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INTRODUCTION

Forest planting in the United States has been only
moderately successful. U. S. Forest Service data (18)
show that only 61 percent of its plantations, totaling
137,830 acres, may be classed as satisfactorily stocked
(250 treses or over per acre)., There are not many acourate
avallable records indicating the degree of success achieved
by other planting agencies, It seems probable, however,
that other agencies on the average have not been more
sucocessful than the Forest Service. llany cases are known
where areas have been planted two or tnree times without
obtaining satisfastory stands of trees.

In the past, much attention was directed toward
accomplishing the planting at the lowest possible expense.
In fact, low initial planting cost often has been considered
the most important ceriterion of success., Greater consider-
ation undoubtedly has been given to deviesing methods of
inoreasing the areas planted per man day than to methods of
achieving satisfactory establishment of the trees planted.

Forest planting can be done cheaply only when it is
done successfully. As a whole, the cost of the planting
progren is necessarily high, varying from a minimum of
about $#3.00 per aore in a few cases up to a maximum of
perhaps (25.00 an acre. Since large areas exist which will
require planting in the neaf future, it is important that
adequate planting technique be known. Land owners obviously

want reasonable assurance that reforestation measures can
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be undertaken successfully. Hepeated failures in forest
planting certainly will discourage reiorestation, no matter
how necessary it may be.

Although increasing attention has been given during
recent years to securing better results with forest plantings,
tne range of conditions under wanich plantings are made 1is
so great tnat moét results nave only general application.
Limiting factors are different from one locality to another.
It is necessary, therefore, to determine the role and im-
portance of each factor for a given set of conditions or
for a locality or region in which conditions are essentially
uniform. Jith such information, applicable to a given
locality, it should be possible to give reasonably sound
recommendations to guide forest plantings.

The Kellogz iteforestation Tract owned and managed by
the Department of Forestry, liichigan State College provided
an excellent opportunity to study the factors wnich affect
estapnlisnment of forest plantations. The tract is typical ozi
much sub-marginal, depleted and eroded farmland in soutnern
lichigan and results snould be generally applicable to this
region so much in need of an extensive reforestation program.
This study was begun in the fall of 1930 and continued
tarougn tne fall of 1936. hecords of the vepartment of For-
estry were available from tne time reforestation was begun
in the fall o. 1931. Data are given, therefore, for a five
year period, from the fall of 1921 to the fall of 1926. The
object of the study was to determine the important or lim-

iting factors affecting establishment of forest plantations
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at the Kellogg Keforestation Tract and to establish a basis

for improved planting practices.

PRIVIOUS INVIEETIGATIONS

A consideravle amount of work nas been done in connection
with reforestation probvlems and most of the factore and prin-
ciples relating to the problems are generally recognized
by foresters.

Among the various agencies, tne United States Forest
Service, the forest schools and state forestry departments
have contributed most to tne knowledge. The variability of
the results merely serves to stress, however, tnat a complex
of inter-related factors must be considered. Furthermore,
tne effect of any single factor must be evaluated in terms
of local conditions,

Climatic or weather effects are recognized as important
factors in establisnment of forest plantations. Bates (4)
states that several species of the Central LKocky Liountain region
are controlled in their natural distribution almost wnolly by
the degree of insolation of the cite, the resulting temperature
and tne closely related surface moisture conditions. Tne south
slopes normally have the highest temperatures and eveporation
rates, while tne nortn slopes have tne lowest,

Baker (1) found tnat temperatures of 120 - 1320°F within
the cells caused coagulation of the protoplasm, and even below
tnis temperature the catabolic procecsses were more rapid than
tne anabolic. The cambium, being insulated by tne protective

layer of bark, remained 15 - 20°F below the external layers.
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Severe damage to red and white pine plantaetions in liew
York is reported by Belyea (6) as due to continued dry winter
winds. Damage was more severe on red tnan on wnite pine.
Stone (16) describes sun scorch of botn planted and wild pine.
During extremely dry years, the follage of tanis and other
conifers was killed due to drought effects.

Baker and Koretian (2) working in the Inter-mountain
region brusn lands found first year losses due principally
to drought. Loscses were especially heavy when droughts came
early in the ceason, before the roots were well established.
After the first year, competition of brusn was more important.
Zvaporation had little significance, except as it affected
drought the first year.

ixposure of roots to drying for forty minutes was found
by Haasis (9) and Ziegler (20) to result in decreased vigor
and mucn lower survival.

Using tnree methods of planting, Carter (7) found failure
to remove s0d resulted in increased losses of 15 - 21 per cent
during the first ysear.

Pickering (1%4) mentions thet competition effects with
sod caused losses of apple trees. Competition for moisture
was the criticael factor.

Furrowing to reduce comoetition is credited by Hilton (12)
as being responsible for increasea survival of forest planta-
tions in sand soils of liichigan.

Young (18) tound 2 - O stock of wnite and Norway pine in
soutnern Michigan suffered 43 percent greater losses after
two years than 2 - 2 stock unless competition of other plants

was removed by cultivation. Heavy losses were attributed to



careless planting,

In a study of Yale Forest School's plantations, Hawley
(11) found that red pine gave slightly nigher survival than
wnite pine.

Kittredge (13) studied tne causes of failure of forest
plantations from a large amount of data. He lists fire, an-
imals, incects, fungous diseaces, weatner, poor stock, care-
less planting, and competition with otner vegetation sas the
principal causes of failure. However, no one cause appeared
to make planting in the Lake States inadvisable.

He concluded tnat a drougnt of over 10 days at the time
of planting, or during the first season caused heavy losses.
Temperatures of over 900F, besides tneir drying effect often
resulted in such extremely high surface soil temperatures
tnat the stem was girdled at the ground level, Late frost
caused damage to the growing tips, especially of liorway and
wnite pine.

Snowsnoe rabbits have caused excessive losses, in Min-
nesota especially, aund are one of the most serious enemies
of plantations. Deer, porcupines, mice and squirrels also
cause damage.

Insects were Iound by Kittredge to be responsible for
the killing of relatively few trees. Jack pine was most
frequently attacked. White pine showed extensive weeviling.
Red pine was the least susceptible to insect attacks. Fungi,
with the exception of white pine blister rust, appeared not
to be dangerous.

Poor quality stock and careless planting were among tie



most serious causes of loss., ZExposure of roots for one hour
before planting caused heavy losses., Trees with the soil not
well packed around the roots showed excessive losses.

. Underplanting gave favorable results apparently because
of brotection from exceseive insolation. .here moisture
became limited, however, mortality of underplanted trees was
very nign.

Rudolf (15) summarizes tne matter of forest plantations
under 12 points. Tnese include: species and site selection,
underplanting, qualityvof planting stock, climate, protection
from animals, ground preparation, methods of planting. He
emphasizes tne fact that forest planting must depend on a

thorough knowledge of tine local conditions.
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DEISCRIPTION OF KiLLOGG RIFORISTATION TRACT

The Kellogg Eeforestation Tract is located sbout 9 miles
northwest of Battle Creek, iiichigan. It has been cleared and
wunder cultivation for at least thirty years, but was abandoned
about ten years ago. It lay idle until coming into possession
of the Forestry Department of liichigan State College in 1931,

The tract is made up of about two hundred eighty acres
along both sides of Augusta Creek, There are three land types
nearly equal in area, The first consiests of fairly level valley
lande oocurring along the oreek. The second consists of the
slopes along the sides of the valley. These average about two
hundrea yards long with five to thirty percent slopes tanrough-
out. Above these are the nearly level ridge and hill tops.

The topography 1is typically rough and morainic.

The soils are variable. In the poorly drained bottom
land near the creek, tne soil has a hignh organic content and
probably is classified as llaumee silt loam. The better drained
level lowland is classified as Newton loam. Both of these
soll types are heavy and fertile.

The slopes consist of badly eroded kodman gravelly sandy
loam. This is a greyisn brown sandy loam underlain by cobbles,
and in its present eroded conditibn is of low fertility.

The more level upland areas are Bellefontaine sandy loam,
underlain by a tnick sand layer. DLrainage is rapid and erosion
has been serious even on tne gentle upland slopes,

June grass (Poa pratensis L.) characterizes the more fer-
tile lowland areas. The £o0d is thick and continuous. On the

eroded slopes, the sod is mucn lighter and otner grasces and
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weeds are mixed witn the bluegrass. The level uplands have
conditions similar to the slopes. Adjacent woodlots are pre-

dominantly red oak on upland, with tamarack and willow on the

lowland.



THE FOhRZ3T PLANTATIONS

Forest plantations were first made on the tract in the
fall of 1921, using red pine and white pine., Planting has
continued each year to the precent. <Table I lists tne planta-
tions with which tnis study is concerned. Althougn a large
number of species has been planted, only white pine and Lorway
pine have been planted eacn year and under enougn different
conditions to furnisn a basis for analysis of survival data.
In addition to these two species a limited emount of data are
considered for lorway spruce.

TABLS I. DISCRIPTION OF PLANTATIONS STUDIED

Red Pine
Planting Age class Area in Survival to
Year season of stock acres date
1931 fall 3 -0 3.2 600
1922 epring 2 -0 25,9 85,2
3 -0 65,0
1933 spring 2 -0 12.4 16
1934 spring 3 -0 15.6* 0
1935 spring g - g 31.5% %g
1936 spring 2 -0 6 51
Wnite Pine
1931 fall varied 6.4 10,6
1932 spring 3«0 18.7 28,5
1933 spring varied 24.5% 10,6
1935 spring Z2-0&2 -2 24.5% 8%
Norway Spruce
1932 spring 2 -0&2 -3 13 2 - 3%
1933 spring 3 -0 2.5* .

*Replacements
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It cén be seen that from the standpoint of tree survivals
the results are quite unsatisfactory. Best results were obtained
with plantations set out in 1932, Red pine planted this year
has from 60 - 855 of the trees alive, while white pine also of
this year has 28,5 yet alive, nignest survival for that species
on the Xellogg Tract. The only failures in plantations made in
1932 are in those of Horway spruce, of which less than 5, has
surviied.

Plantations of both red and white pine set out in 1933
have been failures. Only 16,5 of the red pine and 104 of the
white pine is now alive., Similarly, the plantations set out
in 1935 have been failures. =xcept for a relatively small num-
ber of 4 year red pine transplants, losses in 1935 plantations
are 82 and 92,5 for red and white pine respectively.

So far, the red pine plantations of 1936 have proven sat-
isfactory. Losses during their first year, cnaracterized by
severe droughts, were lower than those of tne 1935 plantations.

An important part of this study is to determine the causes
of such wide differences in survivals among these four series

of plantations.



LETHODS OF STUDY

Permanent sample plots containing twenty-five trees each
were staked out at the time of planting. Survival counts have
been made twice eacn ysar. Tnus there is a history of the
losses8 on each plot dating from the time of planting to October,
1926.

In the fall of 1936, data were taken on the soil, aspect,
slope, planting method, and intensity of competition on each
plot.

Soils wers separated into two groups, heavy and light.

The heavy soils are those having the physical characteristics
of loam or heavier soils, in contrast to the predominantly
sandy, unfriable soils. The lowlands are typically heavy, and
the uplands typically lignt.

| Aspect data are combined into two groups: INortn and South.
The former includes the N.W., N. and N.E. slopes; the latter
includes the S.E., S. and 3.¥. slopes.

Slope classes are from O - 7/, and over 7.

Preparation of site includes furrowed and non-furrowed
areas, In the latter case, no more sod was removed than that
necessary to dig the planting hole. Therefore, it is described
as having no preparation. Several areas were treated both
ways. Survival records on these provide additional material,

Intensity of competition is included in two classes, light
and heavy.

Plots were separated first on the basis of species and
then year of planting. Each factor was analyzed independently

by grouping together all plots similar in respect to that factor.



For purposes of comparieson, the results were computed in
four ways, (1) The total mortality percent for the period, (2)
The snnual mortality percent, based on the number alive in the
spring of each year, (3) The deviation of the annual mortality
percent from the average annual mortality percent, and (4)

Thnis deviation expressed as a percent of the average mortality
percent., This last analysis serves as a basis for comparing
tne effects of the various factors.

The losses of Horway spruce were so nearly complete that
no effort was made to summarize the data for that species.

It will be noted tnat occasionally in tables V and VII
the deviations from average for the both conditions of a factor
will be eitner above or below average, Since the annual mor-
tality figures are calculated on the basis of the number of
trees alive at the beginning of the year, the losses of each
year will affect tne percentage losses of the following years.

~Plantations of several ages of white pine stock were made.
These provide comparable data on the survivals of & - 0, 2 - 1,
and 2 - 2 stock,

First year survivals of 28 red pine trees for eacn of ten
different crews serve to bring out some of the results of good
and poor planting.

Studies were made of the root systems of déad trees. lany
could be pulled up easily even after two years growth. rulled
trees were taken to the laboratory for studye.

Losses of the two species of pine were compared. These
are presented by mortality percent, and by total loss, thnrough
1936 in tavular and graphio form. Some data for ilorway spruce

are included also.
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It 1is necessary to include weather as a factor of primary
importance. Ilonthly totals for each growing season, togetner
witn the averages and annual totals were available. These deta
are from a station three miles from tne area, Il.ean annual
averages based upon long time records were taken from tne Battle
Creek records. inis station is approximately 10 miles from thne
tract. nains of two tenths inches or lecss are considered as
not signiticantly eifective for vegetative growth.

Drought eirects were measured in the following tnree ways:

(1) The total number of days in 10 days drougnt periods

during tne growing season.

(2) The longest drought period during the growing season.

(3) The average length of drought. laximum temperatures

are used also in estimating severity of drougnt.

Frost heaving resulting from alternate freezing and tnaw-
ing or tne so0il caused losses among fall planted trees. Compar-
isons are made of losses among tnree clasces of white pine
stock for degree of site preparation, between mulcned and non-

mulcned areas and according to planting metnod used.
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Rainfall
Wilde variations In rainfall occurred during the growing

seasons between 1931 and 197 (tableVI). Precipitation from
April 1 to September &0 during 1934 was 63 incnes below average,
and for July 19356 was 75 percent below average. mxaminations

of daily precipitation records (figures 3 - 7) show the occur-

Annusl Mortelity Percent of 1 snd 2 yesr
Plsntetions for the Period 1932 - 1936

100% 100%
60% 60% ¢
L ->
20% 4 20% +
l 1 1
1932 1934 1936 1932 1934 1936
Fig. 1l 1 yesr-old plentstions Fig. 2. 2 yeer-old plsntstions

rence of tnese and other drought periods. Figure 8 compares

the growing seasons from 19&2-1936 with respect to droughts on
the basis of the average length of dry period, the longest dry
period, and the total length of all dry periods during eny one
year., Tne years of 1922 and 1935 appear to be quite favorable.
1934 and 1936 show very severe conditions. PFrom the standpoint
of the longest drougnt period 1930 was outstanding. <There oc-

curred an interval of 40 days without a siznificant amount of

rain., This period extended from July 4 to August 12, and was
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early periods as that of 1924 are most serious. Losses were
considerably lower during 1933 altnough tnere was a &% day
drougnt period wnican lasted from August 9 to September 12,

and tne plantations in 1953 were one year younger tnan in 1934,

It is apparent that very long drougnts accoumpanied by hign
temperatures occurring in the middle of the summer, or snorter
periods of drought early in the season result in greater loss
than do August and September droughts. Tnis is in agreement
with Baker and Xorstians (2) findings.

Insofar as average precipitation is concerned, however,
drougnt should not prove a limiting ractor in southern lichigan
during normal years. In fact, average precipitation data snow
that conditions should prove distinctly favorable.

Frost Heaving

Frost heaving proved to be a significant factor on the
¥Xellogg Tract. Tne extent of this damage under various condi-
tions is presented in Table III (next page).

Losses from this cause c¢n fall-planted areas amounted to
from 5 to 65 percent during tne winter of 1931-1932. During
the winter of 1936-37, damage in new plantations was also
severe. ©oDxXtensive neaving resulted and althougn heaved trees
were reset in early spring 1937, some losses are to be expected.
Some damage also was apparent during this season on plantations
set out in 1935 and earlier.

Damage in 1931-1922 to 2 - 2 stock was 48,, less than to
3 - 0, and 11,6 less than to 2 - 1 stock, Losses of 2 - O red
pine were greater than with older stock. Trees planted in
furrows suffered 23, greater losses tnan those set in the sod.

liulehing with straw reduced heaving damage from 15 to 335.



TABLE III. MORTALITY DUE TO FROST EEAVING
White Pine

By cless of stock

3 -0 60%
2 -1 2%%
2-2 127

Basis 200 trees esch

By Method of Site Prepsrstion

Red Pine
Unmulched NMulched
Furrowed 43% 10%
Spot 20% 5%

100 trees in esch group

By Method of Plenting

3 - 0 White Pine

Shovel (hole) 65%
Shovel (slit) 55%

100 trees in esch group



Trees planted in shovel noles had 10, lower losses than those
planted in shovel c¢lits,

The results show that tne damage by Iiroet neaving is
lessened by protection against rszpid temperature changes and
by haviig the trees well set in the eoil. Planting on north
slopes, mulcning, leaving protective sod, using well developed
plants and distributing tane roots carefully reduce locses.
Jest and south facing slopes csnowed greatest irost neaving

damage.

Iortality by years after planting

Tables II and III enow thne annual mortality percents for
red and wnite pine. Annual locsses, based on the number of
trees alive eacin spring, show red pine set out in 1962 sufrered
10, mortality the first year after planting, 4. tihe second
(1933), 95 tne tnird (193%), and none the fourth and fifth
years. inite pine for tne same period nad losses of ldﬁ, lbé, 48.,
3h, sud 2704

Ked pine plantations set out in 1923 had 435 loscses during
the first year, 67, the second (1924) none the third, (19z5)
and 115 the fourth (19%6). For the same period, wnite pine
suffered 47,0, 66506, and 295 mortality percents.

Plantings made in 19:5 had losses of 4. and 27,06 for red and
white pine respectively during the first year (1925), and 64,
and 9%,5 respectively during tne second year (1936).

The 1962 series of Eed pine plantations had become so well

establisned after tne thnird year that no further losees occurred,

even during tne severe 196 season. In the case of wnite pine,



TABLE II., MCNTHLY RAINFALL DURING THE FZRIOD
APRIL 1 70 SEFTERVBER 30

FOR THE YZARS 1932 - 1936

Total in inches

Aversge 1932 1933 1934 1935 1936
April 2.88 1.40 3.19  2.72 1.55  3.11
Moy 3.71 5.03  4.62  1.78  4.66  0.99
June 3.56 3.98  4.15  0.94  4.86  3.76
July 2.78 4,11 2.61  0.92 2,72 0.78
August 2.96 2.58  3.59  2.20 7.42  3.04
September 3.51 2.16 4.55 4.33 3.11 6,06
Totsl 19.40 19.26  22.72 12.89  24.32 20.74

Yesrly Totsl 33.39 37.37 38.91 24.07 39.71 30.00



however, the nizn losses, 27 percent, during 19c¢o snow the plan-
tations were not establisned even by the fifth year. This was
tne case in the 193 plantinzes of botn especies. Losses continued
to occur tarougnout tne wnole four year period.

The 19&% series of plantations nad a less favorable oppor-
tunity than tne 1932 to become estavlisned auickly. Tne first
year, 192&, was only fair in regard to precipitation, and the
second, 19z%4, was very dry. Conditions for the 1905 plantations
are somewnat similar to tnose ior 19¢3 - a favorable year fol-
lowed by an untavorable year. These data snow that red pine
became established in three or four years when conuiltions were
not severe during tne first two years. wnite pine failed to
become ecstablished during this period.

Wnen conaitions during tne first two years were severe,
both red and wnite pine ifailed to become established within
three years., Heavy locees, 11 and 49 percent occurred during
the fourth year in tnis case.

Tnus it is apparent tnat establishhent of red pine may
take place witnin three years if conditions during tne first two
years are favorable. Severe conditions in regard to drought
during tne first two years not only cause much heavier losses
during the ceason in wnlcn tney occur but also prolong the per-
iod necessary ior establisnment and result in higner losses

during tne ensuing years.
SOIL

Tables [I for red pine and III for wnite pine show slight
mortality difrerences for the conditions of soil. These differ-

ences are more clearly shown by the percentase deviations trom
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Table IV. MNortality Percent of Red Pine
Under Different Site Conditions
1932 Planting
Site <No. of . Percent of Trees Dying Each Year
Condition :Trees : Based on Original Based on Number Alive in

: . Number Spring of Each Year

. . Year After Planting Year After Planting

: ©1st 2nd .3rd :lUth 5th .Total |1st :2nd 3rd :lUth :5th
Soil : . . : . : . : . . .
Heavy S43 12 D471 00 23 12:5:?:0:0
Light : 221130+ 0 17 2: 2 1% 0. 0
North T 11 P0¢ 1000000 12 11: 0 :1: 0: 0
South gk 210 5:9: 0¢:0: 24 10 6 11 : 0: O
Slope : : : : : : : : T :
0-1% ©316 94 7. 0:0: 2 9. 4 :g8g: 0: 0
Over 7% < 302 . 11 - 4 I 91 0 0 ¢ 24 11 - 4% 11: 0: ©
Preparation - . . : : . : : . : .
None 115 f 12 051120 0: 0 29 12 : 6 :14: 0: 0
Furrowed : 503 : 9 : 3: 7: 0: 0: 19 9: 3 :.:8:. 0: 0
Competition - . . . . . . . : . .
Light 36 I 730 770017 7:3 .:8: 0.0
Heavy 212 151 9 0: 0 28 14 6 111 0. O
Average . 10 4.8 0: 0 21 10 4 :9: 0: 0

1933 Planting

Soil .

Heavy 50 44 50 0 O T 94 L 189 :0: 0:
Light c275 - 43 136 0 2°: T8l 43 163 . 0 .10 :
Exposure . . . : . . : . . . .
North 175 -« 38 35 . 0 3 . 76 g :56 . 0 :11:
South 15 W9 o0 g9 9 178 . 0. 0.
Slope . N : : . : . : : . :
0-T% 25 - 4y l28 0. O b - Y :s0 10 : O :
Over 7% . 300 - 43 :39 : 0: 2: o g L3 168 . 0 :11 ¢
Preparation : : . . : . E . . . .
None - 325 - 43 -38. 0. 2- - 83 L3 :67 0 :11:
Furrowed : oL : : : o :
Competition : : : . . : : . :
Light 275 : W4 -3 - 0:1°: - 81 Wy .64 -0 : 5.
Heavy : 50 : 4 :-50: 0: 6 - - 98 b2 .86 : 0 :75 :
Average - 325 - 43 <38+ 0 2+ . 83 43 :67 : 0 :11 :

1935 Planting
Soil .

Heavy 1112 ;3 ;47 o 1 R0 3 :48 ¢+ 0
Light 288 : L 166 : 70 b .69 :
Exposure . . . . . . : . . . .
North 2 ;5 158 ¢ : : T 63 5 :61 . :
South 152 T 3 166 @ : 169 3:69 @
Slope . . : : : . . . . .
0-7% .79 . o2 22 : : - 2 122 : :
Over 7% :320 :© 4% :70 : : D4 LI ¢ T
Preparation : . . . . . : . : . .
None 130 04 172 : ;16 75 ¢ :
Turrowed . 99 . § .26 : : : .3 5 .27 . : .
Competition . N . . : . . . . . .
Light 1218 1 5 162 @ : . 67 5 :65 1+ @
Heavy il1 lo2 156 : . 58 Y
Average 139 ¢ W :6b: ;65 Lo . 2
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Teble Ve . Deviation Frem Average liortality

Red Pine
1932 Flanting
Site Actual Deviation From ctual Deviation Expressed As A
Condition Average Mortality * Eercent Of The Average Mortallty
Year After Planting ear After Planting |
tlst 2nd :3rd 4th 5th Total | 1st :2nd :3rd :4th :5th
Soil : : . : : . . : : :
Heavy T4l 430 0 0D 0 47 |+MO 475 O 0 O
Light 1.3 :-2:0°:0:0: -5 |-30:-50: 0: 0: 0
Exposure . . . . . . . . . .
North TH42 141D 0 0 0O +#% |+20 425 0 O0: O
South -8 i-2:45: 0 0! -5 |-80 :-5 +55: O : O
Slope . . . : . . . . . .
0-7% -1 0:-1: 00 -2 }-10: O0:-12: O0: O
Over 1% T+l 2 04+l 0 0O 42 |410: O:+l2: 0: O
Preparation . . . . . . . : . .
None T42 L4214l 0 0 48 |4+20:450 :+50: O : O
Furrowed t-1i-1:-1: 0: O0: -3 }|=-10:-25:-12;: O : O
Competition . . . . . . . . . .
Light : -& t-1:-1: 0: 0: -5 }{-720:-25:-12; O0: O
Heavy Pab a2 iall 00 01 o7 [+B0i+0 412} 0% O
Soil 1933 Planting
Heavy « 41 422 . 0 .-11 . . +12 +2 433 . 0 -100:
Light T otk 0:I-1: : -5 0: 26: 0: -9
Exposure . . : . . . . . . .
North c-5:-11: 0! 0: P -16 |-12:-16: 0: O
South 46 411 0 0 -11 ¢ 46 |41k 416 0 -100;
Slope . . . . . . . : . .
0-7% e+l <17 ¢ 0 -11 ¢ . =27 +2:-25. 0.:-100;
Over 7% . 0:41: 0: O . +1 O: +41: 0: O:
Preparation . . : . . . : . . .
None . . : : : : : . . .
Furrowed . : : . : . . . . .
Competition . : . . . : : : . .
Light c4l 0-30 0 -6 . -8 +2:=11: 0:-55.
Heavy e -1 413 : O 464 i 1482 | -2:428: O0.+582
Soil 1935 Planting
Heavy s -1 :-16 : . : o =17  =25. =25. . .
Light : 0 45 . : :45 0: +8: . .
Exposure : : . . . . . E . .
North 4l =3 . . - +25: =K. . :
South : -1 : *5: : : : +)4 -25: +8: . .
Slope S N R R U S
0-7% te2i-ber pp o -Mlos0:.660
Over 7% D049t 49 04l o
Preparation : : . : : . . . . .
None : 0 411 : : ¢ +11 0: +17: : :
Furrowed T 41:=37: i i =36 | +25:-58: :
Competition : : : . . . . : . :
Light T +1 2 +1: : : o +2 | +25: +2; : :
Heavy Pe2tert b g letoand

* Percent of mortality each year based on number alive
in spring of each year.
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Table VI. Lortality Percent of White Pine
'nder Different Site Conditions
1932 Planting

Site : o, of . Percent of Trees Dying Each Year
Condition . Trees . Based on Original Based on Number Alive in

: : Number Spring of Each Year
. Year After Planting Year After Planting
©1st .2nd .3rd :4th :5th iTotal (1st :2nd :3rd :4th 5th

$12 1 70 1051331453 2 og
110: 76 |19 (14 5 3 .29

© g: 58 |10 9:37: 4 :lo
s12 1 88 16517356: T 50

T 15?1&5%3 i3
2 e larsibesel 607

f 38
15

s
27

: o1

Soil . . .
Heavy . 200 : 10 :12: 35 :
Light T - SEEPT | s | RO, B
Exposure . ‘ ‘ . §
North o s SRR, [ Bl . - e
South R | e e | RS 0 O 1
Slope :
0-7% ¢ 3957 .« A B e B3
Over 7% : 125 . 17 .12 : ln:
Preparation: . . . .
None - 435 . 18 -12 . 38 -
Furrowed : 85 : 24 - 6 : 20 -
Competition: ; x . ’
Light 5. 280 w8 12 2, By Gh
Heavy : 240 : 19 :15: 35:

n
W=

2125 80 1s§1u551;3
7: 61 |24 8:29:

FO OKFR —~NnN =

212568 129)4-‘4'
& {8 197 G 0 B ox

Aversge  : ©16 111:35: 1:10: 73 |16 :13 : ug:

-
W WM ®O O

Soil 2 . % .1933 Planting
Heavy : 175 : 36 :38 . 0 : .
Light e Y T T (R s 1

Exposure : e
North ’ 50 : 3’4 . ug :
South * A5 = ‘BE 25

Slope : 2 e A8

0-7% -+ 175 : W5 43 .
Over 7% : 175 =+ 48 .36 .

Preparation: . . .
None ol - LR - R 1 (R
Furrowed 2 125 2 25 s 30 :

Competition: : . .
Light + 100 - L5 $ 36 .
Heavy - 250 - 47 .34 .

Average - 350 . 47 :35 .

Soil 1935 Planting
Heavy ~: 228 : 32 :61: : . 1 93 |32 .90
Ignt: v 3360 236 ey = g CE GE 12600k

Exposure : : : 5 : : : :
North v deds o 382Dl : : ¢ -89 38 .8 ;

South: 83 :22 - ¢ > 896 138 9kt

Slope : : TR : : : : x
0-T% A - R T R %, G Ggl TR el
Over 7% . 210 : 17 :80 : 2 : + 97 |'17 296 :

Preparation: . . 3 . 3 5 . :
None o5 . 28 64 : : . 92 |28 .89 :
Furrowed . 69 . 17 :83 . ! I . 100 17 100 @

Competition. . 3 . : . : : :
Light . 205 29 .68 : : . T 97 29 .96 :
Heavy . 359 : 26 : 66 : : : - 92 | 26 :90 -

83 |36 :59 :
92 |57 -172 -

34 .73 -
53 153
45 1 78 .
& (s
9% |59 90 :

2 ip

u55665
47 -6l .

15 T ogm by iee

Bt

=
onn
&E

7

W
\O
fer]

36

32
A 3

s

)
oo i —g Vo]
-

-

OO0 00O OO0 OO0 O
.—l
o (@]
! Vo)
g

-
o]
[0

o (o N o] (o Ne) (o Ne) (o NeJ (o Ne)

o

Aversge 1 564 lzr l67i i 1 igy |z gy






Table V1L Deviation From Average lortality

Waite Pine
1932 Planting
Site Actual Deviation From Actual Deviation Expressed As A
Condition Average Mortality * Percent Of The Average Hortality
Year After Planting Year After Flanting
+ 1st :2nd : 3rd ; 4th . 5th . Total [lst .2nd « 3rd s kth 5th
5011 . . . . . . . . .
Heavy s -6: 0: =3: -1: 41: =9 |[-37: 05-6.-33§+u
Light 43 41 +2: O 42+ +8 [+19 : +8 .+ +h. 0 .47
Zxposure . . . .. . . : .
North c =6 =B +-11: 41 :413: -7 -37 s =31 --23~~+33 . +46
South S0 4l 4814201423 455 ~+31 D17 +6673 +85
Slope : Tor o :
0-7% + =1: 0: =3: =1+ 45: O -6 0 . -6 < =33 . 418
Over 7% P 417 414107 =3:-20: =11 | 46+ +8:421:-100: -7
Preparation ; : : : : : : : : :
None s o420 4l 467 =3 1411 : 417 [+12: +8:412: -100: +l1
Furrowed ¢ =1l ~F =19+ +5:-12: U5 |-88 ;-38 :-hO; +167: =Lk
Competition . : : : . . . . .
Lisht o=l el o 21 0 -1 -25:-31+ -8:-33 : O
Heavy T +3: 46:45 ¢ 0: 0: +1 +19 2+ 6: ++410s 0+ O
Soil 1933 Planting
Heavy e=-11: -7: O : ¢ =22 |-=23¢-11: O:-10 :
Lisht $+10: +6: O -6; © 410 (+21: +9: O0:-15 :
Exposure . . . . . : . : : .
North »=13: 471 0 :-33; ; -b2 [-28:411: 0 -85 ;
South t-16:-13: 0 :+38: * 49 |-34:-20: O0:+98 :
Slope : : : . : : . . . :
0-7% T -2:412:; 0 :-37: : =2] | =b:+18; 0:-95:
Over 7% S+l #3: 0 423 426 | +2: +4: 0:459 :
Preparation { = ¢ . : : . . . . .
None t+l2+; 0 $-39: 1 =3 |+26:436: 0:-100:
Furrowed t=22:=26: 0 & =3 ¢ =51 |-47:-39: O: -8 :
Competition . . . . . . : . .
Light i -2; 010 -7y 1 =9 |-k: O: O0:-18:
Heavy : 0y -2:0: -2; : -k 0: -3: 0: -5
Soil 1935 Planting
Heavy . 5. =32 : : ¢o+2 |+18 0 =3¢ : :
Light Delle3r o r L w2 | =Bz X
Exposure . . : . : . . . . .
North e #11 ;-11 ¢ . : . 0 [+¥41:-12: . .
South P =507 32 . . vo=2 |=18: 43¢ . .
Slope : . : . . . : . : .
0-7% v 46 =5 : . T+l 422 -5 : :
Over 7% <10 +3 ¢ : : oo=T =37 +3. : :
Preperation . . : . . . . . .
None PRSI ¢ . . . =3 +40 =4 . .
Purrowed =10 +7 ¢ . . ¢ =3 |-37: +8. : :
Competition - . . . : : . . : .
Light .« +2¢ 43 . . . +3 +7 + +3 ¢ . .
Eeavy ¢ =l. =3, . : N T R I : .

* Percent of mortality each year based on number alive in
spring of each year.
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tne average mortality (table III and V) and by figures 50 and
%1 for cumulative losses on heavy and lizht soils.

The losses were consistently nisheron heavy soils , from 2 per
cent to 75 per cent avbove agerage for the 1932 and 1923 red pine
plantations, and lower, o percent to &7 percent below average,
for wnite pine. xKed pine on heavy soils showed total losses from
7 to 12 per cent above average. Jnite pine on heavy soils nhad
losses from 9 to 22 per cent below average. Results of the 19&6
losses in two-year-o0ld plantations, on wihich losses on 1light eoils
were heavier for botn speciles, indicate that droughts are more
cevere on sand soils, This effect is most apparent during the
first two or tnree years, before tne plantations become well
established.

Tne fact that red pine is better adapted to light soils and
wnite pine to neavy soils is borne out by ohservations of natural
stands. Red pine occurs naturally more Irequently on lignter
soils than does wnite pine whereas wnite pine prefers the neavier

to the lighter soils,
ASPACT

Both species show total losses on north slopes 4 to 20 per
cent lower than on south slopes, figures 9, <2, 20 and 32. Tnis
is more apparent during severe years like 1934 and 1926 when
losses were mucn lower on nortn slopes. During good years like
1932 and 1905 losses are about the same or eveun lower on tne soutn
slope. During 1vY34 tnree-year-old wnite pine losses on tane nortn
slopes were Z1 per cent below average. Similar effects are snown

for 1940 especially in white pine and newly established red pine.



Drought Periods During the Yesrs 1932-38

100 days

80 deys |

80 days -

40 dsys

20 days

1932 1933 1934 1935 1936

Fig. 8.
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Mortslity Percent of Red Pine Under
Different Site Conditions

Soil
100 100y
} ,,*?')A\ |
¢ !
604 ¢ \ 6Q Ik\
A 72
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\y \ ! \
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20f =1 \
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. Year aftersplanting Year efter plsnting
Pig. 9. Hesvy Soil Fig. 10. Light Soil
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3 1 3
Yesr efter plsnting Yesr sfter plsnting

Mg. 11. North sspect Fig. 12. South Aspect
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Mortelity Percent of Red Pine Under
Different Site Conditions (cont)

Fige 13.

3
Yesr sfter plsnting

0 - 7% slope

-

Yeer after plenting

Fig. 15.

No prepsrstion

Slope

100

60

20

100

60

20

3
Yesr sfter plenting

Fig. 14. Over 7 slope

Site Prepsrstion

Yesr sfter plsnting

Fig. 16.

vy

Furrowed (none in 1933)




Mortality Percent of Red Pine Under
Different Site Conditions (cont)

Intensity of Competition

100 100

eo.,)'/,\ 60 N

20 W 20 7/
) / \\
/
1 ’ * ] ’
Yesr safter plsnting Year sfter plenting
Fige 17. FEesvy Campetition Fig. 18. Light Competition

All Conditions

100
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vV /i
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/
20 t/ \\
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1 ' 3
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Yesr sfter plsnting

Pig. 19.



Nortslity Percent of White Pine Under
Different Site Conditions

100

3
Yeer after plenting

Fig. 230, Hesvy Soil

100

60 ¢

20 - \

Yesr after planting

Fig. 22, North sspect

100

201

3
Yeer after plenting

Fig. 21. Light Soil

Aspect

3
Yesr sfter plenting

Fig. 23. South Aspect



Mortelity Percent of White Pine Under
Different Site Conditions (comt)

Percent of Slope

100 100

Yesr sfter planting Yesr after planting

rig. 24. O - 70 slope Fig. 25. Over 7% slope

Prepsration of Site

100 100

] 3
Yeer after planting Yeer after planting

Fig. 26, No prepsrstion Fig. 27. PFurrowed



Mortelity Percent of White Pine Under
Different Site Conditions (cont)

Intensity of Competition

100 100

3 S 1 3
Year after plenting Yeer after plenting

Fig. 28, Llight Competition Fig. 29. Hesvy Competition

All Conditions

3
Yesr sfter plenting

Fige. 30.
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Cumulstive NMortslity Percent of Red &nd
White Pine Under Different Site Conditions

Red Pine White Fine
Soil Condition
10 - > 100
o =L .
—
! ‘9" /_!zéz_.rzl_-
& /
;\, /
60t o / 60.
v/
Aowry so.7
102t
20 £ - l/z.IZ s/ 20
1 3 5 1 T 3 ' 5
Yeer sfter plenting Year sfter plsnting
Fig. 31. Fig. 31.
Aspect
10 - 100
Seol¥ _
//_ “
/
60t //// 60 /
/ /
/
y
Jod#
2 //-M_— 201
1 ) ) 5

Year sfter plsnting

Fig. 33.

3
Yesr sfter plenting

Fig., 34.
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New plantations of tne latter during 19:o suffered losses on

nortn slopes 30 per cent lower tnan on south slopes.
SLOPS Pax CLiT

Slope per cent apparently had some effect upon survival,
The total survivals of red pine on level areas are from 4 to
50 per cent nizher tanan tnoce on slopes. The main differences
occur during the years of critical drougnts. TFor instance, in
in 1923 losses of newly planted red pine on both conditions of
slope were almost identical, wnile in 1955 a very dry year,
losses in tnese same plantations on the slopes of over 7 rper
cent were 18 per cent nizher tnan losses oi the more level
areas. oimilarly, in 1925 losses oI red pine were almoct the
same on bota conditions of slope, and in 1996 on these same
plantations, tne more level areas nad losses 48 per cent below
those on the slopes. Differences in losses are slignt between
the two conditions of slope in waite pine plantations. The
total locses vary no more tnan 5 per cent from each other.
The losses in tne 1942 glantations, durinz tane summer of 1934,
were 1o per ceut lower on O = 7 per cent slopes tnan on steeper
slopes. wuring 19Zd locsses were 20 per ceut hisher on level
areas of 19¢2 plantings, 60 per cent lower in 19co plantiugs,
and 8 per cent lower in 1voo plantings. During favorable years,

these diiferernces are lecs or eve:l reversede.
PuarAnAlIud vl GITH

Preparation ol thne site previous to planting resulted in
better survival as is shown by figures 35 and 6. In only thnree

out of the 22 cases were tne losses on furrowed areas above



Cumulstive Mortelity Percents of Red
And White Pine Under Different Site Conditions (cont)

Red Pine White Pine
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Cumulstive Mortelity Percents of Red snd White
Pine Under Different Site Conditions (cont.)

Intengsity of Competition

Red Pine White Pine
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Yesr sfter planting Yesr sfter plsnting

Fig. 4l. Fig. 42,



average., .nile locsses on unfurrowed areas ranged up to 17
per cent avove tne average ior tnat year, 1losses on furrowed
areas were from ¢ to ¢O per cent below average.

ilore significant differences are brou..nt out in rigures
42 aud 45 =21d Jable VIII wnicn compare tne losces in 19¢2 and
1vE3 vlautations for tne eutire period. Hurrowed areas of
red pine snow locces irom ¢ to 26 per cent lower tnan on un-
furrowed areas. .itn wnite pine, aiftereiices up to 27 per cent
occur in favor of tne furrowed areas. <The main reasons for
the almocst complete failure of the 1953 plantations may be

due to the fact tnat no furrowing was done before planting.

CulP=TITIOA

The intencsity of competition is enown to nave some effect
on tne survival of plantatione on the Kellogg Tract. In the
1922-199% plantations, losses are about 10 per ceut lower on
acres naving lisznt competition tnan on those having neavy
competition.

In tne 19¢2 plantations, the differeunces in losses seem
to occur mostly durin: jyears in wnich drougnt is not a serious
factor. or example, in the case of the 19¢2 wnite pine plan-
tatione, locsses auring tne favorable years ol 19&2 and 19cd are
25 to 80 per ceut below average on areas of lixznt coumpetition,
but in 19:4, a year oI cevere drougnt, the losses are but 8 per
cent below average.

In contrast to the better results in the earlier planta-
tions on areas o1 1liznt competition, tne 1925 plantations had

losses & t0o 9 percent under similar conaitions.

It is logical that areas with neavy competition should
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have greater losses tnan areas with lizht competition during
years of favorable moisture conditions. In such years, a
heavy stand of bluegrass would dry out the soil more rapidly
than would tne lighter growth. A condition similar to that
produced by arougat would soon result in tne soil csupporting
the heavy cover, even wnile the less neavily vegetated area
still had ample moisture. Thus tnere would be neavier losses
on tne areas witn heavy vegetative cover., lioist years also
tena to promote a luxuriant development oi blue grass wnich
often smotners the youug trees especially if tnere has been

no site preparation.

AGZE OF PLAJTING STOCK

L

Ihé 2 - 2 planting stock gave 1o per cent greater sur-
vival than & - O stock and 12 per cent greater than 2 - 1 as
snown in tavle IX and figures 46 and 48. Jhile age o1 planting
stock 1s a factor of unouestioned significance, its effects
may ve easily outweizned. Clder, larger stock gave becst results
under neavy competition but even 2 - O stock gave excellent

results wnere competition was controlled oy furrowing.
CARZ IN PLANTING

Table £ gives the survival data during the first year on
ten sample plots containing twenty-eight trees each, planted
by different crews., Survival data vary irom 57 to 89 per cent.
Observations on extreme cases snow almost complete losses for
some crews and complete survivals for others.

Furthermore, general successes of plantations using forest

school students was nigner tnan witn ordinary lavor. Ilost dead
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TABLE VIII. MORTALITY PERCIENT WIT™! DIFFERENT
KET:CDS CF SITZ FREFARATICN
3 - 0 RED PINE

Prepsrstion Vortality percent esch yesr, based on
number of trees elive in the spring of
esch year.

lo. of
trees
Yesrs sfter plenting Total
Mortelity %
1st 2nd 3rd 4th S5th
Furrowed 300 18 0 9 0 0 26
None 300 29 13 23 0 0 52
Furrowed 85 6 5 4 0 0 15
None 55 0] 2 2 0 0 6
3 - 0 WEITE FINE
Furrowed 125 25 40 0 39 - 73
None 75 77 94 0 100 - 100
Furrowed 65 3 6 26 5 7 40

None 70 0 13 16 6 12 40
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Mortelity Percents of Furrowed snd Un-Furrowed
Flsntstions
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Fig. 45. Red pine (compet. light) Fig. 46. White pine (compet. light)
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Mortelity Fercents of Different Age Classses

0f White Pine Flsnting Stock
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TABLE IX. SURVIVAL OF DIFFZRENT AGE CIASSES OF WAITE PINE

% Loss by Vesr Finsl % Survival
besed on originsl
Stock 1st 2nd 3rd number plsnted
3 =0 72 79 9 S
2 -1 83 91 12 9
8 -2 88 92 15 21

trees from tne larger stock had been shallowly planted
and the root systems were bwiched and knotted. Care
in planting witaout doubt can be one of the major 1actors

in the survival of forest plantations.
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TABLZ, X. SURVIVAL DUPTXG FIRST YEAR
ON TEN SAMILE FLOTS OF &8 TREES EACH

FLAMTED BY DIFFERENT CREWS

Actuel Survivsl
17
18
17
18
18
24
21
25
16
20

19.6

% Survivel

61 - 8.3
64 - 5.3
61 - 8.3
64 - 5.3
64 - 5.3
86 + 16,7
75 * 0.7
89 & 19,7
57 v 12.3
72 v 2.3
69.3



Mortelity Fercent of Different Species

Annusl Mortslity Fercent (besed on number slive in spring)

100 100

0] ///\
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Fig. 50, White pine Fig. 51. Red pine
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Fig. 52. {hite pine Fig. 53. Red pine
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TABIE XI. MORTALITY FERCENT BY SPECIES
1932 Plenting
Species No. of MNortslity Percent easch yeer Totel Mortelity
trees baesed on number of trees slive percent

in the spring of esch yesr

1932 1933 1934 1935 1936

Red Pine 618 10 4 9 0 0 22
White Fine 520 16 13 48 3 27 73
Spruce 356 15 30 90 0 0 94

1933 Plenting
Red Pine 385 43 67 0 11 83

White Fine 3350 47 66 0 39 89

1935 Plenting
Red Fine 399 4 64 65

White Fine 564 27 93 94

1936 Flenting

Red Fine 778 49 49



Mortslity Fercent of Different Species (cont)
Norway Spruce

100 100
60 60 ¢
20 ¢ 20
3 ) 5 1 3 5
Yeers sfter plenting Yesrs sfter plenting
FMg. 54. Annusl Mortslity Per Fig. 55. Cumulstive mortslity
cent (bssed on number percent

slive in spring)



Table XI and figures 49 and 54 show the mortslity per cents
of the several series of plantstions on the bacsis of species.
dnite pine sufiered losses amounting to from 7% to 94 per cent,
Red pine losses are from o to 51 per cent below those of white
pine for similar conaitions. On the wnole, red pine is nuch
more satisfactory tnan wnite pine for planting under conditions
similar to tnose prevalling at tne kKellogg lieforestation 'ract.

Losses of Jorway spruce were even grester tnan for white pine.

FACTOKS

Insect demage was confined to that done by Tortrix pallorana,
the larvae of wnicn seriously damaged tne buas and new growth of
wnite pine, Scotcn pine, ponderosa pine, pitcn pine, Japanese
red pine and otners. wuvnly red pine appeared imaune to uamage
by tnis insect. The heavy mortality of white pine probably is
due in part to this insect damage. Lowered vigor and reduced
heignt growth no doubt lengthen the time required for tne trees
to become estavlisned ana therefore tne period during wnich
losses occur.

Habbits nave done only minor danage to the plantations.
wlce ana otner roaents likewise have done relatively little
damage, Certainly tney have not been serious factors in tree

losses at tne kellogg -eforestation Tract.

SULLARY

1., <The first tnree years after planting were the moct

critical. Jnite pine losses continued over a longer period of
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years tnan red pine. Once ectabliched, Iorest plantations
snowed little loes from severe darougnt conditions such as
tnose oi 1935,

2. Drougnts of over 20 days when coming early in the
season, or ii accompanieda by extremes oI temperature caused
heavy losses, wsarly summer crougnts were much more eitfective
in causinz loceses of red pine =nd wanite pine tanan were late
summer drougntes. DLamege is greatest wnen severe drouznts
occur in tane first or second year atter planting. ounce. estab-
lished, tne plantations survived severe drouznts witn little
or no loss. In so far as rainfall is concerned average years
snould be iIavorable to tne establisnment of rIorest plantations
in soutnern l.ichizan.

Se. [Frost neaving damage was severe on plantations set
out during tne fall seasons of 1981 and 1936. i.ulcning appears
a necessary precaution for fgll plenting at tne lellogg nefor-
estation Tract and prooably applies for all of southern
idcnizan.

4., ZRed pine snowed slipxhtly better survival on ligat soil
than on heavy, wnereas waite pine aid better on neavy soils.

5. Dburing critical drousint years losses on soutnerly as-
pects were markealy nizner tnan on nortnerly aspects. viitfer-
ences were less apparent in favorable years.

6. wlope had only a eliznt effect on estabdlicnment of
vlantations. As a wnole, survivale were a little better ou
tne more level areas,

7. w~ite preparatiol was oi extreme importance. .nere

furrowing nad peen done, losses were considerably lower than
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where no attempt was made to remove the sod near tne trees.
The nearly complete losses o1r 19c¢d plantations may ve due to
a lack of azdeguate site preparation, sucn a&s rurrowing.

8. ne losses 0oi treesc growingz in competition wita welse
pluezrass cod nave besun ni;ner tnen taose o1 trees growing
witn less severe conpetition. Tnis difiereiice was lees marked
during tne yeare 01 severe arowint.

9. Losses oi 2 - 2 walite cine were lower than tnose orf
¢ = 0 ana 2 - 1 on uniurrowed areas witn neavy competition.
Vamege aue to irost neaviny was lese wita tane larzer stock.

Un furrowed areas, 2 - O stock of red and wnite pine were uced
witn very csatisractory resulte.

10, <roor plantingz has beeu an important cauce of loeses,
Careful planting is essential if nigan survival is to be ex-
vected especially during drougat perilods.

11, :.ed pine nad better survival thnsn daid wnite pine.

It became estaovlicned more -uickly thnan dia wnite pine, and

1o

(O]

ses occurred ror a enorter perioa or time.

12. +#nite pine was sunject fo severe damsge by Tortrix
pallorane, <Tnls damage resulted in reduced vigor and growth,
and thus lengtnened the period necessary for tnis especies to
become estzovlisned. 0Only red pine amonz tane various coniiers
used appears immune to desmaze by tale insect species,

13. navbits and mice nave =0 1ar doune very little damage

to treee on tne Xellogzg ReTorestation iYract.

. .
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