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I TRODUCTION

Statoment of the Problem

At the time this atudy was first undertaken there existed
practically no accurate information on the moro snitable sites
or the conditions favoring natural reproduction and growth of
the different native treces in the Northern Rocky (‘ountaln rogion.
There was much uncertainty rosarding; tho causes of distribution
of the species in reolation to tomporature, rate of evaporatlon,
s0il moisture and nutrlent requiremcntaes Little was definitely
known of the conditions which favored or retarded the develop-
ment of pure or mixed stands, or the quality of the diffcront
forcat sollse. In short, more oxact and dependable inforrmation
wiig ur;cntly ncedod in forast management, timbor sale opora-
tions, reforostation and land utilization. These studlea wero
besun as an approved part of the lMorest Lxporiment Station pro-
cram in an attompt to solve gome of those probloms which con-

fronted the foreator in tiie roplon.

Purpose and Scope of the Inveatl;ation

The objoot of the study was to analyzo and ovaluate the
climatic and edaphic environmontal factors which control the

orderly progressional stajes in tho secondary forest succession




in northern Idaho.

For this purpose the climatic factora were studied by means
of dally records of alr tergerature, humidity, wind movemont
and evaporation eand the more Important physical and chemical
charactoristics of the 30il were determinode These wore followed
by tests of resgspcnses to tho site conditions by seeding and ;row-
ing native coniferous apccles, and by kceping reccords of ger-
mination, survival and growth of these over a nericd of flve years
and by vlanting native nurso:y-;rown trees on the diffcrent
3ltos, which lator wero olsge ved ovor a roricd of 20 years.

Thia study had 1ts beginning early in 1012 at the time of
the cstablishment of the Priest {lver l'orest L :periment Sta-
tion of the United States rorest Service in northorn Idaho. The
clinttic rocords, soil tompcraturcs and soil molature wore ob-
tained from 1912 to 1916, inclusive. The seoeding exporimcnts
wero conducted from 1913 to 1917, the planting installatlons
wore made during tho period from 1912 to 1916 and tholr swrvival
rocord continuod until 1021 and the prowth record until 1932.
Thla invosti;ation thorefore apans a perlod of 20 years. In
tho courae of two decades from its beginning the responaiblllty
for moat of the continuous rocords, a great share of tho tabu-
lations and the proparation of progreazs renorts has rostoed upon

the writere.
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REVIEW O LITERATURE

A reviow of the litersture bLearing on this and the reolated
subjects reveals that most proviously atilompted study and
analysis of tho site factors or of correlatlons of those with
cerrmdnation, survival and growth aro incomplete and usually
confined to only one phase of the probleme Some wiiich purport
to be exhanstive deal only with the climntic or with the
cdaphic factorse.

Yany of the lnvesti ations nro rore or less duplicanticns
of the same factors measurod in differont locationa. The mag-
nitude of tho taak involved In o completo study of all factors
for any one aite is no doubt a recagon for the limited number of
aich investi;ations. lNeveortholess, thore are many papcrs which
have an important bearing on at loast one phaso of tho ;robleom.

it 1s obviousaly imvosaible to allot space to ovory ono of
thouo publicationa. It 1, howevor, ilmportant to conasider the
papors wihlch apply to conifers and particularly thoso refor-
ring to the conifors of the weatern Unlted States. In this re-
viow, an effort has boon made to group the papors under two
heads: thoae dealing with the climatic and those dealing with
the edaphic factorse.

It has been pointed out by laximov and others that the

factors of site bocome controlling mainly as they reach the
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nmaxima or minima tolerated Ly the specles 1n question. In this
way, any one of the factors, elther atmoesapieric or edaphlc, mny
of themsclves become limitinge

Palmpren (46) has stated that there is much value also in
paying; due regerd to the manner of roaction and to the interac-

tions of tho factors within thelr cffoctive limits.

The Effoct of Climatic Factors

Lundefardh (39) maintains that cvery stage in the devolop-
ment of the plant s ‘ma to have its owm optirmm temporature and
that the nosition of t 1is cardinal point in terpcrature is in-
fluonced by lizht, nutrienta and other factors. Koreover, the
reaction within the plant to extreme condltions will depond upon
the health or rescrve of tho plant 1itselfe. In other words, the
lothal tomporatures aro ralaed or lowerod by the influonce of
tho other factors of 1lifeo and ;rowth. Thls author statea fwurthor
that exact ovaluation of the actors 1s rendered difficult in
that curves of the moat important physiological proceases do
not incroase ro.ularly wlth increuse in tho factorse

J'or tho teorritory of tho Rocky lountains we have the ro-
ports by Pearson (47), Bates (3), and Larsen (36) setting forth
tho ranges or requirements of moat arborescent specles in the
matter of temperature and procipitation. Thease are voluminouas
roports dealing with rogional and altitudinal distributions and
zonations. A bricf sumary follows:
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snorthern Rocklea:Central hockies:southern Rockies

Type of : liean : Anne s Ann. @ sAnne.
voseta- : anne :procipe: Tormpe :prooipe: Terpe :procipe.

tion :Temp+OF.3inches : OF. :inches : OF. :inches
Dagort - - - - 68.0 10.4
Prairies 50.0 9.0 47.0 14.3 - 5647 11.3
Pinone

Jmiper - - - - 51.6 16.9
e yollow

pine 45.0 18.0 43.9 19.9 45.8 22.7
Douglas fir 42.4 27.8 33ed 262 42,7 34.2
Ve white

p'lne 40,0+ 270+ - - - -
Lodgepole

pine 34.8 20.0+ 33e7 15.56 - -
Imgolm.

3PrUCe ,§6.0+ 26.0+ 34l 2446 3.4 30«4

From tho data given in thoso three roports, it 1is vossible
to prepare ;raphs and to estimate the maxima and minima of alr
torperature and the lengths of ;rowing season for the various
spocies ‘nvolved. According to Larsen (36), this ia from 236
to 254 days for pralries of northern Idaho; 201 to 241 days for
woatern yellow pilnejy 1656 to 201 days for western white pino;
110 to 145 for subalpine troos.

lobbins (52) also defined air tomverature condltions for
tho varions altitudinal zones in Colorado, (;iving the gcason

of no killing froat as follows:

ulevation, s+ bSeasgson of no killing : Terperaturo rengoes
foat H frost : Ol
5,000 and lower 5 mos. 6 days 45-50.5
6,000 4 nos. 21 days -
6,000-7,000 3 mos. 21 days 35-40
"l ,000-3,000 3 mose 6 days 35-40
8,000-10,000 - 35-40

10,000-11,000 - 35
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Poarson (49) minimizes the value of listing the length of
the _rowing seasone. He states that 1t 1s impoaslible to fix any
sot 1imits on the prewin; season becaunse, for the wostern yellow
pine zone in Arizona, for example, there are some species which
make thelr majlor growth in the late spring wvhen the frost occurs
almost ni;nhtly, and that most of the native trces and shrubs
in this rogion cease vegotative srowth long before the first
frceze. Of course, thore are many excoptions. The author of
tixls thesls concurs in the concliusion that the length of the
{froatleas socason 13 a matter of _recator concorn for the intro-
dnced veygotable cro:s than for native fornge

Iivinston (37) ermphaslzes the time element as weoll as tﬁe
mainltude of the factors whon he states that the varlous factors
as the oxponential indicea, tho ratlio of the sum of tho physlo-
lo;1cal Indlces to tho sum of the exponontial indices, the
procipitation-ovaporation ratios and the torporaturo-ovaporation
index, f'or any one specles may bo considered on the bugis of the
frostlesas asenaon.

I'rom tho standnoint of injury to newly gorminated evergreon
socedlin ‘s rosunlting from over-heated soil surfaces, we have the
roportas of Baker (1), Li (38), Toumey and Neothling (57), and
Korstian (35). Baker found that injury resulted to Douglas fir
scedlings above 1310F., to woatern rod cedar above 96°F., and to
¢grand £ir above 1230F. lle concluded also that these specles

show no incroased »rotoplasmie roslstance with agee.




Qe

11 (38) demonsirated that the surface soil terporatures in
the open always reached hisher points than undor the forest.
The fisures given for extremes are 118°F. for the open; 393,601,
for the grass, and 650F. under the young forest. According to
Toumey and Neethling (57), the older seedlings sustain less in-
Jury than the younger by virtue of a hardening of or Increanse
In the opidermis; xylem and endodermis. This 1s in a:;rcerent
with the conclusion reached by licLean (41) who states that 1if
two planta are in cdifferont astages of development, tho Influence
of the asame factor will produce different results in the two
vlantse.

Korstian (35) reports that Ln;elmann apruce seodlin;s wore
injured at temporaturcs betweon 108° and 1290°F. Batos (6) be-
lioves that the rosistance of cvorgreon seedlin;a to hoat in-
jury varles inversely as tholr reslatance to tranapiration. He
llata the hoat tolerance in order: lod;epole pino, wostern
yellow pine, Injolmann spruce, Douglas fire

lfinch (43) shows that the hoat of the surfaco soil varles
with its dryness, loosenoas, and color. Other factors boing
oqual, the drior, looger, and dorker the soil the " igher ls 1ts
to porature. Tho highest terporature of rmoiast top-soll recorded
was 100.40F,. while the highest temperature of similar soll when
thoroughly dry was 145.49F. Ho attributes tho lesions on scod-
linga as due diroctly to hecat at the soll surfaco. In his
study of surface soil tcmperatures whero darage was taking

blace, ho rccorded torpcratures of 140°", and in some cases oven
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highore Incubator temperaturos killed the seecdlings quickly
by raising them from 125.6 to 129°F. or 1310F.

Poargson (47) and seveoral other authors have observed an
inversion of temporatures in that the lower-lying zZone of
wostern yellow pine has lower atmospheric minirmm terporatures
than the rore olevated spruce or Donglas fir zones. Thoy at-
tribute this fact to the downward dralinage of cold air at
night and the corresponding wpward rise of air at nisht frem
the flats or benches. ‘These low minimn at nicht are dlatinetly
Injurlious to young Douglas fir and conatitute an important
factor In tho olimination of tho troo from such aitea.

Diroct or diffused sunli;ht may ocslly bocome a limiting
foctor in the cstablishumont of cvergreen aseedlin;;s not in the
ovon or on northerly aspects, but under cover of othor treos
or brush or in tho prcaence of dense herbacoous vegetation.

‘Mo socdlings of many coniferous apecies will continuec to oxist
with a total 1llumincotion as low as two porcent, but this will
wocakon them to auch an extent that conmotition counses thoir
oliminatione. Toumey and Kienholz (58) show that the competition
for soll moisture of underground roots of trces in the over-
story was an important cause of decreased pgrowth and even

death of now secdlingase. They atate that this :ortality has
often erroneously beon attributed to a low de;roe of shade
tolerance.

Novertheleas, the author 1s quite cortain that the troes

used in this investi ation ;ossess abllity to tolerato shade in
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diffcrent degrecs and that these charactors czpross themselves
in seccdlings as well as in mature treese In support of these
statements, the investigations of Burns (12), Shirley (54) and
many corlier workers are citede The reletive 1lisht requlre-
ments are often in themseolves rcaponsible for the mortality of
naturally sown soedlin;s in various locatlons of the forcat arcas.

Bates (5) reports that six spocies tolerated minimm 1light
quantitios as follows: Ln:;elmann spruce l.l percent; Doujlas {ir
1.5 percent; westeorn vellow pino 1.8 p reont; lodsepole plne 2.4
percent; limber nine 2.7 percent; and plnon pine 6.3 pcrcont.
He considors that theso asoodlin;s diffored in thelr wator roquire-
menta inversely as thelr photoaynthetlec activity under low light
conditions. However, slnce only two percent or less of the
totnl wator tranaported upward in the plant 1s used in carbon
agssimilation, it is difficult to Lelleve that thls mattor 1ls
3lynificante.

Burna (12) exposed potted planta of a number of spoclces
to 750-vatt nitrogen-filled electric bulbs and measured the
minimm 11 ht intensity at asaimlilation-rospiration oquilibrium
with a vacuum thermocouple and found the roquirements in nor-
centage of total gsunli ht in this order: wostern ye!'low pine
60.0, lugho pine 7.5, Engelmann spruce 6.5, Amorican hemlock
4.7.

Pring (50) explains that air temuorature ond light are
somewhat compensating in their effect on growth and distribu-

tion of overgreens part'cularly in relation to thelr northern
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and southorn geographic limits.

A study of rainfall "s of Importance ci:iefly ag 1t affects
availablo soil molsture. It 13 well known that oven under abun-
dant rainfall and sultable alr tempe atures periodic deficiency
of 301l molsture mmay be the cause of xerophytic vegetation. In
most Iinstances, however, wilth favorable terperaturcs, an increanse
in atmospheric moisture results in grecator quantity of soll
molstuire and more hydrophytic vegetatione “ho differont degroca
of precipi-ation under wiich tho Rocky liountain troes grow have
been sct forth in papers by Pearson (47), Bates (3) and Laraen
(36).

Thore are other relationships involved in rogard to that
~ortion of the procipitation which falls as snows The depth and
diration of tho snow cover bear a direct relation to soil tompera-
turcs and the length of the nctive growlng soason. Dopths of
anow cover provalling in Rocky !lountain forests are glven by
Larsen showing 17 to 50 inches for the prairies, 37 to 76 inches
for wostern yellow pine, 66 to 207 for wostern white pine and
assoclates and ovor 200 inches in the spruce-lodgepole nine
foreata at higher elovaticns. Delayed molting of the snow cover
sup lies water to the soil and this bocomos available for the
be inning and maintenance of growth in the apring monthae.

lann (20) obsorvea that tho amount of evaporation exproases
the need of the vegetation for waotore Relatlive values only are
of importance because the absolute depends so ruch upon the

accldental circumstances and are not easy to obtaln.
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Atmospherlic .ressure varies with temperuture; but the control-
ling pressure is exerted by the vapor rresent and not by the
other gases with which it may mix. During the months of November
to liarch the evaporation of snow in the forcst was 46 porcent of
that in the open.

Dole (17) studied the effect of air temperature and rela-
tive humidity on the transpiration of white pine. At a tempeora-
ture of 17.22°C. the atmometers recorded 9.39, 9.40 and 8.81 cce.
whlle the plant showed 2.34, 2.44, and 2,50 cs. The transpira-
tion of the plants incrcases with a rise in relative humidity
and with increase in vapor pressure. The author explains that
the apparent anomalies may be due to temperature as a factore.
Nicholas (45) places great rcliance on the influence of swmer
evaporation and the precipitation-ovaroration retios, stating
that in Connecticut this ratio 1s 61 percent for the oastern
highland with northorn hardwoods, 47 porcent for the central
lowlands hnrdwoodn; and 42 percent for the ocastern highland
with sprout-oak hardwoodse.

Weaver (60) has come closer to determining the evaporation
charactoriastics of tho northern Rocky Lountaln evergreen specles
in piving for the hemlock-fir-white pine association a value
0.55 percent greater than the eastorn hardwood of beech-maple
according to Fuller (24). Eveporation in the larch~fir

sasoclation is 20 porcent greater then that in the



homlock-fir-wvhite pine asasociaticn and in the prairie associa-

tion 1t is 150 percent groatere.

The Effect of Idaphlec Factors

Reports of resoarch dealing with the effects of edaphio
factors are many but acattered, and few if any cover the subject
corrletoly for any one alte or azaoclation. In the analyais of
tho amount of work done in this fleld it bocomes necessary to
conzlder the structwre of the soil, its organic conatituonts,
1t3 bacte 1al aond colloidal »roporties, tho influence of those
on terporaturo and molsturo rolatlions and the choemical clerents
present, particularly nitrogen, phiosshorus and calciwm ag well
as tholr effect on soll acidity and alkalinitye.

Only very recently have the major soll (roups of the world
boen proposed by Glinka (25). Undor this classification the
gray forost soils and podzols have roceived thelr position In
the incomplete or ondodynamorphic sategory. Ramann (51) sug-
goats modification of Glinka's clasaification to varlables of
terperature and goeologic origine IlHo bvolloves that the changcs
in goll under raw humus aro due to hunlc acids formod becauso
of tho l:ck of oxysen. Tho acids, ho atatea, leach out the
soluble material and cause a licht colored soll laycre.

111lar (42) and Burger (11) have ‘nvestigated forcat solls
from tho standpolnt of porosity and wator-holding capracltye.

The former in Illichigan and the lattor in Switzerland. lilllar
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obacrves that forest sclls are far more porous than ordinary
field so'ls, the diffcrence being cauvsed more by the organie
materials prezent than by any othor propertye. lic also states
that forest solls are more porous 1ln the upper six inches than
bolow and that thls section avsorbs water most rapidly. The
ability of bare soll to absorb water is less on the surface
than in the lower layers. Bur or reports the absorption of
636 perecont of their welsht for forecat aoils and only 3.8 per-
cent for ;rassland scils.e T:la nat:-rally varies groutly acrord-
‘ng to the typo of rrass vresente .c are avare that blue raas
pasturo soil in tho United States ranka not very far bolow the
forcst goils in pore srace.

Bokor (@) recormends that one should study cerofully the
nicroflora of forcat soils as th:is presonts a vory corplicated
gituation and cno which 1s ontirely c¢iastinet from that of a;rie-
cultural sollse It is bound up with tho amount of carbon dlox-
ide, hurug and limo content and with varlatlons of plle leo
atatos that the bacterial flora varies according to the 1light
on the forost floor. 1io 1g certain that the bactorlal life
decrouscs with incrocse in aclidity, and that the humua contont
1s ordinarlly a faforable modium for the development of soil
bacteria.

Falconer (18) concludos that exceas of rolature in the soll
tends to f'avor anacrobic activity, optlimm molsture the aocro-
bic bactorial activity, and the turn in olther directlon may

be declded by the fineness and coarseness of the solle. It 1s
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stated that the 1ittor of wiite pine decomposes more rapidly
than the stoms of common bracken forng; that litter of red and
w-lte pine was found to decompose more rapldly than that of

Jack pinej that twigs of whilte plno deocomposed four times as
rapidly as those of Jack pine; that 1litter Incrcased in docormpo-

sition with increase in terperature and precipitation.

From Bouyoucus (13) we learn that a soil coverocd with a
rulch or with dead vegotation hags a iigher teuperaturo in the
fall and winter and a slightly lower termpecrature 1n the spring
than one not so covereds Thlg means that a bare mincral soil
r sponds more roadily to extornal changes than a litter covered
soll,

Bates (4) reports that a mean ,rowlng asoason so0ll temporge-
ture of 580 to 62°"s at tho depth of ono foot 1s favorablo to
tho ostablishment of woatern yellow plne sccdlinga; at 550 or
560F. tho Douglas fir will appear with the »ino; at 50°F. we
oy expect almost puro Douglas fir, and bolow 40°F. tho Ingol-
mann spruce will hold {eirly complcoto swaye.

Buckingham (10) statoa that the :ovemont of moisturo
throush the colurm of dry soll probably occurs as a rosult of
diffusion and that the loss in thia rannor is proportional to
the square of the porosity. DBlackman (3) roports that, within
limits, tho rate of root absorption Iincrecases wlth thoe Inecroaso
in s0ll molsture and as the molsture content of the goll bocomes

gradually reduced, the reslilatance to abaorptlon increazoa. This




1=
finally reaches the wilting point and what molsture 1s then left
in the soll is not available to the plante.

tioinrich (31) in 1876 obscrved also what was later cor-
roborated by Briggs and Shantz (15) that the ablllity of differ-
ent plants to et water from the soll was vnder normal condi-
tiona about equal. He stated that not one of the 19 different
cultivated plants used in his oxperiment wore able to reduco the
moistwre of the sofl to tho gquivalont of the hycroacorie coof-
ficiont. DBriggs and Shantz (15) corpleted our concopt of the
gltuation by the di:covery that soils vary in thelr ablility to
withhold wator from the plants and that the sandy and ;ravelly
solls show & lower water contont at wilting than clay or loamy
solls.

Craid (16) states that if aorlal conditions pormit tronsg-
pl:ation and absorption to continuo ata pproximately equal or
moderate ratos these two procoases will go on until the wator
supply falls at 1ta source and there will remain in the soll a
quantity which 1a definitely related to the physical constant of
the golles That this physical constant 1a in e large moasuro
dependent npon the colloldal proporties 1s becoming more and
more apparent. Halg (27) correlatos the productivity of foroat
solls with the colloidal proportlcs and Stiles (55) care to the
concluaion that some of tho fincr soll partiecles would procduce
a colloidal solution with the film water or & coagulation pro-
duct that 1s a gel; the £ilm constltuting the sol and the par-

ticles tho suspended portion. This author makes the gencral
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gtatemont that the water content of the soill links its physical
and chemical properties tojethor, srantec that the soil struc-
ture controls the water content. Ile rocognizes also that any
one soll may vary in its physiecal properties according to the
shallow or deep layers. This led him to propose a hwuldity-
coc{ficient for use in the clasasifleation of soils.

Pearson (48) on the other hand maintainsg that the teats of
willting of asouthweatern evergreens indicate no large dlfferonce
in the pulling power upon the water of the goille. Ilic thinks thias

ull deponds somewhat upon the osmotic wvalue eand the ablllty

of tho ascedling roots to rcach molsture. RBates (5) 1liata the
rolative amounts of wator the average tree will absordb per owmce
oi dry wood increment: limbor pine 10003 westorn yellow pine
900; bristle-cone pine 800; lod;;opole pine 725; pinon pine G803
Douilag fir 6550 and Engolmann spruce 450.

Joffre (34) oxplains the formation of podzol in tho follow-
ing way: undor conditlons of sufficient or excess rolsturo theo
organic acld togother with the carbonic, nitric and perhaps the
sulphuric acld act on the mineral constlituonts and dlsaolve tho
uns08e finely divided organilc subastance in colloidal states are
algso active. Aoroble condltiona usually exlst and the iron
probably nioves as a 30l protectod by organlc colloldse is a re-
sult of leaching of the bases the horlzon of 1lluviation becomes
enriched with electrolytos which cause precipitation of the iron
and aluminum. These latter serve as a comenting material for

incrustation. This process !s Peaponaible for the ;rayish white
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horizon Just volow the layer of lngms accurmlatione

Falckonstoein (10) concludes that siteo quality in the for-
est, which includes the rclative hoight and rate of ;rowth of
tho trees, with the resulting modification of 3lte factors, 1s
c¢ofinltely reclated to nitrozen contente lie jives for the best
aite quallty 1,044 pounds of total nitrogen por acre and for
the poorest site only 225 pounda per acre. The better sites
ghow uore proporly decomgposed hwms and the poorer sitea show
losse. The ratter of nitrogen relation to holght srowth of for-
est trocs has also been demonatrated by tilcock et al. (33).
vaksman (59) reports that when largoe arounts of non-nitrogenons
or;;anlic compounds such as su;ara and hemicelluloses aro present
with the organic matorials the microorgnnliasms which decompose
theso rapidly combine any avallable nitrogon wilch may be pro-
gent. Armonia and nitrate-nitrogen that are prcgont in the asoll
at any one time are dependent upon sojeral other conditlons such
as tomporature, molature and aeration.

IFisher (21) states that the proaonce or absence of an abun-
dant suvi;ly of combined nitrogon in the soll does not oxercliae
an azproclable influence upon the naturo of the orgeuniams con-
cornod in the decompogition of collulose in tho soll; that in
the acid solls under acorobic conditlions fungl are the only
agents active 1n the decomposition of cellulose. !Ho bollieves
that in noutral or necarly noutral soils the molsturec factor 1a

most important In determining the nature of the organlsms which
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develop and that the activities of actlinomycetea are limlticd to
dry soils, as theoir slow _rowth dces not ensble them to corpecte
with bacteria or fungl in wet or humid soil. Tis reaults show
that in neutral or very ncarly noniral soilg the cptlmm molst-
uro 13 60 to 80 percent of gsaturation and that wnder these condi-
tions the bacterla are pro.ably ag active ag the fungl.

vowers (22) roports that the armount of nitrification in
forcst solls is stirmlated Ly bLurning and the rcgulting llbera-
tion of baslc ash waterials wixleh incrocage the soluble minoral
nuirients for aome tine after burn'nge lowever, sinco the hurn-
ing destroys tho top and aurfaceo organiec rattor, ropoated and
continuong burning 1s harndle Ilo3zselman (32) attribatos thwe
aeceo 'aful regencration of apruce In Swoden to inercascd nliirl-
“leation rogulting from foreat firese In pure conlicrous for-
ests the hoavy raw hums rondera tho cloctrolytea imoblle and
creates hiigh acidity in tho uppor layors. This is unfavorable
for bacterial activity and restlts In docreagoed nitrification.
‘™o rcloase of theao subatancea from tho ash In tho form of
soluble anlts aftor fire asaigis nliriflecation.

Brrnotte (2) coneludes that thore ia a higher replaceable
calciwm contont of aolla on burned arc a wihlch may Le attributod
to the addition of ash followln {irea. It 1s probable, he
continues, that the quantities of potesyium, phosphorus, and
other ash constituents aro liltowise sonmowhat Incroased by burn-
inge A low pll concontration on burncd sreoas 13 also bellicved

to bo cauged by the acdition of agshe Illo also states that burn-
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ing seems to injure the colloical proporties as well as the
physical properties and altera the chemical properties, but not
below the four to six inch depths. Hackmann (26) diacredits

thoe value of nitrogen, lime and potaasium fertilizers for forest
gcils and astates that phosphorus fortilizers have greator valua;
basic slag veing particularly <ffective. The phosphoric ferti-
lizors, he maintains, givo best rosults on soils with pH values
from 4.5 to 6.5

According to Feher (20), the CO2 production of the forest
soil directly arfects the forost alr. The C02 productlon is
attributable in lar;e measuroc to the activity of microor;anisms
and 1s increasod whon aeroblc forms of bacterla prodomlnate.
Thia presupposes sultable soll aoration.

By analyals of a groat mumber of soll samples wlithin tho
rorests of the Schwarzwald, irank (23) detormined that the north
cxposurcs areo more acid than south or wost exposures and that
rid;o tops at hlchor elevations are more acid than adjoining
low sitose Extremo alkalinity or acidity are both unfavorable
for the gormination of cve 'green sccdse. Soils with a pi of
37 to 4.5 nre; according to Wilde (61), correlnted with blacle
gpruce, tamaraclt, and hemlock and their ansoclates. Theose
Frooa nay e termed acidophilouss 1ln such locatlons the toxi-
city caused by the prcasence of the ferrous ion, manganese and
aluninum is too groat for most treea. Tho niore highly alkaline
solls guvport southern hardwoods. Alkalinlity in this case is

cauzed by the unfavorable offect of the OH lons or tho oxcess
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of calcium or manganesee
Sltehting (56) claims that tho bages are necessary in rmain-
taining soll quallity; ané that to Irmrove the irpovorished soils
under conslderation the acid rust be romoved and the nlssing
insredients addeds Senfitze (53) domonstrated that in the Ger-

ran forcsts phosphorus, calelum, mansancse, notasgiwm and sod-

fum all increase in quoentity in t-0 solls on the better sites.
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EXPLRILENTAL

Location of the Study

The Priesat River Expceriment Station is situated in the pan-
handle of northern Idaho, in the north and south trending
Iriest River V:lley within the Keniksu Natlonal IForest. Tho
seneral clovation of the valley floor at thls uoint 1s 2300 fceet
above sea lovel. On tho west alde tho hills are less than two
miles distant and rise about 2000 foet abovo the valley; on the
cast alde the divide rlses to a total elevation of G000 feot
and 1a four to five rmileos distante. The region is uniformly
covered with dense foreats oxcept for a fow natural meadows on
the caatern rid;c and some séuttorod patches of cleared land on
the rmain river and tributariea.

In this roglon the difforont forost typos occur in altl-
tudinal zonos, Leginning with a lowver belt of western yollow
pino, Pinug ponderosa Inws.; which in places nay reach an olova-
of 4000 feete Thig type, which may bo conaldered a consoclation,
ngnally gives way at the upper border to tho cedar-hemloclk-
srand £ir assoclation which alvays carries cbundant western
vhito pine., 1These troes in order from the ycllow pine to those

of the more mesic conditlons are: (1) Pinus monticola D. Don.,

(2) Ables grandis Lindl., (3) Thuja plicata D. Don., and (4)




Tsusa heterophylla Sarge According to local variations in the

soil or anspect three othor spocies are assoclates in the cedar-
hoir:lock=-rand fir association. Thege are western larch, Larix

occidontalis liutt., Donglas fir, Pscubotgusa taxifolla (Poir.)

Britt., and Lodgenole pine, Pinug contorta var. rurrayana

Engelm.
Lt an elevation of 5000 to G000 fecet this characteristic
azgccintion 1a auperseded by thie subalpine forost asscelation

conslsting of Engolmann spruce, ficea ingelmannii Lngelman

Lountain hemlock, Tug;e mertensiana Sarge, &lplne {ir, :ibles

laslocarpa liutt., and white bark pineo, Yinug al.icaulig ingolm.

In composition the westorn yellow pine is conmparcatlively
pure, ospecially on the most sovere sites. It ray ve assocl-
atod with Douglas fir and lod.opole pine and oven weatern larch
on locatlions with moro soil nolature. .ithin the intermediate
telt the western homlock and the cedar are theo rost shade endur-
ing and pormanent specles, whlle Douglas {ir, weastern larch,
srand 'ir and westorn white plne aro tonorarye The white plne
occurs chlef'ly on the northerly slopos, molst bonchos and luts
end the larch on sandy bench land or on lowor slopos. Douglas
fir .;rowa rworo ofton on atoop slopes. Tho Ingelmann spruce
and alpine fir are sometines met with along the cool croek
bottoma or deep shelterod valloyse.

“rom the standpoint of thils recport the inveatigation
conters sround the successional atgges wiilch tualie placo wlthin

the central belt and the progrezsion toward the final climax,




-25-

the cedar-emlock aisocilatione.

Seleection of the Stations

Throe main meteorological stations were used in this atudy:
Station I, on the flat in the larch-fir type; Station II, on a
southweat aspoet In westorn yellow pine; and Station 1II, on &
northoast slope in a forest commosod principally of wiiite pine.
Thero were substations with shorter records: lice IV, on a low
flat in tho cedar-nhemlock-whito plne type; IIa, b and ¢, on
stoep phagse oxposed yellow pine sgites; and IIIa on a stoop
northweat slope in Dowslas fire. (I'igs. 1, 2 and 3)

The station on the flat (iige 2a) which was used as a con-
trol for the others was placed witivin a cloaring made partly by
firo and by axe on a gandy uench approximately 100 feot above the
rain rivere This plain has boon formed by glaclial lake deposlts
conioged chlofly of (ranitic sande Tho land was burned over
twico about 70 and 40 years beforc the inawnwration of the ox-
periment and has since been slowly rostocking with native trees,
chlcfly westoern larche The cvarlior fire Itilled the natwuro
timber and the letor one cut bl holes in tho socond growthe
lneh of tho dead and down largoer :matorlal had boen romoved for
fire wood, and when tho oxpcrliments wore bo,,un the rermant of
dobris was renovod in ordor to have room for tho station and the
various planting tests. Somo shrub vegetation had ;alned o foot-

hold subsequent to the fires, the principal spocles boing liount-




Pi5e le Station locationa, topo_rephic and forest tyne rela-
tions at Priesat River Morest lxporiment Statlons,
Kanilksu lntional orost in northern Idaho.




.1

ons

o
MU -t
e 42
Lot o o
erd e 4
& g o
© — 3
[ < ]
— b L
L3 = +
+ [~
K] Q
— s

I/ e
l l Dou;
I=TV

H
ad
1
A
4
A
! o
1 w n r
. ke
ot £ et
. o
2] B ©
£ o
o
A
- - ”~
. = <]
/e <3 g a
ryo ) S [}
J e [3] b e
) D ©
- © 0 $e
2 o <
.- - L




-28-

18104 A
Fige 2a, Priest River Valley and Benton flat; looation of
Station I, looking south from Station II, Sif slope.

Fige 2b. The southwest yellow pine aspeot (Station II) in the
background,s The view is from Benton flat,




«29=

3720894

Fig. 3a. The location of S=zation III in a oclearing in the younp timber
on the northeast aspeot,

Figs 3bs The location of St-tion IIIa, on the Douglas fir slope
above the experiment station office,




-3

ain balnm, Ceanothus velutinus; Kinallkiinnik, Arctoataphylos uva-

ursis; ninebark, Pnysocarpus malveceus; June borry, Amelancihler

alnifrolia: Spiraea lucida, and Goat hrush, Pachystima ryrsi-

nitis.

Station II 1s on a modium-steep sonthwest aspeci directly
north from the flate (Fige 2b) The foreat couslsted chlefly of
mature, but very acattored, troes of wostern yellow plne and a
vounger underatory of mixed yellow ;lne and bciglas flry the
Tire latory, destruction and later reatocking, huving.devolopod
alon_ the aame lines as on the flate 1In a ditlon therec exlstod

many clumps of ahrubs, chliefly of willow, S5allx gcoulerlana;

occan apray, ijolodiscus dumosus; mouvntain balm, Ceanothus velu-

tinus ~nd C. sangulneus; moclk oranse, Thiladelphus lowvesli, and

ninclbark, Physocaroug malveecoua.

The trees and shrubs conblned wonld conitituto a top-cover
of' about 50 porcent, but of Iirregular occurrence. In the gub-

denlnant layer were pino .rass, Caloma roatls suksdorfil; alum

root, louchcra bracteata; Orozon yrape, derborls aquifolium;

Indlan paint brush, Castillejla noteolnta, and Lupino, faupninus

ormatua, otce

The fires and the exposure to sun and wind typlecal of weost-
ern sloues had reduced the hurmus layor and favoroed loaching of
the soile This had resulted in the appoarance of shaly Irage-
nenta ncar the auface and tho abasence of any apg.recleblo amount
of dark or loamy soil in the A horlzon.

The slope reserved for Station III i1s on a 60 percent
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northeast aspect across the valley of Bonton Creek to tho cast
from Station II. (Fige 3a) The crest of the secondary ridge is
800 fcet above the maln valley botton. Thore was present on

Iils slope a well developed 70 year old stand of westorn white
pinec, with scme western larch, and other speecles. Toward the
top of the ridge the stand wag ch:lefly Dounglas fir and from tho
21ddle slope dovmward thore was an understory of cedar and hom-
lock. Lvidently the second fire, which 40 ycars previous
had causod destruction in the second gjrowbth on the flat and on
the gouthwest slopre, did no damage whatover on thls slte.

On this gradiont the soll was 12 to 18 inchos doep and
loamy with a thick layer of hurmis and dead needlos but with
abundant angular shale fragmonts which no doubt have vecone
mixed during periods of 301l alippinge The roddigh brown soll
rrated dlrectly on a bedrock of shalee

Cnly undor the trees where the 1light wag much roduced wore
found various sub-dominant evergroons such ag Twinflowor, Linnaca

amoricana (borealis), Cornus canadensis, Gold throad, Tiaroclla

trifoliata, Clintonia, Clintonia uniflora and Vilntorgroen, Iy-

rola bracteata. On thla agpost thero was no natural clearing

and no shrubby assoclation doveloped. A one-acre cloaring in
tho young forest waas thoroeforo nades (i'ig. 3a)

By means of these three locutlons roproesentative sitos
wero avallable for the inatallatlon of moteorological instru-
nonta, soll saupling and tho secdlng and planting testse.

The sub~station IV was on a bench having the same eleva-
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tlon as the flat referred to but nearor Benton Creeke FIor that
reason tho soil was silty and of a rather heavy texture and qulte
different from that at Station I. In contrast to the forecst at
Station I, westorn white pine predominated with the uaual under-
story of cedar and hemlocke I'rom the remaining dead tLreoces and
from tho down timbor it was concluded that the original atand
previcng to the carly fire had tcen cormogsed of rneture viite

nine with considerable cedar and hemlocke Tho gocond fire had
caused no daragos Dwring tho oeroction of the station br'ldlings,
1011 and 1912, the sccond xovwth stand was removed exposing an
arca of about three acres.

In the course of thia study obsorvations were rade during
tho ;rowing scason of 1915 at ancther point where the slte ap-
poared rore oxtreme than on the southwoat aapect, namoly at Ila
on a stoep wosterly slope. During 1915 records were £lao ob-
tained at IIla in pure Douglas fir socond growth on a ateop
northwoat aspect on the same secondary rid;e but scuth fronm Sta-
tion III. (Fige 3b) ‘then the final soll sarples wore collected
in 1932 each one of thoso sitos wags ropresented and govoralaldi-

tional locationsg chosen for aanm: linge

Kethods of Study

Doterminc:tion of factorae.

The moteorological equivrment uscd conforms to that employed




-33m
by the United States Veather Burcane At o:nch station thore
wore placed maxirnm and minimo: thermeonmetera of the atandard
ralte, a Robinaon cup-aneronmeter and one air thermo raph. A
standard alin; psyvchrometer was used at all of the staticnse.
The stotionary inatrumonts were ioused iIn a sholter of the
standard pattern fo:xr and one-hall feet above the rowunde Each
statlen wog also provided with soll therromcters of theo naxi-
mrn and minirmun type at the swrflfeoce, and soll thermornicters for
r-adin;s ot six and twelve inchicg bolow tho surface.

In a’3ition to thils equipmont the atatlion on tho flat,
which aorved as control statlon, was previded with Inatrunonts
Tor the auntorntic recording of rainiall, sunanine and wind by
neang of o two-magnet metoorosraph slaced in the oi'fice. o=
cords were also lopt on cloudlinc:z, amownt of now anow cach day
and tho dopth of anow on the ground. 1he raadings of all the
foctora wore made accordin; to mountaln time at 5:15 p.ne on the

northongt alope; 5:45 on the southwest, and at 6:00 on the flat.

Climatic factorag.

Lights The dwratlon of sunshine waa obtalnod by means of
an olectric contact mercurianl recorder at Station I. ‘Those re-~
cords havo boon continued during the entire life of the ILxpori-
ment Statlon, but since only ono 3ite ia thus reprcsonted and
beecause sunlizht, or atmospheric 1llumination, vhether direct

or diffused can rlay only & minor role in the allocatlon of the
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speclcs In which we are intcrested, no ;reat effort was made to
press the mattor of obtaining ccntinuous rcecorda.s The obgerva-
tions within the plant corrmmities weore confined meroly to &
fow tosts by the moana of the Clements rhotometer during the

growing soason of 1913.

Alr tomperature. Alr temperature records wore obtained at

cach of the three main staticns dwring the ontire five yoara and
at station IV from 1914. -t tho other points, IIa and Iila,
hoy woro obtained only during tho ;rowing senson of 1915. The
thormicnetors usod wore of tho Voathor Burcau pattern manufactured
by Hlenry Je Groen and the thorrmographs were the bi-motallie typo
of Julion P. I'riez. The thermo;raph wns chocked and the record
murked to indicate the time of readinge. Corroctlions in the totals
and avera;0s woro also made ccch month in accordanco with the
correction listod for tho Individual thermomcterse.

Although all of the hourly rccords for the ontire five yoar
poricd have been tabulatod, tho umavoidably voluminous (ata aro

largoly oml:ted from thia thosla.

Procipitation records. The moasuroments of precipitation

cmbraced reocords of rainfall and snowfall and the depth of snow
on tho ~round each day during thc season of anowfall. Rainfall
records were obtained by mcans of the astandard United States

weathor Durecau gauge located cne et each station. At the time
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of snowfall the melted portion was mensured in the same manner
as the rainfall and the unmelted rortion was carried into the
laboratory where it was nmiclted and carefully measured. liow
anow on the round was measured wlith the rainfall seale on a
canvas mat laid flat on the ground which was cloaned off after
each reocord of new snowe The accumulated snow on the ground
vas read on the vertical nited States Voather ibureau scale
permanently located at each atatlion.

At tho control station on the flat a large Karvin shilelded
rain and snow gauge was in use, which was provided with a spring
scnle for welighing the amount of rain or snow for eoach day. DBy
mieans of an eloctrie tipping Luclot connected with tho reteoro-
creph an excellont check wns obtained on thoe duratlion and Iinten-

sity of precipitation.

Relative humidity. All rocords of relative humidity wore

obtainod by means of tho Uniteod Ctates Veather Durcau standard
8ling Paychrometere The rmslin on the wet bulb was renowed whon
soiledes 3Since tho elovation of tho control station was near
2300 feet above soa level, tho prossure column for 27 lnchos

wag used in arriving at tho relativo humidity. lio hygropraphs
erployed at any time. Naturally the low humlidity readings

which are obtained in the afternoon and tho evaporation records
carry a rmich ;recator significance than readin;;s for the mornlng

hours when temperaturos are low and humidity high.




Vind movement. Wind velocity data were obtained with the
Robinson cup anemometer mountcd nine feet above the ground at
cach gtation. At the control station an electrical connection
was rnde to the office meteoro raph, but the hourly tabulated
rccords are omitted because there aroc no comparisona with the

other two sites.

Ivovoration. The cvaporation rocords wore not begun before

1014, Durin;; tho season of 1915 and 1916 moagurements wore made
of ovaporation from free wator gurfaces. In 1915 those woreo

sot at all the six atations; but in later yoars only at the three
principal pointa. In the middle of the awmeor of 1916, the
Livingston porous cup atmomoters arrived and wore sot up so

that tho subaequont data aro mainly thoso obtained by this in-
strumonte A conmparison of the two methods was continued for
somo timo during 1916.

Tho froc wator surface wr:a that of an empty fivo-;allon
gnsoline can painted black and protected by one-inch poultry
notting over the tope Lbach day the water levels werc reasurod
with tho rain gauge astick and the water rofillod to a 1line one
inch below the edpe of the can. Thoe amount of rainfall natur-
ally hod to be considered in listing the total ovaporation for
the 24 hourse.

Livin;;ston norous cup atmonctors wore set in the ground to

the noclk of the jer and the cup 1tsolf was protected wvith
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poultry netting. The round or black ILivingston cups were not

uged at any time, as these had not been put on the narket.

daphie factors.

Inveatigation on the character of the soill at tho varlous
statlions includes analysis of the mechanical, physical, and
chonlcal properties such as are ordinarily made in the course of
soll laboratory tests at lowa State Collesc. In asdition to
thene tcsta; nmeaswronients wore made of 3o0il temperature and
3011 nmolsture rolations in the fileld durin; several :rowing
sonsonse In gsome casea, the toemperatwre records of tho goil
woro continued throughocut the ontire year.

Tne firast tosts of the solls at the diffeorent atationa dato
back to 1915 and cormprise the mochanical analyasis. For this
nmechanical test the ordinary atandard soll sleves wore usoade.
~t thls time physlcal teats worec also mado, but those have beon

discardoed in favor of the rioro oxact analyasis in 1932.

Soll molature. Porcenta;es of soll moisturo aro all Lasecd

on tho dry welilght of each sarplo obtainode Tho sampling waa
made by rmoans of a 8eotome In tho undisturbod soil during 1912,
1913 and 19144 and with the soll augera in tho wells during
1016 and 1917, The doptha roprcionted are: surface inch; 1-6
inches; 6-12 inchos. The cores of so0il were reroved from the

geotomos and carried to the leboratory in scrow~top onc-half
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pint aluminmum cans. Thoy were then dried in an oven to constant
weliht at temperatures not above 110°F. The samples were always
talken in duplicate and at lntervals of every seven dayse

During 1915 and 1916 two soll wells were used at cach of
tho threo sitose These were 18 inches square and 18 inches
deepe C(no of thoso was filled wilth sifted local soil, 1li htly
tamped; tho other with soil from the flat consisting of uniform
sifted sandy loam. Lach atation had thus two soll wells; one
of local soill and the other of comrion soll from the flat. The
object in this was to obtain a closor cormparison of the in-
f1luonce of the aapect as woll as of tho e¢limatie factora on tho
loas of moiasture from the soil. Soll reroved from the wells for

sampling was replaced with soil from the same source.

Soll tomperature. The data on scil terperaturo were ob-

tained by dally recadin;s at the threoo maln stations from the be-
ginning of the rowihg scason 1913 and continued until the ond
of 1916. HRecords worc alaoc talon nt the sub-stations IIIa and
ITa during the ;rowing ioason of 1915 Tho points at which
r-adlin;a were made are: surface inch, 6 inchoa and 12 inchese.
Jome rocords were also obtained during 1912 and 1913 at 24-inch
dopths.

Surface readings wero obtained by means of the standard
maximm mercurlal and minimm alcoholic therrmometors, the bulba
velng sct within the soll and the rest of the instrument covored

with a cedar shingle.
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For deeper readings, the rcrcurial thermometora wore set in
contact with the ground within 2%x2 inch hollow wooden tubes in
such & rpanner that the uppor end wns attached by a string to a
wcoden plug which closed the bore in the woode Ior the Z24-inch
depth, permanently set soll thormometera were employed.
Sorie rocords for 6, 12 and 24 inch depths wore obtalned

dvrinc the entire winter of 1915-16G.

501l sampling and testinge In 1932 soil sarples obtalned

wore aont to Ames wheore the vriter nade the tecats according to
standard usagoe.

At each polnt whero soll samplos were taken, a canvas wasg
aprcad on tho surface of tho ground for mixing tho soil. The
vpper layor of litter, duff and undocomposed organic rmaterial
was removed and discarded. The spade was then thruast dowm to a
dopth of about oight inches, lifting the soll. This was thon
placed in o heap on the canvas. !lore about 50 pounds of asoll,
takon from four soparated plts, wasa thoroushly mlixoed with tho
apadce From this nixturoe a two-pound coffoec can was filled,
covorod and oxproased on tho same day. Another maaller sarple
vas obtalined and puit in the aluminum cang and tesated for fiold
rolature conditionse.

The samples obtained are listed on the following page. In
thls 1list the firat numbers rcfer to the asite locations or
metoorologleal statlona, and the last set of numbers is a ley

to the goll type.
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Locatlion and descrintion of solls tested in 1932.

Station:iap: s ¢
number :noeg Location : Soll tvype ¢ Forest type
I 6 Benton flat Springdale sandy Larch-fir
loam
IX 9 SW slope Huckloeberry fine Westorn yollow
sandy loam pine
Ia 9 S slope Iuckleborry fine Westorn yellow
sandy loam (stcep pine
phaae)
I1X 9 NE slope Huckleberry fine  VWestern white pilne
sandy loam
IIIa 31 NW slope " (stony phase) Douglas fir
IV 54 liolst flat Gray clay Western white pilne,

cedar, hemlock
Iva 14 ILow SW slope (‘ission fine sandy Larch-white pine

loam
IVb 18 Rivor bench ILoam Vhite pilne, codar,
hemlock
\' « 014 River n " (loam)
\ flat
Vi « Rolling land Sandy loam wo?tgr? yollow pine
ola
VII " Podzol }Mission fine \vaatorn whiteo ine
loam

Orcanization of seedinz and planting tostse

This part of the inveatigation waa besun in 1913 by sowing
sccd of six difforont native evergreen aveclos in duplicate
20 ‘103 on tho three mnin sitos. At ocach of the three maln
stations thoro wans one 4x12 soodbed with twelve sub-plots: bed
A on the northeast aspect; bed C on tho southwest; bed I on the
flat. In ench case the beds wore placed in position to obtein
tho raximmm poasidble light for that particular location.

Each unit oxperiment consisted of two sota of six plots
wi:lch mocasured 2x2 feot or four square feet for cach individual

toest or kind of scede The slx plota in one end of the beds




Pige 4 Soil types in the vicinity of the Priest River
Foreat Exporiment Station as reclated to topography
and points of samplinge.
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were located on natural undisturbed swface or without removing
the sra:s or litter, while at the othor end were six subplots
where the ve;jetation was removed by burninge The burring was
affected by piling and igniting brush and debris of local ori-
gin. It being woll Imown that a grcat many seedlinss begin
their existence on newly burned surfaces in this resilon, and
that some of the species scemingly succeed botter on burned
than on unburned grounde.

Lach subplot of 2x2 fcet contained a dofinite mube - of
sccdg of the nmoat recont and vest quality avalilable. FPro-
germination treatment was ;iven in orcder to insure as prompt
erminstion as poasible. Theo westo:n whito plne secd wans soaked
in tho creok water for 72 hours snd the seed of all other spcclos
for 48 hours. Aftor this trecatmont all sced was irmmersed in
topid water for 48 hourse

tthon soeds worc reroved f'rom the werm wator, it was
noticed that gormination had bc;an in Douglas fir 33 percont,
western yellow pine 10 percent, and woatorn white pine § por-
conte Thoro was ne sprouting In cage of any of tho other
apeclos.

Onco each week during the firast summor after sowling,
counts wore mnde of ermination and survival in cach subplot.

At thila time the new scedlin s were stalted out with toothplcks
having a speclal color for cach month of sorminntion. The gocd-

1lin_;a which had died durin;: the Intervening days were removed
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and the cause of death noted if determinable. ‘eekly soil
molsture sampling was continued from the initiation of this ex-
periment to the end of 1914, with other molsture determinations
later,

Soil moisture samples at surfaceo, 1-6 inches and 6-12
inches and soil temperature records wore continued during the
entire g rowing soason of 1913 and of 1914 with biweekly obser-
vations on germination and survival of the plants. It will De
noticed that the majority of the western larch and many of the
western yollow pine and white plno socd gorminated during the
aocond ;rowing socagon of 1914.

In the oarly spring of 1916 at which time and subaequontly
the adaptability of the secdlings to surfeces and sites would
be oxprossed more by their survival and growth than by goermi-
natlion, ocach plot which showed survivors was thinned out to give
the same number for all plots whore rossiblo and to rrovide
equal spacing. This would for a time oliminate competition.

I'rom this time on apring, midsummer and fall counts and observa-
tions were made.

Planting teats were made on the three maln sites during
1012, 1914, and 1916 These areo deicribed In Series A to D. All
the planting was done by two-men crows, one man di;;ing the hole
with a mattock and the other gsotting and firming the plants care-
fully in the ground. koasuremonta and obaorvations of the planted
stock for survival and growth and causos of loss or damage were

taken in the fall of the year in 1913, 1914, 1915, 1917, 1919,
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and 1921. Twenty percent of the trees werc measured for height

E;I‘OW‘bho

Series A. Series A embraces four plots of 100 western
yellow pine treocs each sot out in stations I and II dwring the
spring of 1912. Four different age classes were used: 2-1;
1-1; 2-0, and 1-0. Tho stock was received from the Savanac
nursery at Ilougan, Kontana; sy 10, but as tho site was not en-
tirely rcady for planting, it vas hceled in wuntil lay 18 and
20,

Series B. Series B consiasted of 1-2 western ycllow pine
stock graddd into eight different sizo clasaes. These wore
plantoed in stations I and II in elght plots of 100 each during
the spring of 1914. The troes wore received from the Savanac
nursery April 206 and were placed in the ice house untlil weather
and soll wero anitable for planting on lay 20. Vhen removed
from the storage, growth had alroady bogune.

Stock was raisod from Bltterroot seocd collectod at 4000
foot elcvation in 1911 and sowod at Savanac Nuraery in the
spring of 1912, Since the stock ran uniformly small in some
bundles and large in others, 1t was neceasary to selcct the
grades from a run of bundles first and then f1ll those with the
required number on oach grade. These oight grades show the

Tollowing proportions:
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: 2 sLength: sDiameter:
Grade:Percent:Select~: of : Total : stem : New growth

s of allsed froms root :lenpth :inches
ercen ches nches inches

1 5 0-6 776 113 2.1 0.6
2 S 5-10 8.6 12.8 2.6 0.9
S S5 10-15 8.1 12,6 2.6 1.0
4 5 15-20 8.2 12.9 2.6 1.0
5 5 20-25 8.4 13.9 3.2 l.1
6 25 25-50 B.3 13.8 3¢5 1.0
7 25 50=756 B8 15.4 4.0 1.2
8 25 75-100 946 17.0 4.9 1e3

Series 0. Eight grades of 2-0 and eight grades of 12
nursery-;rown wostern white plne trees were plantod in stations
I and II planted in the apring of 1915, This mnde 1600 troos
on ocach gsite. The spacin; for all trees on both altos was
atrictly 2#x2% feot. The 2-0 pinca were from Kaniksu lie Fe acod
and therefore local, and the 1-2 trcos were from Coour D'Alene
Ne Fe sced near Rose lake, about 40 milea to the southeast.
Grading was done on the basis of root longth, total length and
dlamocter of the ateme I'rom each lot of stock a mochanical
numbor, one in onch five aa they woro countoed, were saved for
moosurenonts and for photographinge In the table below are
glven only the smallest and the largoat; ag the othor claases
ran;e in regular order in betwooxn.

Leasuroments in millimetera.

: 2. :
Claas : oot ¢ Total : oStom : Root : Total : Stem

ilonpth @ length :diameter : length : length s dlamcter

Small 5.6 77 1le3 Geb 8.8 1.8
Largo 8,8 12.4 Sed 1068 14.9 Be'l
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Serles D. This scries embraces threce plots of 3-0 and
throe plots 1-2 stock planted in station II; west slopeg IIa;
gsouth slope; IIb and IIc; southoast slope; in the apring of
1915. UMNotes on the stock are as follows; (dated April 26;
1915): "The 3-0 westorn yellow pine (Bitterroot), sown fall
1911, Benton lat. The gcedlings were inclined to be tall and
spindly. Ilelghts varied from 8 to 16 1nchea; averacing 12
inches. 3pring growth had just roderately started, the buds
bosinning to elongate. Lenj;th of new growth was 0.5 to 2.3
inches, avoraging le.4 inches. The 1-2 westorn yellow plne were
from Bitterroot seed, sown on Benton rlat, fall 1911, trans-
planted to Meadow nursery, spring 1913; healthy vigorous stock
with tops 4 to 10 inches, avera:;ing 63 incheas. The spring (rowth
was noderatoly astarted; the averngo length of new shoota (0.5~
3¢5) was le5 inches. Thia stock was measured April 26 whon taken
upe It wvas astored in the ice houze wvhere 1little or no growth
took place until date of planting, !ay 15; but underwont con-
siderablo breakage of the top terminals during the planting
operation. The field plots were 100 x 50 foot at right angles
to the aslope, spaced &5x5 foet.

In Septembor 1932 the author obtained final moasurements
on many of the plantations. Those on the threeo chlef station
sites were measured for each yoar's growth fram 1932 to and
including 1922. An effort was made to get at least 100 troes
at oeach station, but since some of the troes in the planta-
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tions wore severely crowded, 2% x 2% foet; only trcea in domi-
nant classes were included in the neasurorments.e In some in-
stances 100 repreasentative dominant trcos wore not available

as in cage of Serles A on the southwest aspect.

Rosults

The inclusion of the greator part of the accumulated data
in the course of this study would produce an inordinately bulky
volume. For this recason many of the tables originally propared
havo boon reduced. In this process the riore easential or sig-
nificant parts have been retaineds It i1s the purpose to prosont
the results us briofly and clearly as possible, taking up in
ordor tho climatic factors, tho odaphic factors and the results

of the seoding and planting tests.

The climatic factors.

Iight. Since light was not ccnaldorcd one of the control-
ling factora in tho allocation of the speccios by site or slopes
very fow light readings woreo obtained. Some observations nnde
in tho cloarings with tho Cleomonta Photomeoter dwuring tho swummor

of 1913 are given below (Station I was used as the standard)s

Date Sta, I Flat Sta. II SW Sta, III NE
. 0.89 0.44
July 5 1.00 0.70 0.26

A%”Illat 27 1,00 1,00 0.47
Standax . AVODre. m 6:35
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These fow rccords show that even in the clearing on the

northeagt aspect light is considerably reducod below that on
e flat or southwest slope, avoraging only 38 percont as rmche

Sor:e rcadinza weore also obtained in the shade of shrubbery on
the flat and southwest slope and under the youn:; stands of
trecos on the northecast slopee These values referrod to the sare
standard are in order 0.61l; 0.Gl and 0.03, with varlations 0.30
to 080 on the flaty 0.70 to 1.00 on tho southwest slope; and
N.02 to 0.05 on the northeagt napecte

It 13 expected that decroanscd light will recduce or retard
_rowth of intolerant treces winich havpen to [orminate ard sur-
vive for a pecriod on the northerly exposures, espcelally when
mixed with rore tolerant treccs, and that ieed productlon may
be curtailed, uncder these conditions, cven in case of tho tolerant

apccles.

Alr terperature. The alr leuperature records have boen
swrarizod in Table I and are shown graphlcally in Pigse &5, 6
and e The data in Table I and Fige. § reveal that tho raxima
reache hizher points on the acuthwoat slope than at the othor
stationag but that the flat is not far behinde The northeast
- glope takes the lower level in that thore scema to ho an absence
of hot woather on this slope. !HHinirmum tomperaturos show rmuch
leas sprcad than the noxima and are appreciably lowor on the

Tlat than eclgewhore. Thla has tho ¢ffeot that the greatost
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temperature range occurs on the flat and leasat on the northeast
slopes The absolute ninimn vary cven rore than the means of the
minima; they are:-29.5 on t'e flat; -20.0 on tho southweat; and
<175 on the northeast. For theae throc statlons in order the
lowest monthly minima renched curing the growth perlod woroe:
39.2, 43.4 and 44.2.

The thermograph records given in Fig. 8, plotted according
to the two-hour »eoriods in Table II, are of intorcst in showlng
the dally amplitude of oacillatlcns for the three aites. They
show also the timeo at which the izhest and the lowest alr
torporatures occure From begembor until Pebrunry inclugsive theo
nizh po’nis of temperature for all tho atations 1s about 4 pe.m.
but from this time onward the rmaxirm on the northeaat moves
back to 2 peme and in Aujuat is highost at noone Tho maxima
at the othor sites gonerally occur at 4 pems or from 4 to 6 Deme
Thils divorgonce in case of Station III 13 caunsed by tho fact
t at the sun rises more and -orc to the north in swmor and 1its
rays nicot the northenst aspect dur!ng the forenocona. At the
other atations the extremes of tomperatwre, wind and rolatlve
humidity coincide more cloaoclye

Table I. Summaries of maxlmm and minirnm alr terxperaturos.

1912-1916.
: -Stntiongiistation Ti:5tation 1%l
Datum +Period. I'lat :SW slope :NLE slo

Avorazos of monthly

noxima Rost 42.5 43.7 4108
Avorages of monthly Growth 39.2 43.4 44,2

minima Rest 2240 25.5 25,9
lieans Growth 5642 58.9 571

Rest 32.1 34.9 329




Table I. Concluded.

Gration lsototion lisotation 111

[} :
Datum sPeriod ¢ Flat + St slope : NE slope
Average annual range 2G.2 23.6 18.9
Absolute maxima 97.0 9940 395.0
Absoluto minimn «29¢5 =205 «17e5
Extreno rangce 12645 119,56 1125
Table Il. Days having specific alr temporature. H
:b%eozigg: ccga :_Cool _:1_Nodorate: liarm __ :_lot
H e H H H H sfibove
sand 1688’.201-40!40.1-50;5001-5900!5901-7200’:7200
Resgt Peor-
i1od Octe I 37.4 G687 45,2 5¢7 0.0 0.0
to Apr. II 7%.4 657 54.8 12.4 0.0 0.0
inol. III 92.0 664 47.8 6.2 0.0 0.0
Growth
pQPiOd h 0.0 l.2 30.6 59.6 59.8 1.8
lay to II 0.0 1.2 2l1.8 56.0 66.6 3.4
Septe IIIX 0.0 2.0 2.4 61.0 56.4 1.2
incle.
Yoar I 84.4 G600 7548 653 59.8 1.8
11 79.4 G649 7566 67.4 6646 Bed
11X 0240 G8e.4 80.2 672 56.4 1.8

Typical soasonal amplitudes aro ghown in Il'ige 7. Thore

13 naturally a groater diwrnal fluctuation in swmior than in
winter, bLut thoao curves siiow that the oscillatlions are rmuch
noro nronounced on tho flat than olacwvhero and that the drop
In the minima from midnight untll the low point is roachied in
ho norning 1a practlcally identical and much loss suddon for
the two slopos than for the flat.e During the coldor nonths
and particularly at timo of cloudy weather the tendoncy of
tho tomperature curves 13 to convarge and coincide,

iIn ordor to locarn how tho alr temporature diffcroncos
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affect the neriods of wanm; ot or cold days on the several
sites each day having apeciific alr terperatures of 32°, and
below, 32 to 40.0, 40.1 to 50.0, ctc., was seolectede (Table II)
In this mamner it was found that there were from six to seven
more warm as well as hot days on the asouthwest slope than on
he flat; no warm or hot days (above 59 and 720F.) whatever on
the northeast, and 13 more freozing days on the northeast than
on the southwest slope. Thls comparison ias vaged on the aver-
ages of tho maximn and nmlnlma and therofore does not express theo
dlffercnces as accurately as it would if 1t wero based on rocad-
in;s at two-hour intorvalse

Howevor, we find, from the thermograph rocords, tabulated
in houra of terporaturc above 43°F., that the southuest aslope
actually has 70 more hours of offective tomporaturo than the
flat and 76 moro than the northoast slopee.

In thia roplon, frosta have occurred during ovory month
in tho ycar, July and August not oxcopteds MNo froat daxago
to tho native vegetation hag beecn noted during tho gwer montha
and only tho tonder shoots of Donglas fir and weatcrn white
pine have shown injury by frcezing on the flat in the springe.
It was found well nigh imponsible to catabligh Douglas fir
plantations on the unvrotected flat, tecause of frost injury of
the tonder shootsze The cffect 13 the formuation of numorous
atool shoots and no real advancoe in growthe The white pine
plantations showed froat injury curing the spring of 1918 only,

an umigually dry and cold soasone




Precipitatione The precipitation records are listed in

Teble III, and the depth of snow in Table IV. 1In Fige. 8 are
glven dopth and period of snow cover for tho different sites.
By reference to Table III we learn that thore 1s very
1ittle difference in the total procipitation botween the three
sites. Tho avorage annual for the flat 13 33.2 inches, for the
southwestern slope 3l.l lnches, and for tho northoast slope
339 inches. There 1s leas difference between tho sites in the
swrior nonths than in the wintor, and the pgreatest varlations
occur in lMovember and larch, during the windiest months, and
at a time when much of the procipitation occurs as snow which
is carriecd about by the wind, awopt hurriedly past the moat
cxposcd placos at a low angle to the rain gauge, and settled in
eddies on the leoward alopes. IThe swurmor differences aro
c:iefly caused by the wind and are possibly augmonted by evap-
oration. Since those diffcrcnces are very arall, and aince
suificiont rolature falls on all threoc sites to raintain a good
stand of westorn white pine, 1f other factors are favorable,
1t 13 ovident that precipitation 135 not the controlling factor.
It 13, however, of gruat importance in indicating thet wo ray
oxpect to find even _reator diffcrences in t.c amount of pre-
¢ipitation in more mountainous country, where topographlc
featurca are on a laryge scale.

The five-ycar record in Table IV and Fige. 8 shows that
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Tavle III. Average prceipliiation for a 1l2-month period, based
on five years' data, 1912-1916.

Eoo® - 1ioD

October 2.8 246 2.8
Hovember 5.6 543 57
Decenber 2.9 27 Sel
January 4.2 3¢9 4.2
rebruary 2.4 2.3 265
March 246 2.4 2.7
Apx‘il 2el 2.0 261
Average 22.6 21.2 23.1
CROVTH PLRI0D

Hay 2.7 2¢5 267
June 2e¢6 25 27
July 2.1 1.9 2.1
AU{;uﬂt 1.0 0.9 1.1
Sontormbor 2.2 2.1 2.2
Avorage 10.6 De9 10.8
Yoar 3342 3lel §_§.9

Table IVe Avera;o depth of sum at the throe stations for the

five yoar poriod, 1012-19018.
Dﬁgfﬁ of snow on the pround in inches
at 3V al E

: 2 alope s

sLarch-Douglas fir: Yellow pine : Slope
Octobor 15 0 o o
Octobor 31 0 0 0o
Hovombor 15 1.6 1.6 2.2
Hovember 30 Be4 S5e¢B 8.8
Docembor 15 DeS 5e5 Ded
Docembor 31 18.1 Je2 10.1
January 16 25.1 18,5 27.0
January 31 273 16.9 27.8
Bebruary 15 26.8 1645 301
IFebruary 28 24.2 Gel 24.8
larch 16 18.2 0e3 21.3
liarch 31 Y2 0 12,7
April 156 0 0 1.0
April 30 0 0 0
Avorage 11.8 5.7=52 % 13.2-112%

Longth of snow cover (days)

Average 128 107 141
Yexlmm 147 133 154

Average date of dilasappearance of snow cover
larch 24 March 8 April 6
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there is very 1ittle diffcronce in the time of appearance of
the snow cover on the different sltes. Often the first snow

rermaing on the ground beth on the northeast and the flat, but
melts on the gsouthwest slope. In the spring; howevcr; thero

13 a fairly constant time Iintorval in the date of dlsappearance
of the anow cover on the three sitess The average date for

the southwost slope is March 8, for the flat; lkarch 24, and for
the northeast slope, April S The duration of the anow cover
on the northeast slope ia 141 days, on the flat 128 days, and
on the southwest slope only 107 dayse This differcnce in time
of meoltling varies somewhat according to the depth, the time of
the last showfall, and the charactor of weather, whother sunny,
cloudy, or rainy, but 1s in the main directly attributadle to
the differonce in air tomporature, wind movemont, and degroo

of insolation received on the threoo sitesg.

From the data on dopth of snow in Table IV we discover
throo guccessive poriods: that of accumlation, that when
ovaporation and molting equals the proeipitation, and that of
moltinge The firat perlod onds January 15, and up to this
time thero are only slight diffcronces in the depths of tho
throe atationse. ‘“1he second porlod onds Fobruary 1l6. !’'ollow=-
ing this date the differonce in depth of snow on the north-

east and the southwesat alopoa boccros groators

Relative humidity. By roference to tho graphs in Fig. 9

it 48 scen that the driest air 1a found on the southwocat slope
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and the most humid on the northeaste This holds true for aver-
a:e3 and extremes, thousgh differences in the minima re;istered
on tho southwost slope and the flat are very smalle August
marks the climax of tho incroasing dryness of the alr with the
progreas of the swrmere Thls month shows an avorage of 44,1
veorcent on the flat; 38.9 percent on the southweat flope, and
47.1 porcent on the northoast slove. But the actual lowest
monthly humidity, that is, the month of lowest avorazo in any
of the five yeara, indicates the relative site conditlcna nore
accuratoly than olther the five-ycar averacses or the abaolute
ninima. Theso values are: larch-{ir flat, 26.2 porcent; south-
west yollow plne slope, 23.6 percent, and northeast white ::ine
slope, 33.0 percent.

It will be noted that tho alr on tho flat 1s scenmingly
more humid in late fall and wintor than on the othor altes.
This 18 not an actual conditlon, but 1s brought about by tho
lator timo of roading, at a time of tho day whon tho rolativae

hunidity inereases rapldly wilth a lowering of the temporature.

Wind. Vind velocitles are ;jiven in I'i;se 10 and 1l. The
roanlta show, as wou:d Lo oxpcctod; that the proatoest alr nove-
ment takes place on tho southwost slope whoro the average por
hour both winter and swmor 1s 2.8 milos and the averare naxi-
mm or any one day in wintcr 1a 5.3 miles and in aumer G.2

milese This 13 approximately twice the movement on the flat
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and four times that on the ncrtheast slope. The records show
very 1littlo wind as compared with the other weather stations
in the rezion; for the swmmer months Spolmne shows 5.3 Kalisg-
pell 4.4; Helona 7.8; and Yellowstone Park 6.9 miles por hour.

Tabulated hourly wind records obiained on the flat and
rogistoered on the metsorosraph are given in Fige ll. These
have no value for conparigons of the sites but illustrate the
typical rhythmical rise of the wind during the day and drop at
nishtfalle The greateat velocitles occur from 2 to 4 penm.,
a'taining averace rmovement of 3.8 L0 360 mileos por howr at
2 penme and lowering to about one-half mile ver hour at midnight
or dawne The sunshine, winé and molsture deficit of the alr
flnctuate in closc harmony in this resion, espocially during

tho sumr:or monthse

Lvaporation. The carlliest ovaporation rocords for thoase
stationa wore obtalnod from freo water swfaces and aro, thore-
fore, given in inchoese In 1017 wihen the Livini;aton porous cup
atmonotors Lecarie avallablo tho records are in cuble contl-
netorag.

Roferring to the month of Aujust 1916 Tabhle V, wo obaorve
cvaporation to the amount of 3.52 inches for the flats 3.76
for the sonthwost slope ond only 0.34 for the northeast aspect.
The amount of water loa* on the exposed slope 1s therclfore 4.4

times that of the northeagt. In terma of rainfall-evaporation
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ratio we have 0.34 for the larch-fir flat, in August; 0.32 for
tiie yellow pine slope; and 1,03 {or the northeast white nine
site.
Table V. Lvapo-ation from a free water surface. 191G.

sTotal evaporation and rainfall in inches, by 15~
. and 30-day pcriods

s~ riat, 31 : 2 Nh, 141
'\'ﬂme 3_-35 SOig 50§‘ Lol
Evaporation
Rain 319 3e11 3¢13
July l=31
Bvaporation 4,03 4.48 1.78
Rain 1.G6 1.49 1.83
August 1-31
Lvaporation 3452 3476 0.84
Rain l.22 l.12 1427
Septe 1-30
Lvaporation 1.86 2426 1,39
Jaln 1.86 ) 1.80 1086
Lvaporation from Livingaton porous cup at-
mometer, cublc centimeters per day, 1917.
July 1-16 30.0
July 16«31 29.3
August 1-156 2646 30,0 23.4
August 16-31 27.6 30.0 2043
Sopt. 1-156 12.0 13.1 10.7
Jonte 16-31 1661 21l.2 14,1

During 1917 also the groeatcat evaporation took place on
the southwost yellow pine slopo, and the least on the north-
enat vwhite nine slope. (Tablo V) During Auguat, tho flat showed
an averaio dally evaporation of 27.1 cuble centimoteray the
southwost slope 31 cce., and the northeast slope 24.8 cc., which
in toims of percenta;es are 325, 37.6, and 30.0. Durling
Scptember the decrease ovor August was about 60 percent, with

tho greatesat reduction on the northeast slope, and the dally
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rates were 1l4.1 for the flat, 17.1l on the southwest slope and
12.4 on the northeast slope. The amount of evar ration may bLe
uged to cxpress solar intensitlese Since it requires 1000 units
of heat to vaporize one pound of water, we may express the ro-
lation betwoen the three sites in calorios according to the
rate of cvaporation. This will then be 123 calories per sur-
{aco of the atmometer on the flnt; 14 & on the southwrost alope,
and 119 on the northeast slopoce. uring September, thls I3 ro-

dweceod to 63, 7, and 54 caloricas.

l.daphic factors.

Soil types. The soll tests mnde in 1932 woro correlated
with tho soll types distinguishod and mapped in 1926 by e IHe
lapman and Fe O« Young of the Burcau of Chexdstry and Solls,
mitod Ctatos Department of Aprlctltwe, and the followlng la
fron tholr manuscript notos of 1925 in the Ixperimont 3tatlon
files:

Along the Priost Elver, Donton Crcelr, Tagt
River and 1ts south fork are low, poorly dralned
alluvial bottons, compura*ively narrow and of
small extente A 1little nhigher are torracos or
flats of strean~-laid or lalto-1laild origine.  Theao
are somevhat eroded and rolling in places, but aro
for the most part rather flat. (Fioure 4)

The uppor bouncarles marking the edge of the
old lake occur Jjuat above 2400 feet elevation in
moat placese Arms of the lalte oxtenalon rocach up
alon; the varlous creocks which drain tho arca. ...
The doposit is many feet 1n thic!mess; ... tho goll
has a smooth to lightly rclling surface. The dralin-




age 1s genorally good, as 1s the moisture-holding
capacitye.

The surface solls are remarkably similar in
physical characterss ...Probably all of the soils
contain considerablc mica and they are also almost
wiformly acide The most important soil separations
were those rniade on the baasla of the character of
the subsoil, the moisture-iolding capacity and the
drainagee. The correlation of these soils is only
tentative and tho soil nanes used may not always
be uphold by further atudles. The names are nerely
for identification of the soll types described in
this reporte.

It scoms probable that the majority of the

solls are somewhat modifled by an admiziture of

lceas or fino, floury, wind-borne materlale. The

ma jority of the solls are romarkably free from

horizontal develorment duwe to weathorings the sube

301l being generally {rilable and free {rom rarked

couipaction except in types 14 and &54.

The soil at Station I, Benton "lat, is a Springdale sandy
loam (noe G), supporting weatorn larch and asome bouglag fir
on the odges of the flate C(n thla flat the sand and gravel are
very doep annd well sorted, leading to the supposition that lalo
water, 2033ibly of slaclal orisin, was instrumental in ita
formotione Some pits wore dug to depths of geven and eight
feot without striking clay or bedrocks

At stations II and III, the soll (noe 9 on the map) ia
Huckleberry flne aandy loam supporting a mixed stand of weatorn
yollow pine and Douglas {ir on the southwost aspect and mainly
white pine on the northeaste This 1s one of tho moat imvortant
and by far tho riost oxtensivo 30il type in the aroa.

It occuples over three quarters of the arca of the
entire reglon tract. 1t 13 a rcsildual soil from
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Schists and Ouartzites which occur in alternating
layers overlying the granite which forms the back-
bone of the range to the ecst. The surface soll
conalats of 12 to 18 inches of 1l ht roddish bhrown
fino sandy loam .... 2nd usually contains a large
poercentage of gravel or rocke This soll nmantle 1is
of a good depth but small natches of rock outerop
aro of frequent but irrc; uvlar occurrence. The
stecper phases are jjenorally rore shallow and
stom.

This 1s partlicularly true of theo ateeper phases at IIla.

At Station IIIa the soll (no. 31) is also a steep, stony
phase of noe 9, derived from the samo paront matcriale. At
station IIa there 1la also a mantle of luckleberry fino sandy
loam covering a stoepor, more atony aurface withont Inmmus,
duff, or litter except under tiie scattered clumps of ovorgreon
ahrubge

Tho soil at Station IV 1s ;ray clay (no. 54).

The soll consiasts of a light sray, rather com-
pact, hoavy clay loam or clay ove: a licht rray com-
pact clay subsoll. It 13 tho same lalic-lald mater-
1al which forms the subscll of the !Miasion fine
sandy loarie The aurfaco soll wion oxposed 1s apt
to pack and bLake into a rathor irpervioua cendition,
and this may ronder it Jdifficult for young troos to
get a starte Once estaillshod, howovor, timbor
thrives, and a protectlvo covor of duff provents
baking and holps to abaorb molstwre which mipht
otherwlse run offe Tho aurface is  enorclly somo-
what rolling or sloplin;; as the mntorlal is expoaed
along the terrace slopose Tho suriace draina;;e 1s
somewhat exceaaslve, thoush the sub-drainage 1is
slowes In molsture~holding this soil rates vory

highe
It supporta the rore mosiec of the foreat associutlons: western
red cedar, hemlock and whito fir, as well as weatern white pine.
Soil type 14 (3tation IVae) is a fine sandy loam,

which 1s compact, friable, 1! :ht brown or yellowish
brown fine sandy loam and distinctly mlcaceous. The
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sutgoll of gray clay with rusty particles occurs
at a depth from a few inches to two feote This
clay subsoll 1s apparontly a part of an o0ld lake
doposit, the remants of which are found in a
number of places in the vicinitye.

Analysis of solls. The mechanlcal analysis of the solls

made at Priest River in 1915 are given in Table VI and all the
e1aontials of the mechanical, physical and chemical study made
at a later date have been entered in Table VII.

The mechanical analysis data givon in Table VI reveal tho
stony nature of the southwest and the northeast aitea, the first
of which contalng mostly western vollow pine and tho accond,
pure Dovglag fire. There 13 at these two locations very rmch
loaa of the finer raterlal prcosont in the soll than whore white
pinoe thrivese In this gerlos of teats 659 percent of tho total
wolizht of the sample from tho northeast white pine site pasaed the
tihie ono-half millimetor siove and G7.6 porcent from the white
rlne-codar-hemlock flat at Statlon IV,

‘’ablo VI. lechanlcal analysls of solla by aifting. (Tosts
made at Priest Itiver Station, 1915)

13011t Percont passlng rosh g{ weilmht  :iotal
:t‘ g M O nTle 'Me IMle $) ITle3:t IMte tused

stae Io 1rlat
Stae II. &

slopo 9 245 542 4.2 15,0 5.6 454 261
Stae I1X. NE

slope 9 286,86 3.4 3.0 3e4 4.3 59,0 233
Stae IlIlae KW

slope 31 3845 Ge8 de4 Q.2 De7T 307 205

Stoe Ve Flat 54 1.0 1.9 Ge2 105 1169 6746 210

By the physical analysls of the solls (Table VII and Fige

13) 4t i1s also well demonatrated that those which support western




-71-
white pine, with cedar and hemlock, contalin a largor percent-
aie of the clay fraction, and that wne:e Douglas fir and western
yellow pine gsrow the scils have a corres.ondingly highor sand
fractiones The amount of s3illt is also greater for the more
hydrophytic aspecies and 13 presont in the saraller degree under
larch, Douglas fir and weste-n yellow pine. (I'ige 13)

At Station II, on the southwest aspect the phyaical soil
ct:ieracters are also internodiate, and hore we observe that oc-
cagional Donglas firs :;row in mixt-ac with the pine. At Statlion
IIa the clay fraction is very low and all of the other physlcal
churactors are strikingly aimilar to those found under the old
vollow nine forest represented by sample VI.

Tho soll of the Benton Croek flat (lo. 54) surrounding
tation IV and that of theo virgin forest of white pine in Sta-
tion V aro very similar to the other mcsophytlc sites :reaswred,

both of those showing heavier _ortions of silt and olay. In
comparing II, IXa and III, all of which are derived from the
samo parent rock, but now reating on differont aspects wo ob-
aorve no a_preclable varletion in tho sand and tho sillt portions
but a much groater clay fraction in the mantle undor the white
pine forest on thho northonst slopo.

Analysis of the chomical properties, carbon, nitrogen,
and phoaphorua, are given in Table VII. These data indlcate
that whore one of thoso elecmonta 1s low, the others aro alao

gencrally more limited, and vice versaj the only exceptlion 1is




Table VII. Physical and chemical properties of the solls.

2 e s t
Location t Sand : 811t : Clay : Satura=-

6 o

Type :
Hoe 3§ H gpercent ;percentspercent; tion
I ILaroh-fir Flat 62443 19.54 18.03 5044
II Yollow pine SW slope 650,99 33.61 15.40 70.1
IIa Yéllow pilne S slope 36418 47.93 15.89 50.7
III VYhite pine NE slope 30.98 32,78 26450 78B.7
I1Ia Douglas fir . KW alope 39.14 36.18 24.68 65.5
IV VWhite pine Flat 17.39 35,01 47.60 743
IVa thite pine Low slope 32,03 39.09 28.88 79.1
IVb White pine-cedar-hemlock River bonch 14,39 53.41 390.02 104.8
V Virgin Vhite pine Ilat 1253 5410 33437 89.7
VI Virgin yellow pine Rolling 3713 29.356 33.52 397

VII Podsol Flat 10.73 54.16 34.43 101.6
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svwaters

sGravie-g

Satura-:hold-:Capil-gta-

tion

twilting:
tHygro=-scoaffi-:Carbon imatter

N

sorganic: lotal sThos8=

o

3 ing ¢ lary stionalsscovnics clent ;percentipercentspercentipercent:

50.4
70.1
507
787
65.5
743
79.1
104.8
89.7
397
101.6

45.06
62.02
41.48
69.13
50.656
59.85
73.81
96.27
8l.28
3508
56407

40.2
58.4
38.6
62.7
63.8
53.8
67.9
89.8
74.5
294
48.4

10.3
11.6
12.2
15.9
11.8
20,2
14.6
14.7
15.0
10.3
16.2

4.85
3462
2.88
Ge43
5.85
6.056
5.91
6447
G.76
5.G6
7.6%

7.5
G.9
Ge3
10.2
10.2
11.3
12.1
67
944
S.1

1.4056
2.142
0.577
1.430
1.261
1.049
1.306
2.315
1.745
1.269
3.030

3.422
34693
0.994
2.465
2.174
1,809
2.251
3990
3.008
2.176
5220

0.1114
0.0084
0.0825
0.1061
00803
0.0889
0.0754
0.12569
0.0072
0.0918
0.1550

¢phopum : pH
0.1422 G,
0.1070 6,
0.0739 6.
0.1456 6.
0.1016 .
0.2089 G.
0.1472 G,
0.2872 6.
0.1508 G.
0.1254 G.
0.0825 6.
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in the amommt of phosphorus in the podzol sample. This on
the other hand, i3 not a true soll type. The steecp phase
yvellow pine at IIla and tho rathor steep northeast slope, which
are of the same typoe orizinally, reveal a rather sharp con-
t-ast; the former carries from ona-third to one-half of the
chicmical cleménts which are present under the white :ine. This
indlcates a tendency to incrouase toward the higher atagos.
(Fige 13)

Vihen wo compare the soil of the virgin white pine forcsat
with that of the old woatern yellow pine (Table VII), weo dis-
covor that tho differonces in tne clay and silt fractions are
gomewhat more outstanding than thelr variations 1in nitrogen.
1t appeara, howovor, that the old-;rowth whlte pine sitos con-
tain more carbon and phosphorus than old-;rowth yollow plno.

In Figure 14 appoar tho quantitlea obtained and the rola-
tions oxprossod by the laboratory testa of the water rolations
of the varlous soils. The capillary wator, the water-iolding
capacity, amount of water to saturate, gravitational and hy-
croacopic moisture, and the wilting coofficlonts; all vary in
the samo direction, showing greater magnitude for whito pino,
cedar, and homlock sites at uStatlon III and IV and sanplo IVb
and V, and lowest for the virgin yellow pine. Thcse characteors
aro distinctly intermediate for Douglas fir and wostern larch.
The !mowledgo gained of the diffcorent golls by the laboratory
tosts 1s corrovorated by the fleld molsturc atudles given in

the soctlon on soil nmolisture.
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The tests made for pH indicate that all of the so'ls tested
except one are very slightly acid and that thee 1s no consiat-
ent variation acco&ding to the species which srow on them.
(Table VII) It has been stated that the newly bLurned surfaces
are more alkaline in reaction than older solls or solls under
old growth timbere. If this wero true the old virgin stand
samplos V and VI should show greater acldity than the ncwer
goils or those under the youn;er timbery but our fijuwes give
only slight indicatliona of a tendency in this diroction. Thore
are, moreover, othor influences and complications of wiilch we
have no accurate knowledgze from thls study whlch would influonco

this rclatione.

Soil temperature. The rocords for soll tomperaturos ob-

tained 1in 1913, 1914 and 1915 have been presented in 'l ures 15,
16, 17 and 18. Those data are for surface, 6, 12 and 24 inch
depthae. Surface rolations, 1913, aro givon in Fige 16. The
corrolation graphas for tho difforent deptha are seen in lge. 17;
and the daily comparison graphs for the entire season of 1916
in I'ige 18 A swmation of days having apecific soll torpera-
tures has alaso been propared, Table IX.

The avorajes of the surface soll maxima (Fige 15) show
genorally higher values on tho gouthwest slope than olsewhore,
although the stations on the flat show necarly as high an aveor-

age meaxima with occaglonal hlgher dally readlingse The highest
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surface soil temperature on record on the gouthwest slope was
125°F.; the extrame temperatures on the flat and on the north-
east slope are 1180 and 90°F., respcotively. The lowering of
the curve for the northeast slope in the afternoon 1a due to the
depression of the ansle of inclination of the sun at that time.

At the six-inch depth and at the 12-inch depth, and doeper;
the southwost slope 13 shovm to be ti'e warmeat of tho four sites an
and the northeast slope the coldest. There are more riodorato
tomperaturcs for the lower depths and legzs diurnal fluctuationse.
(Figs. 17 and 18)

In Figure 16 an offort haag beon mnde to correlate tho maxie-
ma and minima of temperatures in thoe upper inch of soil. The
moat noticeable fcature hore is the remarkable uniformity in
the minima and the pronounced divorgonce in the maximae. The
higher the maxima the groator will bo the spreoad betweon the
protocted and the oxposed aspecta. At ono point: August 27,
1013 this difforence ronched 450F, At the closo of tho gseason
during late 3optembor and early Octobor the maxima at the differ-
ont asltes became moro wniforms The temporature relations,
ghown in Fig. 16, have a close rclation to the germination and
survival in tho scoding teata discussed iIn a later soctlone

By roforonce to Figure 18 wo may obscrve the rclatlons
oxisting botween the alr tesporature and snow coveor; the rola-
tion of air teompcrature to the bo;inning of growth in apring

for the different specles, and the Influence of the dally air
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temperatures on the hoat imparted to the soll at different
depths.

It 1s observed that no increase in soil temperature 1is
posslble previous to the complete disappoarance of the snow
covor, and that the soil torperature risos almost iIrmedliately
aftor the snow mantle 13 romovede It also appears that be-
necath the snow the soll at a depth of six inches reralns at
about 3297. throughout the winter, but 1s from two to throo
dogrecs wabmer at a depth of 24 1inches.

The lowe. soil deptha ordlinarily have less heat than the
u;por 1 vels in summer and fluctuato in a nore alug:ish way with
a definitoe lag of one day in 12 inches and two days at 24
inchose At times during the summer when a sudden drop in alr
temperature takes place, thore 13 a corpleto roveraal of the
custorary order in that tho surface scil has a lowver te:xperature
than does tho soil at groater depths.

The time of beginning of rowth and its rolation to air
torporature are also given in Mige 18, This showa the compara-
tlvoly carly start of larch and late beginning of apruce and
the intermediate and simultaneous bosinning of white pine,
lodgepole pine, and j;rand fir, followed by Douglas fir and hom-
lock. These records refer to the forest surrounding the Ixpori-
ment Station buildings and more particularly at tho lower
lovelse They are thorefore rolated to temperature data obtainod

on the flat.
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By separating the days wilch show given soll temperatures
at the 12 inch level (TubleVIIIL wo find that thore are 236 cdays
with terpeorature above 40CF., on the southwest yellow pline slopeg
220 days on the flat and at Station I and IVy; and 210 days on
the northeaat slopo. The larch-fir flat was 34 days with froez-
ing records at this depth; which is 28 days more than occurs on
the scuthwest and on tho northeast gites.

TableVIIL Days having apecific soil temperatures at 1-6 inch
depthe 1912 to 1916.

3 slreezing ¢ Cold : vool : ‘arm :liot above
;Statlonsbolow 32°F.:3241-40:4041-5035041-60; 60 T
Rost I 34.0 111.5 82.5 5.0 0.0
poriocd 11 G0 122.5 G445 0.0 0.0
IIX G0 148.5 575 5.0 0.0
v - 146.0 62,0 19.0 0.0
Growth I 0.0 0.0 17,0 179.0 §7.0
poriod II 0.0 0.0 11.0 106.0 G5.0
III 0.0 1.0 45,0 110.5 0.5
v 0.0 0.0 26,0 77.0 1Ge5
Yoar I 34.0 111.5 1945 84.0 57,0
11 6.0 122,65 7546 10640 65.0
11X 6.0 1495 103.0 115.5 0.5
v - 146.0 88,0 96.0 16.5

Soil noisture in tho fielde Tho information on tho arount

of moigture in tho goll 1a avallable largely through the fileld
detoerminations from 1912 to 1915, inclusive. I1'leld molatwre
determinotions, expreased 1n percentage of dry weight of soll
{for t he different stations are ;;lven in graphic forms in Figs.
19, 20, and 21, tho firast two for the 1913 season and tho last
for 1014 and 19158. 1In I'isure 19 1s siven the three~station
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relationa for surface, 1-6 inch and 6-12 inches in the un-
burned seeding plotse Roferring to the ;raphs we learn that
gome variations occur from one year to the other, but that in
the malin the relaticns between the statlions continue rather
constant. The 301l moisturo on the northoast aspect and on
the low flat with white pine and cedar-hemlock asasociation is
always in excess of that on the other sites. The surface
minirca are swrprisingly low at riost points during the ~iddle of
the summor; capoclally on the oxsoazed yellow pine site and on
the flate This 13 naturally of mich importance in soced gormi-
natlon and the firat aeason's survival, but has 1ittle in-
fluonce on the already established foreat growth.

Referring to the graph in Fige. 21 1t is readily ovserved
that stations III and 1V maintain high and safe levels and that
these two remain closely aasoclated; that tho ateep northwest
aagpoct falls in the intormedinte clazs and that the ateep phasge
wostorn yollow pinc at IIa invariably falla below all the othor
sites.

Tho graphs furnish a good idea of the low points reached
and the duration of the low molatwre contenta. Thls 1s natur-
ally an lmportant character of the factor and should recoive
due conslderntion. It wma found that tho rmoisture content at
6-12 inch depths for 1914, an avera ;e dry year, hovered around
the minimum for a porlod of 42 dnys on the yellow pino alopes

and for a poriod of 25 days on the flat; but did not reach bolow
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20 percont on the white pine northeast aspecte The soll molst-
ure wvas bolow 10 pcreent for 57 days on the southwest slopeg
and for 37 days on the flat. (I"ig. 21)

In Table IX are the soil moisture swmatlons at 1-6 inch
depths in the sceodbveds during the 1913 season on natwral vege-
tatlion surface and on buwrned grounde. The notural surfacos aver-
aszed 197 on the flat, 16.5 percent on the sonthwest and 40.1
pcrcont on the northeast. The ninima are about ten points lower
ordinarily than thess values and the ninima on the southwest
froquently ;o0 below the wllting coofficlent exproascd for thias

soll. (Table VII)

Teble IX. Soll moisture in sced beds at 1-6 inch depth. 1913.

3 I'iat s S _slope s NIE slope
Surface ;Kvurago ;hInIﬁE: Averace: Linimn g AVErage: . inimo

Vegetation  19.7 9.6 16.5 2.1 40.1 21.9
Burned 18.4 6.9 16,7 2.8 45.2 11.8

In Table X are rccorded the mean and minima of soil molst-
wro at differont depths during Auwgust 1914. This proved an
unuiually dry sesson, and, aince Ausust values invariably coln-
clde with tho most critical part of the summer, the August
data are listed. The avoragzo values arc considerably bolow the
1913 figwros but tho minima appear safere A aln we obacrve that
tho whito pino sitos do not lose molsture below the glven wilt-
ing coofficient. It 13 assumed that the mesic trecea of white

pine-grand fir commmities would be unable to survive under
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these oextremes.

Table X. Hean and minima of =s0ll molsture, percenta;e of dry
welihte August, 1914.

¢ I ilat ¢ II SW s III & ¢ IV I’lat

Station :Hean;Nin. : Koan;lin, s Nean: kin. s Rean:l.in.
Surface 7.0 Bel Te¢7 05 436 067 121 0.4
1l=6 inch 12,8 Se7 1266 241 43e7 118 30e5 10.3
6-12 inch 134 500 1362 2¢6 439 119 393 10,6

An intercating comparison is alforded by the data on soil
moisture in the loeal and the corrmon scil obtained in 1916.
Table XI) Thils shows clearly that the soil from Station I;
when placed on tho other aspocts has a lower water-holding
capacity than any of the local solls and whon in forolgn loca-
tions its moisturo content docos not go below the wiltin:g cooffi-
clent except on tho southwest aspecte.
Table XI. Soll molsture percentage August 1915 in local and

common soils, 1-6 inch depth.

s rlat : 3 tlow riat
Soll type 3 X s SW II : NE III s NW IIla : IV

SKVGQ !an izveo iE!no ;Kve. ;E!In. ‘ZEVQQ iE:no ;Kve. !!-;Ino

Local smoll 10el 7e3 12e1 4.6 33¢7 =~ 373 1449 218 1G6.7
Common soll De2 God Be8 3ed 19.2 1908 30eH5 1265 1563 1365

Scedingz Testse.

The combined results of the gsocding experiments are ;iven
in Table XII. The fi;wures in this table embrace data on germi-
nation during the first and soccond scason atf'ter sowing; the sur-

vival to the end of the third scason and growth at the finish of
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the fifth year, 1217. These data are discussed on the bases
of spocies individually sccording to site and to natural and
burned surfaces. DBed E was located on the flat; bed C on the
aouthwest slope and bed A on the northeast gradient. (Table
XII)

Reforring to Table XII wo find that weatern white pine
germinated best on the northoast aspect in bed A3 noxt best on
the flat in bed E, and somewhat poorer on the southwest in bed
C. Thoro was gonerally better gormination on the vogetation
aurfaces, ospecially during; the first scagone. During tho accond
scagson, howovor, many addlitional soodlings appoared, but nore
on the birned than on the wnburned ;rounde.

The fact that considerable soed gorminated during the
socond soasgon after sowing and that this took place more on
the dry sites indicatos that a portion of the seed romained
viable, boing botter proaerved on the exposed or dry swrfacos
than 1n moister surroundings. These socond yoar's scoedlings
apparently nossessed fully as rmich vijor as tho oarlier.

In the matter of survival the best results to the ond of
19017 were obtalned on the northeast slope and for the burned
surf'ace on the flat, with total feilure on the asouthwcat. The
aurvival on the flat continued for a fow years until compoti-
tion eliminated most of the trees. As lon; as the stand re-
rained there was a alipghtly better height growth on the flat
than on the northeast slope. (See FFige 25 for hoight and gen-
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Seeding testse Germination, survival and growth of

Table XII,.
seedlings, 1913-1917.
: : sPorcont: : T
s : Cermi- ssurvi- @ ¢ losses in 1913, percent : )
Site: Iocation : nation :val to :Height:DampingtRo- :Non- sCut- :  Un= &
3 ace ; 110 1018 19173 off s:dentsiestab. knowng !
WESTERN WHITE PINE :
Flat § Natural 7.0 10.5 7.2 6.5 6646 - - 1l.1 226321
" E Burned 3.2 12.8 90.6 6.9 53.9 - - 385 7.6 24!
Riv) C HNatural 1l.2 9.1 0.0 - 50.0 1346 - 22.6 136 31t
hd C Burned 0.7 6.9 0.0 - 727 - - - 273 21
NE A DNatural 1ll.4 12.8 82.9 4.3 30e3 - S0  16.7 50.0 :2.
" A Burned 10,9 13.8 B84.6 4.6 563 o Be3 12.5 25.0 :4!:
, s
DOUGIAS FIR k H
Plat E HNatwural 15.9 17.9 80.0 57 52,0 70 8.7 0.0 30e3 2 &
" E Burned 226 23.2 G5.6 10.2 46.8 0.0 36.1 0.0 171 ¢ "
SV C Natural 3.7 Ted 27 ~irit 736 0.C 0.0 11.7 14.7 : ¢
" C Burned 4.3 7e5 2.7 - 74.4 23 0.0 4.6 1867 ¢ 1
e A lNatural 0.5 5S¢l 25,9 5.0 77.5 0.0 Geb Geb 9¢5 ¢ 1]
" A Burned 15,0 158 79.56 5¢5 40.56 0.0 Ju.b 0.0 50,0 ; ¢
VESTERN HEMLOCK H
Flat E Natural 1.0 1.0 0.0 - 26e1 00 0.0 0.0 T30 s C
" E Bumed 4.0 4.0 1.7 - 74.6 0.0 0.0 0.0 2le1l : C
1Y) C HNatural 3.0 30 0.0 - 87.8 0.0 0.0 0.0 12.2 3 €
" C Burned 0,03 0.03 0.0 - 1000 0.0 0.0 0.0 0.0 3 ¢
HE A lNatural 3.4 3e4 RL7.9 Ge7 46,0 0.0 0.0 0.0 5440 : (€
" A Burned 2.9 Sel 320 2.2 43.0 0.0 215 0.0 356D ¢ (C

wroroentages of total 1918 103303.

##lo3ses subsequent to 1915.
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- Germi- tPercent : .

1913, percent nation _ :survi- : t__ losses in 1913, percent

iNon- sCut- g Un= :val to :Height:Damping:Ro= :Non=- :Cut sUn-

jegtab. yworm :  Inown319135:Totalg 1917 3 1917 : off :dentsjestab.:wormsknown
s

H WESTERN YELIOW PINE
1l.) 22.34#317.6 216 B7.56 8.8 356 0.0 10.8 10.8 42.8
38.5 7.6 24506 49,0 84,5 10.6 50,0 0.0 21.2 0.0 28.8
2246 13.6 31184 21.9 34.2 7.6 666 4.2 4.2 4,2 20.8
- 27.3 81503 20.1 77.6 805 5605 000 0.0 1704 2601
3.0 16.7 5060 1234 237 54.8 7.0 78.0 0.0 2.5 Oe0 1845
Be3 12.5 25.0 341.6 4l.7 717 Qo4 57.6 0.0 1ll.6 7«1 23.5

)

8.7 0.0 3903
36.1 0.0 17.1

e ®9 o8

WiSTERN ILARCH
2.5 2.8 17.2 2.6 G646 0.0 0.0 241 313
7.8 02 D4 4.1 7249 0.0 11.8 1l.2 1l4.1

0.0 11.7 14.7 3 2.4 12.4 0.0 - 87.2 lel 0.0  1e7 1040
0.0 4.6 137 3 1e8 Ge4 0.0 - 5446 20,6 2.4 0.0 22.1
65 6.5 9eb6 3 1le6 1e6 Geb - 79.2 0,0 3.0 0.0 17.8

06 0.0 50.0 2 2.2 36 7.8 2.4 73.0 0.0 4.3 0.0 22.7
WESTERN RED CEDAR

0s2 0.2 33.2 - 6867 0.0 0.0 010 333
0.2 0.2 10.0 - 42.8 0.0 0.0 0,0 572
0l 0.1 0.0 50.0 0.0 0.0 0.0 50.0
0.02 0.02 0.0 0.0 0,0 0.0 0.0 -
0.2 0.2 22.2 4340 0.0 0.0 0.0 657.0
O0¢4 0Oe4 29.0 353 0.0 0e0 11le0 55.7

0.0 0.0 73¢9
0.0 0.0 2l.1
0.0 0.0 12.8
0.0 0.0 0.0
0.0 0.0 54.0
21.6 0.0 3556

e 20 00 00 00 $D 00 ¢ BB B0 00 00 20 B0 82 &

hg@ll
NO
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development of the seedlings on the two kinds of surfaces).

In case of western yellow pine the results listed in Table
XII show a germination of 21.6 porcent for the natural and 49.0
percent on the burned surface on the flat; 20.9 percent and
20.1 percont in the same order on the southwest slope and 23.7
porcent on the natural and 41l.7 percent on burned ground on
the northeast aspect. From these reaults 3t 13 scen that, ex-
copt for the oxposed yellow rine slope; the germination about
doublod on the burned grounde Survival was good on all aites
but boetter in genoral on the burned swurfaces than on the un-
burned, while héight crowth was bottor on the burned plotse.
(*ige 25)

The second year's germination inorcaged the stand by three
to 'ivo percent on the southwest aspect and on the flat, but
not on the northeast. Since the 1913 senson was very moist
genorally the lossos by damping-off were severe, eapoccially on
tho northeast and in the prusence of vegotation.

Douglas fir germinated on the whole best on the flat and
poorost on the aonthwoat alope, the burned surfaces holding the
lead on all threeo sites. The second acasonts germination took
place in all of the beds and added from 0.6 to 3.5 porcent, boing
atrongeat in the precaonce of vegetations Swurvival ghowed nothing
on the southwest in 1917; modium on the northeast and good on
the flat, whllo height growth was 10.7 inchesa on the burnod sur-
face and only 5.7 inches in vegetation on thp flat. Ior the

northoaat slope the height growth gave 6.0 inches in vegctation
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¥ige 25e Growth and developusnt of ceedlings on burned and unburned
surfaces from 1913-1917, inclusive (from mssed experiments),




sl A
and 5.5 on burned surface. (Table XII and rige 25) Losses by
darping~off were uniformly severe on all sites.

Gernination of westorn larch showed best results on the
burned surfaces, more particularly on the flat and took the
lead in the proaence of vegetation during the second season with
very sood results on the sonthwesat slope. Survival on the north-
east and the flat continued ;0o0d until the end of 1917, but
was nll on the exnosed southwest slopee None swurvived in the
natural surface on the flat. Growth appeared more rapid on tho
burned surfaces. Loises from damplng-off were very aovere on
all aites durin;; the first soason.

Tho soced of weatern hemlocl: gernminated very rmch betier on
the northensat and poorly on tho southwost aspect, wherc it gave
tho best reosulta on the natural plot. In this respect, we have
a roveraal fram what took place on the flat for in this location
moro asoccdlings appeared on the burned plote Survival can only
bo crodited on tho northeast locatlon where it was approciably
bottor on the natural than on the burned rround. 1t 1s intoroat-
ing to obao vo that the scoedlin;:s in the prosence of vogotation
sroew about three times more rapldly than those on tho burned
plote Tho hemlock stand was greatly reduced by damping-off
funzi and this loss nroved heavier on burned than on unburned
surfaces. In this rospect, this apoclesa differs from all othors
used in this exporimente.

It 13 quite certain that a greater mumber of western rcd

cedar secdlingas than wore obteinod in those teats would have
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resulted from seed of better qualitye Iarlier germination tests
for this sarple were very low ond for this reason rmich roreo secd
wag usede The zermination on all sites wags even, but lower than
for the hemlocke The burned surface on the northeast gave the
best stande Simllar to tho herlock, swrvival co1ld only be
foomd on tho nerthoast exposure vwiere the ;;rowth in height was
far better on burned than on b rned groynde.

Tho quadrats of ['isurea 23, 23, and 24 were rade within
the seod Ledase These are for tho swrfaees on which tho ve;eta-
tion was left undisturbed. Those for tho burned round are not
roprodncod as thoro reomalned vory little worth man;in;, althonuch
cenglderable cover of ross, liverworta and lichena dovelopod
latere.

The quadrats were made to show the jposition of tho secod-
lin;s, which are narked with asteriaks, the type of ve;ctation
on the varliouna plota, and 1ta rolation to tho ;ermination and
snrvivale latchod aroas repr: nent solid matas of verotation, the
indlvidual planta boing rarkoed with a ltey lettor exnlained in
tho right hand margin.

It 13 o safe aamunption that tho matted groups of wve;ota-
tlon, re;ardloas of the sltes and spoecios, ropol and provent
seodling ostablishment, f'or none occwurred wlthin thoso ;roupse.

A ty 1cal instance 13 goon in the vhite pinoe and Dous;las Tir
plotse (Fige 24) On tho othor hand, where no mats are prcaont

the acedlin;;s are scattorcd among the ‘ndividual plants, as in
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the case of the Douglas fir quadrat Iin ¥ige 22 1in a sonse,
therefore, the denslty of tho wegctative cover may vecome a
factor affecting the recatoeitlng, and since thls mattor lcads

us into an unexnlored fleld, f'wthor diascnaslon of this phase
rmist caase.

It 13 truwe that conditions may oxiat whore individual
plants would ameliorate climatlc exirories and protect young
trcese Thils socems to have boon the case of larch and weatern
rod cedars. However, the kcon competition for molsture and
1i:ht which must bo ondured by the youny; troos g rowlng in donse
vaotative cover uaually rore than countoracta any acdvantage
from :rotection afforded Ly that covere.

That theo type of vogoetatlon varies distinetly according
to the sito or oxposwure lg gulficlently brou;ht out by tho llats
of apccleos ;;iven in the ri;ht hand rargin of Migures 22 to 24.
e have for the northoaat slope a larger proportion of tho suc-

culont plants among which are Viola, Clintonla, Mortensia, and

itubua, and rolatively fow drou-ht roeslsting varletliea auch as

ilouchora, Lupine, Calama roatla, Apooynum and Sedum, which occur

in rcator abundance on the aouthwest oxposwure. (I'ige 23) Tho
vogotation on the flat boars a cloaer rcaomblance to that on
tho southweat slopo than to that on the northeast aspect and

supports a proat many planta of thoe gonera Achilloa, lrajaria,

Garex, itorboris and Pentsterion, ctce.

This subdominant surface covoer of miscellaneous specilesn
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possesses 1ts own succossiocnal sta es and cycles, which are
11ttle understood, and although this investisation did not in-
clude a quantitative study of tho herbaceous cover, the writer
recosnizes 1ts valne and 2o:3ibilities as indicators of site
charactera and qualitye.

A fow dofinite statomonts r:ay e macde as Lo the jjernina-
tion and survival of the insortant spcecies on the sites studied.
Wicgtern white pine survivod Lei.or on the northoast, _rew bettor
for a time on the flat, out falled cormpletely on the southwest.
\.cstorn yollow n»ine jerminntod Doat on bDurned jround, survived
rathor well on all sitos and ag'wiacos and ;rew boat on tho
benod plot on the flate It 1a consicered that theae tcats
wore not carried on to the final and inevitable olimination of
tiilg apoecies from what mijht provo an unguitable onviromnmont
for the yollow pine. Douglas {ir _erminated veat on the northe-
onust, sccond best on the flat; survived well also on thoso aites
but fn1led on theo sonthweate I's ;rowth was gsperior on the
northoaste \/ atorn larch poarminatod on all sitea but did not
swvive on the southwest exposure. Its rowth was botter on
burned than anunburned ground. .ostorn hemlock and western recd
codar gorminatod on all as;cets but survived only on tho pro-
tectod northeast aslope. ‘The :rowth of tho hemlock was best on

the unbwurnod and that of tho coedar on a4 bwned surfacoe.
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Planting tests.

Resulta obtained by the planting experiments are given in
order for Series A, B, C, and D. Those various tests have been
deascribed in the section on methedse The curves for survival and
growth in So-les A to C may bo seen in Flge 26.

In Series A (Fig. 26), the western yellow pine proved uni-
Tormly much swperior in survival and _rowth on the flat than on
tho southweat slope. [or 532 percont romalned on the flat
and 42.0 poercont on tho southwost slope. The holght growth was
87 inches at the ond of 1921 on the flat and only 15 inches on
the slopo. It i3 true that thoro has boen greater ;xrass and
alirud compotition on the slopo; but even thoso trees wiich
wore planted and which grew wlthcout this intorferonce on the
oxpoaed alope measurecd at the ond or' 1921 only ono-half the
hoelsht of similar trees corowing on the flate On both asltes the
tranaplant stock showed supcrilority over the soedlingse.

In Sorles B (I'lge 26), tho western yellow pine subatantiatod
in a vory cloar manner tho rcsulta obtained in the pr.vious toat
in slowing 56 percent asurvival and 20.5 Iinchos on tho f'lat
conparod with 44.0 percent survival and only 15.8 inchos In
heizht on the southwest. It 1s to be noted that there occurred
a proportionately hcavier rortality among the smallor classes
on tho gonthwest angpoct than on the flate This was in all

probabillty caused by the lower molature content in the goil In
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the unper layers on the slope, in conjinctlion with greater alir
movenent and moroe pronounced evaporation.

Since the flat is underlayed with porous material to con-
siderable depth and that on the southwest slope by rock, the
plants in Scries A and B were aubjected to somowhat unequal
goil molstwre conditions on the :wo sites,

Scries C contained western white nine only and was In-
stalled for corparisons on the flat and on the northeast slope.
Joth in aurvival and :rowth this soriles (Fige 26) points un-
lgtakoably to the more auitable sito condlticns for wostorn
wiite rine on the northeast agpect, which showa survival of 78
porcent for 1-2 and G6 percent for the 2-0, and a very unfavor-
able environment on the flat, for vory fow troes remalnod until
1921 The 1-2 tranaplant stock survived better and showed
aup- rior srowth on both sitese (i, 27a and 2v7b)

On tho asteep southerly sitcs in Sories D (Tnble XIIX), the
1-2 trangplants show higher gurvival than the 3-0 stocke The
survival of the 3-0 plants was 22 porcent on tho aouth and 12
poroent on the southeast face of the hille 1In caso of the 1-2
plantin;; atock 1t was 27 percont and 14 porcent in the order
;lven; tho south face fallin: close to the west with 26 per-
cent survival. The regults are clear cut in that these crilti-
cel siteos, as indicated by the aoll tosts and flcld soil molsture
toats prcviously discussed, wore rasponsible for low aurvival
and rather slow yrowthe In the rattor of helght growth no

constant or significant reolation 1s evident. It appoars from
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this serles on the three exposures that the southeast is the
rnost preearious or exactin;e It 13 posaible that the uncerlying
rock may have an influence on the soll moisture relatiocns in
3CTIe WOYe

Table {III. Series D plasnted stock of 3-0 and 1-2 western
vellow pine on ateep phase southerly aspects.

H s Surviva ercentace :Heig%t in inches
Site _ sStations Clags; 71016 3  102Y g 1910 3
21

Rivd IIa 3-0 35 22 Je1

S In " 45 24 10,0 23
SB iIc " 20 12 11.0 24
Avorage 20 19 10,2 23
SW Ila 1-2 Gl 27 67 18
S I " 65 26 Te7 16
3B IIc " 49 14 Be6 21
Avcrace 58 33 Te7 18

The measurements obtalnecd during the fall of 1932 of Soirles
A, B, C, and D, were made on 100 of the dominant trces regardless
of origslnal gslze classes. In rany instances, howovor, this
nuniber of trees was not available for recorde Thig oxplains
why there 1s a limitod numbor in the other soriles.

Records from the plantation meagwrements in the fall of
1032, which are summarized in Table XIV, repeat and confirm
the earlior resulta with weatern yollow nine in showing botter
srowth for Series A and B on the flat than on the aonthweat
slove. On the flat plants of Serles A averaged an annual helght
growth of Q1 inches aince tho time of planting and those on
tho southwest only 4.0 1nches; and for 3erles B are 6.3 and 4.9

inchose In Serles C with westorn white nine those on the north-
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enat aspect show an av rage height growth of 5.0 lnches and
thoso on the flat 4.4 inches over a perlod of 18 yecarse Cf the
whitc pines set out on the flat only 12 have survived out of
100, In Scries D planted on the steep phase, yellow pine site
at IIa etc.; the fow surviving plants have averaged 4.3 inches
in height ;rowth from 1915 untll thc end of the growing scason
in 1532,

Sunuarizing the results from the planting tests, it ap-
veera, in conclusion, that the rcsults obtained in the planting
teats have confirmed, in a large moasure; the natural selcctl-
vity of the spocios for given sites expreased earlier in the
secding tosts: in that western wihite pine swvives and (rows
bettor on solls with more nutrlents and improved molsture-
holding capacity, etc., and thet western yellow pine takeos the
load on warn, dry sites with porous and somewhat impoverishod
solls, These tests have gono farthor than the seoding tosts in
that thore hag been shown a dofinite correlation of survival
and rowth of wostern yellow plno with go0ll quality and nutrients;
a guperior dovelopment under the most favorable edaphic condi-
tlons on the flat; intormodiate on the gouthwest sloie at Sta-
tion II, and pooreat on tho ateop phaso sltuation at Station

IIa.
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Table XIV. Growth of dominant trees to end of 1932.
: siiverage: H tAverage
Location ¢+ Spceles :height :lioe :Years:growth

2 tinches :trcos: ¢Inches
I'lat Vestorn

yollow

pine 182.4 51 20 9.1
S\ slope n 80.1 21 20 4.0
'lat wWestorn

yellow

prine 114.2 100 18 0ed
SV s 10p° " 88,2 36 18 4,9
lat western Y55 12 17 4.4

whilte

pine
HiZ slopeo " 066 100 17 5.0
5% slope (astcop Veatorn

yollow

pino T4 o4 121 17 4¢3
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18 stock used in Series C.

Fige 27a; Western yellow pine,

The 1=2 western yellow pine on the flat 1932,

Fige 27b;
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DISCUSSION

It rmust be rccognized that in studies of plant growtn and
dovelopment quantitative standards are yet in the making; the
influence of variable intensitios of the envirommontal factors
i1s not fully understood and the reolationship between any givon
foctor and a definite response of the plant is difficult gb
establish. The investigabor must thorofore endeavor to loarm
what influences scen to be dominant or in what phase or period
in the plantt!s doeveolopment tho indlividual oxternal factor
assunos a leoading or 1liaiting influonco, and what combinations
or sumatlons of tho onvironmmental cntitles becomo significant,
for sin:lo spoclies and for groups or associations,

Lizht roquirements md the tolorance of trees to shade are
matte:rs adjusted more or less to the local environmont in that
thoy vary according to moisturo and tomporature relations and
fortllity of tho soll, TFor those rcasons tho records published
by Batos and Burns and othershave little significance in northorn
Idaho. Tho amount of diroct sunlight is of Importance in ox-
plaining the forost dilstribution and the 1ife and growth of the
trees, mainly through its influeonce on seed production. It 1s
to be noted that all the native specles gonorally bear secd at
an earllor ago and in greater quantity on sunny aspocts than
on the more shaded northerly slopos. The lesser arount of light




on the northecast aspect, moreover, becomss an lmportant hin-

drance to growth of some species, espoclally the intolorant
westorn ycllow pinc. All of the species in this regiom, excopnt
western red cedar and western hemloclk will tolerate fully as
rmch diroct sunligsht as the westorn yollowr pine, for oven the
western whilte pine and the lowland white fir grow on wostcrn
yellow pinc slopcs wherever there 1s sufflclent ground molsturo.

Seedlings and young trees of cedar cnd hemlock do not
tolorato complecte oxposure to the sunlight in the suwmer, but
the actual limits of 1light intonsitles, above or below which
thoso and all tho other native troos will not grow, ls un=-
certain, Fron tho scoding experiments it may boe scen that the
docrecased light on the northeast aspuct is not an important
factor in ~ormination but is neccssary for lator survival and
growthe.

In thoe worlt of tabulating and analyzing tomporature data,
and In dividing the days into activo or inactive periods for
plant growth tho tomporature at 43° F, is considorecd tho average
plant Zoro. Tho dlvision of the year and months into pcrilods
of grovth and rost 1s mado according to the suggostion of
Raphaol Zon (62).

Moan air temporaturos for tho three sitos--flat, southwest
and northeast slopo--are: for tho summer months 56.3, 53,9 and
571° P, in the order glven, and for tio rost period 32.1, 34.6
and 32.9. Tho southwest slope station in yollow pimne, therefore,
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avorazes 2,6° hizher than the flat. In August this differecnce
1s 3.89,

of interest in the temperaturc records are: the abscnce
of nhot vreathcr on the northeast aspect in sumor and the rmch
lower points reached on the flat than at tir other stations.
While the extrome minima which occur in winter show consider-
able divorgence, the low points occurring during the growing
scason are of greater luportance, especilally since seedlings
wiilch arc tonder and shallow rooted are protected by a mantlo
of snow durin; most of the rest poriod.

Tho rmuch lowerrinimm temperaturo on the flat than at
tho slope stations may e attributed to tho rise of warm air
at ni_ht, cspeclally during cloar wcather, and thoe inflow of
cold alr from hisher lovels. Sinceo thoso doprossed temperaturecs
on tho flat occur both wintor and swurmer alike and whethor thore
1s a snow covor or not it ls assumod that the vogotative cover
plays no part or at least a minor role in tho loss of hicat
which takes placo at nisht.

In wintor as well as in sumer, and throuchout every month
of tho year, tlic northoast slope sihows the lcast tomperature
rango and tho flat tle grestest. Thoto relations aro also
broucht out in the extreme range wiwlch 1s most pronounced for
tiic flat and least on tho northoast aspoct. The temporing of
the extromes, whother at high or low points, constitutes an

clomont of gsafcty to plants if vory early photosynthotic
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activity takes placc, or in timues of very ocarly freczing in
the autum of late frosts in spring.

In the comparison of soil temperatures it 1s well to bear
in mind that the composition of the soll particles thomselves
have considerable to do with the dogree to wvhich the soil ab-
sorbs heat under tho sun's rays. A large amount of rock,
gravel and sand favor rapid heat absorption bocause of the low
specific heat of these meterials. Furthormore, soils walch
contalin much water heat up more slowly by virtuc of the hizh
specific hecat of wator, than do dry solls. Ior these rcasons
the temporature of the clay soil on tho flat is noro si:ilar
to that of the soill on the northeast slope than on the othor
gites,.

Soll tomperaturos reflect alr temporatures; the lowest
tenporatures are recached by tho upper soll layers on the flat
and tho hichost temperaturos on tho yollow pine slope, tho
former roaching 115° and the latter 125° F., On the northwest
aspoct the hizh heat 1s iIncroased by the low wator contont and
scant hums, This 18 without doubt a factor contributing to
the elimination of the more mesic and tondor specles, such as
white plno, on exposed aspects. Those extreme teomporaturos
also, no doubt, retard or provont bacterinl activity.

Althouzch an oqual amouant of atmosphoric moisture is pre-
cipitated at all of tho stations, all of th:is may not boc avall-
able on the flat duc to dovmward percolation in the porous soil.
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An even lossor quantity may become available for plants on the
southwest slope bocause of rapid rum-off and hish evaporation.
Those conditions have produced less complete ve;etative cover
and insufficient hurms. ‘hile there 1s less loss of water from
transpiration in this case than from sites with morc profuse
plant covor, it is neovertheless true that tho mecager organic
matter results in a reduction of the water-holding capaclty
and the percentoco of tho avallable water in the soll.

The much shorter duration of tiic snow covor axd 1its -ore
shallow layor on tho southweost aspect undor western yollow pino
than on the sites with larch, {ir, or whito pine, 18 an important
factor in lonzthening the growlng soason for the yeollow pine
and in giving groator vrotection to the solls and soedlings
under vhito pinec or larch-{ir forosts.

In this forosted rcglon where olovation is an important
foctor in troe distribution western yollow pinc usually occupios
a lowor and wamor zonc thun whitc pine. Uvidently the incli-
nation of tho slopo makes up for tlie inverted position of tho
forest typos. Thls matorially shortons the groving scason,
Howédvor, from obgservations on the time of brealing of buds,
leafling and flowering, it appoars that ;rowth actlvuitliecs on tho
northoast slopo arc more than 14 days bohind tivwsc on the south-
wost aspoct.

This shortoning of the growing scason occurs mainly in

the spring, howvover, for In tho antum thero 15 lcas tomporaturec
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variation betwcon the sites. The melting of snow on the south-
west slopo 1s favored by the 4.3° hizh April maximea temperatures,
the increasc in radiant and reflected hoat, duo to the exposed
and open character of the site and thwe greater angle of incli-
nation to thic sun's rays. Zvaporation is hastened by the wind
in ¥arch and April, wiich, owing to its greater velocity,
causes tho melting of more snow on the southwost than on the
northeast slope, and carrios away tho air laden with moisture
and supplics new alr. The action of tlic molst air in this re-
gpect 1s very important, for the condensatlon brousht avout by
tho alr at 320 ', In contact with tho colder snow, nay rcloaso
enow:hh heat (GOG.5 calories) to molt a layer of snow 7.6 cnte
in thiclmess (28); and though thls process oporates to gome
oxtont on tho othor sites also, the atrmosphoric movomont supplics
now air morc rapidly on the soutlwrest slopo than olsowhore. Tho
groeatost influence of thoe snow cover 1s, thoroforo, oxorted
during the period of melting and particularly in the apringe

Although the tomporature 1s an Important factor in melting
tho snow, thwo lattor attracts much heat from tho alr, and 1t
has boen cstinmated that 25 cm. of molting asnow covor may reduce
thoe tomperature of the air 1° ¢., through a layor of alr 220
feot In thickness., Our rocords from larch 1 to 20, 1915, during
which tixe the snow rermained on the northeast slopo, and tho

southwest slopo was bare, compared with llarch, 1912, when snow
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covercd both aspects, show 6.4° hijsher maxima on the southwest
slope in 19215, and only 3.4° hisher in 1912. The average dif-
forence in tho fivo-ycar maxima is 3.8° 7.

No hourly records of relative humidity are availlable for
any of the statlons. It 1is, of course, woll recoznized that
throuzh increase in temperature during tiic day the relative
hunidity 1s lovered, and tlat it is higher during tho nigit.
Thls partly cxplains the higher humlidities on tho northoast
aspoct and tho lesger cvaporation anxi lose of molsture from tho
soll. Reduction in wind movenent on the northeast slopo is
also a causo toward thlis offcct.

Lator obscrvatlona on relative hmrmidity end air tompora-
turo at hizher olevatlions than for these statlons show that
the alr doos not got so dry as it doos on the flat and on the
soutlwrost slope. Thls 1s becauso the te:peraturwes at hisher
points do not rocach such groat maxima. Lessor fluctuatlons
in alr temperaturo for high than low oclovotlons result also in
noro equable humlidity conditlions at highor elovatlons,

Sinco tho wind volocily 1is greoatost in tho aftornoon durin:
tho hottost part of tiie day and at a tlro vhen the rolative
hunidity reaches tho lowest polnts, its offoct in drying out
the s0i1l md hastening transplration 1s a factor which must bo
glvon due consideration. Its influcence on tlw southwest slopos
1s very -mch groater than on the other aspocts or on the lat,

for tho prevalling directlon is from the southwest. This situn-




-114-
tion brinss about very critical conditions for the youns secod-

lings, vihich orndinarily disappeaer in great numbers as soon as
the dry weather scts in during July and iwnuste.

Soils on which the whito vinec, cedar and homloclk grow
contain a larger percentage of clay and silt than those under
Douzlas fir andwestern yollow pino, an’ thoso solils possess a
hi-her wator holding capacity and moro availablo wator. Tho
virgin white pine soll which alse supports cedar and homlock
understory ave the hishest clay fraction and the old growth
yollow pinc forost the lowest; larch md Douslas fir boing
Interacdianto.

Tho s0ils of lichtor texture and with lowor wrater holding
canacity carry fram one-third to ono-half as much nitrogen,
phosphioruas and carbon as tlhic heavier solls whoro moro nmesic
troos -row. Thero appears to be no sizniflcant varliation in
the pill conton® botwoon xoric and mesic locatlons. This fact
may bo considerced as evidonco t hat conditions in tho mosic
sltes aro sultablo for co nleoto disintogration of organic
nmottor. Thnro 18 no doubt thnt durln: somo yoars subsequent to
the dostructlon of the forost by firo the soll, cspoclally in
the upnor laye:rs, bocomos allmllne, and tint as the atagos do-
valop toward a climax an acld reaction 1s tho ordor.

The surface soll temperature mini-a arc poerhaps moat Im-
portant in 1ts rclation to thc heat absorbed and transmitted

by contact axxdd radiation to the now scedllings. In this ro-
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spect scedlings wiich get an carly start may become somewvhat
resistant through increased differentiation of tissues,

Because the data on soill moisture wore obtained on sites
not occupled by the treos, thoy express more directly the con-
ditions wmder which scedlinzec and young troes occur, and are
of value in roforestation, not only in understanding the soil
and wolsture roquiroments of Liiu specles, but in determining
sltes for now plantations and the main causes of thoir success
or falluro, for thc amount of moisture in tix soll exprossos
bottor than any othor measurable factor the quality of the slte.

Thoe minimum soil moistures attained at onc to six inchos
and six to 12 inchos has a more dirocct rclation to seedling
survival durlng tihie £irast scason since 1t hocormes a mattor of
roots In relation to soil, wator and nutrionts. In ordexr to
survive tlhio critical porlod of dry soil during tho poalk of tho
sumicy tho scedling roots rmst ponctrate below 12 inchos for
ovon at tho depth of gix to 12 inchos tho minfinm: soil moistures
rocorded are 5.0, 2.6 and 11.0 porcont.

For successful gorminatlion, growth, and swrvival of wostern
vihite pine it 18 noceasary to have at loast 44 porcont 1light,
not lecss than 12 porcont moisturo in tin first six inches of
801l during the driost part of tlic scason in thoe looser forma-
tions and slisht protoction eitlpr by othor secedli:;s, veogeta-~
tion, or standing timbor. The charactor of tlio surface, vhethor
of natural vegetation, burned, or denuded, has little influenco
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on sermnination snd swrvival, provided the molsture condli'ons

ar risht, bub growth is reduced In competition with the natural
vogetations Increase in soil towerature thrown reduction of
soll moisture ard greater dryln; effcet of the wind on Larger
clecar cut flats and lower sloncs may bring about conditiors
ginllar to thoso on the oxposed slones anxd rexxler natural re-
cstablisiment nrecoarious.

*/ithin the cone occuried by the western whibe »inc, cedar,
and hemloce!s thils pine s qulicl o roseced tle torraln f2lloving
ain~le burns enxd destructlon of thie old foroste Uor Uilis
rcason northern Tdaly poccegses nany plondid stanxis ol rela-
tively »ure western vhite pine. In o groat mony locatlions the
codar and herlociz wlll be soccded naturally along with thwe pine,
but thelr muech clower growth ros-1t In an wnderstory wiitlch
oventually “ecomos dominant when thie plne decays and dlsappocars.
In very snnll oponings caused by the fires and cheltered by
larger trcoa tic codar and herilock nay rectoclz the growxd
rapidly ond succosscfully.

In caco tlv westorn larch should sced In togotiier witir tho
pine, wiilch froquently talxs ploco, Itz ranlid holpsht orowtih on-
ablca 1t to keovp In the leond of all other cpecles. It btheorcoforo
remaing In the foresst wntll the c¢linmn: srocles succoed the whilto
pino,

The wostorn yellow pine jormlnated on all sltos; survived

best on the northeast slope ana the flat for the first five
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years and attained groatest heisht on the burned surfaced on the
flat., Successful ostablisiment and growth of seedlings ro-
quires a mean scasonal soil temperature between 6P and 70° F.,
from 50 to 100 percent of lisght and a mean soil moisturo bo-
tween 15 and 20 percent in the peak of tho summer. It will
tolerate lower soil niolsture than any of the othor specles
tried.

In viow of the favorable showing of western yellow pine
scedlings on the northeast aspect some may assume that this
spccies will survive thoere, grow up and bocomo a part of the
forost. Tihils 18 contrary to what actually talkes place. il=-
though Individual trces of yellow pinc will be found within
the young stand on wilto pinc sites thelr form and dovolopmont
is inferlor mnd thelr growth slow as a rosult of compotltion
with the whito pine for moisture amd 1iht. Thoy are cventually
overtopped and supprcssed, disappoaring from tho stand at a
rolatively oarly ago.

Tho rosults with Dou;las fir lead to the concluslon that
natural rogenoration of Tow:las fir is canparatlvoly oasy of
accomplishmont on both natural and bared surfacos on north
slopos and flats, but difficult on tio aposed slopes. TIrom
tho avallable data on tids oite it 1s difficult to prescribo
what surface condltlons here wlll bring bost ro3ults. From
gonoral obsorvations, howeovor, 1t appoars tmt the slight
protection offercd by shrubbery from the drying influence of
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wind and sun in nidswmcr and the accwrmlation of leaf litter
fron these, wilch irmproves ti:c moisture capacity of tie soil,
is very bconeficial for establlshment of Dowslas fir on the
drler, morc cxnosed sites.

Couslas f£ir germination, like tint of the white pine, may
be expected on all sites provided tho moisture conditions areo
favorable. fThe best resul s in germination woro obtalned on
the bummed surface of the northeast aspect md not at 2ll on theo
couthwest. Those focts would indicate that tiils intermodiate
speclos wlll gormilnate ond bocome ostabllshed in yollow pine
stands only wiltir added protection and in vihilto plne and codar
stands only whero competition is greatly reduced.

iostorn larch gave gonerally bettor jerminatlon on the
burnoed surfaces viiero it also siowed superlor survivale, Hor
succossful cstabllshimont of weostorn larch thero rmst e assured
sufficient 2011 moisture in the uppor layors of soll onc to
glx Inches ond six te 12 inchos throughout the ontire flrst
srovilng soasone “'hls moans not bolow 20 percont of noleture
in tho soll above 10 inchos or so md fully 75 porcoent of sun-
1liht. Thooso conditlona arc fourxl on cleared flats and opon
northerly slopes of low slopos and bonchcs. IMrom thogo rccults
and from jonoral obsorvetions, it 1s concluded that succoscful
natural resencration of larch can not e obtained anyvhoroe ci-

cept with fll and unobstructed sunli ht, and iz ;enorally
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riore caslly obtained on a bared surface than in the presonce
of vezctation, excopt on the morec critical sites.

Larcih and western yellovi pine scldom compcecto on the same
terrain in northern Idahoe. The larch grows undor conditions
of lower tempcraturo and hisher solil moisture than yellow pino
and 1t belongs to a higher zone. In case thoy both happen to
appecar side bty side the laclz of soil moisture bocomes the de-
terminins factor in favor of tie pine, and if soil nmolsture 1s
sufficient the larch will speedlly outgrow the yecllow pine.
Doth of those spocics rank about even in thic anount of 1i:ht
rcquired.

Compet it ion botween larch and louslas {lr i1s chlefly for
soll molsture in that Loth of theso specles srow cqually woll
under identical atrmospiioric condltlons. Tiie larch caanot sur-
vive vhoro tlhie soill molsture becomos low during tho middle or
latter part of tho swrxre.e Thils lecaves tho Douglas fir in
posscasion of stoop gradicents sinllar to tho northwoost aspoct
whore stutlon IIIa was situotod. On benchoos and lover nerthorly
slopos, hwowevor, larch finds favorable conditions for rapld de-
volopumont mc froquently bocomcs dominant,

Tho socd of Viestern hormlock jorminated bettor in the shado
than in thc open and docldedly boetter on the northeast slope
than elseviereo, chicfly because moisture conditlons arc more
favorable; but survival was negliglble oxcept in tho opon site

on the northeast aspect., IZstaillslment of thls specices requires
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soll molsturc not below 20 percont and at least 20 percoent of
full sunlizht. These conditions arc met on better soll in the
breaks 1n the virgin timber on flats and northerly slopces.
Greater death by fungl occurred on bared surfaces and better
growth occurred in the presence of vegetation than on tho burned
and donuded surfaces. In those rospects it differs from all
other specles except grand fir, and it is possible tiat this

is another evidence of its preference for orzanic material,
which results in so much reproduction in decaylng wood. That
further tests with this and other apecles in difforont linds

of 801l under uniform air and molstwre conditions are ncoded

13 clearly indicated.

In case of western rod cedar no survival resulted anygvhore
oxcept on the rortheast slope. Succoss of t.iis spocies on the
southwost or othor exposed sites 1s absolutely out of the
question and should not be looked for; but better rosults from
those recoxrded hore arec sure to follow on more loamy and molst
flats, for tho site whoroe Bod ¥ was placed is ossontlally not
for wnito pino and associated specles, solely on accoiint of
tho nature of the soil.

Codar thorefore roquirés conastant soll molsturoc not below
12 percent in Ausust, such as 1s found on the north aspeccts and
loamy flats. It will not tolerate full sunlight. The fallure

of westorn red ceodar and wostern homloclk on the southwrest slopo
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is ascribed chilefly to the more exacting conditions arising
from the greater wind moveoment, more sun, warmer soil ami
leosser ani more irrcgular roisturc conditions caused by tho
greater drying capacity of the air. It seoms cortain that tie
80il moiscture in _ecd I on the flat was far too low for those
species, ad it is extremoly questlonable whether they would
live evon on a protected site undor condltlions of such linited
soll moisture.

Other stwiles carried out by tho authior and otlor mambors
of the “xperimont Ltation staff point wristalmble to the fact
that both homlocit and ceodar scedln;;s survive ana tihrive on
bared surfaces on low bonches and flats provided the soil in
vivich thoey grow are not exposed to direct insolatlon during
tho hot months of tho yecar. The roots of the one~yecar old
ho:mlocic arc vory shallow and suporficial, henco warm ana dry
woather accompaniod by strong sunlight talo hoavy tolil of tho
now scodlin:a.

Wogtorn rod codar has practically tho gsamo soll rolsture
and tomperaturo roquiroments as the homlock anxl succossful ro-
productlon can be deponded on only on tho flats with bettor
80ll and northorly aspeccts. Unlliko hemlocic Lt nade notlcoably
bottor growtii on tho burned and donudod surfaces than among
vogetatione.

The tosts of slteo charactors vy pluntoed stock of natlve
opecics embracod western yocllow pline andwwestern whilte pine

on the threc sites. These show that yellow nine survived best




and made better growth on the flat than on the southwvest slopc.
Although the slope is distinctly a yellow nine and to some
oxtent Louglas fir site, the stoclk fared better on the flat.
This may be ecxplained by the deeper and loosor soil on the flat
and thic possibllity of bringing by capillarity more continuous
suppl; of moisture toilicir roots on the flat thien 1s jossible
on the slope. It should be noted thot in thils walloy, gonorally,
the yollow pine is abisent from thie low flats and hoavy soils,
due no doubt to tho :more vigorous srouth amd :ore lntonse com-
potitloa thore of mesophnytlc white nine, hnmloclt and cedar.

The plantold stoci: of woster: vhite nino malntalned excecllent
swvlvel and growth on Ui o northeast aspect and peve veory dise-
couragling results on tho flat.

On the plots wsod on the lovwer rart of the gsoublnrest
aspoect, local Influences of di:ade and competlition of chruvbery
have upset & true rolatlons whilch once axisted !n the stoclk,
and have frustrated absolute conparisons. .\t the timo of
planting there was considorable ghrudbery of willow, Opulestor,
Ilolodliscus wiul Coanothuse, T..0c80 lrd & load on tho planbted
stoci: and have offorcd gserious and dissinilar compobltlion for
1ight and soll niolstwe. Lator, densc nats of Wimnllmimnlcl:s,

goat brush, (Pachystina sgrsinites) an' sod hiavo dovolopod to

a marized dosreece Consequontly thicre cxists on cach ono of
theso plots vory kooen competition viiich hias retarded rovthh and

development ol the planta.
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In retrospect, it appecars that the result s obtained by
the seeding tosts and corroborated by the planting experi-
nionts have told thie story better than any other set of data.
Reduction in ovaporation as affected by decrcased alr temper-
aturs and wind and by increased nmumidity resulted in higher
soil molsture, densor vegetation, more abundant organic ma-
torial ond nutrients, which in tum favored establishment md
doveloiment of meslc specles, especially western vhite pine,
on protocted sites, and caused its elinination from oxposed
aspccts. In a si-ilar way we nay trace ths soloction by
other spoclos of thaelr proper habitat within tlw succession.
This selection of the most sultableo location 18 accomplished
during tho vory first end second yoars 1ln the 1life eof the
troos,. Ilowever, on intermediato sites, the more mosic spocles
may invadoe and romain suppressed for a long porlod of time ond
begin moro actlve growth loading to dominance upon the olimin-
atlon of roro xoric spocics from the stand.

The ordor of socoadary plant succossion in northorn Idaho,
as detorminod by tido fleld study of habltat roquirements of
the specicso, 1s from wostern yellow pino, through vhite pineo
to the rod cedar-homloclk climaxe. The westorn larch has a
place in the yellow plne stage under more favorable nolsture
conditions and grand fir occurs in the Douglas fir stage undor

the saic condltions,.




SUMMARY AND CONCLUSIONS

A study was Initlated in 1912 at the Priest River Forest
Exporiment Station in northern Idaho, sceklng to dotermine and
evaluate site factors governing the roostablishment of temporary
£ orest types of the secondary forest succession following
forest fires, losging or othor denudation.

Subsoquent to the general forest fires, which occur poriodi-
cally in this region and which are very destructlve, tio ro-
socdlin; and thio natural roturn of the forest tales place by
stagos passing from tho intolerant and xcrophytlc trees to tho
more permanent tolerant and molisture demanding specles.

Tho invostlgation embraced a study of tho climatic and
oedaphic factors as well as analysis of tho soll vwith a view to
ovaluate tho mochanical, physical and chomical propertics. Ro-
gponscs of artificially sown natlvo scedlings and planted trees
formod a part of this atudy.

Viell eqiuipped vroathor statlions were thorofore located on
a flat bench in larch-~Deuglas fir forost, on a southwost western
yollow pine slopec and on o northoast aspoct within tho wostorn
vhite pino type. Other secondary stations werc chosen and tho
records for the main statlons contlinued over a poriod of five
yoars.

The results obtained from this study are bricfly swmarized
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as follows: The air tomperature rcletions show hicher daily
and seasonal naximan on the southwest aspect with a longer du-
ration of tomperatures favorable for growth than at tho other
points. This was followed closely by the statlon on tho‘flat,
but the northeast aspect shors the most modorate maxima. The
minima of tho air temporatures were lowest on the flat both
winter and swurmer and highost on the northeast slope. [From
these relations it follows that tho groater ranges and the
danger from frost is nmore acuto on the flat than at the other
polints.

Soil tompcratures roflect and follow thoe trend of the alr
tomperaturcs, but diverge far more at the surfacos and in the
upper 80il stratum than at tho lowor lovols. The absoluto
maxinum of surface roadings wore, on the southirost aspoct, 12859,
on the flat, 100°, and on the northoast 95°.

Tho southwest aspoot wihiich supports wostorn yollow pine
1s charactorized by a shallowver onow cover wviiich ls of ahortor
duration than in the othor tymos. This sito 1s also favored
above tho othors by hizshor maxirmm alr tomporaturc in summer
and a longor perlod of growing tomperaturca. Tho soll molisture
reaches moro critical minimo and remains at dangorously low
polints for oxtonded porlods in summer and the wind movemont and
ovaporation arc norc pronounced than elsewhere. The opposite
is truo for tho northeast aspoct 'hille the flat falls in between

these tvio.
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The soils on tho northeast slopc and others at sites whore
the mesic species grow contaln a groater clsy and silt fraction,
hichor capillary and othor moisture retalning qualitles than
those occu.ied by the xcrophytic yellow nine, Those "mesic"
soils show also a highor wilting coofficient and contain larger
percontages of nitrogen, organic material, phosphorus and
potassium than tho s01ls of the exposed aspects. In all of
those relations the larch-Douglas fir site appears to be intor-
modiate.

Soils of tho moro samdy flats viilch bocome occupied with
larch ond Douzlas £ir are ordinarily not sufficlently inproved
in tho physlcal properties to favor tho growth of wostorn white
pinc, cedar and homlock. Theso arcas will thorefore romain
in larch and Dow;las fir indefinitely, while tho more favorablo
80lls aro evontually claimed by cpoclea of groater tolorance
;md moisture reoquiremonts.

Seedlings wiich wore raised from sood on the difforont gsltes
oxprossod by thelr gomination during the first two soasons,
and by thoir survival and height growth to tho ond of tho fifth
year a conformity to the alrcady oxlsting forest troos whlch
had soedod in after firos of 70 ycars ago, In that thoe white
pine survived only o tho northeoast aspoct and yellow pino
flourished botter than any othor spocics on the southwost slope.

Tho fiveo serles of plantations consisting of woctorn vhilte
pine and wostorn yoellow pine which were instszlled on the flat,
the southwest and the northoast slopes from 1912 to 1915, and
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measurod at t:.c end of 20 years, rosulted in a bettor survival
and growth for wiite pine on the northeast aspect and practically
no survival on tho flat.

These results demonstrate an carly selectivity of the native
species for their morce sultable envirommental condit iorns wvhich
1 expressed through their survival end later develomuent nore
than by thelr germination, for jeminatlion of white pine and
yellow pino mny talke place on all of the cspectas and on verying
surfaces. The failure of niesic spocies to survive tho peak of
the hot and dry first summor on exposcd sites, and tho elimi-
nation of xeorophytic species by fungus growth, lacis of 11t and
coupetition during the carly part of their existence bring a-
bout tihic distrlbutlon which we have endeavored to explain.

It apears that tho odapi:lc co ditions to a largo ecxtent
control and deotermiino the order or stagos in the progrossion
of tho tempurary typos ospocially throuch factors of soll
tompornturo, coil molisture and wvmtor-hoiding capaclty. Dut
those cinractors are to a groat extont tho products of climatic
factors, w:lch vary for both tho exposed and for the protectod
aspocts. On tho flats and benches, howovor, the type of rorost
whlch forms a part of tiwo succession deopends ontlrely upon the
odaphlc couditlions, mrovided any onc of the climatic foctors does
not bocome liniting.
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