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The Ecological and Pathological factors which influence the development
of the forest tree seedlings rmst be kmown in order to account for the presence or
absence of reproduction in the field or to intelligently handle the problems of the
murserye. Since the work presented here naturally divides itself into two parts,
Pathology and Ecology, iy will be taken up in two separate parts.

Part I. taking up the pathological problems is mostly confined to the
laboratory and mursery work since most of the pathological problems that can be dealt
with at all are those of the mursery. The pathological problems of the field are
usually such that little ean be done toward preventing or checking them but those
of the mursery are under conditions which can be controlled and much can be done to
prevent and cheok the diseases.

Part II. deals with the ecological factors influencing the germination
and establishment of the seedlings and since the factors concerned are the basis of
the success of the reproduction following any area where the forest has been removed
by fire or cutting these factors must be mown in order to approximate the ones most

favorable to securing the desired reproduction on areas to be cut overs




During the winter of 1911 and 1912 work was done on "Damping Off"
at the University of Minnesote by making cultures of the disease taken from
different hosts and aerial cultures for inoculetion purposes and the entire summer
of 1912 was spent on control methods in the Garden City end Kansas Nurseries near
Garden City, Kansas.

In October, 1911, Pythium debaryanum was isolated by exposing plates

at a height of thirty feet above ground and was kept in culture until February,
1912, Inoculations with cultures of the fungus obtained from the zir were made by
puncturing with & needle individual seedlings grown on heat sterilized soil, and
applying small masses of mycelium directly to the seedlings, Results were as
follows:

Picea canadensis 100 inoculations, 15 successful,

Pinue ponderosa 100 inoculations, 22 successful,

Inoculations were made on Picea cansdensis 3 to 5 days after germination (plants
above ground) and on Pinus ponderosa 2 to 6 days after germination (plents above
ground). The culture contained some molds but in the dead seedlings no trace

of any parssitic fungi was found except Pythium, The first signs of fungus attack
was noticed 48 hours after inoculations.

Cabbage Cultures

Cultures were taken from cabbage plants about two weeks o0ld that were
dying of typical damping-off. Cultures were plated out and then the Pythium taken
from the plates and replated before using it for inoculation purposes, Trays con-
taining heat sterilized soil were sown to Picea canadensis and Pinus ponderosa and
inoculated at marked points with mycelium from the cultures taken from the cabbage,
All inoculations of the soil were approximately 3 inches apart each way and the
colonies did not grow together until it was evident which ones were effective,

The firet signs of attack were noticed the third day after inoculations. Inoculations

wWere made just as the seedlings were appearing above the ground.
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Results were 28 follows;:
Picea canadensis Inoculation at 50 points, 24 effective,
Pinus ponderosa Inoculation at 50 points, 14 effective,

Salsola tragus cultures

Cultures taken from plants about one week o0ld where nearly all of
them were dying of damping-off. Cultures medéd by planting pieces of the stems

of the thistles in culture media and then plating out the Pythium, Inoculations

were made in sterilized soil the same as with the cabbage cultures, Inoculations
were made when the first seedlings appeared above ground and the first effect of

the fungi was noticed three days after the inoculations were made, The cultures
contained some molds, but Pythium was the only parassitic fungus found in the attacked
seedlings,

Results were as follows:

Picez canadensis Inoculations at 50 points, 32 effective.

Pinus ponderosa Inoculation at 50 points, 20 effective,

Radish Cultures

Cultures taken from radish plants about three weeks old in which the
damping-off was causing rot and killing the plants. Parts of the radishes were
Planted in the culture media and thenm the pythium taken from the plates and put
into culture, <The meterial used for the inoculations contained some molds but
88 In the previous cases only pythium was found in the killed seedlings after
lnoculation, Inoculations were made when the first seedlings were appearing above
ground and the first effect was noticed in the Picea canadensis 4 days after inocu-
lation end in the Pinus ponderose 7 days after inoculation. Trays comtaining heat
sterilized soil were used.
Results were as follows:

Picea canadensis fnoculation at 50 points, 18 effective.

Pinus ponderosa Inoculstion at 50 points, 7 effective,
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In the work done in the green-house no infections occurred except at
the podnts inoculated so it appeared that all of the infections were due to

inoculations,

WORK AT GARDEN CITY AND KANSAS NURSERIES

These two nurseries are located near Garden City, Kanses and although
they sre only two and one-half miles apert, the conditions vary greatly as
to s0il conditions. The soil at the Garden City Nursery econsists of a
heavy, black clay loem while the soil at the Kansas Nursery is very ssndy
being almost pure sand in some places, These differences in the texture
of the soil cause a great difference in the so0il moisture content and
in the soil temperature, consequently the fungicides that are effective
&t one nursery are not effective at the other. The soil at the Garden
City Wursery contains such a high percent of alkali that the acid treat-
ments failed while the same treatments were at least partially successful
at the Kansas Nursery, The soil at the Garden City Nursery is too heavy
for small seedlings such as the Pinus divaricata and Pinus sylvestris to
germinate well as the seedlings cannot push up through the heavy soil so
it is necessary to mix sand with the soil used to cover the seed of the
species having these small seeds, When the seedlings break through the
80il and push up the soil with them which forms a chamber at the base
0f the seedling making 2 moist shaded chamber which produces ideal conditions
for the damping-off fungi to develop. Many of the seedlings are attacked
and killed while in this stage. The sandy soil at the Kansas Nursery
contains a high percent of silicates and the acid used as a fungicide is not
80 readily neutralized when applied to the soil, but the sand allows very
rapid percolation of fainfall and any solution applied,

Prewious work on damping-off fungi, verified by Hartley and

Spaulding, established the fact that these fungi are essentially soil fungi
80 t he methods of controlling and preventing damping-off at these nurseries

were taken up as soil fungi problems,
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In the soil treatments the following chemicals were used: Commercial
nitric acid, commerciasl sulphuric acid, commercial hydrochloric acid, copper sulphate,
iron sulphate, zinc chloride, mercuric chloride, sodium chloride, formaldehyde,
ammonium hydroxide, lime, bordeaux mixture, potassium hydroxide and heat peaseuriza-
tion of the soil, These ciemicals were used separately and in various combinations.

Here as in all previous work by Hartley, chemical injury was encouitered
and this is one of the most difficult problems in the chemical treatments of the soil,
Lhen fungicides are applied at time of seeding or earlier, in strengths sufficient
to be effective, there is danger of injury to seedlings at time of germinstion and
the first few days folloWing germination, As had been found by Hartley at the
Halsey, Nebraska nursery,* seedlings that were chemically injured have the growing
apices of the roots damaged thus preventing the root from continuing growth, so the
seedling is dependent on the short root already formed until it can send out adven-
titious laterals and again establish itself. TFor this reason it must have sufficient
water during this peried so it will either prevent the chemical injury or zid the
seedling in estaﬂlishlng itself sgein if the injury occurs. Frequent ligcht waterings
such as had been used at Ralsey were also sufficient to prevent injury from most
fungicides st these nurseries. It was found for potassium hydroxide and ammonia
at the Kansgs nursery, as had been found for formaldehyde and mercuric chloride
in the precedinz work above referred to at the Halsey nursery, that when aprlication
¥as made to the bed at time of sowing dormant seed were killed,

In order to treat soil successfully the chemicel and physical condition
of the 5011 must be }mown in order to know whether scids or toxic selts should be
used in the treatments becsuse chemicals applied to the soil may be lost by éombina-
tion with other chemicals or by neutralizetion or if the soil is too perous the
effect of the treatment mey be lost by percolation to a depth where it would not be

effective,

Hartley, Carl, The use of séil fungicides to prevent damping-off of comiferous
seedlings. Proe. Soc., 4m, For., V. 7, P« 96, 1912,
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Sulphuric acid 5 days before seeding,
Garden City Nursery,

Pinus divaricata sown June 29, 1912, drills, 1800 seeds per sq. ft.,
80% shade, Pettis frame. Protection against reinfection, board sides 4" high,
Plots sown 2' x 4', treated 3' x 4!, Two sq. ft. in each plot counted, Days
to germinate 9, Vatered 4 pints per sq. ft., 2 days after treatment and then
1 Pint\per 8q. ft once and twice daily according to the weather, 1% pails sand

applied to plot and 1% pails to the surface, Chemical injury none,

Resulte as follows:
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Treatment increased yield five times on the average and seven times
in best plot.
Cultures of the discased seedlings showed Pythium debaryanum and
Fusarium sp. in all of the plots showing that the treatment was not strong enough
to keep out the fungi although they were as strong as some treztments that had proven

effective in some other localities so the effect of the acid must have been lost,

due to the alkali in the soil.

Sulphuric acid four daye before sowing, lime &t sowing,
Gerden City Nursery.

Pinus divaricata sown June 5, 1912, broadcast, 1000 seeds per sq. ft.
Protection against reinfection, solid boards 5" above and 5" below surface, plots
4, B, C, D psrmanently covered with oiled muslin., Plots sown 1' x 1', treated
the same, Z=ntire area counted, Deys to germinate 13, Watered by sub-irrigation,
perforated tin pipe 8" dovm. Shade 50%, high. Chemical injury: Gemination
almost ( in plot D all that came up wes chemically injured; B snd F were least hurt;
all other treatment considerzbly.

Results as follows: The treated covered plots produced on the average
82 seedlings per sq. ft, compared to O in the untreated check plot and the best
plot produced 121. The uncovered treasted plots produced on the average 82 seedlings
Per sq. ft, as compared to 97 produced by the untreated check plot, but the best
plot produced 172.

Cultures from the deed and dying seedlings gave Rhizoctonia sg. and
Fusarium sp,, the Fusarium being obtained from the tops of the seedlings,

It seems that the neutralization of the acid by the lime left the
501l without any soil fungi yet neutrel so the parasitic fungi had full sway and

especially favorsble conditions where reinfection occurred, as was Indicated by

Hartley's earlier results at Halsey,
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Garden City Nursery,
Ten series of sulphuric ecid at time of seeding using from % oz, per sq. ft,
in of water

to 3 oz. applied 2 pts. per sq. ft. 67 treated plots averaged 35 seedlings per sq.
ft. survival. 26 untreated plots averaged 40 seedlings per sq. ft. survival.
Species used, Finus divaricata, Pinus laricio, Pinus sylvestris, Pinus =austriaca,
Pinus ponderosa. Burlap sosked with Bordeaux mixture used on one of the plots to
prevent reinfection, but failed,

One series of Pinus divaricata treating 2 plots with sulphuric acid 5 days
before seeding and neutralizing with lime at time of seeding and 3 plots with sul-
phuric acid at time of seeding, Plots treated with sulphuric acid at time of
seeding gave survival of 32 seedling per sq. ft. as compared to 6 in the check plot
and the plots treated before seeding and neutrslized with lime at time of seeding
gave an aversge survival of 8 seedlings per sq. ft. as compared to 6 in the check
plot,

Three series treated with um.zlphnric acid 11, 16 and 18 days after a good
stand had appeared, Pinus ponderosa, Pinus austriaca, Pinus divaricata., Percent
of death of seedlings after trcatment had time to take effect: Averzge of 5
treated plots 314, aversge of 5 check plots 314, Strengths varying from Fto2
0z, acid per sq. ft. were used,

Two plots of Pinus laricio treated with mercuric chloride at time of seeding
produced an asversce stand of 31 seedlings per sq. ft, as compared with 3 in the un-
treated plot. One plot treated with 3/32 oz. mercuric chloride and % oz. lydrochloric
acid produced 89 seedlings per sq. ft., as ccmpered with 3 in the untreated plot and
one plot treated with 3/15 0z. mercuric chloride and § 0z, sodium chloride produced
60 seedlings per sq. ft. as compared with 3 in the untreated plot.

Two plots of Pinus laricio treated with iron sidphate produced on the average

11 seedlings per sq. ft. as compared with 9 in the untreeted plot,
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One series of Pinus sylvestris treated with Nitric acid. Four treated
plots produced on the average 111 seedlings per sq. ft. as compared with 17 in hhe
untreated plot,
One series of Pinus sylvestris treated with Hydrochloric acid, Six
treated plots produced on the average 91 seedlings per sq. ft. as compared with 26
in the untreated plot. .
Cultures taken from & large number of the plots of the above series

showed Rhizoctonia sq. and Fusarium sp. in all of them.

Heat Pasteurization.
Soil was put into an oven and raised to a temperature of 180 degrees
Fahrenheit for 30 minutes or more and kept moist, This soil was put into frames

one foot square having the board sides 5 inches above ground and 5 inches below.

The top was covered with oiled muslin cloth and the whole series sub-irrigated.
Eight plots were used in this series, One as a check being uncovered and one as

& check in which the soil was not pasteurized, The other plots were uncovered

&t intervals of 8 days after seeding. The object of the experiment was to deter-
mine the period in the growth of the seedling at which it is most subject to re=-
infection from the air, The entire series failed so the results were in no way
indicative except that the reinfection caused more serious loss in the pasteurized

Plots than in the check which was not pasteurized perhaps due to the fact that the

Other soil fungi were killed in the heated soil, so soil fungi competition was re-
moved, * The seedlings were to some degree etiolated and weakened when uncovered
80 were more subject to attack. Pinus divaricata was used,

This experiment was duplicated with the same results, the scedlings
uncovered first giving the greatest percent survival perhaps due to the seedlings
being more sturdy and resistant,

Two otner series, one with Pinus laricio and one with FPinus sylvestris
in which two plots were heat pasteurized, two treated with sulphuric acid and onme check

in each series, gave about e i
N ! qual germination in all of the plots, but a less percent
his result coAfirms results obtained by Hartley with.soil heated in the samep'c:ay

We preceding season at the Halsey nursery,
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survival in the heat pasteurized plots apparently due to reinfection,

Cultures from different plots in these series showed Rhizoctonia

8P. and Fusarium sp. The Fusarium was found in the tops of the seedlings,

PLATE I.

View under high shade frame, 50% shade, showing the sub-
irrigated plots covered with oiled muslin on the right and in the background section
of the high shade frame encleésed with burlap walls to prevent drifting of sand
and dust in order to determine reinfection on the treated plots within this en-
closure,

Formalin applied before seeding.
Garden City Nursery.

Pinus divariceta sown June 12, 1912, drills, 1500 seeds Per sq.

ft. High shade, 50%. Protection against reinfection, 5 series surrounded per- |

manently by burlap fence 6 ft. high, double lower three feet,

Counted. Days to germinate 11, Watering, same as ordinary nursery. Chemical

R T T
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Plots sown 2' x 4', treated 4' x 6', Three sq. ft. in each plot l




QABLE NO. 11.

Results were as follows:

injury, very serious in plot K and some in J.
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The formalin treatments inoreased the yield 220 times and the troantment
of formalin and sulrburic acid combined increased the yield 11 times, The acid

treatment alone incressed the yield 11 timee, The scid injury was the cause of

the low ylold in the moid troated plots.

Cultures of the dying seedlings of the different plots showed the

presence of Pythium debarrysnum, Fusarium ep. and ihigoctonia sp.

PLATE 11

{es treated with Formalin vefore seeding, The firet |
Table No. 11 showe

View of the eer
Plot in the foreground is Plot C, the next one plot D, ete.

the r sults of this series,
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Copper sulphate applied et time of seeding
Garden City Nursery.

Pinus austriaca sown June 8, 1912, drills, 800 seeds per sq. ft.

High shade 50%. Protection against reinfection, none, Plots sown 2' x 4',

treated 4' x 6', Three sq. ft. counted in each plot. Days to germinate 9.

Watering, same as ordinery nursery. Chemical injury, very slight in plots A

Results were as follows:

TABLE No. 11I.

Plot

15 i

Qunces per|
e Complete Counts on two drills _| saq. ft.
& &
g g
L o @ @ L "
- o e © > Ei 23
plplfefedls RMIIE LS | 5 | g
o o R R LDl i |8
g* bgﬂglglgl Elglgl 31 Eg é E
L=
S ol e S d MBS |20 |4 2 g
1 | s|a1las {3 | 3| 3 | 25| 206 9/8 cusoq | 2 pte.
81113 | 2 |3 |5 4 82 | 17 | Oheck
73| 5 |1 |4| 3 | 21| 351 [1/20uS04 | 2 pte.
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Treatment increased the yield 19 times,

PLATE I1II.

View of series treated with Copper sulphate.
Plot C in foreground, B check in middle and Plot
A near fence.

Table No. I1I gives the results of this series,
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Zino Chloride applied at time of seeding,

Garden City Hursery.

Pinus divaricota sowm June 8, 1912, drille, 1800 seeds por sq. ft.

High shade 507.

Protection from reinfection, § series surrounded permanently by

burlap femce 6 £t, high, double lower three feet,

counted,

injury, none,

l'ays to geminate 10,

Plots sovm 2' x &', treated 4' x 6°,

ferulte were as follows;

TABLE NO. IV.

Three sq., ft. in each plot

Fatering, same as ordinary marscry.

Chemical

Qunces per

- Complete counts om two drills g
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The treatment increased the yield 718 times, Cultures of the dying
seedlings of the untreated plot and the attacked seedlings of the treated plots

showed the presence of Fusari

um sp. and Rhizoctonia ep.
|;-!_"!__l_i"4 ;_"_J_n- ; :"i-i .

PLATE IV.

Series treated with Zino chloride shown if} the foreground, Plot

in the lower left hend cormer was trested with 1 1/8 os. zinc chloride per sq.

£t., the next piot is untreeted, the third plot treated vith 1% 0z. sine chloride

end the fourth plot was treated with 2 oz, Zinc chloride per eq, ft. The results

are very clearly shown by the surviving stands in direct relation to the mount

Resulte shown in Table No. IV.

of the Zine chloride applied.
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Esnsas Nursery.

(me series of Formalin 14 days before peeding with 2inus sylvestris,
Zatire series falled although germination was about egual in all of the plots.
dost of the seods were killed by the formalin just as they began to geminate,

(ne series of Pimus dlvericata treated with sulphuric acid 3 days
before seeding end neutralised with lime at time of seeding., The entire series
Was covered with muslin and sub-irrigated., Cominstion vas exceptionally rapid
8nd good in all of the plots, but the loss was very heavy in the untreated plot
rizht at gemination and the seedlings in the treated plots survived for 10 daye
and then began to die rapidly due to reinfection. After reinfection ccourred
the secdlings continued to 4ie at a rapid rate until all of the seedlings of the
entire series were dead.

Apparently the absence of soil fungl competition gave the parssitio
fungl full control and a chance for rapid development,

Two sories treated with sulphuric seid. (Pinus pondeross, *inus

sylvestris, ?inus larticio).
Eighteon treated plote produced on the eversge 107 seedlinge per nq.

ft, compared to an average of 49 per sq. ft. on 8 untreated plots.
gSulphuric acid at time of eowing.
Kensas Hursery.
Pinus dlvaricats sowm June 4, 1912, drills, 1800 seeds per sq. ft.

Pottis framo, 507 shade, Protection againet reinfoction, tight boerd sidos

0 lnohoe nigh, Plots sovm 2§' x 4%, trested 3" x4, Two sq. ft. counted

12 each plot, Days to geminate 11, Vatering, 5 pints por sq. ft. two dagye

after seeding and then 1 pint dally throughout the serics. Chemioal injury,
seérious in plote F & H and considernble iu D.

Regults were as follows:
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Treatment increased the yield 7 times, Cultures of the dying

seedlings of all of the plots showed the presence of Pythium debarryanum and Fusarium

sp. in all of them.

PLATE NO. V.

View of plots of Pinus ponderosa in gseries treated with sulphurie

acid at the Kansas Fursery. The stakes in the middle of the bed show the division

of the plots. The third plot is untreated. Beds shown in the background show

the method of protecting the beds sgainst reinfection.

R




PLATE W0. V1.

Showing Pinus divericsts seedlinge attacked by demping-off
in an untrested plot in the Ksnens Nursery. This shows how Shey are attacked
even sometime after gemmination,

™heee experiments show that the toxio salte are the best
fungloldes in the Leavy loam soil of the Oarden Clty Jursery. The solds all
failed bedause of the alkall in tha soil, so even If tio treatmont gave initial
storilization of t/e soil there was not sufficlent protection o prevent re-
infection. The Bino chloride and Copper sulphate gave the best results and will
undoudtedly prove to b the fungleolides to be weed i this Dureery.

in the sandy soll [ the Kansas Nursery the sulphmric soid
gave the best results and would be a very eoffective Munglicide If the scld injury
con be avolded Yy frequent watering, which is porsidle If the bods are watered
overy day.

Pythizm was found working st depths of 6 and 7 inches in the
soll which shows that the fungicide must de arplied so it will sterilize the soil
to this depth and as air caltures showed the presence of the spores In the afr 1y

is very evident thet the soedlings must be protected from reinfection Trem the

R R R R R ————————.S
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air and the only way this can be dome is to have the effect of the chemicale applied,

remain in the soil until the seedlings are old enough to resist the fungl,
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Sulphurie acid is the best soil fungicide for demping-off in light, sandy soils.

Other acids did not give any bemeficial results perhaps due to their breaking dowm and
combining with other elements.

The toxic salts proved to be the best soil fungicides in the alkali or heavy soils.

Zine chloride gave the best results although very good results were a2lsc obtained
with Copper Sulphates

When sulphuric acid is used special watering is necessary during germination and the
early establisiment of the seedling to prevent chemical injury by the
concentration of the acid at the surface.

Ammonia, Potassium hydroxide, Mercuric chloride and Formalin were the only chemicals
among those used that will kill dormant seed, so these must be applied
before seeding and allowed to evaporate or vercolate into the soil before
the seed is sowmn.

Pythium debaryamm spores are disseminated through the air so initial sterilization

is not sufficient but the seedlings mmst have protection from reinfection as well.

Pythium dedaryamm works most vigorously at the surface but will spread rapidly
at depths of 3 and 4 inches and has been found working at depths of 6 and
7 inches, hence the soil must be sterilized to this depth to insure thorough
aterilization.

Pythium debaryamm is 2 cool temperature orgenism and does the most damage in the
spring and during cloudy days in summer.

Pythium debaryarmm is readily transferred from ome of its hosts to the other as
shown by the inoculation work domm,

Fusarium sp, is a warmer temperature organism and does the most damage in later

sumer. It works in the tops of the seedlings as well as in the roots

but most of the damage is dome in the roots.

1
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Rhizoctonia spe. is 2lso a later summer fungus due to being a warmer temperature
organism than Pythiume It works on various hosts but so far as was

found in this work, is confined to the roots of the seedlings.




PART II.

AN ECOLOGICAL STUDY OF CONIFEROUS SEEDS AND SEEDLINGS

E e i)

AS TO MIGRATION AND ESTABLISHMENT.
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Forests have covered some portions of the earth's surface ever since
the evolution of the plant kingdom produced the woody tissued plants kmown as trees.
Wherever the forests have gained possession of the ground they have held it perma-
nently and have steadily encroached upon the surrounding territory as far as the
climatic conditions made it possible for the trees to establish themselves.

The forest has successfully withstood the attacks of its natural
enemies such as fire, insects, disease, wind and flood a.nd has only been removed from
areas which it once occupied by such far reaching agencies as glaciers and changes of
climatic conditions making the tree growth impossibdle, where, evem in those regionms,
it is again migrating back to the lands from which it was swept as soon as the
climatic conditions are favorable to its establishment, as shown by the great
farested regions of the Lake States of the United States. Thus the forest is truly
eternal when left to the laws of nature,and it is only since the advent of man, with
all his devastation and exploitation, that the decline of the forest began.

To impress us with the devastated waste left in the wake of man's
exploitation, we have only to look at the barrem, eroded mountain slopes of China,
France, Spain, and those of our own country, all, at one time covered with a mag=
nificent virgin forest which had withstood its natural enemies for thousands of years,
but was forced to give way to men's agencies such as destructive lumbering, repeated
fires and grazing.

That forests follow forests, is an axiomatic truth kmown to all
observers or students of nature, so we must look to the causes, other than the
natural laws, for the decrease of the forest domaine

The forest tree as all other flowering plants, has its beginning in
the seed so our knowledge of the origin and distribution of the present forest types

must be built uponm the foundatiom of a thorough kmowledge of the seeds
From the maturity of the seed to the final establishment of the
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forest there are five principal points to consider, viz:

l. Seed Production, as to amount produced and the periodicity of the seed years,

2e Seed Distribution, agents and methods of distribution.

e Germination, favorable and adverse conditions.

4., Estasblishment of the Seedlings, Ecological and Pathological factors involved.

5 Viability, conditions under which the seed will retain its vitality and

length of time it will remain viable.

-

SEED PRODUCTION.

Production of seed is nature's method of perpetuating her species and
she seems to have equalized the drawbacks one species may encounter by putting the
other species with which it must compete under some other disadvantage. This appears
to be true when some of the associated species such as the Yellow Pine and Lodge Pole
Pine, or the Douglas Fir, Hemlock, Western Red Cedar, and Western White Pine are
considereds The Yellow Pine has a mmch larger seed and consequently is better able to
establish itself under more favorable conditioms but the Lodge Pole Pine is a much
heavier seeding tree and produces millions of seeds more than the Yellow Pine so what
it loses in ability to contend with the unfavorable conditioms it gains in having so
many more seeds and consequently more seedlings with which to begin the struggle and
the result is known to all who have seen these species in their native homes. The
Lodge Pole Pine will usually get possession of the ground where a fire has destroyed
the forest but the Yellow Pine will again graduslly push it back if left undisturbed,
although under favorable conditions the Lodge Pole will maintain possession of the
ground, not because the site is unfavorable to the Yellow Pine, tut because the Lodge
Pole is there in sufficient quantities to successfully compete with the Yellow Pines

This same condition is true with the Hemloek and its associates. If

the enormous guantities of seed produced by the Hemlock anmmally, had the same chances
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of succeeding as the species with which its associates,.as the Douglas Fir, Western
White Pine and Larch, soon the entire forest would be Hemlock, but the larger seed
of the White Pine and Douglas Fir make it possidle for these seedlings to withstand
the drought and compete more successfully with other species. The small seed of the
Cedar is another example. Although there is enough Cedar seed produced anmally to
seed all of the area, the fact that the seed mst have exceptionally good conditions
for germination agein limits this species and prevents it from getting entire posses-
sion of the grounde.

These points are borne out by the fact that all trees producing larger
seed invariably produce less seeds. The Sugar Pine produces only a fraction of the
mumber of seeds produced by the Douglas Fir and the Douglas Fir agein only a part of
the numbder produced by the Hemlock, In the Lake States, the Jack Pine produces much
more seed than the Easterm White Pine or the Norway Pine, and these species are
always in keen competition with onme another except in the most unfavorable localities
where the Jack Pine gains possession of the ground.

The periodicity of seed years is too great a variation to use in any
practical application for future work but mst be considered in order to Xmow when
the last heavy crop of seed was produced.

Various methods for studying seed production have been proposed and
tried, but all of them arrive at only a theoretical conclusion as to the production
of seed per unit area and since the periodicity of the seed years is so variable,
knowing the past years of seed production will not serve as an index when the next
seed year will bee. The heavier and lighter crops of seed are dependant upon the
climatic conditions so they cannot be predicted, except by Hick's almanac, Ileverthe-

less we kmow that the forest is producing seed, sometimes annually and sometlimes at
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periods of two or three years or even more and it is sufficient to kmow for the
purposes of management, whether the last crop was a sparse, medium, or heavy crop.
The seed produced by the forest is ammually, or whenever produced, falling upon the
forest floor and there being covered by the falling needles, and the accumlation of
vegetable matter, thus putting the seed under contimally moist, cood conditions and
storing it for the future.

In rezard to seed production Darwin says: "Large numbers of seeds are
destroyed. The greater chance 2gainst any given s;ed reaching a suitable loeality
and attaining maturity, the larger the number of seeds must the plant produce in order
to maintain its numbers and as a general rule the smaller will the individual seeds
be. On the contrary the greater the chance that each seed enjoys of arriving at
maturity, the smaller the mumber of seeds that is necessary, and in such cases it is
an advantage that the seeds should be large".

In any ordinary seed year the forest produces enough seed to produce
a stand of seedlings so it is not the lack of production of seed that makes the forest
unable to perpetuate itself and reclaim areas uwpon which it has been destroyed by its

natural enemies, or through artificial means by man,

Seed distridbution has always been a much discussed subject and a great
many theories in regard to the migration of the forest have been held in the past and
opinions vary a great deal at the present time as to causes of reproduction following
large burns and areas from which the timber has been removed artificially,

Neture has provided near}y all of the seeds of the comiferous trees
with wings and in this way provided for wind distribution so naturally, the idea that

the seeds were distributed by the wind has been accepted and taken without considering

B
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the nature of the seed and its wing and the influence of the wind upon the seed as it
leaves the cone in the top of the tree. Most of the seeds have the wings attached to
one end of the seed and have the wing on one side only so in an ordinary wind of ten or
twelve miles per hour the seed will begin a downward spiral whirl and land within two
chains of the base of the trees And since in a large part of our coniferous forests
the autum, or seeding time, is usually 2 time of little wind, the wind cannot be
considered a factor in seed distribution only as influencing short distances from the
seed~trees. To be sure the occassional blast of wind at the higher altitudes, blowing
at the rate of seventy-five miles per hour, as has been measured by the writer in the
Cascade lMountains of Washington, may carry an occassional seed for a long distance, but
it will never produce stands over an area.

Water is a distributing agent among the moisture loving species and by
carrying along the seed with the stream either by floating or by getting onto some

moss or debris along the banks of the $treams become covered with species that drop

their seed into the stream,

Animals play a ragher incidental part in seed distribution and the
carrying of seed by birds may account for the occassional trees found in unexpected
places. The most striking instance of animal distribution is seem in the Yellow Pine
recions where the squirrels, chipmmnks and mice collect and cache the secds or cones.
The squirrels and chipmunks gather the cones and cache them while the mice gather the
seed only and store it awage Usually the chches are in piles under logs in stumps
or other hidden places but often on the grassy slopes of the Yellow Pine region the
squirrels store separate comes under the tufts of grass and I have examined and
collected cones from caches that covered patches 200 feet square or more. The mice
also cache small piles of pure sced under these grass tuftf. Naturally not all of the

cones or seed is 2z2in found by the rodents that store it and in this way they have

become planters of seed even though they take a heavy toll for their worke This

L
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accounts for the patches of Yellow Pine reproduction on some of the grassy slopes of
western llontana and Idaho, Tufts of Yellow Pine have been found containing 10 to 20
seedlings and upon digging them up the remeins of the cone could be seen where it
evidently had been cached by the rodent .

In studying seed distribution and seedling establishment the following
methods were used:

Strips 8-1/4 feet wide were run 2-1/2 chains apart, thereby covering 5% of the
total area and crossing it oftem enough to get representative areas under all conditions
of moisture, shade, exposure (as to slope)}, and soile

Maps, showing location of streams, timbered areas, seed-plots, turned and unburned
slash areas, and topography were made.

Notes were taken on the kind of soil, whether silt, sandy, rocky, clay, etce,
vegetative ground cover, condition of soil whether mineral or covered with hums,
duft or 1itter, and amount of charred logs and slash on the ground. Number and age of
each species of seedlings were recorded with conditions under which each individual °
or group of seedlings was found as to soil con:utiom and shade or protection by logs
or slashe

Eash chain was taken as a unit and written up separately. The strips were

designated by the letters of the alphabet, and the chaipe in each strip by mumerals.

The following is the report in detail of one of the areas studied:

.%-—_




Designation Kaniksu - Fidelity Lumber Co., lMarch 18, 1907.

Location Sece 26, Tu57 Ne, Reb W., Boise I,

To 8 Rolling, traversed by Pine Creek - a2 non drivable stream - and the
West Branch River - a drivable stream.
Slopes and ravines shown by map.

Soil 3ilt and sandy loam, dry, gravelly on hillsides.

Condition before cutting Forest mature and over-mature consisting of two age

classes of 100 years and 200 years.

Considerable fungus and bug injury. I

Reproduction Hemlock and Cedar heavy throughout.

White Pine and Larch in groups in openings.
Utilizetion  All merchantable timber, living and dead, standing and dowm, cube

Brush disposal A1l unmerchantable timber slashed and broadcast burned.

Burned-over June, 1910.
Seed Years Good seed crop in 1909 and a fair crop in 1911,

Silvicultural System Clear eut with seed plots, left.




=31-A.

CONDITIONS OF STAND BEFORE CUTTING

— e . e e NN

White White Cedar
Pine Larch Red Fir Cedar Poles
Average total
height of trees 140" 140°* 120° 120°* 75
Average diameter
of trees 201" 20.4" 204" 27,07 12.8"
Average rumber
of treea rer Ae 27.4 30? 0.8 2.8 17
Average stand
feet be.m, per A. 17,564 2,068 358 2,496 545
Per cent of total stand 79 11 245 7.5
Seedlings less than 5 feet high
per acre per cent of stand 30 10 10 50
Trees between 5 feet high
and 6 inches D.B.H. per acre 10 245 2 16
Tlumber trees above 6 inches
D.B.H. to be left 4.5 1.5 0.5 5.2

Considerable Hemlock was scattered all through the stand, especially young growth

of the pole, sapling and seedling stages, which was not taken into consideration in

the above estimate.
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Showing the location of the strips as they were run and the topography of the areae
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PLAYR ¥O. VIII.

trees. This migration chart

Showing the migration of the seed from the seed
strip

was made up bv taking the mumber of seedlings per acre on each chain of each

d chain etce

and getting the average for the first chain out of the timber and the secon




Ground Cover When Examined September 1912.

Scattering individuals of Wild Rose (Rosa), Bearberry (Arctostaphylos),
Thimble Berry (Fuums), Solomon Seal (Polygonatum), Fern (Pteris), Fireweed (Epilobium], |
Hountain liaple (Acer), Willow (Salix), Service Berry (Amelanchier), Vetchling (Lathyrus),
Thistle (Cardims), Horsetail (Equisetum), Lupine (Lupimus), Alder (Almus), Goldenrod
(Solidago), Spiraes, Lamb's Quarter (Chenopodium), various kinds of grasses in tufts
and in heavy stands on river bottom flats and Clover (Trifolium] along the rogd sides

makking a ground cover of about 50 per cent but not an even cover as the vegetation is

in groups with many open or sparsely covered areas.

The areas burmed are gquite free from any material left except some
scattered charred logse The mineral soil is exposed in many places and the remainder
is covered with spots of hums and duff with strips of needle and wood litter along
the timber where the fire did not run. The soil has been in excellent condition for
reproduction since the burn of June 1910 and is still in good condition 80 the abgence

of reproduction is not due to soil conditlions,

Along the West Branch river and the Pine Creek the low flat land is
heavily covered with grasses and ferms which leaves these areas in unfavorable

conditions for reproduction.

The cutting as a whole naturally divides itself into units which have

similar factors influencing reproduction as seed-plots, slopes, slash etce.

Plate VII, shows the topography of the area and the position and direction

of the strips rune.
Plate VIII. -The Migration Chert, also shows the area divided into units

having similar fagtors influencing reproduction. These areas are designated by the
letters of the alphabet and in case any letter appears om two or more areas it indicates

that these mrwm areas are similar, \
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Areas A.B.C. and D. are a2ll within seed plots under about 50 per cenb
shade with sparse ammals and ground cover of duff hwms and litters The seed ftrees
in the plots are healthy except in C and in the edge of D where they have been badly
damaged by fire. E is an area of unburned, partially piled slash on a steep north
slope of 20 to 40 per cent with scattered small trees of Hemlock and Cedare The ground
cover is of sparse anmuals and patches of hwms, duff and litter. F. is an area of
unburned, partislly piled slash on a southeast slope of 15to 20 per cents The ground
cover consists of scattered ammals and a large per cent of the soil is covered with
litter and duff. Scattered trees of Hemlock and small Cedar were left standing on
this area., G is practically level. The greater part of it is mburned slash, partially
piled and the northern part of it has a pole stand of Grand Fir and Cedar, The ground
cover consists of a few anmeals and litter and duff with some exposed places of mineral

soil. H is a south and west slope of 10 to 40 per cemnt, very dry hot situation. The

" north half of this area is covered with unburned piled slash. Ground cover of scatter-

ing armuals and tufts of grass except along the West Dranch River where there is a

heavy cover as previously described. J is the general broadcast burned area of flat

benches and slopes. The ground cover is described previously in the general description.
The migration chart shows that the reproduction is much heavier on all

of the areas where the slash was left unbarned. This is undoubtedly due to the seed

and seedlings left on the ground at time of cutting as there are no seed trees in the

near vicinity of areas E. F. and G. to re-gseed them and all of the burned areas alongside

of these areas had no reproduction on them. Areas E. F. and G. had sced trees of Cedar

and Hemlock on them but no White Pinee




PLATE NO. IX.

Looking northeast over Fidelity cutting on Sec. 26.

Seed-plot B in center of view. Seed-plot A at left and geed-plot C ad right with

seed-plot D showing in dackground between B and C.




é—

-37—
As shown by the migration chart the distance of seeding from the seed-trees

seldom exceeds two chains to any appreciable amount.

The habitat of the seedlings found was generally similar to the conditions of the

general area which indicates that no gseed has been sown on the area farther than showm

by the migration chart.
These points were bornme out by all of the areas studied.
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PLATE NO. X.
Showing the distribution of seedlings along the edge of the timber and distance of

seeding from seed~trees. The seedlings are from 1 to 5 years old and all ages &re

distributed over the plote




PLATE NO. XI.
Showing the timber beside the plot in Plate X, The seedlings on this plot are from
seed produced by the trees shown here,; White Pine 1 to 5 years old in foreground;

™

thrifty stand of seed-trees of White Pine, Cedar, Hemlock, Larch, Douglas Fir, ant

F

Grand Fir, in background. As seen here there is scarcely any ground cover to interfere

with reproductione.

PLATE NO. X.

- - - - A o Baala
Size and Location = 1 che wide, along timber, by 2 chs. long, out from timbers

Aspect - 5 per cent East slope.
Soil - Deep silt soil, well drained.

Ground Cover - Scattering ammals and shrubse Mineral soil exposed on a large

R

part of the plot.




Direction from Seed-Trees - East.

Seed-Trees Within ome Chain of Plot = 5 White Pines, 14 to 26 ine D.B.He, 1 Cedar 16

in D.B.H., 1 Hemlock 15 ine D.BeHe,y 2 Larches

16 and 26 in. D.B.H.. ¥ Dongl” Fir 18 in, D.B.H.,
snd 1 Grand Fir 18 in. D.B.H. All healthy and in

good condition for producing seed.

Light Values, Under Which Reproduction is Coming in - Value of 05 readings taken
one chain into timber where White Pine reproduction

stopped.

This shows that the trees are seeding nearly every year but the distance of seeding

is about the same every year. A large mumber of plots taken under varying conditions

all showed the same results.

During the swmmer of 1913 an intensive study of a section located om

the Yaeolt burn of 1902 on the Columbia National Forest, was made by running strips
8-1/2 feet wide and two anl one-half chains apart, over the entire seotion. This
width strip was used because it is a mltiple of a chain. The acre 5 chains long and
2 chains wide was taken as a unit, and by the above method each acre was crossed twice
tims making & 5 per cent examination of the area covered. The age of 211 seedlings
found on the strip was taken as well as the mumber,also the height of seedlings found
on every third scre to get the development on the various slopes and exposuresSe
Helghts were taken in 4 inch classes. Notes om the soil conditions were takem and
topography with an aneroid and abneye

The strip method gives the contimmous conditions and shows the

zonation of the different types better than the plot and since this study was

Primarily of migration it was necessary to follow the clenging conditions closely. l
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After the study of the section was completed eight strips were run
radiating out from the four corners and the four central points of the section in
order to get the locatiom of all green timber that would influence the seeding on the
section studied. These strips were studied the same as the section. The strips were
run out far enough to cover a township, that is 2-1/2 miles long from the sides and

3-1.2 miles long diagomally from the corners, camprising in all an area of 23,040 acres.
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PLATE NO. XII.
Showing method of covering the township studied in the Yacolt burn on the Cojumbia
National Forest. The section shown in the cenmter was covered intensively as desoribded
before and the blocked lines radiating out from the section show the method of covering
the township in the extensive work. Bach block containing dots shown, covers six

%cres and the dots represent the reproduction, each dot indicating 100 seedlings per ‘
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acres This map shows the White Pine. Maps were made for each species. The dark
portions of the map show the greem timber left. This timber contains very little
White Pine and none that is seeding out over the burned area, yet the above map shows
very conclusively that the White Pine is evenly scattered over the entire burn
regardless of location of seed trees.

The strips radiating out from the section are divided into blocks of
six axres each but the legend indicates the number of seedlings per acree. The notes
were taken the same =2s those of the intensive study of the section but averaged in
blocks of six acres because the acre blocks were too small to record the legend.
These strips were crossed with one line onlye.

The average of the heights of seedlings of all species on the different

sites and situations showed that site quality and moisture were the comtrolling factors

in the height growth of the secedlings. Slopes showed a decided difference in the
height growth, sometimes varying 20 to 30 inches from the south slope to the north
slope but the difference in grovth could 2lways be interpreted in terms of moisture
as seen by the fact that the seedlings made just as good and even better growths on
the south slopes where they were located near springs or any moist ravines, The different
species did not show any marked differences in this respect except that the White Pine
and Douglas Fir were able to establish themselves on drier and more exposed situations
than the Noble Fir, Amabalis Fir and Hemlocke

The study showed that the reproduction occurs over the entire burn
varying in density regardless of the location of seed-trees often being much more
dense at o distance 2 or 3 miles from seed-trees than near by the trees, often reaching
20,000 to 30,000 seedlings per acre. The distance from the seed-trees and the erratic
Occurence of the seedlings in dense stands sometimes near geed-trees and sometimes at
groat distandes from them showed that the seed was not being blown in by the wind.
On the area studied, the Noble Fir was seeding & maximum distance of 10 chains, the

Amadalis Pir 10 chains, Douglas Fir 20 chains, Hemlock 20 chains and in same instances

-;————
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perhaps farther, while no check could be taken on the Western Whikte Pine because
there were no seed-trees found that were producing seed and no young seedlings found.
None of the species were seeding sufficient to produce stands more than 4 or 5 chains
except Douglas Fire

When this area was burmed over in 1902 all of the timber was killed and
the seed of the crop of 1902 badly scorched or burned as the fire went through in the
early part of September. That there were no green trees left after the fire, is shown
by the fact that there are no unburned cones or cone scales in the burned over areas
while charred cones and cone scales as well as seeds of all of the species of the area
were founds Also in places where the surface of the litter and duff was charred and
undisturbed since the fire seeds were found still buried in the duff, some of them
with perfect wings. These facts shecked with the appearance of the seedlihgs in stands
of over 30,000 to the acre and ending in clear cut edges show that the seed was in the
litter and duff and lived through the fire, a large percent of it germinating the first
season as shown by the large percent of 11 year old seedlings. The 5 to 10 year age
class shows the distribution of the seedlings that same from the seed which germinated
some years after the fire and those ay great distances from the seed-trees undoubtedly
came from the seed which had remained dormant in the litter or duff as there were no
Seedlings under 5 years old found in these localities and in the case of the Western
White Pine there were no seedlings under 5 years found during the entire study alfhough
the White Pine seedlings were distributed over the entire area studied. This indicated
that the White Pine seeds were viable for 6 years under the conditions they were
exosed to. White Pine seeds were found in some of the charred cones and also some
in the litter and duff, but these undoubtedly were killed by the fire or were not
viable seeds.

The fire came from the southeast and the reproduction is invariably
sparse on the south and southeast slopes where the fire was hottest and all of the

litter and auff burned. On these slopes there are no patches of reproduction appearing
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and the occassional seedlings show that very little seed was left after the fire,
while on the slopes not struck by the direct flames of the fire the reproduction appears
in very dense stands regardless of the distance from the seced~trees.

As showm by the maps the reproduction is found at distances of 3 gnd 4
miles from the nearest seed-trees and as with the White Pine there are no seed-trees
in the country that would have any influence on the area over which the reproduction of
this species extends there can be no doubt that the seed was there after the fire
passed over the areas This seed may have dropped from the trees the previous year or
éven earlier, as must be the case where these heavy stahds of reproduction follow the
fires the first season as the seed from one season would scarcely produce such dense

standse If the seed of the year the fire passed over the area was not killed, which

is very doubtful, this study shows that even this seed must lie dormant for several
yearss The indications are that the White Pine remained 6 years, Douglas Fir 6 years,
Noble FMir 3 years, Amabalis Fir 5 years, Hemleck 6 years and Yew was found scattered
over the typical slopes of the species va.ryiné in age ffrom 11 years to 3 years showing
that the seed remained dorment for 8 years. The yew was a good index in accounting
for the seed on the area as there is no question about the wind distribution of the
berry and although the theory that animals carry the seed may be true to & ¢ ertain
extent it is scareely possible that the birds would take the pains to carry the seed
back to the slopes best adapted to the species and among the old burned stumps of the
stapds of Yew before the firee

These conditions are duplicated on all of the burns gone over on the
Snoqualmie National Forest and the Oregon National Forest. The burns on the last
named forests were not studied, but general observations inficated that the conditioms
Were the same as those found on the Columbia, the noticeable feature being the
universal failure of reproduction following a second fire over any area at any

Considerable distances from seed-treese This fact shows that the seed did not come

. 0
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from any of the remaining green trees because if they had seeded the area the first

time they would have re-secded it after the second fire also.

PLATE NO. XIII.

4 stand of Noble Fir and Amabalis Fir reproduction about 1 mile from seed-trees.
Drenty—five thousand seedlings per acre. The significant feature shown in this view
is the clear cut edge of the reproductiom. Note how well defined the edge of the
Seedling growth is and mone in the foreground or on the strip up to the large Noble
Pir tree in the center. This is often found in different localities and can be

éxplained only by the surface fire dying out along this line yurning all of the litter

and duff up th the point where it dies and the seed in the litter and duff left
Wiburned germinatinge This shows clearly that this seed was not blown in,also that

R0 seed came here since the fire.

‘;—_




-ff=-

-t

ade.

o

aking northwest fr

~

v
.




(soath

the view (north slope) where the

‘rom the southsast.

902, on the
und after i}

st~
2.

) alhae
pe) where

-

ler

ne Brrow

ser om

e

ints

-
-

[
noTsi

fire was not

ke

rep

denser as it gets farther dowm the slo

od

mction

— e
the left hand
: i side of
o the fire
iz on the morth

This is ussally the case with

slopes where the fire was leas severe,




-47-

PLATE NO. XVI.

View on Oregon National Torest showing the results of 2 second fire. This area was
burned over in 1902 and followed by dense reproduction of Douglas Fir, Noble Fir,

Hemloock arnd Cedar. The second fire ran through in 1909. Note the boundary of the second
fire not followed by reproduction.

. PLATE NO, XVII.

View on the Snoqualmie National Porest in Washington showing 2 burn 20 years old followed

by a second fire 11 years laters. The patches of reproduction left show where the second
fire did mot run. The second fire has not been followed by any reproduction.
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GERMINATION OF SEED,

That the seedling is dependent om the food stored in the endosperm of
the sced was shown by tests in sand, soil to which mutrient solutions had been added,
and potting soil made up of leaf mold and sande The following mutriemt solution
was used:

To each liter of water was added:

le gram Calcium Nitrate

0.25 "™ Potassium Chloride

0e25 " lMagnesium Sulphate

0e25 "™ Acid Potassium Phosphate
The soil was moistened with this solutiom and slways watered with the same solution
whenever necessarye.

The seeds germinated equally well under all of the conditions but the
differences were very soon noticeable after germination.

Seedlings germinated in the samd came above the ground and appeared
as good as those grown in the potting soil or in the mtrient solution until the seed-
coats were shed when they began to fail and apperently were unable to get any nourishment
or at least not sufficient to make a growth. After the cotyledon stage, these seedlings
did not appear healthy and many of them soon developed their winter or resting buds
vhile the ones in the potting soil and in the mutrient solutions made a good growth
and did not develop any buds until they had passed through the regular growing period.
Those grown in distilled water grew until the food of the seed was exhausted and then
died.

Pims ponderosg, Psendotsuga taxifolia, Tsuga heterophylla, and Thuya
Plicata were the species of seeds used.

The following table shows the results of differemt depths of cover in

average soil.

Ga
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TABLE NO. VI.

Species Depth of Per cent Per cent appeared
cover germinated above ground.
Pinus ponderosa 1 in. 82 82
2 in. 83 74
3 ine 7 8 42
4 in. 36 0
Psendotsuga
taxifolia 1/2 in. 93 93
1 in. 87 85
1-1/2 in. 72 | 54
2 in, 67 50
3 in. 42 3
4 in. 17 0
Tsuga
heterophylla 1/4 in. 96 96
1/2 in. 92 76
3/4 ine 86 50
1 in. 64 5
1-1/4 in. 42 0
Thuya plicata 1/8 in. 78 78
1/4 in 64 52
1/2 in 42 24
3/4 in. 25 B
1 in. 26 0
1-1/2 in. 19 0
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This table shows that seedlings will come up through the soil in
direct proportion to the size of the seed and the development of the seedlings showed
that the seedlings will grow to & size in direct proportiom to the size of the seed
without any nourishment other than that stored in the cotyledons of the seed, The fact
that the seeds germimated even at the depths shown in this table and produced radicals
sometimes 4 to 5 inches long, as was the case with the Yellow Pine, proves that the
seedling mst depend upon the food stored in the seed until it can produce chloryophyll
bodies and marmfacture its own food, and if it caxmot reach the surface before its
supply of nourishment in the seed is exhausted, 1t must dies On the other hand if it
is adle to get above the ground, even as a fimal effort, the cotyledons open up at once ‘
and turn greem and the seedling gets a new source and supply of foode

It follows from this then that seed may often germinate whem covered |
with 1itter and duff and the seedling mot get to the surface but most of the seed |
tovered in the forest floor is mot under germinating conditions especially when covered
to any depth since the forest floor is always cool due to shade and moisture.

The factors necessary for germination are moisture, aeriation, and
temperature, and a seed will not germinate when any of these are wmnting, temperature
of course, meaning one favorable to the seed concerned which varies with different
Seeds,

The following experiments with the germination of the seed of Fimus
monticola, Western White Pine, showed that the seed will stand some rigorous treatment
and still germinate.
M Five tmtmtauryingfrm‘mnofcoppumm: to 1 gallon
of water, to 32 ounces of Copper acetate per gallon of water in which the seed was
Soaked for 2 hours did nmot effect the germimatiom. The germination was the same as

in the untreated plot.
Six treatments with stremgths of 2 %o 4 ounces per gallon of water

and soaked from 12 to 24 hours, srowed no influence on the germination. Traces of
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blue coloring in the endosperm of all of the treated seeds showed that the acid had
penetrated the seed coats. This coloring was quite noticeable in the stronger treatments
but since some of the stronger treated plots gave as good germination as the untreated
showed that the vitality of the seed was unimpaired. The seedlings that came up were

thrifty and the root systems well developed.

Copper sulphate Seed soaked for two hours in solution of 48 ounces of Copper

sulphate to one gallon of water germinated 6 per cent. Soaked in 24 ounces of water

to one gallon of water germinated 9 per cent. Eight treatments, varying from 2 ounces
t0 60 ounces of mxkmx Copper sulphate to a gallom of water soaked for two hours,
falled to germinate. Ten treatments varying from one part Copper sulphate, by weight,
t0 three parts water to one part Copper sulphate to 500 parts water, soaked for 2
hours, showed no influence on germination. Ten treatments varying from ome part Copper
sulphate to three parts water by weight, to ome part Copper sulphate to 40 parts water,
soaked for 2 hours showed no marked influence on the germination, but the seeds soaked

in the stronger solutions were colored blue and most of them failed to germinate.

Zine Chloride Eight treatments varying from 2 ounces of Zimc chloride to ome
gallon of water to 60 ounces of Zinc chloride to ome gallon of water, soaxed for 2
hours did not have any influence on germination.

Four treatments from 12/32 to 1 ounce Zine chloride to ome gallom
Water, soaked for 30 mimmtes did not effect germinatiom.

Ten treatments varying from 1 part Zinc chloride to 50 parts water,
by welght, to ome part Zine chloride to 500 parts water and tem treatments varying fram
1 part Zine chloride to 3 parts water by weight, to 1 part Zinc chloride %o 40 parts
water, all s'howd no influence on the germimation. Zinc chloride had been found to
be 2 stimlant in germination in all of the work dome inm soil treatment for fungi and
¥as expected t::a. gtimlant in germinating the White Pine seed but such did not prove

t0 be the case.
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Ether Seven treatments of ether varying from dipping to exposing the seed
to the ether fumes for four hours showed that the seeds were killed if left in the fumes
for more tham one hour. Ligquid ether was put into a bottle and the seed suspended above
it on a gamze, thus subjecting the seed to the ether fumes. The bottle was closed with
an air tight glass stopper.

Seed soaked in water Seed was put into water at the following I:'emparature in degrees

Fehrenheit and left for 40 hourss 100, 110, 120, 130, 140, 150, 160, 170, 180, 190,
200, 212, The temnerature of the water was 65 to 70 degrees F. when the seed was taken
out. No germination was obtained above 150 degrees I'. but the seed soaked in 140 degrees
germinated 10 per cent as compared with 4 per cent in the unsoaked seed showing that the
heat had stimlated the germination.

Sulphuric acid The following table shows the results of treatments of Westerm White
Pine seed with Sulphuric acid.

TABLE NO. VII,

No. days Cerms%s Germe %
before 15 days 50 days

Plot Treatment first after lst. after Condition of seed when planted

umber of seed. pgerme. germe in planting

e series .

101 A Dipped A 23 2.8 4.0 Pericarp charred by acid.

101 B P=A=5 19 3.2 540 " " A

101 ¢ F=4~10 26 1.6 3.2 Pericarp and mesocarp charred.

101D  p-a-15 19 1.6 3.2 " » * 0

101 E P=A=~30 23 1.2 3.0 " " » »

oar P-A=45 19 244 7.4  Pericarp nearly removed and
mesocarp and endocarp charreds

101 ¢ Untreated 26 1.0 2.0 Formal.

101 g Untreated 21 1.8 2,0 Normal.

101 g 1 /2-1-50 21 1.6 3.2 Not discolored, seed-coats mt:ot.

lx  1/2-a-60 21 1.6 Bk " » A S

101 1/2-4-120 37 0.0 2.0 " " S - 3

101 u 1/2-4-180 21 0.8 2.2 " »

4=Commercisl sulphuric acid
P~i-5=Beed soaked in acid, full strength for 5 minutes, etce
“A=One-half strength acid, that is equal parts with water.

e ——

R R T T T e




—7

=53~

The comercial sulphuric acid chars the seed-coabs as soon as the seed
is immersed in it and where the seed was left for 30 minutes and more in the full strength
2cid the seed-coats could all be removed by slightly rubbing the seed thus leaving the
éndosperm nakeds Even in this state the viability of the seed was unimpaired and as the
table shows the strongest treatment gave the best germination resultse.

Seed treated with half strength acid showed no appreciable effects of the
treatment either in the direct effect upon the seeds or on the germinatione.

Germination of all the plots was perfectly normal, the seedlings in all
«the different treatments appearing in a healthy and thrifty conditiom except that the
Séedlings in the plots treated with the full strength acid for the longer periods
&ppeared bringing practically nothing dut the endosperm above ground in place of the
8¢ed and in some cases the cotyledonms grew out through the sides of the endosperm as

Shown in Plate Noe. XVIII, Seedlings appearing in this way produced strong

Vigorous plants however. |
Seed soaked in C.P.Sulphuric acid for 1 hour then the acid poured off ’

2d the seed covered with water. The reaction of the water and Sulphuric acid caused

Semperature to raise to 168 degrees F. and after it had been left 15 mimmtes the temper-

%ure was 120 degrees F. The pericarp was charred and most of it destroyed by the acid

&d the mesocarp and endocarp were also charred so they rubbed off easily, but the
®ndosperm or food material of the seed was apparently uninjured. Some of the seed

8minated, Seed soaked for more than one hour and treated with water failed to

8erminate,
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Seedlings germinated from seed treated with Commercial and C.P. Sulphuric acid. TNote
the absence of seed coats and the seedlings on the right with the cotyledons pushing
out through the endosperm instead of shedding the seed-coat in the regular way, The
Ssed—cmts were so completely cut awsy by the acid that they were never brought above

the ground,




The following chemical experiments to determine influence on germination were done with
the Pimus ponderosa, Western Yellow Pine.

Copper sulphate Ten treatments varying from 1 part Copper sulphate to 1 part water

by weight, to 1 part Copper sulphate to 5-1/2 parts water showed that germination was
stimulated by the chemical, and the seed-coats opehed in a few days, but as soon as the
seed-coats seperated the Copper sulphate solution entered the seeds ani stained them
blue also killing the germinating seeds as soon as the tip of the radical appeared.

Copper acetate Ten treatments varying from 1 part Copper acetate to 1 part water |

by weight, to 1 part Copper acetate to 5-1/2 parts water showed that germination was
stimlated but the Copper acetate killed the growing tips as soon as they appeared,

Chemical injury occured in all of the strengths. In the wealker treatments the germin-

ating tips were stained blue and in the stronger treatments the entire endosperm and

Plumile were stained blue.

All of the above experiments show that the geed in the dormant state
will withstand very severe conditions and the chemical condition of the forest floor,
has very 1ittle influence on the viability of the seed, although it may be a major
factor in the germination and development of the seedling, This however is another
Problem since the forest floor is always under very different conditions after a fire

or cuttinge

ESTABLISHMENT OF SEEDLINGS

In order to account for the present distridbution of the forest species

&nd the types within the forest, it is necessary to know under what conditions the

seedlings of these species are able %o establish themselves. When the seedlings or

trees of any species are found on any aite shows that that particular site is favorable

0 the species found there but it does not show that any other species would not establish
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i8self there or develop there if given a chance. Sometimes it is merely a question of
which species happened to get possession of the area after the virzin forest was removed
or which species first had the opportunity of migrating there, while in other instances
it is clearly a matter of competition or ability to withstand the conditions of the

site involved.

Soil temperature, soil moisture, aeration, and light are the ecological
factors which determine the establishment of & forest and determine the types within
the forest amd a large variation of any one of these factors on different sites does
not mean that wide varying factor is the one which determines the type, since other
factors varying less, but approeching nearer the limit of favorable conditions would
have a greater influence on the establishment of the seedling or on the germination
of the seeds All of the factors mmst be taken into considergtion and also the limits
of each under which the seedlings will grow., While the soil moisture may be equal in
two different localities, the soil texture may have a decided inflmence in the avail~-
ability of the moisture to the plants, that is there would be a decided differenmce in
the wilting coefficient. Schant and Briggs have shown that all plants have the same
ability to get water from the soil so this difference would not influence the types in
these areas if the soil moisture was the same at all depths but the fact that the surface
8011 oftem dries out while the soil at a depth of six inches will be moist om protected
slopes and dry on exposed slopes gives a decided advantage to the secdlings with 2
deep root formed early in its development. It is this fact that gives the Yellow
Pine the advantage over the Hemlock and its associates in the forests of western
Montans end Idsho, and for the same reason the Douglas Fir is able to establish itself
on the drier slopes of the Cascades, while the Hemlock and Cedar fails. A south slope
Covered with Yellow Pine or Douglas Fir, and the morth slope covered with Hemlock,
White Pine, Cedar and other species, does not mean that each of these species is in
its optimum habitat but is & question of competition and establishment. The Yellow

Pine woula produce even 2 better forest on some of the slopes occupied by the other
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species if it could establish itself there, but it is crowded out by the large number
of seedlings of the other species while on the other hand the Hemlock and Cedar do

" very well under the conditions of the south slope wherever they can get sufficient
moisture to establish themselves. The reason these species are not mixed all through
the Porest is not due to the lack of seeding or even the germination of the seeds on
the different slopes. This has been found to be the case by the writer where the two
types met om a ridge. The south slope was seeded with the seed of the species found
on the north slope and the seedlings of the Hemlock and Cedar and Larch were found
germinating along with those of the Douglas Fir and Yellow Pine in the spring but when
examined in the fell only some of the seedlings of the Yellow Pine and the Douglas Fir
were left because the small seedlings of the other species were umable to live through
the dry period of the summer due to their smell roots and inability to reach the moist
layer of soil below the dry surface. These conditions are repeated year after year
and still the types remain the same. It is very noticeable wherever & ravine or

spring keeps the south slope moist the species of the north slope are founds Evaporation

18 one of the chief factors in the establishment of the seedlings for the different
slopes often get about the same amount of precipitation but there is such & marked
difference in the evaporation that the exposed slopes dry out while the north and

Protected slopes remein moiste. This is shown in table Noe. Xe

The conditiom under which the seedlings became established were 2also
studied when the migration study was made on the area shown in Plate No. VII.

The results of this study are given in the following table:
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TABLE NO. VIII.

CONDITIONS UNDER WHICH SEEDLINGS WERE FOUND

White Pine Cedar Hemlock  Larch

_SOIL
On Hums 24 1% 2%
" Duff 30% 6% 247, 63%
" Wood Litter 35% 117 33% 7%
" liineral Soil 33% 82% 413 307

PROTECTION

In Shade 447 69% 547 374 |
Under Logs 6% 27 % 54 ‘
In Open 50% 29% 39% 587

_AGE ‘
1 Year 014 43% 87% 81% 48%
2 Years 01d 25% 127 7% 18%
3 Years 0ld 272 1% 10% 28%
4 Years 0ld 5% 2% 6%

These conditions were studied on all of the areas, and are summarized in the

following table:
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TABLE NO, IX,.
CONDITIONS UNDER WHICH SEEDLINGS WERE FOUXD

AVERAGE OF ALL THE AREAS

White Pine Cedar Hemlock Larch Grand Fir

SOIL
On Mums 3 2% 7% 1% 9%
" Duff %3 168 19% 32% 287%
" Wood Litter 254 228 58% 17% 87
" Mineral Soil 384 60% 16% 507 55%
PROTECTION |
In Shade 21 547 647 szt 15%
Under Logs ek 4t 8t L34 25% |
In Open 7% 424 281 70% s0%
AGE
1 Year 014 37% 743 874 25% 4
2 Years Old 19% ot 84 1% L34
3 Years 014 34% 16% &t 55% 354
4 Years O14 9t 12 1% ot 50%
5 Years 014 15 ot

In regard to the areas examined, the abdove tabulation shows that the White Pine
seedlings start about equally well om the duff, wood-litter and mineral soil, but as

shown previously the seedlings on the mineral soil are better established, due to a

better root systems The small per cent om hums is due to the lack of the zms

covered soils The seedlings apparently need little or no protection. The Cedar and

Hemlock were found in the shaded places where moisture is plemtiful. The Cedar

Preferring the mineral soil and the Heilook the wood-litter, usually starting om the

0ld decayed logs where they are shaded and kept moist. The table is self explamatory |

&8 to the conditions under which the different species were found.
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Under average conditions it is apparent that moisture is the chief
factor which enables the seedling to establish itself.

The loss of many of the seedlings germinating in the shade is pathologi-
cal and due to the shading only indirectly because the shaded moist conditions favor
the development of the damping-—off fungi, usually Pythium debaryamum. This mey account
for more of the seedlings being found in the opem and .nof. necessarily mean that the

Species studied will not develop under more shade.

PLATE NO. XIX.

Shows top and root development of Western White Pine seedlings grown under different

Conditioms (a) two year old seedling grown on duff, single root pushing its way down
through the duff until it reached the mineral soil where it developed laterals as
shown; (b) two year old seedling grown on wood litter showing the way the growing
Toot tip follows the crevices back and forth between the anmual rings and developes

= U
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laterals to follow the moisture between the rings; (c) two year o0ld seedling growm
on mineral soil showing the long tap root developed to seek the deeper moisture. All
of these seedlings were grown without protection or shade and the difference in top
development is apparently due to the varying amounts of moisture available at the
different periods of their growth. The seedling grown in the mineral soil forming
& shorter, sturdier top and establishing & deeper and more permanent root system,
while the others having more available moisture near the surface developed larger
tops and smaller root systems, lMeasurements of the seedlings vary as follows:
Top Root

‘E} 2¢2 in. 340 ine

(b) 1.6 ™ e .

(e} 14 ™ GeB ™
It is apperent that the seedling grown on the mineral soil is best established and
prepered for any drought or unfavorable conditiom'c'
(d) Shows the ground line of all three.
lany seedlings found under these conditions were dug and these taken &s typical

examples.
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The following experiments are all located on Warren's Hill, Warren's
Gap, and Pilot Knob near the Wind River Experiment Station on the Columbia National
Forest. The meteorological factors influencing the results of these experiments were
studied by taking readings every Saturday, from the middle of April 1913 to the first
of November 1913, of the percent of soil moisture at the surface, at a depth of 6
inches and 12 inches, soil temperature at surface, at depth of 6 inches and 12 inches,
evaporation from water surface (by having open water tank at each site), air temperature,
Relative lmmidity of air, maximm and minimm temperatures of surface soil for the
past week by having maxirum and minirmm thermometers set in surface soil at each site.
These readings were taken on three sites, one on an exposed south slope at an elevation

of 2,150 feet, one on north slope elevatiom 1,750 feet, and ome on an intcrmediate

flat with an elevation of 1, 150 feet.




In the spring of 1913, 100 seed spots of Douglas fir were sown on each
of the sites, south slope, north slope, and flat, and 25 per cent of the spots were
rrotected by wire cones on each site.

Three exsminations were made. At the end of the season the seed spots
on the south slope had no seedlings, either in the protected or unprotected spots,
since all that germinated during the season died in the dry part of the swmmere On the
north slope the protected spots had an average of .69 seedlings per spot, and 44 per
cent of the spots contained seedlings, while the unprotected spots averaged 25
seedlings per spot, and 22 per cent of the spots had seedlings. On the north slope
there was no loss of the total mumber germinated., On the flat the protected seed spots
averaged 2.85 seedlings per spot and 88 per cent of the spots had seedlings, while the
unprotected spots averaged 31 seedlings per spot and 34 per cent o the spobs contained
seedlings. The loss of the total germination on the flat was 6 per cent.

In the svring of 1913 the following species were sown under wire screens
on each site: Douglas fir, noble fir, western white pine, and western yellow pinee.

An area of about 16 square feet was sown to each species, one-half of the area being
put in as 2 regular seed spot and the other half broadcasted without prepering the
soil.

411 of the sowing failed on the south slope, and the seedlings that
germinated all diel during the dry season. The noble fir did remarkably well on the
north slope, and the Douglas fir and white pine did fairly well but the yellow pine
failed, There was no loss of the total mumber germinated.

On the flat the Douglas fir did very well end had a 15 per cent loss
of the total germimation. The noble fir did fairly well, with a loss of 30 pear cent
of total germination, the white pine germinated very 1little and had a loss of 46 pcr cent
of total germination, while the yellow pine germinated very little and 15 per cent of

the total germination died.

R
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TABLE N0, X.

TABULATION OF READINGS TAKEN ON PILOT XNOB, WARREN'S HILL AND WARREN'S GAP.
Readings averaged by months,

:April  :l2y :June :July :Augush:September:Oc tober

Maxirmum temperature surface soil, @ : $ : : g g
South slope H s 82.0:113.,0 : 10942 129.4: 10le5 : 7945
North slope @ t 7T1s0: Ble5 : 77.2: B8248: 635 : 6147
Flat 3 : 804021095 :117.5: 130e2: 93,0 : 69,5

Minimum temperature surface soil, : - : : g : -
South slope H : 37.0: 46,0 @ 48,2: 46.8: 43,2 : 3B.2
North slope @ : 38,0: 48,7 : 52,5: 5l.0: 44,0 : 37.5
Flat H : 37.0¢ 47.? H ‘7.83 45.,0: 38.2 H 33.7

Set maximmum temperature surface, 3 : $ : : H 3
South slope : 46,0 : 5942: 63e2 : 9040: 121,0: 717 : 5642
North slope t 46,0 3 5642t 6342 : 69.2: 6848: 54.5 : 50.4
Flat s 44,0 : 608: 6947 : 9242: 104462 7547 : 5645

Soil temperature & inches deep, @ 2 : 3 : t t
South slope t 45.0 : Ble6: 605 &t 67.5; 73.4: 60.5 : 52.2
North slope : 43.0 : 49.7: 5846 : 6le2: 63.4: 53.2 : 50.0
Flat s 45,0 1 Bhel: 62,7 & 68.2: 72.4: 55.9 1 49,0

Soil temperature 12 inches deep @ : H E s : :
South slope : 4445 : 50491 592 : 63.2: 6942t 60,7 : 5246
North slope : 42,0 : 49,0: 57.5 : 59.0: 6leh: 53,7 1 4847
Flat : 44.5 s 51.9: 605 t 64,7: 6762 56.2 : 50,0

Alr temperature g : g g : : :
South slope : 43,0 t 6040: 5540 : 7940: 08240: 6840 3 52.7
North slope : 4640 1t 62.0: 61e0: 75.0: 76,0t 64,0 : 51.5
Flat : 44,0 : 62.0: 62.0 : B0.0: B84.0: 72,0 : 5542

Relative humidity, s s s $ $ : :
South slope @ : 63.2: 81e7 ¢t 41.5: 35.7: 43,7 @ Tde2
North slope @ s 68.4: T5e5 : 4542: 42461 525 : 75.0
Flat : ¢ G4eB: 7547 ¢ 32.5: 0.8: 41.0 : 6840

Evaporation from water surface . : : : : : :
in inches, South slope @ : 4.2: 4.9 ;1 44: 15.1: 4.0 : 2.7
North slope @ s 2.0: leb : 0.9: 1B 0.7 : 049
Flat s : 38: 3.8 : 3.0: 6402 2.4 @ 1.3

Per cent of water content in : g $ : : : :
surface soil, South slope : 318 1 22,7: 2242 ¢ 9.9: 1.0: 24.8 : 25.6
North slope : 29.1 & 29.8: 23.2 t 153t 6e5: 27.4 : 35.3
Flat s 23,5 1 20.3: 35.5 £ 15.9: 2431 Jlel : 3046

Per cent water content in soil 6 @ s : : ? : :
inches deep, South slope : 3045 : 27.4: 2142 : 18.9: 1le2: 28.7 1 30.5
North slope : 35.9 2 23.1: 25,9 3 23e2: 1745: 26,8 1 32.1
Flat 2 2643 & 28491 25.7 1 28.0: 17.4: 2944 3042

Per cent water content in soil 12 : : : : : g :
inches deep, South slope : 31.5 1 25,91 1943 : 21el: 10.4: 2746 : 3l.8
North slope : 27.5 1 2640t 2647 ¢ 23,0 19.4: 18,9 : 32.1
Flat s 28,4 1 25.1% 26.2 t 2344: 2lel: a2 @ 30.7

3 ) $ g 3 3 $
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In order to determine the relative hardiness of various ages and classes
of Douglas fir stock on different sites, and situations, seven different age classes
of stock were planted on each site in the spring of 1913. Two examinations were made,
one in June to determine how the stock had established itself, and ome in October to
determine how the plants came through the dry period of the summer.

The following table gives the results of the last examination:

TABLE NO. XI.
Per Cent Dead Average
Kind of Stock Situation In Shade In Open Growth in 1913
1-0 Spring* South Slope 9 43 1.3
» North * (4] 0 o9
" Flat 10 12- 9
1-0 Spring South Slope 7 51 1.5
" " North * 4 2 1.0
" " Flat 3 18
1-0 Fall South Slope 15 42 16
noom North 8 1 1.3
"o Flat 1 17 1.3
+-+ Fall South Slope 4 22 1.4
North ™ 0 1 1.3
Flat 2 4 2.0
2-0 Spring South Slope 3 20 1.3
North * 2 1 1.7
Flat 1 3 2.3
1-1 Spring South Slope 1 34 1.6
North " 2 1 1.9
Flat 0 0 2.2
1-1 Fall South Slope 4 4 1.8
North " 0 0 25
Flat 0 0 2.5

* Seed from Eastern Washington,
All other seed from Westerm Washington.

It is very noticeable that the stock on the south slope needs some

protection as shown by the large percent dead of those planted in the open.




The young stock which survived on the south slope made a better growth

than on any other site due perhaps to a warmer location.

CONCLUSIONS.

Direct seeding by 21l methods is a failure on south slopes and only

a partial success on notth slopes.
(a) Due to damage done by rodents.
(b) Due to heavy loss of seedlings
by drought during the first
season on south slopes and any
exposed place. =
Planting 1-0 stock is unsuccessful on exposed south slopes, and

only fairly successful on other areas except north slopes where it is very successful,

A1l planting stock does best under protection of some bushes on exposed
south slopes.
|
All methods of planting done reasonably carefully are equally success=

ful in a¥erage or good localities when 1-1 stock is used.
2<0 stock is as successful as 1-1 stock under average oonditions.

An area was selected where the ground cover of wild pea vine and
brush was dense and one square rod was dermded of all vegetatiom and the area beside
it left untouched. Readings of air temperature at the height of the crowns of
seedlings, soil temperature at surface, 6 inches deep, and 12 inches deep, and soil
moisture at surface, 6 inches deep, and 12 inches deep were taken each week on the
demuded area and in the adjoining area where the natural vegetative ground cover was
wndisturbed. The object was to find the influence of ground cover following a burn

or clearing., The results are summed up in the following table:
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TABLE NO, XII.

NATURAL COVER AND DENUDED AREAS

s : : s ¢ :
: May : June : July : Aug. : Sepbe.:: Oct.
g - g z $ :
g $ : t : :
Alr temperature*® t : : : : :
Natural cover t 60.82:59.2 ¢ T0.7 ¢ 8646 : 72,0 : 55,7
Demmded t T2.2: 6444 & 84,7 2102.8 : 7642 :: 60,0
s $ s t $ :
Soil temperature : H s H : :
Natural cover, surface t 55462 5640 1 62,7 z T34 : 635 : 5642
" od 6 inches deep t 524,21 5542 2 6045 ¢ 6844 ¢ 610 : 54.5
- = 12 inches deep t 5049: 5540 2 60,0 : 66e4 : 6046 : 5445
: : s $ $ :
Demdsd.surfaco t T4deb: 675 1 9245 112442 : 89,2 : 6445
» 6 inches deep t 5748: 62.0 ¢ 68,0 ¢ T8e7 ¢ 67.0 : 54,2
- 12 inches deep t 56o3: 615 1 6740 1 74ed : 6642 : 5642
Per cent soil moisture comtent : g ¢ ? : :
Natural cover, surface t 33.3: 3244 3 23,1 : 1065 : 334 : 3645
- " 6 inches deep t 2132 2647 3 2040 ¢ 129 : 29.5 : 26,5
e . 12 inches deep t 23,9t 20,5 ¢ 1846 : 1544 : 284 : 27.7
s : s : z t
Demded, surface : 11,02 102 ¢ 4.1 ¢ 140 : 12,7 : 16844
. 6 inches deep t 26.,7:2401 1 2245 3 175 : 2442 : 29.0
» 12 inches deep t 23.2: 25,7 ¢ 21el ¢ 1948 1 272 : 29,2
2 t : g 3

*iir temperature taken at crown on one~year old seedlings.

The foregoing table shows clearly the effect of evaporatiom from

surface soil when

denmuded, also the greater per cent of soil moisture at the 6 inch and 12 inch depths as

compared with these same depths in the area having the natural ground cover of wild

Pea vine and brushe Although the surface dired out on the denuded area the 6 inch and

12 inch still contained more moisture than in the area of the natural cover due to the

moisture being taken out of the soil by the roots and evaporated fram the leaves.

The hot dry surface soil accounts for the loss of one-year old scedlings on these

exposed slopes, while the moist, cooler surface under vegetative cover gives the young

8eedlings protection.

on the denuded area 2lso shows why sturdy, large stock will succeed on such slopese.

The greater amount of moisture in the 6 inch and 12 inch depths
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PLATE ¥0. XX.

Tiew of Natural cover and Dermded areas om which the abdbove readings were takem. This
shows the heavy cover of wild pea vine (Lathryus sp.) om the matural growth. This

Srowth was removed from the demuded area in the early spring. Burzed over in 1902,




The following Plates show the germination and establishment of various types and
species of Conifers. As has been mentioned before, the size of the seed influences

to a large extent, the development of the seedlinges This is noticeable in these

plates.
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PLATE NO. XXI.

PSEUDOTSUGA TAXIFOLIA

DOUGLAS FIR,

(Size 2/3)
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PLATE NO., XXI.

Pseudotsuga Taxifolia Size 2/5

Douglas TFir.

A+ Seed, Color: Light reddish to a dark brown and lustrous above, pale white
mottled with brown below, smooth
Size: 4-6 mme long; 2-1/2 - 4 mme wide at widest 'pa.rt, tapering to a
point opposite winge Wings dark brown, 6-8 mm, long, 34 mm,
wide at widest pert just below the middle, tapering to a
rounding apex.

Weight: Average 35,000 seeds per pound.

Bs Seedling as it Appears Above Ground, about to Shed Seed~Coat,

Hypocotyl green to reddish tinge, cotyledons green.

Cs Seedlings with Cotyledons; green.
Cotyledons 1-1/2 = 2-1/2 cme long; linear tapering point;

6-9 in mumbere.

Ds Seedling one Year Olde

Showing remarkable root system adapting it to the drier

slopes and causing wmsually fast growthe




PLATE NO. XXII.
ABIES NOBILIS

NOble Fir.
(Size 1/2)
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PLATE NO. XXII.

Abies Nobilis Size 1/2
Noble Fire
A. Seed. Color: Pale reddish brown, slight temndency to be glossy. Wing very

slightly lighter brown than the seed.

Size: 1€-12 m. long, 5-6 mme wide at widest part near wing. Tapering
to point. Wing 10-15 mm. long, 12 = 15 mm. wide with widest
part at top and forming a triangular shape with seed.

Top 2lmost trimecate.

Weight: 25,000 per pound.

B. Seedling as it Appears Above Ground, about Ready to shed Seed-Coate.

Hypoootyl reddish green. Cotyledons green.

Ce Seedlings in Cotyledom Stagee
Cotyledons 2-3 cme long, 4-7 in mumber, usually 5. Long

glender, tapering point.

De One Year 01d Seedling. A well developed plante




PLATE N0, XXT1II,

ABIES AMABALIS

Lovely Fir.
(Size 4/5)
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PLATE NO, XXIII.

Abies Amabalis

Lovely Fir.

Seed, Color: Light glossy brown. Wings light brown.

Size: 1-1.3 cm. long, 4-5 mm. wide, broadest near top with square bage,

Size 4 /'5

Wings le4 — 148 cme long, le2 = 1¢S5 cm. wide near top.

Broadest near top with slightly rounded apex.

Weight: 30,000 per pound.

Seedling as it Appears Above Ground, about to shed Seed-Coat.

Seedling with Cotyledons.

Cotyledons 1.5 = 2 cmes long, linear with retuse apex. This

notch in the end of the cotyledom is a characteristic which

distinguishes it from the other firs,

and greyish below,

Cotyledons green above

Seedling One Year 0ld, Showing that it is rather slow in establishingz itself.

.
e



PLATE NO. XXIV,

PINUS MNONTICOLA

Western White Pines.
(Size 2/3)
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PLATE NO. XXIV.

Pimas Monticola - Size 2/'3

Western White Pinee.

Color: Pale reddish browm, mottled with black.
Size: B5-7 mm. long, 4-5 mm. wide at widest part; oblong to triangular

in shape. Wings light browm, 1-1/2 = 2-1/2 eme long, 5-7 mme
wide at widest point, just above the middlee Rapid taper
from widest point to 2 rounded apex.

Welght: Average 30,000 seeds per pbund.

Ground; green-sometimes pinicish, about to shed

geed—-coat.

Seedling with Cotyledons.

Seedlings One Year 014, Showing str

Cotyledons a cm. long, 6=8 in mmber; tapering point.

ong root system enabling the seedling to

establish itself.

= -
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PLATE NO. XXV.
PINUS STROBUS

Eastern White Pine.
(Size 5/6)
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PLATE NO. XXV.

PINUS STROBUS Size 5/6

BEastern White Pine.

Seed, Color: Reddish brown, sometimes lighter brown mottled with black,
Wings dari brown.
Size: 5-6 mm. long, 3~4 mm. wide at widest part, oval to triangular
shapede Wings 1 = 1,5 cme long, 5 = 6 mm. wide just above
geed and tapering graduslly to an almost pointed apex,

Weight: 35,000 per pound.
Seedling as it Appears Above Ground, about to Shed Seed-Coate

Seedlings with Cotyledons.
Stem pinkish green. Cotyledons 1.2 = 2 cms long, linear

with tapering point.

Seedling Ome Year Olde True leaves do not appear until second year. Seedling

well established at end of first seasone




PLATE NO., XXVI.
PINUS RESINOSA

Norway Pine.
(Size 3.4)
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PLATE NO. XXVI.

PINUS RESINOSA Size 3/4
Norway Pine.
Seed, Color: Dull chestmut brown, mottled with grey. Wings lighter brow

with strips of darker browne.

Size: 4-5 mm. long, 2.5 = 3 mm. wide, almost round and oblong.
Wings 1 = 1.5 cm. long and <5 -~ ,7 cm, wide at widest part
near middle, tapering to an obligue rounded point.

Weight: 60,000 per pound.
Seedling as it Appears Above Ground, About to shed Seed-Coat. FPinkish stem.

Seedlings with Cotyledons.
Stem pinkish colore. Cotyledons greem, linear 2 = 2.5 cm.

long, tapering pointe 5 to 7 in number, usually 6.

Seedling One Year 014, showing that it is well established at this age.

P -,

e e = -




PLATE NO. XXVII.
PINUS SYLVESTUS

Scotch Pines
(Size 5/8)
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PLATE NO. XXVII.

PINUS SYLVESTUS Size S/B

Scobtch Pine.

A. Seed, Coler: Dark greyish or brownish white. 7ing greyish with dariker

parallel stripes.
Size: 4 rme long, 3 mm. wide, rounded to triangular shaped. Wing

b — - e

8-10 mm. long, 5~7 mm. wide at widest part near middle,

gradually tapering to an almost acute apex.

Weight: 90,600 per pound.
B. Seedling as it appears Above Ground, about o shed Seed-Coate

Hypocotyl green.

Ce Seedling with Cotyledons.
Cotyledons le4 = 1.7 cme long, linear with long tapering

point. 4-7 in rumbere

D, Seedling One Year Old. |
Well established.




PLATE NO. XXVIII.

PINUS DIVARICOTA

Jack Pine,
(Size 5/9]




PLATE NO. XXVIII.

PINUS DIVARICOTA Size 5/8
Jack FPine.
4 Seed, Golor: Almost black, dull brown spots. Wings very light brown with

darier brown stripes and margine
Sizes: 4 mm. long, 2 mme. wide at widest part, triangular in shape,
Wings 8 mme t0 1 ems long, 3-4 rm, wide at widest part

near middle, broad rounded apexs

Weight: 120,000 per pounde

B Seedlings as they appear above ground, about &0 ghed seed-coat.

Hypocotyl pale pink.

c

L

Seedling with Cotyledonse.
Cotyledons 1.2 = 1.8 cm. long, narrow long tapering point,

greens 47 in mumbere

D  Seedling One Year Olde
Well established as shown by root system.




PLATE NO, XXIX.
PINUS CORCIANA

Corcican Pine.

(Size 5/8)
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PLATE N0, XXIX.

PINUS CORCIANA Size 5/8

Corcican Pine,

Seed, Color: Light brown, motled with black to a dark brown. Wings brown.
Size: 5-7 mm. long, 3-4 mme widee Usually triangular shaped., Wings

1.5 = 2 cme long, o7 =1 cme wide at widest pari near middle
teper to almost pointed apex.

Weight: 30,200 per pound.
B. Seedlings as they Appear Above Ground, About to gshed Seed-Coats.

Ce Seedlings with Cotyledons.

Stems and cotyledons green. Cotyledons linear 2-1/2 em. long

with tapering pointe 6 to 7 in mumber.

Ds Seedling One Year 01d, showing tap roobe




PLATE NO. XXX

PINUS LAMBERTTANA

Sugar Pinﬂ.
(Size 4/5)
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PLATE N0. XXX.

PINUS LAMBERTIANA Size 4 /5
Sugar Pine.
Seed, Color: Dark brown, shiny on one side = side next to come = and a greyish

brown on other side. Wings dark brown.
Size: 1-1.5 cm. long, 1=1.2 cm, wide. Very thick, oblong to
trisngular shape. 7ings 1.5 = 1.8 cme long, 1.5 cm.wide.

Widest at top with very slightly rounded top.

Weight: 2,370 per pound.

Germinated Seed just as Seed-Coat Pushes above Ground, Showing Deep Root Developed.

Seedlings One Year 0ld. Well developed root systems. Cotyledons 3,5 - 4 cm. long.

Greem, 12 - 16 in number, tapering point. Spem reddish green.




PLATE NO. XXXI.
PINUS AUSTRIAGA

Austrian Pine.
(Size 1/2)




PLATE 1I0. XXXI.

PINUS AUSTRIACA Size 1 / 2

Austrian Pine.

A. Seed, Color: Greyish brown, often mottled with darker brown. Slightly

shiny on one side. Wings light grey, darker near the seed,

slightly, striped.
Size: 6-7 m. long, 4 mm. wide, rounded to triangulare Wings l.5 - 2

em. long, +8 =1 cme wide at widest part near middle, abrupt
taper to 2lmost pointed apex.

Weight: 26,000 per pound.

B. Seedling as 1t Appears Above Ground, about b0 shed Seed-Coate

Hypocotyl pale pinite

C. Seedlings with Cotyledons.
Cotyledons linear 2.5 = 3 cme long, greens 6 and 7 in

number.

D. Seedling One Year 01d, Showing long tap root formed.




PLATE NO., XXXII.

PINUS PONDEROSA

Yellow Pine.
(Size 1/2)

e ——— e
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PLATE NO, XXXII.

PINUS PONDEROSA Size 1/2

Yellow Pinee.

Seed, dry, Color: Light brown to almost black, usually pale brown, mottled
with black.
Size: 59 mme long, 4-6 mm. wide, compressed at apex, well
rounded below. Wings light to dark brown, 2-1/2 - 3-1/2
cme long and 1-1/2 - 2-1/2 em. wide at middle, gradually
tapering to oblique apex.

Weight: Average 12,000 seeds per pound.

Seedling as it Appears Above Ground.

Hypocotyl ani cotyledons green.

Seedlings with Cotyledons.
Green, Cotyledons 3-4 cm. long, linear, tapering point,

5=9 in mumbere

Seedling One Year 014, Showing deep root system developed, suited for dry

situationse.




Western Hamlock,
(Size 1-1/2)

TSUGA HETEROPHYLLA

PLATE NO. XXXIII,




A. Seed'

Be Seedling ss it Appears Above Ground,

PLATE NO., XXXIII.

TSUGA HETEROPHYLLA Size 1-1;?

Western Hemlocks.

Color: Light plain browm, with wings of & very 1light browm tinge,

almost gauzy in texture.

Sizes 1 mme wide, 2 mme lOnge Wings <5 to 1 cme long, 4 mm, wide.

Wing attached more than half way around seed and as broad
at base as at middle with rounded apeXe
Weight: 275,000 per pounde

about to shed Seed-Coabe

Hypocotyl brownish green.

C. Seedlings with Cotyledons.

Hypocotyl brovmish greene Cotyledons 5-6 mme long with

tapering pointe.

3-5, usually 3.

D. Seedlings One Year Olde

Pale green with dark greem mid rib. HNumber




PLATE NO. XXXIV.

TSUGA MERTENSIANA

Mountain Hemloelk,.

(Size 7/9}
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PLATE NO. XXXIV.

PSUGA MERTENSIANA Size 79 It

Mountain Hemlock.
P

Ae Seed. Color: Brown to deep reddish browm. Wings pale brown merging to a

reddish brown vhere wing is attached to seed.

Size: 2 mm. wide, 5 mm. long, triangular shaped. ¥Wing 5-6 mme

wide at widest part mear top. 1 om. long. About equal

width throughout with broad rounded apexe.

Weight: 260,000 per pound .

B. Seedlings as they Appear Above Ground. 1
Hypocotyl reddish tinge. Cotyledons pale green. I
i

C. Seedlings with Cotyledons.
Cotyledons 4~5 mm. 1ong, linear with short tapering points.

¥Mid ridb not as distinctive as in Tsuga heterophylla,

3-5 in mumber, usually 3 or 4.

D, Seedling One Year Old.




PLATE NO. XXXV,

THUYA PLICATA

Western Red Cedar,
(Size 5/5)




PLATE NO. XXXV,
THUYA PLICATA Size 5/6

Western Red Cedar.

A, Seed, dry. Color: Browm with lighter browm wings.

Size: 3 mm. long, narrow; wings 4 m. long and 3 mm. wide including

wings. Wings usually unequal, forming obcordate apex
with seed.

Weight: 220,000 per pounde.

B. Seedling with Cotyledoms.

Hypocotyl pale pink color; cotyledons linear 6 mm. long,

green, two in numberes

C. Seedling One Year 0ld.

First true leaves forming. This shows thet it takes the

D. Seedling Three Years 0ld.
geedling a 10

favorable conditions for more b

ng time to establish itself and must have

han one seaslle
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PLATE NO. XXXVI.

LARIX OCCIDENTALIS Size 3/4

Western Lapche

Ae Seed, Color: Greyish, mottled with brown to a shiny browne Wings pale

browmishe.

Size: 4-5 rme. long, 2,5 = 3 mm. wide., Wings, 8 mme. to 1 cm. long

and 4 - 6 M, wide at widest part near middle, taperingto

rounded apeXes

Weight: 113,200 per pound.e

| B. Seedling as it Appears Above Ground, about to shed Seed-Coate.

Hypocotyl, reddish pinke

C. Seedlings with Cotyledons.

Cotyledons 1= 1-1/2 cme 10Ng, Very nNArrow, linear with

tapering point. Stem pink reddish golore Cotyledoms green,

5 -7 innmber.

Seedling One Year 014, Showing it well establishede

De

——




PLATE NO. XXXVII.

ALNUS RHOMBIFOLIA

Alder,
(Size 6 /7]
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PLATE N0, XIXXVII.

ALNUS RHOMBIFOLIA Size 6/7

AlliVo U

Alders
Color: pale browm, wings lighter color than seed.

rart 0f wings and seed,

Size: 2-3 mm. long, 3 mm. wide at widest

Yings form retuse apex with seed.

Just above the middle.

Weight: Average 645,000 geeds per pound.

Seedling with Cotyledons,

Hypocotyl pinkish red, cotyledons green, ovate, 2 mm. long,

1-1/2 mm. wide, glabroms; 2 in mradere

Seedling with first true leaves forminge

Seedling after it becomes established,

Seedling One Year 014, Showing how thoroughly it

becomes established even though

=

have very favorable con iitions.

it has a slow start and must




T ge——

-87=

A study of the foregoing plates shows the different develomment of the
various species and the noticeable thing is that the species which require the moat
moisture are the ones in which the seedlings are the slowest in establishing themselves.
The natural result of this is that these species are always found near the streams and
on moist slopese The Cedar takes about three years to establish its seedling while
the Yellow Pine or Douglas Fir seedling is well established at the end of the first
season. The Alder is included in these plates because it is one of the species which
invariably is found along the streams and in 21l wet places and as mentioned before
it is one of those trees which requires more than one season to establish its
seedling or at least a very favorable seasom for the entire summer. Hemlock is
another example of a species with a2 small seedling the first year, althowgh it will
produce 2 greater height growth than its associates after the seedling is established,

that is the third or fourth year. It is clearly seen also that the species which have

the larger seeds establish their seedlings earliest and in the more unfavorable places.

VIABILITY OF SEED.

The viability of the seed is the chief factor that determines the
species and amount of reproduction fdllowing the burms and clear cuttings because the
seed must not only be there but it must also be germinable seede The foregoing
work shows that all of the species presemt before the fire are remrcsented in the
reproduction following the fire. The question now remains: How long has this seed
been there? It will be several years before this is finally settled but it is not
going beyond our present knowledge to assume that it might De covered in the forest
floor for 2 mmber of years and wait for the favorable germination conditioms which
always follow the removal of the forest, either by fire or cutting. We kmow that the

seeds of other plants are viable for long periods and in my ovn experience I have known




Wild Oat seed (avema fatua) S0 remain in the soil for seven years anf then produce
& heavy stand the year it was plowed up. The field had grown to wi11d oats so it was
sown with grass and pastured for seven years with no productiom of seed but at the
end of seven years the seed turned under by the plow when it was seeded to grass was
again brought to the surfauce and germinated, This was in southern Minnesota where it
was exposed to severe winters and varying conditions during the summer,

Bestrer 2! Grems the sonsluston Shet axygem achs 88 & stBmlant 1n seed
germination and many of the conditions under which the seed germinates or does not
germinste seems to bear this out.

mtn-m*-tz)m on the Vitality of Seed showed that the Hibiscus
militaris germinated after 10 years, Rocky llountain Columbine after 6 years, Tobacco,
Verbenaa, Ageratum after several years storage.

m:nlmfaund the following seeds germinated after being buried in
layers of clay, not below the frost line, for three and a half years: Trifolium
pratense, Trifolium repens, Polygomm avariculare, Bursa pastoris, inthemis cotula,
The soil was taken into the green-house and the seed germinated.

Bu.l“'not:rod some germination from the following seeds after they
had been stored in soil for 20 years: Amarantims retroflexus, Brassica nigra,
Capsella, Bursa pastoris, Lepidium virginioum, Anthemus cotula, Malva rotundafolia,
Rumex orispus, Verbascum thapsus, Stellaria media, Polygomum hydropiper.

e ——————————————

(1) Becker, H. "Uber die Keimmg verschiedenartiger Fruchte und Samen bel derseldem
Species. Beih, Bot, Cemtraldl. 29:21-143, 1912.

(2) Hatfield, T.D, Vitality of Ses?, lardsm and Forest p 297, 1897,

(3) Duval, Bot. Gasz. 37-146, 1904,

(4) Beal, Vitality of Seeds, Iot. iam, 37-222, 1904.
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All of these experiments show the viability of the seed of many of the
common and well known seeds all having seeds with very thin seed coats ang easily
sosked with water then it is easily possible that the seed of the conifers with
its resinous seed-coat would retain its vitality for 2 long times The characteristics
of some of the coniferous seeds are well known, such as the Western White Pine,
Douglas Fir, Eastern White Pine, and Junipers. These seeds will often not germinate
for two or three years even with the best of conditions in the mrsery so they
surely will remain as long and longer when on the forest floor under favorable germinat-
ing conditions, but at the same time under good storage conditioms.

The investigations discussed here show that the Western White Pine
(Pimus monticola) seed remained in the soil for 6 years; Douglas Fir (Pseudotsuga
taxifolia) for 6 years; Noble Fir (Abies nobolis) for three years; Amabalis Fir (Abies
amabalis) for five years; Western Hemlock (Tmuge heterophylla) for six years; Yew
(Taxus drevifolia) for eight years; Western Red Cedar (Thuya plicata) for two years,

COnzet.(l) ghowed that the seed of the Norway Pine (Pims Reginosa)

remained in the forest floor for three years and then produced & go0d germination.

(1) Conget, G. Master's thesis, University Mimnnesota, 1913.
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SULZIARY AND CONCLUSIONS.

A1l forest trees and stands of fores® produce sufficient geed to re-establish the

[ type under favorable conditions, and the change of type OF removal of &

; forest from any area once covered with forest, is due to other factors

{
than production of soed.

Seed distribution is one of the most important factors controlling the establisiment

of a type.

Species producing larger seed, produce less seeds

Leaving seed plots has not proven successful because the geed was not distributed
far enough from the seed-trees to re-seed the arede Leaving gufficient

geed-trees to insure re-se-ding, would take enough timber $0 make it

prohibitive.

Single seed trees have not succeeded in the White Pine regiom of Idaho, because they

are not wind firm, and two years after cutting most of them were blown doWn e

In the White Pine region of Idaho, reproduction canmot be depended upon more than about

two chains from the geed trees.

. -
- N —
——

Fir region of the Cascades along the Columbia River, reproduction of

| In the Douglas
ociates cammot be depended upon for more than

the Douglas Fir end its ass

| four or five chains, and often lesse

Seed is always present in a forest floor, sometimes covered with layers of litter and

duffe

That the seed present at the time a forest is removed by fire or logging, is the

is shown by the preseding worke

e reproduction following,

' _gource of th
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Germination conditions are unfavoreble in the shaded cool forest floor, hence seed is |

often left dormant for long periods.

By the removal of the forest, germinating conditiomns are always better and the seed J

left dormant germinates.

The size of the seedling is directly proportiomal to the size of the seed.

Seeds when dormant will withstand severe conditioms as shown by chemical tests. r

The seedling grown from a large seed becomes established much sooner and more per-
I

minently than the seedling grown from a small seed hence the former is }

|1

eble to obtain and hold possession of the more unfavorable sites.

Moisture is the chief factor in the establishment of the seedling while temperature is

often a more important factor in germination. .

The moisture loving species invariably produce small seeds and require one or more

favarable seasons to establish their secdlings.

Cormon weed seeds having thin seed coats which are easily water soaked are kmown to H
be viadble for twenty years and comiferous seeds are kmown to be viable J

for as long as six yemrs. It is very reasonable to assume that the coniferous

seeds are viable mich longer. This will not be definitely imown for some years.
3
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