SEGTION XIII

THE CLIMATIC PACTORS
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Iight. The Dougles fir wﬁllkgrnw in sbout one=fourth
of the full light in adjoining open sreas, although under
these conditions its development is retsrded, and the more
shade-enduring speciea, such as western red ocedar, western
hemlock ,and Sitka spruce (Picea sitchensis) have the ade
vantage.

The inability of Douglas fir to thrive in diffused
light makes it incapable of forming an understory. This
characteristic is a dissdvantage to the tree in retalning
$ts position in the forest, for the more shade~enduring
species ocrowd out the Douglas fir and often completely
replace it in the stand; but 4t i an advantage from a

commnercial standpoint, for this inability to withstand
| shade results in early dying of the side branches, so that
the tree gleans itself sooner than if this werc not the
sase, O(n favorable sites, where the stands are dense,
clear boles beglin to form at 30 to 40 years of sge, and
at 40 to 50 years of age oclear boles as high as 40 feet
may be found. These characteristics 1llustrate the import-
ance of a complete stand of young growth and the advantage
of an even-aged stand. The relatively greater height
growth of Douglas fir during its early years helps to maine
tain 1t. Because 1t demands an sbundance of overhead
light, 1t produces the tallest and straightest stems In
dense pure stands or in mixture with the more shade=

enduring species.
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on the aites of poorer quality, espeoielly in open stunda,
the lateral branchos arc persistent and form hard denese
mood, ‘Theas branches persist for 20 or 50 years after all
foliage has dled, and are enbedded in » large seotion of
the trunk, In looalities # .ope the growth is more rapld
the lateral branches omtain muoch softer wood and are not
so persistent after the foliuge has dled.

In good sites the favorable soil and abunden
modsture enable Douglas fir ssedlings to endurs mors

shade than on poorer sites, The same conditions slso
favor increasod survival and growth of ths ashadee-senduring
westarn red cedar and western hemlook, with the result thet
they often crowd out the Louglas fir, {(21).

joplog (. Bates of the Nooky Yountaln Experinent
“tation has done & good deal of work on Douglaa fir, The
studies of ligbht raguirerentsre espesially intereating.
The surrary of his ?@&uita ia as follows:

1. Seodlings of eipnt spesies of conifors were prown
undor artificial light comparstively rich in the lonper
wave-lengthe »f the visible apsstrum, ond varying in  intensw-
ity fron 55.5 por cont to 1.2 per cent during the first
six months, and from 16,0 to .4 per sont during the last
five nmonths of the expesure, Approximately tho same
adjustrents werc made except at the termination of the 11

montha teat,
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2 5t the end of the 11 month period, seedlings of
Dourlas £ilr woro surelving in light intensity of 077
por aent of that of noon sunlishe on Septecber 20, and
those of lorway pine Iin an intensity of 2.3 per sent,
Pinon pine, white pine, and Inplemenngpruses required one
per cent or less, while bdristlecone, ponderaas and ledpew
pole pines ronged from 1.2 to 1,9 rer cent., Sinow there is
& ratlio of %1 batween the most tolerant of tho speocies
here eonsidored, 1% aan hardly he questioned thot there
are {mportont 4ifferences in the photosamthetis efficliensy
of trews as alosely related se the members of the pine
family.

3.  The somparntively low vslunes tolersted, may be
szaoribed - the gquality of ths light availlable and to 1ts
acmperatively long duration sach day. In any comparison
of experi ental with natural eonditions, both duretion
and intenslty should be talken into cooounts.

4« Pinon end other largeregeeded plnes grew less
Meht in which eagh survived, The bearing which this
may have on the najor regulte iz not slear. Only in the
sase of pinon, is 4t evident thnt 1life was nalntained at
the exponse of the food absorbed from the seed, so that
this spesles rmset be placsed hipher in the seale than ite
actual position indlcoantes.
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6. e height of seedlinps surviving wes not

vieibly affocted by the lipht intensity, a fast whieh
rives rise ¢t the bellief that when shading sppears Lo
stirmlate holoht 1t 1e beasuse the only avellable light is
overhesad, and besosuse the gonditions whileh produse shade

also likely to deoremse the transpivetion demand.

‘e root lengths and drenches wors markedly
reduced in weak lisht, suppesating that seedlinga mey
readlly susoush to unfavorshle anll eonditions when the
1irht intensity ie great enough to permit soms photow
synthesie,

7. from the exparisent we gain the impression
that in the forest, light is not likely often to Le $he
limitine foaotor in the survival of seedlings, sinse lipht
intensicies of leas than twe or three per cent &re not
aften enoountered, “hile most of our data telte no spogount
of tho lack of longer wave lengths in the diffuse light
whioh 18 sometimes the major suprly of seedlinga undor the
canopy, totalesnergy nmessure-ents recently made by the
vriter showed velues of 10 per sent under esnopies 80
dense thet epparently all seedling growth has been
inhivited Por years, Furthernose, there was soarcely
an hour in the dey when, at & plven point of obsorvation
some direat rays of the sun weors not filtering through.
It 18 therofore quite evident that in most instances
in wvhich rooting vigor and domination of root- space
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or ability to meke good use of a small moisture supply,
are almost sertainly the determining chareateristics.
It 1s not irrelevant to mention thet a study of the
water requirements of the saeme specles led to essentially
the same gonclusion, namely, that the struggle between
species is a struggle dependent on the ability of the
species to make growth with the minimum use of water, and
that the relative photosynthetic capacities of the species
are an important element in this struggle. (7).

"Bead shade,” 1.,e., the shade of logs, stumps, and
debris, is more favorable to seedling growth than the
shade of weeds and brush beocause it provides the same
protection against evaporation, sun, and frost but does
not ocompete with the seedlings. For the first few years of
& seodlings life, the brush cover (1f not too dense)
is helpful because of the indireot benefits resulting
from 1ta shade. After the brush cover is well established
however, the presence of this competing vegetation
appreciably retards seedling growth and also prevents
new seedlings from coming in. (24)

Temperature. Douglas fir 1s apperently adspted to

severe climetic conditions in the Rocky Hountain region
and on the east slopes of the Caseade Mowntains of

Oregon and “ashington.



However the fast-growing Paxfic-slope form of the speaiéiﬁ
does not bear exposure to severe cold. In winter the cold
dry east winds smmetimes kill the trees out-right and

often kill the growing tips, especially on the east side of
the trees. JSuch conditions are particularly injurious to
goung trees and either retard growth or kill the seedlings.

Throughout the range of Douglas fir the secdlings
are often killed on hot, exposed slopes through injury
by heat to the csmbium ring at the surface of the ground.
It has been found that a temperature of 144 degrees F. at
the surface of the so0ll kills the camblum and causes
girdling of the seedlings. This Injury often affects
seedlings or plants in the nursery and has heen described
as "stem girdle". The cambium of older Douglas firs
separates from the sapwood when it 1s heated above 160 de~
grees *,, and oocasionally a scar results. If the temper-
ature 1s raised to 200 degrees F., the cambium becomes
discolored and ls permanantly injured.

The length of the growing season in the Douglas fir
region 1a variable, and the seedlings have apparently not
become adapted to this variability. Often late apring or
early fall frosts cause extensive injury to young growth.
If frosts occur after growth has started or bhefore the buds
mature, the buds, « particularly the terminal buds,- suffer.
Helght growth is checked or completely stopped for one or

more seasons, and the bushy seedlinga, so common up to
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4 orH years old are formed. If the terminsl buds are
killed by frost, the latersl or sdventitious duds develop
and 1t may be three or more vears before a leading shoot
fs formed. The sotual killing of yowng growth by frost
s not sormon, but the death of seedlings as the result
of heaving by frost 1s often extensive. 7The prinoipal
dissdventage resulting to the tree, from its inability to
wvithatand froet, 412 the loss of its plage among L1ts com-
petitors. eatern hemlook and westorn red sedar are often
found uninjured by frest that has killed the im:ature buds
of Louglas fir. Yhen in nixture with Douplas fir, those
species talke advantage of the retsrdation of lougles fir
and overtop it, thus olimdnating 4t from the stenda,

llea: injury consieta of oooking the cambium uaually
Juat at the soil surface. Injury may begin vhen the sur-
fage soil {(upper 1/8 insh) attains a temperature of sbout
123 deprees . 41f the seedlings are loss than & weel old,
and death may follow 1f this teumperaturs is continued long
enough. 728 seedlings grow older, they beocome movre resfatw
snt, sone surviving temperatures ess high as 150 degrees V.
Late spring frosts kill tender seedlings by freesing, and
injury starta at aly temperabtures of 30 degrees M, or
lower; late f2ll and winter frosts csuse sesdling loss
by “soil heaving."



‘omperature s thus seen to bs the most impogptant 183
factor "n sesdling swrvival., It kills seedlings divestly
through oxcosaive heat and oold, and indivestly tirough
Prost heaving, end through drourht, Heximmm snd minfoum
surfose solil torperatures ssuse most of the seedling lossés.

solor of the soll was Pound to ave a pronounced
effeot on tho maxinum surface tempersature attained. Dark
solls, particulsrly those with charaoal (from fire) on
the surfsos, doveloped ruoh hipher surfece tenperatures
than 1ipht oolored solls, 'ith en alr tempepature of 080
degrees . {in a weather shelter) the temperature at the
surface of a vellow soil wes 138 derrees ¥., whoroas
similar 3041l covered with & thin layer of burned duff and
anaranal had & surface temperaturs of 150 degroees .
{n-th in full sunlight.) The highest tomperature resorded
in gsounection with this study was 166 degroes ~, It
ogeurred on a blaskened surfaae vhen tho aly temperature
was 102 deprees *. Hinee seodling injury may ceour at
tomperaturea enywhere above 123 degrces P,, it is not
dirficult to understand how the incressed temperature
that results fro: blackening thoe surfaee soil by slash’
barning mey be responsible for preat seedling losses.

It was found that shade is of importanse not only
to keop the soil surface cool in the daytime but to keep
1t warn at night as woll, During the sumuer monthe of

the five consecutivs years of this study meximy ale
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temporatures resopded in s weather shelter on & typlcal

logred-over sron variod from 52 degrees 7. to 118 dervees
’. In o strip sdjoining, of old-growth Dougles fir timber,
sorrsspond’ing temporatures averaged 10 per cent lower,

On a fully exposed surfase maxiog: soll temperstuves
svereaged 49 per cent higher ¢ sn the slr, Under bhrush
eover they averaged 20 per oont higher, while under vircin
timber they werae prastieally %he same 68 t e alr. 'hile
too much #':ade may be as detrimental as no shade, it can
readlly be scen how shsde may prevent great seedling loss
by modarating surfsce tomperatures. Minirmm aly temperatures
ag low sa 2B degrees ¥, were yenorded in late spring in
this study; ahsd- was fould %o have a prohounced effest
on these temperatures, and “he lack of 1t often resulted
in inercased scedling losses, It was found thet when the
eir tomparature was 32 deprees U,, the temperature of fully
exposed mineral soll surfnce was likely to be shout 4 dew
grees lover, while under the shede of brush or debris, it
was 1lilely to be 4 degrees higher. "1th temperstures
thus far experienced, most of the seedling loss has bgen on
bare nineral scoll surfaces.

4 study of the relation of temperature Lo gsover |
at drepon Btate Jollege fe very &n&ayastkng»
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Temperature in leprees

Logation Alr Hurface of Soi)
sentiprade Papenhelt Centigrade Fapenhelit
Under Oal 2.5 k) 2 7%

In open 26 i) 45 113
Under PMip b1 66 ia 64

<he high temperature in the open shows the importe
ance of shade. The temperature of 115 degroes obtalned
on & somparatively cool dsy is very sipnificant, for,
scaording to various suthorities, & tomperature of 110.5
to 12 degroes will gausc heat lesions on the stems of
tender young seediings. (Fxposed south slope)

‘he exposure of Douples fir to a heat of 220 to
240 deprees °. for five minutes resulted in 4/ perminstion.
‘Xpogure for five minutes at 240 to 260 resulted in 0
gormination. Oerminution perioed ~« 112 davs.

In nature, fatal temperatures are reached in
soedlings only at the base of the stem, wheare for a few
rillineters above and below the soll level, the living
colle may be killed. This heat injury ranges from mere
discoloration on the sunny side of the stem to the gone
Plete constristion and killing of a whole ring of tiasue,
Heat injury 1s diffioult to distinguish from "damping off,"”
The edpes of the lesion are more sharply defined in the

case of heat injury, however, and the damage vecurs undep
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very different conditions.

‘he temperature in the base of a peedling 1s largely
influenced by the amount and position of the shade cast by
the cotyledons and true folisge.

The degree of injury suffered br heat lesions varies
with ago as the hardening of the atem tissues {development
of epldermis, endodermis, xylem, and c¢ompression of the
cortex) reduces the tendeney to lop over and hinders the
entrance of vatholoploal opganisms, which several investe
igators have indicated as the probable cause of death
following only moderate injury. (3)

Iater. The importance of soll moisture in the success
of Douglas fir reproduction was first brought out by ¥. B.
Roteslein in 1912. He established sixty 10 by 10 foot
reproduction plots, regularly scettered over the entire
area before 1t was out, and studied the influence of light
intenslty, soll moisture at 1, 2 and 6 inches, orgenic
content of the soll at 1 and 2 inches, and soll temperature
at 6 inches, upon the character of the reproduction.

It was determined that Douglas fir will reproduce
successfully in a 1light intensity of 8.5 per sent. In
a stand having an average light intensity of 27.24 per
asent, reproduction aversged moat abundsnt at points of
least 1light; but loteslein was satisfled this simply
meant that there was sufficient light everywhere under such

a atand, which 1s comparable to the present control stand,
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but that in the openings where 1light is intense ot ep

acondi tiona were wnfavorable,

501) mofsture was found to decrease with inoroase
of licht. .t the same time, Douplas fir reproduction wee
greatest at those points having the greatest soll noisture.
Al fmote indicated that soil molsturs not only is & more
potent factor than lipht in controlling reproduction, but
that 1t 1s the sontrolling factor,

The total soil molsture varied direatly with the
amount of orponie nmatter in the soll, vhile the available
soil moisture varied inversely with 1t, The relation boe
tween tho amount of hwms and veprodustion fs uncertain,
but the fagts brought out indieate the probability that
thero 18 & point up to whioch e inaresses water sapecity
mope than wilting coeffislent, snd is, thersofore, favorable
to reproduction, but beyond whish point Lt haa the reverse
of'fec .,

RBecauss of the usual long summer drought pawio& in
Benton county, soll molsture oontent 1s & factor of son-
siderable importanse in seedline life. Unlike some other
rerions whish recelve a l&vg& proportion of their totel
rainfall during the sumser months, this county of ten has
11ttle or no vain ovor a three nonths perdod. Seedling nove
tality from drought is sometimes osnsod by 8 gradusl decline
in 80il nolsture as the season progresses, but at other
times 1t 1s the result of only a few, dry hot deys.



FIGURE 16

Douglas fir soming in as & result of this

oak leaf mualeh.



Oesaglonally, +hon the 5041 molsture content is alveady lov,
2 alnsie hot doy 43 envupk o dey the astl telow the palnt
Patal to the scedlings.,

“rudies ab Orecon Bioon Jellepe, of melaturs contont
af el wndor the eall troes, se saopepsd elth 53%@1@3%

telzen In the apern, shom en interesting selatlendnip,

Oroup Dapth Fer cent of lolatwe
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Frrorr e ic
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gee msargwenants waro neds on Hay 78, and they
ghor Shnt evan fhis aeely in the season, uerked L 0Tor
aneng %ﬁnwﬁ faveloped §n the soil solsture gontent, 1=
moady tha aurfang goll $n the oven has reashed he ol1%e
L polnt frr plente end unlegs tho 126¢%e treos avoe slle
to keep shoad of the dnsreasing molstuss by papld roct
pometraiion they «411 b unahle to swevive, {(88).

The resulre of this study show the offest m vily of
ahady wadar *ho cel and porilr of rmlah furnished dy the
1net voap's oak leaves upen ko growmd,

Iataturg gonditiong on an area oan whieh the slash
1a huraed are gulte dAfforant Cronm the mofeturs condltions
sn v sinllar aves vhich haz oot been sublectsd to fire,

In o firet plase, the lawrpgs smount of dead ahade is
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renoved, whish shade reduced the remperature of the sups

face soil end the conseguent rate of eveporation, ¢l
live shedo, brush, is ususlly killed, dut will sprout up
in 8 season unless too sevepely hurnod, lLive shade,howw
ever has one disadvantage = noisture is ‘eeded to suppord
this brush which furnsihes -he shade.

In the sesond placs, the soll is so darkened as to
greatly raise the surface temperature, ss explained be~
fore. The exact effect of this difference in surface
temperature 1s diffiocult to measure when applied to soil.
However, by using Livingstonm porous cup stnometers with
wiite and blagk bulbs, one will ret & difference in evape
oration rate whish right be eompeved, though not directly,
with tho evaporation rate from a light and derk surfece
soil, iuring some periods the avaporation from the black
bhulb may he twice as preat as that from the white bulb
in the opon. The difference is not so pronounsed vhen the
tilhs ere shaded but there 1s oven then greater evaporation
rate fron the black bulb.

The evaporation from the atmometors is not axastly
applicable to that from the surface soll, dut nerely
indisates that thers iz a difference detween the OVApOrss
tion from tho different colored solls of conaildersble ox-
tent. Aores of land in Benten sounty are literally covored
with shapgoal 28 & vresult of fire, so the evaporation wust
be considorably groster than from unburncd lend, (17).



The forest 4in Benton county has from 40 to 70
inched »f moisture per year. This precipitation varies
widely for dlifferent locations, The mountains towards
the coasy enjoy the maximum, and elevation tends to
experience increased rainfall., In the lower parts of the
county along the river about 42 inahaﬁ of rain is normal.
(41) |

Douglas fir can be found in almoat any location in
the county but i:ts successful establishment and growth
are largely controlled by moisture. 3Site aﬁuﬁiearhava been
made in different localities in the Douglas fir region
and the soll molsture correlatedwith the establishment end
survival of Douglas fir seedlings. The ability to extend
1ts root aystem 6 or 8 inches deep during the early part
of 1ts first growing aseason i3 an important fastor in per-
petuating Douglas fir., ‘hen 1t is in competition with such
other speciles as western red ueﬁar end western hemloglk,
which produce shallow-rooted seedlings, it often ia unable
to survive where the other speaies fail. )

Regords of soil moisture taken in~l§&§xan the flat
river bottoms and south slopes in the Cispus burn near the
Tower Rock Ranger Station north of lount idams, demonapra~
ted the abllity of the Douglas fir to realst the adverse
conditions of severe sitea., On the south slope the molste

ure in the surface soll reached & minimum of 0,18 per cent



in July and Aid not go above 0,88 per cent in Auguat, %é%i
wilting coefficient of 2-year-old Douplas fir sesdlings

was found to be 1.826 per gcent for this soil. Theae data show
sonolusively that seedlings gould not Jive in the asurface
layer of the soll, beosuss the avalladble molsture was bolow
thelr requlrement,. At & depth of 6 inches, however, there was
suffiolent moiature for grewth tﬁruughﬁnﬁ the seapon.in the
flat river valley where the soll 4s & silt loan, the surfece
goll sonteined 0.19 per sent of molaturs in July and 0,08

per gont in August. At a depth of 6 inches the soil gone
tained 11.45 per oent of mofature in July and 9.32 in juruat.
Obviously, then, seedlings that have root gystemg which
penetrate to a Geingh depth before July of thelr firaet ses-
son, ay become embtablished in this vrepion. (282).

‘These oxtremes of soll molsture awé readily oxe
plained by the records of apil temperature and eveporation,
The surface soll on the south slope rearhed e maximum
temperature of 1208 degrees ¥. in July and 135 degrees in
Angust, Prom July 15 to Oateober 1, evaporation records
with the Porest Service evaporimeter showed an evapopre
ation of 1,070 oubic centimeters on the south slope as

ared with 690 c.2. on the flat. The strilking effset
of eveporation on thesw sites is shown by tho svaporation

from open water surfaceas exposed only to vertisal radliation
es, for thse most part, are massea of vepetation. On the
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sgouth slope, 15.l1 inches of water evaporated from an open
water tenk during the month of Aiugust, while only 1.8 inches e
evaporated on the north slope, and 6 inches on the flat.
Fven 1f the soll moisture is equal in two localitles,
the soll texture mey have a decided influence on the
avellability of the moisture to the plants, as exprecssed
by & marked difference in the wilting coefficlients, ‘This
dlfference would not influence the types 1f the soll mols-
ture were the same at all depths. But the fact that the
surface soll often dries out, while the soil at a deth
of 6 inches remains moist on protested slopes and dries
on exposed slopes, changes the type and glves & desided
advantage to the seedling with a deep root formed early in
ts development. In 1ts early root growth the western
yellow pine forms the dry-slope typre 1n the border zone of
the Douglaes fir forest region. It is very noticeable that
vherever a ravine or spring keeps the south slope moist,
the north slope specles are found, kvaporation, then, is
one of the chioef factors in the establishment of the seede
lings, for, while the different slopes often get about the
same auount of precipltation, thers is such a marked differw
ence in evaporation that the exposed slopes dry out while the
north and protected slopes remain molst. On the fully ex~

posed, cut-over area, the s0il always had less molsture



at a depth of 3 inches than soil under mature Douglas

fir timber or under brush cover. At a depth of 6 inches
the soll moisture content on the three areas was about
equal. At a depth of 12 incheas, however, there was more
maiatﬁra in the zo0il of the fully exposed area. Oscasion-
ally the moisture content of the soil at the 3 inch depth
dropped below the wilting point for Douglas fir seedlings
on the fully exposed area, but this did not occur under
brush or forest cover. Contrery to the findings in many
other forest regions, practically all moisture available
during the summer months is water stored in the soil dur-
ing the preceding season and raised to the surface by
capillarity; the top 6 inches of soil was almost always
found to be dryer than the lower strata.

Because of the usual summer drought period in this
reglon soll moisture is a factor of considorable importance
in seedling life. Unlike some aﬁher regions which receive
a large proportion of their total rainfall during the sum~
mer months, mosat parts of the Douglas fir region get little
or no rain over a 2 to 3 months period. On the aresa
studled the average ammual rainfall is 85 inches, but
during 5 years the greatest rainfall in July and August
amounted to only 0.76 inch. During threse of these years
no rain fell in July. B8eedling mortelity from drought was

sometimes caused by a gradual decline in soll moilsture as
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the season progressed, but et other times was a result
of only a few dry, hot days, Oveasionally, when the
soil molature sontent already was low, a single hot day
would dry the aoil enough to kill many secdlinge. is
might be expected, ssedling mortality was greatest on
the logged area whioh recontly had burned,

‘ince soll moisture frequently is the fastor cone
trolliing the survivel of youns seedlings, it follows
that the presence of other vegetation may sometimes prew
sent serious competition for the little moisture available.
Theso atudles indionte that for the first few yoars ét
8 aeedling's life, the brush gover (if not too dense) is
helpful because of the indirect benefits rosulting from
1te shade. After the brush gover is well established,
however, the presence of this gompetitive vegetatlon appre-
eiably retards seedling growth and aleso prevents new seodw
lings from coming in. (£24)

S0l moisture was found to deorease with increase
of light. £t the same time, Douslaes fir veprodustion
was groatest at those pointa having the grestest noise
ture. 41l facts indiocated that soil moiature not only %a
& more potsont facstor than light in controlling reproduc -
tion, but that 4t 4s the controlling faotor,

The total moisture varied directly with the
emount of orgsnie matter in the soll, while the availe
ahle 801l nolature warisd inversely vith 1t. The relation



168
between the amount of humus and reproduction 1s unsertsain,

but the facts brought out, indicate the prebability that
there 1s a point up to which humus incresases water
capacity more than wilting coefficient, and is there-
fore, favorable to reproducstion, and beyond that point
it has the reverse effect. (37).
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d. “ind 18 a factor in evaporation upon bHroad

open places, on slopes vhors 1t as & strength thel grove,
“apeeinally 48 14 a faobor on the ridpes snd pesks,
Douglra fir 1s very rmuoh affected by the wind in  sev-
eral ways. “ind proves valuable in disseminating Douglas
fir seed It 1s often disedventageous in bringling in
seeds of conveilng species a.d Lt doss great decsge in
the newly opened stands an & result of lopging and five.
“4nd polinates the sones of Douplas fir from the pollen
slustora. "4nd 1a often a terrible fastor in the orowm
fires of the reglon and often the westerly winds off the
ccean have pought vain at a oritieal time in fire fiphte
ing. Jouthewest winds apnd those from the west in Benton
sounty bring us ouwr moistura., ind is seld slso to be of
great utility in the foreat in sonveying fraah»aagpaiaa
of sarbon dioxide ¢o the Pollage, (42).

“4nd is to he oonsidered vhen sontemplating e
sutting in a forest, fo- wind 1s s faotor on exposed
slopes through 1ts drying eation, That the vate of dry-
ing varies greatly with wind velooity is obvioua to any
observant person. Ixperinental evidence as to guantitative
relationship is vather variable, Hensele (guoted by
felbig, 1930) found the s-1l evaporation nearly propore
tional to the wind veloolty at rates fron still alr to |
nearly 350  .p.h. Heaeeds and RBobinsen (191¢) found an
enorrous inorease of evaporation ss wind veloolities
inercased up to 8§ 2D, Dut between 5 and 20 WPuhi.



FIGURE 17

This stand is yielding to the force of the wind

Cutting was too heavy for future productivity.
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little increased evaporation showed., Bates (1911)

showed that with o 20-mile wind, evaporation fro- &
Plohe evaporimeter fulls te only 40 to 50 per cent of
the evaporation in tho open within 1 to £ tree helphtas
of & wind break. Some effest im folt ss Par s 20
tree holgita in the lee of the windbreak. ‘4th & B
mile wind the effect is less striling and is falt only
about 5 tree heights away., {4).

“ho distance to which Douglas fir seed may be
carried by wind hae been a point of controversy for years,
To shod light on this problem the Porsat Ixperiment
Station in Portland, Oregon, carried on rather extensive
axperimonts under the divestion of i.. lsass, Joed traps
were sot on logpedwoff land adlucent to groen tirbep.
liere on slipghtly rolling topography, seeds were saupght
in traps a half mile from groen timber; but seedfall, in
sufficlent quantity o bo & Pfaator in restooking, dld not

extend beyond 1,000 foet Prom groen timbey.
Another series of tests wes made hy releasing
gecd from o box kite at an olevation of 200 feet shove
level pround. oCounts on the snow indleated that ased
released in o vind velooity of 7 miles & howr foll in
preoatest donsity at 1,000 fest from the point of rolesnse
and the maximum dlsteanse to which 1t wes serried was
1,800 fost, Scod atrmilarly released in a 2%-mile-per-hour
wind fell in preatent density 1,600 feet from the point



FIGURE 18

Douglas fir edgling into a field.

Bracken fern is also spreading in this area.
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of release and nede a maximas flipght of 3,500 foet. The

ogourrence of roprodustion on semple plots on logredw
off land substantiates these moasurements of send fliphts,
4Also the reprofduction survey of the Tillamook durn made
during the susmer of 19356 showed that area to be adequately
sosded for an average dlistence of 10 shnine fron groen
timber and liphtly sesded beyond that point durinp the
two years that have elapsed since the fire.

“rom what information 1s svailable, 1t appesars safe
to sgsume that an ares will seed for en averape distanee
of a quarter of a mile, However, air movement i3 mO
varinhle that no positive distance of seed flipht ean bhe
gset up for & speaific area., Douglas fir seed fells at
& rato of npproximately 2 miles per hour, end the dlatance
1t may be garried may be greatly affested by losal topog-
rephy ns vell as horigontal alr ourrents. Fecent aero-
nautical meteorologists have brought out that rising
sir currents from 1 to 10 miles per hour frequently
oacur on warm slopes. Should falling seed encounter a
rising alr current that exceoded its rete of fall, it
might be sarrisd unbelieveable distsnoes. Similarly, folle
ing eoir gurrents ~ay beinp sced to the earth much more
quiokly than normal fall, The oscurronce of roproduction
at long distances from s aource of seed, w .ich has puszled
investipators in the past, may be explained by these

vertigsal air currents. (24)
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The measurement of natural seed fall (seoed trapping)

from e timber edge showa that from the shopter wod lob
type of treoes the bulk of the seed folls within 100 feet
of the timber, but from s heavy orop, sond seed in

roodly numbers {8,000 to the asre) may be expectad 900
fect from the edpe of the timber,

From & light arop, such sesding cannot be expeoted
for more than half that distense. ©+ comparison of dissens
ination from the short{1l50 foot) timber with that of a
similar arop from the tall{210 foot) timber indicntes
that the aced of the latter will be carried twlce as
far as tha' of the former.

e heavy fall of seed olose to the timber is evie
denae that most of the ssed 1s shed during periods of low
wind velooity., (28),.

Louslas fir seed {as well as that of its prinsipal
mssociates, oedar and hemlook) ripene in late Aucust; The
sones open, and rmieh of the seed s released then. Yith
damr weather, the sones partially close and when they open
again on dry days more seed is released. In this way
the dlasemination of the seed is sontingGed throupgh the
£2l1l and early winter. An apprecisble ammut of pood seod
em be found in the econes in midewinter.

The lightewinged seed is bourne away feom the parent
tree by the wind and 1s subjeat so the wind's wvapariea,
the seed disporsed om 8t1ll deys naturally @ ighte olose



by. In high winds 1t may fly feor,  The maxdoam Marmmléw
at whish soed btrees ocsn (o effeciive sesding ls not known,
1t depondo, aneny other thiners, uron topography, the sone
son, tod the smount of secqd dispersed. Crusted snow sould
easlly insrosse the ﬁisﬁ»&ma‘ that wintor aown seed may

be carried by wind. (88).
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he mumber of lower plante and ani-

male which are temporsrily or pormanently housed in the
soll end draw nourishment from 1t is quite aaﬁ@axﬁh&n@;
Mne~tenths of all inseots spond some time in the aﬁil;
Thelr harmful activitiea throurh devouring of roots
(rrubal, demage to seedlings, unfavorable physiaocheoms
1eal influences on tho soil, ets., are axsoeded by thelr
profoundly henefiola)l aaotivitiea,

Larsin was the first to call attentlion to tho ine
portaing of earthworms in worldng over the soll., Py thelp
burrovs, vhich ponetrate to a maximus depth of 7 =, |
they onen up the lower lavers of the soll. They orind
up large amounts of sarth with thelr principal food,
which 18 decomposing plant saterisl, The exereta of
worma arce deposited occasionally within thelr bumrows
hut ususrlly on the surface of the ground in 1ittle spipw
al heapa, This materiasl, as D'iuchald hes ascertained,
is richer in nltrie asid and saloium garbonate t.an the
oririnel earth. For this reseon the soll reastion of
th  worm exoreta shows a somevhat lower 'i=ion concentrae
tion.

Fapthworms 4n this manner not only further the
loosening snd erwsbling of the soil, but they render the
nutritive substonce of the soll mors easily available

for plants and thersby inorcase the store of nutrients,
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They are most abundsnt in nearly neutral soil and are

rarely found in soils whth an acidity higher than pH 6.

Soil Fauna. Uompared with the actlvity of earth~
worms, the importence of insect larvas, ants, gentipedes
mitea, etc., in the soll 1s probadly very small, but
very little 1s definitely known on the subject.

Aocording to the food habits of soil animals,
Buckle distinguishes earth esters, meat eaters and plant
eaters. The meadow and grazing soils contain at least
50 per cent of plant eaters while tilled soils are ine
habited malnly by meat eators. This fact is probably
related to the circumstsnce that, unlike meadow and graz-
ing lands, the tilled vegetation does not cover the soil
throughout the year.

An apundant microfauna, composed of infusoris,
rhizopods, rotifers, and nematodes, inhablt the soil
and especlally the root layers down to a depth of 15 om.,
and participate in the proocesses of soil formation.

These are %o be considered of great importance in the
formation of humus. A high development of the protozoan
fauna corresponds, as a rule, to an impoverished bacterial
flora, The development of bacteria and their astivity are
affected unfavorably by the presence of large numbers

of protozoa.

A very important disease of young seedlings 1is
known as "Damping off." It may be caused by many fungi,
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smongs which 48 Pythium, wihlah inhablt the sofl. “Dompw
ing of?” 4is move prevalent in nurasries beosuss of the
sage of sproad in the thisk prowth snd also beowuse of
the neutrsl or siipghtly alkaline condition of the soll in
most nurseries. It aan he cheoked to a largo dogeee by
the application of asid to the soll whioh does not harm
the seadlings ainge they ave naturslly acld-lovers.
(Douglns fir). In the burna thickly covered with a
now prorth of fivst-vear sesdlings we have s aomparsble
gircumetance to that found in the nursery hed. The five
has noutrsligsed the aoll and the demp weather in the perine
inatine poriod in the Douslas fir replion adde to tie
growth of the orcanisms. However, it thrives on orpgenio
matter and there may not be an abundanne of this in the
burn, eertainly not 1f £t is resent. Isamgs hes estinated
the amount of Douplas fir mortality to “Dempine off”

at about 57,

Joil Flora The mieroflora of the soll plays a mush
more significant vole than the snimals in soll econony.
Thie flors is somposed of countless hacterie, fungl, snd
aleae vhich live preferably 4in the root %&y&r/gf the soil
and are exosedingly sctive thove. Their sipgnificance is
{ndicated by thoir funotion of nitrogen fixation, as well
as by the fant thet they make more availeble many sube
stenses alreedy in the soll tat Airfiocult of sssimdlation



174
by hisher plants.

Licroorgenisms not only contribute to the inorease
of the food resources of the soil but also relense inor=
ganic food materials. Thus, by their mediation, the cycls
which trensforms dead orgenic waeste into assimilable
plant food is completed.

In the forest the best nitrification is shown after
cutting, when nitrification and decomposition of litter
are favored by light.

Along with nitrogenwoxidizing processes we alwayy
find, also, nitrogen~reducing activities. The living
oondi tions for both processes seem to be similar, Tue
soll conditions feavoring one or the other of these groups
of bacteria determine whether construstion or destrustion
of nitrates shall predominate. Very rcld soils without
herbaceous cover, in conifer foreata, have decided
tencdency toward dentrifiecation. (10).

The inseots injurious to Douglas fir reproduction
have not besn poasitively ddentified., The extent of their
damagze ean be judged by the observations of Alexander, in-
dicating an average loss of 10% due to inasects, and
Isamc, indicating a loss of 16% with the greatest part

of the loss occurring in burned over areas.

#31d Animals Douglas fir seed Is particularly at -

tractive to rodents, lost of thes seed matured during years

of light or medium seeding is consumed and the production
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miet envring from the surplusces of heavy asced yoars.
Todente aro also vory Importent In the Lulury So Lhe TOURE
seedlings, Iesse pleces rodont infuvy of secdlinge third

In the causens of thalr desth, The vhita Posted mics ans

somatimes a mroblem, Tn one instsnce thov conavmed Prace
tleally the antiwe sensonts srop of nowly porminated
seodiinge on sumple plots. imring tho paot season (two
years afver the Mrs of 1033) they wers feound numerous on
the gpoat Mllemook buva aren.,

Habblts do some injury to seedlinpe by nipping the
buda, ut they are not ususlly of greet imp wtonse in the
Douglas 1y type. Duer do some browsing but do not
injure reproduatinon wnder ordlnsry clrowmats oces., I is
quite common in small saplings to find trunie freom whiok
the hark has heen stripped by the doer. “his i85 due to
the itohing of the “velvet" on the howns of the buslk.
During this period he often pets down on his knees and
works hia entlers epeinst the tvunl of tho tree, rolieving
his cdleoocufiture as he removes the troublesome velvei,
“he troe le not alweys killed but often this !s tho anss,

Mrds. It mipght be seld that man is lerpely indehted
to bird 1ifo for the ebility to grow any timber at all,
“hen one conaidors that birds eat o two to Pive times
thoir wolght In food emch dey whan young, the smount of
inseots eaten 1s assen %o he eonormous. As & wuls birds

do not 1ive wery long, but they live fast, They breathe



FIGURE 19

Bark beetle infestation as a result of burning.
The pieture shows the chopped up bark as & result of the
woadpéck@r. This friend of the forester prevents apread
of the heatles by goling into the infested cambium after

them.
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ranidly, have a higher temperaturs and more rapld oire
sulation than pthor vertebrates. 7This is a fortunate
cirounsiance, since to generate the reguisite force to
sustain their active bodles, & laerge quantity of food
1a nocesssry and, a8 & matter of fast, wipds have to dew
vote most of their waking hours to obtaining {neccts and
other foods. (“motinz H: W. Henshew, former ohlef of the
e 5o Yolopglesl Hurvey, )

The hawits arc fairly plentiful in the Douples fip
reglon. ihelr ohief diet is rodents., These inalude
rebblis, mice, ohipmunks, gophers and others, ihey slao
feed oxtensively on insests and to n lesser extent on
other birds,

The poorwills, nighthswits, and swifta, espesislly
are henefieial, They devour myricds of insests found
over our forests and in the forest itaelf,

™he sapsuckers ars traly domardng o tho forests.
{44).

The woodpeckers are great alds to the preservation
of our forests., “oodpeckers are apparently the only
agents w ich gon ocope with gertain insects enemies of the
forest. For this reason, 1f for no ~ther, thoy should be
protected in every possible way. Ixpepting for s single
apacles, these birds ravely leave any oconsplouous navk

on & healthy tree exsept when 1t is affeacted by wood
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boring larvee, which are acourately located, spesared snd
devoured by the woodpeoker.

Porlinps the two species of ewallow that eonjoy the
forest moat are the tree awallow, and the northern violete
green swellow., The former 1s o transoontinental spesies
while the latter makes 1ts summer home in the Pacifis Hopthe-
west, These birds feed while in flight ‘e same as nipie
hawks and swifts. Thelr food, thersfure, oconsists entirely
of inssots found in the sir. They £4it into the foreaters
asonception of useful esnmnomice factors by searohbing the
air over the forests for food,

the Jays, revens and orows will tuke a great
variety of food. Thies food sonsists of frult, inseots,
grain, seeds and thn epps and young of smaller birds.

Prom soventeen to twentyesix per cent of their food sonw
sistes of insects. ‘hey also destroy young mioe and rats.
They seem to do mush pood as well as much harm. They seen
to have a definite plsse in the scheme of nature's
balance.

Honry '. Henshew says of our warblers: "ihey
gacupy no unsertoin place in the list of our useful bhirdse.
Preominently insectiverous, they spend thelr lives in
the sctive pursult of insectsz. They bepin with the epps,
preying upon them vhonever snd vherever found and sontinue
the rond work vhen the epr becsomos lsrvee, snd vhen the

larvae becones the perfooct insent,
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They are especiclly valusble in this prespest begsuuse

of the protestion they lend to the forest trees, the trunk
bark and follapge of whioch they sesrch with tireless energy.

Their efficienay 1a vastly inoreased because the
many different species pursue ths quest for food in very
different ways. hile some confine thelr searsh ohlefly
to the trunks oand large branchea and exwiine eash arack
and orovice in tho herk for eprs and larvae, others
devote thelr onerples to the tiige and foliape, seanning
each leal and stem with eager eves. 5till others descond
to the pround and exsmine the litter and grass for hddden
prey. learly all are adept at catohing inseots on
the wing.

The quantity of animal food required to drive ¢ e
avian enrine 1s so great that 1t is no exaperailon to say
that prastioslly all the walking hours asre devoted to food
goetting. “hat this nsver geasing industry nesns when
trasslated in tons-weipht of insects, 1t is impossible to
guees, tut the prastissl result of the work of our werblaers
and othey insectiverous birds is thet we still have our
forosts ond shall continue to heve them so long a8 we
encourage and protest tho birds,”

The manbers of the thrush fomily inelude suoh
woll lmown apecles as the bluebirds and robins. The nost
delip:tful song of the deep forest ia that of the hermit

thrush, ts assosimtes, neny other thrushes, are also
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mowm for their songs. 7hey are typloslly foreat birds,
spending moast of their time on the ground, seeking thelr
food beneath the litter of leaves and twigsa.

Singe we seo that birds in the forest are in
reallity working hand and plove with us in this business
of forestry 1t ia up to us to ald thom in thoelr work,
Haintonance of food suprly, allowaence of certsin areas for
neating, protestion wheravey posaible apninst the destrus=
tion by fire, and many other methods gan bs used bo ald
the birds in thelr work for foresiry.

ZIene snimalg. Joniferous treea are not highly psalate
sble for domestic atook, but it is trus that tendor growth
of Douglas fir 48 often nibbled by sheep and to some oxtent
by other animale,

Seedlings in the nain ara injurse
(1) srampling, (2) rubbing, (2) browsing, snd (4) by
burning off of the loggede-of? lands by stockmen to soourse
better foed for their atook. Seedlings from 5 inches to
% foet soom to be tho ones suffering from prasing. The
secdlings under € inches have sush a tremendous mortelity

4 in four wave:

fron other couses as disease and fungl thet any danmare
done by grasing is neplipgeble,

The younper seedlings are dauaped more by trampling,
while those ebove wo feet are injured by rubbing, and
those of all siszes are danapged to some extent by browsing.

The treapling is charsgteristic more of poats and



FICURE 20

Sheep browsing on Douglas fir.

Bracken ferm is repidly reducing the value of this

area for grasing purposes.
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aheep as they ususlly travel in bands. They not only

injure the seedlings by the mechanical astlon of trampling
but alse by dlgeing the aoll away from the roots and so
exposing the root sysvem Lo drying out.

The deanage caused by rubbing 1s more characteristic
of horses and eattle. This is generally seen on older
seedlings. Nither the leaves may be rubbed off, or the
bark 1tself may be injured, or the trunk bent over so
far se to permenently injure ths tree.

Browsing of the young stuff always does harm, as,
along with the needles, generally the terminal buds are
aaten, COoats are especislly hard on reproduction because
they have the habit of eating practically anything.

Sheep are next in order of damage done to reproduction
by browsing snd then come ¢sttle snd horses.

Ay intensive study 1s being made at the Pacific
N orthwest Porest Experiment St.tion on the effect of gras-
ing on the Douglas fir reproduction. This study was
started in 1925. S3ome work hss slso been done on the
MoDonald foreat at Corvallis, Oregon. The plots at the
Experiment Statlion were esteblished on loggedeoff land,
some of wilch had heen burned and some of which hed not,
The plobts at Corvallis were located in a variety of cone
ditions, In both gases check plots were estsblished along-
side the samples.

Both these studies show that graging animels of all



PIGURE 21

Sheep grazing = no reproduction
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inds certainly harm Louglas fir reprodustion.

In general, cattle and horses use & grass renge to
better advautage than do sheep or poata, By grang range
is mesnt range whieh has a dominant forege of grass, as
distinrulehed from weeds and similar forese sush as we
find on burns and hirh mounteln aross. dheep relish
tender preen lesaves and slso ths ascds of ~any grasson,
but theyr eat sparingly of the soarss ary dtems and loaves.
Jattle on to otier hand, sonsume o much larger povtion
of the coerse prass. ‘hoep will eat pert, or all of
meat weed svecies on closely grazed renpes and often profer
the susculent weed to vrﬁ!rgraa** On the other hand,
only a awnll pereentage  of weeds ave palatable zo agattle.
Both cattle and sheep eat aonsideprable bBrowse but sheep care
for this type of food mush more then do cattla, OJattle do
resch higher then shesd and get more forage fron high
browsing. Por sheep to wse brush ronge of larps area, the
brush: should be in an open enough stand to snable the shoep
to move about resdily. They will graduslly work their way
throush, and fully use amell sreas, however dsuge the brush,
if 1t in pslatable, unless the ares is too wet, This is
sometines the suvse where willow browse cgours in wet maadoys,
Cattle will use donse brush ranpe, but do not vwafer it,
Jattle are apt to beoome footsors more r pldly than sheep
or goata and this is to be considered 4f the ares 1s very
rocicy.



FIGURE 22

Brush coming in as a result of burning for

grazing purposes.
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‘he distrivution of the water supply is not only
an importent fscvor 4in the full utilisation of forage
but 1t 48 aleo important from a silvicultural stande
point, The forester will f£ind more damage in ean ares
where the water is limited as to soures. ‘dth water
woll dletributed ever the area, danger from trompling,
browsing, snd rubbing is preatly Bessened,

Jneep can generally go from three deys to several
waoks without water, depending upon the amouwn® of susou~
lent feed, tho tenpersture, and the amount of rain or dew.
vattieo need walter every twe or three days, depending on
the seame factors, tut they are in the habit of drinidng
much of tener where water is readily ascessible,

Hatribution of sazlt on the eres may keep the anie
mals hotter located and so result in less damage to
reproducstion.

8 often find in western Oregon the aaﬁm land belng
used both for timber production and for grasing. 48 a
result of running tracgests throurh the various pastured
forest londs and from othsr observations we have cone to
the conclusion that the tvo uses of the same land is the
holghit of folly. Either the land should be set off to
grow timber or 1t ashould be used as graging land alone
siid treated as such,

he dusage to reprodustion is vory evident in the
study. It lan't a gase of killing the young trees ut
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rather that of stunting them and malking them unfit fop
timber production. Time aftor time on « logred over area
one will f£ind young Douglas fir seedlings sordng in
where protested by brush, and again, by loastion. slong
the tralls and nore frequemted arsas, trampling and browae
ing 1s holding the ares in a sendereforested state. om one
side of & fence may be ssen an adequately reseedsd and grows
ing area while on the other side 11ttle or no reprodugtion
1s vieible. From our observations we have decdded that the
two uses are inoompatible to sood manapeuent of lend,

ine habit of burning the land ovor when the brush
stapts coming in is annther ofteprasticed poliey. "his
of course idlls the gesdlinps and nives the Wrush a stast
in the use of the grownd,

Pearson has done quite a good deal of investipstion
in this field (Grasing and Yeproduction): "Full arops
of timber snd forage cannot grow on the same pround at
the same time, “herever there &re forests and grasing
euimals thors is sonfliot, ‘here sonditions of olimate
and soll are favorable to treo growth it is usually the
forest that prevails., Very 1ittle forage can grow under
& forest that approsches full astooking. It is only through
the aid of fire and lumbering that grasing can gsin s
foothold 4in the forest,”

if timber produstion is truly the major obiootive,
forage production on timber lands con searsely be even
& scoondary objeotive for then vhatever grasing 's afforded
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must be vegarded as purely insidental end temporary.

Grazing mst bes gubordlinated o such an sxbtent that there
will slweve he a substantial msrgin of safety on the side
of the foregt., Thls will ususlly result in incomplete
nt4lization of the forsge.

™a snlution of the grazing problem should follow
ennstructive lines, Distinetion must be meds between
true forent lends and lands chiefly valuable for grazing.
On the latter range management should be developed to a
hipk Gepgree. On the former there ghould be no attempts
to increase graging capacity, but rather to decrease 1t by
replscing grass with treea,

One dlifficulty in people realizing the fact thatb
the two industries cannot go hand in hand is the fact
that grazing 1s deasidedly advantageous in most burned over
areas in reducing fire hazard.

Some Lldea of the reduction of fire hasard through
erazing use will be gained from the average utiligation
of the vesetation found on 94 chain plote perindically
examined in the experiment with sheep on the Columbia for-
est, Fireweed, a highly inflammable plant which averaged
40 per cent of the stand, was consumed 74 per cent; grasses
and sedges were used 83 per cent; bracken though mainly
tramplad; was ugsad 14 per cent, and blaskberry considered of
doubtful edibility at the utaﬁt, was grazed 59 per cent.,

The avarage use of all vegetation removed by stock was B5B8%.
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Han. In Benton county ono might well aay thet every

sore of the ‘and has been affected by man. In the early
deys the Indlen burned the hills and lowlends to drive
game and to keep tho areas open so that game might increase,
Later the sottlers came in and established stook renches
on the immense grass avees., Lews apninst fire wore
necossary because of denger to property and liwes, s the
result a?‘lmwu we find the esolopisal aspest of the eounty
shanging more and more with the pussage of time, 'hole
hillsides that were covered with grass Por apes now boran
wlas i,

Lend 4n the hipgher reaches that was timbevred but
had been burned to keep out the br:sh now began to have
an understory of brush and roproduction. Forest 1itter
began to asswmilate snd the soll layers of éuff and hums
wers formed. Instead of a bare floor one finds an inﬁhk

to tekte om the green Do

or 30 of material in verlous stages of docay. Doupglas
fir for reproductlon purposes prefers <he bare soll
for many reasons snd so the reprodustion begen to be
sonpoaed of other spesies alse instead of one sposies,
bougles fir, Ueder, hemlock, white fir and in the nore
mofst and shady locations, alder snd maple bepsn to
ercap in,

The forast 1s ntiiz in o proseas of change and 1%
1s to man' s advantage to study his practice in the forest

80 &8 to gein the maximum from the sresa,



Jire ng The S013. "PMre i partioulsrly ﬁ@aﬁ@ﬁﬁﬁ%ﬁg
on thin, sterile s0fls, On deep bhotten-lunds wiph in plant
fooll the offech of & five o the 3021 48 not nearly no
aoyere an L% may he on 8 aoil Lacking slveady in dopth
and aeality.  Studles have shoon that ths 1ltter and pave
tially fumdfied moterial on the Porsad floor mav gontuin
2 por gont or nove of nitregon.” (2}

“he forest tree depends for 1ts nutrition largely
upm tire materiellaation of the litter dvovped upon the
forsat {loor. Host of the humus materdal and she hunmle
floakion vrocneses amaﬁr on the top of the goll. i& the
progogs ammtinmes some of the soluhle hwms i3 lsashod
into the tor soll, whioh &s vory povous snd abporptive
to a depth of & Anohes or move.

“hen fire entars the Porest, hoth the lltter and
the humifring snterdnl are gonasumed at anoe, Yven the
hwma in the 4i==ediate surfscs soil may be partinlly
burned out. In the area hurned aver, the husus gantond
of the spil 18 low in the Lmnediate surfase and increases
with depth. In the wnburned ares the humus oontent of the
scll surface 4s high, and dooreases with depth,

ihs immediate effect of burning 18 to produse a
rather 1ibersl surply of pleant food, Uils s Pevorable
both to aoll ergeniess and te plants groving on the soll

is likely to Tollow m vather profuse vegotation of »11d4



grasses and herba thut produce excellent humus waﬁ%rimi??
tven legumes may volunteer. It is woll known that oloves
starts ousily when seeded 4n the ssh aftor a burn,  hat
represents sevorsl years of leaf fall, however, is gone
sumed by fire in a few minutes., In fast thove may be 10
tons or more of litter and humus materis) per ssve on *he
forost rloor. In old forests there are seversl times as
Huch.  dora than 100 tona per asrs has heen rep&rﬁ@ﬁuytal}

In t“imber thet 1s so dense as to prevent prowth of
grass, the renewal of so rmuch Mewms material would roquire
several yoars. The litter fall per seaaon probably does
not oxaced 2 tons snd may be considerably less. Nepsated
burning, thorefore, mist soom result in a sondition where
there 1a no longer any orpanis materifals in the soll to
hundfy. lature's mothod of renewing forest soils then
bewoones inoporativa. Only one result oan Follow, Impow=
erishod soils must lerd to reduced tree growth, through
lack of nutrients, redused molsture capaolty, snd penerw
2lly wfavorable conditions. It would seen rather dangeyw
ous to conzlude, therefore, that becsuse the Lmeddate
effect of burning 18 heolpful the penersl prastice even
with controlled Pires repeatsd froquently would be benew
fizlal to tho moil.”™ (14).

& factor that seems to be often overlooked by foreads
ors wien Yaliing of slesh disposal by burning or tho sffest
of turning of snv kind, fs the 1lose of that great wealth
of 2oil orgacdsms thet are to be found in the natural soil
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and vhii ‘h ere sc benefisisl In most sasos. One of the blg

factors in fleod asontrol 1s vhe nalntensnge of the sarth
in an shsorptive condition. Upon the forsst floor when
burnin- is kept out, ona finds numerous pores dovn into
the earth, made dy orcanisms of various kinds., Bavthropmgs
bhaetles, insect lorves, ants, sentipedes, rne pmaller
formg, all do thelr part in alnteining thils spongeelike
aatlon of the foreat, The lor: of thes: orpspisms by
Mre fn oonfunotion with the loss of the hpme and llttep
deoreascs the abaorptive powsr of the Porest irmensely.
These orpanieme malte plant food avallable also as dise
suased undor praning,

he result of exposing the Poprest floor by fire s
the £illines of eech tiny hole with rminute particlesn
earried in solution by the first reins., sfter that the
water hes s tendenay to run off rapidly.

‘ Por nany years
forestera and lumbermen labored under the impression that

Douglas fir seed storod 4n the duff from vyear to yesr
revained vishle, These men helfeved thae: this inmense supply
of stored sesd was but walting for the removal of the

parent orop vwhen 1t would pgerminste and fMurnish the new
forest. "Throe serles of tests extending over nine vesrs

wera nede by the Northreet Porest Dxperiment tation.

™ese tests were made by burying the seed undor natursl
gondltions and later %testing them for permination. These
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indicate rather definltely that ths Douglas fiy ssed that
falls %o the forest floor and s no% consumed by birds
and rodonts elther germinates or decays vithin one yesy.
(m out=over lands sample plots exanuined sunually over a
long period of yoars show that the emount of new reproduste
lon fluctustsas in asoordanae with the cone crop of the pree
vious year. During the past yesr (1936) a reprodustion supre
vey was nade of the great "illmnook “urn. This showed that
&n shundance of 1974 vreproducticn was found where there
wera clthar opreen trees prasent or wherea 1923 gonen were
not sonsuced by the fire end were sither atill alinping
to the dead tress or were found on the ground. ‘here
thers wore no gresn tress or 1873 sones present the row
produstion was consplsuously lacking,

-1though there may be sonditions in nature under
whish somw Douplas fir seed will remain visble for move
than a roar after falling, 1t appears aafe to sonclude
from the forecolny evidencs that moast of the veproduction
sprinece from the seod of vhe previous ysers cone orop.” {(94)

in sano of logoing without provision for seed troes
the importence of the laat seed orop is ai ence alear,
ihls laat geed orop may he the only sourge of tha naw
forest. OFf course if thers 1s sn adegnasy of geed trees
left to seed in the arom, the: it len't so inmportant, If th
the area 1s burned to reduse the slash hezard the shenoes ore
that the lazst soed orop will be consumed in the blage.
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“oat Douglns fir slesh fires complotely consume the duff
and burn down to the mineral soil., fxpordnonts have
shom that molet heat over 180 degrees and dry heat over
200 depgroes will so injure the sced se to roduce porminas-
tion to less than 1%, ' ith heavy slash on the pground and
anything like docent burn 4t 48 folly to expest seed to

survive a slagh flire.

Mre and the ffegt on the !lemaining ot

2f course any small tross on & slash ares are

itilled hy the fMive as Lt swoeps throuph the sglash, Home~
tinea thoro are isolateod patehes that esesape but for the
most port sall material 1s killed outriciit. There are
large arcas in Jenton county that ovre exieting evidenca of
the heeat penerated by a slash fire, for entire stands of
Dourlns fir poles oen he seen standing lifeless on the
burna. If tho area had lasrge, thisk barked trees on it
theso probably survived and sone few of the poles may

live tiroush. do to the dmmapge ssused by tho loas of éa&ﬂ

ruat ho added tho loss of this s anding young material,

Pire and the Resulting Imnediate Vegetation.

the vepetetion coming in after a slash fire is
usually rather distinetive. ‘h:is asover develops
irrerulorly but gertain apasies of plants oan usually
he fouid, ULivermrorts and mosses whish cover tho soll

and snnuals and perennials, such as fire prass {(ipgrostis



FIGURE 24

Result of logging and broadcast purning. These

trees might just as well be alive and growing.
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hiemalis), Pirewsed ( haneenerion sugustifolium), everw
lsating {snaphalls morperitaces), thistles (cerdus),
m11foll (<ehlilea), brasken fern (Fterie aquilina), and
other specles with windeblowm propamiles ars the first
to ogsupy the areas .48 the burns grow older this
assoclation glves way to shrubs such &s raspherry (ﬁuh@s
strirosus), hagelnut (lorylus americanal, end huskleberry
{(vacinum masrophyllum,.} This shrub assoclation 1f not
further disturbed will eventielly give way to vine maple
(z0er cireinatum), alder {ilnus oregona), and this in
turn evolves into the subeglinam forest, Dougles fir.,

The rather profuse vegetetion which follows after
burning, is a producer of excellent humus materlala,
Hitrification 48 stimulated and this, coupled with the
burning, incrossss the soluble minerel nutrients in the

soll for sonme time aftey burning.

‘hen a slash fire burns an

ares 1t may affest 1t in seversl wava,Iit mey be a light
fire and so leave paré of the forest floor or it nay
burn a1l of the material and so result in an eres with no
dufrf at all., If the fire morely eweeps over the area 1%
may not k111l 811 the seed and a pood stend of reproduction
mav resuli, The sanﬁl&i@n of the slash as to molsture,
thie humidity of the alr on ths day bhe fire ie burning,

the topography sand the wind #11 enter in. & larse mas-



Jority of the slashing fires do & c¢clean job and therefore
k31l all of the seed from the previous years orop. In that
case the area must be regenerated thru seed from trees
left on the ares, thru cones left in the tops of trees
by the fire, thru wind-blown seed from adjoining sources
or thru the efforts of man in reseeding or in replanting
the sveoies. Hany times the seed surply is destroyed;
the seed source is also destroyed and the result is a brack-
on fern waste, a brush pﬁtah or a new ares composed of
other more or less worthless vegetatienyrrom a forestry
standpolint,

The fire does eliminate the competing vegetation
and glves an irmediate surnply of available nitrogen and
ash components. This favors the reproduction of Douglas
fir sgainat the other plunts. “here the area is clean
burned and there is sufficlent seed tress it often re-
generates in a dense stand of Douglas fir. There are
however many raétars to be considered, including ahude;
colnr of soll, avallable molsture, eto.

Douglas fir will germinate in almoat any aituation
into which the seed chances to fall, if there 1s sufficient

moisture and proper temperature, Generally speaking,
germination is better on bare mineral solls but sasmples
have shown that the seedlings will germinate and grow on
hunus and rotten wood, often extending their roots 6 ~8

inches in the humus or rotted wood before resching
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21 the drayn Harbor aves, Pewnd that Douglas fir gave
hast ~omrinatlan on aress whileh wers alirhily abaded,
e popaontage of repeedustion esoursing in essn slass
was ag Follows:
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dhnepvasions indlaade that doad shede oreates tho
beas sondltione for soedling survival hesgmuss the pure
fane 4g shoded without & Loss of nolature in avoating
tha shade: shevnenn Mve shade nay pob the scadiing of

gty modatara, and o 4 apaoe Bo the axbant of fnfury.
g ;] )

Tng £ant that Doplse Cir may beefor o bare ndneral
soll for rewminatien haas basn used repenbedly by the ox-
pononis of slagh Warealng. In so sxposing the soil, how-
sver, gravs abangss apre wroushih in the produstive eow
paclty of the asil and dn e physioal Pactors widsh
inrluengs thae survival of Doupglas fir seeadlings,

tme of the phyesisal Paotors is the chanse 4in the
aalor of tha pround as & result of oharoos) formation.

In his work on the study of natural reproduction,isaas

0® the Jovthweat Foress Yxperiment Jtation, has mads
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atures o surface snll Sempersiures on different colored

sotls. %o found sthat an sy tomperature of H0 degrees ¥
vill dovelop & surfsee asoll tenperaturs on yellow mineral
soil of 116 degress ., on gray mineral soll of 123 derrees
7., ond on black charsoa) seoil of 139 degrees P, s the
alr tomperature incorsases, the surface tesperature on
the black surfasce shows a greater daviation frm that on
the othior two surfases.

fiowavoy, & surface temperature of 120 degrees 7.
hes boeoen shown to be high enouch to csuse hoat lesions
and %111 the seedlings, but on sir tomperature of only
88 derress P, doveloped this soil temperature of 109
degroes ¥, lUigher aly temporaturas then this are of fre-
guent oocurronse in the Louglsa fir reglon. ‘hersfore the
Douglas fir scedlings are lisble to killing by heat injury
on even the yellow soils, more an on the gray solls and osre
tainly on the blask sollas. “his study also bringe out the
importence of gome shado.

“his inlury of heas, gaused hy solar Llsolation, is
a oooking and #4lling of the cambiun at the pround line,
A mamhor of axperirmenters have sontucted testa to dotore
ine the mini uz surfese soll tenperature whish will
sause this combiwy injury. Prank fsufert at the ind
River lurscry det.rmined that surface temperatures up o
12* depress . would sause lesione on seedlings up to

18 doys 0ld, tomperatures up %o 126 depreoss would enuse
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leaions up o 21 days o0ld and temperatures ud to 130 do- ®

groes ¥ . would gause lesions on secdlinge up to 30 days
old, Toumey of Yale hns set the danpevous point for conw
1ferous sendliings to li2 desrees ¥. Munch of Jermany hes
found that o surfaes Senperature of 129 depress V. will
quicitly %L1l soniferous seedlings. Jacob Hoeser, Jr.

of the Mngky Hountain xreriment Station also sondusted
axpoarinents. Ve save: "lomperatures up to 120 degrees 7,
see unllitely to gsusse ston injury %o sesdlings of
douglaa fir. Douglas fir 4n very slow 4n the firat veap
o develop rosistence %o heab. Any developient of thie
species wndor conditions of intense lsclation seoms imposce
ivle.” ‘le cen say then, that a surfroe soll tomperature

of adout 125 degress P, 12 usunlly fatsl to voung seodlings.

Mre and Jroelon. In addition to the water aatually

absovhaed hy the foreat litter there 18 s restraining ine
fluence which 1s all too often overlooked. (2%) Thus,

while a heavy litter cover mipght aotuslly absorh and so

hold apainst ocapillarity an inch or wore of water, the litter
by msana of its arrsngement and its porosity holdsmore water,
under exceptional annditions, probably several times as

mash. he litter becomes o voritsble sponpe snd perite

the soll to absorb water,

Sewly fsilen litter mabterdal is not es effective
in restroiving the flow of watar ower or through 1t as
that which ia partielly decomposed. Presh needles are
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slightly rosinous and weter flows off sa frou an oiled

surfecs. lowever, as desomposition toles place and water
gan enter the fibeps, surfnce tension and ocheslon tond
te hold the water,

“gaent and as yet inoomplete detsiled investipaw
tions by the alifornia Porest xperiment Stetion (31),
indicates that the surface run-off, from forest soils
fro: w 4o the litter has been removed s fro- ten to
thivty tinos preater than from soils with a romplete and
undisturbed e:tle of forest litter. ‘he litter prevents
the heating drops of ruin fron so re-arrenging the eoll
particles thet they elop up the pores ln the soll and
sement the ghrnnel openings, 7o put 1t another way, with
a litter mulsh the rain does not disturh the surface
by 1ts bheating satien, the water is kept olean at all
times as tho litter and paw humas steain oub any porew
olog-ing material, oand the water reaches the s8~il by
percolation, rather tﬁmn HMreatly, and in such a faghion
thet tho water cen be absorbad at & much greater rate
then from a bere soil. The rainedrops do not usueslly
atrike the soll direst snd thus destroy the prenules, as
thay tend to do in burned over areas, hen this protect-
ive sovering 1s removed by Plive or any other agenday,
erosion tolkes plecse.

“he rosults of the Jalifornia studies sbove reforred

to indionte ¢ vt the litter is perhaps the most Impoprtent
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elament of the forsst in detarsining the dlstribution

of “ain into the superfisiel mun-off and intoe ssepage,
S5E11 further do they show that the funostion of ithe fopest
litter %o sbsord water is ina! mificsnt in comparison
with 1:5 function to naintein ths pergolstion supasity of
the aslls. his operstes to zeep the water, reaching the
sollthrousis scepape chennels, clear, even during the most
intense, heating storms, whereas the superficiael runeof
on areas devold of litter soon hesomesn nuddy by plaking
up snsll perticles in suspenaion, “hileh ware filtered out
at the aurface ss the maddy water peproolated into the soil.

in *hose experinents one seol of plots was hurnoed
clean of lts litter for sash of three types of soll, In
tha exverimonta tho superfisial runwof? fpom the burnad
surfase was groatest in every inetance from tho 1litter
aovered surfuce. Litter was more offective on the flinew
textured solls thean on the coarse~toxtured soils.

Undar forest Litter the shaorptive sapacities ef
the solls chmnged ronmsrkably. The foreat %1&&@& sontinued
to funation for all durations of rain in approximetely
the sane fashion. sSuperfioisl runeoff fro: burned surw
facses wea addy while that fros 1itter covered surfaces
was :leoar. (ifferences in eroded materiel was fay grest-
er thaa that in the mmn-off testes. The rete of erosion
dld net iIncrecse uniformly wit: the incrense of totel

superficlal run~of”, ‘he fine~textured soils 7iclded the
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greatest amount of sedliment.

‘o determine the effect of the percelation of both
clear and muddy water through soil columns of otherwlse
uniform na‘ure, a laboratory experiment was carried out.
Ié this experiment clear water was padsed through four
tubes of soil for 10 days to establish the relative
characteriatics of the material used. Thereupon muddy
water was applied to two of tie tubes, the water passing
through the other two remaining cleer. The percolation
rate of the first two tubes dropped from a rate of 1.000
¢c. psr hour to 500 c.c. in four hours, and then contin-
uously in a paersholic curve to a percolation of 90 c.c.
per hour. After another 10 days, muddy water was applied
to the last two tubes of soll through which clear water
had pessed at a uniform ratg,and the behavior of these
80ils was the same as that of the first two,

This experiment d:«monstrated the fact that muddy
water nercolates through sendy loam soil only at a frac-
tion of the rate of clear water, Suspended particles are
filtered out at the aoil surface vhere they form layers
of fine textured material which determines the rate of
percolation capacity of the soil columm. The formatlon
of a fine textured layer at the surface of the bare soll
es a result of filtering suspended partioles from perco-
lating water ia, therefore, concluded to he the decisive

condltion which inoreases thefauperflcial rune-off from
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bare aress. This fact indicates that the most important
function of forest litter is to maintain the natural
cheracteristics of s soil profile by keeping the raln
water clear --a function which was for a long time overs
looked, or if considered at all,only wlth insdequate
conception of ita significence. (29)

Buates (5) says as a result of the agon “heel Gap
experiment that the measurable detritus carried by the
stream in gquestion after the forested headwaters had been
denuded, increased 25% in amount. Most of this inerease
was secwr ed during the flooud quarter.

In another report on the same experiment, (6) he
liats the effect of denudation upon run~off and erosion.
In prenudation yesers the average snnual precipitation
on watershed A (undisturbed) was 21.03 inchea; the average
run~off of A was 6.08 inches and that of B (denuded) 6.18
inches. In the post denudation peried the average precip=-
itation was 21,16 inches, and the flow of A 6.20 and B 7.26
These figures indlcate an excess flow from B of about .96
inches for the average of seven post denudation years. Dur-
ing the prenudation period the average amnual silt load of
4L was 691.5 pounds and that of B was 568.5 pounds. In the
second period the silt load of A was 477 pounds and that
of B 3, 340.1 pounds. The ratio of B to A increased from
0.822 to 7.082 or about 8% times.
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Heginnia (51) mentions the results of studlies by
the Jouthern Forvest ‘zperiment dtation of the United
states Forost service, For n flood period, Des. 15 to
Fabe 15, 1t was found that an averape of 68% of a1l ‘he
rain fell on cultivated lend frrmediately rushed off
the surface, carering with 1t soll toteldinr %4 tons an
acre. on averspe of 54% of sll the rain felling on
harron, abandoned fielda floved off immediately., During
many rains more then 7859 end s mach as 955 of the raine
fall ran off these two classes of lend tnd contributed
to the quick filling of stresn ohennele, In zentrast,
an averaco of 98 per oent of the roin falling on serud
oalk voodland was ahsorbed, only 29 running off. On une
hurned nroomsedpe field and viegin ook forest en averape
of lesz than one-half of one per cent of the rsin flowed
off the surface,

Ehé result of the run-off studles are fully in
socord with those of less formal observations of surface
run=off from various land types in nopthern “fasissirpi.
i single shower of even moderste intensity is ususlily
suf icient to start s rush of solleledon wators from
every pully and cultivated field, +le the moat tope
rential rains are seldom seen to produse more then an
insipnifliocant surface flow Proy areas protested by a
vegetrative sover, The run-off from wooded ravines is

usuuslly insufficient to eweep leaf 1itter and other debris



SlIa
o the drsinese lines.
Tourey (42) oltes s example of saperdmoents in the
tan Devnardinn Yountodine fron vhieh the followins toble

wag sompllod:

Frosipltation and runwoff during Useembor,l1509.
Area of | ondition e8  Ivesipiuation TUn-off Tunwoff 1n

Jatehnont to aowap ?mw fq, par gente
basin, dle age of
mrooipl to.
tlon,
SQeriilos inghes Agre~  ror cent
0.70 “orested 19 26 3
1406 ° 19 T3 6
1.47 " 19 ”s 8
53 Hone " i3 L1e 40

‘re Pupbeank fleod in Los ‘npeles ocounty, ﬁﬁiiﬁﬁ?ﬂia:
11llustrates both the nfluense of 2z veretative sover on
run=of'f and ernsion, and the hipgh costa involved in
removing detritel mmterisl,

In the £all of 1924 th: “urbank watershed of 704
asres was bhurned. [0 Intense storms oonurred during
1924 end no great ineresse in rune-off or in erosion woas
noted. In the spring of 1825, & storm which reached
hirh intensities fo- only sbout 10 minutes, ot tives as
nirh a8 2 inshes per hour, visited this rorion. The total
roinfnll for this entire storn was only 1,07 inochws but

as a rosult of i1t 85,000 suble yards of meterial game off
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the watershed and buried part of the oity of Purbank,
Property dmape was exgeedingly high. The oost of rew
moving th- detritus was estimated at 525,000 to £80,000.
“iphty per cent of the preoipitation osme of " as runwoff,
Adjacent canyons, on whish the cover was not recontly
disturhod, were also visited by this storm, but showed no
immediate surface runeoff and no nove ent of eroded
matorial, (2V).

It might be sald then, thet enything that disturbs
forest cover adds to the erosion problem of that ares.
Mye 18 the most widespread and one of the moat dsstruew
tive disturbanses of the forest gover, ven the lipghte
ost fire does darege. uring the first fow years after
locping, o hillside, clesr gut or severely out, =11l
unquestionably erade somevhat. he skid trails produced
by power handling of logs have bheon found to stapt
erosion. Overegraging disturbs the forost cover ehiefly
hy t:.o consuming of more of the herbapge of the more
palatable plants than they can withstand, and by inorossed
trespling. Studies by the Poreat “orvice show that there
arc any areas now producing not more then 20 to 30 per
sent of the forage of vhish they once were asspable, and
undor such conditions erosion is ususlly sovore.

in Penton county we are in e gomparsatively new
sountry. ‘an hasn't been woriting his will on the forest

solle long enowh possibly for the real values to be



2

known, sfter viewing a fer n1llsides that Lave been
burned broasdonst, however, onc roalises that tie problem
of erosion is with us, It should be possible to manage
the land 8o as to do away with this soll loss with Lts
attendunt evils,



FIGURE 26

Cne stage of succession

Douglas fir coming into oak
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SUMMARY AND OONCLUSIONS
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ying the meny factors that influsnase
Douglas fir reprodunstion we asan only smme to the son-
elusion that they all dovetall fogether. In any pers
ticular situation 1t mipht be poseible to plek the
limting factor hut in sonsidoring the aounty se @
whole it 1g nesessery to stress the importangs of all
of them,

“emperature seems to be tho osuse of the higheat
mortality among the small seedlinge. ~ater seems to be
the limiting agent where the reproduction has been unsble
to galn a held om the pround.

he true foraster must redsos:dge thatv 1lo these
two aro probably the mmet fmpertany, he rust not loss
sight of the other factors. o nust De & soordinator
"par excellsnoe”., The soll onn be Wuilt up So the
point of hi~hest mrodustivity: the s0ll orgenisms will
help when handled properly; the rodents must ho

sonsidered in referanae %o sesd aupplys; wild animels of
larpor size mey he a serious hindranse to the well«being
of the forest; dirde on the vhole are very beneflolsl

and should ha aomaidered as friends and plven theivr propw
ar plage in the schome of thingss man oan he the sause of
mush grief, 1f thwu ignwmm, his ways are hapmful,
Henagement must inteprate these various agencies so that
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the highest possible good to ownership will be the result.

The result of prasing studies points to the bene~
flolal ectlion of grasing in lessening fire haserd, The
beneficlal results are foresed into the backpground,how-
ever by the damage saused to the future produstivity of
the forest. We can only come to the econslusion that land
use mst be the theme., If the lend 4s grazing lend 1t ahaul&
be used for that purpose »nly. Any other system of use will
result in lowerdng of the forage valus of the land and the
depreclation of the growing timber. The trees on grazed
land are, in meny areaes, useless except for cordwood,
If they are clese enough to prunse naturally, the forage
is negligable. The use of land for the two purposes ia
to be dlscouraged.

The use of fire in the present manner ssems doomed.
The only excuse 1s the redustion of fire hazard and this
reduction iz open to guestion. The soil must, in the
future, recelve more sttention from foresters. Fire
is hard on the soil directly and thru the following evils:
drying out, increased temperature, and erosion. o must
find substitutes for ite use, and partial burning with
more intensive protection, seems to be the cure. ith
more and more men looking to the government for jobs, it
is only roeasonable to suppose that increased protection
can be looked for. YWith an enlarged forest ageney or

agencies forest roads can be built, areas broken up into



smaller units with fire~breaks and a better detection
and suppression system put into effect,

Erosion is present even in Benton county. Vhen
mentioned we see smiles of ineredulity but ths fsaot
remains that when we can see evidences of any erosion
the solil 1s being washed awsy far too fast for 1t to
be buillt up at the same rate., Ve havevaaen evidences
of this erosive amction. They are not pronounced as
yet but the soll i3 in most cases rather shallow and
we should conserve what we now have before it is too
late. Comparsd to the great canyons of other states
ant regions, our fingers of erosion and sheets of silt
soen insimmificant; the fact remains, that our soil
has not the depth to produce such noticesble affects,
and solid rock will not grow lumber for profit.
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RECOMMENDATIONS

1., Considering the importsnce of the forast
cover in Benton gounty and the wealth of industry result-
ing from the forest, 1t seems sn economic mistake for no
one to be in charge of the coordination of the resources
with the market productivity. We recommend the appointe
ment of a County Porest Agent to establish a county
Forest Office for making studies of all sorts pertaining
to the wealth of the forest lsnds, and advising the many
entr-preneurs, engaged in the production of lumber, in the
proper methods of cutting and milling the Douglas fir.

2. There seems to be a wide field for further
study pertaining to the factors influencing Forest land
produstivity. The c¢ollege Forest school has made many
studles heretofore adding to the store of facts accum-
ulated by the forestry profession. 'ie have a few more
studles that might bs worked on in the futurse:

a. ‘hat 1s the difference between growth of Douglas
fir on sterile soll and the pgrowth on soil rich
in soil organiasms?

b. liow much would 1t cost per asre to prepare the
soll for Douglas fir regeneration by means
other than fire, and what would this preparation
conaiat of7

¢. “had would be the expense and benefit of rough

reservolrs sonstructed on the headwaters of the
ateeams flowing thru the forest stands?

de "hat 1s the effect on the soll of opening the
stand to the sun?
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6. hat dose bracken forn do to the 801l sontent
and oonsistonsy”?

f. ‘hat is the affeat of wild blaskberry, ocean
gpray, hamelrmt, svord fern, thimblebarry,
wild rose, and many other annfials and perene
niales on the soll somposition, wator sontent,
shade, ota,?

€. Jan an area reguperate to full produative
canaality, in terms of Douglas fipy, without
an intermediate period of brush, weeds, grass
ato., growth,

he ould it be advisable for a mill owier to roe
pPlant oute-over sroeas that may bhe hard to
regonovate?

1. Jan severity of out be correlated w4th alope
80 as to rdnimise erosion damapge?

j+ That is the astual demape done to a seoond-
rrowth forest by erosion beasuse of unscientifio
eutting? hat slements of the soll sre washed
out” ‘low is organig life affeoted? "hat plants
are favored mnd why?

k., llow long does it take for an inch of soll to be
built up under a Dougles fir secondegrowth atmﬂ?

1. Zan the soll grow Douglas fir in pure stands
wit out intervals of relief afforded by
another aover’ ‘

m, low san a study be made to prove that buwming
of pasture land 1s only a temporary benefit
and 18 detrimental in the lonp run?

n. ould an inorcase in the proportion of hapdw
woods in our Douglas fir forests be in immm,n%
wich pood forest managenent in all its phases

m Uow rmeh nitrogen 1s actuslly lost in Benten
umﬁx vhen on aore of alash iz burned? How
much 1g liberated for present consumption?
“hat is the reserve for future growth? .

P. Illow osn oleture be gonserved in tho forest and
vhat will he tho effeoctns of this oomservation?
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san foresters, by planting methods, roduse
windethrow in later years without redustion
in quantity of wood?

low does hunidity affect forest transplration? |

Could Benton scounty change the slimste to any
graah extent by planting of water-tapping trecs
n the Ponce-rows and neglected corners of the
lowland farme?

“hat is the effect of light intenaity on the
transpiration strean’

Doss Yight intensity ever prolibit Douglas fir
roeprodustion and oan the Fhotostronia-neter
be used to advantage in studylng results of
light as affecting reproductiona?

“ow mach light does poison oslt regquire for
su cessful invasion of the forest or is this
puroly & water relation?

“hat 18 going to be done to nske the publie fire~
sonscious sggahan sould a constructive progran

be put across for bullding up thia fire-~sonscious~
nosa, “hat would this progran consist of?

How mush would it ocoat per mile to sonatraot
roads thru the tnmber stands to sorve as summer
patrol roads, and slso as protection broaks

in cese five is stofted?

“‘hat would the sost of skeletal planting of the
larpe braglen fern sroas, #0 &8 to proocure a
stand of Douglas fir reproduction of proper
denaity in £Lrsy yearsl

‘hat &8 the value of one sore of every Fifty
or a0 glven over to wild-life as seen in fine
oreased protection from insects injurious to
the tree and as repald by inoreased aales of
licenson and csomplementary sports poods and

supplies?

‘hat iz the sctual damage seused by rodents in
destrustion of eseed and reproduction.
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b.. “hat are the most heneficial birds withiln the
Douglas fir repion.

8.+ Yhat is tho benefit of the hawie and owls in
roduoing the rodenta?

d.. Vhat 48 the cost 60 a forest ovner of reaising
dmwg and 18 the vreturn {n proportion %o the
aoat

0.+ "hat detormines s heavy seed yesr in Dourlas fir?

f.+"hat 48 the proper method of thinning Douglas
Pir? ‘hen should it be done in the life of the
stand? ‘hat would be the cost? Yhat would be
the resuld in the mature orop? How would it
affoot the e21)7

£« hat ie the proper arow density to be naine
teined in a sseondeprowth Douglas Pip florsst.
to aliow for proper utilisation eof the grop
without saorifice of the remsining stand,
qualified as to location?

hes liow does the romoval of Douglas fir berk affect
the growth?

1.. Can trush be kllled out by intensive grasing
by ocattle and horses?

Jee “an brush bo killed out by grasing slwep and
goats if the srea is not over-atosked?

koo liow aen & study be made to show Shat repeated
burning or burning of eny kind inevoeses the
proportion of brush on the area?

1., Zould we institute correspondence with Iweopsan
sohools of Porestyry to encourape inteprshange
of notes between studante so as to bulld wp
imowlddpe of silviculture? It seems that
Purope rust have gone thru s pood deal of vhaid
wo are now going thru in the way of fire, grasing
snd erosion? Some intercsting ideas mipght
oome out of the corvespondence.

ries ‘hat $8 the astusl effest of the work of soll
orpanisns on the earth?



ne.s “hat are the most important forme of ovponie
a0il life?

Qe+ hat is the effect of fire on soll orcanisms
in $ts vardious Iintensities as found 4n sledh
renoval burndng?

Pes Can the result of fire in Dougles Pir stands

actuslly be measured in decreased dlameter
growth

Those are but o few of the guestions that might de
lintod for futwre studies. Ve feel thet the school should
have a -reat weelth of somple plote set out #ﬁ the cabonald
forest:; fer 4in oxcess of the quansity of plote out there
now, & student should be able to refer to the stwdy that
somes up, by going to the resord of nessure enis e nede
thrma the vears, In time the information scoumglated
would he avaeilable,

™he asahoeol aould well afford teo invest in wore ine
struments slso. Instrumente for the veasureqent of lipght.
hunidiey, =ind veloalty, procipltation and eveporstion
should be of greal benefit,

4 fap more serious intersat of the students in
the properiiss of she anil and in the shanpes wrounght in
the aoil by outside influsnces, might ylold detn that
would he of great henefit to the Porvestry profession.

"gology in ivs relation to the forest may Prove to
be a subjest fu’l of useful information. Ye do not seem
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to have & very adequate grounding in that subject at the
present time,

If a program could be worked out to give students
in ellvisulture a wider fleld of experience they nipght be
able to do more sonstrustive work. ‘here 1a something
te be sald for greater exploration of the great waslth of
matorial bpaa to us in the weat. *ith the building of
splendid highways, snd with the perfaction of modern methods
of travel, 1t would be a shame not to try to sombine the
theory of silviculture with the prsoctice as we might see 4t

in the .ongyt SLatam,
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