, or

JP seed (l 1
Spy (L

9.0 JP, 2-1 RY,

(2-1'8P).

do.

2-0 JP, 2-1 RP,

T 2.2RP (2-15P).
1 2.0 JP, JP seed,

(2-1'8P).

2-0 JP, 1~0JP,
JP seed, (1-1
8P).

-0 JP, 2-0 JP,
Jp eeLd (2-0
s$P), C.

-

' 2-0 RP,

1-1 JP, 2-2 RP,

(2-1'SP).

2.0 JP, 2-2 RP,

(2-1 SI }.
2-0JP, 2-1
RP, (" -1 SP).
1-0.J P J P seed,
2-0 ]{I,’, 2-0
8Py, (1~1 7Ty,
(2-1 BS).
do.
do.

2.1 RP, 2-0 JP,

(2-1 8P

do.

. 2.0 RP, 2-1 RP,

91 WP, 2-

2-0IP 2-08PL | 2-0WR 20k
- " 2-00r 2-1 RP, |

2-1 RP,
1-0 JP, JP

seed, (-1 SP).

JP seed, (2-0
S$P), (1-1 T)
(2-1.BS).

do.

2-1 RP7 1-1 JP,
(2-1 SP).

2-1 RP, 2-0 JP,
(2-1 5P).

2-1 RP, o w P,

—0 RP, (2-2
NSy, (1 1 T),
("~ BS).
do.
do.

1 RP,

2-1 WP, 2-1 RP,

| 2-1 RP, 1-0 RO, |

RO seed.

i 2-1 RP, 1-0 RO,

RO seed.

{ 2-0 RP, 1-0 RO
2-0JP, (1-15P).

2-0 WP, 2-0 RP. !
2.2 WS, 2-1 WP,

9.0 RP, 2-0 WP, | 2

(0-1 Bs)

do.

. or RO seed,
2-0 RP or 2-2
W8, (2-1 BS).

do.
do.

2.1 WP, RO
geed, 1-0 RO,
(”“” N8y, (1*0
A) hardwoods.
2-1 or 2-0 WP,
2~‘7 WS, 1-0’
RO or Qecd
{1-0 Ay, harde
woods, (2-2X8).

do.

{2-2 X8},
(2-1 BS).
-2-0or 3-0 WS,
2-0 WP, (2-2
or 3=0 N§),
hard\\ oods,

®
®
Q)
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HHeavy | 12 221, | 2%or 2-2 RY,
f B : 1P, (2-1 . {2-1 SP).

) Medium 241 RP, 2.04P, | 241 RP, (2-1° 2.1 WP, 2-1 RP, | 2.1 WP, 2.2
Absent ST ek, T sy 2-2 X§). ST ws, (keN), |
: (1-0 A
Light 2-10r2-0 RP, | 2-10r2-0 WP, | do.
. . o~ = D H
Medium to dense § , , é?i})o or 2-1 i 203-30&'5)0 RE, : :
caver, 0-50 Heavy . 2-1 W RP,:2-1 WP, 2-2 WS, © 2.2 WS, 2-1 WP, | 2-2 WS, hard-  2-2 WS or
1

—

[ g )

1

pereent of . ’ . : b S T I RS farrrl-d ; i
light reaching ( i ‘.;:;) RP, (2-2 z ‘ RP, (2-2 1  wouds, (2-2 - hard

N§), (1-0 A). woods.
y o , . , . : ; S
groungd, A\ edinm 2 do.

i
&

0 2-2°W§, hard-- -~ | Do,
; wopds, (1-0
NI . ;s POA), 30 WS,
Present L2 i (2-2 N§), (21 |
: » ©OBS). COBY). P

A Light ; . L 21 or 2-0°WP, . ! do. i Do,
: 2.2 WS, 241 o ;
. RP, (2-2 N8},
L (2-1 BS).
! i

1o
1

[« 3 05
-

=

i

!t Species and: elasses of stock listed in order of preference for each site.  JP=jack pine; RP==red pine; WP=ecastern shite pine;
SP=8Scotch pine; WS==white spruce; BS=black spruce; NS=Norway spruce; T=tamarack; RO=northern red oak; C==cottonwood;
As==green or white ash; hardwoods=northern hardwoods (sugar maple, basswood, yellow birch, rock ¢lm, and white elm). Class of stock
is indieated by figures, i. e., 1-2==1-year scedlings. transplanted at end of first year and grown 2 years in trangplant beds; 2-0=2-yeuar-oid
seedlings.. (See footnote 13, p. 40 for further discussion of class of stock.) .
" Parentheses indicate stock recommended for special purposes only, or stock not tested sufficiently towarrant unqualified approval.
> Recommendations in this table are made on the assumption that proper ground preparation and adequate after-care, discussed on
pp. 48 and 134, will be provided,
; }\3 Begeﬁciiul water tables are considered to be those 3 to 6 feet below surface in midsummer, Deeper or shallower water tables are
not hencficial. ,
{ Using 1.0 as full cover, density is-divided into 3 classes: Heavy=0.7-1.0; medium==0.3-0.7; light=0.05-0.3.
3 On soils with less than 10 percent silt+clay dand without beneficial water table, plant jack pine exclusively.
¢ Planting should not be done under heavy competition unless it is planned to give the tree enough release to establish itself.
7 Wherever 2-1 red pine is listed, 1-2 red pine ean be used interchangeably,
ﬁbInf?rmutéon not available on these sites. Indications are that aspen will eventually take over. - Thereafter northern hardwoods
may be planted.
134 (;Sgncl(\: 2-0 jack pine may be top-heavy, it frequently can be improved by top-pruning in the nursery; another alternative is to use
-0 stock,
1 These sites are rare.
1 With cottonwood or other poplars, use 1-0 stock, rooted cuttings, .or good wildlings.




TasLe 8.—Principal species recommended for planting in the Lake States, by usual type of stand, planting site, and chief use

Bpecies

Native range

Usual type of stand in Lake
States or in native rangeof
oxotie species

Cleneral sftes on which to
plant t

Juck pine. .. .

Red pine........

Enstern white pilne;

White spruce

Biack spruce .|

Tamaruek e, .., .

Eastern
wood.

cotton-

Novi Séotiu west to Canadi-
an Rockies, south to Min-
nesotd and northern, New

Sngland.

Novii Scotin west to Mani:
toba, south ‘to Minnesoty
und West Virginia,

Newfoundland west-to Manl-
tobu, sputh Lo Towa and
mountains  of:  northern
Gicorgin,

Newfoundland west to Bering
Strait, south to Minnesota
and New York,

Newfoundland  to - Alasks,
south to- Minnesota .and
anpuntaing of West. Virginia
{usually in swampy areas):

Quebee west to North Diko-
ia, south 16 castern Texns
and  Florida, . omitting
mountain srens,

Pure,even-aged; also fo mix-
ture with red pine or-oak;
oceasionally with hlack
Spruge oruspen,

Mixture with- white pine,
onk, jnck pine, or aspen;
sometimes pure.

Mixture with red: pine,
northiern hardwoods, oak,
spruce, or aspen,

‘Mixture with halsam fir,
white pitie, white hirch,
northern hardwuoods, or
ASPEN,

Usually puré, or in mixture
with tamarack, and soine-
times nporthern  white-
cedur,

. Pure, even-nged; or in mix-

ture with black spruce.

Pure, even-uged; or in mix-
ture  with™ willow, . elm,
bluck ash, hackberry, ete,

Poor sandy lands and open
areas on betier sand plaing
and sandy loatns,

Better sand plains or sandy
loams with overstory up
to 30-percent density.

Sandy loumns: or lonms with
overstory of 15- to-40-pereent
density, fré¢ or freed of
Ribesplants. .

T.oams and heavy loams
with overstory of 15- Lo 60-
percent density,

T.oams, lieavy loains, or
peats with overstory of 10-
to 40-percent density.

Tioams, heavy loamns, peats,
or muck with less than 20-
percent. density of over-

story.
‘Well-drained bottom lands. .

Size of mature

trees?

Total helght

Diameter |

breast high

Uses in Lake States

Relatlve growth
rate,

Pulpwood, box lumber, fuel,
railway ties, mine timbers,
sluck cooperage, cabinlogs;
and posts; dune sud sand-
blow control, Christmas
trees loeally, windbregks.

Lumber, piling, poles, cabin
logs, railwiy ties, posts,
mine timbers, wnd fuel;
dune and suod-blow con-
trol;  snowbrenks; wind-
breaks,

Lumber, to some extent for
mstehwood; windbreaks,

Pulpwoeod, lumber; Cirist-
s trees; windbreaks,

Pulpwood, Christmius trees ..

Pulpwood, lumber, railway
1i¢s, mine {imbers, fuel,
posts, and poles,

Lumber, veneer, pulpwood,
excelsior, and fuel,

Rapid,

Medium,

Do,

Slow, editum
slow: to medium
on upland
sites.

Rapid.

Do.
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Whiteash, ... ...
Northern red oak,
Rock elm
Sogar maple

Basswood .. ......

Yellow birch

Seoteh pine

Norway spruce. ..

Nova Scotls west to south.
ern - Minnesota, south to
eastern Texas and Florida.

Nova Scotia west to Oniario,
south to. Arkongas and

mounising of Georgin and

Alabama,

Quebiee west to Minnesota,
south'to Ncebrasks and Ten-
nessee,

Southern Newfoundlaud wist
to Minnesotn, south  to
enstern Texas and northern
Georgia.

Maine west to North Dakota,
south to eastern Texas and
Florida, )

Newfoundland west to Mani-
taba, south to Judiana and
Georgin,

Northern un@d Ceéniral Eu-

. rope, und Siberin,

Northernand ¢éntral Evrope

AMixture with noribern hurd-
W00ds or 4spet.

Mixture with other oasks,
pines, or sometimes north-
ernhurdwoods oraspen,

Mixture with northern hiird-
woods, orsometimes ouk.

Misture with othier northern
hurdwouods, bemlock, and
occasiodally white pine,
sn:iuce, and balsami fir.

.. do

R P TR

e O e

Pure, even-aged;also in mix-
ture ‘with ouk or some-
times Norway spruce,

Pure or in mixture -with
silver fir, beech, or Some-
times oak or Scotch pine.

i

Y | { D

Loams and heavy loums
with 10- to 40-percent den-
sltyof ovcmtor{.

Sandy loams or.losms with
lght or nooverstory.

Toams and heavy loams in
the open or under ‘over-
story up to medjum den-
sity.,

B ¢ T LT

eendo.

GemwrreNme e R e

Poor sindy lands, better
sand - plains snd. sandy
loams . with little “or no
overstory; sand blows, or
eroding stream banks.,

Sundy loams, loams, - or
heavy loams with over-
story of 15~ to H0-pereent
density.

70-60

70-60;

- 70-90,

!

60-70;

i
B

703

¥
3

14-186,

14-16¢

14-16

10-12

5-17;

£-22

4-16

Handles, coopersie, furni-
ture, rmotor vehicle parts.

Luwmber, raflway tles, fuel
wood, caoperage, aud mine
f3mitiers.

Lumbcr, yeneer, slack coop-
erage, furniture, wvehicle
JDarts.

Lumber, distillation, vencer,
railway ties, fuel, an
pulpwood.

Lumber; veuneer, cooperage,
excelsfor, and pulpwood,

Lumber, venecr, disiillation,
raflway ties,and fuel,

Duneand sand-blow control;
snowbreaks; windbreaks;
Christmas trees, fuel, and
pulpwood,

Pulpwood, Christmas trees,
windbreaks,

Medium.

Do.

Do.

Slow.

Medium fast,
Medium.

Medium fast,

Medium slow,

! Greater detall given in table 7,
LA verage size at harvesting age of mature trees in well-stocked stands on medium sitesin the Lake States, except for exotic species; trecs avernge smialler on poorer sites and larger

on better sites.

1n approximate order of importance,
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betler in growih and sucvival than those from lower Michigan and
New .'lngﬂlml (@) and Seotel pines from colder elinaies showed
much less winier injury in B8 thun those from milder climates (77).

Mixed Plantings

Mixed plantings of Lwo or more species are supposed 1o have the
- . H - + . g
following advantages over pure plantings, chiefly according to Buro-
PRnIL expericnee

Lo I general they provide greater use of (he productive capacity of
the site and yield more higher-quality prodiets that are subject to s
wider variety of use and marked,

2. inseers or disease atinek the plantations and beconie epidemic,
serious damage (o more than oue Kind of tree is unlikely, and damage
tu the more seseeplible iree is loss than i would be i€ the tree were
ina e phaintation. Bven if une species is completely destroyed, the
others remain (o provide a forest cropon the aren. A good example of
his s a natpral stand on nomaeist bhat upland site v the Superior
Nutional Forest in Minnesota, which consisted originally of mixed
tinaracks blaek spruce, aud juck pine.  Although the laveh sawity
wiped cut the tanarack, the other species hive closed up the openings
so that lite evidence of any Tujury (o the staomd renains, Many older
swamps bewr testimony on how the stand would appear today had it
been pare tanarack.

S Ditfevent kinds of trees have different capacities for obtaining
Crom the soil the water and other materials they need.  For exmnple,
the roots of two or more kinds of trees planted in mixture make
ditferent demunds upon different layers of the soil, and each tree is
able to Bl its needs more completely than it conld if its neighbors
were of it own kind,  Eueepean experience has shown that mixed
stinds o pine and sproce, pine and beeeh, and oal and beech produce
higrher yiclds, sometimes as wele as one-thind higher, than either
kind by itself (7).

b The hardwomds are desirable in mixtares beeanse their presence
deerenses the risk of loss by five, particulaely by fives that might other-
wise burn and spread throngh the crowns of the frees. The green
Tolinge in sumnmer i the biee hranches by winter will nol earrey o five.,
Applieaiion of this principie in the northern Take Sates is liled
the dry sundy soils where the fire hazard s greadest are nat suitable
Fer the planting of harcdwoods, and on the heavier sotls nocerfain
munber of hardwonds wre usually growing naturally, so that there is
litile need for planting them.  In release operations, however, it s
mportant o rememtber the vadue of natural hwrdwoods and refrain
from removing them completely  especially on sandy soils,

3. Annther reason for mixed plantings s (hat tree species vary in
their effectiveness in bullding wp soil fertility.  As ol builders, the
hardwonds, suelt as maples ash, and ok, are more offective than the
pines and sproces. Sone species may even ave delrimental etlecls,
In Germany, for instinee, pure Novway sprice planiations have
created ~ofl vonditions =o unfavorahle that (he prowib of the teees has
Leen greatly raduceed, This eondition is avoided i1 other species, snel
us boeeh, wre planted tn mixtiee with the spruee (7).

STIGEL G b
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Over one-third of the aren reforested in the three Lake States
through 1944 has been planted to mixtures of two or more species
(table 9}. On the State forests of Michigan nearly three-fourths the
total area reforvested is in mixed plantings. If the volunteer growth—
often of such species as aspen or oak—is considered, probably 80 per-
cent of the estuﬂlished plantations are mixed stunds.

Mixed plantings may be arranged and carvied out in several ways.
The different kinds of trees may be planted in alternate rows, or
alternately in each row, or in two or more rows of one kind alternat-
ing with two or more of the other, or in groups of four or more trees
of one kind to a group. Where there is considerable variation in soil
and cover conditions, two or more species may be planted, each under
the conditions best suited fo it (42). This provides the most natural
type of mixture.

lanting in alternate rows or strips requires only that half the
planters have one kind of tree and the other hulf the other kind, and
that they ure started right at the beginning of each row so us to give
the desired alternate or strip arrangement.” Alternating the kinds in
each row i3 usually done by having two planters we.k the sumne row.
One goes ahend and plants his trees 10, 12, or 16 feet apart, and the
other follows him, putting in the other trees midway. These schemes
do not greatly increase the cost over that of planting a single kind.
Group planting, however, requires more cnre and increases the cost.

TasLe Q.—cdrea planted o miviures of {wo or more species, in the
Lale Stutes, by pudblic agenciey. specified years, 1926-441

Minne-

sota Wigconsin [ Michigan | Total

Ageney anil vear ‘

Federal: Aeres Aeres Aeres Aeres
192G, ., 7 200 0 0 200
1933. ... 2, 064 14,132 ® 3,006 | 10, 102
1934 . ! 16, 273 39, 641 840, 410 11346, 357

B 1944, . . . S e3 410 T 44, 450 80 400 {157, 260

Slatre;
1926, . . ! 3500 1, 167 25, 000 | 26, 3537
1933 . . i 3140 8, 351 129, 103 1137, 606
1939, . . 3400 14, 360 187, GOS8 202, 458
14944, LG 16, 630 203, 334 223, 180

County, muitnicipal, anid other publie; -
1926 .. . . . 0: 0 3100 ¢ 100
1H33.. .. . 1100 1,047 5100 ! 1, o47
1930_. . : 3300 ; 11, 8§32 12,500 ) 14, 632
1944, .. . . . . 2400 ; 26,720 ! 3, 000 | 32, 120

!

! Dala not available for such planiing by farmers, other small owners, and in-
dustrial organizations,

? Estimnated on basiz of pariial data,

1 Estimated; no dala,

Aldternate rows or alternate trees in the row give the most intimate
mixture and result in the most severe competition, so that if one
species lags behind it is likely to be seriously suppressed or killed.
This danger is partly avoided and at the zame time niany of the ad-
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untages of mixed plantings are obtained Ly planting three ov inore
rows of one kind alternated with three or more of the other. Until
move is known #bout the development of mixed plantings this plan is
sufest.

Another method of planting mixtures is to plant first the slower-
erowing kind or the one to which it is desired to give n start, and a
few years later to fill in with other species. This plan would be
applicable to mixed planting of red and jack pine, in which the ved
pine needs o starl of 3 to 5 years, but it would almost double the cost
of the planting beenuse it would mean covering the same arvea twice.
Fhe Iater planting of a more rapidly urowing tree has practical im-
portanee, however, in replanting the fail places in w plantation,  Re-
planting with some other suitable kind of tree ot fuster growth than
that orviginatly planted serves not only to fill up the holes but also to
obtain the benefits of a mixed planting.

A varintion of the latter method has been used on the Chippewa
National Forest where brushy sites with better seoils are planted,
Narrgw strips {about 3 vows) are planted to species best adapted to the
suil—usually red pine, white pine, or white sproce—and these arve sep-
arated by wider strips (about 15 rows) planted to jack pine. The
fast-growing juck pine can be brought through by one or two releases;
the slower-growing better speeies probably will requive additional ve-
Jeases. Phis method reduces the cost of release.  The theory behind
the method is that the better species will be able to reseed the jack
pine =trips when they ave cut clean at maturity.

Povest plunting in the Lale States is too young to prove conclusively
the advantages of specific mixtures of species.  ITowever, some infor-
mation on the development of mixed plantings averaging ubout 20
vears inage was reveitled by a study of older plantationsin Minnesota,

Visconsin, and Michigan conducted by the Lake States Forest Ex-
periment Station in 19335 and 1936, Tt was discovered that, with the
exception ef these planted oo old felds, most of the pure plantations
in this region have beeoite mixed stands through the invasion of vol-
nileer trees,

COMPOSITION OF MIXED PLANTATIONS

Most of the older mixed planiations in the Lake States region are
composed of two species: progressively. fewer Hﬂu.nt:_ltious_ are com-
posetl of three. four, or five species.  Nearly all of the mixture has
been effected by plunting alternate rows to different species or alter-
nating (wo species within the rows.  In a few cases groups of rows
have been alternated by speeies. Other methods of mixing the older
Planiations were rave. .y )

The mixed plantations were originally planted with an average of
1,760 trees per siere {approximately 8- by 5-foot spacing) and ineluded
ihe Tollowing species: Fastern white pine, 23 percent: rved pine, 30
pereent: Scotvh pine, 10 pereenty jack pine, 32 percent: Norwny
spruge, 2 pereent ; white spruce. 1 percent : Enropean lareh, 1 percent;
and ponderosa pine, 1 percent.  The most common mixtures were red
pine-white pine amd red pine-jack pine. It is interesting to note that
nain relianee was plaved on the native pines.

At the end of 1936 the plantations had an average stand per acre
of T30 planted trees and 270 volunteer trees (mostly hardwood spe-
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cies), Tha relalive nbundance of the planted trees had not changed
very greatly, but the average stand contained about 26 percent volun-
teer trees.

COMPARISON OF PURE AND MIXED PLANTATIONS

Lhie deseription of mixed plantalions just piven is of interest and
vitlue us wrecord of what has been done in s field within the vegion.
Ttowever, & matter of more mement is 1 comparison of mixed and
pure phintations to sce how they differ in growth and development,
how well various species gol along in mixture as compared with pure
stands, and what, i oy, advantages are apparent from mixed
plantinge.

Comparisens of injuey in (able 10, and comparisons of growth and
survival of pure stands and mixsed stands in the following paragraphs,
by speeies, e based on pbservations in plantations with no overstory
or very little overstory so as to eliminate the obsenring eftect of over-
story competition,

Juck Pine

There was no significant difference in growth of juck pine in pure
stuneds and Jock pine inomixture with castern white pine, red pine, or
Seofell pine, From the standpoint of injury the behavior of jack pine
In pure and in juek-Neoteh pine plantations was mueh the same, bat
somewhat different from that in jack-white and jack-ved pine planta-
tions. Pure juck pine and that in mixiure with Seoleh pine bl
grealer weeviland borer damge, whereas thal ju mixture with red or
while pine showed greater (ip moth and bndworm damagre,

Compared with its associates inmixed pine plantations, jack pine
grows more rpidly in height than any of them, Jack pine has better
growth hoth it dinmeter and heighi. and slightly better survival than
the redd or custern white pine assockated with i 2 30 has slightiy better
growth and slightly poorer survival than the Seotele pine in wixture
with it. Trom the standpoint of injury. jack pine is hothered less by
rabbits, more Iy tip moth and through mechanieal injuey (execept
For Seoleh pined, and more by borers and pine-oak gall vast than any
of the species ussocinted with it

Eastern White Pine

White pine survives and grows as well in pure plantations as it
does in mixture with rad pine (fig ). Flowever, white pine grown
in mixture with jack pine has significantly poorer growth {han that
grown in pure plantations.  This difference cannot be aitribnted en-
tirely to interaction of the fwo speeies, although that may be a fae-
tor, heeause the soil of the white-jack pine plantaiions is of signif-
cantly coarser fexture than that of the pure plantations.

T greneral, pure-planted white pine has abonut the same proportion
of injury from varicus canses as it dees in mixture with red pine,
However, pure-planied white pine shows a greater tendeney towl
budworm njury and less rendeney toward mechanieal injury, pine-
ouk rust infeetion. and horer damage, White pine grown in mixture
with jaek pine is ntincked more by rabbits, pine needle seale, ancd burk
aphids, and less by weevils and hudworms than pure white pine.  Some
entomological stodies, however, have indieaied 1hat white pine suflers
the heaviest Luddworm damage when it oceurs under jack pine,




Tavee 10—PLercentage of trees injured in comparable stunds of pure and mixed composition, by cause of injury

s S g ot

Species compositian
I )]

Key
species
m nix-

ture

.

Trees injured ! bhy——

Hare
and

rabbit

¢ Npruce
bud-
worm

White
pine  ;
weevil

i

¥

:Flathead' ,
and  ; Mechan-:
round- ¢ feal -
head? - injury
borers. !

. Pine
i needle
scale ¢

oank
gall
rust

Bark

Tip
aphid

noth

Pine-

" Total 3

Basis,
trees

Pure jaek pine ... _
Jack=Scoteh pine.....
Jack-white pine.... ..
Jack-red pine

Pure white pine
White-red pine... ...
White-jack pine._L ..

Pure red pine
Red-white pine... ...
Red-jack pine- ...
Red-Scoteh pine

Pure Seoteh pine. ...
Scotch-jack pine.__..

Percent

100
48
54
51

100
a7
46

100
43
49
50

100
52

50

Percent

9
10
36

10
10
10

1

9

3
0

Percenl | Percent
24

Pereent © Percent | Percent | Percent i Percent
29 | 24

1 16

i 20 i

16

9

15

coec

SO OOCOT oW
CCO COTO Otids SODO
W= DOOoWS ONS

; Percent ;
19 16

UNIS OO OO

i

Percent
107

98

105

99

75
89
93

Number
429
372
484
882

1,889
347
419

3,102
259
815
109

954
410
109

! Figures on injury refer only to first-named species in mixture.
2 These insects normally attack trees only after they have been seriously weakened by some other cause.
# In-some cases a single tree received more than one type of injury. Therefore, the total may he more than 100 percent.

€
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suffers more injury than the jack pine associnted with it, if injuries
from tip moths, mechanical brenkage, pine-onk rust, and bovers are
excepte(?.

Red Pine

Pure-planted ved pine docs not differ significantly in growth, sur-
vival, or development from ved pine planted in mixture with eastern
white or Seotch pine. It docs diffor significantly in growth from that
planted in mixture with Jack pine. Since theve 15 no real difference
w1 soil, the poorer growth apparently reflects some sspect of the inter-
uction of the two species,

Red pine on the whole shows velatively little injury whether in pure
or mixed plantations. It suffers slightly less injury, especially trom
rabbits, in mixture with Scoteh pine than in any other type of plant-
i,

Teed pine exhibits somewhat betier growth and survival than east-
erit white pine, and poorer growth and survival than Scoich pine
(slightly) and juck pine {considerably} grown in mixture with it.

Scoteh Pine

In pure plantations, Scotch pine shows no signifieant difference
in growth, development, or survival from that planted in mixtore
with red or jack pines, with onc excoption: grown in mixture with
Jack pine, it does have significantly poover height growth.

Scotch pine grown in pure stands is very similar to that grown in
mixture with jack pine in degree and type of injury, although puve-
planted Seoteh pine has noticeably more spruce-budworm damage and
fvss mechanical injury.  In mixture with red pine, Scotch pine ex-
hibits decidedly heavier weevil damnge and less tp moth injury.

In comparison with its asseciates, Scotch pine lhns slightly better
survival than either ved or jack pine, slightly better growth than red
pine, and slightly poorer growth than Jack pine. ¥rom the injury
standpeint, Seoteh pine suilers considerably more damage than asso-
ciated ved pine, particularly fromn weevil. Ik is attacked in mueh the
fme manner ws associated jack pine, the main difference being the
markedly heavier bover damage of the latter.

General

At the present stage of development, the varions species show little
difference in growth, survival, or injury, whether they be grown pure
or in mixture. with the one exeeption that jack pine’scems to have a
detrimental eifect on the growth of red, eastern white, or Scotch pine
associgted with it.  This may be due to the fact that much of the
planting has been done on sites better suited to jack pine than to the
other three species.  There is some evidence that Scotch pine is good
“bait” to plant with red pine, since the Scoteh pine showed the highest
degree of injury and red pine the lowest when the two species were
planted in mixture with cach other.

‘The value of mixed planting may be expected fo show up more
definitely later on in the life of the stand. Studies are needed cover-
ing more species and a greater vaviety of conditions to bring out more
vlearly the advantages or disadvantages of mixed planting. Until
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move conclusive experience is available, the greatest assurance of suc-
cuss in producing mixed plantations can be hul by following Nature's
guidance. Table 7, p. 28, can be uswd to select, species for mixed as
well as pure plantations.

Size and Age of Trees to Planl

After it has been deternsined what kind or kinds of trees ave to be
planted on any given site. the size and age of planting stock ™ best
guited to the conditions should be decided.  The considerable varia-
tion in dimensions of several kinds of stock is brought out in table 11.

The marked variations that ean be produced in the stue and develop-
ment of different kinls of stock within the same species nwale it possi-
ble to meet highly varied field conditions—trom the most favorable
to the most severe—Eairly cconomically. Recommendations of the
classes of stock fo use under conditions typical in the Lake States are
given for several speeles in table T, p. 28,

SCEDLING AND TRANSPARENT STOCK COMPARED

Generally, under Lake States conditions fransplant stock does better
than seedling stock (fig, 9).  Amaong older plantations averaging 23
yeurs in age the seedling stock maost commonly used. 2-0, had an
average survival of 31 percent, whereas the best rvepresented trans-
planted stock, 2-2, had an average swrvival of G percent. Experi-
ments conducted by the Lake States Fovest Ixperiment Station over
a period of [0 years on the Fluron National Torest have shown a con-
sistent superiority of transplant over seedling stock for ved, eastern
white, and Scotch pines.  When a favorable season follows planting,
the differences befween the classes of stock in survival ave slight,
nsually not over 5 or 10 percent, but when droughts and high tem-
peratures occur the differences become much greater. This point. is
ilnstrated in the fabulation that follows, in which first-year survivals
on the Huron National Forest, Mich,, are given.

Firsi-gear yurriend (pereent }

Fnd of 1039 ¢ Hird of 199 ¢

Red pine: :

b | J e e e e 27 h]

Tl . e mem - . 45 H
While pine:

20, .. e e e 20 86

2.1, .. L. e - ol 95
Seoleh pine:

2.0, . .. o R . e 35 a7
2-1. . A . s G0 it
["nfavorable yeur with severe drought and high fempersbures.

Favorable year.

1
a

Bpeeeg availabie Tor planting frone nneseries may he from 1L 3 yeurs olif, o
ohler, Usually they are grown in seedbeds for 1, 2, 00 2 oyeurs, and then, it nof
used ot once Cor Held plunfing, are transplanced in the nursery e allowed to
grow 1 or 2 years longer betore heing sct out. 1"his transplanting makes stordier
frees with conmpnet, biushy root systems, which are more desimihle for planting;
it alEo inerepses (he cost of the stock,  Forest nursery stock is known aml will
he velerred Hy in this pnblicntion by o muneriend system, the tivst Bgare represen t-
ing number of yenrs in the seedheds soal the seeoinl, number of years rans-
planted. Thus, 2-vear-old seedings are eallol 2=0 stoek, amd T-yerr scedlings
transplaeded ab the v of the first year and grown 2 veies ip the transplant
Binbs noege pnwn ag 12 stoek,




TanLr 11.—-eerage dimensions of planting stock grown in Forest Service nurseries in the Lake States, by species
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: Average green Averdge dry
‘ weight Top- weight Top- Diameter at- | Basis
Species and elass of stock 1. ; - root . root base of stem trees
§ Tatio * ) ) o

Top ! Root# 1 Top Root Top Root

Average length

! ! ‘ 11000 | 1764

Jack pine: Inches i Inches | Grams | Grams Grams-§ Grams inch 1 dnch

; 0. 57 81 5
.48 88
. 88 122
. 40 156
.10 202

40
87
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91
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195
166
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TaBLe 11.—Average dimensions of planting stock grown in Forest Service nurseries in the Lake States, by species—Continued

Average green Average dry
weight Top- | weight Top-
Species and class of stock . 100l root
ratio 3 ratio 3
Top 1 | Root ? Top Roct Top Root

Average length
Diameter at
base of stem

; 1 11000 1164

Scoteh pine: Inches nches | Grams | Grams Grams | Grams inch inch
2 .76 .56 .79 .24 95

.67 ks 1, 09 . 51 114
. 91 1. 86 . 87 125

.19 98
113
117 |
197
138
268

97
150
275
142
162
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Eastery hemlock:

Won e ww e wa s

Sugdr maple:
1-0_.. ..

30

Tioek elmz
2950,

Basswood:
A

Northern red onk:
] .

2-0.. .
3-0
White ash:
10
2-0
Black locust:

0. .
Yellow birch:

+ Leugth to tip of terminal bud. ; .
2 Based on roots of stock unavoidably modified by standard nursery lifting practice.

8 This value is obtained by dividing the weight of the top (part above ground) of the tree by that of the root. It provides an index of

stoek bhalance.
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Another striking illustration of the differences tn survival of various
classes of stock was furnished by experimental plantings on the Huron
Nutional Forest. At the close of 1936, the most severe drouxht year
on record in that Toculity. ved pine planted in the fall of 1935 showed
the following strvivals: 1-0 stock, 3 pereent; 2-0, T+ pereent; i-1, 18
percent: 21038 percent r and 2-2, 38 pevcent.

F-3880%7

Frevne h=-Nine yewrs affer planting noar Pomahaw), Wis, 2-2 ved pine (loft)

showed O%-pereont saevival amwl e average height of 12 10 18 foet.  2-0 rod

pine (richr) showed §0- to Tpurcent suevival and an aversge height of
4 e T oFeel

Although the main advantage of transplants lies in belter survival,
they also make more rapid growth than seedlings during (he early
yeurs following planting. A study of experimental plaulations on
the Hluron National Torest showed that 3 yeavs after planting, 2-1
red pine bad grown signiticantly more than 2-0 red pine planted on
the swine areas (97).  Heights of different classes of red pine stock on
the Huron National Forest 3 years afier planting were: 15 inches for
L4 seedlings, 20 inches for 2-0, 21 inches for -1 transplants, and 27
inches for 2-1. Tifteen vears wfler planting, hiowever, there were no
significunt ditferences in height between the different elasses of stock,

Despite the fact that the differences 1n height between classes of
stock may beeome of little mowent after 18 or 15 vears, the geealer
initial height and more rapid vake of growrh for the first few yeurs
after planting of the teansplants gives them a considerable advantage
where there 1s danger of smothering from hardweod leaf litter orv
overtopping of low competing vegetation. The wivantage of the
transplant stock over seediing stock lies not only in greater height
growth, but also in greater root growth, as shown by studies made on
the Nicolet Nutional Forest in Wisconsin (75).

Under other site eonditions, however, the transplant stock has con-
tinued to have an advantage over the seedling stock for muny vears.
In experiments with planting stock of different classes af the Cloquet
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Station in northern Minnesofa (J8) 2-2 stock of eastern white and
red pine had higher pereentages of the trees alive than other classes.
The growth of the 2-2 staek was also greatest, and the superiority in
both growth and survival was maintained for the first 10 years after
planting. This trangplund stoek {(2-2) of ensierst white and red pine
gave better results when planted {1) under staiuls of jack pine of
different sizes and densities, {2) on cuf-over harven sites, (3) where
sweetTern formed the predominating cover, and (1) in the thick
brosh. T anotlier series of experinients 027}, obeerved 5 years after
planting, the survival of tratsplants was slightly betfer (han that of
seediings and the growth was namekodly greater.

Aldthough there s abundant evidence that wwder Lake States con-
ditions fransplant stock gives better survival and Lelter initinl growth
than seedling stock, the factor of cost st be considered before defi-
nite reconmnendations ave made. For instance, 201 stock generaily
costs from three o live thues as mueh as 220 stock., It favorabie
conditions of climate nnd competition could be assured. then ordinary
soedling stoek conhd be vsed successfully, Such assurance is hapos-
sible, of course.  In the decade 1927-36, extremely uninvorabie cli-
watie comditions prevailed durtng several vears. At the end of the
third year after establishment. experimental plating on the Thron
Nuationunl Forest lead to the conelusion that under the more dificult
corditions existing in the lower Mickigan sand plans, results with
21 red pine were sufficienl ly sapecior 1o those sbtained with 2=0 red
pine fo qustify its cost (97},

STOLK SPECIFICATIONS

Different elasses of stock grown ina single season o w given nursery
bear w certain size velation {o each other, that iz, 2-1 red pine niay be
expreted to hiave a thicker taller stem, a fogeer. more fibrous voot,
and greater weight than 20 red pine. However, there is 2 great deal
of variation in the sune kind of stock produeed fron nursery to nurs
ety and frow year (o year {fix 10). Bt is necossary, therefore, to set

iy

-

F 345015, 380614

[Fraiek 18, Sewblings gvown ot nationa! fore=0 pursery near Tthinclimler, Wis, ;

o Thoree weades o 300 white =pruace seedlings showisg geemy variativn in

development of stock s B, theee pairs of tepiead sesdlings, Prom lofi do righi, of
Lty U aqud 20 jaek pdne, 4 Boetomrowisd @0 T-inch soquares.)
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up certain standavds or specifications for grading nursery stock ac-
cording to size and development in order that recommendations may
be more specilic and accurate.

While many tests comparing classes of stock liave been made in
the Lake States, very few tests of different stock grades have been
made. The Lake States Forest Experiment Station mude tests on
the Superior Nutional Forest in Minnesota and the Nicolet National
Forest in Wisconsin in which 2-0 red pine was graded into larvge,
mediun, and small classes. Fhese tests showed that there was little
difference in first-year survival between the large and medium classes.
and that frst-year survival for the small elass wag definitely poorer.
Similar results were obtained for several species—especially marked
in jack pine—in tests made on- the Chippewa National Forest in
Minnesota,

Although there is not yet sufficient experimentnl evidence to provide
a conclusive hasis for stock grading in the Loke States, a start has
heen made for most of the classes of stock included in tuble 5. On
the basis of available tests and experience, the Lake States Forvest
Experiment Station has developed a =et of standards for planting
stock to be used in the Lake States (talble 12).  This is a goal nursery

Tanus 12—Suggested grading specifications for coniferous planting
sboek in the Lake Stufes, by specivs and class of sfock

Aeceptable grade L : I'remiwim grade !

species and elass of I !
<tk . - Lnglh . . Longth
CRrem - — ... Biem di-
o rmeter ameler | i
: Tuop Root i Top? Root

Jack pine: Yoo dueh  Faches  luches Lotk | fuches | Inches
10 . - . Z

. ) AL 5 . + 10

2.0 7 3ia ‘ 10 8 10
Red pine: . ' i : ;
20 5o b ; 4 10

. i ' ) i G 10

i 10
7 14
8 10

10
10
10
10
1¢

i

i
W= LI G LS IS0t

rnowhide ) ines

|

WS oT =

v

White spriec: ) : : i
22 .. . ' i 5 : 10 -

10

' Minimum values for the geade are given. Trees now moeeling e aecoptable
siandards should he eulied,  FE desired, the premium grade necd nof be sorted
out, But grdinarily irevs falling into the premiom grade ean be used in place of
ueeeptable trees of the uext highest oluss for a given speelea. Tt s understood,
of course, that any trees tsed For planting must not only meet the sbove specifien-
tions foc aize, lint must alsa he (heilty, souwt, amd dormant or uearly so.

z Length s tip of terminal bad.
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managers should strive Lo adtain. A modification of those standards
is in use st the national forest nuvseries of the region.
Trees with 12- to 13-inch tops are preferred for machine planting.

USE OF WILDLINGS

Successful plantations of red and castern white pine have been
astablished by digging natural seedlivgs and resetting them on the
planting site,  Expermments with wild stoek at the Cloguet Station
zave reasonubly good resulis, although not as geod as with nursery
stock,  Ordinarily the wild secdlings are not easy to find in large
guantities. Moreover. they have n spavser roof system and are less
Tikely to suceeed than Lhoge grown in nurseries, Unless they can be
dug in spare time or without incurving special cost for labor, the
are nsuitlly more expensive than stoek purchased from the Stute nors-
eries, [f wild seedlings are used, they should not be over § inches
higly; larger ones are less likely to survive transplanting,

How to Plant

CARE AND HANDLING OF PLANTING STOCK

Since planting has litile chance of success if stock in poor condition
15 used, tlhe impeortance of proper care and hundling of stock from the
time it is Tifted in the pursery until it is set out in the feld ean searcely
be overemphusized.  The planter should have assurance that the trees
he reeeived have not been allowed to dry out in the lifting and paclk-
ing processes, and that undersized. injured, ov unthrifty stock has
been cuiled out.  Since these are properly nuysery practices they are
not discussed in further detail in this publication,
Tennsporintion

Becanse it is necessavy {o get trees to Lhe planting site before they
dry out, they shonld be shipped by some vapid meuns, such as truck
or pxpress; freight ordinariﬁ,\' 15 too slow. Where trucks are used
it 15 o[ten possible fo haul stock diveetly from the nursery to the plank-
ing site without any intermediate handling.

It stock is shipped by express, the following requirements must be
met: (1) Stoek containers muost be sufficiently substantiad to withsiand
ovdinary handling; (2} crates or bales must not be wet on the outside
and no emds of wires, which might tear the covering of other ship-
menis. should projeet; (3) shipments must be marked “pervishable”;
(4) nursery inspection lags must be altached to shipments consigned
to any State vequiring such inspeetion.  Information on inspection
requirements is given on page 166 in the appendix.

Care of Stock in the Field .

When stock is veceived in the field. whether it be at a planting camp
or at the planting site, i should Le =tored in a cool, shaded spot and
kept well moistened.  Oedinuriiy. a temporary sheiter covered with
anvas, burlap, or brash is satlsfactory for such short-time storage,
The bales or erafes should be =0 stacked that aiv can eirculate freely
between then.

It 318 pecessary (o protect trees not ondy from deyving but also from
freczing.  For this purpose. and also to aid in retarding growth late
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in the spring, it is advisable at planting cunps to have cheaply con-
structed underground eellars in which good air civculation is possible
and in which (emperatures belween 327 and 43° Fomay be maintained.

As fur us possible, planiing stock should be delivered from the nur-
sery at frequent enough intervals so that none of it need be stored
in the field for more than a few days.  Towever, unforeseen elreum-
stances, such as dry periods. unsensenable freezes, fovest fives, ete.,
oceusionally make it necessary to interrupt the plauting operation for
severn] duys, woeks, or even unfil the following seasen. In sueh cases
the frees must be heeted in. This process shonld be indled very eare-
fully. as follows:

1. In moist, easily worked soil exposed neither to Full sunlight nor
to excessive cold, dig a shallow (rench 1 fo [y feet deep, depending
on the size of the stock. with one side sloping about 20° to 0% IC
natural shelicr is lacking., some sort of temporary brush, canvas, or
Larlagp shelter should be provided,

2, Pluee the trees against the sloping side of the french with their
tops projecting above pround stighily less rhan when they stood in the
mursery,  Coare must be taken to place thenr neither too high nor too
Iow,  To prevent heating, the trees shonld be i a dayer not wore
than 2 inches (hick. The longer i is expected to keep the trees
heeled in, the thinner should be the layer. T 1he frées are to renmin
in this condilion more than o weels, it 15 best (o place them in o layer
the (hickmess of a single tree,

B\ layer of moist soil 3 or Finehes thick should be packed agninst
the vousts,  Anoiher row of (rees is then placed against the new soil
surface and (he process repeated as mnny tihmes as is necessary 1o ac-
commadate the available stock. 11 only one Tayer of stock is to be
heeled ing u layer of earth 6 inelies or more thick should be packed
against the roots,

4. The heeling-in beds should be kept moderately moist.

5. The soil of ihe heds should he kept from freczing by mulehing
it lightly with leaves ov straw,  Tleavy malehing is apt to favor
heating and melding of the trees and shoukl be avoided.

PREPARING THE GROUND FOR PLANTING

In parts of (e Southern and Central States it is possible (o plant
suecesshlly without preparing ihe soil in advance. Tn the Lake
States. however, early (rinl-and-crrar obzervitions proved that Held
plauting without some sort of ground preparvation usually is wasted
effort. A= rule. it is necessary fo allow at least 2 or 3 vears for the
plantod trees to establish their own roots well enough to compete sue-
cessfully witl lower vegetation such as gragses, herbaceons plants, and
Tow sheubs,  Furrowing and sealping arve commonly used for this
purpose, and there is smne prowmise that new heavy types of plows will
permit satisfactory furrowing in comparatively heavy brush (fig. 113.
Tn this region plowed furrows generatly have given el more salis-
factory vesults than hand-made sealps. Recent evidence indicates
ihat disking (he soil has certain advantages over both furrewing and
sealping.

The relative advamages of sealping, furrowing., and disking
may be bronght sut by comparing thewm.

Neaed ping—1 1) Tt enn be dane by hand labor with heovd {ools;
no speeial machinery or heavy equipment is needed. (2) Tt can be
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hoes, or Finn hoes; even spades and shovels can bo used, bul they are
not very efficient. ‘The sealps should be 1¥ to 24 inches wide, either
ctreular or vectangular in shape. On aveas with heavy cover they
should be mude wider than wheze Lhe cover ismore sparse.  The sealps
should be deep enough fo remove the surface rools of competing vege-
tation, However, it they are made too deep they are likely to collect
water or leaves, or other debris to the detriment of the planted trees.

Ordinarily sealps are made at some predetermined spreing such as
4 by 6,6 by 6, or 0 Ly 8 Jeet.  In placing sealps, however, such spac-
ings should not be followed Llindly, but good judgment should pre-
vail, For instance, sealps should net be made on bedrock or rock
clumps, on stunips or old down logs, in dense thickets, in or adja-
cent to threifty reproduction of valuable species, or beneath the crowns
of trees unfess it is known that sueh (rees will be vemoved before they
enn seriously suppress planted trees.

Tewn to fifteen men under wn expericnced siraw boss ov subloreman
make an effective sealping crew, .\ good foreman ean supervise two
or three such erews. A practieal wmethod for keeping the crew in
good alinement, is to have « lead-off man who can follow a previons row
of scalps, & five Tane, a row of stakes, or some other good guide. This
man should keep one sealp nhead ot the second man, the second man
one sealp nhead of {he third man, and so on; that is, the crow should
proeced in an echelon formation. By this method each man has 2
guide (o follow. TL is well fo have murked strips at intervals of 200
to 300 foet so that {his nlinement may be checked at Erequent intervals.,

Furvowing

On the busis of past experience in the Take States, planting sites
should be preparved by Furrowing wherever feasible. Probably the
majority of the sites that should be planted are reasonablie furrowing
chanees, with the cquipment available today. Generally speaking,
areas that have too dense n cover to permit furrewing have too dense
a cover for planiing, except perhaps in small natural openings.

Furrowing in the Lake States has been done by means ol light horse-
drawn wallung or sulky plows and by progressively heavier tractor-
drawn plows,  The ordinary plows developed for agrienltural use
are suited anly for furcowing relatively open sites.  Within the past
few years henvy plows have been developed especindly lfov forestry
use.

The old plows produced Turrows about 1 foot wide and were limited
to use in arens with liftle or no cover.  The large Killefer, Baldwin,
Mesaba, or Wagler plows® now used by the United States Forest
Service produce furrows 18§ inchies wide or wider and are able to cope
with moderately dense brush orsupling growih.  The old plows theew
the furrow slice in one divection only; the Killefer, Baldwin, Mesaba,
and Wagler plows are the mididlebuster type, throwing the slice on
both gides of the furrow.  Beeause (hey make o wider furvow and
throw the slice on both sides, the new plows ave more eflective in keep-
ing down compebition the ficet fow yeurs after furrowing. Owdinarily,
furrows wre plowed 6 Lo  feet apnrt in the Lake States, depending
upon the spacing nt which the trees ave to be planted.

" See appendix fur sourees of informaiion on this aad oiler speeint equipment
wentloned in this pubHouton,
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Good furrowing practice should meet the following requirements:

1. [furrows should be deep enough to remove sod and surface roots,
lsut no deeper.  Deep furrows are subject to exeessive fill-in, and also
vive the | tanted trees less chunce to get their roots inlo the nutritious
uyer of organic matter in the soil.  In addition, they have brought
serious objection from sportsmen because of the dificully of hunting
aeross such wrons, anrd they make necess to the arvea difficalt for logging,
five protection, and other purposes.  Plow operators should be trught
that an oceasional brealk in the furvow is to be preferred to deep plow-
tug,  Furrows that ave teo shadlow are not effective in reducing com-
petition. Ouwdinarily, § or 4 inches is the best depth for furrowing.

2, Furrows should lie open for about 2 menths before they are
planted.  There is some filling in ot soil after plowing, chiefly from
the overturned slice along the side of the furrow. Measurements
made over o period of 3 years at vavious intervals after plowing on the
1nror Nationu! Forest showed that the bulk of the fill-in during the
first year takes place within 2 months witer plowing, although the
Turrows may not be completely stable at the end of 5 years. If fur-
rows reimain unplanted too long, of course, vegetation encroaches, and
planted Lvees must face competition from the thue of planting. Asa
general vule, the poorer the site, the tonger the furrows remain open.

3. Plowing should be done in such a manner as to reduce water
erosion fo a minimwm.  On level areas 16 s satisfactory to plow
straight furrows. On areas of volling topography, washing can be
controlled by plugging the furrows at intervals, Where slopes are
steeper, however, plowing should be done on n contour.

On large-seale planting operations it is economical lo organize the
furrewing job in such a way that four or six plowing units work In
close proximity. However, not more than two or three units can
ordinarily work in adjaeent furrows to advantage.

Disking

Athough disking has not yet been widely used to prepare planting
sites i the Lake Siates, it gives promise ot boing a very effective and
useful method, at least on the lighter soils.  Where thorough disking
has been used on very brushy sites. it has reduced competition very
effectively and has had the added advantage of working the more fer-
tile Lopsoil into the suriace layer where the tree roots ave to be placed.
In & comparison of about 200 acves of disked plantations with a 200-
neve aven of furrowed plantation on the Chippews National Forest in
Minnesotzn. 2-2 red pine 2 vears wlter planting showed these differ-
enees: On the farcowed arca surevival was 89 percenk and average
height 1,80 fool : amd ou the disked aven survival was 96 percent and
averaree helght 124 feot (/3.

The best apparatos Tor disking brushy aveas so far developed has
been the Mthenstype dizsk plow attached to a {@-horsepower Lractor
{see p. 7). For satisfactory results, the avea wust be cross-disked ;
that is, the disk should be pulled over the ground twice, the second
trip in o divection at vight angles {o the fiest. Tt is even better if a
third trip in a diagonal divection can be made, although this may make
the cost too high, Experience on the Chippewn Nalional Forest
indieates that, with a skilifol operntor. eross-disking can be done at
a eust Toss thaun 10 pereent above that Tor furrowing even though much
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of the disked aren woull have been almost impossible to furrow, If
tandem disks worlk satisfuctorily, the cost may be further reduced,

METHODS OF PLANTING

So far there are no comprehensive planting experiments in this
repion, or so far as the writer is awnre, in the United States, sufli-
ciently ol to indieate the full effects of the various methads of plant-
g, Several Koropean investigntions (45, 24) und some sealtered
observations in the Nocthern Rocky Mountain region indieate that
the full effects of planting methods may vot show up for from 10 to
30 years. Wilh Favorable seasons, almost any systems thal, gels the
tree roots in the grownd will give reasonably good early survivals.
However, the poer oot disteibution resulting from some systems of
planting may result fn hewvy losses when some erisis arises, such as
extrema elimatic conditions or the severe competition for moisture e
miineral nutrients when (e Gee ceowns close in, Aong other de-
ficlencies, such rool systems wso Fuil to male trees windfirm.

Most of the planting in the Lake States region has been earvied out
by one or the other of two general methods, the glit and the hole.  In
line with other measures for obtaining low initial planting costs, the
sHE method hag been Favored Tn many instances,

There wrea fow genoral practices that should be observed vegardless
of the method of planting. These concern (1) location of the in-
dividual tree, (2) dimensions of the holes or slits, (3) depth of plant-
g, and () removing trees from the planting box.

Trees should be placed about in the middle of ihe Turrow o sealp
nnel, so tar as possible, should not be placed near established reprodite-
tion of 1|vsi|';1lblv speeies nor competing brosh or other vegetation,

The planting holes o stits should Le deep enough to perniic the roots
to hamr straight down without leoping or eurling at (the hottom, and
wide enougle (at least -} inches) (o permit some spreading of the voots,

The trees should be planted at (he same level, or nel more than one-
Iadf tiel deeper than they grew in (he nursery,  The location of the
voot collar (ground Tine) 1s usaally marked by n chinge from the
durker stent color 1o the lighter root color and a very slight swelling of
the sleny but where this is not distinel, ene must be taken in planting
Lo cover all roots with soil and 1o have all Tiving leaves shove ground.

When Crees ave removed from the plinting box, care should be taken
That Lhe roots are not stripped and also (hat (e rools of the Grees i had.
remain e kept covered with moss or burlap and not exposed to diy-
ing. .\ very satisfactory planting hox for small stock can be mnde
Trom woeden cartridge hexes, mensuring about 10 to 12 inchies wide,
20 to 24 inches long, i 5 to 7 inches deep. by simply Tastening u Toop
of No. ) or No, 12 wire lengthwise across the box to serve as o handles
For lavie stock o is hest (o have one emd of the box sloping.  Such a
hox. nsed by the United States Forest Serviee, has the Tollowing
dimensions: 20 inches long aeross the top and 15 inclies long aeross
Lhe-bise, 10 Tuches wide, and 6 incles deep,

Y Ifails, bashels, bags, or boxes may be nsod o curry planfiog sfoclk, bhut ex-
poerivnee in (e Lake SGites Tavors e planiing box,  Plnuling hoxes ave boen
madde ol =teels althousl they aee loss subjoc] o Breakiige than woudern boxes,
thasie weight is a0 disabeintame, Thiy weigh S G 9 ponds as eonpaeed wilh
ot D pottnds For sEmilio wendon hnxes,
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Comparison of Hurd Methods

The advantages, disadvaniages, and techniques of each of Lhe fol-
lowing methods of planting, which are used in the Lake States, are
disenssed n order: 81t (bar and mattock), eenter-hole, stde-hole,
mowud, ad woedge,

Lhe Stit MHethod {Bar end Mattock) - <The stit wmethed of planting
is the most rapid and cheapest practiced in this vegion, Using ihe
bar-shit method, well-brained crews of Toeal plunters on the Huron Na-
timmd Fovest have consistently planted from 1,000 to 3,000 trees per
man-cuy of 8 hours, with an average of nearly 1,308 [rees per man-day.
Crows of CCC enrollees, which seldom aeeunuialed more Hhan 2 years’
planting expericuce, rarely excecded LA frees porman-day, and aver-
aged nearly 1LODO trees per man-dny ol 6 hours. This is roughly
cguivalent to I acre per duy per wan, Survey of older planiations in
the Lake States showed that 87 percent had been established by the
slit et hod, sl it is probably trae that 75 peecent of all the plantings
in his rogton have Deen so planted. Sinee 1938, when larger stock
eante info more promisent use, the sHE method hias been less widely
wsed.

The advantnges of the stit methat ave thal it is rapid; it is casy
for planiers (o learn and Lo exeente: atud iU madies for Tow-cost plant-
ing,  On the other hand, ithe s wethod has some rather delinite dis-
advantages: 105 not well saited Tor nse with lnrge planting stock, nnd
ordinarily should not be used with any bt 1-0 or 20 seedlings; the
plinters cannol observe root placement and, as a vesull, Jooped or
eirled roots wre diflienle to avoid, and the entire rool systems is eranped
into a single plane. This factor is probably e greatest indichuent
ol the wethod,

Studtios in Russin (A9 and Sweden (99 have indicaled that slit-
planted frees thal appeared perlectly healthy showed sudden losses
when the crowns elosed and competiion beenme keen.  These losses
wore at{ributed ehiefly to delicient vool development as aresnit of the
methad of planting, Large-seale studies of sucl advineed planta-
tions are uot possibie in the Lake Stades,  Tlowever, a shudy made io
1036 on the Huron National Forest (4. 330, which involved the exea-
ation of 2000 planted 2- {o B-yerr-old juck pine and 3- to 13-year-old
redd pine, showed that the rool systems of aboul 65 percent of all the
frees were eramped into asingle plane.  The study also revended thatl
Lhe ceamping had redoced the frees” survival 20 {o 50 percent and their
arowth about 28 pereent. Jfack pine showed better ability to over-
come sich root defornity than did red pine,

The bar-stit wethod is conmionly used on sandy Jands with fow
rocks or roots and where Furrows or sealps have been prepered. The
Best tool Tor wse with (his wethod s the Michigan bar?® (fig. 12},
alfhough otlier fypes of bars or goad sturdy spades and shovels can
suso e wsed,

tophe Michizan bar eonsists of o goodsquablty steed, stradght Made 12 inehos
e and 3te to 4 inehes wide; it i alour Yo-ineh thicl at the Lo, lpers down
t by Dok, umd Bs shoep b the base, This blade is wellled to a hatcdle about
30 inches long wmade of % - or T-iieh dven pipe.
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KR L
Froure 12.—DPlaoting tools comnnonty used in che Take Stales: A, Baldwin hoo;

M, Michigan bar; £ hazel hoe; B, mattoek; £, long-handled shovel; &1, Na. 2
spiile,

The bar-slit method is earried out as follows:

1. With the right foot on the ground and the left foot rveaching
forward, thrust the bar (held in the right hand) perpendicularly into
the ground for the full tength of the blade.

2. As the left foot strikes the ground, push the bav forward, with
a stift arm, to an angle of about 33 degrees, und at the smne time
place the planting box (held in the left hand) to the Jeft and slightly
ahead of the spot to be planted.

3. Slide the right hand halfway down the handle, and force the
bladle 2 cr 3 inches into the soil before bringing the bar back into a
perpendicular position again. By this procedire o vectangular hole
3 to 4 inches wide and 8 to 12 inches deep is produced.

4. With the left hand. seleet 2 tree from the planting hox.  Tlald-
ing the tree between the first and second fingers, at or just above the
ront collar, ilip the voots into the hole so that all the roots ave hane-
ing straight down. TF the voots ave inclined o hang to the side,
use the bar to guide them into position. The back of the hand should
vest on the ground at the lett side of the hole.

5. While in this position, and helding the tree crect and at the
proper height, remove the bar and thrust it perpendicularly into the
soil 3 or 4 inches back of the tree,

8. Tull the bar handle back about 6 inches to close the bottom of
the hole, and then push if forward with the weight of the body until
the hole is tightly closed. Test the tree for tightness by a gentle
pull on three ov four needles.

7. Pick up the planting box and, in moving forward, thrust the right
foot forward fo close the hole created by the packing movement.
Tirm the tree slightly with the foot, but do not stamp. Proceed to
the next planting spot and vepeat the process.
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The mattock-slit method ordinarily is used where the soil is too
heavy, rocky, or full or roots for satisfactory use of the bar. Mat-
tocks, grub hoes, or planting hoes (fig. 12) are the usual tools for
planting by this method. The procedure is as follows:

1. Set the planting box to the left and slightly aliead of the place
where the slit is to be made.

2. Sink the mattock blade to its full depth, as nearly perpendiculayr
as possible, so that at the end of the stroke the end of the handle is
nearly {lush with the ground.

3. Open a slit by pulling the handle up about 3 inches off the
ground and then straight back.

4. Drop to the right knee with the vight hand grasping the mattock
handle near the blade.

5. Tuke a tree out of the planting box, holding it between the thumb
and forefinger of the left hand at the root collar; insert the roots
in the slit and push them well down so that the root tips are at the
bottom of the slit.

6. Raise the tree until the root collar is at ground level, and with
(he right hand remove the mattock and permit somne loose soil to fall
into the slit; then place the mattock to the right of the slit. :

7. Close the slit partially by firm tamping with the right fist, Then
arasp the mattock in the right hand; straighten up; sink the mat-
tock about 3 inches behind the tree; pull up on the handle to close
the stt; withdraw the mattoek and close the second slit with a vigor-
ous thrust of the vight heel applied in a downward and forward
direction.

8. "T'est the tree for Armness with the left hand by a gentle pull on
three or four needles; then grasping the mattock in the right hand
and the planting box in the left, proceed to the next planting spot
and repeunt the process,

The Center-hole Method —Probably one of the oldest methods of
planting trees is the eenter-lole method. Tt has the following ad-
vantages: (1) Xt is well suiled for use with large stock. (2) It can
be uscd wherever planting can be done. The presence of rocks and
roots does not make the method impractical.  (3) It is thorough and
gives the planter a chance to seo that the roots are straight and well
distributed.  (4) It gives good results. A study of older_ planta-
tions in Michigan showed that those planted by the hole method had
a average survival of 60 percent at the end of 23 years, while
those planted by the slit method had an average survival of only 42
percent.  (5) It can be done without previous ground preparation.
(6) Tt results in breaking up tight soils and gets away from puddling,
which frequently occurs when the slit method is used.

On the other hand, the priucipal disadvantage of the center-hole
method is that it is slow and consequently costly. An average of 200
to 300 trees per man-day is about all a erew can be expected to plant
with this method.

Mattocks or grob hoes are ordinarily used in center-hole planting
although planting hoes and even spades or shovels can be used. The
procediure is as follows:

1. Set the planting box down to the left and slightly ahead of the
point where the hele is to he made.
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2. It the ground needs preparation, scalp off the sod and litter
over a space ab least 18- to 24-inches square with 3 to § strokes of the
mattock, removing as little soil as posstble with the sod.

3. Bink the mattock blade perpendicularly to its full depth near
the center of the prepared spot in such a way That the handle is newrly
Nush with the gronmd, _

£ Lift up and pull back and slightly to the right on the hundle,
depositing the soil near the right-rear edge of the hole.

5. Repeat steps 3 and +F iF it is necessary 1o enlarge the hols or {o
[ake out roots or rocks. One or two stroles and not niore than four
should be sufficient to make o hole 8 to 12 inches deep and 6 to 8 inehes
wide. _

6. At the completion of the last stroke, drop the mnttock to the
right. of the hole with the humdle foward the vewr and drop fo the
right knee.

7o With the thuml and forelinger of the left hand falke 0 tree from
the planting hox, using the right hand to hold the remainime trees in
the box.

B. Grasping the free just above the ruot collar, hold it in the con-
ter of the hele so that fhe root collae will come just below the soil
level and spread the roots with the right hand,

9. With the right hand seeep in w fow handfuls of soil (avoid
leaves and trashy and place it quickly and eavefolly about 1he voots
in the bettom of the hole.

10. Twmp the soil gently from three to five times with the list
(woaden tampers have been used on the Superior National Forest,
but hand tanping ordinarily is more satislactoryy.

11 Seoop in more soil to il the hole,

12, Molding lightly 1o ihe top of the stent or needles. come to o
semicrect position, place both feet on the filled soil, aned pack it Gemly
about the roots.

13, Test the tree for fimnness by o gentle pull on three or four
necdles, prele up the nuitock o the vight hand and the planting box
in the left, proceed to the next planting spot, and repeai the process.

The Nide-fole Method —This is o vaviation ol (he centor-hole
method 5 it makes for wore rapid planting, but has seme of the disad-
vanbages of the sTit method in that one side of the reol system is eom-
pressed against (e soil. Well-teained erews enn planl 700 to S04
rees per man-thy by this method und shonbd average 600,

The same ltools (nsually mattocks or wrab hoes) are used as in (he
center-hole method and the procedure s the same, exeopt Tor steps
Hand 9 which arve s follows:

8. Grasping the tree just shove the rool collar, hold it agninst ane
side of the hole so thal the roat cotlar will come just belaw {he soil
level and the roots hang down freely.

O With the right avm held stilf awd erooked af ihe elhow, senop in
about hal P the soil (avoid leaves and trash). '

e Mownd Wethod ~The mound method is essentially a relinement
of the center-hole method. s principal advantage is (hat it provides
the best root distribution of any method of planting.  lis principl
disadyantage lies i it slowness (slower than the center-hole el )
and conseynently ifs ligh cosi,
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The mound method can be done with several tools, but the mattock,
grub hoe, or planting hoe ave usually best. The procedure is as
Tollows:

Follow steps 1 through 6 as desceibed under the conter-hole method.

T Wilh the vight hand scoop soil inte the hole and pat it into a
('Um‘-shnpml mound with both hands. '

- With the thumb and forefinger of the Teft hand, take a tree trom
L]'l(‘ plinting box, using the 1|tr]1t hand fo hold fhe remaining trees in
the box.

9. Grasping the tree just above the root eollar, hold it over the cen-
ter nf the monnd so that the voot collr will come just below the soil
]Im ¢l I‘ and spread the rools on all sides of the mound with the right
KN

10, With the vight hand scoop enough zoil into the hole to cover
the roots, wid pat it down firmly.

Trom his point. carry on steps 1L throogh 13 as deseribed under
eenter-hole planting, p. 56,

The Wedge Method—The wedge method, which is also known as
the inverted-vee, W, or suddle method. has long been used in Eurape,
However, it has been used in the Lake States ouly since the lute
1920%, and not until 1938 was it employed on w large scale.

The wedge method has several advantages: (1} It is suituble for
wse with large stucleand (2) it is rather Tast and therefore moderately
cheap. In t-\pt-nnwnt al worl, planting by this method has been done
at half ihe speed of the barssliv methal.  Tecliniques for large-scale
uge huve anly recenily been worked out, hut some well-tv ained erews
have avernged GO0 trees per nan per day.  On the average, it scems
Tikely that erews can plant 500 trees per man per day by this method.
(3) It is thorough and gives the planter a chance 1o see that the
rools are straight Sancl well distriluted.

The tlh.ul\'.mtlerm of the wedge method wre: (1) TE cannot be
carried ont elhcwnlh in soils that ace vocky or heavily rooted; (2)
it s mere expensive (han the shit method s (33 i not Hll])t‘l\'l‘-]l?(] ('lns‘el\'
planters tend to get the holes too shallow, thus bringing the bulk of
(ho rools too close to the gronnd surface: (4) [ﬂ.mtm,s may injure
the roods in sepucaling thens to place over the wedge.

A planting hoe, ealled the Baldwin hoe ™ (hjf 12). developed on
(he Manistee National Forvest, is the most convenient tool for use with
the wedge method. Tt mattocks, huzel hoes, Finn hoes, spades, or
shovels can also be used.  Lhe method of planting is cavried out ns
'fn'l lows:

Set the plinting box down to the lefl and slightly ahoad of the
pnmt whore the hole is {0 be made.

2. Drive the hee blude perpendieatarly 1o its full depth neae the
eenter of the Turrow or sealp o that the end of the handle is neardy
ftush with the gronnd at the end of the sfroke,

A Lift up and pull back and slightly o the right on the handle,
depositing the soil newr the right-rear edge of the hole.

B The Baldwin planting hoe consistg of o comlguality steel, slizhily eurvesd
DLle A nehes wide aml 00 nehoy long, fastoned to an ocrtdinary carpouter’s
HIE 1I.l||{“t‘ Liy mesis ol twi "1.- el earvinge Delis,
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4. Quickly drive the hoe again in the same manner at a point abont
2 inches ahead of where it was fivst driven and remove the soil in the
same manmer. If the hole must be wider to accommodate the stoek,
repeat steps 8 and 4 alongside of the hole just made. The hole should
be 10 or 12 inches deep and slope up at the side neav the planter at
an angle of about 45 degrees.

5. Drive the blade to iis full depth at an aagle of about 45 degrees
just below the near crest of the hole.

6. Poll the soil baek and ¥o the right. Repeat this siep to widen
or deepen the sccond part of the hole.  The entire hole is now shaped
like a W with a wedge-shaped mound of soil in the center, and
should be large enough to allow the roots {o hang down on cither
side of the wedge without carling or bending in the bottom.

7. Drop to the knees and with the thumb and foreflinger of the left
hand talke a tree from the planting box.

8. Holding the tree just above the root collar, center it over the
wedge so that fhe root collar will come just below the soil Tevel, and
with the righi hand divide the rools and spread about half of the root
system on cach side of the wedge.

9. With the right aem held stiff and creoked at the elbow scoop
in abeut half the soil.

} '101. TPamp the soil over the roots gently with the fist of the right
hand.

11. Repeat sfep § ta seoop the rest of the seil inte the hole,

12, Holding lighily to the fop of the stem or needles, come to n
semiercet posilion, place both feet on the filled soil, and pack it firmly
{de not stamp heavily or use the heels).

13, Test the tree for frmness by a geatle pull on three or four
needles, pick up the hoe in the vight hand and the planting box in the
left. proceed to the next planting spot and repeat the process.

The class of stock best snited for planting by the methods just de-
seribed and for machine planting deseribed later, and the average
namber of trees that ean be expected to be planted by each method
per man-day, ave given in fable 13,

Muchine Planting

In the Lake States from one-third to one-half the cost of forest
planting usually goes inte hand labor. Mechanization of the opera-
tion should result net only in a lower planting cost but, nlso in the
planting of large acreages by smmail erews. Thus, fuller advantage
world be taken of the rather short planting season and a limited labor
supply.

MMachines Developed in Other Fegions—S8everal tree-planting ma-
chines have been developed and used to some extent in the United
States.  Aldithough they ditfer in detail, most of the machines have
these features: A coulter to cuf the sod and small voots, a tvencher to
open a slit, packing wheels te close the slit, and a container for the
planting stock.  Many also include a plow teo turn a furrew. One or
two planters ride the machine and insert the tree roots in the slit just
ahead of the packing wheels.  Most of the machines are tractor drawn.
Ta the Northeast two machines {the Simplex and Duoplex}, differing
chiefly in size, were doeveloped several yvears ngo (84) and have been
used rather extensively. Recently a teee planting sled, the Treel,
has been developed for planting hilly land in New York State.

o




Tanni 13, ~Methods of planting, with claas of stock best suited, and average number of trees that can be expected to be planted

Method of planting

Bar-slit. . . e

Mattock-slit- . .. _..

Center-hole e e e

Side-hole
Mound. .
Wedge .

Machine, ..o

ppr man day

Recommended tool

Class of stock best
suited to method

Expecied
average number
of trees planted

per man-day 1}

i

Ground preparation and soil con-
dition hest suited to meihod

Michigan planting bar. !

P Mattock. ...
Loeodos
~do.
. odou

i Pluntun., hoe -

Wisconsin, Michigan, Min-
nesota, or similar plant-
ing iuachine,

$ huur:.
3-

1
2

-man erew {{ractor driver an(l

H

10 or 2-0 seedlings. ...

1-0 or 2-0 seedlings or
stock with- short lap-
root.

© Large well-rooted trans-

plants 1-2,

2-9).

(2-1,

D do...

|
ﬁ
!
]

doas, L.
oeados

20, 2-1, 1-2, 0or 2-2 stock

planters) can average triple this number.

or

1, 500 1
700

250

600
200
500 |

22,200-3, 500

Furrows-or sealps in light soils with
few roots or rocks.

Furrows or scalps in heavy, rocky,
or thickly rooted soils.

Heavy, rocky, - or thickly rooted
soils with or without ground prep-
aration,

Do.

Do.

TFurrows, disked areas, or sealps in
sandy or light loam soils with few
roots -or rocks.

Fairly level, light soils with few

; roots, stumps, or stones.
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During the Intter years of shelter-belt planting in the plrins region
by the Prairie States Forestry Project, and in snbsequent planting by
the Soil Congervation Service, most of the work was done by machines.
These machines were adapted only for planting in ground com-
pletely prepared as for farn planting. e Naber and Nebraska Tree
Planting Machines were developed by the United States Forest Serv-
ieo for planting in the Nebrasia sand hills, None of these wachines,
however, has yel found aceeptance in the Lake States.  Other wn-
chines developed recently include the Lowther Hillside Planter {for
use ot rough hillsides), and the Puredue, Hlineis Centreal, Lowther
Shelterbelt, and Whitlield Planters wlhich operate on the power lift
of a wheeled traetor {67),

The Lowiher Standard Treee Plenting Maehine—The Harry A,
Lowthor Co. designed o tree planter for wse in the cat-over lands of
the South. where the soil is filled with heavy roots and okl sbumps. 1t
has sinee been tested widely throughont the eastern hadf of the United
Stales.

Briefly, the Lowther tree planter consists of a uarrow rvectangular
frame about 6 feet long. The front end is wounted on sturdy wheels
eqtiipped with heavy duty 6,00 by 16 tives, and the vear end on iwo
16-inch puewmatic tired wheels fhat sevve us pucking wheels, A seat
for the operator is monnted above and innnediately behind these
wheels.  Suaspended within the frame, and hinged (o it al the Tront
end, is a trenching and phoding wnit consisling of » heavy 28-ineh
disk coulter {capable of cutting throush roots 21y inches in diumeter)
amd a speciel plow tnlo which plaiing goides ave buill. This unit
floats frecly from the Tront suspension and may be raised and lowered
by means of a fast-acting hydraulic mm activated by a hand pump
locaded within easy reach of the operafor (fig. 13},

The tree planter can he readily handled under all conditions by a
tractor of 30 or more horsepower. 1e ean be deawn by any type of
farm {racior, il it Tias been deawn by a jeep under Tavorable condi-
tions,  In operation, when the hydraulie it is relensed, the coniter
and plow settle into the soll becunse of their weight and the natueal
stuction of the plow,  The plow s hung (o operate at o nuniforn depth
of 5 inehes at all Fines, and the coulter zei close to the plow point—
culsaerack inch deeper, The plow af & depth of 8 inches, Tollowing
in the S-inch ent of the coulter, opens . marrow furrow, not by com-
pressinge the eaeth ontwied oe furiing the soil over as in convenlional
plowing, bat eather by lifting (he entire seclion of seil upward and
slightly outward, Fhe soil is then held in that position by the plant-
ing guides uniil planting s accomplished.  The planting guides ave
parallel wings of heavy sheet metal built into the rear of the plow and
spaced 2 inches apaet. The eperator sits astraddie the narrow frame
and planis the teee by placing s vools within the planting puides and
then moving the plant back =hghtly.

The TLowther swebive s very rugaed and bas worked well midder a
vivviety of soil and cover conditions aid on slopes up Lo 80 pereent,
One trind 1o norihern Wiseonsin showed (hat this machine conld op-
erate in Taivly beavy broash or yonnge sspens As used so far, this
machine does not throw a furrow. Phis may be s denwhaek n the
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Lake States heeause of the exira competition given the planting stock
by survival of brash or <od close 1o it To overcome this objection
the compuny s added a sod-furrowing shoe, which s a shit share,
left wnd righits operating on either side of the conltor blade at a depth
of 3 inches,

et anie B3, Pl Lowther teee planter, (Uhoto couriesy of Tlarry A,
Lowihor €'n)

Produesion for this needine = abow the siie az for the Wiseonsin
or Michignn machines, T has averaged aboult B0 trees per day
in the Souh,

Lathe Nkates Muehines,  Pree planting apeelines bave been de-
velopud by Stte agencies in Wisconsin (85), Michigan, and Minne-
~ota with which a crew of o tractor dreiver and 1 or 2 planters can sei
out 1200 to 2200 frees per honr,  The Minnesota and Michigan ma-
¢hines have not yet been given a thorowgh trial, boy the Wisconsin
machines have heen wsed extensively sinee their development in 1843,

Beemise of their comparvatively wide wse, the machines developed
it Wiseonsin are deseribed in some detail.  Not only have these ma-
ehines been n=ed by farmers and Stare aned county ageneies, but also
by some of the pulp and paper companies,

Two rypes of tree-planting nuchines weee developed Tor estuablish-
ingr forest plantalions on land free Trom stones and Jarae stninps, One
i< desierned For wse by favmers on 0ld fields, prineipally on sandy sotl
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types, and the other is designed for use on cut-over sandy areas where
some stumps and brush may oceur®®

Lhe farm-type tree planting machine (fig. 14), designed by the Wis-
eonsin Agricultural Experiment Station, 15 built avound the modern,
single-bottom, heavy-duty traclor plow. The standard plow bettom

Fravuz 11—~The Wiseonsin furm-lvpe tree plunting maehine, built on n Johu
Lievve subsoll chnssis, with the shoe boisied out of the zround, The operators
geat is in ihe rear ol yinder it are the press whevls tint tawmp Lhe soil around
the troe rocls. This is nof o commervial mode).  {Photo couriesy of Bxtonsion
Fprestor, University of Wiseonsin,

is replaeced with o middiehreaker plow, under which is attached a box
shoe about - inches wide, 8 inches deep, and 3 feot long.  On the front
of the xhoo s a chirel 2nout that serves the double purpose of holding
the shoe in the ground, aud elevating the soit out of the planting trench
instead of merely prying apart a stit in the soil. A rear assembly with
press wheels provides a place for the operator to sit as he sets the
trees tearvied in one or (wo boxes just ahead of the planter) in the
trench shae.  The press wheels pack the soil around the tree roots after
a pair of plates. or berms, flow Joose soil into the trench.  Trees up to
 years of age may be planted easily in the 4- by 8-inch trench, but in
general J-year-old stock has proved most satisfactory except Tor jack
pine 2-year-ohi stoek is standard for that species,

The second model, designed by the Wisconsin Conservation Depart-
ment, s generally sinitar to the farm model, but is built around a
middicbreaker five plow.  Because of its extremely heavy construction
it will operate in land too stony or stumpy for the lighter, farm-type
planting machine.  The ordinary Tavm tractor will operate the lighter
machine, while & maderately heavy crawler-type tractor is required
for the operation of the heavy machine.

®Rased on 8 striement Mrnished by Wiseonsin®s 1xtension tovester, Fred
B, Trenk, wha plaved an fwrertant park in (e developmoent of {hese snnchines.
Cost licnres were supplied by Mr, Tresk, ¥, N, Fixmer of the Mosinee PPaper Mils
Co., aml B C Tosen of Lhe Nelooosae BEdwards Paper Co,
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The tree planting paris may be made so that they are deluchable
from either of the fwo models, thus permitting the use of the plows
during the balance of the year for other purposes. 'Tree-planting
attachments for the furm tractor plow will cost from $64 to $70 (pre-
war}, while these for the fire plow may cost about 3 moro per unit.
These costs may be liquidated casily in one season’ planting.  Com-
mercial models of the Wisconsin muehine, called tLe Badger Tree
Planter, are available.

Ao crew consisting of n tractor driver, planter; and stoek man
{who loosens the trees and hands them te the planter) can plant from
13,008 to 16,000 trees per 8-hour day with either muchine, but under
actual operating condlitions the daily production usually puns from
6,500 to 11,000 trees.

The economy of planting with these machines may be iflustrated
by records oblained from operations of four machives in 1944 and 1045
{table 14}, If the trees had been planted by hand, any compurable
costs for hand planting the sites would have (o include the costs of
furrowing, assuming that furrowing would have been necessary.

Figenk 3. —The Michigna Stabe fteforvsialor with frencher resting on the sofl
surfpee,  (Photu courresy of Porestry Departiment, Michigan State 'ollege.)

A free-planting machine called the Michigan State Reforestator
(7.2, which combines some of the features of the Wisconsin and
plaing shelter-belt muchines. has been developed at Michigan State
College (fig. 13). Mounted on n standard fnrm-implement uni-
arrier with power 1ifts, a8 is the shelter-belt muehine, it is otherwise
simiar to the Wisconsin machine. Tt differs principally in these
respects: The plow can be raised up for wse on prepared ground, and
through the ure of the uni-carvier. the plow is easily adjusted to
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Tance 14.—Costs of planting with two lypes of Wisconsin trcc-planmz i machznes 194446

Time per acre Costs per acre * Qosts per
Area Treesper . __..> thousand

planted acre ‘ : ) . trees
J.abor. © Machine Wages  Othert . Total? | planted

Machine

Aeres Number ~ Man-hours Hours - Dollars Dollars Dollars ; Dollars

Farm type:3 : o ;
Machine } . : 145 1,490 4. 55 28 2,40 .73 413 ¢ 2.77

1,23
Machine 2. .. ... ... .., . 100 - 1, 360 5,40 1. 58 2,70 2 4.91 ¢ 3. 61

7 1. 36 267 4.03 3. 63
78271 S282 553 3.07

Conservation types? : ‘ )
Machine 1. . .0 .. .. PO 232 - 1,110 3.922 1.
Machine 2 ... ool e 230 1, 500 54,00 1

0101 NILATTIAR AVOINTIDETL

T Tneludes tractor hire, fuel, répairs, depreciation on machines, ete:
? Exclusive of costs of stock which would add about 32 per thousand irees planted if jack pine seedlings were used, or 35 per thousand
trees for red pine transplants,
3 Light machine used ehieflyvion old field.
4 Heavy 1y pe used chiefly on land never hefore cultivated.
s Derived rom data supphc-d in another form, not from records of operation.

TUNLTADINDY 40 NdAd 'S ')

.
il




FOREZT PLANTATIONS IN THE LARKE STATES 65

varying depths; by lowering one wheel and raising the other, contour
plunting can be dene on slopes up to 30 percent,

Alhough the standard trencher on thig machine makes an opening
4 inches wide and 8 inches deep (as does the Wisconsin muchine), it is
ramovable and may be replaced with a trencher that will make an
opening to accommodate targer planting stock.

The reforestator can be pulied by an oedinary farm tractor, al-
though wheel-type tractors are not satislactory when planting on loose
sands or steep slopes. 1t is easily transporied as a trailing unit be-
hind & traclor or anutomwebile, sinee truck wheels have been substi-
tuted for the standared uni-carvier wheels, Under nonual conditions
f 2-map erew (tractor driver and planter) can seb out 10,008 trees in
an S-hour day with the velorestator.

The Forestry Division of the Minnesota (lonservation Deparlment
has developed & mnehine for planting trees on open sand plains {lig.
167, This niachine diffees from the Wiseonsin and Michigan -
chines in that no plow s used. The ground is broken by » trenching
shoe, Faicly extonsive trinls during 1049 indicaled that & 3-man
crew (2 planters and o traetor deiver) could plan( an average of 1,-
SUG trees per hour or Letler. A fter minor adjustments, it is planned
to nse Lhis machine extensively for planting Btate and county lands
in the sund plains,

ddvantages und Disadeantages of Mackine Ilanting.—The main
advantages of tree-planting machines are that planting can be done
more rapidly and with less labor, and at a cost of about 30 te 50 per-
vent lesg than for hangd planting comparable sites; ground prepuration
and planting are accomplished in one eperation.  Under comparable
comhitions, stoek survival seems {6 be about the same for both machine
and hand planting.

On the other hand, there arve some disacdvantages in machine plant-
ing: {1) Aveas with mueh rock, stumps, brush or other cover, orllae:wy
soil vannot be planted ; (2} roots over 8 inches long may be leoped, and
othier disadvantages ol Uwe slie method may develop; {3) only gener-
ally level arveas can be planted; and () larger trees are vequired than
for hand planting.  Maehine planting s a promising innovation in
reforestation: it merits wider (rinl to explore its full possibilities.
Planting machines are being improved constantly to make them more
rugzged, sater to uperate, and adaptuble to mere diflicudt planting con-
ditious.

Spacing or Number of Trees per Acre

Natural forest stands nsually begin with a dense slocking of young
trees wnel then gradually thin themselves with increasing age. For
insbanee, fully stocked, evenaged stands of the native pines in the
Lake Stutes at an age of 30 years range from 1,100 to 3,400 trecs per
acre, depending on species and site quality (/7). Younger stands
are nneh denser, Tt i3 not feasible, of course, to plant fvees ag densely
as Lhey oceur in young natural stands. Iewever, it is desirable to
plant enough trees per acre to produce w well-stocked stand in which
the evowns will elose by the age of 20 vears, and in which good-
quality products will grow,  The density at which the trees should
be planted varies with the species, quality of the site. produet to be
grown, the probuble mortality, the abunduiee of natueal seedlings of
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Freawe e 4L Minnesety treeplamiing nehioe. Nole (ot there is no plow
the trenching shoe peepaees (e grmuele £, The mnehioe in operation on
opell =and platine  TPhole cortesy of Torestey Division, dinimesota Conzervation
Disprnrtinent, b
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desirable species already present, and the probable opporiunity to
dispose of material cut out at an early age.

1f too muny trees per nere ure planted, not only is the cost of plant-
ing inerensed, but riso one or more thinnings may be necessary before
the (rees reach merchantable size, thus increasing the cost of estab-
Bishment even wore.  TF the trees are planted moderately dense, neces-
sary thinnings may be deferved until some merchantable products,
sueh as pulpwood, ean be realized, thus reducing the cost of thinning,
Later thinaings usually produce a net retura and help to Haguidate the
planting cost.” On the other hand, il too fow trees avo planted per
acre, even Chengh thinnings way not be necessarvy and the {rees are
large in diameter, they will have numerous lavge branches {hat cause
knotty, low-quality lumber,

An exmuple of the effeets of density of stocking is provided by
the comparison of two 33-yeav-old jack pine stands growing side by
side under fhe saume site conditions near Tomahawls, Wis, The densor
stund probably slarted with a spacing of about 5 by 5 or 4 by G feet,
whereas the more open stand il an original spacing of about 10
by 10 feet. "The tweo stands ave compared in tabie 15,

The following conelustons may be drawn from this comparison:

L Wide spacing represents an enormous waste of space~—While
the dense stand produced H24 cubie feet of wood for every 100 square
feet of ground area (L8ET cubic feel per acre), the poorly stocked
stand produced only 119 cubie feet. The wood production of the
avea occupied by the poorly stocked juck pine. therefore, was only
39 pervent eificient.

2, Wide spacing nwvers the efffeieney of growth—In the dense stand

o
eaely squure Toot of busal avea ab breast height supported éfé? or
85.
216 cubie feet of wood, while in the poorly stocked stund 1 square
foot of basul aver supported only 164 cubic feet of wood, or 24 per-
cent less,

3. Under poor density of stocking. brash, grass, and other vegeta-
Hon secupy more gronnd spuee than the Lrees themselfves—The dense
stand showed that on the average abour 32 sguave feet of ground area
was ovcupied hy one tree. The spuee per tree in poorly stocked pine
was T sgquare feet. ITn nornul stands where the erown canopy is
closed, sbout 38 square feet of ground area Is needed per tree. The
dense stand approuehed this condition. but the poorly stocked stand
wasted almost 100 square feel of ground per tree. 'This waste aven was
gecupied by brush and other vegelation.

4o No thinning s passible nnder poor densities of stocking—The
poorly stocked stund contined only 5 vords of wood in frees just Tnrge
enougly for pulpwomd.  TF these werchantable trees had been cut,y the
stannd would have been completely vuined, and the avea lurgely oecu-
nied by hrash. In the dense stand. on the other hand, it would have
been possible to remoeve xs many as 10 cords per acre without convert-
ing the avea to brush. In addition. suelveuttimg would hiave improved
the growth ol the renmining trees,

G. The yuality of wwood in the poorly steeled siand was very low—
Lurge, bushy crowns, heavy Thnbs, etes, oncsome trees made the wood
praetivally worthless for pulpwosd. The analyvsis i (able 15 does
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TanLe 15.—Growth comparisons, per acre, for well-stocked and poorly stocked stands of 85-year-old jack pine growing on
‘ the same site, by diameter classes

Good stocking ” Poor stocking

Diameter breast high' (fnches) Total | Merchant- Total Merchani-

able Height volume able Height

volume volume volume

Sguare | Cubic Square | Cubic
Number | feel Jeet Number | f Jeet
106 Q. 6 3 5 .
187 4. 64
248 12.
20.
17.
16.
8.

L

=

7
18
81

LV -Re clel SRv e g ve]
B s J0 S OCT~I W

6
1
2
9
3
7
5
.5
3
.5
6

85. 15.9

1 This table was prepared by 8. R. Gevorkiantz of the Lake States Forest Experiment Station.
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not consider this important loss of volume. Had it been considered,
tho comnparison between the two stands would have been even more
striking,

Plantings have been mude with spacing between the trees varying
from 3 by 3 to 10 by 10 feet. "The latter spacing, which requires only
435 trees to the acre, is too wide. Prior to 1933 a large proportion
of the plunting on the national forvests was doue with 708 to 800 trees
to the weve, which is the equivalent ot a spacing of abont 7 by § feet.
Zince 1933 the national forest plantings have averaged close to a 6
by G-fool spacing, or 1,210 frees per acre. The Wisconsin and Min-
nesota State Novest Services in thelr recommendations to private
owners have usually suguested § by G-foot spacing. On the State for-
ests in Michigan, close spacing of 3 by 8 or 4 by 4 feet was used in
some of the earliest plantings, but the density has wveraged about
SUO Lrees per acre spaced about 7 by 7 feet for the bulk of the State
plantings.  On the averuge plantation in the Lake States there are
Trom 100 to 200 trees to the nere of natural jack pine, oalk, aspen, or
other species, it addition to the planted trees.

As o good general average, a spacing of ¢ by 6 feet can he recom-
mended. At this rate the branches of the frees come togethier when
they are from 10 to 20 years old. The Jower branches of the pines
begin to die from shading between the ages of 15 and 25 years, when
they are nol more than 0.75 inch in diameter and average only about
0.5 inch. By the time the trees are 25 years old, the branches will
be dead 10 to 15 feet from the ground. At 25 to 30 years, when the
Lrees are - to 5 inches in diameter, some thinning will be necessary
(37) to maintain rapid growth aud thrift. Thinning at this age
sometimes is the first opportunity to obtain income from the planta-
tion wnd thus reduce the rapidly mounting investment.

The standard spacings adopted by the Forest Service for tree plant-
ing in the Lake States ave as follows, and mny be used as a guide:

Treex

i Spacing  peracre

species: Sile quatity (feety  Diumber)
Fastern white pine.. oo ...

Red pine oo Good to medium-._ 6 by § 908
Whike spruee. oo e

Jack pine oL ..o mwowtloL Lol Ghy6 1,210
Lenstern white pine. oo oo ...

Roedpine, oo ooo o awuenowoa. Madiumtopoor.... Ghby & 1,210
White spruee . _.. e e emmmmaeea

Juek pineo oL L.l . cooeea. ooootboooooo_ .. 4 by 1,815

Hardwoods- ... .. ... . ... tiood tomedivn.... Gby & 1,210

Havilwoods o oo n oo R, Moedium to poar._.— 4 by 6 1,815

Tor specinl purposes, such as evosion planting or where spruce
is planted with the idea of removing part of the stund for Christmas
trees, denser plantings up to 4 by 4 feet (2,722 trees per acre) muay
be justified. There is a possibility that hardwoods should be planted
closer than recommnended in order to avold excessive limb developtnent.

Organization of the Planting Operalion

The planting operation should be planned in advance, taking into
consideration the aves to be planted, the number of trees that will be
planted per man per day, and the number of men requirved to do the
job in the time avuilable in one or more planting seasonus. The canp
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or camps, if needed, should he eavefully located as near to the planting
site as possible, and yet aceessible te a road or trail by which equipment
and stuck can be brought in (7).

Local men, farmers, and settlers in the vicinity usually make the
best planters. LThey ace likely Lo be available i successive years,
and theiv accumutated expericnce will muke their help inereasingly
valuable. Buch men take more interest in the work sl the time and
are more interested in the plantations ufter they ave estublished.

Foremen, straw bosses, and others supervising the planting opern-
tion shounld be thoroughly versed in the techniques and procedures (o
be employed.  New planters should be trained for a duy or two in
haudling the tools to be used. After that has been mastered, they
should be allowed to plant for anotber 2 or 3 days in o training crew,
where the main emphasis will be on the teclnique of planting. When
theiv abilities wre definitely evident the planters should be sorted into
fast, medium, or slow crows, so (at each man can plant with others
of similar abilities.

Oudinarily, vne foreman cannot adequately supervise a crew of more
than 13 men.  However. if he is given 2 experienced subforemen or
slrow bosses, e can handle 2 sneh erews. - The main efforts of super-
vision should go into: (1) Checking caclt planter several times a day
to see that he 1s planting correetly ut the desired spacing nud keeping
his trees well coverod with moist sphagnun moss or burlap; (2) keep-
ing the crew properly lned ont and held togethier; (3) secing that
stoek and water is distributed as needed s and (4) soeing thad each man
accomplishes o proper day’s work.

Lach erew should have a stoek num who will see that the hales or
erates are kept moist and shaded: that the unused stock within them
is kept well packed; that the planiers’ bhoxes are well pacleed with
moist moss cach Lme thelr stock of (rees is veplenished ; that stock is
nsed in the proper order, 1, ew stock out of the nuresery longest is used
fiest; and that the Toreman is infarmed of the amonnt of stoek on
band at the elose of each day.

Crew members should procecd. as nearly as possible, abreast of cach
other when planting furrowed areas, o plint sealped o unprepared
arens, 10 1s best to have the erew opecate Ina dingonal line o echelon.
On unprepared arens some sort of guide, siueh as Nags, poles, cte.,
should be provided to inanve reasonably straight rows and to make
certain that no part of the area is missed.

A new method of evew organization. whicl is veported (o nerease
pliniting effiviency, has recently been used in Oregon  Nuown as
the unit-planting system, (his wethod provides for ench planter to
work alone in an area selected by the forennn as representing aboat
1 day’s work for one man. In the moriing eachoman eareies in enough
trees bo last him for the day, bis own water bag, and his hineh. This
eliminates the need for stack men and water carviers. Stnee he is on
his own, each planter knows (hat Lis production as well as any excel-
lencies or deficiencies of his planting can be ativibuted directly to hin
by the foreman.  “Phis has o tendeney to leep eacl man hewing Lo the
line at the puce best suited to himself.  Ax apphed by its origingtor,

¥ Dogseribeal by Noss T, Dowles, chier forester, O D0 Jolmson Lumber Corp,,
Toleslo, Orew,, in leiler dalivt Septeaiber S, 10450 [On e Lonke Siales Forest
Wxperiment Stiilon, |
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this method of crew orgunization has increased the number of trees
plunted per man-day and reduced overhead. Although developed
with crews of 18- to 17-yenr-old boys, the unit-planting ‘;thcm should
be eflective with certain other classes ot labor.

Lavge-scale planting, covering a sevies of years, requires the services
of a tmmed man to make ])1:111&, prepare maps, organize crews, and
supervise the work,  More detatled discussion of such operations can
be found in United States Departiment of Agricolture Bulletin 475

(80).

When te Plant

Suneeess is most likely to attend reforestation if the trees ave planted
in a dormant or near-dormant state, in maist soil, duiing cool days,
Cloudy days with high huwidities and low wind velocities are particu-
larly favorable for pluntln'r In the Lake Siates good planting days
nmy oceur almost any time from April te December, but they are most
apl to oceur in the spring or fall: consequently the creat hulk of the
planting is done during those two seazons,

SIPRING VERSLU'S FALL

Experience indicates that beiter initial survival vesults from spring
planting in the Lake States.  This is particularly true on the Toans
and heavier soils where fall planting usually resulis in serious losses
caused Ly frost-heaving.  'Fliese points are well illustrated in the
following tabulation of the results of an experiment carvied out in
eight different localities on the Superior Nutional Forest in Minmesota
{0).

Pirglyear surpival of 20 red

pine
Lhuarted Plited
. . spring of 1838 foll of 1935
sl Lilll,:‘i-é: fpcrrgm} {pcér:;nr]
Juht . e e e 5
Medinm e e 70 36
ITeavy . . S a6 17
Average, all elusses .. 66 a3

These findings attain added ‘«lnrmht anee whvn it 18 realized that the
fall of 1933 was Tavorable, followed by a good winter, and that the
spring of 36 was vather dry and unfavorable for planting in that
locality.

A survey of older plantstions in Minnesota, Wisconsin, and Mich-
igmn, most of then on the lighter soils, showed that 20 years after
planting, those extablished in the spring had on the uverage a survival
S pereent higher than those est: ablished in the fall. Fmthmtnow, ]
recent analyvsis of 1- to 3-year-old national forest plantations in the
same States showed that in the ease of jack pine. eastern white pine,
and white sproce, the suevival of trees plan{otl in the spring was from
1 to 27 percent grealer than for those planted-in tho fail.  In addition,
inan experiment on the Huron Nutional Forest, 2-0 jack pioe pl.mtud
in the spring of 1957 showed frem 8 to 17 percent greater survival at
the end of the first vear than did the =one kind of stock planted on the
same site in the fall of 1936,
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Not all of the extra mortality associated with fall planting i3 due to
frost-heaving. Ifven on the lighter soils, where frost-heaving is not
a problem, spring plantings survive better than {fall plantings. Un-
doubtedly an important cause of fall Tosses is excess transpiration,
pavtienlarly in stock with comparatively long, succulent tops. That
this factor causes heavy losses—up to 15 pevcent mortality—in such
stoek, usaully within u few weeks after fall planting and before snows
or severe winter temperatures have set in, has been noled over a perioed
of geveral years in experimental plantations on the Huron National
Torest. ‘I'he roots ot the fall-planted troes ure dormant and cannot
supply any moisture demands of the tops until the following spring,
wherens the roots of spring-planted trees are usnnlly in growing
conclition amd can cstablish intimate condnets with the seil almost
immediately.

Despite the abundant evidence that better results are oblained with
spring planting than with fall planting, there wre some ndvantuges
in fall planting: (1} The planting scason iz apt to be longer and is
more cevlain onee it has started; theve ave Tess apt Lo be unscasonable
dry or warm spells in the fall than in the spring.  {2) On the lighter
sanly soils resulis are apt to be nearly as good with full planting as
with spring planting. (3} The planting stock is not likely to break
dormancy during the planting veason. {4} Where rural abor must be
depended on, Tal) coineides better with periods of glack work than does
sPring.

The safest and most general Tale 8 to plant the frees as soon as the
wround ean be worlked after the frost woes out in {he spring, and
biefore the free buds have opened and new growih is started. It Is
therelore desirable to obinin the frees from o narsery as near fo the
Planting site ax passible.  "Prees for spring planting sheuld be ordered
wn the winler and Tor fall planting net Inter than the preceding spring.
The begiuning of the spring planting seagson is het ween April 1 and 10
in the waviner sections suel as lower Michigan, and about April 15 to
May tin the northern part of the region. Wilh [avorable weather,
planting can he continued until carly in June, altheugh the later
plantings ave likely (o prove loss successful than the carlier ones
{47,

Planting sheuld not be undertaken when there has been more than a
week of dry weather, 10it ean be avoided. Tt 1s best to heel in the tvees
wheve (hey can e watered, and wait until rrin comes before continu-
ing. Towever, on large jobs where many men are employed such a
plan mayv net be feasible (87).

Fall planting may begin with the first geod rains in September
and enntinue through October and sometimes November., Planting
too lute int the fall is undesirable, THardweods should not be moved
und planied in the fait until they have dropped their leaves.  Species
that start thelr growth very early in the spring, such as Europenn
lareh. are more likely to sueeoed when planted in the fall. Drought
periods ~hould be aveided in planting,  In geaeral, the Tall is hikely
to be a litite deier than the spring {37).

Spring planting can be begun several days earlier. and often before
plowing is poszible, iT furvows have beon plowed the previous fall,
beeatize furrows thaw out before the adjacent =od.  Tn the fall, plant-
ing in Furraws peeviously plowed may begin immediately after the
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fivst good rain. It would often be impossible to plow and plant im-
medintely at that time becouse the soil below the surfuce would still
be too dry. Plowing the furrows well in advance of planting, there-
folrlv, inereases the length of the planting senson both in spring and
fn

Under favorable conditior s, successtul planting can also be done in
the sununer (&4, &), "Uhe vesules of several smull exploratory tests
condueted in Jower Michigan over the past 20 yeurs have shown that
sumtuer plantings ocasionally may be superior to spring ov full plant-
ings,  However, this anomaly occurred ouly when the conditions sur-
rotnding the summer plantings were more favorable {(govd soil
moisture aml clowdy, cool weather) than those surrounding the com-
pared spring or full plantings.  Since it is only in exceptional cases
thet swnmer conditions wre more suitable for planting than spring
or fall, planting between June L and September 13 cannot be recom-
mended as x genernl rule. Aside from the unlikelihood of Tavorable
planting conditions, the greatest ohjections to summer planting stem
from the difficulty of caving for large amounts of stock between the
nursery and the planting stie, and the vapidity with which weather
conditions may change,

EXTENDING THE PLANTING SEASON

Becanse the spring planting season is the wost favoruble one and
yet the most uncertain, eflforts have Leen made to extend it by artificial
means.  Since conditions at the planting site cannot be controlled,
these efforts have gone into lifting the stock in the nursery before the
tips have berun to grow and holumy it in cold storage (in a dormant
rlate) until conditions at the planting site ave favorable for its use.

Observations near Roscommon and on the Manistee Nalional Fovest
i lower Michigau shaw that jack pine. red pine, casiern white pine,
and white spruce planted after the shoots have grown noticeably lose
those suceulent shoots by the eod of the season, "Whether this drying
up of the tips is more serious than the loss of height growth for the
year through cold storage cannot be suid definitely. It seems logieal,
however, to nssunie (hat trees plauted afier ihe shoots have grown are
wenkened somewhat and ihat avenues for the entrance of injurions
fungi nre provided by the dead tips. _

Stock storage facilitles nve now available at severnl of the Forest
Serviee nurseries in the Lake States, and tests ave under wu])' to de-
termine the best storage practices for varvious kinds of stock. The
first year's vesuliz of one such comprehensive storage test conducted
near Rhinelander, Wis., showed that cold storage for periods of 1, 3,
Sk and 9 oweeks ab 50° 10, hud no adverse effect whatever on nurscr{r
survival - the stock was transplanted in lieu of field planting—ot jack
pine, red pine, or ezstern white pine.  "Lhe longest period of storuge
(o weels) did, however. eause a considerable dropping oft in size of the
stoek when measured the following fall.  This indieates that if spring
transplanting 15 done in Lake States nurseries the stock should cer-
tainlx be in the ground before the end of May. _

The 3-week storrge period at 40° I, caused a significant drop in
survivid of 2-2 white spruee transplanted n 1he nuesery. Tlis ini-
cated, us hud been suspected, that white spruce is more seusitive o
slorage than ather spectes.  bes nursery survival for the 0-; 1-,2-, 3, 4+,
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and J-week storage periods was B9, 100, 96, 06, 93, and 8t percent,
respectively. ‘This species showed the same general tendeney to drop
off tn sizo with the lengthening of the storage period—the J-week
stornge lol had the smallest stock in the fall. This can be attributed
very simply to the reduction in length of the growing season, becanse
of prolonged storage.

Planting Aepen and Brush Lunds: A Special Problem

Within the northeen Lake States there ave some 6 million acres of
commereinl Forest land covered with low-quality aspen and up to 4
million additional aeres covered with brush® Muel of this land
formerly bore valuable coniferous forests, L, as ¢ result of logaing
anel subsequent lires, it has been reelaimed by bBrush and <lelective
a.»;‘pen of little or no vatue ax wood crops. An extimabe of the aren of
off-site uspen fands in need of planting (o convert then to valuable
forests is given in table 16,

Observations within the region indieate that only under the most
Taverable comditions will wspen or brusl be converted (o valuable
conifers and hardwoods by naturval processes within (00 years, Tn
muest cases it will falee muoch Jonger than that,  In visw of these eirs
cumstanees it becones of considerable importanee (o replace the low-
vilue aspen andd brash with valuable conifors and hardwoods by
artitietnl means: that ix, through reforestation, where wood products
nre to be the main shjective of management, A considerable portion
of the aspen and brensh Tands may be enough higher i value Tor wilds
Hfo or other purposes to warer keeping it as i s,

Aboul one-half ol the offsite or Tow-quality aspen stands are either
young enough or elose enough to matueity to be plantable under the
sufrrested conversion methods.  The other hulf will become plantable
as they vench matureity ju the next 20 to 38 years,

Adthough there has been @ natael predilection Tor easy planting
chanees. considerable plauting of pine and sproee has been done in
the Lake States nuder pspen and brush for the puorpose of eonverting
such =tamls io the more valuable species. Unfortunately, mueh of this
planting was waste etfort. ¢hielly beeause of Taith in (he nnese erop
theory, which assumes that withont any further ald from man the
overstory will proteer the planted trees during eacly Dife, and then
obligingly open up ut the proper time and aliow them o pass through
and grow umuelested.  Experience has proved this theory a delusion,
Aeinally such underplanting can be suecessful only it consrant atten-
tion is griven to the removal of competing vegetation,  With the pines
che overstory removal must begin early; with sproces it may be delayed
romewhat longer.

Pests enrried ont by the Lake States Forest Experiment Station,
chielly on the Chippews Nationad Forest. during the past 1) vears have

e brush type Ginelnded o estimared telads, table 3 p TH s made up of a
varlety of species, promionent ameng which are Soeriean aned Gegbos) e,
nwaritpdn mmprte, virims dogweoesdss and ospeekled ahler, Tl aspon fepe s
chavacterizod by rthe following speeies: (naking nspen, higlaoth aspen, balssm
puplae, wml paper hivel. :
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TanLi 16.--Istimated off-site aspen land in need of planting in the Lake States, by ownership classes and species suitable
Sor planting

[Thousand acres, i, ¢., 000 omitied)

Ownership ‘ Species suitable for planting

i
§

State and unit!

aspen 3
vate

Northern |
red oak

Aspen {ype ?
Federal
County and
municipal

Upland  off-site

S Other pri-.
. Kastern
1 White spruce

¢ white pine

t
¢
i
¥
¥
i

" Farmers
Red pine
i Jack pine

§
h
¢

1

Minnesota; l : :
Northeastern: S 2,305 ¢ 639 183
Central pine.. 2,322 41,1200 172 ;
Rainy River: ... . S 056 202 13 : : 5 31 ¢
Hardwood. . . . : 276 31t f 1
Prairie. . . = : j 153 : (‘) {4y ! 0

-
==
oo

1

Total L U (3'012"1 992 .soa 455 1 51 07 | 330 | 3

Wisconsing ‘ : 1
Northeastern. el a0 ; 283 2
\urtll\\c\tcrn.u . oL 2,189+ 7020107 215 141 222 270
Centrul . B ) y 834 ¢ 4197 1 : ) 103 9‘7 161
Soutln\cstern L : IR 95 25 () (1) ) 0 1

Total .. . . o ;mowsmi 238 © 56| GO8| 405| 717

o}
o
=
t=
w
=3
]
L
“
2
3
—
(=}
7 “
m
Z
|
5
5]
w
2
=3
ol
n

Michigan: ) ; ; f i
Eastern Upper Peninsula. .. .. .0 0 1,006 301 . 58 ¢ { 127 60 139
Western Upper Peninsula. . AR 1,061 f 413 i 62 ¢ : 241 85 179
Northerp Lower Peningula. . ... 0 ... 2,602 ¢ 1,526 | 148 3 5 670 1 348 586
Souihern Lower Peninsula .. R 302 103 1 ! 26 24 50

POl e e oy 4,071 2,343'1 260 1 596 206} 1,064 517 954
Total, Luake States- o -e cune wneenes..] 15,593 | 6,199 | 875 ;,1,111 11,250 | 2,002 | 1,269 | 2 553

t These-are the Economlc Units used by the Forest Survéy: 2 Exclusive of deforgsted area. - 3 On former pine types, ¢ Less than 500 acres,
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brought to light ecertain essentinl requirements for successful con-
version practice (66}, Briefly, these requirements are as follows:

L. Areas cut or burned within the past 15 yeavs, particularly on the
better soils, should be fikst eheice for conversion.  Aspen morve than
10 feet in height growing on good soil should be allowed to rveach
maturity before converting it to conifers.  Aspen on poor soil may be
converted at nny wge, but the task beeomes very expensive if wider-
tnken in stands more than 15 feet in height,

2. Planting should be confined to the following species: jack pine,
red pine, eastern white pine, white spruce, and possibly Novway spruce.
The chotee of species should be governed by ihe soil.  (Sce recom-
mendations in table 7.) _

3. Only theifty, stocky, high-quality planting steek with a minimum
height of 6 inches should be used.  Classes of stoek vecommended are:
jack pine k-1 ; tedd pine -1, 12, or 2-3; castern white pine 2-8; white
spruce and Novway spruce 2=2 or 2-3.

4. To permit salistnetory growth of the plantalion, the aspen over-
story shoukt be thinned enough to allow at least 50-percent light to
penetrate it However, cach plinted tree should receive some shade
for part of the day.  Nut only must the overstory be (hinned, but to
insure satlsCactory survival it s also imperative that competition from
shrubs and other Jower vegetation, such as bracken fern, hush honey-
huekle, and lavge-leaved aster, be removed, LEarly trials indicated
that both operations could be accomplishied at one time by wse of the
Olympie plow {fig. 17).2  Iowever, sprouling of aspen and brush
was so prolific in the ¢leared strips that subsequent release needs were
almost prohibitive.  The Miunesota-type pusher plow, which is a
heavy planting ptow mounted in fronl of a fracler, is move sakistue-
tory. Probably the most effective ground preparation and reduciion
of competition ean be accomplished with the Athens-type disk plow,
although (his may result inalmost complete and immediate elimination
of the overstory,

3. Fhe seil must be prepaved thoroughly m advance of planting.
Well-made sealps are satistuctory but furrowing or disking is usually
cheaper and morve elfeetive in reducing competilion. Lo carry ouk
conversion practices at a veasonable cost, it is desirable to use special
heavy equipment that makes it possible to perform ihe thinning, ve-
moval of widergrowth, and ground preparation in one or, at most,
two operations.  Furrows should be spaced as closely us is feusible,

6. Trees shoutd be planted closely, about 4 feet apart, in the fur-
rews, o -k hy 6 feet in sealps, to permit enrly closing of the crowns
with attendant early reduction of competition,  The wedge or center-
hole niethods of plauting should be used.  Planting should be done
only in the spring on heavy soils,  Either spring or fall planting may
be done on the xandy soils.

7. From one (o three annual weedings should be mwade to enable
the planted conifers to gain ascendaney over the competing under-
arowth.  Cure must be taken to prevent the establishment of a se]
avound the trees, which may vesult from too many weedings.

= 3'he Olywpic plow is a modifted alldozer havieg a heavy V-shaped shave built
of welded geader bBlades, benealh which Is aitached 1 heavy shioe to prevent mndue
digging,  Phe hulldozer frame wilh blade is mounted on 0 33-horsepower avmored
tractor, It clears a strip about 5 fect wide free of brush and smail nspen.
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8. Afler the planted trees have veached o height of | to § feet the
finul removal of the overstory shaald be started (lig. 18). 1t is desie-
able that the removal be done in mere than one operation so as to give
the conifers time to elose thelr canopies before they are « amplelely ex-
posed.  §f (he overstory trees have no commereial vadne they can be
removed by girdling

i ‘.: . | . . :
! Y :\f‘x B W L VP h‘. . u‘ri
F-aai2h

T rie I - View Tn §4037 of Jock pine planied in the Fall of T3L Three word-
fngs Bave been e il e romnining a<pen dresd just gicdled.

The plantations must be proteeted Trom fire indefinitely, and
flmil the depredations of sbowshoe haves rahibitscand deey untit the
trees tmove teached suflicient size to be onnge from such danage.

Usitgr the beavy equipment now avaijable. heavy planting plow or
henvy disk plow (lig. U aspen or heoshilands can be eonverted {o
conifers ai n probuable average prewir cosl of 520 to 555 per aere,
This cost ineludes preparation of sive, mabbit conteoll planting stock,
planting and four weedings,  Adthough it is foghy it is not oot of
reason, amd i~ guite Jow when nnupdlt'tl with the =30 Lo S100 pey
aere regquired when heavy eepaipment 3= not nsed (601,

Large-scale projects of converting aspen aud by ushlnds to conifers
esnnot be recommended until administrative experience in such work
bas been acewnndaied.  However, snmli-=eale conversion  prejects
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honth] bae earried an neder several conditions theongliout the reeion
vprot siv siech enperfenee can, N er experienee bis been gadned.
oty et~at of aspreroond bensbilarels g be oiven high ok mnong

eTul vorsersaton profeers 1o be e ieteken duving ~lack periods of
VrpHey el

F G680

It 2 b e prvd abnd b Jiein s benisbe o posr gqualicy nspeen, "Phis
Bae vl boee ot i orinetiog warly e Sibvmpie plow,

=
>

Planting Fowd and Shelter For Wildlife

Choae o e aneren=ine sy valnable prodocts of the Torest, chielly far
ceo et e pirpomees 1= wibfyfes The e bivdss Qe beavers, and
e Tovea ttael nsthe vpo the Torest wdlife ave certain regaire-
coes et anaet Dot 5F they are to theive indesired nantbers, Tiy
coversl thes wemd ovarnay ol plaats ta provide food dloonghon the
vt vwcrsterd oher o= it e Poest, and oeeasionad dense voverts
e womiter s T pequirenents <lionld e taken Into conslderation
St pive ey hrpesenle plinging proceinn,

Tae e ol varnatzons i ~oily kitad o dlonsity of Torest cover
decatote ent Dot sl other phiyvsiead wnd biologteal Tactors, cotuli-
faecs b~ ok ol iy <hold Be favorable for willd e <pecies.

Poliest o Yoeet= thed gre given ~one ~chlaner ol bssigentent.
Law s ooy, Taree soale sieee==ab plinting and etlective e
gt ton o preduee exteneive arens ol dense forest wrowth pre-
Ceme ety el o ar D speeiess Where sl veneditions prevail,
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some measures will have to be taken if wildlife species ave to be muin-
tained in relative sbundanee.  Openings of 14 to B acres, to make up
at least 10 percent of the arvea, should be provided, and it browse,
berry, and edible-sced plants are lucking, they should be planted
therein {fig. 20). Onec authovity (24) recommends that ont of each
quarier section in the planting avea, & 46-acre paich be omitted from
the regular program and planted with some gume-food species.

B-1F 003

Fgvers 20-~Fivornble cover comlitions for decr. Smndl opening Bl with
wostern fhimbleberey, common red rasplerry, fnd imominin muple.  The sur-
roustding forest Is ehiefly Bluck sproce, northeeas whitc-cedar, amd bulsian Uy,
(Photo eourtesy of Wish pud Wilkllife Servieo,)

~ Over 100 species of trees and shirubs, which are hardy in the Lake
States, nve known o provide wikdlife foods (3, 86). 'Lhe majorily ol
these plants also provide cover for animals. Speeial planting of {rees
and shrubs for witdlife purposes ordinarily, however, should be limited
to species thaf Turaish food during the seasons when it normally is
searce. The most useful wildlife-food plants, hardy in the Lake
States, ave ns follows (88):
l’jants: Proferved usg

ADPIOS e e mmmmmmme e e o= ETREL A1 Druwse,

Balsam e o . e e L3UDAWRE,

B b ey e e e e --. Froit

1eceh D,

Birehos e Lirowse,

Lilnckberries Fruit.

Bloebertivg e oo cmeea . e Frail and browse,

Tlack eherrya .. . B L[ 2

Chokehertio8ccmc e e e .. LiPOWsE,

Viewinit Creeplyoeoe  caoom. .. Fruit,

BRI - Frenib and Lrowse,

IFiiberls AroWse,
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Tlants—Continued Preferred sze

WIIJ grapes

¢ rmmeme Fruit.

I wWEhorns - e s Do.

Homlock vmwe Dirowse,
Fluekleherrleg oo o e ———r Fruit and browse,
ONlileld commen Junifrer. .- .. Trowse.

Mnples. e mm mme o,

& 110 X — Fruit and browse,
DR LTI T S emcmm mem——— Lirowse.

Sunmes.....

- Fruil and browse,

IO e e e FPruit,
Norvihern whlke-eedar e _. oo Tirowss.
WD el e oo e 1Pyt
Checkerberry svintergroon.__ .. Dirowse.

The following list includes the trees and shrubs that nve important
food sowrces for several important wildlife speeles in the Lako

Ntates (53).
Brd :
Bobwhite, . caaenes

Wild dueks .ol
Mntnted greuse.
Ruled grousta.co ..

Shurp-tailed grouse. ..
Ring-necked  phens-

nnts,
Nongnme bivds ...

Aninnl
Benver oo R
Biack bear, .

Cottontail . . .__

White-tadlod devr

MEe i v a s
Gray fox ..
Ited fox. .. L
Snowshoe hare o
MoeSE - e
Raccoon .o ...
Eastorn skunk._.. ..

Gray and fox squir-
rels,

Impartunt fugd plents

Apples, Awerienn  bittersweet; wild grapes, onks,
shining sumie, wl cowmmen winterberry,

Dogwoods, wild geapes, and oaks.

Birehos, clwkebereies, iberts, and poplars.

Tieehos, American becel, blackborrles, binebervles,
vhervles, dogwoods, Blheets, wild 2rapes, haw-
thurns, eastern bophorobenn, huekichervies, onks,
paplies, snnies, aund viburmmm,

Alders, birches, blugherries, cherries, hueklcberries,
Jumipers, poplars, wikl roses, and willows,

Doegwoods, wild  grapes, Diwthorng, wiikd  roses,
sumnes, amd Amerienn eranbeceybush viburoom.

Liackberries, biucberries, cheveies, Virginln ¢reeper,
dogwomls, wild grapes, Droenbriers, bhawthorns,
hiekleberries, oaks, vaspborries, wild roses, sevy-
feeberrics, and sumacs,

Alders, bivehes, poplirs, nnd willows,

Apples, Dbenrberry, Awmerienn Leeel, blackherries,
blachoerrios, hoekleberrics, oaks, and rasphoreies,

Anpples, basswood, Americouw elm, vastern hophorns
beouw, Anmerlean hornbenan, blnek locust, red oak,
red waplke, angd Smnes,

Apples, wliite ash, Amorvican bepeely, blaelk hirel, paper
hirely, yellow bireh, black eherey, chokeeherey, Unl-
s fie, eastern hemlock, oldlield cammon juniper,
retl nuple, striped maple, snghe maple, rot onk,
giunacs, oorthoern  white-cedar, witeli-hnzel, aud
Cimudn yew.

Ashes,  basswood, Awmerican heeeh, bivehes, and

mples,

- Apples pud wild grapes,

Apples, hlusherries, black ehervies, and willd grapoes.

Speckled nlder, bivehes, bolsmm Nie, piues, spruces,
Lanutraek, northern whilp-cotdar, amd willows.

Birehes, balsam v, 2iriped maple, mountain-oshes,
poplirs, mul witlows.

CApples, Anertean beeeh, black  elerry, Virginin

erooper, wikl geapes, oilks, and vibornums,
Blackberries, cherries, dogwoods, plums, and rasp-
borries,
Awerican beoch, eheorrles, fiiberts, and oulks,

Mauy of the epecies in the list have had Tittle or no place in past
reforestation work  consequently, their use invelyves the solution of a

877641 ~50—~0
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host of new problems by the nurserymen and planters.  wince most
of these problens ave still lavgely unsolved and since planting for
wildlife purposes is very new, only general divections for such worlk
can be given. .\ fact te bearv in mind is that many of these species
also provide food for certain beetles, the adults of the white grubs.
A large supply of such plants might lead to severe grub infestation
in nearby coniferous plantations.  Another point to consider is that
wild currants or gooseberries are alternate hosts for white pine blis-
tet vust, und chokecherry is suspected of harboring a pench disease.
Actually sume T0 species have been grown in Lake States aurseries tor
wildlife purposes, but the tendeney now is to simplify both nursery
and field planting problems by settiing on o list of 10 to 15 species for
this purpose.

Much of the rather limited planting for wildlife purposes so far
done in this region bas been a failuve, chiefly for two reasons: (1)
Selection ol speeies poorly adapted to the site, and (2) browsing of
the planted stock betore it could establish itself. ‘The trend among
wildlife speeialiats now is toward providing wildiife food and cover
chiefly through management of natural growth, and to resort to
planting only in special cases.

The correlation of regudar veforestation worlk with wildlife requive-
nients ean confribute n great deal tonaintaining faverable conditions
for v ildlife, This can be accomplished by such practices as: (1)
Avoiding the planting of areas of high valne for wildlife as they are:
(2) preserving as much as possible of any natural vegetation valuable
for wildlife purposes in the course of ground preparation, planting.
or subsequent release work: (3) establishing mixtures of conifers and
havdwoods; {4) block planting; and (3) occasionally opening an
edee®  Ruch matters should he taken info consideration in drawing
up reforvestation plans,

Tn the light of present sketehy knowledge, the following practices
are recommenced :

1. Use good, sturdy stock with o top length of at least 6 inches and
a well-developed root system.  For conifers this will usually mean
2-9 or lavger stocl, and for havdwoods 1=0 or 2-0.  For species that
can be propagated by cultings, only well-rooted cuftings should bhe
used.  Althongh the transplanting of wildlings may be successtul,
uursery-grown stock should be given preference.

2. Tlee 2 method of planting that will give good root distribution.
Except for stock that is predominantly taprooted (snitable for slit
planting). the wedge or center-hole methods should be used.

3. Although furrowing ordinarily will not be feasibie for wildlife
plantings. since planting is usvadly done in patehes, ground prepara-
tion should be thorough. Scalps should be large (24 inches square)
ancl well made,

4. Species should be planfed only on sites to which they ave weil
adapted.

5. The planted trees or shrubs should be given adequate release and
protection until they are able to maintamn themselves.  Obviously
wildlife plantings should he made anly where there is sudficient popu-
Tatinn enntrol to prevent overbrowsing,

I wilitlite management, an cd=e 1s a boundary hoefweon fourll o eover types,
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Planting for Evosion Control

Soil erosion is not especially serious in the northern Lake States
because the topography is in general relatively lat und because the
greal bulk of the area is covered with vegetation of some sort.  Some
soil erosion, however, does take place almost wherever the soil is
cultivated, and locally it may present a sevious problem. In the
southern part of the Lake States, especially in the nonglaciated aveas,
s01] evosion hay assumed serious proportions,

Nature contrelled erosion with vewmetalion, and man has found no
better means of prevenling soil wastuge. Terraces and other me-
chnical or avtifictal structures minimize soil Josses on cultivated fields,
bue & complete job can be done only with the use of plant eover (703.
Al kinds of plants help to control erosion, but {rees and shrubs usually
produce a more permanent and valuable cover,

Sinve evoded areas usnalbly have been denuded of the fertile topsotl,
they must be veelnimed by plants capalde of pionecring on barren,
Tow-quality =eils. JAmong planis having such chavactervisties, first
cligice showld be these that have fwr-reaching voot systems or those
that have the habit of malking dense growth,  The abilify to produce
valuable crops must be cousidered us xubsrdinale to the fivst two
cltracteristios,

Among the frees suitable for erosion planting in the Lake States
may be hsted: '

1. Black locust. a favorite tree for erosion planting.  However, it
is not well suited to poor, sandy soils and is not partieniaely theifty
i the novthern Lake Stales,

2, Rastern coltonwosd, o hardy, mpid-growing tree suitable for
planting in the bottors of rullies or in other situations wheve it can
obiain a fair amount of moeisture.

B The willows, usetul muder the same conditions as coltonwood.

4. Seoteh and Xustrian pines. useful for planting en sund dupes
and blows in lower Michigan,  Seotel pine has also shown value for
reclaiming evoding stream banles in the same locality.

3. Red pine and jack pine which have shown considerable menit for
planting on “*blow™ sand.

¢. Commen juniper, eastern redeedar, onlis, American elm, Siberian

elm, American plum, Siberian peashrub, boxelder. Russinn-olive, and
ereen ash.
T Shrubs suitable for ervosion phlunting include: Sweelfern, filbert,
redt muiberry, hawthorns, serviecherry, Blaekberry. raspberry, wild
rose, sumae. American  bitfersweet, bristiy  greenbuicr, Jerseytea
ceanothus, wild grapes. Virginia creeper. dogwoods, bearberry, blue-
berry, huekleberry, elders, American cranbereybush viburmn, arvow-
wood viburnum, blackhaw, suowberey o and Tabwrian honeysuckle (41).
Most of these plants ave usetul for wildlife proposes also.

Methods of recliiming gnilies by planting have been worked ouk
in the South (47} and elsewhere, but are not discussed in this publi-
cation since gully erosion s of miner eecnrrence in the northern Luake
States.

The control of strean: bank erosion is a problem in localized aveas,
Smalt eroded patehes ean be contrelled Ly planting cuttings of willow
or cotfonwood near enough the water's edge so that they will remain
moist unfil the voots have heeome established. Long cuttings placed
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in trenches with the lower end extending into moist seil have been
effective in some instances. Scoteh pine and jack pine are probably
the best species to plant on the drier, eroded parts. Earger croded
patches mest likely will requirve some mechanical adjuncts, such as
deflector logs, suitubly placed to turn the foree of the strewm away
from the eroded spot; this will prevent undercutting of the bank and
wllow the planting to become effcetive,

Wind erosion is muel more serious than water erosion in some parts
of the northern Lale Stutes, particularly in certain parts of lower
Michignn where sand blows and dunes are familiar featuves of the
landseape.  Small blows often can be controlled simply by planting
trees around the borders. They can Le controlled morve quickly by
covering the exposed aver with brush and planting it with trees either
before or after brushing, or by planting it with beachgrass (zlm-
mophile). The beachgrass, of course, does not give promise of a
useful crop as do tree plantalions.

Large blows and dune areas can be controlled simitarly by a com-
binetion of broadeast brushing and tree planting. Where there is
much snucl movement, s on dunes, good success has been obtained by
spreading brush over the exposed arvea during the late fall or winter
and then planting tvees in the brash-coveved aven the second spring
following, whew the sand has beeome somewhat stabilized.  On large
sand blows it hag been found satisfactory to spread the Brush scon
alter the trees have been planted,

Conilers are preferred for this work, since they ave particularly
effeetive in reducing wind velocities during the Jate fall, winter, and
carly spring, when most of the soil blowing tukes place. Juck pine
and Seoteh pine, becanse of their havrdiness and vapid growth, ave pre-
ferred (i, 21). Red pine also does quite well, but its eflect is less
immedinte because of its slower zrowth.

Cost of Planting

There are three distinet clements in the cost of reforestation—os-
Ltablishment, maintenance and protection, and taxes on the Jand.

ESTABLISHMENT

The cost of establishment includes such items as nursery stock (or
seedd, in the case of direct seeding) , ground preparation, and the netual
Planting ov seecting operation.  Iuch of these items may vary a great
deal according to conditions.

In the cuse of nursery stock, for inslance, transplants usnally cost
two to five times us much us seediings of the same species.  Beeause
of varintions in such faclors as nursery losses and cost of seed, the
price of the same kind of stock for u given nusery may also differ
considerably from year to year.

The cost of stock varies according Lo whether €he operator grows
it himselt, purchases it from a public nursery,® or purchases it from

B Sioeek Lor forest planling can be pacchased From Stufe nuvseries in Michigon
and Wisconsin and sinee BHT in Minnesola where 1B s produced in coaperation
with the Federal Government, arndor Section -4 of the Chuke-dIedNaoy law, See
paige 366 T appendix o Lurthee infornegion concerning priviate purchase ol
anting stock from State norseries.  Porest Serviee vurseries gre oparited
primarily {or e pretluction of plauiing stoek for use on the national forests
Such stock enpngt be sold o1 given away excopt as swreplis fo the nalional forest
requirements,
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a comumercinl nursery.  An operator who expects to plant ot w large
scale over n Jong period of years may find 16 cheaper and more ex-
pedient to grow his own stock, especinlly where he cannot obtain it
from public nurseries,  Smaller operators will fnd it more economical
to buy stock from public nursevies that sell at prices elose to the cost
of production. Ouvdinarily commereiat nurseries are engaged ehiefly
in producing stock for ernamentat and ovchard purposes in stinadl
nunibers and large sizes; hence, for forest planting purposes their
prices, whieh include a fair profit on the cost of production, are likely
to be higher, Accordingly, suitable planting stock may cost any-
whore from $1 te $20 per thousand teees, prewar rates,

Phe cost of ground preppeation depends, first of w1i, on whether
ot not furrowing, disking, ov sealping is used. 16 depends also on the
type of cquipment used, the density and kind of cover, the relative
wmounnt of rocks, stumps, and other physical obstacies, the topography,
and the kind and condition of the soil. On large-scale planting
operations in the Lake Stules vegion, prewar cosls for sealping or-
dinarily ranged from $+ to $10, fnrrowing from $2 to $4, and disking
from $3 (o $1U per acre,

The planting operation itseif varies in cost aceording to the spacing
or number of frees plunted per aeve, the method of plauting, physical
obstuctes Lo planting (sueh as brush, vocks, and soil fexture and coti-
dition). type of labor, and wage rates, On large-scale planting
operinsions before World War T the cost usually averaged be-
fween 83 and §7 per acre. Machine planting—including ground
preparation—has cost from Bt 1o $3 per aere on sizable operations 1n
Wisconsin. B

Tn this region (e cost of (he enfire esteblishment operation usually
ranged Trow 310 (o $20 per acre and averaged close fo §L3 per aeve
before the war.  Under very favorable condibions costs have gone as
Tow s 3 per aere st af the other extreme as high as GHO per acie.

MAINTENANCE AND PROTECTION

Plantation maintenanee ineludes weeding, release cultings, thin-
nings, and other eulwal weasines necessavy to naintain a theifty,
well-stocked  plantation after establishment.  Profeetion CONsIsEs
primarily of preventing damage or destenetion by forest fires, but
cash outhu may also be veguived to protect plantations from insects,
digeases, Dirds, maminals, and other enemies.

“The cost of mainfenance necossary during the eariy life of a plan-
tation is diffieult to estimate but probably will average $10 to $15
per acre af prewar wage rates,  The annuad cost Tor fire protection by
public ageneies averages about 314 cenls per acre in the Lake States,
and it has been estimated that complete five protection would require
an expenditure of about & conts per acre each year. The eost of five
protection has to be borne whether an avea 1s planted or not.  As a
matrer of fact, open grassy arvens ure among the worst five hazards,

TAXNES ON THE SO0ii
Tn the Lake States faxes on cut-over and domded lands, such as

usuadly ave considered Tov forest planting. raige from about 4 to 50
cents per acve.  Generally speaking. they ave low on the sandy lands
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of lower Miehigan where the frequent fuilure of attemipls o Fueming
over u period of years has proved the land’s low value, 2and they arve
higcher in the developing parts of northern Wisconsin and Minnesota,
Variations in tax rate mny mean the difference between a profit and
aloss in the results of ithe planting operation. Rutes much above 15
cents per acre are apt to prechude profitable planting.

Some efforts have been made to alleviate the tax burden on forest
lands theonghy the passage of special forest (ax Lows in each of the
three Lonke States, but despite frequent mmendatients these liws huve
failed to attain any widespread application (20).  In general. the
laws provide for a reduced aunual tux on forest land registered under
them and an additional payment based on a speeilied pereentage of
the value of praduets when they are vemoved teom the fovest.  Due-
ing the period of rediced taxation the State pays local governmental
nntfs o specifivd sumper pere fn Hew of the redueed taxes,

Private landowners planning o rveforestation proweram should in-
vestigate their State laws (FForest Crop Law in Wisconsin, Com-
mereial Forest Reserve et i Michigan, and Auxiliney Forest Law
in Minnesota} so that they may decide for themselves whether it is
more advantageous to puy the regular taxes or to come under the
special provisions of these faws, 0 Michigan law that Himits taxes
to Lo wmills on land vatued at $10 per acre or less has reduced taxes
on forest lands s that they are often less than they would be if the
lantds were placed wder the provisions of (e Commercial Fovest
Reserve Act.

HOW TO MAINTAIN FOREST PLANTATIONS

Plantation Enemies and Their Control

The success of planting is limited by various causes of damage or
Tadlure (fign 223, Many of these <an often be eliminated or reduced
by taking the right preventive measures in time, but for others there
is little prospect of control. In the Lake States the most connmon
canses ol loss or injury (o plantations have been found {o be clinmtic
conditions (Including heat, drought, freezing, snow and jee damage,
and flooding) : competition: poor stock and careless planting: lire;
aniinals {such as snowshoe hares and rabbits, caitle. and deer) ; in-
seefd; atdd disensus,

SOME DIFFICULTIES 1V DIAGNOSIS

Although some agents of mortality leave such unniistaleabloe inmprints
that it s very caxy (o determine what they were. the great majority
of them do not. Another difliculty in dingnosis is that mortality often
Is induced by severa] factors acting in conjunetion. Often the separate
roles of each factor cannot be determined.  Enless it is known what
has huppered in the locality., and unless examinations ave made reason-
ably soon after death has ocenrred. ncenrate diagnosis catmot be made.

Physiotogieal causes of loss are particularly hard to dingnose.
Trees killed by drought, heat. freezing, excess transpivation. and suel
auvses uxunlly do not differ sufliciently in appearance to distingnish
which Factor brought abont death.  Consequently, it is necessary to
know what has happened in the loeality and then to make logical de-
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ductions in order to elassify the canse of logs. In the case of fall-
planted trees examined the following spring, losses due to physiologi-
eal factors would be attributed to some form of winter damage, since
neither heat nor drought could have been the cause. If the examina-
tion were not made until fall, however, all three factors might have
played a part; the only possibility of distinguishing between them
thei lies in the greater deterioration of foliage (and fo some extent a
difference in its color) of the trees killed eavlier, which probubly ave
winter-killed trees.

B-43027, F-2891%7

Frovas &2, - o, Tavarnek sivdled by purcupine in northern Minnesefu,  (Photo
eonrtosy of U, 8, Fish aml Wildiife Service) 8, Manted red pine kilied by
drougbc in luwer Michigan sand plaing  Poor rool distribution int resuaited
frum the bar-stic metluel of plonting probably predisposed the tree o Injury,

Biotic fuctors present similar difficulties. For instance, trampling
injury looks little difierent whether caused by eattle, horses, ov deer,
and Ripping damage caused by various rodents or ruminants is very
gimilar m gross appearance,

CLIMATIC CONDITIONS

During the first {ew years {ollowing planting, while the trees are
establishine themselves in thelr pew enviromment, ¢limatic condi-
tions—in the absence of abnormal hiotie condilions—are probably the

most important factor determining suecess or failure of planting. In
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experimental plantations in lower Michigan, for instance, from 32 to
9% percent of the first-year losses, depending upon the severity of the
season, have been caused by weather conditions. Throughout the life
of the stand, ot course, climatic factors play an important part, but
their role is usnally more critical during the eurly years,

Although high temperatures, very low temperatuves, droughts, un-
seasonnble frosts, heavy snow and sleet, strong winds, floods, and other
elimatie Eactors cnuse considerable damage to plantations, in general
not very much can be done about it.  There are, however, a few meas-
ures that can be used to reduce such losses. Stock of greater hardiness
than is commonly planted ean be used, and on open areas regular spac-
ings enn e varied to take advaniage of the cool shade of the trees
and bushes.  1n the future it may be possible to predict drought cycles
by analyzing long-time weather records and to adjust planiing plans
aceordingly. It may ulso be possible to delimit areas of lligh-
drought trequeney and cither eliminate them from planting plans or
givo them special treatment.

Heat

Commonly in this region, prolonged periods during the summer
with deficient precipitation {(known as dronghis} arc also charae-
terized by perlods of excessively high temperatures. Se drought and
heat losses frequently oeenr together amd ovdinarily no distinction
is made belween them, However, some heat losses do ocemr during
vears when there are no droughts, Tor instance, the mortality record
of deought and nondrought vears for experimental plantings on the
uron National Forest was as follows:

Fercent of imocdality in Ferzent of miortality in

drunghi yeurs Rpadrgught yedars
. . o 1838 1436 1835 1835
Cause of morialiby:
Delicient sof molsluro_ .. 0 ... ..o 26 17 3 0
L1 Y A S 63 08 19 24

It any great time elapses after injury, it is next to impossible to
distinguish between dronght and heat damage.  However, it Lthe frees
are examined within g month or fwo after injury, there are nsually
somip svmptoms that indicate heat dnmage. 1t has been noted that
even under very severe conditions on the lower Michigan sand plains,
trees with a dinmeler of morve than one-half inch at the rool (‘.Ol}nr are
seldom kitled outeight by heat, although larger trees up fo 4 inches in
diametor at the root cotlar often are injurecd.  On these smalier frees
heat injury is made evident by a discolored ring of cooked cambium,
usually within | inech of the soil sarface. Shortly after such injury,
there 1 a (endeney for the bark te stick ever the injured part, although
it will peel easily both above and below. The wood at the point of
injury becomes brownish in color. As disintegration proceeds, » dark
growth of mold beging near the ground line, which can prove
eonfusing,

In addition (o the trees that are killed in drvought years, theve is
wsually a considerable number of generally larger trees that ave
injured but still remain alive. For example, in a 9S-year-old
nafural sfand of jack pine on the Huron National Forest, 28 percent
of the trees were killed by heat and dronght during the suminer of
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1936 and an additional 20 percent were injured, chiefly by heat. Such
injured trees usually develop lesions newr the ground line on the south
to west side of the stem. It is only on very thin-barked trees, however.
that the bark acturlly breaks open so that the lesions ean be seen im-
mediately.  Usually the presence of lesions is denoted by . swelling
of the stem or abnornal roughening of the bark.

That the type of injury andd mmmll[\' deseribed is actunlly the re-
sult of exposure to high temperatwre is evidenced by the tollowing
points: (1) Labor .1tm\ tests show that nursery stock is killed at {emi-
peratures of 1277 to 156° F. after ¥ hours” expesure in ey nie; (2)
field measurements prove that such temperatures and higher ones oc-
curred al the sotl surface in the open for periods of 2 hours or more
severnd times during the summers of 1933 to 1080, and that they weve
particulacly frequent in 1933 and 1936 (table 175 (3) some of the
rrees killed during drought years still had live reots when excavated,
thus precluding dyreaght as the eause of death.

Tanwe 1T—eewrrence of lethally high soil-surfece tem peratwres
in the open duving eampuarably 2-wvcek midswmmer peviods, Hyron
National Forest, Uiek.

Oceurrenee of temperatures of - Maximum durn- |
e y  tonato- Maxi-
H ; i . e bomnm
Year |74 Fofor - 185+ I for- . Le-
: ' i pera-
G LT o e e A7 R85+ W) ture
2 & howes 3+ hiowrs 24 hours -+ hours ]
H . ' 1
CNimber i Number - Nu mbr’r Number . Hours ] Hours L O
1933 " 7. 3 ; ! G | 5 | 162
143 : 5, [ 2 0° G E 153
1035 : 3. [ 1. 1 T 160
1436 ) 12 it} 12 I 4 i b} ! 173
: : i : : |

Clesely akin to heat dinage s damage from sunseald.  This injury

s generally confined o Targer Erees and oegurs during fhe winter when
warm, sunny days stiv the enmbiuny into activity, usually on the south-
west side of the stenm. Sueh activity ciuses (he tissue to die becnuse
water cannot be supplied to it. Sunscald also eceors during the sum-
mer when trees ave given full release by removing ov mroppmn trees.
sunseald damage, Tlowever, is of tare occurvence accor (I!nw to the
results of o survey of older plantations in the Lake States. Only a
fraction of 1 percent of the trees examined showed sunseall injury,

Drought

Droughts of varying intensity may be expected (o oceur almost an-
mally in the Lake States. Iny many years, of course, the droughts
may be mild, ov they may be severe in vestricted localities only. Flow-
ever, between 1921 and 1936, severe drought years of regilonal

significance oceurred several times. \u‘m(hmrl\'. droughts are one
of the foremost causes of injury to forest })llllltnll](j!llh in this loeulity.
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The question of drought damage was introduced in the preceding

diseussion of heat damage. In experimental plantations on the Huron
National Forest, Mich., drought Ims been next iu importance to heat
as & source of damuge in young pluntations. Over the region as a
whole it is probably more important than heat, since it affects larger
trees.  On the Huron National Forest, for Instance, plunted rved pine
may sufter considerable drought damage up to an age of at least 15
YORUS,
" Drought injury is not concentrated near the ground line as is heat
injury. Crees thus injured usually begin to die from the tins down.
"The needles of red and juack pines begin to yellow and then become
rather a bright rust brown. geadnally fading to dull brown., Often
only the tops of the trees are thus klled before moisture conditions
improve. Muny planted ved pine trees on the Huron Nutional Forest
have been stunted by such injuey.

That trees actually died becnuse of insuflicient moisture was indi-
cated on the Fluron experimental plantations.  Measurenments of pre-
cipitation and soil moisture showed deficiencies suflicient to bring about
death.  Figure 23 shows the course of soil moisture Hluctuntions for 2
years; during 1933 there was no drought loss, but during 1936 17
pereent of the mostality was caused by drought. :

biv]

AALAGLE SO0 MUETURE [FERCEAT)

-2

APPIL Nar AINE JuLy BUGUET SEPTEMBER DLTOBER

Faaeue 2i- AWeekly Hoctuntion jn available soil moisture content {soil juoistuve
pereent minns computed willing coetiicient), nt o t-inch depth, durbig o Givor
able gear (URG) awd a drought year (198367, Huron Xational Torest, Mich.

Tn the preceding discussion of heat, it was mentioned that drought
and heat nsually oceur together but that there were heat losses in some
years when no drought oveurred.  Conversely, experience on the
Nieolet Natwnal Forest, Wis., in I97, where o severe local drought
ocenrred, lndicated that heavy drought losses might oceur withou
assoeinted heat losses (77).
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Winter Bmnnge

Freesing is not a particularly important type of plantation damage
in this region. It usually occurs only where exotic species ov alien
seed sources ave used. For instance, in u Scoteh pine source-of-sced
plantation on the Superior Nationat Forest, sources of central Buro-
pean origin had their tops frozen back to the snow line in the severo
winter of 1935-26, but northern European and Siberian sources suf-
fered no such damage, Similar diflerences appeared after the winter
of 104748 (77},

The type of winter danage noled most frequently in this rogion,
especially in fiest-year plantings, is that due to excessive teanspirt-
tion of fall-planted stock with sueeulent tops. Such damege usually
oceurrs within a fow weeks after planting, before real winter tempera-
tures occur. Since the lops are not hardened, heavy transpiration
often takes place. Because the roots ave not yet established and be-
enuse of glow movement of waler under the lower soil temperatures
prevailing at that time of the year, the drain is greater Lhan the supply,
and denth takes place. Fall-planted 2-0 juck pine grown at densities
in excess of 55 per squave Toot in the nursery is particularly subject
to such damage. On the Fluron Nutional Forest about 80 percent
of the totul Toss with this kind of stoek was duo to exeess transpiration.
Other kinds of top-heavy stock, notably 3-0 ved pine, have suffered
severely from the same cauge,

Tleavy wet snows, sleet, and ice sometines cause considerable break-
ngo of branches and tops, but arc not especially common causes of
death in this region, However, these factors are a source of injury
not to be overlooked. Xn Minnesotn, 21 percent of the trees wmong
55 older plantations sulfered from snow breakage. A study (18) made
in the Upper Peninsula of Michigan showed that as a result of the
heavy snowfall of the winter of 1038-30, 10- to 13-yeur-old plantations
were damaged as follows: Red pine, 17.0 percent; eastern white pine,
7.3 percenl; white spruce, 2.0 percent; Norway spruce, 1.2 porcent;
and Scoteh pine, 0.9 percent.

Other Wenther Factors

Other causes of loss resulting from weather factors are of minor
importance, although they may be serious locally on occusion. Un-
usually heavy rains or swdden melting of snow in the spring may cause
pools of water to form around planted trees under certain condilions;
it the pools persist long cnough, they will drown or sullocate the
trees. Heavy downpours of rain sometimes cause suflicient washing
of soil in furrows to cover trees, to greater or lesser degree, and thus
bring about death from smothering. In open sandy aveas, trees
ave sowetiines smothered by shifting sand; others huve enough of
their root systems exposed by the same action to bring about death.
Experimental plantings in lower Michigan have suffered as high as
80 percent of their first-year loss from smothering, although the aver-
nge is much less.

COMPETITION

As the available open arens are planted or are taken over by brush,
planting in the Lake States is being done more and more on areas
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with considerable cover. Therefore, compeatition ® is becoming an
increasingly greater canse of mortality and injury among plantations
in this region, After the first few years in the {ield, competition is
probably the most comimon cause of mortality or injury in Lake States
plantations, .

Good ground prepavation gives young plantations a shorl respite
trom competition, but soon the young trecs must compete with grasses
and other low vegetation, Later they enter into active competition
with taller shrubs, adjacent trees, and each other. In sovere cases
denth vesults, but more commonly competition brings about reduced
growlh and loss of vigor. Unfortunately, competition from other
plants is usaally most severe on the bost-rlunlity sites,

In older plantutions examined throughout the Lake States, there
was o 106-percent reduction in average survival between the ages of
12 and 23 years, Most of the mortality wus attvibutable to competi-
tion. Competition may nlso be u serious enemy of young plantations;
14 pereent of the first-yewr mortality in experimental plantations on
the Manistee Natioual Forest, Mich., was attributed to this cause in
1038,

There are differences in the ability 1o withstand competition among
rhe species commonly planted in the Lake States. Juek pine is Jeast
able to withstand oversiory competition. Red and Secoteh piues sur-
vive belier thin jacl pine but usnally not sutisfactorily for more than
about 10 years. astern white pine, white spruce, and Norway spruce
survive well in competition with trees and high shuubs that shade
them, but their growth is comparatively slow.

The kind and density of the compating natural tree growth ave also
Tactors in competition.  OF the common (rees occurring naturally on
planting arveas, the competition of jrek pine is more serious than that
of aspen, which in turn i3 more injuvious than that of the oaks. The
enls, however, are among the worst from the standpoing of top whip-
ping.  Tu a 1d-year-old ved pine plantation on the Turon National
Forest, Mich., trees that wers shaded by oak hind an average survival
ol T3 pereent, while those shaded by juck pine had an average survival
of &3 pereent. ‘The effect of density of overstory upon the height
crowth of this plantation is illustrated 1 figure 24,

Sometimes, however, a jack pine overstory may do little harm. In
an experiment al Cloguet such a stand did not prevent an eastorn white
pine underplanting from having a 90-percent survival at 12 years,
The influence of density of natural free growth is indicated by ex-
perimental plantings of the Cloquet Forvest Experiment Station in
Minnesotn (27), in whieh eastern white. ved, and Scoteh pines were
pranted wnder jack pine stands of {hree different densities.  Survivals
alter 5 years avere highest in the T0-vear open stand, next in the 35.
yeur (ense stand, and poorest in the 15-year dense stand.  The eastern
white pime had the lnrgest proportion living, with suecessively smaller
pereentages of Scoteh pine and red pinc.

X The term eompetition 8 used hore fo express the effoet upen the planted
trees of the demands of othir closely wdjacent (rees, brnsh, or sod for ihe same
spree, Mght, soll meisture, and w0l mtvients.  Althongh soit moisture is prob-
ably the mosk impectant of thie elements in the compelition, no altempt will e
made in this diseusslon to distingnish beitween the elemenls.
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Fieeng - -ieet of shading on helght growih of nlanted red pine, iuran Na-
tionnl Forest, Mleh,  ( Five-shded shuding funeludes overhend ghigle,  Blgures
on eneve are numbers of troes.)

On the other hand, shading of planted trees by an overstory is not
wholly bud.  On comparatively open, dry sites thai are typical of
much of the lower Michigan sand plains, the beneficial effects of shade
cast by trees and shrubs ave often more than suflicient to olfset any
injurions elfects due (o competition during eavly yewrs.  Records show
tlut shade from a single clup of scrub oak veduces the soil-surface
temperature as mueh as 304 F, (Llnz-ing the hottest pavt of the duy; this
i enough to make the difference between telerable and lethnl tempern-
tures for youny trees. One- to thirteen-yeur-old pluniations on the
Huren Nutional Forest consistently showed 30 Lo 40 percent better
survival on mreas receiving some shade than on those thal veceived
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nona during recent dry vears, Iixtensive natural openings in (hese
Plantations are almost completely denuded of planted. trees, Even
under such conditions, however, the overstory must not be allowed to
beconie too dense atter the planted trees have become established,

Smothering by fallen leaves, which, strietly speaking, is not ¢om-
petition but is closely associated with it, is 0 common eause of mor-
tality wherever small stoek i= planted auder stands of deciduous trees
or under shrubs of modernte or greater densily.

Man has velatively little chance of reducing loss or injury from
climatic factors. He ean, however, exercise eonsiderable control over
the competition Tactor by not planting under conditions where serious
eompetition may be expected wnd by reducing or vemoving oxisting
competition (hrough weedings, cleanings, thinnings, ar relense
cuttings. '

POOR STOCK AND FAULTY PLANTING

Poor planting stock may be a serious souree of loss in youug plantu-
tions; in exireme enses it nuy resnle in total Failure. (:)r(liu:n'ily the
loss due to 1his factor is mueh Tess than from other lactors,  Tin experi-
mental plantations on Lhe Huron National Fovest from 0 1o 83 percent,
aranavernge of L pereent, of the fipst-year mortality has been enused
Ly poor stock.

Phinting stocke may be considered poor beeause of such fanles as (1)
standl sizes (2) suceulent, poorly hurdened-oflt tops; (3) poor root
development; (4) stripped, cut, or injured voots; (3) hecoming dried
oul ag the result of exposwre diving lilting, packing, or handling on
the planting site, or insufticient wateving duving shipment; and (6)
hearing or molding during shipment or storage.

Most, i€ not ull, of the oss due to poor stock can be eliminated by
careful geasling at the nuesery, Tollowed by inspection at the time of
planting, ad, ol vourse, by careful handling of the stock in the
nursery, in transit, and al the planting site,

Acrvew of weil-trained planters working under an experienced plant-
ing Toreman should plant over 0 percent ol their trees covveetly. In
experimental plantings on the Huron National Fovest, less than 2 per-
vent ol the avernge est-your loss (varying [rom U to $ percent for in-
dividnal years) has been wseribed to faulty planting,  In faverable
years many poorly phoied trees sueyvive, and i there is a suecession
ol [avornable years, many ol them may overcome the handicap of im-
praper plinting. Ordinarily, however, sueh w suceession of fuverable
vears does not peeur in this vegion vl many of the poorly planted
trees dlie during the first 3 venrs alter planting,  Some of (he effects
of faulty planting, which lead to deformed rool systems, muy not
alleet suvvival until 13 to 30 years after planting.  Therefore, carly
losses do not relleet all of the disadvantages of poor planting.

The following plunting faults ave those that scem to be most com-
mon in this regton; (1) T’]unting_‘: tree too highy (2) planting tree too
low; 13) failure to pack loose soil about roots; (-h) allowing roots to
curl, loop, or bunchy (3} mixing leaves, wrass, or other trash into the
soil packed about the roots; (6) Lailure to keep {he roots covered ml
moist in the planting boex,
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Mortality or injury resulting from the use of poor stock or faulty
planting technique can be almost entirely contro ed by man and can
be largely eliminated by grading stock and giving planiing crews
adequate training and supervision.

Fire

Fifteen to 20 years ago Hre was probably the wost serious enemy of
torest plattations in the Lake States. With increasingly improved
protection in the region, however, fire now ranks among the lowest in
causes of loss. Nevertheless, five does represers n constang threat to
forest plantations, Thatit isstill to be reckoned with is illustrated by
the destruction ot several theusand acres of plantation by fives on the
Huron National Forest in 1937, 1945, and 1046, the Toss of the most of
the oldest plantations on the Presque Isle State Forest in lower Michi-
gan in 2 28,000-ucre fire that occurred in 1939, and the injury to
plantations on the Manistee Nuticnal Forest by large fives in the spring
ot 195,

A five that is allowed to run through a young plantation will almost
surcly kill all of the trees in the area. Protection from fire is pecu-
liarly essential to the success of forest plantations in the northern Lalke
States, since such plantations must occupy arcas where there is more
or less grass and brush that is highly flammable during the dry periods
of spring and fall.

Fire must be prevented from entering the plantation, and fire that
starts within (e plantation must be suppressed. The detection of
fire is now provided for in much of the forest region of the Lake
States by the State ov Federal Governments, through a system of
lookout fowers, telephone lines, rdio communication, and obsecrvers.
As o supplementary measure to this detection system, someone on
the ground sheuld be made definitely responsible for keeping fire out
of the planted avea.

Accessibility of the avea to be protected is a necessity in five pro-
tection. Consequently, it is desirable to construct truck {frails along
land subdivision lines or natural divisions so that all parts ol a
plantation can be approached reasonably closely by trucks carrying
men and equipment for fire fighting. Such truck trails, which are
cleared and disked usually to & width of 30 to 35 feet, muy also serve
as fivebreaks to stop smail suvface fires or provide a base for hack-
firing.

Tn the carlier yesrs of veforestation in this vegion an intensive
system of firebreaks and truck trails was customary. These were
otten about 1 mile apart on the national forests. A large paper com-
pany in Wisconsin constructed fivebreaks approximately arcund each
quarter section. On the older planted parts of the Michigan State
forests, Hre lines were established around every 40 acres. However,
as fire protection has beconie more adequate, the emphasis on both
national and Stale forests has shifted to u system of less intensive
but better constructed truek trails that permit faster travol, On the
State forests of Michigan the present aim is to permit quicl access
to within 114 miles of all points in huzavdous areas; ovdinarily this
will requirve less than 23 percent of the existing drivable trail mile-
age. The tuils ave to be s0 coustrieted and maintained as to permit

comfortable driving at 30 to B35 miles per hovr.
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Construction cost under the older, intensive systein ranged from
$25 to $200 per mile for single fire lines, $50 to $200 per mile for double
lines, and probably from $75 to $500 per mile for truck trails. Maia-
tenance of such lines ranged from about $3 to $10 per mile per year
at prewar costs. Truck trails constructed to present standards cost
from $500 to $1,000 and more on the same basis, depending upon the
ease of construction,

An intensive system of roads or truck trails is of value not only for
fire-protection purposes but also for utilization when tha planted
trees reach nerchantability. .

A further important part of fire-protection work is education of
the public. This is particularly important in the Lake States where
such a large number of fires sre man-caused. Tirve publicity work is
particularly effective among cumpers, automobile travelers, fisher-
men, and hunters. Even though the people in a region are in sym-
pathy with the forest five-protection program and cooperate to the
fullest extent, & workable local fire plan that provides for prompt,
decisive action is always nceded. The owner of a plantation who has
an investment at stake can do much to increase the safety of his in-
vestment by promoting local sentiment and uction for Detter fire
protection.

ANIMALS

Snowshoe Huares and Rabbits

The animal most destructive to forest plantations in the Lake
States is the snowshoe or varying hare,  During periods of peak popu-
Jation these animals practically preclude ]%]autmg in i ain areas,

A

They are generally numerous in northern Minnesota, parts of Wis-
consin, and upper Michigan where there are abundang swamps, bushy
areas, and aspen stands. Owrdinarily the greatest dumage is found
in Minnesota and the least in Michigan. Among 55 older plantations
in Minnesota, 43 percent of the trees still living showed signs of rabbit
imjury, but in 239 older Michigan plantations only 10 percent of the
living trees had been injured ty snowshoe hares. Some species are
attacked more severely than others.

Among the older plantations examined in this region, the injury
caused by snowshoe hares and rabhits was as follows: European larch,
77 percent; white spruce, 66 percent; eastern white pine, 24 percent;
Norway spruce, 15 percent; red pine, 18 percent; Austrian pine, 10
percent; jack pine, 3 percent; Scoteh pine, 2 percent.  To some extent
this trend of mjury 1s probably a rellection of the site on which the
various species have been planted, the least injury occurring to those
on the more open sites where rabbits or hares arve usually least abun-
dant. At any rate, observations on young plantations in northern
Wisconsin and upper Michigan indieate quite definitely that where
the hares have a choice of several species in the same area, their pret-
crences In descending order ave jack pine, Scotch pine, eastern white
pine, red pine, Norway spruce, and white spruce. However, any of
theso spectes are likely to be badly injured where the haves are
abundant.

A recent study in New York showed that enstern white pine, red
pine, and white spruce under -+ feet tall were killed outright by hares

§TT U4 —F0——T
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but that intermingled balsam fir and northern white-cedar were un-
touched {7}. On the other hand o comprebensive survey in northeen
and central Wisconsin showed that natural reproduction was damaged
by hares as follows: Heavy—northern white-cedar, eastern hemlock,
and birches; medinm—spruces, American chy, and sugar maple;
light—ouks, basswood, aspen, eastern white pine; and balsmin fiv; very
light—ashes, jack pine, and red pine {78).

A striking example of the destructive action of these aniwals is uf-
forded by a plantation in Douglas County, Wis., of 2k-year-old mixed
white and ved pine that had an avevage height of litlle more than L
foot, Almost every tree had been unipped off time and again by
hares, so that no increase in height was possible,  'The cottontmil rabbit
canses similor damage but: 13 @ pest of minor importance in the forest
region,

Snowshoe hares and rabbits nip
oll the Lops of young trees pavticu-
larly when green vegetation s
seavee, However, observations in-
dicate that they nsually do not eat
the shouvts after they have eul them
off.  Ouvdinarily this injury does
not cause death diveetly unless the
trees are nipped off within 2 to 3
inches ahove ground, but it does
retard growth severely. Repeated
mippings of the terminnd shoots
will eventually bring about death.
Damnge may begin imaedindely
after planting and continue as
longr as lrees are within reach of
Lhe harves on erusted snow, Spe-
cics differ in their ability ta re-
cover from nippings; red pine is

Fmuvrg 250 - Snowshoe baee ditase Ho t‘S[Ii‘l'l:lH'\' oo 1 this vespect.
young, plantal joel pine vu the Nive- _llnr_(\ e !.”hh”' nrppEEean be ree-

Tor Nntioual Forest, Wis, Both the ognized in that the shoats ave cut

Lip Illll]l smuumnl' ilh;1 I:lt'll'r:ll shonts ol eleandy and ar aslant (ﬁg. 25).

TERrE nipipe ilL, * I Wi J T m ale o IR i

l\:l‘ I1=|v l]1 \!1 Ili‘ish I:l|ulii'l\\'iIl‘llill"tltutz:-tr\.'- b(l.llllli ls make .H!I. Ry [‘}.UL ({L

b eut bul the tooth marks are

sminller,

Apparently the snuswshoe have population (hetuaies in eyeles of
abont 10 years. A cevele usunlly covers a period of from 6 1o 12
years,  That is when the urees reacl a maxinno during o 10-year
period, an ingrease in their natural enemies vr some epizoatic * ordi-
narily enuses then to die off 3o rapidly that it is another 10 yeares
before they regain their former abundance.  Probably the best vee-
ord of snowshoe e abinglanee periods is presented in the 60-year
[ur veturns of the Hudson's Bay Co. which indieate peak years in

M giperal Weorlog bave beett advinend as Lo the cause of (he heavy mortality
mmong snowshos hares when Uhey dre at s population peak, 1 was tHought
tor some Ve hat the eotse might Lo dnlremian o sonie arginIsog introdueiil
into the harest Bwlies By wood ticks,  According to present, keemwledge (e epi-
deinde Lhat kills the Wires ix ghoek disense. Ui anailent of noknown
viuse alfectioe the gtyeegen in fhe liver aod Joweriog the blood s eoitenl
Lo 1 lethal Mmil,
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1853-59, 1865-66, 187778, 1887-88, 1806~97, und 1905 (64 pp. 699~
734). Recent years in which the hares have been reported mosk
abundant in the Lake States are 1901 and 1902, 1908, 1014, 1923 to
1923, 1932 to 1984, and 1948 to 1945, The trend seems to be for popu-
Iation peaks to oceur fivst in upper Michigan and to work westward,
rerching Minnesota 2 to 3 yea rsllater. During population lows there
may be only 1 hare per square mile, wheveas there may be 1,000 per
square mile when they are abundant, and as many ws 10,000 per square
mile have been chserved (64).

A thovoughly satisfactory solution of the snewshoe hare problem
has not been worked out. If it is ussumed that haves will be sufli-
ciently abundant to do serious damage at 6- to 12-year intervals, it
is desirable to do as much plantimg as possible in the year in which
they die off. If this is done, many trees muy attain heights of more
than 3 feet and so have their tops out of reach before the rabbits are
abundant again,  Unfortunately, the peviod is not likely to be sufli-
ciently long to avoid much of the loss, since only & few of the trees
in plantations of eastern white or red pine ar spruce are move than 3
feet high at 6 or 7 years of age. .

Since the hares seem fo wvoid open country, trees planted in the
apen, in clearings, or where there is little or no brush, are less likely
io be injured.  An experiment at the Cloquet station showed damage
from hares to be much more severe under dense 13-year-old jack
pine than under o moderately dense 33-year stand, or an open 73-year
stand.  In another experiment hare qamage was heavy on a site
charncterized by a dense growth of alder, willow, and aspen, and
negligible on a site with cover of sweetfern (27). Ixperience on
the Chippewa and Supevior National Forests in Minnesota indicates
that showshee haves ean be controlled fairly cffectively by opening
up the overstory through release cuttings, thus changing cover condi-
tions, and by Jeaving oceasional stubs to provide perches for hawks
and owls (23).

There is some possibility that snowshoe hare and rabbit damage
may be avoided by spraying the trees in the nursery with solutions
of repellents. Since the treatment does not, affect new growth that
develops, repelients so Tar seem to he effective only during the first
vear. This is not sufficiently long to guarantee tree establishment
in the Lake States region.  Some measure of control may be provided
by organized hants but this is an expensive method and has not worked
out sntisfactorily beecanse sportsmen could not be induced to concen-
trate their huniing on plantation areas. Snaring. also an expensive
method, combined with shooting. worked quite well on the national
Forests as long us there was abundant manpower available in the CCG
camps (2). Svattered poison grain has not been very effective and,
beeause of the danger to other animulg, is discowraged by Federal agen-
vies, Rtate conservation departments, and sportsmen’s organizations.

The most promising control method. developed by the Fish and
Wildlife Serviee. appears to be the use of a poison bait highly selec-
tive for hares.  The material is painted or sprayed on the bark of
felled aspen poles: care must be taken to avoid treating small twigs
that might bhe browsed by deer {99). The e'jecfive of hare control
is not extermination of the species but reduction of their nunbers in
loew! areas =0 that it is possible to hring through enough trees to sal-
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vage the planling investment on plantations susceptible to such dam-
age. Since such breas involve only & minor part of the northern Lake
Stutes, and the bait is highly selective, objection should not he very
great to this method of control. At least vne State conservation de-
paritment in the region issues permits to public cr private ageucies for
the use of this bait.

Rodents

There is some evidence to show that squirrels have done part of the
nipping damage attributed to rabbits, but in general squirvels cannot
be constderved an important enemy of planted trees.

Mice occasipnally cause some dumage to planted trees by girdling
them under the snow. While they may cause serious Josses locally,
they do not account tor any mreat percentage of the trees that die 1n
plantations over the region as a whole.

Woedchucks and gophers cause slight amounts of loss in plantations,
usually Ly unrooting or covering trees in the process of digzing their
holes.  Oceasionally woodchucks gnaw at trees and injure them.
Larger trees cceasionally ave givdled by porcupines. In two planta-
tisny studied intensively in Minnesota and Wisconsin, poreupines
injured ahout the same proportion (12 percent) of the trees (59).
On the whole, the damage caused by vodents in this region is too small
to wurrant active control measures.

Deer

Throughout the Lake Staies region, deer probably are not blamed as
much as they shoild be for Injury to forest plantations. Tt is very
likely that move nipping dumage is done by deer than by hares, es-
pecinlly in open areas where snowshoe haves are never common. and
during years ot Jow population. Oeccasionally in lower Michigan or
in other areas where deer are unusually abundant, as in Ttasea Park,
Minn, or avound game refuges, they have been responsible for and
credited with considerable damage.  Forv instanece. near ihe borders of
swamps where deer yarded on the Manistee Nutional Forest, Mich.,
planted jack pine was nipped off in great quantities during the winter
of 1935-30. Deer have caused n great deal of damage to plantations
n northern Wisconsin and upper Michigan also. And in Peunsyl-
vania where the deer population is higher than in wmost parts of the
Lake States, these animals have completely destroyed many planta-
tions (44). A comprehensive survey in northern and central Wis-
consin showed that deer damaged a much greater area ihan forest fires,
and that where decr populuations are not controlled they damage
reproduction of various tree gpecies as follows {78) ;

Percent of seedlings hrowsed : Treg epveivy
Basswowd, maples, ashes.
=D e ol o i o oooo .o Oaks, dack pine, eastoru while pine,
35-80_ . . L ... o ..o Aspen, birehes, eastern hemloek, norihern
whitieedir, elins,
« .- Ralsam fir, ved pine.
. . Hpruces,
Where deer are very numerous, a slight amount of damuage to small
trees i~ caused by 1rampling.
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Although deer probably cause much more damage to plantations
than they are eredited with, they cause relatively little mortality,
other than in locul arvens. Less than 1 percent of the average first-
year loss on Huron National Forest experimental plantations was
caused by deer, and the greatest loss attributable to deer in any one year
was & pereent.  Many surviving trees, however, lost part of their
growth from nipping. In northeen Minnesota, deer damage is par-
ticularly costly in plantations recently released.  Nipping in such cases
sets the {rees back enough to nullify the cffects of the relatively ex-
pensive release operation (fig. 26).

Deer nipping 15 easily distinguished from rabbit nipping, sinece it
is usually a hovizontal cut with a rough surface, more like a break;
rabbit nipping is a clean cat.

Deer are o enuse of injury to forest plantations only where they
are unusually abundant. Thus, the fact that deer damage is fairly
common in northern lower Michigan but unusual in upper Michigan
scems largely explained; estiinated deer population in the former is
aboul 42 per square mile a5 comparved with 16 per square mile in the
latter. Deer damage ean be held to a low point by muintaining deer
populations that will not overtax the carrying capueity of the range,
and possibly by planting and mamtaining oceasional groups of plants
that are more acceptable as browse than the valuable forest species.
Since control of the deer population is nearly impossible under present
conditions, the best method of avoiding deer damage is to refrain from
planting in or adjacent to game vetuges or other places where deer
concentrations may be expected.

Cattle

Locally cattle ave an important source of damage to planted trees.
This is true on parts of the Manistee National Forest where cattle are
fairly abundant and open range exists. On one experimental plot
on this forest, where cattle frequently ranged, they accounted for 27
pereent of the Arst-year loss.  Tn addition, many surviving trees were
jured.  Caltle damage takes tie form of trumpling, uprooting, and
nipping. with the foriner being (he most serious. -

Cattle nipping vesembles deer nipping so closely that it is almost
impossible to distinguish between them unless 16 15 known which of
the animals was present on the arex.

Where numerous cattle are allowed to graze in the forest, planta-
ticas will need protection at Ieast until such thne as they ave no longer
susceptible fo trampling injury. Fencing is the only feasible means
of giving plantations complete protection against cattle.  Although
sheep. gonts, horses, and hogs have not been a great source of injury
to plantations, they ave poteniial sources of injury und shouid alse be
fenced out where numerous.  Because fencing is costly, careful regula-
tion of number of animals grazed seems a more practical measure.

Birds .

On the Huren National Forvest ruffed grouse, sharp-tailed grouse,
and praivie chickens have caused injury, particularly to planted red
pine, by budding the teees carly in the spring.  This type of injury
has not resulted in the death of the trees, but it has reduced their
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growth, Grosbeaks have also been known to bud trees und may have
caused injury loeally (37}. Injuries from other species of birds have
not been noted.  In general, little damuge has been done by bivds, and
no control methods ave advocated.

INSECTS

Planted trees have many insect encmivs. Relatively few inseets
kill the trees outright, but many species eause injuries that reduce the
growth of trees, weaken them, and often eause poor form.

- White Grubs

White grubs, chicfly of the genus Phyllophaga, frequently kill trees
and ure sometimes very destructive to forest plantations. In general
they are not serious pests i lower Michigan, but in purts of eastern
upper Michigan and locally in Wisconsin and Minnesota they have
been the most serious biotic cause of pluntation mortality. In some
places the grubs seem to be most abundunt in grassy areas, and in
others, ns oo the Huron National Forest, they nre most abundant where
there is a dense, low cover of sweetfern, small aspen, and bush-
honeysuekle.  This variation is probubly due to (he fact that differ-
ent species ot white grubs ave involved. It is known that the adults,
which are leat feeders, have definite host preferences in many cases,
and tend to be most nurerous where the percentage of favored host
is high,

In experimental plantations on the Huron National Forest only
about 7 percent of the average fivst-yenr loss has been caused hy grubs.
However, on one area where prubs have been noted in considerable
nimbers every year since 1931 when observations began, about 20
percent of the average first-year loss is caused by gribs. On this
sume arca where the several species are grown together, eastern white
pine and red pine suffer abont twice as mueh grub injury as do jack
pine wul Seoteh pine.  In Wisconsin first-year grub damage of more
than 3 percent on red pine has been noted {73).

The white grubs work beneath tie soil surface, apparvently going
deeper when the soil is dry, and cut off the roots of the young trees.
Usuully the cut is clean, and severnl voots of the same plant are all
ent off at the sume level, much as if a root pruner had been used on
them.

Some metheds of controlling white grubs in nurseries,®™ where
o small, compact area can be treated, have been worked out, but there
nre o known practieal means of controlling these insects in field
plantations. The best means of avoiding serious grub injury is to
forego planting areas where grubs are known to be abundunt, or to
plant species that are somewhat resistant o grub damage, such as
ek pine. where there are uncertain but possible chances of grub
damage.  The approximate grub population of an aren may be deter-
mined by means of @ steip snevey nade during the growing seuson.
Haoles | fool square andd 1 fool deep are dug at regolar intervals along

*he preferred moethoel in this revion s in prepire fhe area thoroughly with
# rotary HUing mashine prior (o seeding,
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the line and the number of grubs in a cubic foot of soil counted.
Where there is un average of two or more grubs per hole, planting
should be pestponed until the geub population declines.

The Pine Chafer

~ Juek pine on the Manistee National Forest in Michigan has been
defollated in recent years by the pine chafer (nomede oblivie Horn).
Although few trees have been killed, height and diznmeter growth have
been seriousty vetarded in some plantations.  The grubs of this insect
feadd on the reols of grasses and similar plants, while the adults defo-
liate the trees.  Studies by entomeologists have shown thal the jack
pine are injured more in pure than 10 mixed stunds,  The only prae-
tical method of conirol therefure seews to be the avoidance of pure
stands as far as possible.

The White Piac Weevil

Although it isseldom the emse of Fatal injury, the white pine weevil
(Pissodes strobi (Peck) ) repeatediy kills back the tips of trees. This

reduces the growth of white pine and other species that are atbacked,
and results in poor form (fig. 27) and wood of low quality (69). Ina

F-308077

Fiovee 37— theifty enstern white pine plantation neare Eau Claive, Wis,

showing evhlenee (ergoks i Lhe steaus) ol past injury by white pine weevil.
The plantation hus been pruned.

survey of 100 older plantations {averaging 23 years ol age} in the Luke
States, 33 percent of all (he white pine plaatalions bad been injured
by this ingect. Approximately G6 pereent of all the trees within these
plantations had been injured af some time by the white pine weevil,
and weeviling was the eause of 34 percent of all the injury suffered
by white pine.  Bvidence from this smme survey indicated a tendency
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to periodicity in weevil attack, with o penk being reached in 1929 in
this region.

White pine weevil larvac feed inboth the terminal and upper laterad
growth. Resinous exudations on last season’s growth indicate the
presence of egrgs.  (Attacks on juck pine are very often in the growth
of the current season.) Withered, brown, dylng leaders in mid-
summer indicate weevil attack., Trees between 2 and 30 feet in Lieight
are most comumonly injured, although trees up to 60 feet sall may be
altacked.

Although white pine suffers most severely, the weevils also attack
several other species of pine and spruce,  White pine weevils enused
2t pereent of all the dumage to Scoteh pine and 18 percent of that on
ponderosn pine as observed in older plantations.” Buropean lavch
and whife spruce were relatively immune, and Norway spruce, juck
pine, red pine, and Austrinn pine each showed less than 10 percent
weevil dmmnage.  During recent years, however, the mmount of damage
Lo youny jack pine has been increasing considerably, chiefly in open-
grown frees. The most vecent information indicafes that white
pine and jagk pine are severely uttacked, Seoteh pine and black spruce
are attacked oceusionally, and white spruce and red pine are ravely
nttncked (10},

Locally the white pine weevil may be controlled by removing and
burning the infested shoots before the larvae have left them. This
type of control is very expensive awd is of strictly limited applies-
bility. Because of dangers of reinfestation, it should be tried only in
molated plantations.  Weevil damage often ean be corvected by prun-
ing selected, lightly injured trees and freeing themn from overtopping
badly injured trees. “Fhe cost of this is lower than that of divect
control (£8). Recommendations have also been made for control by
such silvicultural means as growing dense stands and growing mixed
pine-hardwood stands (22, 30, 49). "The latter control methoeds are
capable of widespread application but must be provided for at the
time of planting. 1o {his connection release operations must not be
too severe lest they expose the planted trees to serious weevil attack.

Pine Tip Moths

The Tarvae of pine tip moths work on the soft tissue of the new
shools, tunneling throngh them and later emerging from the buds or
shoots. “The bLuds or sheots arve killed by this action und the tree's
growth consequently reduced. The terminal bud is usually attacked
lirst.  "There ave several nulive species of RAyaeionic that cauge sueh
damage. The most common in the Lake States is the Nantuelcet pine
fip moth (22 feustrana (Comst.) ). 1n the southern part ol Michigan,
the European pine shoot moth (&, huelivna (Schilll}) is also preseut.

Evidenee of tip moth work appears in the stummer as a small pitch
mas=x or o dead needle at the bage of the bud. Later the tips turn
brown and will break olf easily because they are hollow. In lower
Michigan, tip wnoth worlk has heen noted on red, jack, and Scotch
pines. Sometimes red pine is otfacked quite severely {even in the ease
of mature trees).  For instance, in a red pine plantation at Ros-
common neavly 60 percent of all the living (rees were affected by tip
moths in 1937 In New Englamd the Buropean piue shoot moth has
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injured small, isolated red pine pluntations so severcly that some of
the trees have had to be cut out (24).  However, in the older planta-
tions in the Lake States, tip woth domage vepresented 35 peceent of
all damage to jack pine, 21 percent, of that to fSeoteh pive, and only
about 1 pervent of that to red pine. These nseets appavently may
attack any 2- or 3-neadled pine species ordinarily planted in the Lake
States region.  ‘The damage has sometimes been attributed o deer ov
haves by inexperienced feld men.

As inthe case of most insect pests, the contrel of the pine tip moths
after they nre firmly established olters sowme diflicultios.  Small-seale
infestations muy be controtled by cutting off infested tips and budly
infested frees and burning them.  Spraying with w Penetrol-nicotine
combination 3 times at 1W0-day infervals, beginning the latter half ot
June, olfers sonie promise of reducing the infestation eflectively (21).
Subzero wealher, sieh as i common in the Lnke States o the wintere
motths, is donbiless the most important control factor for both the
Nuntueket pine tip math and the Europesn pine shoot woth when in-
fested puris of the trees are above the snow line.  DIYD sprays have
given good control ngninst adult Nantucket pine tip wmoths,

Sinee 1042, dumage by another shoot moth has been noled on jack
pine in the northern Lake Slates,  The larvae of this insect { Kucosma
sonomana Keurf,) bore through the pith and then givdle the shoot
about 2 tu 6 inches above the node belore emerging (12}, The shoots
often breulk off at 1he puint of givdiing, or they merely droop or tip
ab an angle.  Both terminal and lateenl shoots are attacked, The
sumoe treenay be altacked repeatedly and mauy become badly delormed.
Pianted and natural juek pine have both been damaged heavily, Pre-

viously, this inzeet has been reported ondy from ¢he West on ponde-
rosa pine and Bagelmann spruce. No confrol methotls have yeb been
worked out.

Pine Pitelr Nodule Maker

In the Lake Stales region the pine piteh nodule muker {Pefrova
alhicapituna Bosek) vontines ils work alimost entively to juck pine,
nlthoueh a fow instances of ils attack on Seeteh pine have been noted
on the Huron Nutional Fovest.  The presence of ihis inseet is indi-
eated by piteh balls about 14 fo 1 ineh in dinneler, ocenrring usually
near the huse of the presenl senson’s growth where two or three
Branches arise.  Lf the pitel ball is broken open. one Iarva way be
found inside,  There may be severnl such piteh masses on o single
Timb.

The fsrva ents The enubinm, frequently girdling the stem and cans-
ing its death above the point of attack.  Bven where the sien is not
entirely sirdled. it Trequently is wenkenmd enough so that wind break-
age results, The work of this inseet resuiis in deformities in (he tree
and a reduetion in growth, hut seldom if ever enuses desth. Although
thig inscel oecurs commonly on native jaek pine stands, 16 canses rela-
tively minoe Jdumage: no large-seale methads of eantrol have been
warked vnd.

Suwilies

The jack pive sawlly (Neodiprion bunkxionee Rol) s a delolia-
tor conlming its efforts (o jack pine. The larvae begin eating the
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leaves of the previous seuson’s growth late in the spring and continue
their work for 4 to 5 weeks, They usually leave the current season’s
growtl untouched. Complete defoliation, of course, meuns death
for conifers, as does repeated partinl defoliation. When mature, the
juck pine sawfly is about two-thirds of an inch long, has eight pairs
of prolegs in addition o three prirs of veal legs, is greenish in color
with bluck Jines on the back and spots on the side, and has a black
head, therex, andl prolegs,

More common 1 lower Michigan is the red-headed pine sawfly
{(Veodiprion lecontel (Fiteh)), Damage caused by this sawfly is
more severe than thut cansed by the juck pine sawfly beeanse both old
and new foliage is completely stripped. Jack, red, and Scotch pines:
nppear to be preferved in approximately that ovder. Damage often
15 most severe in frees growing under or adjacent to hardwoods.
Mature fnrvae of this sawily are about an ineh long, ure red-headed,
and pale vellowish-white in eolor, with rows of triangular black spots
along the back nod sides.  Very similar in appearance and sometimes
feeding on the sune branch is a “red-headed juck pine sawfly” (N,
dubiosus Sehedl), This species, however, develops two dark stripes
down iis back. Somewhat similar in appearance, but with a black
head. is the white-pine sawily (V. pénefum Noct), which has also been
found in lower Michigan, This insect prefers eastern white pine
It alse attncks jack and piteh pines.

So far. only the red-headed pine sawfly has caused large-scale
epidemies in the Lake Stales. but with the increasing acreage of jack
pine and viher susceptible tree species, the possibility of o large-scale
epidemic is always present. In the summer of 1938 these insects
beeame sufliciently numerous in young natural and planted stands
ou the Manister National Forest to warrant artificial control by mieans
of o lewd-arsenate spray ; between 1933 and 1940 nearly 12,000 acres
were sprayed from the prownd.  This method is effective 1f the in-
fostation 1s small, but is too expensive 1f widespread attacks occur.
Between 10406 and 1040 the red-headed pine siwwlly caused enough
damage 1o require the spraying of about 16,000 neves of Forest Service
plantations in the Lake States. Advplane spraving with DDT in
oil solution at o vate of 1 pound in 1 gallen per acre has proved fairly
ellective aind fairly cheap in controlling infestations on open-grown
plantations.  In some instances bad mite infestations have developed
after plantations have been sprayed with DIYL at vates heavier than
1 pound per acre. '

The Taveh sawlty (Pristiphora crickeonii Hig) larvae are gray-
areen with black heads,  This insect has been responsible for the near
extinetion of mature tumarack in the Take States.  Approximatety
20 pereent of the damage noted on European laveh plantations in this
region was attributed to the laoeh snwlly, Limited outbrealks of this
inseet may be controlled hy memns of a lead-arsenate speay applied as
Foon ng the laevae appear (913,

The false sawlly is founnd quite commenly on young planted ved
pine,  Other thun killing the Tolinge near the tip. these insects appear
to do hittle damage, and =¢ ¢ontrol measures are not warranted.  Sim-
ilar infestations on juek or Scoteh pine nseally are caused by cater-
pillars of the pine-webbing wmoth (7% fAralopha volusteiln Zell).
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Grasshoppers

Grasshoppers will chew the tender young stems in young planta-
lions established in old fields, when grass and other growth dvies up
prematurely, Locally, grasshoppers may cause heavy damage to
young plintations, This was the case in 1935 and 1936 in young
planted jack pine on the Manistee National Forest. In 1937, u year
in which grasshopper damage was generally slight, 5 percent of the
mortality on an experimental plantation in that Forest wus chargeable
to grasshoppers.

Grasshoppers may be contrelled by means of sprays, dusts, or
poison baits ¥ sprend over the infested urea alter most of the eggs
have hatched. Effective applications per ncre arve 1 pound of tech-
nieal ¢hlordane or 114 pounds of techiicul toxaphene as sprays, 114
pounds of technical chlordane or 2 pounds of technical toxuphene us
dusts, 5 pounds of dry bait, or 20 pounds of wet bait (87). Bait is
more cconomieal than sprays or dusts when vegetation 1s dry and no
longer attractive to grasshoppers us food.  If one application does not
control the grasshoppers, o second one should be made in § days. To
be most eflective, baits should be spread in the morning between sun-
rise and 11 o’elock, sinee this is the time when grasshoppers do most of
their feeding (67). ’

Cantion: The hands should be kept well greased when handling
baits., Always keep poison baits out of the reach of children and
livestock.

Pine Tortoise Seale

A tortoise seale {Yowmeyella numismeticum P. & M.) also known
ag the Scoteh pine seale or Seotch pine Teeaniwm, 1s known to attack
jnck pine, Scoteh pine. and Austriun pine in the Lake States. Infes-
tations have been noted from time to time during the past 40 years, the
most recent fo canse concern being found on young jack pine planta-
tions on the Manistee Nufional Forest during 19042, These sap-
sucking insects reduce the vitality of o tree and may kill it in 2 to 5
years.  Usually lower branches ave aitacked fiest, the infestation grad-
ually spreading to those higher up.  Adthough most infestations have
been eleared up naturally belove fhey could eause widespread damuge,
this inseet is a potential threat to jack pine stands, both planted and
natural.

The pine lortoise seale insects are found clustered along twigs and
at the bases of the needles, The mature females are oval, reddish
brown, have an irregular surface, ave about one-fourth inch long, and
are covered with a thin Jayer of transparent wax. The males are
about one-sixteenth inch long, Hat, elongate, and whitish in color.
They emerge from under their scales in the fall and fertilize the hall-
egrown females. The latter overwinter in rough, obscure places on
the twigs. There1s but one generation per year,

Trees soverely attncked by the tortoise scale insect appear wilted.
They have an abnormal needle fall and the remaining folinge is
stunted. The branches and needles have a black, sooty appearance

©).

* Governl formulas for grasshopper badt ave available. They usnally include
miili-run bran, stwdast, chemienls, amld sometimes water {for wet baits) (87).
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The insects spread mostly from tree to treo so thaf heavy infesta-
tions build up somewhat slowly. On the other hand, the injury is
seldom noted until it has become fairly extensive. On a small seale
the insect can be controlled by spraying, when the erawlers sare moving,
with liquid lime-sulfur at a rate of 1 pavt to 20 parts of water, or 1
patt to 15 paris of water if the air temperature is below 85° F, An-
other method of eontrol s bo starve the insects by cuiting off infested
branches or trees.  Care must be taken to vemove all signs of infesta-
tion, and it may be necessary to po over the avea two ov three times o
do so. Apparently the most effective means of eontrol is by natural
predators, such as the ladybird beetles. Several known infestations
have been cleared up naturally by this means.

Spittlebugs

For muny years the pine spittlebug (Aphrophora paralicla {(Say}),
has been observed feeding, both in the nymph (in a2 mass ol spittle)
and the adult stege, on planted pines in the Lake States.  Damage has
Leen of such a minor nature that conkrol is not warranted.

Much more serious damnage, first veported in 1941, is caused by the
Saratoga spittlebug {dphrophore surelogensis (Fitch)? lo young
jack and red pines. Move than 200 aeres of planfed jnck pine have
been wiped out in northeastern VWisconsin and several thousand move
aeres in Wisconsin, Michigan, and Minnesota have been njured.
T'rees up to 15 feet tall have Been kitied {63).

Only the adulis of the Saratogn spitticbug feed on the plaes, usually
from July to Qctober. They punctare the bark and suck out the plant
juices.  Injuvy becomes evident the Brst fall througle slight yellowing
of the foliage. The bark and wood underncuth ure covered with small
pinholes often sealed by droplets of resin,  The following spring, the
foliage nsually turns a reddish brown and the aflecied part dies.
Death is caused partly by the loss of the sap and partly by the girdling
effect produced by resin blocking the conducting tissues,  Gradually
the whole tree may be killed in this manner {7), An associated fungus
may also contribule to mortality.  (Seep. 112.)

Dumage is more severe in open-grown planiations with considerable
ground cover. The eges of the spittlebug ave 1aid in dead and living
bud scales of the host pines and other trees, such as ozks and tnaples,
The nymphs descend to the ground and develop on Lhe stems of sweet-
fern, or other low plants, in masses of spittle. Closed plantations
or those with an admixture of hardwoods suflicient to shade out the
ground cover, are not nttacked seriously. Chis provides the key to
prevention of Saratoga spittlebug damage (63). Some natural con-
trol is provided by late spring frosts since temperatures of 18° F, or
holow are kkmown to kill the nymphs (65). Recently, aerial spraying
with DDT before the adults lay their egus has provided effective con-
irel at reasonable cost on more than 10,000 acres of public forest
plantations in Wiseonsin and Michigan.

Species of fungi capable of killny trees (see p. 112} have been
isolated from dend trees that had been attacked by the Suratoga
spittlebug.  Although the spittlcbuy alone is capable of killing the
trees, the fungi may also econtribute to the mortality.
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Other Insect Pests

The Zimmerman pine moth (Dioryctria zimmermani (Grote)) has
damaged planted Seotch pine in lower Michigan and ved pine in
northern Minnesots ; it is probubly distribeted throughout the region,
Farther south in Ohio it is causing serious destruction in Scotch pine
plantations. This and the fact that it atiacks several species of pine
indicate that the Zimmermun pine moth is a threat even though 1t is
still of miner iinportance as a plantation pest in the Lake States. Tt
attucks trees in bwo ways: (1) Buds on Jarge trees often are tunneled
by the caterpillars, and (2} the more serious injury is a girdling effect
on the boles of smaller trees. An infested tree of the latter type can
be recognized by large pinkish or brownish pitch masses. Such
attacks nre likely to occur in thinned or, sspecially, in pruned stands;
they usually originate near u wound, such as a pruning scar or a pine-
oak rust gall.

The Spruce budworm (drehips fumiferane (Clem.)) attacked 12
percent of the Seotch pine, § percent of the Norway spruce, 4 percent
of the jack pine, ¢ percent of the eustern white pine, and 1 percent of
the red pine in older Laks States plantations. It is possible that the
form which attacks jack pine may become o, serious plantation pest in
view of the Inrge acrenges of jack pine that have been planted since
1934 This form of the budworm may be controlled most effectively
by maintaining closed stands and by removing any wolf trees that
bear large quantities of staminate flowers (23}, As o rule, red pine,
white pine, or young jack pine are attacked severely only when they
are growing under or tevy near infested older jack pine.

The castern spruce gall aphid (Chermes abietis 1) injured 38 per-
cent of the Norway spruce in older Lake States plantutions. It was
not found on other species although it is known to infest white spruce
also.  Local outbreaks may be controlled by spraying the trees with a
dormant miscible oil before the buds open in the spring (80); this
is seldom practical in plantations, however. It is known that indi-
vidual trees arve practically immune while others are attacked heavily
year after year. Some control muy be provided by removing the Jutter
“brood” trecs.

Minor amounts of injury have been caused in Lake States planta-
tions by root collar weevils, needie scales, flatheaded borers, round-
headed borers, bark aphids, the pine engraver, the juck pine tussock
moth, and ants,

If 1nsect damage is found in forest plantations, specimens of the
insect and its work should be collected and sent to the representative
of the Bureau of Entomology and Plant Quarantine, United States
Department of Agriculture, Milwaukee, Wis. He is prepared to
wdentity the insect and recommeud the best known measures for its
control. Inguiries can also be sent to the entomologists at the State
Agvicultueal Experiment Stations.

DISEASES

In genervul, plant diseases have not yet been respounsible for much
mortality or injury to forest plantations in the Lake States region.
Becwuse some of them offer sufliciently serious threat, however, they
should be well enough known to be recognized when they are seen in
the field.
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Vigorous trees, as a rule, ave less prone to infection by disease .
organisms (other than the rusts, for example) than are trees growing
under unfavorable conditions. For this reasen, an important step in
disease prevention is proper selection of species for the planting sitc
(20, pp. 140-818), followed by cultural practices such as weedings and
thinnings as needed to maintain high vagor.

White Pine Blisier Rust

The best known and probably the most dangerous disease found in
forest plantations in the Lake States is white pine blister rust (Cro-
naréivwm ribicole A. Fisch.).

Although only 0.2 percent of the eastern white pine in the older
white pine plantations examined throughout the vegion showed signs
of white pine blister rust infection in 1935, this disense was more wide-
spread in natural stands. Since then it has been found in plantations
and in young natural white pine reproduction in ull three Lake States.
Where it is not yet present on white pine in plantations, it is usually
present on any ribes plants that may be within or near the pluntations.
The disease represents a definite threat to successtnl planting with
white pine.

The effects and appearance of this disease are too well known to
warrant a detailed description heve.  Briefly the disease works in this
manner: Spores of the fungus, which have developed on the wunder-
sides of ribes {currant and gooseberry) leaves, are blown by the wind
and infect white pine by entering through the needles.  As it develops
the tfungzus works through the bark of the branches, producing eankers
that givdle and kill the branches, It continues to work down and
may eventually rench und givdle the main trunk. Young trees often
are killed within a fow years; older and larger trees are killed more
slowly.

White pine tvees may be protected from blister rust by erndicating
all enrrant and gooseberry bushes within 900 feet of the plantation,
and all cultivated black enrrants (Ribes nigrum L) within a mile,
Where curranis or gooselervies are so abundant as to make eradica-
tion too costly. speeies other than white pine should be planted.

Forest Service planting of white pine in the Lake Sfates is done only
where these conditions can be met: (1) Avens of suitable site at least
900 acres in extent ave free of vibes or can be made so ab » justifiable
cost, and {2) no other suitable species can be substituted for white
pine. Avound the border of swamps, where vibes are numerous and
difficuit to eradicate, buffer strips of red pine or white spruce are
usually planted. '

Sweetfern Blister Rase

This disease, caused by ronartium comptonice Arth., apparently
may infect any of the pitch pines (those with 2 or 3 needles in a bun-
dle) and has as ils alternate hosts swectfern and sweet gale.  Young
trees are often infected near the soil surface where a charactevistic
fusiform swelling develops.  Sowetimes cankers are formed, the
growth of the tree is reduced. nnd eventually the tree may be killed
(68). At the Fliggins Lake State Fovest in Jower Michigan, pon-
derosa pine, Jodgepole pine, and Austrian pine were so severely in-
jured by sweetfern blister rust that the plantutions cither failed to




-
-

112 TECHNICAL BULLETIN 1310, U. 5. DEPY. OF AGEICULTURE

survive or were destroyed in an attempt to prevent the spread of the
disease over the forest. Other planted species in the Lake States
region on which this rust has been reported are jack pine, red pine, and
Scotch pine.

Although sweetfern blister rust was not notud on the older planta-
tions, it represents a threat, particularly to exotic specios, since ib is
naturally present throughout the region either on sweetfern or jack
pine. Apparently the only practical method of contrel is to refrain
irom planting the susceptible pines (other than the relatively immune
Jnck :nd ved pines) in areas wheve sweetfern or sweetgale occur,

Candelabra Disease

Within the past fow years 2 new disease, found chiefly on ved pine,
has been deseribed.  This disease. thought to be caused by a fungus and
known us candelabra disease, brings about a vetardation in growth of
the terminal shoot and an attendant relative lengthening and turning
up ot the lateral shoots {multiple-leadering). "This produces a tree
of undesirable form and cuts down useful height growth, It has also
been claimed that theve is considerable infection by wood-rotting fungi
around the bases of the lateral shoots.

Candelubra disense has been reported present in plantations in
northern Wisconsin and npper Michigan {particularly in ved pine},
although nose has so far been found in lower Michigan and apparently
none in northern Minnesota.

Because of the rather recent discovery of this disease, neither its
causal organism nor the danger of widespread injury from it is
known. Controel measures have not been developed. However, the
disease should be watched for so that proper prevention and control
methods can be faken if needed, as soon as they are recommended by
the pathologists,

Burn Blight

The fungus, Chilonectria cucurbitnle (Curr} Suace., is associated
with Luen hlight of jaek pine and red pine (29). Tt s capable of
injuring or killing the tree, but it is dependent upon some injury,
stch as punctnves made by spittlebugs, for entry.  (Sce p, 109.)

The spitticbugs feed upon pines in July, August; and September,
incculating the trees with the fungus that kills twigs, branches, and
even main stems. The fungus iz most active during warm spring
weather. The insect alone can cruse severe dnmage, henee the combina-
tion of insect and fungus injury presents a serious problem,

Burn blight presents these symiptoms. Swimll twigs at the top of
{rees turn yellow and then brown.  (Diseased branches become choco-
Inte brown rather than tan, as they do from desicention alone.) The
dizease continues downward into the branches and finally the main
stem. Necrotic spots develop about inscet punctures and spread until
the stem is girdled. The fungus prefers juck pine over red pine,
whereas the spittlebug shows the reverse prefercnce.

Suggested contral mensnresnre: (1} Control the Saragota spittlebug
by spraying with DDT or other chemicals: (2) plant only on good
sttes where trees are vigovous and therefore less susceptible to injury
by either the insect or the fungus; and (3) mix plantings in groups
erther by species or ago classes,
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Ouher Disenses

A pine-oak gall vust, Cronurtivm cerebriun Hedge. and Long, occurs
commonly on jack pine, injuring about 12 percent of the trees ex-
amined 1n older plantations. Occasionally young jack pine are sevi-
ously deformed and even killed by it. No control methods seem
warranted other thuo to insure that planting stock is diseuse free.

On the Higgins Lake State Forest and the Huron Nutionat Forest
in lower Micﬁaig:‘m. a gall vust hag infected Scoteh pine and caused
considerable deformity. The identity of this rust has not been tully
estublished but it is similar to both Gronartium cercbrum and to the
so-called woodgate rust (the Peridermium stage of an unknown species
of Urenartimy, common and serious on Scotch pine in the East, No
control methods have been recommended.  Seven percent of the Scoteh
pine in oldler plantations was injured by pine-onk or rimilar gall rust.

Infections of .lrmillaric mellea {Vahl) Quel. (the shoestring
fungus) have been Tound on Seoteh pine in Douglas County, Wis,,
on planted juel pine on the Presque Isle State Forest {9) and the
Munistee National Forest in Michizan. and on plunted white and Nor-
way spruce in Vilas Connty, Wig, “This discase, which attacks a great
wany free species, may prove @ serious pest in the forest plantations.
No contlrol methods ave known. Tt appears advisable, however, not
to plant on land wlere trees have been killed by this fungus until
severnl yvears atter sueh killing,

A steneanleer, eaused by Zympanis confuse Xyl hus caused serious
losses I wstand of red pine planted in southeen Michigan; the stand
hael stngaated from faitlure to release by thinning. The same canker
appeared widely in the Bast in planted stands south of the natnral
range of ved pine following a period of excossive drought (26). Mixed
planting. a spacing of 8 feet, and timely thinning accompanied by
pruning of selecled crop trees, have been recommended where control
is needed,

Stem and branch cankers, cnused by several different fungi along
with low winter Femperutures, have seriously injured and, in some
cases, praetically destroved plantationz of hybrid poplars (66)
throughout the Lake States,  Until planting stock genetically resistant
or imune to these dizeases iz availalile, the use of hybmd poplars
for reforestation in the Lake States should be eveatly restricted.

Many other diseases. not vet found in the Lake States pla stations,
present serious threats, especially if havdwoods are move widely
planted.  Among these diseases are the oale wilt, Phieem necvosis,
and the Duteh olm dizease,

Generad

A variety of other factors eause death or injury to planted trees,
but in general they play a very sinall part in the tolal foss and so are
not direussed heve. A summary of vhe more important factors that
ansed mortality in very young stawds on the Huron National Forest
is given in lable 15, Table 14 stanmarizes the more important factors
that cased injury 1o various species in older Michigan and Minnesota
plantations,
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Tanve 18.—Cause of first-year mortality, and average survival, ITuron National Forest, Mich., 1932-39
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! Includes all types of loss associated with low temperatures.
2 Tneludes nipping by all animals; chiefly deer, rabbits, grouse, and cattle,
3 Tneludes trampling by both eattle and deer,
¢ Less than 0.5 percent, .
& Iach yenr's aversge is based on examination of 32,000 trees.
% Normal is 28 inches,
Normal is 8.5 inches,
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Tapz 1‘) —LPcreent 0/ n ]zu J‘ to Zzwn] trees, by cause and species, older Michigan and Minnesola pMntatzom’
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! Based on all trees observed for each species,. Totals are cumulative and in many cases represent occurrence of more than one kind
ofinjury {to the same tree.. Severity of injury varies from serious to minor. - Many of the factors listed also cause mortality, but such
data are not; avuilable for older plantations in the Lake States. . :

2 Comparable data for Wisconsin are lacking,

3 This insect usually attacks-a tree only afisr it has been w reakened b) some-other cause. .

4 Tneludes whipping and several othcr kinds of meehanical injury. 5 Less than 0.05 percent.
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Maintaining Adeguate Stocking

The first eriterion of success in forest planting is, of course, adequate
survival. When too many of the planted trees die, no madter if the
surviving trees make astomnding growth, the purposes of planting can-
not be fulfilled. Even though survival is necessury for suecess, it must
be supplemented by sutisfuctory growih and development.

The aim should be to establish and maintain thrifty, well-stocked
plantations. Only under such conditions ¢an the forest manager mold
astand so s to oblain the greatest possible yield of high-value prod-
ucts. The intermediate cuts needed to manipulate stand development
not only keep the most desirable trees thrifty but also increase the
yiekd while salveging prebable mortality and bringing in early re-
turns ou the investinent.

As diseugsed earlier in this publication. survival varies aceording
to species, soil, kind wnd density of cover, size and nge of Lrees, han-
diing of stuck, kind and inlensity of ground preparation, season ol
planting, and methods and earefulness of planting.  In addition, sur-
vivad varies with (e age of the plantdion: (he older the plantation,
the lower survival usually is. 61‘(1511:11'“)‘, the heaviest losses are to
be expected the lirst 2 yemrs after planting when the trees are in the
process of establishing themselves in their new environment, altheugh
comparatively heavy losses may evcur up to 10 years in age. Alter
10 years the drop In sucvival normally shows a decreasing trend.

Survival nmay be considered from two aspeets: (L) Vhe pereentage
ol trees planted that remain alive, and 2] the number of living (rees
ner acre, Uhe lirst method is 2 measure of the sueeess of the planiing
operation, while the second is a measnre of the success ofF producing
o plantation. The fwo measures ave net abways synonymous. For
instanee, 1F one man plants 100 trees to the aere and 75 of them e
tlive ab the end of 20 years, he has done antexcellent job of planting,
but so far as producing a plantation goes, his eflorts have been a
Iailure. On the other band, another man who plants 1,000 Erees to
rhe acre and has 500 of then alive at the end of 20 yeurs hias done
a good job of planting mnd has had fair suceess in estublishing a
plantation.  In other words, density ol stocking is the important
thing, and the pereentage of trees surviving is unimportant except
when Cranstoted into nuntber of trees per unit of area.

A basig For elassifying Lake Seates plantations nccording to survival
percentage and number of (rees per aere is given in figure 28, The
curves in this fgure are Dased on vesulls from some 300 Lake States
plantations ranging in age from 1 to 40 years, and the trends in later
years are strengthened through comparison with the development of
nuluenl stands. The curves, therefore, represent an average for the
region. For individual species or specitic loealities or conditions, the
placement of the eurves would probably vary somewhat bit the trends
would be similar,

These curves muy he used not only to compare the suecess of one
planfation with that of another, bul a2 a basis of judging whether
or not replacements shoull be made. Qrdinarily, plantations clussed
as average or better do not need replicement of dead trees. For those
classed as faje, veplacement is advisable, and for those elassed as poor,
it s necessavy 1 stand comdiGons are Lo develop,  OF conrse. the ap-
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plication of these curves must be tempered by sound judgment. For
instanee, a plantalion may average enough trees per aecre to bo classed
as good or average but still bave such patehy stocking that n consider-
able part of the uren is badly understocked.” In such cases, the under-
stocked area should be replanted. On the other hand, pavis of fair
or poor plantations may be sufficiently stocked. Obviously, replanting
of such parts would not be necessary.
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Frarny L8~ Brocking standuards for Lake Stages plantations.

Another peint, too, is that most plantations have » certain amount
of volunteer growth {about 200 (rees per acre on the average in 20-
year-old plantations in the region}. If enough of the volunteer growth
= oF destrable speeies or of such character that it will help train the
slanted trees and prevent encroachment of brush and sod on the area,
31t may also be considered as conwributing o the stocking of the stand.
Replanting plans should be modified accordingly.

As a rule, any necessaey replanting shonld be done during the first
10 years of a planiation’s existence unless. of course, later losses nre
very severe. la that event, the replanting becomes esseniially o new
plantation.  During the fisst 2 or 8 years after planiing. necessary
replants miay be made with the some species but preferably of an older
are class. For instanee, an aven plamted with 2-0 or 2-1 red pine.
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should be replanted with 2-2 red pine. The lurger stock will serve
to diminish the size advantage of trees remaining from the original
slanting.  If § years or so have elapsed since the original ])Lmtmw
1t will be more suitpble to use « faster- ~growing speeies in the replant-
ing, provided u suilable one cun be found.  For example, wn area
originaily planted with ved pine under such circumstances might bet-
fer be replanted with jack pine,

Occasionnlly some catastrophe, such as sleet storms, bheavy miles,
and fluods, cnuses widespread destruction among p’mulod or Tatural
stands. and it becomes necessary fo veplenish the stand with desirable
trees before brush or low-value species veclaim the arven. Where the
destruction is complete and natueal regeneration 18 ot veasonably
certain, n new plantation must be established, In many eases the
stands are only parfinliy destroyed, and then the decision must be
made as to how muoeh, if anv, planting Is justifed {o bring up the
stoeking of the nrea. "Table 20 15 an Hiustration of such a cage. The
table was developed by the Luke States Forest Experiment Station
to guide replanting work on the Chippewn Mational Forest following
gevere sleet and wind storms in 1944, '

TanLe 20—Ntandurds for underplanting sleet-damaged mived jack-
red pine stands on the Chippewa National Forest

ks - Niunaber trees to plant per aere if
 Minimna

bor redignal stand is -
Average dinmelor hropst high e " : . R ——
{inchest i i:;:f:; f_)(i“_r : l
: 2 of 1 of 4 of

aired tminkmum | misimom | minhnoem

e b e
1., 1,600 ' 100 l 360 600
e, LIV 108 | 308 600
3.. oo - 100 | 304 Hi(
-k 456 204 354 T80
. 3l 206 . 354 700
G. 250 204 oAb THO
T 200 254 408 840
8 150 250 408 S00
6. 106 250 208 S0}
10 . B 850 400 S60

The average survival of various species in the older Lake States
plantations (table 21} was reverled by examinations made in 102423
and 193336, Suevival of (hese oldes plantations, which averawges
34 percent at an avernge age of 23 vears, way be considered fajr, By
States, Wisconsin is best, with an avers agre of 55 pereent: Miclitgnn i3
second, with an average of 46 pereent ;: and Minnesota is third with an
average of O pereent, These averages refieet the varying conditions
within each State, 1. ., better soil and refatively litthe compelition in
Wisconsin, poorer soil Sl dittle eompetition in Michigan, and severe
competition and rabhit dimage in Minnesota,

Tt is interesting o note that the two conmnon European species,
Scoteh pine pid \ul\\n\wprm ¢, show betler sprvivad than any of our
pative spevies.  This in jiself i= nol suflicient (o recommend {heir use
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in preferenco to the native species, since they have not yet demon-
strufed their ability to grow to maturity and produce a satisfuctory
quantity and quality of products in the Lake States, but it does indi-
eate the desir:qthility of giving them continued further trials upon an
experimental basis.

Tavee 2l—dverage survival of various species in Lake States
plantations given Lidtle or no care after planiing

Species | Aue P Survival I Age Survivnl
i i i

{ Years:  Percent Years Percend
Jack pine. .. .. .. . : §. 560123 29 41,02 4
Red pine...... .. .. . P! 47.5k2 82 j 22 3. 823
Lastern white pine totld anox2, 17 23 3. 3424
White spruee..... . . ., St D L0z 2] 24 30.619. 5
Seotel ping ... Lo 12 620133 24 51, 043.6
Norway sprive_. . e A I N ET 20 42, 94 6. 8
Pondeross pine.. A S T 1 N 27 23. 546. 6
Ewropenn larch, . . .. cemn e §! 350160 20 16, 24 6. 6
Auwsteipupine.__._ . ... ... ... 16 5404141 25 15. 5%9. 7
Al specie"_ﬁ_,,_.,....,_-_...__i 1 500512 l 23 3384183

B ! ¢

In accordance with the popular notion of their relative hardiness,
our native species rank in ovder of survival as follows: juck pine, red
pine, eastern white pine; white spruce,

Although comparative survival of different species, plantations, or
other groups can well be expressed in percents, from the practical
standpoint it is necessary to know the number of trees per unit of area
in order tu judge the results of planting.  Accordingly the original
and present dewsities of stocking ave discussed in average terms.

Ofginaily, there were 1,424 trees per acre in the older Luke States
plantations, spaced about 5 by 6 feet apart, with the density avernging
greatest in Michigan and least in Minnesota.  Red and white pines
were planted in spacings averaging G by 6 feet, Scotch pine and mixed
plantations about 3 by 3 feet, and jack pine about 4 by 5 feet.

By 1936, in addition Lo the planted trees, averaging 479 per acre,
some 258 volunicer trees of various species (mostly kardwoods sueh as
ouk and aspen) had come in to the stand, so that the stocking had
beeame 737 trees per acre.  Scotch pine showed (he best stocking of
planted trees (JU0 per were) ab that time. and was followed by jack
pine (816 per acre}, other species (ponderosn pine, Norway spruce,
ete.) as a group (3ol per acre), white pine (370 per acre), and red
pine {362 per acre}.

Growth of Planted Trees

With survival as the frst criterion of success in forest planting, the
second criterion is growth.  Flowever, both survival and growth must
be adequate in order Lo consider a plantation suecesshil. At fivst,
growth in height alone need be considered.  Lafer, dinmeter growth
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assumes importance, and linally the net result of these two factors,
volune growth, becomes of chief importance,

HEYGHT CGROWTH

Meastrements made in older plantations probubly afford the best
information as to rrowth of plantatiens in this region.  Growth in
height may be represented in two ways: (1) Lnerense in total height,
md {2) current and mean annual beight growth,  Either way, the
records show that height growth has been generally best in Wisconsin
anl poorest in Michigan, with Minnesota intermediaie (table 22).

I'he wrerage menn annual height growth for all species is 0.35 foot.
Juck pine and Scoteh pine, respectively, exceed the average, while red
pine, vastern white pine, European lareh, ponderosa pine, Norway
spruce, Austrian pine, and white spruce full below,

The tolal average height in Teet at the age of 20 yeurs for the species
stadiod varisd as follows: jack pine, 152 Seotel pine, 12.7; vedd pine,
1025 eastern white pine, .52 .I‘Iurupc:ln farch. S35 ponderosa pine,
7.55 Norway spruce, 6.5; Austeian pine. 4.7 white spruce, LU, On the
basis of this study. our native speeies vate much better Trom the stund-
point of height growth than from ihar of suevival.  However, the
height growth of Scoteh pine was Tigh, and Norway spruace was betler
than white spruce i this respeet.

Height groweh varies consideralily Trom year {o yoar and by species,
presumably beeause of dilering reactions to climatic conditions by
the several species,  However, nll of the speeies grew faster during {he
seconid tlec:u\t‘ inthe Held than in the Hest,  In observations of planta-
flons up ta gnage of AU years, red pine, easteen white pine, nud Norway
spruce fuud a temlency toward gradual aceeleration of height growih.
Scotel pine showed a trend toward a decrensing mmual growth rate.
Dala for white spruce, ponderost pine, al Austrian pine are alse
available, but they are based on a simutll number of obsevrvations and
the trends may not be significant,  Sinee annual whorls are diflicult
to distinguish in jack pine. no attempt was made in the lield to measure
annual lieight growth Tor this species,

EFFECT OF COMPETITION, SOLL, AND INJURY ON HEIGHT

It is generally known or aceepled that height growth is reduced by
compeiltion. poor soil. and injury, but speeific informalion as to the
degree of such reduction is for the most part Jncking.  Observations
en older plantations in the region indicate that. on the average, com-
petition of tle overstory has reduced growth nbout 30 pereent at 20
vears of age,  Jack pine suffers most Srom conpetition. and eastern
white pine lenst mnong the native pines. Trees planted on soils classed
as loams, or on soils liner in wxinee, have about 30 peveent better
heirht developuent at 20 vears than do those planfed on sandy soils,
Reactions of the yvarious sapecies 1o soil conditions do not differ greatly.
although the pines =eem to grow mure papidiy on the poorer soils than
do the spruces. Whipping out of iop~. =now brealouge. weevil or oiher
insech attacks, and other factors niay eavse reductions of 50 peveeni or
more in beight vrowtli. Suel reduetions, however, are not so conumon
on a regionwide basis as ave reductions from competition and poor soil,
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Tasre 22, —Height growth at £0 yearsin Lake States forest

plantations, by species and State

Species and Stale

Average annual
height growih

1ted pine:
Michignn. ... . ..., ... .
Wiseonsina ... e e e e
Mionesota ool e e .

Avernge or lolal, ... .. .. }
1

Bastern white pine; i
Michigan .. ... .. ... e e
Wiseonsin wooc L oncnon cn o eua
Minnesote. o u. ... - -

Avernge or total, . o e

Jacek pino:

Michigan...... . .o .. oL

WEBCONSM. nmes e L . e
Avernge or lotad. . L.
Seoleh pines
Michigan.. - ... ... ...,
Wisvonsin. ...

Minnesota.._ ... . e .
Average or total
Norway sprace:
Michigan . e
Wisconsin . .
Average or lotal.

While spruce:
Michigan,.... ... .

Wisconsin..o.... . . ... _._..

Aversgeortotal_..... ... . .

PPonderosa pine:
Michigan_. . ... .. ...

Wiseconsin. ... ... _. U
Average or total.., ... ... |

Austrinn piae: Miehigan. o ... L.

Turopean larcl: Michigan (.o ._ . __

All species, average ur lotal,

1, 840

Basis,
trees

Nimber

1, 000
5B
575

2,128

i, 063
547
230

1, 240
20
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EXPECTED HEIGHT DEVELOPMENT ACCORDING TO SPECIES

Although many factors combing to produce great variafions in
height growth for any one species within a single plantation and from
one aren to another, guides can be set up for the Lake States region
to show what average heighis way be expected at various nges for
certnin species. Such guides are shown in figures 29 to 33.  They sve
based on the growth of plantations in the region up to the 30-year age
clnss and are extended o the dU-year class on the basis of comparison
with natural stands.

8C
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-20 30 40 80
AGE (YEARS)

Frovns 20, —Expected height growth neeording Lo nge, enstern while pine
pluntntious,
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AVERAGE HEIGHY (FEET)

30 40 50
AGE (YEARS)
Fioune 30.—Lxpected height growih accorillng to age, jack pine plantations,
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FrouxE 31, —Expected height growth according to e, red pine plantations.
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Fieure 82 —Expected height growth accovrding to age, Scotch pine plantaticns.
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ac

AVERAGE WEIGNT (FEET)

V.

0 40 50
AGE (YEARS)

Ficure 33.—Expected height growth according to age, Norway spruce pliantations,
DIAMETER GROWTH

Diameter growth, of course, cannot be measured as early as height
growth, since it is the custom to meusure diameters at breast height,
1. e, at a point 4.5 feet above average ground level. As soon as a tree
exceeds this height, however, diameter can be measured and it becomes
an important item because of its relation to volume. A study of Lake
States plantations revenled that at an age of 20 years the species had
average breast-high diameters, in inches, as follows: jack pine, 2.9;
Scotch pine, 2.8; red pine, 2.4; eastern white pine, 2.3 ; ponderosa pine,
2.1; Austrian pine, 1.7; European larch, 1.5; Norway spruce, 1.3.
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These diameters are probably somewhat below true average values for
the region, because there was such a large number of Michigan plan-
tations, many of which weve on the poorer, sandy lands. Diameter
growth, like height growth, is greater for all species during the second
decude than in the first (table 23). Some of the slower-growing
species, of course, scarcely attain breast height—the point at which
diameters are measured-—during the first 10 vears. Annual fluctua-
tions i}n dizmeter growth are much less marked than they are in height
growth,

Tasee 23.—Diameter growth at 20 years in Lake States forest
pluntations, by species and State

Average annual
dinmneter growth
Average
S T
y e o 20-year 1 20ih-
at 20 years period | year

period

Species and State

Red Qine: Inches Inches | Inches | Number
Michigan. oo inoaoos 0. 11 0. 15
Wisconsin . . . Ly

kY . 18

Average or total 3 .12 .17

Easteran white pine:
Miehigan_ . ___..__ am———— . 11 .17
Wiseonsin . 2i

. 14

Average or total ) .12 .18

Juek pine:
Michigan : . 1]

Seoteh pine:
Michigan 6 . L .16
Wiseonsin . E . .2t

1]

Average or total . . .17

Norway spriee:
Michigsn . . .13
Wisconsin ]

Average or totnl . . 86 .13

Ponderosa pine:
Michigan._ ... __...___.. . . 06
Wisconsin_ ... ._. R

Average or total . . .12

Austrian pine:
Michigan . . .17
Luropean lareh:
Michigan N . .12

All species, average or total L& . .18
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EXPECTED DIAMETER DEVELOPMENT ACCORDING TO AGE

Dimmeler growth, like height growth, is affected by & grent many
factors that vary according to species wiad aren and even within a
rather small plantation, but guides for the region can be set up to
show what avernge diameters may be expected at various ages for
certain species.  Such guides wre Sflﬂ\\'ﬂ in figures 3+ to 38. They are
based on the growth of plantations in the region up to the 30-yeur age
clnss and extended to the H-year ciass on the basis of comparison
with nataral stands.

COMPARISON WITH NATURAL STANDS

Differences in growth between plantations and well-stocked natural
stands ave aliost entively wreflection of differences in density of stock-
ing. Plantations in the Luke States start out with about 1,000 trecs
per acre on the nverage, and seldom as many as 2,000 trees per acre;
well-stocked natural stands begin with muny thousand secdlings per
acre, and at the sge of 30 years have from 900 to 3,000 trees per acre
(11), depending upon ihe species and site quality. As w couseqience,
competition in natural stands becomes intense atb an early age and
mortality ordinarity is mucl higher than in plantations of similar ages,
up to 80 years or more. At that time, the stocking ot natural and
planted stands tends to become more compirable.

t
EXCELLENT
i0

GO0

° } AVERAGE

FAIR
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EIGHT (INCHES)

S

W/
V.

V) /4

Y /4
Y,/

o) i0 20 30 490 50
AGE (YEARS)

DIAMETER AT BREAST Hi

Fiorae 34.—Expected dinmeler growlh aveording to nze, castern wiile ploe
plantations.
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. IMiGURE 35— Expected dinmeter growch sccording to age, Jack plne plantutions.
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Fruivre 36— Experred dinmeler growih according to uge, red pine plantations.
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Height growth apparently is quite similnr in both planted and
natural stands in the Lake States (table 24}, At given ages, the
average heights of planted castern white pine, red pine, and jack
pine compared very closely with those shown in yield tables by Brown
and Gevorkinntz {12) for the snme species and ages, and the same
was true for Scolch pine and Norway spruce when compared with
Russiun yield tables (83).

Lasry 2b—Comparison of growth data for Lake States plantations
and natural stands, by species and age
Natural stands (medium site,

. s
Mauvtations fully stocked) 2

species and age ) s T T
LY10IS)

'
H
|
!
‘
T
t
1

¥ 1
Averape i - Average
Average  dinmeter | Trees | Avernge  dinmeter | 'rees
O heighe - breast  peracre height ¢ breast i per acre
; © high high, |

. :
Eastern while : !
pines Fert faches  Nuniber Feet {nches I Nuwmber
19 . T 2 600 12.0 5 6, 500
o1 16, 7 600 3 5, 600
24 20, SO0 4, 400
25, 273 850 ‘ 3, 200
33 40, 250 | 2, 900
Red pine: : ¢
0 . ), & 140, 000+
(. 1.9 3| 6,000
2 127 i | 5, 200
33 24, 2 Ga0 -4, 300
27, 3. 200 . 3, 200
Jack pine: :
: i 3,000

550
300
500

de IS0 =] U e O

i3 \ 20 1,200

Nuorw sy sprogee
) 250

= . i .

23 mn. 7 & 150
s . 6 600
Seateh pine:

20

23
23
H

BT

-1

SDoDo o OoOooo oCcooD

i 5, 400
1, 100 2, 200
2,500 :
100 k.
500 LG
1. 0o 26,0

for e o)
[D=g - B

LSy —
- B -

121

1, 870

' Values are for individual plantations.
* Valuey are based on averages of many »tands, as adapted from noemai vield
teides,

On the other hund, upon the same basis of comparison, planied trees
ap to 30 years in age (the limit of data available) tend to be larger
m diameter than trees of the same age in well-stocked natural stands
ttable 24y,  This indicates that in weneral planted trees will attain
merchantable size somewhat earlier and will be somewhai comparable
Loy frees grown in natwrad stands that have been thinned.
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Judging the Success of Plantations

The success of Torest planiing, as already pointed out, depends
chiefty upen survival and growth. During the first few yewrs after
planting. only survival ean be measured easily and securately. Luter,
asually {rom 3 years after planting and on. height can be measured
readily. After the trees huve passed 4.5 feet in height, ugsuaily from
5 to 15 yenrs after planting, diameter can be measured, All of these
factors, where measurible, should be considered in evaluating the de-
gree of success of niy plantation,

In the past, standirds set up for judging the success of plantations
in the Lale States region have been very crude.  The standards used
by the United Stntes Forest Sevvice in this region have been sel up
chiefly for determining the need for replanting planiations not more
than 3 yeaes old. They have been based eatively on survival, and
the same standards have heen applied to all plantations regardiess of
species, age, or site. A summary of these suceess classifications is ns
follows:

Degree of anceess
:u::‘:;!'uf “Pactiot success " Foiture
Standard uzedl up te 1981
Trees per sere . . . _minnber . 300 - 250 490 249
Rtandued used 1934 3
Trees per aere . . el o B80 - 400 589 399~
standaed adopeed in 1930:
Survival - ... . . - pereeni 60 - 30- 5% 20 -

Obviously such classifieations wre inadequate for use in plantations
more than 3 vears old, and ave not complete measures of the entire
planting effort even for plantations up to 3 years in age.

A efnl suceess index for voung castern white pine plantations,
3 to 15 voars in total age, has been developed in the Northeast (49).
1t i arranged in the form of an alinement ¢hart. o use it, it 3s
necessary to know the tetal age, average total helght. and survival
percent of the plantation to be classified.  This index is well adapted
{6 nieasure the sueeess of the planting job in the region for which it
was constructed. but beeause i uses percentage survival rather than
aetual stocking, it is of less value as an actual measure of plantation
SNeeess,

Sinee Lhere have been no adeguale stundards for determining sue-
cens of forest planiations in the Lake States. un attempt has been
made o set up sich standards based on the expected average sur-
vival. total height, and dinmeter at breast height information found
on pp. 116 to 131 It is recognized that some planiations are estab-
Yished primarily for such purposes as watershed protection, erosion
controb. and wildlife habitat improvement, and that different stand-
ards shonld probably be used for judging such planiations. How-
pver, sinee it is beleved that most forest plantations in the Lake
States have been and will eoniinue to be established for the produc-
tion of wood, the standards are set up accordingly.

The diflientty of assigning proper weights to stocking, height
growth, and diameter growth in order to ohiain a single expression
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of plantation success is besi resolved by using volumes per were.  Al-
though volume tables available in the Lake States ordinarily do not
contain values for trees as smull as those found in plantations under
55 years of age, the approximate unpeeled cubic volume per acre
for the conifers commeonly planted can be obtsained by the formula

. d\t MY
T‘ ue =(2') ':1-0{}'5\'

where & == average breast-high stand dimmeter in inches, A = aver-
nge height of all trees in feef, und .Y = the number of living trees pev
ncre. By comparing the approximate volume of a plantation with
thut which is avernge for thie age and speeies (table 23) it is ensy
to determine whether the plantation is bettei or poorer than normal.

"Tanwe 25 ~—Suceess indices for average Lake States plantations

. ‘ Approximate unpecled volwue per aere? for—

Ape {yenrs) N
Norway
spruce ?

Faslern | : - nine i
white pine’ Red ping . Jack pine ..Stotch pine

' 1

 Cubie feet  Cubic feel  (ubie feel 1 Cubic feel | Cubie feet
: 0.4} 3 25 W
H 40 - 115 50 3
i 170 - 380 350 35
370 : ;90 175 75

735 1, 11a 8§20 170

1195 1,480 1, 150 J20:

Y 4 SRR Y
l-uc-—-(g) 100-.\

where d==uavernge dinmeter breast high in inches, h=average height of all (rees
i0 feet, and N ==number of living trees per acro.

T Bullicient dala were not evniluble 16 culeulate indices for while spruce, but
these for Norwny sprove ean probably be used without too mueh error.

1 Based on formula;

To use the approsimate volume sucvess indices it is necessary Lo
know the total age in years, the average total height in feet, the aver-
age diameter hreast high, and the number of trees per acre for each
plaatation to be classified.  "These vaiues should be obfained through
systematic snmpling of the plantation. For example. an eastern white
pine plantation 21 years in total age. with an average dinmeter breast
high of 3.1 inches, an average total height of 16.7 feet, and a stocking
of GOO trees per acre would huve a suecess index of 240, well above
wversge,

For very young plantations refer ta figuare 28, p. 117, and rate them
on the basis of thelr stocking alene.  Diantations from 3 to 10 or 15
yeurs in age ~hould be rated on height growth as well ns stocking.
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‘This can be done by using part of the formulu given above

e .\')
Jou

16 combine the fwo fuctors, These from W or 15 (o 33 years In age
shonld be rated wecording to all three factors, wsing ihe approximate
volume sieeess indices.  Plantations beyowd 50 to B years old should
Le classed aceording te volume, or on Ihv same basis ns natural stands,

By means of the citrves B figures 29 to 3 and the approximate
volume suveess indives, it is possible to compare plantations with
others either of the same or of different ages. s more data beecome
available on the development ol older [li(llllat(lhlln in this region, il
muy be possible to improve these cupves and o develop curves and
indices Tor other species also. The present eurves and wdices, which
are vonservative, shoukd serve a uselul purpose fn the meantime,

Care of Plantations

In the Lake States ordibmarily trees cannot be planted and then
lelt Lo fend entirely for themselves i1 suceces~ful plantations ave to be
established,  Wherever grassy, herbaceous, or shrubby growth s
moderately dense 1w dense, the trees should be given velease from
competition in from | to 3 vears after planting.  Later, the planted
trees ofien need relesse from emppeting overstory trees. And st
Inter, when the planted trees have gained ase endaney over othier vege-
ration, they may need thinning onl to l('l]llll‘(Ulﬂ[](‘[lll()ll amone thens-
selves, In pldnmnlr relense operntions, inerensed growth DE the
plnntt‘d trees I not the only thing thar must be talen into account,
Consideration must ulso be given (o such matters as the possibility of
reducing nsect damage il dlisoqaes, cliietly througl maintaining
mixed stands, and il tining fuvorable conditions Lor wildlite.

PLANLATION RELEASE

As the term s ussl in the Loke States region, plantation release
means any operation that removes or reduces conpetition aflecting
planted Lrees; it s ronghly equivalent e a combination of the text-
book terms eleaning or woeding libheration cutting, and improvement
eutting® Ordinarily, two elisses of release ave recognized. (1) High
‘(‘li‘.l'wl‘-—-—ll‘lll()\(l] of all or parl of the overstory, lnt{ (23 low refease-—
removal of grassy, herbaceous, or ~hrubby materinl front arotind the
plinted tree<. Sometimes, oo, the term “~od relense™ i~ wsed,  This
15 merely a form of low release, which, as it mune inplies. means re-
moval of dense grnssy growth or sod, nsually ou ohd-feld pl nratione.

Is Refease Necessary?

i the Lake States, plantation release was somnething to vead about
or at most 1o test ona smaell seale prior to 1935, Aout that time.
however, the convineinge demonsteation of =mail~cale tests aleeady
made. the wvailability of large amonnt= of emergeney faboe for for-

—_—

B abiseusslon of pelense prdcpees reconnnetsded forosspen sl broashilaonds
Will b ol oo g 74082,
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esiry purposes, and the great expunsion of the planting program all
combined fo establish release of young plantations on uspen, onk, and
brushlands as an uceepled practice. By the end of 1948 more than
300,000 acres of plantation had been released on the national forests
ol the Lake States nt an average cost between $t and 33 per weve,

An apt illustestion of the necessity for relense is shown by experi-
mental vesults on the Chippeww National Forest. Paired plots, of
which one each way given coniplete release and the ofher was left
unreleased, show that failire to relense meant a reduction, at the
end of § yenrs, of some 70 percenf in survival, more than §0 percent
in heieht growth, and some 99 percent in total dry weight in the
ase of red pine.

Low Relewse

The first carve required by plantations usually is low rvelease or
weeding {figure 39).  Such release usually is necessury between the
Ist and 3h years after planting, depending upon the kind of ground
]:!'v|l>=u'uti0|1, the species and eluss of stoele planted, and the density
of the competing vegetution,

oI
F~325875
Provke 39, -COU erew weeding young plantod rees on the Superior National
= LY .
Forest, Minn,

Plantation release may be carried cut with axes {usually used in
hith release ), grub hoes, Finn hoes; mattocks: hazel hoes, brush hooks,
pruninge shears, or machetes,  The cholee of which tool to use depends
on the conditions upon the ground as modified Ly personal preference
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lor cevtain tools. Regardless of the tool used, considerable care nust
be faken to avoid cutting off or injuring cither the stems or roots of
the Lrees being released.® Where the low growth is dense and the
plunted trees small, the satest procedure is to remove vegetution for
about ¢ inches around each tree by hand so that it is not necessary
to ¢ut too close to the tree with any tool.  I'hen, using suitable tools,
compeling vegetation should be removed to a distunce of abont 18
inches nround each tree,  This will free the tree of dirvect competition
and af the same time leave some brush between trees to protect them
trom excessively high temperntures or drying winds.  In carrying out
such work it has been Tound advantageous to have one man go down
w row und do all of the haud worle abont each free, with n second man
1o Tollow and do the necessary cutting or grubbing,

Frequency of Release~Although plantation release is now an estab-
lished practice on the national forests of the Lake States, little infor-
umition has been avuilable to show how many releases are needed.
Valusble guidanee can be derived from experimental plots established
by the Lake States Fovest Kxperiment Station on the Chippewa and
Superior Nafional Forests, Thege plots show considernzble differ-
ences in the response of the various species, and even of age classes and
size clusses of stock within w speeies, to difterent amounts of relense.
Under moderately dense to dense brush, it is evident already (1) that,
to establish the plantution, from one fo five low releases are necessary
during the first 6 years after planting, depending upon the species
and class of stock and (2) that foo many releases many expose the
(rees too wuch, permit the enteance of grass and weeds, and be detii-
mental to both heightle growth and survival,  Fhese findings ave i-
Tustrated by table 26.

It will be noted that the 2-2 stock had considerably better survival
and height growth under all conditions than did the 2-0 stock® The
Iransplant stock benefited from an increased number of releases,
whereas the seedling stock showed very poer survival with {hvee or
four relenses, antl poor grow(h accompanied by fally low survival
with only one release. The detrimental vifects of frequent velease
upon the 2-0 slock arve due appurently to inability of this siock to
stand_exposure to drought conditions and additional compelition
provided by grass and weeds that come in us a result of frequent re-
lease.  Ior both kinds of stoele, however, veleases the 1st and 4th years
seem Lo be best from the standpoint of survival and growth, and
cconomy.  ‘The improved results shown by the 2-2 stock with addi-
tional releases probably ave not suflicienl to warrant the extra cost.
After the th yeur the 2-2 stock sheuld be able to hold its own withont
turther low release, bui the 2-0 stock may need at least one more re-
lense, probably about the 6th year. A summary of ihe recommenda-
tions for low release bused on these studies is given in table 27,

1n Dweminark, where plantation release is an infegral part of slivieultural
practice, o foss of 1 pereont of the plinted frees is allowable in any one release
operntion,  I£ the losg is greater than thal, the workman responsible is not
given furiber release jobg. A slmilar standard of nllowable less in Take Stales
planiations shoutd be possible of attainment,

*Where threifty spock of the proper age ¢lnss I8 plamnied on o sile sulfable for
ibhe spectes, not more (thao three releases shonid e nevessuey,

* I oa o simikee pest nsing graded 240 stoek, the larvge grade showed about 16
percent better suvrvival and abooe 23 pereent better height growth than the small
e
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"ABLE 26— fect of low velease on survival and height growth of
castern white pine in heavy brush, 6 years after planting

2-2 stock 2-0 stovk Basis,
Years of releasg after trees each
planting tlass of
. Survival |Height | Survival | Height| stock

Percent Feel Pereend MNaumber

1st, 2d, 3d, #tho_.. .. 30, 4.6 20, . 800
1st, 3d, 5th._... - ... 19, 47 26, 1 400
1st, 440 _ e . 12 41, ! 400
3d . .. . 3.1 35. A 400

Average or total. .__ , 12 2% 9 5 2,009

Tavre 27— Low-release recommendations for Lake States plantations,
by species and class of stock

Iy Hlwavy Brosu

Releaso after the—

Specices and elass of stock
2l 3d 4th Sth
year

White spruce:
2.9

20 en
Ea.sl'grn while pine:
2.0 11T
-0V .
Red pine:
2

20l . ...
Jack pine?
2.

2-0 C e deeaae . P

¥ ¥operare ro Tacur

Red pine:
2-1
A

B
Jack pine:?

-0 LAl

t i

! Recommendations for this class of stock are for stovk praded as “small”.
Recommendations for all other clusses in the table are for stock not graded as
to size.

2 Studies on the Superior National Forest indieated that 1-0 or 2-0 jack pine
stoek might be established under inoderately dense brush with only one low
release mude Lthe 1sy or 2d year after plunting.




138 TECHENICAL BULLETIN 1019, §¥. 8. DEPT. OF AGRICULTURE

Low release, where it is needed, should not be delayed because the
trees become spindly and ave less able to withstand exposure when left
too long under dense shade. Three years under heavy brush pro-
duces spindly trees in jack pine.

Phe Value of Large Stock.—The results from the experimental plots
indicate » distinet advantage in the use of large, weli-developed stock.
In general, good transplant stock has better survival and growth and
so can be established with at least one less release operation than seed-
ling stock. The saving in the cost of one such operation, even using
wage rates paid relief labor, is at least enough to offset the extra cost
of the transplant stock without taking into consideration ifs better
ervly growth. Good transplant stock should not cost over $5 per acre
(prewar prices) more than seedling stock. Other than jack pine,
seedling stock should not be used for conversion planting.

High Release

T'rees planted under a moderate to heavy overstory will need release
sooner ot later if rensonable growth and survival are fo be obtained.
On areas with heavy cover, enough of the overstory should be cut,
preferably in advance of planting,* to admit ubout 20 to 25 percent of
full sunlight; all, or most, of the remaining overstory should be re-
moved in one or more ents during ihe ensuing 5§ to 20 years. Because
of the dangers of heat and drought damage, heavy sprouting, and en-
crorchment by grass and other low vegetation, too much of the over-
story should not, be removed at one time either before or after plant-
ing. Ifsprouting takes place, the planted trees may have to be given
an cxtra release from the sprouts,  Aspen and ved maple ave particu-
larly vigorous sprouters. QOvdinarily post-planting high release
should begin when the planted trees are 4 to 3 fect tall, and preferably
should be carried out in two or more operations. Such releases have
been made at no cost, or even at a profif, through the sale of aspen
overstory for pulpwood. With the expanding use of aspen pulpwood,
such opportunities should increase.

Although the initial overstory release can be done most efliciently
and cconomically in advance of planting, many plantations now need-
ing velease were established under cover. In such cases release cut-
tings should be made as soon as possible so thal the young planted trecs
do not become badly suppressed. However, studies made in Minne-
sota and lower Michigan (702} have shown that both ved and eastern
white pine planted under oak or aspen ave able to benefit. from release
after having been overtopped for # to 15 years {8g. 40). Recently
a 29-year-old mixed jack pine-white pine plantation inlower Michigan
was released on a commercial sales basis by vemoving 6.3 cords per acre
of jack pine in such a way as to release the castern white pine and
benefit the remaining jack pine.

Although overstory release, in common with all silvicultural opera-
tions, must be based upeon a thorongh understanding of conditions on
the ground and varied from place to place even within an acre, table
28 can be used as a guide to such work in the Lake States. Ti should
be kept in mind that the table is only o guide and that operations will
have to be varied according to Tocal conditions,

e preplanting removal enpn be done by nse of The Athoens-type disk or the
Minnesgtu-type pusher plow deseribed on page 70,
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PanLe 28.—Qverstory release recommendations for Lake States plantations, by species

Species

Before planting

1 to 5 years after planting

Full
sunlight
required

AMaximum
density
overstory
retained

Trees to be removed
per acre!

Oak

Aspen

Full
sunlight
requirec

i

Maximum

density
overstory
retained

Trees (o be removed
per acre!

Oak Aspen

Jack pine .. .. eais
Red pine. ...
Euastern white pine__...
White spruce., ...

P Y

Percent
30-35
30-35
25-30

25-30 |

Percent
5
50
60
00

Number
110-230
110-230

90-200

Number
280~700
280-700
240-600
240-600

90-200

Percent
60-70
50-60
40-50
40-50

Percent
20

30
40
40

Number
280-700
200-500
160-400
160-400

Number
110~-230
80-160
70-130
70-130

Species

5 to 10 years after planting

10 to 15 vears

after planting

Full
sunlight;
required

Maximum
density
overstory
retained

i
4

Trees 1o be removed
per acre !

Qak

Aspen

Fuall
sunlight
required

Maximum
density
overstory
retained

Frees to be removed
per acre !

- Oak

Aspen

Jack pine

Red pine.... ...
Bastern white pine
White spruee?

Percent
80-100
70-80
50-70
50-60

Percent

15
25

30

Number
100-200
60-130
60-120
30-60

Number
250-600
160-400
160-400

80-200

Percent

Percent

Nuwmber

30-60

Number

1 Approximate maximum number of trées per acre to.be remov

given in the table.

ed, assuming the overstory is well-stocked oak or aspen ranging be-
tween 30 and 60 years in age. ‘On the average, the number of trees to be removed. per acre probably will not exceed one-half of those

2 1 5'to 20 years after planting: not over 15 percent of overstory density to be retained; 70-80 percent of full sunlight required; number

of trees to remove per acre—30-70 oak; 80-200 aspen.
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Which Plantation to Release

It is not difficult to tell whether individual trees need relense. Fue-
thermore, by systematic observations of individual trees, it is not difti-
cult to tell whether a specific plantation needs release. However, the
decision as to which plantations to relewse when there is a choice
among several is not always so simple, In each case the following
questions should be angwered :

1. Does the plantation have suflicient stocking of planted trees to
warrant release? Some help in answering this question can be ob-
tained from figure 283 ovdinarily the plantation ought to have at least
averige stocking, It may be desirable to velease plantations with less
than average stocking if by so doing a fair stand ean be produced more
cheaply than by veplanting, or if the plantation is composed of species
poorly able to withstund competition.

2, 1F high release is involved, can the planted trees be expected to
develop into higher quality products than the competing volunteer
averstory trees? IFf the overstory consists of off-site aspen, undoubt-
edly any native conifer would produce move and better produets,
However, if the overstory is of sound oak or better hardwoods—a site
that probably should not have been underplanted in the fivst place—
the situation must be weighed cuvefully or money may be spent to de-
stroy trees of equal or higher value than those favored.

3. Even though the plantation is well stocked, are the trees still
sufliciently vigorous to respond quickly and well to velease? TFre-
gquently, planted trees survive quite well for a few or even several years
under heavy competition, but they become so badly suppressed (us
evidenced by spindly habit, thin toliage. and slow growth) that they
are unable te respond to the improved conditions resulting from
relense, Ordium-ih' a plantation probably should rate at least fairv
in growth (check againgt figuves 29 to 38) as well us average or higher
in stocking (see figure 28) to be cousidered tor releuse. ‘.:l\r:llly ather
factors must also e taken into congideration when only pact of the
plantations needing release cant be treated. such us whether to favor
the faster-growing but lower-quality specics, whether to favor the
5-year-old plantution over the 2-year-old plantation, and so on.  All
such decisions should be made on the ground on the busis of local
conditions thoroughly understood.

THINNING PLANTATIONS

In the Lake States, plantations on the average will grow and develop
so that somewhere between 15 and 10 years of age the crowns of the
trees will close and competition will begin to take place. Such com-
petition is beneficial to the extent that it brings about the formation
of straight, clean stems and reduces undergrowth, but if it beconues
too intense, it will reduce growth and kill some of the trees. Before
reduced growth occurs, some of the trees should be cut out so as to
provide xdequate growing space for those that remain. )

It is desirable from a silvicultural standpoint to make frequent light
thinnings so as to mainiain good, uniform grawth of the trees.  How-
ever. from a practical standpoint it is desirable to delay thinning
until merchantable material. uzually pulpwoad, can be removed in the
operation and the cost offset so fur as possible by the utilization of
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such material.  As an example, a 27-year-old State plantation in Mich-
igan was thinfed on a commercial sales basis, removing 8 cords of
pulpwood per acre. A 30-year-old ved pine plantation was alse
thinned at a profit in Wisconsin (99).  As a vule, with planting done
under present standards, it shonld not be necessury to thin plantations
iy this regron until they produce some merehantable material, and in
many eases it probubly will not be necessary to thin them at ail.

How will the planiation manager know when his trees need thin-
ning? Fhe final decision, of course, will have to be made on the
ground for euch plantation, laking into consideration all of the silvi-
eultural and econonic Factors involved, but cereain weneral guides ean
be set up. Ordinarily, if the densify of the plantation approaches or
exceeds that of normal, fully stocked, natueal stands, thinning could
be done advantageously.  However, a better guide than pmmmber of
trees per sere 18 the pereentage of trees b the stand that ave found in
the dominant and codominant crown elasses® 1 the stand §s tuo open
to differentinle crown classes, obviously it needs no thinning.,  FTow-
ever, even when the canopy is closed. 1f a relatively high pereentage
of the trees ave in the dominant aud codaminnnt clsses, no thinning
is needed.  On the other hand, if a velatively low percentage of trees
i the stand are n the ppper crown elasses, then thinning is definitely
necded, '

Figure 41 shows e percent of trees in the dominant and codmn-
jnant crown clisses necording (o average stand dinmeter in nermal
stands ol the contfers west conuonly planted tn the Take States.
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Froeug - Guide for Lhinnlng eonifevour stands, barzed on poresnt of trees in
deminant and codondonnr crown classes I normal staads in the Deke Stales,

B Crown elassed aro defined as follows 1 Bominand--troes with crawns extongding
nbove the genersl luvel of the forest cabopiy amd vecelving full light from above
aud partly from the sides,  Codomiaon! - teees with erowns feriing (e goneral
lovel of the forest eanapy amd receiving full Hehe rom above but comparaiively
frbie froan the sidew. Irderue digie—ireos with evowns below but extending iuta
The forvst eanopy and recebving o littde diveet Lizht from above bnt none from
the sides.  Nuppressod—trovs with crowns ontlrely below the forest canopy ansd
receiving no divect lght.




FOREST PLANTATIONS IN THE LAKE STATES 143

In using these curves as a thinning guide, stunds fulling below the
line should be thinned, those failing well above the line do not need
thinning, and those falling on or a little above the line would benefit
from thinning. In the latter case the decision to thin or net to thin
must be made by the owner on the basis of current conditions of
mavket, labor suppiy, or the like. Suilicient data were not available
upon which to base = similar curve for red pine or white spruee.
However, use of the eastern white pine and blaek spruce curves, re-
epectively, will rive conservative resulis®

On the basis of work wlready done, thinning coniferous stands in the
Lake States will require from 1 to + n'um-{rﬁt}'s per acre, depending
on the size, kind, and number of trees per acre and the quality of the
inbor. It may be done anywhere frem @ net prewar cost of $15 per
gere to a net profit.  Orvdinarily, lopping and scattering of slash is
satisfactory disposul practice exeept alonyg rouds and trails where there
is particular danger of fires starting, Plantation owners should!
obtain the advice of a trnined forester in designating trees to be ve-
moved in thinning.

PRUNING PLANTATIONS

Byen though trees in the oldest voniferous plantations (40 to 60
vears old) in this region show very little tendeney to shed their lower
Branehes, artificial pruning has been practiced but rarely. Some
pruning, confined lurgely to sall private plantations, has been done
for aesthetic rather than silvicultaral or economic reasons.  Recently,
the United States Forest Service has done some praning of planted

{rees in the Lake States largely for fire protection or experunental
purposes.

The old virgin forests of this region. us n result of natural pruning,
produced long clean boles that contained high percentages of clear
fumber.  However, satural pruning does not begin Lo tuke place until
relatively lnie in the Jife of the stand. and in plantations ef white and
red pines dead branches have beeir found to persist so long that fittle
or no clenr Tumber could be expected in votations of less than 8U years
{18). Consequently. the owner who wishes to grow his trees to mer-
chautable sww-Unsber size at the earliest age and at the same time have
a good-guality preduct may find artificial pruning u necessily.

Pruning of eastern white pine in the Northeast has given promise
of returns per Lhousand board feet of $10 to 10 more than for sim-
itar unpruned lumber,  Based on studies made ia that vegion (16, £9),
the following recommendations can be made For pruning coniferous
plantations established to produce saw timber :

L. Prune from 130 te 308 good. straight dominunt or codominant
trees per acre.  Ouly trees that have good prospects of being present
at the time of harvest cutting should be treated.

3. Do not undertake pruning until the trees have reached a height
equal to the lengil of the praned butt log desired (10 to 16 feet},
nov until the vrown elasses enn be differentinted.

B4 hinnisg gubde based on (e average heigho of desinast and eodomingit
teeos has bevn propesed, 1E i <uggested (hat the average spoeitng beoween
trees 1o 3 stand shonld be Yy o To of avorage height for sproce aad e, 15 to
for enstern white piue, amd 1 to 15 for jack piae (100).
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3. Pruning may be done at any season, provided that branches
1 inch in dismeter and smaller sre cut.  Ff lureer branches are to
be vemoved, it will be safest to prune duving the fall or winter. The
cost of prusing can be decreased and the production of elear lumber
inereased i proning is done while the beanches are less than one-half
inch in diameter,

4 Limbs should not be removed, ordinarily, above one-hulf the tree
hieight or above the point where the highest living branches interlace.

3. Trees should be pruned to one-log height (17 feet) in two or
three operations, endeavoring Lo keep the central knotty core about
the saume diameter throughont the log.  The first pruning can be done
up to u leight of § or ¥ feet and following two prunings each can
extend another b or 3 feet up the stem,

6. Although axes, machetes, Lillhooks, knives, chisels, shears,
elippers, and saws have all been used for pruning, the latter is the
most satisfactory tool.  Axes or machetes definitely should not be
ued.  For low pruning, a hand praning saw is recormmended ; for high
pruningeither & hand pruning saw manipulated from a ladder or «
pole pruning saw is recommended. Tn that connection, the Forest
Products Laboratory i~ exploring the possibilities of power-driven
pruning saws that may simplify the operation of high pruning
considerably,

7. Pruned trees should be favored when thinnings arve made.

Although it has been recommended in the Northeast that only saw-
timber trees be pruned. it appears now that much of the jack pine
planted in the Lake States may have very heavy limb development and
that the exiva value of knot-Tree pulpwood may justify the expendi-
ture of severnl cents per erop tree in pruning.  Sludies are now under
way in this region to determine both the desirability of and the best
technique for such praning,  There are sonme indications that it may
be cheaper for pulp companies lo rerun the knofs in the pulping
process than (o pay the cost of pruning.

What Records to Keep

As anecessary busis for the satisfuctory conduct of a planting pro-
gram, information as to the establishment, cost, and development of
exch plantation shonld be recorded in veadily available form. How-
ever, where there ave a large number of plantations to follow, records
of all may present an unveasonable task,  Tn such cases, detailed rec-
ords on selected plantations should give adequaie information, The
record of establistunent should include the following: leeation (town-
ship, range, section, forty, and further detaill if necessary) : size (area
in acres) 1 species (both common and seientific names preferable) ;
kind of stock (wildling or nursery grown : age, size. quality, or grade) ;
source of seed {State and county in which collected. or more detailed
locntion of seed ariging or, 1f these are not known, dealer from whom
obtained) ; sowree of stock (nursery at which grown) ; dates between
which planting was done: eround preparation {method-—plowing,
disking, or sealping —kind ol equipment used, and spacing of furrows
or sealps) ; method of planting (system of planting—slit, wedge, deep
hole, or mound—and kind of (oo or machine used) ; and density of
stocking {spacing of trees or aumber per aere).
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For ench plantation larger than 10 acres, it is advisable to malie a
map on a scale of 4 inches to the mile or larger. The larger scale is
preferred for small plantations.  The map should show the boundaries
of the plantation, pertinent cultural and natural features—roads or
trails, and streams, swamps, etc.—species or species mixtures, areas
replanted, dates of planting and replanting.

Aceurate cost vecords are necessary for the most efficient conduct of
large planting operations. Such records should iuclude the costs of
planting stock ; ground preparation; the planting operation, including
any repianting; protection against five, insects, diseases, caltle, vab-
bifs, or other enemies; velease cuttings; and thinnings, Any returns
from the sale of products harvested from the plantation should also
bie included.

A record of the development of each plantation should be kept, and
it should be started usually at the end of the first growing season after
planting.  Such vecords should inelude survival percentage and num-
ber of Hving trees per arcve, average height. and principal injuries
(causes and extent). Later, diameter at breast height (4.5 feet ubove
the ground line), crown eluss or tree classes, and the velumes or quan-
tities of various products should be recorded.

Plantations made at vievious times and places are subject to weather
cariations from year to year and differences in such factors as quality
of planting stock, species, site characteristics, and kind and quality
of ground preparations. Therefore, it is necessary to check the suec-
cess of any considerable planting program by something more ac-
curnte than casual ocular observations. Seme systemaiic method of
observing the condition and growth of the planted trees 15 needed.
Several methods of plantation examination that have received rather
wide use in this region ave us follows:

1. One of the simplest methods iz to stake off plots of 15,15, or 1
acre in representative parts of each natural unit of the plantation.
The main advantage of the methed, beyond its simplicity, is that the
plots provide un easy means of determining volume of wood per acre
in later measurements. 1ts main disadvantage is that the plots fre-
guently do not provide a representutive sample of the entire planta-
tion. Also the stakes decay and need to be veplaced as oflen as every
D years,

2, The line-plot method, which is based on runuing dizgonal lines
across the plantation. provides better sampling of the plantation.
According to one variation of this method. the 1st tree in the 1st row,
the 24 tree in the 2d row. the 3d tree in the Jd row, and so on, are
exnmined. More frequently this method has been applied by counting
10, 20 or more trees in the st row, shifting to the 2d row and counting
the next equal nuniber of trees, then shifiing to the 3d row and ex-
amining the 3¢ group of trees, and s¢ on.  Somelimes two adjucent
rows sre considered as L group, and the shifts ave then made 2 rows at
a time. This method gives a fairly goud sample of the plantation
and covers the work of vavious crew members and erews impartially,
The frst variation makes it necessary to stake each tree toumbering
at least every 10th stake ). while the seeomd variation requives the stuk-
ing of the first and last frees o each group only.  Here again stakes
need to be veplaced perivdically,

ST7844—50-—10
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3. The eruising wetliod, which now is used commonly by the United
States Forest Service in the Lake States, is stalistically adequate for
plantations of 4 acres or more. s its nume suggests, the method is
based on timber-cruising procedure.  Compass btll]'JH are Tl across
the plantation at 5-chain = intervals, beginning 215 chaing within
the plantation boundury.  Counting plots accur at d-chain intervals
along each strip, brginning 21, chains from the starting point as fol-
lows: At each S-chain interval, shifl to the nearest row (o Lhe right :
examine the fvst 3 teces diveetly aheads then shift to the st vow on
the left and examine the 10 trees divectly Lo the rear: shift back to the
first row again and examine 3 trees abicad, bringing the examiner
back (o the approximate point at which he started the plot,  With
this method, sixteen 20-tree plots (520 {rees) nre examined on each
Torty, The wain wdvantage of this method, bevond it statislicn) ade-
quacy and the fact that no stakes ave needed, is that the examiner ean
rendily make a satisfactory map ol the plantation as he traverses it,
shuwing spottiness of stoc TKing and paris that need replunting, wlo.l:,L,
or olher specind attention,

At least 200 trees should be observed in each plantation or homoge-
neons unit ol the plantation, in any method of examination employ adl.
More trees shoulid be examined il the ]JIulll[.ll!UIl i3 0 neres or larger,
Examinations should be mude, 1.2 or 5. and 5 years after ])l.m(mlr Lo
cover the period when mn:'lu!ll\ um.z]h is sreatest and when 101)[.:11(-
ing can be done. It is also desirable (o make additiona) examinetions
cach 10 vears after planting. Special couuts should be made at other
times in the event ol severe drought, insect or disease epidemics, or
similar sevions conditions.  Where the planted avea ts small and the
observer experienced, casuil ocubar abservations may provide ade-
quate ex;umination. Otherwize one of the methods deseribed should
Le employed.

Photographs are a valuable supplement ta plantation examination.
Aseries of views tuken over w period of yewrs frony the SLNE Point—
preferably with the same size fili aml eamera, ovienied in the same
way—illust rates plantation developmeni beter than either numevieal
or tlewrlptwv duata alone eun (48). Prefecably, each homogeneous
unit of plantation should be ihustrated by pairs Nl phofographs show-
ing one view from the outside rows ol the plantation and one within
the plangation.  Fach camera point should be mavked by a stout stuke,
nndd (he lovsttion indicated en the plantation map.

LAYING THE GROUND WORK FOR REFORESTATION
PLANNING

The simall landowner usuelly kuows, or can lo-uhl\ lind. the arens
needing reforestation, and he ean guickly determine what, when. and
shiow Lo p].lnt them.  Owners of Targe tracis, however, need some Sy's-
temativ method of reconnaissanee (o obtain 1]10 hagie inlormation for
p[mmlurr their reforestation programs several years in wdvance.
Thera are two phases of reconnaissanee, extensive and intensive
BUTVEYS,
e ehaits, 2 anit eomnmmly georl D snevey e, is egueal w06 feot, < ralds, or
Tsu mile,
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Exiensive Surveys

Specifieally, the purpose of extensive surveys is to provide definite
knowledie as to the location, size, and chavaeter of each aren in need
of planting. Such information should be compiled by sections and
townships and summarized by forties.  Ordinarily, it can be obtnined
by referving to nequisition, timber, or invenfory survey reports, or by
examining uerial photographs, and little or no additional field work
will be required,

Intensive Surveys

The purpose of imtensive surveys is to obtain accwste information
for each plantable area in order to provide a basis fur preparing a
detuiled planting progiam for cach forest. Such information con-
cerns the species and class of stoek to be planted, the methods of
around preparation to be wsed, and, in fact, all conditions affecting
the planting job.

The basie informution requived for the preparation of detailed
planting plans has to do ehiefly with soil and cover conditions. and the
possibifities of loss ar Injury on cach arvea. It invelves most of the
matters discussed in previous sections of this butletin.

K01, FACTORS

Fundamental fo evaluatine sites for planting is the recognition of
soil quality. Textuve and moistuve conditions are highly inportant
and cusily determined indices of soil quality. Seil texture can be
readily determined in the field by the hydrometer method, or samples
cun be takes, approprixtely labeled, wnl nnaiyzed later in the office.
The soils can be grouped into classes upon the basis of pereent of line
muterial {silt plus elay) as follews: 0~13, sands: 15-20, lonmy sands;
20-30, light sandy loamis: $0=5, good sandy loams; 50+, heavy soils
{silt loams, clays). Soil-moisture conditions are best measured by
depth to the water tuble. Tf the water table, under normal midsum-
mer conditions. is from 3 to 6 feet below the ground surface. 16 will
exert n benelicial effect wpon planted trees. If the water table is
deeper, the trees ave not apt to benefit from it} if it is shallower, the
soils will be too wel for safisfnctory growing conditions.  The relution
of these two soil factors (o the welection of species and clusses of
planting stoek 1 shown i fable 7. p. 25

Sotl acidity, ptL value, is alzo rather casily delermined in the field.
However, in an aren such ns the northern Lake States forested vegion,
this factor iz seldom of eritieal importance in delimiting (he growth
and oceurrence of the species useful in relovestation.  Tn other words,
when the soil texture and moisture conditions are suitable for a given
species the pll value almost always is suitable also.  Mowever, since
pH is easily determined. tests ean be run on the samples taken for fine-
matter determination and (he oceasional area of unruitable reaction
eliminated.

COVER CONDITIONS

While the soil largely soverns the growth eapacity of the site. the
kind and amount of vegetative eover largely determines s plant-
ability and future release load.  Both the overstory and low or ground
cover are important in this respeet.
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T'he Overstory—IE there are enough trees of valuable species on
the aren, there is no need for planting. ™ 1f, however, the stand is made
up of trees of little or no commercial value and there are only remote
chanees of natural regenerntion of the better species, the nren ordi-
narily should be planted sooner or later.  As u standard, any such
aven iess thun 60 pereent stocked (based on a basal area for normal
stands as given in yield tables) enn be considered plantable, at least
on w partial busis. Not only does the overstory govern the plant-
ability of an area, Lut it also largely determines the difficulty of
ground preparation and the wount of release work required,

Plantubility of Aspen Stands~-Arens having an overstory of
merchantable speeies are determined to be pluntable on the basis of
stocking,  Aspen, however, must be considered in a special category
because it may or may not praduce merchaniable stands, 1. e, stands
that will veacl n ietght of at least 60 fee in 30 years.  In general, it is
known that on good sites aspen can produce merchantable wood crops
andd that on poor siles it usually becomes decadent Lefore reaching
merchantabilty,  Therefore, some method st be found for de-
termining which immalure aspen stands are apt to beecome mevchant-
able and which will fail to do so.  There is no infallible method of
malking such a determination.  Probably the best guide for deiermin-
ing potentint aspen merchantability is & combination of soil texture,
degree of burning, and presence ov absence of shallow water table
(7).

Unmerchantable stands—those considered for planting—will oeeur
on soils with less than 20 pereent of silt plus elay or on severely burned
areas regurdless of soit texture. Fowever, there are exceptions—
unburned or tightly burned aspen on soils with 13 to 20 percent silt
plus elay nnd moderately burned aspen on soils with 20 to 80 pereent
silt phas elay way produee light pulpwood cuts i€ the permanent
water table is within 3 to 7 Teet of the surface: on the heavy, red ‘gumbo,
clay soils nenr Lake Superior, aspen does nol 'develop well.

To ascerttin the extent of five damage it s necessary to examine
the stand critieatly for evidence off pust fires, to determine present age
ot standd, time at which fives oveurved, and to note the comparative
tnmage done by these fives, It is believed that with some teaining
wnd sﬂzu'p ehservation, field mew will be able in most cases fo do a
reasonably good job of ruting degree of burning.  However, because
of the emphazis placed upon this factor, some explinatory remarks
may be helpful,

Evidences of the oeenrrence and severity of past fires can be obtained
from the uspen trees themselves and from such environmental tactors
as the litter, the understory speeies, ground vegetation, and stand
structure. It is necessary {o fell o number of aspen trees in order to
ablain a veasonably aceurale estimate of the percent of trees injured
by fire. Such trees are marked by auy of the following: lesions or
sears, rot, or discoloved wood. O light burns. not over 10 percent of
the feled treex show any signs of five sear. On moderate burns, up
to 38 pereent of the trees wmay show sears, rot, or discolored weod. On
heavy burns, over 00 pervent ol the trees are so alfected and {he stand
tx oflen considerably wnderstocked.  The site index often is reduced
13 #0953 fect.

Firescarred remnants of piue, hard woil, or uther members of the
previons stand ean often be found neavby and ave helptul in deeiding
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the dates, number, and severity of fires. Charcoal in the humus or
duff layer indicates recent fives. It is important to date fives so as to
¢ stinguish between the fire that was responsible for establishing the
aspen and subsequent ones that could injure the stand. Firves ave
especially destructive when the stands ave comparatively young,

On light buens only the litter and perhaps part of the dufl will hive
been burned on the aren as a whole. “Uliere may be a considerable
wmount of young conifer reproduction present; such would not be the
case on moderate or heavy burns.

On moderate burns the fires ave hot enough to desiroy a considerable
part of the duff and humus layer. Any remnants of the previous
stand are apt to show lelltale fire sears. Moderate aud heavy buens
eause considerable injury or destruction to the dense mass of shallow
roots found in the huns layer.

On heavy burns remnants of the former stund piainly show the in-
tensity of the live. ‘The oceurrence of such s often is indicated
by the existence of two nge classes of aspen, normally an even-aged
species.  Moderate Lo severe fives may destroy much of a young aspen
stand nnd start another crop of sprouts und reot suckers. The sur-
vivors of the older stand will retain a size advantage that is most
nofable in dinmeter development : the difference in height, after u few
vears, often is vot so marked.  ‘Tlic older trees geuerally have larger

imbs and crowns.  Any suspicions ag to the two-nged character of a
standl enn be checked guickly by means of & fow inerement barings.

Low Corer—The low cover on an aren is of importance in defer-
mining iis planting possibilities from two standpoints: (1} As it may
allect ground prepareation and the development of the plantation, (2}
a8 it may contain reproduction of tree species.

Depending upon its composition and density, low cover nay present
a serions obstnele to plowing, may ¢ause serions competition to planted
trees, may wat down and smother planted frees over winfer, or may
protect planted trees from heat damage.

Yonerally speaking, (he density and vigor of low-cover plants nve
less on Che conrser-toxtured soils than on the iner soils,  Consequently,
furrowing is nsunlly ensier in the sandier nreas, there is less need for
later relense. and furrows remain usable for a longer period in case
planting is delayed or replanting is necessary.  On the finee-textured
soils. however, Turrowing stimulates heavy sprouting and suckering
of many speeles, and the Turrows may be filled with vegetation in a
year or two alter plowing, necessitating early and often trequent
relense.

Tow cover frequently contnins repraduction ol (ree species thal may
ringe 1l the way from newly germinated scedlings to those several
feet tall.  1f there are enough seedlings of valuable species to vestoek
the avea, planting obviously is nol needed.

Using the same standards as for the overstory, any area less than
60 pereent stocked with reproduction of valuable species ean be con-
sidered as plantable.  The stovking of the overstory can be determined
quite simply by comparison with vield-table values.  However, theve
are no such standards available Tor determining the stocking of re-
produetion.  Most simply, stocking can he expressed it terms of
stocked miluere quadimts.  Sinee seedlings in differeny stages of de-
velopnient have considerably different suvvival values, there must be
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a {lexible scale for determining what constitutes a stocked quadat.
The following seale, based on experience, is suggested :

Plrante in gtocked
wilaere quadrel

Size vluss: {Awmber)
Sliestall oS el o b oo e .. \
LO foob to 3 foer thlloC. o i e ]
G oot to 1 foot ll - .. .. e e 4
0.8 feot tnll and wndereooc oo L ol e e 10

LOr auy combination equivalent to one seedling 3.1 feel tall fo 0.5 el 4. D, 4,
such g ene seediing 1 foot to 3 teet thll plus 5 secdlings luss than 0.5 Coot tall, ote.

Cousiderable judgment should be used in tallving reproduction.
Only seedlings t{mt have suevival value at the time should he tallied,
For instance, very young seedlings growing on votien logs or stumps,
or on thick fitter, should not be tallied because they have only a very
slight chance of establishiment.  Similarly, small seedlings vrowing
close beside vigorous, young to middle-amed trees huave lttle chunce
ol establishment,  Another precuution shonld be observed in tallying
sprouts. No matter how nany sprouts arise from a single stump or
stub, they should not be tallied as wmore than two plants,” More than
that seldom carey through te tree size. except perhaps in the case of
basswood. '

Besides the reproduction on an avea, its potentialitics for natural
reproduction should -be weighed.  This is purticolarly true of areas
reeently burned or logged. It suflicient seed trees are available and
soil conditions are suitable—not too many obstructions to seed or
young seedlings coming in contact with mineral soil—it is quite pos-
sible that natural regeneradion will veclaim the arca. As n vough
guide the following stocking of seed trees shiondd Le the minimum
adequate Tor restocking an area :

Trees per aere

Dinmweter hreast high inehes) {maembicr)
{1 e e e e mmmmma o e eas 15
T.. . e e - o ammm e e 11
B L e i e e 3
H I Cmma oo et e e e T
0oL e e e em e el ——— H
Lo e eiie e e e e e 3
2000 ... 4

Nutural regencration, of course, is rather unceriain, and it may talke
several years for enough seedlings to become established to vestock
anarea.  ISxposure of the mineral soil by disking or othier means may
be necessary for satisfretory establishment of natural reproduction.
TFor this yeason, good judgment must be used in classifving aveas as
to reproduction potentialities.  Ior all practieal purposes, areas with
1 satisfactory reproduction potential but with little or no uetunl re-
production can Le placed in o lower priorily group for planting,
They should be reexamined befove planting (o see whether sullicient
reproduction of valuable species has tnken place.

Feolugiend Development of Site—Qne other point to be considered
in observing the cover. both high and low, is the probable evological
development of the site. Such trends ean be determined by weighing
the present overstory (compostiton and densityv), present veproduction
{eomposition and density), and soil conditions us against past cover
andd 201l treafment (burning, logging. ete.), and comparing the re-
sulls with known ecological suecessions, ‘Che main advantage of con-
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sidering the ecological status of a site is that it presenis further in-
formntion upoun which to assign planting priovities und to judge future
release Joads. '

In the Lnko States most upland foresied nreas nre in some stage of
doevelopment toward either the white spruce-balsam fir or the northern
hardwood-hemlock elimaxes.  The fermer is the elimax ol the colder
moroe northerly areas, the Intter of the aveas of relatively milder ¢li-
mate. In part of the Lake States there is a transilion between the
two elintnxes wherein species of bothy are vepresented.

'The species ordinarily making wp the novthern hardwood-hemlock
elimnx are sugar maple, yellow bireh, basswood, heeeh, and hemlock.
There is some variation within the vegion, however, In Minnesota,
beech and hemlock are absent. Tavlher to the east these species come
i and yellow Livel becones somewhat more prominent,  Beeel does
not play a very important part in this elmex in the Lele States,

Lﬂnny Taetovs adfeet the progress and ruie of ecological succession,
but probably of most importance ave soil conditions.  As a general
rule, sueeession Tuay be expeeted fo be farthest advanced and to pro-
ceed toward the elimax maore rapidly on the better (finer-textnred)
soils. On the poorer sy lands, however, progress toward the
elimax will commonly be so slow that it vequives less consideralion in
forest munagement.

SURVEY METHODS

The information required for the intensive survey will ordinavily
Le obtained by means of a Iine-plot survey,  The intensity of the sur-
vey. to be decided upon by (he forester in charge, should be determined
by the amount and relinbility of intormation nlready available, condli-
tiong on the ground. and whether or not a complete inventory survey is
te be mnde.  Generally the practice will be to run (wo strips through a
forty, taliing plols nf 2.5, 7.5, and every fifth ehain therentter, Stock-
ing wud composition of the overstory (and potentia) mevchantubility
af aspen) showld be taken on a onestenth-acre plot and of the low cover
on a nilaere plot. At these poinis soil samples should be taken and
the depth te water tuble determined by boring with a soil auger down
to 6 feet (presence of water (able s indieated by saturated soil).
Where o white grub count is neeessary, holes [-fool square and 1-foot
doep should be dug every 2 ehains wid the number of grubs connted.
The relative abimndaace of snowshoe hares, deer. or other potential
plimtation enemies should be noted,

The bulle of the information gaihered should be shown on & map
(preferred seale, 8 inches=s 1 mile), whieh should indicate by appro-
priate symbols:

1. ‘The howdaries of all plantable arveas,

2. Wind and density of overstory wmud low cover,

5. Physienl Teatures, suel as vowds and trails. drainage, swamps
and Ialkes, ridges,

o Soil-texiure class and depth to waler talile,

5. "The boundavies of areas in which grabs oceur in more than 5¢
pereent of the saimple holes,

G. "The speeies nnd age vlass to e planted.

7. The abundanes of vibes i white pine is recommended for plant-
ing.
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8. Type of ground preparation and direction of furrows or scalps
(size also in case of latter).

9. Aveas affected by wind or water ercsion,

10. Wildlife and vecreational values, including also potential dam-
age from deer, haves, or ether animals. Areas to be reserved for
wildlife purposes should be outlined on the map.

The technique of making the field survey may vary u little nceording
to local conditions. For instance, either a tweo-man or three-nan crew
may be used depending upon whether a complete inventory survey is
being made. The distunces may be chained out or paced, depending
upon the amount of control line available. A staft compass should
be nsed for running the line.

Upon completion of the field survey & repout should be prepared that
will show for each of the next 4 or § yeurs the exact areas to be planted,
the acrenge, the species and class of stoclt: method, direction, and spac-
ing of ground preparation; presence or absence of service roads neces-
sary for the distribution of men and trees, and the need for additional
roads; and any other special conditions that might affect the planting
job, Reasons for the decisions made should be concisely stated.
After the initinl survey, curvent surveys should keep the information
about 4 yeurs ahead of the planting program.

ANNUAL CHECK SURVEY

Bach year a cheele survey should be made of the areas to be planted
the following season go as to determine whether their classification
should be changed. In some cases suflicient reproduction may have
come in fo restock the stand naturally or to make a change necessary in
choice of species ov class of stock. Sometimes, too, additional ye-
search may have been made or experience gained that would make
advisable some changes in species, cluss of stock, or method of ground
preparation, or even throw an aren into » nenplantable category. A
special check should be made of the grub, snowshee hare, or deer popu-
lation it thie oviginal survey showed a heavy population, or if nearby
plantations show serious, recent damage.

A good size-up of the grub population ean be obtained by following
the plow during furrowing fo see how many grubs are turned up.
However, since it might be advisable to vefrain from furrowing aveas
badly infested with grubs, some sort of survey should be made in
advanee on arens where the population appears to be heavy, The
most intensive survey witl involve digging 1-foot square holes at 1-
chaip intervals on strips k chaing apart. At the forester’s discretion
tess intensive surveys may be made.  The sume criteria in classifying
the area will be used as aiready mentioned; i. e., avexs in which more
than 50 percent ot the test holes contain grubs should not be planted
if they are 10 acres or move in extent, or they should be planted with
95 percent more trees than novmal if they are less than 10 neres in size.

Briefly, the annual check of the intensive survey should—

1, Check the applicubility of the intensive survey and indieate
changes needed.

2. Cheelk grub population where necessary,

3. Determine potentinl damage from snowshoe haves, deer, or other
animals,
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4. Check effectiveness of any ribes sradication work that may have
been done, and note evidences as to abundance of other diseases or
insect pests that may cause plantation loss or injury.

5. Stake out, or otherwise plainly murk, wildlife aveuas either before
or after ground preparation.

In s more extensive way, except where detailed grub surveys are
needed, the annual check should cover all of the points Jooked for
in the regular intensive survey. An experienced planting man fu-
miliar with Joeal conditions conld make such checks by merely travel-
ing through each area. A less experienced man would have to run
some strips and make gsome measurements.

Is Forest Planting Profitable?

The profitableness of planting, as of any business trunsaction, lies
in the difference between costs and rveturns. In the growing of a
tinber crop there is one distinctive feature, however, und that is
Lhe long period over which the costs or investment must be carried
before returns are vealized. 'The elements that ust be considered
in the calculution of profitubleness are lund value; cost of plantin
and after-care; annual expense of fire protection, administration, an
faxes; number of years to grow the crop; timber yield, and stumpage
or wood value. Most of these factors vary with the conditions under
which planting is done (87). It has already been shown how the
cost of planting varies with the species, size, and age of the trees
planted; soil and cover conditions; and number of trees planted to
the acre. Similarly, the variations in taxes, cost of protection, and
cost of after-care have been discussed.

With the exception that public agencies pay no taxes on the lands ®
and that private agencies need pay no direct protection costs, there is
no difference in the clements of cost as between public and pri-
vate planting in the Lake States. However, from the standpoint
ot evaluating returns, therve is considevable difference. Whereas the
private operator must reckon his profits almost entively on the basis
ot stumpage values or value of the wood produced, oceasionaily bol-
stered by some monetary return trom sales of recreational privileges,
the public agencies must view the profitableness of planting from a
nwueh broader angle. Against the cost of planting, public agencies
must weigh not ouly the direct value of wood products produced, but
also such items us values of wiidiife, vecreation, watershed protection,
the restoration of a despoiled resource, stubilization of communities,
and the general upbuillding of local, regional, and national wel-
fare. Ifurthermore, it must not be assumed that the cost of planting
can or should be ¥written off” when the first crop is harvested. Con-
sideration must be given to the several rotntions, generations, or even
centuries that it would take Nature to restore the resource, and to
the difference in producivity of the area resulting in the interim froi
planting or not planting,

A lavge pnvt of the reforestation job in the Lake States must be a
publie activity. This is 5o because of the great uren on the poorer sites

#fhe Federal Government pays (he counties 25 pereent of the income of the
national forests in lien of the taxes they might have derived from private own-
ership of the land, The Btate governimenis also puy the counties fixed sums

per acre for- State-held land for the same purpoese. These puyments might be
cotisldered &s fnxes paid by the public agencies.
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that needs complete planting.  Public agencies can “break even® on
cuch sites; private agencies ag 2 rule cannot,

The accelerating accumulation of compound interest over the long
period of years in timber growing is primarily responsible for the
comparatively poor economic showing of pluntations that start with
bare land.  However, the planting of lands denuded by logging and
fires i3 not so much & business enterprise as it is the rehabilitation
of a vesource basie to the welfurve of the region. Ouly public agen-
cles can make large investments now and expeet returns—many of
which are somewhat Intangible-—decades. generations, or even ven-
turies in the future. That this fact 18 becoming recognized is evi-
denced by the inereased holding of public lands (now over 20 mil-
fton acres) und the expunded public planting program in the Lake
States.

There is a further wrgwment for publie planting. Whereas the
jrivate owner can most profitably grow timber in the shortest period
necessary te produee o merchantabie crop, the public owner ean derive
greater profit from growing timber over & longer period of years fov
the productiou of higher yields. higher quality, and higher values.
It is only under such ownership that this type of praduct is likely to
be produced on any considerable scale in the Lale States.

'There ave cerlain conditions under which planting by private owners
in the Lake States ean be profitable,  The private owners who stand
to benefit most from forest planting in this region are the pulp and
paper companties, partiewdarly those who can use pine pulpwood.
‘They have large investments in their plauts and are dependent entirely
upon having an adequite wood supply available. Since plantations
for pulpwood production can be handied on a velatively short votution,
and the companies ean take advantage of thiunings and improvement
cuttings to increase the yield and maintain # good growth rate, they
can scarcely afford not to plant.  Moreover, the pulp companies do
not need to muke u profiv on the stumpage prodiced since they malke
theiy profit on the products of their mills.  Just to break even so us
o amortize the investment in the plantation is enough,

Lrom the point of view of large companics with a long life, whieh
already own considerable traets of timber and cuery on reforestation
chiefly to bring small bire areas and ~holex’ n the stands into pro-
duction, forese plunting even of the saw-timber speeies can be profit-
able.  Such operntors who obiain an invome from the cutting of
timber on their own hands ean pay the cort of planting by putiing part
of the value of the tiniber that 15 cut back into the forest-producing
part of the business.

Smalil property owners are setting out many small plantations every
your, :1lt110n;gh they do net expeet to harvest the crop themselves,
The planting may be a matter of personal Interest. or an nveshnent
Tor the children, or an lmprovemoent of the property and its values.
The tast two are sound economic wotives, for theve is no question bud
that a piece of property with a nive rrove of young pine timber has a
higher sale value than the same properry without the trees. On the
other hand, the company that i= using timber as 2 raw product for a
manviacluring enterprise and has a supply for only a few years
shead cannot be expected to invest heavily in plunting a crop that
can make satisfactory returns only when it s too late to prolong the
lite of the enterprise.
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It may be said that forest planting in the Lmke States does not
prowmise prolit for the small private landowner except under special
conditions, but that from the long-time, broad point of view it can be
profitable for public agencies and for private owners such as pulp
and paper companies dependent upon an adequate supply of wood for
their continued operation,

SUMMARY

In the Lake States vegion, which embraces the States of Minnesota,
Wisconsin, nnd Michigan, there ave abont 27 million acres of non-
restocking or poorly restocked, cut-over and burned forest lund, ot
which about 9 million acres will have to be reforested if the area is to
e restored to valuable forest growth in the reasonably near future.
An additional 335 million acres of understocked young stands could
be madle muel more productive by purtial planting.

This bulletin, bused primavily on the research and experience of the
United States Forest Service and supplemented by that of other public
and private ngencies in the region, has been prepared to provide the
best general guide for the lurge-scale reforestation program required.

As a backgronnd for veforestation practice, there are described
briefly the physical characteristics of the vegion, including (1) tha
natural vegetation; (2) precipitation, ranging from 20 to 855 inches
per year, of which 56 percent falls during the warm months; (8)
temperature thal averages about +° . with recorded extremes of
LELY and —59°; (4) the growing reason that varies from 50 to 181
days and averages about 130 days between May and September;
(8) tepography that is generally level to volling and churacteristic of
glaciated areas; and (6) soils that vary from droughty sands to stiff
¢lays, and nucks and peats.

Reforestution in the Lake Stutes region began with a planting that
was finished in 1876 near Hancock, Wis,  IFollowing this there wore
other intermittent plantings.  But regular annugl plantings did not
begin until ak:out 1910, aud then only on a small seale.  Thereafter a
eather slow bot steady inerease in planting took place up to 1933 when
the CCC and viter eergency prograins gave reforestation an unpree-
edented spurt.  To reached a ¢limax in 1936 when LELOOO acres were
planted.  Sinee then reforestation has suffered n declive, and espe-
cially since 19-10), bud several thousand ucres ave still planted annually,
By the end of 1944 a net area of about 1400,000 acres had Leen
planted n the region. At that time the pereents of various kinds of
trees planted were as follows: red pine. 3.0 jack pine, 40.7; eastern
white pine. .25 other pines, 1.3 5 white spruee, -1 L; other spruces, 1.4:
other conifers, U4; and hardweods, 0.9, Out of all the {rees planted
through 18k 850 percent were seedling= aned 11.1 pereent transplants,

The job ahead—reforesting 1214 million acres—is a big one, If
done ina 20-year perind it would involve planting 600,000 acres per
year, four times the peak rate of (CCC planting in the Lake States,
and a 250 pereent increase in nursery capacity,  The program would
cost 180 million dollies at prewae prices—present costs would be sub.
stantially higher—and provide 113 mitlion man-months of work, As
u basis for planning this joh, extimates are presented by broad owner-
ship clusses and species as to the arens in need of complete and partial
Planting For 13 sections of the Lake States.




156 TECENICAL BULLETIN 1010, U. S. DEPT, OF AGRICULTURE

In the seavch for a method cheaper than planting, divect seeding has
been tried with a variely of species and several methods in the Take
States since about 1910, The conelusion has heen that divect seeding
should be considered not as a substitute for planting but only to sup-
plement it under very favorable conditions.  Such divect seeding as is
done should be confined to the liner-textured soils or to sandy soils only
where the waler Luble is high enough to prevent the surface soil from
drying out.

The first important step in reforestation is lo determine where to
plant and then what species and class of stoek to plant.  Recommenda-
tiong nre made necording to overstory and ground-vover density, depth
to water table, and soil texture, and specifications for suituble planting
stocls of varieus species are given. It ig important to use not enly the
right species, but also stock grown from seed of suitable origin, which
ustinlly means local wrigin.

The charaeteristies, uses, native range, wsual type of stand, and gen-
eral sttes on which 1o plant for the species reconmmended (Juck pine,
red pine, eastern white pine, white spruce, black spruce, tamarack,
eastern cottonwound, white ash. green ash, Scoteh pine, Norway spruce,
and a few miscellancous speeies) ave deseribed briefly.

The advantages nnd disedvyantages of wmixed planting of two or more
species are Tisted and vesults of such plantings as compared to pure
pluantings in the Lake States ure discussed,

The next hnportunt step in reforestation is to know how to plant.
This involves understanding (1} the proper care and handling of
planting stock trom the time it is lifted 1 the nursery to the time it is
sel out 1 the field. including such items as packing, transporting, stor-
ing. and heeling-ing (2} how o prepare the ground for planting,
whether by sealping, disking, or larrowing—usually preferred in the

ake States; (3) whal methods of planting to use, whether the shit—
bar-slit or mattock-slit—eenter-hole. gide-hole, mound, or wedge; {4)
how many trees to plant per acre for different species nnder varying
vonditions: and 13} how (o organize a planting operation,

When to plant must also be carefully considered. Spring is gen-
erally the best season in the Lake States, but Tall has covtain advantages
in sonie cnses. To some extent the spring planting season can le
extended by holding dormani stock in cold storage (up te 5 weeks for
pine, 4 woeks Tor while sproeed.

The planting of aspen aml brushlands to convert them to more valu-
alile coniferous stands presents u special problem in the Lalke States.
Studies have indlicated (1) that eonversion should be confined to areas
cut or burned within the past 15 vours, especially on the better soils,
andd to aspen ot move than 10 feet bigh on good seils or 15 foet on
povrer soils: 12) Juek pine, red pine, castern white pine, white sproce,
nhed possibly Norway sproee, should be used for plunting depending
o the soil: (33 sturdy hich-quality planting stock should be used;
() prior to planting. the overstory must be opened up and the com-
petition trom low vecetalion removed; (93 the soil must be thoroughly
prepared; (81 (rees should be planted closely (4- by k- or 4- by 6-foot
spacing) 3 17 frone | to 3 low releases should be given the planted
trees; (3) after the planted tvees wre -t to 3 feel 1all the removal of the
overstory should begin, preferably being done in two or more
operations. .
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Where natural conditions de not provide sufficient food and shelter
for wildlife, planting may improve conditions. For best results, suit-
able species of sturdy stock should be planted cavefully in well-pre-
pared soil on sites to which they are well adapted. Adequate release
and protection should be given the trees and shrubs until they arve able
to mintain theinselves.

Trees and shrubs frequently can be planted to control soil erosion.
Good stock of sultable species and careful planting technique should
be used.

An important point in deciding on the feasibility of refores{ation is
the cost involved. While cost will var v widely for individual opera-
tions, prewar costs on large planting jobs in the Luke States average
$13 per acve for ebttlb]iahml‘!il $10 ko 815 per nere for mamintenance,
probably 5 cents per acre per yewr for ndequaie fire prolection, and 4

" to H0 cents per wcre per year for taxes on the land.

Planting machines have been developed by State ngencies in Wiscon-
sin, Minnesota, and Michigan. and by privae manufacturers. Suit-
able chiefiy for lighter soils without too many obstructions, such as
stones, stumps, or larye roots, these m.whuwb make it poasible to plant
6,500 to 11,000 trees per day with 2- or B-man crews at savings of 30
to 50 peicent over hand planting on comparable sites.

After plantalions are established, the job hag just begun, beeause
they must be muintained until valuable cvops are produced. The plan-

tations must be protected from many enemies, chief of which in the

Lake States are climatic conditions, hw. animals, inseets, and disenses.
The oceurrence and control of injuries from (hese factors is discussed,
and thelr relative importance is shown.

Adequaie stocking of the plantations must be muintained. Success
of planting, however, (lopomll-, upou a combination of survival, height
growth, and diameter growth. or volume,  Conipe ared to natural st m_(l%.
pln‘ntutlonb up to 30 veurs in age {the limit of the data) have poorer
stocking, ruther simitar height development. and belter dinmeter
development. To maintain adequate stoeking and growih. the planta-
tions usually need periodic release fronm competition, first from Jow
sheuliby or herbaceous growth, later from overlopping trees, and
finally from other pl.m{mi trees when the stand has closed in {thin-
ning). Release and thinning recommendations are made. and the
[n'uncll)leb of judicious priming of selected trees ure given,

As a necessary basis For the satisfactory conduct of 1 planting pro-
ceram, eareful recovds—including maps—rshould be kept concerning tae
extablishment, cost, and developient of ench plantation. Informa-
tion on plant: ation development sbould be obtained periodieally, be-
ginning usnally 1 vear after planting, on a systematic busis, such as
Trom staked plots. line-plot surveys. or eruising surveys. Thotographs
are a valuable part of the recond.

While the =mall landowner esn quickly determine what arveas need
planting and decide what. when, and hov to plant. owners of large
teacts need some systematic method of reconnaissance to obtain the
basic information for planning theiv reforestntion programs several
vears in advance. There are twe phases of rm'mm:tissun-:o: (1} Exten-
sive surveys that answer the question, to plant or not to plant; and
{2) intensive surveys that answer the questions, what and how te
plant. Making these surveys involves an understanding and considern-
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tion of most of the information in the previous sections of the bulletin,
Detnils of both types of surveys are given, .

The profitableness of planting, which shonld be weighed before em-
barking on any large program, lies in the difference between costs and
returns.  Under Lake States conditions. it is believed that fhe small
private owner cannot consider fovest planting a profitable enterprise
except under unusually favornble eivenmstances. e must reckon
his profits almost entirely on the basix of stumpage values produced,
with occasional additional returns £rom the sale of recreational privi-
leges, ole,

On the other hand, the pulp and paper companies can well afford to
plant beeanse they have Targe tnvestiments in their plants dependent
entirely upon having an adeguate woud supply available, ean handle
their plantations on relatively short rolations for pulpwoed produe-
tion il take advantage of thinnings and improvement euttings to
inerease the yield aid minintain & goud growth rate, and do not need
to make a profit on the stumpage produced since they make their
profits on the produets of thelr mills

Public agencies must view their retuen {rom a much broader angle.
They must coustder not only the incone From the wood products pro-
duced. but also such values s wildlife. vecrention, watershed protec-
tion, the restoration of a despoiled rosourvee, stabilization of communi-
ties, and the gencral uplmilding of local. regional, and national
welfare. In addition, they need nol “write oft” the cost of planting
when the first evop is harvested, but ean distribute it over several
rotations. They ean also consider the difference in productivity of
the planted arex over what it would have been had natural vestocking
been depemded upon,  From the public standpeint, veforesintion in
the Lake States can be a profitable eaterprise, and because of condi-
tions, it muost be fargely a publiv activity,
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APPENDIX

Common snd Scieutific Numes of Trees and Shrubs Mentioned
Aldor, speeklen e e cLlatuts fncene (1) Moonch
Arnlin, bristly__. ... e mm— Cwmmm Aratia fispide Vent,

Asl, green. - ——- Praringy peansyleanive var,
Al (Bm‘kll} Snrg.
o m v P gmierieane L

lanees-

Asbi, Wit ie o cmem em e

Aspon, bigtooth
Asgpen, quakingoo . oo e
Barberry, Buvo[ictla e ~ . -

Baggwond, AmerienN o e - -

Renylerty oo e = m .
Beeeh, Americon.. ...
Blrets, pupeor

Bireh, vesindal-

Biveh, yellow .
Bitterswest, Amerienn. . ..
BlIekDOrrY - cce e e
Bliekhiw,

Blueherry-

Boxehior, ..
i;u'-.hhmu'\'-m-.-l\lu tl\\tnf

Cenpothus, Jor

Cuerey, binek ., .o o

Cherey, pin .

Cherey, snnd.

Chokeleryy

Clhiokecherey, wumm:a_..__...__ .
Coralberry, Indisw-oarrang ..
Cpttouwpotl, sastecn. L

Craly npple, swoeel .

Creepor, Vieginino . .

Currnnls, wild o,

Dogwood, bunehiberey. ... .
Dogwoail, srny -

Jhmwasnd, alter m:it'- i‘rif

Dogwood, reduesier. .

Bider, Ameriean__.

Bider, seariet ..

1o, Amerieano o ooeao -

T, vk e = - -

Whn, Sibordun. .00 o -

Miborr, Amoeriean ... . [,
FHboer, Denkodeooe ocvs mvinn mmna
L, BRISIIR e o e e e e
Goosebervies, wiltd. .. .. ..
Genpe, viverbnuk o
Creenbeler, bristlyo .. .

1aekberey oo .

Hiuwthorn, L

Hawtharn, downy

Hemdock, easterni- .. ._. -
FOROPY e mmee e e cmen

Bl

Popuins grandidentaty Miehx,

P, Irenudoides Miehx,

Beruerts milguris L,

PTithy americund L

Aretostapieglos ari-urst (1) Spresg.

. Bagas grosdifolic Bheb,

Beiute pupgrifere Mursh,
i omlandulifora (Reg) Baflor
H, fnlea Michx, £

. Ootustras seendens L)

Rubuz spp.

CFibwrnwa pruaifolinm I

Vaeeiniune spp.
Adver negrndo L.
Dicrviile foniceres Mil,

CJdrghtis einercw L,

tloanotiny amcrivanis L.
Prtng geroting Bich,

P, pensiloanien Yo, 1,
Popumila T,

Aronie 5pmh

Prunas virgintane L,

- Sumphorictrpos orbicilatus Moenek
. Popidus deltoides Bovle.

. Metus corenarie {1} MO

- Purthenorissus

gringuefetic  {T.)
Plunch,
Ribes |spp.

. Cornwes canedeonsis 1o,
L rieeeimosd Tam,

€. wltcrnifotia T 1
. siolotifera Miehx,
Rapvucns candensis L,

. 8. pibeny Michs,
L Ul wmerivana T

{7, thomttsi Suvg.

LU, piwle 1.,
. (m sty amerivene Maysh,
. € eornutn Marsh,

Ahies beadsomea 1) ML

. KRibes spp.

Yitig riparia Miehx,

smtitue hispida Muhl,
f'eitis ocridenialis T
{*rafaepns sP

(", moitis Schoecle

Paund canadensiy (1) Onre,
rie Nullk.
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Homeysuckle
Foneysuekle, Patuvinn.. . ...
Hoplhiorahonm, eastorn

Hornboniu, American

Huacklebervy, black

Jupdper, comnnon_
Junipey, ofdiield comumon. ..
Kulmin, Wunbigilt

Laveh, Eoropesn..
Leathertent __ .o ..
Lodumn, Lubensdorten.....
Laeust, binek

Maple, mountaln

Maple, red

Mapte, silver... .

Maple, suguy
Mountnin-ngh, Amertenn...
Mulberry, vod
NamyhereYao. . .
Nlighishnde, bitter.. ..
Nincbnrk, commeon

Quk, DInek, oo e e .
Ouk, bur
Oalk, novtliern yhl

Onk, northern 1(.'l1_.._
Leaviberry, creeping. ..
Leashrub, Sibevlan. ... .-, .
Ping, Awstrinna ...
Plae, castorn white, __.
Piae, fneko_.. .o,

Plue, lodgepolo__

Pue, pondorosn. .

DPine, rodo e

Tlue, Scotel_o..

Pluns, Ameriean,

Plum, (anadac ...
Loplne, balsam .

Poplar, Poetrowsky - .
Rasphorey, Amerienn req. .

Ttnspberyy, binckeap..
Retleodur, castern. . _

Rose, wild ... ..
Russlan-gilve. . .

BASSACeNs cnn oo
Serviceborry, dowuy.
Houwberey, COImMOoI.
Spteshasly, conuen.

Spruce, DK oo o e
Bpsrtee, e e
Bprace, Enz.,ehu ..
Sprace, Norway. - ..
Spruee, western whige. ..

Spruce, Wwhilleaaa oo oo ...

Sunne, shining., |

Sumav, smoolh. .. o

Hummne, staghoen.__.

Bwecilern

Sweetgnle

Tnaraclk o . _ e
Thimlileberry, wostern. . s
Vibuemun, Awmerican cuullwu\lmxh“
Viburnmn, arroww um! -

165

Lonivore spp.

L, telarice T

Ogtirpa virginfane (ML) K, Kooh

Carpinug guraliniane Wlt,

Guplussiein bucenlo  (Wugenh,) K
Koch

Juniperus communis I,

J. comtniis var, depressa Mursh

Katmbe angustifotic 1.

Lurir decidun ML,

Chamarcdaphac calpentaty {1.) Moeneh

Ledum groemlandicnm Ood,

Robinia pseudoucdela Ja

Aeer spicatdng Tam,

Soorbram 1

L saerharinnm L,
- A, suevharam Muavsh,

Sarins wmericang Mirsh,
Morus rubra L,

Vitpmtuent fentago L,

Nebhawwin duleamere L,

- Phpsoearpus oprlifotivg (L) Maxim

Onereus velutine Tam.,

G miteraedepe Michx,

Q. elitproidetis 1. J. Hill

0, borcialls Michx, B

Chfopotes hispidata Lovr, & Gray

Caraganae arboreseens Lum,

Piwus nigra Arnoll

Postrobus L

P, banksiana Lo,

O gontaria vav, kllifolin 1inzelm,

Lo prnderose Laws,

Lorvsinose Ait,

P splvesiriy I,

Pruanus amevicene Marsh,

Ponfara AllL

Popuins fueamalices M,

X P opelrvowskiena Selineld,

Hubug doews var. sirigosys (Michy.)
Mnxim,

B, oeeidenfalis Ta,

Siiperus virginiane L.,

Roste sp.

Flocegnug augustifofio 1,

Suxsufras albidum (Nnit), Noos

Amclanclior arbared (Miehx, £ Feun,

NSpmploricerpos albus (1) Blske

Linddera Weazoin (L) Blome

Pieca marivne {3L1L) B8, 1,

B prngens Bagelm,

P, vagefnnni tarry

Foarbies Ul Kaest,

Poglaned vor, atheortione (8. Drown)
Snrg,

oglanea (Moenehy Vass

Hhuy coprtting I,

R, glabra 1.,

R ipphinge Lovvor

Comptonia peregring (8, Counlt,

Myrica pile L,

Farrie larieina (D Hot) K, Koch

- Pubng parviffurey Nutt,

Viburnum trilobum dMarsh.
V. dentatum L
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White-cedar, northern Phuju ecoidenlaliz 1.
TWillow, lebb Saliz heb¥iana [Jarg,

Witlow, peachleaf_ 8. ampydaloides Andurss,
WHIOW, BUSEY « e s e e e ree N, discolor Muhbl,

Witlow, sundbar- 8, interior Rowlee

Witlow, shining________ e &, tncida Mubil.

Wintergreen, cheekerherryo_ Gaultheria procumbens L.,
Winterbprry, comnoi_._. . flow verticlilatae (1) A Gray
Witeli-hinuol Hauwmelis virginfena L,
Yew, Canadn. o . __ Tuxus eanadensis darsh,

Requirements and Procedures for Mursery Steck Inspection in the
Lake States

Each of the three Lake States has laws requiving the inspection of
nursery stoek before it can be sold or rewmoved from the pramises on
which it is grown.  Adthough these Inws vary somewhat from State
to State, they generally include the tollowing rules:

1. Every nursery must be inspected at least once n year by legally
appointed mapectors, usuully of the Stute Depariment of Agricul- -
Lure, before stoek raised in it may be sold or vomoved from the preni-
ises. An established fee is charged.

2. Nurseries thal. on inspection, are found free from plant disease
and insect pests ave granted a certificate of inspection and may ship
or sell stock for the remainder of the year without further inspection.
Toach shipment of stoek must bear o tay indieating that it comes from
an inspected nuesery, It dizenses or insect pests are found by the in-
spector, the infected or inlested stock must be given such contrel meas-
ures us the inspector preseribes ov it must be destvoyed before a cer-
tificate will be furnished.

3. Eastern white pine stoek will not be certified wnless a3 currant
and _gooscherry bushes within 900 feet of the nursery have been
eradieated.

4. Trees dug from uninspected areas, wildlings or otherwise, 1must
be tnspected before they ean be moved from {he premises.

: .o Appropuiate penalties are provided for viclations of these
WS

Perzons eontemplating the purchase of nursery stock ean obtain
copies of Lhe rules and Uists of approved nurseries from the follow-
ingr ugencies:

{1} State Wntomolegist, University Faria, St Paul, Minn.

(2y State Entomelogist, Department of Agrienlture, State
Capitol, Madison, Wis,

(3) Direcror. Bureau Orchard and Nursery Inspection, De-
pariment of Agricuiture, Lansing, Mich,

Purchasing Steek for Forest Plaming

Nursery stock for farm shel{er belts or veforestation purposes may
be purchased from State-owied nurseries in Wisconsin and Michigan
at nominal prices aboul equal o the cost of production. A law passed
in 1947 makes i possible for Minnesofa residents also to purchase
forest planting stovk from State nurseries,

Purchasers of stock from the State-owned nurseries must meet the
following vequirements: (1} Make application within specified periods
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and pay in advance; (2) order at Teast 500 trees; (3) indicate the
exuct location at which the trees ave to be planted; (4) agree not to
resell the trees or to use them for ornamental purposes; (5) agree to
Protect the plantations and not to eut the trees until they are large
encugh to produce timber products.

Although the prices vary somewhat from year to year and from
nursery to nursery, the species most commonly used forreforestation
liave been obtainable from the State nurseries at prewar prices per
1,000 trees within the following ranges: seedling conifers, $2 to $5;
transplant conifers, &5 to 516; seedling hardwoods, $2 1o $10. Re-
cent higher costs will niean increases in these prices. Shipping
charges nre additionnl.  Inquiries should be addressed to: (1) Wis-
consin. Conservation Department, Madison, Wis.  (2) Division of
Forestry, Department of Conservation, Lansing. Micl.” (3) Depatt-
ment_of Forvestry, Michigan State College, East Lansing, Mich,
{‘:I:} Division of Forestry, Depactment of Conservation, St. Paul,
AMinn.

Sources of Information en Specialized Equipment Mentioned ¥

Planting machines: for speeificalions ar olher detadis wrile fo:
Lowther {Standaril) Harey A, Lowrher Co,, Joliet, TI.
Michigon (Refovesinlor)  Forestey Depnetment, Michigun Slate College, Eust
Lansiug, Mieh,
or
Lo W, Merrvioin Co., Ilsie, Mich.
Alinnesoeta FParescry Division, Minnesotn Department of Conger-
vition, Btare OMee Bullding, 8. Paul, Minn.
Wisvonsin ( Badger) Extonsion Porester, University of Wiseonsing, Madi-
s0n, Wi,
or
Wiaghor Fgulimnent Co, Pewaukee, Wis.
Planting toolg:
Baldwin hiow U7, 8. Forest Serviee, Mwankee, Wis,
Michigan har Do,
'anting hox Do.
Pows:
Alhoens flisk Atlwns Plow o, Athens, Tenn.
Baldwin (7 R Porest Berviee, Miwaukee, Wis.
Kiliefor Kiliefor Manufaeturing Corp., Lad, Los Angeles,
Culif, ore 1'eoria, i,
Iesnbn L N Farest Bevviee, Milwankee, Wis.
Minuesota pushor Fovestey Divi=lan, Minnesota Departinent pf Con-
servition, St Paul, Ainn.
Olymple U, B Porest Sorvice, Doviland, Ovec,
Wagler Wagler Wanipmient Cog, Pewiukere, YWis,

Forest Seed Policy

Reeognizing that trees aml shirubs, 0 connen with other food sund fiber plants,
vary in braneh habit, mite of growih, strength and stiffness of woud, resistaonee
o cold, droughr, in=ect ptinelk, and disease, awd in olber atbribores which infla-
ence their usefalness and foeul adaptidion for furest, shelterbeis, and erosion-
control nge, and that sneh diferonces are largely of ¢ genetie natarve, it slall e
the polley of the Unlied States Dopmetinent of Agricaltere fnsefar as preticalle
to reguive for all Eorest, shelterbelt, and erosion-control pluntings, stooks propi-
gated From segregated srrains or individun] clunes of proven superiority for the
particulay tecality or abjrelive concoring.,

Falention of speciie Arms dots mob constitire an endarsement hiy ihe Forest
Seevice or e United Btates Departimen of Ageiculoure,
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Furthiermore, since the above atiributes are associnted tu part wilth the elimate
anil to sowe extent with other factors of environwment of the localily ol ovigin,
it shall be the policy of the United Stutes Department of Agriculture:

1. o use enly seed of knewn loeality of origin amd nursery stock grown from
such seed,

2, Mo requive from the vendor adeguite evidenve verifying place and year of
origin for ail lols of seed o norsery stock purchased, soch as bills of Inding,
recelpts for piaymedts to eollectors or other evidence indicating that the secd o
stock offured is of (L souree representet,  When purchases are nude from fnrm-
ors or other colleetnrs known - opevate only loeaily, o sintement capnble of voriti-
eitlen switl be rerqulred as needed for proof of origin,

3.1 vequire an wecurite record ol the ovighn of all 1oty of seed 2l awrgery
stock unsed in forest, shelterbelt, and croston-conteot planting, sueh records to

tnelude the follewing minimum stavtdard regniremenis to be furnished with-

migh shipnnent :

{1} Lot nuwmber,

(2} Yeur ol seid erop,

3) Bpecles,

() Beed orlgin: State - Counly- Loenlity —~ange of olevntion.
(o) T'roof of orlgin.

4. To use loen! seed from oudural steadls whenever avablable uniess 1t has boen
demonstrated that seed from another specifie souree produces desiyable plants
Far the loeality and uses Involved,  Lorgl sesd menns seed from an area subjeet
to simblar cllmatie infldences and nuly osually be eonsidered oy thnt eolleeied
within 106 mies of the planting slle nwl difering from it o elevation by loss
than 1,000 Teet.

& When el secd iy ook avadlable, 1o use seed Trom o reglon laving a8 nondy
as possible the same longth of @rowing senson, the =ume meni tompersture of the
growlng seison, the snme frequencles of suwmer deaughts, with other similae
environment so 'aroas pwesible, and the sione latitude,

G. o contlnue experimenlation with indigenous and exolie speeies, raves, and
clones to determine their possible usefulness, amd w dellinit ps enrly 1§ praeti-
cable climatic zones within which seed or phinting sloek of speeies and theic
strains way be safely vacd for forest, shelterbo)d, amd erosion control,

T To prge (hac Biades, counties, eities corprations, other vrgauaizations, and
Individuads praddoeing awd plantlug trees for furest, sheliorbeli, and erosiau-
control purpeses, the exponse of which by herne wholly or in part by the Federnl
Govoernment, adhere (o the polley hierein outlinomd,

1o i recommoended that this memorandime be referved (o the Chiel of the
Torest Service and the Chief off the Soil Conserviation Serviee for (helr approval
before flnnl netlon by yourselr,

tespoct Bully subiittedd,

[st ML A. McCarr,
Chairman, Secd Policy Counnnitleg,
Approved :

8] I A Bueox, May 20rh, 1030,
{'hivf, Forest Nervice.
{s] 13 N, Mven, June 8, 1939,

Acting Chicf,
Suil Consercetion Kerviee
=] FL AL WaALLACH, June 21, 1939,
Neeretury,

Climatic Fuctors in the Lake States

Flignres 4245 show precipitation, temperaturee, o frost enndiiions in the Lake
Stales.

[
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Fuatne 42--Avorage noonual  precipiieiion, in lehes, o the Lake Sintes,
tadnpted fvom 1941 UL S Depl, Aoe, Yourbook, Clinade naet Man,)
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Fru e -10— AVecnge wiraeseasi preeipitabion, in inclhes, in the Zake Stntes,
Caelipted from B U S0 Bept, Ase, Yerrbook, Chimote aml Mo
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